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Changes in chemical stability and biological activities of
sinapinic acid by heat treatment under different pH conditions

Yunseon Heo' and Jungil Hong"*

'Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Sinapinic acid is a widely-distributed phenolic acid in various edible plants. In this study, changes in chemical
stability and biological activities of sinapinic acid by heat treatment were evaluated at different pH values. The decomposition
of sinapinic acid with heating at 95°C was accelerated at higher pH; the residual levels after 10 min of heating were 80,
45 and 24% at pH 6, 7 and 8, respectively. Levels of reactive oxygen species derived from sinapinic acid also increased
after heating at pH 7 and 8. ABTS radical scavenging activities and ferric reducing antioxidant power of sinapinic acid
were reduced significantly after heating at pH 7 and 8. The cytotoxic activity of sinapinic acid against HCT116 cells was
significantly enhanced after heating at pH 8 with decreased glutathione levels. The results suggest that heat treatment
causes changes in the chemical stability and biological activities of sinapinic acid, and such changes are more prominent

at higher pH.
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Al Ak (sinapinic acid; 3-(4-hydroxy-3,5-dimethoxyphenyl)prop-
2-enoic acidy> AlUZAk(sinapic acid) e 2% YA e AA
Al gl HAU= Hs4t Aolth AEA WA sidgEid,
E 2L 02 0E AT He A ddzaaheols AE ]

Al 9] 2Kcinnamic acid) F=XE2A, A4t A7 FZo|
hydroxyl7] S Alololl 532 271¢] methoxy”]E AW JTHNidi-
forovié®} Abramovi¢, 2014)(Fig. 1A). AlUHARS SEAIR - ka2
&, EF 2 W RS 22 FY, okl T o A8 AEFR
o A3l (Dabrowski®} Sosulski, 1984; Pifieiro 5, 2004;

Thiyam 5, 2006a), 53] B2Fg|¢} HF F2(citrus juice) &
of B2 o] FHE Ao LA Urk(Stevanovic F, 2009).

AE2A NN BAEE HEsAY EFEY AP g ¢
Fet A7F A EA e 7k, o5 17 715 &St
T B o] R AtkXu &, 2017). HA FlEA AE A
o2 AYEA 9A] PR E(Engels &, 2012), F9S(Yun
=, 2008), E-<KYoon &, 2007), &<H(Hudson 5, 2000), &3]
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e B Az 84 F(Raish 5, 2018) vkt eI &
BES Uit BuEgich Aluadte dssd =48] &
BHo® e sk 84S EHY U APBEE Y
EA ez =40 tigk 1w A fle e &
A2 5, bz 534 Aol w8t oA Sl 4

2~

> A 23 EF2AM9 7Fs0] AAIEATHChen,
2016). A AvEske] o)3d A BAS 7o ke )
54 AF B A Al o]&= 3L 2™ (Thiyam 5, 2006b;
Vuorela 5, 2004), UVl &gt T Fi=slo] st Be 73}
(Jeon &, 2019) 5°] HiEo] sPgE M= &85 ot

2F Fo Hed B /R 3804 =&EE €, pH, ¥,
Hh, AA 59 OFs 347 2919 osjA 3lehy WHEE U
ERfaz 2ol we} Aeje/de] WskE YERATE. Friedmand} Jiirgens
2000y pH E &4 HEF JE] A Adelx 54 =
4 AEo] pH el wel o A& x| EQrysiel &
A 8IS EQ 3shA Wels zetial Bk e A
I 7o AEIE AIUAARS APEae o, ookt wa B
A=l A B3 b JtiCai &, 1999).

2 FelM ] ExE] TS it
7IAY A FEE A
7 S AREERY] Edoly U] ] Feo| A
A3 A th(Faller®}Fialho, 2009). £3] dHEA AR Alsleke] 6t
o Wizkshe pH WSl mE glsk eg Aol A EERlE A
o] ¥#A ItH(Friedman} Jiirgens, 2000). WA & AollME
A (pH 6), TH(H 7) B k=4 (pH 8) oA 21Fe]
7he B 2 Fol WiWd] AeEHe 71EAE HHE A8
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sigion, oo me
512 7=,

foy
X,

® _P“
i‘l +

HE=

NUEAH>98%) Sigma-Aldrich Co. (St. Louis, MO, USA)dll
A 5kt HPLC #2498 & acetonitrile J.T. Baker Co.
(Phillipsburg, NJ, USA)IA F43FA2™ 3-(-4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT)= Amresco (Solon,
OH, USA)IA 43R th HCIF ferric chloride= Samchun
chemical (Seoul, Korea)oll ] o, A7 o] EAS A8-31%
o} o] Qo] Ao AMgg BE A9 Sigma-Aldrichl 4] ¢
ste] ARg-sESAT
HEF 3 4z o
ZF it AlEF HCT1162 American Type Culture Collec-
tion (Manassas, VA, USAPIA EFE9TE HCTI16 Al Z= 10%
$-ef o} 8 A (fetal bovine serum, FBS), 100 unit/mL penicillinZ}
0.1 mg/mL streptomycin®] X &-E RPMI 1640 A|3E1] Y (Wel-
gene Inc., Gyengsan, Korea)oll4] w3t A= 85% conflu-
encyell EE3IRS W AhBIR O 37°C, 95% F=, 5% CO, X
9] wjg71oA wl oAt

71Xz

AVAkS: M2 T2 pH (6, 7, and 8)2] 214t gh=g-allo)] 500
pMe] H=F A5l 0.5mLA 1.5mL etubedl] 5T F,
95°C2] block heater (Type 17600; Thermoylone, Dubuque, IA,
USA)lIA AErke & 0}04 7rd skt iﬁﬂ Foll FA1
QQellM YA, 71E Foll SEske sl dsiM= 7F
A3 5o A Aol 3}1 S %%‘T‘% 7hete] 44w
FrABIAT A2 A48E faixe 10mM AALHS: pH 8

AR eh-gollA 30, 6027 7FEate] ZHzE oF 2591 43%
s 7fEAe BEE Ao s uixlel 3j4ste] ARSIl

\_0 ﬂllm e UIO

S5y Hst % HPLCEA

782l & AluEate] 51ehA] Wshe mlolAREHo|lE
= 7](Spectra Max M3, Molecular device, Sunnyvale, CA,
USA)E o]&3te] 410 nme}t 540 nmoll A 2] 3 =9} 400-700 nm
X F SFERS WslE T AT rEA e e
AlUAke] s HPLC (Agilent 1100 Series, Agilent Technol-
ogies, Waldbronn, Germany)Z #4135} Th ol 5422 1% acetic
acid7} E3E ZFH5(A)9F 100% acetonitrile (ByS AH&-3+3Th.
A:B2 71€7]= 7] 90:10 (viv)ollAl 2080l 80:20, 215
10:900.= 31‘%7P FA] F, 2450 A 7] FHIZE BEole =
A5tk 45 1 mL/min, A& FUH 20 UL, Z2¥H 2% 28°C,
HE719] A= JH} UV 325 nmellA] B-4519lom, B4 Ago
E+& HPLC packed column C18 (4.6 mm IDx150 mmx5 pm,
Shiseido, Tokyo, Japany2 ARE-}AT).

LSpEiXj g 2y

AlyEste] kshiR]E HA1S 93 2,2'-Azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS) &Ht1Z 2453} ferric reduc-
ing antioxidant power (FRAP) A4S AME-31% T ABTS
Z2 10mM ABTSS} 10mM potassium persulfateS 212} 7.4:2.6

(vv) BIEE TS § 0] dellA 247 WA et A4
AlFEE o] ABTS &9 150 uLell ZF X2] A& S0uLEs &3st
o] 9] hAiolA 30% B<F WAl & 734 mmelA FH=
€ Z439 . FRAP vHg-2 300 mM acetate buffer (pH 3.6),
10mM TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine)2} 20 mM ferric
chlorideZ 10:1:1 (viviv) B2 E3sle] A3 FAdo] Ax3t 5
37°ColA 1587} incubationdle] A&} Th FRAP Wkl 150
uLel ZF AR 50 uLE E9sled 37°Ce] fAellA] 3087 WESA]
21 3 593 nmoi|A] U%E‘é =231 th(Benzie®} Strain, 1996).
NE9 FRAP 8952 ToloxZ EFEHE AMES Ao
=2 s

Hydrogen peroxide (H,0,) X

Alste] 7EAE Y F AR EE H0, A F ferrous
oxidation-xylenol orange (FOX) assay= AJ3lith 2+ A& 40
puLel FOX assay working solution [400 uM xylenol orange in
DW, 800 mM D-sorbitol in 200 mM H,SO,, 1 mM ammonium
ferrous sulfate in DW (1:1:2, vAv/v)] 160 pLE 718l A2 2ol
A 4587F AT 3 550 el §REE SA ST

M=ZEM U glutathione £

Algatel] 213k Hli%*éi MTT S ARS3te] 243}
ST}t HCT116 AlXZE 96-well plateo] 2t well & 1.5x10% &
319 5% CO,, 37°c, FE 95% 7] wgrIeA 2447 F<F
vl 3Tt o] F, serum free HiA|O] AlVPAARS 3]A 3t well
g 200 uLA 24A17F St ATEkATh AlE AEELS serum free
ARl BT 0.5 mg/mL MTT 84S well & 100wl 37ksh
o] 30-40% B WAl F, AAE MTT formazang 100 uL
DMSOd| €3lIA1A 550 nmfﬂw 3w ZAEATH(Spectra Max
M3). AEZ U glutathione #2418 98] 7] ZASZ 96-well
platecl] B]¥st HCT116 M=ol serum free BIA|Z 3|45 A
2HS A7 B9 AESIATE. 2 ¥ monobromobimane (mBBry&
40 pMe] EH=5 HBSSol| 3|43t AM|3ze] x2lslaz, 37°Ce| CO,
w7 3087 HESAIZ] T excitation 365 nm, emission 465
nmellX 3 W3S 33 tH(Poot 5, 1986).

SHXE|
BE A% Ade 33 o —Ev— 3}04 jéﬂ‘ii?fr?iﬂi R
Ak 72+ AE 8 foxe
2 (one-way or two-way ANOVA)E /\]—% 1% 3(SPSS  Inc.,
Chicago, IL, USA), AFF AL Tukey’s HSD tests ARE-3}o]

95% Frolpel ) AP
dn 3 o

7Kdxz|of olsk sEt £ HE)

A& o2 pH 5_73_01]*1 7raAEel Jgh *Mﬂd*&ﬂ FA
2 3}ebx WElE 3 ~9EYF HPLCE S8 248kt
HPLC &4 A3}, Pf‘*]{"] 7l wheh ALt peake] RE
So] sk WIS VERICH, pH 89 AlEeIM Havt 7}
& A JebstthFig. lA) Tt 7}%1] o]t A]ur u B3
= 718 At pHvt 5 RS

Ho=dl, pH 6014 10T7P 7}@‘%@ 1 20% Z*Eﬂ LSRR

HHE, pH 73 pH 89 M= 2zt 50, 75% ol/do] EallH
= 222 YEIthFig. 1B). 53] pH 8 XZ0A 583 10%
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Fig. 1. Changes in residual levels of sinapinic acid during heat
treatment. Changes in chromatograms during the heating at pH 8
(A) and residual levels (B) of sinapinic acid by 95°C heating for 0, 5
and 10 min at different pHs were analyzed using HPLC. Each value
represents the mean+SD (n=3). Different letters (lowercase and
uppercase for comparison among the heating periods and among the
pHs, respectively) indicate a significant difference (p<0.05) based on
two-way ANOVA and the Tukey’s HSD test (B).

7188 Al AdEake] R 47} 555, 24.5%2 7P B
gkt ool A= 7P Azlell oz AlvLte] 548 by
’do] Faslal pHel sl 23] #alvt 7Sl e 2o
0, Alygite] dE AES g 2ddA 71EAE Al
71Qo) ojgt o] Z7HE & S AlAle
7rE A 2l 1?1 AMJJW"] TN GdelM e F4 2
EY Wss 249 23, pH 79llde @24 9920 400-430
mmelA ] FFEE JeH 7HEAE Azl SR
peaks E3He G Fo F+ A EHo| Murgow Zyle}
SATHFig. 2A). 4, pH 8ollA= 7FEA ] Alzke] S7tel wek
400-430nm 99| FHFE F7Ie} T 530-550 nm A4 F
= S A ZAAske 438 BATHFig 2B). £
AN v o R pHS 7FEAE] A7kl WE ALY 3%
tﬂz‘zlé 410 nmollA 243t A3, pH 8= 5E71A] pH 7914
B 7FdAbe) oEF o7 F3T) S48l pH 6l E 10
ko] 71aAe] Al Wslyt YA ekSkthFig. 2C). E o
peak 92l 540 nmoA FFE=E ZA3NS W pH 82 A
A 5 7@2%’4 AR FB=7E STVl 108 A7) A
*1 A3, pH 79X E AAE] AEH R Frlsle W
3} S i"it‘r(ﬁg 2D). AU Tl 93] gERE H
o] Ax}H O 7 syringaldehyde, canolol 53 72 fEA= A3
& Aol BuEA=dl(Niciforovic?} Abramovié, 2014), ]2
Y A2A 2 AoA Yehd 71he] o3t §4 ~HE
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o
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ol ¥l Fdae T 2oz welth R 7khe) <)%
Aluiske] A)&AQ1 stel S Bl AAE A%;g Rl
FEVEo R 7 Edo] Aol 410 nmollM ] FFET 5
718 Aoz FhdElti(Mathews} Parpia, 1971). 3HH 540 anﬂH
o] FE%= Wizt e oFdHE dedA 7Hhel o3 AuA
Aol A BHo] FMHER AAE, A& 7Hhe s
g 27} oA gaEr] giEe s AERETHCai 5, 1999; Jiang
5, 2019).

J

sdzialol of3t
NaAe] e A

MBHURIEY W BMAAS MMS #HE}

Aol st ebgge] et 429

o IS FUGHA dof] Sl ABTS el L7t
FRAP H41402 AshgA242 B7ksklct. 7} pHolAl 7}

A Aluske] ABTS itz &7 849 Hsts s=e o
& 2d== vkl 23 pH 6 AlRIME 7rdA el < &
Asel W37 A JehdA ekkoukFig. 3A), pH 73 894
= 7FEA ol mE FolFQl B A dde] e THFig.
3B and C). 7 2= Je] Fx9} 4 7] slopeE AlAtste

vl g A, 543 7] Aol disiAe pH7F Eobds
5 slopeZt & FOF AEion, 53] 73 8¢ Y& pH W
M= 7HEAE AZbe]l F7HgHl wet ABTS @z oA 24
o] @A Fadte o' WERITH(Fig. 3D).

FRAP EA1HS 3 %% 7 e Q)3 ferric tripyridyltri-
azine (F&**-TPTZ) E-3HA|7} Fe*-TPTZo.2 A=A Hdae
UehllE Y8E o] &3 Aoz B AFME troloxE BFE
Az AHIAS 2] IFYS5S HFsignt 7HEx7] A9
AlEAte] pH 6, 7 28]3L 89l42] FRAP 35S ZHz}; 198,
201, 193 pM (trolox equivalent)O&-Z 72| 27} Gl oL}, 108
1A A Z7F 169, 172, 162 uME 24815100, pH 73} 8
A g S 5ol 7tEAATeE FRAP 3959 7Havt 94
©2 UehdthFig 3E).

olFe] Aol oJapH 71EA ] o] AEAMABTS 2]
Z 27% 9 FRAP 39l50] 7HAstHA b oz Akshgx]
o] AstEs AR yeutt ol#idt A3 AluLts 2
2 s EEEY AEhA &40 7‘47@ T Fol= FH T+
zo] o3k a7 Fx9 HH3IE olF= 3HY FxA HIR
&= (Urquiaga®} Leighton, 2000), 7}%%1] 93k AlUAe] A3}
7F o] Fx9 AAE Y slal ARFATY HAaE FEdE] o
o8 AehETh B3k pH Aol wet fojHow AkshiA] &
’del vt 7kl He A2 pHell oJgk Alvstke] shek Qb
A4 Ats F 81eR E F 9Jon, o] pH F7l W&
ETHs =49 318t A B B4 Taol g v A+
ANE3} F3eth(Friedman} Jirgens, 2000; Jhoo 5, 2005).

oo s SRHES AN o R ko] EX) st Akt
Y HA] A A4 (reactive oxygen species, ROS)YS A§Ad 8t}
3 4 A UtHChai 5, 2003; Nakayama 5, 2002). WA pH
o} 7FEAE] AlZkel wWE AlgELte] ROS A HE H0,0 4
o= FAEAY. 2 23 pH 6 AEAA= F9FQ1 WHEt
EREA] %SkAL, pH 73 89] AR E 7FEAE $of ROS A
AeFo] AR o g =7}3 ]_93\1;}(1:% 4). pH 7 ABEE 108 59
}deﬁﬂ Al A73E H,0,0] el oF 8 uMSl ¥iel pH 8 A&
= °F 21 pMe] H,07F A HEATE 7HE9AE Al A== Alv
skl ROS Yol= pHZF FES WX Aksirt X wpeh
ol B2 o] ROSE sk Zlow ddtHn

O
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Fig. 2. Changes in absorbance properties of sinapinic acid during heat treatment. Changes in absorbance spectrum of sinapinic acid
(500 uM) during 0-10 min heat treatment at 95°C in pH 7 (A) and pH 8 (B) were analyzed. Peak absorbance changes at 410 (C) and 540 nm (D)
during the heating at different pH were also analyzed. Each value represents the mean+SD (n=3). Different letters indicate a significant
difference (p<0.05) based on one-way ANOVA and the Tukey’s HSD test.
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Fig. 3. Changes in antioxidant activities of sinapinic acid by heating treatment. Effects of heat treatment (0-10 min at 95°C) on ABTS
radical scavenging activities of sinapinic acid at pH 6 (A), pH 7 (B), and pH 8 (C) were analyzed, and changes in slope (concentration vs.
activity) at different heating conditions were calculated (D). FRAP analysis for evaluating changes in antioxidant activity of sinapinic acid by
heat treatment was also performed (E). Each value represents the mean+SD (n=3). Different letters indicate a significant difference (p<0.05)
based on one-way (B and C) or two-way (D and E) ANOVA and the Tukey’s HSD test.
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Fig. 4. Changes in H,0, level formed from sinapinic acid by heat
treatment. Generation of H,0, from sinapinic acid (500 uM) after
heating with different time (0-10 min at 95°C) at different pHs and
H,0, level formed was measured. Each value represents the
mean+SD (n=3). Different letters (lowercase and uppercase for
comparison among the heating periods and among the pHs,
respectively) indicate a significant difference (p<0.05) based on two-
way ANOVA and the Tukey’s HSD test (B).

7tdxz2lofl olst AlLMEAe] MIESM ¥ glutathione &4

7¥gA e og AluEike] A H7HE s HCT116
A7 A E digk 54 /8 2945 ZARIATh Al
3|4 A E St stk ol BlE) 208 F53 10mM Al
A4S Azt pH 8 7ol 7HEX 8t 2 A3, 23
SE7F A4ds] AAEo] 30 60 7HEel o3 A7t 25%<t
43%2] AlUAbe] mha® HPLC ¥4 232 d9en, 60% A
g A89 79 AME wHA Fig 2BIX Y] 5% 7D AE%
A &4 ~HEHS AAth(data not shown). £ 7FEAE] A
9 M71E AUEAE 5 HE AEo| FoJSl MTT assay
£ o]g3le ME AL vk MEAEE A ¥
AUEARS 500 M FE7EA] M 2 fo] A9l NEEALS
UERA] ek b, 7FEAE s Aluaske kg A7k s me|
oEHom MEEAC] FrIeIRem 53] 500 uM AR
60% 1A E] AEHES T3 A E AEEE 55% 7] A
3ATHFig. 5A).

Glutathione> A W] Fo Ashdr] JRo=m AZ Y 4
sHoz &4 FRES By AP em SR E
Qe AAskRe 9e FtkSantos 5, 2013). 7HdAE] H/Fe
Al2ats 8AIZE BF 22 F thiolZ]9} BolFog whedle
HFEZA mBBrE ©|&3st] ME U9 glutathioneS E2I8H
ot 7FEAE] A AU Az AEst A3}, 500 uM A
AZANA 10% = Tk gaishe I8 BHou, 7FEA st
AR 2509 500 M BlE FEOlA 42 20, 50% o
glutathione 0] ZHaxshe 2o 2 UebHTthFig. 5B). 7HEAE]
o 23k AU AlslEo] BlwE ES 32 ROSES A
the AME I3 w(Fig 4), AU 2SEZHE 2] ROSE
AHH 02 AASAY ol st Aksld &4 B8] 219
AlE 59| glutathione®] ©] &= 7] WEo = dAE)

71828k AluEate] ko] ROSE A4 sh= A o] A
2k M ZA glutathione A4S e RS ZAZ, Fig 5A
A eRd MEZEAo] 4tsld &4 fdke)t Aol 9le Ao
2 ddetdh wEba] tiEmAQ FAsEAR] N-acetyl cysteine
NAC)S AHglste] MxEAe] wWsts eIttt e Al

ot

1o

140
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Fig. 5. Changes in cytotoxicity and glutathione levels in cells
treated with sinapinic acid after heat treatment. HCT116 cells
were incubated with different concentrations of sinapinic acid before
or after heating at pH 8, and the cell viability after 24 h was analyzed
using MTT assay (A). Changes in glutathione levels in cells treated
with sinapinic acid (B) and modulation of sinapinic acid (500 uM)
cytotoxicity by NAC (C) were also shown. Each value represents the
mean+SD (n=6-8). Different letters indicate a significant difference
(»<0.05) based on one-way ANOVA and the Tukey’s HSD test.

Z AEEY vElEs W, 7FEAEERA] &2 AlUILH500 pM)
I NAC 2mM2 F93Q1 AE=4S FI3kA] ke, 60
7F 7rd A2 3 AUARG00 pMye] J] Al AlE AEELS 53%
7HA] 223 th(Fig. 5C). 23y 7FEAE] AUk NACE
A AP E W MESAEL FAF $5iEe] 05, 1, ¥ 2mM
NACSH 5241 A7 Al Z+7F 80, 85, & 88% kA A|lE &L
8oz Frksle A2 yeidth weba 7FEAE Aud
2t o)t A EZEAL o|ZHE AFE PR T 3 A2
9] Absld gAo] o 71Zo g tE)
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*é, AR 2 NEEA S AT s =
95°CollA] 7t AIZPE R 7FE A2l et AUk 7FEA|
Vs o Bol EEen pHt 4sdrE o Al
SN=ATE TFEA el o] AlvELke] ABTS 2tz
! FRAP 3Hl5o] =% 7H4slelon, 53] pH 7+ 89
A Akl froFo® A 7Haakivt. HCT116
FoRA ol tigh Aubake] A5 HrtelA 7HEA
AU 500 yM FE7HA] A EEAHS YRR o
pH 8olA 7tdAEd Folle i F=ollA 23
AL BHEslg o ME W glutathione 4] 3 7HAE
ATAIe AlvtEste] shet A 5 AelgAgde] 7t
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