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Introduction

U29|(Aloe genus)e WEIHLiliaceae)g0l &3k A1 BE thd

Abstract

Purpose: This study aimed to extract phyto DNA from the adventitious root of Aloe
vera and confirm its role in improving and regenerating skin and antiaging properties
caused by blue light. Methods: Phyto DNA was extracted and a complex containing
polylysine and Poly (amidoamine) was made. The antioxidant activity was confirmed
using the DPPH method. The MTT test was performed on fibroblasts. The expression
of SOD1, FLG, LOR, COL1A1, and MMP1 was measured using RT-PCR after blue
light irradiation on HaCaT cells. The wound-healing test was performed. A phyto
DNA complex cream formulation was created. Using this method, skin epidermal
water loss was determined after human application. Results: At 0.85% of the cation
polymer-phyto DNA complex concentration, 100% of fibroblasts survived. At 0.1%
concentration, the antioxidant effect was 93%. After being exposed to blue light, only
40.4% of fibroblasts survived, but after being treated with a 100 pyg/mL complex,
80.5% survived. At a mineral-cation-phyto DNA complex ratio of 10:1, the expression
of skin barrier factors was highest. About 95.7% of HaCaT cells regenerated at 10:1
ratio of the mineral with phyto DNA complex in comparison to complex with only the
minerals without phyto DNA. Conclusion: Phyto DNA from aloe vera’s adventitious
root has no cytotoxicity, has excellent DPPH free radical scavenging ability, and can
mitigate blue light cytotoxicity. It can improve skin barrier function by increasing the
expression of barrier factors via a synergistic action in a specific ratio composition of
phyto DNA, cationic polymer, and mineral complexes.

Keywords: Aloe vera adventitious root, Phyto DNA, Blue light, Skin barrier,
Antioxidant

(chromone) 5, T (pyrone)s, oH|icAl, HIEFI; njyjg 59 A
EEo] ZFE rta A o] F3t At 2t e
2hg, o8 A2, AR5, FACZEE B B mi

BSOS 2202 BREY, A AAZLE oF 500 o] &
A=t (Cho et al., 2014) 1% n|=+9] Z2|tle} dAtA, HFH A
FE FHOZ dig A== g2 HizHAle vera)= LA &
5ol A=l it} oA 1976WRE AFELEZA7E A
o= g AuiHE st g w2t ATk S0l Bg
Elo] A=l it} YR FE2EL g, oA 59 AL
E39] ¢tEgl=(anthraquinone)s, ¢HEE(anthrone)f, I=2E
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£a7 59 avr} oty B =t Rodrigues et al,, 2018;
Sénchez et al, 2020), 71 go]] g2of A 22EL Aon ALY
S ERN7I AR 2A 9] S ST Sl Bl 2
A& XA Ro et al., 2000),

AL 4271 ofd Qat £7) 22 Rolx] dgEE e
£ Woket(Esau, 1977), theFst 22 RE RIS ZA|uloks}
o] QEYALS Fal| AT YA S HEetka ostE o2 (-85t 4]
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E9] thiES 47] $3 A 53] Fa= otk (Khanam et
al., 2022: Lee & Ahn, 2022). HZ &=20]|9] B 2280 7|29
TR} A AMEE o] T RAEl A BaE 7RIk E
& ZItHArbab ef al., 2021), LA ATFE G50] UFH g2
of A 2EEd= g gRo9 FAZ e A BA 4T

Ao 9RA Qo= QI3 WS TF il QU4
=SHextrinsic aging)o|Za Sh=d, ol MU 2] zjjAef o5 U
oub= =3Hphotoaging) & F2 Wttt §34 Q<lo] AAsk=
el =318 e AR 2y o] B¢ AR I8 &2
T M A 5 2 2 3AAE FRskof theket oY) &
gl ot mj Rt st ArF Eas] APE ATHKrutmann
et al., 2021). 9 AFolAle AAFQ] UV 8 offg} 7}A]
Z4(400-740 nm) 999 I 3 matrix metalloproteases
(MMP)—-1¢} MMP-9¢} g AL €71 8-S Eafjsts a4 &4
< G5} (Schroeder et al,, 2008), €3] UV7Z} A% &g
A 23412, 419, 426 nm)> ZFAANEZ} WA 2] FAS 7
2A)7)e Aoz YehgthLiebmann et al,, 2010), B Uob7bA
4 0 2 ZH2}717]0| A gol EEE= F Fd] g E3 4]
NZo] n|EZ= 2o} DNAS A7) A4 A (reactive oxygen
species, ROS)E A/4st, A 7|57l HlZ =3 9 T 24
< op7|3ittar B = SltHGodley et al, 2005), T3 B2 Apel A
B} o 722 gf S JFs, g & ROSY S sk
A/3€ ROSE HHe3Hs fdshke MMPs 549 HE-S S43)st
£ 50 22 FAgo] m R n]z)= fadel tis AvtE Yok
(Kuse et al., 2014), & A ollHe= PR o5t R w-gs vt
Astal w RS L] At JEORE GRof vzt B
DNAo|| tsff #3151t

Autd 0 2 HLE]o)A HolQ] polydeoxyribonucleotides (PDRN)
2 3717} 50—1500 kDadl Hl&A|ZE A AREo|L o]52 ¢Hojd
a0 x] F2EH A EAEH o] adenosine A2A receptorsS 2443}
ANA ZAA, Fxs) ZeHl F9S EXTHKIm et al, 2021a),
o9} H|Z=6t A]29] phyto DNAE 4572 97191 Fd+ w2jud
712 o]Fo|A phosphodiester bonds®] 2o 2 o]Fo|Z ¢
AR OA AR AE9 IEA} DNACITE, H(Porphyra sp.)ollA
&%t PDRNO| A9 afE Herke a2t glgles
2(Yang et al,, 2021), Bi1E FAF5E0| oA A& E3F DNA 5
EA57} Hol AYATE 7| 4= Lo RN A aat E5 7))
& 4= Sl

DNAS} Zg|olu|thdl (poly(amidoamine), PAMAM) Sl=2H
= Ak A6t Q7|9 AR FAs) ofulier] Atole] A
718 A2Agol oJste] BRAE FAste] DNAE 2491 4= itk
(Bielinska et al,, 1999). TFF7}A| 2 DNASH B34S 4 4= 9L
£ 9ol2o] Zz|gto]Al(polylysine, PLL)2 ZetAu|E DNAE A

27} &5 4 e A71(<100-200 nm)2 A= 4> YtHZauner

|

o

232

et al., 1998), ©]&3t polycationS-2 1A AZoA ZA4L veh
A A2 SAlo DNAZL Qg ol aatd o2 Add 4= gl &
HEY| 2 o] 851 Jrh(Bielinska et al, 1996; Pouton et al., 1998).
£ Aoals gRo| Heke] Ao 2 RE] 253t phyto DNAY
IS o RAZZ) AL 5EE Fo|17} 3I9Lt

£ 1L RS2 ES] A|0133344359]] AT 'GR 9] gk =
A9 (Cho & Shim, 1994), $=5F53] A|10-157678759] 7|
Al e = SRR ol S7HE g FAHZY Az
W 2 A7) W] o) AlzE gRel| g (Yang et al., 2013),
TFEES] A10-129474239] FHAGE ‘S EAo| T
g2of BAZLo] AZHH (Yang et al, 2011)S 7|5ko & 3 A&
ZAF 7|&o] 3| BakE R FPZoRRE 25T IE
DNAE o]83}0] PAMAMT} PLLE Z&3kaL & ool F3HA19}
Z, viavls, ZE, UEE, ofdS Zdske MU BEES &
A3t B AT o] ERES B ANEOR 3t njR e
35 WAska AEL oi AEzEs 9 A, wogelat dd
Z7tet ol RG avkg SRlstast et

Material and Methods

1, 2

E Afolla ARt G2 of WizHAle vera)e 3-54¢ ASSH Y
02 EPAELRY AT oz RE AHFHAHKim ef al.,
2020a).

2. U20] W2t RHZ Y

20| wjgt T vk tiziil= 5E53] A|10-1576787
Zof| wt ZH)EUchYang et al., 2013), o}¥ &= Hjz} §H O]
& T2E Yol 7ESHA AFstr 20| dsiar E2 el
< G FES @712 UmA 22 Ad 5 4% chlorine bleach
(Clorox, USA)ol @7} 5 min F2t wHt ¢lo] ¥ A& AlHTh
Y 4ol B¢ ¥ BHE 4 3 29 AFP AFE 232
0.7 g/L ZF|°|E o}7KSigma—Aldrich, USA)Z 133+ 0.5 mg/
L NAA (1-Naphthaleneacetic acid)®] Z3E MS 8 *](Murashige
& Skoog, 1962) (Duchefas, HIETE)o] 28°C Y(dark) AEolA 3
FMFE Y, =" TS MS A9 0,3 mg/L indolil—3—
butyric acid (IBA; Sigma—Aldrich)7} 32 N wijx| 2 A vl
=t

3. Y20 W2t HYT FEO| IE DNA £5

gz Wz RATORRE W= DNAS $E57] Slstel W
A, Z2Auepstol S5 Lol Hek R 50-100 g2 AHH
of Tha7|2 B Tl 30-50 mLE PAlReletel, o] wjek
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ALY AEE $SE3IGTE A7 5% g2 vzt 2829 Al
o] 800—-1,000 pL 55 ¥ 600-800 uL (pH 8.0) H&e 713}
o] AEA7]1, 372 zirconia silica beads (0.5 mm, 0.4—0.8 g)
(Inovatec Machinery, China)Z 713ttt the-2.2 1009 &3+
WA AAE o835t A7) @EAE ¥F ¢ disdhe Y2 3 3
HhE ZEjsigint, A9 & 47] 52 9 s 93 detds
3,800—4,000 rpm ¥ 50-60 s AL Z H|=H]g 7]A|(BIOSPEC
product, USA)ol| &-85to] A|28-& w23}t

A7) AlZEE gast FErg 10,000 golA 10—15 min GAE
2ok, o|2RE AL £S5, A7 57 A 6.0-
10.0 mL®] chloroform (Sigma—Aldrich)& 7}, 15 s EE4
(vortex)3to] AF3HA| wHket ok, ohA] 10,000 gol A 5-10 min
AR, o|2HE 4FAE S5

A7) AFdol| T olAx 2 LU Z(Sigma—Aldrich) E
10% (v/v)9] 3M A&t]gotAE| o] E(Sigma—Aldrich)E 7FstaL, A4
5] 3R the, —20CollA] 10-30 min o) B & AEE THA|
10,000 goflAl 5—10 min G422k, A5HE AASH tha
©2 70% oe-&(Sigma—Aldrich) 100-200 mLZ 7}3}31 &3kt
o T3t W o2 10,000 gollA 5-10 min YHE28EL, Ak
S AAsIAoH, A% DNA H3lE 5-10 min FF AFARA|
the, 93 282 1.0-1.5 mL 7}5l¢] DNAS £38)A]7]) 1 4255}
o1& —T0Col Bstgitt,

w

Lo)

==

ol

[

S~

4, MI718S

F&% & DNAY F7|& Isty] AsiA A7]952 AAl
5ttt 1X TAE buffer (Sigma—Aldrich)E ¢ EtBr (1:10000)
(Sigma—Aldrich)& 715t 1% Agarose gel (GenDEPOT, USA)©|
ZH7|=2 3t & 5& DNA 10 uLe]l 6X Gel loading buffer (Sigma—
Aldrich) 2 uL2 &3t 6 LA 295kcth iVDye 1Kb DNA
ladder (GenDEPOT, USA) 2 uLE 2935}ic) 135VollA 30 min
29 F gel& ®WUo] UV lamp (TN-4LC; Korea Ace Scientific,
Korea)ol| A 21531,

o

SEET digel M=

1) L20j| 2t 282 ZEELC| IE DNA Y Y02 S
g=(0lst, Y=o Hi2t EHZO| ZXHHY D|E DNA &
X(Sample 1)
ol FA= PLL (g2 3]0}, Korea) W PAMAM (Sigma—

phyto DNAS Z3i5H= k0|2 2 O|u|E E8H29| in vito A tElE eIt

Aldrich)& 3:12 g5t AMEstqnt, 559 g2 w2k 242
o] 22l T E DNAS} ol STAE 2:19] FHu| =2 E3late]
Sample 15 A=}t

Hizt ™Yo =AHHY I|E DNA S8i2 Y oluE =
Si2g shet 28H29| MIZ(Sample 2—1~4, Control 2—1, 2)
g EFES AZE] A% A5 T2 ot
(HANSKOREA, Korea) 25| 35134t} Z4 5.0 ppm, Wk1vl&
1.0 ppm, Z& 0.5 ppm, YEE 5.0 ppm 2 o} 2.0 ppme E58t
o] oy B3HE-S A28t Method 59 L0 Hlgh Byt
22} 7] & DNA E3HE Al&(Sample 1)of] 1]|# E3HE-5 Table
13} 2r2 6 714 HIERE T8t EFES Azt ol F
22| Z(ACTIVON, Korea)oll §3iA171 &, HA 2| ad(Mirae
biotech, Koreay& H7Fete] <o 2 Ao] gl ezt 2 w71
QPE3HeF 5-10 min &)X A EFHE(Sample 2)2 A28kt

3) Method 5-BOIIA XM=t S&ES &Rots 22 MZ(Sample
3, Control 3)

& Method 5-BoIA A|l2H E3HE 5 Sample 2-4 (1:10)9] &3
E& ZAT Y-S Table 29 24 9 FFO = A|x51GIT, Table 2
oA m|Eke] T 0.1 FF% olskE nshH FAId. 22 0,001
0.1 F%%0] 349 AL 9n|gict AMSE dae BF FEH|
(OPTBIO, Korea)ollAl ZZ4H)ch

6. In vitro assay
1) MROMMZON 2| =4 2ol

AEtiEta oo} ol Rl Aol FFEE Al el A
OPHIE 2x 10° cells/well?] HEZ 96 4 Z&0o|E(well plate)o]] Hl
9F5}1L 10% fetal bovine serum (FBS; Sigma—Aldrich)E 53¢
L Iscove's Modified Dulbecco's Medium (IMDM; Sigma—Aldrich)
0.2 mLE 3338 ¥ 24 h 5% CO. viF7]oA] viFstsict, o7
o] dimethyl sulfoxide (DMSO; Sigma—Aldrich)o] &¢1 A58
(Sample )& A 2|3t thg 24 h B vyt o] %, A=) A&
& goli7] 9fste] MTT assay S 55HTH MTT assay+= Hi%
3t AlEo| 1-(4,5—Dimethylthiazol—2—yl)—3,5—diphenylformazan
(MTT: Sigma—Aldrich) €9 0,1 mLE 71t $, 4 h F<F vt
ok iR AA3EL DMSO 0.5 mLE Yol 49 ZupHMTIT

formazan)& ELISA (enzyme-—linked immunosorbent assay)

Table 1. Mineral complex and Aloe vera root phyto DNA complex ratio

Mixing ratio (weight ratio)

Sample 2-1 Sample 2-2 Sample 2-3 Sample 2-4 Control 2-1 Control 2-2
Mineral complex 1 2 10 - 1
Phyto DNA complex 1 1 1 1
http://www.e-ajbc.org 233
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(Sigma—Aldrich)2 AME8tY 570 nmolA S4=2 2439t of

2l Aof| sl MZAYEE )= SR o, A2 A& FF

n]R]7] o= AR FEE Akt

MNIEZMZE(%) = [(St-Bo/(Bt-Bo)] X 100

Bo: MIZLHHQF HHX|THS A HESSE 2O| 570 nm SE =

Bt: A|I2E X2|otX| 41 BrAH B2 2
u o

LS =
St: AIZE XMelot LA BHS5H o)

570 nm &=

2) DPPH 2iC|Z A7 M5 53

3FA3}E A4S DPPH (1, 1—-diphenyl—2—picrylhydrazyl, Sigma—
Aldrich)8& 0|83l AR free radical 2752 Z4sLA} o
Hh(Brand—Williams et al, 1995). A, Tt =9 325 1
mLell 4x107*M DPPH €9 5 mLE 7}sto] Ea3t the ool A
30 min BF3-A|A ELISA (Sigma—Aldrich)E ©]-&3}e] 517 nmof|A
FBEE Etgtt. AR thgat Zo] AABHATHKIm ef al.,
2022).
DPPH radical scavenging activity (%)=100-[(OD of sample/OD
of blank) X 100]

bS]

3) MY ZAfol| 2ot MZ =4 2fet Sut £F

i

AR 5 Aol Al 2% 10° cells/well®] =2 96 well plate
of| ujFetaL 10% FBSE $-7-5h= IMDM ¥HA] 0.2 mLE 335 &
24 h F2t CO, vig71olA vigstglet. of7]ol DMSOd]| =2 Al&
LN (Sample 1)& A3 TS 450 nme| FAFL 120 min A
St & 24 h B2 vt 0%, Mzo] AR S Yotry] $5t
o] MIT assay g S8ttt MIT assay+= B9 Ao MTT &
H 0.1 mLZ 7kt & 4 h 52t ufket o wi A= A|AskL DMSO
0.5 mLE go] A" ZEnES ELISA (Sigma—Aldrich)S AR
stod 570 nmollA FFEE S5 HREZE ascorbic acid

(Sigma—Aldrich)& AH&3H3Tt,

4) Method 5-B01| [ 2&=(Sample 2—4) X2|0f 2[sh M= A4
P gl =2

2 Method 5-BolA =58 Y20 vt £ 22w 5
E DNA E%hE ¥ olv|E E3E(Sample 2-1~4) Z, Sample 2—4
(1:10)9] EHES et & Alzo] A%s wsigleh. Agista
Qstelis} mliat A4of A FFE HaCaT NZE 6 well plate

ol 1% 106 cells/well®] S =2 B33t vjokst & 10% FBS7} &7}t
H uiR|2 w5t 18 h FF A (starvation)A|7] 1L, 24 h F<F b
Fataict. HaCaT Al2zoll A& 0.5 (w/vi)4 A2t thd 450 nm

Table 2. Cream composition containing Aloe vera root phyto DNA and mineral complex

Content (weight %)

Control 3 Sample 3
Sample 2-4 1-3
Glycerin stearate 1-3 1-3
Stearyl alcohol 1-3 1-3
Stearic acid 1-2 1-2
Wax 1-2 1-2
Sorbitan stearate 1-2 1-2
polysorbate 60 1-2 1-2
Squalene 2-4 2-4
Refined vegetable oil 1-2 1-2
Trioctanoin 4-6 4-6
Mineral oil 4-6 4-6
Triethanolamine 1-2 1-2
Betaine 2-4 2-4
Sodium magnesium silicate 0.1-0.3 0.1-0.3
Dimethicone 1-2 1-2
Glycerin 4-6 4-6
Sodium hyaluronate 35 35
1,3 Butylene glycol 1-2 1-2
Fragrances and pigment very small amount very small amount
Purified water balance balance
Total 100 100
234 http://dx.doi.org/10.20402/ajbc.2023.0018
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72 120 min AR #, 48 h E<F MBI

5) HaCar cell cultivation and assay

HaCaT AZZ 6 well plated] 1x10° cells/welld] =2 B3
stof wjeFgt &, FBS7F F7HEA] 2 WA= wA|ste] 18 h &
ot starvation Al7]3L, 24 h <t wiFSIATE HaCaT HJZoj 2+ Al
2 0.5 W/veR et thg 450 nmo] FAFE 120 min A
3t &, 48 h FF wjFstaTt. o]F AZ+= reverse transcription
polymerase chain reaction (RT—PCR)= o]-&3}o] Z}z}o] drazks:

24t

(1) Method 5-Be]l th& 53+ A2]of that SOD 24 &3 574

A avts 2Ash= WHO 2 superoxide dismutase (SOD)
g EA AIES F8HAT 2 Method 5-BejlA A2 Sample
2 9 Control 2 B354 2] SOD2] wrazke 41t

(2) 53y I A &Y 53 &4

E Method 5-Bol|A] A|Z2H Sample 2—1~4 Z Control 2—1, 2
E3E9] g st avts gklsy] s B fH% FLGY
LOR®) &4& &7gstgict. ke AlZoj| A RNAS &3] RT-
PCRE &3 FLG9 LORY W% AL, d2Zo2 ¥
= AHretinoic acid) (Sigma—Aldrich) 50 ppme AF2-3}ATH

6) HDF (human dermal fibroblasts adult) cell cultivation and
assay

A-G-obH| E(human dermal fibroblasts adult)E 10% LSGS7} &
7}l Human Fibroblast Expansion Basal Medium (Medium 106;
Gibco, USA) HJR|E o]&3te] 1x10° cells/well2 AT T 12
well plateo] HZE3tL 18 h 5+ vt v &, 2 Method
5-Bof|A A|ZE Sample 2—1~4 ¥ Control 2—1,2 E3H&59] Zkzt
9 RS 0.5 (w/ve)™ A3k, 450 nme] A& 120 min 2
ARgt 348 h E<t viFstGiTt, HigE AlZolA RNAE FE31]
RT-PCRZ &3l ZH29] a3 Selsisict
(1) MMP-1 A4 oA axt 54

A2} 3 wioFE HDFoA RNAES #&3}] RT-PCRE 53
MMP19] H&EE FRleiirt, 22+ oAl (adenosine,
Sigma—Aldrich) 50 ppm< AME3FITE, MMP1 Sa&-2 o2l 4]
9Jsto] AFEsIST
MMP1 L8I(%)=(AlE MMP1 2&HZ/UH thxE MVMP1 &
2F) X100

i

rél

(2) COLAIAI & 37} B7}
A&} 37 wiFE HDFolA RNAS $+&3t9) RT-PCRE 53l
COLAIAI® A 7S SIS COLAIAL U@ F7H&

http://www.e-ajbc.org

phyto DNAE Esloh= 0|2 2 o|y|Z E8E2| in vito SitstEnietEnt

10.0Kb P>
8.0Kb >

3.0Kkb >

Figure 1. Aloe vera root phyto DNA electrophoresis.
M is iVDye 1Kb DNA ladder. A, B, and C is Aloe vera root phyto DNA.
The fluorescence band of A, B and C are showing on 10 Kb size.

817] 4=8}4]of oJate A&ttt
COLATAT LHAB(%)=(NZ2| COLAIAT LT /UNHEZ
COLATAT 24312H) X 100

7) HaCar cell XA St

o7 Ry 21E G187 Y8l wound healing assays =338t
ot AP AN Z(HaCaT)S 10% FBS7} H7FE DMEM HjZ S
o]-g5t 1x10° cells/well2 2H3t 3, 6 well plate]] HE3tL 18
h 59k wifstTt, 6 well plateo]] 715 A=k Al A3 RS Y
o] A|39] YREE E|o|E uigol|A] ol A gt thg, Sample 2
9 Control 2 242+ A|IRE 0.5 (w/v)%) #2I3ke] 48 h B9t vk
syt Al2rt AAE J=E ARIstEaL, AZRYES 517] 428
o] gJate] A3t} R0 2 Ab| el (dexamethasone,
Sigma—Aldrich)& AR8-5F5TE
MIZRHAE(%)=(AIE M IHEE/HZET M KHAE) X 100

oo
s B b Et 5
A7 952 AR T 184 oS ofd WBA 103L Ty
O 457 ANHENTL ABSHATHA G TelA o] R

2019.09.05—-09.10, IRB No, PNK—
16905-M1R), TF Ho| gt YA PR o 7 £47]
(Corneometer, Courage+Khazaka, GmbH, Germany)S o|-&3}o]
HRAEEE SHACEN gF 258 Fristq, i =&
Ao AYLE 20-25T, ANEE 40-55%2 SAAZ &t
2 sloll A = Table 29] Z42+9] = IS 1089 JA7 g2
HEO 2 1}R0] 3kZof|l= Sample 32] Y-S thE d&of= Control
39 TYL =X (2 F/1 Yt A A 9 2 F Fo| ~E IFFS

=

i

N
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Skin improvement of Phyto DNA Extracted from Aloe vera Adventitious Root

8. SAIx2|

2 AdolM A3 2 Ao 79| WAl SPSS 21.0 =2
TI3(SPSS Inc., Chicago, USA)S ©]&3}9] Student's t—test (p
value0.05", 0,01, 0.001"")2 54 A2)stsict,

Results and Discussion

1. Y20] Hi2t 2YZ ZZHHALC| T|E DNA F

Yo Hj2te] BT 22|kl o] ZHE -45 DNAE &
sto] A7) 952 AWt & DNAY =271 oF 10 KbollA 3
Fo eSS ZIE 4= UITKFigure 1), o] £33t EtBra DNA
E71% Atololl BHsHA 7]01E017F 300 nme AL A4 EtBro]
& F55to] 600 nmo -rﬂ'&l FY 7S A =B

Z(Vardevanyan et al., 2003) &3t A|&7} DNAYS &<l
7Iet AE&ZE, AL AR, FAA 5 108004 fEE PDRNS 9
min §F 283} E4% 2717} 200-1200 bp 9 2E Tefshd A
3] 2 $F0|UHSong et al., 2022). o]t A7|= LRof w2t
9] B|E DNAE F&0l= oA 239 B2 g7 da
olgta AkEETh U ¢Rof9] DNAZF 12,93 Gbpsl A& 118
oFH A2ARE H AS o = YA Jaiswal et al,, 2021), AEAS
H T & DNAC] ti3f) HRA 29 55 7| = & Aolth

2. In vitro results and discussion

1) L20i| 2t 220l ZEHHQS I|E DNA E29| M= =M &l01
£ Method 59014 %ol FIAE A7t 459 ?EFEOH I

BAgo] 2ok 1) E DNA E3HE(Sample 1) A= H2o] oJ3t 5]
B A2 N £43E BRISHITE Table 30 Lfebd il o], A=
o] Hja} BALo] 2 uloF | E DNA E3HE A2oA 100% A ZAY
EEE7H0.85+0,21%2 ti20] 0,007+0,002%%) 2] Hls) Al
E/do] yhot i A= ik 7RsAdo] War qbHE Ao 2 FRIEQ]
t}h 0|9t GARBIA| ¢17He] DNA AR} 72+ Zo] 50-200 bpe] t&

AP RFET QEt|ER o] 20]7 40]9] HRJol|A 2Z38 PDRN

Table 3. Cell toxicity

Ao = AEEA 0] §lT FUAES VEREA eigke T 2(Galeano
et al, 2008) TE DNA E3 QA A o] e Aog A}EEIE}. o]

© R s =

2) Y20 Hij2h 2RI ZEHHY I|E DNA E&=(Sample 1)2]

DPPH 2tC|Z A7 #8s(3itet #Y) 58
ROSZ Q8| ARstaed| izt st dehd g /4dat AlZe)7)d

T ES] PPAdol FEE Fol BRA| 2 Aol Ahs °]E7]§=_}
&> QIthKim et al,, 2020b), FATS 242 9170l avE &
A8 2 Method 54 Zeket g=zo] w2} #4e] ZX‘HH‘*
I & DNA 5329 DPPH gitjzd a7A5-& glstas siqich of
Z7-0 2 ofAF 2 B AKascorbic acid)}& AM-SFATE

Table 40 UERA vk} Zro], 0.1% =20 wjgh 24 2Au)
oF U]E DNA E3ME Al&Z+= 92,87+0,35%2] DPPH Sz 474
52 EO‘T]—T—O*_TJ. 0.05%9] ofAF 2 HAL T 2F9] 95.25+0.21%
9] 2755 FRISH5ITt 9475t DPPH gitjZ &7 50| Uehten

%}§°ﬂ vzt 242 22k & DNA E3hE0] 3H4s 24
< 7 A& RIS dojo] AHaolA &5 PDRN_J
1000 ug/mLe] =4 Vit C 2A59] 60%2] 4
£ AL A (Kim et al,, 2020b) g=2o| vzt BAIZAN =
3 & DNAY| 2A50] Ads] 93t ZA& & 5= i, ol#et
PSS w A 2ol A Hapd A J2kg Asfeta =315 9t
= a9E AYI o= Z(Rinnerthaler et al,, 2015) HEHAE
5 7Rl 71548 HERY 7heE AN 5= k. ES AR
T RA|Z2RE ROSE A5l o]z DNAE 1A= &4A1A
uE-3lof| 7]oJ3} 22 (Nakashima et al., 2017) TE DNAEE
9] 3PS SAE Bl FMFoR Qlaf AR ROSE AlASH =
qeste) gatE 7|ds) & 4= qirk

o°"

u&v

3) 220 tjat SET0| AR TE DNA HEE(Sample 1))
HARZ ZAjo] Olet ME S

o
AN

Sample
MTT formazan

Aloe vera root phyto DNA complex

100% Cell viability (%)
0.007+0.002
0.85+0.21

Data are means%S.D. of 3 separate experiments.

Table 4. DPPH free radical scavenging

Sample
Ascorbic acid 0.05
Aloe vera root phyto DNA complex 0.10

Treatment concentration (%)

Antioxidative effect (%)
95.25+0.21
92.87+0.35

Data are means+S.D. of 3 separate experiments.
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Figure 2. HaCaT cell cultivation after blue light radiation.

(a) HaCaT cell with Sample 2-4 on 10% FBS right after 450 nm
blue light radiation. There are large empty spaces. (b) HaCaT cell
with Sample 2-4 on 10% FBS 450 nm blue light radiation for 48 h.
The cell concentration was increased. Scale bar 100 ym.

to] UV frARHA| wlftiestel £58400 9Fe e d7=
37} Aick(Nakashima et al., 2017). £
U= DNAZF 9lA| 0] ZAgo = Qg S4& ke 4= leA
ot At AF-E 2Pskglrt, 120 min FAF-E AR QA AH
oM Rof| Ld2of 2t B 2ZuYf W& DNA E9-E(Sample
D) ARS sty AEES SAsh 27] YEE 40.3%004
23t ofAF 2 HAN} v 2 AR ST} SUIETE AE
&°] F7Ivke FE Blen AR FE7t 1000 pg/mLY o
80.5%2] $=3t A28 HATHTable 5). 1000 ug/mLe] okAF
2H4bo] 85.5%% AL I23hd 5%polste] Aol = Lt A4S
ope] BIE 7M. BE B9olM tiRdt ofAI 2 A} vlws)
o] o] T%p oIt BlR 9 NMEAEES ol w2t
A d=o Hjzt £429 22 IE DNA E3-E(Sample 1) Al
B A 200AM Az gl diFt &50] Sle e
5t 71574 9RY 7Fe S AAE 4 Aok mH ol Xsdt A
ARSI S 2 Ao EEE RS S0l AeE Holy
RS 2357|913 dRen gRo w2k 3= DNAZF 439
e g3fehs 9gS YT ¢ 3le AR o,

for Y=o Hi2t BEZol 2B Tl

ol

4) DY =SglE2 =
DNA EglZ2| M
Method 5-Bol|A] Azt &= wjgt Fg2e] 22ujf o&E

DNA E3-83} o2 B8-S S BaE 9% 248 Az

0z
02 g

3

I

k=anl;

Table 5. Cell viability after blue light radiation

phyto DNAS Zafsh= 202 X O|U|& =&HE2] in vito EhiEiEntelsat

%l HaCaT cellof| A 9] AFEIE gelstist AHS Aast
Figure 29} (a)= Sample 2—4Z 10% FBS Hj#|o]] 2|32l 450 nm
o] S AR A3 9] A ARlolAL, (b)E Sample 2—4
o] BFHE-S 109 FBS H)R|o]l A3k 450 nm TAke] JALo. 2z
ALgE % 48 h v Rt T Al ARRlolth, AJZ 427} 48 h ¥l F
7¥stgied), Qukael HaCaT cell®] doubling time 28 h o]B2
(Pessina et al., 2001) 343 ZA} 0] % Sample 2-49] M2 A2
2ol A7}t gleS & 4 Utk Yoo et al. (2020)2] Aol A 30
min®] 4G ZALRE Q18| FRZEA| 2] EHo| foju|stA H4
T 2 aefshd B3HE AR E ol 2EAIZ7L cell cycles &
SRS A= E Y

5 O|4Z 2§22 =55t U220 Hi2t 2829 =X o=
DNA S8/£2| SOD1 U &7l st 53

Superoxide dismutases (SODs)= 21A|9] metalloenzymes =
L2 superoxide anion free radical (Oy)& AtA @ IpAaksked
(HO)2 #afitte AL Safigitt, Azl 28== ROSE T2
A At AEGAE Fole 9T 3itt, wEhi SODe ##
Ao Grid= et &5 £Y = 3 FE, AN 7Y gR
L35 sl 80| o] RSHRAAIFS] SR ARgET
(Younus, 2018), & HAFo|A= 4719 Sample 19] DPPHAASS
EQIste] & DNAZL g4kst f50] Sla Selstgint, T3k ujy|
B} SRt EAEY A ollx Y At aaE gelstarzt SOD1
o] rAwRE Sskgtt,

2L o2 ofAF2HAY 50 ppme AMESHEITE Figure 3(a)ol
Urehd Hie} Zo], G20 Hjgt B2 22ulgk 3 E DNA 5§
£ AR nvE S A L6l Sample 2—-1~49] H3}
EoA wdE EFEY vlgo| F7Iel wet ddgol SR
o}, 53], Sample 2-49] v|v|E 357} 5E DNA 539 H|
£0] 10:12] A%olA 7Fg 2 SOD19] WE-E eIt =351 1
E DNAERE e vUE §3Es &2 A3t Control 2-1
9 20] B|gte] =31 SODI @S BAFGT) vvE EFET &
Ajgk= Control 2-29] %, Sample 2-1¢1 "|U|E EED D&
DNA9] Hl&o] 1:1%1 -0} vl 219 WS ), ol
Sample 2-49] && SODI Hd f= Ay} vjvE EEwY &
7} ohd o&E DNASLY] EAEH H|E 2/d0] SODI WS 9475
A Feshe Zs Yuieith JAF g AR A Aet AEFHA

Cell viability (%)

Concentration (ug/mL)

0 50
Ascorbic acid 40.313.35 52.7+2.72
Aloe vera root phyto DNA complex 40.314.22 47.5+3.81

100 500 1000
63.5+4.19 75.2+£3.25 85.3+4.13
57.8+ .09 68.6+4.83 80.5+3.75

Data are means%S.D. of 3 separate experiments.
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. (@) SOD1 gene (%) . (b) FLG gene (%) (c) LOR gene (%)
(d) MMP gene (%) (€) COL1A1 %)
150+ " ) MvPgene (%) [l e) gene (%)
* *
*
1
& 1o0f il 1 I | [
* * .
c .k *
£ N A | A s
7] Fea]
<
=3
o 50F
O —
& & @ P P 9 P
[ 0\& & & & & &8 8
?‘S@} o & & & § s

Figure 3.S0D1, FLG, LOR, MMP-1, and COL1A1 gene expression
in HaCaT and HDF cell after Aloe vera root phyto DNA and mineral
complex treatment.

The expression level of each gene was expressed relative to the
control group as 100%. The after blue light means each gene
expression after 450 nm blue light radiation for 120 min. The
Sample 2-1, Sample 2-2, Sample 2-3, Sample 2-4, Control 2-1,
and Control 2-2 are same complex of Table 1. Data are means of
3 separate experiments with S.D. (o value<0.05", 0.01", 0.001°")
(@) SOD1 gene expression on HaCaT cell. The control is 50 ppm of
ascorbic acid. (b) FLG gene expression on HaCaT cell. The control is
retinoic acid. (c) LOR gene expression on HaCaT cell. The control is
retinoic acid. (d) MMP-1 gene expression on HDF cell. The control
is adenosine. (e) COL1A1 gene expression on HDF cell.

£ et o esks G=3HOplénder et al., 2011), wh2bA] ¢

4] Sample 12| gl gt AEEA ¢35} f3te} 7] Sample 2

G945 SOD1 EA 0.2 Ao o3t wjfieste] kx| aalr}
S 202 AlRHr

30,

6) 0L SeiE2 s Y20 Hi2h HE20| TR IIE DNA
SrE0| LTt 22|32 FTX| W 2 St £
et d(filaggrin}E HRZANZY] L2 E FPoke TuidR
A ZH o EXst= ARt ARRAE TP Ho|=g
o}, o3 YIEH I FRY EYAQ AEE Fof fHE 3
gk dloll =& FtHKim & Lim, 2021), &3 Dot 9i
Ao A HHE LR natural moisturizing factor, NMF)Z <3t
< YT 5 7] W2 0|59 A T2 EAYL 9RY £
2 2E|20| tigtele v o] Bujot ~EEFHS FUdtol
ol2y| ujH o] ¢1¢9lo] FtKThyssen et al., 2014), A T+
o] a3t ARl 23 (loricrin) 5 A EL] 70%2]
THE Aot DR 12 V)5S opH g R 53} o] 29
£AS WAL ERIARRE B35l 9T =33t (Koch et
al., 2000), Bt 22|39 thefet vl&] EEY] Ao
w2 Ao HEHE Sjlsk] 913 A ARt

Figure 39 (b) ¥ (c)oll Lehd uie} Zo), nE A 23

JH

I
ju
)
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(LOR)o| HIAFLO) T w2 YHATFS Byt Y=o v=t 7
9] 2 TE DNA E3HE} n|d BES A 236}
£ Sample 2-1~49] EZEAA uiE EFE] s=7t S71E
of Wt FLGT LORY @] 2 F7leke A& Elsiith
53], Sample 2-49] "|yZ E3E1 T E DNA E31=9 Hl&0]
10:191 oM 7 A BE 7P} =2 TAS I 3 7
E DNA 538 Te U 5% 9522 A3t Control 2-1
9 20] B|gte] 43 WA S B, nu|d BET EXstk=
Control 2—29] 7%, &+ A+ B Sample 2-121 vd|Z H3t=3}
T E DNAY] o] 1:191 799} vlsgt X9 TdgE Bt
ol Sample 2-49] 2 FLGI} LORS] Hd {= iyt vdd
ETET] 5317} obd 3 E DNASLY] EAH vl 240 F &
9] HEE 25 fEdks A Yufdit, ol Aot FEE
I} ujdjZe] EgrZo] 42 nuld 2 Feot 2559 AR
61 F g Ed AEE RS A7 AT 22 HAUESS
7H Ao2 AaHHlee et al,, 2014), WA nly|E E3HET o
2o Wz 2422 2|9 uE DNA E3E2] 1:109] H[&= =
At 7ol R ko) anE AlFe 4= vk AR

7) DU 2EEs st Y20 #izt 22| =X D|E
DNA E&=2| MR0t MZoAM MMP-1 MM x| S0t &3
grete e A4sts SehAs AeAUL elastas
metalloproteinases (MMPs)Q} interstitial collagenases?} 2
329]7) A (extracellular matrix, ECM) S-S Bajsl= ofz] a4
=

)
N B
)
o+
=
ol

MMP-12 QA4 Fehle] Bold o= 286l Tuld Haf &
40|22 (Nagase & Woessner, 1999) Igrsichd A% 22
49 Eelg R=3Th oY HEE AT 4= QirtH R =5}
e 28 =5 5 Yh(Pittayapruek et al., 2016), Wb 2 A
ToA= T & DNAS MMP-1 TAAA 5= ZIskaLA} shgirt,

choksl vl E2 E3tE E3hEe] MMPI 2382 Figure 39 (d)°]l
eI, mvlE EE) ohgRt vlEE S Sample 2-1~4
9] 9o vjflZ EFES] H|Eo] F75) w2t MMP19] o]
Zradle 43S BolH Sample 2404 7P W2 WHE S-S Ho
9o}, & DNA E3E Ee vvlE EFETE Ad 39
Control 2—1, 22] MMP1¢] @& FAFS =2AR] 299} H|
wste] oFsHA| aE WEES B o] £ Sample2-49] 73
SHL AFD] Lo 2 0E DNA E¢8 F= vy B39 o
A AA7E obd EFES] 1:10 H&Y] 244 Y W) =5t MMPI TR
AAIE0] o= SISt FARE Aol ofof| 4 E2]3t PDRN
9] Aol XE MMP19] ZAE RIS = YN BE(Kim et al,
2020b) ALK 712hE 7HA A2 AR ELh wEka mReEE &
= 7 YRR 73S AXE 4= At
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Aloe vera B820M £&5t phyto DNAS E&loh= 0|2 2 0|U|Z 2§22 in vitro EAstSatelEat

g)o|uE 2EE2 st Y20 2t Y2l =AY I
DNA 2829| MRt MEUIMC| COLAIAT WSl RS

A] Aot el A G2 wjzt FAe] 22| I E DNA
B3 E AR vdE BEIFES T E3sh= Sample 2-1~471 &
2 FHAR COLAIALS) HEE FE = glex] dokry] 93]
RT-PCR& o|-&5to] HagS SA6IG) 22 ofdicAl
(adenosine) 50 ppm< AME3FATE, Figure 39 (e)ofl Lebd vel 2
o], g2 gt £ 2 1 & DNA ETE Al nlvlE
EIES s Z5H= Sample 2—-1~49] BEEA uyd B
E9 vl&o] S/l wheh I S £3], Sample 2—4
o] u|v|& EFhET I E DNA E3ES] H&0] 10:19] F--ollA o
Z oltlieAlY] HYRUE &8 COLAIAIL] TS BRI ®
8t Sample 2-1~42] E3HE0) A 9 E DNAESHE £ vy 23}
ES =02 2|3 Control 2—1 E 29]| B]5le] 243 COLAIAL
HHE-S B oot u]E DNA B3 £4|5k= Control 2—-29] 7
%, Sample 2-1¢1 A[d[Z E3HET} FE DNAY H|Eo] 1:1%1 3
S} Hlgh =29 HEFS B, o™ EFET 45
Control 2-29] 7% HMFE ZARRE o] offd A E A=5}A|
W2 -0} Whg o] AjolE HojFR] oot COLAIAL HEE R
st B ot Bkt nuIEEREY vlgo] SIS T
Ho| =V 02X COLAIAL HAFES] 5o gl A
©2 Hol Sample 2-49] &2 ¥ = AP} vjuE EFETH]
2317} opbd T E DNASKS] EA3L vl& 24Jo] COLAIAL HEE
S48 sk AR Abrd wehi ZE DNASH v &
FEO] 1:10 v 2AY o 243t n| e F71e] 559 s
A& AN = Ui,

o B3kl 2= Y] Sl oA A R o £
3h= zine metalloenzymes®} 2 G459 S =0} AAAF
o] =& EvHLandown et al,, 2007), T Z#9] 73 4A7F HAY
ot R Zesrt S7Iste] Az A dsS £X5ke
Aol dHA UrHRodrigues et al,, 2019), BF1UlEY] 3¢ AAE
Aol A EHAAB T} AZHSS 283 {8 F=CHShen ef al,

Table 6. HaCaT cell regeneration

2019; Yin et al, 2021), YEF-Z AAA Fa3t vjud F skt
ojAek ¢IAE= UEF FFof Ul uskAl w83tk (Titze et al.,
2014), Pyl GLER0] BERF FupRch o] B8 &
0] © =of EFEY A5anpt AEHeR AEL goeng
(Kim, 2005; Wei et al., 2017) 9rA AP35t A =of Hz} Lo
ZAulF T E DNA E3E3 nvld E3E9] SOD1, FLG, LOR,
COLIA1S H&E Z7H7]e g5d7dst an= 543 vl
A H g2 85E HolFs 208 AlmErh

90U 222 HEIGH YZ0l HiZH BEZQ ZXHY O|E
DNA S&H=9| m|2 M= XM St

HaCaT Al2Z¢] wound healing assays Ae¥ste] 2o w2} H
ol 2w B E DNA E3HET vy BhEe] wji A 2]
RNENE Folstara} 514}, Table 604 E01E1E v} Zo], D&
DNAYF £28}= Control 2-19] ZA¢ollA 7FY 2 LS ES
3L Sample 2—-1~49 4= vl B35 9] vl&o] F7184E A8&
o] T7kle AL Bt 7F B2 Az ES BRYE nuE &
=TS A3t Control 2-29] 735 AYstal 5 2wl gt
HEfE] AR =2 LS BTt v E4E 5 A
2]¢1 Control 2—-2071412] W& AZ &2 5E DNAS njulE 2
AEY 11HE oo 208 S5 5 Sle 2R Kt 59
1:109] vlgolA 8t NZARPES BYleng g E3E3
& DNAY| 574 HI&2 A534-S 4 ov)= AR Aled,

J2t F42e] 22 9 & DNA E3HET} njug £3
£ A x38le 2 (Sample 3) TE DNA HE3 v
E3tgo| ZgtEo] QA ¢k I (Control 3} AAHEAES 5
3 B5ES Z78k9int. Control 39 B8o] 2529k 31%01|A
35%% Z7F5te] 13%p S71%t ¥ 9= DNA B¢E3d} vy &

Mixing ratio (weight ratio)

Sample 2-1 Sample 2-2 Sample 2-3 Sample 2-4 Control 2-1 Control 2-2 Dexamethasone
Concentration (w/v%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Cell viability (%) 84.7+5.14 87.5+4.62 91.245.33 95.7+6.04 1+6.17 60.3+3.79 81.2+4.28
Data are means+S.D. of 3 separate experiments.
Table 7. Skin moisture measurement
Sample 0 day 14 days
Control cream (%) 31+0.41 35+0.46
Sample cream (%) 32+0.17 44+0.35
Data are means#S.D. of 3 separate experiments.
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el 111002 231 Sample 39 ZH Y 7 254l 3270114

44%% 36%p7} 7okl et 2T R Y] BGHEIE Wit

(Table 7). wehr] g=of wah Fg4e] 22HY¥ o & DNA B&

Iy B Hlgo] 1:10¢] BFES TFH= IHAFY
SARA Q] AT Q1 4= Sl

Conclusion

A2 of| wzke] BALE 2 At TE DNAS F23H3L ©]
£ A719531o] 2717} oF 10 Kbl AR AL eleint, 5%
% 9 E DNAE ol 53¢ PLLY} PAMAMS 3:12 &913t oF
ol ZFHET} 2:12 EFele] BEHES A5G o] YR H|
2 o] 2k 9 E DNA EHES B3l AR Aot AlZ
A2l 100% AZAYZEE7L 0,85+0,21%% E4o] G Ro=
TR 8 7Fsdo] Bkl AR E I, B3 oY EES 5
3] DPPH 2tz &7 8452 215K 0.05% $=9 ofAzE
BAb} vlsshA| d2of wjzt ByLe] 22k o & DNA E3hE
2 0.1% FZlA 92.87+0,35%2] $<4=3t &A13} a9HE 71A]E A
< RIS, A 24} o] F ROt 2y BEES ST 2
I} 9E 53RO 57t ZUFRE A ZRES0] 710N B
7} 100 ug/mLY ) 80,5% M7} AYE3te] FAFOR sl WA
gk ROS9F 22 A2y A4S gsfsle] 2 Eole A 2
atoict, d=2of Hjzt Fge] 22wk o & DNA £330l 24,
utadls, ZF, YEE, ofdS Tk vvlE E3ES Hristo]
e EFES Az aate] Asaits gelstarat gk 1
Z7} 48 h ghol| HaCaT Az 9] A 3717F JAagzal = E-tst
I Aol A et o £3EQ SODI FLG, LOR, COLIA1Y)
HaCaT A|ZoA 9] ¥ §=2 RT-PCRE E3A 23t 21, ]
U EHEY] Hlgo| F7Isl wet wasko] S7Hilc 12 &
U] n||FEFE L u|E DNA E3hg 0| drazfuc) vy 23t
E3} 5E DNA E3ME9] 10:1 H]EoA 95t HEAS Hol= Ao
2 EASH HoN Asaart gl A0R Al MMPIe] T
A v|wgt 21 9 & DNA E3HE Ex vuE E34EY] 949
7$-Er} 5 E DNA 353} vjuld B3ES 237t 4-ollA d2
HAS BT, 23T HollA v EFE vl&o] IS
S B B RslE F ek MMPIO HES JAlsHE &
sttt AR olyg E3ET} 5E DNA S3HE9
10:1 ¥l gollA 71 AAlE HAE Hojro] EA ulgo] mule] A
Uz|E Hol= Ao 2 ALREQIT} HaCaT MIEoj|A 3= DNA E4t
Eo| 2 nRANaTE Holfglon ulvg E3HE} 5 E DNA
o] EFHEQ) et vl 2EANE v BFES Tl 5
7FekE QAL ke s aihs ERIGHAT B 2 &
A& 5o AREGEIE I Aut 2 TFFo| 36%p RS

X
w o
for
o
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o vlue Beheat BT HeE 2GS W, BAEAAE
o WAL ZAS BGENE o) et AL MK 2L
selshitt B3] ARAEAANN Felst nie} o] AYARY
7154 ARE AEE 5 Ik HTHES ZHsH deby dze
o] T DNA $EAHEOE TPFORA, 943 RAN, 7j5g
o B U FSYA|S ge gt BNHE ehd 4 glu, B
3] HAgo] oj TR=sE WAsks ATE ZHIE SE 9 o
ah8 2420 FRsAE AN 4 Ueitt
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