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Inhibitory Effects of Functional Sujeonggwa (Cinnamon Drink) on Lipid Peroxidation
and DNA Damage in Diet-Induced Hypercholesterolemic ApoE Knockout Mice

Eunju Parkl, Aran Baek2, Mijeong Kim2, Seon Woo Leel, Eunji Leel,
Mi-Joo Choi', Jeehyun Lee? and Yeong Ok Song”

IDepartment of Food and Nutrition, Kyungnam University
“}Department of Food Science and Nutrition & Kimchi Research Institute, Pusan National University

ABSTRACT The recipe for sujeonggwa, a Korean traditional sweet drink containing cinnamon, ginger, sugar, or
honey, was modified by replacing sugar with alternative sweeteners [stevia or short-chain frutooligosaccharide (scFOS)]
in order to improve the health functionality of sujeonggwa. The aim of this study was to evaluate the effects of
modified sujeonggwa on lipid peroxidation and oxidized DNA damage in diet-induced hypercholesterolemic ApoE
knockout mice. Hypercholesterolemia was induced in 6-week-old male mice by administration of a high cholesterol
diet (1.25% cholesterol, 0.5% cholic acid, and 10% coconut oil) for 4 weeks, after which mice were divided into
five groups: sucrose solution-fed control group, sujeonggwa containing sucrose group, sucrosetstevia group, su-
crosetstevia+scFOS group, and commercially available sujeonggwa group as a positive control. After 6 weeks, su-
Jjeonggwa supplementation resulted in reduced hepatic thiobarbituric acid reactive substances (TBARS), regardless of
sweetener type. However, reduction of hepatic TBARS by commercially available sujeonggwa was insignificant. Both
endogenous and H>O»-induced DNA damage in hepatocytes and splenocytes were significantly reduced only in the
sujeonggwa containing stevia group compared to the sucrose-fed control group. There were no significant effects of
sujeonggwa supplementation on total radical trapping potential, lipid peroxidation, or DNA damage in blood. These
results suggest that sujeonggwa has protective effects against hepatic lipid peroxidation and DNA damage in hepatocytes
or splenocytes from diet-induced hypercholesterolemic ApoE knockout mice, and the type of sweetener should be

modified to improve the health benefits of sujeonggwa.
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Seoul, Korea)& £33t 84S AL8319l 0 B2 FA}
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7 A2 (COMBI-514R, Hanil Science Industry,
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Table 1. Recipe for the various sujeonggwa drinks

1 AFshA DNA &4 9A &3 1629

g
b}

= & EHs(TRAP) 53

% Jitstse Rlce—EvansQr Miller(22)2] W8 W3
sto] Agslt. 7 AlgE ABTSI[2,2-azinobis—-(3-e-
thylbenzothiazoline-6-sulfonate), 150 uM]¢} metmyo-
globin(2.5 pM)S Ho02(75 uM)E ZA 31 A FAH fer-
ryl myoglobin @}t]ZE9] A3 2go) oa) YA E ABTS
radical cation®] SFE=E FHSIE AR FHT oA
A= P4 £9] 9+ antioxidant capacity©ll H] &3}l
At FEAg ol PBS buffer, ABTS, metmyoglobins
Yy E3Hel & plasmas ¥l HoOxE WFSA]A 734 nmo)
g}Fo A UV/VIS spectrophotometer(Shimadzu UV-
1601, Kyoto, Japan)& °]-&ate] FH=E FA330 &
2] TRAP F%E trolox?] calibration curved ©]-83}o]
A4 3 TEAC(Trolox equivalent antioxidant ca-
pacity, mM)& YEFdT}

~

& 9 7+ aHMSEX|E(TBARS) &3
g2 2 7ko] x| @ 34E3LE 5 %S thiobarbituric acid
related substances(TBARS)S] &go = Yellidrt. &
ZF 50 pLel 0.05 N HCI 500 pL, 0.67% TBA &< 167
%

{4

pLE ¥ 31 95°C9] water batholl A 3083+ v+-3A171 3

SENA YDA T 047101] 15% methanol®] /% n-
butanol 0.7 mLE 7}k § 2500 rpmell A 10#7F 94
22 AA A& AN EFEE 540 nmol A SAHEA
th o] APt E sEE SAE] Hd 1 24 o
Aol 0.1 mLell 1% phosphoric acid 0.6 mL¢} 0.67% TBA
|9 0.2 mLE 47 ¥ F#35] £3¢k 7 95°Ce] water
bathol| A 4533t WE3AIZ] & dgEollA WA Z . vhg
45 938 0.8 mL2 n-butanol& 7k ¥ 3,000 rpm
oA 10&ZT AAEE AlA L FFde] FHEE 540
nmol| Al S433th A F#kekE X+ malondialde-

hyde(MDA) 52715 ©]-€3t] nmol MDAR YERHAA

. Sujeonggwa containing Positive
Ingredient Control - - 3)
Sucrose Sucrose+Stevia Sucrose+Stevia+scFOS control
Cinnamon extracts' (mL) - 500 500 500 NA®
Ginger extracts” (mL) - 500 500 500 NA
Sugar (g) 123.75 123.75 39.38 100.16 NA
Stevia® (2) - - 3 14.28 -
scFOS? (g) - - - 0.84 -
kcal/100 mL 493 493 16.1 40.7 441

"Cinnamon sticks and water (1:17, w/v) were boiling for 10 min at 2,000 (equivalent to 550°C) of electric range (Swiss Military
Electric Range Gyeonggi, Korea) followed by boiling for 50 min at 1,400 (equivalent to 400°C).
ISliced ginger and water (1:10, w/v) were heated for 10 min at 2,000 (equivalent to 550°C) of electric range (Swiss Military
Electnc Range, Gyeonggi, Korea) followed by heating for 50 min at 1,400 (equivalent to 400°C).
IStevia product (Steviasweet, Jeonwonfood, Gyeonggi, Korea) used in this study was composed of 25% stevia and 75% glucose

which is commercially available on the market.

4)scFOS short-chain fructooligosaccharide (#71920, Allergy Research Group, Alameda, CA, USA).
Commerc1ally available sujeonggwa (Vilac sujeonggwa, Vilac, Korea) supplemented group.

9NA: not available.
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S8 &7k 37°Col A 30®3F AHElskolnh. &4 A
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Fig. 1. Correlation between hepatic TBARS and H,O, induced DNA damage of leukocyte (A), hepatocyte (B), and splenocyte
(C) in hypercholesterolemic ApoE KO mice. The correlation coefficients (r) and the correspondent significance values (P) are

indicated.
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Table 2. Effect of functional vujeonggwa drink on total anti-
oxidant capacity and lipid peroxidation in hypercholesterolemic
ApoE KO mice"

Plasma Plasma TBARS Hepatic TBARS
Groupz) TRAP (nmol (nmol MDA/g

(mM) MDA/mL) liver)
Control  0.78+0.08"°  34.7+3.0" 31.0+5.7°
Sucrose  0.72+0.07 25.447.1 22.045.7°
Stevia 0.66+0.11 22.4+8.1 20.5+4.9°
scFOS  0.68+0.20 22.9+8.6 21.2+7.9°
Positive  0.7240.04 32.54112 25.146.8"
control

Data are meanstSD (n=7).

YPlasma cholesterol concentration of ApoE KO mice reached
over 1,000 mg/dL after 4 weeks of 1.25% cholesterol diet con-
sumption with mean value of 1,077.3+164.0 mg/dL (n=35). Mean
value of plasma triglyceride concentration of ApoE KO mice
(n=35) at 4th weeks was 163.0£39.9 mg/dL in the range of
154.4 to 167.1 mg/dL.

IControl: sucrose solution fed control group, Sucrose: su-
jeonggwa containing sucrose supplemented group, Stevia: su-
jeonggwa containing sucrosetstevia supplemented group,
scFOS: sujeonggwa containing sucrosetsteviatscFOS supple-
mented group, Positive control: commercially available su-
jeonggwa (Vilac sujeonggwa, Vilac, Korea) supplemented group.
Data within each column are not significantly different.
**Data with different letters within the column are significantly
different with one-way ANOVA followed by Duncan's multi-
ple range test at P<0.05
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Fig. 2. Inhibitory effect of functional sujeonggwa drink on en-
dogenous or H,O, induced DNA damage in leukocyte (A), hep-
atocyte (B), and splenocyte (C) in hypercholesterolemic Apo
E KO mice. Cells were untreated (light shading) or treated with
H>O, treated for 5 min on ice (dark shading). Data with different
letters above the bars are significantly different with one-way
ANOVA followed by Duncan's multiple range test at P<0.05.
NS: Data are not significantly different.
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