creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI]1804: 24011- 200000237878

20094F 2/
A B G S



% S9% o8¢ YA
P ERCIEY

Decomposition of Melanin Chromophore by

Phenolic Solution

20094 24 H

Wl BE KB ROR BB

ft B T B Ry

NS



AR S N 1)

o] = LEMRLE HiF w22 R

20087 12H 1

fb B T B Rt

NS



Ea
i
g
fo
H-
1
=
>
<
atlo

iy

LTRE WMEERER e B d W R
L B OWERER o o E R d R

A WEEARR B #

W
R
cHf

20094 2H H



LIST OF TABLES -++--teeeereeeeseeeeetutuuttiiitiiiiieiietietieieeeae. v

LIST OF FIGURLES ++-+++essseseeeseestestuettuettittittiittetiittiiitietietii. v
ABSTRACT

1. A PR INE )i

TE. MeEIQRUiE --we+seeeeenreerressssneeesssssnntttttianinttttrtttt ettt 1

1) Aatd AA w U ST T] T A e 3

TV) EUM@IATIITL ++vweveevresressessessesenttnsteteteet ettt 3

1,]_) PRenoOmMelQriirn  -os-wtst-eseeesesressessesssttettiiittitietiatietiettesiontestostetetassestantanese 5

];]_) Neuromelanin .............................................................................................. 5

2) Wb A 0] O A HEG e 7

1,]_. MElQEOILIIL ~+++--+===rrrersrrerarreserreseetteetteet ettt ettt e e e ea e 9

1) Phenol;‘l]_ Hydrogen Peroxide -----srewerrererreeerneniniiiiiiinennan. 13



7}) Phenol® Hydrogen Peroxide = e 13

(1) PREINOL +ereeeeresesererenmsmntnteietet ettt 13

(2) Hydrogen peroxide - - - s wsrsrsemssmssmisiisiiesiie s 15

) Phenol + HoO28F Ultraviolet rays - wwessmsssmsssssssissisinsinisins 17

r/]_. 03‘?‘94 E.X_Jl ............................................................................. 21
2- /é] ‘c;jg ................................................................................. 22
7]._ }\] g]':jr,]_ @@7]7] ................................................................ 29
) Al O e 29
2) /‘;:_1_ %‘:-]’ 7] 7] ..................................................................................... 29
]4_- Hg— 1:1];]1 ..................................................................................... 23
3. 7é jl,]_ ................................................................................. 24
7]_. {1‘_:%74819,] %%@r;ﬂl 7-]% ................................................ 24
L]-' It]]lé‘—-g-'{’l}t:vﬂ}ﬂg] -E—S'al-?_‘sj'—zjl 7{% .......................................... 29



5.

1) UV vis spectrophotometerol A ] mixtures &A] --eeoeeeees 29

2) FT-IR% 'H-NMRAN A & EFE ) AT HEA o 43
7é % ................................................................................. 50
olf]_?_ 7_-]] §_j1 .............................................................................. 51



TABLES

Table 1. Some kinds of Mechanisms and materials for blocking color pigments up

Table 2. Reaction mechanisms and their kinetic rates constants (k) for the aqu-
eous phenol degradation by UV/HaOy «eeeeeeesseemssemsemssiisiieimisiisseicienn: 18
Table 3. Interpretation of FT-IR spectrum of MT, MTH solution, and MTC solu-
tion, (MT : melatonin, MTH : HzO2Et-OH;MT, and MTH : phenol;H20:
TEt-OHIVIT)  ceeeeresessesessessssessssesisstssssssssstse st bbb 44

_iv_



FIGURES

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

© 0 N o O W

10.

11.

12.
13.

14.

15.

16.

17.

. The name of each position which consisting of both melanocyte and

keratinocyte in epidermis ................................................................................ 2
Biosynthetic pathways for both eumelanin and pheomelanin ---wweeeeeee 4
The Chemical structure Of melanin ............................................................... 6
The structure Of melatonin ............................................................................ 10
Melatonin pathWays Starting from tryptophan ......................................... 12

Definition of structural parameters and axis convention for phenol - 14
The structure Of hydrogen peroxide ........................................................... 16
The physical property Of hydrogen peroxide ........................................... 16
The UV/vis spectra of phenol aqueous solutions dependent on var-

ious concentrations, down : apply to Beer’s Law, A : absorbance - 26

The UV/vis spectra of melatonin dependent on various concentrations,
down ; the shift of wavelength (Amax) for UV/vis spectra - 27
The UV/vis spectra of various hydrogen peroxide dependent on

VariOuS Concentrations .................................................................................... 28
The UV/vis spectra of the mixtures, phenolLEt—OH «eeeeeeeeeeeneeenne 29

The UV/vis spectra of mixtures, phenol;hydrogen peroxide on each
VariouS Concentrations ................................................................................... 29
The UV/vis spectra of the mixtures, phenol;hydrogen peroxide;Et—
OH as each VOlume ratios at aqueous STALES  sereereerrerrereeseaeeeeiee 30
The UV/vis spectra of the mixtures, melatonin;various concentrati-
ons Of hydrogen perOXide, 01 M ~ 09 M ............................................. 30
The UV/vis spectra of the mixtures, phenol;melatonin states on
eaCh Various Concentrations in AQUEOUS  wooeersrresssssrrnrnsstiitttt i 31
The shift of wavelength (Amax) that obtained by Gaussian-multi -
fitting for all of the mixture states at lower concentrations, P : -

phenol, HP : hydrogen peroxide, E : ethanol, v.ME : various mela-



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

18.

19.

20.

21.

22.
23.

24.

25.

26.

21.
28.

29

tonin 1eTe) o T TR T P PP T PP PP PP VPP PP PPPPROPRIY: 32
The UV/vis spectra of the mixture, phenol;melatonin at high concen-
trations, right; the UV/vis spectra from mathematical analysis - 36
The UV /vis spectra from mathematical analysis, Right; residual
UV/vis spectrum after mathematical subtraction e 37
The UV/vis spectra of the mixtures, various phenol concentrations.;
leed melatonin Concentration .................................................................... 38
The residual UV /vis spectra of mathematical treatments, between
mixtures and pure materials, and bathochromic shift «eoeeeeeeeeeeeeeees 39
The mutual UV/vis spectra of mixtures and pure materials e 40

The residual UV /vis spectra of mathematical treatments, and Beer’s

The UV/vis spectra of the mixture, H2O2melatonin and phenol;H2O2;

melatonin at high CONCENtIAtioNS - wwseressermsermsermmssiiisiiisiiisisieace. 49
FT-IR spectrum of MT, MTH solution, and MTC solution, MT : mel-
atonin, MTH @ H2O2Et-OH;MT, and MTH : phenol;H202Et-OH;MT,
and the numbers of green color are related to Table 2 cooeeeeeemeeeeees 45
FT-IR spectrum of MT, MTH solution, and MTC solution in

the wavelength range 100071900/ cmfl, MT : melatonin, MTH : H2Oq;
Et-OH;MT, and MTH : phenol;H202Et-OH;MT, and the numbers of

green color are related to Table 2 i 46
1H_NMR Of pure melatonin ......................................................................... 47
"H-NMR of MT, MTH solution, and MTC solution, MT : melatonin,
MTH : H:02Et-OH;MT, and MTH : phenol;H:O2,Et-OH;MT -+ 48

"H-NMR spectrum of MT, MTH solution, and MTC solution in specific
ppm ranges, MT @ melatonin, MTH @ H2OEt-OH;MT, and MTH
phenoLHzoz,Et*OHyMT ................................................................................ 49

_Vi_



Abstract

Decomposition of Melanin Chromophore by

Phenolic Solution

by Im, Nam Kyu

Advisor : Prof. Jo, Byung Wook, Ph. D.
Prof. Lee, Chang Hoon

Department of Chemical Engineering,

Graduated school of Chosun University

Cells which produce melanosome are called melanocyte. Melanocytes
produce melanin which is a pigment in the skin, hair, and eyes. The
melanosome moves it easily from the center of the melanocyte to the surface
of melanocyte due to absorbing UV irradiation, In some occasion, however,
black pigments, tickles or freckles, come in sight on skin when these
processes go to excess during protecting skin. So there are some methods to
decompose excessive pigmented melanin through the use of AHA/(alpha
hydroxyl acid), Retinoid, Vitamin C, Hydroquinone, Kojic acid, Phenol 909,
Catechol, etc. are well known. The method through a surgical operation by
laser has been known recently in the limelight above all things.

In this study, the main point is not so much elimination of melanin as



decomposition of melanin chromophore, and also doesn’t mean to make a
whitening face for whole of skin but to attack for the minimum part which
black pigments is in. Therefore, Phenol 95% and Hydrogen Peroxide 34.5%
were chosen by means of experimental materials; mix phenol and hydrogen
peroxide in ethanol. As a solute for the possibility of decomposition,
melatonin which has been known as one of precursor to synthesis melanin
was chosen.

Even though phenol and hydrogen peroxide have intense oxidations by
themselves, more radicals are produced and reproduced in solution states
when they get the energy of one’s molecules. In additional they have various
reactions so much by their intermolecular interactions, like as quinone,
catechol.

Usually UV/vis spectrophotometer is useful to find out the intermolecular
interaction from between pure materials or solutes and solvents in the
solution as to check its wavelength(Am.) and shift of them; hypsochromic or
bathochromic shift on various concentrations. The results confirmed at lower
concentration since each materials in aqueous states were not enough to find
out, therefore specific results were applied to higher concentration, and then
could obtain the remaining specific UV/vis spectra after removing the
original absorbance; phenol+melatonin, phenol+ H>O2+melatonin at higher
concentrations. The remaining specific UV/vis spectra, however, couldn’t
know which radicals were produced and how they made some reactions or
complexes with melatonin in solution when the solution was measured.

According to the contents above, this study used FT-IR, "H-NMR
spectroscopies, which site of melatonin could be broken for exact identification
of reactions in the solution, and what new molecule or by-products could find
out after mixing those materials. So that results defined H2O: can decompose
melatonin into new products; interpreted C=0O, NHCHO, Acetone peaks on
FT-IR, "H-NMR and phenol works to prevent their regeneration from new

structure to original stricture.
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(ultraviolet light) o djgh Woj&o] Ztta e gt}



1. ER (endoplasmic reticulum) producing tyrosinase

II. Premelanosome Stage 1

M. Matured melanosome

IV. Convey melanosome to keratinocyte

V. A pigment granule released from melanosome
K : Keratinocyte
M @ Melanocyte

B.M. : Basement membrane

Figure 1. The name of each position which consisting of both melanocyte

and keratinocyte in epidermis.
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- Glutamy! transpeptidase
andior Glutsthione reductasa

CoH COM W \ [=-1]
. @N S PPy
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Tyrosine DOPA DOPAquinone cnsiaine
Tyrosinase = i
andlor Peroxidase ik com
: 5.CysteinylDOPA
m m K) ; / LewcoDOPAChrome
DOPAchrome *

Indole- S.Oqumonl DOPAchrome tautomerase

\x- x/ /
Eu-Melanin

2 Alanyl-hydroxy-dihydre-
— 1
0

?
benzothiazine
\ : o
Indale-5,6-quinone-
carboxylic acid ’/

Mixed Melanins <— Pheo-Melanin

Figure 2. Biosynthetic pathways for both eumelanin and pheomelaning.
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Figure 3. The chemical structure of melanin (molecular w eight : 4993 g/mol).
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Table 1. Some kinds of Mechanisms and materials for blocking color pigments.

HAUS HE s qH M= g B 82
Tyrosinase2! & Hil
Tyrosinases| M4 oF Placenta extract . .
Y a i Premelanosome 34 Hiff
Arbutin Tyrosinase2| B4 Al
Tyrosinate 224 S 22 2t
Kajic acid o] 2£0/=2 ZYI0IE 5 "2t

oM AR

TyrosinaseSl 22 9AHl
= Glycyrhizae Radix extract

. . HAWZE S5
Wori Cortex Radicis extract SIS M O
2] M S| Wt Mo o

- == Broussonetia papyrifera extract

Theae folium extract -

Coenzyme Q10 -

ZaLaS KN 2B Superoxide dismutase -
ot R |
= Yitamin E -
o Tyrosinase 2= 97|
Yitamin C ZHAALA FIH
Hzf My Hydroguinone

AHAlalpha -hydraxyl acid)
Placents extract

MAE W H A Salicylic acid

2T HIHE Yol 2
Retinoic acid

Azelaic acid

Yitamin C

Yitamin C

HMAE Bt g Glutathione

hagnesium ascorbyl phophate

bFGF, Vitamin D3Hl 2/ &t HE

SrAE S TR Inflammatory chemical mediator Sof w g ol
S2 M o
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21
Aar 9l

o



CHs

HN

ZT

Figure 4. The structure of melatonin.
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1) Phenol and Hydrogen Peroxide

7} Phenol and Hydrogen Peroxide

(1) Phenol
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(sodium hydrogen carbonate; NaHCO3;) ¥ #H7}F (1.8% chemical yield) Z %
B #AF A Aol 2 Hu o] Aye A sisol AA EAd HE
21 (tyrosine) oA "ojx v Aoz Hol AT AHo] =i 9]

& 5ol A& A F o 90% e LA AR %2, Hirschfeld:
His &9 A Fojo AuutelE Aldsto] oF 13% nvbo] A F] Zo
HYon sy AEme ojddte] Ze R AEL HUlE A 5y
I (peeling) W =0l 714 A wyol shjolth? s xur o] A =
of FAFE (by-products) ¢ Ay I A= & FAAA A oAy
WS- 52 UV radiationo] 218 23 (peeling) °|F &2 T3 A4 T2 &
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O/H “Z(a)

X (0) Y (b)

Figure 6. Definition of structural parameters and axis convention for phenol.
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(2) Hydrogen peroxide

Azt (H00) = bz s, d4, #abstds no 24 o 4493
AstA R ddA dn =g s AsE Sy EA s, ZS A4
(ultraviolet light) o =&%H 448t gtjZ (hydroxy radical, -OH) = 47

A s oA = HgoZd AR oA zH

2 &4 2 5 U oA EEtd FakEo] AE AAs e

FAAZ Fgotn A Fihe B2 vkl A AgA Fof suE AFdr
7

PBAE 40 3 H FElE anti-conformer; X9 F A Wi o] @3k wlkuk

S HA3 stds= FH, 9 syn-conformer; AtA7F ZFA= B F R ARl
O-H Z2%<5 A7lde &, o ddE 7HAds B84 A4S 7HA 3

_15_



O——©O

Figure 7. The structure of hydrogen peroxide.

L \.H ki, ‘ - ‘ g ..,:"\H Tt
Gas Solid (crystal)

Figure 8. The physical property of hydrogen peroxide.

_16_



) Phenol + Hs02¢} Ultraviolet light

A

Ak SasEa Aol i

=
=

. 2y ol

H
-
;o?

!

B

w

)

4 (Amax) <

_17_



Table 2. Reaction mechanism along their Kinetic rates constants

(k) for the aqueous phenol degradation by UV/H;0:".

Tieaction Mumber Reaction k

R Han ™2 0p

R2 *OH + Hal — HOL+ H:0 fa=27% 107 M~ s~
R "OM + HOZ 2 HOS + OH- B=T5x 10" Mol
Rt Ha0n + HOS % *OH + Hy0 + 0 Fp=30M 5!

RS HoO1+ 03 5 10H + 0, 4 OH- ks = 01367 571
Ré 04 4 He- oy by = 1.0 1010 M- )
R7 HOS -5 03 4 HH by = 158 % 108 !
it *OH + *OH-% Hythy =550t m! !
i *OFL+ HOY 5, 0y Ha0 by =6.6% 107 M1 !
R0 HOP 4 F04 ﬂ‘;Hgﬂ; + 02 B =83 P ME !
R O3 + 07 24 HO7 403 By =97 % 107 Mg
RI2 "OH+ 05 250y + O B = 70 109N )
RI3 *OH + CgH:0B-"% ntemediotes = €O + M0 &3 = 6.63¢ 107 M =1
T CHsOH 2 intermedintes - €01+ H:0

RIS HaDy <2 HF +HOS ok, = (16
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Table 2 oA B 4 5o HAI}4A+E UV radiation?d oy A& Hbo}l t}
k3t 2}tz (radicals), HOo—, -OH, HOs:, O:—-, & #A 3t #HE (CHs0H) 2

y =

2HA Abs %2 H0/UVY 38L&  wkol 1 2-dihydroxybenzene,
1,3-dihydroxybenzene, 12 i 1A4-dihydroxybenzene® -OHZ ¥ Al gt} (Table

2).

(] = [H, 0,1+ [HO, ] (1)

* OH; kll
—1,2 — dohidroxybenzene

organic acids— COy, + Hy O

ks « OH,k
Phenol+ « OH —>1 3— dohzdroxybenzen6422>0rgamc acids— COy,+ H,O (2)

e OH, kg4
—>1 4— dohzdroxybenzenegsmrgamc acids— CO, + H, O

o] 9} & o] hydroxyl radical (-OH) ¢ T B2 A#2td Z(free-radi-
cal) o] A HANE B3 Equ. (2) 9 wrSo wat 743},

« OH+ H,Oy— + OOH+ H,0O (3)

rlr

W (melanin) o g Hy FElo AFL A FALEREH A H
hydroxyl radicals (-OH) ¢ A& =%
gla Waly A 2o wwo] §eA o

L)
all
Ip
o,
rlo
Lo
gt
oX,
o
2
%
(o
£
[

X
o
:10
oo
et
X
1>
ofy
o
_0|L

i

rlr
i)

_19_



k
Mel— Cu( 1)+ H,0—Mel— Cu(1l )+ OH+ OH;

k
Mel— Cu( 1)+ Oy—>Mel— Cu(11)+ O

Wby (melanin) o] 93 superoxide (O )¢ A|AE Wb A Ao
H3go 9ojA =
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. A B

#H &= (CsHsOH, hydroxybenzene) 3 34Fsl4=4 (H.0», hydrogen peroxide) =
UV radiation®] <d&fol whe} 4ksh =31, o] wf A= 2Areht]Z (free-radical)
HEe 7 AAEQ 12-dihydroxybenzene (catechol), 1,3-dihydroxybenzene
(resorcinol), ~12] 11 1,4-dihydroxybenzene (hydroquinone) ¥} 2}t]zt uk8-8- ho}®,

A el A s B 24 (tyrosine) oA "olA v x72d Aolgt= A
W HabsE A= WEd (melanin) o A o2 FAHM, I G AFshA
2 A, 28 Wehd (melanin) A4 FA #HoJdE FElol (Cu”
hydroxy radical (-OH) 2} ¥kg-gtth. 2} (ultraviolet light) o o4 =% =
< =3t 9 AMAa Aol #H oS4  F9o dWapddAld (melanin
chromophore) & #3857 $18te] H=oly A3 F4E ALl BHo] 7155}

o,

flo

flo

e

o

1l

o

4

o] = WEld (melanin) 729 %L FES o|F& -NH Indole?]
I dHzgdyo] Aoz dolrr] & Hbd A AFA
3}

Abeke]l Wl Ed (melatonin) & AFEsFl o™ S §jsto] At

B

s
)

L
T

Hx A

b
e
Mz

Axele] WeEY (melatonin) & ItHE Abgate] oS AuPAE mIZ
b gkt ool A4t A RSy dadAas HE | H 52 7, 28a =
st2 Qe AWM 9o Hekd (melanin) & AAT & A= Woks S 5 9

S Ao 7

Ru)

gkt
H& &4 (phenolic solution) ¥ HWZEW (melatonin) ¢ #HAE UV/vis
spectrophotometer, FT-IR 18 3 'H-NMR& %3}o] 7t 24 A3 7t
shetA &S EA e, HepEdo] Folo] ojwg S
AAM, 283 dd JAAS A T Az dFS T

A @,
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7} Alekst 2977

1) A%

A o}

Mo

dutdow A7§ GREE U= AHE5R3

Phenol (CsHsOH, 95%)

Hydrogen Peroxide (H202, 34.5%)

Ethyl alcohol (C:Hs0H, 95%)

Melatonin (Ci3HisN2Os, 5-methoxu-N-acetyltryptamine, 232.3

g - mol ', Sigma)

W E (melatonin) & L %o WIZFste] -20CAA W 23 519
=
2) 28717
PDA UV/vis Spectrophotometer Scinco, S-3100
FR-IR NICOLET 6700
'"H-NMR JEOL, YH300
Lyophilizer RIKAKIKAI
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= #4994 (0.01 mM ~ 100 mM, w/v%)¥ ZAFste4 (001 M~ 1.0 M,
w/N%)E 37 THFE ol &dte] HMEL 001 mM, FAHFLE 10 ME AX
@ oo FAAAMEA APk dlgE (1M, 0.1 M) & slE dabss
27b A (AAd ) oA 2 EFE0] A ety etel Agats
=3

Wl Ed (melatonin) >
A FR4R F40UA vEE % Uz

Y
BNe
=
=)

=
o
rl:l
mln
g
i

Aobe s} wps AR 3

A R

UV/vis spectrophotometerZ € & A3 dolHE AHHFH HA37] Y3}

o] 0.170.99] absorbanceE ZI=E AR, AAF (FFAFA, o) o 9

e
o] calibration® Al FE9] ALE 7he oAFE Q3 F AP H doly A4
R A

phenol?} hydrogen peroxide? &% &, phenol¥ melatonin®] =g, 1
phenol¥} hydrogen peroxide®} melatonin®] ETFEEL Z}7t9o] T XA
ugl Egteta, o FolA UV/visE F43H7] 98t 1.0 miw 339 o

Ad T AL t)olElE Origin programol| A4 Gaussian multi-fitting 33 & 2

LR FROAY Ao ABRASG 10 T 1000M] =S FRAA B

UV/vis spectrpphotometero] A ¢l ¥ ZA3ZS EQi=
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w2 T35 FToA AHHIT MZ; Hydrogen Peroxide + Melatonin® Phenol +
Hydrogen Peroxide + Melatonin, A8 % FAAZXE A1, dgEnd
(melatonin)®] 7z} A& 5o dle 43S FR-IRZ 'H-NMR (solvent : CDCls)

& B84 obu gt

A R

-li'ﬂ

4 A%

Ao AFE HAdW HEm €4 (00l mM T 1.0 mM) 2 Amax (] o) &3}
) 9 Aol g, FEo 93T intensityd F=U/FUE & £ Yo

Beer's Law2] 2 o FoA o}

!
o
s
ol

A=€ 0D & Covrrrreiiiii Beer'slaw (6)

(A : absorbance, no units, € @ molar absorbtivity, L ¢ mol 'em™ ', b

’

path length of the cuvette, c¢cm, ¢ : concentration of the mixtures or

materials, mol » L~ ')

G2 FEgAE LAEE AU, F o g4 A4S B wmE &4
Aleke] (ds, W E) F 28 93 (cluster effects) & WAl == A=
AE A A, 2 g2 AFEHRY EFoA dHoly A= Fxs

to
4z
ol
2
ﬂ
S
iy
).
OFO
2
rlo
ol
)
o
(2
ok,
L)
°

47 g0z wWasdn

o] 9] UV/vis spectrar Figure 904 XH o] 232 o] UV/vis spectra$t+

N
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dolgt A g H A

Wl E Y (melatonin) < 05 mM o4 FEolHE FH 28 9% (cluster
effects) o] Ho] Fow FZo e FTHZ 3
712 ®BAd. A v @B EY (melatonin) ol FI= EJd Aol Amax?
blue shifte] At} ol= Z8 =¥ o (cluster effects)d %= UA| T AL o
=5k wze #HgEd(melatonin)®] EE - 3d4 5EAH0E F Ho
(Figure 10).

HistrrE BA Fx9 54 @¢d 2F, & (H0) ¥ ¥z F+x, 4
UV/vis Spectrophotometer2+ %% ¢ &4 UV/vis Spectrum< 4& F ¢
o whoF =8 Fro] WSt AE AME T AS EREY spectrumo] HAFS)E
TF29 spectrumo] ¥ FHojAM UV/ivis 40 o822 359 UV/vis
spectrumol & JFE FTA g FHAEE MAe sE5E5 AFEsAY (Figure

11).

A
&
il
fz
)
at
ny
Hlis
flo
)
o
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—— Phenol 1.0 mM ~ Phenol 0.01 mM

0.8 (diluted per a 0.1 mM)

0.6

0.4 1

Absorbance

024/

0.0 —: — ] TSS ,—,:;— ——  —

Wavelength [nm]

16
| — A1 _
14 — A2
A3

12

104

Absorbance

T T T T T T T T T T 1
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
Wavelength [nm]

Figure 9. The UV /vis spectra of phenol aqueous solutions dependent
on various concentrations, down : apply to Beer’s Law, A : absorb-

ance.
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12 —— Melatonin 0.5 mM

’ — 0.3mM
g 0.25 mM
— 0.2mM
1.0 0.15 mM
0.1 mM
0.05 mM

Absorbance

T T T 1
280 300
Wavelength [nm]

T
240 260

—u— W1
310 e W2
W3

s T S

)
£ 290 -
<
= 4
[=2)
5
T>') 280 4
£ i e "
-/-
270 //
260 v T v T v T T T T T
0.0 0.1 0.2 0.3 0.4 0.5

Melatonin Concentration [mM]

Figure 10. The UV vis spectra of melatonin dependent on various
concentrations, down ; the shift of wavelength (Amax) for UV vis
spectra, (W1, W2, and W3 : wavelength (Ama) at the range of three

points of UV vis spectra after gaussian multi-fitting).
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Absorbance

T T T T T T T T T T T T T T T
200 220 240 260 280 300 320 340
Wavelength [nm]

Figure 11. The UV /vis spectra of various hydrogen peroxide depen—

dent on various concentrations.
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o AmgAAe 2R AF

1) UV vis spectrophotometerol A 2] mixtures &2

0.8 - —— Phenol 1.0mM : Ethanol 1M = 0.9ml : 0.1ml
’ —— Phenol 1.0mM : Ethanol 1M = 0.7ml : 0.3ml
Phenol 1.0mM : Ethanol 1M = 0.5ml : 0.5ml
1 —— Phenol 1.0mM : Ethanol 1M = 0.3ml : 0.7ml
06 Phenol 1.0mM : Ethanol 1M = 0.1ml : 0.9ml
° 6
3]
c
© ]
2
2
L 044
<<
0.2
0.0+ T T T T — T 1
240 260 280 300 320

Wavelength [nm]

Figure 12. The UV /vis spectra of the mixtures, phenol,Et—-OH.

— P-0.001 HP-0.001=0.9-0.1
—— P-0.001 HP-0.001=0.7-0.3

P-0.001 HP-0.001=0.5-0.5
—— P-0.001 HP-0.001=0.3-0.7
P-0.001 HP-0.001=0.1-0.9

Absorbance

T
240 260 280 300 320
Wavelength [nm]

Figure 13. The UV vis spectra of mixtures, phenol;hydrogen peroxide

on each various concentrations.
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0.6 4

—— P-0.001 E-1 HP-0.001=0.4-0.4-0.2
—— P-0.001 E-1 HP-0.001=0.4-0.4-0.4
] P-0.001 E-1 HP-0.001=0.4-0.4-0.6
—— P-0.001 E-1 HP-0.001=0.4-0.4-0.8
0.4+
Q
[S]
c
@©
2 ]
o
[%]
Qo
<
0.2+
007 T T T T T 7| — T 77|
240 260 280 300 320

Wavelength [nm]

Figure 14. The UV vis spectra of the mixtures, phenol,hydrogen

peroxide;Et—-OH as each volume ratios at aqueous states.

0.30 —— HP0.1 ME-0.0001
——— HP0.3 ME-0.0001

HP0.5 ME-0.0001
—— HP0.7 Me-0.0001
HP0.9 ME-0.0001

Absorbance
o
o
1

0.00

T
280
Wavelength [nm]

T
240 260

Figure 15. The UV vis spectra of the mixtures, melatonin,various

concentrations of hydrogen peroxide, 0.1 M ~ 0.9 M.
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Phenol 5.0mM : Melatonin 5.0mM =A: B
1.0 5 A - B
—— 0.8ml: 0.2ml
1\ —— 0.7ml : 0.3ml
0.6ml : 0.4ml
0.8 —— 0.5ml: 0.5ml
0.4ml : 0.6ml
1 — 0.3ml: 0.7ml
o 0.2ml : 0.8ml
© 0.6 0.1ml : 0.9ml
c
@®
2
5 _
8
< 044
0.2
0.0 T T T T T T T | - —
240 260 280 300 320 340

Wavelength [nm]

Figure 16. The UV /vis spectra of the mixtures, phenol;melatonin

Sstates on each various concentrations in aqueous.
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Wavelength [nm]

Each conc.
273

272 o

Nl

271

HES
g4
|
<

270 S

HIMSY
HEHKH
<

A

269
268 T
267
266
265

264 I

sS4+ r——+——1 71—
P+H20 P+HP=1ml P+E=1ml P+E+HP P+E+v.Me P+E+Me P+HP+v.MeP+HP+Me

Figure 17. The shift of wavelength (Amax) that obtained by Gaussi-
an—-Multi Fitting for all of the mixture states at lower concentratio-
ns, P : phenol, HP @ hydrogen peroxide, E : ethanol, v.ME : various

melatonin cons.
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Ha TFE&AaqAY ZHFAAFTS ATY 7, 59 ¥ diste] 3
3ttt Figure 12. ~ 16.2 23 Ao tig ojAEI AAE E4E (P +
Et-OH, P + HP, P + Et-OH + HP, and HP + ME, P + ME, P : phenol,

Et-OH : ethanol, HP : hydrogen peroxide, and ME : melatonin.) & A% 2§

o

gtol&l 7] ¢ % UV/vis spectra©] iL, Figure 17.& ¢ Z+zte] £¢& 9 Amax
s v&d, EFEY 2AAEE YEUWo 3 & o WstE Rzt 59

o oAl ek, 7 AlEe EF AHel WE Amax® & &) blue or red
shift, ?} absorbance® Z7Asto] &wj 3 A5 283 &uje} &4 Yo A&
S dolr izt sHY

o A3, W EY (melatonin)o] S0 A] % TIE o)A R TIEES oA

phenol + ethanol (Figure 12), phenol + hydrogen peroxide (Figure 13) ol A+

273 nm A X9 blue shiftE & F UL, AR E£F= (Figure 14) oA+
ol E E3E o UV/vis spectra®ts= T t}E absorbance® Amaxol|A] =}o]H
= 2Ag F dAn shARE & FEed A= ddZd 9 (radical effects)

] 2% (hydroxy groups, -OH) o] %7] W&o, Z1E Atol9 & 2}
fo] FAXNOE o' FAAA = FAA gt

g zhzbel 23 fo] Wl Ed (melatonin) & TSP S wl= &)
|Adzte] A3 ZAgol 93] Amax> oYe WsE B FAth (Figure 15
and Figure 16). stA % A FF ool Ao F3 Lo wet 4 249 v =

Charge-transfer complex® 7=

o

2] % Benesi-Hildebrand equation (2] 3-2)%

S A &3 A AW ey (molar absorptivity)e] ko] (=) & HolFo] o] EFE 7

= Adepolwel 97 e Aol old F Uws BT

[A]U 1 1 1 ) ) .
Y S ADAD . [D]o + efD Benesi— Hildebrand equation (7)

([Alo : initial concentration of acceptor, K. : equilibrium constant, €y

molar absorptivity, [D]o : initial concentration of dornor)
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olo we}, ultraviolet radiationS ol Ao #AH A A7t &2 - 3454

=
=2
o
i
e
o
ot
ol
e
ui
=3
rot
(-
<
~.
=
wn
w0
S
D
(@}
Q
=,
a
=
=
o
2
Yy

]

aFEelA 01 mMeo #HiEd 1.0 mMe #®eEY (melatonin) & 34
UV/vis spectras AP A o= AOoW Figure 18 ¢ Figure 19 oA &
o] W7kl ~AEHS A5 4 v} UV/vis spectrophotometers £ <t
S0l 0= Al%o] UV radiations & wf v eol Al &2 2 wo of
Ux & SAst= 717107 o), ol8H o FaF=e gtol ‘0o 7HEA
U, Y59 (-) d9em "olxx= Ho] Py ARt A3= Figure 199
spectrumol] A B o] (+) Aol Ao 7 wloly ghe] UM, T FES T
B oFE AMEEY FTE, Ho#A welA UV/vis spectrae] A3+
intensity 2 blue or red shiftE ¥ 3t} (Figure 20 ~ 23).

olgAom Az Foivte A7 wxol WA aHA= UV/vis

spectrum< AR} ZZA Ado] A= FHo] oof dlal, o]E29 3o

s
il

==
o
=2

jg

rl

UV/vis spectrumo] AAM ol A, A cuvetteE: 3 3 TFgEo
UV/vis spectrum= HW 22X &t} o] o]fF = cuvetted] €07t 4 A=
o] T+ 919 Figure 18, 19014 ® o] #H= (0.1 mM), HZtET (1.0 mM)
o] A1k, UV radiation®] % 3}3l= cuvette?] Zol= dAT wf, I cuvetted] &
of7b= Z Az Fye 74 o welr] "I d¥Hew AW UV/vis
spectrum® B zto]E A Fyfel gldv. 2 A g Holy ;=
o7 UHFE F ol59 HolHE FgHom Folo FH APHow AJd
ol E 9 gty A UV/vis spectrume A3 5 At}

$ul 2k g

2

e,

fo

g 4 AR T Figure 20 ~ 2304 HojFZo] HtEY

(melatonin) ©] E0]7F T3 E Ao EA A5 FTE9 ¥H3to] wal Amax

9 S B = U o, absorbance?d W3E el g 4 Q). HE F
oA Aey 434 Jhge WwHo=w gvje 84 He HE FEs AF
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92 EQ (melatonin)

}Elf ofl M

4
o 1

"

ol Figure 24

el

tH A UV/vis spectra

3|5
o] 22 UV/vis spectra

=
=

Al71aL o]

S
o

s
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2 e
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081
Phenol : 0.1 mM
Melatonin: 1.0 mM  sew
Phenol+Melatonin{Theoretical]) e
05 Phenol+Melatonin{Experimental) =
8
04- g
03+
024
0.1
00+
LN NN I N NI N BN IR LA LA |
20 40 20 260 0 30 M0 B0 M 40 40
Wavelength [nm]

T T T
M M D0 M1 X0 H0 40 42

Wavslengh [hmi

Phenal ; 0.1 mM (half of cont.)
Melatonin : 1.0 mM (half of cont.)
Phenol+Melatonin(Theoretical )
Phenol+ Melatonin(Experimental)

Figure 18. The UV vis spectra of the mixture, phenol;melatonin at

high concentrations, right; the UV /vis spectra from mathematical

analysis.
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Absorbance

Phenol : 0.1 mM (half of cont.)
0.30 - Melatonin : 1.0 mM (half of cont.) ... o2t
Phenol+Melatonin({Theoretical) o0
Phenol+Melatonin{Experimental)

= subtracted UV fvis spectrum
045

025

020 1

Wavebength [nm]
010 4

The subtrated UV/vis spectrum =
[Phenol + Melatonin{Exp.) -

0,05 - {(Phenal}/2 + (Melatonin}/2}]

0.00 4

Wavelength [nm]

Figure 19. The UV vis spectra from mathematical analysis, Right;

residual UV /vis spectrum after the mathematical subtraction.
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1.2+

1.0+

0.8 1

0.8+

Absorbance

04 -

0.2 1

0.0

Mixtures

Melatonin : 0.5mM (fix)
Phenol: 0.1mM

1.0mM

10 mM
100mM{vary)

Pure materials

B
Wavelength [nm]

Melatonin : 0.1 mM

Phenol :

0.1 mM
1.0 mMm
10 mM
100 mM  —

Figure 20. The UV /vis spectra of the mixtures, various phenol

concentrations.; fixed melatonin concentration.
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0.5+

Absorbance

Melatonin ; 0.5mMifix) '
Phenol: 0.1mM — el
_ 1.0mM R l
04 .
- .. omM — 'i- 0
/ “"\..Jpo mM — =
{f ‘\\ EH_
03- | ‘ ;”"
\\ > \
A
kY m'
\
\ M4
02+ P .
/ Phenol Cancaririon [n]
0.1
0.0
T T T T T T T T 1 |
240 260 280 300 320 KLU
Wavelength [I'IITI]

Figure 21. The residual UV /vis spectra of mathematical treatments,

betw een mixtures and pure materials, and bathochromic shift.
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Absorbance

16- Mixtures Pure materials
14- .
\ Phenel : 182mM (fix) LS
| H,Q, : 20mM (fix) ]
12 \ Melatonin : 0.1~10mM (vary :: AN
\ 22
10 "
%
08- RO
Veavmangth Inivi]
08 -
Phenol : 182mM
04 - H,0, @ 20mM
Melatonin : 0.1 mM -
0.3 mMm
02 0.5 mM —
1.0 mM -_
0.0 r T T T T T T T T T T I T |
20 A0 %0 80 300 32 M0 0

Wavelength [nm]

Figure 22. The mutual UV /vis spectra of mixtures and pure mate—

rials.
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Absorbance

- Beer's Law
0.6 il 2
Phenol : 182mM (fiz) E 0]
0.5- H,0,:20mM  (fix) :
! Melatonin : 0.1mM — i 2 /

0.3mM 15 L]

0.3 mM —_—
0.4 1.0 mM g 6.0 /

— dhed /_
031 I TR TR

4 Ineletonl Concantrelon [mM]
0.2 Y= A+B %X
A = 0.0322 (Err. =0.02994)
B = 0.0289 (Ert. = 0.0515)
0.1- R? = 0.96966
0.0 .-‘ : . p—
/ “\ J
e, W
— 7T T T T T T 1 1T T T T
220 240 280 280 300 320 M0 360
Wavelangth [nm]

Figure 23. The residual UV /vis spectra of mathematical treatments,

and Beer’s Law.
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Absorbance

044 \
Melatonin (Fix) 4 Ml (Fb)
H, ¢ 0,1 ml ¢ 1 dilued - 104 Hy0 (Fi) —
0.5ml x 10 diluted — \ Phenal : 0.1 ml x 10 dilited
1.0ml = 10¢ diluted 05mlx 10 diluted —
' Domlx 10 dilutel
034
021
014
00

|
MW W oW W
Wavelength [m]

T
i

Figure 24. The UV /vis spectra of the mixture, H2O2;melatonin and

phenol,H:O2;,melatonin at high concentrations.
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2) FT-IR® '"H-NMRoIA 9 EFE9 A% B4

FT-IR3} 'H-NMR ®4le] o] 23 AEEL binary solution states,
ternary solution states, 123 919 F &= HAE (melatonin) & F¢
AlA EE Aol diete] ARS ) BERAT, Fl=m (CHs0H), &=
(CoHsOH), #2tshs2 (Ha02), 283 % (H0) ¢ -OH7} FT-IR¥ 'H-NMR
o] Ay Ay e TS FA. aA 4 AR 3ol doiA Hdg
TFEx AAY FE AAd FYstHA Adstla, Hoides FEIH} FT-IR¥Y
'H-NMR ®A4eA «4 dzgede] Waus vy 934 22022 Ad@s
AT}

FT-IR®] Z ¥+ Table 3 ¢ Figure 25 ~ 26 oA 2 & 9l%o] @zenl
(melatonin) indole -9 olFAg o] MAHA C=07} st ¥ AAYU= A=
MTH, MTC (MTH : HP + E + ME, MTC : P + HP + E + ME) % 4!
1710 cm ' H¥o] &FahA Yoz FAPTh o3 Uat= AaEFLr o
o wEolgte T AF Ao Fete zoer s ivr WeEW
(melatonin) #} 435 #A7F AS5S e AAFAC. =3 -NH7F FuA 2,
3300 cm ', ~OH®] A4, 3380 cm ', 3407 cm ' ®F &

'H-NMR®] A3 b3k o] ettt (Figure 27 ~ 29). Figure 27&
T YWHEYW  (melatonin) FHe] Z#HEFo]il  Figure 2894 HtEY
(melatonin) ¥ MTC &S MTH £ 94 W3 @ @egEY (melatonin)e £
2SS 4 993 NHCHO (11.2 ppm), CHO (845 ppm), CH.CO (2.95
ppm), ©°l&= FT-IR® =HEHI} Ag3te Zy¥z Jitssdare AzteEd

[
lo

-

oo

(melatonin) I #FA3 H& 2L TL& d¥r3o LS Ho FHY. adx
Figure 29014 & 4 gl%o] MTC9 MTH® ~HE- ] x}o] w3l el & <
9= UV/vis spectrophotometer®t FT-IRoI A9 Aol #AA7 drts A

o PN
= ¢ F AR
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Table 3. Interpretation of FT-IR spectrum of MT, MTH solution, and
MTC solution, MT : melatonin, MTH @ H>O2Et-OH,MT, and MTH :
phenol; H2O2,Et—-OH;MT.

No.|wavenumbers [cm™] FT-IR signal

@ 1100~1300 Lactone, C-O-C stretching vibration
® 1213 C-0-CHj stretching

® 1242~978 C-0 stretching affected by N and hydrogen bonded
@ 1373 CNO; stretching

® 1556 N-H-CO stretching

® 1590 Indole stretching

@ 1627 C=0 amidic(acetyl) stretching
2842 CH. sy stretching

2956 CH; asy stretching

@ 3300 NH stretching

@ 3380, 3407 OH stretching

- 44 -




CHi~_, \\

H;CO, (i\ N/C\"zc
. o ’ C\/\H
N H —MT
T o, e MTH2
¢ MTC2

0.6 1

1710cm™, (C=0) carbonyl—» i & :

(chetonic and aldehydic) \ !

Amplitude (arb. unit)

| |
3000 2000

Wavenumbers [cm™]

Figure 25. FT-IR spectrum of MT, MTH solution, and MTC solu-
tion, MT @ melatonin, MTH : H:02Et-OH;MT, and MTH : phenol;-
H:02Et-OH;MT, and the numbers of green color are related to Table
2.
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—MT

1710cm™, (C=0) carbonyl ~ —— MTH2
(chetonic and aldehydic) — MTC2

0.6
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amidic(acetyl)
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Figure 26. FT-IR spectrum of MT, MTH solution, and MT C solution in
the wavelength range 1000~1900/ cmil, MT : melatonin, MTH @ H:O2Et
-OH;MT, and MTH : phenol,H:0:Et—-OH,MT, and the numbers of gr-

een color are related to Table 2.
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Figure 27. 'H-NMR of pure melatonin.
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HNH [[|AH o ] [P | [cHs

i“‘ N, NH

Figure 28. 1IH-NMR of MT, MTH solution, and MTC solution, MT :
melatonin, MTH @ H:O2 Et-OH,MT, and MTH : phenol,H2O2,Et-OH; -
MT.
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Figure 29. 'H-NMR spectrum of MT, MTH solution, and MTC solution in
specific ppm ranges, MT @ melatonin, MTH @ H>Oz; Et—-OH;MT, and MTH :
phenol,H:Oy; Et—OH;MT.
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4. 4 &

oAy dEhde]  HzE " F4a F9elAe] WAl (melanin
chromophore) Z3llell wielir] Lopr iz} shivk thA] A A4 Az | A S22 7,
g e=3k2 A% HMA 5o Wb (melanin) & AASAF HlE, Hakega, e
2 debd (melanin) 4 A7A1¢0 EebEY (melatonin) & S8 A3 sH3

e §d4s olFe 7 AR FRIAY HE dA#AE Ho FE UVis
Spectrumo A= Beer’s Law, Benesi-Hildebrand Equation,©] #-&-o] ¥#] 2kgkx|qH
UV/vis Spectrum®] 482 7} - 78 A o072 ddolzl UV/vis Spectrumol| e 2+2te] A
59 WetEY (melatonin) ¢ ¥H&4 2 A4S IAIE gl & w3 AdE Ho] Forh
ZHF UV/vis Spectrume] 54 A52] F%ol ulg} absorbance] & - 7Fo] Uglom &
gk g Aze] wEtd = tE 9k (bathochromic or hypsochromic shift) v A=
= AmaxA4 ol ATk

o]#]3t A= HOy/UV radiation®] d8Fo® A7 o &)z (radicals) o] #%, Hz}
EY (melatonin) ¢ H] & APy &2 I+ Afo] ofg RS TATORA Ho
A= g ze o)% Zo whgolglon] FT-IR3} 'H-NMRS %
Ayt P2t gAo] 93 WelEd (melatonin) indole ¥ o o Z3 g
C=07} A4S FT-IRZ &flen, oo wepx sz g0
Axo] Mz A ®H @etEd (melatonin)e] EAFEE dF T 5 AT o
Al et "@ebd A et (melanin chromophore)d] 238 7154 2 A Ao =&
8] 7bsetrha kE o] XY

b B g vitrodl A WEkd (melanin) % ¥ = 8 M (phenolic solution) ¢ HF-&
of dol F o st BAY ds =ol7] s A | dAg 3A 9

Fgo] Pasan 4z

tlo
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w AdelM Bux s AL #@ebd (melanin) §4 Al HetEd

(melatonin) & AF-&35te] @b d@ At (melanin Chromophore) 2] E3E &<l
st Aol AT AP Aoz Wl e (melanin chromophore) ¥} ¥
= &9 (phenolic solution) Ale]e] w¥hg 2 AFEES 3 FAE o & A

o]t}
o] HA A ZHel #xe= debd (melanin) o A A7E obd 7
zZ- w1 S4B gk @eld (melanin) 9] EdlEkE HelA e &
(phenolic solution) & A& 77 vitro 9 7 vivo oA 9 A3 23 % 2ol E
tA e Gt 28 ER2 7 oo ol AEE BV Aol i vitro ©l
Al e 89 (phenolic solution) & °]F+ Ad A5E AloloAle s #A
9} #HE €9 (phenolic solution) ¥ HWEtEY (melatonin) <& Had

T

(melanin) ¢ 4% #AE Ho & F Y&

12 o

10
ﬂll

EY (melatonin) & EA3A=d, HlE €9 (phenolic solution) ¥ W E
(melatonin)®] =4 ¥ AAES 7] f¢d A48 AALE ¢ A
vivo o] Ao = oF & Aot}

i vivo oNA el AL obA FAE HoX AL glAR, Ao RAS thA
A BFate] AEL5A (cytotoxicity), A I Fole HE Fo HAYS F

H Al ukﬁko] 1:}

= [e2mre]

Jﬁ‘i
ol
ol
2L
Rl
3

N
ol

J

=
ol
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