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Inhibitory Effects of Functional Sujeonggwa Drinks on Hepatic Lipid
Accumulation in Hypercholesterolemic ApoE Knockout Mice

Aran Baek, Mijeong Kim, Koeun Jung, Seulki Kim, Jeehyun Lee, and Yeong Ok Song

Department of Food Science and Nutrition & Kimchi Research Institute, Pusan National University

ABSTRACT In this study, the hepatic lipid-lowering effects and related mechanism of action of sujeonggwa were
examined in hypercholesterolemia-induced apoprotein E knockout (apo E ko) mice. Sujeonggwa drink was prepared
with cinnamon, ginger, and sugar by modifying the traditional recipe of sujeonggwa. Sugar was partially substituted
with either stevia or short chain fructooligosaccharide (scFOS) in order to reduce the calorie content of sujeonggwa,
which was measured by descriptive analysis. Apo E ko mice (n=42) were induced to have hypercholesterolemia (plasma
total cholesterol concentration >1,000 mg/dL) by administration of a high cholesterol diet for 4 weeks, followed by
division into six groups. Experimental groups were orally administered water as a vehicle (normal group), sugar solution

(control group),

commercially available ‘V’ sujeonggwa drink (positive control group), or three different types of

sujeonggwa drinks (S-sugar, S-stevia, and S-scFOS group) for 6 weeks while high cholesterol diet was provided to
all animals. Compared to the control group, concentrations of hepatic triglycerides, total cholesterol, thiobarbituric
acid reactive substances, and reactive oxygen species in S-sugar, S-stevia, S-scFOS were significantly reduced (P<0.05),
indicating that sujeonggwa had inhibitory effects on hepatic lipid accumulation. Protein expression levels of fatty acid
synthase (FAS) and its transcription factor, sterol regulatory element-binding protein (SREBP)-1 responsible for trigly-
ceride synthesis, as well as 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMGCR) and its transcription factor, SREBP-2
responsible for cholesterol synthesis, were also reduced in S-sugar, S-stevia, and S-scFOS groups (P<0.05). These
benefits of sujeonggwa were even greater in S-stevia and S-scFOS compared to S-sugar. The beneficial effects of
S-stevia on regulation of hepatic lipid metabolism were slightly greater than those of S-scFOS although the differences
were not significant. In conclusion, sujeonggwa drinks, especially functional sujeonggwa drinks in which sugar was
partially substituted with stevia or scFOS, inhibited hepatic lipid accumulation via suppressing FAS and HMGCR

protein expression through down-regulation of SREBP-1 and 2.
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Table 1. Recipe for the various sujeonggwa drink

Sujeonggwa containing

Ingredient Sugar  Sugart Sugar-+stevia
& stevia +scFOS
Cinnamon extracts' (mL) 500 500 500
Ginger extracts” (mL) 500 500 500
Sugar” (g) 12375 39.38 100.16
ScFOS” (g) - - 14.28
Stevia® (g) - 3.38 0.84
kcal/100 mL 49.3 16.1 40.7

Cinnamon sticks and water (1:17, w/v) were boiled for 10 min
at 2,000 (equivalent to 550°C) of electric range (Swiss Military
Electric Range, Gyeonggi, Korea) followed by boiling for 50
mm at 1,400 (equivalent to 400°C).

Sliced ginger and water (1:10, w/v) were boiled for 10 min
at 2,000 (equivalent to 550°C) of electric range (Swiss Military
Electric Range) followed by boiling for 50 min at 1,400
(equlvalent to 400°C).

*Black, brown, and white sugar (1:2:2/w:w:w) were mixed.

4)scFOS short-chain fructoohgosacchande

Stevia product used in this study is composed of 25% stevia
and 75% glucose which is commercially available on the market.
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At 3] E4FAS) B FEl2HE 4 £43-hy-
droxy-3-methylglutaryl CoA reductase, HMGCR)<¢] 4t
e A EAoA X313t} 3 23 9] protease inhibitor
cocktail(10 uL/mL protease inhibitor cocktail, Sigma~-
Aldrich Co., Saint-Quentin-Fallavier, France)¥} cyto-
sol extraction buffer[10 mM HEPES(pH 7.8), 10 mM
KCI, 2 mM MgClz, 1 mM dithiothreitol(DTT), 0.1 mM
ethylenediaminetetraacetic acid(EDTA), 0.1 mM phe-
nylmethylsulfonyl fluoride(PMSF)]E 1:1002.2 &3}+3t
EAE 2 S (w7t HEF Hrkste] 72553
AN 2083 ol WA F 10% NP-405 7}
3l vortex® AE3] 4] 5 12,000 rpm, 4°Coll A 5&7F
AR dte] D2 ATAE AEE FEH o ALEE
th A7)EES 93 duid =5 SA¢ $(Bio-Rad,
Hercules, CA, USA) A o] gl do] i HMxd F
%59 Laemmli sample buffer(Bio-Rad)®} B-mercap-
tomethanols H7Fste] st o1& 8% sodium do-
decyl sulphate—polyacrylamide gel(SDS-PAGE)o| A A
719% 3+ tH90 V, 2A17h). 8w e 2 -8 nitrocellu-
lose membrane(0.45 pm pore size, Whatman, Dassel,
Germany) 2.2 ©]5A1Z] & 5% skim milkel| A 1A]ZF &-<F
blocking &} th. 13} &A91 anti-fatty acid synthase
(ab22759, Abcam Inc., Cambridge, UK)2} HMGCR(sc~
33827, Santa Cruz Biotechnology, Santa Cruz, CA,
USA)2 1:500 H]& =, anti-alpha tubulin(ab52866,
Abcam Inc.)2 1:50,000 ¥]&= 343} membrane°] 5
w5 Z71A g el A 4°Col A WA RES AT o] -
AA skl 12k FAE A ASEAL 22F FA &} Aol A 1A 2T
9 WAl F T, 22} &A= donkey polyclonal secon-
dary antibody to rabbit IgG(ab6802, Santa Cruz Bio-—
technology)®} goat polyclonal secondary antibody to
mouse 1gG(ab6789, Santa Cruz Biotechnology)E A&
3F3t). Rabbit IgGE 1:3,0002. %, mouse IgGE 1:5,000
o2 3|43l AE-EFQITE BES § membrane S A& 3}
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extraction buffer[50 mM HEPES(pH 7.8), 50 mM KCl,
300 mM MgClg, 1 mM DTT, 0.1 mM EDTA, 0.1 mM
PMSF, 10% glycerol]$} protease inhibitor& 1:1002.2
E3ste] 100 ul A7Fe $ d3ellA] 303t WA shHA
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9, 7195 2 d3S Axd FEES o] &3 497
sdstA W&tk 13 A= SREBP-1(sc-8984,
Santa Cruz Biotechnology)®} SREBP-2(sc-5603, Santa
Cruz Biotechnology), Lamin Bl(sc-56145, Santa Cruz
Biotechnology)2.& RE IFAZ 1:5000.8 zHz} 348}
o] ALg3FR T 23F A2l rabbit® moused] IgGE A7)
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Table 2. Effects of functional sujeonggwa drinks on the body
weight gains, food intakes, and food efficacy of hyperchole-
sterolemic ApoE ko mlce)

Group Body weight gain Food intake ~ Food
(g/10 weeks) (g/day) efficacy
Normal 7.89+1.02"°7 3.80+0.49"° 0.07+0.01™°
Control 8.87+1.15 3.67+0.23  0.09+0.01
S-Sugar 8.56+1.02 3.73+0.33  0.08+0.01
S-Stevia 8.14+1.90 3.56£0.24  0.08+0.02
S-scFOS 8.19+2.50 3.63£0.25 0.08+0.02
Positive control”  8.8442.87 3.74+0.24  0.08+0.02

YMean value of plasma cholesterol concentration of ApoE ko

mice (n=42) at 4th week was 1,077.28+164.00 mg/dL by con-
suming 1.25% cholesterol diet. And mean value of plasma tri-
glyceride concentration of ApoE ko mice (n=42) at 4th weeks
Was 162.98+39.87 mg/dL.
Commer01ally available sujeonggwa (Vilac sujeonggwa, Vilac,
Korea) was used as the positive control for the study.
*Data are means+SD (n=7 for each group).

“NS: data in the column are not significantly different.

E ulg o2 J)astdth(Table 1), ¥ 5ol 3ol
H7kARE P digtell A s H7F divbel o3 oF 503
Al THE B AE5E Vs 74 AT E Adeks
b Folakadeh. Al A = 71*4 T el e g
7HA AL lom Tl Aol e & /st diFALks
shaa} gk HAS @448k ¢ ﬂ TR = 1A
staA Z2EE UE e dAgE g olF
st AlFoll A FYgel 7Hs 3t stevia AlF P scFOSE

43 A7 &5 HAFE M

dob i

[ lo ofr

stevia 7} 42 31 scFOS #7F 43
E 17.4% el & ?} steviat® A %¢] 50~300%) 9]
@oks AYar oy Zheel= 79 gle Aile] de vk
FAgre] 27 =AX = @ o] 9] stevia®t glucosed &
Shalo] AlEoZ Fujjslar 9u) ¥HH scFOSE fructoseS

v A ATE -

S ECEE -

MBSt
IFYAHEISTS FE & AFE FAHYE 6570

AHAAZ F 10577 A48 &

controlir, positive controli 28] 2 S-sugar-ol| A thi

o) A AdT IF 420 2ot QA Aol dH

2 dolg & A 73 F9H< 2ol 7 A tH(Table 2).

| 5 7h A vge] AY1E vus] 2os W o7 -2

49 Aol glglent 7

1l _I

=1

Z& controla % positive
controlT-ol| A Tha 2 YelSt(Table 3). ¥ 2
ol oJatH Aol o3 AT H I TF S SAHA
a1, AR IS E9S W AFol st S-stevia
9} G-scFOS9] Zr2 = S-sugarwol Hl3] 22 67.3%
9} 17.4% kot S-steviaw ¥} S-scFOST2] AF A3}
AEE controlitdl Y& &F 8% AL = Hl=3lgl ),

==
5
o
232
==
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9] 7t triglyceride(TG)
oA o= 27]'0}04

ﬂgl A

= ]— TG &= Zx—]

A AT FH Q]fsﬂ Xﬂﬂﬂ‘}il‘cfﬂ fﬁ% AE quJr

A3t el B %
ABu go BT ol 4E B oA

FET} vl Sl =

S-stevia®} S-scFOST9] 3+ TG

3R A Agtelal e 242 A" 30~50% HEe 19.7%(P=0.005)2} 21.7%(P=0.035) ZA3}Foy S
gaks Yo 9lal, 2R EE 1.5~2 keal/gs = AH o] sugarwol HA = 2.2%9 4.6% B= vlv]stA A5
ol A A, ALz AF ikl ARgstar 2tk scFOS t}. 7F total cholesterol(TC) &% 9 A] controlitel H]3f
= Aol A prebiotics® 2F&3t0] F AZ S XA = S-sugar, S-stevia, S—scFOST-o A 242 12.6%(P=0.027),
FI7F Hawa TH(22). 20.6%(P=0.000) 128]aL 19.8%(F=0.010) FelH oz 7
Table 3. Organ weights of hypercholesterolemic ApoE ko mice’ (unit: g)
Group Liver Kidney Spleen Testis Lung
Normal 1.64+0.4259% 0.37+0.04" 0.09+0.02"° 0.19+0.02" 0.27+0.09"°
Control 1.72+0.38 0.38+0.05 0.08+0.02 0.18+0.02 0.29+0.09
S-Sugar 1.64+0.24 0.37+0.05 0.09+0.02 0.20+0.02 0.29+0.10
S-Stevia 1.72+0.31 0.35+0.06 0.09+0.02 0.19+0.05 0.28+0.06
S-scFOS 1.61£0.43 0.35+0.04 0.07+0.02 0.19+£0.02 0.26+0.07
Positive control” 1.8240.62 0.38+0.04 0.09+0.02 0.2040.02 0.27+0.07

1)Z)See the legend of Table 2.
Data are meanstSD (n=7 for each group).
“NS: not significant.
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Table 4. Benefits of functional sujeonggwa drink consumption on the hepatic lipid accumulation, reactive oxygen species (ROS),

and lipid peroxidation in hypercholesterolemic ApoE ko mice

Group Triglyceride Total cholesterol ROS TBARS
(mg/g liver) (mg/g liver) (Flu/min/mg protein) (nmol MDA/g liver)

Normal 36.54+9.53Y 7.97+0.80° 2,172.88+147.71° 19.26+1.71°
Control 53.284+7.47% 10.11£1.20° 3,644.08+246. 15 31.0245.74"
S-Sugar 43.74+13.98™ 8.84+1.49™ 2,993.47+529. 81 22224570
S-Stevia 42.79+6.23"° 8.02+1.14° 2,412.324357. 73 20.50+4.85"
S-ScFOS 41.74%15.89" 8.11x2.16° 2,737.93+354.99% 21.1947. 87"
Positive control® 54.38+13.96" 9.55+1.96 3,330.39+323.57" 25.116.77"

1)Z)See the legend of Table 2
*Data are means+SD (n=7 for each group).

“Data with different letters (a-e) in a column are significantly different with one-way ANOVA followed by Duncan's multiple

range test at P<0.05.
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Fig. 1. Effects of functional sujeonggwa drink on fatty acid synthase (FAS) and sterol regulatory element binding protein (SREBP)-1
expression in the liver of hypercholesterolemic ApoE ko mice. Data are means+SD (n=7 for each group). See the legend of Table
2. Data with different letters (a-c) above the bars are significantly different with one-way ANOVA followed by Duncan's multiple

range test at P<0.05.
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Fig. 2. Effects of functional sujeonggwa drinks on 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR) and sterol regulatory element
binding protein (SREBP)-2 expression in the liver of hypercholesterolemic ApoE ko mice. Data are meanstSD (n=7 for each group).
See the legend of Table 2. Data with different letters (a-c) above the bars are significantly different with one-way ANOVA followed

by Duncan's multiple range test at P<0.05.
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