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DNA Breakage by Salvianolic acid B in the Presence of Cu (II)
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Salvianolic acid B, which is a compound in the Salvia miltiorrhiza, has diverse biological activities,
In particular, the antioxidative effects were reported to be involved in the protection of hepatocytes,
neurons, and various cell types. On the other hand, some phenolic compounds, such as ferulic acid,
which is regarded as an antioxidant, plays a pro-oxidative role in the specific transitional metal
environment, which could explain the anticancer effect. This study examined the pro-oxidative
effects of salvianolic acid B in the presence of Cu®*. Treatment with both salvianolic acid B and Cu®*
induced the transition of supercoiled DNA to the open circular or linear form but not in the sole
salvianolic acid B or Cu”* treatments. Salvianolic acid B reduced the Cu®* to Cu® using neocuproine,
a Cu" specific chelator. In addition, catalase, an enzyme that breaks down the H20 to water and
molecular oxygen, inhibited the DNA breakage. H.05, a reactive oxygen species, has detrimental
effects on biological molecules, particularly DNA. Overall, the reduction of Cu®* by salvianolic acid
B could lead to the production of H,0O- followed by DNA breakage. These results suggest that the
pro-oxidative effects could be the one of the anti-cancer mechanisms of salvianolic acid B, which
remains to be explained.
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B E OFgO0 5 ARG Thitoll T E0|Ql= 78 A
diterpene $FEHEof Z3HE]= tanshinone I, IIA, IIB 5 I
phenolic ¥}g=E9] &=+ danshensu, protocatechuic
aldehyde, salvianolic acid B 0] €& AcH9). o)A A+
of k2 whitof 3| o]QlE 58 AJE - Salvianolic acid
B=ZtES, @HH Y, ARMER S 5o ey 753 o
7 superoxide radical®} hydroxyl radicalE A7 6= aFAkS}
aIE 7RIl QIeH10-14]. floflA A3l phenolic
compounds E°] pro-oxidant® 2}gsto] ROS & 73]
hydroxyl radical-& A3 3tc}ar B 317} 9l.o v o]= phenolic
compound®] Gef 2H-8-9] shite] 71 0 & Ay & St
2 Aol M= Thite] =83 g 2ol AR a3t
7} dekal 424 salvianolic acid BE tiA2 & pro-oxidant
B 9] 715 0=A] Elsh= AH-S 23s.

=
EH AYo] ARESF 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-
triazine-4",4""-disulfonic acid sodium salt (Ferrozine),
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Figure 1. Mechanism of hydroxyl radical formation mediated by Cu®".
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neocuproine, salvianolic acid B, Calf DNA+= Sigma Aldrich
(St. Louis, MO, USA)ol| 4] -9) 3t AlE-S AR8-5F%1 AL, pBR322
(Plasmid)= New England Biolabs (NEB)ollAl, FeSOs2}
CuSO4= Samchun Chemicaloll A -3t Al &8 A& T}

2. DNA nicking assay

pBR3227} hydroxyl radicalel 2]8f Htto] doju= &HAY
of| salvianolic acid B7} oW gt ok =41 E<Is}7] ¢
APslact. pBR322 (250 ug/ml), FeSOs 2- CuSOs,
salvianolic acid BE &%} 3+ % phosphate buffer (pH 7.4)&
ol-g-sto] FH515 20 uL= W3k Aol whet catalase %
2 EDTAE ¥o] 20 uL= 9-5=3{t}. Heating block ©]-8-5}]
37°Co A 6057F HRS- AJZ1 & TAE buffer 1X)& ¥H= 1%
agarose gele WH=0] 47|95 AIX] % gel image analysis
systeme AR&3to] = 0] $1X|E Holsl i),

3. Calf DNA break assay

Calf DNA7} hydroxyl radicalol] Jsto] Arto] dojif=
Zol| tfste] salvianolic acid B7} o w3 Foke =] ERlst
7] $Jsll Alggstaict. Calf DNA (0.4 mg/mL in phosphate
buffer), FeSO4 (2 mM), salvianolic acid B (200 uM, 10 uM,
100 uM, 200 uM)= &3 3t & H,O0F ol-§3to] 7=
40 uL2 W32t} Heating blocks: 0183814 37 °Col| 4] 60
ZHEESAIZ] 2 TAE buffer (1X)= = 1% agarose gel-& U=
o] 217]%9% A171 % gel image analysis system= AR&3}o] 2

32 Belsiset.

ek

4. Neocuproine assay

Salvianolic acid Bl &]8} Cu*7} Cu’ & wghe]i=x] S 2}
817] $18fl Cu' 2t Eo] 2] 0. & A3sh= neocuproine S ©]-4-3}
A}, CuSO4 (100 uM), neocuproine (400 uM), salvianolic
acid B(1, 5, 10, 100, 200 uM)E 2313+ & phosphate buffer
(pH 7.4)& ©]&-51e] 400 uL= S}, Aol A 1027k 5t
5 AlZ1 # 450 nmellA SE=E SAISIT

e

e]
)

5. Iron Z2|0|& assay

Salvianolic acid B7} Fe* o]l th#}e] chelating 37} Q1=
A Zolslr] Ll Attt FeSO4 (200 uM), ferrozine
(200 uM), salvianolic acid B (10 uM, 100 uM, 200 uM)E &
Ao & H,OF o]-85to] 515 400 uL&E H3=t. Ao
A 1087FERS AIZ1 3562 nmoll A S35 Z4 5k
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1. Fe** 0|2 =Z0j|A salvianolic acid B2 DNA ¢t o4H|
k=l

ZetAu| == circular FE 2 supercoiled F o Qict. Z&}

A
— — Form I
— - = <+— Form Il
— — <+— Form |
FeSO4 (200 M) — + — + + +
SalB(uM) — — 200 10 100 200
B '
FeSO4(200 M) —  + — + + +
SalB(uM) — — 200 10 100 200

Figure 2. Inhibitory effect of salvianolic acid B on nicking and
breakage of plasmid (A) or calf DNA (B). Electrophoresis was
performed on 1% agarose gel. Form |, supercoiled form: Form I,
open circular form: Form llI, linear form.
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Figure 3. Complex of ferrozine and Fe®* has the absorbance on
562 nm. Salvianolic acid B had no effect on binding of ferrozine
on Fe*. Values represent mean+SD of three independent measure-
ments. ***P<0.001; significantly different from the mixture of
ferrozine and Fe?* by Student’s t-test.
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2H]E DNAof| deto] dojubd supercoiled (form DoflA]
open circular form (form I)°] ¥ Ich7} &f Aeto] dofipA
=] linear form (form I1D)°] =] agarose gelo A 1 Y147}
w3t mEbA] DNARSIE Y07 S48 A2 oS of Ao
A9] DNA Y% 2slH DNA Aot =& 018 5= it
thito] T3kl 9l ole] B4 Sl salvianolic acid B&=
[ PB RS Hol= 2HEA AR g9 Huw
v} QIeH14], 2 Aol A 20 F45 0] 241 Fe” 8ol A]
salvianolic acid B] 3415} g 115 SR8} ). FeSO4 200 uM
< ZetAu| =0 A2 S ] DNAZF EHhE| o] supercoiled &
e} 7} AR=FR| 3L open circular HERQ} A5 linear FEfE &2
k4= L3I}, FeSO4 200 uM-= salvianolic acid BeF o] 2]
Be o A FEE 37 TFF linear JEi7 ARMA L
supercoiled FEi7F F7FokE & 4 Qlth(Figure 2A). DNAE
ZetAn| =gl Calf DNAE B W salvianolic acid B7F
Fe’*ol] 2J3t DNA At 9JA1E & o F3lo] & 4= 9lrhFigure
2B). YAk} 33l 248 H= O = Fe®' ZeolgsS =4
Sh=t] & Aol A salvianolic acid B Fe*' 3} ferrozine )
EokH AL AA81A] F3FAthFigure 3). 0] salvianolic
acid B7} Fe*'E Z#old5o] HoluA e 2ulshy
Zhao (14]1¢] W-8- Fetste Zatelch

> 5

[og]

2. Cu®* 0|2 #HA0j|A salvianolic acid BS] DNA Rt

CuSO4E T5-2.5 200 uM A1 2] 2 uf, FeSOs AT 2] @} e
supercoiled e} ] HE}E 32 & <= 919} CuSOsE 200 uM
= 1A 8}A! salvianolic acid BY A8 5 & <71 o 1 uM
o| 4] open circular FEIE T = 21910™ 100 uMof| A=
linear G Ef7} K.0] 31 200 uMell A= linear FEf 1% o A E
smearing FEfE & & 4= A cHFigure 4A). Salvianolic

A - <«— Formlll

— <— Form lll

- — — — <4— Form |
CuSO4(UM) — 200 — 200 200 200 200 200
SalB (M) — — 200 1 5 10 100 200

B

0 e e q— Form i

. — — — — — <+— Form |
CuSO4(M) — 200 — 5 10 20 100 200
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Figure 4. Induction of DNA breakage by salvianolic acid B in the
presence of CuSOs (A and B). Electrophoresis was performed on
1% agarose gel. Form |, supercoiled form: Form Il, open circular
form: Form Ill, linear form.
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acid B A 2] o] v]glsled DNAS] Aot A7 Aefe &
2= 9t} Salvianolic acid BE 10 uM& 1178k CuSO42] A
2] =5 =718 4920 uMelA open circular FEIS B2
2= 912131 100 uM| A= £-43] open circular FEfTHS 7+
Z 7Hs31 200 pMOIAE 100 uMA ] miehe ge) o o)A
©] DNA #efl= o HA FottFigure 4B). CuSO4ot
salvianolic acid B &= *]2{ol| A= DNA Atk 213 4= ¢l
Aot o] A P wii= DNAS] Atks 2heleh 4= STt

o] Cu** ¢} salvianolic acid BS] ¥F3-0 & DNA At 1= &
A& AU oJnleict, TH Fef o] G452 8o W 4l
ofo] Hh-3-& E3l ROSS AJAFSICHFigure 1). £3] hydroxyl
radical2 7 H1-2-4J o] &£ ROSEA] DNA Aehe] a3 ¥l
o] FrH15]. Cu**= ARkl & A salvianolic acid Bl <] H
Cu*' 7} @dE]o] Cu'7h Hal o Atiole] HES-S &
hydroxyl radical A8/ =01 DNAE A&t o}tk 7Hg ol &
ALt
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3. Cu®" 0|2 20| A salvianolic acid BOf| 2|3t DNA Z¢t
7|

.\

o] Ag o] 4 DNA Aehe] #1¢910] hydroxyl radical 4= 21
s7] 9ol SA BEERE AAX = HO0E AAsH=
catalaseS A &]oto] DNA Aok IS CuSOsLt
salvianolic acid B A&5 =5 22} 100 uMI} 10 uMZE 37
Aolal catalase A 2] F =5 57+ &= open circular BE7F
AE B & 4 QlthFigure 5A). ©]= catalase® <13
H,O.7F Al A= o] 0] 3 hydroxyl radical] 4Jo] 9A4 =S
S 2 & 4 Slrh

Cu’*=DNA2 £4 $Jxo] Agtste] ROSE AAITFO T A

A - —

<4— Form I

W e — — - < Form |
CuSO, (M) — 100 100 100 100 100
SalB(uM) — 10 10 10 10 10
Catalase(ug/mL) — — 50 100 250 500

B e e <« Formll

- e s e < Form |
CuSO,(UM) — 100 100 100 100 100
SalB(uM) — 10 10 10 10 10
EDTA (M) — — 1 10 50 100

Figure 5. Preventive effect of catalase (A) and EDTA (B) on DNA
breakage in the presence of salvianolic acid B and CuSO4.
Electrophoresis was performed on 1% agarose gel. Form |,
supercoiled form: Form II, open circular form: Form llI, linear form.
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DNAQ| Atto] golafjz|H] EDTAE o] o] 2A]
Cu"o] DNA 23S oAIh16]. &= A¥oA CuSOs}
salvianolic acid BE] A&l =5 225 100 uMZ}F 10 «M= 3L
432 EDTAS A ] sto] DNA Aok 3431}, EDTA 42
FEE 57 44= open circular FEI7F 0B AS o
%8} 4= 9l 2lth(Figure 5B). 0]+ B A¥o] A Cu* 7} DNAC]

=2 =2

Ao}l salvianolic acid BoF] AMS. X—]* 29 =3 H,O0.5 A
Aol 254 0 2 hydroxyl radicalS A4 Pﬁiﬂ}i A7V
& = Qo

4. Cu'ol MM
u* = 4131 0 & hydroxyl radical& 84817 13 2
0519& R ojofate}. Salvianolic acid B7F Cu*' S Cu'& #3t
AZIA] golE7] $lafl Cu'ellgt Eol 4 o2 Agsl= ZH|o]
B¢l neocuproine= 4ol &%= 2431t} Cu'9t neocu-
proine®] A9k EFEE F7HAZIT Salvianolic acid BE
AY FEE S/ v gEHoE T SIS
(Figure 6). ©]= salvianolic acid Boll ¢J8 Cu**7} Cu' & #Hgt
=L ofujdtet, §] AnE Fsto] i Cu™*7} DNAY) Z2ds)
3 salvianolic acid Bofl 28} Cu' & %] 11 3h% Cu'= At
22k WS- 53l HoO2 8 AA hydroxyl radicalE A§/3 s+
o]Zlo] DNAETe] ¢elo] H& 2o & 4= qirh

(]
mak

2 AeA 2He °§F4H Fe’*= DNA Ak 9o 7]7]gt
salvianolic acid B Z2}An] =29} Calf DNAOA] ATk 914
s *FQ}OWA Cu=thE o 2 DNA Aohe 9 0 7]4] 2

_—

ol-.|.4

0.25 -

0.20 |

*k

0.15
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>k

0.05

0
SalB(uM) — 1 5 10 100 200

Figure 6. Transition of Cu** into Cut+ by salvianolic acid B.
Neocuproine is Cu**-specific chelator. Values represent mean+SD
of three independent measurements. ***£<0.01, ***P<0.001;
significantly different from the mixture of buffer and neocuproine
without salvianolic acid B by Student’s t-test.



S} salvianolic acid BE 3710 2 4] DNAS] At &21d}
%Ic}. Catalase 9 EDTA A 2= EetAn]| 0] Arhg o Ao}
1! neocuproines A2 P& f FFE7F S7HHS 1ot
t}. o2 £33 B 1 Cu*7} DNASF A3}l salvianolic acid
BeF] AFsehe] H--& Bl Cu' 2 Hehe & Ak4olo] O““—L]
H-3-2 =38) H,0,5 714 hydroxyl radical-2 A4 sk

= ek, S AkF o] Fo] 2 o) HALE Fofdh= %ﬁ 01
Aol o] F4-S 9HIA1 71 hydroxyl radical®] A4S &8

l‘

™ o]Zlo] DNAS Aehteal g 7hE] o]z}, o] = Al
o] il A= FAE 9] 55 o9 & wet
pro-oxidant=A] 7|s& kS on|dttt. kol &4o]
pro-oxidant2A] 7]'5-& S8 3Ich= Zlo] 58517 &-8-= o
A 5 et 5] G RE Y= 71 08 o AXIH 4
A} QPAIE O] Aol o & FLEjo]R0] FTeiths Bl
[17]=Fe]olo] Z7F P 2] 7%-$- phenolic compounds
5°] pro-oxidant2A] Al APE] 7] 4= 9155 2Jugt
t}. #<t salvianolic acid BE] &QF 7S K 319k =Fo] Bk
=t Wu 5[18] salvianolic acid B7} acute lympho—
blastic leukemia A 3£of] Tisl =/do] 9137 Guo 5191
A 2= colorectal A4 salvianolic acid B7}
ROSE Z7FAIA apoptosiss sty Hashyich =
salvianolic acid B2 pro-oxidant 7]%5-0] %A EE AFEA]7]
=l 7193tk Aot} & A tol A= salvianolic acid?]
pro-oxidant 7158 A ST AE o 2 Sholdh A Q] I obN|
9 sEAANA =IRE A2 ofyth. wEhA] o] salvianolic
acid BS] DNA &t 237} 4] ol A Urehd Aolet & 4= ¢
t}. that o] A¥= salvianolic acid BY] &t vs Aws)
L 31Lte] 713 0 8 ROS A4S 123l & 4= Qlekal A Zsiet,
oFo & thoFsh kA 2o it salvianolic acid B2] SA svket
I 71E Akt §lo] o] S543H 2 ROS A/ BAIE
HEs] AwE Farf ook A2t

O

thake] A Hel salvianolic acid Bi= thaFst Al eAlo] &
Xﬂ &’lﬂr. E5] oAk} aib= 7|2, AR A 2E o8t thefet
B3 gyl ook B s gt sEA9 ferulic
ac1d9‘r *O] PR AR = 9 Hsd 242548 4
o] F&0] Qo A}ARg-S sl o] Zlo] et asS g%t
7|5 B}, B A9 o] A] salvianolic acid B7} Cu® S ol 4] AF
R8-S 3}=2] Yol gk salvianolic acid Be}F Cu™' & &
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Al A2 st supercoilded %€ DNAZ} open circular 2>
linear el ¥HA ¢l 2 U salvianolic acid B 2-& Cu* 2 ¢
] e whi= TR Yokt Cuollk £ 291 Aeo]E
neocuproine< ©]4-}o] salvianolic acid B7} Cu*" & Cu'&

HAAE ko H)Or 8 B AL Eodh= catalase
£ %] 2]5FH DNA #3171 dojubA] ekglet. #dAkas 5 sht
A HoO0= A AL E3] DNAS -4 8t0] A7 |52 33}
A 31 ekt A28l salvianolic acid Boll €3t Cu** o] 3t
H& H0.5 A4 5F H,O-= DNA EolE Y070t} o] 2
¥}+= salvianolic aicd BE] @9t 13}7} salvianolic acid] H,O;
A R EY = =2 A E E 5 o o= E T A

=TT OR—
o] ofF|Aof Gttt
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