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Neuroprotective effects of a water-soluble extract from
the culture medium of Lentinus edodes mycelia (LEM)
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Water-soluble extract from culture medium of Lentinus edodes mycelia (LEM), Four- vessel
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Abstract.

Oxidative stress plays an essential role in the pathogenesis of transient cerebral ischemic
injury. A water-soluble extract from the culture medium of Lentinus edodes mycelia (LEM), which
is commercially available as a nutritional supplement, was prepared by hot-water treatment from
a solid medium composed of bagasse and defatted-rice bran overgrown for about 4 months with
its mycelia. LEM is a potent free radical scavenger and may decrease brain injury associated with
reperfusion. This study examined the neuroprotective effects of oral administration of LEM on
cerebral ischemic damage induced by 4-vessel occlusion (4VO) followed by reoxygenation in rats.

LEM inhibited apoptosis by oxidative stress of PC12 cells that were differentiated to nerve
cells. Moreover, in using a 4VO as the brain ischemia model, hippocampus damage was
observed by Nissl staining. The marked reduction of cell density in the CA1 region was observed
in the 4VO group compared with the sham-operation group. This reduction was significantly
inhibited by the oral administration of LEM. These results suggest that oral supplementation of
LEM relieves the cerebral ischemic injury, which may be attributed to the anti-oxidant and anti-
apoptosis effects of LEM.

*Correspondence to: Yasuhide Hibino, Department of Clinical Dietetics and Human Nutrition,

Faculty of Pharmaceutical Sciences, Josai University,
1-1 Keyakidai Sakado, Saitama 350-0295, Japan
TEL : +81-49-271-7285 FAX : +81-49-271-7284 E-mail : seitaib@josai.ac.jp

RS ¢ T 350-0295 BMERRFAWIIRES 1-1

HEAFELR EEREFRERHEALRRE
Tel : 049-271-7285 Fax : 049-271-7284 E-mail : seitaib@josai.ac.jp

New Food Industry 2016 Vol.58 No4 1



HEE R AR 2 i) (LEM) oni Rl

EL&®IC

i bER O LA D FAE O I, EE
HBOWRKEBEBLPZOFRED QOL #{KT
SHLRE, SEL2YINET S HARDOAL LT
ISR & &SRB E > TW 5B, BAVE
121E, FEWZT VYA v —RZHSE (AD) &
M VERRAEE (VaD) 2% % 25, AD X Ko
PFEAMEHTH L D23 LT, VaD IZEIIR
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WEIEE MR O REB5T A7 K b — 2 A2
LWk TE 7,

— B R I U, A I D AR s R KR E 72
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&) OMREESAL, B LSV I VK
HHZHE WV NMDA 85k % - L CHltlam 7 v &~
Y LAEEN R B, TD0, ALy LR
TR RS MEAL L THlE S s L &Y,
S 51T, BIMEOFMERIC L o TIEMHMEE
(ROS) VKT 5, ROS 1X, A—/8—F F
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LEM OBETRERL 72, HERRAENXL Y ENHR (HEX ERTTRE) CBELKBRORE
B S ERERICEEL, 4 5 AFREER, FEAREERNICEBI CHBRL, REKTES, #
K U7 SHMEERLT ETRBLAR, 2> TF>T7 08— (045 um) (ICTEBHEL,

BHER ICBRDERE/EMSE LEM & L,

New Food Industry 2016 Vol.58 No4 3



HEE R AR 2 i) (LEM) oni Rl

¥ ¥ I ¥ E{(+)-a- tocopherol from vegetable oil,
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B DOAFTE T T 1R EARIE L 720 Bidh 2 0L D B
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Poly-D-lysine = — I L 7= 100 mm dish (Becton
dickinson) |2 PCI2 Ml il % 5 X 10° cells #%& f&
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1-7. caspase-3 O ;EHE{LARIT

caspase-3 D {F 141 X, western blot %12 & D
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C, Hybond-ECL™ = to &)l —2Z X 75
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AT T UESh AFLINy (AYGHET
¥) CRERFICT®T Oy ¥ L I RIBEITo
720 —RPUKIL, T caspase-3 PUIA (#9662, Cell
signaling) % 1:500, ¥ B-actin i f& (A2228-
200UL, Sigma) % 1:10,000 T 1 R RIC & &
7o TRPUAIE, ZFNZ L rabbit IgG HRP #T
f& (NA934V, Amersham biosciences) % 1:2,000,
$T mouse IgG HRP #T & (NA931V, Amersham
% 1:10,000 T 1 [ s & &
720 G e X, Amersham ECL Plus Western
blotting detection reagents (GE healthcare) % H
W TS5 ATV, X7 1)U 2 (Amersham
Hyperfilm™ ECL, GE healthcare) (ZFENf%, 3
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1-8. EAHYWHF
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biosciences)
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T2 T, BARMAE (CE2, HAZL7) BX
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HWTLH LA ERES L2382 v,
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T3E) ICHEMR LT, B, TRTOBWER,
BRI O [ FEERB)Y) O FFE K ORAEIE O
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IWOER
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Wififk, o 7PN b M ARG E &
%5 L, 1 B2 4% NTa % > (2-bromo-2-
chloro-1,1,1-trifluoroethane : I HF S T.3) TiE
AR, 7 v PR IBMLICERE L, SHERIEH
5% 81 0 BTl O FESABYAR & #E D S
720 FE\ T, MEHBIIR 2 AR T 15 M2
L7zo 2O, 7% ViREE (Microcomputer
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ERZFH L 25, =527 (TXY
V) BXUe—=b Ny R (VhY) TTv b
DIRRE —FIR o 72, FDR, HEEREIIL
WCIILYE % FRRE & &, YIBH L 72880 % #e &%
THAE L7 7B, #WUFH (Sham-operation)
BEICIE, RSEEIIRZ PIZE L v 2 & DM R
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v (RHEBETR) MPTCHMEZMAL, 4%
INTHRNVAT VTR K (HOGMSETE) CTRiE
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1-10. = v X @I(C & 3 5

L7z f\WT, 70%, 95%, 100% L%
J = IVONETEK L2, ¥ LI
THEFML ™, M (BXSIWIL, 4V
YISA) mAWTEIZE L7,
1-11, #EHLIE

T =70, FHEE iR LT
FR L, —ICEE 5B HT (ANOVA)
%, Tukey's DREIC & U f#HT L 72
MEIZBI AAEEAREL % & Lz

2, FER

21, #RETFSE

H.0, ® PC12 Ml 1243 2 /EH %,
MTT assay 12 & o TEEAli L 720 PLilkfb
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MAS I— M A5 A4 K752 (BB
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AR A B IR L, 10-100 ng/mL
TELICEEFETH>72. L» L, 1000 ng/mL
T B MM g 2588 I L 726 Trolox (X, 1
ng/mL 2° 5 7R b — ¥ ARG VEMIIE YA B
T L,10-1000 ng/mL TE 512 L7z (K 3),



HEF WA AR 25 hih ) (LEM) iR

(A) H,0, (100 uM)
Control 0 3 6 9 12 (hn
Cleaved caspase-3—>| - —_— —
B-actin —>| _.._I
(B) LEM
Control 0 1 10 100 (ng/mb
— * * + + H;0,

Cleaved caspase-3—[ o emm— — |
B-actin _,I __.__-—_I

4 LEM IZ & % caspase-3 D&M LN
LEM (C & B caspase-3 DIEMALINHIER %, western blot 5 (S & ¥) B#AfT L 7=,
PC12 #f2IC LEM (1, 10, 100 ng/mL) % &M%, H,O0, B L 7z, #KZ
PEENyEERE UERIXENR, BiEICHE > TH caspase-3 Hix & B
WTEEH U 7= (A) HyO, RLERTE O caspase-3 D#ZEEZE(L (B) LEM DiE
FEARTERY caspase-3 iEMEALHIHIIE R

(A)
B HEBREAE
EES JEER BE/EE
} e ;ll =|| 7 =Y Z)l«%ﬁl
7 days 1 day 5 days
‘OKRS §
(B) h
Ippocampus _

——
L |

5 EMERBE
(A) v MIZFEBEXK, LEM (1 gkg), EZ I E (V.E; 100 mgkg) %
I BEROKESTE3MEFRH L=, 7y MNENOMAESEREZMES ¢
T1H#%, mAKSEEREZ 152FEMAES AR OAZ2BERSEE, 5
BRICEEIL, MELERE=Z Yy ZILEEL -, (B) Interaural 5.70 mm,
Bregma -3.30 mm ORMER 2R L 7= (EX), 7 v MEFE CAl BHEE (A
B) (C& 2RO REMFREZTMEL /-,

TRN—=VADTYTFNIAT—FD—DT
& % caspase-3 DI AL %, western blot i % H
WCH#HT L 726 caspase-3 X, RNIEVEZRIRFETIZ
35 kDa THEAET % 2%, &AL & - T 17 kDa

AIFFETIE,
PEZRHEE (VaD) E 7LD 4VO/Re E 7V % H
W, LEM @ VaD (Zx§ AR08 % ME L 72,
— PR RN, BIMZEOFHERICKL 5T

DT TTAY DI EN S,
AREERSEMT TIE, H,0, LI
3BT 17kDaD 7 527 A~ b
B bWEML 722 & 205, H0s
VBRI T A5 3 BRI v T
VERIL7: (K4A), PCI12
fa OB # 12 LEM % 1-100 ng/mL
D TEHIE, 100 uM Hy0,
MLUE L, caspase-3 O I VAL &
western blot ¥ 12 £ O AT L 72,
Z DR, Hy00 MERIZ X o TH
B S N7 {GEVEAL caspase-3 DEEAE
7%, 10 ng/mL Ll @ LEM (2 &
DA ICER s (X
4B),
2-3. Zy ANEBICL S5 EE
CA1 H{HIZ o 5 i

R TR R &R L 7Bl
LEWmDS, BIWEERICBNTD
WRELEER 2 R T IC DOV T
WE 4572012, 41MEHzE—
WY MLE TV T v b EHW
THE L7z (K5), #UFiMz
1T o 7z Sham #E T, # % CAl
HAEISC 35 1T B AR D22,
EIZRDO N oz —H,
H,0 #F 1 #: 5- 3 T3 4VO/Re ML
BICL D, ¥EE CAl HHEBO M
RMBASHYE L, B D ICHEL L
TZIREEDSEHE T & 20 L0 L,
LEM ¥ 723 V.Ex & ¥ 5 L
2RI BV TIE, H0 %5
LM LT, W8S CAL ML
WO MR O Jg o 2 25 A
L, BiErsmssEnsz (E6),

3. EF
— B PER I A R 3B I
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HEE R AR 2 i) (LEM) oni Rl

MRz EH & 7R b — > ZAHHIFEH 1,

LEM T OO 355 DB R &2 X 5
BB L LR L7z, THET
I2, PCI2 Mg & H,0, L5 % &, #liNE
WD ROS & H V7 LRED EH L CTHE
BEEAL IR & @ FE A 23U L, mitochondrial
membrane potential (MMP) D{EZIZ L - T

X6 4MEMAE—EMMEMET VY MILDLEM D
AR REEXIR
BE CALEEO = v XIVEBETR, (A, B) :4VO0 U F4iF (Sham)
B, (C, D) : K#54VORe ALEF, (E, F) :LEM (1 g/kg)
¥58, (G, H) : V.E (100 mg/kg) ¥58, (A, C, E, G) :
scale=0.5mm, (B, D, F, H) : scale = 100 um

ROS 2SR 5 2 &5, #OIC H0, LR L
72 PC12 Ml % FH T, LEM O i 40 i £ 7
VEH % 57 L 720 MTT assay D755, LEM
13 Trolox & [RI AR 12l S Al i PR 2 OR L,
V.CIZHFFVRdoZDOREIED SN,
TUNEL 4& 5,12 3> T, LEM & Trolox O T &
3 & B IR ICB VT T R — 3 ARG
BEEZICHASED, LEM DEIEET T
7 AR —= 2 AIHEREE L7z, o T,
LEM (ZfL A M L A T OMBLEFE L 5O,
THRIN—=Z2ZWHITHEEZLNL LD L,
LEM O i BE S T Tl A F KT L
725, LEM HOHERILE 512 & 5
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TR =V AWFLEINLD, PURILY
BT NS B ZWHIS 5 2 & THRER
EEHEZRTZENMESNR TS Y,
F72, WA OHBILWE»S 7NV Y F4 >~
GSH)®m & ¥ T —¥ilithx LA s,
H 0 LI 2 X Bl 7 AR b — 2 2 %)
fil L CEDEFFEL LA SIE S Loy
by Y, LEM ORI,
NS EHBLEEICLsbDEER
bNb,

ZZ T, LEM®O 7 R b — 2 A
AR T 272012, 7THRF—¥
ADYTFNVHATr—FNDO—D2ThH5bH
caspase-3 D % V£ 1L #E % western blot % %
HW T L7z, €oREER, MIBAO
caspase-3 2N{H AL & 11 5 H,0, WLEE 3 Ry
212 BV C, LEM IZREEKGFIIZZD
WEEZPIHRI L 720 202253, LEM
12 & BRI OREEE R 1S, H0, DAL
ANV AR L B T A N — 2 AHHDT
HFLHLTWEEEZLNS,

WA, HOp LT |2 L C iR PR FEAE %
AT WE ORI B T, PCI2 Mg % v
72T AR =T AA A — FOEHNIIET 5 #
M BLLITbNTWwb, KIFERTHWE
caspase-3 DIEMHEALIX, &7 A7 — K Lt MAP
% J — £ X phosphoinositide-3-kinase(PI3K)/ Akt
Lo THIEMENATVE DTH L, —
F, TNINA < —IRFEIEICB S35 glycogen
synthase kinase-3 X° caspase-3 D {i§ P4 |2 > T
W Fft & 71 % poly(ADP-ribose)polymerase 72 &
WZOWTHFMEBTA LI TnwE, Th
FCTICHEALDYWES NS T F VAT —
P2 L THIERH Z /R 2 e s s T



HEF WA AR 25 hih ) (LEM) iR

By e EM OFEM 2 EEEE 12O W
THOLPII LTV ZEPRLETH 5,

T, T v b 4VO/Re EF N % HVT—8
RN R IMIZ 35 1) 5 LEM O s /E % et L
720 FOFER, Sham B2 B\ TIIAFEEHIILIC
ZALIZRD SN o 72D 123 LT, 4VO/Re
E )N DOREGEETIE, WEE CAL HEFHIE O
BB ERE D N/, L2 L, LEM B
SO V.EHGHETIE, MM BRE» A=
WZEIfl S e, ZOFE R, LEM @ 1 8%
HAZX 5T, V.E & FMIC—\PEM BRI &
BB EIT LRI 2R L, i %
P, BEEZIRITE L L 2R LTV,

ZNFETIZ, 4VO/Re WLiE 12 & o TR CAl
BT R D= ADFEIN DL 2 & HHR
HENTBY, #DOK nuclear factor-kB(NF-kB)
DFEMAL®, v rurxsrF—¥ 2 kL
FINPE) TORY 55V U B N ERT S
ZEHEERTVSE T, 512, AT
SOD % GSH & DT (24 o THERERALIRE b
KT % 7S, L-carmitine R° V. E#K 512 & - T#
AL oMKz IE S s ¥, 72, A+
AXIFERCTIES S, WEH CAL TEHEEIC
BT SOD {FHEAMET 35— T, HMG-CoA
BIEEEHEEOE ¥ NAY F #5105 5T
ARSI AR SN DAY, ZHIFE SN2 %
FrOMBRILEHICE b0 ThHr e EZLN
Tna ¥,

LEM &, #HFH Th b HH OB R % HE
el \ZHERE L, TEMBEER E a5
L7, B i BokImL - mEERR L7
LOT, NIWICEH S NHEH R RKDAD
EWM2RRICLY, B L -MELRS %
WMFTLILENTELREAMTH L, T/,
LEM ([ZI3HEE OB BRI R, BRI
£ % G5 #b o 53 R0 T R AR O H CH LB
HhEIN, FOLELLOICEHE, BHE,
KR, MEILE, Vr=y, )Ty OnRE
MThHhrR) 7z /) —MEWREREH D, 2
NFETIZ, LEM 226t sz 7= kW
B, NI U ANVHEHERBL YT 7 —

DI O NO BEEAIIGIE 2 7R3 Z L SR
HBENTWSE Y, $72, Ito HIF, ) V=%
DREHTH D) BB LN VB
D, TV ANVEEEETVCHS T v MU
bR ENTREE A L ORI R 2 R 2 L %
WL TwWb Y, ft- T, LEM DHERILIEM
DFEW S & LTiE, K5 T0Y 7= Y KWE
R T Vo, TR A4 FEORY T o
D= HEZ LN, FNOPEMEEEIZL - T
B L 7 LR B B P % ol LA N C iR LR
IZHFG LTV AR, BaT0) 7=
2 WS AR PUIR AL L O 2 % 1 L Ty
LI LENEZOND,

—77, LEM OIREMEMICIE, BfLA b L
A DRI Z THISEMER S S L Tw 3
WHEME b & 5 M EFHIR CIESIESATTHE L,
TN =T TV HINVEAEMND FEMBOERE &
BITHIEMEY A M A 212 & 2 RAatEE B
& ONIMAE P R B S R T I SRR S B
TEPHESRTWSE Y, $TIC, METFE
RICIZPSIEE 2 MR ST V5B 2 &
5, LEM OFURIEMERIC & 2 kR I2D
WTOBRRPLETH 5,

AWML LD, PCL2 fifE % WV 72E 2B
T, LEM »H,0, |2 & BAER{LA b L 220 5 fifa
FREL, THEP— XA EIHIL S,
BAREEHZRT IO E 2 o7 £
72, 4VO/Re EF NI BT 2 HETIE, LEM A%
PRI & 58I LT, i fhiE
TERZRTZENHONE o7z, T TICHRA
i, 7 2AOMMEERE /&I (H/1) AEICE -
TR B A —/8—F % FELEZFRN L
LEM ER2EEICHGI T2 L 2B o 22 L
TWwa 2, Lal, ZOREEHOFEMZ X
N AL DWTIERZHAS LTI W & h
5, 41%, LEM O Bl PR/ o 8l 22 £
HZALZHENTHELEDIZ, AVOETF L%
AWV7ZELE - FEOTEHFWRBREITH) 2 LT
M MRAED —R TS 2 /5L S
M L7k EZ Tnh,
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AW T, REHEL EOMIRFERICBITS
B DB L BEMER KGRt e L ToILH
ZDWTOWZENR TN TE, TV N T =
VIFERERL LTHTTIIE L OMEEIFRE
SN, EBIZEKOFBIHONTVS, R
FHE 2 OIE, EOMOEMENPERL T b,
AT HEIC L 2EOONT OFEHIIFET
NREBRTHY, CNFTIZhromziHo
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{Nb, TNET Y b7 = OEEKICED
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M2 7o bho7=o0pHIC& BEEELY

TP TZromFiE, BEROBHIEIC X
DR, KEEFEOBDIHEIMT 5 IHe W igih it
L, X MFINEOFFETEOMIET DO T,
2 I2KBHPTOT v b7 = OREELE
fbxRT Ve 7Y b T 0E, REEETIE Y
T LRE Wb AET L), FarE
LIbB M2 ETH 505, 9N, ks
&, KSTELELTEAD T Y A FERKIIE
BL, NEETHDH Y,
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TN T o UOERE, HEYRRMEIZLY
RKWICERZY, ERICEI o TbRLRD, 7
MY TR, B, WOM, IR, UM,
BEHE, KADPFEL T4 OfWICHF
ELTWEDS, BIRICKEIEL 2> 7 =
TV ROGHDBIL L, Del RAZZT IO
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BT 57— 513 w2S, RETHMBEL TS
BERFICEEINLTPHN LTV T = ED
REgzR1IORT Y, BNy —HoREIZS
CEFEFN, KEAE—HIZ 125mg s EHE,S
BLTWE LHESNTWE, 1HBH7ZHD
BT v T VEIEE, BAEITREVE
EZOLN5DY, HRANIBZL CREALDE
WEIID L nrd L, 2B, FaN1) —
HICEINET Y MY Ty E AT
DVTHIHBEEN TS (F2) Y,

HAERHTIZ European Prospective Investigation into
Cancer and Nutrition study & L C3 — 1 v ¥ 10
71 E 36,037 N (4EWi35 ~745%%) OT ~ k
DT =Y ENEICEET A A 2 SRR A5
RHENTWE Y, COWEIZLDE, TV by
T =Yy OFHEREE, BHo%4E, 19.8mg
/B2 5 649mg / H, ZLMEDOY;4 13 18.7mg/ H



FHEET Y T2y 0H 14 T ZA— 1L,

RNEDIE & kRE, FREE -

K1 KETHEBELTVWIESRFOT7L 7=

EEY
Total
anthocyanins Total
or form (mg)
consumed)
1. Apple
(Fuji) 1.3 1.8
(Gala) 2.3 32
(Red Delicious) 12.3 17.0
2. Blackberry 245.0 353.0
3. Blueberry
(cultivated) 386.6 529.0
(wild) 486.5 705.0
4. Cherry, sweet 122.0 177.0
5. Chokeberry 1,480.0 2,147.0
6. Cranberry 140.0 133.0
7. Currant
(black currant) 476.0 533.0
(red currant) 12.8 14.3
8. Elderberry 1,375.0 1,993.0
9. Grape
(red grape) 26.7 42.7
(Concord) 120.1 192.0
10. Nectarine 6.8 9.2
11. Peach 4.8 4.7
12. Plum 19.0 12.5
13. Strawberry 21.2 35.0
14. Black bean 44.5 23.1
15. Eggplant 85.7 35.1
16. Red cabbage 322.0 113.0
17. Red onion 48.5 38.8

5 44.1mg/ HTH o720 FDOERE I T
HEMDH Y, T —1 v L2 S FEEICE D
IZHEVy, ZOFHEWMENEL ko7 TV b
DT =Y EREE, oL, FERE
EETE L, ZOENEITHE LIV E BRI
Bl b, EELRREEL, B, U
A4, T a— VEREIRE R 57, HA
NZEoTlE, 7TV N 72V ORIBEEZ T
g, NV—HrLOREIT T 0%
L &0h, BHEEOEBNZFER L L) T
L6, BWE»OOBEIWNDOTNES» S Lk
W, BEEOT VN7 = eI R

£2 NY—HOTL N T UARESHEE Y

Berries Anthocyanins me/g
extracta

Bilberry cyanidin 3-galactoside 3.70
cyanidin 3-glucoside 4.05
cyanidin 3-arabinoside 2.54
delphinidin 3-galactoside 4.58
delphinidin 3-glucoside 4.73
delphinidin 3-arabinoside 3.53
peonidin 3-galactoside 0.46
petunidin 3-halactoside 1.52
petunidin 3-glucoside 2.94
petunidin 3-arabinoside 0.84
malvidin 3-arabinoside 0.81
peonic_iir} 3—glucosid§ 348
/malvidin 3-galactoside
peonidin 3-arabinoside 362
/malvidin 3-glucoside

Blackberry cyanidin 3-glucoside 7.17
cyanidin 3-rutinoside 0.06
cyanidin 3-arabinoside 0.05
cyanidin 3-xyloside 0.47
cyanidin 3-(6-malonoyl)
glucoside 0.3
cyanidin 3-dioxaloylglucoside 2.05

Blackcurrant cyanidin 3-glucoside 1.1
cyanidin 3-rutinoside 7.08
delphinidin 3-glucoside 2.94
delphinidin 3-rutinoside 9.79
peonidin 3-rutinoside 0.11
petunidin 3-rutinoside 0.18

Blueberry cyanidin 3-galactoside 0.28
cyanidin 3-glucoside 0.04
cyanidin 3-arabinoside 0.12
delphinidin 3-galactoside 1.37
delphinisin 3-glucoside 0.13
delphinidin 3-arabinoside 0.74
peonidin 3-galactoside 0.15
petunidin 3-galactoside 1.07
petunidin 3-glucoside 0.11
petunidin 3-arabinoside 0.46
marlidin 3-arabinoside 1.75
peoniflir} 3-glucosidq 3.65
/malvidin 3-galactoside
peoni(_iip 3—arabinqside 0.43
/malvidin 3-glucoside

Strawberry cyanidin 3-glucoside 0.09
pelargonidin 3-glucoside 5.07
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HEHOET Y b 7= 0F A4 v 2A—bEE, RNEIE L BERE, REZE -

720, TR ToUvEEEICED
WREDIER DV LEWN LT > 7T
ZCOEICEEBT 2200 Lk
Vo EHITREWICOWT DR
TRV 0722 &, T v
FOTZVOEERETED D VI
REFEELREMBON R L %
2THHI) EHIZINEDHEM%
HWwiTrT oy o7 v 2 8BEICE
CEHEOFEBRICT Y YT =00
ERUCEBT 2 WTREMA S 5,

3) 1XE - U & BEae R R

7YY T = ofRH - RIS
DWVWTE, FEFLOMELZIILD, TDEL
BRERO F E TEHBEERANRRENS &
WHEEN T2 Y FEHELET VR T=vD
B E LT, o722 3-71vay R (C3G)
D B- ZRICHIR$ 5 protocatechuic acid 2¥& H &
MBI EEHELTWAY, RETIE, 7~ b
DT UOBHMEIC L B0 RSN
T/ = VBOMGPEEH I N TS, T
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Abstract

Dental caries is a prevalent chronic infectious disease, which continues to inflict a large burden on
the people of several age groups worldwide. Its prevention requires the control of Streptococcus mutans,
a causative pathogen that colonises the dental plaque. Interactions between S. mutans and dietary
carbohydrates in the oral cavity trigger the onset of dental caries. As an attractive prophylaxis agent
for dental caries, nisin, an antimicrobial peptide, has been proposed for preventing the disease. Nisin
is a proteinaceous bacteriocin produced by Lactococcus lactis. It has an inhibitory action against a
wide range of gram-positive bacteria. Preventive benefits of antibacterial compounds can be improved
if they are retained as liposomes for an extended period of time, thus increasing the efficiency of
encapsulated compounds in the oral cavity. Liposome technologies that effectively maintain the activities
of encapsulated molecules have the potential to improve their therapeutic and preventive effects in
humans. Therefore, the application of liposomes for encapsulation of antimicrobial peptides, such as
nisin, has spurred research into their use for prophylaxis. Considerable studies have shown that liposomal
formulations of nisin can improve its stability and bactericidal activity against S. mutans. The present
review discusses the strategy for application of liposome-encapsulated nisin as a preventive tool against

cariogenic streptococci for oral health.
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Introduction

Oral health problems caused by cariogenic
microorganisms, such as dental caries, affect
majority of the world’s populations.' Dental
caries reduces the quality of daily life of an
individual, and the disease continues throughout
an individual’s life. Therefore, oral health should
be achieved by implementing primary dental care
strategies designed to prevent dental caries. The
disease results from interactions of the pathogenic
microorganism Streptococcus mutans with dietary
carbohydrates in the oral cavity. The streptococcal
glucan-synthesising enzyme is a key contributor
to the formation of cariogenic glucan biofilms on
the tooth surface.” For prevention of dental caries, a
unique technology should be introduced, inhibiting
the virulence factors of this chronic infectious disease.
Nisin is a bactericidal peptide effective against
gram-positive bacteria and is produced by certain
strains of Lactococcus lactis subsp. lactis.>* Nisin
formulations have been used with food materials
for food preservation.* Importantly, nisin exhibits
bactericidal activity against S. mutans, a typical
cariogenic streptococcus,’ and it may be useful to
formulate liposomes as a carrier for nisin.®

Liposomes are spherical vesicles that are prepared
from phospholipids, and their capabilities as carriers
of bioactive molecules have been evaluated for the
purpose of targeting organs and specific cells.”®
In liposome formulations, certain factors, such as
the lipid composition, charge on the lipid bilayer
and size of the vesicles, affect liposome capabilities
to be used for a particular purpose.” Studies on
liposomes have led to their application on many
bioactive compounds, and encapsulated molecules
have been shown to be pharmacodynamically and
pharmacokinetically much more efficient than the
naked molecules.’ Encapsulation of substances
in liposomes has been accepted in many cases,
such as to maintain bioactivities and to control the
release of compounds, and liposomes have been
administered to deliver pharmaceuticals.'®'"'

Encapsulation of nisin into liposomes should be
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able to provide effective inhibition of the target
pathogens, cariogenic streptococci. The available
information indicates successful use of liposome-
encapsulated nisin for oral administration and
safe prevention of dental caries. Oral delivery
of liposome-encapsulated bacteriocins could be
useful as a prophylaxis agent against chronic oral
infectious diseases, especially dental caries.®

Thus, liposome technologies, which enable
shielding of bioactive substances from enzymatic
inactivation and allow a slow, steady release of an
encapsulated compound, could be an advancement
in the field of preventive medicine."”> The present
review article provides the background information
on liposome-encapsulated nisin and explores its
applications and solutions expected. The study also
focuses on the factors affecting its effectiveness and
the advantages it offers in maintaining oral health
by preventing chronic oral infectious diseases, such

as dental caries.

Oral Microorganisms and Dental Caries

The oral cavity harbours many microorganisms,
which together constitute a complex microecological
environment.'* Key for onset of dental caries is
associated with various lifestyle-related factors.
Dental caries is a chronic infectious disease
caused by metabolic processes of dental plaque-
colonising microorganisms. S. mutans in particular
is recognised as a decisive factor for the disease."
Dental plaque is a diverse bacterial community on
the tooth surface, attached as a biofilm consisting of
insoluble glucans.'® S. mutans synthesises insoluble
glucans by streptococcal glucosyltransferases using
dietary carbohydrates as the substrates, and these
polysaccharides provide a matrix for dental plaque.
The streptococcus has been shown to colonise the
insoluble glucans.'” The polysaccharides provide
a binding site for oral bacterial colonisation and
confer structural integrity on the extracellular
matrix. Therefore, they are essential for the
formation of dental plaque on the tooth surface.'®

Because S. mutans tenaciously adheres to the
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polysaccharides and is highly acidogenic and acid-
tolerant, these are critical virulence mechanisms
in the pathogenesis of dental caries.'® '* Therefore,
dental caries results from the interaction of S.
mutans with dietary carbohydrates in the oral
cavity, and the formation of glucan biofilms on the
tooth surface is a key process for the onset of dental

caries.

Nisin as an Antimicrobial Agent

Nisin is approved for usage in foods and is used
as a food preservative in many countries.”® It has
bactericidal activities against a broad range of gram-
positive microorganisms, such as Staphylococcus
aureus and Listeria monocytogenes, and also
suppresses the outgrowth of many Clostridium and
Bacillus spp.> ' ' However, its antibacterial activity
is labile to proteolytic degradation and oxidation.

Nisin is a bactericidal peptide called type A
lantibiotics and is a 3.5-kDa peptide composed of
34 amino acids.”’ Major variants of nisin (nisin
A and nisin Z) have been well studied.* Nisin
Z is widely distributed and contains asparagine
instead of histidine at position 27 of the amino
acid sequence of nisin A. These variants have
nearly equal specificity for bactericidal activity,
membrane insertion properties and pore-forming
abilities. Nisin is sensitive to a-chymotrypsin
proteolysis but is resistant to trypsin hydrolysis.
It is soluble and stable at acidic pH but loses
solubility and biological activity in the alkaline pH
range.” The amino acid sequence of nisin contains
one lanthionine, four 3-methyl-lanthionine, one
dehydrobutyrine and two dehydroalanine residues.
The lanthionine rings in the molecule act as the
binding motifs for recognition of specific targets
and create segments of defined spatial structures.”
Antimicrobial activity of nisin against gram-
positive microorganisms has been indicated to be a
result of an electrostatic interaction of the positively
charged carboxy-terminal end of the nisin molecule
with negatively charged bacterial membrane
lipids.*

Because nisin has dual activities against spore-
forming bacteria, it inhibits the outgrowth of
spores and kills cells in the vegetative state. The
didehydro amino acid residues in nisin interact
with membrane sulfhydryl groups of germinating
spores.”® The membrane disruption is a result of
incorporation of nisin into the membrane and
subsequent ion channel or pore formation.** The
membrane potential is abolished in gram-positive
cells as a result of the efflux of K*, amino acids
and adenosine triphosphate through membrane
pores.”**® Subsequently, the leakage of ions induces
catastrophic changes in trans-membrane potential
and internal pH. Nisin interacts with high-affinity
pyrophosphate binding sites on the membrane-
bound cell wall precursor lipid II, leading to the
formation of pores and inhibition of biosynthesis
of cell wall peptidoglycan.”’” These characteristics
indicate that nisin should be an effective antibacterial
agent.

Nisin could contribute to the prevention of
gram-positive bacterial infections. Considerable
studies have been carried out on the antimicrobial
abilities of nisin in food materials, and a number of
applications have been reported.* *® Therefore, we
expect nisin to be a safe and effective tool for the

prevention of chronic infectious diseases.

Nisin against Cariogenic Streptococci

Oral health should be achieved by implementing
primary dental care strategies designed for
inhibition of causative pathogens. In this regard,
chemical biocides are used for the prevention of
dental caries. Typical antimicrobial agents, such
as chlorhexidine, triclosan and cetylpyridinium
chloride, have attracted interest as prophylaxis
agents against dental caries for their ability to inhibit
multiplication of the cariogenic microorganism
S. mutans in the oral cavity.?” However, these
bactericidal peptides cause some side effects, such
as discoloration of the teeth and tongue, may lead
to the development of drug resistance and are

characterised by low solubility.” Therefore, the
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development of safe agents has been required. As an
alternative to chemical tools, antibacterial peptides
have been explored. Because nisin is a lantibiotic,
it does not induce drug resistance or chiasmatic
resistance.”' Nisin has drawn considerable attention
for its treatment potential as the antimicrobial agent
against gram positive pathogens.”> The bactericidal
activity of nisin against the typical cariogenic
microorganism S. mutans has been investigated for
the purpose of prevention of dental caries.” The
findings suggested that nisin could be used as the
agent for prevention of dental caries. Furthermore,
liposome-encapsulated nisin showed efficient
bactericidal activity against S. mutans.%° Moreover,
nisin does not appear to be toxic to human gingival
fibroblast and epithelial cells at concentrations that
provide efficient antimicrobial activity.*® Therefore,
nisin should be applied to prevent dental caries
and could be useful as a treatment to maintain oral
health.

Liposomes for Medical Applications

Liposomes are formulated from phospholipid
bilayers and consist of colloidal dispersions of lipids
in aqueous solutions.’! Their formulations are based
on the interactions between phospholipids and water
molecules, and in their structure the polar head
groups of phospholipids face the inner and outer
aqueous phases while the hydrophobic lipid tails are
forced to face each other in a bilayer."" ** Liposome
vesicles can preserve bioactivities of formulated
molecules by protecting those from enzymatic
cleavages and chemical inactivation.”® The aims of
the medical application of liposomes are to improve
the therapeutic index of encapsulated compounds
and to reduce their unexpected side effects.

Liposomes encapsulate both hydrophobic and
hydrophilic molecules, prevent the decomposition of
encapsulated compounds and release the compounds
at targeted sites and at a suitable time.** * Liposomes
can range in size from 40 nm to 2 pm, depending
on the phospholipid composition and intended

application.’® *” Many substances with different
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lipophilicities can be encapsulated, for example,
lipophilic compounds are encapsulated in the lipid
bilayer and hydrophilic compounds are located in
the aqueous components.*® Encapsulation strategies
have been developed in many fields because
of the biocompatibility of liposomes, i.e. their
ability to encapsulate unstable molecules, such as
nucleotides and peptides, and deliver formulated
molecules to preferred sites.* ** The encapsulation
of bacteriocins, such as nisin, into liposomes
represents an alternative to overcome problems
related to the improvement of bactericidal activity."'
Indeed, liposomes have been established as carriers
for therapeutic molecules to improve the delivery of
many anticancer and antibiotic compounds.****

The benefits of conservative therapeutics can be
limited due to the inability to deliver compounds
to designated sites.** The retention of encapsulated
compounds is governed by interactions between
the compounds and lipids. Passive encapsulation
of hydrophilic compounds depends on the lipid
composition, which determines the ability of
liposomes to trap aqueous buffer containing
dissolved compounds during vesicle formation.*

Advances in designing liposomes have led to
their use for the delivery of novel therapeutic
technology products, such as nucleotides and
monoclonal antibodies, utilised in the area of cancer
therapy and for the control of immune responses.*®
There are many results showing increased stability
of conservative chemicals in liposomes, frequently
resulting in an improved efficiency compared with
that of the naked form of compounds.*’” Altered
pharmacokinetics of liposome-encapsulated
compounds leads to improved bioactivity at particular
sites of interest. Thus, liposomes have achieved
medical acceptance because of a slow, steady release
of molecules and the delivery of compounds to
required sites.*® The liposome technology should
prove to be successful in the fields of preventive and

therapeutic medicine.



Liposome-Encapsulated Nisin as Preventive Strategy against Dental Caries

Characteristics of Liposomes

The strategies for the development of liposomes are
focused on the delivery and release of encapsulated
compounds with minimum loss of activity.*” The
liposomal system expands the efficacy of the
bioactivities of encapsulated molecules. The medical
efficiency of encapsulated compounds in this regard
depends on the lipid composition, surface charge and
vesicular size of liposomes. Lipid bilayer fluidity
and rigidity in liposomes affect the release of
encapsulated materials.*

During formation of liposomes, lipid characteristics
affect the stabilisation and encapsulation capacities
of liposomes. The amount of encapsulated
contents in vesicles is proportional to the acyl
chain length of phosphatidylcholine. Dimyristoyl-
phosphatidylcholine, dipalmitoylphosphatidylcholine
and distearoylphosphatidylcholine have longer
saturated acyl chains (14, 16 and 18 carbons,
respectively), and their phase transition temperature
increases according to the acyl chain length of
the phospholipids.®® The trend for the release
of formulated compounds from vesicles follows
the order of the saturated acyl chain lengths,
which reflects the fluidity of vesicles composed
of these phospholipids with an increasing phase
transition temperature.**> However, unsaturated
phospholipid species result in more permeable
and fluid bilayers.*"-** Addition of cholesterol to
phosphatidylcholine-based liposomes reduces the
permeability.* Cholesterol interacts with acyl chains
in phospholipids via hydrogen bonding, increasing
the cohesiveness and mechanical strength of the
vesicular membrane.’"** In addition, sphingomyelin
also increases the rigidity of the lipid bilayer.’
Thus, selection of lipid compositions enables the
formulation of preferred types of liposomes for
specific purposes.

The effect of charge on the liposome behaviour
is governed by the surface charge density of the
vesicles, characteristics of lipid head groups and
the interactions between encapsulated contents and

lipids.”* Liposomes composed of charged polar

lipids with higher electrical charges are more stable
than those composed of neutral polar lipids.*
Surface charge on liposomes increases repulsive
interactions and reduces the frequency of vesicle
collisions.” The interaction with positively charged
peptides decreases the electrostatic potential of
zwitterionic and anionic liposomes.*> With respect
to the release of encapsulated substances from
liposomes, the charge is found to be the factor for
vesicle permeability.”® Thus, the charge on the
lipid bilayer influences the extent of efficiency of
encapsulated compounds.

Regarding the potential use of liposomes as
stabilising carriers for bioactive compounds, the
phospholipid vesicles are capable of encapsulating
unstable molecules, and their composing lipids
are biodegradable and safe in vivo.™>*® Liposome-
encapsulated chemicals have increased efficiency
due to the improvement of their stability and
permeability, as well as the acquisition of a targeting
ability and an elongated period of release.”” Unstable
molecules formulated in liposomes are sufficiently
protected from enzymatic inactivation and are
escaped from immune recognition in vivo.”® This
is especially relevant to some bioactive molecules,
such as insulin, calcitonin, parathyroid hormone
and erythropoietin, which are susceptible to
proteolytic inactivation and whose pharmacological
effects have been improved by orally administered
liposomal formulations.” Thus, oral delivery of
liposome-encapsulated compounds is also useful

for preventive and therapeutic treatments.

Liposome-Encapsulated Nisin as a Tool
for Preventive Medicine

Nisin is a cationic, amphiphilic antimicrobial
peptide used as an inhibitor for gram-positive
bacteria. Encapsulation of nisin into liposomes
can lead to increased retention of its bactericidal
activity.'” ® Studies have shown the efficiency
of liposome-encapsulated nisin in food models.*
Liposome formulations of nisin improve its

bactericidal activity for preservation of food and
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prevention of chronic oral infectious diseases.* In
typical studies, encapsulated nisin in liposomes
composed of phospholipids plus cholesterol
showed efficient inhibition profiles against L.
monocytogenes.”> ** Liposome-encapsulated nisin
should be able to effectively provide long-term
inhibition of the target microorganism S. mutans
and thus is expected to be a tool for the prevention
of dental caries.’

Regarding the formulation of liposome-
encapsulated nisin, its highest efficiency is observed
in vesicles composed of a combination of a low
content of negatively charged phospholipids and
a high content of zwitterionic phospholipids.®'
Encapsulation of nisin in anionic phospholipids
results in an association due to attractive electrostatic
interactions, and its encapsulation in neutral
liposomes results in an association due to hydrophobic
interactions.” The electrostatic interaction of nisin
with negatively charged membrane phospholipids is
more pronounced than the hydrophobic interaction
of nisin with neutral phospholipids; therefore, nisin
interacts more tightly with phosphatidylglycerol
than with phosphatidylcholine.?* ** However,
cationic lipids, such as stearylamine, show low
encapsulation efficiency, which results from
electrostatic repulsion between positively charged
nisin and cationic vesicles.*

The functional abilities of liposome-encapsulated
nisin depend on its interactions with the lipid
membrane and bacterial cell membrane. Such
electrostatic interactions have been proven
to be an initial step for subsequent events
leading to membrane pore formation on target
microorganisms.®® Nisin as a cationic peptide
has been proven to have high penetration ability
for anionic phospholipids and low penetration
ability for neutral phospholipids.®®> Liposomes
composed of phosphatidylcholine demonstrate
a slow, steady release of encapsulated nisin,
whereas liposomes composed of a combination
of phosphatidylcholine and phosphatidylglycerol

appear to have a higher rate of nisin release than
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those composed of phosphatidylcholine alone.>
The findings indicate that phosphatidylglycerol
affects the release of nisin from the liposomes
via pore formation. Because nisin is positively
charged, the electrostatic interaction with negatively
charged phosphatidylglycerol is attractive and
leads to the formation of unstable pores due to
binding to the charged phospholipid head groups

1.24

of phosphatidylglycerol.™ Bactericidal activity of
nisin in liposomes is exhibited in two ways, i.e. as
relatively short-term effects provided by the release
of encapsulated nisin and long-term effects provided
by the deposition of lipid membrane-immobilised
nisin.? The combination of encapsulated nisin and
membrane-immobilised nisin can provide a tool for
inhibiting pathogenic microorganisms continuously.
Thus, surface charge of the liposome influences the
interaction between liposome-encapsulated nisin
and microorganisms. With respect to the mechanism
of bactericidal activity of liposomes, electrostatic
repulsion occurs between liposomes composed of
phosphatidylglycerol and the negatively charged
bacterial cell surface, preventing direct contact of
liposomes and microorganisms and the subsequent
release of nisin.® This supports an assumption that
the mechanism of interaction between liposomes
and microorganisms may involve membrane
fusion.®* However, effects of charged phospholipids
on liposome-encapsulated nisin should be
confirmed in terms of the bactericidal activity

against cariogenic streptococci.

Liposome-Encapsulated Nisin against
Chronic Oral Infectious Diseases
Colonisation of dental plaque by cariogenic
streptococci is a key for the onset of dental caries.
The approach to primary prevention of dental caries
should be based on the elimination of the causative
factor. Development of efficient antimicrobial
compounds against cariogenic streptococci
is expected for oral health. There is a limited
number of data regarding the use of liposome-

encapsulated nisin for the purpose of prevention
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of chronic oral infectious diseases. We observed
that liposome-encapsulated nisin inhibited the
viability of S. mutans in vitro and also suppressed
the formation of insoluble glucan by streptococcal
glucosyltransferases.® ® Furthermore, there is a
report showing that nisin does not appear to be toxic
for human gingival fibroblast and epithelial cells.*
These findings support the idea that liposome-
encapsulated nisin may be an effective prophylaxis
agent for chronic oral infectious diseases, such as
dental caries.

Combination of nisin and other antimicrobials
enhances its efficacy by either synergistic or additive
effects against both gram-positive and gram-
negative microorganisms. Furthermore, an advantage
of liposomes is that they can simultaneously
incorporate and release multiple compounds with
different efficiencies. Previous studies have reported
synergistic antibacterial effects of a combination of
nisin with ethylenediaminetetraacetic acid (EDTA).%
In general, nisin is not effective against gram-
negative bacteria.”® The function of EDTA is to
destabilise the outer membrane of gram-negative
bacteria by sequestering ions, such as Ca** and Mg**,
and it has been shown to provide access for nisin to
the cell membrane and thereby widen its inhibitory
effects.®® In this regard, a feasibility of formulating
a combination of nisin and EDTA in vesicles for the
inhibition of both gram-positive and gram-negative
pathogens has been explored.”® > Encapsulation
of nisin plus EDTA in liposomes can expand their
effective shelf life by a slow, steady release of the
contents."" In addition, coencapsulation of nisin plus

lysozyme has been shown to extend the efficacy of

antimicrobial activities.”® Thus, coencapsulation of
antimicrobials expands the inhibitory potential of
liposomes against both gram-positive and gram-
negative pathogens. These studies have indicated
that liposome-encapsulated nisin plus EDTA
can inhibit both S. mutans and Porphyromonas
gingivalis for the prevention of dental caries and
periodontitis. This technology also offers the
opportunity to provide an additional barrier against

oral pathogens.

Aspects of Liposome-Encapsulated Nisin

The major concern in the oral health field is
finding tools for the prevention of dental caries.
Advances in the development of nisin conjugates
that inhibit oral microorganisms are required to
maintain oral health. Liposome carriers for nisin
act as long-lasting inhibitors against the oral gram-
positive pathogen S. mutans. A proper balance
of lipid components of the vesicles leads to the
construction of stable liposomes and to the improved
efficiency of encapsulated nisin. Furthermore, the
balance allows a slow, steady release of nisin and its
extended bactericidal activity. These profiles should
encourage efforts to study liposome-encapsulated
nisin, aiming at the development of potential tools
to be implemented in preventive medicine. Thus,
better efficiency of liposome-encapsulated nisin can
be advantageous for the prevention of chronic oral
infectious diseases, such as dental caries. We focus
on the application of the liposomal technology in
order to assure the preventive potential for oral
health of bacteriocins encapsulated with promising

carriers.
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Improving the working environment and nurturing human resources :
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Global organizations, especially regarding woman workers.
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Abstract
Being born as a human in this world is precious; hence we should endeavour to live meaningful
lives. To contribute in society, we need to use our abilities to the fullest to vitalize the organizations
to which we belong. This is one of the most important issues in life as a member of society, and
this is possible in an environment where human resources can exert their ability. With a theme
of ‘development of human resources to activate the organizations’, we analyze human resource
management in global organizations, especially regarding woman workers.
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