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The Effect of Carnosine Extracted from Eels Anguilla japonica on
Oxidative DNA Damage Induced by Hydrogen Peroxide and the DNA
Repair Capacity of Human Leukocytes

Ho-Su Song

Department of Western Cuisine & Culinary Arts, Youngsan University, Busan 48015, korea

Carnosine was recently reported to protect against the DNA damage induced by oxidative stress. In this study, we
investigated the protective effect of eel Anguilla japonica carnosine extracts prepared using different methods (heat
treatment extracts, HTEs; ion exchange chromatography, IEC; ultrafiltration permeation, UFP) on leukocyte DNA
damage using the comet assay. Human leukocytes were incubated with extracts of eel carnosine at concentrations (of
10, 50, 100 ug/mL), and then subjected to an oxidative stimulus [200 uM hydrogen peroxide (H,0,)].

Pretreatment of the cells for 30 min with carnosine significantly reduced the genotoxicity of H O, measured as DNA
strand breaks. The protective effects of the three types of extract (HTE, IEC, and UFP) increased with concentration.
At the highest concentration (100 g/mL). there were no statistical differences in oxidative damage between each ex-
tract treatment and PBS-treated negative controls. When leukocytes were incubated with carnosine for 30 min after
exposure to H,O,. the protective ability of each extract changed. Therefore, eel carnosine inhibits the H O, induced
damage to cellular DNA in human leukocytes, supporting the protective effect of this compound against oxidative
damage.
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WALl (Anguilla japonica)«= %1701 =(order Anguilliformes),
Wz} T (family Anguillidae), W20} 4 (genus Anguilla)ol| <5
She ol A Aol ol 1 Al 0.2 1950] e
e, ofF fejuetel= FRotol F= Edsh= WAo|(A.
Japonica)e} HHi/d &= Atz 9ol T2 A A5k, FHbE o
B} Bxz)o] BatAel Lejdo] A. marmorata 2%0] B3
SFCH(Kim and Park, 2007). #9§%-0}(Anguilla japonica)= TF=
ool vl A T, X, 7714, BlEl Fol F-75HA g
o] Q= A oo R S, Ui, S 5 5
ofrJotoll A= 7| ZAIE O R o HRE o] &5l Qrk(Cho
et al., 2011) 3+ WA ojol= 7)5A4 ARAF tHelo|=2l

Carnosine©| o] 3+ QOW Us Ao A qlom, v
%ol 3-2ff carnosine®] F=EWH 9 4k}t aukel e 7]
Aol W3t A2 w3 QIti(Song et al., 2006; Lee
et al., 2007; Song et al., 2009). 2]A]o} 1}8kA}¢]l Gluevitch}
Amiradgibi (1900)] 23] %2 &2 Carnosine- histidine
3} B-alanine©] FEfo] = AL Tl Etol & SRRMEREA 27|
Decker (1992)2} Chan et al. (1993)2 carnosine®] A2t
29 B0l & 47 5} abkeRs o]t gk el 9L, 21
of il el 7)eh AhAekAlok B =5t 5l A
TAE vl At A o2 Fod Holahs A2 B
15|31 Qlck(Lee et al., 1999; Salah et al., 2000; Hipkiss et al.,
2001; Kang et al., 2002).

3t carnosine©] FHS A 2 FHAIC G A=
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a3 5o] 4A rhChasovnikova, 1990; Bucala, 1995;
Gayiva, 1999).

dRbA o el AW 9 1=310] Q1o == Hhg/do] uf
5 & S/ Ak (active oxygen)7F A ZE A4 AEEQ A, ©
ul2l, o, DNA 5ol tisf v] A=A, v|71e 2 ¢l o] 282
514 =™ (Adelson et al., 1988; Escalante et al., 2001) A]3%0]|
QIO A, 3, 27 9 oA 710l £ ek AL ]
Al Elek E3E, oo} 22 vhg- 0 R HE opy|H A4S 7
AL A 13k B|ESke] dxsto|mY, HEF, WS,
Fuzdsh 5ol choret WS oAyl AoR BiEl 9
t}. (Decker et al., 1995; Kansci et al., 1997; Zhou et al., 1999).

izl of] AkebA] &to) of7|HH H 2] 59184 (heat labil-
ity), B4 2, Tl a Fof | asof ot gkl vEg-Ado] ¥
slsiA| Hrt. 4teha] 4ol ot chal A o] k= A o] 3
A A 271 A = w, o] = Qlsf k-3 Thl 2 o] WA 7t
A A AL ol 2= o] =37t ZIg o whet v-3-/gd o]
F 27125 (carbonyl)7| 9] Bl Z7FaA) Bl Aol

SN} A3 ff A2 el Al o] DNASF A9tsA ==t
o] A& 3l glycation)2}al b FAkSK glycoxidation) HHS-
= A F il Fo] Ak 2 F I s e (advanced glyca-
tion endproducts, AGE)< &/d5}A Hth(Bucala et al., 1995).
HApel Aol ehalde v Badow P vhgels
maillard ¥H-5-2- 4 0.7]H, 279k 4241 schiff base S %4
ot 3 AufFEfof ofnti=f(amadori)® o] 273 4HEO] A
AE|0, o] EHAPR|o] HHG-2 TholH 0.2 Qofuf ) 24
B} o 5 o)4t BeollAl ofuhz ) AHgo] AuElo]
T AT} WA= o] B|7H A Q] 2 F SR (AGE)°] A8
AR 20 257 E]o], Ea, o] 28 Hro] JAkom %
ol Hollel ) orom, hula AEIZH Sk el 2
9] 29} 75 A4S v A o 2 WFkA|7Ich(Nagasaya et al.,
2001; Yokozaya et al., 2001). Carnosine= ©]2} 22 AFs}4]
AEHAR op|E HFPIHE] i S S E &
w2 7157 Ak ANl TEHE 7L s AR o
A Qleh

AA7HA) B ol T camosine®] 2] 758 &
A} Y] o]n|thE 18] (imidazole ring)ol] 2|3t &+5-2-&-(Harris et
al., 1990), < Z o] E45(Quinn et al., 1992) 2 }-g-e}r]z+
(Boldyrev et al., 1995)3} &+ G229 A7 50f 7]Ask= 4
o2 24 il QIth(Lee et al., 1999). T3 HAAEFNA F=
3} carnosine®] g4 carnosineo] H| Sl At 4 02 =2 3HAksH
& B T g8} oAl E S A AL Qe Ao E A A Qi
(Lee et al., 2007; Song et al., 2009). o]of] & &L= wizlo] 2
B 223 HAE -2 carnosine ©]-8-5101, % ¢ carnosine
o 715 B4 182 Iall Q1A DNA &4 oA & 3)0f| u] 7]
= & 5ol thall ARSI

9 g v
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Mz 2
AZ 2 Al

& ol A8 WAY(Anguilla japonica)= ik
Al ROl g Aol A Al 40-70 cm,
i AlF 200-400 gof WOl S st Aokle EiE A
FAZ Eutsf 245 A3ol AH8-sH3ITE. Comet assay©ll AR
= histopaque 1077, low melting point agaroses, hydrogen
peroxide, normal melting point agaroses Triton X-100, di-
sodium salt ethylenediamine-tetraacetic, sodium hydrogen
phosphate,potassium phosphate 52| A]2F-S- Sigma chemical
Co., (St. Louis, MO, USA)ol| A 791313 0., 71 9]9] W= AJok
& B AoFE AL8BI oI,
A=z XX

o] 28 Carnosine &5 918 8 Aol 347 A
= AN F ZA A ERek 4, w, W AR
carnosine =8 A| 22 ARSI
HE0 Carnosine £&

Carnosine %2 Song et al. (2006)2] W of| wle} 3712 7F
& ol8sto =l on, 7, ehefojatx e v
3 o] ZaghA] 2 & W agste] =asit.

7tEF

Waro] 5 oF 100 g2 27 Aof 28] o244 TC)E 7Ist
o n(60z, 23])gF WAo] 53 homoginizer (PH-91, SMT
Co., Japan)E o|-8-5Fo] T A3K8,000 g, 24, 43]) A7 $ A4
£21(8,000 g, 3042, 4 C)AA /-5 U= 513+ Whatman No.
4 WE(Whatman, London, England)E ©]-83}o o{u}gt -8
80T A 1087 7FE 2] & thA] 8,000 gofl A 1587 €A
B AA A HES A7t & Whatman No. 4 ZE| 2 o] 7))
T AHE Al m = ARSI

|2 gtk

H7gol Sofl 10u)7H4] 1% picric acidE 7Hsf mhafeh 374
o] -5 W ATFEH 8,000 goll A 307t A4 B AIA WA=
2 AAT A5N-S Dowex-2 chloride column (2.5 X 30 cm)
S o] g-ao] thil Al kol 53} picric acidS Al A5k AE4 Al

T

(=}

312]o] 1} 2] 2]+= AmiconAl] stirred cell $F2] o] 1} ZFZ] (Am-
icon Co., Beverly, MA, USA)E 0|83}t &, 24} HE}
o] =2l carnosine w215 9|34 7+ A 2] W o] w3t A 2] gt
AlZE membrane filter (YM50, YM30, YM10, YM3, YMI,
YC05)2 AdejA EAS 2% 500 Daolst7tA] 246150
] RS 50T ofstE WEAIXl & sAZXst] AHE
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A AEY A {2 371 FE 9] iAo =% carnosine
o]-gsto] 27kA] W o i
Qom e ok ek

(1) 4% W& Aj2zof thefst 5= 0] §i%o] 3% carno-
sine 10, 50, 100 pg /mLe] F=& X2]sto] 37°ColA 302
ZHHESAIZ T Bhg-o] Bt Sof| = Wi E -5 PBSE A 23t &
N9 A o2 AsHA AEAE S 918 200 uM H202
= w20 #2)5}0] 4100 SEZFURSAIZ] T ThA PBSR
EEE S

(2) 200 uM H202E W& tof| A 2|sto] 4o 5E7F vk
A1 TFe- wiAFo] 322 camosine S 10, 50, 100 pg/mLo] &%=
& Agfsto] 37T oA 3087 HESAIX] $ thA] PBSE A
SFRATE. Positive controle 913l W7ol 3= Al thAl g+lQl
DMSOE A28t % 200 uM H202 3}E *] 2|3} 1L, negative
control¢! -§-7(DMSO) | 2] A|3Lefli= H2025 *|2|5HA] ¢4k
=g
Comet assay2 0|28t DNAQ| MstM &4 £H

¢4 W& DNAE thde 2 H 0,2 78 op7|H 42} =
AJ(genotoxic)oll ti gt HIAFo] -2 carnosine®] H & F 3o of
off ol 7] Qfsl Brgatanol ofgt 4lshA AE A [ A A
32 YO DNAY| &4 A& A4 gl 4= ol 783 A3
2 AMEE 3L Q1= comet assay (single-cell gel electrophoresis)

= AHgstelen, ofof RizFojo| 4] &3t camosine 7t
-2 DNA &4 A =& 821517 915f| Singh et al. (1988)2]
A O EY] S 7IRE F- comet assay S A AISHRIT

244|2} 25419] 2473t 8] F-A EAdoll A A FIRE A2 AEY
o)l 0.5% low melting agarose (LMA) 75 uLE <3513l 0.5%
normal melting agarose 150 uL7} precoating ¥ slide $]= 1
ALt LMA #Erfo] Z a1 AR F] 5 cover slip & = Hof
4C oA 1087 YA B33kt Gelo] 5315 £ cover slip
S AATE S thA] s 0.7% LMA £ 75 uLE slide 9ol
H7Fek 3 thA] cover slipE ol gelo] -3-a1d wf 7hA] @A &
WAt Gelo] &2 3 cover slip Al A3} slideE A[7H-
alkali lysis buffer (2.5M NaCl, 100 mM Na2 EDTA, 10 mM
Tris, 1% Triton X-100, 10% DMSO, 1% laurosylsarcosinate,
pH 10)0ll @71 6027t 4°C 2] FAdofl A Al Tl 22 7]
Asteit,
Lysis7} 4 slide+= alkaline §-2(10mM Na2 EDTA, 300
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Fig. 1. The preventive effect of supplementation in vitro with
different concentration of eel Anguilla japonica carnosine (A, Heat
treatment extracts; B, lon exchange chromatography treated; C,
Ultrafiltration permeated) on 200 uM H,0,-induced human leuko-
cytes DNA damage. Control, PBS treated normal control. Values
are mean with standard error of duplicate experiments with leu-
kocytes from each of two different donors. Values not sharing the
same letter are significantly different from one another (P<0.05).

mM NaOH, pH 13)o] 23he #71957|o €iL 4ToA 40
E7Funwinding A]Z1 325V, 300 mAo|| A 2587F 7| 45
AT M7 955 Setol E2etAE FA3H7]7] 9l
0.4 M Tris (pH 7.5) 8402 58 7+A 0 2 23] A|Zstgomn,
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Fig. 2. Comet images of human leukocytes. A, negative control; B, leukocytes treated with 200 uM H

(UFP, Ultrafiltration permeated)+200 pM H, O

2722

uM H,O,.
ethanol 3 mL& 387F A= A|7] % comet image £4]2 9]
3f| 20 uL5x=2] ethidium bromide-8-24 0 & 345 HAA|7 &

3 @)% (Leica MZ16 FA, Germany) ©. 2 ¥Ha5tgich 1 &
CCD camera (Nicon, Japan)E 53l ¥-2 4|33 image= ©|v]
A A E-EA] 4231 E 9 of(Kormet 4.0, Kinetic Imaging, UK)&
o] g-3sto] EAI3}9Ir}. Comet assay©] 2|5+ &L DNA &4}
=9 242 80 25 o5 DNA 38| A2|(tail length,
TL) = tail lengthe] tail U 23 DNA%E F3) tail mo-
ment (TM)gh& 7d3to] W@l 4 DNA &A=S S48}
et

SAXz

= 27 0] FA A = SPSS-PC* 57| packages ©]-831%1
o, 7k gritof wheh MRS} Fat A + #E L AHSE)YE -5t
a1, ZF =749 DAN &4 oA J =5 v]aLshr] 9fsf ANOVA
testE 53l FghS 7331 Duncan’s multiple range testE ©]-8-
sto] froldS Ueiolen, SA1A FoAd2 5% s=ollA
B7rsk.

Znt W D

DNAS| &40 D|X|= g
s &1

QIA| &L DNAE tj4to.2 H2022 H¥ of7|d 547
=4 (genotoxic)of| th gt WiAlo] G2 carnosine?] & 4 2AY
F}of| sl Lol 7] 913l Song et al. (2006)0] B3l BR2} Zro]

HT

C, leukocytes treated with 10

2722

pg/ml eel Anguilla japonica carnosine (UFP, Ultrafiltration permeated)+200 uM H, O, ; D, leukocytes treated with 50 pg/ml eel carnosine

27272

E, leukocytes treated with 100 pg/ml eel carnosine (UFP, Ultrafiltration permeated)+200

LC/MSE ©o|-&-5}o] 3% camosined} 1 Aol A =37 W%
o] % camosine I F U8 B Mw 226)2 713 &2
L gelst Z(Ax} u|AA]) 371A] B 0.2 523t carnosine
A7 E o] &5t 0 ug/mL, 10 ug/mL, 50 ug/mL, 100 ug/mL
9] o2 HI7MAIZl & 30& o 200 uM H202 3 7}s}o]
Q1A W& DNAY] &4 =5 5743 A7 Fig. 1A-1C A
Al&FSiTt.

470 79 H2020] 23] DNAZF /%] ofof wt
£ % fluorescence in tailo] 71%% UERH B ol 7} 2] 2]
Z carnosineS 715 7 9+= DNA tail %7} Z+ZF 57%, 35%,
12%E Uep oo, A2 4F A a3k 2H2E 19%, 49%,
69%0]| A thFig. 1A). o] 213k #|2| carnosine= 10 pg/mL,
50 ug/mL, 100 ug/mL 718t 79 212} 57%, 36%, 21%E Lt
Effjglom, ofof whE A &4 oA k= 22t 18%, 49%,
69%= YERGTHFig. 1B). 3F]of1} *] 2] carnosine> 10 ug/
mL, 50 ug/mL, 100 ug/mL H7FE 749 22} 56%, 39%, 19%
= UEeR gl e ofof whE AN &A4F oA Bk ZH2 21%,
44%, 72%= e chFig, 10).

E3t 247 thE H 9] carnosines 100 ug/mL=E 4713t 7
$-H202¢] 9J3f] 4% X] 92 DNASH &3t 23 a317} Q)
= A0 2 YyEelkon, DNA 4o w2 Comet image H-4] 4
K(Fig. 2) H202¢]] /=] A] ¢4 DNAo| H]sf| 5+ 3 7}19] 7
- DNA 722]7} 47| /3 vhA giojof| A &3k ghejofat
A 2] carnosine 7t 74 H7FF] Sfjof whehA SAHE
2|7k gropA = AvkE UeEb sleh 53] 100 ug/mL 9] 9k

o= HyleAlE A4 Tt gl o) WEE ek
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Fig. 3. The recovery effect of supplementation in vitro with
different concentration of eel Anguilla japonica carnosine (A, Heat
treatment extracts; B, lon exchange chromatography treated; C,
Ultrafiltration permeated) on 200 uM H,0,-induced human leuko-
cytes DNA damage. Control, PBSO treated normal control. Values
are mean with standard error of duplicate experiments with leu-
kocytes from each of two different donors. Values not sharing the
same letter are significantly different from one another (P<0.05).

ek o] 23t Aat= ferritini} H2022 913+ AFSHA] DNA £24)

o)l 9lo] A T4 carnosine} homocarnosine 2712 £l DNA
o] &4 A Fth= Kang (2010)9] A+ Ao} ol 1Y
Zojof A &3t 3ke|oj 1} &) canosine E3F, H202E Q13

DNAS] 445 At 0 2 ojA||sh= A2 Lebytt.
e gt
H202¢] o] 8} =3l DNA S| A A= A 5 7] 915] 200

uM H2025 ¥ @ o]l 22| sto] 4°Cof SE7FRE-AI X 5 w7
o] 22 carnosine 5 =W = 0 ug/mL, 10 pg/mL, 50 ug/mL,
100 pg/mL 2] 3F=F 0 2 H7IgE $ 37T of| A 30827t §Eg- AlX1
A% 2= Fig. 3A-3CoflA] K= upe} ot

H202 £ d7}2] 749 DNA7} 5415 o] o]¢f utZ DNA
tail %7} 69%= LFeRd Wk 719 2] 2] 33 carnosine A7} Al
DNA tail %7} ZF2F 52%, 22%, 17%, <AHe) AlEo) A4 &
= Z4ZF 25%, 67%, 75%ACHFig. 3A). o] &n3 42| car-
nosine2 A7}3t A-Loll= 2zt 58%, 20%, 16%= LERHS)
on, ofof kg &4 AL A Bib= 242 15%, 70%,
76%= R aL(Fig. 3B), gHejol} 22| w7l 525 camno-
sine2 10 ug/mL, 50 ug/mL 100 pg/mL2 Z+z} H7Vst 7
44%, 24%, 18%E LEFH Sl n, ofof] whE Z7}o] A2 ZH*“
A= 35%, 64%, T2%%= L}E}"HZ]-(Flg 3C). £3] carnosine
100 ug/mL A7F519S 79 H202¢] 9]8f <A4HEl DNAS
A 9= DNAS} FUsHA A7 |= AE UEtile
o, &9 mhE ke 24 g2 A o2 YErdth Song
et al. (2006)1} Min et al. (2017)2 440 72 5L E] carnosine
9 anserine} 2+ 484 Hefo] =0] Zdo] gloi 1A
], o] 2%, ghejolaf &S o] 83 Aut fof Hat A
Sl g2 ok Y Sk om g ol

2y o m} A B2} Befo| = o] 3FeF Wal 91] okof
b3l B 5k oL, g5 o]of tlat 27120 eyt B s 4
o= ﬂ&%%_tk

ol AY A sl HH WAoloA] &3t camno-
sineS- A+}2] iEEﬂi FHEAQ H0,00 28l f=4 ‘ﬂ?‘é
T DNAY] &7 a7 Qs 22 Eelskgl o, ofof i
TolA= “:‘.mcﬂi—rﬂ &3 camosinesr 18301, Xd?ig
el camosine®] 7|5 54 72 S18f Q1A DNA &4 ¢
Al B 3ol mjA]= G Foll thell AT ZA FF A
A gl ot o F A%t 7|5 22N Egol 7FeE AL

2 ghehe ),
Ab AL
o] A= 2017 FAFHSL WU AH] o] 2] g Hhof 4=
=S
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