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Abstract Symbiodinium is a dinoflagellate genus that coexists with coral reefs and is known
to provide ultraviolet (UV) protection in nature through the synthesis of mycosporin-like amino
acids (MAA). In order to develop a natural and ecofriendly sunblock for use in summer resorts,
the possibility of using a Symbiodinium microbiome extract or an MAA was investigated. Two
sunblocks, one containing 7% Symbiodinium extract and the other containing MAA were prepared
to be tested on hairless mice and human skin. In this clinical study, the sun protection factor
(SPF) and Protection factor of UV A (PFA) values of the sunblock containing either Symbiodinium
extract or MAA were determined. The SPF values of the sunblock containing Symbiodinium extract
and MAA were 10.43 and 10.83, respectively, and the PFA values were 3.42 and 3.39, respectively.
Based on their PFA values of =2, the UV A protection can be graded as PA+ (low) for both
the sunblocks. In addition, the UV-blocking extract of Symbiodinium has a low phototoxicity
and cytotoxicity, reducing the possibility of a heavy feeling to the skin or a foreign-body sensation
caused by residue build-up. The low toxicity feature of the major sunblock component will also
prevent side effects, such as allergic reactions. Although Symbiodinium extract or MAA alone
do not provide effectiveprotection against UV irradiation, their protection capacity can be com-
plemented by the addition of inorganic UV-protecting compounds.
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Table 2. Stability test result according to the temperature

Table 1. Criteria table of standard evaluation on erythema
status

Evaluation Criteria
0 No change on the skin
+ Visible erythema but partially (< 50%)
+ Visible erythema nearly whole (> 50%)
++ Erythema+edema
+++ Erythema+edema-+blistering
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of the Symbiodinium extract(NC; no change)

Days 1 2 3 4 5 6 7 10 13 15 20 23 25 30
Room temp. NC NC NC NC NC NC NC NC NC NC NC NC NC NC
40 NC NC NC NC NC NC NC NC NC NC NC NC NC NC

50 NC NC NC NC NC NC NC NC NC NC NC NC NC NC
Cold storage NC NC NC NC NC NC NC NC NC NC NC NC NC NC
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Table 3. Phototoxicity test results on 3T3 NRU

&

Tvpe of extract Average concentration of ICso Average concentration of ICso PIF

P (UV-, mg/ml) (UV+, mg/ml) [ICs0 (UV-)/ICs0 (UV+)]
Crude extract 932.5 215.0 4.34

Purified extract > 1000 > 1000 1

"PIF; photo irritation factor
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(&
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stance)= FHAFH AT = 2FE2EY A HH
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S 2 Yehy BF=d EEE AAEHAT

Figure 12 QIZF AEF MEZE o] &3 F8&H A
o WE SymbiodiniumS-ZHEH F=H H 54
UV A28 23559 22 A F2E9] 254
A5 Yyebd geizolty. T3 Figure 2+
Symbiodinium S 258 FEH vl54 UV AEE =
FZEE9 ¥57} 500 pg/mlY W] 217 AT A
ZE o] &3} .'1"4-_9_@ Al ‘6‘4%0}] ]I}E'; Iﬂ-EA—] A=
UERd ARZl o] a1, Figure 3-2 Symbiodinium 2.2 5-F]
F=9 vEA UV e g 23 A FEE =
7} 250 pgml¥ W Q1ZF A N EZE o] &3 F

S8 AR & F54 29E YR ARl O]
T}, Figure 29} Figure 3 UERS 383 Al gol A

AHEE UV A Z2AFES 15 J/em? ©]ATH
At A FE o] &3 F8E Al 23t F=
A A= 3T3 NRU F54 AlgHA o F54

N Ao} Ao FAEAT

Cell Viability (%)

0 100 200 300 400 500 600 700
Concentration (pg/ml)

Figure 1. Graph of phototoxicity test results of crude extracts

and purified extracts according to the photohemolysis test

method using human red blood cells

Figure 2. Phototoxicity results according to the photo-
hemolysis test method using human red blood cells when the
concentration of crude extract for sun protection is 500 pg/ml
(A; UV-, B; UV+)
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Figure 3. Phototoxicity results according to the photo-
hemolysis test method using human red blood cells when the
concentration of the secondary tablet extract for UV pro-
tection is 250 pg/ml (A; UV-, B; UV+)

3.6 Symbiodinium F&E82| MEZSM M8

Table 4= SymbiodiniumS-Z5-B A28 2F=E&E
I AAFEE 2 Arghel A A 22l HaCaToll o) gk
AEZ=A APANE Yepd Zlo]th Table 3014
Efvbe vhe} o] 2FEE3 AAFEE 2] HaCaT
of thal ¥k XA F57F 2% 5 mg/ml o) 402
UEl BIAEZ 54 &2 (non-cytotoxic substance) =
AtsEth

Table 4. Cytotoxicity test result of Symbiodinium extract

Type of extract ICs0 concentration (mg/ml)

Crude extract > 5

Purified extract > 5

3.7 Symbiodinium £&&°2| UV =M MEZ4
H5s £ ME

Al E A 7+= Figure 42] 139} 701 cell via-
bility= ol o] F2tZ AAATE 1 A 48%A
A ko] FEE 0.1 mgmlE F7HS v 64%E F
7Vt &35 B

Cell 100 x viability (%)
= (N7 F35 / WERTY FEE) x 100 (%)

100

sﬂ 4
—~
£
= ol
2
=
- 4
% 40
[¥]
20 4
0
TVA = + + + +
Concentration| o 0 0.01 0.05 0.1 |
(mg/ml)

Figure 4. Cell viability of UV induced cell damage protection
of Symbiodinium extract

3.8 Symbiodinium £&8°| U
T RN ANEEAES =
=% T 14N A %
Symbiodinium®| FEE&
Hho] A A Ut whEkA
'L UV At

_i'_
3 YE A= 4

b

Symbiodinium 5873
MR = e s T

el
FE T} (Fig. 5).

o o

Figure 5. UV protection effects using hairless mouse on
Symbiodinium extract (A; application, B; non-application)
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AR 42(SPF)2F UV A XA 45(PFA) 2] %
ZYZy HiFgkol 4467 4.082 2] F o) oFEokA
A 1112013-50§4 UV gy =4H gl 7]
Al AN e UV GRS EFAE V)
447 £ 1289} UV A A AA T 2 FFAE 7|E
1 44 + 0.6 ool 242t EAEFHA LT 95% 2=
Zto] FEAFS UV AAA S Htgke] + 20%<}
+ 10% T-3F QFoll Z3tE o] AP AEAg HFel A
T A3 Ao 2 JERTE (Table 5, 6).
Symbiodinium FE% 3+ UV A=A H o] Uvet
UV A9 AR o] S AT HH3h2 2H2t 14.39
+ 1.627 3.5 £ 04322 YEFRE O™, 95% 223
o] A4 HFFke] + 20%9F + 10% T3 SHl
Z3Eoo] Ao A HFAAE AEe Ao=

UEFST) (Table 5, 6).

nﬁ
S

4N HN“‘
N o 2

_

Table 5. Measurement result of UV blocking index of

Symbiodinium extract

Products SPF value 95% CI
Low SPF standard
447 + 1.28 0.49
sample
Symbiodinium extract
1439 + 1.62 1.28

containing sun block

Table 6. Measurement result of UV A blocking index of

Symbiodinium extract

Products PFA value 95% CI
Low SPF standard
44 £ 0.6 0.42
sample
Symbiodinium extract
3.5 £ 043 0.25

containing sun block

3.10 Symbiodinium £FE8 =X M% UV AX| 7}
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I Aol MO YEgon =X Sof= 724
o2 yYehs  HOFE Hol Figure 69
Symbiodinium &4 FEE2 UV Atds s 7HA&
fre&EAdEs Ffstr e Ze=E oit"Ent
[2,5,19,20].

Figure 6. Photos before and after applying the sun block
cream containing the Symbiodinium extract taken with the
UV detection camera (A; before application, B; after applica-
tion)

2 B
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A FE3 MAASE 831 UV 5%

MEe E3) ek uv 2td AlE 1B 7o
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AE A7 (FAME: $2594138).
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