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Efficiency of PDNR (Polydeoxyribonucleotide) extraction from

various plant species and its in vitro wound healing activity
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2io] S%E4olck PDRN2 DNAS thfst el T 3150 o s 22 37|28 Addt DNA 27402 Ay Foi4|
ZAAE FAS] adenosine A2A receptor FEAE AFot] AlE PSS EXoHH AHE wEA FEA|L, 5=
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Abstract PDRN (Polydeoxyribonucleotide) is a DNA-derived polymer that promotes self-renewal
of damaged cells and tissues as a tissue regeneration active material. PDRN is a DNA fragment
cut into small sizes by various physical or chemical methods. When administered to the body,
PDRN binds and stimulates the adenosine A2A receptor on the surface of tissue cells to
promote cell regeneration, accelerate wound healing, and reduce pain. Although PDRN is
prepared from testis or semen of fish in most cass, PDRN extraction from various plants
species was performed in the present study. Among 7 tested plant species, the highest DNA
yield and purity was obtained form mugwort (Chrysanthemum coronarium, C.c), followed by
broccoli (Brassica oleracea, B.o). Then, we evaluated the in vitro wound healing capacity of
PDRNs prepared from these two selected plants. PDRN from C.c and B.o. significantly
stimulated the wound healing process at pg/ml range. The present study suggests that PDRN
from plant species can be an effective alternative to PDRN from marine organism.
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1, A9, & 5 OUR Ao s Wcs nEe
42 £8, Ao g3 A5 24 75y &
T & v Bof o A4 d¥9 fklo] 7]
L AL BT Ee 94 FEHE JAE| &
ATH2). o Re] ZA7E 71| AA AfstEe b
S0l AREL, FAH Af L A2 AAH=RE
R} doju £5 wed I, SotxF 3§
d T= T BT YL B9l o]Foi XT3l
i Fo AF08RE 52 HostHe AlA|
o] F83% TS oM, olF FAst Y= X
9 o7t EA4Eo] Hi FL29] A&E o5t
FEERS A 22 B4 E ASHE gAY
EHow o|RojA A HAE EAlcle S
A Al se4]

PDRN(Polydeoxyribonucleotide)2 ZZ A
84 E4E &4 AE 9 23]9] 27 S £7
Sz DNAZRE A|RE= B4 50~1500 kD %
9] ZgAleIt}5, 6]. EEE, PDRNS 3 &, 3)9]
g 9 AT 22 oY SE A= FoE dFA
om, olgfdt 852 oleZ A et ¢ FiiEA
FH AGIAY &8 7FedE A= AT,
8. GutHo g g ofFoln, 2Z 9| tigtsgo] 7}
58 Aojet T2 o7 A 9 JAo)4 DNAE 5
Z3t o o|2XE PDRNES i At ATt
o}F9] iz HAF 2 A 7hsAde] 9], 37
F710] =3k F23 22 A7I1E AYE Qlof, £ A
TollAe o A 2 AA] o] Thet AEd
PDRNZ AAlsts k2 tijto® AAfstarat st3d
t}. £9], 5&°] old 4=°lA PDRNZ &5 4%
TEXA 7 Hlol2lA9] EYo= Qs Ee
A AR89 AF4do] = A HolE A oY
7FsE 9T & Sl Aot

2 AFolA= &5] ARREI 3= o7 PDRNY
AR GA 7 5 UL Aol HbH, A G
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Ir

o & Qe X84 AZZEE PDRN 352 Jgst
%ch. DNA #%3 PDRNO| BAE B3 A=ad
DNAY ¢k, &%= ¥ PDRN & 4511, og
ol 7P £ ARE Agst AAAR 24

o

(wound healing assay)S %3+ PDRNY| S554
B5to] 4124 PDRNY| &5 FRIstaxt stglch

oE

2. M3
N

2.1 Mg PDR

£ AFoAE= tdgt A1E PDRN & $& H
9 80| 7P =2 4159 A gE A=
X(wound healing assay)& $J5t°] DNAE $&,
A5t

ofef ¥ 13} Zo] AYH A& HFCE DNA &
£ 9 PDRN A& 342 AAlstGion, BE A&
1g% CTAB bufferg 1.5mL¥ £Yste] 9A7|2 £
stk 4&(10~150g)9] &4 &2 50mL tube©]
10~20mL  AlelRkE9] &Fow  AEsIgloH,
100mg/ml®] RNase AZ 1mLT 0.2 pl TF 715t
2 37COllA 1h incubation 3}o] RNA &3& &
Pt 1 &, 10mg/mle] Proteinase K& 1mL
F 1pl TF HUKKL 158 712 vortex® AAISF
WA 65CoA 1~2h incubation A3sIALt. W3]
29 & 42904 10min, 22 57} 5min =
Atk A7 AE EH N Chloroform/
Isoamyl alcohol (24:1) |9 5Y &F /s &
735HA B33t o2, 12,000xg01A 1587 14 94
2ot ARy Ao &84 A5
Foto] 2L tubeR #7112 ASAH] At &5F
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3|53t tubeolA BHZ ATt thy IHES A
Lo)A AZ3 TS Tris-EDTA €9 (pH 8.0) 5mL
o &3] = o+ FA 4= SmLE 718 o 3
7CoNA 16A17E o wtsto] &affstoict. 857t &
Y & SonicationZ 2185t sonication & (DNA)
3} & (PDRN)Q] DNA 28 5E=4e A A3
skoich

H 1. DNA F20|| ABHE AE
Table 1. Plants used for DNA extraction

No. Material

1 C.c (Chrysanthemum coronarium)
2 M.c (Misticanza)

3 R.s (Raphanus sativus)

4 l.a 1(lpomoea aquatica)

5 l.a 2(Ipomoea aquatica)

6 S.s 1(Sedum sarmentosum)
7 S.s 2(Sedum sarmentosum)
8 A.a 1(Artemisia absinthium)
9 A.a 2(Artemisia absinthium)
10 B.o (Brassica_oleracea) L2 &)

2.2 DNA =30} 224}

2.19] DNA #& A3 A3 & Sonication(ZST
2471y ol8st] DNAE xZUis=o] PDRN A
£ 3M9t};.  Sonication® VCX-130 (Sonics,
Newtown, CT, USAYE AR&sto] Zgstgion, 1
% 13} 2] 90% Amplitude, 957 59% 7}, 12
A9 2o dAsto] 23ut E41E X5,
o] AL B2 Fo| WASIER Icedl| tubeE ¥
IS W] 3 XFPsigict

J% 1. DNA =30} 24 119
Fig. 1. DNA sonication process

2.3 DNA ®7|1g9S

YA DNAS} PDRNY 2718 &3317] Yaf A
719%-S AASET. AlE (DNA, PDRN) 5 plof
Loading star (Dyne Bio, Seongnam, Korea) A]2F
1 pE 99 3 DNA TS 200bpollA3E
50kb7HA] EE)7bsdt 4521 1% Agarose gelZ ©]
goto] H7]|95E 3087 Mupid 11 7|72 AAJsk

#5t] Nanodrop-1000 #H] (Thermo-Fischer,
Wilmington, DE, USA)E °ol8std % 4 5=5
Z7gstoinh (1492).

O3 2. DNAzE ¥ s=5%2 2I8t Nanodrop-1000
Fig. 2. Nanodrop—1000 for DNA purity and
concentration measurement

2.5 In vitro Wound healing assay

£ AolMes 25 AE4 PDRNY 852 In
vitro wound healing assayZ #-4J5}31tt. In vitro
wound heailng assay:e A|ZHojA Eo =z I3}
F207 HigFE AlEE Afolo]l F8 &4 (scratch)®]

= B30 &5 & e 1L BXeE AEE0]
SAHHA olEste H9= £EE AIF o] Y
st= A=E SA5H] s ARSEISIEH10, 111

Aslo] ARSSE A|EE Osteoneurogen (Seoul,
Korea)ollAl A1Z4¥-e ONGHEPAlEH:= ZHIAAIE
(hepatic stellate cel,HSC) 759 7HIE7|M=
(mesenchymal stem cell, MSC)old, %S
RPMI-1640 Medium (Hyclone, Marlborough,
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MA, USA), 10% Fetal Bovine Serum (FBS, T&lI,
Seoul, Korea), 1% Penicilin/Streptomycin Gibco
(Gibco, Grand Island, NY, USA)E 7]&s8ix2 5}
o 37C, CO,y 5% 274 B P59t o]
= uigAEe] melwrh 70~80%7F HE
Trysine-ethylenediaminetrtraacetic acid(EDTA)
2 =RAA 24well microplated] 5x10*719] A=
§ B33 o dixlE 2~38uitt AR nAISH,
o5 Aol ZIIE7E 100%0] EE3t & AXR
Al(wound healing assay)S X HFATt.

MEZ 7FEZE wellol] 5ml Serological pipet ti
pY AT o]gsto] AlZE FH9 FYo F71 4
A (scratch wound)& P&l 7|&9 iz & &4
5] AAT o DNA 204 &) 7F 349
&7k H2F4] PDRN (0 pg/ml, 0.39 pg/ml, 1.
56 ug/ml, 6.25 pg/ml, 25 pg/ml, 100 pg/ml)
< FA71E WAE ZAR o 6AIZE THEoE A
29 olF & ¥l FZHY] AlE 23} H= BT 36
A7 FESIT AR olF £kt e A
Ex ZI9Y ARIEZ HIBCE Image ] Z2IHS
ol-gsto] ZA5IACY.

H 24X xR 240 ABE %2t 1t E2E2|9| PDRN sk
Table 2. PDRN C.c and B.o to be used in Wound
Healing assays

1600
1400
1200 ([

1000

|
El oo | [i ‘

C.c M.c R.s l.a l.a S.s S.s A.a A.a B.o
1 2 1 2 1 2

SonicationX{2| ¥  m SonicationXMZ| =

T3l 3. =30 24 T (DNA) % = (PDRN)2| DNA 5= 24
Fig. 3. DNA concentration analysis before and after
sonication

3
25

2 it T T TT TT T T T &
15 T
0.5
0
C.c M.c R.s |l.a l.a S.s S.s A.a A.a B.o
1 2 1 2 1 1

3l 4. =30 24 T (ONA) % = (PDRN)2| DNA &&= 24
Fig. 4. DNA purity analysis before and after sonication

-

A A3t 3 33} Zo] C.o&ZD2] DNA 57 7
& =koH, LaEAAet S.s(EHHE)S] DNAY 5=
7b 7P W2 e g ZRIEI

Material S gt )
B 3. Z |24 DNA sk &4 Z1t
Ce (Ci[;gf;gff;)m wm 2mg/ml Table 3. DNA concentration measurement results for
B.o (Brassica oleracea) 2mg/ml each sample
- - DNA PDRN
3. &d du 9 nF Material (sonication (Sonication
before) after)
3.1 DNA 2% 2 = =X 2} C.c 1049.6 1064.2
M.c 95.2 112.2
&% DNA®} PDRNO £EE:  260mméet R.s 89 117.7
280mm¢] FFE vlgR BIIoH, dubHo La 1 22.5 34.5
2 A260/A280°] 1.8 oJAfo]d gl do] @ 9jo] i & : 1332 501'.38
3kl & 99%01de] =43 DNAR g3itt. A& ) 435.1 420.2
oAl &3t DNA 2 PDRNQ| E4=5 B4 A3} Aal 4963.8 420,6
_ Aa 2 562 545.7
€ T AT (9 5 % 19 9 B.o 879.9 903.1
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Wﬂ St 4& DNA (I 5)¢} °[&= sonication®
E45t PDRN(THE 6)8 71955t ol&2] 4
2 100 bp ladder DNA size marker®} H]u5}o]
—E'-@fa A= ohaat g
123 4567389 10
E A
@{@ ..1 ™ 6&&
@0

JZ 5, XS0 BME SIX| U2 A2 DNA 7|8

L= T

Fig. 5. DNA electrophoresis without sonication

19 62 Z A& DNAE Sonication& 987+ 2
3Y5to] PDRNO= 243 thd A7|95= A3sto
DNA9] Z71& EA43t Aot

12 3 45 67289 10

S

A2 & A2 &
‘_)4'89 L)\'v&z
N4 ' Ky
" LA R
| Wl

J3 6. =30 24 92 ZIRYst DNA M7 |FE
Fig. 6. DNA electrophoresis performed by son|cation for
9 minutes

4 A7} gj520] 412 PDRNS Al& DNAS] 4]
E 7193 #AIgle] 200~1200 bp F<Eel st
DNA I‘Z_h‘d_g] _‘9__0 ‘:'010 o} T oh;} DNA—/] _[_x]_ao];

Alitoll A B base pair®] Bt #A0] 650 Dalton
olmg B ¢iioxq gH3gt A% PDRNO| EAFS
130~780 kD $Z0& 7]&9] o] PDRNY EA}=
o] W9l[1319} fARE Zhe SHelshlct.

H 4 Z} N|='2 DNA == &8
Table 4. Plant-derived PDRN vyield analysis

DNA PDRN
Material (sonication (Sonication
before) after)
C.c 1.79 1.81
M.c 1.135 1.392
R.s 1.033 1.67
lal 1.82 1.63
l.a 2 1.55 2.36
Ss 1 1.851 1.93
S.s 2 1.831 1.81
Aal 1.8 1.77
Aa 2 1.79 1.78
B.o 1.88 1.9

O] A goA= &% 1.7~1.92 53 DNA
B0l Ao| FolEgjoLt, X 43} Zo] M.c(o]AAH
2)9F R.s(F<)9] DNA <&+ A260/A280 S3=

H] 1.6~2.09] BgtolAl Hloiuh, DNA Aol ohd
AEAAQl flavonoidY alkaloid7} &3Hd AYS
glskch
H 5. AlE |2{ PDRN =8 24
Table 5. Plant-derived PDRN vyield analysis

| Weight of star| DNA Yield of PDRN
Material | t matislal (g, rer%czgv’eéed recovery (A/B)
C.c 20 3.2 0.16
M.c 20 0.3 0.015
R.s 20 0.36 0.018
Lal 37 0.003 0.00008
La2 20 0.1 0.005
S.s 1 20 0.1 0.005
S.s 2 100 1.2 0.012
Aal 10 0.2 0.02
Aa 2 10 0.2 0.02
B.o 20 2.7 0.135

¥ 59 Zo] Z+ |59 £ ©9] ¢F PDRNY 3
290 slolslqir}. 3ol we} 2:7to] 71 PDRN 3
s-go] 45191, BEZelr} theo 9459it),
TAQ} EUEL WO ofo] g Zuksloix|ut
PDRN 31582 714 Az3i9int. o] Zug vigo
2 2 AL 7 44 FHT S e AlEo|HA]

PDRN &=&o°] w3 9=t &1 H2EPE 0|83



392 szmmmxs

H|EstEl=g

o] wound healing assayS %13

Al H15H Moz

soiet.

3.2 In vitro wound healing assay

PDRN Oug

Closure rate (%)

Time (h)

PDRN 0.39ug

Closure rate (%)

1z 18
Time (h)

PDRN 1.56ug

Closure rate (%)
8

$

Time (h)

7. #7219 PDRN &
Fig. 7. In vitro wound healing assay for each PDRN

a3

content of C.c

2f

Closure rate (%) Closure rate (%)

Closure rate (%)

PDRN 6.25ug

Time (h)

PDRN 25ug

Time (h)

PDRN 100ug

Time (h)

4 in vitro wound healing assay

3% 73 Zo] £7k9] PDRNS = 1o
Gholtt #Ast9nt. of # 64E A9 AlF % 30h
HE PDRN9 Woundhealig® X ATE= 100%=
+43 A7t =2

E 6. 2429 PDRN

skt H Closure Rate average

Table 6. Closure Rate average by PDRN content of

Cc
PDRN Closure Rate average(%)
Oh | 6h | 12h | 18h | 24h | 30h | 36h
IDRN 10 | 18 |39.97|62.75|79.98| 94.88| 100
0.3I;D§gN/ o1l 0 [1945|42.10]63.02| 76.63(91.28| 100
1'5%]355 1| 0 |3464|67.61]87.62| 100 | 100 | 100
62aad| 0 [2318]53.61 79 |97.72] 100 | 100
om0 [2962]61.66|87.23|97.88| 100 | 100
nglfngml 0 [17.71|44.44|69.0890.49| 100 | 100

12 hr

Wound closure rate (%)
B B

o
I

o 0.39 1.56 6.25

PDRN (j1g/ml)

25 100

I3 8. £ 12A12HH =% wound closuregs Hlw
Fig. 8. Wound closure rate for each concentration in
the 12h range of C.c

9 29 83 Zo] t2Z(PDRN Oug/mbol H3]
PDRN 1.56~25ug/ml°] €<%t wound healing &
< B9 gRlstrh

Brassica oleracea var. italica Oug
150.

Brassica oleracea var. italica 6.25ug
150+

2
2
2

Closure rate (%)
Closure rate (%)

a B
Time (h) Time (h)

Brassica oleracea var. italica 0.39ug
150

Brassica oleracea var. italica 25ug
150

100-]

s0-|

I0SUre rate (%)
Closure rate (%)

o

e

ap
Time (h) Time (h)

Brassica oleracea var. italica 1.56ug
150-

Brassica oleracea var. italica 100ug
150-

3
8

Closure rate (%)
8

Closure rate (%)

°

S
Time (h)

J3 9. E2E2|°| PDRN
assay

Time (h)

B2 in vitro wound healing

Fig. 9. In vitro wound healing assay for each PDRN
content of B.o

719 99} o] B2 E2]9] PDRNS IFEE L
o] 6hutet #EeIYIL, BEZLE 100% A7} He
AlZtol © Zof 42h7HA] ¥stglcy. off ® 73 2

o] &zliks HEA BA AR S =3
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B 7. H222|9| PDRN &&f ¥ Closure Rate average
Table 7. Closure Rate average by PDRN content of
B.o

Closure Rate average(%)
Oh | 6h | 12h | 18h | 24h | 30h | 36h | 42h

PDRN

PDRN
corlltro 0 |13.6]9.76] 28 |53.1|65.5| 83 |98.4

PDRN
0.791ug 0 |6.28]9.38|23.9|46.8|62.3|79.6|95.6
m

PDRN
1.56iig/ 0 [13.7|20.7|24.0|41.9|66.8(72.8| 100
m

PDRN
6.%51Ug 0 19.23|33.2|28.8|52.9| 60 (87.5| 100
m

PDRN
25 ulg/ 0 |7.27|22.6]34.8|46.4| 68 |85.6/98.5
m

PDRN
100 yg| O |[8.44|18.6|28.9|56.1|75.7|91.9/98.5

/ml

12 hr

s
o
)

o
o
1

Wound closure rate (%)

0 0.39 1.56 6.25 25 100
PDRN (ug/mi)

I3 10. E2E2]9| 124t =S wound closuregs Hluw!
Fig. 10. Closure rate for each concentration in the 12h
range of B.o

A 3" 103} Zo] 12412 A7 & tf=(PDRN
Oug/mDoll B]3} PDRN 6.25ug/ml9] EollA 713
2% wound healing 85 R332 EQlsigio
H, o]Et}t &2 FroAe tiRgo] Hlgiis =X
6.25ug/ml9] PDRNe|| HJgjAE W2 wound

healing £5& L33t}

£ AFolld= 771419] A= Al®E 7HAaL PDRN

T A W AYRS Bl 4] A¥Y gol F
ARIA] gRlsl7] YJste] ¥ Wy
oot A& 1gd DNA 2 PDRN9
w3t A3 C.c(&2D2 PRDN
0.16 pg= 7P 50191 &5he 1.8 502
-9 <=5k DNASQI A 02 E9I5t3on, B.o(BZEE
2]) PDRN 0.135 pgl & 1 tha-08 243519t vt
™ La(EAA)= PDRN 0.00008 pg 7P A% 314
o} E3H DNA <& 574 4% Rs(F) M.c(eld
A|A)2] A260/A280 3= H] DNA £k Bagh
o SA X5ttt £ A2 583 vt 7}
294 C.o(&7De) B.o(H2Z2))E ARESIo] wound
healing assay® APty ¥ Z3t £3H9
PDRN 1.56 pg/ml &% Wound healing assay©l
A9 A Be2 7P %o, o3t 5 25 1
g/ml FEAE Q5. BEEF#9 PDRN
6.25 pg/ml $F2] Wound healing assayoll42] |
B2 7P 90

cieFst ABEAZHE PDRNY AA7t 7Fs9tH, &
5] 91 849 HjAo] ety tgY] =g FE
710 2gHet A== 5E PDRNG Ak AL o
54 289 S fsitt. EAl= dRdo] B2
AEZAogRE V&S DNAS FE5HL o2
B PDRNO.E Aotz ZHol|l A 249 mhafjo] JgF
S F= g4 gEFo] W1, alkaloidy flavonoid@}
F2 polyphenol&7F DNAS] £kof J3FS F+= A
o] W2 AE9] MAo] Fa%t Ao=w HRITHI2
A 23 &7to] 7Y dRtE o2 AlE DNA &
o] Au= o8& ExZTd Hls) A9 &9l g B
DNA ¥ PDRN9] 3l5=g0] ¥ 253k gld 5= 9l
23, o8t PDRN2 AlZEAo] QlY, FI5 75
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