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Abstract

The physical condition of elderly people just before requiring nursing care is called "frail". This word is derived from "Frailty"
in English. Since frail is reversible, it is necessary for the surrounding family members and people to be alerted and take some
interventions for the elderly to restore the healthy state. In order to prevent frail, multi-professional cooperations (medical care,
nursing care, welfare and mutual assistance) are necessary. We are working from various perspectives such as education, medical
care, and research so that we can satisfy the needs of the elderly. Frail prevention lunch boxes were given out as free samples at the
30th Annual Meeting of the Japanese Society of Gerodontology.
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WETIZDICRW, I SIXXY VY U T LICMNAT,
Ble## 6 Harteral., (1970) 12 X 2007 A b T,
Hid > THILL 2% © v ¥ 357> 77~ (Olatunji et
al., 1992b; Hugo et al., 1997) % sorghum /% > fWE %
WRL7, Hib>THLL ¥ v 7 v 7 v bl
HER LD, AEEIZ33cm)/g lZEEmS 5 E
W Z N7 (Hugo et al., 1997), Cauvain (1998) %
sorghum 73 ¥ D %D D> DM 1A B 2 > 7203,
% Z°Cld sorghum #r, A —A &, H, Kz Tt
fi§ S )V 7 ¥, Na-carboxymethyl cellulose, X — ¥ ¥
Ty F—, KK, 2\ 50% maize 7V 7V,
WilE S v 7 ¥, Na-carboxymethyl cellulose ¥ & U8
FAWTNT v &2ZFAND sorghum X— AV
2o 72,

Sorghum HEfE D 75 [F7G # < > B D& - 7 5l %=
% 7-®IZ, Schober et al., (2005) (%, 9 fEDHER
L 7z sorghum #Ef# &, 17l sorghum #7C sorghum <
VELE UL 72, COMRTIE, H5 7 A FL—
TaverzMeT, NeFvD7 7Y 7T 7T
HoE KL EM, FAEDOR) TNy ¥ —
Ktz & 2 —EEICEEEL L 72, 2 OWFEToftl
DOEFELERIE, FARERFRE D VB EDEI

W27 3 EFCTHEZIT>/ I ETHB, ZHUIT VT
Y7V =R EE RS e -1 LT
b, —ERETHBMELSC T2 2 L2WE R T
» %, Olatunji er al., (1992a) D b DIZHHLLL 7
A Az W28, % 3 sorghum # & maizu
T¥ 7 (70/30) 77 AK, M, B, A4 —A T
PoRBHBLDTH D, SUEEENNVEIFHGZZ
A7y FORBETIEEEINZ VY, 270 O
B 7 LET 7 AF a7 Il TEEBE N
7oo PEMRRVIRES T v 7 RLEkd T (R b 3>
TLTho ELEW) X, INSDOMEEZFHT S
WEXRE DD, EhECT Y7y BIEBIXE DR
77 LREEIC: 5, b A[REEDYS RV DX, BIGT
Y7V XD EHICNIRILY 2 7 — ¥ OIS T,
ZORERAHET HHEI LD E D, XhgouT
VIUTNEES, SR DELRL VT L0ED
D2ODNA Ty FNEITNR, XY AL,
IR FLAD, BEAMIABND BB WA RIKED S
BES Tz, NA 70y FIED 7 7 LPLE I,
XYy UL, BRI LVIZE, KDL
AEDOETOREIN, FADD>HIE, ¥4
VI UL, BIEI VNI 5 A FDRTK
NZHURT 205, 2FNE SV DONWENDFEEIL
BT TN TH > 7,

FAERY Y I FE % sorghum R— R Z o3V
WCEAREGGTNT Y7 ) =8 W E SRS
S H 2 X9 TH 3 (Casier et al., 1977), 7 A4
RV M UHEMIZ, R ANSGNIEREE O
sorghum /S v DR, HEICL 3 L EZHHEH DK
RPTE, L2LAadrs74E 707y (&
AV V) FRY Ty 7D ANLICERH (Murray,
1999) THH, VT v I7DANLZY =7 v FIT
L7 icilvag 742Xy PV iR5Eaiceh
Yy 79 —ThiXk sk,

D> DWIEDS maize SV AEPFED 72D IZfTb LT,
Olatunji et al., (1992a) 1%, sorghum IZfH\>7z &R U
f1:3A A C maize 7% ¥ % £ > 72, Sanni et al., (1998)
& Edema et al., (2005) %, ¥ 7 — maize /% ¥ %
maize ¥ & maize 7> 7> (70:30) £ T, ok
maize £ & KK & T, & 5\ maize & KEDIE
& & CHBRICE> 72 (Edemaetal.,2005), ZiL6D
R DLITEEE & 4 — A P ZIRA LS %
Mo ns, &, G, W, &L XLvoKksy
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PHWE, NS5OV DHERIFMEL, LirL S
NSDOYIFRED TIVFT v 7 ) —=—7"r v MR
Nt LTHENTw5,

T—FE0vF—

R ATTY —%, 7 v ¥ —3b F 7 sorghum,
maize 3 TIESG NS, L L A6 R THHIML
7zkHiz, I N5 Dy A 7DEGIZ sorghum
AL DL D% A>TED, Z45 sorghum
R DR T I LT B, Oyidi (1976) X
sorghum ¥ (338 T 1% % \> sorghum ZE 22> 65153 5
NZdD) HoDIFL o THRETF—FPER
7y PRGOS Z L Tw 3, FU X 9T Olatunji
et al., (1992a) (% sorghum, & % > maize & ¥ ¥
VHNT YTy (70:30) 2V =X oLy
E—%BFE L7z, HU X9 ICDyidi (1976) & (%
AT U 72\ sorghum Z8 52 ffi 7> 5 D) sorghum ¥}
T —%, EA7 vy FOBIGEIZRYL 72, Badi &
Hoseney (1976) | 100% sorghum #3C 7 v ¥ —
WEMA L, TELI7 v X —3FEFLVAT LY
FEE by 777 7y ZPRICRYT, FHHICTK D “tough
(38 \>), hard ([EH\>), gritty (5 & 5), mealy (2
BOR) T VAF 2T EWNH B LIRS N,

INSDFEESGIE, 7 v F—OMEEIC B
b 5 HREMK D FE %z e\ 72, /NEIEHE %z Bl
sorghum IR T 2 & 7 v ¥—KWMIL A v &R
7Ly FHIE®E 7, Sorghum 7 v ¥ —1%, *
7o, RFHEARE LS FrH20IdHLYFY, €
770V FORMTHBRR SN, 7 v F—iH
DI 57 HWEIE, sorghum 7% BRFZE S v v
7% B WIEIKTAKHIL, RICEK P TIZERESH,
X527y ¥ —F7®DpH % Na,CO, Z T h IS
C (Badi and Hoseney, 1996 & X ®fIRINIC) 7o 72,
Morad et al., (1984) (% 100% sorghum ¥ T{E > 7= fid
W7y =05, HRDNEY v X =K L7 v x—H
fsorghum & v 7 ATlE>7 7 v ¥ —IcHiglL T—
U b EOA 7 Ly B (B3 20E) z25
DI ML 7,

AFv9I7—K
BKODPDIATDINTVIIV—AF v 77—
F % sorghum & maize D] J7 TIES HH T E 72,

Maize 3 =7 A PV —F L7 R F v 77— FllliEic
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HENBHMOILTH S, ZDAF v 77— FAERER,
U7y Z7REE IS % BUER o e 2 7
TiEz MG %,

Sorghum XRF+v 27—k

HmEDO VT —7F v TREHICHB 7 —F
7L — F sorghum 2> & 5 417223, maize b LT —
7F v TOEEITHG S S DIZHARTZ o flEH
L L ROKIR & FHAE, FHWw2 7424 (AK)
&% L L CTiTH 7 (Serna-Saldivar et al., 1988),
BOAYA) LT 7 AF 2T DAT Y 7RI,
sorghum DTN U 7621k (XL oy b)) 1Tk -
TTEBD, ZNETAAVELETTHEINS
(Suhendro et al., 1998), Z DBFHIIHBIA >~ F 2
TEMIIHEDE, ZNEMEL D T4 maize D>
S5E2HDTH 5, Sorghum EFDEFEDRD R
WL E, Molickiz4d—1F 271 —7120°CT
60 4yl F, v TRLZ KSR T 9% KTz £
THZB L, RZIC220CTHITMICT 5, Rix-oT
sorghum ¥ > 7L CTHEZ L Thhro 7 2 &1, HhiH
2y 7 PARELE oY v 7L, EWHRELO b
DEYIMTAITIED S &) 2 e, 28 %(E
DI, 7 ¥ sorghum FIFHZ1T9 & &Y EIC
%5DT, EOSNR,

Young et al., (1990) 7% sorghum TfE% & &, 7
a—Frr—arv (BIY) HicE S EKkTE-S
bDDE ) IThoT, HH I LIFES 2L,
RAETABRIOR D 2K T 92 2 & LFBRICT a—
For— bRONEZML, KoB#EEZMmS 32
ED3bhroT,

Maize RFv VR, FARRM, tHORRER
Maize 2> 5 DA F v 7 BHERIZIRKRE LHEHXTDH
D, IRHEFHD R F v 7 EEIZREFENIC maize 2> 6 4
FEX %, 2000 12 1E maize 2> 5 D A F v 7 4L
S6fEFIVICET S, 7 A FIL—FRFy 78I
¥R £ maize Z T\ %, Maize K7, H DI ZD
MOLI7 AP V—Yavicko>T, A=, N7,
A=t wo 823 TE % (Rooney and Serna-
Saldivar,2003), % < DTIGZIIRAZ L7 A b L— F &
mZzavrae—L, Z A3 maize FHLAK,
IIVAIN—avRFIRXR=F— L DBzeEL,
IJAML—=FAFy ZICMATT 74 A Fy 78



Hiiat 7V > 7 ) —8EAD sorghum (£ 33) & maize( b EBRIY) OFIH(2)

i maize P HAES NS, TS IFIBIYIC T LA
YMIL 72 maize 6 F 64115 DT, ZHNHED
FVTF—9F v T7OMEDLDNLKS,

b9 1 DD maize DR E HFHIZ#HALLL 7T
Hb, PlELLTZNVIZCT7L—2, 2Ly F, K,
X7, HDVIIMLDOIZEE ” I2/E 54T % (Rooney
and Serna-Saldivar, 2003), ZZ A b )L —a v &7
L—F v 73l L 7LV E2ELDICflibh g3
EAEDTURAD2DOTH D, 72 SADHK
maize X\ — A X} v 78 LRl L 7LD &
NTVLEH, ZNOITIIINVINE D %\ IIRZEZEEF
MWEENDLIEVH D, 22 TRIT Y ZHEDANL
FINSZBNSRHERT 2080305, LarLk

5/NE7 1) — maize A F v 7t L FILIZEHIC
EFonzaRET, bLOELSERY T Y 7DAL
DIZRITHRFICZ ) TH 5,

Sorghum X—RJL&EIXR Y
(2000) 1%, WiEEZ L 7z sorghum ¥,
K, o, PE, T AML—Yay, kUi
JEALPET sorghum X — RV %2 {Eo 7z, ~T R 7 F
sorghum 3% @ sorghum IZ b, &5 - 72 D X —
P57, 20X — FIVIZEEERICRE D, Feh
IEL, 2L CHZBBHARED» >, 7IaxX
7F BT Ia—AGRBEL E~NTRYT X
sorghum [F—EDENEZT 2, HEHESIE, 73—
2ot (k) o84 2T, X—FUIEH,
I 57 S u—ADEMD, FEDFE, Wk
BY2LIICSSICHETHS EHRE L7, B
DRLTHA XS EBETH D, KOl i
HORWX—F V25, INLEADRD R X —
PSS B, REDX— R TE
% (Suhendro et al., 2000) .

Suhendro et al.,

HEDAE
COETESG L 720
£27) —fmmEE CREAREEZ T L2 L
72, BEE TZOMOMIEDL < 1F, BEaE I
T34 FranAd FoX ) RIFNYoEEHA
PN DR ROMEW I LR, hET7 Y —
BMESOKELURT 5720
My R IHE, B0k ET Y7y DS
B 9 209213, Db olzdMiliiciidb o7z, ¥

, sorghum % maize T/

, sorghum % maize

RIVEDOWEZEHT 2 DI DIFEBHH S
N7=n, ZNno 3z IEzn s OBEMBY, Fr—
YV, TBEETH L, ILHICWRICENET Y —
Ry, RRAZD XS EEMEEO/NN Yy 712 s
BRAEeiis O BRI HBEIZDS, 22 TY¥ =7 v b &
B5YNRIEAET YT DEMIBNET Y —f
M EDOEFE L VW RNERINDS LI ICiHED 5
N, Ry DORBENE7 ) —BRMDEED DD
Rl DR %2 KF D sorghum & maize D H & 23 i il
WHbHTHA ), LrLEuEDs, BHilsyx
28, Ty 7 IcBELTED o EEE I H R
HEDDLDITIIBHETH D,

SOBBBEWMETRINTR

Z D E X, sorghum, maize DWE & Z N 505
LENZNE7Y—ERMICET ) —z2hR 7
LbDTH 5B, LWL D% sorghum & maize /3
YDIHDR—A%E2 5, TOx7ParT
13V sorghum 28 DHMERR 2 38 T X 720> %2 i i
L 7z, f13A & 1Z 100%sorghum ¥y TA ¥ — k L 25
ZEZ L, STEOBEGT MEZET 2720, K
Z Lot sorghum iz v aHICLcET5EINn
RO EEZWS T L)1k s, [LAADIHERE
i, ROERIZ, v 7 F LREENDEYN %%
BT HIETHS, 7Iu—RiFky TV I EEY
270D PELICHETHY, 2T TY
¥ sorghum ¥y 2 X — 20§ % DIFEET 5 XET
Hob, KEDFRLRDUIE S 2\ B2 78R
EHN— 2D 100% 505 GrEDITNT V7
Y — S8 AR TIE 80-100% DHIFAIC 7 %), Hifili
AA AR TIZ, MMOFEARR T I, WhE, A —R T
zate,

RICHEZE Z X% 5 QBRI y ¥ — DRk
HTdh b, HEARAATCHEMIVIEE T~ 7 v &I
RNELBRETHRYD 5, BET v 7 v RIZKOML
TRICEET 2, MLNLVOBEETY 72 b on
BHEDITIRAAY I —LD, ZD7HH > LK
ZANUIE SRV, L2 LA SHED VI
W2 ILERYD, 75 LRICKRERR, HDVIFE
JEDWIR L 72 ) L DRIR B L VIIAKELE &I
BET v 7o ROWMBOT S 7 —¥afRic ks, £
HERT v 7V (30% DSRAF 7% i FEIH) 1d sorghum
BirhCG T 7 2#HO, I 5127 7 Aok
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TRz eEd 5, FHETCHLL 727~ 713 2ok
W (ohcEmT vy 7 EE), Rk EoERTIE
BB, ZNUL I D KE/EEI AT D72,
KEIZ%Sy, RIBEZRT Y 7y HMhARIZ AN S 1L
2% 58bY0HENH 5,

bL, NvEEEzECL, LK) —K&NDZ L
REEIC L2 wIEE, oIt bAE— P2 &
ZO0PHEELWVIEE, NI 2% N FuFfs 7u
ElLXFLkila—2 (HPMC) ZMA BB ZN

BEBEFELCHET Yy 7y 2ETRIERS v, Z
IFTIUIKDIMAZ SN B, BLZTEZR v, KD
BIZS, HUOGDLE DML, Z#ik HPMC
WNy ¥ —hTKEIDFEATELLTH S, Al
DIRPETIEIC A D sorghum 3 1F 8 L L D EE T
VIVIEEATE ST, Ny ¥ =Kk, R,
RO EZ T 205030 5, 4k HPMC &
Z0IE T CIRBLL 72 7 v 7 IR o5 ik i
Lo THEETE %,
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Abstract

Twenty kampo preparations were evaluated for their anticancer, anti-human immunodeficiency virus (HIV), anti-herpes
simplex virus (HSV) and neuroprotective activity. Their antitumor and anti-HIV activity was much weak as compared
with positive controls. Four preparations shows apparent anti-HSV activity, while seven preparations showed potent
protection against cisplatin and amyloid-f-induced neurotoxicxity (demonstrated in differentiated PC12 cell model).
Interestingy, all these active preparations contained licorice extract.
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1. Introduction

A healthy oral environment leads to a comfortable
life and, in turn, a longer life. Kampo preparations are
currently used for the treatment of various oral diseases.
However, there are few studies on the relative efficacy of
each Kampo preparations. In this study, we investigated
the antitumor, antiviral, and neuroprotective activities of
twenty Kampo preparations kindly provided by Tsumura
Co., Ltd. using various in vitro assay systems.

2. Antitumor activity (tumor-specificity)

Kampo preparations (S1~S20) were dissolved in culture
medium (either RPMI 1640, DMEM or MEM+10% FBS)
at 2000 ug/mL, filtered through a millipore filter for the
sterilization. Four human oral squamous cell carcinoma
(OSCC) cell lines (Ca9-22, HSC-2, HSC-3, HSC-4) and
three normal human oral mesenchymal cells [gingival
fibroblast (HGF), periodontal ligament fibroblast
(HPLF), pulp cell (HPC)] were incubated for 48 hours
with various concentrations of Kampo preparations, and
the number of viable cells was measured by the MTT
method ”. The 50% cytotoxic concentration (CCs,) was
determined from the concentration-dependent curve.
Tumor-specificity (TS) was calculated by dividing the
mean CCs, value of three normal cells (D) by the mean
CC,, value of four cancer cells (B) [TS(D/B)] (Figure 1,
Table 1). The same determination was carried out with
Ca9-22 cells and HGF, both derived from the gingival
tissue [TS(C/A)].

Amont twenty preparations, Orengedokuto (S10) showed
the highest TS values of 1.9 (B/D) and 1.7 (C/A). In
contrast, the positive control 5-FU gave much higher TS
values: 25.8 (B/D) and 39.8 (C/A) (Table 1).

3. Antiviral activity

To determine anti-HIV activity, HIV-infected MT-4
cells (3 X 10*well, MOI:0.01) were added to 96-
well microtiter plates with various concentrations of
test samples immediately after infection. To determine

i
o
=]

[V
o

=0=Tumor cells
=O-Normal cells

Viable cell number (%)

o

Concentration (uM)

Low

CCsp of normal cells

TS = CC,, of tumor cells

o

High

the cytotoxicity, mock-infected MT-4 cells were also
incubated with different concentrations of the test
samples. After culturing at 37°C for 5 days in a CO,
incubator, the number of viable cells was determined by
the MTT method. The antiviral activity was expressed
as the concentration that protects 50% of cytotoxicity
caused by HIV infection (ECs), and the concentration
that inhibited viable cell muber by 50% (CCs,). The
selective index (SI) was calculated as CC,,/EC;,
(correspoding to mehod II in Figure 2)”. Among twenty
Kampo preparations, only Sansoninto (S19) showed
minor anti-HIV activity (SI>2.2), much lower level
expressed by four positive controls [dextran sulfate (DS)
(molecular mass, 5 kDa) (TS>1358), curdlan sulfate
(CRDS) (molecular mass, 79 kDa) (SI>3614), AZT
(S1=20375), 2’, 3’-dideoxycytidine (ddC) (S1=2128)].

The anti-HSV activity was determined by the MTT
method developed by us ”. Vero cells (10,000 cells)
derived from African green monkey kidney were seeded
in 96-well microtiter plates and infected with HSV-1
(m.0.i=0.01) 24 hours later. First, HSV-1 and and sample
(dissolved in 1.39% NaHCO; to prepare a stock solution
of 60 mg/mL or 100 mg/mL, and added to MEM+10%
fetal calf serum at a maximum concentration of 3 mg/
mL, and then passed through a 0.45 u filter) were mixed
for 20 minutes and then added to the cells. After culturing
for 4 days, the cells were washed once with PBS and
the number of viable cells was determined by the MTT
method. The 50% cytotoxic concentration (CCsy) for
mock-infected cells and the 50% effective concentration
(ECs,) for HSV infection were determined using the
following two methods (Figure 2), and the selective
index (SI), which is an index of anti-HSV activity, was
calculated as follows: SI=CC,,/ECs,. In method 1, the
EC,, was defined as the concentration required to return
from the point where the growth was suppressed by HSV
infection to the midpoint up to untreated mock-infected
cells (100%) (SI-I=CC,,/ECs,-1). In method 2, the ECs,
was the concentration required to restore the CCs, value

Human oral normal cells
Mesenchymal cells:
HGF: Human gingival fibroblast
HPLF: Human periodontal ligament fibroblast
HPC: Human pulp cells

Epithelial cells:
HOK: Human oral keratinocyte
HGEP: Human gingival epithelium progenitors

Human oral squamous cell carcinoma
(OSCC) cell lines
Epithelial cells:
Ca9-22 (derived from gingiva tissue)
HSC-2, HSC-3, HSC-4 (derived from tongue)

Figure 1. Calculation of TS value.
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Figure 2. Calculation method of CCs, and ECy, in
mock- and HSV-infected cells.

set in mock-infected cells (SI-II=CC4/ECs,-11) V.

Of the 20 Kampo preparations, only kakkonto (S5)
showed anti-HSV activity detected by both indicators
(SI-I>5.2; SI-II>5.4). Anti-HSV activity was also
detected in yokukansan (S9), jumihaidokuto (S11), and
yokuininto (S12), only by the criteria of SI-II (SI-II=>1.6,

1.1, 1.3). However, all of their anti-HSV activities were
much weaker than acyclovir, a polular anti-HSV agent
(SI-1>23.1; SI-11>27.3) (Table 2). Currently, we have
developed a system that can quantify HSV infectivity in
a cell-free system. With this system, we could confirm
that Kakkonto (S5) strongly suppressed the infectivity of
HSV (Fukuchi et al., manuscript in preparation).

4. Neuroprotective activity of Kampo medicines
We next investigated the protective effect of
twenty kampo preparations on cisplatin (CDDP) and
amyloid peptide (Ap,s.3s)-induced neurotoxicity. The
Kampo preparations were dissolved in culture medium
(DMEM+10% FBS) at 2000 ug/mL, filtered through a
millipore filter and sterilized. PC12 cells (a cell line derived
from a pheochromocytoma of the rat adrenal medulla) were
cultured in serum-free medium with 50 ng/mL NGF for 3
to 5 days to induce the differentiation into neuronal cells
expressing extended neurites . CDDP (50 uM) and Ap,s s
(500 nM) were added to these cells to suppress cell growth
approximately by 50%. The selective index (SI value)

Table 2. Anti-virus activity of 20 Ksmpo preparations and positive controls

Anti-HIV activity

Anti-HSV activity

CCsy  ECy S| CCsy ECyl ECill  SH SHI Max %
(ug/mL)  (ug/mL) (mg/mL) (mg/mL) (mg/mL)

S1 Unkeito (TJ-106) >200 >200 (=) >3.0 ) 1 ) ) 51
S2  Chotosan (TJ-47) >200 >200 (9 26 Q) ) Q) ) )
S3  Hochuekkito (TJ-41) >200 >200 (9 >3.0 Q] ) ) ) )
S4  Hangebyakujutsutemmato (TJ-37) >200  >200 ) 1.35 ) ) ) ) ()
S5  Kakkonto (TJ-1) >200 >200 () 1.65 0.58 056 >5.2 >54 91
S6  Shomakakkonto (TJ-101) >200 >200 ) 2.1 ) ) ) ) ()
S7  Sokeikakketsuto (TJ-53) >200 >200 () >3.0 ) ) ) ) )
S8  Seijobofuto (TJ-58) >200 >200 (=) 0.58 ) (=) () (=) ()
S9  Yokukansan (TJ-54) >200 >200 () >3.0 2.9 1.9 >1 >1.6 66
S10  Orengedokuto (TJ-15) 284  >200 <0.1 0.76 ) ) ) ) )
S11 Jumihaidokuto (TJ-6) >200 >200 (=) 3 (-) 2.8 () 1.1 52
S$12 Yokuininto (TJ-52) >200 >200 (=) >3.0 () 24 (=) 1.3 55
S13  Shofusan (TJ-22) 175 >200 <09 25 ) () ) () ()
S14  Hainosankyuto (TJ-122) >200 >200 () 26 Q) Q) QRO Q)
S15  Jizusoippo (TJ-59) >200 >200 ) 1.3 ) ) ) ) ()
S16  Unseiin (TJ-57) 1508 >200 <0.8 1.5 () ) ) ) )
S17  "Rikkosan (TJ-110) >200 >200 ) 1.8 () ) ) ) )
S18 Keigairengyoto (TJ-50) >200 >200 ) 1.6 ) ) ) ) )
S$19 Sansoninto (TJ-103) >200 894 >2.2 1.6 (=) ) ) ) )
S20 Kakkontokasenkyushin'l (TJ-2) >200 >200 () 2 ) ) ) ) )

DS (ug/ml) >1000 0736 >1358

CRDS (pg/ml) >1000 0.277 >3614

AZT (UM) 212 0.0104 20375

ddC (uM) 1913  0.899 2128

Acyclovir (uM) >30 13 1.1 >23.1 >27.3 108
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Table 3. Neuroprotective effect of Kampo medicines preparations
CCso ECso
(ug/mL) (ug/mL) SI=CCso/ECs
Cisplatin AB Cisplatin AB
S1 Unkeito (TJ-106) >1000 8 111 >125 >9
S2 Chotosan (TJ-47) >1000 <4 58 >250 >17
S3  Hochuekkito (TJ-41) >1000 55 208 >18.2 >5
S4 Hangebyakujutsutemmato (TJ-37)  >1000 >1000 969 ><1 >1
S5  Kakkonto (TJ-1) >1000 <4 39 >250 >26
S6 Shomakakkonto (TJ-101) >1000 <4 18 >250 >54
S7  Sokeikakketsuto (TJ-53) >1000 113 583 >9 >2
S8  Seijobofuto (TJ-58) >1000 7  >1000 >154 ><1
S9  Yokukansan (TJ-54) >1000 <4 63 >250 >16
S10 Orengedokuto (TJ-15) 871 7  >1000 123 <1
S11  Jumihaidokuto (TJ-6) >1000 <4 57 >250 >18
S12  Yokuininto (TJ-52) >1000 <4 55 >250 >18
S13  Shofusan (TJ-22) >1000 22 >1000 >45 ><1
S14  Hainosankyuto (TJ-122) >1000 8 61 >120 >16
S15  lJizusoippo (TJ-59) >1000 <4 118 >250 >8
S16  Unseiin (TJ-57) >1000 13 383 >80 >3
S$17 Rikkosan (TJ-110) >1000 <4 10 >250 >98
S18 Keigairengyoto (TJ-50) >1000 <4 >1000 >250 ><1
S19  Sansoninto (TJ-103) >1000 7  >1000 >143 ><1
S20 Kakkontokasenkyushin'i (TJ-2) >1000 <4 65 >250 >15

was calculated by dividing the CCs, value of the Kampo
preparation by the concentration (ECs,) that restore the
neurotoxicity by 50%.

Ten Kampo preparations [chotosan (S2), kakkonto (S5),
shomakakkonto (S6), yokukansan (S9), jumihaidokuto
(S11), yokuininto (S12), jizusoippo (S15), rikkosan (S17),
keigairengyoto (S18), kakkontokasenkyushin'i) (S20)]
strongly suppressed cisplatin-induced neurotoxicity,
with SI value higher than 250 (Figure 3). Among them,
seven preparations such as chotosan (S2), kakkonto (S5),
shomakakkonto (S6), jumihaidokuto (S11), yokuininto
(S12), rikkosan (S17) and kakkontokasenkyushin'i
(S20) gave high protection effect against Ap,s.;s-induced
neurotoxicity. It is suggested that they protect cisplatin and
Ap,s.35-induced neurotoxicity by common mechanism.

References:

5. Future direction

Our findings are summarized in Table 4. Twenty
Tsumura kampo preparations showed weak antitumor and
antiviral activity, but they showed potent neuroprotective
effects. Interestingly, all potent preparations were found to
contain licorice. Considering that some licorice-containing
preparations are not active, the interaction of licorice with
other ingredients may determine the potency of biological
activity.

In the future, the protective effect of Kampo preparations
against anticancer drug-induced oral keratinocytes should
also be investigated.
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Table 4. Summary of anti-tumor, antiviral and neuroprotective activities of Kampo preparations
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__ Chinese Medicinal Food

GIEN

ERRABIOIBEEESE, YA IVATENE,
R IREIFRDEEL

BoEE T fEH EC IR KRS SRR 2t MR 380 kb 22
VR AE K AR R AR B S S LA RR e ERE (g, dE 201900)

2 BERIR 2R e PSR 2 e Rt RSN XD & 1-5-8)

SHI2 ) 7 v FIERIRSEME B (S L) IR e B X 4 2-16-1)

*HH R BHE AR AT (M-RIO) (B ERE T HITR S 1-1)

Key Words: 778454, HUBBHEME, $U7 A L AN, et i

-3

KA &ty &7 LD G i/ 20 MO HAIO & b DR LRI N9 2 FUBERS M, §17 A L A&,
PRECREEE T IC D\ TR L 72, PUBESSYE, $UHIV ISP e Icss - 7o, i HSV iE1EE, 4 Mio#AFD 5,
MFERFEMEIIC OV TR, 7HOMAL SIS, WIS HEZMIRER L L Tnik,

1. EUSHIC

DB o e (i, Podz s, 0w TidHE
MOMERICH D35, PWHRANL, B4 O
PEEROBERE L THE#MbN TS, L2L, 2
N2 D P BH O AH R 22 %0 7112 B 2 BF S 1
Y, S, RSty 47 X b5 37 20
OB AFEA O & b IR LR g w3 %
PUEBIGM:, PUr A4 L 2, MEREEER I
WTHEET L 72,

2. ZEARAOMEREYE (ERERMY)
B EKE, REEW (RPMI 1640, DMEM & % \» 1%
MEM+10%FBS) IZ 2000 ug/mL (272 % X 9 IZiFD2> L,
SYRT 74 NY—% 58S THINL 7, 4fE8
Dt b R LR Bl (Ca9-22, HSC-2, HSC-3,
HSC-4) X O3 flifH b b LIRS RIE R (H
PIFRAE LRI HGF,  BeAISRRHE Ll HPLF, Bt
MM HPC) ZfE 4 ORI DT HIA & 48 Ref] A >~
¥ 2 _— kL, EfsE MTT IS X D@L 727,
IEERAAEMRR X D, 50% MAEEEFRE (CCy,) %
R,
JEEHEINGREL (TS) 1%, 3 D IERMIIICRNT 2
CCs, DV (D) % 4 FOIEMILIZ R 5 CCy,
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fED Ml (B) T# 2 Z ik hRe 7 (TS=D/B)
(Figure 1), BaAIFH# R D Ca9-22 fifll & HGF #ifl
a7z w2 BE b ARICRD 72 (TS=C/A), % D
B, WA O EELHEPRGREUE, K AE R 3 v
fEaEs <9 5, 19 (B/D), 1.7 (C/A) FETH -
7oo ZAUTH LT, Btk o 5-FU 14,258 (B/D),
39.8 (C/A) %5 27 (Table1),

3. EARADMYAILATEE

PLHIV {52 HIET 2 72012, 96 e A 7ua¥
A4 —=FL—Frig, MAOBREORBYEL &b
IZ HIV &G MT-4 Mg (3 x 10%well, MOL: 0.01) %
JERER TN R 72, SBRYE D MT-4 Ml x5
MEFEE 2 E T 272012, 74V A FEBGEH N
Z AR 2 DIRFEOGBRE & & b ICREL 72,
CO, f ¥ ¥ 2 RXR—%—"T37°C, 5 HHRE L 7%,
MTT % CAFAIIE 2 MIE L 72, Jio A4 L ATEME
&, HIV &S X 2 Ml H 2 50% (RiE T 2 i
(ECs), MHNEEEE EEEYE IC X % 50% HN{G
RE (CCy) TZENZNRBIL 72, £7, AR
# (Selectivity Index; SI) & CCs/ECs, & L CalIL
7= (Figure 2 ® /5 2 1K) , 20 il oD j /5 B vp
“Cl%, Sansoninto (S19) IZ{#2> 72 $T HIV DIEHEZE I 1



FIRR: BT BRI OISR TE, 517 AV ATEE, MR CRAE(EH OE #ik

7203 (S1=2.2), BBEMEO T X A + 7 VHilg (DS)
(TS=1358), s — K 7 v fiilg (CRDS) (SI=3614),
AZT (SI=20375), ddC (SI=2128) & tb~duf, 4
725D TH-o7- (Table2),

PLHSV iGME X, A DBHFEL 2 MTT I ITX D
WELZY, 779Hh 3 FYFLOENEHKD Vero
mw(mmm@)%9éﬂv47n&4&—7w—

WCIRFE L, 24 FEfE#212 HSV-1 (m.0.i=0.01) T
el 7z, HSV-1 £ ¥ > 7L (139 % NaHCO, T A
fiEL, 60 mg/mL ¥ 7z1% 100 mg/mL DI 2 AR L,
MEM-+10%fetal calf serum < i 3 mg/ mL T
fngg, 045 ufilter Z3@ L, BREGARL D) 2k
20 rEA LT oM@ L 72, 4 HREEG
#%, PBS T—[alPEidts, MTT sl3E A Mla sz 1l
L 7o, RGNS T 2 50% HEEREE (CCy)
B XU HSV ESI T 5 50% HAIRE (ECy,) %,
IR oD )5idk%z TR, HiHSV iEEDE
FET & % EINGRE (SI) (SI=CCsy/ ECs,) ZEFFLL
7= (Figure 2), J7#E 1 Tl&, ECy 1%, HSV B Zeic
X O BRG] S s S, HEALEE o JR SRS i
(100%) 222 FTORME TEIFIE DI
B RE & L 72 (SIFI=CCs/ECs-1) . 512 T,
ECs, %, FREGHNECRE L 72 CCy, i F T X
2 DICHIERPERE L L7 (SIHI=CCs/ECs-11) Y,

20 OB A OFTIE, ELoDEETD
PLHSV IEMED A WE I 472 D1, Kakkonto (S5) D
ATH o7 (SI-I>5, 2; SI-II>54), Yokukansan (S9),
Jumihaidokuto (S11), Yokuininto (S12) (%, SI-II %
FRELC L 72D &, PLHSV iGMESBH & e (SI-
=>16,1.1,13), 246 DPLHSV G, Btk
B D acyclovir (SI-I>23.1; SI-II>27.3) X D & % i
W DTH o7 (Table 2), mir, fEMIILRE T
HSV DER N DERTE LR %2 L, 2DF
T %, Kakkonto (&, HSV D &Gy % 58 < 6 L 7=

(Fukuchi et al., manuscript in preparation) ,

4, EARROHRREMNRE
Rz, VRl 2779~ (CDDP) 8L U7
TuA FRTFF (AB) THEF I NS ek IaE

IS BRI FIC O TS L 72, T BAH
i,%%ﬁ(Dwmum%Hm)mzmo%MLm&
LEH)ITEDLL, SVRT 74N —ZAlIET
W L7z, 7 v b EIBBEE ok PC12 flliE 2 Meif i
T, 50ng/mL NGF % &Gk T3 ~5 His# L ¢
PRFESSEL 2 i L 7o pfifsilie z2 o0 I L 72, 2 ol
IZ CDDP (50 uM) 8 & O AB,sss 2 B0 L CHIERY
W% 50% PREEINI§ 2 Sff 2 8008 L 7o, 7 8LA
D CCy fliZe, MREMIIE T 2 50% MR & & 5 IR1E
(ECs) THERL T, EIURE (SIfit) ZFHLE Y,

10 fE o # 75 % #l [chotosan (S2), kakkonto (S5),
shomakakkonto (S6), yokukansan (S9), jumihaidokuto
(S11), yokuininto (S12), jizusoippo (S15), rikkosan (S17),
keigairengyoto (S18), kakkontokasenkyushin’i (S20)]
', CDDP T & 41 % phf il I 65535 2 5 < #1Hl
L, SIffii%, 250 DL &R L7 (Table3), 29
%, chotosan (S2), kakkonto (S5), shomakakkonto (S6),
jumihaidokuto (S11), yokuininto (S12), rikkosan (S17),
kakkontokasenkyushin’i (S20) @ 7 f# 1%, AB,s.s T 15
EINHMAETEICA L THORCREIRE 5 2 72,
Wi DERFERNRFEE D X Ay = X L E kDS

FAET 5 AJREMEDVRIR S e,

SEROBE

SEDOFA Y P F VRN % Table 4 ICF & ®
Too VA7 EEGEFNE, PUREHSMESLHY A VAT
PEIZEG 38, PUEFI Ap THE X 45 sl ia st
Z iR Pl 2 MREE S R w722 3 e, HEW 2 &
2, INSDIEEEZRTHDIE, TRTHEIE
FNTwi, LarL, HEZELDHLDTYH, %ﬁ@
2ObDNH D, HE LMD & DRI
DIGME DRI F 2 AIREMEDSD B,

S8, EHBKIO, PiBARIEREONr 5 F 7
T A MEFITNT 2 REFHICOWTORET§RE
ThHbHLEEZEATV S,

i
PR 2R L Tl E F LaRatty &7
WEHN L ET,
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David Cyranoski % / RuCERERAHEB R W AKHE &R

PR aa+ 4 LA (SARS-CoV-2, [k : COVID-19) »Blbn<T, B¥EErbld, EEAMEHALZE
T2 FHOBDIEA L D IE 20D B EZ S ) EBMICBHILTwET, 2L THDET S, BZ
& T @R IME ) [2h D EDHREMEDE F > TE £ L7, SARS-CoV-2 & pFE DT, T
PRHIFZT BT ERA, Pa—CTMT P T ZICH B KREBFMN Ly ¥ —Ic kB &, KE
A OREE, KEIANTD 22% 12472 17 L TOFtD 5 5, COVID-19 DFfiid 2% KiiiTh 5 2 L 23
bhrhFElLl, LT, 202572 NOTHD5 5, HTH»57% (146 A) ABEL, 3 A (0.1%) 73%E
TLAZDTY,

A COVID-19 1272 5 2 WELH Z BT 2 IKEIMRE SN T E T, Z2oHicik, COVID-19 icxf L
TEN LD SO HIIIIZINE (HAR%E) H 2 AEeME, &2 WIiTidviEEICFEED a1+ 7 A )L AT
RLTHDPDOREZEB L TORHRENEENTVET, Z20O—HT, BAE FH0EOHIME DIRREIC
HHDTIER D EEZDMAEPHZTEE L,

COVID-19 DR DEZL L 2 AT, UIWE LIEIR 2S8R L <, DIEFEERKAEh 25 S L £
To AL ADF 2= v E KRGO DBREMETH 2 7 7> 7 - VY ARIE, EHISEREZ 550 215
5D NEDPEHEARICH> T2 X)L LiE->TwET, AR MREIMECK 2% LD 27-01CT
ZLD0TTY, WEPHEEEZZITI TV E, HMEDPRLTHIBENTELZ I LVBHLIDTT, VO IYAKDS
lZ, COVID-19 2325125340 L T 2 NEGHIHEIC R T2 Z L 2R AL E L, SADIE 2 AT L7
COVID-19 & DfZE T, LY AKSI1E, COVID-19 23EBEDNICEGE L, RIELEMZ5 S LT
W Z EERFERLE L, ZOMRBIIIELE >0, i3 lENTONRE, WETIEZ 2EE,
JRANBEDEEL L, A IREBICEZIZEAEDEAICHE L TwE I EBbhr2kDTT,

Oy RFYyDL= =74 H Ly PREDIMEEMETH 2Ll - L7 4 K, OB X,
BRAEP T2 £, WK ZERICEL Tw 3 BF DA, COVID-19 WHEIELT 2 H\w Y A7 23T
EHLEHFHLTVET,

OEELRE LT

ZEAEDBE, THRONKIEIRADS D D IE5512 BIFTT, 0 M58 HE b5 T
FT, O E EDICELLET) & ALY FEF v v 8 2 /NRIKEIECH 2 K—L -
FONDHESTLNE LT,
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BRI O S ORED & T2 5 [RECFORIER] Natureifd> NEWSHY

TFINBE, THOMEIZRALD S VANV ZAOREIIMNA S Z EDBTELEEZTVET, HITFx,
COHFBmDOI S5 5MRLE LT, COVID-19 D1 & A EDOTHEANEEE D MREEE & & RG2S 20w &
ZEFLTOET,

EFITNVETANADBHNEMBICEA L E ZICMBR 2028 L LX) ELT0ET, HIZ7A LA
DIEENENC B G 2 M0, I/IVE & MRS D a2 S 2 =7 — a V2 EES 2 RS D, 2Da 3 2
== 3 v ORISR A ORI > 5532 LEZTLBDTT,

WIEZDAHZ AL Z L) XS HFET 27012 20EBZHBL XL, TtEboIEic, 741 A
B U BB 22 g2 A2 2 etk 2 K < 3 2 RO H 2 00 £ 9 2 HER T 2 ETT, RYIDHE
Bcld, FHLERADIMENDOIREZ EBHRECHEL L9 L LTwEF, COVID-19 1&g L 72 NE a2
Ih LT, 3FEHO R 2 RFEOIMAE (F, @EZRA, MEREEZRORA) KR ET, Bl
HHEAS 3 DDEZ 2 5 4 7Dl L ED X I ITHAFAT 202 TR, IEND > 7 F ARESARH
W 5 RRZ R TE 51T HRDTT,

TFINVIE, FRZBEOY IV EMET S LT, ~HORAEZ ZREMIICOWTESRD 213 X
JELTVET, fx Tt bicai s 202 T E UL, KRADME Z ML TFHio12< 75
TEDBTEZIET) LEEL TS nFE L,

2 {%HDREERTIZX, COVID-19 D1t &£ A DGO L7 NEHIIE S gz 3 ¥ v s 72820 L <,
ZIREGEENDZRE~—A—%HDT LI ELTwE T, EF 7 LOMRRIE THRADEENMT 2 HK I
WTFHP V2B L) T2 >TWEDTT,

[REH LN =]

a2 — t — IR 2 B 2 fRAY T, Tk COVID-19 2% I EIEL L 2 WEH & LT, FtoiiEc
MBS = D 12 < v & DIREAE I T,

bla—t—ig, FMand 4 L ARPEOEREALE FHT 28X HH b 5 L L5, PCRIAEDIHE
Kokt FHHA—E—%28AT, 050 L HEREBECIIS A0, LRIIZ SN bANA L E
EZTOET, BERS S > T, BHDICHEND IO A>TOETHS, MHEAbELES T L
VE @EREBTLY RS ANk oTwa b AN TR A,

KETHERE NI COVID-19 BRED S EFHHE 2% KFE T,
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VRERIBRNBTHN, OBORAZSED LI
SIHNTWVT, ¥DOBRRICIFEENEN 10 ALLTFT
WB LD H>TOET, BRORERICBNIS, E—
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BES5 A47%/1\0 (1FX) BEHE6 £F:7%¥3%24 FED)

BRI B2, BHEET, EDOEIEEBICIVDTTD, 1HDOEDIEII~4BLLDY FHA, &

IZH5 5 &, EDODIMBRICIRE L REOENVIRICHE ST DERLTHNTLEVET Y, EMICK > TR
EOERELD Y, DECHEBEITHERLICENWTINTRBELDE T,

BTEH 7~98) OEZHEWML TKazZRY, BFLICLEEDIZTZF 34214 (HEL, Conandori
Herba) & KU, EICEET, BNBTPRHABEICLDBEHN, BOBENTE oz & TDORBNNRICEA
HhHHEVNDONTVET (FELIE, EHREBEELTHNSNTWAFIRF > v Lactuca BHEHD T & T
F)o MDELTIE, 28 - EHS, HEREMEER (T xF)L77)L2—)VEHER) D conandroside, acteoside,

MU T IV A KD 3-epipomolic acid, 3-epiursolic acid, ursolic acid, barbinervic acid, 3-epioleanolic acid,
scutellaric acid, 4892 70—/l ®D p-sitosterol, p-sitosterol glucoside H EMMEETNTWVET, BEE, 15
ECILRELTERINE T, BEZEATOKICES LR, 7TOXR, B=L, MAY, BEGESICLEZY,
EHEOKKZE D CHARE, KI5 EICLET,

A D7 ZNIRERE, 7AOYFIAMERRTIEOR/N\THBEICBLTWVWETH, APGBMHEERTIE
YV BICgHoN, ELIREH,NDERT, —BRIRFEICNTTomL, ¥ 150~ 1608, 2000 ~ 3200
BIZEHDSEZAREGR T, BRI T2/33, 23> F 2 Lysionotus pauciflorus (ENEEERE), A
T 1)\ 77 Opithandra primuloides (3518 |B £8), 7/ = 51 X5 Aeschynanthus acuminatus (518 1A £8)
HBELNBELTWVWDEDD, LWINE, EENBEINTVWAEETBYEEZ>TUVET,
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KBONITHBCRREL, EA=R

BRI  H—FBB (OZAKI Shoichiro)

Key Words: NOx, CO, assimilation, NOx elimination, NP elimination, bon fire, protection of global warming

Abstract

Much NOx is produced when fossil is burned. Many governments set up the law to eliminate NOx by the reason NOx is pollution
gas and not good for health. And also Drainage NP are eliminated. Some other many governments are welcoming NOx as
fertilizer for plant and encouraged the use of NOx and drainageNP for plankton growth and getting many fish .I could find the
data that how much NOXx is eliminated at 10 countries. The country who do not do NOx elimination is getting many fish fixing
much CO, and electricity price is low and producing many product and increasing GDP. The country who do NOx elimination
is decreasing fish production and increasing CO, emission and electricity price is high and grain and fish production is declining
and GDP growth rate is low. At those country who use NOx and NP in drainage effectively electricity price is low and getting
much food and GDP growth rate is high and fixing CO, is complete.Therefore NOx elimination and Drainage NP elimination
should be stopped for the production of grain and fish and for the protection of global warming for getting good life.

EE

WAE, HEREIR LS EA TV B, Z DFRIZSEE 7 A EH NOx KD NP #7580 WE & L ClRELTWS
72DTHD I EWbhrol, CO, AMLKIGD I & I BKFEY D EFEDEA L GDP OHIMNA3E £ b H 0 B35
BLTWS, #E, JettED CO, o RMLIG % Hi1F CO, 2 Ml X W iBkiRE L2 R1EL T3 2 L1tk 3, NOx,
NP o#kl% 8 272> Tz LEIFE LEIE NOx, NP %2777 by, EYOKE, f&, 8YWoEEICHAL Tw»
%, CO, AMLAIGHMEE X 1, B, fae ERYHIHEES L DGP OBMEAE <, ALDB A TEMERL TW» 3,
NOx, #HEKD NP D%z 20 CRMLKIGZ K& AICT 2 2 25, BROMIE, DGP o, EHo%xrzdbkzo L,
M ERIRME( L 2 B CIBIETH 5,

XU®IC

HBRIRIE LI TR ETHE2DTH S I 0 ?
HEF S HBERILIE AL B 1L DR 2 37T % 7 & EH D
CO,, NOx #Ethii, fLHEMEL, B, faoLESR,
GDP, AU, CO,[FMti)is, 5k, FEEPEA A
FONOx REREA VY —Fy PTHEAELL, %
D il FE BRI 2 AL 1% B 76 [ S NOx & NP % BREih
P E LChREL, CO, DRMLKIEDZ 54T
WAE72® CO, BSHEM LFRITTWBE Z &b o7,
BH7& [El 43 NOx, NP DFRZ 2 5 & 4113 2ppm @ CO,

BEmMAs7e < 720, MERIB LAY 2 S 2w LEHRET
E %, NOx, HKHTDER, V2 GRNHALT
HE R (CO,assimilation) % TE 572174 < LTk
W 2 23, fale LY Z 1L GDP 231
MUB» R EEEZKLD I EDTE S,

CO, AL B 3 KB 2 WL L T CO, LK 6
R E BRI TE L RIGTH 5, BRBEIFFRILK
JEDWRIRTH 5, (WARREIORBEIC X 5 CO, &
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THET 2HSTESNITHIROEEILZH &
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KT uE a3

KT D AULHIBRIR AL, [T RR

WBTE S, HBRIEAFZ 95% & > 7= CO, #HAED
400ppm £ T RFIF7DIE 77 v 7 b D CO, FLK
m‘(“% Z)o

Ei{d=any
CO,+ H,0 +114 kcal ——— 1/6 CH;,04+ O,
CO,+ H,0 + 114 kcal «—— 1LBEIR¥L + O,
1RI5E

HIERIR BE( L BRTEISR
GWPR (GlobalWarmingProtectionRatio)
= R4 CO,/ E1t CO,

CO, DMBAE 2ppm BN L T2 % E Sbhi TV 3758,
T2 L 140 fE t © CO, DR E L Ic > T
52z %, B L 72 CO, 1% 280 fiF t, HBEKiGEE
LGB = 420/280 = 1.5, TBE(LEGHIFZ TIF 51
¥R Cco, BE/NS K T30 Lco, BE %< T
UER WV, [E{E co, %% < ¥ %121 COo, [FHfkJ
G % B AT IUE R, CO, ALK ZEAICT %
121 NP DR 2 T IciT AR W 2 Lic s s '™,
EZADHE T T EOBINS EL 0K, Einiz
ERICT B EZEHRLT, NOx, NP EREL T
W5, ZDOOIZNP OHEGEARR D, MY,
CO, LKA E S LT O R EDHE S
720 FRICHARIZ 1980 D H1F 2 A /IR O E LY
R TR FE A L T DK NP D HERR % U I 7

ToTWw5b, LY, minbtElF) o s ZAhic 7
VEZTHEREIAATN, HARIZLTW3,

ANO+4NH;4+0, ——> 4N,+6H,0 «+-veeeeeee
(1) D B IR Y % At D R TR L T
%, BELEROMEIECTH 5, I DOKIGHHIER
mELO FRHATH %5, Tz ot Co, [Hik
FORoMetE S s,

2017 4E 360 fiE t D CO, WHEH S 1, XD
CO, IRFEDMEAE 2ppm T O L TV %, &+ CO,
B Z T ThDTH A 9 0, @EEFELEL 72 CO,
EFLCED CO, BFMLIGIC X > CTHEEI TE 7,
1970 4 2 A NOx O 2 g L < Bl L, PEKaue
D3 L S HFIE N3 & 9 12 > TR BRI IR BE I
& % CO, DIEAERDFLIIGIZ X 5 CO, DY 2
LEEbLB L7z, CO, DFEAELWINZFE U I
T 2 I ELES 2 WL S U R v, FEEOG
ZIEMALS B I3 EE, VAZTIICHET 5,
X 512, NOx (NOx 90% & NO 210% DIREY)) D
B L Pkt o NP OfRE % kiU Ry Y,

NOx, CO, DiEMEFHEY, RADLEE, GDP ORFR
BESEFa DR, (ARt RBE, CO, NOx, »%
WINL 7z, 21tk co, Fb G, 9, fao
PEDIHE 2 72 (Tablel) ),
LE BB D BABE IS v CO, & NOx 2335 L < 3

Tablel

Year CQZem C’sz NO?<em G.rain Gra.inJa Grai.n Ind F!sh FisthJa Popu!ation GDPJ
Bill t biii t bill t bill t bill t bill t bill t bill t bill

1900 20 20 0.8 16

1920 30 30 1.2 20

1940 50 50 2 0.02 25

1960 100 100 4 0.7 0.35 0.035 30 6

1970 150 150 6 11 0.13 1.0 0.062 35 7

1975 170 170 6.8 12 0.1 0.095 40 6.5

1980 200 150 8 14 0.1 1.2 0.45 0.11 45 6

1985 210 140 8.4 15 0.095 1.05 0.12 48 1

1990 220 140 8.8 17 0.09 1.7 1.1 0.09 52 1

2000 250 150 10 22 0.085 2.2 14 0.085 61 1

2005 270 160 10.8 215 0.082 1.55 0.05 65 1

2010 300 170 12 23.5 0.08 2.5 1.65 0.04 70 1

2017 360 220 14.4 27 0.075 2.0 0.032 75 1

CO,em : CO, DFLE, COf: CO,EE, NOxem : NOx DARE, Grain : tHFEOFEY), GrainJa : BADERY),
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KT U E S AKIE O USHIBRIRIE L, EMHG R

ML, #DAMRIF Co, AT Z B & & 72 ),
RO 2 fFIc8m L, BNk omiE: 2 2
HAEMICE L {2 72, ZhaichumZou IFTED IR 1
1982-2009 D [1Z 0.18 {& km®> (USA @ 2 5 o i f)
MZTw3 EHEINTY S, Cco, AMLKIED
B ay & faz i L, Y o4 1% 1960 4F 0.85
Bt 5 2010 D 26Kt & 3fFICI 2/, AV F
D CO, itk 24 % t, NOx DfitHiZ 1{Et, £ >~ F
DN 1951 4E 3.8 fi, 2014 F 125 & & 33 fi51c
Wz,

1970 4 £ T FAET 5 CO, DAEREDY CO, MUK
JZ K D WIN S T 7z, USA, HA, FA Y, 4
FIVR, 79VA, AFV7, hF ¥kl
[T 1970 & D NOx 23 KR5TGHE £ L T NOx %
TYEZTTHRELTVS, 2Dk CO, ALK
IEDSHE X 1, Cco, HENHEZ N, MY, 77 v
7 N DEBER, BEKEYOEEDSHES N
GDP D & AEmasigA L, ExgE L ko
T3, NOx D Z BRI IEd T 5 HARIZ M
DEFED 10%, 3 X DEPED 50% 1294 L, GDP
DEIMHI 1980 £ D BIFE £ TIZ 1.5% 1T 7% > 7203k
E, £ > F# i Nox ZEEE LTz T&EY,
FBOWEITRTLT TS, 21U X > T COo, M1k
SOGHSHE U 88 & fansiii L 7z, GDP & f34E 7%
B TR D EOBERIZA S i,

TARUEDEILEE

TAKICIFHEOETICKHE LN EPBEENT
W3, ZONEPIERYWHLEREL T BET
% 7= I FENT 2200 HAT DO WKL v ¥ —DIFKIE S
NTw3, FHEOEFOT WL Sea Lk L
K v ¥ —03db 5, 86881 ADHEH 4 % 982 7
8710m’ D HE/KIZ 1% 40mg/L D N, 42mg/L D P 235
FNTW5, 10 R L X2 EAT & 7.5mg/
L DN, 27mg/L D PIZ & 4 § %, 32.5kg D N,
127kg D P31 HTHEA LT3, ZoESERZA
M2 THANCHR T 2 & 2FETIE 449 JTt DN,
175 TTtDPBREINLI EITHR D, 51T
884 Ji 1200kWh DELMHEIN TS, Ihxs
ENCHad 2 & 1178 (M kWh & 72 h RENEE S 1
Jk 80 & kWh D 1.16% DI PR EALD 7= D
INTVBIEZRLTVS, ZOELAEDL 3%
DIZHY 60 J7 t DILAIREIZ BES E T 5,

TKALBR % FE R34 60 /7 t x 3=180 /7 t D CO,
PEHEIRIC 722 %, TR X D N449 F5t, P1.75
Tt DB 2B ERbI TS, NOx, NP DfRE
DTb T 7o O 2 E O EMEE DY 1975 4D 1200 7 t
75 1980 FELAFE 400 7 t ICH L 72, #EKD NP
BEXRTB) 7727 b PEEETHEENER
TERA o772 dTH B, BIFKED 20ED 7
TRV ERRNS D, 1200 Tt DABEXRD
777 R 1200 J5 t D 20 f5D 2 4000 5 t T
by, 777 IFIZIFEHERD CO, ZBXT
HET %, NP ZHERT % 2 & 12X > T 1200 )7 t x
20 =2 fi£ 4000 /7 t D CO, [HENFKbinsz T LTk
%, NOx, NP DIREZ PO THHIEDN & P DR
ZEDIUL, 24000 Tt D777 FUBEEL,
1200 J7 t DFADEFEDWIFCTE 2 210 2

RENZRIEDELEZ

BEMHELZE 130 < 2 S AR T T 5, B
HNZ X BBV DOREICR W EZINTWLEH%)
5713 NOX TH % ™, KM 100 t ZBRBET 5 & 4t
D NOx MR T 5, 2 D NOx DY) D = % itk

o BHMERYTEET 2 K8RD, ETHEE, BEX b
LREE, TIR SR EDPSLIHAET S NOx D EEY
DEEZZZ Tz,

HETmAB ) -y —F37tD T2 45
T tDCOo, SN2, DA AL NOx 23
HENTWDEDTA094kg DT ¥ E =T % 2018 4F
WAFH L 72, 40.94 x 30/17 = 72.256kg D NO 737 >~
EoTICkoTHREINALZEICR S, BEDA
iZ 172 T THAD ANLZ 1 4% 2000 /7 TH 25 DT
72.256x120000000/172000=0.5041billiontone @ NO
PHARDED I DRBED» S FHEL D7 v =TT
BrhEnkltichd, TO7VETICKDRE
13 2008 AE L D IR E o> 72, W NWED N IREE DA
E VD ZTOWERPOGHLTH S, W NG

REEt NEE
FE (@R (um)
1980 8000 12
1985 4000 5
1990 7000 9
2000 2050 5
2010 2500 3
2016 2000 2
2020 0 -
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1980 4E7» & PEAK DHEAIC X b R DI 1/10 127 -
7273 2008 AE D i BEAISF DA & BEZ KEEIRIC X
D NOx DFRENI IR D A B F TDRD
FA32010 SEDIES S1I2 0 E L o 72 404,

T ADBEANCE] L T 2002 4 BEHT 0 Bl TR BE
BETHET 24 ADIRED 800°CLL LD IREE TR
BETE 2D, BIREEIEDRT & 1L TR BEAN
DACOBEHNEIEEIE L E D S 47z, 800°CLAT Tl
NOX DFEBA TSI THEEVLH)TEL LW, L
L 2 DIET 800°CITitE % 1 5 7 o5 DAl
AREIZ N ZTRTD CO, ZFHAEIHE TS, C
DI % ARIREER 12 T4 60 JT t D CO, PEHHITHIC
7D, 2000 /7 t D CO, [HEEDTE %, BiBEHID
TERWVWIORHARKREK, BBAKEF D & I FLEE,
FARDBEH, LD 7= DI KED COo, #FESE 7,
B BRI 1L CO, DFEAEIT A 70 < RED NOx 73
BRI NTBICKREDOBYIDIEFETE, HERED
W22 rH, WHEEEIEDOEAIIHBEL TED
B a3, MO E 2SR L T NOx, ERO
HEEDVLTHEEOLIRNETH D, FBEA
eI BaT7 vy E=T7ZIMATNOXx DREZEZS
HBERETH2 P, NOx, NP DREETH AR
EZE 2% 5, HE 10 7 E D COem, CO,fix,

CO,em/p, NOxcon, WDump, GWPR, GDP %
Table2 i27"§ ¥,
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oy T G e’ giwn  WDum  GWRR 2O

World 510 370 1.38

China 106 100 8.0 1.6 do 1 6.9
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USA 51.0 51 19.1 0.5 no 1 1.48
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