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Role of marine algae Sargassum horneri bioactive factor in health care

WA IEF (YAMAGUCHI Masayoshi)

T — RIFBEEH

Department of Hematology and Medical Oncology, Emory University School of Medicine
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Abstract

Food and botanical factors may play a preventive role in human health care. Marine algae Sargassum horneri (S.
horneri) has been demonstrated to have multifunctional role in the regulation of cellular and body functions.
Osteoporosis is resulted from decrease in bone mass associated with aging, and it is widely recognized as
a major public health problem. Osteoporosis was demonstrated to be prevented by the intake of bioactive
factor obtained from S. horneri extract. This effect was not found in Undaria pinnatifida, Eisenia bicyclis,
Cryptonemia scmitziana, Gelidium amansii, and Ulva pertusa Kjellman. In various marine algae, S. horneri
active factor revealed a unique anabolic effect on bone. S. horneri bioactive factor possessed a stimulatory
effect on osteoblastic bone formation and an inhibitory effect on osteoclastic bone resorption in vitro, thereby
increasing bone mass. Moreover, the intake of S. horneri extract exhibited preventive and restorative effects
on bone loss in animal models for osteoporosis and in healthy human. S. horneri extract may be usefulness as
an osteogenic factor in prevention of osteoporosis. Interestingly, S. horneri bioactive factor was found to have
preventive effects on diabetes, adipogenesis, and breast cancer, which are related to inflammation conditions.
Importantly, S. horneri bioactive component was demonstrated to suppress the activation of NF-kB induced
by tumor necrosis factor-a., a cytokine related to inflammation. Thus, S. horneri bioactive factor has been
demonstrated to play a multifunctional role in the prevention and treatment of metabolic disorder.

IETC®HIC BREBICHEESN TV, —F, ZOlEgEIE, o

W7 H & 7 (Sargassum horneri; S. horneri)
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1 BE7HEY (Sargassum horneri; K> %7
TR), BEETHMRARED 5K

LT, hus /AR, E¥IrC, EFY IV
B,, EWiHAE, I ATV METLRZ EHS
ncTwb,

geiE, EnmNT OB RBREREORH &
BHFED T & BHEICB T A HENIZDONWT,
VB FED, EINAMISEERT TIFSE & %47
LTwz'™, Z20®Bi<T, HRAVFAALT
W 5 iR DGR EIASRE IS D W TR,
BDTEFE L T2 REFOBR T, BRI L (F
H) CTEHL 7-iE#7 # A (Undaria pinnatifida;
IHRAIE), T HEY (Sargassum horneri; 75
¥ F)&), 7T A (Eisenia bicyclis; 75 A &),
F 3% 2 ¥ (Cryptonemia scmitziana; 71 7 L
A N&), ~ 279 (Gelidium amansii; 7 > 7 )&)
BLOHMEEAMCAERT 57 A ZERIL
T, TOMBERGOE AN Y LAEIIKITTR
BIZOVTHN Y, 2O/, EliEoh
T, 7T OB 3RS T E R R
WEE SN, PR A S N (FEREE
3749978 77) o T DEBIEMEL, T E 7K
Rpdborl LTEHS N, 20%, FHH1
T A E 7 OB 1E S O A B S R E
SNLZEERIBL, TOERBFOTE &IBHE
DS S 7z,

ARICBWTE, EELHFINTTITHHL
TV T 7 B O BEEARRE D R & 48
L, ZOMEREEME L B L2HHY 7)) 2
Y FOBFEIIOWT, FET 5,
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THLWEZE (BB L, 722 TFKE
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8% BRI LcHr i AR o~ L
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6000 A% / 43 Tk L BER IS, 20 g% [
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TMHBLS D 5% KESRE 10 ml % 7 v MEE kg
72027 HMERRE OG- L 2a, Th
E Y BAICBTUE, KBS B8 (fE)
MoV nm b FOAIRAUEERSE 7V
HVERRT 75 —BIEEOW T %A I3
T5Z LRSS,

B2, Ty NKBEE S EE IS BT
(RS LEwimE GEME) Mkt b
FLOT HE 7 S (25 7 & UNZ 50 ug/ml)
SHERNTT24 -2 BHERETL L, Fh
SEMBR DNy sR, BIRIUVRERED
TNHIMERAT 75— PGB X U DNA &
(H R OB OFREE L LCREliL T )
DHEELBEMAH SN2, Zhs ok,
7 R BAEEROHEAE T THET S L IF
EEAICEIR &SN, T 2 H s RS
BUIH Y v X0 BEROBEIZS LD 2 e
IREENTZ, TDEHICT HEZHHES 2
BB EIEH % 55 2 WA T OFEIHB L
7239, F7, TOL MR, ok
MRS I RB SN, 7HE7ITHFHNT

Stem cell

@

Suppression

HoTz,

1-2. 7HEIRSOBRIGNHIERDFEIR
B 2 T S B E MR, BRI
FTdH 5 E BFIRER &V E >~ (parathyroid
hormone; PTH) ®° 7 U A % /5 v IV V E,
(prostaglandin Ey; PGE,) OERIC LV, B #EHM
oot BlEh b, £2C, Iy FOK
BEE DB B AR B & OB SRS ARk 2 PTH,
PGE, fFAE T CHTET L L, Bh VT 7 A&
WA L7 TNHOERIET /1€ 7 il B 28
FAEST AL, FIFgEsicmkiensz”, $72,
PTH B X UFPGE, %, BM#kIC X 2 EE@H o
TV A — AEE ORI T, FLEREA OB
MEBIERI L2, Ihsoimnd 7hEs
S O T TIRIFESICEH SN, &
NOOHENS, 77 7 G IE BRI
HIHEH % 2814 2 W T OFAEATR E Tz,
T HE 7ML R ESWEICL Y, 55
T2 50000 DL B & Z LRI L7z, B
BRERAIBOWCERIEIHIEH 2R~ L, £

Messenchymal stem cell

®©

Stimulation

RANKL | «—— [ S.horneri] —>

Osteoclast

Osteoblast

Bone "ss 1T

2 BRT7THATVETFRIESEEDRERRL, SHREOFHEBEICKEZRALL TV,
ARF I3, B8 stem cell 2 5 ML T ZHAMPEDOR AL & Z DHBFRIC £ 2 BRI (BHIR) 20HI L, % 72,
BFMEANOMEERET S EICLY, BUROEEEHLLT, TORER, BEREMIN S,
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DRI G 2555 -2 50000 DL OS5 mEIZ R
MENnY, X512, 7AEZ KM S %
A3 T4 -1 3000 LU IS4 L, R ERAE B
ML & B ORERERIIBWT, 20T
FTzo FORE, ZOSEIIE, BEMIE
B A H S 2 MR & B SR & B AR L& 1
T DEMA T HAET 22 LR /ALY,
2T, 5 T=E 3000 L FoS5EE VT, E
BEAAL 2 & OB MM B L OBE Mg~ D 5
LB & 720 S ORI, BRI A
50FFEMB~DOLEREL, BEEHRA
DAL Gl A RFPBELET A Z LR M
XN, 51, TORSE, BFEMIICX
BAFAL 2 HEE T AR R MR S s 1,
K2 ICEHLIZLH 2, 7HEZRSETFI,
WAL X 2B EIIRIL, S5I12I3E3F
MR X 2B ERET L2 LICE D), BR
WS R L BIET A EPHL NI E N2,

1-3. 7HEIVRASOBREHASLOMEZ v b
ANDOBREICLZEEHE

BLRR (4 EEHEYE) B X OINES (50 M ik
) Ty b EBWT, 7TAEZKMHES (SR
KEZIRY) &7 v MEE kg 4720 1225,50 B
LV 100mg DKRERE 1 H1E7BL 14 H
BLERARE S L, KBRS OBl O 5k
SRESRLER OB (AT A, TV ) PR
A7 7% —XiGB LU DNA ) OEH) % iR
RN, 2O, REMEMBHT v Fo
B AR OB e B AL O B B S D Rl o 42
THES BV CHEREINARH Sh Y,
DL, THEIBGSOEIIKEMZ 5
KM OB =2 MEST 5 2 LA, AfRL X
WIZBWTHFEFTES N7,

1-4. 7 HE7 R OERFIET RS DEIEIRER
PEIRBOGOHE L L TEMEE (Bd) 23
b72bEN5B T L IFEHEMERE L L THIRE
FWIEHESN TS, AL MY MY
(streptozotocin; STZ) % #%5-9 % & Bl 2 hk
SNTA YR rpibEEEZyI&SEZL, T8

4 New Food Industry 2016 Vol.58 No.8

DYERIFE FFRT o THUIHERIFDE FILE)
e LTERBRIMHIN TS, STZHE-T v
MzBWTIE, RESIEE, IMiE 7V 3 — X
LMY T A NIRED LR, EI VY
LERE RS M) ViIRERTELAS L
2, 20X eAERFIREOEE, THEY
RIS (SRS RE = & LT 100 mg/ke 14
) % 14 BXU21 HEERZORS 35 &,

BICYBET LI PR ENLY, 7
7 B PRI % 3848 9 2 R 1-257F
ET BT EDPHLNE 572,

E51C, STZ#H55 v MBWwWTIE, KRE
DBFHE L O I BB ARRO TS (Hv
UL, TVAVERAT 7 ¥ —EiEE L O
DNA &) YA RIS Lce Tho o,
T A E 7 KL RS (SRR E R & LT 100
mg/kg RE) & 14 B L 021 HHERRHRS
THEAEEICHRSND Z AR &N, HER
RS HEBRE O EMREZ R LY, 2D
L9, THEIZKGSOEIUL, PUBERERIE
RRET D L LS ITHERFEEEHEBIED TR &
BIEIZEHTH 5 Z LA L 72,

1-5. BHBEDOTFHICERET7HEIHTU
A MO

%L DWHEHEONT, THEZIL, BRBHHA
HitkRE A BIET AWM EAETLODL LT, &
WO TH o720 RO EEFBEICL T,
BHEREE FBS - 8153 2 7 7 E 7 K =
BRI & A HBEREEAERREMN (hr~y
7 2 0T®) DRSNS hiz (MRESt~
INFHRHS) o FRLOD T 1 7 K3 B 5 12 3R
SNLEMEET VY A EERRIE, G TE
DRGHERE, EHMEtR, BEBROMME, mf
OB RIZBWT, ZIZEEICALNL I L%
F v N RBEEE AR ERIZBIT S in vitro £
BRCHRLEY, 8512, BHOT I EZ K
TS A S A BIRIENH (=7 A B R
NuRE 22 R BT 5 5 R & OBE IR
DM ZhE D RSB EICB W TIZIZHE
ICHRIBENDLZ 2RO, REEFDOHE
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M%E7 HEY (Sargassum horneri) DGLEIIZH
HATIARVT Yy 7 20T e ENT, B,
OT (%, osteone (B EMT 5) OBEETH S,

ZFIT, —REFART T T (B 36 4,
REE11-13%4) I2BWVWT, 1H 1% (Ghrvy
7 A OT300mg &4) H5VIE38E (R~
7 A0T900 mg &H) % 4d5\IE 8 HMAR
HALEED, BB RITTRRICOVTH
N7 W, 2L EHERAE O R FEE 0 720 12
B SN TV LB~ — 7 —olEhiEE%
WESTHZEICEINVBIT L7208, 77 K-
WX Z SRS L7z b o2 B L 72 BACEY
v —H—I2lE, BEEO~Y— - L ERT
WAHDVWERA T 77 —BEFATF ANV~
(TNSITEFMPA IR RWICELET L 5 8
78) LAWY — & — O A IR BT ER M
AT 75— WEMBIEET S5 v 87 )
EIRaT =7 OGEY N- T aXTFF (F
WX & & I2EMBECHEET S 18T -7
T OB LT & ORGSR 2
WHNTW5D,

RV 7 ARENT 5 L, BRI, miEEk
N~ — 7 — DI GHARPIER R A 7 7 ¥ — ¥
FABIKTTAZ EXRB SN, BN (&
) PHH SR Twas b0 LfEEI N
WO RSDHRD S, T E MRS 0
WL, F 95 RIS SRR 1 S
N, ZORICEEEI EES N, FRERERIIE
VObDEMEEINI, B, —MRILEE[LF
AOARASE NI MER L, ALv~v 2 2% 1 H 1
BIU3GEOSHMBIIC L Y AEICEHET,
HHEATFRD N o T2,

ZOEIIZ, THEZAKIMMBES ERL
THHBIETRY 7Y A VEMELT, b
HENC B THRICBHE S - mhet: A m FZH
[RIV~<vy 7 XAO0T] &, ZORHENP e 2B
WTHHEIESINT2 COUET TEZIX, DAY
ElZBWTEIrCEHENTWEEDD—DT
HY, FHBREL FHT 2 EEEAMRE LT
TFHEN S,

2. 7HEIHSOREMAARKONM
HI%h R

Jek L7z X902, 77 BRI, BER
WEECTHRIAT HME RO/ Va—2L b)) 7Y
7 A4 NRED LR 2 B3 26 L, JurER A
MEEZRBT LI EFRB SN Y, 512,
7 71 7 oy WA S i A © o IEiie e
B 5 2 LSz Y, ]
& DEIE AR S Tz,

‘& 1 @ mesenchymal stem cell I%, % RETED
stromal cell T V), 5IFEMIM, #kiEH00, 0
M, BRI Z L sng B, o
ALDBAL I > 7 F IV AT LT & o THi
HEnTwa, flziX, FEESY 7327 (bone
morphogenic proteins), winglesstype MMTV
integration site ¥ > /Y7, hedgehogs, delta/jagged
5 X7, HEHESE A I R & K - (fibroblastic
growth factors), £ >~ A V) ¥ (insulin), 1 >~
A V) Y E KT (insulin-like growth factors) ,
S5 021E, FRhAie &g e ot 2 FR e
% #5 5 [K ¥ (peroxisome proliferators-activated
receptorgamma 3 & U runt-related transcription
factor2) 2 &EDF X T HBEE L Tw
%, mesenchymal stem cell 2* 5 @ JIg I #il iz
(adipocyte) & 5 W ITFIFHILO VT OHMNE
WAL % DD, BHEREDHERE & DBFRT,
W, ZDOBLEEDTVWLS,

EADIE, T E ARG % B LT
511 3000 LT O b D25 (7 7 2 5
3000 Bisy) L, ~v AERHMBOEERICS
W, BERTHIBBIER I DV CTHIRze 2T
€7 55 3,000 Wi5rAF-E, A A I2ED
Hli S L% 589 mesenchymal stem cell 2> 5 D
FIME~OS bz EE L, RO~
DL EMRT 2 Z e WS pIc s N
DL, T E TS 3000 W53 H A1
HiE 2 S BeHE~ O LG ER 2 3833 %
ZENS, AYA) MEHICBEELTL 26 E
NLBEEZORMH ZHE T 28R 2 HBET 5D
D EHEZEI N, PR S 7o 7z,

B, MBI L 25 MERE O FE 1 I3 SR
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AL A & 433 % tumor necrosis factor (TNF)
OB T A ENIRENT VD, THEY
B4 3000 [ 4K F-1, TNF-a i2 & 0 il s h
72HIA NFxB & 77 ) » 7O LIZ & %
B I O BERE P2 & i M T T2 B TTAHE % )
L7, TNF-a &, B#OMIHIN % & 0512
EARIIL I B WA KRS, REB X
A A VPR -0 TEELRETTH
LI EDHMOENT VS, THEZBGHETIE,
R TR N E AR B SV Q) IV 11711 1 o N BB
RIFED T BRI DI REMEAT R S, 5% D
BRSNS,

3. PHEIVHADIN AMBIIZTED

% R

FLAOSARHI VIR A DML, # D 80% 12
BEBITI&RI SNb, ZIUE- 2B miE
WZEBEH N AMSER, BEHEOTFHYEA
SEBZEDNDS, BIREFHICE 2 HER
ENTWz, ZOHFEICIE, BRNE DS
THE M ORRE 2 IGEAL T 20 A4 M A v
@ RANKL [Receptor activator of the nuclear factor
kappa B (NF-kB) (RANK) ligand] ® £ H % #1I
HI4 2 #H 2 2 OPEATHEH S Tw b 2,
S5, 20T EMBEICE T OERTIXITE
AEHLDIZENTW AP oT2, 22T, £
&, 7HEZBRGHEFD, KENZBWTHE W
LS 72T B A A DK DD % FH
~7z,

v b IS AMIE (MDA-MB-231 cell) 1,
Triple-negative (LA s 107 %K -0, 710
FATH Yy BLOLERERTSE 2 0%HE
ERIMLTWS) 2R3 E00, TOEYE
BEHAREETH D L ENTWVDE, ZOMIIREER
ZBWT, 7 HE Y ST 3000 B KL, b
FELAS AR O BERE 2 BIHI$ 5 2 E AR S
722V, %72, KRTIE, % DNA SRICESS
% caspase-3 D&M % JuE L C, MIFZ3E (apoptotic
cell death) Z b5 X L, ILAAMILOLEsE
g T B 2 LA S Iz s,

TAE T BT HRTFL, D% < DAMIED

6 New Food Industry 2016 Vol.58 No.8

HIEC S G- LTWwa Z g s, 2SAD
FBh EBIE IR D T & AR A A RS R
SN0, 5HBROBEPHGEINS,

5. 7HE 7S OEBEETF NF-«B [H
EERACREHIEICSITIER
ek L7z X512, T E s KIH S D5F
3000 WO T2 HWT, ZOEERE
B, EEEMAE, seEMie, ebiiR, fL
MAMMPLOEETERIZB VTR, 2 oM
faid, EHRE, BN, BEIRIE, 2SA L ORgE
BhHY, THEIZHGHRFIIENSDEEDOT
i Bz R -Tb0 LRI >
WO, EFX, T HE 7 KIMBEES OS5
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TLR4 & LPS DFEEMOIEE 5 2 7 F WAmER
Bx Amyl-1-18 I X > CTHHET 2 2 L2STa N
(X, LPS HIBIC & o TIHES NS NO EAEH]
HTExBEEZOLNL, 2T TARMTIE, KE
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1. ERMHE EERAE
11, RTFFY

ARIFFETIE, T A D a-amylase (Amyl-1) DFER
SEHICTH B 18 FRILDT I WD S 2 HPUE R
7F ¥ (Amyl-1-18, HLNKRVQRELIGWLDWLK)
M L7 Amyl-1-18 13, 45F 2772304723
Da, IEBROBMA+ 2, B X OEHELA79.99
Thb, Tz, RM7 7 XEIHEEET T
T Amyl-1-18 £ =¥ ¥ b F 2 » O % 7T
T 572012, Amyl-1-18 D N K2 A5 4 >~
ZRIML7ZXTF F (Cys-Amyl-1-18) % fii /i
L 720 Amyl-1-18 & Cys-Amyl-1-18 (&, EF4
WEhgeRT (B 1CZEL L Tk EE L 72,
12, IVKRFOY
AWfFETIX, = N b¥ 3 > & LT Escherichia
coli 055:B5 HH 2k @ O $it Ji % & ¢ smooth !
LPS, E.coli J5 HkD OYuJE % & F 7> Re Bl
LPS, B L U E. coli R515 HFE D lipid A % i Jf
L7z,
1-3. LPS#EH LA~ 0O7 7 —
—BLBRELEOMH
IYRMEFIVERHCWTHB LYY A<
7 7 — Y RAW264 Mg O NO £ m i, &
L<wmLz, —J, =¥ FhFd vk FER
12 Amyl-1-18 iR IN$ 5 2 LIk > T, NOD
PFEARIZEH SN/ £ 2T, Amyl-1-18 DR
ICE > TR T2 NOEAERZAEL, #
D NO FEEEIC X > T Amyl-1-18 D B 5 SE 1K
MWEFML7Z. $2bE, 967 V7L —F
IZ RAW264 Ml 2 #8678 L, —@ W5 %I
smooth I LPS, Rc Bl LPS, Z 7= lipid A % iR
mL7z. 72, ZOKIZ Amyl-1-18 % [A] K12
WML T, #®NO EAIHRIE % #HE L7z
BT ISR E N NO 1L, 3E5EE 24 BRI f2 1S
Griess s ((#k) WZALZEARSERT) & HWT,
NO, & LTE® L7,

E 512, NO EAIHEYFIZ KT T smooth
I LPS ¥ 7213 lipid A & Amyl-1-18 D RINTT i
DB OVWTOME L7z, T4 H, smooth
FILPS F 7213 Lipid A 7217 23335003 % J5i: (1),
smooth #J LPS ¥ 7z I Lipid A & Amyl-1-18 %

2 o 3
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[FIEEA N9 5 K (0), smooth #I LPS F 72
13 lipid A & Amyl-1-18 Z FORE L, 1 KR A
YEF A= MRIGEMT A5 (M), BXY
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I FRFEIUVIZEBAHEET A2 EDPHONT
WALHUAEYE TH % polymyxinB%, 2 > b1 —
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T APDORIEE 50% HES HiRE, T4bb
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TX¥ANTUPA—T 4 TSN —
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Rz Ay FELTAmyl-1-18 %, RIZik~<3%



aRXy Ny HHRE T T PEHISEEH 2 5T 5

IO LTREEI L Thbh, Tyh—t&
LTRTF FONRKWIZT AT A &ML
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LBP f&AFREEE ORI ° I . ;
LPS binding protein (LBP, R&D Systems 0 ' H
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B &AL & 912, smooth B LPS & lipid A 12 & -
THIERIENDE ) LIVAT A MO % L pE
KIFWICHE L2 LA T, Thbn)
LWVAT A D DOFERD S, Amyl-1-18 13 smooth
B LPS B & U Lipid A 123 < AL, HHIEHE
T LI LD oT,

INE TOREDND, Amyl-1-18 & polymyxin
B D ECso B L72, ZDKR, Amyl-1-18 D
ECso t¥, #1121 smooth ! LPS (24F L T 0.26
UM, Lipid A I LTCO17TuM & o720 D
Amyl-1-18 @ smooth % LPS |2 X} 9~ % ECs 13,
polymyxin B O fii (0.11 uM) & IEL T, 2 4%
BETHLI NS, Amyl-1-18 (T IEF 125§ <
LPS IZHEGT AT &M bhro Tz,
2-3. Biacore ZAAWV/ERTF KOI VKb

F I UEEEEOFE

Amyl-1-18 # FE/L L7z v —F v 7IZ,
10, 30, 3 X ¥ 50 ng/ml ® smooth FI LPS F 72
1 lipid A 2RI L 72O R 2K 5 12R”T, 0
— 240 BOFEEAST F T A4 MEW A RML TWw
LEEDORESICHET AL AR ADOELE R,
20T F T A MEWE, THIA PEEE
7 WHRRAETAS ) D R 2 72 240 B LU O FHIE AT
oY —F v FITHEE LT T T4 FOHREEL
TWABHEEDL AR ZADEAERT,
Amyl-1-18 1ZFFF IRV RE T,
LPS B & Ulipid A 123 L T, BEICHKAF L T
EEDVARY ZAER LTz, TNHDORERITE

smooth %

SWTHNTY 7 ML) REEES (Kp) 2E

H L 7245, Amyl-1-18 @ smooth % LPS
(239 % Kp 1343 X 107" M, lipid A (ZxF
FTBKpE56 X 10°M &R o720 LTz &
T, Amyl-1-18 (3, smooth %! LPS & lipid i
X LT, OB - FolR e S R s
mmw*ﬂ%ulét%max L hSbro T, 2
24, ELISAERAWARTFRNIZES 3
2

LPS-LBP #&&FHEEE D F(E
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& polymyxin B @ LPS-LBP #& & THEEE XX 6
IZ7/R 9o Amyl-1-18 & polymyxin B 1%, & EEAK
EMICLPS-LBP a2 HE L7z, LA L, %
A% 50% [HE 9 % i E 1L, polymyxin B D ¥
21349 0.05 pg/well TH Y, —F, Amyl-1-
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polymyxin B |ZH~_T, #7100 52 &A%
o7z,

3. EE
1. MREEAEETIREAXRTFF
N FTICLL-37 (B k), B-defensin (& b),
CAP-18 (7% F),PR-39 (7 %),BMAP-28 (7
), indolicidine (7 ¥) 7 &EOBYHR~RT
F R, r@%&%’ﬂtfﬁiﬁﬁ%ﬂﬁﬁ
LMY T, LPSFHREAI O TLR 4 % 4
tv7+WEL%m%?%mxﬁﬁ@%%hﬁ
ZATVALIEFRESN TS, INH5D2D
DEEBEZ R TWAH Z L1E, TEROPUENH R
HMOVEH LA LW 7 F FIZHNT, &
IEDIGHRIC BN THRMTH 5, BEDOHE
wa,mm+mi,mmﬁﬁ,ﬂ#31
9, HMRREER (XI5 H) 2ED
b MRESAY IS L TR R T 2 L %
HWELTWDE Y, £512, Amyl-1-18 DT 3/
Bea 1 FF o HEOTIVF =y RBkEoOT 1 &
WWERT LI EI2L->T, 215 OHEIENE
AHARTHZEBRHLTWS Y,
3-2. AXEZVINNVERARREXTF NOR
RIEER
AWFFECIX, =¥ FbFF T2 & Ml
L7ow oy A< 2707 7 — 3 RAW264 ML 12 &
% NO FEENZX 5 Amyl-1-18 O I /EH %
fEMNT L 726 Smooth Bl LPS, Rc FI LPS, 721k
lipid A % JH W CHEL L 72 RAW264 /B 12 & %
NO FEA 213, Amyl-1-18 %= RIBRINT 5 2 &
I2& > T, Amyl-1-18 DIEF KA L T, Zh
FIEA L72o T FRET UHNOEAEF]
SERIT AV XL O, KOE) TH D,
WEEL 72T FFE 2 VIZmMICLBPICL D
iR S 71, LPS TR oo CD14 %4 L
T TLR4-MD2 HERICZ T E S L%, LPS %
ZUTW > 72 TLR4 X 2K E 22 0, MIBLAN
7 FIARED BB S N Do Y IZ NFkB =
IRF-3 72 KON T % B s &, Ml sk
D NO DFEERFHES 5 W, T TICHE
ENTWEHIHENRTF FIiZowTid, LPS 72
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13 LPS-LBP & MHRIZHEA L TR CRREHEAL)
T AEH, MyD88 #itk o ¥ 7F WAniE % [HE
T AHEH, BERTTH S NFxB D725 &
IS AEMA R SI2 X 5T, NO DREAZH)
W22 EPMESNTVG P 2=,
smooth &Y LPS F 7213 lipid A & Amyl-1-18 D
MG EDORBZOWTHET L7z, ZORR, FF
12, T ® smooth & LPS Z 7z lipid A & Amyl-
1-18 A L7z ik () D%FBEIS, &d NO
BEAERIMET L7z L7225 T, Amyl-1-18 i,
smooth F LPS ¥ 7212 lipid A ICEERKET 5 2
LIk TC, T F MR UOERZIHIL
LEZLNS,

3-3. AXEVINVERERBEXTF FOR

REERX D=L

NO FEAMH DX = XL EWMHET 5720
2, JAVATAMEHWEZ Y NhF2 ok
FEHE DN & SPR v/ N ¥ v
ESTEEOBNT R T 5720 U LAIVAT A MIE
W, Amyl-1-18 ® ECso I&, £ 11 Z 11 smooth
B LPS |24 L T 0.26 uM, lipid A (ZxF L T 0.17
UM Tdh - 72,
LPS |23 5% ECs 1, 0.11uM TH o725 ZTOD
&9 12 Amyl-1-18 @ ECs 1%, polymyxin B & [t
BLT, 2BEREETHLZ DD, Amyl-1-18
WBIEFIZE S LPS ICHEE T A 2 & d b o7z,
¥ 72, Amyl-1-18 ® smooth & LPS |2 *f ¥ %
ECso & lipid A 1ZxF9° % ECso 2SI IS VMET
H5HZ L5, Amyl-1-18 IE smooth il LPS
lipid A ¥ I2AER T 5 2 L AVRE SNz, SPR
R IZ BT, Amyl-1-18 @ smooth &l LPS 12
Xt % Kp it 43 X 10'°M, Lipid A \2xF3 %
KplZ56 X 10"°M & ZhENEHE SN, WH
iE & DI Amyl-1-18 12 4F L THi W #ATM: % 7R
L7 %72, Amyl-1-18 ® smooth #! LPS |Z %F
5% Kp & lipid A (289 % Kp DIEDYIEE 123K
L RFTAEREDRO NG o722 &b,
Amyl-1-18 13 LPS @ lipid A 3 12k E& T 5 2
LRI ENSz, BLEDY 2V A5 A h & SPR
FRAT O 5 F 1%, Amyl-1-18 7% smooth &I LPS &
lipid A FR5 12454 L C, TLR4 & OFEA % HE

—7J5, polymyxin B @ smooth %!
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L, EELTNOBEALZIHTE AN =X
LEBMCERH LTS, ElL72&9H 12, LPS
13 LBP 12 & 0 #iie 87z, LPS (A e B
@ CD14 % 4 L T TLR4-MD2 # &K 1252 1) 1
SNb, €I T, KIFETIE, Amyl-1-18 |2 &
% LPS-LBP #E A DOHEIC DWW THE L7z, %
D FEH, Amyl-1-18 (&, polymyxin B & [7] U X
T, MEEEMKTFERYIC LPS-LBP #5 & % HE L 72,
L% L, Amyl-1-18 ¢ LPS-LBP f& & FHEH M 1%
polymyxin B IZH~_T, #5100 f5fkwvZ & 25h
Molze L72A55 7T, Amyl-1-18 (&, LPS-LBP
WEEMHETAEH A= AL TIE%R L, LPS
Dlipid AT ICEHER AT E2 A=A LI2L o
TNO EAZIHIL2EEZ SN,

FbhYIC
BEAEOWIZEICBWT, I XA a7 3T —VH
FDRTF FTHD Amyl-1-18 1%, HfE L T
7 AT B BB E AR VR (30 2 o 7225,
—75, BREETE & B RLBSL BT g A Al
IR ER IS o 72 2 &5 5, MilaNS 1%
Ry E L7 PEEH 2 7 = XA b 6T L REN
BEWnEHE Lz, TNETITHERTF FD
7 s BAMHEEER 2 @ ICHlE TS
% E.coli DR EH W7 v 1B X
ON5T v v % w7283 luciferase D V)
TA—=NT AT ERFMT ST v A FEEFH
LT, Amyl-1-18 D ¥ Y X7 HERDEKE AT v
7 (EE, WER, 74—V F4 v 7) IHT A
EM %, MOPE~X7F FOEM & ik L 28
5, BE L™, ZoO8E, Amyl-1-18 13
RETr =Tt VAT TeHELTY >~

NRIBEREHET LI bhro Yy K
7212 B W TIE, Amyl-1-18 iZ LPS O lipid A
AT IZHE4A LT, LPS @ TLR4 ~OD#E 4 % &
L, ¥EL LTNOEAZIHTE A =X L
*AELTWwLEEZLND, L2 L, Amyl-1-
18 %%, LBP %41 L 72 LPS ® CD14 53+~ D #
TTORE, MIEN Y 7 F I mEREKICBIT 5 1)
YEALA Ty TORER EOMOVER A B =X
LERELTWRELEZLNL, TNHDRIC
MLT, 4%, SHIRHFTLILENHSD, £
7z, BUE, WM—RTF FOERO KRS
EHOLPIZTH—ERE LT, Amyl-1-18 DA
HEERZBITLCBY, ST TICmENEZ
a8 WE T AR HE AR B <o Al i it 7 e 8 1
FRELTBY Y, 4%, ABIGREERO X
B =X L%, 1) apotosis (2B 59 5 caspase-3
HEEOHHEM, 2) MERERFL 75 —
(VEGFR-2) OiFEMHALEH, BL03) L &7

—IHHALICE ST 5 ) VEELEESR (MAPK/
ERK1/2, PI3K/Akt 72 &) OFEHRAEHER =,
T X BRECH) EEHEORRE BB L 2SS, 4
BRENENEHT D TFETH D, &B, Amyl-
1-18I22WT, =27 U7 7 —JIZxd 541
FME vy VIRIMERI A 2 S lisEt: 2 Mk L
ToAER, PLRIGTERPISEIGTE 2 56189 5 500
uM DT o ES <, Mgl E o742
IRET, BMEEDRIBCTE L o7, L7 >
T, Amyl-1-18 1%, L& 7%ZHEReEA R~
TF N e UTREE R ER AN, BHES, ANV R
FTEM R EDOEME LTHHEINS Z &AM
FEhs,
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Fermented food-derived anti-cancer,
anti-viral and anti-microbial agents.
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Abstract
Hideaki Itoh."?

b Department of Life Science, Graduate School and Faculty of Engineering Science, Akita

University,
2 |nstitute of Fermented Food, Akita University

Fermented food-derived anti-cancer, anti-viral and anti-microbial agents
(Key words: Fermented foods, Anticancer drug, Antiviral drug, Antibacterial drug,
Antimicrobial peptide]

We have investigated anti-cancer, anti-virus, and anti-microbial properties of Natto,
a traditional Japanese food made from soybeans fermented with bacillus subtilis. The
protein related ingredient was partially purified from Natto using an ammonium
sulphate fractionation and added to Hela cells. As a result, all cancer cells perished
the next day. On the other hand, if only a protein related extract from boiled beans and
fermented soybean bacterium was added, there were no changes in cell growth. We
purified and investigated amino acid sequence of anti-cancer peptide from Natto using
Butyl Sepharose column chromatography of 5-kDa peptide. The peptide appeared to
be a new antibacterial peptide. The peptide was effective in herpes virus 1 (HSV1) and
Streptopcoccus pneumonia.

XU &I EHEMIGRoORENEEOL L Ebh
WEWIZL > TEM R EDRFTHREINDL T & ThBY, FADBEHFOLOIIEIRIE 2N
%, KBTI LI, Brivw), AWES bOLhoTwD Y, BEEANO i 72 fé
HIRTHEST S RN TERT 5. —7H, A e, BBNBREA B 52 LICX Y, &
MoEHRICZAL ) ICME T bo—L i DHACINAS & < &Y, EELTBE, AL
LCEMS20MEE5 2 &% [5R] LTS, AT U= )EDIKT, RETDVHEHE D% EDR)
=70V e EORBEERE, FEORTE LM B2idh A, FHEICIE, BARME, M5, R .
HE, HRIVEREEME L TULLMONT S O SR IS VR A O
Wb, RIS & o> THRZR KM% 50T %, FHERIC
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RN B & & Lz, A, FEBAMOHT
DERIIL LADEVEFDO—DTH SLMEIC
AHH L7,

ML, R E D BROFEREAEROMAERT
H5bo MEIIANBRISATT R AT I/ Bl
ENTUVALLEHEATEBY, E¥I VB -E-
KEDVY ¥ I V8, AU L -High- ANV
L R DI ATV, EWEHER &%
EXZOBETH L, MUOMAIL, FEMNZE
T MR BROBNIERICE) &2
AHRREV, Tbb, MEEIZERICOLITR
TR/ E, 71 X AHRP IR OB
AR L CREGERZSSIE L, Mlr sy
bo 7, TN AWRKBRENDL BIE
WEMOER T B S &, HEWE TG LT
PR 2 R T Z LS FROBEHEEC L, LR
FARFRIC D RV e 5250 0EEZHLNT
Wb,

MEORRERIREZ 2T S &, JEyEE, B
VER, fE@fedE, @aEmt, 2L A7 —Lro
A EMRT, EDNT v 73hE, WHEERROS
EEMZAEDOEALR A ZE C, RN %
ThLARD, REFPTAT IR ST
LRI EN TS, WD OUIT % % 55 s
R T BIET D OPEOREER ST I D F
D7, Fv b FF— Y LUAN TR AT
IR shTniwn Y, ek, Mamitks
AALFIIZTHE L, BT AR, HAL L
NRATHY 4 VA, BXOMENERE T 5
B RN L7,

1. ¥ESIUHE
1-1. ##

ARAFFE T L7 E, SRR R O%
9, BIOMERIE, ERattvy~s5 7 - X (B«
HIRALIEESEANT) X ) AF L7z, 7 v XM,
L, RS AKH S RE)E (B BT
AFNEF) L AF L7,

1-2. EHHES

MR, F2EET (100g) 12 300 ml @ 10 mM

Tris-HC1 (pH 7.4) Zinz, KV b o v T4k
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BEH—IZHELPICRDEFTHREYFAXL,
15,000 rpm,15 min, 4°C T8k L 72, L&
ZOULL, SFIBEERT ~ &= LEEEDS 0-30%
(57 A), 30%-50% (43T B), 50-75% (43T
C), BLU7595% (4rW D) THfk7 > €=
T AW (REESW) L 7oe U EER OB
#B43 % 10 mM Tris-HC1 (pH 7.4) T L, [H
Ny 77—\l MENT LT, BRI R
AT, 7 e LCEILL 72,
1-3. EBEH AR

M, BEALZERFZEAT NA 4 ) Y — Ak
7 — MM EREE LD AF L7, KIFFET
13 60 mm dish & iy, 2SAMMBEHKO L » T
ESHE S AMNE (HeLa M), ~ 7 APbEEIEHM
il (Neuro 2A FIAR), Z v b IG5t e i
o (PC12 i), & hoN—F v MY VOSHE - B
U UOoNERERMIIE (Raji flifE), B X0k MR
AR (HEK293 #lilg) OX5#12, Dulbecco's
Modified Eagle's Medium (SIGMA ff) 1277 12
M (MBL#L) 10 (viv) % & 02 (vv) % =%
VYARMLT MY T rimEmE#mEL, 37
C, 5%C0O, £ v FaN—%—|ZTEELT,
A Y S 2 8 &, 1 X PBS (Phosphate
Buffered Saline) T 100 mg/ml O & & CEFE L,
0.2 um D JEHE 7 1 WV ¥ — (Millipore #) 784
e, BEHARICHRAEED 1 mgml & 725 L) R
L, 37°CT 24, F7-13 48 BRRIEEE L 72,
1-4. ANV EFES LJVIEEHRERESE
5 X7 OERERIE L, BCA Protein Assay
Kit (Thermo SCIENTIFIC 1) % F\»"C BCA %
IZE D HlE L7, MIRAESZRIE, MTT Mk
T v Ay b (TRENAFH) ISX D
E L7
1-5. 4 L4/ 78y k

HeLa A IR, 24 8 L0748
BEf %12 HSP9O, B L UFD 2 54T v T
05 £ > ® Akt-1 B X U Raf-1 DFEHEH) % T
L LD, AL 70y MERZHWTERL
720 PUHSPOO PULARIE 7 H F 20y L -k %
Fvi7ze F72, Akt-1 UK @ Akt-1 (B-1) Mouse
monoclonal IgG (Santa Cruz # ), Raf-1 #T £ :
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Raf-1 (E-10) Mouse monoclonal IgG (Santa Cruz
), B & O B-actin:Mouse Monoclonal (SIGMA
) ZMEHL, ImageJ V7 b7 =7I12& D,
EiE L7
1-6. Butyl column chromatography

9G4l 8 450 B % 10 mM Tris-HCl pH7.4
T & % ¥4, Butyl Sepharose High Performance
(GENIV AT 7H A4 v A) IZiRME, 10
mM Tris-HCl, pH 7.4 /N> 7 7 — M OBREE L
25 ~ 0% IZ T, 10 mM Tris-HCI pH 7.4
TEN L, BAHEZE L 72, BT IE PBS
B CE R, Raji MIAZIC 1 mg/ml DR SE TR
U, 24 ReMRICHIEAEFEEZER L, £
7z, Tris-Tricine SDS- KXY 7 7))V 7T I N7
BRIKE) ATV, T F FEMHTL 72,
1-7. HPLC, 7 3/ FRECH

W R BT AS AER 7 F N HPLC 12
LR, BXUOT I VEBENOREL, Bk
IZHE o 72+,
1-8. ®R/EBMIEEE (MIC) BIRERER

A LA P o3 B DR EE A 2 5 A RIS
%5 X R L 28, RRSEREE
FHL, BMAREEL, WER o 7—FIK
WIREER MIC & L CHIE L 72,
1-9. ;7 1 IV AZHR

MO oW B %, BEEZ LT TE
AR L 720 Y TIVBICHEAAIL R AT A
VA TELY 4 )V 22§ B4 4 IV AEED R
7w b EE - L 72,

2, # &R
2-1. WMEHHERS 0 HelLa HllRICRIF T 2&
T 053 O 25 B4 43 % HeLa M@ 1242
5L, 24 oM A= L HIE L7 (Fig.
1A), I > buE— VB L, MRS
JEr, A A, B X OS5 W DS EETIEN
80% DAL AEAE L 720 431 C 58 Tix#y
62% AAFETH Y, IE5TH, 57 A, C, DT
WBEP I AREZRE L2, —J7, W B
G RETOMBAERFRIIR 18% EFFE L, 2F
ASHBBIZIZIBICHE L 72 o BRI SR I (AT DG T,

A LA B S G- Hi,  FE 4318 T @ HeLa Al 12
W AL IIBIgE T E o7 (Fig. 1B), —
U5, WS B G EETIE, wAMRTH 5
HeLa flild 29563 L, BRAIRISEELE L Tz,
T B2 0 B (I, BRI R BUAT A

HodsZ EHBHL 72,
A
120
100 —
% jI*— sk

*k

MRERER (%)
(=
=

ks

Control FFHE HEIA SEB HEC S2BED

B Control IEDE BB

Fig. 1 #WE &R D HelLa MfaEERICRIZTHE

A EHRER, MEHEROMELIEA, B, C, LUV
D % HelLa #EEZIZARMM L, 24 BEEBEDEHFR, B,AD
SRR

MEHERDIE B

REHMEMONE B &

Fig. 2 NS & ETHMERMELHEB, LU=
BE D HelLa MAZICRIT§HE

Hela #fEICHAE E REMERMESE B, LU
MEEREGER, 24 BREEOBEHMEER,
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48 BER B
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Fig. 3 #ME &ASTMHRMTHE

Control E B Control E B

BOEEEENAMBICRIZTHE

I ICNE & S RRE 2E B %, Hela g, Neuro 2A #Ef3, & LU PC12 #if3IC%5#, 0,1, RU'2H
ROBEHIRER, A ZEHREK2 AN, B MZMHA S HM,

2-2, ESHHERY, BLUMERD Hela #l
BICRIFTEE
4 M TINS5 W B IS E E SIS
ARGIHA YV T ITR Y61, MELDIOEE
L B3O G T D PUDSAMER ATHERR T & 5
DD EER, WA INE RO A 5
B, BXUOWEH % HeLa fllfT ¥ 5-L, 24
RF [ 7 D WE ISR Wi 15 % AT L 7 (Fig. 2) . WIS
P340 B DS R &R, Mg
134 S EALDSH Ul 2o 72
2-3. HHEFRSE B OO H AMIEICRIFT
=E

T 4 1%, HeLa #il i LLAL o fthh o K5 25 55 A #
fa & F VTR 5555 B B O LAY ATER
N L 72 (Fig. 3)o =~ 7 A R 35 40 i I 5
B (Neuro 2A fllHE), T v b EIEHE M0 K A
fa (PC12 HAR) & L hhH 04l B % $%5-
L7255, 514 48 e[ @ HeLa fifd, Neuro
2A MiRE, B XU PCI2 ML Cld 4 < AL HE
BT E o7 (Fig. 3A). —7J5, WS
53453 1 B ¥ 5-4 24 W5 [ @ HeLa il 2, Neuro
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2A I, B XU PCI2 Mg ClE, #HTPH- 72
&9, PAMME ORI IT LRI THE
W3 L 72 (Fig. 3B)o = OKEIZ, FTIhH
J4345 1 B 13, HeLa ML LIAL o $275 RIS 2877
AR 2B &5 2 EDFERTE 720 — 7,
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100+ HEK293 #ifa
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(=
1

HRETER (%)
(o)
o

40
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204
0
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MEH RO D BEBRIIE [mg/ml]

Fig. 4 MEHMLRMZHE B O HEK293, &4V
Hela #RRZIC K I3 ¢ 528
WE hH R L 45 B B & HEK293, & & U Hela
B AN 24 BEEEDETFER,
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WAMNE & ZHRP R RS ¢

I i V2 B AT i vk HEK 293 #

g TUE, Sl S5 B

# 5 0.08 mg/ml i £ 12 B W

T, HeLa HlI M 1F 34

40% & IELL, %9 80% TH 1,

MG A A S B 70 72 % 5RO

72 (Fig. 4),

2-4, MERRSEB O
WHES T IVEREE LA
7 T FIERICRIF
THE

A5 AR T, Ras, MAPK

DM BETE > 7 F VR &,

PI3K, AKT DHMfBELFT 7 )

A
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0+ 5 :

0.01
WEHBRE (ng
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WA D, 2 D DREHIEHELE N TS (Fig.
5, ELLDOREIZBVWTY, STy ROy
HSP90 2B REZEBL 2 il L TV 5,

WM S % HeLa MUAZICHINL, 24, £
7213 48 HR [ #% @ HSP90, Raf-1, B X 0¥ Akt-1
DEBEEA L/ 70y MEICTHETL, &
L7z (Fig. 6)o HSPOO DR = I1ZIF T & A
EEHEE < (Fig. 6A), HSPOO D2 5 4 7 >~ b
% X2 TdH B Raf-1 (Fig. 6B) B & UF Akt-
1 (Fig. 6C) OFEBEIWMA T 2 %R L 72,

COREREY, WEHLLSE B S, 5T
C
WHEEE  (mg/ml) 0 0.01 0.03 0.05
Akt-1 =
B-actin T T T T
Akt-1 Expression level
120
~ 100
<
T 80
é 60
g 40
[sa}
07 0 ' 0.01 ' 0.03 ' 0.05

FAZHHYEEE (mg/ml)

Fig. 6 NEHMHRFIRHE B #%5% 24 BXRIC 17 % Hela #EZD HSPO, Raf-1, X Akt-1 HIRENZEH)

HSP90 & (A), Raf-1 (B), B Akt-1 HEE (C).

Oy FERICA X =Y JICTER L AFER,

ACHOLEERIZA L/ 70y MIH 28R, RUOTERIEAL, T
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Fig. 7 #ME#HEGEME 2 & B O Raji #lEICRIE
TRE

M HRME 5 E B 1 51%, 24 BRE O Raji #ifg
DIRWIRENR,

T ¥ XT Y HSPIO D N- F A 1 » D ATP #& &

FEHIBIEIRWICH ST L7720, ¥ x0T Uig

VEASEIHI S, HEwRELTIZIAT N~

INTERAEEALL, AR EET 5 b

D EFRLT,

2-5. MEGLSE B OREHN AMBICXET S
%

ZNFE T, Hela MiflasE, HEE OB AMIE
2 % M A B AT 43 B DB & fRAT L
72hS, MR DDA T 552G BT L 72,
L RAN—F oy R USE-B Y voSEREEME
(Raji M) (LiFHEMNE T %A%, 30K
4357 B 51k 24 eI #1213, 42T Raji #l
RaAsEm L7z (Fig. 7)o TINS5 | B #%
HAZ X, Raji MfEOREHHEIC L DR L 722
EDURBENT, DEDORER LY, WS
ST B UL, AR, BIOWREMVWTLO
HY A OFEEE & T EEBIFRIZIR ) e PUOS AEI &R
FTZEDPHERETE 7 L L ZORIL, KA
BT L 7228 AN IZ BT A Mg EEhE > 7
FOVREES E AR Y 7 F VR D Y 7 F )L b
FUART v a VIHETEHEBE W E
AR L 72,

2-6. A HHRIHESERE R FDRE

M 2 i %55 W] B % Butyl Sepharose 77 7 A 7
O~ b 7F 74— %47\, 5 FER 5,000 DR
TF FEREH L, HeLa Ml ZH5 L 7245 5,
BAMBLOFEHE TR S, 528 5,000 D
RTF FBAMNEIEGEHIER - TH B Z &3
RS 7z (Fig. 8)o & SIZFEMIZ AT 2479
DI, TOXRTF FEBRIKEDO X Vh 5]
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#F 1 The number of leukocytes treatment with each groups in mice. Show are the mean (X 10%ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp
Control Average 159.5 159.9 150.3 149.4 205
SD 49.93 40.06 45.31 47.41 54.30
Sham  control Average 1151 111.8 80.44 100.8 160.4
SD 51.97 46.50 32.16 31.49 32.89
Japanses rcypress ol Average 1175 168.2 163.7 167.8 182.5
SD 36.25 60.82 38.80 31.66 36.72
Propolis Average 120.6 138.2 1471 118.6 197.5
SD 24.69 36.23 52.39 27.92 55.47
Japanses rcypress oil  Average  197.9 187.6 207.8 157.5 203.3
+Propolis SD 99.06 68.63 71.65 68.87 64.78

Significant difference (p<0.05) between control group and each sample group by #test. *p<0.05, ** p<0.01
(n=10), dp : days post

# 2 The number of lymphocytes treatment with each groups in mice. Show are the mean (X 10%/ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp
Control Average 88.7 90.7 84 88 144.9
SD 27.77 30.98 30.06 23.51 33.51
Sham control Average 67.7 66.5 68.1 69.8 114.6
SD 31.34 19.60 43.72 29.15 28.47
Japanses reypress oil Average 82.52 89.5 106.1* 114.9* 117*
SD 21.67 21.75 37.60 26.95 27.66
Propolis Average 85.4 84.2 105.3" 80.6 134.6*
SD 23.91 25.59 41.48 22.65 36.88
Japanses rcypress oil Average  130.8” 110.6* 139.1* 109* 130.6*
+Propolis SD 52.67 29.39 49.09 48.87 61.43

Significant difference (p<0.05) between control group and each sample group by #-test. *p<0.05, ** p<0.01
(n=10), dp : days post

%+ 3 The number of monocytes treatment with each groups in mice. Show are the mean ( X 10%ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp
Average  37.6 341 33.2 34.8 37.2
SD 18.73 9.56 11.23 15.93 9.00
Average 31.6 28.4 16.6 22.3 26.9
SD 23.97 13.75 4.77 7.85 5.11
Average 26.23 35.3* 33.3* 31.8* 33.6*
SD 11.87 12.92 7.86 8.66 7.82
Average 26.5 34.1* 29.1* 25.6 36.2*

Control
Sham control

Japanses rcypress oil

Propolis SD 974 1003 995 881 10.95
Japanses rcypress oil Average  37.6 39 42.2* 44 .2* 45.4*
+Propolis SD 23.07 10.46 17.96 18.53 6.90

Significant difference (p<0.05) between control group and each sample group by #-test. *p<0.05, ** p<0.01
(n=10), dp : days post
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# 4 The number of granulocytes treatment with each groups in mice. Show are the mean (X 10%ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp
Average 33.2 35.1 33.1 26.6 35

Control SD 2549 2619 2851 1771  26.28
Sham control Average 15.8 169  11.3 87 189
sD 738 2005 435 730 @ 7.22
Japanses roypress ol AVerage 925 434 243 21 31.9
SD 6.62 4853 1519 10.09 18.89
Propolis Average 87 199 127 124 267
SD 710 1588 693 989 2038
Japanses rcypress oil Average  29.5 38 26.5 14.3 37.3
+Propolis sD 2829 5693 1329 1172  20.73

Significant difference (p<0.05) between control group and each sample group by #test. *p<0.05, ** p<0.01
(n=10), dp : days post

# 5 The number of erythrocytes treatment with each groups in mice. Show are the mean (X 10*ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp

Control Average 960.7 1019.2 1010 982.4 912.6
SD 116.03 123.43 121.08 61.71 62.40

Average 1178.1 1053.9 989 962.2 989.7

Sham control SD 13117 8998 11176 20271  90.98

Average 896.6 869.1 1007.2  1002.3 967.8
SD 103.29 157.91 131.53 88.01 77.51
Average 1036.2 955.9 961.5 948.1 1011.6
SD 126.65 69.80 132.80 76.97 56.40
Japanses rcypress oil Average 967.6 930 1010.7 927.9 926.2
+Propolis SD 116.20 101.83 69.24 73.01 69.23

Japanses rcypress oil

Propolis

Significant difference (p<0.05) between control group and each sample group by #-test. *p<0.05, ** p<0.01
(n=10), dp : days post

# 6 The number of granulocytes treatment with each groups in mice. Show are the mean (X 10%ul) and
standard deviation (SD) .

Group Time 1dp 3dp 7dp 15dp 30dp

Average  60.56 71.21 58.56 59.2 57.74
SD 21.08 26.88 14.62 10.69 9.27

Average 59.26 66.5 52.73 30.03 491

Control

Sham control

SD 9.73 8.54 10.32 6.77 7.50
Japanses roypress ol Average  49.44 60.03 56.39 46.64 45.46
SD 7.48 17.31 12.87 10.77 11.37
Propolis Average 57 69.54 54.87 43.66 4413
SD 7.44 5.14 10.72 6.41 4.79
Japanses rcypress oil Average  51.38 70.1 58.31 45.37 49.03
+Propolis SD 8.18 12.94 9.19 7.86 13.82

Significant difference (p<0.05) between control group and each sample group by #test. *p<0.05, ** p<0.01
(n=10), dp : days post
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# 7 The value of oxidant ratio.

DREERHZIH->TWS, v 7

Groups Kcount  Average SD  Rato "7 7—¥ (KM, Tk
Control 0.091 0075 00830 00080 1.00 < BHIfLOfZ %M L7,
Sham control 0.048 0.033 0.0405 0.0075 0.49 . . .

A} : f =
Japanese rcypress oil 0.046 0.045 0.0455  0.0005 0.55 ‘mwf%%ﬁ%ifzﬁég&
Propolis 0.053 0.049 0.0510 0.0020 o061 L CHRBEKREZMILLZL
Combination 0.016 0.018 0.0170" 0.0010 020 % 5hz ™, 21T, 70k

Significant difference (p<0.05) between control group and each sample
group by #test. *p<0.05, ** p<0.01 (n=10), dp : days post
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Methods to protect global warming,
Food production increase way
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Abstract

Shoichiro Ozaki.
Professor emeritus, Ehime University,

Methods to protect global warming, Food production increase way

KeyWords : NOx, phosphorus, effluent treatment, carbon dioxide, assimilation, global warming

Plants contain N and P. Supply of N and P as absorbable form is essential. Elimination
process of nitrogen oxide in power station flue gas should be stopped. Elimination of
phosphoric acid and urea, and ammonium salt in drainage should be stopped. By the supply
of sufficient N and P, enough growth of plant and enough carbon dioxide assimilation is
performed. Then increased production of food and elimination of carbon dioxide and
cooldown of earth will be expected.
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Importance of international communication capability
—How to acquire the outward-oriented attitude—
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Abstract
Japan is confronting with economic deflation and inward-oriented attitude of its citizen. In order

to keep leadership in the Asian world, our nation has to provide new strategy by which turns our
attitude to be outward-oriented.
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