
CHAPTER IV

RESULTS AND DISCUSSION

Part 1. Evaluation of skin whitening efficacy of aqueous extract of Artocarpus 
lakoocha heartwood (PuagHaad), niacinamide, lactic acid, and their 
combinations in guinea pigs

1.1 Effect of UVB induced hyperpigmentation in guinea pigs
To accelerate the skin darkening, the back of each guinea pig was 

irradiated under two fluorescent UVB lamps 290-320nm (model TL 20พ/12, Phillips), 
at 0.3 mW/cra2 for 50 min/day (total energy, 900 mJ/cm2 /day) for 3 consecutive days. 
This procedure was suggested by Imokawa and co-worker [42] that the daily exposure 
of brownish-black guinea pigs skin to UVB irradiation at this energy for 3 successive 
days induced clearly visible black pigmentation within 3 days and the maximum effect 
being reached about 21 days after irradiation without particular irritation.

The data illustrated in Table 7 coincide with that of Imogawa [42], It can 
be seen that the absolute melanin (M) value went upward from week -3 to week 0 in 
all groups. For example, the mean M value increased from 689.9 to 756.4 in group A, 
from 681.2 to 738.0 in group B, from 730.6 to 760.5 in group c, from 721.9 to 775.1 
in group D, and from 686.5 to 744.2 in group E. Also, the absolute erythema (E) 
values slightly changed after irradiation; for example, the mean E value of group A 
changed from 576.2 to 579.9 (Table 8). However, the extent of change was much 
smaller than the M values in all groups and was thus considered negligible. The E 
values even slightly decreased after UVB exposure as seen in group D and group E, 
indicating that the irradiation process was non-irritating.

Thereafter, the test solutions were applied on the back of guinea pigs since 
the melanin values had reached the peak level at 18 days after the last UVB exposure. 
The M and E values were measured immediately before the first application (= week 
0) and again at a weekly interval until 4 weeks.



Table 7. The absolute melanin values (mean ± SD) in guinea pigs treated with different whitening agents. The initial values before UVB-
induced pigmentation (week -3) are also given for comparison. The values at week 0 = the values taken 18 days after the last UVB
exposure and before application of the substances.

Treatment group Absolute melanin values (M)
Before UVB Week 0 Week 1 Week 2 Week 3 Week 4

A (ท = 6)
0.25% Puag-Haad

PG-control 689.9 ±24.65 756.4 ± 15.32 737.9 ±23.11 728.0 ± 18.72 718.4 ±22.30 709.7 ±21.80
A 689.9 ± 24.65 750.4 ± 14.27 732.1 ±23.83 714.1 ± 17.54 695.0 ± 19.33 690.8 ± 19.34

P-value - 0.116084 0.159617 0.004235* 0.000107* 0.00033*

B (ท = 6)
1% Niacinamide

PG-control 681.2 ± 50.19 738.0 ± 18.17 728.2 ± 6.93 721.8 ±4.58 699.1 ± 10.06 697.1 ± 10.91
B 681.2 ± 50.19 736.0 ± 12.84 707.7 ± 12.41 694.3 ± 14.00 676.6 ± 11.35 673.6 ± 12.26

P-value - 0.596277 0.029059* 0.010037* 0.001395* 0.009568*

c  (ท = 6)
1 % Lactic acid

PG-control 730.6 ±38.54 760.5 ±41.54 738.9 ±44.33 727.0 ± 32.29 711.1 ±36.25 710.8 ±38.85

c 728.1 ±34.05 752.2 ±35.12 729.3 ± 49.89 717.8 ±47.21 694.8 ±34.15 687.1 ±34.13

P-value - 0.278017 0.062316 0.381005 0.002288* 0.010719*



Treatment group Absolute melanin values (M)

Before UVB WeekO Week 1 Week 2 Week 3 Week 4

D (ท = 6)
0.25% Puag-Haad 
±l%Niacinamide

PG-control 721.9 ± 43.11 775.1 ±30.02 764.1 ±26.88 759.7 ±23.91 752.9 ±31.01 753.5 ±27.44

D 720.4 ±42.68 771.4 ±24.65 753.2 ±23.04 740.8 ± 24.79 726.3 ±28.32 719.2 ±20.99
P-value 0.572628 0.303376 0.028036* 0.012020* 0.000034* 0.001891*

E (ท = 5)
0.25% Puag-Haad 
+l%Niacinamide± 1% 
Lactic acid

PG-control 686.5 ±22.49 744.2 ± 13.26 738.3 ±35.55 744.0 ± 42.29 732.9 ±45.94 731.4 ±48.45
E 688.4 ±22.96 746.9 ± 16.53 733.2 ±33.98 721.3 ±38.26 703.5 ±45.42 702.7 ±40.15

P-value 0.547298 0.482950 0.242597 0.013018* 0.002411* 0.011251*

* denotes significant difference between the treated and control areas by paired student’s t-test.
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Table 8. The absolute eyrthema values (mean ± SD) in guinea pigs treated with different whitening agents. The initial values before
UVB-induced pigmentation (week -3) are also given for comparison. The values at week 0 = the values taken 18 days after the last UVB
exposure and before application of the substances.

Treatment group
Absolute erythema values (E)

Before UVB WeekO Week 1 Week 2 Week 3 Week 4

A (ท -  6)
0.25% Puag-Haad

PG-control 576.2 ±4.52 579.9 ± 13.56 577.8 ±9.78 581.0 ±11.89 579.2 ±8.95 594.0 ±5.95
A 576.2 ±4.52 579.9 ± 13.45 579.0 ± 11.07 582.1 ± 14.87 581.3 ± 8.71 592.5 ± 8.43

P-value - 0.99047 0.374702 0.721607 0.116183 0.588059

B (ท = 6)
1% Niacinamide

PG-control 573.1 ± 10.54 573.7 ± 14.17 579.6 ±7.71 584.2 ± 11.79 577.2 ± 8.59 590.6 ±9.36
B 573.1 ± 10.54 570.1 ± 12.91 578.4 ± 8.33 577.8 ± 10.22 575.4 ± 14.60 585.6 ± 8.16

P-value - 0.074932 0.460486 0.010495* 0.724731 0.224649

c  (ท = 6)
1% Lactic acid

PG-control 571.6 ±9.86 591.2 ± 13.39 592.3 ± 9.99 589.2 ± 6.65 586.8 ± 13.09 597.4 ± 15.40
c 570.9 ±9.13 589.4 ± 13.18 591.3 ± 10.17 590.2 ±5.41 587.1 ± 8.09 596.0 ± 16.51

P-value - 0.206303 0.689472 0.311018 0.944474 0.518613

o\Cj



Treatment group
Absolute erythema values (E)

Before UVB Week 0 Week 1 Week 2 Week 3 Week 4

D (ท = 6)
0.25% Puag-Haad 
+ 1% Niacinamide

PG-control 582.8 ± 8.42 576.3 ±4.89 584.3 ± 11.46 578.7 ± 11.59 579.3 ± 8.81 582.5 ± 13.81
D 583.1 ± 11.94 575.5 ± 10.40 582.7 ± 10.27 578.8 ±8.01 569.5 ± 12.97 577.0 ± 13.22

P-value - 0.88344 0.105731 0.980037 0.027680* 0.225127
E (ท = 5)
0.25% Puag-Haad 
+ 1% Niacinamide 
+ 1% Lactic acid

PG-control 579.3 ±8.27 570.6 ± 16.65 584.7 ±7.85 580.6 ± 10.05 574.2 ± 15.49 580.8 ±20.54
E 583.5 ± 10.52 572.7 ± 14.53 581.1 ± 12.96 581.5 ± 10.47 573.6 ± 21.91 581.4 ± 19.16

P-value - 0.224649 0.224649 0.224649 0.224649 0.224649

*denotes significant difference between the treated and control areas by paired student’s t-test.
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1.2 Determination of melanin and erythema values in guinea pigs
After the guinea pigs in each group had been applied with propylene 

glycol (control) on their left flank and the test solution on their right flank, they were 
measured with Mexameter (5 readings on each area) at every week. The absolute M 
and E values of the individual guinea pigs (mean + SD of 5 readings) in each group 
are shown in Tables 1 and 2 of Appendix I whereas the group averages are shown in 
Tables 7 and 8. The P-values of the paired t-test at 5% significance level are also 
provided in these tables to facilitate comparison between the control and the treated 
areas within in each animal at each week. The melanin reduction was obtained by 
subtracting the M values of the control area with that of the treated area (Xc-Xtr). The 
change in erythema (E) was also obtained using the same formula Ec-Etr.

The data in Tables 7 and 8 showed that the initial absolute M and E values 
at week 0 between the control and the treated areas did not significantly differ in all 
groups (p > 0.05), indicating that the two areas (flanks) of each animal had the same 
starting values. After application with the test solutions on the right flank and 
propylene glycol (control) on the left flank, it can be observed that the absolute M 
value gradually declined from the initial period in both areas of the animals. The 
decrease in the M value observed with the control area might result from the natural 
keratinization and desquamation of the skin. Nevertheless, the side applied with the 
control solvent seemed to whiten slower than the treated side. For example, the 
average M values of 0.25% Puag-Haad treated-area (group A in Table 7) reduced 
from 750.4 at week 0 to 732.1 at week 1, 714.1 at week 2, 695.0 at week 3, and down 
to 690.8 at week 4. On the other hand, the control area of this group receiving only 
propylene glycol merely decreased from 756.4 at week 0 to 709.7 at week 4. 
Significant difference between the two areas in this group was noticed at week 2 and 
afterwards until week 4 (P < 0.05).

The mean M values of 1% niacinamide treated-area (group B) reduced from 
736.0 at week 0 to 707.7 at week 1, 694.3 at week 2, 676.6 at week 3, and down to
673.6 at the 4thweek. The statistical difference between the two areas had been 
detected since the 1st week until week 4. In group c, the mean M values of 1% lactic 
acid treated-area reduced from 752.2 at week 0 to 729.3 at week 1, 717.8 at week 2,
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694.8 at week 3, and down to 687.1 at week 4. The statistical difference had been 
detected since the 3rd week. For the combination groups, the area treated with 0.25% 
Puag-Haad and 1% niacinamide (group D) initially declined from 771.4 at week 0 to 
753.2, 740.8, 726.3 and 719.2 at week 1, 2, 3 and 4, respectively. The double 
combination had demonstrated statistically significant difference between the control 
and the treated areas since week 1 similar to group B (P < 0.05). On the other hand, 
animals treated with triple combination containing 0.25% Puag-Haad, 1% 
niacinamide, and 1% lactic acid exhibited a decline in the M values from 746.9 at 
week 0 to 733.2 at week 1, 721.3 at week 2, 703.5 at week 3, and down to 702.7 at 
week 4. Statistical difference between the control and the treated areas was detected 
at 2nd week and afterwards similar to group A.

Thus, based on the current observations, the test solutions containing 
niacinamide alone (B) and in combination with Puag-Haad (D) appeared to show the 
fastest whitening activity, with significant effect over their self-controls detected as 
early as 1 week after application. Group A (Puag-Haad) and group E (Puag-Haad + 
niacinamide + lactic acid) were the next fastest group, showing significant whitening 
at week 2 and onward. Group c  (lactic acid alone), however, gave the slowest onset 
of significant activity observed at week 3 after application.

Niacinamide or vitamin B3 was reported to have vasodilating effect as well as 
tyrosinase inhibitory activity. Recently, it has been reported that it may reduce 
melanin content in the skin by inhibiting the transfer of melanosomes from the 
melanocyte to kératinocyte [34], Clearly, niacinamide was the most rapid whitening 
substance observed in this study. Its combination with Puag-Haad (group D) might 
have accelerated the onset of pure Puag-Haad (group A) from 2 weeks to 1 week. On 
the other hand, lactic acid (group C) possessed whitening effect via the stimulation of 
keratinization or epidermal turnover, which normally takes about 2 weeks. Thus, the 
effect may have taken a little longer than other whitening agents, resulting in a slightly 
slower onset observed at week 3. The triple combination (group E), however, was 
somewhat more difficult to explain. It contained all three ingredients, i.e., Puag-Haad, 
niacinamide and lactic acid. Since the double combination of Puag-Haad and lactic 
acid was not tested in this study, the reasons as to the intermediate onset of whitening 
activity (2 weeks) observed with group E were not clearly known. It is possible,
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however, that the high acidic pH value of the solution E due to the presence of lactic 
acid may not be suitable for the whitening activity of Puag-Haad and niacinamide, 
which have mechanisms of action different from lactic acid.

1.3 Comparison of the melanin content in brownish black guinea pigs
To compare the inhibitory effect of each substance more clearly, the 

melanin reduction values were used. The mean values of melanin reduction (Xc-Xtr) 
of each whitening agent are shown in Table 9 and graphically represented in Figure 
18. One-way ANOVA was applied to compare the whitening efficacy (Xc-Xtr) 
among the different groups at 5% significance level. Only the groups, which had 
previously demonstrated significant whitening activity over their self-control by 
paired t-test were tested. Thus ANOVA was applied on the data of the first week 
comparing only group B and D. At week 2, groups A, B, D and E were compared 
whereas all the five groups (A, B, c, D and E) were compared at weeks 3 and 4.

ANOVA results did not show any significant differences among the different 
treatment groups at all weeks (P > 0.05). This suggested that, once effective, all the 
test substances whether alone or in combination did not significantly differ in their 
whitening activities. However, a closer look at the data revealed subtle differences in 
the whitening activity among different groups. For example, at week 4 the double 
combination (group D) gave the highest whitening efficacy, with the mean melanin 
reduction of 34.33. The relative ranking of Xc-Xtr, in a decreasing order, was D 
(34.33) > E (28.72) > c  (23.68) -  B (23.5) > A (18.87). Thus, the combination of two 
or three whitening agents might have a tendency to produce a slightly greater 
whitening effect than a single component although significance was not detected in 
this study.
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Table 9. The melanin reduction after application of the test substances

0  week 1 st week 2 nd week 3rd week 4th week
Puag-Haad 0.25% 

(A) 6 . 0 2 5.8 13.9* 23.43* 18.87*
±7.76 ±8.6 ±6.85 ±5.2 ±5.3

Niacinamide 1% 1.98 20.5* 27.47* 22.5* 23.5*
(B) ±8.82 ±16.56 ±16.7 ±8.63 ±14.11

Lactic acid 1% 8.35 9.62 9.17 16.28* 23.68*
(C) ±16.81 ±9.85 ±23.38 ±6.97 ±14.64

Puag-Haad 0.25% 
+ Niacinamide 1% 3.65 10.9* 18.95* 26.62* 34.33*

(D) ±7.79 ±8.71 ±12.06 ±4.65 ±14.09
Puag-Haad 0.25% 
+ Niacinamide 1% -2.78 5.12 22.72* 29.4* 28.72*
+ Lactic acid 1% ±7.28 ±7.76 ±14.12 ±14.77 ±17.43

(E)
p-value - 0.2377 0.3100 0.5570 0.3250

nonsig nonsig nonsig nonsig

** denotes significant difference between treated and control by paired student’s t-test 
p-value obtained from one-way ANOVA comparing only groups which had shown 
significance after paired t-test.
Values = mean + SD (ท = 5-6 guinea pigs/group).
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Table 10. The erythema change after application of the test substances

0  week 1 st week 2 nd week 3rd week 4th week
Puag-Haad 0.25% 0.05 -1.2 -1.03 -2.07 1.5

(A) ±9.74 ±3.01 ±6.71 ±2.66 ±6.35
Niacinamide 1% 3.58 1.17 6.4* 1 . 8 5.03

(B) ±3.91 ±3.57 ±3.93 ±11.83 ±8.9
Lactic acid 1% 1.83 1 -1.03 -0.3 1.38

(C) ±3.09 ±5.78 ±2.24 ±10.03 ±4.88
Puag-Haad 0.25% 
+ Niacinamide 1% 0.78 1 . 6 -0.07 9.82* 5.52

(D) ±12.43 ±1.98 ±6.2 ±7.82 ±9.76
Puag-Haad 0.25% 
+ Niacinamide 1% -2.18 3.58 -0.88 0.56 -0.6
+ Lactic acid 1%

(E) ±4.54 ±5.91 ±3.36 ±6.55 ±4.38

p-value - - - - -

* denotes significant difference between the treated and the control areas by paired 
student’s t-test.
p-value obtained from one-way ANOVA comparing only groups which had shown 
significance after paired t-test.
Values = mean ± SD (ท = 5-6 guinea pigs/group).
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It is interesting to note that the double combination group D (0.25% Puag-haad 
and 1% niacinamide) gave higher whitening efficacy than the triple combination 
group E (0.25% Puag-haad + 1% niacinamide + 1% lactic acid). This behavior had 
been previously observed with the onset time, where group D was also found to give 
faster effect than group E. As previously discussed, the presence of lactic acid may 
have reduced the pH of the solution E such that the whitening activity of niacinamide 
and Puag-Haad were somewhat compromised. However, more studies are needed to 
clarify this observation.

The results for niacinamide and its double combination appeared to agree with 
that of Barratt et al. [33]. They reported the evidence that combination of 1% 
niacinamide and sunscreen product (1.25% parsol MCX, 0.4%parsol 1789) could lead 
to the lightening of the basal skin color [33]. Similarly, Hakozaki et al. [33] found 
that niacinamide plus sunscreen produced superior skin whitening efficacy than the 
sunscreen alone. Although niacinamide did not show much inhibition of melanogenic 
activity via the tyrosinase-limiting enzyme [34], it may inhibit melanogenesis by 
interfering with the melanosome transfer [33], Since the melanin reduction value at 
week 4 of niacinamide (23.5) was higher than Puag-Haad (18.87), it was probable that 
the inhibition of melanogenesis via the melanosome transfer might be more potent 
than tyrosinase inhibition. However, more experiments are needed to prove this 
hypothesis as the concentration of niacinamide used in this study (1%) was much 
higher than 0.25% Puag-Haad.

Also, it should be noticed that 1% lactic acid, although appeared to give the 
slowest onset of whitening activity, was able to produce substantial whitening effect at 
week 4 (23.68), which was very close to that of 1% niacinamide (23.5). This result 
suggested that lactic acid was also a very effective whitening agent. Its major 
mechanism is by stimulation of the epidermal turnover, thereby accelerating the 
formation of new layers of epidermis with less melanin pigmentation. Since the 
process usually takes some time, this may have resulted in the somewhat slower onset 
of activity as previously observed.

However, it should be pointed out that the concentration of lactic acid used in 
this study was relatively low. Only 1% was employed whereas in the commercial
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preparations, concentration of 5% or more is usually present. At higher concentration, 
the effect of lactic acid on the skin will definitely intensify. In particular, the 
exfoliative action will increase, which could result in rapid sloughing of the surface 
epithelium. In the preliminary study, 5% lactic was first employed for application to 
guinea pigs. However, the animals experienced extensive skin exfoliation, suggesting 
that 5% solution was too caustic to their skin. Some of the animals died within one 
month of application. Their death might have been associated with the high 
concentration of lactic acid though the specific causes were not known. Thus, the 
concentration was reduced to 1% in this study. It is possible that using a slightly 
higher concentration of lactic acid (e.g. 2 - 2.5 %) may have resulted in a further 
increase in the rate and extent of whitening efficacy, which could be better than 1% 
niacinamide. Indeed, Rojanadilog [46], who studied the efficacy of several 
commercially available brands of skin whitening lotions, found that the product 
containing lactic acid (8%) apparently gave greater whitening effect than the one 
containing niacinamide (1%).

0.25% Puag-Haad was also found to be an effective skin whitening agent. Its 
mechanism was by inhibition of the tyrosinase enzyme [3,27], In this study, 0.25% 
Puag-Haad was able to produce significant whitening effect only after 2 week- 
application, with the mean melanin reduction of 13.9. This result was also in 
agreement with Pengrungruangwong [27], who reported that 0.5% Puag-Haad solution 
in propylene glycol produced significant whitening effect in guinea pigs after the same 
period of application. Addition of niacinamide to Puag-Haad was found to cause 
further increase in the whitening activity at all weeks (Table 9). However, the effect 
was not greater than niacinamide alone, particularly at week 1 and 2. In fact, the 
values of the combination (group D) were even less than that of niacinamide alone 
(group B). No explanation could be offered at present. Nevertheless, at week 3 and 4 
the value of group D became greater than group B, suggesting an increase in 
whitening efficacy after combination of the two substances.

In summary, all the five whitening agents were effective in significantly
reducing the melanin content when compared to their self-control. Despite non­
significance in the extent of melanin reduction among the five groups at week 3 and 4,
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subtle differences in the rate and extent of whitening appeared to exist. This could be 
a result of differences in their mechanisms of action. 1% Niacinamide, which acts as a 
vasodilator, weak tyrosinase inhibitor, and probably inhibitor of melanosome transfer 
[33], appeared to produce the fastest onset of whitening, followed by 1% lactic acid, 
which is a skin rejuvenating agent [15], and 0.25% Puag-Haad, a potent tyrosinase 
inhibitor [3], However, the above ranking could be greatly influenced by the 
concentration of the individual agents. Combination of these agents produced a 
further increase in whitening extent at the end of 4-week study but the increase was 
not significant.
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Melanin Reduction

60 ๆ
50 1

Week
□  Puag-Haad 0.25% □  Niacinamide 1%
□  Lactic acid 1% □  Puag-Haad 0.25%+Niacinamide 1%
□  Puag-Haad 0.25%+Niacinamide 1%+Lactic acid 1%

Figure 18.Comparison of melanin reduction (Xc-Xtr) of each test substance at 
each week. Data = mean ± SD (ท = 5-6 guinea pigs/group)
* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r e a s  b y  p a ir e d  

s t u d e n t ’ s  t - t e s t .
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Erythema change

□  0.25%Puag-Haad □  l% Niacinamide

□  l% L acticacid 0O .25% Puag-H aad+l% N iacinam ide

□  0.25% Puag-Haad+l% Niacinainide+l% Lactic acid

Figure 19.Comparison of erythema change (Ec-Etr) of each test substance at 
each week. Data = mean ± SD (ท = 5-6 guinea pigs/group)
* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r e a s  b y  p a i r e d

s t u d e n t ’ s  t - t e s t .
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1 .4  C o m p a r i s o n  o f  t h e  s k i n  e r y t h e m a  in  b l a c k  g u i n e a  p i g s

F r o m  t h e  d a t a  in  T a b l e  8 ,  f o r  a s s e s s m e n t  o f  t h e  e r y t h e m a  c h a n g e ,  

s t a t i s t i c a l  s i g n i f i c a n c e  b e t w e e n  t h e  c o n t r o l  a n d  t r e a t e d  a r e a s  w a s  f o u n d  in  o n l y  w e e k  2  

o f  1 %  n i a c i n a m i d e  ( g r o u p  B )  a n d  w e e k  3  o f  1 %  n i a c i n a m i d e  +  0 . 2 5 %  P u a g - H a a d  

( g r o u p  D ) .  T h e  a b s o l u t e  e r y t h e m a  ( E )  v a l u e  r e d u c e d  f r o m  5 8 4 . 2  t o  5 7 7 . 8  a n d  f r o m

5 7 9 . 3  t o  5 6 9 . 5 ,  r e s p e c t i v e l y .  H o w e v e r ,  m o s t  o f  t h e  d a t a  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  

d i f f e r e n c e s  in  t h e  E  v a l u e s  b e t w e e n  t h e  c o n t r o l  a n d  t h e  t r e a t e d  a r e a s  r e g a r d l e s s  o f  t h e  

t e s t  s u b s t a n c e  a n d  t h e  w e e k  o f  a p p l i c a t i o n .  T h i s  o b s e r v a t i o n  s u g g e s t e d  t h a t  a l l  t h e  f i v e  

t r e a t m e n t s  a n d  t h e i r  c o n c e n t r a t i o n s  e m p l o y e d  in  t h i s  s t u d y  w e r e  w e l l  t o l e r a t e d  b y  t h e  

g u i n e a  p i g s .  N o  s e r i o u s  s i g n s  o f  s k i n  d i s o r d e r s  w e r e  v i s u a l l y  o b s e r v e d  s u c h  a s  c o n t a c t  

d e r m a t i t i s  a n d  s k i n  l e s i o n s .  A  f e w  g u i n e a  p i g s  d e v e l o p e d  m i n o r  s c a l i n g  o f  s k i n ,  

e s p e c i a l l y  in  g r o u p s  c  a n d  E . T h i s  c o u l d  b e  d u e  t o  t h e  m i l d  e x f o l i a t i v e  a c t i o n  o f  1% 
l a c t i c  a c i d .  H o w e v e r ,  t h e  s c a l i n g  d i m i n i s h e d  w i t h i n  a  w e e k  a n d  d i d  n o t  a f f e c t  t h e  

m e l a n i n  a n d  e r y t h e m a  m e a s u r e m e n t s .
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Part 2 Formulation of the skin whitening lotion
2 .1  D e t e r m i n a t i o n  o f  p h y s i c a l  a p p e a r a n c e  o f  l o t i o n  b a s e

T h e  p h y s i c a l  a p p e a r a n c e  o f  e a c h  f o r m u l a t i o n  i s  d e s c r i b e d  in  t a b l e  1 1 .

Table 11. The physical appearance of lotion base formulations

Formulation Appearance After 2 weeks
G u i d e  f o r m u l a t i o n W h i t e ,  t h i c k ,  g r e a s y  c r e a m W h i t e ,  t h i c k ,  g r e a s y  c r e a m

1 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  m o r e  f l u i d ,  u n s t a b l e  l o t i o n

2 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  m o r e  f l u i d ,  u n s t a b l e  l o t i o n

3 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  m o r e  f l u i d ,  s t a b l e  l o t i o n

4 W h i t e ,  t h i c k ,  g r e a s y  l o t i o n W h i t e ,  t h i c k ,  g r e a s y  l o t i o n

5 W h i t e ,  t h i c k ,  g r e a s y  l o t i o n W h i t e ,  t h i c k ,  g r e a s y  l o t i o n

6 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  m o r e  f l u i d ,  u n s t a b l e  l o t i o n

7 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  m o r e  f l u i d ,  u n s t a b l e  l o t i o n

8 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  f l u i d ,  s m o o t h  l o t i o n

9 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  f l u i d ,  s m o o t h  l o t i o n

1 0 W h i t e ,  f l u i d ,  s m o o t h  l o t i o n W h i t e ,  f l u i d ,  s m o o t h  l o t i o n

1 1 W h i t e ,  f l u i d ,  g r e a s y  l o t i o n W h i t e ,  t h i c k ,  g r e a s y  l o t i o n
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2 . 2  S e l e c t i o n  o f  t h e  s k i n  w h i t e n i n g  l o t i o n

F o r m u l a t i o n  8  w a s  s e l e c t e d  a s  t h e  b e s t  l o t i o n  b a s e  f o r  i n c o r p o r a t i o n  o f  t h e  

t e s t  w h i t e n i n g  a g e n t s .  T h e  f i n i s h e d  f o r m u l a t i o n s  a r e  p r e s e n t e d  in  T a b l e  1 2 .

Table 12. Composition of the test whitening lotions (% พ/พ)
C o m m o n A B C 1 n ไ?

I n g r e d i e n t A น บ แ,

A F i n s o l v e  T N 3

L a n e t t e  0  ( c e t e a r y l  a l c o h o l ) 0 . 8

C u t i n a  K D  1 6  ( G l y c e r y l  
m o n o s t e a r a e  S E )

1

C e t e r e t h - 2 0 0 .5

E m u l g r a d  N I  1 0 0 0 2 .3

M y r i s t o l  3 1 8 3

D i m e t h i c o n e 1

J o j o b a  o i l 0 .5

V i t - E  a c e t a t e 0 .5

B D e i o n i z e d  w a t e r 8 1 .6 4 8 1 .6 4 8 0 .6 4 7 9 .1 4 8 0 .6 4 7 9 .1 4

G l y c e r i n 2

P r o p y l e n e g l y c o l 3 0 .5 0 .5 0 .5
S o d i u m  E D T A 0 . 1
G l y d a n t  p l u s 0 . 2
N i a c i n a m i d e  
T r a n e x a m i c  a c i d

1
2 .5

1
2 .5

c B H A 0 . 0 1
S o d i u m  m e t a b i s u l f i t e 0 .1 5
P e r f u m e
P u a g - H a a d  e x t r a c t

0 .3
0 .2 5 0 .2 5 0 .2 5

A  =  P u a g - H a a d  0 . 2 5 %  l o t i o n  

B  =  N i a c i n a m i d e  1 %  l o t i o n  

c =  T r a n e x a m i c  a c i d  2 .5 %  l o t i o n  

D  =  P u a g - H a a d  0 . 2 5 %  +  N i a c i n a m i d e  1 %

E  =  P u a g - H a a d  0 . 2 5 %  +  T r a n e x a m i c  a c i d  2 . 5 %

All formulations had pH 5.5 and were freshly prepared every 2 weeks with
each substance according to the procedure previously described in Chapter III.
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Part 3 Evaluation of skin whitening efficacy of aqueous extract of Artocarpus 
lakoocha heartwood (Puag-Haad), niacinamide, tranexamic acid, and their 
combinations in human volunteers

3 .1  D e t e r m i n a t i o n  o f  m e l a n i n  ( M )  a n d  e r y t h e m a  ( E )  v a l u e s  in  h u m a n  

v o l u n t e e r s

E i g h t y - f o u r  s u b j e c t s  p a r t i c i p a t e d  in  t h i s  s t u d y  t o  c o n f i r m  t h e  e f f i c a c y  a n d  

s a f e t y  o f  P u a g - H a a d  a n d  i t s  c o m b i n a t i o n  w i t h  o t h e r  w h i t e n i n g  a g e n t s  u s i n g  t h e  s a m e  

s t u d y  d e s i g n  ( s e l f - c o n t r o l )  a s  in  t h e  g u i n e a  p i g s .  T h e  o u t e r  a r e a s  o f  b o t h  u p p e r  a r m s  

o f  e a c h  s u b j e c t  w e r e  s e p a r a t e l y  a p p l i e d  w i t h  0 . 2  m l  o f  e i t h e r  l o t i o n  b a s e  ( c o n t r o l )  o r  

o n e  o f  t h e  l o t i o n s .  T h e  a s s i g n m e n t  o f  t h e  t r e a t m e n t s  ( c o n t r o l  o r  t e s t  l o t i o n  c o n t a i n i n g  

w h i t e n i n g  a g e n t s )  t o  t h e  r i g h t  o r  l e f t  a r m s  w a s  c a r e f u l l y  b a l a n c e d  t o  r e d u c e  t h e  

v a r i a t i o n  f r o m  d i f f e r e n t  s i d e s  o f  u p p e r  a r m s  a s  p r e v i o u s l y  d e s c r i b e d .

T h e  v o l u n t e e r s  w e r e  d i v i d e d  in t o  6  g r o u p s  o f  1 4  a n d  o b t a i n e d  d i f f e r e n t  t e s t  

l o t i o n s .  G r o u p  A  r e c e i v e d  l o t i o n  c o n t a i n i n g  o n l y  0 . 2 5 %  P u a g - H a a d  w h e r e  a s  g r o u p  B  

a n d  c r e s p e c t i v e l y  r e c e i v e d  l o t i o n  c o n t a i n i n g  1% n i a c i n a m i d e  a n d  2 . 5 %  t r a n e x a m i c  

a c i d .  G r o u p  D  r e c e i v e d  d o u b l e  c o m b i n a t i o n  l o t i o n  c o n t a i n i n g  0 . 2 5 %  P u a g - H a a d  +  

1% n i a c i n a m i d e  w h e r e  a s  g r o u p  E  r e c e i v e d  l o t i o n  c o n t a i n i n g  0 . 2 5 %  P u a g - H a a d  +  

2 . 5 %  t r a n e x a m i c  a c i d .  T h e  l a s t  g r o u p  ( F )  r e c e i v e d  a  c o m m e r c i a l  w h i t e n i n g  l o t i o n .  

D e t a i l s  o f  a c t i v e  i n g r e d i e n t s  o f  t h e  c o m m e r c i a l  p r o d u c t  F  a r e  g i v e n  i n  A p p e n d i x  II

S i n c e  a d d i t i o n  o f  l a c t i c  a c i d  t o  t h e  m i x t u r e  o f  P u a g - H a a d  a n d  n i a c i n a m i d e  

f a i l e d  t o  p r o d u c e  a n  a d d i t i v e  w h i t e n i n g  e f f e c t  in  t h e  g u i n e a  p i g s  s t u d y ,  i t  w a s  e x c l u d e d  

f r o m  t h e  s t u d y  i n  h u m a n  v o l u n t e e r s .  A l t e r n a t i v e l y ,  t r a n e x a m i c  a c i d  w a s  c h o s e n  in  

p l a c e  o f  l a c t i c  a c i d  f o r  e v a l u a t i o n  o f  i t s  p o t e n t i a l  w h i t e n i n g  e f f e c t .  T r a n e x a m i c  a c i d  i s  

o n e  o f  t h e  p r o s t a g l a n d i n  s u p p r e s s o r s .  M a e d a  a n d  N a g a n u m a  ( 1 9 9 8 )  r e p o r t e d  t h a t  it  

r e d u c e d  t h e  m e l a n o c y t e  t y r o s i n a s e  a c t i v i t y  b y  s u p p r e s s i n g  t h e  U V - i n d u c e d  p r o d u c t i o n  

o f  p r o s t a g l a n d i n s ,  a n d  t h u s  m e l a n o g e n e s i s  [ 3 8 , 3 9 ] ,
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T h e  f i r s t  s e v e n  s u b j e c t s  i n  e a c h  g r o u p  a p p l i e d  l o t i o n  b a s e  a s  a  c o n t r o l  o n  t h e i r  

l e f t  u p p e r  a r m s  a n d  t h e  t e s t  l o t i o n  o n  t h e i r  r i g h t  u p p e r  a r m s .  A n  o p p o s i t e  o r d e r  o f  

a p p l i c a t i o n  w a s  u s e d  o n  t h e  r e s t .  S u b s e q u e n t l y ,  t h e y  w e r e  m e a s u r e d  w i t h  M e x a m e t e r  

( 5  r e a d i n g s  p e r  a r m )  a t  a  2 - w e e k  i n t e r v a l  u n t i l  1 2  w e e k s .  T h e  m e a n  a b s o l u t e  M  a n d  E  

v a l u e s  o f  t h e  s i x  t r e a t m e n t  g r o u p s  a r e  p r o v i d e d  in  T a b l e s  1 3  a n d  1 4  w h e r e a s  t h e  

i n d i v i d u a l  v a l u e s  ( m e a n  +  S D  o f  5  r e a d i n g s  i n  e a c h  v o l u n t e e r )  a r e  g i v e n  in  A p p e n d i x

II .

A t  w e e k  0 ,  a l l  g r o u p s  o f  s u b j e c t s  s t a r t e d  w i t h  t h e  s a m e  s k i n  c o l o r  o n  b o t h  l e f t  

a n d  r i g h t  u p p e r  a r m s  a s  t h e r e  w a s  n o  s t a t i s t i c a l  d i f f e r e n c e  in  t h e  a b s o l u t e  M  v a l u e s  

a f t e r  p a i r e d  t - t e s t  ( P  >  0 . 0 5 ) .  S u r p r i s i n g l y ,  p a i r e d  t - t e s t  a l s o  y i e l d e d  t h e  s a m e  n o n ­

s i g n i f i c a n c e  b e t w e e n  t h e  c o n t r o l  a n d  t h e  t r e a t e d  a r m s  a t  e v e r y  w e e k  u p  t o  w e e k  1 0  in  

a l l  g r o u p s .  C l o s e r  e x a m i n a t i o n  o f  t h e  d a t a  in  T a b l e  1 3  r e v e a l e d  t h a t  t h e  a b s o l u t e  M  

v a l u e s  h a r d l y  c h a n g e d  w i t h  t i m e  d u r i n g  t h e  f i r s t  1 0  w e e k s  i n  a l l  o f  t h e s e  g r o u p s ,  b e  it  

t h e  c o n t r o l  o r  t h e  t r e a t e d  a r m s .  F o r  i n s t a n c e ,  t h e  a v e r a g e  M  v a l u e s  o f  t h e  a r m s  t r e a t e d  

w i t h  0 . 2 5 %  P u a g - H a a d  ( g r o u p  A )  m o d e r a t e l y  c h a n g e d  f r o m  5 0 6 . 3 4  a t  z e r o  w e e k  t o  

5 0 4 . 3 1  a t  4 th w e e k ,  5 0 2 . 4 7  a t  8 th w e e k ,  5 0 2 . 2 7  a t  1 0 th w e e k  b e f o r e  s l i g h t l y  d r o p p i n g  

d o w n  t o  4 9 8 . 6 6  a t  w e e k  1 2 .  S i m i l a r l y ,  t h e  M  v a l u e  o f  t h e  a r m s  t r e a t e d  w i t h  1 %  

n i a c i n a m i d e  ( g r o u p  B ) ,  2 . 5 %  t r a n e x a m i c  a c i d  ( g r o u p  C ) ,  0 . 2 5 %  P u a g - H a a d  +  1 %  

n i a c i n a m i d e  ( g r o u p  D ) ,  a n d  c o m m e r c i a l  p r o d u c t  ( g r o u p  F )  a l s o  r e m a i n e d  t h e  s a m e  

o v e r  t h e  f i r s t  1 0  w e e k s .  A l s o ,  a  s l i g h t  b u t  m a r k e d  d r o p  in  t h e  M  v a l u e  w a s  o b s e r v e d  

d u r i n g  t h e  l a s t  w e e k  ( w e e k  1 2 )  i n  a l l  o f  t h e s e  g r o u p s .

F o r  e x a m p l e ,  t h e  a b s o l u t e  M  v a l u e  o f  1 %  n i a c i n a m i d e  t r e a t e d - a r m s  ( g r o u p  B )  

h a r d l y  s h o w e d  a n y  c h a n g e s  d u r i n g  t h e  f i r s t  1 0  w e e k s ,  w i t h  t h e  m e a n  v a l u e  o f  4 9 9 . 6 7 ,  

4 9 9 . 8 0 ,  5 0 2 . 0 7 ,  a n d  5 0 0 . 6 9  a t  0 ,  4 th, 8 th a n d  1 0 th w e e k  , r e s p e c t i v e l y ,  b e f o r e  d r o p p i n g  

d o w n  t o  4 9 5 . 1 3  a t  1 2 th w e e k .  S i m i l a r l y ,  t h e  M  v a l u e  in  t h e  t r e a t e d  a r m s  o f  g r o u p  c 
s t a y e d  r e l a t i v e  u n c h a n g e d  ( 5 1 2 . 0 6  -  5 1 1 . 8 9 )  f r o m  w e e k  0  -  8 ,  s l i g h t l y  d r o p p e d  t o  

5 0 8 . 9 2  a t  w e e k  1 0  a n d  t h e n  f u r t h e r  d e c r e a s e d  t o  5 0 5 . 7 7  a t  w e e k  1 2 .  T h e  M  v a l u e  o f  

g r o u p  D  a l s o  r e m a i n e d  c o n s t a n t  d u r i n g  t h e  f i r s t  1 0  w e e k s  ( 5 0 3 . 5 0  -  5 0 1 . 6 4 )  b e f o r e  

s l i g h t l y  d r o p p e d  t o  4 9 8 . 4 9  a t  w e e k  1 2 .  T h e  s u b j e c t s  t r e a t e d  w i t h  c o m m e r c i a l  p r o d u c t  

( g r o u p  F )  a l s o  s h o w e d  m i n i m a l  c h a n g e s  i n  t h e  M  v a l u e  d u r i n g  t h e  f i r s t  1 0  w e e k s  

( 5 0 7 . 6  -  5 0 5 . 3 5 )  b e f o r e  s l i g h t l y  d r o p p i n g  d o w n  t o  5 0 2 . 2 5  a t  w e e k  1 2 .
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P l o t s  o f  a v e r a g e  a b s o l u t e  M  v a l u e s  a s  a  f u n c t i o n  o f  t i m e  a r e  s h o w n  in  F i g u r e s  

2 0 - 2 5  t o  c o m p a r e  t h e  m e l a n i n  p r o f i l e s  b e t w e e n  t h e  c o n t r o l  a n d  t h e  t e s t  l o t i o n s  o f  e a c h  

g r o u p .  A s  w i t h  t h e  d a t a  in  T a b l e  1 3 ,  t h e s e  F i g u r e s  r e v e a l  t h a t  a l l  t h e  s i x  t r e a t m e n t s  

( A ,  B ,  c, D ,  E  a n d  F )  f a i l e d  t o  p r o d u c e  s i g n i f i c a n t  w h i t e n i n g  o v e r  t h e i r  s e l f - c o n t r o l s  

d u r i n g  t h e  f i r s t  1 0  w e e k s  ( P  >  0 . 0 5 ) .  S i g n i f i c a n c e  w a s  o b s e r v e d  o n l y  a t  w e e k  1 2  a n d  

o n l y  f o r  g r o u p s  A ,  B ,  c, D  a n d  F . G r o u p  E  ( 0 . 2 5 %  P u a g - H a a d  +  2 .5 %  t r a n e x a m i c  

a c i d ) ,  u n e x p e c t e d l y  f a i l e d  t o  s h o w  s i g n i f i c a n t  w h i t e n i n g  e f f e c t  a t  a l l  p e r i o d s .  I ts  M  

v a l u e  m a r g i n a l l y  d e c r e a s e d  f r o m  5 1 2 . 4 1  a t  z e r o  w e e k  t o  5 0 8 . 6 8  a t  8 th w e e k  a n d  

r e m a i n e d  c o n s t a n t  a f t e r w a r d s  u n t i l  1 2  w e e k  ( 5 0 6 . 1 8 ) ,  w h i c h  w a s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f r o m  t h e  s e l f - c o n t r o l  ( 5 0 6 . 4 9 )  ( P  >  0 . 0 5 ) .



Table 13. The absolute melanin values (mean ± SD) in the upper arms of human volunteers treated with different substance for 12
weeks (ท= 13-14/treatment group)

Treatment group
Absolute melanin values (M)

WeekO Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

A  (ท = 14)

0.25% Puag-Haad

Lotion base 505.63± 24.39 504.48 ± 22.36 505.33 ±23.42 501.79 ± 21.78 503.59 ±21.83 504.34 ±20.98 503.54 ± 20.94

A 506.34 ±24.63 503.99 ±21.40 504.31 ±23.28 503.06± 23.73 502.47 ±21.56 502.27± 19.94 498.66 ± 18.44

P-value 0.592984 0.739240 0.432105 0.362180 0.236228 0.190571 0.004802*

B (ท = 14)

1% Niacinamide

Lotion base 499.97 ± 16.78 500.73 ± 19.63 499.13± 15.83 500.36 ±20.19 501.69 ± 19.64 502.47±19.51 499.57± 17.72

B 499.67± 17.33 501.17 ± 14.88 499.80 ± 15.34 498.99 ± 18.38 502.07 ± 17.70 500.69±16.98 495.13 ± 15.75

P-value 0.766317 0.333123 0.617107 0.476470 0.833688 0.256857 0.022698*

c  (ท  =  1 3 )
2.5% Tranexamic 

Acid

Lotion base 519.04 ±29.61 519.74 ±31.16 509.67 ±22.49 510.2 ±24.31 514.48 ±26.98 511.58± 23.72 510.68 ±21.27

c 512.06 ± 19.57 511.74 ±20.29 510.26 ± 19.78 509.18 ±21.68 511.89 ±35.40 508.92 ±20.26 505.77 ±20.76

P-value 0.354945 0.294631 0.703466 0.515434 0.287883 0.155249 0.000667*

oo



Treatment group
Absolute melanin values (M)

WeekO Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

D (ท = 14)

0.25% Puag-Haad 

+ 1% Niacinamide

Lotion base 506.31 ± 15.44 503.64 ± 16.22 503.96 ± 15.57 503.41 ± 15.72 504.36 ± 16.23 503.09 ± 13.81 503.41 ± 15.89

D 503.50 ± 15.57 503.59 ± 15.87 504.39 ± 14.98 502.23 ± 19.47 501.78 ± 16.85 501.64 ± 15.92 498.49 ± 15.97

P-value 0.055050 0.974686 0.739954 0.523414 0.075907 0.396776 0.001965*

E (ท = 13)

0.25% Puag-Haad 

+ 2.5%Tranexamic 

acid

Lotion base 511.57± 24.92 510.74 ±24.52 517.94 ±30.77 506.83 ±24.14 506.60 ±22.21 506.12 ±23.08 506.49 ± 22.57

E 512.41 ±26.21 512.97 ±25.37 511.44 ±24.20 507.42 ± 24.72 508.68 ±24.29 506.29 ± 22.72 506.18 ± 22.18

P-value 0.583633 0.053196 0.342417 0.657221 0.144088 0.865266 0.706048

F (ท = 13)

Commercial product

Lotion base 507.44± 20.35 507.42 ± 18.27 506.82 ±18.28 507.55 ± 19.90 507.42 ± 16.02 506.54± 16.74 506.6 ± 15.38

F 507.60 ± 17.63 508.66 ± 12.81 507.32 ± 12.78 505.72 ± 15.35 505.62 ± 13.06 505.35 ± 12.67 502.25 ± 12.07

P-value 0.925883 0.566651 0.802364 0.473625 0.339611 0.564561 0.022569*

* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  c o n t r o l  a r m s  b y  p a i r e d  s t u d e n t ’ s  t - t e s t .
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Table 14. The absolute erythema values (mean ± SD) in the upper arms of human volunteers treated with different substance for 12
weeks (ท=13-14/treatment group)

Treatment group
Absolute erythema values (E)

WeekO Week 2 Week 4 Week 6 W eeks Week 10 Week 12

A  (ท = 14)

0.25% Puag-Haad

Lotion base 596.19± 23.25 592.51 ±23.60 592.64 ±25.13 593.40 ± 19.43 594.47 ±24.98 589.43 ±21.83 590.61 ±20.81

A 599.60 ±21.55 593.22 ±20.14 593.47 ±23.51 597.16± 20.95 594.96 ±21.41 589.36± 20.83 584.37 ± 16.54

P-value 0.108093 0.737751 0.731911 0.162295 0.806122 0.975554 0.039516*

B  (ท  = 1 4 )
1% Niacinamide

Lotion base 603.90 ±22.68 601.53 ±20.89 593.14± 15.65 594.61 ±22.53 598.99 ± 16.77 588.66±19.04 591.76± 17.50

B 597.1 l i t  17.86 596.19 ± 16.87 595.31 ± 14.12 594.04 ± 19.89 596.99 ± 15.45 588.97±16.09 587.96 ± 18.84

P-value 0.044417* 0.050007 0.140686 0.821115 0.226384 0.869483 0.022698*

c  (ท  = 1 3 )
2.5% Tranexamic 

Acid

Lotion base 603.76 ± 16.75 600.60 ± 16.61 596.30 ± 17.14 600.43 ± 19.81 602.28 ± 19.50 595.08± 16.57 598.28 ± 15.80

c 606.43 ± 16.05 599.21 ± 15.83 597.50 ± 16.02 600.91 ± 16.13 604.02 ± 17.62 593.94 ± 14.29 593.37 ± 16.60

P-value 0.113516 0.363667 0.512474 0.811282 0.545946 0.556189 0.027991*

ooGj



Treatment group
Absolute erythema values (E)

WeekO Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

D  (ท  = 1 4 )
0.25% Puag-Haad 

+ 1 % Niacinamide

Lotion base 604.70 ± 20.67 600.59 ± 28.72 594.71 ± 18.93 594.77 ± 16.31 595.87 ±20.02 589.11 ± 16.81 589.03 ±20.14

D 601.30 ± 14.48 591.40 ± 16.42 596.56 ± 18.08 592.89 ± 18.04 593.59 ±20.75 589.37 ± 18.76 582.39 ± 18.26

P-value 0.235302 0.231554 0.226532 0.494132 0.149634 0.927056 0.004197*

E  (ท  = 1 3 )
0.25% Puag-Haad 

+ 2.5%Tranexamic 

acid

Lotion base 604.19± 21.47 596.91 ±21.08 595.81 ±21.06 595.17 ± 21.31 599.14 ± 17.86 591.05 ±20.26 592.08 ± 18.67

E 603.70 ±22.64 598.11 ±21.33 596.76 ±21.97 594.14 ±21.64 595.65 ± 18.85 589.32 ± 20.39 591.94 ±21.52

P-value 0.789681 0.537743 0.545182 0.728799 0.233774 0.524823 0.961589

F  (ท  = 1 3 )
Commercial product

Lotion base 602.50± 18.85 595.85 ± 15.44 596.18 ±18.42 597.86 ± 18.04 598.18 ± 15.56 590.77 ± 17.37 591.66 ± 20.16

F 602.49 ± 17.26 593.11 ±25.50 605.91 ±32.04 596.46 ± 16.06 598.20 ± 12.29 590.15 ± 15.99 590.75 ± 18.63

P-value 0.995526 0.679683 0.271044 0.612159 0.995365 0.829862 0.522476

* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  c o n t r o l  a r m s  b y  p a i r e d  s t u d e n t ’ s  t - t e s t .

oo
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0.25% Puag-Haad (A)

— ♦ - -  Lotion base —□ —  0.25% Puag-Haad

Figure 20. Mean of absolute melanin value after applying lotion base as a control 
and 0.25% Puag-Haad as a treated substance. Each point represents mean ±SD 
(ท = 14)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )

1% Niacinamide (B)
530 -,

520 - 

510 - 

500 - 

490 - 

480 - 470

470 -
WeekO Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Time

—♦ - - Lotion base —Cl— 1% Niacinamide

Figure 21. Mean of absolute melanin value after applying lotion base as a control 
and l%Niacinamide as a treated substance. Each point represents mean ±SD 
(ท = 14)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )
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2.5% Tranexamic Acid (C)

-  ■ ♦ — Lotion base —□ —2.5% Tranexamic Acid

Figure 22. Mean of absolute melanin value after applying lotion base as a control 
and 2.5%Tranexamic acid as a treated substance. Each point represents mean ± 
SD (ท = 13)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )

0.25% Puag-Haad+ 1% Niacinamide (D)
530 
520 

510 - 

500 - 

490 

480
470

WeekO Week 2 Week 4 Week 6 
Time

Week 8 Week 10 Week 12

— •♦ — Lotion base —เว—0.25% Puag-Haad+ 1% Niacinamide

Figure 23. Mean of absolute melanin value after applying lotion base as a control 
and 0.25% Puag-Haad +l%Niacinamide as a treated substance. Each point 
represents mean ±SD (ท = 14)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )
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0.25% Puag-Haad+ 2.5%Tranexamic acid (E)

— -♦ — ' Lotion base 0.25% Puag-Haad+ 2.5%Tranexamic acid

Figure 24. Mean of absolute melanin value after applying lotion base as a control 
and 0.25% Puag-Haad +2.5% Tranexamic acid as a treated substance. Each 
point represents mean ±SD (ท = 13)
^ v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )

Commercial product (F)
540 า 
530 - 

I  520 -
รู้ 510 -
I  500 -

490 - 
480 - 470
470 -■

WeekO Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
Time

- -♦ - -  Lotion base —□ — Commercial product

Figure 25. Mean of absolute melanin value after applying lotion base as a control 
and Commercial product as a treated substance. Each point represents mean ± 
SD (ท = 13)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )
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3 . 2  C o m p a r i s o n  o f  t h e  m e l a n i n  r e d u c t i o n  i n  h u m a n  v o l u n t e e r s

T o  e x a m i n e  t h e  m e l a n i n  c o n t e n t  m o r e  a c c u r a t e l y ,  t h e  v a l u e  o f  m e l a n i n  

r e d u c t i o n  ( X c - X t r )  w a s  u s e d  f o r  a n a l y s i s .  T h e s e  v a l u e s  a r e  g i v e n  in  T a b l e  1 5  a n d  t h e  

i n d i v i d u a l  m e l a n i n  r e d u c t i o n  a n d  e r y t h e m a  c h a n g e  a r e  a l s o  s h o w n  in  A p p e n d i x  II .

I t  c a n  b e  o b s e r v e d  f r o m  t h i s  t a b l e  t h a t  t h e  m e l a n i n  r e d u c t i o n  o f  a l l  g r o u p s ,  

e x c e p t  t h e  c o m b i n a t i o n  o f  P u a g - H a a d  a n d  t r a n e x a m i c  a c i d  ( g r o u p  E ) ,  b e g a n  t o  r e v e a l  

s i g n i f i c a n t  d i f f e r e n c e  o v e r  c o n t r o l  a t  t h e  s a m e  p e r i o d  ( 1 2 th w e e k ) .  I n  c o n t r a s t ,  g r o u p  E  

d i d  n o t  g i v e  a n y  s t a t i s t i c a l  s i g n i f i c a n c e .  T h e  e x t e n t  o f  t h e  m e l a n i n  r e d u c t i o n  o v e r  

c o n t r o l  a t  1 2 th w e e k  w a s  4 . 8 9  f o r  0 . 2 5 %  P u a g - H a a d  ( A ) ,  4 . 4 4  f o r  1 %  n i a c i n a m i d e  ( B ) ,  

4 . 5 6  f o r  2 . 5 % ,  t r a n e x a m i c  a c i d  ( C ) ,  4 . 9 3  f o r  0 . 2 5 %  P u a g - H a a d  + 1 %  n i a c i n a m i d e  ( D ) ,  

a n d  4 . 0 4  f o r  t h e  c o m m e r c i a l  p r o d u c t  ( F ) .  T h e s e  v a l u e s  a r e  n o t  m u c h  d i f f e r e n t  a n d  

o n e - w a y  A N O V A  y i e l d e d  n o n - s i g n i f i c a n c e  a m o n g  t h e  f i v e  g r o u p s  ( P  >  0 . 0 5 ) ,  

s u g g e s t i n g  t h a t  t h e  f i v e  t r e a t m e n t s  w e r e  s i m i l a r l y  e f f e c t i v e .  O n  t h e  o t h e r  h a n d ,  t h e  

m e l a n i n  r e d u c t i o n  v a l u e  o f  0 . 2 5 %  P u a g - H a a d  +  2 . 5 %  t r a n e x a m i c  a c i d  ( E )  s h o w e d  a  

m i n i m a l  v a l u e  o f  o n l y  0 . 2 9  d e s p i t e  s i g n i f i c a n t  r e d u c t i o n  o b s e r v e d  w i t h  t h e  s i n g l e  

c o m p o n e n t  ( P u a g - H a a d  o r  t r a n e x a m i c  a c i d  a l o n e ) .  T h e  m e l a n i n  r e d u c t i o n  d a t a  i s  a l s o  

g r a p h i c a l l y  r e p r e s e n t e d  in  F i g u r e  2 6 .
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T able 15. T he m elanin reduction after application o f  the test substances

0  w e e k 2 n d
w e e k

4 th
w e e k

6 th
w e e k

8 th
w e e k

1 0 th
w e e k

1 2 th
w e e k

P u a g - H a a d  0 .2 5 %  ( A ) -0.71 0.48 1.01 -1.27 1.11 2.07 4.89*
± 4 .8 7 ± 5 .3 0 ± 4 .6 8 ± 5 . 0 4 ± 3 . 3 6 ± 5 .6 1 ± 5 .3 9

0.30 -0.44 -0.67 1.37 -0.39 1.79 4.44*
N i a c in a m id e  1%  ( B )

± 3 .7 0 ± 7 .6 7 ± 4 .9 0 ± 7 . 0 0 ± 6 . 7 4 ± 5 .6 3 ± 6 .4 3

-0.16 0.86 -0.59 0.97 2.40 3.11 4.56*
T r a n e x a m ic  a c id  2 .5 %  (C )

± 4 .3 4 ± 6 .4 0 ± 5 .6 3 ± 5 . 3 4 ± 6 . 9 9 ± 5 . 0 4 ± 3 .9 6

P u a g - H a a d 2.81 0.06 -0.43 0.76 2.58 1.44 4.93*
0 .2 5 % + N ia c in a m id e  1%

( D ) ± 5 .0 0 ± 6 .6 0 ± 4 .7 3 ± 6 .0 6 ± 5 .0 1 ± 6 . 1 6 ± 4 .7 8
P u a g - H a a d  0 .2 5 % -0.84 -2.23 -0.64 -0.54 -1.93 -0.16 0.29

+ T r a n e x a m ic  a c id  2 .5 %  
( E ) ± 5 .6 1 ± 3 .9 2 ± 4 .1 6 ± 4 .4 5 ± 4 . 6 4 ± 3 .3 8 ± 2 .7 6

C o m m e r c ia l  p r o d u c t -0.16 -1.16 -0.47 1.70 1.67 1.31 4.04*
( F ) ± 6 . 2 0 ± 7 .3 3 ± 6 .8 7 ± 8 . 5 8 ± 6 . 2 8 ± 6 .7 5 ± 5 .8 8

p - v a l u e - - - - - - 0 .9 9 7 4

- - - - - - n o n s ig

^ d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a ir e d  

s t u d e n t ’ s  t - t e s t

p - v a l u e  o b t a i n e d  f r o m  o n e - w a y  A N O V A  c o m p a r i n g  o n l y  g r o u p s  s h o w i n g  s i g n i f i c a n t  

p a i r e d  t - t e s t .
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T able 16. The erythem a change after application o f the test substances

0  w e e k 2 n d
w e e k

4 th
w e e k

6 th
w e e k

8 th
w e e k

1 0 th
w e e k

1 2 th
w e e k

P u a g - H a a d  0 .2 5 %  ( A ) -3.41 -0.71 -0.83 -3.76 -0.49 0.07 6.24*
± 7 .4 0 ± 7 .7 3 ± 8 . 8 6 ± 9 .4 9 ± 7 .2 5 ± 8 . 5 6 ± 1 0 . 2 0

6.79* 5.34 -2.17 0.57 2.00 -0.31 3.80*
N ia c in a m id e  1%  ( B ) ± 5 . 8 9 ± 7 .0 1 ± 9 .3 5± 1 1 .4 1 ± 9 .2 5 ± 5 .1 7 ± 9 .2 6

-2.67 1.41 -1.20 -0.44 -1.61 1.06 4.56*
T r a n e x a m ic  a c id  2 .5 %  (C )

± 5 .8 9 ± 5 .4 5 ± 6 . 6 6 ± 6 .7 6 ± 9 . 7 0 ± 6 . 5 2 ± 6 .9 2

P u a g - H a a d  0 .2 5 % 3.40 2.04 -1.84 1.89 2.28 -0.26 6.64*
+  N ia c in a m id e  1%  ( D ) ± 1 0 . 2 2 ± 1 1 .8 7 ± 5 .4 3 ± 1 0 . 0 2 ± 5 . 5 7 ± 1 0 . 3 0 ± 7 . 1 7

P u a g - H a a d  0 .2 5 % 0.49 -1.20 -0.94 0.96 3.24 1.60 0.13
±  T r a n e x a m ic  a c id  2 .5 %

(E) ± 6 .6 7 ± 7 .0 9 ± 5 .6 7 ± 1 0 . 0 6 ± 9 . 6 9 ± 9 . 1 2 ± 9 .7 5

C o m m e r c ia l  p r o d u c t 0.01 -3.16 -1.89 1.30 -0.01 0.57 0.84
(F) ± 9 . 3 4 ± 9 .3 8 ± 5 .3 8 ± 9 .3 2 ± 8 . 9 8 ± 9 . 7 0 ± 4 . 7 7

p - v a l u e - - - - - - -

* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a i r e d

s t u d e n t ’ s  t - t e s t
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T h u s ,  t h e  d a t a  o b t a i n e d  f r o m  t h e  h u m a n  s t u d y  r e v e a l e d  t h a t  o n l y  f i v e  o f  t h e  s i x  

l o t i o n s  ( A ,  B ,  c, D ,  a n d  F )  w e r e  e f f e c t i v e  i n  s i g n i f i c a n t l y  r e d u c i n g  t h e  M  v a l u e s  f r o m  

t h e  c o n t r o l  l o t i o n  b a s e .  N e v e r t h e l e s s ,  t h e  e x t e n t  o f  m e l a n i n  r e d u c t i o n  w a s  e x t r e m e l y  

s m a l l  a n d  s i g n i f i c a n c e  w a s  o b s e r v e d  a t  a  v e r y  l a t e  p e r i o d ,  i . e . ,  t h e  l a s t  w e e k  o f  t h e  1 2 -  

w e e k  s t u d y .  T h i s  w a s  in  c o n t r a s t  t o  t h e  w o r k  o f  R o j a n a d i l o g  [ 4 6 ] ,  w h o  r e p o r t e d  t h a t  

t w i c e  d a i l y  a p p l i c a t i o n  o f  t h e  c o m m e r c i a l  w h i t e n i n g  l o t i o n s  o n  t h e  l o w e r  f o r e a r m s  o f  

s u b j e c t s  y i e l d e d  s i g n i f i c a n t  w h i t e n i n g  a f t e r  o n l y  a  f e w  w e e k s .  T h e  d i f f e r e n c e  in  t h e  

r e s u l t s  c o u l d  b e  a s c r i b e d  t o  t w o  m a j o r  f a c t o r s .  T h e  f i r s t  w a s  t h e  d i f f e r e n c e  in  t h e  

e x p e r i m e n t a l  m e t h o d o l o g y .  A l t h o u g h  u s i n g  t h e  s a m e  t y p e  o f  v o l u n t e e r s  ( y o u n g  

f e m a l e s  w i t h  t h e  s a m e  s k i n  t y p e ) ,  R o j a n a d i l o g ’ s  s t u d y  u s e d  a  L a t i n - s q u a r e  d e s i g n ,  in  

w h i c h  e a c h  s u b j e c t  r e c e i v e d  a ll  t h e  t e s t  l o t i o n s  a t  t h e  s a m e  t i m e  b u t  o n  d i f f e r e n t  a r e a s  

o f  h e r  f o r e a r m s .  L a t i n  s q u a r e  A N O V A  w a s  u s e d  t o  a n a l y z e  t h e  d a t a  w h i c h  s e p a r a t e d  

v a r i a b i l i t y  o f  t h e  d a t a  in t o  m a n y  s o u r c e s ,  t h e r e b y  c o n s i d e r a b l y  i n c r e a s i n g  t h e  p r e c i s i o n  

o f  t h e  t e s t  i n  d e t e c t i n g  s i g n i f i c a n t  d i f f e r e n c e .  I n  t h e  p r e s e n t  s t u d y ,  t h e  d e s i g n  w a s  

p a r a l l e l  w i t h  s e l f - c o n t r o l  in  e a c h  g r o u p .  E a c h  s u b j e c t  r e c e i v e d  o n ly  o n e  t e s t  l o t i o n  a n d  

a  c o m m o n  l o t i o n  b a s e  a s  a  c o n t r o l .  T h u s ,  o n l y  p a i r e d  t - t e s t  c o u l d  b e  u s e d  in  a n a l y z i n g  

s u c h  d a t a  w i t h i n  e a c h  g r o u p .

T h e  s e c o n d  f a c t o r  w a s  t h e  s u b j e c t  c o m p l i a n c e .  I n  R o j a n a d i l o g ’ s  e x p e r i m e n t ,  

o n l y  1 2  s u b j e c t s  w e r e  u s e d  a n d  t h u s  m o n i t o r i n g  t h e i r  c o m p l i a n c e  w a s  m u c h  e a s i e r  

t h a n  t h e  p r e s e n t  s t u d i e s ,  w h i c h  i n v o l v e d  8 4  s u b j e c t s .  T h e s e  s u b j e c t s  w e r e  f a c t o r y  

w o r k e r s  w h o  c o m m u t e d  b e t w e e n  t h e i r  w o r k p l a c e  a n d  h o m e  a n d  t h u s  w e r e  n o t  

c o n f i n e d  i n  t h e  s a m e  w a r d  a s  i n  a  w e l l  c o n t r o l l e d  c l i n i c a l  t r ia l .  D e s p i t e  t h e  b e s t  e f f o r t  

t o  i n s t r u c t  t h e m  t o  s t r i c t l y  c o m p l y  w i t h  t h e  a p p l i c a t i o n  p r o t o c o l  a n d  t o t a l  a v o i d a n c e  o f  

s u n l i g h t  e x p o s u r e ,  t h e r e  w a s  a b s o l u t e l y  n o  w a y  t o  c o n t r o l  t h e i r  b e h a v i o r ,  p a r t i c u l a r l y  

b e y o n d  t h e  o f f i c e  h o u r s .

I t  s h o u l d  b e  n o t e d  t h a t  a f t e r  a s s e s s i n g  t h e  M  v a l u e s  f o r  1 0  w e e k s  a n d  f o u n d  

t h a t  t h e  v a l u e s  h a r d l y  c h a n g e d ,  t h e  s u b j e c t s  w e r e  w a r n e d  o f  b e i n g  e x c l u d e d  f r o m  t h e  

s t u d y  ( a n d  t h u s  w o u l d  n o t  r e c e i v e  t h e  f u l l  w a g e s ) .  T h e  M  v a l u e s  o f  t h e  l a s t  

m e a s u r e m e n t s  ( w e e k  1 2 )  s u d d e n l y  d r o p p e d  a s  s e e n  in  F i g u r e s  2 0  -  2 5 ,  s u g g e s t i n g  t h a t  

p o o r  c o m p l i a n c e  w a s  t h e  m a j o r  f a c t o r  r e s p o n s i b l e  f o r  t h e  s l o w  m e l a n i n  r e d u c t i o n .
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T h e  r e s u l t s  f r o m  t h e  p r e s e n t  h u m a n  s t u d y  w e r e  a l s o  d i f f e r e n t  f r o m  t h e  g u i n e a  

p i g  s t u d y .  I n  g u i n e a  p i g s ,  1 %  n i a c i n a m i d e  a n d  1 %  n i a c i n a m i d e  +  0 . 2 5 %  P u a g - H a a d  

e x h i b i t e d  t h e  f a s t e s t  o n s e t  ( l sl w e e k )  w h e r e a s  c o m b i n a t i o n  o f  n i a c i n a m i d e ,  P u a g - H a a d  

a n d  l a c t i c  a c i d  a s  w e l l  a s  P u a g - H a a d  a l o n e  e x h i b i t e d  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  a t  2 nd 

w e e k .  T h e  s l o w e s t  r e a c t i o n  w a s  t h e  g r o u p  a p p l y i n g  w i t h  l a c t i c  a c i d .  I t  i s  p o s s i b l e  th a t  

t h e r e  h a d  b e e n  m a n y  v a r i a t i o n s  in  t h e  h u m a n  s t u d y  m o r e  t h a n  t h e  a n i m a l  s t u d y  d e s p i t e  

t h e  h u m a n  e x p e r i m e n t  w a s  c a r e f u l l y  d e s i g n e d  t o  r e d u c e  s u c h  v a r i a t i o n .  T h i s  i n c l u d e d  

b a l a n c i n g  t h e  o r d e r  o f  a p p l i c a t i o n  in  e a c h  g r o u p  a s  w e l l  a s  c o n t r o l l i n g  t h e  h o l e  o f  

d r o p p e r  t o  o b t a i n  e q u a l  v o l u m e  o f  l o t i o n .

A l s o ,  i t  w a s  s u r p r i s i n g  t o  o b s e r v e  t h a t  t h e  c o m b i n a t i o n  b e t w e e n  P u a g - H a a d  

a n d  t r a n e x a m i c  a c i d  ( g r o u p  E )  d i d  n o t  r e s u l t  in  a n y  s i g n i f i c a n t  m e l a n i n  r e d u c t i o n  

d e s p i t e  t h e  s i g n i f i c a n t  e f f e c t  o b s e r v e d  w i t h  e i t h e r  P u a g - H a a d  o r  t r a n e x a m i c  a c id  

a l o n e .  F o r  s o m e  u n k n o w n  m e c h a n i s m s ,  t h e  t w o  s u b s t a n c e s ,  w h e n  c o m b i n e d  t o g e t h e r ,  

a p p e a r e d  t o  a c t  a g a i n s t  o r  i n h i b i t  e a c h  o t h e r ’ s  a c t i v i t y  s u c h  t h a t  n o  w h i t e n i n g  e f f e c t  

c o u l d  b e  p r o d u c e d .

A s  p r e v i o u s l y  b e e n  d i s c u s s e d ,  t h e  m o s t  p r o b a b l e  s o u r c e  o f  v a r i a t i o n  in  t h e  

h u m a n  d a t a  d e r i v e d  f r o m  t h e  s u b j e c t s ’ p o o r  c o m p l i a n c e .  T h e  m a n n e r  in  w h i c h  e a c h  

p e r s o n  a p p l i e d  t h e  s u b s t a n c e s  a s  w e l l  a s  t h e i r  a d h e r e n c e  t o  t h e  d e t a i l e d  p r o t o c o l  c o u l d  

b e  d r a s t i c a l l y  d i f f e r e n t  a m o n g  t h e  i n d i v i d u a l  s u b j e c t s  a n d  e x t r e m e l y  d i f f i c u l t  t o  

c o n t r o l .  A d h e r e n c e  t o  t h e  p r o t o c o l  w a s  m a i n l y  b a s e d  o n  t h e  h o n o r - s y s t e m ,  i . e . ,  t h e  

s u b j e c t s  w e r e  b e l i e v e d  t o  h a v e  f o l l o w e d  t h e  p r o t o c o l  t o  t h e i r  f u l l e s t  c a p a c i t y  

t h r o u g h o u t  t h e  1 2 - w e e k  s t u d y  p e r i o d .

3 . 3  C o m p a r i s o n  o f  t h e  s k i n  e r y t h e m a  c h a n g e  in  h u m a n  v o l u n t e e r s

T a b l e s  1 4  a n d  1 6  s h o w  t h a t  o n l y  a t  w e e k  1 2 ,  t h e r e  w a s  a  s t a t i s t i c a l  

d i f f e r e n c e  in  t h e  a b s o l u t e  e r y t h e m a  ( E )  v a l u e s  b e t w e e n  t h e  c o n t r o l  a n d  t h e  t r e a t e d  

a r e a s  in  g r o u p s  A  ( 0 . 2 5 %  P u a g - H a a d ) ,  B  ( 1 %  n i a c i n a m i d e ) ,  c  ( 2 . 5 %  t r a n e x a m i c  

a c i d ) ,  a n d  D  ( 0 . 2 5 %  P u a g - H a a d  +  1 %  n i a c i n a m i d e ) .  F o c u s i n g  o n  t h e  f o u r  s i g n i f i c a n t  

g r o u p s  m e n t i o n e d  a b o v e ,  t h e  E  v a l u e s  o f  t h e  t r e a t e d  a r m s  t e n d e d  t o  b e  s m a l l e r  t h a n  

t h e i r  c o r r e s p o n d i n g  c o n t r o l ,  e s p e c i a l l y  a t  w e e k  1 2 ,  r e s u l t i n g  in  t h e  p o s i t i v e  E c - E t r  

v a l u e s .  T h i s  o b s e r v a t i o n  w a s  s u r p r i s i n g  b e c a u s e  t h e  s u b s t a n c e  d i d  n o t  s e e m  t o  i n d u c e
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a n y  e r y t h e m a  b u t  i n s t e a d  t e n d e d  t o  d e c r e a s e  i t s  v a l u e s .  T h e  r e a s o n  a s  t o  t h e  e r y t h e m a -  

r e d u c i n g  p r o p e r t y  o f  t h e  t e s t  l o t i o n s  A ,  B ,  c  a n d  D  a r e  n o t  p r e s e n t l y  k n o w n .  

H o w e v e r ,  s i m i l a r  o b s e r v a t i o n s  w e r e  o b s e r v e d  w i t h  t h e  s o l u t i o n s  o f  0 . 2 5 %  P u a g - H a a d ,  

3 %  k o j i c  a c i d ,  a n d  0 . 2 5 %  l i c o r i c e  e x t r a c t  in  p r o p y l e n e  g l y c o l  [ 2 7 ] ,  T h e  a u t h o r  

a t t r ib u t e d  t h e  e r y t h e m a - r e d u c i n g  e f f e c t  o f  t h e s e  w h i t e n i n g  a g e n t s  t o  m a n y  p o s s i b l e  

m e c h a n i s m s  s u c h  a s  a n t i - i n f l a m m a t o r y ,  v a s o c o n s t r i c t i o n  a n d  U V - p r o t e c t i v e  e f f e c t s .  I t  

i s  p r o b a b l e  t h a t  P u a g - H a a d ,  n i a c i n a m i d e  a n d  t r a n e x a m i c  a c i d  m a y  e x e r t  s o m e  o f  t h e s e  

m e c h a n i s m s .  H o w e v e r ,  m o r e  s t u d i e s  a r e  n e e d e d  t o  c l a r i f y  t h i s  o b s e r v a t i o n  s i n c e  s o m e  

c o n f l i c t i n g  d a t a  s t i l l  e x i s t e d .  F o r  e x a m p l e ,  c o m b i n a t i o n  o f  P u a g - H a a d  a n d  t r a n e x a m i c  

a c i d  ( g r o u p  E )  f a i l e d  t o  g i v e  s i g n i f i c a n t  e r y t h e m a - r e d u c i n g  e f f e c t  d e s p i t e  t h e  a b i l i t y  o f  

t h e  i n d i v i d u a l  c o m p o n e n t s  ( P u a g - H a a d  o r  t r a n e x a m i c  a c i d  a l o n e )  t o  r e d u c e  e r y t h e m a .  

T h e  i n e x p l i c a b l e  b e h a v i o r  o f  g r o u p  E  h a d  b e e n  n o t i c e d  b e f o r e  w i t h  t h e  m e l a n i n  d a t a .  

M o r e o v e r ,  t h e  i n i t i a l  e r y t h e m a  v a l u e s  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r e a s  o f  

g r o u p  B  w e r e  n o t  s i m i l a r ,  w i t h  E c - E t r  =  6 . 7 9  ( P  <  0 . 0 5 ) .  T h i s  a l s o  h a d  i n t e r f e r e d  w i t h  

t h e  i n t e r p r e t a t i o n  o f  t h e  e r y t h e m a - r e d u c i n g  e f f e c t  o f  g r o u p  B  ( n i a c i n a m i d e )  a t  w e e k  1 2  

s i n c e  t h e  s t a r t i n g  v a l u e  f o r  t h e  t r e a t e d  s i d e  w a s  a l r e a d y  l o w e r  t h a n  t h e  c o n t r o l .  T h e  

c o m m e r c i a l  p r o d u c t  F  a l s o  f a i l e d  t o  g i v e  s i g n i f i c a n t  e r y t h e m a - r e d u c i n g  e f f e c t  d e s p i t e  

t h e  i n c l u s i o n  o f  c h e m i c a l  s u n s c r e e n s  in  i t s  f o r m u l a t i o n ,  w h i c h  s h o u l d  h a v e  p r o v i d e d  

p r o t e c t i o n  a g a i n s t  U V - i n d u c e d  e r y t h e m a .

O t h e r  t y p e s  o f  s k i n  i r r i t a t io n  m a y  a l s o  e x i s t  a n d  m a y  n o t  b e  d e t e c t e d  b y  t h e  

M e x a m e t e r .  T h e s e  i n c l u d e  s k i n  i n f l a m m a t i o n ,  l e s i o n s ,  c o n t a c t  d e r m a t i t i s  e t c .  

M e x a m e t e r  m e r e l y  m e a s u r e d  t h e  a b s o r b a n c e  o f  h e m o g l o b i n  a v a i l a b l e  i n  t h e  a r e a  a n d  

h e n c e  t h e  a b s o l u t e  e r y t h e m a  v a l u e s  m a y  n o t  b e  a  g o o d  i n d i c a t o r  o f  s k i n  i r r i t a t io n .  

O t h e r  t e s t s  s u c h  a s  t h e  p r im a r y  h u m a n  s k i n  i r r i t a t io n  t e s t ,  w h i c h  f o l l o w s  t h e  C T F A  

g u i d e l i n e s  ( p a t c h e s  t e s t i n g ) ,  o r  t h e  e y e  i r r i t a t io n  t e s t  s h o u l d  b e  f u r t h e r  s t u d i e d  t o  

c o n f i r m  t h e  s a f e t y  o f  t h e s e  w h i t e n i n g  a g e n t s .

S i n c e  t h e  E  v a l u e  w a s  n o t  t h e  s o l e  p a r a m e t e r  o f  s k i n  i r r i t a t i o n  p o t e n t i a l ,  v i s u a l  

o b s e r v a t i o n  o f  t h e  i n d i v i d u a l  s u b j e c t s  d u r i n g  t h e  e x p e r i m e n t  w a s  a l s o  m a d e  a t  e a c h  

v i s i t .  S k i n  r a s h e s  a n d  i t c h i n g  w e r e  d e t e c t e d  in  t w o  s u b j e c t s  ( A 2 ,  C l 4 ) .  T h e  v o l u n t e e r  

A 2  w h o  a p p l i e d  P u a g - H a a d  l o t i o n  o n  h e r  r i g h t  a r m  a n d  t h e  l o t i o n  b a s e  o n  h e r  l e f t  a r m  

d e v e l o p e d  s k i n  r a s h e s  a n d  i t c h i n g  o n  t h e  l e f t  a r m  a f t e r  2 - w e e k  a p p l i c a t i o n .  H o w e v e r ,  

t h e  s y m p t o m  v a n i s h e d  w i t h i n  a  f e w  d a y s  a n d  s h e  c o n t i n u e d  t o  p a r t i c i p a t e  in  t h e  s t u d y .
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T h i s  c o u l d  b e  d u e  t o  t h e  s e n s i t i z i n g  a c t i o n  o f  t h e  p r e s e r v a t i v e  in  t h e  b a s e  f o r m u l a t i o n .  

A n o t h e r  s u b j e c t  ( C 1 4 )  n o t i c e d  t h e  i t c h i n g  o n  b o t h  a r m s  a f t e r  a p p l y i n g  t h e  l o t i o n s  f o r  1 

d a y .  S h e  w i t h d r e w  f r o m  t h e  s t u d y  a n d  w a s  t r e a t e d  w i t h  c a l a m i n e  l o t i o n .  T w o  m o r e  

s u b j e c t s  ( E l 2 ,  F 1 3 )  w e r e  e x c l u d e d  f r o m  t h e  e x p e r i m e n t  d u e  t o  c h a n g e s  i n  t h e i r  w o r k  

w i t h o u t  a n y  v i s i b l e  s i d e  e f f e c t s .  T h e  8 1  r e m a i n i n g  s u b j e c t s  c o n t i n u e d  u n t i l  t h e  e n d  o f  

t h e  e x p e r i m e n t  w i t h o u t  s k i n  i r r i t a t io n .

I n  b r i e f ,  t h e  d a t a  o b t a i n e d  f r o m  8 1  h u m a n  v o l u n t e e r s  s h o w  t h a t  t h e  t e s t  l o t i o n s  

A ,  B ,  c, D ,  a n d  F  w e r e  a l l  e f f e c t i v e  in  r e d u c i n g  t h e  m e l a n i n  c o n t e n t  o v e r  t h e  s e l f -  

c o n t r o l .  L o t i o n s  A ,  B ,  c  a n d  D  a l s o  e x h i b i t e d  s m a l l  b u t  s i g n i f i c a n t  e r y t h e m a - r e d u c i n g  

e f f e c t  v i a  s o m e  u n k n o w n  m e c h a n i s m s .  H o w e v e r ,  t h e  o n s e t  o f  b o t h  e f f e c t s  w a s  

e x t r e m e l y  s l o w  w i t h  s i g n i f i c a n t  p a i r e d  t - t e s t  o b s e r v e d  a t  t h e  l a s t  w e e k  ( w e e k  1 2 ) .  N o  

s e r i o u s  s k i n  r e a c t i o n s  w e r e  o b s e r v e d  in  a l l  c a s e s .  T h e  r a t h e r  s l o w  o n s e t  w a s  a t t r ib u t e d  

t o  t h e  p o o r  c o m p l i a n c e  o f  t h e  s u b j e c t s .  I n  c o n t r a s t ,  t h e  t e s t  l o t i o n  E  ( 0 . 2 5 %  P u a g -  

H a a d  +  2 .5 %  t r a n e x a m i c  a c i d )  d i d  n o t  p r o d u c e  a n y  s i g n i f i c a n t  w h i t e n i n g  n o r  

e r y t h e m a - r e d u c i n g  e f f e c t s  d e s p i t e  t h e  l o t i o n s  c o n t a i n i n g  e i t h e r  P u a g - H a a d  o r  

t r a n e x a m i c  a c i d  a l o n e  e x h i b i t e d  b o t h  e f f e c t s  a t  1 2 th w e e k .  I n  o r d e r  t o  o b t a i n  a  m o r e  

a c c u r a t e  a n d  e x p l a i n a b l e  r e s u l t s ,  a n o t h e r  s e t  o f  h u m a n  s t u d y  w a s  c o n d u c t e d  a t  N a k o m  

R a t c h a s i m a  f a c i l i t y .  T h e  s u b j e c t s  w e r e  f e m a l e  v o l u n t e e r s  w h o  w e r e  u n d e r  c u s t o d y  a t  

t h e  B a a n  M e t t a  H o u s e ,  w h i c h  b e l o n g s  t o  t h e  P u b l i c  W e l f a r e  D e p a r t m e n t ,  M i n i s t r y  o f  

L a b o u r  a n d  P u b l i c  W e l f a r e .  E a c h  s u b j e c t  w a s  e x p l a i n e d  o f  t h e  n a t u r e  o f  t h e  

e x p e r i m e n t s  a n d  h a d  g i v e n  c o n s e n t  f o r m  t o  p a r t i c i p a t e  i n  t h i s  n e w  s t u d y .  T h e  p r o t o c o l  

w a s  e x a c t l y  t h e  s a m e  a s  i n  t h e  p r e v i o u s  h u m a n  s t u d y ,  w i t h  t h e  e x c e p t i o n  t h a t  

a p p l i c a t i o n  o f  t h e  t e s t  ( a n d  c o n t r o l )  l o t i o n s  w a s  p e r f o r m e d  b y  l i c e n s e d  n u r s e s .  T h i s  

w o u l d  e n s u r e  a b s o l u t e  s u b j e c t ’ s  c o m p l i a n c e  a n d  f u l l  a d h e r e n c e  t o  t h e  p r o t o c o l .
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M elanin Reduction

□  0 .25% P u ag-H aad
□  2.5% T ranexam ic acid
□  0 .25% Puag-H aad+ 2.5% T ranexam ic acid

□  l% N ia cin a m id e
El 0 .2 5 % P u a g -H a a d + l%  N ia cin am id e
□  C om m ercia l p r o d u c t

Figure 26. C om parison o f m elanin reduction (X c-X tr) o f  each test substance at 
w eek  12. D ata =  mean ± SD (ท = 13-14/group)
* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a i r e d  

s t u d e n t ’ s  t - t e s t
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Erythema change

□  P u ag-H aa d  0.25%  □  N ia cin am id e 1%
□  T ranexam ic acid  2.5%  13 P u ag-H aad  0 .25% + N iacin am id e 1%
□  P u ag-H aa d  0.25% +T ranexam ic acid  2.5%  □  C om m ercial p ro d u ct

Figure 27. C om parison o f erythem a change (E c-E tr) o f each test substance at 
w eek 12. D ata =  m ean ± SD (ท = 13-14/group)
* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a i r e d

s t u d e n t ’ s  t - t e s t
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P art 4 E valuation o f skin w hitening efficacy o f  aqueous extract o f  A rtocarpus 
lakoocha heartw ood (Puag-H aad), niacinam ide, tranexam ic cid, and their  
com binations in hum an volunteers - The supplem ental experim ent conducted at 
N akornratchasim a (K orat)

4 .1  D e t e r m i n a t i o n  o f  m e l a n i n  c o n t e n t  a n d  e r y t h e m a  i n  h u m a n  v o l u n t e e r s

A d d i t i o n a l  h u m a n  s t u d y  w a s  c o n d u c t e d  a t  N a k o r n r a t c h a s i m a  p r o v i n c e  

u s i n g  t h e  s a m e  s t u d y  d e s i g n  a s  in  t h e  p r e v i o u s  s t u d y .  H o w e v e r ,  t h e  p r o t o c o l  w a s  

u n d e r  a  v e r y  s t r i c t  c o n t r o l  t o  o b t a i n  m o r e  r e l i a b l e  d a t a .  F o r t y - t w o  s u b j e c t s  w e r e  

c a r e f u l l y  s e l e c t e d  a n d  d i v i d e d  in t o  s i x  g r o u p s  o f  7  e a c h .  T h e i r  u p p e r  a r m s  w e r e  

a p p l i e d  w i t h  t h e  c o n t r o l  a n d  t h e  t e s t  l o t i o n s  t w i c e  a  d a y  i n  a  m a n n e r  s i m i l a r  t o  t h e  

p r e v i o u s  s t u d y .  H o w e v e r ,  i n s t e a d  o f  s e l f - a p p l i c a t i o n  p r o f e s s i o n a l  n u r s e s  w e r e  a s k e d  

t o  p e r f o r m  t h e  t a s k .  S i n c e  a l l  t h e  s u b j e c t s  r e s i d e d  i n  t h e  s a m e  p l a c e ,  c o n t r o l  o f  t h e i r  

b e h a v i o r  a n d  s t r i c t  a d h e r e n c e  t o  t h e  a p p l i c a t i o n  p r o t o c o l  w e r e  e a s i l y  a c h i e v e d .  

S u b s e q u e n t l y ,  t h e i r  a r m s  w e r e  m e a s u r e d  w i t h  M e x a m e t e r  e v e r y  2  w e e k s  u n t i l  8  

w e e k s .  T h e  m e a n  a b s o l u t e  M  a n d  E  v a l u e s  a r e  r e s p e c t i v e l y  s h o w n  i n  T a b l e s  1 7  a n d  

1 8 .  T h e  i n d i v i d u a l  v a l u e s  a r e  a l s o  p r o v i d e d  in  A p p e n d i x  I I I .

T h e  m e l a n i n  d a t a  in  T a b l e  1 7  s h o w s  t h a t  t h e  v a l u e s  o f  t h e  t r e a t e d  a r m s  in  

g r o u p  A  ( 0 . 2 5 % P u a g - H a a d )  d e c l i n e d  f r o m  5 6 8 . 8 9  a t  w e e k  0  t o  5 5 1 . 3 1  a t  w e e k  6  a n d  

5 4 4 . 8 9  a t  w e e k  8 . T h e  m e l a n i n  v a l u e  o f  g r o u p  B  ( 1 %  n i a c i n a m i d e )  r e d u c e d  f r o m  5 6 3  

a t  w e e k  0  t o  5 5 5 . 3 7  a n d  5 4 6 . 3 3  a t  w e e k  6  a n d  8 , r e s p e c t i v e l y .  T h e  d o w n w a r d  t r e n d  

w a s  a l s o  o b s e r v e d  i n  g r o u p  c  ( 2 .5 %  t r a n e x a m i c  a c i d ) ,  D  ( 0 . 2 5 %  P u a g - H a a d  +  1 %  

n i a c i n a m i d e ) ,  E  ( 0 . 2 5 %  P u a g - H a a d  +  2 .5 %  t r a n e x a m i c  a c i d ) ,  a n d  F  ( c o m m e r c i a l  

p r o d u c t ) .  T h e  m e l a n i n  o f  g r o u p  c  d r o p p e d  f r o m  5 5 2 . 9 4  a t  w e e k  0  t o  5 4 3 . 2 6  a n d  

5 4 1 . 2 9  a t  w e e k  6  a n d  8 , r e s p e c t i v e l y .  I n  g r o u p  D ,  t h e  v a l u e  d r o p p e d  f r o m  5 7 8 . 6  a t  

z e r o  w e e k  t o  5 6 4 . 4  a t  6 th w e e k  a n d  5 4 8 . 5  a t  8 th w e e k .  F o r  g r o u p  E ,  t h e  v a l u e  r e d u c e d  

f r o m  5 3 9  a t  z e r o  w e e k  t o  5 2 6 . 3 7  a t  6 th w e e k  a n d  5 1 8 . 5 4  a t  8 th w e e k .  F i n a l l y ,  t h e  

m e l a n i n  o f  g r o u p  F  r e d u c e d  f r o m  5 3 9 . 9 1  a t  w e e k  0  t o  5 2 2 . 4 6  a t  6 th w e e k  a n d  5 1 3 . 1 7  a t

8 th w e e k .
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W h e n  p a i r e d  t - t e s t  w a s  a p p l i e d  o n  t h e  a b s o l u t e  m e l a n i n  d a t a  a t  e a c h  w e e k  

c o m p a r i n g  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s ,  s i g n i f i c a n c e  w a s  f i r s t  d e t e c t e d  a t  

w e e k  8  f o r  g r o u p  A  a n d  B .  G r o u p  c, D  a n d  F  h a d  a  s h o r t e r  o n s e t ,  s t a r t i n g  t o  g i v e  

s i g n i f i c a n t  w h i t e n i n g  e f f e c t  a t  w e e k  6 . O n  t h e  c o n t r a r y  g r o u p  E  f a i l e d  t o  s h o w  

s i g n i f i c a n t  w h i t e n i n g  a t  a l l  w e e k s  ( w e e k  2  -  8 ) .  A l t h o u g h  t h e  s t a r t i n g  v a l u e s  b e t w e e n  

t h e  c o n t r o l  a n d  t h e  t r e a t e d  a r e a s  o f  g r o u p  E  w e r e  n o t  t h e  s a m e ,  t h e  n o n - s i g n i f i c a n c e  

o b s e r v e d  a t  a l l  w e e k s  a g r e e d  w i t h  t h e  p r e v i o u s  h u m a n s  s t u d y ,  w h i c h  a l s o  f a i l e d  t o  

s h o w  s i g n i f i c a n t  m e l a n i n  r e d u c t i o n  d u r i n g  t h e  1 2 - w e e k  p e r i o d .  T h u s ,  c o m b i n a t i o n  o f  

P u a g - H a a d  a n d  t r a n e x a m i c  a c i d  in  g r o u p  E  m a y  n o t  h a v e  a  b e n e f i c i a l  e f f e c t  in  

p r o v i d i n g  a d e q u a t e  s k i n  w h i t e n i n g  d e s p i t e  t h e  s i g n i f i c a n t  a c t i v i t y  o b s e r v e d  w i t h  t h e  

s e p a r a t e  c o m p o u n d s .  M o r e  s t u d i e s  a r e  t h u s  n e e d e d  t o  v e r i f y  i f  P u a g - H a a d  a n d  

t r a n e x a m i c  a c i d  c o u l d  in t e r f e r e  w i t h  e a c h  o t h e r ’ s  w h i t e n i n g  a c t i v i t y ,  a n d  i f  t r u e ,  w h a t  

a r e  t h e  r e s p o n s i b l e  m e c h a n i s m s .



T a b le  17. T h e  a b s o lu te  m e la n in  v a lu e s  (m e a n  ±  S D ) in  th e  u p p e r  a rm s  o f  h u m a n  v o lu n te e rs  tre a te d  w i t h  d i f f e r e n t  s u b s ta n c e  f o r  8 w e e k s

a t N a k o rn ra tc h a s im a  (ท =  6 -7 / t r e a tm e n t  g ro u p )

T r e a tm e n t  g r o u p
A b so lu te  m elanin valu es (M )

WeekO W eek 2 W eek 4 W eek 6 Week 8

A  (ท =  7 )
0 .2 5 %  P u a g -H a a d

L o t io n  b a s e 5 5 9 .8 6  ± 6 9 .1 3 5 6 0 .2 6  ±  3 6 .7 5 5 5 7 .7 4  ± 3 5 . 4 5 5 5 9 .0 9  ± 3 7 . 5 2 5 5 8 .8 6  ± 3 7 .0 7

A 5 6 8 .8 9  ± 4 2 . 8 7 5 5 9 .5 1  ± 3 1 . 2 6 5 5 5 .2 9  ± 3 0 . 6 9 5 5 1 .3 1  ± 3 1 . 6 0 5 4 4 .8 9  ± 2 9 .7 8

P - v a lu e 0 .5 4 0 7 6 6 0 .8 6 7 4 0 3 0 .4 6 6 8 2 8 0 .0 7 6 8 6 2 0 .0 1 1 7 8 6 *

B (ท = 6)
1%  N ia c in a m id e

L o t io n  b a s e 5 5 9 .7  ±  1 6 .6 8 5 5 6 .5 7  ±  1 9 .7 7 5 6 2 .8 7  ± 2 2 . 3 6 5 5 8 .5  ± 2 2 . 6 2 5 6 2 .6  ±  1 4 .3 8

B 5 6 3  ±  1 7 .6 8 5 6 0 .1 0  ± 2 3 . 8 0 5 6 2 .0 3  ±  2 2 .9 8 5 5 5 .3 7  ± 2 0 . 6 0 5 4 6 .3 3  ± 2 2 .6 7

P - v a lu e 0 .2 5 3 0 4 5 0 .3 3 3 1 2 3 0 .8 5 5 4 1 2 0 .2 4 8 5 9 7 0 .0 3 0 3 1 3 *

c (ท = 7)
2 %  T r a n e x a m ic  

a c id

L o t io n  b a s e 5 5 6 .8 6  ± 2 5 . 8 6 5 5 1 .7 8  ± 2 6 . 3 2 5 5 1 .6  ±  2 1 .7 8 5 5 0 .5 7  ± 2 4 . 4 9 5 5 1 .5 7  ± 2 5 .4 2

c 5 5 2 .9 4  ± 2 5 . 7 2 5 4 8 .1 1  ± 2 0 . 1 4 5 4 5 .1 1  ± 2 0 .7 3 5 4 3 .2 6  ± 2 1 . 9 6 5 4 1 .2 9  ±  2 1 .1 6

P - v a lu e 0 .2 8 6 2 4 3 0 .4 6 7 9 1 7 0 .0 8 9 3 8 2 0 .0 2 0 8 9 1 * 0 .0 3 3 6 8 4 *

VOVO



T r e a t m e n t  g r o u p
A bsolu te m elan in  valu es (M )

WeekO Week 2 W eek 4 W eek 6 W eek 8

D  (ท  =  6 )
0 .2 5 %  P u a g -H a a d  

+ 1 %  N ia c in a m id e

L o t io n  b a s e 5 8 1 .3 3  ± 2 0 . 6 6 5 7 4 .3 3 ±  2 0 .1 5 5 7 0 .9 7  ± 2 1 . 3 5 7 3 .1  ± 2 0 .5 3 5 7 2  ±  19 .3 5

D 5 7 8 .6  ± 2 2 . 2 9 5 7 1 .7 7  ± 2 1 . 2 7 5 6 6 .7  ±  17 .8 5 6 4 .4  ±  15 .84 5 4 8 .5  ±  2 3 .4 4

P - v a lu e 0 .1 7 4 3 7 7 0 .1 5 4 5 7 9 0 .1 1 3 0 6 6 0 .0 2 9 3 9 4 * 0 .0 3 6 3 8 0 *

E  (ท =  7 )
0 .2 5 %  P u a g -H a a d  

+  2 .5 % T r a n e x a m ic  
a c id

L o t io n  b a s e 5 3 0 .4 0  ±  11.11 5 2 9 .2 3  ±  8 .4 6 5 2 8 .1 4  ±  1 0 .9 0 5 2 7 .8 0  ± 8 .2 3 5 2 2 .6 3  ±  7 .2 7

E 5 3 9 .0 0  ±  1 3 .6 9 5 3 1 .7 4  ±  1 1 .3 0 5 2 4 .5 4  ±  9 .9 4 5 2 6 .3 7  ±  1 3 .6 0 5 1 8 .5 4  ± 5 . 7 9

P - v a lu e 0 .0 3 2 7 2 1 * 0 .5 3 4 6 9 8 0 .3 6 1 9 9 4 0 .6 9 8 6 7 0 0 .1 4 3 5 6 5

F  (ท  =  7 )
C o m m e r c ia l
p r o d u c t

L o t io n  b a s e 5 3 8 .7 4  ± 2 0 . 5 6 5 3 4 .2 0  ±  1 7 .9 4 5 2 5 .2 6  ± 1 7 .7 9 5 3 0 .2 3  ±  18.81 5 2 5 .3 7  ±  1 7 .1 0

F 5 3 9 .9 1  ± 2 2 . 3 8 5 3 3 .4 3  ±  1 7 .9 2 5 2 4 .0 3  ±  16.21 5 2 2 .4 6  ±  1 7 .4 8 5 1 3 .1 7  ±  1 6 .0 2

P - v a lu e 0 .8 0 1 3 3 7 0 .6 8 3 4 9 3 0 .6 3 0 7 1 1 0 .0 4 6 0 5 3 * 0 .0 0 7 0 6 *

* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a i r e d  s t u d e n t ’ s  t - t e s t .



T a b le  18. T h e  a b s o lu te  e ry th e m a  v a lu e s  (m e a n  ±  S D ) in  th e  u p p e r  a rm s  o f  h u m a n  v o lu n te e rs  t re a te d  w i t h  d i f fe r e n t  s u b s ta n c e  f o r  8

w e e ks  a t N a k o rn ra tc h a s im a  (ท = 6 -7 / t r e a tm e n t  g ro u p )

T r e a tm e n t  g r o u p
A b solu te  erythem a valu es (E)

WeekO W eek 2 W eek 4 W eek 6 Week 8

A ( n  =  7 )  

0 .2 5 %  P u a g -  

H a a d

L o t io n  b a s e 6 4 2 .9 1  ± 2 2 . 1 5 6 3 7 .5 1  ±  1 7 .6 9 6 3 3 .7 4  ±  1 9 .2 5 6 4 8 .2  ± 2 1 . 2 5 6 4 8 .9 1  ±  1 8 .0 2

A 6 4 2 .0 9  ±  16 .5 6 4 0 .9 4  ± 7 .6 9 6 4 0 .9 4  ±  7 .6 9 6 4 3 .9 4  ±  1 3 .3 3 6 4 1 .3 1  ±  14.71

P - v a lu e 0 .7 7 9 2 6 0 0 .4 2 7 9 7 5 0 .2 0 4 6 8 3 0 .4 9 5 6 3 9 0 .1 3 0 2 1 4

B  (ท =  6 )
1%  N i a c in a m id e

L o t io n  b a s e 6 4 7 .3 3  ±  1 7 .7 5 6 4 2 .7  ±  1 7 .9 8 6 4 7 .5 7  ±  1 3 .4 7 6 4 9 .5 3  ±  1 9 .7 6 6 5 1 .0 7  ±  1 3 .8 8

B 6 5 0 .2  ±  1 4 .6 9 6 4 3 .2  ±  1 8 .1 8 6 4 6 .6 3  ±  1 5 .4 4 6 4 6 .8 3  ±  1 5 .3 0 6 4 7 .9 7  ±  1 1 .1 7

P - v a lu e 0 .5 3 7 9 4 2 0 .8 7 7 3 1 7 0 .6 9 8 2 4 2 0 .3 5 5 2 9 0 0 .1 8 4 5 7 4

c  (ท  =  7 )
2 %  T r a n e x a m ic  

a c id

L o t io n  b a s e 6 4 5 .1 1  ± 2 1 . 6 2 6 3 4 .2 9  ± 2 2 . 5 5 6 3 6 .7 4  ± 2 3 . 7 5 6 4 2 .8 3  ±  1 9 .9 7 6 2 9 .1 7  ± 3 7 . 1 4

c 6 4 1 .6  ±  17.91 6 3 2 .1 4  ±  17 .8 3 6 3 2 .8  ± 2 2 . 7 6 4 0 .6 6  ±  2 0 .9 4 6 4 4 .8 9  ±  19.31

P - v a lu e 0 .2 6 3 0 4 2 0 .6 1 3 6 6 2 0 .1 2 1 6 2 9 0 .3 2 6 2 0 1 0 .4 4 6 0 3 9



T r e a tm e n t  g r o u p
A b so lu te  erythem a values (E)

WeekO W eek 2 Week 4 W eek 6 W eek 8
D  (ท  =  6 )  

0 .2 5 %  P u a g -  

H a a d
+  1 %
N ia c in a m id e

L o t io n  b a s e 6 4 9 .4 3  ±  1 2 .6 2 6 4 1 .0 7  ±  1 1 .2 8 6 4 2 .1 7  ±  1 3 .9 2 6 5 1 .0 7  ±  13.41 6 5 1 .8 7  ±  1 2 .4 2

D 6 4 5 .2  ±  1 9 .6 2 6 4 4 .0 3  ±  15 .7 3 6 3 2 .8 7  ±  12 .7 5 6 4 5 .1 +  8 . 6 6 4 5 .2 7  ± 9 . 8 9

P - v a lu e 0 .3 2 3 7 6 8 0 .4 3 1 0 0 1 0 .0 0 1 5 9 8 * 0 .1 8 5 1 6 5 0 .0 7 0 5 8 7

E  (ท  =  7 )
0 .2 5 %  P u a g -  

H a a d
+  2 .5 %
T r a n e x a m ic  a c id

L o t io n  b a s e 6 2 8 .0 0  ±  3 0 .9 6 6 2 8 .6 6  ±  1 7 .7 4 6 3 4 .5 7  ±  2 7 .2 4 6 3 7 .3 1  ±  1 6 .1 2 6 3 9 .3 1  ±  1 8 .6 2

E 6 3 3 .0 3  ±  1 3 .3 6 6 2 7 .6 9  ±  16.3 6 3 6 .5 7  ± 2 4 . 4 4 6 3 1 .5 4  ±  1 2 .2 4 6 3 1 .8  ± 1 1 .1 8

P - v a lu e 0 .6 1 4 8 4 8 0 .7 6 6 9 9 5 0 .6 4 4 5 1 8 0 .2 7 3 3 3 1 0 .2 1 7 4 7 5

F (ท  =  7 )
C o m m e r c ia l
p r o d u c t

L o t io n  b a s e 6 3 5 .8 6  ±  16 .7 5 6 3 2 .7 4  ±  13.01 6 3 0 .6 9  ±  1 3 .9 7 6 3 1 .7 4  ±  1 0 .9 6 6 3 3 .9 7  ±  1 4 .5 6

F 6 3 4 .8  ±  14.3 6 3 2 .3 1  ±  1 7 .8 2 6 2 9 .1 7  ±  1 0 .0 7 6 2 7 .3 1  ± 1 0 .9 8 6 3 1 .9 4  ±  1 2 .4 4

P - v a lu e 0 .8 6 5 2 8 5 0 .9 4 0 0 2 1 0 .7 3 0 9 5 8 0 .1 6 8 3 0 4 0 .6 6 4 9 4 4

* d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t r e a t e d  a n d  t h e  c o n t r o l  a r m s  b y  p a i r e d  s t u d e n t ’ s  t - t e s t .



1 0 3

0.25%  Puag H aad (A)

■ — Lotion base - 0.25% Puag-Haad

o l

and 0.25%  P uag-H aad as a treated substance. E ach point represents m ean ±SD  
(ท = 7)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )

1% N iacinam ide (B)
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Lotion base 1 % Niacinamide

Figure 29. M ean o f  absolute m elanin value after applying lotion  base as a control 
and l% N iacin am id e as a treated substance. Each point represents m ean ±SD  
(ท  =  6 )

* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )
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2.5%  T ranexam ic A cid (C)
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Figure 30. M ean o f absolute m elanin value after applying lotion  base as a control 
and 2.5%  T ranexam ic acid as a treated substance. E ach poin t represents m ean ±  
SD (ท =  7)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )

0.25%  Puag-H aad + 1% N iacin am id e (D)
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-  -♦ - -  Lotion base —□ — 0.25% Puag-Haad+ 1% Niacinamide

Figure 31. M ean o f  absolute m elanin value after app lyin g lotion  base as a control 
and 0.25%  P uag-H aad + l% N iacin am id e as a treated  substan ce. Each point 
represents m ean ±SD  (ท = 6)
* v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 5 )
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0.25%  Puag-H aad + 2.5%  T ranexam ic acid (E)

Time

— -0 — Lotion base — □ — 0.25% Puag-Haad+2.5%Tranexamic acid

Figure 32. M ean o f absolute m elanin value after applying lotion base as a control 
and 0.25%  Puag-H aad +2.5%  T ranexam ic acid as a treated  substance. Each 
point represents mean ±SD  (ท = 7)
*values are significantly different (p<0.05)

C om m ercial product (F)
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— — Lotion base — CH—  Commercial product
Figure 33. M ean o f absolute m elanin value after applying lotion base as a control 
and C om m ercial product as a treated substance. E ach poin t represents mean ±  
SD (ท =  7)
* values are significantly different (p<0.05)
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4.2 Comparison of the melanin content in human volunteers

To facilitate melanin data analysis, Xc-Xtr or melanin reduction value was 
used. The average values together with the data on erythema change are given in 
Tables 19 and 20 whereas the individual results are provided in Appendix III. Plots of 
the absolute melanin values as a function of time are also provided in Figures 28 - 33 
for visual comparison of the melanin profiles between the control and the treated areas 
within each group.

From Table 19, it can be seen that application of 0.25% Puag-Haad (group A) 
resulted in significant whitening observed at week 8, with the mean melanin reduction 
of 13.97. Application of 1% niacinamide alone (group B) induced a whitening effect 
similar to 0.25% Puag-Haad, with significant reduction of 13.94 occurring at the same 
time (week 8). Application of 2.5% tranexamic acid alone (group C) was found to 
induce significant decrease in melanin at an earlier period (week 6), with the mean 
reduction of 7.31, which increased to 10.29 at week 8. Combination of Puag-Haad 
and niacinamide (group D) resulted in acceleration of the whitening effect, which 
became significant at earlier period, i.e. at week 6 instead of week 8. The mean 
melanin reduction was 7.46 at week 6 and increased to 17.29 at week 8. The 
commercial product (F) also became effective at week 6, with the mean reduction of 
7.77 increasing to 12.20 at week 8.

The onset of whitening activity observed here was much different from the 
previous human study, in which significant whitening were detected only at week 12 
in all groups. The difference in the results could be simply explained by a tighter 
control of experiment exercised in this study. All the subjects at Nakornratchasima 
stayed in the same place 24 hr a day. Arrangement had been made with the warden of 
the Metta House to see to it that all the subjects wear proper clothes at all time, which 
fully covered their upper arms. In addition, application of lotions was performed by 
professional nurses, who had been trained to dispense and apply the lotions precisely 
according to the protocol. Therefore, the results obtained were more reliable than the 
previous study, in which poor compliance was a compromising factor.
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It is interesting to note that combination between Puag-Haad and tranexamic 
acid (group E) again failed to produce significant whitening effect at all weeks despite 
the high whitening activity of the individual component when applied alone. The 
reasons were not clearly understood. However, the starting melanin values (week 0) 
between the control and the treated areas of this group were not the same (P < 0.05), 
with a very high difference of -8.60 (Table 19). The negative sign indicated that the 
starting melanin value of the arms to be treated with the whitening lotion was greater 
than that of the control arms (539.0 vs 530.4). If the whitening effect were judged 
from the absolute melanin data of the treated-arms alone (Table 17), it can be seen that 
the value slowly decreased with time, from 539.0 at week 0 to 518.54 at week 8. This 
somehow indicated the ability of the test lotion E to induce a decrease in melanin upon 
prolonged application. However, due to the difference in the starting value from the 
control, significance could not be detected. Thus, more studies are needed to verily 
the whitening efficacy of Lotion E or to proof otherwise that the two compounds 
could counteract each other’s activity. The starting melanin values between the 
treated and the control arms in all other groups were similar (P > 0.05), thereby 
creating no difficulties in the data analysis.

Also, it should be noted that the onset time of 0.25% Puag-Haad alone 
observed here (8 weeks) was slower than that previously reported by 
Pengrungruangwong [27]. Using the same protocol as in this study, the author found 
that the onset time for 0.25% Puag-Haad was only 4 weeks. The difference in the 
results may be explained in term of the vehicle used in the study. 
Pengrungruangwong used pure propylene glycol as the solvent for the human study 
whereas the complex emulsion-type lotion was utilized here as a vehicle. Since the 
lotion contained substantial amount of an oil phase, the partition of moderately water- 
soluble oxyresveratrol, the active constitutent of Puag-Haad, from the lipophilic 
vehicle might be slower than from pure propylene glycol, which is less lipophilic.

The commercial product (F) contained 0.001% each of mulberry root and 
Scutellaria baicalensis extracts in addition to 0.3% capryloyl salicylic acid and 0.7% 
terephthalylidine dicamphor sulfonic acid (Mexoryl SX). The two plant extracts act as 
tyrosinase inhibitors whereas capryloyl salicylic acid is a beta-hydroxy acid, which 
promotes epidermal turnover. Mexoryl SX is a u v  filter which acts as a chemical



108

sunscreen. The combined effect of this formula has been claimed by the manufacturer 
to provide effective whitening of the skin since each component exerts different 
whitening mechanism(s). The product F was thus used as a reference in this study.

One-way ANOVA was then applied to test for significant difference in the 
melanin reduction data among different treatment groups, which had previously 
demonstrated significant whitening effect by the paired t-test. Results are also given 
in Table 19, which revealed no significant difference among the effective groups, 
either at week 6 (comparing between c, D and F) or week 8 (comparing between A, 
B, c, D and F) (P > 0.05). The data suggested that, once effective, the extent of 
whitening did not differ significantly among different types and combinations of the 
whitening agents. Flowever, a closer examination of the data still revealed subtle 
differences. At week 8, the last week of this confirmatory study, combination of 
0.25% Puag-Haad and 1% niacinamide (group D) tended to give the highest whitening 
effect (mean melanin reduction = 17.29). This was followed by pure Puag-FIaad (A) 
and niacinamide (B), giving equal melanin reduction of 13.9. Next was the 
commercial product (F), which gave the mean reduction of 12.20, followed by pure 
tranexamic acid (C) rendering the mean reduction of 10.29. The data are also 
graphically represented in Figure34.
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T able 19. T he m elanin reduction after application o f  the test substances

0 week 2nd week 4th week 6th week 8th week
Puag-Haad 0.25% 5.26 0.74 2.46 7.77 13.97*(A) ±10.01 ±11.28 ±8.36 ±9.63 ±10.35
Niacinamide 1% -2.83 -3.03 0.71 2.69 13.94*

(B) ±5.84 ±7.49 ±9.71 ±5.49 ±13.61
Tranexamic acid 2.5% 3.91 3.66 6.49 7.31* 10.29*

(C) ±8.84 ±12.48 ±8.47 ±6.22 ±9.92
Puag-Haad 2.34 2.20 3.66 7.46* 17.29*0.25%+Niacinamide 1%

(D) ±3.99 ±3.55 ±5.22 ±7.23 ±14.33
Puag-Haad 0.25% 

+Tranexamic acid 2.5% -8.60* -2.51 3.60 1.43 4.09
(E) ±8.23 ±10.10 ±9.65 ±9.30 ±6.42

Commercial product -1.17 0.77 1.23 7.77* 12.20*(F) ±11.78 ±4.76 ±6.42 ±8.19 ±8.05
p - v  alue - - - 0.9410 0.7508

- - - nonsig nonsig

d̂enotes significant difference between the treated and the control arms by paired 
student’s t-test.
p-value obtained from one-way ANOVA comparing only the groups showing 
significant whitening effect after paired t-test (groups c, D, F at week 6 and groups A, 
B, c, D and F at week 8).
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T able 20. T he erythem a change after application o f  the test substances

0 week 2nd week 4th week 6th week 8th week
Puag-Haad 0.25% 0.83 -3.43 -2.26 4.26 7.60(A) ±7.47 ±10.67 ±9.41 ±15.53 ±11.47
Niacinamide 1% -2.46 -0.43 0.80 2.31 2.66

(B) ±9.76 ±6.88 ±5.09 ±6.01 ±4.65
Tranexamic acid 2.5% 3.51 2.14 3.94 2.17 -15.71

(C) ±7.52 ±10.65 ±5.78 ±5.37 ±50.99
Puag-Haad 3.63 -2.54 7.97* 5.11 5.660.25%+Niacinamide 1%

(D) ±8.79 ±7.82 ±4.85 ±8.97 ±6.90
Puag-Haad 0.25% -5.03 0.97 -2.00 5.77 7.51+Tranexamic acid 2.5%

(E) ±25.08 ±8.28 ±10.89 ±12.66 ±14.43
Commercial product 1.06 0.43 1.51 4.43 2.03

(F) ±15.79 ±14.45 ±11.11 ±7.48 ±11.78
/7-value - - - - -

d̂enotes significant difference between the treated and the control arms by paired 
student’s t-test.
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4.3 Comparison of erythema change in human volunteers

Significant erythema reduction was only found at the 4th week after application 
of 0.25% Puag-Haad + 1% niacinamide (group D). However, the absolute erythema 
values, despite some fluctuation, became slightly lower than the control at weeks 6-8 
in all groups except group c  (Table 18). This tendency of erythema-reducing effect 
had been observed in the previous study for lotions A, B, c  and D. Nevertheless, the 
non-significance observed in this confirmatory study suggested that the erythema- 
reducing effect of these lotions, if existed, was negligible. The average change in the 
erythema data are given in Table 20 and graphically represented in Figure 35.

Visual observation of the skin conditions was also made. Visible skin 
irritation was observed in 2 subjects (B7, Dl). The volunteer B7 who applied 
niacinamide lotion at the right arm and the lotion base on the left arm developed skin 
rashes and itching on the right arm after 4 weeks. Another subject (Dl) experienced 
the itching on both arms after applying the lotions for 4 weeks. Both volunteers 
withdrew from the study and were treated with calamine lotion. It was obvious that 
the rashes observed in subject B7 were caused by niacinamide, which has been 
reported to produce skin irritation in many cosmetic products [47], On the other hand, 
the side effect experienced by subject Dl might be due to certain components of the 
lotion base since the symptom occurred in both arms. Nevertheless, the remaining 40 
subjects completed the 8-week study without skin irritation.

It can be concluded at this point that all the test lotions (except lotion E) were 
effective in significantly reducing the melanin value in the subject’s upper arms. 
Combination of 0.25% Puag-Haad with 1% niacinamide (lotion D) produced the 
highest whitening effect after 8-week application and also gave the most rapid onset 
observed at 6th week. The data also agreed with the results previously obtained in 
guinea pigs. The incidence of skin irritation was low and most subjects well tolerated 
the test preparations. Thus, it is possible to formulate Puag-Haad in an emulsion-type 
lotion base, either alone or in combination with other whitening agents, to produce a 
safe and effective whitening product for cosmetic and medical applications.
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M elanin Reduction

□  0.25%Puag-Haad
□  2.5%Tranexamic acid
□  0.25%Puag-Haad+2.5%Tranexamic acid

□  l%Niacinamide
0  0.25%Puag-Haad+1 %Niacinamide
□  Commercial product

Figure 34. C om parison o f  m elanin reduction (X c-X tr) o f  each test substance at 
each w eek. D ata =  m ean ±  SD (ท = 6-7 /group)
*denotes significant difference between the treated and the control arms by paired 
student’s t-test.
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□  Puag-Haad 0.25%
□  Tranexamic acid 2.5%
□  Puag-Haad 0.25%+Tranexamic acid 2.5%

□  Niacinamide 1%
□  Puag-Haad 0.25%+Niacinamide 1%
□  Commercial product

Figure 35. C om parison o f  erythem a change (E c-E tr) o f  each test substance  
each week. Data =  m ean ะเะ SD (ท =  6-7 /group)
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