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Effect of Jehotang Extract on the Growth of
Intestinal Bacteria and Immunostimulation

Myoung-Soon Ji, Min-Jung Park’', Mi-Young Lee', Jong-Goon Kim’, and Byoung-Seob Ko'*
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'Department of Quality Control of Herbal Medicine, Korea Institute of Oriental Medicine
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Abstract Water extracts of Jehotang were evaluated for their growth-promoting effects on Bifidobacterium longum,
Lactobacillus sp., L. acidophilus, and Clostridium perfringens. Addition of Jehotang water extract to modified EG media at 0.1
mg/mL increased growths of B. longum, Lactobacillus sp., and L. acidophilus, with 1.8-fold increase in growth of L. acidophilus
compared to that of control. Studies on these strains by agar diffusion method showed Lactobacillus sp. and L. acidophilus were
activated by addition of Jehotang extract at 10 mg/disc. Proliferation responses of mice splenocytes and Peyer’s patch cells to
ConA by LPS-stimulation at 500 mg/kg B.W./day Jehotang extract were investigated in vitro. Upon treatment of 1 mg/mL
Jehotang water extract to mice, proliferations of splenocytes and Peyer’s patch cells increased 1.4- and 1.6-fold compared to
control, respectively. In mice administered Jehotang extract, production of intestinal secretory IgA (slgA) increased 2.4-fold
compared to control. These results indicate water extract of Jehotang stimulated intestinal immune system of mice. In mice treated
with Jehotang extract, production of lymphocytes was 4% lower, whereas those of granulocytes and platelets were 4% and

slightly higher than control, respectively.
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Al o)} Kﬂﬂ?i 20 #3S AAHew g5 AUrkE). W
Q1 ) -+ Bifidobacterium sp2} Lactobacillus sp.(5)>
9] 22 %lﬂ %HU]*§'€4 2J#(6-9), 7% 2, A A
8ol e, vl fad mlAEQ]
Clostridiums} E. coli= 7V Fulid BR 54 9l weolEd &
L Aabsle] AW gk & wAly WaE 2y S8 7pged
(10-12). 3¢ Lactobacillus$+ Bifidobacterium o7 52 |38
glycopeptide 7342 macrophage?] 4319} B dapxxe] &4
3t 58 Boled W 848 Tulele AoE RyET
(13,14). o|&fst Aol Felo] A M-S F=3l= Peyer’s
patche] B Axe] #3lE 2= GH/W el g Sol g AP 2kA
2o F2E% 7hevta A ok
olefdt ZhH MtFolA Fodae] A4S FAANL ¢

rr

U= A
Fael gl gt A o] A o] FA I ATH(1s-
17). Z2ev F34 Fel 7158 AT 49 Asee] |
TE dediEe] Wi A AFRH18,19) WAHAS ¥ G5
UFT Al Avt vgek Aol wEiA B A= A
el AU felwrel AS) mAe I A gEFHA &
o] AES AsAA G BEE NAANNE F de 25
in viro A8E& T3] AFsta WY Ao vlRE JES FA)
sttt Hgk npe-2E B8 in vivo HEOE 3 W] whgo
= Ul 2H) IgA AR ET d JEe] WeE sEdste] ¢
= A8 AFEEY JIeAHE A eR dFstn uiFsst
= 712385 AFstaat 84
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Azeel AZzes 2ulF 600g2 #A 23 23 375g WG
& 18.72g, 3 K 1872 wA 7+ O G4 FE7194 1A
7+ E2E 3 oisla, R FRAE VR 28] W E 3
Z31t). AT G FEEE AR At olE T
SHARE 5% F 5E ARV|(PA, TEHE olgate] 4
AzsAL T4 1zxE Az 45 FEEL AP ZaF
Tt HEE 2l HaE SR g8 =9 & A%
ale] Atg-sleith

ARBEF I ARSHEX|

£ Aol R8T e QW feltel ARE Bifidobacterium
longum ATCC 15707, Lactobacillus sp. KCTC 3930, Lactobacil-
lus acidophilus ATCC 43569} -3l AREE Clostridium per-
fringens ATCC 131245 Al2-38th T5E-2  Reinforced
Clostridial Media(RCM, Oxoid LTD., England) #{*]el|A] 37°C &
718 Z7(BBL GasPak, Becton Dickinson and Company, USA)
o2 FASIAA ARESIITE ¥ AT AEZed APl AR
B Zl= RPMI medium 1640(GIBCO, USA)9l sodium bicarbon-
ate(NaHCO,, 2g/L), 10% eio} EA(Fetal bovine serum;
GIBCO, USA), 100U/mL penicillin(GIBCO, USA), 100 pg/mL
streptomycin(GIBCO, USA)E 3713815t

ofF HHefoll ofst EN Mo B HH

HsE A5 FEE] A Mt Age vAw dFE 2
A¥at7] 218 Modified EG(Eggerth Gagnon)(20) 21=||Hi=](Table 1)
E AR ASRE FEURAA e FEES 0L ],
10mg/mL FEE H7F Modified EG brothel]l 82438 A2 2
o] AulgN & HgEFste] FrlH oz 37°CoA 1847 v et
HA] 600 nmoll4] O.D.(optical density)2 =743k 72| AWSAtE
£ ZAlslTh

Agar diffusion methodoll ZtH Mzl &4 £H

Aoet A4 FZ2Eo] W Al S A 4L &
stz Qs AAARI EG A E g §- 50°CE AY
S 489 98 1% HEE WAE ZASL 27 6 mm disc
paper(Toyo Roshi Kaisha Ltd., Tokyo, Japan)oll 0.1, 1, 10mg
FErt HEs FEARE Aok o] WiAE #2714 2o
2 37°CollA 4817 e o AR 248k S Asfgke]
A715 #EsA

Table 1. The composition of modified EG broth

Components Amount
Beef extract 20g
Proteose peptone No. 3 10.0 g
Yeast extract 50g
Na,HPO, 40g
Soluble starch 05g
Glucose 15g
L-cysteine 04g
Silicon antifoamer 0.25 mL
Tween 80 05¢g
D.W. 1,000 mL

In vitro2] MAM=Z FAs FH

Azg eFEgo] vzt HoA|ze) A WSS F
T353R Peyer’s pacth HEZ 25 HXE dFS FAKS
al, 4% 67% < ICRAl sR-22RE ¥4ga HolA el FH
37kA] Eelatdeh A HEE 4°C RPMI-16402 A2 5
o= cell dissociator sieve-tissue grinder kit(Sigma, USA) = =
& dA o) & v EE $ASAL HBSS(GIBCO, USA)E
33 AFETE AIAT cell pelletS Red blood cell lysing
buffer(Sigma, USAYoll 127 @EAA HELE A AU
Peyer’s patch Al ¥l A7l Ealgt Peyer’s patch 2%
< cell dissociator sieve-tissue grinder kit(Sigma, USA)Z ZA|
o7 B MAEEZ F73l] HBSS £ 33 AFEgc v E
Peyer’s patch Al £&] F2 38 &3] 8 AZE= 96 well
plateo] 2X10° cellsiwelle] X2 2 25313, A E S mitogen
©2 T cell stimulator® B cell stimulator$! Concanavalin
A(ConA)$} Lipopolysaccharide(LPS) 222 1 ug/mL3} 10 pg/mL
FEE At Asw 497 FEES $EEE MY F 12
N7 F9k wlfst 3 F83P7] A7 MTT &4& H7tsie
WY g F8E S8 A isopropanolS gol EobA

A7t s SeE Wk EE £ 570 nm HENA F

3

(<]

oL

NSE geF&E89 4750

AT 678 ICRA vl £7 smigd e A" g5 F
2ES FA3 Al 2EeR Yrro] A7E AT
AETEE AZH 957 FEES AT gsd &sfst
membrane filter® 73+ TRy 500 mg/kg/days A= 15U F
o3P, dFRFe T AYALE 1597 A7 Fosisi

E 28] Immunoglobulin A(sigA) Hatak £H(21,22)
ICRAl mh-29] HojAellA WAARANE dilste, ¥F &
FRS B3 & PBSE A7|EWS AH T AxF lavage
solution(Table 2)& ZA7/MMFE FUsl] A4 1077+ AFA
7% A7) HEES kel 4colx AAEE(700X g, 10%)
£ AT E2d AEdo] | mM phenylmethylsufonyl fluo-
ride(PMSF)S H7Fsled €1422](13,000 rppm, 15%) & &, 245
g 78kl 1mM PMSFE H7Istal A&l 1587 43 §
3.5% v-globulin free bovine serum albuming Z7}Fste] A&
2 AAsieh 2eE A AR AR gAE SAE] 9
3l Enzyme-linked Immunosorbent Assays(ELISA) A&ttt 96
well plateol] capture antibody® Anti-mouse IgA mAb(BD bio-
sciences, USA)YE 4°C 16A17} &% coatingd}al, 1% bovine
serum albumine®] XE8hd PBSZ A-2o4 A7} blockingS A
313tk Tween 20°] 0.05% X3 PBS (PBST)E 33 A& ot
< #hll AlEE 1% bovine serum albumine®] ¥3E PBSTel &

Table 2. The composition of lavage solution

NaCl 25 mM
Na,SO, 110 mM
KCl 10 mM-+
NaHCO 20 mM
EDTA 20 mM
Soybean trypsin inhibitor 0.1 mg/mL

Polyethylene glycol (MW 4,000) 162 mg/mL
DW 100 mL
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Asted AeollA 1AZF WXl PBSTR 43] A& & T2 bioti-
nylated anti-mouse lgA(BD biosciences, USAYE 2 ug/mL.Z #z]
slod d&oA] 1A17F 3, PBSTRE 53] A% o}e Stepravidin-
HRP(BD blosc1ences USAYE 1,0008] A ate] A2olx 3087+
HEEAIZITE Wk Sofl PBSTE $3] AlA3E thg 0.1 M anhydrous
citric acid®ll  2,2'-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)-
diammonium salt(Sigma, USA)7} 238l ABTS substrate ﬁo“(pH
435y wellel 100pL H7Eslal AoA 3027 HkS Fo] w
& AAAZ)7] 8] Dimethylformamide(Sigma, USA)} Sodium
dodecyl sulfate(Sigma, USA)7F 22} 503 20% 323HE ABTS
stopping €9 50 ul2 #7}SIT microplate reader o] &5}
405 nmell Al 243kt

Sofsty ME B3| £

A" Er3EE 73?4%04011 w2
wZslr] S8l Ase F
g AAAA AEE A7 A
sciences, USAY!| A &slo] A58+ A4 (COLUTER JT, USA)
& olgste] dalgty dats A

=

Jojshy 4E WS
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Fol nhoss

Aol ofst FLHMZ &M F1t

ANs" 5 FEE dist J Mo 24 233 £4s)
7] 98l Modified EG A ujA]ol] A58 I5 228 sl
2 Ad 23S Table 39 VeplQTh Azy ¢ FE2ES

0.1 mg/mLE AH2|gt A3}, hy Feel B longum Lactobaczl—
lus sp&y L. acidophilus T52) A50] 1.69] o4t Aselgy

perfringens®] A5 1158 Aesisich Aaw %—’F— 17‘5—4
FEE ImgmLE A|Aol Fw)] B longum, Lactobacillus
sp.&F L. acidophilus 72 A50) ol vls] 1.2-1.58 A=
st} 53], AEE 95 2H550 Uzl s Lacrobacillus
sp.SF L. acidophilus #5721 4748 Al 1.84) Z7H7)E Re
2 etk $0] EREEQ23), Qi EFEES veess
2 ke wwhE F=EE(24,25 Bifidobacterium sp.2] A
2 EQAIN L C perfringnes?] ML AN A HdeFog %
W e Fe] A5 dgE 7xche A9 2y
= oM A" EF FEFES ) vAE @50 uE A
)|

mr

| FEs JERRA = oA, &
8] Lactobacillus o52] A8 &8l 545 32T 5 i)

Agar diffusion methodoll 2|8t HLHMzZo| &
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Table 3. Effect of Jehotang extract on growth of intestinal
bacteria by modified EG broth

Concentration (mg/mL)

Strain
0.1 1 10
B. longum 1.638" 1.267 0.693
Cl. perfringens 1.157 1.057 0.637
Lactobacillus sp. 1.62 1.507 1.029
L. acidophilus 1.883 1.448 1.047

P0.D. value for sample/O.D. value for control.

Table 4. Effect of the Jehotang extract on growth of intestinal
bacteria by agar diffusion method

Concentration (mg/mL)

Strain

0.1 1 10
B. longum n" -
Cl. perfringens n n -
Lactobacillus sp. n + +
L. acidophilus + ++ ot

"n: no effect, +: promoted zone diameter 10-14 mm, ++: promoted
zone diameter 15-19 mm, +++: promoted zone diameter 20-24 mrn, -:
inhibitory zone diameter 10-14 mm.

A2 8ol 5} | sl EG ¥iA & AMgslel 288 s 3
slate] garstsdch(Table 4). W 32939 Lacorobacillus sp. 2%
L. aczdophllus 77 ASE B A, AEY 45 FE29
FTEE Imgml¥ 10mgml2Z Z319S ) A4 A2 12mm
oM Hd 24 mm 43S AHEA AZH I4FEES EG
WA B, longum w+FS} C. perfringens @52 ASole Ae
& 7IAA ok, AsH G5 FEEY TEE 10mgmLE. A
s o A5 Aazs A 5 9)\04‘:]' olAe ATH &
T FZEE0°| B longuma P Felde C perfringens d<79)
NS HT= Lactobacillus sp.2] A5 %L"éoﬂ FEFE A= He
2 FAHC olAte] A= AEE D4 2250 Lactobacillus
o] A2 AAE ZTY 5 ks AS ArEld 3 E}
Lactobacillus 2 Bifidobacteria 21 88 ZAA|A Zhjdze o
B o]FA st falrks AAS AASRE HlogH Eé}‘z%
2a, 7IEST Y B 404 f(26,27) Bo) L&A o] HAE

Y AersEe YRS Fa nud 2070 489049
o BEYS VAT 5 92 ol

In vitrog] MAMZ BAMs §

Aze 5 F2E v Peyer’s pache] HANE Za)%
= wEar] 99, AR E5 FE2E9 F5F 001, 0.1, {my
mLe FE2 37183 mitogen® Z ConASt LPSE 77 1,
10 ugmLz d7kste] wiFebsivk. L Az, BIPMNES} Peyer’s
patch AZe] %—é%{’_ RESEE L i H—E— FHeE

AT WA T FA%S BEE 4
—'F—’F%%-q] FEE I mgmlLE g OP‘ij% o AE
g g5 FEEN A7 A9} ConAQ} LPSE
181 1.3904 144 A5l 13}(Flg 1). Peyer’s
patch A2Z2] W F2eg Fasl 7‘14 XﬂEE’ dF FEE0
TEE ImgmLE HE3lg o gzl vs) Ll el
2 mitogen®] H7HFFOl wpE £ WIE AFHA 2UthFig
2). AR dFFEEL o] " 2R Fo] EAjsle] &
2= Peyer’s patch A E2] &8 ghiks] =

AAIA ‘“ﬂ HE A Zlog Algdn Aay e
FEwo] "8t Peyer’s patch o] HAME F45 wAe o
e B9 49 iz Hls) sRoEHoR moM R S
%ol Assherl oz Vet A3 ol 9l Peyer’s patch
of AZFEE M cellell all FHE I3t whgsle] Fgziw
5, Y2ZAHO] germinal centerdll A H-3}5l . AlselA B, %
o 2RE wEA lLOP‘ﬂ ANE ke |oh2s). wehr, A
S8 4 FE2ES A WIAE SHA Al WA E &
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Fig. 1. The effect of Jehotang extract on the proliferation of mice
splenocytes. Spleen cells (2 X 10° cells/well) of mouse were cultured
medium without mitogen or with ConA (1 ng/mL) and LPS (10 pg/
mL). The concentration of the water extract from Jehotang was used
0.01, 0.1, and 1 mg per mL, respectively. After 72 hr incubation, the
proliferation was measured by MTT assay. Bars stand for mean = SD.
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Fig. 2. The effect of Jehotang extract on the proliferation of mice

Peyer’s patch cells. Peyer’s patch cells (2 X 10° cells/well) of mouse
were cultured medium without mitogen or with ConA (1 pg/mL)
and LPS (10 pg/mL). The concentration of the water extract from
Jehotang was used 0.01, 0.1, and 1 mg per mL, respectively. After
72 hr incubation, the proliferation was measured by MTT assay.
Bars stand for mean £ SD.
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Fig. 3. The effect of Jehotang extract on the secretion of
intestinal secretory IgA (sIgA). After oral administration of
Jehotang extract, the titers of intestinal secretory IgA purified from
mouse intestine was determined by ELISA. Bars stand for mean
+ SD.

Table 5. The effect of Jehotang extract on the change of
hemocyte in vivo

Parameter Unit Control Jehotang
Body wt." g 38.49+2367  37.15+031
WBC 10° cells/pl 2.77+0.83 2.26+0.09
LY % 71.77+£6.73 67.51+6.31
MO % 9.83 +3.85 9.98 + 1.03
GR % 18.40 £ 545 22.52+7.33
LY# 10° cells/ul 2.00 £ 0.65 1.49+0.20
MO# 10° cells/pl 0.28=0.12 0.23£0.05
GR# 10° cells/pl 0.48+0.22 0.52+0.12
RBC 10° cells/ul 6.18+0.94 6.22 £0.39
HGB g/dL 10.13+ 1.57 9.50+1.70
HCT % 31.57 +4.81 32.43+1.59
MCV fL SLIT+1.43 5218+ 0.60
MCH pe 16.39 £ 0.31 15.33+1.65
MCHC g/dL 32.06+0.71 2936 +3.52
RDW % 16.54 £ 0.68 15.61 £0.65
PLT 10° cells/ul 88.00+21.46 101.75+£2227
MPV fL 4.24+0.37 416+0.15

"Body wt.: body weight, WBC: white blood cell, LY: lymphocytes,

MO: mononuclear cell, GR: granulocytes, LY#: lymphocytes, MO#:
mononuclear cell, GR#: granulocytes cell, RBC: red blood cell, HGB:
hemoglobin, HCT: hematocrit, MCV: mean corpuscular (erythrocyte)
volume, MCH: mean corpuscular (erythrocyte) hemoglobin, MCHC:
mean corpuscular (erythrocyte) hemoglobin concentration, RDW: red
cell (erythrocyte volume) distribution width, PLT: platelet, MPV: mean
platelet volume

“Data values are mean % SD.

A8 AL granulocytes= 4% S7HERS BT Fo Alawy
T FEES T3 2, plaelero] Wizatol HE 718 o
B ohE do AR5 wishe AEER] GUti(Table 5). ©]
M3 Aae As" 45 FES0 €Y 48 T Y9F 27 ¥
Aut-So AHAS= granulocytesl] IS 72 Ao g FEHHrh
o (o] 2
= =
= A S5 Aswe A Hd Eeg ZAbs] H
3 Ae" d5 FEES Modified EG QAR X254
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W a%F 5 NEAA /A2 B logum, Lactobacillus sp.2t L.
acidophilus, C. perferingens @5 FE6t] A& B4 P33
Atk 2 A, ASH dF FEEY $EF 0.0 mgmlE A

Al B. longum3} Lactobacilus 452 A& &4 37} $58
At 53] ALH G5 FFEL vz W& L acidophilus
A5 ASE Ao 18] ARAA B LIRS &3t
Aoz FAFET ) Mo &4 3= 3§ x%uHx]Moﬂ/H A &
Qg A3}, Lactobacillus sp 2t L. acidophilus 475 A8 44
FEE9 TEE 10mgdiscE HAAFRS o 31]73 12 mm<}

mmé] F2 A5 &3S eI In vinooll M Ay o
H)Z3t Peyer’s patch HAME F2l50) vA&
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2ol vl&)] BRI EE 149, Peyer’s patch Al
st HIAAMERT} A3 HAS HESl= Peyer’s
A& FANATY. A5 E¢ F2E9 AF
IgA 5 thzol vls) FaHog 248 F7}

cytes= 4% S7HEIAL plateleto] Asglon tE g gy ws)
& HEHA gokrh g9 A" °ﬂ—’F FEEl in vivodll A B
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