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Synergistic effect of probiotic HP7 and the extracts of Perilla frutescens
and Glycyrrhiza glabra to alleviate Helicobacter pylori-induced damages

Hyun-A Lee and Okjin Kim'

Center for Animal Resource Development, Wonkwang University, Tksan 54538, Korea

The efficacy of standard therapeutic strategies for Heli-
cobacter pylori infection is decreasing over time due to
the emergence of drug-resistant strains. At the our previ-
ous study, we reported that the lactic acid bacterium
Lactobacillus paracasei HP7 isolated from kimchi - a
fermented vegetable dish widely consumed in Korea - had
inhibitory effects against H. pylori in vitro and in vivo.
In this study, we are aimed to investigate the synergistic
effect of probiotic HP7 and the extracts of Perilla frute-
scens (PFE) and Glycyrrhiza glabra (GGE) to alleviate
Helicobacter pylori-induced damages. H. pylori infection
in KATO I cells decreased mucin gene expression over
time. The reduction of mucin gene expression was signi-
ficantly recovered at 6 hours when GGE, PFE, and Lac-
tobacillus HP7 were co-treated. H. pylori infection of
C57BL/6 mice was demonstrated by H. pylori-IgG con-
centration, and results showed significant increase in mice
post-infected with H. pylori. Blood Tumor Necrosis Fac-
tor (TNF)-@ levels were elevated 4 weeks after H. pylori
inoculation. However, the treatment of a combined mix-
ture of HP7 including GGE and PFE induced significant
decrease of TNF-¢ level (p<0.01) and showed significant
decrease of TNF-a level as compared as the level by the
positive control Glycyrrhiza glabra acetone extract (Degly-
cyrrhizinated Licorice, DGL) treatment (p<0.05). Addi-
tionally, the treatment of a combined mixture of HP7
including GGE and PFE decreased gastric inflammation
and mucosal lesions in the stomach of H. pylori-infected
mice. These results demonstrate that he treatment of a
combined mixture of HP7 including GGE and PFE ftreat-
ment can inhibit H. pylori growth and is thus a promi-
sing treatment for patients with gastric symptoms such as
gastritis that are caused by H. pylori infection.
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Introduction

Helicobacter pylori~= Gram-negative®] A|#0 2 THY
AL, AAUT2L, Aol LSIAR, 42 L&A 3
ot AgHog AL °l83 H. pylori Alit& Al<tst

QWHEES 59l H pylori G #HE A A3
BEAD 5 LS, 6], AL W] JVE BLAY
QTH7]. H. pylori Ao+ QHOE HE QHOZE ARE
H—‘E 34| 8L clarithromycin®} amoxicillind} Z+-2 2%
FA A2} proton pump inhibitorQ] metronidazole?] &
SRS 55t A& 9l H. pylori 4F X &7} o]|F0of

Ae Aoz LA A8, 9]. L2 JFolA 3429

o] &I} AH Fo]Eo] 80% m|gte] X Ego] HIE
3l QJal, o]# 3t o]+ metronidazole™} clarithromycin
oAl W H pylori 759 S7F HEl2 &HA U
tH10-12]. ©20] H. pylori ZE AL FollA 34 &
W AEo] HE dEl2r] RREORE H pylori AR
A A S0l BIE 3 QT3] H. pylori 48 BAHE
o 9 7|7t A AL AEEA Gl H. pylori
Aol A2 MEE T+ HAAY o] W F
L3t A=goltH14].

Z L Lactobacillus(L.) spp. AtE0°] H. pylori A=
o A=A AFE AN, 3A| QR FAES B
A 4 e Ao HuHI QIH15, 16]. HE Ao
& A AaE PR oA T L. paracasei HPT 1
Attol H. pylori 39 AAO] 37} = AL in vitro
@} in vivo AHE EdSfo] &Ity H st HE7F Tk
[17].
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22, g9 AE FEEE0] 280 FaE A4
Al RAAZA FES LA 18] o]}t AFE &
SR Z2(Glycyrrhiza glabra) F22(Glycyrrhiza glabra
extract, GGE)Ol I3t H. pylori @14 TSk 71¢} Bkl
o) Az wakse] BuET UrH19-21], B ]
(Perilla frutescens var. acuta) 2= (Perilla frutescens
extract, PFE)o] 9|3t & &3} [22, 2319 9% A &
TH24-26]7F A% 3l Qlth

o|do] 217} Haljt At B3] SHH, L. paracasei
HP7 ©=0% H. pylori TS Ta AT & AU
[17]. ¥ AFo) A= L. paracasei HP7|t}7} S+ 1}
o P9 B 2t Qle Ao HAEHN Qe AR
289 PFEC 2 FEE2 GGEE EFH o0& A
o Am 9] A5 avE FelstaAt A7 U

Materials and Methods
L. paracasei HP7 L Al 2%

L. paracasei HP7-2 §F=roFSL 2 E(Korea Yakult, Seoul,
Korea)o| /| A|&4dtol 0.2% dipotassium hydrogen phos-
phate, 0.5% sodium acetate, 0.8% meat extract, 0.1%
Tween 80, 0.4% yeast extract, 2% d(p)-glucose, 0.02%
magnesium sulfate, 1% peptone, 0.2% diammonium hy-
drogen citrate, 0.004% manganese sulfateS X33t Man-
Rogosa-Sharpe broth(Difco Laboratories, Detroit, MI,
USA)OllA 35C 2 24 h& vt Tzt 2kx7] &
ZE9 GGEQ} PFE= 3$l=olLZ E(Korea Yakult)ofA]
Agol Aol Agstdrt. FHEToRE W
ule wholzd FAlolA] AR 279 A2 obAE
225 (Deglycyrrhizinated Licorice, DGL)& AR5}t

Mucin RHTX U3 3|5 AlE

KATO III A|Zof| H. pylori 779 & mucin §dS =
g5t7] fIste] Mucin 13} MucinSAC 32 Hd 54
£ SFTE KATO HI A ZE= 95% air/5% CO, (Vv) 715
i F7]o A 10% FBSE E$F5}= Ham’s F-12 mediumo|
37CE 6-well platesol|A] 24A17F #Fatdct 1 x 10°
cells/mL KATO III AlZo] H. pylori SS1 Ald-& 1 x 107
CFU/mLE ZABA7|1, L. paracasei HPT(1 x 107 CFU/
mL), PFE(25 pg/mL) 9 GGE(3 pg/mL) HX]3}i, 124]
7t 8j9F & TRIzol reagent(Sigma-Aldrich, St. Louis, MO,
USAYE AME51o] total RNAE FE5Ith AlRoA
&%t RNAE TagMan probe(ThermoFisher, Muc 1:
Hs00159357 ml, Muc5AC: Hs01365616 m1)@} mouse

leukemia virus reverse transcriptase, 1| mM dNTP, 0.5 pg/
1L oligo(dT12-18)F 7}X]1 Mucin 13} Mucin 5AC &
A% 242 skt

ooc=
2 ATl AHES AYEEE AEhE (Samtako, Osan,
Korea)of| 4] Specific pathogen free(SPF) AE| 2 J-X| &&=
A 457 9] C57BL/6 MouseE FF4ot 159 &<
&3} A8 lol g0l A8, BBAS % 48 4
4o YR FEAUNLATAE JUERASY
(<& ©o]835}9ct. C57BL/6 Mouse AE9] 0|9 H.
pylori SS1 ZFFo]l 3t colonization®] C57BL/6 TR~
oA FEEo] H pylori Alit B Aol A&st7] o
ZOIQUHH17]. A¥of o]-&H HASTE AL 1247
A0 R FAE 2SI, ASAY] 25k 23 £ 1T,
4 50 £ 5%, A2 60 phone ©]3}, 2% 150-300 Lux,
W AL 10-125]2) BFAA ARBAT ARt
A 5E Z-8ALE (Samtako, Osan, Korea)E Ho5}1l,
S5t filer 2 A AN ASE 4R350
2 Ao AHEE FEAYC HHE 2 A
B el SEATRAusel AHaele)
w2 #4E 55t = A Approval No. WKU
49

it

H. pylori i{% ¥ ZE |4

H. pylori SS1(B0890, Helicobacter pylori Korean
Type Culutre Collection, HPKTCC) w5 10% bovine
serum©] ZA7}E Brucella Agar HjX|o| T &, 37T
10% CO, 9 100% F&= A% incubatorof A 2-3U7t
sttt WiSH H pyloris EaE Brucllela brothof
Febslo] & 3 2.0 x 10° colony forming unit(CFU)/
mLo] w5 XS FHlste] Aol ARESHAT

17Ut 5} A 4570] AT SR CSTBL
MouseE H|IZH A2 1= AL A9+ A=
o] AdrE flsl 12412 AAAR & TS AT &
EEA H pyloriE 2.0 x 10° CFU/mL2] #57} 3
HA FoE WG HS 2 mhLofA 0.5 mLA uReAg
EHE °l&sta A7 Fo(p.o.) TSt H. pylori 2

T
qg fUAT

H. pylori 8®7t &3

H. pylori & T8 15 Fo| HE vpgAo dHS
QFe}d M= (Ophthalmic venous plexus)© ZE-E Hepari-
nized capillary microtube 0]-&35}o] NS A3 & 3
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2sto] Z AAAES 23 W 1eG | FATLE 573
1T H pylori @A)7F &3 Mouse Helicobacter
pylori antibody(IgG) ELISA kit(Cusabio Biotech, Houston,
TX, USA)E ©]&3to] 228 2 7AY EHozriH
ELISA reader(INFINITE M200PRO, Tecan, Switzerland)
£ o]&3lo] 450 nm SFEE H pylori FAE ZH4
aisict.

[Nl

[e]

2 74
AYFE 1054 T ZO o] 67le] APToR
o

o

u

SRtk & 4L H pylori ¥ FAA
F-(NC), H. pylori 9 & FAHA 2+
w(C), H. pylori 749 T % oM EFEE(30 mg/kg)
AR 2-Q1 FA o Z-(Deglycyrrhizinated Licorice, DGL),
H. pylori 79 & PFE 5 mg/kg +GGE 1.2 mg/kg T+
(COM1), H. pylori Z¥¥ % PFE 10 mgkg+GGE 1.2
mg/kg Fo]7H(COM2), H. pylori 7Y & HP7+PPE 10
mg/kg+GGE 1.2 mg/kg S0 Z(COM 3)0.8 B39t}
FolFE vk kgd 10 mLO] FE= D.Wo| dE st
2t ol e RS A FY AN UjeA
37§ ZE ol&sto] md AT Azl A F
o(p.0)3tRA L, Fol §FE LY AFSE 7I€o=E 4t
S5t

NC##} Cioll= AEEE AAE

U 47N <t
A% o] SRS AP/ B FAY 2A0E

= 0 fr

2
1 =4

jL
o

N oX

A oft

H9r Ha|Zxst ZAL

Y F2L0 Astomach)E HEstel )4z
A % oIz 288 AAst] WelmHaE AAE
Qe 427 9 2A2 10% $4 Eauo] 1YL,
Welz s BAE AT BN WHE ALt 1)
gy Zuf & 4 ymo] FAE HH F &o|EE A
Z5l0] H&E staing TFZ 5 Nikon Eclipse E200(Nikon,
Tokyo, Japan) 3} Ae14S ol Welxoha] A
sstelt. oere] Welzalsha A4 A Updated
Sydney system[27]9] ®RS w2t 85I

8% tumor necrosis factor-aZiAt

A T8 Al Ao AHRE PRRAE 1247F FAA
71 & ether PFHAIX] & 0fA FHZ QP HF(Oph-
thalmic venous plexus)O 25 ¥ Heparinized capillary
microtubeE ©]-&sto] FHS AF kAL, 4ColA A5t
o g SAAZ] F 4T 3,000 rppmO 2 1523 A4

Baslo] 3 B3t & Mouse tumor necrosis factor-
a (TNF-¢) Immunoassay(R&D system, Minneapolis,
MN, USA)®} Mouse Interleukin 8(IL-8) ELISA Kit(R&D
system)& ©]-85}o] ELISA reader(INFINITE M200PRO,
Tecan, Switzerland)Z5E 450 nm S22 IS A
ARO|E7FQl TNF-2} 1L-89] 7t Wsks &4 53tk

SASH 24

7k Aol FAdEC] et BA= Repeated Measured
ANOVA SPSS v.22 USA(Duncan’s AFEH)S AA|5}
FomH, p<0.05 oot W FAZHOZ FoJ3t Ao T
j=edbeiag

Results
H. pylori Z%9 £ 3| AAL

uk-20l H. pylori X9 F EF 1gG FAHE &3
St A3, vz AT NCHn = 10)Y] BHg2 023 +
0.004 pg/mLo|YL, AFHn = 50)9] FAFZ 0.63 =
0.002 pg/mLo|ct. H|H HAdtoll vlusto] H. pylori
AATFE R OE H. pylori FAZ} 35S ERAT 5
212 tH(p<0.01)(Fig. 1).

—_

Mucin SX &3 2|5 Alg] Zut

KATO III N|Zof| H. pylori SS1 Ali-& 8 & 913
T 7o Q129 mucin WHE Mucin 13} MucinSAC &
WA o] @A gASte AL FAAtATHFig 2).
St H. pylori AlitZ TAAZ|L, HAAE PFESE GGE
£ Z33t GANF L. paracasei HP7S ZA-835 A EZE9
A= Mucin 13} Mucin SAC §-4%}F &rdo] JEE= A

ik

0.6

04 -

IgG-1 Concentation

0.2

0.0

Normal infection

Fig. 1. Change of Helicobacter pylori-IgG concentration in
the serum of H. pylori-infected mouse. = Significantly diffe-
rent from the non-infection of H. pylori (Normal) (p<0.01).
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Fig. 2. Effect of herbal extracts on mucin gene expression by
Helicobacter pylori infection. H. pylori infection in KATO III
cells decreased mucin gene expression over time. The reduc-
tion of mucin gene expression was significantly recovered at
6 hours when Glycyrrhiza glabra extract (GGE), Perilla
frutescens extract (PFE) and Lactobacillus HP7 were co-
treated. "Significantly different from the control Group (p<
0.01). "Significantly different from the H. pylori treated Group

(p<0.05).

& Belstolrh(Fig. 2).

Ha| X Xx|sty ’S'-JF
H. pylori 7@ ¥ up9-A9] §H{urg HFHsto] Bz
As+4] Z**(hlstopathologlcal lesions scores)S A% 2

l"

= Table 13 QY. H. pylori B1ZY FAR] A
NC 9] B2E A4 389 oAz FAlo
o PAEA Askth NC 29 AHeke] el R Koy

o
o&

4

Bt 0+ 0019

H. pylori 9 & FAA di2+ Stz
o g §WAR Zolst Hobdw, §u9 A%, 3
sao] @EAEY Aed BAAT SR TR B
o, Y9 BE 22 Hae 5.8 £ 0.790]An

H. pylori 78 & 7% oMN|ESFE=(30 mg/kg) A2
ol DGL+#9] ¥ 2A s+ H4E= 2.0 + 0.67, H. pylori+
PPE5+GGE1.2(COM1)Z2 3.2 + 0.79, H. pylori+PPE10+
GGE1.2(COM2)Z2 3.9 = 0.74, H. pylori+HPT+PPES+
GGE1.2(COM3)T< 31.9 + 0.999] A7 FQ1d &= 9)
At

Wizt A4 A3, AHEY FoiE BEoA
H. pylori Zrde] mE A9 AgALe] &443 9%
9 Qo] @EAE A8 52 23 @ oMl &
W7} BAHOZ G5 AL BT 2 UAThp<0.05)
E35]| Lactobacillus HP73} 2}27] &5 9 7z 225
o] ELAAIQL coM3e] &gt B oY ah= 53] o
o8 WHE o HTHp<0.01).

I
2 R

o
it

O A%
943t

83 TNF-a sk #3}

Mouse TNF-a ELISA kit(R&D system)& ©
5 T Alo|E7IQl TNF-a 9] +7F ¥sE S4%t
Yh= Fig. 33 Ao

Al F= ARl TNF-a 574 A3t H. pylori HZA
22 HAEQ NCL 3.54 + 0.73 pg/mL, H. pylori
Y T FHAZE CEL 6.87 + 0.76 pg/mLo]iTh.

H. pylori Z¥9 ¥ % oMMEFSE AAEYU DGL
9] TNF-a ZA3ZA3= 432 + 0.13 pg/mL, COMIT-S
452 + 041 pg/mL, COM27-2 4.19 + 0.15 pg/mL,
COM3+E 391 £ 0.19 pg/mLo|3ith

ofo
ol
o
. e

Table 1. Histopathological lesions scores o of gastric mucosa from mice infected with Helicobacter pylori followed by treatment

with Lactobacilllus paracasei HP7 and herbal extracts

Group Treatment n Histopathological lesions scores
NC Normal control 10 0£0
C H. pylori 10 5.8 £ 0.79

DGL H. pylori+GGAE 10 2.0 + 0.67

COMI H. pylori+PFE5+GGE1.2 10 3.2+ 0.79°

coM2 H. pylori+PFE10+GGE1.2 10 3.9 + 0.74"

COM3 H. pylori+HP7+PFE10+GGE1.2 10 1.9 + 0.99”

* Significantly different from the control group C (p<0.05).
™ Significantly different from the control group C (p<0.01).

HP7, Lactobacilllus paracasei HP7; DGL, deglycyrrhizinated licorice, GGAE, Glycyrrhiza glabra acetone extract; PFE, Perilla

frutescens extract; GGE, Glycyrrhiza glabra extract.
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ek

TNF 2 Concentration{Jpg/ml)

6 |
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4 - *&
o w T I T u T § T T

=

¥ § 8
Fig. 3. Results of TNF-¢ concentration evaluation in the
bloods of experimental animals. "Significantly different from
the infection control Group C (p<0.05). “Significantly different
from the infection control Group C (p<0.01). *Signiﬁcantly

different from the positive control Group DGL (p<0.05).
TNF-@, tumor necrosis factor-g.

coM3

A2 oMEFZE= FoIw?l DGLEI Lactobaciilus
HPTI 27 $E% 3 g $EEQ S3AAY
COM3TE 749 T Col listo] TNF-a 233k
o] BAHoR GOt AT AL I 4 gt
(p<0.05, p<0.01). COM3Z-2 FA % DGLZHT} £
Aoz fostA o W TNF-a

0.05).
Discussion

Aol AEe] ot Wl B Alete HES <
A 4= k= d7Eo] s Ql=d, ol#et 71H
o gilio] Hu|sts FYER 97)AF bacteriocinsTt
22 4= AU pHE F57] g2 ZAoE d#A

()

AT}28, 29]. HZ H. pylori 77E JA AL Hol&= L.
acidophilus [29], L. casei [30], L. johnsonii [31], L.
reuteri [32] L L. salivarius®} -2 §AHFE0] HE1
AUTH33].

L. paracasei HP7S H. pylori 739 A S} HO|
= =9 AE =R ARl HAREE o EET}
23 2L fARFo 2 Ao tget fAFET
HEH A, B, C 94 Afdo] S5 AAEoRE o4
A ATH34].

2 AFolME= H pylori 9 JA EE Hol= L
paracasei HP70| 35+ X 919 Hogart 7|oiE =
Aot sk A27] 2329 TF A H. pylort 49
A9} gger el A7 BEL A%E AR &

Te el

&

HzE= H pylori Ald-& Z83E thF3t gram-negative

@} gram-positive Ald-Eof FHaI7F HIEIL UTH3S.
T3 fx= H pylori A9 989 22 A7 73}
[36], H. pylori el o8 %= AL A=w &7
[37, 38]7} BT ot 720l AAY dut U 27
BSR4 ASE B4 9 ARES /)20 €
Ao defA ATH39].
Atx7)= qrejstof|lA &t A4, &, &, A71, 7t
., dEEY, S, SiE, T8, WHl, BE, adHE
, A Brke 2 tfgt S AS Hsl A8
© A= LA ATH23]. AR7|= B T I+t &
W7} B =T QITH40].

H. pylori o Z4E 1349 A EZ= mucin 0] A
Hy AfHor Ut &40 EEE ZoE dEA
UTHAL]. £ AolA 939 B0 533 JFZ of
= AAH] FAHER] mucin EH|O] gt mucin -2}
Wao] YR 2 A3k H pylori A HY 4
A E G KATO III cell Y A] mucin SR} &
| ZAEJAOY L. paracasei HPI} HAE T2 A%
7] FEEZ BEFHoE st H&F ¢, Mucin
gene expression®| S7HEE AIE AR & A+
oA L. paracasei HP7Z} AAE A=} AR7| F&25

o

Q.

i

O

< EYA7Y H pylori ZFF) Q)8 mucin 32} L&
TS BEAL EAE FAT 4+ At ol 2w
= L. paracasei HP73} AAE 29} Jx7| 25 &
AP H pylori 29D BANA FEE AEt 24
S A7 FE YT B ANE G 5 AIS B

ol Ut

ojdo] &7t Bt A+ Autof QshH, L. paracasei
HP7 ©=0 = H. pylori Fd<S A AL & Aot
[17]. ¥ AF)A= L. paracasei HP79|t}7 I+ a3}
of 1Yt Ko Pyl Qe ZC0E HIHN QU= AR
&} Ax7| FE2ES EFHOE AUt Amo ALdH
aE gRlg = AU

L. paracasei HP7 = 2 &5, AZ7] FE22
=
=

£ BoRtE= L paracasei HP7H =9} x127)
322 BYHOR AYSHE o] H pyloric] et W}

w0 @ TS} H pyloricl o) SEH FFot A
ul £4LS A7 7= Ao g Sl Qi) o3t Aute]
mechanism2 L. paracasei HP79] 9§t H. pylori7}t Y7
so] B2t A2 A avet gx 9 HEo] &
S50 It aet 4 3y 4 39 mucin {4
4w BE 27 maEo] wydez Axd A
pylori & A e}t fIHY He ads fEshe
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