CHAPTER IV
RESULTS AND DISCUSSION

Part 1. Evaluation of skin whitening efficacy of aqueous extracts of

Artocarpus lakoocha heartwood (Puag-haad) and A. gomezianus root

1. Inhibitory effect of Puag-hh aynu/&nogenesis in the back skin of
| —

—

(Haadnun) in guinea pigs

Each guined pid Was irfa B light (290-320 nm) for 3

he irradiation technique was

modified from that of Imokaw es,l 5), and,. et al (1997). The purpose of
pretreatment of the back of each h UVB was to accelerate the skin

J}* and reach the optimum
wmet al., 1986; Shimizu et al.,

1998). Then, the_test UEI 0 o%dw ily. applied on the guinea pigs’
back skin for 4 \gflu ﬁmﬂﬁd heir ‘ :ilflﬁrythema values were
mon.itored atatwc?-llweek interval, i.e. ﬁweeko imriediately before @pplication), week
o AR S SV T T4 TTE 18

As seen from data in Table 3, the average melanin values substantially

melanin values of each-@nimal was fou

level 18 days following Um third day of irradiation (Imoka

inéreased in all groups of guinea pigs. The normal pretreatment values (before UVB
irradiation) range from 627.67 to 637.88 and increased to 654.00 and 667.53 on the
eighteenth day following three-day exposure, which was the starting day of substance
application (week 0). The values agreed with that of Imokawa et al. (1986), who

observed similar increase in melanin content at the same period after UVB exposure.



4

Brown or black guinea pigs were chosen as models to test the whitening
effect of many substances due to their similarity in skin color to human subjects,
particularly those of the Mongolian race (Imokawa et al., 1986; Robinson and Huxtable,
1988). In this study, guinea pigs were carefully selected for inclusion based on the color
of the shaved skin, which must be uniformly black although the covering hair color might
vary from animal to animal. Data from Table 3 indicate that daily exposure of the guinea

pig’s skin to UVB radiation (290-320 nm).

.9 J/cmZ/day for 3 consecutive days was
sufficient to induce clearly visibl : on the irradiated areas. Black
pigmentation appeared on ' oﬁ exposure and reached its
maximum after about 10-1 ime ‘ Se of-pigmentation was similar to that

observed when a Mongolgi | JVB rac Imokawa et al.).

administration. Thus, in g i Kin with le D yment, the pigmentation tended to
be weak or absent. Imokaw . ) re _ fed thatia ¢ aily dose of 0.9 J/cm” of UVB

T

repeated for 3 days induced moregumarked pigi ation than a single exposure of 2.7

inflammatory reaction, wﬂ ati . ﬂmUVB irradiation (Table 3).

Therefore, the irradiation do%e and regimen emgjoyed in this study was sufficiently safe

o A NN AR

erythema.

’QW’]éNﬂ‘mJ UA1AINYAY
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Table 3 The absolute melanin and erythema values (mean + SD) in guinea pigs treated

with different substances for 4 weeks.

irradiation) are also provided. (n = 8-7 guinea pigs per group).

The pretreatment values (before UVB

Melanin values (M)

Erythema values (E)

Before Before
Substance Week0* | Week 2 | Week 4 Week0* | Week 2 | Week 4
uvB L uUvB
Negative control
637.88 654 3 63 27 556.60 552.10 558.82
(Propylene glycol) +6.57 | t8. - 4 1t +6.45 | £10.18 | £6.45
Positive control
627.07 66 |46 554.13 550.83 556.33
(Kojic acid) +16.14 "% 86" +4.47 | £757 | £11.00
3% Haadnun root oy f*j \
632.62 699.0 3 Qﬁf 554.40 547.62 558.68
extract +1251 | + 900 | 75 | +6.71 | £11.49 | +18.05
Al
5% Haadnun root AT TR
632.62 659.05 20" 559.80 554.40 553.50 555.73
ST,
extract o 12,51, s 440,97 | 75 | £6.71 | 1541 | £ 11.88
J
0.5% Puag-Haad _
637.40 ﬁ 552.79 551.50 559.94
+ 1047 534 | +1240 | £7.84 [ 12 +487 | X577 | £11.79
| S
1.0% Puag-Haad ?l u &l g
37. T 563.64
Y
+1047 | £5.34 +16.07
e
Nl

* The value at week 0 = initial value measured immediately before application of the test

or control substances. Application was started on the 18" day following 3-day UVB

exposure.
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1.2 Evaluation of skin whitening efficacy in guinea pigs

The average melanin (M) and erythema (E) values measured after
application of the test substances are also provided in Table 3. These are the absolute
values, i.e., the non-transformed data obtained at particular predetermined time-points
(week 0, week 2 and week 4). The absolute M and E values for the individual guinea

pigs are also provided in Appendix |

From this table, it ca 1 be seé solute M values decreased with
time even in the negative @op@nemted) group. This was not
surprising since all group 0ig; _ eated with UVB irradiation to
stimulate melanogenesis; thg fesult pigmentation.  Thus, when
pigmentation reached its'Maxii Sut’ j day B exposure), the skin will

restore itself to normal ski difion leadling he low wvalues at later time. The

accelerate this pigment normalizgﬁ@g * Theipabsolute M values decreased at a

the kojic acid-treated gra:
||

e glycol-treated group, the

- .| "C«E?J“?;nﬂm’ WP e e
QT3 BT SNSRI s o

effectively, t%e value of % whitening was used instead of the untransformed, absolute M

equivalent to about 5.389 hitening, whereas in the propyl'

value. As previously stated in Chapter lll, the % whitening was defined as the
percentage decrease in absolute M value from the initial time (week 0) or = [(X,~ X)/X,]
x 100%. Thus, comparison between treatment groups was always made on changes in

the M values relative to the initial values. The data on the average % whitening are
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given in Tables 4 — 9 for different groups of guinea pigs whereas the values for the

individual animals are provided in Appendix |.

Comparison was first made on the values of % whitening among the test
and control substances after 2-week application using one-way ANOVA at 5%
significance level. Since the Haadnun and Puag-Haad extracts were applied at two

different concentrations on the same guinea pigs, only the lower concentration of each

!WOVA comparison, i.e, 3% for Haadnun
&de on 4 independent treatment

eﬂ)sitive control (3% kojic acid),

test substance was chosen for the preli

and 0.5% for Puag-Haad. Th

as active component) weré supr Wolelot:! 1SS in vitro tyrosinase inhibitory

activity and may have exhibited @ "' t-inwivo skin - ening effect in animals.

in the same solvent yielded abou: d (Table 5). Similarly, the two

extracts in propylene ﬂcol, even at lower concentrat‘mws, were also capable of

whitening the gui pig. % , with_the _me 6, whitening at 2 weeks of 3.05% and
4.82% for 3% Ha%rﬂﬁ!ﬁ)ﬁdﬂ-ﬂiﬂﬁﬁﬂﬁespectively. ANOVA
results showed that there was significant differencesin the values ofi% whitening at 2
weeks a%ﬂeﬁl«ﬂrﬁuﬁliﬁ m).ujm;]egDnﬂs’;Lﬂ\&LIe range test

was further applied at the same level to rank the whitening activity with the following

results in an increasing order:
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Table 4 Percentage whitening after application of propylene glycol (negative control) to

guinea pigs
% Whitening
Guinea pig
After 2 weeks . After 4 weeks
1 -2.44 1.41
2 1.29 3.45
3 4.58
4 2.46
5 3.69
6 \ 3.99
Mean + SD 9.17/56 ’\\\\\\ 5+ 1.15

Table 5 Percentage whitening/a ' v kojic acid (positive control) to

§ ﬂuﬂamaﬂswaﬂﬂ%
ANIANFNUUNINBAN

Mean * SD 484+1.71 5.38+1.55
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Table 6 Percentage whitening after application of 3 % w/v Haadnun extract to guinea
pigs

| ' % Whitening
Guineal pig After 2 weeks After 4 weeks
1 5.04 w.1e
5 3.83 3.99
; —_ | / | 7.00
) ' 4’, 2.99
: . 4.63
6

NN
Mean + SD 5;//5 .\\\\\\\\ +1.80

0\

pigs T..P =
f!‘:.n <, :J

Table 7 Percentage whitening Haadnun extract to guinea

Guinea pig . I |
y "I"-" eeks

(1540

g ﬂua?yﬂwiwa1§§
ARIBeNEINM NS

Mean + SD 3.01£1.29 5.31 1100




47

Table 8 Percentage whitening after application of 0.5 % w/v Puag-Haad to guinea pigs

| . % Whitening
iR B After 2 weeks After 4 weeks
1 3.91 7.74
" 6.02 5.60
. 558 7.06
: / 10.22
i _4 7.64
] ‘ﬁ 6.95
. .90

Mean £ SD /] ;ﬁ'\\“ +1.40
829\ \
1% ‘

Table 9 Percentage whiteninggaftg m .0 % v Puag-Haad

to guinea

pigs S -‘..:'J,
=TI
e
Guinea pig T

L 7 After 7 i-' weeks
v’\. ,.L‘

1 216 |15.46
. AU INENINeAg
sammﬂi%%uum'mémﬂ

Mean £ SD 3.00*+1.85 6.31+1.28
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Propylene glycol < 3% Haadnun < 0.5% Puag-Haad < 3% Kojic acid

% Whitening  0.90 3.056 4.82 4.84

According to the Duncan’s test results, the four substances could be

classified into two groups with overlapping whitening activities. The first group

consisted of 3% Haadnun, 0.5% Puag o kojic acid. They all possessed

to their % whitening valu ; : CO \,\3, oup, which had lower whitening
activity than the first, ¢ e Tiégal e control (propylene glycol) and 3%
Haadnun. The line joinin sances als ) implied, that they had equivalent %

whitening values (P > 0.05).

From the Dun€a ':.'+ j ared to have an intermediate
whitening effect since it could be :_ both'@ s as shown by the overlapping
underlines. However, 0 5% Puagjd;a‘gd d 3% kojic acid demonstrated significantly
| 0.05) as there was no
line joining Puag-Haad -l Thus, the preliminary
results obtained after apgcatlon of the substances for onIy 2 weeks showed that 0.5%

oo W“FFUET"IF“VI BT HB o oo

guinea pigs than the solvent and its effect was also similar to 3% kopc acid used as a

ref”e"""a"W’Tﬂ)ﬁﬂ‘im UANINYAY

Further application of the test substances for another two weeks resulted
in a further increase in % whitening values in all guinea pigs even with the group treated
with propylene glycol, though at a much slower rate. For example, the average %
whitening in guinea pigs treated with propylene glycol increased from 0.90% at 2 weeks
to 3.26% at 4 weeks (Table 4) whereas the values for 3% kojic acid increased from

4.84% at 2 weeks to 5.38% at 4 weeks (Table 5). The two test extracts also exhibited a
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marked increase in % whitening values after 4-week application, i.e., from 3.05% to
5.27% for 3% Haadnun extract and from 4.82% to 7.59% for 0.5% Puag-Haad (Tables 6
and 8).

ANOVA was then applied on the % whitening at 4 weeks. Significant
difference was found among the four treatments (P < 0.05) and subsequent Duncan’s

test gave the following ranking result:

< 0.5% Puag-Haad
% Whitening 3.26 . ; 1.59

The ranki : Wass ent from that at 2 weeks.
The propylene glycol-tre tter natural skin whitening

than previously observed ' 3.26%. Application of 3%

skin whitening substante'a

0.05). The % whitening t 2 and 4 weeks are also ple

ot joined by any line (P <

ed in Figure 8 for visual

o ﬂummmwmm

: from the skin whitgning effect, ANOVA was also'&erformed on the
absolute Q/twr]@a@ ﬂ iem N%ﬂq WHJS‘ta:eE]:ould induce
any kind of kin irritation.  The results showed that there were no significant differences
in the E values among the four treatments, either at 2 or 4 week-application (P > 0.05).
This may indicate that, at the concentrations employed, none of the substances possess
any serious skin irritation potential since their E values were not different from the

negative control group.
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10.00 -
8.00 -
2 600 -+
[ =
2
¥ 4.00 —
<
X 2.00 - -
0.00 I
O Propylene glycol
-2.00 -
4 [21 3% Kojic acid

¥ 3% Haadnun

0.5% Puag-Haad

Figure 8 Histogram comparing substances after 2 and 4 weeks

application in guinea pigs. Data = : 6-7 guinea pigs/group)

AU INENTNEINS
IR TUAMINYAE
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However, the E value was merely an index of acute or early inflammatory
responses such as skin rashes. There are many other types of skin irritation that can
occur after a more frequent or prolonged contact and may not be detected simply by
measuring only the E values, which are based on the concentration of red blood cells or
hemoglobin in the application area. Therefore, a more prolonged study (longer than 4

weeks) must be conducted especially in human volunteers in order to draw a more

concrete conclusion about the skin irri ! tial of the test substances (See next

part). With the human study, ac rs about skin irritation could be

obtained by visual obsewat:&ect@ ar@emews

The data { i \Mract of 0.5% Artocarpus

skin whitening action in

the guinea pig model, { 7' ication. lts effect was

significantly better than 3% us root extract (Haadnun)

The greater in vivo whitening uld be related to its more potent

In vitro inhibitory activity on mushroo i (Sritularak, 1998). The major

active component of Puag-Haad lsizlj%* - oxystilbene (oxyresveratrol), which
B ~i=

has an IC, (concentrat LQQ of 50% tyrosmasa

i W%fwmﬂw‘a‘m

better whitening effelct, guinea pigs alsép received dally application of Puag-Haad at
6 o QRS R , YA G fo vr en
compared with the lower concentrations using paired student's t-test at 5% significance
level. Paired student’s t-test was used instead of unpaired t-test because both the low
and high concentrations of each extract were applied on the same animal as previously

described in Chapter |l1.

Comparison of the data in Tables 6 and 7 showed that increasing the

concentration of Haadnun extract from 3% to 5% did not result in increased % whitening
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as there was no significant difference in these values after paired t-test regardless of the
application period (P > 0.05). For example, the average % whitening after 4-week
application of 3% Haadnun was 5.27%, which was essentially similar to the value for 5%
concentration (5.31%). This observation could be due to the possible saturable
inhibition of the tyrosinase enzyme by Haadnun at these concentrations. The data is

graphically represented in Figure 9.

On the other hand, t ag-Haad was quite different from

Haadnun. Increasing the conc from 0.5% to 1.0% resulted in
significantly decreased whlte 0 05) (Tables 8 and 9). For

example, the mean % whltem

6.31% compared to 7.59% application of the lower concentration (0.5%
Puag-Haad). Similarly, the v Leek-applicatior 0141.0% (3.0% whitening) was
much smaller than that of 0. ration (4.82% whitening). The data is graphically

shown in Figure 10. The , ) _" 5 -0k i ere not known at present.

However, it is possible that ; 4ot stibene may have additional

Viore in@mation about the various
activities and different mechanisms of tetrahydgoxystilbene and its derivatives is still

onkown and need b | fbhiaesH b et Bbianea in guinea pigs

strongly suggested %e potential of Puag-Haad as an effective and _probably safe

o G PG5k T @ YV A b s

human voluntﬂers.
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10
8 =
g’ : 5.31 5.27
£ Far s
= e
R =
2 =
0 SE—
T
Haadnun 5% |
O Haadnun 3% i
o o : - 1 / - 0, - +
Figure 9 Comparison of % whitening. of Haad! %o and 5%. Data = mean £ SEM

(n = 6 guinea pigs/group
U7 R
i

- i¥
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6.31

%Whitening
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Figure 10 Comparison of % whiiénir --_--"—.;zr;:.‘ d 0\"‘ % and 1.0%. Data = mean X

SEM (n =7 guinea pigs/group)

* . . p
Values are significanthydifferent, P <0.05 =

AULINENINYINS

EJ 1% Puag-Haad

O 0.5% Puag-Haad

ARIAIATAUNM TN
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Part 2. Evaluation of skin whitening efficacy of dried aqueous extract of

Artocarpus lakoocha heartwood (Puag-haad) in human volunteers

1. Inhibitory effect of Puag-haad on melanogenesis in the upper arm of human skin in

comparison with other commonly used whitening agents (licorice extract and kojic acid)

The purpose of this part was to confirm the in vivo efficacy and safety of the test

in this study, i.e., 0.5 and Q. Jtigns in propylee. glycol. The decision for

selecting these two conc ' € bas - al data obtained from the

become less yellow in color, thereby giv
L £
of increased coloring w{t[‘r_\:‘time upon standir_{i‘g pronounced with the lower

discussed in more detail in

Part |1l of this chapter. E

i
As the refﬁrﬁ ﬁﬁ”wﬂﬂﬁ'w ﬂnqlﬂ(ﬁ acid and licorice

extract were included in this part of study. Both kojic acid and licorice extract are widely

. ¢ = Q/
used as wﬁrw aﬁeﬁ mwmgﬂrﬁwﬁ?ﬂm id has been
used in Brightess white® ‘an hite natural Moisture cream® ose, Japan) at

concentration of 1 - 4 %, whereas licorice extract is available in many lotions and

o

creams such as Nivea whitening body lotion® at concentration of 0.5 %. Thus, the
concentration of kojic acid used in this part was chosen to be 3% (as in the guinea pig

study) and that of licorice extract (PT-40 high purity grade) was fixed at 0.25%.
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Eighty female volunteers participated in this pargllel study with self-control. They
were allocated into four groups of 20 subjects each. The subject allocation was such
that there was equal distribution of subjects with high, intermediate and low melanin
values in all groups. Then each group was randomly assigned to the treatments, either
A, B, C or D. The group assigned to treatment A received 0.50% Puag-Haad (or simply
called group A). Group B received 0.25% Puag-Haad whereas groups C and D

received 0.25% licorice extract and 3% kojic acid, respectively. As previously

mentioned, all treatment solutions ‘ } sing propylene glycol as solvent.
Thus, all the subjects in each re e propylene glycol as the self-
- """""
control on their remammg 3 t
Before apphcatl \Q was monitored for their

baseline melanin for 2 w uctu ) average baseline values

are shown in Table 10. da line melanin values and

As seen from Table 10, in (M) values of each group
were similar at two weeks (week 27%&6&0 ; ‘of experiment. One-way ANOVA on
either the left or right aﬁs reveaTea*{ﬁéiJm@fe / igni t difference in the mean
M values at this period zmong the fot dicating that the subjects

were equally distn’butedj/ithin group s@ that the baseline group

means were similar. One-way.A NOVA was albapphed on the M values at the start of

o ) BV 1 H\ B s s

four groups was &tected (P > 0.05). yHowever, when randomized block ANOVA was
applied t’q %}Wtﬂtﬁemhﬂaﬁ q }%fﬂi@a QE]JD, significant
difference Svas found among the values at weeks-2, -1 and 0 (P < 0.05) in all groups.
The results indicated that the baseline melanin values tended to change with time, or
more specifically, decrease with time. For example, the mean baseline M values in the
left arms of subjects in group A slightly decreased from 515.87 at week -2 to 516.31 at

week -1 and then to 511.91 at week 0. Similar behavior was also seen with the right
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Table 10 The average baseline melanin values at 2 and 1 week before application of

treatments (week -2 and week -1). The values at the start of the experiment (week 0)

are also shown. Data = mean + SD (n = 20 subjects per group).

Iy

Left arm Right arm
Subject
Week Week Week P- Week Week Week P-
group
-2 -1 0 value -2 -1 0 value
" 515.87 | 516.31 | 511 30 | 514.94 | 509.71 | 0.0043
+19.01 | £ 18.18 * + 47277 | £ 19,09 *
511.14 | 51 16.34 | 510.91 | 0.0004
B )
t1680 | £ ) 17.43 | £18.56 )
,,[.
& 51029 || 6124 # € 513.51 | 510.27 | 0.0249
+17.36 | +16.49 RGO +15.55 | £17.92 *
Jﬂ
re
e
o 514.86 | 516.37 | 5117 7 14.96 | 517.36 | 513.19 | 0.0058
i’
+15.29 66 | £16.21 *

* Significant time effect on thg baseline M values (P < (.05) after randomized block

ﬂ‘lJEJ’J‘I’IEJVlﬁWEJ’]ﬂ‘i

ANOVA.

’Q‘W']éNﬂ‘iﬁlJ UA1INYAY
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arms. In fact, the baseline values slightly but significantly decreased in both arms of

every group.

This finding was not surprising, though, because during this baseline (pre-study)
period, all the subjects were asked to cover their upper arms with appropriate clothes
and to minimize their outdoor activities. It was thus expected that their previously sun-
tanned skin might gradually and naturally become somewnhat lighter than at the

beginning of the baseline period.

Thus, although there - _, decrease in average baseline

melanin with time, this would-net-interfere \!th t&alysis during the application

period. Fluctuation in the base re of by applying a self-control
solvent (propylene glycol) to 12 week-application period.
In addition, the values o alues (week 0) were used in
statistical comparison in nt for the time effect.
Furthermore, the initia of the left and right arms were
also compared within each su i paired student’s t-test. There
were no significant differences am! sle= alues (P > 0.05) within subjects of
group A, B and D, witl@}ne averag; (left v t s of 511.91 vs 509.71,

ut significant difference

arms of subjects in group C (mean X,
of left vs right arms = 507.19 ¥&.510.27: P = 0M37 . _Although %e starting values for
group C may be ﬂeug@vmﬂfﬂcﬁh Eﬁla ! i did not impose any

U

problems on data evaluation. The study'had been designed such that.there was equal
distributioﬂf a&&a a\a;] jbm um;lgom iEIta ﬁ IE.lf of subjects
(10) receiveg propylene glycol on their left arms and the substance solution on the right
arms while the latter half (10) received the opposite order. Thus, the effect of initial
difference in the baseline M values, if existed, was balanced out in each group. In
addition, statistical comparison was always made on the values of % whitening, in which

the value at week 0 (X,) had been taken into account.



59

Table 11 shows the average absolute melanin values for each treatment groups.
As seen from this table, the values in all groups further decreased after treatment with
Puag-Haad, licorice extract and kojic acid when compared to their respective self-
controls. For example, the average absolute M value for 0.25% Puag-Haad treated
subjects at the start of the study (week 0) was 509.45 and decreased to 504.52, 499.07,

and 495.12 after 4, 8, and 12 weeks of application, respectively. On the other hand, the

[”//a week 0 to 509.77, 507.25, and

M values of the propylene glycol-treated u arms of the subjects in this same group

showed only a minimal decrease, i.s

507.31 at week 4, 8, and 12, re

As previously discuss to the initial values was a
preferred parameter for statisii i f 1 itening activity within each
treatment group. They were ¢ om solute values using the same formula
as in the guinea pig stu :
whereas the values of the i n Appendix Il. The data

were also plotted as a functio as shown in Figures 11 -14.

ted arms of the same

The results are also

shown in Table 12 where smwificant difterence (P < 0.05) is mnoted by an asterisk. It
can be seen from this, table th&tSubjects tre 5% ad (group B) gave
the fastest whitenlﬂutﬂg ﬁm én(rj ﬁ %elr solvent-treated
arms after appllcatlon foro ﬁll weeks. ﬁereafter themhltem‘r}él effectieontinued to be

sonscans e ] b4 b ol SV d b1 & cuay o

weeks).

Table 12 also showed that kojic acid (group D) was the second most effective
whitening agent after 0.25% Puag-Haad. 3% kojic acid started to give significant
whitening result over its self-control after 8 week-application. The time to reach
significant whitening effect (effective onset time) for 3% kojic acid was thus 4 weeks or

approximately one month slower than 0.25% Puag-Haad. On the other hand, 0.5%
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Table 12 The average % whitening values (mean * SD) in the upper arms of human
volunteers treated with different substances for 12 weeks. (n = 17 — 20 subjects per

treatment group).

%Whitening
Treatment group
Week2 Week4 Week6 Week8 Week10 Week 12
PG- 0.26 0.40 0.69 0.52 0.30 0.55
A(n=17)
Control 41,22 +1.39 +1.53
0.50%Puag-
0.99 1.28 1.75
Haad A
4154 +1.49 +1.56
P-value 2139 0.0097*  0.0059*
PG- : 67 0.49 0.65
B(n=20) | Control 97 f.o59 N 01 £118 +1.16
0.25%Puag- . : .02 2.32 2.78
B a —
Haad 5 . +1.17 t1.47 +1.47
P-value 34 -0.00B6% ©,600x10°*  0.0097*  0.0059*
PG- 0 IR ZEA1.00 0.80 0.20 0.29
C(=20) | Conrol | +1.18 JEEA0-- 40 +131 £137  £136
0.25%Licorie 0.48 _ZZ0077 2 1.35 1.41 1.70
o
extract 1 / ol b +1.42
P-value . 2 0.0003* 364x10°*
PG- | o2 : i 50 0.18 0.30
D(n=19) | Control | +@8d, +£134 gd1.12 +0.99 +1.18 +1.19
ik anl = e '_-L i B '
3.0%Kojic ﬂ 1 J E}n J 'ﬂ Ea 1 1 1.76 223
acid YU | +118  +100  +097  +128  +140  +135
s & o
q

PG control = propylene glycol self-control within each treatment group
* denotes significant difference between PG-control and treatment within each group by

paired student’s t-test (P < 0.05).
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Figure 11 Percent whntemng ‘after applying 0.5 % Puag-Haad and propylene glycol for
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Figure 14 Percent whiteni 1d and propylene glycol for

different times. Each poi represents mean SEM (n= 19).
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Puag-Haad (group A) and 0.25% licorice extract (group C) gave similar effective onset
time, showing significant % whitening over their self-controls after 10-week application.
Thus, these two treatments were considered to be less effective than B and D in terms of
the rate of whitening.

As stated in Chapter Il (Materials and Methods), comparison of the whitening
extent among the four groups would be tested only when all four groups showed

significant whitening effect over their self-controls. Thus, one-way ANOVA was applied

on the data only at weeks 10 and 12, e the times when all four treatments
became effective. Furthermore, comparisor n the corrected % whitening, in
which the % whitening value ividt #pper arm treated with either
compound A, B, Cor D had b cted by the value of the self-control (propylene
glycol), which was applied ing arm of the same subject. This corrected
value was referred in Chap ; skigl " ent or % whitening efficacy.
- 16, respectively. The
average values are also p

\ omparison
From these figures, ave the highest whitening efficacy

with the average values aft application of 1.82 and 2.14%,

. . ’.?F_ Py ¥ E . .
respectively. This was followed Hy-3% kojic ac gave % whitening efficacy of

1.58 and 1.93% at 10 a2 week “:--'-'-'-'-'“"-"'—--“N' * orice extract was next,
giving the whitening extent o reas 5% Puag-Haad gave the
lowest % whitening efficacy of 0. 98 and 1.20% at 10 and 12 weeks, respectively.

ﬂ‘lJﬂ’J“flﬂ'ﬂﬁWﬂ']ﬂ‘i
Q‘W’W&Nﬂim NN Y
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Table 13 % Whitening efficacy over corresponding control (difference in % whitening
between product treated forearm and propylene glycol treated forearm) of 0.5 % Puag-

Haad in propylene glycol (n = 17)

% Whitening efficacy over corresponding control

Volunteer no.

Week 10 Week 12
A1 -0.28
A2 0.80
A3 1.63
A4 0.70
A5 -1.08
A6 1.82
A7 4.26
A8 1.31
A10 -1.31
A11 1.15
A12 3.80
A13 0.51
A14 , 2.44
A15 ) . 2.59
A16 o 0.19 2.18
A17 ﬂ u El ’J 'V] ﬂ%jw El’] ﬂ‘ﬁ -0.16
A19 N . ¢ 117 = 20.02
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Table 14 % Whitening efficacy over corresponding control (difference in % whitening

between product treated forearm and propylene glycol treated forearm) of 0.25 %

Puag-Haad in propylene glycol (n = 20)

Volunteer no.

% Whitening efficacy over corresponding control

Week 10 Week 12

B1
B2
B3
B4
BS
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B1

»

B17

B19
B20

1.37
0.93
1.97
0.47
1.14
3.44
0.54
3.18
1.66
0.84
3.35
1,64
3.02
) . ] 2.11

1.44

Aut Ineiiinenns o

R8N I INeaE

5.35 5.51
3.07 3.83

Mean * SD 1.82+1.23 214 +£1.27
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Table 15 % Whitening efficacy over corresponding control (difference in % whitening

between product treated forearm and propylene glycol treated forearm) of 0.25 %

Licorice extract in propylene glycol (n = 20)

Volunteer no.

% Whitening efficacy over corresponding control

Week 10 Week 12

ct
o3
C3
Cc4
Cc5
Cc6
c7
c8
c9
C10
C11
o}
C13
C14
C15

C17

2.51
247
1.1
Tll
3:.29
2.80
3.02
1.56
2.28
0.93
0.18
1.65
0.27
1.00

1.07 @

cmﬂuﬂqwﬂmswannﬁ1i

¢-0.56 0:0.47

’GM'W ANNINAIINYN8E

1.8 .67
C20 2.44 1.92
Mean * SD 1.21+1.28 141 =138




70

Table 16 % Whitening efficacy over corresponding control (difference in % whitening
between product treated forearm and propylene glycol treated forearm) of 3.00 % Kojic

acid in propylene glycol (n = 19)

% Whitening efficacy over corresponding control

Volunteer no.

Week 10 Week 12
D1 0.17
D2 1.46
D3 0.56
D4 275
D5 1.99
D6 4.76
D7 0.03
D8 0.96
D9 3.77
D10 1.96
D11 139
D12 3.12
D13 3.04
D14 :I ] ‘ 3.86

D16 1.44

mYHuﬂﬂﬂﬂﬁ§W81ﬂi;m
‘m’laﬁﬂ‘iﬂﬁlm?ﬂﬂ’moﬂ

1.92 2.07

Mean £ SD 1.568+1.42 1.93+1.39
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However, when one-way ANOVA was applied on these values, no significant
differences were detected among the four treatment groups either at 10 or 12 weeks (P
> 0.05). The statistical results thus suggested that by the time when all the four
products demonstrated effective whitening activity (as observed from significant paired
t-test over their corresponding self-controls), the extent of whitening effect was similar.
Nevertheless, 0.25% Puag-Haad demonstrated the fastest efficacy with the shortest
onset time (about 4 weeks). Furtherm i
whitening extent of 0.256% Puag-Haad v Q‘y

week-application despite the igni cance It is probable that prolonged

it has been previously observed that the

the four groups at both 10 and 12
application of 0.25% Puag- may result in a significantly
greater whitening efficacy t. However, more studies

need to be conducted in

It is also interesti d gave the best whitening

activity in terms of both 5% Puag-Haad were quite

opposite. Again, the hum servation as in the previous

quinea pig study in that increasing fhe P ag-Haad!eoncentration was found to cause an
-A‘J—. . 3 -" 3 ] . . . .
unexpected decrease in the whitemtiﬁfiéﬁ ~/Inthe guinea pig study, % whitening of

1.0% extract in propyle ficanthesmalierthan 0.5% concentration. In
this human study, the wh"] ning extent of >-same solvent was obviously
smaller (though not signifi fant) than 0.25% extract As previously discussed, the

reasons as to trﬁ urﬁqm%‘l Wﬂlﬂﬂ\ﬂ\’]ﬂ%r the data seem to

point out the impditance of Puag- Haad concentratlon on its whntenmg activity and that

o AT IR TINY TR

experiments are thus needed to establish the most effective concentration for Puag-

Haad in humans.

The high whitening activity of 0.25% Puag-Haad also reflects the potent activity
of its major component 2,4,3',5'-tetrahydroxystilbene. The current human study results
firmly supported the previous findings obtained in guinea pigs that Puag-Haad was as a

more potent whitening agent than other established substances like kojic acid and
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licorice extract, which are also highly expensive and have to be imported from abroad.
In this human study Puag-Haad was more effective with respect to the shorter onset time
than 3% kojic acid, which in turn, was more effective than 0.25% licorice extract. This
could be partly due to the difference in its in vitro antityrosinase activity. Licorice extract
was reported to have a weak tyrosinase inhibitory activity. Its concentration for 50% in
vitro inhibition (IC,) was about 12.88 ng/ml whereas the value for kojic acid was 5.82 1

g/ml, which was 2.2-fold more potent than licorice extract (Kim and Lee, 1998). On the

Wg/ml (Sritularak, 1998).

The greater in vivo a pjic.acid observed in this work

was highly encouraging. ;v ed whitening agent. Its
efficacy has been extensiv e was reduction in skin
darkness after 6 week and gk appli a 19 .~~.- (Majmudar et al., 1998;
Zuidhoff et al., 2001). Howey, | ref a longer onset time. For example,

: ot \ "c acid was able to improve
almost all pigmentary disorders - after a, 14-month clinical trial. It is thus

promising that application of Puag- iy at low concentrations, may give
2B T _

better skin-whitening perfogm "acid a * ﬁ act in a larger clinical

trial. This is strongly supgorted by 1asé inhibitory activity and

the faster in vivo whitening gffect observed study. m
AU INENINGINS
AN TUNNINGA Y
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2. Effect of Puag-Haad on skin erythema and other skin reactions in comparison with

other commonly used whitening agents (licorice extract and kojic acid)

The average erythema values of subjects in each group are given in Table 17
together with the paired t-test results. The individual data are provided in Appendix II.
From this table, paired t-tests revealed that during weeks 0 — 4 there was no significant

difference in the E values between the substance-treated and propylene glycol-treated

arms of the subjects within each group. er, after 6-week application, subjects in

we in the E values between the

d-ariePas 0.05). On the other hand,

groups A, B and D started to show

substance-treated and prop

subjects in group C starte

weeks.

propylene glycol. Moreover, : nce seem slowly widen with increasing

Puag-Haad, 0.25% licorice extract=z
LN

erythema-reducing effeLcﬁfompared to théii( se )pyiene glycol. The reasons

[ Was' somewhat unexpected.

If the substances were irnging to ts sho@ have been opposite, i.e.,

application of either A, B, C ér Buwould have induced some degrees of erythema on the

s s s A b A S b2 on st e
NN Y

propylene glycol-treated arms. - ¢
3N30M
It ﬂtfﬁ :])s ulated here that all the four substances may possess some
protective effect against erythema. Their continuous application as employed in this
study may have resulted in improved skin resistance to certain irritants such as UV light
and soaps, which are known to cause skin erythema upon exposure. Furthermore, it
has been reported that certain tysorinase inhibitors like licorice extract possess some

anti-inflammatory activities (Lee et al., 1997). Also, many polyphenolic compounds were

shown to have anti-inflammatory effects (Lee and Choi, 1999). It is thus possible that
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2,4,3',5'-tetrahydroxysti|bene, which is a polyphenolic compound, may exert similar
activities. Further studies are thus needed to find out more about many possible actions
of Puag-Haad and other whitening substances. These unknown mechanisms might be

responsible for the observed erythema-reducing effect.

On the other hand, measurements of the erythema (E) values may not provide

adequate information on the skin irritation potential of each whitening agent. As

discussed previously, Mexameter merely wva;res the absorbance of hemoglobin (and

hence the concentration of red E / ilable in the area of interest.

Vasodilatation of the microci% ﬁskin area is not the sole
—

on of the skin texture and

manifestation of skin irritati
subject interviews were means to investigate the

substances’ detrimental e

After each skin dividual subjects were

visually observed for any there was any itching or
discomfort upon application w subjects in each group
be visually detected by light
scaling of the epidermis. Howeverfg@%% m of-dried skin disappeared within 3 to 4
. . { il on the affected area
half an hour following eaﬂ appl . nii] The observation of skin
dryness was most likely dus, to propylene glycol since the scaling occurred in both

upper arms. Proﬂaw 1’} wn&mqo%(w ﬂfqaﬂaﬂgorb a good deal of

moisture. It is oftetused as a humectant in many cosmetlc products such as creams
v G QAT T AP P =0
may have résulted in the dehydration of the outer skin layer. Nevertheless, this was
considered a minor skin disturbance and occurred in only 10% of the subjects. In some
subjects the symptom even disappeared within a few days without application of mineral

oil.

Other reported skin disorders include itching, which could occur with or without

visible skin rash. Only one subject in group A (No. A18) and one in group D (No. D15)
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developed visible skin rash in the substance-treated arms after 4 and 6 weeks,
respectively, and thus voluntarily withdrew from the study. These represented only 2.5%
overall dropout (2 of 80 subjects) and 5% dropout each in groups A and D (1 of 20).
They were treated with aqueous calamine cream and their skin returned to normal
conditions within a few days. Two more subjects (No. A9 and A20) dropped out of the
study after 6 weeks due to change of job and not from any side effects, leaving the total
number of 17 subjects in group A for statistical comparison. The rest of the subjects in

all groups remained in the study until ithout any visible skin disorders. All

substances were well tolerated

Hence, the results ave clearly indicated the

efficacy and safety of Pua g agent, particularly at the

concentration of 0.25% 4 I ons; " . whitening action, coupled with the

observed erythema-protecti ! 1_ ; lon potentic (0% dropout in group B),
made it a highly attractive ¢ ovel'w ‘ i \. from natural sources. In
addition, its low cost (only 40 dgee d to 8,000 baht/kg for kojic acid, 5,800
bath/kg for licorice extract an 0 ba fo icorice extract PT-40) further

substantiate its potential use in cos

e

- -

T <y

=

)
AU INENTNEINS
AMIAN TN INGINY
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Table 17 The average erythema values (mean X SD) in the upper arms of human

volunteers treated with different substances for 12 weeks. (n = 17 — 20 subjects per

treatment group).

Treatment group

Erythema values (E)

Week0 | Week2 | Week4 | Week6 | Week8 | Week10 | Week12
PG- 604.99 | 595.13 | 591.84 | 600.02 |591.55 |588.34 | 590.59
RBERR Control | +16.48 | = 16.1 +16.27 |£1257 | £1533.]X14.74
0.50%Puag-
600.52 .16 585:21 580.93 583.38
Haad A
+13.69 | £13.67 | £14.50
P-value 0.0001* | 0.0013* | 0.0049*
PG- 590.39 | 593.26 591.13
B (n = 20) Control +17.35 | +20.84 | £14.74
0.25%Puag- N 582,60 | 583.50 | 581.73
Haad £46. +16.81 | £14.94 | £15.31
1* | 0.0006* | 0.0025* | 0.0003*
8 588.87 588.53 589.58
C(nh=20) +74.58 | +15.07 | £16.25 | £16.20
0.25%Licorie 62 | 585.76 582.30 582.67
extract L. 14.75 | £15.57 | £14.51
0.1554 | 0.0036* | 0.0016*
594.45 597.23 591.23 593.08 593.46
D(nh=19) ~E + 14 +15.90 | 16.30 +17.00
3.0%Kojic 92.45 .51 tlsedg 589.72 584.35
acid ; +15.29 ﬂ 3.88 | * 15.2%;i 14.95 | £15.87
q _1 o%’s 'ao g* aga Elzoos 0.0043*
q

PG-control = propylene glycol self-control within each treatment group

* denotes significant difference between PG-control and treatment within each group by

paired student’s t-test (P < 0.05).
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Part 3. Stability evaluation of Artocarpus lakoocha heartwood extract (Puag-

Haad) solutions

The purpose of this part was to evaluate the physical and biochemical stability of
Puag-Haad solutions upon storage at room

‘f

27 °C ambient) temperature and at 45 e,

clarity, color and pH whereas
@ents of its in vitro tyrosinase
.‘
——

Physical stability was evaluated

biochemical stability was dete

inhibitory activity. —
Solutions of Pua ) 1 20% P opylene glycol — 80% water
instead of pure propyle € sly. used n guinea pig and human

studies. This was to esta water. Propylene glycol was
Thus, the data obtained would
provide basic preformulatio ’ .; / for subsequent development of
Puag-Haad into lotions or cre ~_'- which W |s e major component of these
dosage forms. Concentration of P Haad .} as fixed at 0.25% in this part because this
. ng effect with good safety

profile. ‘N ' i

concentration was foun d'

Since the active cﬂponent of Puag-Haad (2,4, 3 S'iuirahydroxystilbene) isa
polyphenol deriva ﬁ i tlon (Tiptabiankarn,
1967). Solutions ﬁ n aag ITEII] (ﬁ?jqjﬁ s were prepared in
the sam %.Rro % % ﬂ vﬁl
ARSI T

P+A1 = 0.25% Puag-Haad + 0.15% sodium metabisulfite

P+A2 = 0.25% Puag-Haad + 0.10% butylated hydroxy anisole (BHA)

P+A3 = 0.25% Puag-Haad + 0.05% EDTA

P+A4 = 0.25% Puag-Haad + 0.15% sodium metabisulfite + 0.10% BHA
= P+Al+A2

P+A5 = 0.25% Puag-Haad + 0.15% sodium metabisulfite + 0.05% EDTA
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= P+A1+A3
P+A6 = 0.25% Puag-Haad + 0.10% BHA + 0.05% EDTA
= P+A2+A3
P+A7 = 0.25% Puag-Haad + 0.15% sodium metabisulfite + 0.10% BHA + 0.05%EDTA

P+Al+A2+A3

Each of the above solutions was prepared and assayed in triplicate (3 vials per

solution).  Sodium metabisulfite .;\ S ys representative antioxidant of a

reducing agent-type at a concentation é HA at 0.10% was used as a
g agent-typ r o

.0@3 an auxiliary antioxidant

nisms were added to Puag-

representative of true antio
(chelating agent). Hence, a
Haad solution both separat re was any enhancement

in the protective effect again

1. Physical stability

Tables 18 and 19 show chi in_coloring of Puag-Haad samples upon
storage at room tempe@rq..mkfé. v 24 wedl ths). The initial color of

0.25% Puag-Haad solu ’.-" vas of pale yellow (gra [ er 0). Upon storage at
room temperature, the so@on of 0 utio_ﬂc’) gradually darkened to
dark brown (graded as +4)‘egr 24 weeks. I.t}e color of all the stored Puag-Haad

s v 1 U3 48 B4 Y 25 e o

Haad. Since the ad@ition of antlox1dants°d|d not cause any changes in Le initial color of

o o GARR EGF LT DRV VP P e vas v

as a commofi reference for color comparison.

However, addition of antioxidants, particularly 0.15% sodium metabisulfite was
able to pretect 0.25% Puag-Haad from increased coloration after prolonged storage. As
seen from the data in Tables 18 and 19, solutions P+A1, P+Ad, P+A5, P+A7 did not
increase in color after 24-week storage at room temperature or only slightly increased at

45 °C. Al these solutions contained 0.15% sodium metabisulfite as a common
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antioxidant. On the other hand, 0.10% BHA and 0.05% EDTA, either single or in
combination (solutions P+A2, P+A3, P+A6) hardly protected Puag-Haad from
discoloration at both temperatures. After 24 week-storage, these solutions became
brown (+3) or dark brown (+4) in color at room temperature whereas the effect was
worsened at 45 °C, with the color became intense deep brown (+5). Photographs of

different Puag-Haad solutions taken after storage for 6, 12 and 24 weeks are also

provided for visual comparison in Figures . Therefore, sodium metabisulfite and
its combination appeared to give the be 30 ainst Puag-Haad discoloration.
J

The pH of each solution : L@picate and the data at room

temperature and 45 °C are €)Y /oiven. in ~ 21. Pure Puag-Haad

solution showed only mino LFL ‘ f u 10 at room temperature, from
5.00 at 0 week to 4.51 at 1 | - a 0.49 unit change in pH
Addition of 0.10% BHA (P+A rease in pH, from an initial
value of 5.05 to 4.62, equiv n the other hand, addition
of 0.05% EDTA (P+A3) was a o. of Puag-Haad solution (initial pH =
4.38 vs 4.35 after 12 weeks). Solutu s A and BHA (P+AS6) also stabilized
the pH of Puag-Haad sﬂmon (mn pFr _ 12 weeks). Thus, the

stabilization observed Sofut _ of EDTA rather than
BHA, since 0.10% BHA (P&}Z) ne vV D ive aect against pH decrease.

Similar pattern was also observed at 45 °C (Tablg 21).

e A NN ANEND T o o
)| 05N PT0 N (1)

marked decrease in pH values with changes in pH ranging from 0.78 (P+A1) to 1.52
(P+A4) after 12 weeks at room temperature. Similar results were also observed at 45 °C
(Table 21), at which solutions P+A1, P+A4, P+A5, and P+A7 showed an overall
decrease in pH in the range of 1.37 (P+A4) to 2.44 (P+A1) after 12 weeks.
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Table 18 Changes in color of Puag-Haad samples at initial of the study and upon

storage at room temperature

No. Samples Time (week)
0 4 8 12 16 24

0 Fresh P 0 0 0 0 " ”
1 P 0 +1 43 +3 +3 -
2 P+A1 0 " :
3 P+A2 0 - »
4 P+A3 0 o .
o P+A4 . .
6 P+A5 . )
7 P+A6 > +3
8 P+A7 ; .

-= 0 g Ho Al =g 5% netabi = 0.10% BHA, A3 = 0.05%

EDTA, Ad = A1+A2, A5 = A1+AT] AGZAI+AZ, . W

0 = normal (pale yellow); no change, = light brown, +3 = brown, +4

dark brown, +5 = intensi Geep orown

Y]

i¥

ﬂuEI’JVIEWlﬁWEI'lﬂ‘ﬁ
Qﬁﬂﬁﬁﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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Table 19 Changes in color of Puag-Haad samples at initial of the study and upon

storage at 45 . -

Time (week)
No. Samples :

0 2 4 6 8 10 12 16 24
1 P 0 44 +2 +3 43 +4 +4 +4 +5
2 P+A1 0 +1 +1 58
3 P+A2 0 +4 +4 +5
4 P+A3 0 +4 +4 +5
5 P+A4 0 1+ +
6 P+A5 0 +1 +1 +1
7 P+AB 0 +4 +4 +5
8 P+A7 0 $1 +1 +1

PRIAATUAMINYAE

=3
-
AX

'FI Ih"
|
i i¥

AULINENINYINS

0.10% BHA, A3 = 0.05%

, +2 = light brown, +3 = brown, +4
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Room temperature

Figure 16 Physical appeal -Ha: os/upon storage at room

-

temperature and 45 °Cior 6 weeks. y

0 = Fresh 0.25 % Puag—I—md (P),1=PureP,2=P + O.15ﬁsodium metabisulfite (A1),
P+0.10% BHA (A2), 4 £ £%0.05% EDTA %ew5 = P+A1+A2, 6 = P+A1+A3, 7 =

oo QAR ANTETIINENNT
RINNINANINYAY



Room temperature

45°C

Figure 17 Physical & Y _samp .,1" pon storage at room

temperature and 45 °cf T4 a
0 = Fresh 0.25 % Puag- Haag (P), 1 = Pure P, 2 P + 0.15% sodium metabisulfite (A1),

DRRL: KR L Mt

P+A2+A3, 8 = P+Al+A2+A3

ammmmwﬁwmaa
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Room temperature

Usamples upon storage at room

w
1l

P+0.10% BHA (A2), ﬁ:
P+A2+A3, 8 = P+A1+A2+A3

ﬂ‘lJEJ’WlEJWﬁWEJWﬂ‘ﬁ
ammmmwnwmaﬂ
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To determine if the change in pH was due to direct interaction of the antioxidant
(s) with the active component or due to degradation of the antioxidant(s) itself, separate
sets of antioxidant solutions without Puag-Haad (A1 to A7) were prepared in the same
solvent and kept concomitantly for pH determination. The results are shown in Table
20/1 (room temperature) and Table 21/1 (45 °C). All the pure antioxidant solutions
remained clear and colorless throughout the entire storage period. However, solutions

A1, A4, A5 and A7 all demonstrated su

jal drop in pH, with the changes ranging
from 0.68 (A5) to 2.08 (A1) after
(A4) to 3.08 (A1) at 45 °C. O
(A2), EDTA (A3) and their

oom temperature, and from 1.38
ining antioxidants, namely BHA
negligible drop in pH after 12-

week storage at both t ere quite stable in the

solutions.
Hence, the drop i d \ su ite was mainly a result of
its self-degradation. ¢ is gradually changed to

sodium sulfate thereby givin ! ! dg adation. (Boylan et al., 1896).
This reaction had obviously led to & drop i ok the solution regardless of whether

Puag-Haad was present or not 8. pH-stabilizing effect of EDTA

(disosium ethylenediam, traacetate Ould be due to its chelating
action on Puag-Haad soluﬁn n e 0 possess form stable water soluble
complexes (chelates) with ;a@lme earth a heavy metal ions (Capter, 1975).

ovrtons, vo oL RP LY S BL AR Gon o oo i

Haad is still not known More studies arg:needed to eI cidate the degragatlon pathways

0f2,4,3 5qst$ﬂyfﬂoaﬂﬂ fd @@MH%QPQIJ}Q\ ngnat
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Table 20 Changes in pH values of Puag-Haad samples at initial of the study and upon

storage at room temperature

Puag-Haad Time (week) ApH
samples 0 4 8 12 (0 -12 week)
P 5.02 5.00 4.97|4.93 4.93 4.945!4.56 4.60 4.60[4.50 4.51 4.51 o as
Mean+SD | 500+003 | 4.93+£004)4 4.59+002 | 4511001
P+A1  |5.34 5.36 5.344.6 459 4.60|4.57 4.57 4.58
Mean+SD | 5.35 0.01 457 £0.01 18
P+A2  |5.06 5.05 5.0 314.62 4.63 4.62
Mean+SD | 5.05 0.0 4.62 +0.01 o4
P+A3  |4.38 4.38 4 35 4.36 4.35
Mean+SD | 4.38 0.0 4.35+0.01 i
P+A4  |5.36 5.38 5. 3.86 3.87 3.85
Mean = SD | 5.38 £0.02 3.86 % 0.01 1oz
P+A5  |5.21 5.20 5.20 4.18 4.17 4.17
Mean+SD | 520001 | 4. sroot |
P+A6  |4.35 4.3 438 430 438241 33 4.33 4.32 002
Mean+SD | 4.35 % 0.0% 01~ 4.33£0.01
P+A7  |5.35 5.36 5%6 43 37 4.36 4.364. 19 4.19 4.21(4.07 4.08 4.08
Mean £ SD Sﬁ% .‘:,:‘53 ‘ = 'r. Pq q+001 28

gk LA AU T ML AL e

EDTA, A4 FA1+A2, A5 = A1+A3, A6 = A2+A3, A7 = A1+A2+A3
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Table 20/1 Changes in pH values of antioxidants at initial of the study and upon

storage at room temperature

|

7

Antioxidants ke Unec) ApH
0 4 8 12 (0-12 week)
A1 |5.40 5.40 5.42|4.67 4.67 4.64|4.25 4.25 4.23|3.34 3.34 3.32
Mean+SD | 5414001 | 466+0.02 | 4244001 | 3.33%0.01 208
A2 |4.70 471 4.70|4.65 4.66 4685 63 4.60(4.58 4.60 4.59
Mean+SD | 4704001 | 4 u;‘ﬁ\ 4.02 asotoor |
A3 |4.33 4.33 4.33\130 4ea £51(432 432 43|
Mean £ SD | 4.33+0.00 e 4.3240.01
A4 |5.46 5.47 546 ;;j / 361421 422 4.22
Mean £SD | 5.46+0.01 4" 475" 4.22+0.01 .
A5  |5.70 5.70 5.7 95 5.07 5.05
Mean+SD | 5.70%0.0 5.0240.06 068
A6 |4.51 451 4.51|4.54 4.48 4.49 4.50
Mean+SD | 4.51%0.00 4.49£0.01 002
A7 |5.51 5545 61 4.62 4.63
Mean+SD | 553 efcﬂ:T_' i.'l 1.62 £ 0.01 01

[/

P=0.25% Puag-riEafd, A1 Z0:56% sodium metabisulfite, A2 = 0.10% BHA, A3 = 0.05%

o e AL DA AR 3
RINNIUUNININY
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2. Biochemical stability

The biochemical stability of Puag-Haad solutions were determined by
quantitating their in vitro anti-tyrosinase activities upon storage. 3% freshly prepared
kojic acid was used as a reference solution to validate for accuracy and precision of the
enzymatic assay. It was assayed at the same intervals as the Puag-Haad solutions. In

addition, preliminary anti-tyrosinase activity testing of Puag-Haad (0.5 and 0.25%),

0.25% licorice extract and 3% kojic aci sp conducted to check for their short-

term stability after 2 week-storafe .

—

Table 22 shows the indivi ver (mean, SD and %CV) of %
tyrosinase inhibition of fr ' ' 0jic  acid.. . The values of tyrosinase

N e

inhibitory activity were ¢ between different runs,

was in the range of 1.23 - 'the. bety ) . was 2.38%. These values
ol ]

comparable, with average % mhlbmon of 74. 09 and 72.93%, respectively. This may

imply that 0.25% cﬂu Ejmg wgﬁ]% Wﬂ/q\ﬂ:sﬁmmd the tyrosinase

enzyme, resulting injthe maximum mhlbmon of about 73% under this partucular testing

condmonw ?ﬂmn ftT ym]yaﬁ (71.34 and
69.79%), which was considered negligible. The value for 0.25% licorice also remained

stable during this period (52.68 vs 51.38%). These preliminary results formed the basis
for the decision to freshly prepare the test solutions every two weeks for the human
study. On the other hand, 3% kojic acid shbwed somewhat greater drop in % inhibition
from 48.86% to 39.90% after two weeks. Nevertheless, kojic acid solution was still
prepared at similar two-week intervals for the human study because the type of solvent

was different. In the human study, pure propylene glycol was used in preparing all the



94

solutions. It was probable that biochemical stability of kojic acid, Puag-Haad and

licorice would improve when the water was removed from the preparations, at least

during the two-week interval.

Table 22 Precision of the enzymatic method used in determining tyrosinase inhibitory

activity of whitening agents. 3% freshly prepared kojic acid solution was used as a

reference standard.
Week of
‘ Within-run
assay Vial 1 a SD
%CV
0 52.30 4 #1. 2.78 5.66
2 49.78 4 51t 1.54 3.08
4 54.07 . He 311 6.01
6 50.73 a 0.86 1.72
8 5151 | 4848 “E555000 88 5003 152 3.03
10 48.20 49,407 0.60 123
12 48.65 1.47 3.01
16 46.47 1316. 1.91 4.00
24 5223 50.93 49.66 | 1.29 252
e | AT R
1]

ARIAINTAIS

YINE
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Table 23 Stability at room temperature of Puag-Haad, Licorice extract and Kojic acid in
20% propylene glycol / 80% water with respect to % tyrosinase inhibitory activity

0 week (initial) 2 week
Samples
Vial 1 Vial 2 Vial 1 Vial 2
0.50% Puag-Haad 74.58 73.60 7218 70.50
Mean 71.34
0.25% Puag-Haad 70.24 69.33
Mean 69.79
0.26% Licorcie extract 50.00 52.76
Mean 51.38
3.00% Kojic acid 40.58 89.22
Mean 39.90

Following preliminéry i solutions, with and without

antioxidants, were assayed for '- 'y inhibitory activity at various times after
storing at room temperature and 2

—r _‘l’:_,,:‘.

(mean + SD of triplicate’detérminations) o

able«24 shows the average % inhibition

aad solutions kept at room

A

temperature. From thi of different types of

antioxidants (A1 — A3) angthexr combina ions (A4 to AB) tm 25% Puag-Haad (P) did

not cause any noticeable ﬁ:iﬂgj %Jﬁﬁpj ﬁvﬁ with the mean %
inhibition in the raﬁ ﬁ ividual antioxidants
(A1, A2, A3) might not possess sglf icafit anti- tyrosmﬂe actlvgl‘yl la led positively

conrtute W 1o @1e5h) 0 obd b ok,

slightly reduce in the presence of BHA and/or EDTA (A2, A3, and AS6). Only the triple

seemed to

combination of antioxidants (A7) gave an increase in overall anti-tyrosinase with the
average % inhibition of 82.21%. The mechanism(s) by which the triple combination
could slightly enhance the initial activity of Puag-Haad solution was not clearly known,
as with the small negative effect of BHA, EDTA and their double combination on Puag-

Haad'’s activity.
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Actually, even the detailed mechanism of 2.4,3',5'-tetrahydroxystilbene
(oxyresveratrol) in inhibiting tyrosinase enzyme is not cleatly understood and several
reports showed conflicting data. For example, Shimizu, Kondo and Sakai (2000)
reported that oxyresveratrol inhibited tyrosinase in a competitive manner, with 1C50
somewhat similar to kojic acid (20.8 vs 17.2 uM). On the other hand, Shin et al. (1998)
and Kim et al. (2002) reported the tyrosinase inhibitory mechanism of oxyresveratrol to

ojic acid. More research on multi-
& ill going on which should reveal

be assumed from the above

be non competitive, with IC much small

faceted mechanisms and activiti
observations that the inte ioxidants and their double
combinations in the deternai se activity was negligible
in this study.

Table 24 also indi
(solution P) showed a stea

room temperature. The meap valug" e 2.93% at the start of study to

47.62% and 36.71% after 12- agdl 24=w ie torage. ectively. This was equivalent
to about 50% loss in activity after 6 mm;‘-ﬁ@ A n of different antioxidants was found
p"”' ;"" e "

to stabilize Puag-Haad ,)’glutlon to a varymg ' acilitate comparison among
different solutions, the -
relative to the initial value shown in Tabl

From this t I EI %t tions (A1~ A7) were capable
of stabilizing Puaﬁ ﬂ tlﬁdﬁ ﬂgﬁﬁﬂibwe 80% after 12
weeks (range = 81 62% to 94.33% as opposed to 65(30% without antiexidant). Closer
examinatio ﬁ&ﬁﬁ]ﬂeﬁ) umqt’] tmeﬂlﬁtlﬂ which still
gave % mhlbmon higher than 87% were P+A1 (87.81%), P+A4 (94.33%), and P+A7
(87.85%). All of these solutions had 0.15% sodium metabisulfite as a common
antioxidant. The high biochemical stability was also enhanced by good coloring
appearance, in which solutions P+A1, P+A4, and P+A7 were found to give negligible

change in color. Although solutions P+A2 (84.04%), P+A3 (81.62%), and P+A6

(82.49%) still gave fairly good relative anti-tyrosinase activity at this period, their
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coloring, however, had become visibly darkened by this time and hence may not give
an attractive appearance to potential users. Solution P+A5, which contained sodium
metabisulfite and EDTA, showed % inhibition of 82.64% comparable to P+A2, P+A3 and
P+A6. However, its color was unchanged which was due to the presence of sodium

metabisulfite.

After 24 week-storage at room temperature, relative anti-tyrosinase activity
further declined in all groups. w 4 still gave remaining % relative
inhibition above 80% (80.78%), - ondehighest activity was observed with

P+A6 (75.68%). Howeverw @TA) became unpleasantly

brown. The rest of the soluii inhibitory activity less than

70%, with the average val -58.409 74%. Besides the substantial

The result at regm tempe o so far had indi cdted that combination of
antioxidants 0.15% sodidm me A (P*A4) provided the best

protection against loss 0 ant| tyrosmase actnwty In addition, change in color of a

g oo L1 TN, e
IR NNy

Stab ity data at 45 °C also demonstrated similar observations, although the drop
in activity was naturally more severe. For example, data in Table 26 reveal that %
tyrosinase inhibitory activity of pure Puag-Haad solution decreased dramatically at
elevated temperature, from 72.93% initially to only 28.16% at 24 weeks, equivalent to
about 61% loss in activity. Addition of antioxidants was able to slow down this process

as seen in this table and the normalized data in Table 27. From this table, solution P+A4
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gave the best protection at both 12 and 24 weeks, with the remaining relative %
inhibition values of 80.14% and 59.35%, respectively. The data on relative % inhibition

were also plotted as a function of time for visual observation in Figures 19 and 20.

Thus, based on the color observation and relative % inhibitory activity,
combination of 0.15% sodium metabisulfite and 0.10% BHA appeared to have

synergistic effect in stabilizing 0.25% Puag-Haad solution. Further addition of 0.05%

EDTA to make a triple combination (soluti owever, did not result in increased
easons as to this observation

were not understood si interplay among 2,4,3',5'-

tetrahydroxystilbene and and need to be thoroughly

investigated.

abisulfite could be enhanced if
the process of self-degraa . ) B1S ayed 'sine lution P+A4 showed a drop
in pH after 12 weeks simil 1 AY {anfigxidants alone). P+A4 was still found to
exhibit high anti-tyrosinase Ctivify=‘despite loss of sodium metabisulfite and
concomitant drop in pH.

y 5 |

7 G
AULINENINYINS
RINNTUUNININY
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Table 24 Stability of Puag Haad with and without antioxidants as determined from %

tyrosinase inhibitory activity at room temperature. Data = mean * SD (n = 3)

% Tyrosinase inhibitoty activity
Time (week)

P P+A1 P+A2 P+A3 P+A4 P+A5 P+A6 P+A7
0 7293 7324 6650 69.05 7025 7338 6542 8221

(SD) (1.92) (1.29) (1.50 AN )2 (1.14) (3.45) (2.43)
4 60.44 7069 6380 63, é 64.45 82.26
/ ")

(2.42) (3.01) (1.45) (3.22)

8 52.08 56.09 76.59

(2.29) (0.99) (1.31)
12 4762 64.31 35 6627, 6064 5397 7222
(3.78) (2.02) (3.43)

16 20.25 &7. 55.66 66.90

(1.41)  (1.45) 71 (1.93)  (0.50)
fakn e

24 36.71 46.05 45534033 5118 4952 56.85

(2.09) 0:31)

«0.93)  (0.73)

'.y_,i, Y ]
P = 0.25% Puag-Haad, Ajﬁ 0.15% sodium metabisulfite, Aﬁ 0.10% BHA, A3 = 0.05%
EDTA, A4 = AT+A2, A5 = A1#A3, A6 = A2+A3, AT = A1+A2+A3

AULINENINEINS
AR TUNN NN Y



100

Table 25 Stability of Puag-Haad with and without antioxidants as determined from %
tyrosinase inhibitory activity relative to initial value at room temperature. Data = mean
+SD(n=3)

Time % Relative tyrosinase inhibitory avtivity

(week) P P+A1 P+A2 P+A3 P+A4 P+A5 P+A6 P+A7
0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
4 82.88  96.51 103.11  98.51 100.05

(SD) (332  (4.11) 221)  (3.92)
8 71.41 | 85.74  93.16

(3.14) (1.52)  (1.59)

12 65.30 8249  87.85
(5.18) (3.08)  (4.17)

16 68.90 856.07 81.38
(1.94) (2.96)  (0.61)

24 50.34 - 80.78 "69.74 7568 69.14
@87 (. 4 “pes ) (198 (142)  (0.89)

P =0.25% Puag-Haad, ;WI’E‘ BHA, A3 = 0.05%

EDTA, A4 = A1+A2, A5 = ﬂ ‘ ms
ﬂ'lJEl’J‘l’lWlﬁWEﬂﬂ‘i

quﬂﬁﬂ‘im URIINYINY
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Table 26 Stability of Puag Haad with and without antioxidants as determined from %

tyrosinase inhibitory activity at 45 °C. Data = mean % SD (n = 3)

Time % Tyrosinase inhibitoty activity

(week) P P+A1 P+A2 P+A3 P+A4 P+A5 P+A6 P+A7

0 7293 7324 66.50 69.06 7025 73.38 6542 8221

(SD) (1.92) (1.29) (1.50) (1.14)  (3.45) (2.43)

. 63.47 60.71 61.83 81.29
(0.74) (3.83) (2.19)

4 53.70 61.72 80.08

2.31) (. (5.84) (1.63)
6 5266 57.69 7.9 £§3.33 5 6431 169216253 72.02
(1.97) (2 ‘ (1.24) (3.72)
8 52,69 47.3 59.44 60.35

0.98) (2.22) (1.90)  (0.37)

10 56.00 48.50 49.04 55.41

(0.98) ] : . (1.96) (2.63)

12 4295 4gds@a534 4501 S L4833 5107
1sn) @78 | (0.89)

16 4539 5067 4836 49.06 5442 5032° 4564 5063
0.6 : - ] u ‘ (2.03)

S ALl P RAL R e
U aD BT Lt HL b

q
P =0.25% Puag-Haad, A1 = 0.15% sodium metabisulfite, A2 = 0.10% BHA, A3 = 0.05%
EDTA, A4 = A1+A2, A5 = A1+A3, A6 = A2+A3, A7 = A1+A2+A3
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Table 27 Stability of Puag-Haad with and without antioxidants as determined from %

tyrosinase inhibitory activity relative to initial value at 45 °C. Data = mean % SD (n= 3)

Time % Relative tyrosinase inhibitory avtivity

(week) P P+A1 P+A2 P+A3 P+A4 P+A5 P+A6 P+A7

0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2 87.03 8289 9099 9 06.98 96.556 94.50 98.87
(SD) (1.02) (2.83)
4 7363 79.68

(5.85) (2.66)
94.33 97.40

(3.17) @ : (8.92) (1.98)
6 7221 78 K\ 01 95.58  87.61
@.70) : (1.90)  (4.53)
8 72.25 90.85  73.40
(1.34) (2.91)  (0.45)
10 76.79 7496  67.40
(1.35) (3.00) (3.19)
12 58.90 66.23  62.12
(2.62) . (0.33) (1.08)
16 6223 6A4F 7273 TTOF TEATBES] 6976 6159
(0.94) 3 (2.99) (2.47)

24 38.61 51.06 ‘-gl.95 51.86 .)59.35 56.58 54.49 50.95
(0.30)ﬂ u .57 . ey \ A2 Nass  (274)

L. | L i

S LS ML U At

EDTA, Ad4 = A1+A2, A5 = A1+A3, A6 = A2+A3, A7 = A1+A2+A3
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