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Abstract Laver comprises large amounts of mycosporine-like amino acids, one of the high-content
substances being Porphyra 334. Since this compound reportedly exerts anti-aging effects such as
anti-oxidant, wound healing, wrinkle improvement, and UV absorption, it is under constant research and
development by cosmetic companies for varied applications as a cosmetic ingredient. However, to date,
there is no commercialized Porphyra 334, and there is an unmet necessity to develop a technology for
mass production. In this study, extraction was achieved under varied conditions to increase the yield of
Porphyra 334, and the optimal solvent, time, and temperature conditions were confirmed. Additionally,
a high content of Porphyra 334 was purified from laver extract using liquid chromatography. A
quantitative analysis method of Porphyra 334 was devised, and the analytical method was validated by
evaluating the specificity, linearity, precision, accuracy, and stability. In conclusion, our study achieved
optimizing the bulk extraction process for Porphyra 334. Moreover, the analysis method was established

and validated for future industrial applications.
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Fig. 1. Several Mycosporine-like Amino Acids (MAAs)
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Table 1. Prep-LC Conditions for the Fractionation of
Porphyra 334

Resin Daisogel RP18, 10 gm (Osaka Soda, Japan)
Flow Rate 600 mL/min
Mobile Phase A Water

Mobile Phase B

Mobile Phase
Gradient

Acetonitrile

Omin (0%B) — 17min (0%B) — 19min (90%B)
— 29min (90%B) — 31min (0%B)

100 mL
UV 330 nm

Injection Volume

Detector

S1o]

2.3.2 Porphyra 3349 2% &0l

8302 AASH Porphyra 334+ mass spectrometry
(BSI/positive, AB SCIEX 3200 QTRAP MS/MS,
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Fig. 2. Amount of Porphyra 334 by Extraction Solvent

Table 3. Filtration Time by Extraction Solvent

51997, B4 HE 80 - 120 mg/LE 5kt
Extraction Sovlent | Filtration || Extraction Sovlent | Filtration
(containg MeOH) Time (containg EtOH) Time
Table 2. Instrumental Conditions using HPLC Water (Control) > 2 hr Water (Control) > 2 hr
Shim-Pack GIST Cig 20 % hanol 2 h 20 % ethanol 2 h
Column (4.6x250 mm, 5 #m, Shimadzu, Japan) methano ) ! ethano ’ i
Column Temp. 30 © 40 % methanol |15-16 min 40 % ethanol [18-19 min
Flow Rate 1 mL/min 60 % methanol | 5-6 min 60 % ethanol 6-7 min
Mobile Phase A Water (containg 0.2 % TFA) 80 % methanol | 17-20 sec 80 % ethanol 23-26 sec
Mobile Phase B Acetonitrile (containg 0.2 % TFA) 100 % methanol - 100 % ethanol -
Mobile Phase | Omin (0%B) — 8min (0%B) — 38min (60%B)
Gradient — 40min (0%B) — 50min (0%B)
Injecton Volumg 20 4t 7 2220 ol AT BN 32 Buo] S E
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Fig. 3. Amount of Porphyra 334 by solvent Volume of
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Table 4. Amount and Recovery of Porphyra 334 by
Each Process Step

Porphyra 334
Process Recovery

step Amount Compared to | Compared to
Initial Extraction| Raw Material

Extraction 24.2-253 g - 0.50 %

Concentration | 20.6-21.5 g 85.1 % 0.42 %

Drying B o o

(Extract Powder) 17.1-18.0 g 70.9 % 0.35 %

Final ~ o o

Product 15.3-16.2 g 63.6 % 0.32 %
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Fig. 6. Mass Spectrum of Purified Porphyra 334

Table 5. Identification of Porphyra 334 Structure
through NMR Spectroscopy

NMR spectroscopic data

Structure
position OH mult., (/Hz) dc mult.
1 1.25 d(6.3) 19.2 q
2 437 m 67.8 d
3 4.22 d(4.2) 63.4 d
HoLs 0 4 - 174.3 s
s 5 - 159.4 s

2

L 6 - 125.8 s
» “°7 ! 7 - 160.9 s
MO Y T 8 .84 d(17.5), 2.78 d(17.5) 32.8 t
N g - 71.0 s
° 10 [2.91d(17.5), 2.76 d(17.5) 33.2 t

Porphyra 334
11 3.69 s 59.3 q
12 3.57 s 673 t
13 4.16 d(5.6) 45.8 t
14 - 173.7s

3.3 Porphyra 3349 2MH AS
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7. Specificity in Assay of Porphyra 334
(a) Chromatogram of Porphyra 334 Authentic Compound (b) UV Spectrum of Porphyra 334 Authentic Compound (c) MS/MS
of Porphyra 334 Authentic Compound (d) Chromatogram of Purified Porphyra 334 (e) UV Spectrum of the Peak of Purified
Porphyra 334 (f) MS/MS of the Peak Fraction of Purified Porphyra 334

Time (Min)
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miz (Da)

Ak EI ARG 2 vIE BEEH 12
9} UV Spectrum ¥ mass spectrum (MS/MS)o] %]
51710l 3d #l3= Porphyra 3349 E9Isk3ith
(Fig. 7).

3.3.2 &MY

A HYE 80 - 120 mg/LE sto] 33] AJEA]
ARALR? coefficient of determination= 33] &
5 0.9999, JHLAKR.E.: relative error)= -0.2 -
0.2 % & 71&([R? 0.9 o4, RE. +5 % °lsPol 2%
St THTable 6, Fig. 8).

2.0E4
RE -0.1%
-
1.5E4- RESSZ
o
s REO0A% _—
= RE -0.2% ol
<
] RE 0.0% '/ y=131.7x -82.4
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Fig. 8. Calibration Curve in Linearity (batch #1)

3.3.3 tt=y

3N s W AIE-8AS HPLC 63 W

Table 6. Linearity in Assay of Porphyra 334

A5t w) HEAS(C.V.: coefficient of variation)
0.1 - 02 %2 7I&C.V. 5 % olW)oll stk

Batch Contents Results
Relative Error -0.2-0.1%
Bitlch Equation Y = 131.7 x - 82.4
R 0.9999
Relative Error -0.1 -02%
Bitz‘:h Equation Y = 1321 x - 93.6
R 0.9999
Relative Error -0.1 -02%
Bzgh Equation Y = 131.8 x - 98.4
8 0.9999

(Table 7).

Table 7. Repeatability in Assay of Porphyra 334

Conc. Contents Results
Calculated Conc. 90.1 - 90.6 mg/L
Low Conc.
(90 mg/L) Mean 90.3 mg/L
C.V. 0.2 %
Calculated Conc. 99.7 - 100.0 mg/L
Middle Conc.
(100 mg/L) Mean 99.9 mg/L
C.V. 0.1 %
Calculated Conc. 110.2 - 110.8 mg/L
High Conc.
(110 ma/L) Mean 110.3 mg/L
C.V. 0.2 %
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F&(Recovery)S &St 2 A4HA] 99.0 - 1004 % =" v, 94 I YE 5 kg2 FAISE 37 EEY
2 ZRIFo] 7]&(C.V. 5 % °|W, Recovery 95 - 105 Porphyra 3340l ths] FFEAE HASHAT FFA

%)°ll AetsterHTable 8).

3.3.5 HiX[ZH MMty
3R] AlEE Bt viXIZE ARA, A3 ERIA O
HEAT7F 0.3 - 0.4 %, 352 98.8 - 100.6 %

719l 712(C.V. 5 % ©]W, Recovery 95 - 105 %)°f &
5HATHTable 8).

Table 8. Reproducibility and Accuracy / Inter-batch
Precision and Accuracy in Assay of Porphyra

334
Results
Conc. Contents | Reproducibility [Inter-batch Precision
and Accuracy and Accuracy
Low Recovery | 99.8 - 99.9 % 98.9 - 99.9 %
Conc. Mean 99.8 % 99.5 %

(90 mg/L) | c.v. 0.1 % 0.3 %
Middle Recovery | 99.8 - 99.9 % 98.8 - 99.9 %
Conc. Mean 99.8 % 99.5 %

(100 mg/L) [ c.v. 0.1 % 0.3 %
High Recovery | 100.3 - 100.6 % 99.3 - 100.6 %
Conc. Mean 100.4 % 100.0 %

(110 mg/L) | C.v. 0.1 % 0.4 %

3.3.6 28y

AXE7t St MES A2004 4841
% ¥ A(post preparative stability)S =gt
A7 0.1 - 0.5 %F710] 71ZR.E. +5 % o|5ho]
A3 (Table 9), 271407 EZYALS -75 €
A 337 Hshe oS SRIgh A, Ao eArt
217 0.1 %7100 =LA FA] s B 2204 <t
FS ERlskAH

-
yul

L]
a3t

st

%

UOII

Table 9. Post-prep. Stability in Assay of Porphyra 334

Conc. Contents Results
Low C Conc. Change 89.1 — 89.3 mg/L
ow Conc.
Stability 100.1 %
0 L
©0 mg/L RE. 0.1 %
Middle Conc. Conc. C{lange 99.0 — 99.10 mg/L
(100 mg/L) Stability 100.1 %
R.E. 0.1 %
) Conc. Change 109.4 — 110.0 mg/L
High Conc. ER
Stability 100.5 %
(110 mg/L)
R.E. 0.5 %
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