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Abstract

The superoxide dismutase (SOD)-like activities of several Kampo formulations and their
crude drug components, which are frequently used in the treatment of diseases due to pain or
inflammation, were measured. Electron spin resonance (ESR)-spin trapping method, which
is very useful for specific detection of the superoxide anion, was used to evaluate the SOD~
like activities of the samples. The SOD-like activities due to Bushi were observed to be
dose-dependent. Among eight Kampo formulations (Boi-ogi-to, Boi-ogi-to-ka-bushi,
Keishi-ni-eppi-ichi-to, Keishi-ni-eppi-ichi-to-ka-bushi, Eppi-ka-jutsu-to, Eppi-ka-jutsu-
bu-to, Keishi-ka-ryo-jutsu-to and Keishi-ka-ryo-jutsu-bu-to), Mao-containing medicines
showed remarkably high SOD-like activities, compared with those of the medicines without
Mao. Mao showed the highest SOD-like activity among the crude drug components which
compose the Kampo formulations, and was followed in order by Shakuyaku, Keihi, Taiso,
Kanzo, Shokyo, Kako-bushi, Byakujutsu and Sekko. On the basis of these results, it was
proposed that the analgesic and anti-inflammatory activities of the Kampo formulations are
exclusively attributed to the SOD-like activities due to Mao.

Key words Kampo formulations, crude drugs, superoxide anion, superoxide dismutase-
like activity, electron spin resonance (ESR).

Abbreviations ESR, electron spin resonance ; HPX, hypoxanthine ; SOD superoxide
dismutase ; XOD, xanthine oxidase ; Boi-ogi-to (Fan-Yi-Huang-Qi-Tang), BiC ¥ &% ;
Boi-ogi-to-ka-bushi (Fan-Yi-Huang-Qi- Tang-Jia-Fu-Zi), §§ & & & k7 ; DMPO,
5,5-dimethyl-1-pyrroline-1-oxide ; Eppi-ka-jutsu-to (Yue-Bi-Jia-Shu-Tang), #& &Mt .
Eppi-ka-jutsu-bu-to (Yue-Bi-Jia-Shu-Fu-Tang), & hnAtkti5 ; Keishi-ni-eppi-ichi-to
(Gui-Zhi-Er-Yue-Bi-Yi-Tang), B —#iif—& . Keishi-ni-eppi-ichi-to-ka-bushi (Gui-Zhi-~
Er-Yue-Bi-Yi-Tang-Jia-Fu-Zi), #8 Z# 8 — &M+ ; Keishi-ka-ryo-jutsu-to (Gui-Zhi-
Jia-Ling-Shu-Tang), A%t ; Keishi-ka-ryo-jutsu-bu-to (Gui-Zhi-Jia-Ling-Shu-Fu-
Tang), HRIM% S

R INTIN R BTN (N g - AR A VI
THEHFEZT- T, L L, ZOFSRIL
RO ERIC & » THEBARFEL EKRL, #
BRIIFAMEIC VAR TH), Breolh  BILEWEERE, B2, A=A XL FT=4>

5

ill}

*T770 HEHALSHET 1T H160-2 Journal of Medical and Pharmaceutical Society for
Kitashimada-cho 1-160-2, Tokushima 770, Japan WAKAN-YAKU7, 54—60, 1990




BHHRDA—,3—A4 X2 FI AL — LRGN 55

(03), e Faxn7ysn (-OH), —EIHEHR
(10,) H BWvizEEEibkFE (H0,) i3IBS
BEOBECER2F BT ErRESINTY
3, X, EHERIRE, REKE, Bh o
5L T3 2 EBLpI ST S
Lo, EE, EERRESILER ORI
BELTWbZ EXEMINL I oich ), EHEE
#Z, Bl A=A X FT =4, O;DIFERE
FDLIDOTHHIRA—X—F XL FP2LF—+
(SOD) IZDWTHOMFErLEFE» L|EENS L
Siteote

BEH R RS IEEBRRFGH - L TEEKC
HCES L Ty 3 REMES T X 1, iz SOD £
WL DGR BEEWE 2 ATHS, L L, #E
FHHBEIR U ZN bR AES E SOD FiEH & ol
SEHIZ OV TOBBIRFRE L IN TV,
FHELIT, EECHAEERL LCEATINT
M, SHBOEFFRARFENL OBREE

Table 1

(Table 1) 22w T SODRRIEME % MEF L 72,
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Kampo formulations and their crude drug components used in the study.

Crude drug components

Kampo formulations® (unit : g, dry weight)

S Al B1 C1 D1

of medicinal plants A2 B2 Co D2
Sekko 2.0 8.0
[ Gypsum Fibrosum, China]
Mao 2.0 6.0
[Ephedra sinica STAPF, China)
Ogi 4.5
[Astragalus membranaceus BUNGE, Korea]
Boi 4.0
[Sinomenium acutum REHDER et WILSON, Japan]
Byakujutsu 3.0 4.0 4.0
[Atractyloges japonica Koz, Korea]
Bukuryo 4.0
[Poria cocos WOLF, China]
Taiso 3.0 2.5 4.0 3.0
[ Zizyphus jujuba MILLER var. inermis BUNGE,
China]
Keihi 2.0 3.0
[Cinnamomum cassia BLUME, China]
Shakuyaku 2.0 3.0
[ Paeonia lactiflora PALLAS, Japan]
Kanzo 2.0 2.0 2.0 2.0
[Glycyrrhiza glabra L. var. glandulifera REGEL et
HERDER, China]
Shokyo 1.0 1.5 1.0 1.0
[ Zingiber officinale RoscoE, China]
Bushi (1.5 (1.5) (1.5) (1.5)
[Aconitum japonicum THUMB., Japan,
Hokkaido]

2Abbreviations are as follows, Al . Boi-ogi-to, A2 . Boi-ogi-to-ka-bushi, Bl . Keishi-ni-eppi-ichi-
to, B2 . Keishi-ni-eppi-ichi-to-ka-bushi, C1 : Eppi-ka-jutsu-to, C2 : Eppi-ka-jutsu-bu-to, D1 :
Keishi-ka-ryo-jutsu-to, D2 : Keishi-ka-ryo-jutsu-bu-to.
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(% Table I ICECERL 72, EH FAI R O BFRERAE R
i3, HHE (Table 1) % 340 ml o> 7K 504 H Hi
L, ZORM (#270ml) H—#ErERICH W,
T, WE+HEE (k), RE+AE+AHR (1),
BRE -+ - R EE A (])
BLUBE+HEE+RE+HE+4% (m) o
AHED SOD HIEH L RET 572010, EELEMN
CCHEBL, ZOMEO—E» AL L L2, Xan-
thine oxidase (XOD, Grade I, butter milk) & ¥
superoxide dismutase (SOD, bovine erythro-
cytes) {3 Sigma Chemical, Co. (St. Louis, USA)
7 &, hypoxanthine (HPX) {3 Fll & #t 3 T %W
(kBR) #* &, diethylenetriamine pentaacetic acid
(DTPA) (ZEAALFRFIRRT (BEA) 2206, ZL T
5,5-dimethyl-1-pyrroline-1-oxide (DMPO) %
TRT v 7 (EE) LWBALL,

2) #B ESR2~<7 i3, BAEFH (K
) JES-FEIXG (X -band) ESR Spectrometer
=R, 22CTCHEL 7z, ZEHEWH L L TMgO
IZF—=7L%aMn ) £ 4> 2HN, T—F—
DIENTIX, BARESXMH (RE) Personal Computer
PC-9801VX21 # vy, 7 KT v 78 o SOD
Assay Software I & W47 - 72,

(3) ESRICK 2 SOD#KRFBEMHNAEER EHH
BB OF B KR AR b o SOD RE IS HE i3, Mitsuta
LY OBEE—IMETEL, KL iFtERE R
K NEIE (22°C) TIHMEL 72,

100 mm KH,PO,-K,HPO, #&f&# (pH 7.4)
(L00-X) pul
SOD e b L < i3 sU0RHETR
(dil. with buffer) X ul
2.0mM HPX (dil. with buffer)
50 xl (0.42 mm)
5.5mM DTPA (dil. with buffer)
30 11 (0.69 mm)
24% DMPO (dil. with buffer)
10 g1 (89.7 mm)
0.272 unit XOD/ml (dil. with buffer)
50 g1 (0.057 mm)

FEAEZEXOISMBEDOR) A —KRE A b
Fa—7CHY, XOD %Mz 2% B & < Bortex
mixer {2 & ) 8k L € ESR ] 2 5 8 K 1
LU (TXRT v 7H) 2B L TESREEN X ~
BT o4 icEEL 2, XOD R 2 4 fkic 2~ 7 b
NEIEZBGL 72, B, BEREFIIRDEY TH
5, RIE, 22°C ; B, 336550 Gauss , LR
¥, 100kHz ; ZE3818, 1.0 Gauss ; #51FEH, 2

1990)

min ; JEEFHE, 0.1sec: H71, 8mW ; MiEH,
1.25X103.

4) BEROEFHRRUVUEE | EMHEEEM o SOD
FRHWTRDE ) W HFETRERZERL 72,
DMPO-OOH 7% 7 F & ESR 2~=7 } vt Fig. 1
NEHieBELNn, Mn*D 3 AKHD L 7 FLE L
DMPO-0O0H z~27 F LS 5 1 AKHD

7
Mn 2 2
Q) Mng)
f A B
N
L i
DMPO-00H ADDUCT

Fig. 1 ESR spectrum of DMPO-OOH adduct
formed with hypoxanthine-xanthine oxidase
system. The medium contained 0.42 mm HPX,
0.69 mM DTPA, 89.7 mMm DMPO, 0.057 unit/ml
XOD, various concentrations of SOD and 100
mM potassium phosphate buffer at pH 7.4 and
22°C.

Conditions for ESR measurements were mod-
ulation amplitude 1.0 Gauss at 100 KHz, record-
ing range 336550 Gauss, recording time 2 min,
time constant 0.1 sec and microwave power 8
mW.

DMPO-00H/Mn2*

O 1 1
0.1 1 10 100
SOD concentration (units/ml)

Fig. 2 Working curve for the determination of
SOD-like activities of the samples (Inhibitory
effect of SOD on the formation of DMPO-OOH
adduct).

Each point is the mean value=S.D. of the
three repeated measurements.
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7R Ent (signal height of DMPO-OOH/
signal height of Mn?*) #Keb, ZhxiRmL 72
SOD iz LT 7w + L7z (Fig. 2), KRRz L
7h T, wAN2EEICLVES (3, b) FRE
L, ZoR %A CRMRER O SOD BEN+ B
L7, &8, BIERERHC2E 3EIT 2T, °F
s & URERRZE (SD) 2Rz,

Y = (signal height of DMPO-OOH /signal
height of Mn**)
=Expla-bxJ/ (SOD activity (units/ml)) ]

w R

1. MIkEFo SOD #iE

MIMF0.5g DRI SOD BEFEME (units/ml
of extract) 123.7+0.3, EIL<1.0g T+ 4.7
1.1, 1.5¢gTid7.1+x1.5, 2.0g Ti3 14.0%1.1,
2.5g Ti213.8%£1.5, 3.0gTi316.0+£2.2, 4.0g
T3 23.2+3.9, 5.0g TI227.2x1.7THY, L
M FoEs»EnT 5I1c L 7297-> T SOD #iEHE D
ERL, MEBEOBICHSL » 2 HBEBEKREZRH L
(Fig. 3). % EROEHERLY ) 0 SOD KiF
MiciET 5L, 1.6+0.2kilo unit/g (kU/g dry
weight) Tdh - 72,

~30rT T T T T
3
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2
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1 1 ] ]
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2 3 4
Kako-bushi (aconitum roots) (g)

Fig. 3 Dose-dependent SOD-like activities of
Kako-bushi (aconitum roots).
Values are means*=S.D. of three experiments.

2, EAAF® SOD HEM

BE®ES (AL) »SODEE M (kU/g dry
weight of Kampo formulation) (3 1.8+0.2, Ff
BEEESNMF MF1.52 (A2) o SOD R

P2 1.940.1, LUFREBR AR Z#w—5 (Bl)
11.7+1.3, BB+ (MT1.59
(B2) 10.24+0.5, ##mif# (Cl) 11.6x0.4,
MIENDRME T 1.5g) (C2) 11.4£0.3, kA
mZodess (D) 2.84+0.2, B & CHERMZE AR
B (MF1.5g (D2) 3.0x0.2 &%9, Bl, B2,
Cl, C2»&\v> SOD &ttt 27/~ L 7> (Fig. 4),
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Fig. 4 SOD-like activities of eight Kampo for-
mulations.
Al : Boi-ogi-to, A2 : Boi-ogi-to-ka-bushi,
B1 : Keishi-ni-eppi-ichi-to, B2 : Keishi-ni-
eppi-ichi-to-ka-bushi, C1 : Eppi-ka-jutsu-to,
C2 : Eppi-ka-jutsu-bu-to, D1 ! Keishi-ka-ryo-
jutsu-to, D2 : Keishi-ka-ryo-jutsu-bu-to. Val-
ues are means+S.D. for three experiments.

3. BHABIBRAERERD SOD KA

Al, Bl, Cl, DI n&FHOBERAEEICDOWT,
%o SOD kiEE (kU/g dry weight of crude drug)
PR L AR, ME (a) 78.0x£5.6, ¥ (b)
39.0£5.7, M (c) 8.3+0.8, K&E (d) 3.2
+0.5 H# (e), 3.0%0.5 3 (f) 2.0+0.7,
MIKF (8) 1.6+0.2, @7k (h) 1.3+0.2, 1
H (i) 0.3x0.1mJEE %Y (Fig. 5), KRE 4
2 SOD B F R L 72,

4, BHEEEEN SOD KEH

BRE+AE (Fig.5 k) o SOD f##E#%E (kU/g
dry weight) 1324 .0+4.1, BRE+ A F + 8 it
(Fig. 5, 1) 13 18.8+4.5, & +AEk+KkE+H
#+H% (Fig. 5, m) 116,407 ThH-72, O E
(2.0g), B (2.0g), & (2.0g), HE (2.0
g, KE (2.5g), H¥ (2.0g), #%# (1.5g),
Bl (4.0g) %% FNEMBT 340 ml 9K T5045
BRI 7218, #1 o % 5ml ¥ 216 L T Z#
B—Emaiftol %80 £ o SOD BEEME % BlE
L7E2529.0+1.8TH-72 (Fig. 5,1,
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Fig. 5 SOD-like activities of each crude drug
component and their combinations which are
contained in the Kampo formulations.

a . Mao, b . Shakuyaku, ¢ : Keihi, d . Taiso,
e . Kanzo, f | Shokyo, g : Kako-bushi, h . Bya-
kujutsuy, i : Sekko, j: at+b+c+d+e+f+h k:
a+i,1:a+i+h m:b+c+d-+e+f. Values are
means+S.D. of three experiments.
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ERERECBRREE» LHHT 28E L LT,
RE M - SERER BB AT B BT
ELTE, O72WETDLRA—r—F XL FY 2L
&+ (SOD), H,0, #{§KTdh 87—/
WEFF_NF XL I =L ESHMLEN TS,
WL, $%i2 SOD T 2 A IERICITh N, B
#OEE, BFSRE, &b, B8, REGEER
HHADEGHRRICEEL T3 2 E BRI NDOD
b5

FRORTE T3, BMEASCHEE Y 7 =F0iEHIC
SOD # w7285 b % 2 LT %, Flohe i3 BEES
ik BENBEENIC SOD 2517, &5
BiklicEYD, 77 R—2Taf FEBELT
WBARET L 285, SOD i1 BIfiRICESITH %
ZrAREL T3] FL BB BB
Wiz orgotein (7ML VBB I N2z Cu, Zn-
SOD %!#)) & methylprednisolone acetate % F\»
TEIRF R O Lk fT b N, orgotein 25 BE DK
BT 5 -l R AR R I B R 3
T, WOPIZRAFTh 722 L0 HEIN TV 5Y
Olesen & (3, TGEFMENERIE £ BB OBEENIC or-
gotein # AW, _EEREZTV, ZOEML
BRI DEBEL TWa) ZRICL B &, BRHER
BREOWENTRE, KEDFHEIC 8T, orgotein
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P77 R—ENEELEGEZHRL T LI e
ERiR U BEOWMBICEHBEI NI L), ZDL)
12 SOD (ZBEE R CEE ) 7o FIcFHTH 5 & »
FHEIITHN T B0, BEEMUP BT IRE &
nTwz, £oHEiIE, SOD D MM F To¥Rl
TS TRV (B Mo B 2 R SRS T
BAHEEbNTnE) 2HTHY, 5HZOMFERE
BIFEOERIHEREE > T 5,

BEHAEIORIZE, B EE R, S50 E
fi) veF, —ROERER L SICHL RS TE
e HflH Y, BEZFRICBCTCERAINLTY
2, TNLORCEHTFEEOHA (MTH) »%
<, BrEg3aovial GERF&D) 1T % sk
LTHAW2HEAEL %\, SOD »#EEIREIER
ETHZ E b, BEFARDEE, WNAEHER
BT o4A7=XaD12& LT, SODKELELA
T AR D ) KB R RAT, TOMEE, ML
FIi3BE & 20 SOD #kiGtEDH ), Lo, It
FEOBIMCAHR L € SOD #HiEHD LA 730 5
N7z (Fig. 3), EHELIBHEZFICBWTHFA
KT DA, VRRABOM 7RI 1H0.5g
P HEEL, LN TR L LRI T
BRMFEAWME e Tw5, BMFEomEme ki
RHBREIEE L2213, Fig 30ER2E24
b s &, BMTOEREFN 122 L CSODE
HE2FEOAYMOBEEITREEND,

MFoogEdm, PLRIEVEAIZ D TI3, aconitine
F alkaloids 7 H .0 CH Y, EEBEH M (Z,
mesaconitine > aconitine >hypaconitine ? Il T &
% 2" Aconitine & mesaconitine I ¥4 5B % A
LY 1" Saito & % mesaconitine 7 i % SE/EM
EMELTWES LT, MIMTFIcains
alkaloid A" SOD £iEH A R T Z &ic L » T, &
W, MIREFERACESEL w202 nit v e
2B, LH» L, aconitine alkaloids D, =k
alkaloids ? \»#* % % alkaloids 7%, & D FfEER5
LTw20%, & 5WidnLiTHh oo s s 5
LT bnrBEICHBBRHETET 2METH D,

N T3k T3 Lk oy = & { SOD BEiEEHRE
B b NT=h, HEIPICMIEF (1.5g) #MeklL
2gA (MHFED kL e Ww8E& GEMTRD %
e L TA %, mEOHICIE SOD BEEHEIZ DV
THEZRZEDS SN » - 72 (Fig. 4), 29,
FEIHIC B TE MM F R OB SOD BRIE %
ERBEE LT Wew, 2tz FRIbofigaic &Y
MK T SOD #iEH R I Nih, H D il
LK FoEBEEEL D o SOD tRiEHA1.6+0.2
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kU/g dry weight 2Rl TH 722 L2t 5 8
bbb, HESIZ, BHEHFFE 2 BEORK alka-
loids DR AFITHA TR 2 A b &, F
P CIE T L CwW 2 2 2 # 5L T b0 20
HRIEAHZE TRE X N2 T SOD E& &k
EFATHLICLEZLNS,

Kic £ FF O SOD BiEMEIc DT, BEEAY
CHI@rABRUDEEINFL(SVHEHETRLL
(Fig. 4). BER U CEI HAIFICHE, 418, 1t
HRUEEFEBES L L TR EN T A, F2
T, INLDHFAERBRT 52 K5EFEICIONT,
SOD BEEME HIE L 7288, MEIFrEFg 450,
SKICHGER, MR, R, HE, A%, LK, O
T, FEDNETH -7 (Fig. 5), L7zd*>7T, B
MU CHEEOBE SOD BEHEME, BEL?# o SOD
BEMIC 2200 #2505, ELICBRUCHE
HIGERSD & G UBE EIKIZ DWW T SOD G+
WELLEZA RE+AEORS (k) TII,
SOD #EiE I R HBR O 1/3ICIRT L, M+
AB+AROEA (1) TEEICES, HEHE
F+ABE+HI+HEZEORS (M) BHELED -
7o ZOOREEIT, SOD BEIEME &R T RS A
DY, BZIZAE, Elk, RESLWIFHEL Y
L DIEFE RN, BT o) SOD REEHAE T L
2, L L REYTh ARG OERSFRICEL
72 SOD BRIEMEATITHINTFBHIEE N TV 2D v
TULERLTCOB EE2 505, UEofkid
D, BERWCEDRL 22&E vy SOD BEIE M 12 Bk
FioRKT2L0EBbs, 2L T, KEIZHA
PICBWTLHMEO SOD BEHE2BEL Twb 2
ERIDDIZ D, HREIL, REICTINL DL
I e A SOD BREMRBICES L Twah, B
FHerhmz 6 FETH 5,

e, < TEEER I, TR
L O R —EYO R EF BRI L T b, AR
BHAHNC LT 5 &, JRRIB TIRKE 2 Mho3EY
I %D L ANTHL, MRRBCHAEARENSE
&, KEREBEWDS HANTHEIT L HICHERLT
w2 FoBEEE LT, TRARRE TIRAEIZIE T
DVER 2 M3 72di2 880 5 ANLTHRIL, INERREGS
HEAKRIBOREBEIIB» L ANTRL 55, £
B LE TR 2 M 2HTH B LEXRPIE
ERLTw5Y ZNLOHRIE, HEL L HHERK
LBWTICBRBRT 22 2A5ThD, LIh-T,
I L 72 550 & BERE RA BB B L TR L 22 5
HE OB IR OMESS TS NG, 72 TH
ARSI EOR O 2 BRI ORI THED, A

T RS O E R & o SOD BEiE R %
L A

FosER, FEWEE RFE & ORIC SOD BRiETE
NEFRHI N, LrL, ZoEGMcksio
PIMIED L ZAH LTI G WDs, SEDORETER
HMrL2owv, LROFREzESHT, BrokFHlIcD
WTHEIZREILTwWa, 2oL I hERPFEHEN
RZEdh, BHAAROMBEI RO TERTH
N, SOD BEENEh 5 AT, b2y, AfbEny,
FHEMHEY b LRI AMiESH B LB bR
%,

&

E S

S, THRICHRLES HR S & £ ORBE
TN N M T o> SOD BRiE %, ESR-2 b > b
T TS L D BE LRRET L 72,

1. WOTRE-F o SOD BEiE M3 I L7 8 o) B
ICHHBE L Tz,

2. BFFH S JEMFRIOMIC SOD iGN E E
EiEH LN -7z, Thbh, HRIPTIImML
W-F-> SOD #EIEMEIZ R S 41 T vy,

3. MREESAHFH B Tieg—i, #Simit
&) BREIREFEHH BOEEE, EmEt
) 1L, SODREEMHIIES 2L 12,

4. BEFFHROEFERAEZERKRD SOD MiGHIL
HHEBERL, KW THE, ML, K#E B
, EE, OMTMTF, gk, AEDMETH 72, K
H+ABRREHEOH1/3, MEFAE AR
SRS, EAHER P REAHESEZEIRDIK
PO 7:0

5. WESH A O SOD MG DS, &
L CHEIROMEICEET 5 2 LRI ns,

6. HABEALTRIL 72854 & HRRERAE 3 % Bink
THIL 72 4% THRRER U 72 &Nz B 5 SOD #EiE
HixgEI I EEE R L 2.

Stk BRITICOWT, FORaH SOD BEiEHE %
BOTWLOPEICKHET L TWELw, oEHEF
FC DWTH BICHFFE R D T TFETH b,
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