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ABATRACT

Hydrogen Carbonate Hot Spring Water Plays the Role of Hydroxyl
Radicals Scavenger

Jju-Home Lin, Yi-Ling Lu

The unpollution of hydrogen carbonate spring waters (HCSW) taken from
Chi-Keng (Kaohsiung, Taiwan) were analyzed for the scavenging effect of hydroxyl
radical. These conditions are favorable for the generation via Fenton chemistry of the
hydroxyl radical that was measured by HPLC using salicylic acid as a probe. The
results indicate that the HCSW may play the role of hydroxyl radicals scavenger in
different concentrations (0, 1, 10, 100, 1000 diluted spring water). Compared with
milli-Q water groups, the different diluted spring water groups decreased 2,3-DHBA
and 2,5-DHBA levels by 91.3+0.59 % and 95.1+0.48 % in the original spring water
group, by 89.2+1.35 % and 94.4+096 % in 1:1 diluted spring water group, by
83.6+1.24 % and 90.4+1.33 % in 1:10 diluted spring water group, by 68.3£2.17 %
and 70.1+£3.28 % in 1:100 diluted spring water group, by 29.8+3.23 % and 32.1+4.37
% in 1:1000 diluted spring water group, respectively. Two antioxidants, vitamin C and
melatonin were played a potent role of hydroxyl radical scavenger. The melatonin
scavenging effect was increased by the HCSW in melatonin- spring water mixed
solution. However, the low concentration of vitamin C (<10 mM) in vitamin
C-spring water mixed solution was played a pro-oxidant effect that was against the
effect of scavenging hydroxyl radicals produced by carbonated spring water. The
results suggested that hydrogen carbonate hot spring water plays the role of hydroxyl
radical scavenger.

Keywords: Hot Spring Water, Hydroxyl radical, Sodium Hydrogen Carbonate
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TFOOSET HY AL BEAL A LA AR E MR o AR LA
3 BE AL X LS b BuplE & 408 & (CI 6.8 mg/L; Br 0.44 mg/L; SO,* 5.85
mg/L; HCOs> 1140 mg/L; SiO, 44.6 mg/L; Na™ 385 mg/L; K* 2.78 mg/L; Mg*" 5.20
mg/L; Ca’’ 8.23 mg/L; TDS 1120 mg/L) » iF S 4F 3t & B A G £ 5 A d A

FUER K - R A R R IEY )

S HELE
(- ) JE & k# A& (hydrogen carbonate spring water; HCSW) ez 5 87 1 2 & 2

PR AR AL BEABE > AR FGEESRE S T71£1.0 C ~pH &3
744038 e MplpL d A F A LR a2 A 5 TCl 6.8 mg/L; Br:0.44 mg/L ;
SO, : 5.85 mg/L ; HCOs™ : 1140 mg/L 5 SiO; : 44.6 mg/L ; Na" : 385 mg/L; K :
2.78 mg/L ; Mg*" : 520 mg/L ; Ca® @ 8.23 mg/L ; TDS : 1120 mg/L | o *#= 5
POOREAELIFHABEQREATFEF A AP A LR RT]Y

(1) B3 BB pen? & L% > BABRF R g RFREL &
AESARE

Q) kFga sk s 1 G 14 (1,140ppm) Z 2§ > B
SRR L & AR K

B) pPRENEARLE BERIIXFTFRE -

BRI EFRRHO2 mL IS FERE R T 5 om Ak PR K
'k # ~ (hydrogen carbonate spring water; HCSW) » & = T 10 7 B &5 % 41 {8 & »
FHfp o P ETFHFTETHCSW 247 0 A7 263094 &2 7 {094 & 8
HFEFES HFITE EX A1 8 FFpatfds 20 B HCSW & =t £ 313 40
B HCSW #: A dc o i€ A kAT 5 A 475 > T Lk 4f A6 022 pum i

Wit o FRTEAGRED S LS PR A



(=) &5 pd Aheafep]> 2

l. &% pd Lenlih

AFE Y ehd § pd A (hydroxyl radicals; "OH) kim & EEF ki & g+
£ F #7A 2 (Fenton reaction) > AF7 % ESk 71 * (¥ L f% & ¢ ALY p
Sigma =& o FEEiTw > TAFRWU2 BERIEH > L FF Y > &350

(1) pH 7.4 Tris pad& % W7k

(2) 100 mM Fe-EDTA #74# ;

G)IM g5k

(4) 100 mM k¥ i s

(5) B AR AFEB R (2 Tris flde % B i)

(6) ‘=4 % C(vitamin C) {422 %% (melatonin) 3 /% ;

(7) & 47i% =& % 75 mmol/L monochloroacetic acid, 0.7 mmol/L disodium
EDTA, 1.5 mmol/L sodium 1-octanesulphonate and 45 mL/L acetonitrile » I 33 & &

toi% pH £ 5 3.0 -

2. Fenton * & 3# %

* > ;% 1345 Teismann fv Ferger *¢ 2000 & #74% 11 e j2 L ez B 3718 * 3
B L #-HCSW Rk fe Tris fhdg 3 @m 2 0:1, 1:1, 1510, 1:100, 1:1,000 = 5% %
IRMAESF 09 mL ME* o "OH A2 F g Z A BT LG5 100 mM
Fe-EDTA 2#|{v IM F 3 k338 > & 50 puL e 2|37 & frfi 4 = 0.9 mL Kk 4

P hEE Y B 1AM = Ter 50 uL Sk LR (100 mM) 0 & 37°C

F_*

g 1S &4 0 = i 5 2,3-DHBA(2,3-dihyroxybenzoic acid) f= 2,5-DHBA
(2,5-dihyroxybenzoic acid) 7% = € #& P2 T 5 Fenton ¥ J&f- DHBA 2 = ek
/T

(1) Na;EDTA + FeCl; — Fe>-EDTA complex + NaCl Fe-EDTA reagent

(2) Fe*"-EDTA complex + H,O, — F ¢-EDTA complex + OH + OH"



Fenton reaction

(3) "OH + salicylic acid — 2,3-DHBA + 2,5-DHBA DHBA production

(Z) &% pd &ten>

23 pd APPSR IR YPESP (sodium salicylate) = 3] "OH -k
fEit {625 enA $ 2,3-DHBA v 2,5-DHBA ¢/ 32> % 1232 8 Fenton * &7 OH
A% & &R TOH 44 j’-“fmmg o Fenton & J&1é vkt & X5 8 »ea iR B A 17 R
(high-performance liquid chromatography){rii i& C18 & 7 ¢ (PHASE-II ODS 3UM
100 3.2 mm; BAS, St Louis, MO, USA):k 47 {5 > 12 & it & i B ik (electrochemical
detector) X # i#| 2,3-DHBA {v 2,5-DHBA 7 £ B & ° & 47 B Plie &% % 1
2,3-DHBA(9.15 min)fr 2,5-DHBA(6.08 min) #7 &} el ' & ff L oiz-f A 18 £
BRERERHRIEL SR T2

2,3-DHBA §r 2,5-DHBA # = ejk B & 8 2 ;8 4o

MQU % [192,3- DHBAFS 2,5 - DHBAYL S —jfI HUEE 4 i % (192,3- DHBARY2,5- DHBAJE

- - - x100%
MQi  192,3- DHBAJY2,5 - DHBAJE% ’

() B35 hing LF BTFT
(1) &= = 2
AEFTRFHRE A2 BREFEET IR ) ¢35
1. #3412 (Control group) : Saline §= Hydrogen carbonate spring water (HCSW)
2.4 W3 % % (Irritant group) © Hydroxyl radical
3.ip % 2 (Treated group) : HCSW+ Hydroxyl radical
(2) B9 e £ 5
F S # 4 > ¥ 2 urethane (1500 mg/kg, ip)frfis o 8 & #4 3531 30 4 ) p&F
PR ERELF RZFRE o FkISH I UEE urcthane ¥ S L ETESE
H oA 19 S o
(3) hEva LR B

b2 SV e A te 0 K Bk $+ urethane (1500 mg/kg, ip) FRffS



ﬂ\q.

R LR (L i BAFINEHE A S 6 FeHo L d KEF %~ potamine sky blue (50
mg/kg/0.3mL/rat) » 5 & 45 s > B-F LB F 4F & HE 7 %L F(intra dermal

injection) > ™ 1 M1 /2 64+ F il 4 27G 164458 > ;2 » £ H 25 0.1 mL > 7341

-

B AR B B h K2 ie 6 B A fEEH > DI HPEF A6
AdBN oIt E R AR N GB02°C) 1 ) Prts > % £ churethane 3 »
N NN R IRA A B IF s FANLAEIE N E 1.2 cm 7 T2 IR
Agrth 7 o LA BEL P W ERBE T 12 cm oA B U A D AGEHE > 1
BlEH B R0 = BisEEH ¢ U EIRE - BT S PGE2 A 47 % - H 4
B L -2 2 gt 12 6 mL 20.5% NarSOy ‘),%‘% 54 "o s E 11 14 mL 0 Acetone
e 3.5 P PBE o MB 0 L F AP PSB ¢ i3 ) o Ml B (5B R R B

Ak kB R (HITACHI) » & OD590 iRl H sk & > edrid i (7 T2 47 o o

() FARAFS
K 47 1§ 3545 % 12 2,3-DHBA (9.15 min) fr 2,5-DHBA(6.08 min)#f ! .5
RERFEFWATFAL  LOREREARHRE LS4 72 TR Y thT

(Student’s t test)i& {7 F L Le3- A 45 5 12 p<0.05 £ 7 & 53t & o

R 2 R i
(- ) BAkEASzE ¥ pd A4 fpl

10 mM F ¥ kX Fenton 7 A ¥4 5 4 o A(COH) > 1 3fd ks
"OH ¥ Ji » # % 2,3-DHBA (9.15 min){r 2,5-DHBA (6.08 min)srf& % & % » * 1
¥ H e ﬁr% & #c(0, 1, 10, 100, 1000) %L fx & 4§ % -K #& & (hydrogen carbonate
spring water; HCSW)'})?“% "OH chi®* (B 1) - B2 &7t > e 8 U8
K (Milli-Q water; MQ) i¥ % Fenton & B en¥f R e » I & B F KPR A Y o
MQ -k # »#7 & 4 &1 23-DHBA §r 2,5-DHBA k& - # ¥ 8 & K & $r )

2,3-DHBA fr 2,5-DHBA # & ik & » i&- %42 5 7 I 48 & diceh HCSW % it



"OH sy # o % % &g on "HCSW R % 4p 82 MQ sc 3 ?x$r 4] 2,3-DHBA §r 2,5-DHBA
44 TioE A s 91.3£0.59 %2 95.130.48 % 5 1 & fF HCSW #rflocsk - =
E L B 5 89.241.35 %% 94.4+0.96 % ; 10 & ﬁr% HCSW #r4|2c% » T35E A
H % 83.6£1.24%% 90.4+1.33 % ; 100 i ﬁ‘ﬁ HCSW #Frilscsk » T30E L 9] 5
68.3+£2.17 %% 70.1£3.28 % ; 1000 % ﬁr% HCSW #r#)2c% » T aiE & % 5 29.8 %
2 321% (F2)° * FERHEFEAHCSW 2 7 o8 ") EF T hpls s m > 7
2 xR HCSW & FF’-"ﬁE OH ei®* &% ¥ & ¥t § & (data not shown) o F]

B AT AT AR AR 2 0 Bk HCSW RiE 78 % A 4T o

(=) »# HCSW 2 a4 % C % OH sy it 4

#3 kRS % C (1l mM, 10 mM, 100 mM) %2 Fenton F J& {5 » 1&
Bl#t4 & 2,3-DHBA 4r 2,5-DHBA 14 4 » ¥ 12 b £ 84 MQ tpd k 4 7 H iz
"OH i 4 < B2 BERE AL 5 C 3% 1 mM, 10 mM, 100 mM #+3r+#]
Fenton * J&#74 = :732,3-DHBA - 2,5-DHBA st # » 1 mM 24 % C #ri]scsk L
aig LA W 3.544.83 %2 22.746.64 % ; 10 mM 2 % C drd|scsk T 1o L A Y
3.3946.78 %% 62.844.93 % ; 100 mM &4 % C $rd|sc% T o 5 A ) 58.6£2.74
%% 67.9+3.27 % (B 3) - B 4 BEm >+t 4 10 B FfF HCSW 33 = 10 mM
a2 R L2 10 B H2 HCSW # 2,3-DHBA {r 2,5-DHBA 2 & ez % o

%8 0 10 12 ffF HCSW T $agr s % & %] & 83.6+1.24 %% 90.4+1.33 % -
x4 %R &R 2,3-DHBA 4r 2,5-DHBA # = chfrd|»c% » Lo A o i
-8.4+8.43 %% 48.9+5.67 % 7 R4 % C¥r HCSW IR & 14 e % HCSW = Jz "OH

s 4 (F5)

(=) * # HCSW 2242 2 ;% (Melatonin)¥f ¢ OH =yt it #
B kR SE g% (1mM, 10 mM, 100 mM) %2 Fenton » J& 1 » # B
“t4 & 23-DHBA {r 2,5-DHBA thA 4 » ¥ 12 e S48 MQ Apfe k4 7 =g

"OH g 4 o &R 7 kR RE FE % 1 mM, 10 mM, 100 mM - $#r]



Fenton & iz #7# & ¢12,3-DHBA 4r 2,5-DHBA & 4 » 1 mM 422 jc% #r4] s & T
¥ 5 A u] 3.042.83 %2 11.546.44 % ; 10 mM 422 jfck Frdl % T 1o 5 A 6
63.244.36 %% 76.3+2.39 % ; 100 mM 422 jr# Frilrc %k T 351E 4 A w] 94.9+43.45
%% 93.6+1.77 % (Bl 4) B 5 7 > v+ 4t 10 & -8 HCSW 3 & 10 mM 42
2k R & 2 10 % 418 HCSW #f 2,3-DHBA {r 2,5-DHBA # & cfrdrck -
BEEA 10 B4 HOSW T o3 pe % 4 6] 5 83.6+1.24 %2 90.4+1.33 % -
2 %R £ ¥ 23-DHBA - 2,5-DHBA # & chjrf|sck » Tia@ A w5
92.7+2.89 %% 91.8+1.54 % ¥ 422 % & HCSW iR & {4 > 422 % = Jc "OH

44 P EALH % T (B 5) -

(= ) HCSW ¥t4w e OH % % % 3 L F o #

*EF A7 % % B 0 7 k& Fenton reactive solution(*OH solution) & 3 %
A2 B chde 438 L) 0 4B 4>t "OH solution > 4p = #8 4% (0.1 mL)2 saline v
HCSW ¥ 3 5l424p § ey IR % - 17— # +* & saline+ "OH 4+ HCSW+ "OH
2R ERNAend b L EF L F RESE T 0 TOH+HCSW £ 3 115 scendn

"OH # W% » “f TR LK GG ot o HA KR B IRahfug UF BV ER
- R LT R RMFARKESR TG F pd At 0 T ERAPH B IRE §

B ksl dz s I 9 (1 6) -

T~

Foier gy v AR EARBP AR SR R LL T4 5
FEELAERT T pd AR F 2P B FAPHR B S
%%ﬁ%lﬁiﬁﬂﬁ‘W%%»%ﬂrﬁﬁ@ﬁiwn, B ELIR A dRY
P g d Ao 3 - 2 anigd & 3 pod F(hydroxyl radicals; "OH)® 2
450 OH 2.9 #4h2n s 2 hsnang o0 5 403 (0) T > Bufsa
(mitochondrial electron transport chain) } 7 % > @ A= cniF 3 i £ 4+

(supraoxide anion; "O,)%_# # 44} "OH ¢ha & %k & Fenton ¥ 3% o OH



Pl ERE Ry & anfict ’%%E‘ Fenton ¥ x & # «7 OH ¥ i&— # ¥ kPR F k>
# A5 2,3-DHBA 4r 2,5-DHBA 48 2 3] it 2 4+ - 2,3-DHBA 4r 2,5-DHBA # #
PR REATREETCEARMRETREERRRL FRRE o LY
Fenton & fs#74 & ¢ OH %400 mpL » i % B¢ Fenton & J& % 5L iR
FRPL & 408 A Kk A (hydrogen carbonate spring water; HCSW) i f OH eri® * o

AL E RN HCSW & 5 TOH shie® > 2 8% A %05 % oh- P
fad 4pF AT iﬁ‘-“,% Fenton ¥ 472 ¢0"OH 5c # &l Pﬁﬁr%’? 2 B HCSW
£p %E/Fi“f "OH sc # » ¥ Rigsc% i3 100 mM 24 2 C{r 100 mM 42 2 5%
¥ "OH m/i‘g’-“f f£% - HCSW i f OHni®* L4 2 CHrF+3m T "% > iR
RFEREYRGHBARIFAGFEEF A AeniEr .

Jensen fr Csizmadia 31T # J| s it & 1385 (HCO3) i # 54+ & § ## "OH
g 4 0 ¥ BT TOH 25 = [HCO;', HOJsig i i & 47255 » 5 <[ %7 OH 3 =
anve R TE Y > R0 § (LR 4 (oxidative stress)frid 2 end G T P AT S

B] HCSW wfc"OH enie i+ i kp # 25 Gl 4 12323 (HCOy) © 518

o

HCO;s¢ B OHF}@’ m Fmif&-/ﬂ%i* OHL’J” +

B2k HCOs kB ~ g fapin
-5 Fpd ACNO)L'OH # HenfiFa;™ > B %s Vit 24 ppitpd A
("CO3) ° BEAX"CO5” ¥imPe v 3 g F 118 % > L AWMRBE sk arkip R
¢ L 280> HCOy ¢ fo HyCO3 49 3 T 7> 25 3 e 25 i » @ 3 €754 °COy ™
MFERR AL R A RN T PR 245 9 NO o OH e bk o X G an Ak 2
"'NO 4r"OH 2} % & 4 B eNOsy, CO, fr H,0 0 % izt 2 B { Fehp d A2 8
i T Yo HCOy At it b ifi2 T hF pos o 53T

"NO + "0, = ONOO

ONOO™ + H,CO; = "NO, + "CO; + H,0 5 NO; + CO, + HyO Peroxynitrite decomposition

"OH + HCO; = HCO3-HO complex & “COj;” + H,0 Hydroxyl radical decomposition

"HCO; SH' + "CO; pKa<0

CO,+H,0 S H,CO; S HCO; +H"  pKa=6.372,25C

HCO; 5 COZ+H'  pKa=10.32,25C



kipEd 2 C L5 ETph RiEfoe, 2 WL 4 Jf L 1E% 5 A4 REp
K é’ﬁ%’ Fgémg d &mﬁb 4508 14 fm e P ?'f‘”ﬁ“’ ?WKB d é; it m.iq/ 17,31,
A Emdet T E KT HRA F Candag LIEY IR A R SHRD 0 AR
ERfcs B+ £ 3iEeT s md & C Vit PHIF Fid 1 4~ (antioxidant) & §
it & 554~ (pro-oxidant)in gt & ¢ > F Fe'', Cu™”, Fe*", Cu” kR 3 844 % C
XMt ECPHFEF P ARF LA Vo2 o F AR IERABER AR
AF CRARRAPF > prad F CRpy MiE% o o L85 kpd
AP rPTREET 22 % C#2,3-DHBA 4r 2,5-DHBA 7353 § 7 | chi
* > ¥ 2,5-DHBA % & & i& #f |+ (dose-dependent) e 4] £ = i * » v ¥
2,3-DHBA 02 £ 12 % 3£ 100 mM 1 § P &g crfrd > % (R 3) - i&— HA 1 3
W0 2 10 B HCSW #Tl % 010 mM a2 % Cipik » i e4n 10 i ## HCSW
* & OH ek fc (5% (B 5) o Jansson % A AFT 7 2 4F = A cp RORPFL B
A F Ca s p Rokeh"OH 2 28 » e p Kok ? 384 » HyCOs (100
mg/L)- A% OH e & 245§ 3 B0t > v i HyCOs i i a2 % C o
i CAEESL L F AR L £ ocik2 0 Fenton hF i F Vo &
a3 HCSW &2 a4 % C R & % e HCSW s 4z "OH i » % & Jansson
FANEH o 1345 Jansson F A chRH 0 AT 4EH HCSW s -4 % Cd o
F AR L F A5 o 4oid Fenton & & 0 @ % 4 HCSW = 4z "OH
50 4 o BiT Jansson ¥ A IR o pH B+ € R OH h2 i@ & > F#-pH B4k
AP 7500 5 pITOH ehd AR € £ Plied] > LAY A ak BB R 2 S
BT R F 24 0 NO fo OH en sk > 74 22 A f2'NO fv"OH 25 & & 4 |+
N0y, COp o HO » % Mgt 4 B { Fenp d AT Bfpwre i 3 e 25
Yo Bkt o Suh ® AT 4 % C ket Fenton £ & & SN & § chibhd
8o B b Fenton & fi k 5e¥ dnd & CepEdrif§ “ LS end & o ep
iRk EE S DA EMP el F CHRE R PG L IEY 5 G 2k 1 OH

He ok Feog g 2o



REFFLIAPFPHUPADFF FIAZH G O RTFPT I FRRIFE LT
B RS P qedp g Aengiih o i J 0% MO fot 5 'NO - OH
- g 54560Ry00 ;;/\;}F]uh » A2 ;‘;&%é‘é ;;,p,;ﬂ M‘gx\ﬂtp\ﬁtmnggg_mﬁgﬁ fL
T fopr b 5 PR Eiwme Gy 2 G 2w 2 BiEd (cell cycle pre-Gl
arrest) » FEIF 4 S aRNE G 2 Ty PoaRT g d g (VB4 hA BT B4]F
ﬁ%é@%%%%iﬁﬂ%%ﬁ”’%ﬂ#;ﬁ&%é@&%%ﬁ’%W%%
"OH e i 4 70 c B 4 B » ARZ ek ehREic § cfk Fenton £ g2 3 o
'&bif%H@Wﬁ@%%%DHﬁﬁ*ﬁ%ﬁﬁﬁﬁ%’ﬁkkﬁﬁﬁg

FrE ST OH iy 4 PR Y 2 Co TR {rz NaHCO; £ & § - ¥ &

k‘\

REDERBRFFEF P ADEY 7 LRI PR A5 4 iy L4
(antioxidant) » & 2 € MR A2 % C 1§ 1t L 54~ (pro-oxidant) & it * o

B TS5 HT >  HCSW P EE 5 '}Fi",ﬁi "OH i®* > @ »c %k g3t 100
mM &2 % Cfo 100 mM 422 & 4 OH hij4 ie % » i 4 %% "OH eni®® §
£33 A C TR T REARR ALY R A BRI A FLEF P
AT ® > SRR R ERAMKT SR AR AR e T -
FRADdAF RS BTG AH SR MEAKERKE F pd Awd oo

AP MG § pd ASIATE LR R -

s

AR HES B AHA SR EF T ST 2 TR (CNEEYM-01) - g
HEEFRHRFHERREFHR P T RAE SR AT E ORIl
W L
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