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Effects of Mixed Scutellaria baicalensis Extracts as Natural Preservative on
Efficacy and Storage of Lactic Acid-Fermented Garlic Extract

Hee-Seop Leel, Sun-Jin Leez, Johann Sohnz, Heui-Jong Yuz, and Hong-Yon Cho'

IDepartm/ent of Food and Biotechnology, Korea University
?Food R&D Center, SKbioland Co., Ltd.

ABSTRACT The natural preservative “complex Scutellaria baicalensis extract (BHC)” contains Scutellaria baica-
lensis, Glycyrrhiza uralensis (liquorice), Zizyphus jujube (jujube), and Astragalus propinquus (milk vetch root). BHC
has been used as a natural preservative for more than 10 years to increase storage duration and quality of food with
strong antibacterial activity. BHC has been added into functional foods as a subsidiary ingredient. However, no studies
have been performed to test whether or not BHC affects the activity of main functional ingredients. In this study,
we tested whether or not BHC has any effect on the hepatoprotective activity of lactic acid-fermented garlic extract
(LAFGE) when formulated in a clinical test supplement. H>O,-induced oxidative damage in HepG2 cells was not
attenuated by BHC, indicating that BHC had no influence on the protective effect of LAFGE against oxidative damage.
Furthermore, BHC had no effect on the hepatoprotective effect of LAFGE against acetaminophen-induced acute liver
injury in rats, as indicated by no changes in alanine transaminase and aspartate transaminase levels. In conclusion,
BHC, formulated in the clinical test supplement with LAFGE, had no effect on hepatoprotective activity, indicating
BHC could be considered as a suitable natural preservative for liquefied functional food materials.
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Thiobarbituric acid(TBA), &d3/4t318 S FEpA >
(GSH), 1,1,3,3-tetraethoxypropane, 5,5 —dithiobis—(2-
nitrobenzoic acid)(DTNB), hematoxylin, eosin &<
Sigma-Aldrich Co.(St. Louis, MO, USA)°ll A T3} 31t}
g4 B247]8 A kS Roche(Basel, Switzerland)ol| A
A3kt c-Jun N-terminal kinase(JNK), B-cell lym—
phoma 2(Bcl-2), Bcl-2 associated X protein(Bax), p53
59 A& Cell SignalingAH(Danvers, MA, USA)Z5-E
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ZASA. hE 5 kg TFT 10 kg FaFMIS U3,
Marubishi, Tokyo, Japan)oll A &%, natslHA] 121°Col
A 1AIZE E9F Bslit) 37°CE 824t S Lactobacillus
plantarum BL2 S 200 mLE HF, 297F v 43
Ak W% T5 F 50°Coll A 24417t Bt 4 HHE AR
U, it 3 9 FEele] fFATEE nEFEER AL
&3l 5 FFFEES () H Z2=AHGangwon, Ko-
rea)oll Al Az AFE Fuiste] A&
FUALS OERESS 018t UHHH AlE M=
FEE 5 FE 60% °l) 750
& 10 mg, AT
: 8, g3llske] & 20,000 mg
THOo 7 A|Fste] 9% A T 105°Col A 30=3F At

[e)
25, 45°Coll A 471€3F B33ty 171E vt} &
EFEE9 X FAES cycloalliin® ¢3-S HPLC(Alli-
ance HPLC, Waters Co., Milford, MA, USA)E o] &3}

Table 1. Condition for analysis of cycloalliin

Analysis condition

Detector 210 nm
Column TSKgel amide (4.5%X250 mm, 5 pm)
Column temperature 30°C
Flow rate 1.0 mL/min
Injection volume 20 pL

Mobile phase
(isocratic condition)

A: 0.2% phosphoric acid
B: Acetonitrile
A :B=25:75

Table 19] A0 FAST E&, Ihdri %83
18 el W QuAlEaE S4seh

7% 7 Wistar rate ()22 dEnFo] 2 (Seong-
nam, Korea)oll A 7+438}9 11, &% 22+3°C, A4 E 50
+10%, =% 200~300 lux, 12413+ 3-89 Wt 7] 874
oA 17U A-SAIZ T Ao A&t

) Z-(vehicle), acetaminophen(APAP) 2] (APAP),
AR E v FEE T (APAP+G), 5 S5 5F
o (APAP+B), 53 SaFE&0] 234 ikt
A EFEE FYT(APAP+G+B)Y baFoR B
ATt APAP+G 152 fAHEE v55F5E 500 mg/
kg, APAP+B 15& 5§ 5555 6.7 mg/kg, APAP+
G+B IF& fAkddts v & 500 mg/kg 2 &5
Fa5F=E 6.7 mg/kgs H, 7L AR 39l
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MIZ LN reactive oxygen species(ROS) A7 &AM 7}

Wang¥} Joseph(7)2] ol w2} A3 U ROSE 43}
Atk HepG2 cell2 5x10° cells/well %% 96-well
plateol] 3F 3] 244]3F v Fak3itt. 80 ule] DMEM #j~]
2 A3 & 250 uLe] DCFH-DA 10 pl, test sample
10 uLE #7bek thg 1A1ZE v Feksict. A& A At
PBSZ 23] &3 3 warm PBSel| 343 500 uM<]
Ho0.5 A8l thS 1417 $-o] VICTOR3(Perkin Elmer,
Waltham, MA, USA)E AF&3}9] excitation 485 nm, emis—
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Rahman 5(8)9] #el o3 S FEA 2 §Fs 543
Tk HepG2 celle 6x10° cells/well %= 6-well plate
o] HE3te] 24417 v Yg = test samples H7lslo] 24
AlZE wFatith. 4 mMo] Hp0.5 HE|slal 24417
GSH extraction buffer[0.1% triton X-100, 0.6% sulfo-
salicylic acid in 0.1 M potassium phosphate buffer(pH
7.5)15 1 mL #7}8F4] homogenization ¥ 13,000 rpm?l|
A 5E7F AR E Bto] AF s A ARSI 7H
Z219] 749 50 mg?] Z& ol GSH extraction buffer 1 mL
E Hrek A7 71 g ol 93] GSHE F=3I3ith
Total glutathione 0}7] Q8] A5 20 ulL, DTNB
60 pL, GSH reductase 60 L= %?}0}04 183 BEg-A
t}2- NADPH 60 pLE #7713t 5% 3 412 nmollAq &
& 5439t A8y GSHIGSSG)E 5743171 93l
M 100 uLoll 2-vinylpyridine 2 pLE #7}sle] 1417+
GSHZ= masking 3+ &, 6 pL9Y triethanolamines 3
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Hematoxylin & eosin staining
7+ Z2A 2 10% formalino] 12743+ & paraffin® & em-—
ste] 5 um FAE A4
%7 slidex= hematox-
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Western blot

HepG2 cell 6x10° cells/well X2 6-well plated]
HEsho] 24X w3k & test samples H7F8Fe] 244
ZF mFatieh. 4 mMe] Ho0.5 ] 3kar 2447 3 RIPA
bufferE % 7}8}4] homogenization 3 th3, 13,000 rpm

oA 2083 PAEE st FsAS AsAh 1 232 9]
7%~ 22 100 mgell RIPA buffer 1 mL& #7}8+ $ 7]
WRol ofsf ehlds FEalth s e Bradford as-
sayE %3l protein $HS 543 & T2 49 proteins
SDS-PAGE=Z ##]3 t& PVDF membrane®l| transfer
33l 5% BSAZ blocking %, 13} al’ltlbOdY’g 4°Coll A
overnight ¥F-$-A]7]1L 33] washing 3t & 2%} antibody=
2ol A 1A 7F WHe A7 TS ECL solutions o] 831
w3AlZ1 5 LAS imagequant 2000 o] &-3Fe] &3}
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FAA 2= Statistical Analysis System(SAS) pro-
gram(SAS 8.2, SAS Institute Inc., Cary, NC, USA)<S ©]
£3}o] one-way analysis of variance(ANOVA) test<}
Duncan’s multiple range test= A Aldte] X0.059014 &
AR Feds ATt

Aot Y oF
S5 $FFES0| ZEE FMUDUS OIEFES HAH|
&lo| Al ety
53 FHFEE0 AUhE fAHTE vhESFEE A
AEL 4, 25, 45°Coll 4] 470 L7 Bash] x| FA o] alek
I AWM FTE S5 HHAS Gl 1 A
FA T E v FEE S X382 cycloalliin® &

Table 2. Stability of lactic acid-fermented garlic extract included complex Scutellaria baicalensis extract during accelerated experiment

Month 0 1 2 3 4
Cveloalliin 4°C 0.352+0.031 0.356+0.021 0.312+0.086 0.389+0.037
Y %) 25°C 0.378+0.005 0.313+0.063 0.339+0.078 0.338+0.038 0.360+0.063
0 45°C 0.315+0.049 0.324+0.062 0.282+0.042 0.334+0.034
Number of 4°C <10 <10 <10 <10 <10
bacteria 25°C <10 <10 <10 <10 <10
(CFU/mL) 45°C <10 <10 <10 <10 <10

The accelerated experiment was performed under various conditions. The index compound (cycloalliin) and the number of bacteria
were analyzed monthly for 4 months during the lactic acid-fermented garlic extract samples have been stored at 4, 25, and 45°C.
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Fig. 1. Effect of complex Scutellaria baicalensis extract as a
natural preservative to intracellular reactive oxygen species
(ROS) scavenging activity of lactic acid-fermented garlic extract
in HepG2 cells. HepG2 cells were incubated with test sample
and DCFH-DA as a fluorescence probe to ROS for 1 h, and
then incubated with 500 puM of H,O,. After 1 h, fluorescence
intensity was measured with VICTOR3 fluorometer at 485 nm
(excitation) and 535 nm (emission). G, lactic acid-fermented gar-
lic extract; B, complex Scutellaria baicalensis extract; G+B, lac-
tic acid-fermented garlic extract included complex Scutellaria
baicalensis extract. Data represent mean+SD (n=3). Asterisks (*)
above the error bar indicate significant differences versus H,O,

group. “P<0.001.
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Fig. 2. Influence of complex Scutellaria baicalensis extract as a natural preservative to glutathione restoring effect of lactic acid-fer-
mented garlic extract in H,O,-treated HepG2 cells. HepG2 cells were incubated with test sample for 24 h and further incubated
with 4 mM of H,O, for 24 h. Cellular glutathione was extracted, and detected by as described in Materials and Methods. Data
represent meantSD (n=3). G, lactic acid-fermented garlic extract; B, complex Scutellaria baicalensis extract; G+B, lactic acid-fer-
mented garlic extract included complex Scutellaria baicalensis extract. Asterisks (*) above the error bar indicate s1gn1ﬁcant differences

versus H,O» group. "P<0.05, “P<0.01, ""P<0.001.
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Fig. 3. Influence of complex Scutellaria baicalensis extract as
a natural preservative to effect of lactic acid-fermented garlic
extract on apoptosis-related protein expression in H,O,-treated
HepG2 cells. HepG2 cells were incubated with test sample for
24 h and further incubated with 4 mM of H,O, for 24 h. Proteins
were extracted and quantificated by Bradford’s assay, and sepa-
rated by SDS-PAGE. Transferred proteins to PVDF membrane
were detected by p-JNK, Bcl-2, Bax, caspase-3 antibodies. Data
represent mean+SD (n=3). G, lactic acid-fermented garlic ex-
tract; B, complex Scutellaria baicalensis extract; G+B, lactic
acid-fermented garlic extract included complex Scutellaria bai-
calensis extract. Asterisks (*) above the error bar 1nd1cate 51g-
nificant differences versus H>O, group. "P<0.05, “P<0.01,
0.001.
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Fig. 4. Influence of complex Scutellaria baicalensis extract as a natural preservative to hepatoprotective effect of lactic acid-fermented
garlic extract against acetaminophen-induced acute liver injury in rats. Rats were administrated with lactic acid-fermented garlic
extract (APAP+G), complex Scutellaria baicalensis extract (APAP+B), and mixture of G and B (APAP+G+B) for 7 days. 2 h
later after final administration, APAP administrated at dose of 1.5 g/kg except vehicle group. After 24 h, serum and the liver
tissues were collected and analysed. Serum ALT and AST were measured with serum analyzer. Data represent mean+SD. Asterisks
(*) above the error bar indicate significant differences versus APAP group. P<0.01,  P<0.001.
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Fig. 5. Influence of complex Scutellaria baicalensis extract as a natural preservative to effect of lactic acid-fermented garlic extract
on hepatic lipid peroxidation and glutathione depletion induced by acetaminophen. Rats were administrated with lactic acid-fermented
garlic extract (APAP+G), complex Scutellaria baicalensis extract (APAP+B), and mixture of G and B (APAP+G+B) for 7 days.
2 h later after final administration, APAP administrated at dose of 1.5 g/kg except vehicle group. After 24 h, serum and the liver
tissues were collected and analysed. Hepatic MDA and glutathione were detected by thiobarbituric acid reactive substance assay
and DTNB method, respectively. Data represent mean+SD. Asterisks (*) above the error bar indicate significantly differences versus
APAP group. "P<0.05, ~P<0.01, " P<0.001.
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Fig. 6. Influence of complex Scutellaria baicalensis extract as a natural preservative to effect of lactic acid-fermented garlic extract
in histopathologic changes against acetaminophen-induced acute liver injury in rats. Rats were administrated with lactic acid-fermented
garlic extract (APAP+G), complex Scutellaria baicalensis extract (APAP+B), and mixture of G and B (APAP+G+B) for 7 days.
2 h later after final administration, APAP administrated at dose of 1.5 g/kg except vehicle group. After 24 h, the liver sections
stained with hematoxylin and eosin.



16 SEERCPEREY

p53< DNAZ}F £45 08 v AE AES Ao 7]+ pro-
tein© % (13), vehicle thH] APAP, APAP+ G, APAP+B,
APAP+G+B & o2 717k 1.24), 0.54), 1.08l, 0.44)
B EF A3, APAP 254 vehicle L& WH] &% F7}
Sgort fo175] Aol ST, APAPHB 1§ e ve-
hicle 3553 Folak= Itk 28y APAP+G 153}
APAP+G+B 52 F I3 Fe fofake gldlon,
APAP 150l tisf p53 W& Fo] o o= A3t
Proapoptotic protein®! Baxi= mitochondria membrane
o poreE &4d35}e] mitochondria W cytochrome c& Al
FTARE WIE3E 98-S 433811, cytochrome ¢ apop—
tosis signal pathways ZFX3dl= 5923 mediatoro]|t}.
Vehicle tiH] APAP, APAP+ G, APAP+ B, APAP+G+B
o 7bzk 2.3u)], 1.1w], 1.891, 1.1¥] HAEE YERAA
3L, APAP+G 153 APAP+ G+ B 1594 APAP 15
sl freldoz 48193, APAP+B 1H-2 APAP 1%

Vehicle APAP  APAP+G APAP+B APAP+G+B

CYP2ET | Wi 0 e e . S e e - -

-
- - . = —

Bax

Caspase-3 ‘ T —— O ——— —-—-.r‘

Cleaved ——— e @ P g
Caspase-3 il g ‘
Actin ----——-\
4 [J Vehicle W APAP
] H APAP+G APAP+B APAP+G+B
N/A
3 4 ’—‘
I
3 4
) | - .
£ 2
£ 72
g2 7
£ 7
X ¢
2
2
1 %
’
0 7
CYP2E1 p53 Bax cCasp-3/Casp-3

Fig. 7. Influence of complex Scutellaria baicalensis extract as
a natural preservative to effect of lactic acid-fermented garlic
extract on liver injury-related proteins expression in APAP-chal-
lenged rat livers. Rats were administrated with lactic acid-fer-
mented garlic extract (APAP+G), complex Scutellaria baica-
lensis extract (APAP+B), and mixture of G and B (APAP+G+
B) for 7 days. Proteins were extracted from rat livers and quanti-
ficated by Bradford’s assay, and separated by SDS-PAGE.
Transferred proteins to PVDF membrane were detected by CYP
2E1, p53, Bax, cleaved and procaspase-3 antibodies. cCasp-3/
Casp-3 means the ratio of cleaved caspase-3 (cCasp-3) to pro-
caspase-3 (Casp-3). Data represent mean+SD. Asterisks (*)
above the error bar indicate significant differences versus APAP
group. P<0.05, ~P<0.01.
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