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Abstract This study was conducted to evaluate the anti-hypertensive effect of Lactobacillus sp. isolated from Kimchi by
examining its effects on renal angiotensin-converting enzyme (ACE) inhibitory activity, lipid components and blood
pressure using the spontaneously hypertensive rat (SHR) system. Most Lactobacillus sp. extracts (lysozyme, sonication and
ethyl acetate extracts) showed higher capacities for the inhibition of ACE activity than those of cultured media.
Particularly, LG 7, 8 and 42 of Lactobacillus sp. showed the strongest inhibitory activity among the Lactobacillus sp.
extracts. The concentrations of total cholesterol and triglycerides in the serum were lower in the Lactobacillus sp.
administration groups than in the control group, but these differences were not significant. The HDL-cholesterol
concentrations of the LG 42 administration groups (IX, X) were significantly higher than that of the control group. At 4
weeks, the systolic blood pressure (SBP) in the LG 42 Lactobacillus sp. (1x10° cfmL) group (XI) was about 27% lower
than that of the control group (V). No adverse effects were observed on the liver and there was no difference in the
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) values among groups. The results of this study
suggest that long term consumption of LG 42 Lactobacillus sp. may be beneficial to the prevention of high blood pressure.
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buffer(pH 7.2)% 23] A1H& % 4°ColA 1327 sonication(U200S
control, Ika, Staufen, Germany)3+ Th3- ©|& H<4 52 % 544

Table 1. Characteristics of Lactobacillus sp.

Strain Source Medium
Lactobacillus plantarum KCTC" MRS broth
LG7 Kimchi MRS broth
LG8 Kimchi MRS broth
LG9 Kimchi MRS broth
LG 42 Kimchi MRS broth
LM 14 Kimchi MRS broth
LM 18 Kimchi MRS broth

YKorean collection for type cultures

3t 24 429

Z3&t] 20°Ce)] HAstAA oo wel A2%e] 50 mM sodium
borate bufferdll =] 12} screeningg $13F APAEZ AT

Lysozyme 2|

MRS brothol| 4] 24A17F &<t vl get §-42kFS 20mM phosphate
buffer(pH 72)Z 23] M3 T lysozyme(0.1 mg/mL)°] X3HE
20mM phosphate buffer(pH 7.2y 718te] 37°CollA] 24A17F 1t
SAI F olE FAAZRSI 200Co] RIsPHA P wet
Aol 50mM sodium borate buffercl] o] AFAFTZ A3

210} (ethyl acetate)F==H

MRS brotholl X 24x]7F &t vigFe Fikte] wigeel &
9] ethyl acetateE 7t 24A17F 53t MRSt 2 {8444
S FE3AL ethyl acetate T2 #8319 F5F72 ARAA
—20°Ce] BskaA dao] mEt &%) 50mM sodium borate
bufferd] o] AR B2 ARSI TH
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IEe AEE 2st 24 " J1Ee M=
&S ACE(Sigma, St Louis, MO, USA, 2 UniyZ 50 mM
sodium borate buffer(pH 8.3)2 FE3l] ARE-3Ilen, 1 &4
< 60mU/mLE &t ARSItk 7122 300 mM NaCle 3t
3k 50 mM sodium borate bufferS ©]&3l 12.5mM hippurl-his-
tidyl-leucine(Sigma) 848 A|xsle] A3
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Angiotensin-converting enzyme(ACE) #3242 Cushman}
Cheung(17)] WS Wyst th&e] Wgoe=z FAs4c. 7t
FEd AZ 50pulo] ACE &29%(60 mU/mL) 100 pL 2 7]&
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AHHE 3,000 pmoll Al 1087 AAEEAIA 4EY 1mL
AskAr). o] AFAL 90°CllM 2417 & HARAIR T
SRT 2mLE 78k 3087 wutste] §8iA1713L 228 nm
FEE 4% § o2l 98l ACE 84 Asles

ERA .

|

[¢]

S

=2 do it ALy

>
i

(C-Cp)—(5-5y)
A8 (0=
30 (%) c—c. %100
C: A gl SHFE AR vkele] FEw
S: A& A7RE Hkgele] Fge
C,: W=7l 1M HCE: #7Bsled wke BAXZ C ukgy

o FE=
Sy HEExll 1M HCE: A7l wkg A S ukg
o FE=

In vivo &olMe] &gt AE

AFEELS Eeld 78 FSHR)E 48 7AY 7oz A
T 6779, HAlT 2000 Hhe A 2nRE T9EEE
E(Seoul, Korea)ol|A] FFreton oF 10d7ke] dn] ARS7]17-&
Azl 7 AR 6wl x|t 457 ARSSIATE ARGALL]
AL L% 2342°C, FE 55+3%, B F7) 1207 ® GA] 3}
Fom, 859 I F ARE AR FFIATE AT 1



430 =21 E 85 A] A 41 WA 4 5 (2009)

Table 2. Experimental design of animals

Groups Animals & Diet
I DWKY +saline
II WKY+LG 7 Lactobacillus (1x10° cfu/mL)
11 WKY+LG 8 Lactobacillus (1x10° cfu/mL)
v WKY+LG 42 Lactobacillus (1x 10° cfu/mL)
\Y JSHR+saline
VI SHR+LG 7 Lactobacillus (1x 107 cfu/mL)
VIl SHR+LG 7 Lactobacillus (1x10° cfu/mL)
VIII SHR+LG 8 Lactobacillus (1x 107 cfu/mL)
IX SHR+LG 8 Lactobacillus (1x10° cfu/mL)
X SHR+LG 42 Lactobacillus (1x 107 cfu/mL)
XI SHR+LG 42 Lactobacillus (1x10° cfu/mL)

DWKY: Wistar Kyoto rats
JSHR: Spontaneously hypertensive rats

Fo & ¥ Faom, it AR Foe WY 22
Akl 7B Fofsisitt. 3w AdEE S 3 2oR
Q@E—E— 1—11-6}04 %3] ¥ (randomized complete block design)- 2
Hix|sl3len, 2%7] dto] 150 mmHg 01*‘01 Mg Et =
dE5ER S AAUZRTS SHR 9AE<Q Wistar Kyoto
(WKY) HAE=E A8-3F] Table 29} 7ro] EHa13ch

g F4e] eApESE E017] flsl AAFE 954719
EEV\F% 37 Al Wil 302 ASAFeH, I F4 A

53 B S H3) test chambers &F 30°C A== H9A]

ATt 9 S AdE=e] 2] F9ellA IITC NIBP
Sensors= 01%3}04 A er drAE doldslsla $571,
ol¢t7] d4e PUY=A7I(ndirect Blood Pressure Analyzer,
3R229 12 channel rat system, Life Science, St. Hopkinton, MA,
USA)Z dFYol| 3t ¥ A3t

A2 457708 Aol Fo] 5 12417 AAAT|AL ether=
ARl F AFH S Heparm 27 @ FAPIZ B U
WA FAg AHIF F Ao 3087 WA EIL 4C,
3,000 rpmoll A} 2087F AEelste] €S #Eld - 7F EE
Aol ARgaIdTh AE F 71, A B WS AEaL, SA A
gAATR gds AAY v A4 #AS %@31, A
100 g5 A71FAZ FHatsisit.
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Table 3. Recovery yields of various extracts from Lactobacillus
sp.

Strain (mg/mL)
LPY” LG7 LG8 LG9 LG42LM 14LM 18
Cultured medium 117 137 124 108 150 111 120
Sonication extract 42 56 48 44 38 40 41

Lysozyme extract 43 54 46 41 34 38 34
Solvent extract 22 27 29 24 21 23 22

Extract method

YLactobacillus plantarum

g @& A-5A8SHEA] 7](KONELAB 20XT, Vantaa,
Finland)E ©]-8-3}%] ALT(alanine aminotransferase), AST(aspartate
aminotransferase), % @ Z2H Z(total cholesterol), HDL-choles-
terol, F A W (triglyceride)S S 3.

RE AHANE meantSDE ¥A3}3L, SAS programe ©]&
sto] 4 4% F folx e &l thaiA= Duncan’s
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Mol F=ESH 71sd 22| ACE N[S3t
et Ad52] 523k 71HQ renin-angiotensin system(RAS)e A
o] 83 T4 angiotensin-converting enzyme(ACE)2 angio-
tensin 12 angiotensin [I2 H$ksl= TAZX], #I%kE angiotensin
II7} angiotensin II-type 1 receptorol]l &3l AS F3A17]1
2" EY EHE S7HAA EE ASARITa EEA A
tH18).

ACE oAl AL A WHeR FEF AIEE ]85t A
SRom, I A= Fig 149 2tk AAH R 471A] HH

Inhibition rate(%)

LPlantarum LG7 LG8

¥0.1 mg/mL

10mg/mL ®10mg /mL

sxe

=xs

LG9 LG42 LM14 LM19

Fig. 1. Inhibitory effect of Lactobacillus metabolite (lysozyme extract) on the ACE. Data are expressed as mean+SD (n=3). *: p<0.0005,

**: p<0.001, ***: p<0.005, ****: p<(0.01, *****: p<(.05 (t-test).
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Inhibition rate(%)

L.Plantarum LG7 LG8

®0.1 mg /mL

¥10mg/mL ®10mg /mL

LG9 LG42 LM14 LM19

Fig. 2. Inhibitory effect of Lactobacillus metabolite (sonication extract) on the ACE. Data are expressed as mean+SD (n=3). *: p<0.0005,

**: p<0.001, ***: p<0.005, ****: p<(0.01, *****: p<0.05 (t-test).
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Fig. 3. Inhibitory effect of Lactobacillus metabolite (ethyl acetate extract) on the ACE. Data are expressed as mean+SD (n=3). *:
<0.0005, **: p<0.001, ***: p<0.005, ****: p<0.01, *****: p<0.05 (t-test).

o] BF a3 HYAYL FAE ol&dl FEI FEEA
AT vl ACE GAEx7E &2 202 IRIFU o]
£ ACEE Ak 7154 B2 AL 53l widE=
ERlEE A Brke 74 WollA EAlske 2R AJZE

Lysozyme Z3WHOZE AZH AEES 10mg/mL F=00A]
R 60% ole] &2 Hom, I FolM LG 7, 8, 429
ZALE oF 90%¢] wi$- =& ACE JAEHAE JeRTE Son-
ication WO 2 A|2H AIEEL 10mgmL F=4 75% 1/
o g5 B A FEE F /M 22 595 B9eH, &
3] LG 82 95%%] 7P H& ACE AAEHAE Bt wjdEo
A FET ABEL 40% o9 s B oL, FAFFl
Hlg] ACE SAl&xte WA S=HA ¥4 FE2AE T LG
7, 8, 427} A¥kR o7 o ACE AEHE Yehfo] o]59]
TAE AHEsl] TEAFS AAsEIH.

FAROM 253 7154 S| Zefy DHEUF|(SHRIA
o| et Zslan
7-873 9] SHRO| 4537+ ikt ARG 7, 8 48 AT ¥

g Az, Akt oS 832 AQshA ulZa(V) vl
A FolAl zpelE ERA] eE9ktH(Table 4). WKY tiZ<H(1)e]
47 81 g AR A ZFVFE B v, SHR hEZ(V)S 52¢g
Ao AF F7HE 1o FdEet Fd vjs) 28 He AF
Z7PF e oz Yt ole AAW Nazh &3] Z7}t
W w773} ADH-renin-angiotensinl 2] EH43l2 & ¥x]glo]
ZolA "oto] sl ol R He R 3y ZHZA
o] E817¢l Wyo] xfEo] oUxARI} F718I2E SHRO
749 WKYS} 7H2 ko] 2lo1& AFsltate olefdt /ol o
g Aggo] oA AFe] F7PF e Aoz GEA AUrk19-
21).

A FTE F AFum 74 A ¥ FA= Table 59 U
ERd wpel Zo] ikt FodR(X, XD thEw(V)d #2149l
zpol7F GAATh WA ke ARz 18 e AT

S A7EAC frelH] g FA gt 2e & 5 dsiTh

Y U NYLE
AR Aolel oJ5t FelzElE B FYAR) ks 3
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Fig. 4. Inhibitory effect of Lactobacillus metabolite (cultured broth) on the ACE. Data are expressed as mean+SD (n=3). *: p<0.0005, **:

p<0.001, **%: p<0.005, ***%: p<0.01, ***%*: p<0.05 (t-test).

AT AYHH, 1 2, 5, 4= T,
=5 WL AREA Aes U @
dol Je Aoz deid rk®). 8% 5 T THZHE T=
ot $9Ad F=E SHR tlzw(Vyell wlsl fiket Foda(X, XI)
oA b adke AEE mIou e’ Ake ot
FHUZEHE 5529 7, SHR thxsrel vlsl
s %7&5. T7hehe AdE BleH, 53] Aek:
] Jdd(X)°1M HDL &&=l E0] %94140
2 I/ Ae EL 4 AAch. wEkA SHRe LG 42 fr

S AFANFRoZA = FYAHEF BAARNZEY = 7]-/\0}
3, HDL Y2829 s5e F7ishs 202 Yelbt, ole
HA W frabgo] ety FE2EEe] Bol e A

e HHF TR o ) ZeyzuHE wg Wt B
FE AXshs Aoln(22), it AHSE 2ol A

W EFTE v g5 7ol Qstﬂrﬂ:ﬂ oli el Aol &
5E AgF oz vlgte] oEthe Raele BA7F UTh23).

Table 4. Average body weight gain, initial body weight and final
body weight of rats fed Lactobacillus for 4 weeks

1) Body weight gain Initial body weight Final body weight

CrOUPST (g4 weeks) © ©
1 81.67+6.122" 217.17+8.71% 298.83+7.74
1I 79.83£3.25% 214.50+2.85>¢ 294.33+3.24*
I 71.83+£14.33™ 224.00+7.98" 295.83+13.36"
v 67.00£12.43" 233.00+4.81* 300.00+11.66"
A% 52.67+9.43° 225.17+8.92* 277.83%11.10°
VI 54.67+4.98% 207.50+12.02% 262.17+12.35°
Vil 56.17£6.17% 214.83+8.18™¢ 271.00£12.29™
VIII 69.17+£22.96™ 199.50+29.24¢ 268.67+11.22
IX 52.20+5.40° 212.67+4.03>¢ 264.40+5.79°
X 57.40+4.43% 248.83+6.52°* 278.40+521°
XI 54.17+5.85% 210.17£9.56>¢ 264.33+9.29°
"The same as Table 2.
DValues are expressed as mean+SD.
Different superscripts in the same column indicate significant

differences between groups at p<0.05 by Duncan’s multiple comparison
test.

& Ll AST & ALT &

ASTS} ALTE AA W] opr|=2be Fske 988 3l &
A2 o] A7IME SRR 2 F 7 7P B2 ol
EA5h, o} ¥ 2Ew 2 93] 7k ZZF o] &4}
wom ol F olE daEe] Eo| ZTEH Fok e &
F AST9} ALT®] &4 4L 7 75S Auie shie] A%
7} "th4). 8% F AST, ALTY A4S =243 A= Table
73 2t ASTS] €492 SHR w3} 19421 Zol7t gisie
, ASTS] 7% SHR thxwtoll Hlsl] LG 42 ikt Ask 5o
Xl 7 =A UERTh LG 42 %% FoEXNe A
T &2 390 el e AS ket LG 42 A
=5 TQ:]E—_‘% /\]_g_-J E.)\—l o7 9]l AST /g_q __7].7]. o].b]
e 4o w2 2EH X Fo o el ogk AST 449
Z7PF vehd Aoz Azt wEbA fAkre] F7] Fofe
2 A 8 e 2o =4 S Zo® Alsd

T&7| EeH(SBP)

SHRES A% 755E Fto] A<3df
gqto] 200 mmHg ©’dS fASks WA=
BEHt ARl el xEe] 71 A
$TH25). o] 5L o83l AT 8FF ¥ SHRe 457 &<t
Z}zke] fAtS FEEE Folalal S oF 12FE0] HUL o)
=43 SHRE| 7|5 4%7] g2 <F 175 mmHeo| A th(Fig. 5).
A T & 1549 718U 177-191 mmHgE BE A
Pl et F7H Ao = yehgrh 4 23R £5719
42 V, VI, VI, XztdlAE v SU18IRAINE LG 8 Ak
EAZVIDH LG 42 FA9X, XDolAE 1579 3718
I v|wa] & w A HsstAY, oFF HAg AoF et
ok AR 33l FlEHA LG 7 LEE FAZ(VINS A9

o] Hul 5%7)
Z7he) ele]
o ol FgHo]

g BE oA SBP7F AAElET o ddEEo] ddEA
3 22 2EHS A B} BgHA H88hr] AR S

2 AlREY. A9 430l 3530 A3 ddol vlE) LG 7
FAT(VI, VIS AlLe fakd T4 29 10-25 mmHg 3
T Egpo]l At fAkt T 3 4R HF U v
a3 A, LG 428 Foddel wEt 71E8<tel vs) & oE
A (1x107, 1x10° cfwmL)©.2 247} 12, 27% ZH2stgivh. 2344
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Table 5. The weight ratio of organ in rats fed Lactobacillus for 4 weeks

Liver Kidney” Spleen
Groups"

Weight (g) g/100 g (BW) Weight (g) g/100 g (BW) Weight (g) g/100 g (BW)
| 8.85+0.48N¢ 2.96+0.10™ 2.29+0.09° 0.76+0.03¢ 0.46+0.04® 0.15+0.01™
I 8.93+0.79 3.04+0.29" 2.31+0.15° 0.78+0.06™ 0.46+0.02* 0.16+0.01°*

I 8.96+1.11 3.02+0.23™ 2.30+0.23° 0.77+0.04™ 0.48+0.06 0.16+0.02"
v 8.50+0.82 2.83+0.23¢ 2.27+0.19° 0.76+0.06° 0.44+0,04™ 0.15+0.01¢
\Y 8.88+0.26 3.19+0.05® 2.25+0.08° 0.81+0.04%* 0.42+0.03" 0.15+0.01™
VI 8.33+0.53 3.18+0.16™ 2.05+0.18" 0.78+0.05™ 0.41+0.02% 0.15+0.01%*
Vil 8.70+0.63 3.21£0.22% 2.19+0.13* 0.81+0.04%* 0.43+0.04"4 0.16+0.01°*
Vil 9.20+1.21 3.42+0.37" 2.25+0.19° 0.84+0.05° 0.42+0.02™ 0.16+0.01°*
X 8.96+0.42 3.39+0.19° 2.22+0.05® 0.84+0.02° 0.45+0.02%° 0.17+0.01°
X 8.97+0.67 3.22+0.25® 2.21+0.16™ 0.79+0.06™ 0.45+0.04® 0.16+0.01°*
XI 9.01+0.51 3.41+0.24° 2.19+0.10® 0.83+0.05" 0.40+0.03¢ 0.15+0.01™

"The same as Table 2.
DValues are expressed as mean+SD.
YMean of two kidneys.

Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple comparison test.

NS: not significant.

Table 6. Plasma lipid profile in rats fed Lactobacillus for 4 weeks

Table 7. Plasma levels of AST, ALT in rats fed Lactobacillus for 4
weeks

Groups' Total cholesterol Triglyceride HDL cholesterol
P (mg/dL) (mg/dL) (mg/dL) Groups" AST (IU/L) ALT (IU/L)
1 107.69+3.70>* 130.43+7.22% 39.60+2.70% 1 113.55+13.912% 43.18+1.86%
I 07.89+7.86° 119.79+11.34° 39.90+4.69* I 100.13+9.13%d 42.1542.52%
I 90.60+14.42° 117.87+2.33° 41.3244.72%¢ 1 105.97+4.7054 46.61+3.93¢
v 08.24+727° 114.42+12.44° 35.82+1.62° v 88.76+4.02% 39.63£6.66°
v 61.89+2.91° 74.22+3.63¢ 36.23£5.56" v 108.78+24.68%* 56.27+6.86*
VI 56.87+3.56° 67.83+2.58° 38.42+3.831% VI 116.66+11.44% 62.82+£7.07°
VII 55.33+7.23¢ 62.02+9.85¢ 44.63+14.29% VII 91.65+13.56¢ 61.31+7.17*
VIII 57.54+4.61° 67.85+£3.94° 46.52+12.55%¢ VIII 109.27420.83%* 57.11+11.06°
X 59.51+3.22° 69.23+4.38° 48.76+3.15° X 91.95+2.88 56.91+7.52%
X 58.72+4.96° 70.30+5.27° 49.78+1.44° X 94.74+11.58%4 66.50+9.59°
X1 58.50+1.95° 67.32+3.37° 47.19+12.41% X1 110.06+32.92° 60.73+15.09

UThe same as Table 2.
DValues are expressed as mean+SD.

Ditferent superscripts in the same column indicate significant differences

between groups at p<0.05 by Duncan’s multiple comparison test.

S 2 AR 23 {4
LG 7, 8, 42°] f%
2t LG 42

B9}

7k,

2 A7elxe AR oA

EH/‘j A

4271 Autdgo g

A9+ 9 Fetdll vAE 9%
23k fkte] vk 2 lysozyme'H, sonication'd, solvent extract
Wow #AE FE3Y ACE JAEHE A¥E Az}, wjgd
Hoje #AE ol8sl F&3
JAEIH7F 2 A= ERIFULE #A FEAE
& ACE AAlasE Uehie] ol&e #AE

ACE
d4AE 2 1Y
el frejgt
°l= LG 429 ACE®] SR &3 +5A7l= de=
AR wEolu e FHE AAANA =

Eo drsHEe] #HE &

FAFE F9t

kO

=
K3

B9 faEo] ACE oA Eeh 2
re 2l AR B

FEE FAEF

A=A
S

11347} ot
1ollA] FeAgtel w

G

vls] ACE
Z=1G 17,8,

DThe same as Table 2.
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between groups at p<0.05 by Duncan’s multiple comparison test.
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Fig 5. Changes of systolic blood pressure of spontaneously hypertensive rats fed Lactobacillus for 4 weeks. Groups are the same as in Table
2. Data are expressed as mean+SD (#=3). Different superscripts in the same column indicate significant differences between groups at p<0.05
by Duncan’s multiple comparison test.
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