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Table 1. Effects of Stomachic Crude Drugs

Sample Activity tested Starch saccharifying
Enzyme source Diastase®!’Biodiastase®? Pancreatin®?®

Name®’ Place of origin pH 5.0 5.0 7.0
Control® 100 100 100
Gentian Hokkaido 70 88 5
Pakistan 51 73 7
(#51) China, Szechwan 66 93 11
Japanese gentian China, Liaoning 75 89 1
China, Eweichow 63 92 11
Swertia herb Nagano 75 99 92
Picrasma wood Kagawa 63 102 n
Sophora root Eorea 90 99 90
Phellodendron bark Hokkaido 94 102 79
China, Tungpeh 96 96 68
Coptis rhizome Tottori 115 126 100
China, Hupeh 96 105 51
China, Szechwan 84 105 41
Cinnamon bark China, Kwangnan 53 94 22
China, Kwangsi 58 102 11
Vietnam 43 105 20
Zanthoxylum fruit Hyogo 58 97 6
Nara . 21 102 4
(fE#) China 66 94 6
(RIL#) Korea 105 105 59
Fennel Nagano 100 103 1
China, Hopeh . 107 102 67
Ginger China, Yunnan 8 101 15
Clove Madagascar 50 : 99 25
Brazil 44 91 23
Zanzibar 53 101 55
Star anise China, Kwangsi 42 106 11
Amomum seed Thailand 9 101 12
Glycyrrhiza China, Tungpeh 114 108 57
China, Sipeh 122 123 62
Afghanistan 120 128 61
Condurango Ecuador 105 109 55
Ginseng Nagano 149 150 56
Rhubarb China, Kansuh 70 104 9
China, Szechwan 67 9% 7
Hokkaido 57 100 14

a) Enzyme activities were determined by the methods in the Experimental section.

b) The concentration of each enzyme solution was as follows: b1)0.1%, b2)0.005%, b3)0.05%,
c) Five mg/ml of crude drug were added to the enzyme solution except c1)(10 mg/ml) and c2)
d) No crude drug added.



on Various Digestive Enzymes

Residual enzyme activity(%)®’

Cellulose
Starch dextrinizing Protein peptic Lipid peptic saccharifying
Diastase®® Biodiastase®* Pancreatin®® Biodiastase®® Pancreatin®® Pancreatin®$] Biodiastase®}}
5.0 5.0 7.0 3.0 8.5 8.0 4.5
100 100 100 100 100 100 100
95 85 19 106 99 83 7
20 78 0 60 27 69 91
101 84 4 120 96 81 90
99 84 8 90 98 87 63
95 81 0 108 93 13 67
101 90 97 98 94 89 88
102 98 76 91 94 79 93
102 100 91 103 63 119 96
104 98 84 96 47 101 105
105 102 76 a7 43 90 96
109 103 98 96 81 94 96
104 100 63 104 89 98 84
102 101 50 104 68 106 88
100 98 30 101 57 66 54
87 95 10 103 . b2 . 78 46
100 " 100 20 99 yal 67 79
97 100 5 96 29 62 70
98 105 5 97 34 70 86
100 103 4 96 83 96 83
101 103 72 100 84 86 85
104 o104 98 99 101 4 96
106 105 99 96 98 37 98
104 100 51 a7 94 38 82
99 91 42 120 76 39 65
83 88 36 106 53 48 56
88 83 37 98 91 51 59
92 86 24 82 48 50 69
104 100 8 94 85 55 88
108 104 101 89 63 86 77
118 108 105 96 69 79 . 88
116 105 100 106 57 91 102
98 105 100 94 84 81 107
122 120 96 101 96 108 108
99 101 4 94 23 51 70
97 94 1 96 20 87 61
95 100 12 100 40 74 7

b4)0.003%, b5)0.2%, b6)1.0%.
(1 mg/ml).
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Table 2. Effects of Stomachic Crude Drugs on Starch Dextrinizing Activity
of Pancreatin

Sample® Place of origin Residual enzyme activity(%)®
Control®’ 100
Gentian Hokkaido 8
Pakistan 3
(#Z70) China, Szechwan 39
Japanese gentian China, Liaoning 8
China, Kweichow 6
Swertia herb Nagano 100
Picrasma wood Kagawa 114
Sophora root Korea 98
"Phellodendron bark Hokkaido 98
China, Tungpeh 61
Coptis rhizome Tottori 107
China, Hupeh 24
: China, Szechwan 37
Cinnamon bark China, Kwangnan 15
China, Kwangsi 16
: - Vietnam 5
Zanthoxylum fruit Hyogo , 19
. Nara 8
(fE#) China 20
(RiU#) Korea 110
Fennel Nagano 105
China, Hopeh 105
Ginger China, Yunnan 14
Clove Madagascar 121
Brazil 109
-Zanzibar a1
Star anise China, Kwangsi 21
Amomum seed Thailand 37
Glycyrrhiza China, Tungpeh 137
China, Sipeh 164
Afghanistan 170
Condurango Ecuador 100
Ginseng Nagano 127
Rhubarb China, Kansuh 9
China, Szechwan 1
Hokkaido 0

a) Five mg/ml of crude drug were added to the enzyme solution.
b) Enzyme activities were determined by the modified Blue value method.
¢) No crude drug added.
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Fig. 1. Effects of Crude Drugs on Proteolytic Activity of Pancreatin(by Cup method)
Enzyme activity was determined by the method described in Experimental section.



Table 3. Effects of Stomachic Crude Drugs on Protein-peptic Activity of Pancreatin

Number  Sample® Place of origin Residual enzyme activity(%)®
Control®’ 100
1 Gentian Hokkaido 89
2 Pakistan 24
3 (¥F) China, Szechwan 95
4 Japanese gentian China, Liaoning 87
5 China, Kweichow 95
6 Swertia herb Nagano 82
7 Picrasma wood Kagawa g5
8 Sophora root Korea 76
9 Phellodendron bark Hokkaido 66
10 China, Tungpeh 74
11 Coptis rhizome Tottori 92
12 China, Hupeh 89
13 China, Szechwan 95
14 Cinnamon bark China, Kwangnan 68
15 China, Kwangsi 63
16 Vietnam 66
17 Zanthoxylum fruit Hyogo 42
18 Nara A 47
19 (fE#) China 63
20 (RIU#H) Korea 84
21 Fennel Nagano 92
22 China, Hopeh 89
23 Ginger China, Yunnan 97
24 Clove Madagascar 82
25 Brazil 76
26 Zanzibar 9
27 Star anise China, Kwangsi 50
28 Amomum seed Thailand 74
29 Glycyrrhiza China, Tungpeh 89
30 China, Sipeh 68
31 Afghanistan 82
32 Condurango Ecuador 97
33 Ginseng Nagano 95
34 Rhubarb China, Kansuh 32
35 China, Szechwan 42
36 Hokkaido 39

a) Five mg/ml of crude drug were added to the enzyme solution.
b) Enzyme activities were determined by the modified Cup method
¢) No crude drug added.
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BRABHERZ, IRNTHRELEDSL, 30im OEFZBL THE2 —EC
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EERREE &I (pH 5.0) I UL TACT3IHMBHLE., BohERBEEK1
nl%z 1 %BHETASAEK (0.1N EFE&EE. ol 5.0) CmA T, £HER
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I5-FORENEREIEDN, BREOA IV VIC7IZ —EEHAI R
DI, FEEOA IV Y CREENDP L, £, FERIEEOL VY
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DIYDICEWEEND LY, AEOEETH B —T7IT—HoaRBICEN
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Table 4. Blue Values and Starch Saccharifying Activities of Samples of Some
Stomachic Crude Drugs

Sample Blue value Starch saccharifying
Name Place of origin (Ar/As)? activity(units/g)®
Control<’ 1.00 0.0
Gentian Hokkaido 0.51 0.9
Pakistan 0.99 N.D
China, Szechwan 0.91 N.D
Japanese Gentian China, Liaoning 0.99 N.D
China, Kweichow 0.97 N.D
Swertia herb Nagano 0.89 N.D
Picrasma wood Kagawa 0.65 1.3
Sophora root Korea 0.75 1.4
Phellodendron bark Hokkaido 0.92 N.D
China, Tungpeh 0.81 N.D
Coptis rhizome Tottori 0.48 11.4
China, Hupeh 0.87 0.9
China, Szechwan 1.00 0.6
Cinnamon bark China, Kwangnan 1.00 N.D
China, Kwangsi 0.91 N.D
Vietnam 0.42 0.7
Zanthoxylum fruit Hyogo 0.96 N.D
Nara 0.98 N.D
China 1.00 N.D
Korea 0.43 1.2
Fennel Nagano 0.56 1.1
China, Hopeh 0. 46 1.2
Ginger China, Yunnan 0.92 N.D
Clove Madagascar 0.51 0.5
Brazil 0.32 0.6
Zanzibar 0.21 1.2
Star anise China, Kwangsi 0.38 1.6
Amomum seed Thailand 0.53 0.8
Glycyrrhiza China, Tungpeh 0.11 0.3
China, Sipeh 0.07 13.6
Afganistan 0.24 9.9
Condurango Ecuador 0.77 1.9
Ginseng Nagano 0.44 167
Rhubarb China, Kansuh 0.99 N.D
China, Szechwan 0.99 N.D
Hokkaido 0.99 N.D

a) Blue value was determined by the method described in the Experimental
section.
b) Enzyme activity was determined by the method described in the Experimental
section.

N.D. represents not detected(<0.1 unit/g).
c) No crude drug added.



Table 5. Blue Values and Starch Saccharifying Activities of Some

Crude Drugs

Sample Blue value Starch saccharifying
Name (Ar/A8)®  activity(units/g)®
Control®’ 1.00 0.0
Astragalus root 0.65 3.7
Immature orange 0.65 1.5

Lycium fruit 0.62 3.7

Jujube 0.71 1.5

Root of Salvia miltiorrhiza 0.79 3.5

Root of Asparagus cochinchinensis 0.80 2.5
Japanese angelica root 0.65 2.0
Ophiopogon tuber 0.56 1.5
Sinomenium stem 0.56 2.6
Ephedra herb 0.80 3.8

a) Blue value was determined by the method described in the
Experimental section.
b) Enzyme activity was determined by the method described in
the Experimental section.

N.D. represents not detected(<0.1 unit/g).
c) No crude drug added.
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CRULEEI, YU VvRbC, HBRNEVWT I5 - BREOFEENRD
Shi,

Table 6. Comparison of Plant B-Amylase Activities

Plant B-Amylase (units/g dry wt.)
Ginseng 170

Soybean 430

Japanese radish 2.7

Taro 350

Sweet potato 290

Amylase activity was determined by the method
described in the Experimental section.
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Fig. 2. Elution Profile of Ginseng B-Amylase on Séphadex A-50
Column Chromatography

—, amylase activity; -——, absorbance at 280 nm.
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Fig. 3. Elution Profile of Ginseng B-Amylase on Sephadex G-100
Column Chromatography

—, amylase activity; -——,absorbance at 280 nm. Catalase(MW:
232 kDa), aldolase(158 kDa), BSA(87 kDa), ovalbumin(43 kDa),

chymotrypsinogen A(25 kDa) and ribonuclease A(13.7 kDa) were
used as molecular weight standards.
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Fig. 4. Elution Profile of Ginseng B-Amylase on Hydroxyapatite
Column Chromatography

—, amylase activity; ---,absorbance at 280 nm.



Table 7. Purification Procedure for Ginseng B -Amylase

Total Specific

Procedure Volume activity activity Yield

(ml) (units) (units/mg) *
Crude extract 400 5230 10.8 100
DEAE-Sephadex A-50 65 2326 22.8 44,5
DEAE-Sephadex A-50 50 1758 34.6 33.6
(rechromatography)
Sephadex G-100 25 1707 81.5 32.6
Hydroxyapatite 51 527 130 10.1

Fig. 5. Polyacrylamide Gel Electrophoresis Pattern of Ginseng B-Amylase

_The purified enzyme solution (30 g1) containing 10 g of protein was
subjected to electrophoresis on a column at pH 9.4.
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Fig. 6. Hy@rolysis of Starch by Amylase from Ginseng and Other Plants
, glnseng f-amylase; —-—, sweet potato f-amylase; ------- , taka—
diastase from Aspergillus oryzae; ,dilastase from barley; —--—, a-
amylase from Bacillus subtilis. ’
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Fig. 7. Paper Chromatogram of Hydrolysis Product of Soluble Starch by
Ginseng B -Amylase

50 11 of enzyme solution was added to 200 gl of 2% soluble starch
containing 0.1M acetate buffer(pH 5.0), and the mixture was incubated
at 40°C. At the indicated time, 10 gl of the mixture were spotted.
M, Standard oligosaccharides; Gi,Glucose; G2, Maltose; Gz, Maltotriose;
G4, Maltotetraose.
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. An amount of produced sugars, shown in Fig. 7, was expressed
in terms of maltose.
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Fig. 9. Changes in Specific Rotation During Enzymatic Hydrolysis or
Soluble Starch

The experimental conditions are described in Experimental section.
O, ginseng f-Amylase ; @, taka-e—amylase; /\,change and dimension in
the optical rotation.



ThIADRRER : ARSI UTEEDO TCASATELERE 0.2%5H#H
TASABRICTER S E., BRMICOMEL IUREMBICE 5660 nmic 51
ZREEOEEZHELERER, Fig. 6 D& D Ichok, ABER, HBXK
EEREEOMICERBFYIES N, HEL-—T7IS—ELRA—OFRLE-
Y

ThIANCHRHTEIRBERY : 2% TASABER 2000 LICBREH] 50,1
(lunit) ZMA, OCIKBVWTIEAHZ Y E, ZORIGERY % BRFAYIC10
PO H Y TY T LT, R—RN—70av2 TS5 74 —CERBEERFTLE,
BREFig. TICRULEDN, HIGOHAIASERT 243 JHEIIL -2 0H
THY, UBRHBICBWTHREHEOI - FEARFAEAZELTE, £
B BRGRECBT IV - 2A0ERFELERA, Fig. ICRLEDN, 24
BRI CRAT% TH o . |

2 REEBREO7/ -8

EECSRBHETARABEREZA Y, A, —HOFE?? KLEDFL,
ERBOEREEZRFLUE, BR%2Fig. SICRLE, BERKEOEILLIIKE
FRUTLERMTZZLICEOTHIo2EN, RABZD L EOEREEDS
MEeKE2E2RLE, AR I 2EBBOERE XN Taka-a-7IT—ED
BAELRRY, ETHB2LdD, ERBEO7 ) v—BEBALTTHDZ
EANHBHLE, '

3 pH, #ICLIEE

AMEROEBEp He p HEEH 2Fig. 10ICRLE. 0CICBIF5EMp H
& 5.0ftETHY., pH 5~7 TA0C, 1030E#ED 100%EEEZRFLT
Wi, ¥, ERRELBEREH 2Fig. 11ICRLE, ZHEBEEpH 5.0,
10MORIGICBWTS0CHETH Y, 50CETIERIN%IU LEHEIREL T
WBA, B5CTIEBVTI0%EREL &,

4 BROREA \

DEAE-Sephadex A-50AW S L0 NS5 74 —HEBEOBRBBIORN %
AR L TEEARSESERRD Y 217, FEREZRFLE. TOUH



Relative activity (%)

100

60

20

AN
\
\
\
\
\
\
®
\
\
\
L R
L ®-o
8 10

Fig. 10. Optimum p H and p H-Stability of Ginseng B-Amylase

Optimum pH(QO): The reaction mixtures, consisting of 500 gl of the
enzyme solution, 1 ml of 1% soluble starch and 500 ¢l of 0.2 M acetate
buffer of various pHs, were incubated at 40°C for 10 min. pH-Stability
(@): The enzyme solution(250 r1) was mixed with 250 z1 of 20 mM acetate
buffer of various pHs and incubated at 40°C for 1 h. Then 500 gzl of 0.2

M acetate buffer and 1 ml of 1% soluble starch were added and the
activity was measured.
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Optimum Temperature and Thermostability of Ginseng B-Amylase

Optimum temperature(QO): The activity was assayed in the usual manner
except for the incubation temperature. Thermo-stability(@): The activity

was measured in the usual way at 40°C after incubation of the enzyme
solution at various temperature for 10 min.
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Fig. 12. Electrofocusing Column Chromatogram of Ginseng B -Amylase
The experimental conditions are described in the Experimental
section. =, amylase; ---,absorbance at 280 nm; —, pH.
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Fig. 13. Determination of Molecular Weight of Ginseng B-Amylase by Gel
Filtration on Sephadex G-100

(1)blue dextran; (2)catalase; (3)aldolase; (4)bovine serum albumin;
(5)ginseng p-Amylase; (6)ovalbumin; (7)chymotrypsinogen; (8)ribonuclease A.
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Fig. 14. SDS-Polyacrylamide Gel Electrophoretic Pattern of Ginseng
B -Amylase

(1)Molecular weight standard; (2)7.5 ug of the enzyme without SDS
and mercaptoethanol treatment; (3)15 g of the enzyme treated in the
same way as (2); (4)7.5 pl of the enzyme with SDS and mercaptoethanol
treatment; (5)15 pg of the enzyme treated in the same way as (4).
Rabbit muscle phosphorylase b(MW: 97.4 kDa), bovine serum albumin(66. 2
kDa), hen egg white ovalbumin(42.7 kDa), bovine carbonic anhydrase(31
kDa), soybean trypsin inhibitor(21.5 kDa) were used as molecular
weight standards.
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Fig. 15. Determination of Molecular Weight of Ginseng B-Amylase by
10% SDS-Polyacrylamide Gel Electrophoresis

(1)rabbit muscle phosphorylase b; (2)bovine serum albumin; (3)
ginseng f-Amylase; (4)hen egg white ovalbumin; (5)bovine carbonic
anhydrase; (6)soybean trypsin inhibitor.
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Table 8. Effects of Metal Ions and Chemical Reagents on Ginseng
- B —Amylase )

Metal or chemical Concentration Residual activity
reagent (mM) (%)
None - 100
NaCl 10 94
CaCl, 10 96
BaCl. 10 83
MgCl. 10 81
MnCl. 10 106
CoCl» 1 79
NiCl, 1 68
ZnCl 1 70 -
FeCl2 1 32
HgCl. 1 13
PbCl, 1 16
CuCl > 1 17
SnCl, 1 31
Iodoacetic acid 1 66
Dithiothreitol 1 95
PCMB 0.1 23
EDTA 1 80
N-Ethylmaleimide 1 74

The reaction mixtures, consisting of 1 ml of 1% soluble
starch and 0.2 ml of reagent at 10 times the concentration shown
in the table, were incubated at 40C for 10 min. Then, 0.8 ml of
the enzyme solution was added and the activity was measured in
the usual way. PCMB, p-chloromercuribenzoate; EDTA, ethylenedia-
minetetraacetate.
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Fig. 16. Lineweaver-Burk Plots of Ginseng B -Amylase in the Presense
of Cyclodextrins.

O, control; @,0.2 mM cyclohexaamylose; /A,5 mM cycloheptaamylose.




0.61%+ Vamax & 1.1X1077 (M/min) TH Y, TEWHERIEHACH
Y, KifEid a-CDIc LT 0.08 mM, B-CD icHL T 1.6 M THE,

Table 9. Amino Acid Composition of Ginseng B—Amylase

Moles amino acid

Amino acid per 63,000. g Nearest
protein® integer
Aspartic acid 59.5- 60
Threonine 19. 3% 19
Serine 33.4). : 33
Glutamic acid 61.6 62
Proline 31.4 31
Glycine 37.1 37
Alanine 32.2 32
Cysteine 1.5% 2
Valine 33.5 34
Methionine 12.3 12
Isoleucine 20.9 21
Leucine 51.7 58
Tyrosine 27.09 27
Phenylalanine 23.9 24
Histidine 9.4 9
Lysine 27.0 27
Arginine 15.7 16
Tryptophan 7.79 8
Total 512

a) Values of about 8.5% sugar per 63,000 g of enzyme were
determined by phenol-sulfuric method.

b) Extrapolated to zero time from 24, 48 and 72 h hydrolyzates.
¢) For 18 h hydrolyzates after performic acid oxidation.

d) Method of Goodwin and Morton®¥® .

8 REEBEO7I/BERLESE
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SYUMMKSBRET I ) BAFE 2 HW T ok, A MRERRIZ24, 48,
NRHEO3 AE2LY, &2 FEETRLUE. HU, Threonine & Serine it
24, 48, T2 BFIC BT LS ORHCOMZMELTCHELE,



Cysteineld 8 MM LA IC18RFRIINAK ML ==, FETyrosine& Tryptophan
KOV TR, BIBRINIEED TfHoE,

2B, AERESTOBERE 7z ) - IVBBETRELELZ A, T
I-ACBELTH 8.5%DEEEETHI AR, ABER, &
@D SDS-PAGE iICBWT, FAHEMREDESHCBBRETCHRAZIToED,
tkEh#, CBBRAREDIA DY IC Schiff RECTHL2LaLELZ A, EAH
HLRBMICEIREEZIE, DI, COBEOAHT 21T EDMKSMRL
Sawardeker > D ¥4 T Alditol acetates ICE#UL, HRAr7uv M ¥5
T4 —&fFokEZS, JIWOA—RX, HFZJVM—R, ¥V I)—A, PIE)
—AFICHRTIE7 VI IAREBEhE, LML, PIOBEERE S
ok, UEOER»S, XERXOHTRLESR2EBL T, AEBXKOD
7IVBBE S12BBTHEZ LRSS HE,

E =

ABEOTARAICKHT B EHBIELRHALED (Fig. 6~8) . TAX
AT EHRIFAB L URIBEBRYERARNER-—N-av b TS5 T 4 —
DERML, HESVICHERTHERED, S IV N — BN T exowisel fiiK
NRUTWE, SLICHIGERBOERLIDEH B—TIVN—AEEKLT
WL LEHERLED, FEER, — VP VvHMEEERAVWEERTCOHEBD
RREBTBY, v OVvho7IS—HBRB-—7IS—FoaTHBZL
AHBWELE, ’ _

—%, ABERIE, PCHBS® S HEUE# THIEL (Table 8) . Cysteine
REDFA—IMEEDHICE > THEENBIET 22D D, HoBSHYER
DB—7IFS—BLHE, TOFFEEFICSHEEZFLTWNWDZ L AR
Ehiz, SEBERLE=VY VOB —7I5—FL, HEFTICRFZIT
WHEEHEYOB—TIS—EOoHEL LKL, Table 10ic/RLE, AB
FI, OB —7IS—EBLRELHEIRWD, HEDB—-7IF—F0



Table 10. Comparison of Properties of Plant 8 -Amylase

Origins
Properties
Ginseng Soybean'?’ Japanese radish!® Sweet potato'?
Optimum p H 5.0 5—8 6.0—86.5 4-5(30C)
(Substrate:starch)
p H-stability 5—17 5—17 5.7—6.5 4—9
Molecular weight 63 57—61.7 58—62 206(tetramer)
(KDa) - 50—57. 2(monomer)
B 16.7 17.3 17.1-17.7
Isoelectric point 5.3 5.2—5.9 4.9 4.7-4.8
Inhibitor PCMB PCMB Glucose, maltose
Fe, Hg, Pb, PCMB
Cu, Sn
K. 0.61%starch 1.8 mM/maltotriose 1.1 mg/ml/amylopectin 0.073 mM/amylose
0.42 mM/maltotetraose 0.021%/starch
2.5 mM/ml /amylopectin’
K; Cyclohexaamylose 0.08 mM 0.35 mM 0.17 mM
Cycloheptaamylose 1.6 mM 0.98 oM

PCMB; 2.58X10°"M
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Table 11. Properties of Cinnamon Barks

Volatile oil

Sample Part of Place of Loss on  Acid-insoluble content
plant origin  drying(%)  ash(%) (m1/30g)
I Bark Kuangnan 9.9 3.4 1.79
II Bark Vietnam 10.0 3.2 1.31
111 Bark 9.9 2.2 0. 06
v Bark 8.9 3.5 N.D.
v Bark , 10.3 2.3 N.D.
VI Bark Vietnam 9.9 4.5 1.00
VII Bark Kuangnan 9.0 3.5 2.13
VIII Bark Kuangnan 8.7 1.1 0.60
IX Bark Kuangnan 11.0 2.2 0.87
X Bark Kuangnan 10.7 2.4 0.83
XI Bark Kuangnan 10.6 1.9 1.46
XI1 Branch Vietnam 8.8 1.1 0.02
XII1 Twig Vietnam 8.3 2.0 N.D.
Xiv Petiole Vietnam 10.2 5.8 N.D.
o'l Bark from Vietnam 9.8 1.8 1.05

small branch

Table 12. Effects of Cinnamon Barks on Proteolytic Activity of Pancreatin
and Folin—Ciocalteau Reagent-Positive Substances in Samples

Activity(%)® Folin-Ciocalteau Reagent-
Sample® positive substances
by Casein-Folin method by Cup method (0.D.at 660 nm)

Control® 1004’ 1009

I 69 89 0.215

II 60 53 0.276

111 94 88 0.100

Iv 69 T2 0.222

v 45 52 0.317

VI 80 T 0.079

VII 71 65 0.216

VIII 85 66 0. 087

IX 47 38 0. 357

X 59 58 0.200

XI 54 55 0. 291

XII g5 72 0. 089

XIII 61 66 0.212

XIV 52 50 0.301

XV 29 44 0. 466

a) Five mg of a cinnamon bark were added per tube or cup.
b) Each value represents the remaining activity(%).

c) No crude drug added. )
d) Each value represents the average of 6 samples.
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Fig. 17. Effects of Cinnamon Barks on Proteolytic Activity of Pancreatin
O, A . (with pancreatin); A, A .(without pancreatin); @, A - A,.
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Fig. 18. Relationship between Folin-Ciocalteau Reagent-Positive Substances
in Cinnamon Barks and Proteolytic Activity of Pancreatin

Enzyme activity was determined by (a)Casein-Folin method and (b)Cup
method. r.: correlation coefficient.
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Table 13. Effects of Cinnamon Barks on the Trypsin and
Chymotrypsin Activities

Sample®’ Trypsin® Chymotrypsin®
Control® 100. 0¥ 100. 09
I 39.4 67.0
II 29.9 38.2
II1 76.2 92.7
Iv b4.5 63.9
v 29.2 17.8
VI 70.3 86.1
Vil 65.2 66.1
VIII 56.9 68.5
IX 13.7 21.3
X 9.4 33.6
11 24.7 37.5
X1I 84.1 83.0
XI1I 26.5 36.4
IV 21.1 371.3
v 3.4 10.5

a) Five mg of a cinnamon bark were added per tube.
b) Enzyme activity was determined by the Casein-Folin
method.

Each value represents the remaining activity(%).
¢) No crude drug added.
d) Each value represents the average of 3 samples.

Eig..19. Relationship between Folin-Ciocalteau Reagent-Positive Substances
in Cinnamon Barks and Proteolytic Activity of Trypsin and Chymotrypsin
Tpe
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4 BRI IAVUVEREEBHEDEOHMMCONT

IsEBO M eRBHCOWT, RV I LV 7FroArBBETOBEERE
&L BABFo7 4 Y RICEBHEYEOR L oHBEEE AES Y —T 4 ) Vi
BICHy TETRHLE, BEEFig IBICRLE,

EHEEZE<IHLERBIZIE 72U Y RIGBEDEN S BEL, BEE
e+ Y REHBEDEL OMICHDS D ICERNZHEBEN S hE,
ZTOMHBEREERDELEZS, A EA Y —T AV VET —0.953, Ay T
T —0.838L 7Y, ZoMHBEAESL YT+ VEOFTHECZDOH
<

EBII, MUY, ¢a—FEPMI TS VEHWTHENRAYILVLPF VOB
AL AR HBEBER (HEAEE. P TSy —0.805, a—FERUTY
¥ —0.891) »BEH BN E (Table 13, Fig.19) .
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EEH, MREZ2RBICTI2EEFALOEAABIERCEAZEFELERY
Uy B2 o rBREREEY BRI LERVELE, KXY ILFPFYOEA
BELEEEZ A ES Y — T3 ) VETCRAT B, rfeorx) VRS
BHME (Ryoy, ERTFIx) Va0 T7x) —AkBEL2S DY
‘R ?) OFECEY ., HOBREARDBO, LEFST, 74U YR
BHEDEOFEELZ2ZTRVAY THEIECOVWTEHbETRIFLE,

T4 UERIGEBEREOS WA e 3 —RICBEREENOEEL LR
<, ¥4V YHICBHEDER S b O TRBREREE~OFEL L=,
EHEIETLE, EEFALHICHEET S 72 ) YRICBEYE L ZABE
L L OMICHS R HEBERARD O E, £, X2 UL 7 F VEH
iy BPUTYY, a—FEMNV TP VE0TuT7—ER2AVWTHEREROMH
HAEShE,
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¥ > a1 Lanthoxylum fruitid, 74 kb L AE, HEMREELLTH
RCEBRCEKASh, £, ¥ LTaACHEh S,

Yroavid, HAERFICIE Zanthoxylum piperitume De CANDOLLEX
i oftiFEB#EY (Rutaceae) OBRALEZRK T, REAISHBELEET
Z2TEDBETRVWELD) EHEESHATVWSE®Y, LENST, BB
Brravlic7H S5y ay, 7aF 02 avSvERHLE LU TEL
E, A —H*Y, EEFEHELR (—RICERLHBEHD) BT
BICHEDYRBEOHMARLLICMARDELXMTDDH 54V, BRI
Z.simulance HANCE 2EEFEr U, BRH 2 VWREAL L THAEY Y=
7 (ZZCREREE, FEMUR., ERREERHKLTY > a v eELE,
g, BARERTHEERURELGIHAER AV avbRRELE, )
ERIFFAIFCMYBDLIADZZ LA, T2, IBHEBELRIHMELERL
EkEETLIED, IRLVBBHELTHRDODhIHAEAHSD, LI L,
TOEE, RSOV TREETFBHAETATHRL,

AT, HFEUEREERL LU EAZAZ Y Y aviconT, Mt
LEBRORF E2ITo k., WML, BB, X5 ICKRIUM (Z schinifolium sieb.
et Zucc.) BOXBORBEWEL, XV IV FPFUREOBREROEAEN
LERICBLIETREELZ AN, BHRMELABPCHEET 27 1V > KIGBH#H
WESLUKHEREL oMICHBEBROEREERFLE, 2BIC, IWKWETE
B TCZoOHEBBERICEDNH DA EIDICDODVTHRILE,

MHELUFHE
ERAH
Hooao  #RLUERB %, Table 14Ic/RLE, ABXERWT, X

TRARELTHEZATW b0 2HVWE, ERABOZERE. K7, B



Table 14. Properties of Zanthoxylum Fruit

Purity®’
Sample Place of Total Acid-insoluble Volatile
origin Seeds Peduncles and ash ash oil content
(%) twigs(%) (%) (%) (ml/30g)
I China 0.6 0.5 5.6 0.2 1.63
II China 2.5 2.4 6.3 0.7 2.51
111 China 0.4 1.6 6.0 0.5 1.17
v China 31.7 2.4 5.6 0.1 0.66
v Wakayama 4.8 0.7 7.0 0.7 1.54
VI Wakayama 8.0 0.9 4.8 0.3 1.28
Vi1 Wakayama 20.0 7.6 5.8 0.2 1.32
VIII Tottori 1.9 9.8 5.3 0.7 1.88
IX Tottori 9.2 0.6 6.2 0.3 2.34
X Tottori 9.6 34.3 5.9 0.4 1.80
X1 Tottori 36.8 5.7 4.7 0.6 1.54
XII1 Nara 20.5 12.1 6.1 0.4 1.35
XIII Hyogo 22.0 3.1 6.9 0.5 1.00
XIv Hyogo 63.3 8.7 8.7 0.4 1.14
XV 15.2 11.9 5.1 0.2 1.80
XVi 21.5 8.7 5.7 0.4 1.01
XVII ' . bB.5 4.4 6.5 0.5 0.82
XVIII 1.7 1.4 4,6 0.2 1.26
XIX 48.1 2.2 5.3 0.2 0.69
XX Korea 7.2 10.1 6.4 0.5 0.30

a) Foreign matters in each sample were less than 0.1%.

AE®ERKS. BHESRRCIHBEERBREBICEIVHELE, &b, KRB
TRTHRELEDS, 300im OFEZEL., BEEXE—ICLE, NEEEZ
AR XVIIIAY19784, VI, VII, VIII »%19794, I. III, IX, IX. XV,
XXAY19814F, II, V., X. XI. XII, XIII, XIV, XVII, 19824 o, IV,
XX BT0ELF OB Wb D TH B,

BR: I~IVEHFEHEERT, REOSBERL, EEC/hEREBER
B A, RRFEEIEHE O, BEFRIVUARZIZLAZEL, 5o THBHT
v, REDMSEY., TOBKRRE I, IIxFBETHIH, 111 28
B, IVEREREEE, 2, IR EYHSHICERRIRRREESLENE2ET
2, BEVIEARUELRTH 2, I OEBICHER, HEEHFBLL TH



SEOEMICiNA L, XXZBEERLUBR T, BEEIKERGICELS ., AREEE
#H, FRERRBRTCAERFT D, £, ZOoBKRKIKHEATH S, o
ARNVI~XIX BHRY Y2 a v THPREOREVWED (VI) |, hE0HD

(X, XI) \ RED&EIPXRAEBEF TS 0 (IX, X) , R VLRV
Ho (VII, XV, XVI) | SEEEOS VDR ENH D, £, BTSSR
HA50%28BA 2D (XIV, XVII) $Hd. 2oBEKOGLABE. BR
BELRESBHRTH oL, DI, FE, FHRREHEM, oy FFICLYE
BHBhE (Table 14)

BX: HtEEoNYILvF7Fy (VOEEBAE) XU Tas7—¥€T
DMV TPy (Sigmatt®., 2 BIHERES. 7R, 12,000 BAEE units/
ng). a—FEMUTSSY (Signath®, 3 HEE M. 46 units/mg) AL
.

2 BERIFHOAE

BEAY—-T7AVIERECLBZDTOT7-EEHOBTE : XVILVLF7PF D
EABHBILTORER., sifioLtBYirokz. NI V7 FVUSORERE
HERET B XVIVF7PFYBRORDYICINI TV, a—FE
FOTSVDE 0.002% %K% v, pH 1.5 CEBRRIG2IToE.

hwTRCED7a77-ECEHORNTE - F1EF3IHOFETIToE,

3 JAUYREBMEHEONE

ot BYiToE,

4 HAaRsoMmbE ARIOI TS T4 —

WHR S ORI . BREHRAK 5 g % n — A5 251 TR B8
L. ABHBLLE,

HAaI b 7574 —0FHEE, UTokduifrok, HHABE : B8
GC—6A (F.I.D)., #5.L:2%. PEG—20M on Chromosorb W

(AW-DMCS) 100~120 Ay > a2, 3mmX 3m, hILEE : 50C~200C (
5°C/4 R . RIEHEE :230C, LS :2.56V, BE:10° MQ,
ABREAE : 341,



BB, BRSOHRI., RABLERICOVWTH—%&#Tcolaruv
NS5 74 —0RERHE (tz) 2HET B EICEYIToE,

w R

1 Y 9avdNnYyIv7P7FrralEEtcdiT LR
BEY I agilEaNYILTPFIOEABBLIEANOEEX Table
150BYTHoE, BRERBOEMCEY, XLV FPFOE=AABILH

Table 15. Effects of Zanthoxylum fruit on Proteolytic Activity of
Pancreatin and Folin-Ciocalteau Reagent-Positive Substances in Samples

Activity(%)"® Folin-Ciocalteau Reagent-
Sample® positive substances
by Casein-Folin method by Cup method (0.D.at 660 nm)
Control®’ 100. 0¥ 100. 09
I 28.8 52.6 0.551
1T 22.5 52.5 0.641
I1I 36.3 50.7 0.418
IV 51.8 71.4 0.475
v 33.0 46.0 0. 487
VI 12. 8 . 5.4 . 0. 487
VII 26.2 43,2 0. 349
VIII 7.9 38.5 0.573
IX 6.9 31.9 0.608
X 19.7 54.0 0. 446
XI 25.0 54.0 0. 359
XI1 22.5 38.2 0. 432
X111 52.5 60.4 0. 243
XIv 29. 3 - 42,2 0.374
XV 10.7 32.9 0.548
VI 48.8 54.9 0.248
XVII 34.1 54.5 0. 302
XVIII 11.5 43.7 0.536
XIX 44,8 57.7 0.264
XX 79. 4 72.8 0.163

a) Five mg of a cinnamon bark were added per tube or cup.
b) Each value represents the remaining activity(%).

¢) No crude drug added.

d) Each value represents the average of 6 samples.
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Fig. 20. Relationship between Folin-Ciocalteau Reagent-Positive Substances
in Zanthoxylum Fruit and Proteolytic Activity of Pancreatin

Enzyme activity was determined by (a)Casein-Folin method and (b)Cup

method. r,: correlation coefficient. O, Z.simulance HANCE; A, Z. piperitum
DC; @, Z. schinifolium sieb. et Zucc.

BHEA Y =T VETHELESBE., BO21~%B%ICETLE, AV
TETCRAES Y — 74V VEIVETEVWREEEER2RLED, EiEH
EEOEHE TIEASLE, '

2 KYILPFYOEAEBELERAORBEY U Y RIGEHEDED
HEAM

KREHICE 7Y Y RICBHEDEOFENZD O NELD, APHOER
LR RENEoMHBEEERFT LE (Fig.20) . Zo&HE, (a) hES Y
— 7Y VETHELUESES, Ko T V) Vv ICHBHEDE dEREEE
FrEEOARE WRE  (VIIL, IX. XVEE) TH<L. BEAOHEN LN
MEVRE IV, XX) THREWZ EPEREAE, (D) Ay TETHRAUHE
HARDSH, ThFhoRBEREEzROELZS, AES/Y—TFYU VK
T—0.844 , AV THET—0.709 L&Y, HOLBRNEVWHEFRENELH

e LEDNST, UTOBEEHAERFLE L THES Y-+ Y VEIE
32k UE,



¥, ERBEEH (I~V) &I (VI~XIX) ticad, zhzhic
ODWTEREHMEL 74U Y RICBUYEDHEER L 0Bt (HRERS LT
HBGRE) 2RAELE. 74V YRIEBHMEER%79660 nnTOREE
Fx#h, BEEHE2y#ETEE, hEA Y- T2Y VETRIERDY y=—
69.3x +66.5, re=—0.997, WEAy=—117.3x +73.5, r»=—0.962
Thok.

3 Z2oto/or7-EFHAOEE
FryyaviEmcEy, X7V 7FroABELEHORERTARD S
hEZedhd, 2oosusr7—BELTrY IOV a—FEMNI TS
vEERRAWTRELE (Fig.21) . MU TP YR RBIV, XIX (HoR
B) LXX (R ARoELW, I, II, III, V (FE#) AL LR,
(U P TFRICESLE, . a—FEMN) TV TCERABIV, XXV E
b, I, II, III, V AR YEER, A THRICEE—RKoBRLECES
L. {68 (I~V) T, 74V YREBEDEN S WRAB CHEHE 250
%UTFIETFEELZ LB D oE, B (VI~XIX) KDWT, 7a57?
—BEE LR P07 4V Y NGBHEYE & oMoEEt: (ERER. HE
B BhUFS>Yye  y=—101.2x+66.1, r,=—0.681, a—%
FRMNYFOyTCy=—92.1x+55.2, re=—0.901THDE,

4 HYYIaunBBHICEIZINYILVLZ7FOOEEAEHEIEERADER
Hbrvavid, —BRCRE., BT, BERLREASEBREh TS, HA
 ERATR (REASEFRICEZETRVASO) LRAESATVWS, Z
2T, HryaviconThhBENBWEHEET 2D EAIVZ HV T,
By ET. BERBLCHEOZRMCHML, BXNRXYIVPFVOEAE
BLERAANDOEES FHA (Table 16) . ZORE. RETHEERTIRD
BECT, 74V VRIGCBHEDEL L, BT CREHEE - ESETEET,

T4V Y RIGBHEDEORD PRI LARDLIE,
5 #yyavhniFhEsBREEOHEEAR
Byoavholme, AYILVFFYOEAABLERAOREB LU
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Fig. 21. Relationship between Folin-Ciocalteau Reagent-Positive Substances
in Zanthoxylum Fruit and Proteolytic Activity of Trypsin and Chymotrypsin

r.: correlation coefficient. O, Z. simulance HANCE; A, Z. piperitum DC;
@®, 7. schinifolium sieb. et Zucc.
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Fig. 22. Relationship between Volatile 0il Content of Zanthoxylum Fruit
and Proteolytic Activity of Pancreatin ‘

Enzyme activity was determined by Casein-Folin method. r.: correlation
coefficient. O, Z. simulance HANCE; A, Z.piperitum DC; @, Z.schinifolium
sieb. et Zucc. A

Fig. 23. Relationship between Volatile 0il Content of Zanthoxylum Fruit
and Proteolytic Activity of Pancreatin .

Enzyme activity was determined by Casein-Folin method. r,: correlation
coefficient. O, Z.simulance HANCE; A, Z.piperitum DC; @, Z. schinifolium
sieb. et Zucc.



Table 16. Effects of Parts of Zanthoxylum Fruit (Sample XV) on Prot-
eolytic Activity of Pancreatin, and Folin-Ciocalteau Reagent-Positive
Substances in Each Part

Part of plant® Activity®  Folin-Ciocalteau reagent-positive
substances (0.D. at 660 nm)

Control®’ 100.0®

Pericarps 25.1 0.606

Seeds 100.3 0.133

Peduncles and twigs 27.9 0.503

a) Five mg of a sample were added per tube.
b) Determined by Casein-Folin method.

Each value represents the relative remaining activity.
¢) No crude drug added.

d) Each value represents the average of 3 samples.

AEHOT 4 ) Y REBHEDEOR L OMICHEEARDOAEDEI DR
B UE (Fig.22, Fig.23) , Fig. 22ICRT & O IC, BHEEoSVWRBT
BEERGEHEZ2BEKTZE, BHoPLRWABCREHICSA2HEED /&
< (FHBIFR%E —0.854) , £, Fig. 2lcRd&oHic, oA TR
KEHEDT7 4V Y RIGBHEYES S FEL ThE GHEEAE 0.939) ,
BIC, BTORBAFNZLVRE IV, XVIL, XIX) CTRABEORL DL
., BHEBRLDLTHCT, LEF S TERICEAZEELDLTAITHOE,

6 HHRNOHFRIOVRTST 14—

Table 16, MRS ORI S VWERETCHEHOETHI®L, £, Fig. 22
KRTEIKE, ARFONMER L EREEREBHEL oMICHEBAELNRD S
NEZLEIS, Yy avhoBmoEAEBLERICBLIETREEBICOL
TRHELE, ERBLILHMEBLEERZNAY I V7FVICEMULEDR, A
HEETOBETIRIELALRDOhERD ok, LENS T, Bl BENERE
Z2fETHIPEHTEH L VWA, FHERLEHETER L oFEICHS 2 oBH#
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Fig. 24. Gas Chromatograms of Volatile 0il from Zanthoxylum Simulance
HANCE

Column, 2% PEG-20M on Chromosorb W(AW-DMCS) 100~120 mesh, 3 mmX3 m;
column temp., temperature isothermal at 50°C for 10 min then programmed at
5C per minute to 200C and run isothermal there after; detector oven
temp.,230°C; injection port temp.,230°C; range,512X0.01 V; sensitivity,
10°MQ; sample size, 3gl. 60



Table 17. Chemical Constituents of Volatile Qil
from Zanthoxylum simulance HANCE

Peak No.in Fig.24 Compounds

¢-pinene
sabinene

* myrcene
limonene, 1, 8-cineol
p-phallandrene
linalool
isopulegol
terpinene-4-ol
2-terpineol
piperitone

W00 ~T O U e OB =

—

WK, 1B ORBEMHEFICO VT Sakaidn*®? 2L, L OHRHE
BHL5H, EHERETORENFLVWED, 2OBHESCOVWTOHE
REED OHED BBEORTHE, 22T, SENELESF VY 3 IR
BOS>5, FEICOVWTHREFEO—RL LT, HArZOT M5 T74 —C
LOBMETORREZHS O EEHVWTIToE (RBI~III oH Y
U2 M5 L%Fig. 24iCRLE, ) . TOEER. A8, HREFRIER—
EBMTH-oTH, BHRIBRCABYOERDZZLAHESM Lo E, ¥
ZHH I limonene, isopulegol %, IIiksabinene, f-phellandrene® .
FEIII EisopulegolZ TN ENEFF L LTWE, FDMLIC, e-pinene,
myrcene, linaloolZz EMERABHFICEIThEVWE., Wb HREILRE T
BN —VERUEDN, RABTRZHLAARRTWS TTER L&) &,
AR TTER 2 8F) LEUOBHBS 286U TwE, RBT EREIIT
GRBUEE SRR SN, ATEE. RESSHASLLTRYRDATHES
DTH5H. AP OFHRAI/OaI M TSLEI, ITLBRB8 - V%KL
o



Z =

Vol avdBENBET, BROENAERCMATRARDSLHH
KRBT 2 &Ik, £, YU avdBtEEACEEIhbZ L
A%<, BREHCBIEITRHELER T ILENDH L0, BREHEND
HEBLABEY Y >avoRECOWTRIFLE,

Fig.20, Fig.21C, XYV L 7FUBLFMI SOV, a—FEIVTY
YERHWT, BEY Y avdorxr U Y REBEYEORLBETOT 7
—EEEE: oHBEERAREL S, IRETERCOHHILEBAHEELE
EARDLIE,

PravoBBERS0Y>b, EARNHERE2RLEHELEORE
Bcd o= (Table 16) . BEICIIFHEII S V., FHEAIHEOER
YETCEL VW, Fig.22, Fig.23CH > avrhoHeBL A B HLE
ROBREERB LT T 4V Y SBEDE SR & ORIC HBHE 1R
PEShEZEDS, Bl Zhs 2HZ0MCBAS»OBEBENHZZ L
AHEEIhE, EBIC, 74 YRICBHEYE O NIERE L BREHEHEOR
BEREESANCHAGDET, ¥R, VYV avoREosHE. FigE
REOHEDHEL UTIGAHATE D EEZD NS,

ZEY VY avRABBOBHRIOH A IO RN TS5 T4 —ICXBRE (
Fig.24) A5, BB L ILINE CRZOBRPICHELENBOOAEZ LD D,
WEOAERIHENCRRDOTHL L BbhE. ZHL ., EHOER
BHA7OI M TSTLONREA—UHL 2BECHHEIAELBHELTVWEAN
43 | K CORBCREDKESMMICHBEEIIBILAHEIIE, T,
HAED LB ICE FEELRL AEOBR, RPZ2RTHLOFRDBIE
ZeAn, 5%, EROMYEVES L LY, FENLFEFMED BRI
BAEhH>BENRH S,
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A A4 Z JRhubarb X, FLUTETZ2HMIC, EFARIKC., TEHETAHAER
HeLTHVShS, a5k, BREOETHRERAT, hokEr s
CEBECEAZh-LE b5, '

HLAYE, B EFELDO ORACKEL TWEH, HEEOERH A
AT OES, BRDD, —BRICHER L BEERO 2RKCANENS,
WfiETIC, FALBEITH Y avoBRERCELIETHELAN, £
WS ORECI>TTur7 —EBEHCEAIHBICERIADOIIE, £
ZC. AH, ¥4 AVomBRETHY . TERERRICTIHER. BER,
SHICHAEATEBEEATHW DIt RE (G ETRE - AEEIND XA
AT, ) OFFABEAHVWT, BROEAABMERETTRL,. TAXR
ATBALTER. BIFBLER. BAVWEBLEHCB L ETRE L., REHIC
HFEIT D7+ YRGB EDE L ORMOHBEROEFRICOVTHFEHICR
HqHUE,

HHBELUFHE

EBRMH

F4740 AU ERBIEEAELL, FXK10, LEEAKI3OHMAAB .
ZORE, K, WAL ETable 18ICRLELBYTH S, HERBEITAT
MEICLEDS, 300 OFERBLTHEEE—ICLE,

MR EBRCEAZASUPAR—t (KEEK) . EATFPRE—H
2,000 (Aspergillus oryzae Hi3k) . X Z L 7P7FY (U HEHE) . B
T a—73IF5—¥ (Signatt®, Bacillus BHE) . a—7IF—F (
Signath®, T AEEHEE) . B—73IF—¥ (Signatt®, KFh¥K) . b
U7y (Sigmatt®, JOEBEHRE) . a—FE MY TP (Signath B,
JYVEBHR) EHWE,



Table 18.

Effects of Rubarbs on

Activity tested Starch saccharifying Starch
Sample Enzyme source Diastase®®’  Pancreatin? Diastase®®
Place of origin prH 5.0 . 5.0

Control?’ 100 100 100

sSRcR

-1 3 # 67.7 51.2 100.0
II RERE 70. 0 21.7 98.5
111 A K 67.7 32.5 99.9
v il A 66. 8 44,1 100.0
v N H@EE 61.4 34.6 99.9
VI ABAE P REEE 65. 2 33.8 98.9
ViI EhE 81.0 51.6 100.0
VIII TN E 68.7 29.8 100.0
IX NN 76.3 5.2 95.0
X 1 =] 69.6 48.3 100.0
X1 XK 8 72.2 28.8 100.0

EHR

- XIX } — & 45.6 26.8 100.0

X111 60.9 30.6 96.4-
XIv - & )i 55.7 4.8 95.2
pAj } ) 85.1 30.5 99.4
XVl 51.6 23.0 92.8
IVII = % INERE 66.9 18.7 97.0
XVIII 59.9 20.3 98.2
XX 44.6 24.8 . 988.0
X 63.5 21.5 96.4
X1 g 56.3 16.4 98.9

JtHERE
IXI1 ~ 85.1 50.1 100.0
XXI1T }ﬁiﬁ‘ 62.3 40.7 97.5
XXI1V 57.6 46.2 01.8
XXv 57.1 35.3 94.9
XXVI O 57.3 28.2 93.7
XXVil > JbE B 63.0 32.5 97.5
XXVIII 80.8 25.1 93.7
XXIiX BER 81.0 48.5 96.2
XXX 52.9 25.4 94.3
XXX1 60.3 28.9 93.7
XXEII $48 % ) 58.6 31.5 97.5
XXXIII B BEE 70.0 32.1 99.9
XXXIV HESR } ’ 73.1 45.6 98.0

a) Enzyme activities were determined by the methods described in the Experimental section.

b) The concentration of each enzyme solutin was as follows :

b1)0.1%, b2)0.05%, b3)0.2%, b4)

c) Five mg/ml of crude drug were added to the enzyme solution except ¢1)(1 mg/ml) and c2)
d) No crude drug added.



on Various Digestive Enzymes

Residual enzyme activity(%)*

dextrinizing Protein peptic Lipid peptic Cellulose saccharifying

Pancreatint? Biodéa(s)tase“s’ Pancgeatin"’ Pancreatin®4) Biodiaif.gse':ii
. .5

. 5

100 100 100 100 100

32.4 89.7 37.1 82.0 73.6
9.8 93.7 22.9 - 51.3 70.0
12.2 92.5 2.7 - 57.8 70.9
35.8 9.9 - 38.3 . 84.6 84.5
16.2 90.9 32.8 82.1 68.2
18.3 94.9 32.9 73.2 73.9

- 42.1 92.1 43.8 82.1 67.9
20.4 94.9 25.4 77.8 53.9
3.6 89.7 15.9 42.6 66.7
60.0 100.0 ) 45.8 100.0 81.2
32.8 94.5 31.3 87.8 74.2
10.7 99. 6 21.7 84.2 50.0
1.3 89.3 25.8 75.0 ~ 68.2
1.0 88.1 13.8 65.6 64.2
16.3 90.3 30.4 88.0 1.9
3.9 100.0 20.8 74.5 52.4
2.2 95.6 20.0 66.8 80.9
bh.4 89.3 - 24.0 78.1 79.7
11.2 87.4 ' 18.3 7.7 52.1
27.0 100.0 30.8 70.5 89.7
19.4 87.7 24.8 66.4 44.5
62.5 94.6 52.1 1060.0 100.0
36.8 93.1 36.5 93.3 74.6
39.2 95.5 41.6 90.5 76.5
29.6 100.0 39.7 74.4 71.3
13.7 100.0 30.2 81.3 76.0
18.8 99.1 38.6 79.4 71.8
17.3 94.6 38.9 84.4 72.6
44.9 100.0 43.5 87.5 83.3
19.1 100.0 37.0 4.7 71.3
15.9 92.2 37.2 78.0 71.2
23.5 100.0 33.2 100.0 72.3
30.1 92.1 36.3 95.1 61.2
45.4 93.3 53.8 100.0 78.7

1.0%.
(10 mg/ml).



2 BRIMHONE
AEEROFEHNELRR., BEEMA o DERELELE L THRE—BRICHVWDH
T HR—RARE (FREMUERIEEY FOBLIARET ) 2¥HLE,
HLTIRBRE., TARARELLT). TASAMED. EABFE, BN
71, BAWEBLDCODWTiTok, SERBROREX., EHEE 0N
AERBRECHMIT>BEANLLE, M3 7RBE., KC—ERECED
U, BRBBICIERHZEE, 28, IR HEEBEOZEp HMHET
fiok. $&bb, D74, BATPRAE—E, A7 A4 —F,
B—7I5—EBDOTCARAHENEPH 5.00 XU VPFY, a—FIF
—EDCARAHIENEPHT.0, BFTS7RA2—E, 3A7RXAHA—-F¥D
EABEBENEDPH 3.0, X UVUPFrorAENE{LEpH 8.5, MU
T, a—FEMNITOVOEABNHEITIEDPH 1.5, XVIVFPFUOD
feiid{tHixp H 8.0, EAT 722 —FovAWERE{LIEpH 4.5T%
hehmatLUE,

8 £

1 F4A00BEBHILBRCSLIETIZE
BZEAA AT OBLBRICL D CARABILT BELDEBBLE) . &
ABEEIET. BB, RAVERBILICSIETREBEZRFLE., BR
%*Table 18Ic/R Lk, BRE. BFBECEAEILZZLNZVWITPRE—E,
EAT7AH—EBIUONRYIV7F Vv EHVE, TARARLELNR, OF
28—, RYIVF7FVEBEHETIRDOIEDN, TOBE TRV
VZ7FVOHFPFBEET, a2 ba—VICHEARTS5~52%ICETLE, TAR
AL, STPTAA-BoEBRELALEEERZTRVWA, XVIL7
FYTRTASABLILRARE,. 1 ~63%ICETLE, £, EAHBILN
F, EAT7RAA-EBOBERLALHEBERZTRVWA, XYILVFPFUT
BEHEETAELL, 4~54%IKETLE, £, NIV P7FVORBIE



Table 19. Effects of Rhubarbs on a-Amylase and Proteases

Residual enzyme activity(%)*>

Activity tested Starch dextrinizing Protein peptic
Sample® ¢-Amylase’ 4V -Trypsin?? ¢-Chymotrypsin??®
. 7.0 7.5 7.5
Control® 100 100 - 100 100
I 18.7 34,7 59.1 86.4
11 5.7 15.8 29.0 47.5
111 11.1 23.3 49.2 60.4
v 23.7 50.0 92.8 95.4
v 20.8 40.7 58.7 72.8
VI 15.1 31.2 68.4 66.2
VII 37.6 63.9 77.2 92.5
VIII 16.1 36.1 68.3 60.0
IX 0.0 2.2 33.6 15.4
X 37.7 54.2 82.5 88.8
X1 17.2 29.7 75.4 72.7
X1 5.4 18.8 64.5 40.7
XII1 5.7 19.3 72.0 54,5
X 3.8 10.4 54,2 34.6
XV 12,2 35.6 68.4 53.8
XVI 2.9 7.4 41.2 32.17
XVII 0.7 13.4 60.7 45.3
XVIII 8.8 16.9 58.6 39.6
XIX 2.2 11.4 74.1 48,3
XX 24.4 31.6 70.0 68.3
XX1 5.7 23.8 61.3 51.4
XX11 44,1 70.4 94.8 90.8
XXIII 15.7 25.6 74.1 88.7
XXIV 22.5 39.6 89.1 85.4
XXV 12.8 25.6 82.2 77.0
XXVI 11.8 24.4 70.5 67.0
XXVII 14.1 23.6 81.5 72.8
XXVIII 16.0 25.2 88.1 75.3
XXIX 33.5 50.0 92.2 87.2
X 12.8 22.8 84.8 75.1
XXXI 9.8 20.4 89.5 74.7
XXXII 14.7 27.2 79.0 71.0
XXXIII 15.4 35.1 92.4 79.9
XXXIV 22.2 64.3 94.1 91.5

a) Enzyme activities were determined by the methods described in thé Experimental
section.

b) Five mg/ml of crude drug were added to the enzyme solution.

c) from Bacillus species.

d) The concentration of each enzyme solutin was as follows: d1)0.01%, d2)0.002%.
e) No crude drug added.



{tH, EXT7 AR —EORAVWERELLTD TN ETLETOEEEKTAIRD
Bhlk, BB RVIVFPFVORERACBLETHAZTVOREBEZRETL
ERE. A—4%8CETASABILIARbERBEEEILE,

2 PIS—-E¥HLIUTOFTF-—EPAOEE

HREBCEREEY, T/ A VOBECIVETE TS, B—BR
ELT7IS—EBIUTTusr7—E28F, ¥4 2 90EEBICODWVWTRE
L. R %Table 19IC/RULE, RIGpHIZ, #BEOBFEp HEL LT
fToEMN, BacillusBH¥EDa—7IF—EiZ, FEEICS W TpH 5.0&pH
7.0 TOBEEFAZFIEELWI LIS, pHKCBT27I5 —EEHENDE
BERFLE, a—T7IF—EoEHR, KIGEOp HAT.0L Y 5. 005
DEOHES23Z, pH 5. 0CIIEHEAN 0 ~44%ICKTLE, ££pH 5.0CH
LWIEHET2RUERBZY, pH T.OCB W THROWIBEHETARD L

—Fh, 757 B UL TR a—7IF5 - BEEHEFELIEHEKTER
&)bntﬁi)‘jf’:b‘\ MUY C29~95%, a—FE MY TPV T15~95%
KETULE,

HFRERICHLT, PEEOHEEEEZ RULEASAATRABIIZAWT, &
MR 2ToE (Fig.25~27) . &b, SMRBBEORER. CARAE
LA 7 A —E0.15%, CASABBIEAZS7AE2—F 0.1%. EA
HEAETTRENR Y7L 7 F20.06%%2FK¥EL LT, RITRABEOLEHL RS
IO RBRBRETMUE, Fig. 25T, CTASABLELICBXIETEES
BRIFLEEE, BEYHEROELLF S P 2AA—F, AAT7RAA-EFE. ¥
427 0ng/mlic k> THIFLALEHRETRA ORI oE, LAL. B
HW7Io—FETROWThABBWEHHEEIZD DL, L KT HEBHEKD
a—7IS—FECRLBECH-E, Fig. 26T, TASARBILLICBLE
THEERFUERERE, D724 —E, EFATV7REA—E, FAYPRAE—
BREEEZFIC WA, NV ILFPFUBECa—7 3T —HCEBET
AELL, TAEBEXODa—7IF5—FCTlR, X447 1lmng/mlickoT
REICEKELE, EBIC, Fig.27TC, EABHELICBLETEZEERFL



EHR, BAST7 A - VPREBEHEETHADTHTHIDICHRT, RiFY,
NRYITUV7FUTHHEBRENIAEL, ¥4 247 10ng/nlic & > TH20%IC
BETLE. BRTOT7 —EeNRV I VP F UL RBOBERAERLEDR, &
HETRae—FEMNITOVIUB MYV THRAERSE,

100 100

50

Residual enzyme activity (%)
Residual enzyme activity (%)

0 5 10
Rhubarb added {(mg/ml)

Rhubarb added (mg/ml)
Fig. 25 ' Fig. 26

Fig., 25. Effects of Rhubarb on Saccharification by Various Enzymes

Starch saccharifying activities of crude digéstive enzymes and
amylases were assayed in the presence of varying concentration of
rhubarb(sample II) solution according to the method described in the
Experimental section. O,diastase; @,biodiastase; /\, takadiastase;
A, pancreatin; [, e-amylase from Bacillus species;, ¢—amylase from
porcine pancreas; X, f—amylase from barley.

Fig. 26. Effects of Rhubarb on Dextrinization by Various Enzymes

Starch dextrinizing activities of crude digestive enzymes and
amylases were assayed in the presence of varying concentration of
rhubarb(sample II) solution according to the method described in the
Experimental section. O,diastase; @,biodiastase; /\, takadiastase;
A, pancreatin; [, e—amylase from Bacillus species;l, ec—amylase from
porcine pancreas; X, f—amylase from barley.
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Fig. 27. Effects of Rhubarb on Proteolysis by Various Enzymes
Proteolytic activities of crude digestive enzymes and proteases were
assayed in the presence of varying concentration of rhubarb (sample II)
solution according to the method described in the Experimental section.
0.05M Lactate buffer, pH 3.0(for biodiastase and takadiastase), 0.05M
phosphate buffer, pH 8.5 (for pancreatin) and 0.05M phosphate buffer,
pH 7.5(for trypsin and e-chymotrypsin) were used. @,biodiastase; A,
taka-diastase; A, pancreatin; [1, trypsin; WK, ¢-chymotrypsin.

3 BRIUNOBBLIAUUREENDELOHBMOKRS

A ZIRABPICRSRO T4V VY RICBHEDENIRDO W, ZBEDE
BICIYEABROFBHELSTHTZZLAELONE, 22 ¢, 2RBH0
T4V Y RIGBHEHEOREZREL (Table 20) , ZABEROBREEEME (
Table 18, 19) L OO MHBIMEEREFF L= (Fig.28~30) . KR, &4
K74V YRICBHEDEN S ORI, BRI ETEE2 LA
phz, £, ~READEIBHRIA AT BRI PRL, BERYA
AITHWZ L HBERENE (660 mmTOBRNEEOTHMEIE, SMEAED
0.309, FEFAY 0.655, ) . €2 T, ABEHMBRLEER, 2BicIiEX
BLicaML, £2ico0wWT 740 Y RIGEBHEDHEER L BHEME L oHBE#
EDWTRFELE,



Table 20. Absorbance at 660 nm of Various Rhubarb Samples by the
Folin-Ciocalteau Reagent

Sample® Asso® Sample® Asso®
I 0.285 : XVIII 0.654
II 0.332 XIX 0.709
I1I 0.308 XX 0.434
v 0.382 XXI 0.724
v 0.444
VI 0.303 XXIT 0.225
VII 0.222 XXIII 0.435
VIII 0.318 XX1IV 0.311
1X 0.327 XXV 0. 450
X 0.201 XXVI 0.560
XI 0.281 XXVII 0. 387

XXVIII 0.481
XII 0.567 XXIX 0.255
XIII 0.629 XXX 0.489
XIv 0.930 XXXI 0.489
XV 0.485 XXXII 0.450
') 0.672 XXXIII 0.517
XVII 0,744 XXXIV 0.210

a) Three mg of crude drug were added to 22 ml of water, shaken
well for 10 min, and filtered. The filtrate was used for the

color reaction with Folin-Ciocalteau reagent.
b) Absorbance at 660 nm was determined by the method described
in the Experimental section.

Fig. 28T, HILBERDOAERAICOWTRIHLE, 2055, 2L xiENY
JVL7FroEABBIERATE, BEoMoMHBEERIE. OL£RABKHO L
T —0.670TH» 54, QOHMBKE (I~XD) T —0.412 (74U VR
B E SR %3660 mmTORNEE % x B, BEE®L yH#iL T2 L,
ERERy =—57.7x +49.5) \ Q@RH (XII~XXI) Tiz—0.886 (y=
—33.2x+44.8) . @it#EAHE (XXII~XXXIV) <k, —0.889 (y=—
51.7x +60.8) Lok, BMERLCOVWTOHBREWSE, GIVBEUV
ERVEBAOFREIE—0.911 (y=—202x+83.7) LAY, BLAOHEY
BELNE, BB, @IS 2RBERERCMALBE —0.921 (y=
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Fig. 28. Relationship between Various Didestive Enzyme Activities

and Folin—Ciocalteau Reagent-Positive Substances in Rhubarb
Enzyme activity was determined by the methods described in

Experimental section. O,Kinmon daiwo; A,Gawo; @,Hokkai daiwo.
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Fig. 29. Relationship between Amylase Activity and Folin—Cibcalteau

100
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- Reagent-Positive Substances in Rhubarb

Starch dextrinizing activity of e-amylase(from Bacillus species)
was determined by the method described in Experimental section. pH
of reaction mixture was adjusted at pH 5.0(0. 1N sodium acetate buffer
was used.), or 7.0 (0.1N phosphate buffer was used. ).

O, Kinmon daiwo;/\, Gawo; @,Hokkai daiwo.
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Fig. 30. Relationship between Protease Activity and Folin-Ciocalteau
Reagent-Positive Substances in Rhubarb
Proteolytic activities of trypsin and e—chymotrypsin were determined
by the method described in Experimental section.
O, Kinmon daiwo; A,Gawo; @,Hokkai daiwo.



—40.1x+49.8) %Y, QLEBLTH T VEIR W, = OEFIMORE
RCOWTHEERBICRDON, NIV FPFUOTASNABIIERICS
WTH, O—0.705, @—0.360 (y =—"T4.6x +57.8) « ®—0.866 (y =
—48.1x +53.8) . @—0.884 (y=—67.0x +63.7) , ®—0.762 (y =—
250x +105) . ®—0.909 (y=—56.Tx +66.0) L&Y, Q&Y HOHH
BiENAT, 2EQLOFRBE TS E, COZLiE, P7I5—BHLU
Ta5F7—-FBIOWTHEABET (Fig. 29, 30) . < CBacillusBHXD a
—73I5—+¥ (pH 5.0CGHE) Tk, @ —0.953 (y =—265x% +93.7) T,
BOTHOHENEO hE, LZ5 T, BELILEAKL CRERBERICK
ERBVREDOALD LD, TV Y FEBEWHSRE 056025
LUTHETEHL ., EAKTIRVZ EAHHELE, '

Table 21. Effects of Some Components of Rhubarbs on Proteolytic
Activity of Pancreatin

Compound®’ Residual enzyme activity(%)
Control® 100
Sennoside A ) 97.3
Sennoside B 86.0
Rhein 99.0

a) 0.02 mg/ml of each compound was added to the enzyme solution.
b) No compound was added.

4 FAF0ROERGFEBRELE OBRE

HAZ T L DBREENOREDYN, AT T72 ) Y RIGBHEDEL O
MICEFELBEESASH D ZeABDOAEZ LD S, HEOKKDF 74U VR
ECRIET 5O THBTREES SO hE, X4 TRIHOB TR T
$»% sennoside B, ZOMICL HEHEANDEEL2HE A, semoside A |
sennoside B « B& T rhein2 HWTNR Y I L 7FroEAEBILERACS
JIETHBEBERFTLE (Table 21) . ZOBE., Zh5{LAWIC L 2 EHRE
TERHTAITHY, 2RSSR LEREHE L ooHBEH RD S h i



AoEZEDL, ChALORDBAAATHOMERE L ZHEEDS RV L
PR hE,

¥ =

HAZTR, FYF7FH, AV I, i, 2INRISoREEEICH
NT, HEERCESSNEAT B L, BE, HTREBEFD 7 %R
BERATVBY, LAL, A ADRBTELLTHATI®BLH2L, &
KREERICEADFBL2ERTIINENDDZ LIS, BXOBREHICH L
FTFBICOVWTRILE,

SEORF T, ¥4 A VR —BOEROIERHEZRBRVT, CASA, EAH,
e, BAWEDEBLEREEICH L THENRSD S hE (Table 18)
EiC, CARANBILIERHREAS 722 -8, AAS PR —ERPoHE
[WRERA DN, DTARXASATOHFETEEMETFTLUE (Fig.25, 26) .
FHEHSE, Yy 1eick 2207 IS5 —PEEEZERICD WT, Somogyi-
NelsontkZ vy, A—p HICBWTHRHFL, PiRY, BHOBTRES 724
—ETRELEFI7RRA—EBT/hEanZ L 2HELTVWE*® , —F,
AT, FAT VLD TARABILBROMBHED, F—BRICHL
THHELD LB WO NBFEOMER, *DICREKp HOEKC & -
THRBZZLEWBHICLE, LZAHT, HLAIDBPIS—¥, FuF
7-ELOREMBOBHELHZCHHLEZ LAS (Table 19, Fig. 25~
2T) | WERCEALESBA0. BRECBIETHEET TR, B5L
B, BroARBRCEAPEEB I ODVWIHRHTINENHZLEDN
. :

Fig.28~30TC, A4 A U7+ RICBHEWEOR L BERREHME
LOMBZFEMICRELEDY, RE2REZLICHHLESE. 2o
BELLEBAECLLKCHEET, SO >VTH 2B (IV, V) 2BTIE
BHTHOHBEFREAFIEOIE, COBRKREO 2RABEREICED TR



KRFLTH, BEOALCODWTOHBFEAS L URRBERICIIZLALE
EABLNT, LEDFDT, ZO2ABRIERICELODIDOTH L Z LR
wahk, £, AT 7+ UREBEDESROZED S, HE LI
BAEONMENTHRE BB EARBEAE, 25, EEOHEN LEE
ZIRRENEBRIEABNRY IV 7 F O TASABLIER L BIB{LIER
BEUTEAABLERTHo £,

=55 4 &5 2 o 2o BEISEHEFEE oo S
)i =1

SMECT, M, Broay, A A VFBCEET S I+ Y RIGH
HYEIBEREELEHRENIH D LBARRELE, 22T 2HhdOBERE
HE2BABLEEEDSS, BHOTEETCREDBENSL ., TERATK
BEMEND ZEFNSV T A LICDWT, BEHEDHEOUHEORHAB LT
REEZfToE,

BB oBEEREHZERFL LR, AoV AR OBREEDE
BENEXAONDS. TALFOBRHEEWHICDODWTR., 74U ¥ RGHHE
WE L OBEEEL O AV VROYPETH D Z LAMBINED, TOXE
COWT, aBicHMICRITz2ITo =,

MHEHBLUBE

1 RBHMH

4kt RBHE, E3IEB/IBHBICBVWCT, EAHBLEEZ2RD R IH
LEREREHWE, 28, ARBEBRICLEDS, 300im OFEEL,
MEEH—ICLE,
BER:XYIL7FY (DVEEHXR) . PUTY Y (Signa #8, 2[H
B, TR, 12,000 BAEE units/mg). a—FFE MU TS (Signa



H, UMM, 3EER&S. 46 wits/ng), ANRFSRTFH—HFA (
Sigmatt B, 2 BEEMR. 46 units/ng) Y TFUS Y BPN’ (Signath®l,
BRES,. Bacillus amyloliquefacience 11 units/mg) . IS4 Y, T A
G4V RTPY (WFhbFEES) 280k,

2 BREMOBTE
NVIVZ7FVOBERBHOUER., F1EHS 1FoLdYfisk,
g, NI Lv7PFVENoTuTr7-EBoEHIECE, VLU T7F
VEBBROMDYICELZOTOTF 7 —EENRY I L PF0.05%BE COER
CREHEECRZ IO CHEBRE2NTBLE, 28, hE¥S VEBKDODPH
BhMUTOY, a—FERNITSY, $TFUSY, XL Y, ALRFY
RIFHA-—FACHLTHE 7.5, TOAS L ViCiE 4.5, RTPViCE 1.2
CHBLTHWE,

3 HHBLUER

A4 lgkkY, 25%T R ) — IVEKSOM % A TABET 2 RRMRE
Lk, TH)—JVEEBEE, KEMATH00] (4 LK 20ng/nl oK
CHYEY %) L, BHFa—T (HRB.6mOERAFX Y O —AFa
—7) AR, 1,000 nloZEBKICH LU T5CTURMBRLE, A EES
BOECYWEHLBHF 2 —THOBH L A< k3 THEL YD X, AER
ELHTCEMIC B2 ETHERMBELE., NBELBHBLEAKOEZ Lnli LY,
NI VPFUOEARBILERHICBLETEEEZR/NE,

4 REpnH

A VB EREBERET S HEL U T, ALCAREE*Y Xz kpans
Z2irok, WBHALERY (ZRH4 gHYR) 24850, ZLCHIRED
BIRIETCHONENE., M. KBFHE (X1 bk 20ng/nloHhH#&ICH
Ug3) BEE 0.1%BHL Y= VEHK (1 ng/nl) 16nl%MA, 25CTLO
SHERED LEDOS, EHLEMISHSICEEBL. BEE 2 1nlk YRy
JV7FVOEARRILEHEICB LIETHEELT/ANE,

5 For—€nl



BHEWHCHT 27 0F— ARG BEERHE TS0, BRSO —
Prgmat, HEEEOE L RELE, KIGERE, 0.1 8 U Bl
B (pH8.0) 3.9 ml (A ER200 ngici%T3) & 0.8%70F —HEH
0.1 ml (800 gg) &L, 37CTA Y% a~—hLE., 5REMECRMET
 REEBEHS0.1 0l (r{beXK5mgk FOF—H2, THDBIBFOSY
BEICHYSTS) 2LY, AYILPFYOEAHBLIOELERARE,

= R

1 SAERBONRVILVZFUAANLERCELIETRE

9, yMeRAB% HRAERRETORBEEREE: B T, FilEs.
KBRS LI UCRELICHBEL ., SR OBREHICSLIETBEL2RG
LE. E%Table 22IRLE., BHEETR. A0 KBTI ICRD L
RHoh, RECHETROONEDN, BRRSICIEHEAHFEHERD S
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Table 22. Effect of Each Fraction of Cinnamon Bark on the
Proteolytic Activity of Pancreatin

Added®’ Residual enzyme activity(%)®
None®’ 100.0
Volatile oil fraction 100.0
Water-soluble fraction 75.9
Residual fraction 80.7

a) Each fraction corresponding to 5 mg of original cinnamon

bark sample was added to the enzyme solution.

b) Enzyme activity was determined by the Casein-Folin method.
Each value represents the relative remaining activity(%).

c) No fraction was added.



Table 23. Effect of Various components of Cinnamon Bark on the
Proteolytic Activity of Pancreatin

~ Compound® Residual enzyme activity(%)®
Control® ' 100.0
Cinnamic acid 101.9
Methyl cinnamate 90.6
Cinnamaldehyde 97.2
Cinnamyl alcohol 105.3

a) 0.1 mg/ml of each compound was added to the enzyme solution.
b) Enzyme activity was determined by the Casein-Folin method.

Each value represents the relative remaining activity(%).
c) No compound was added.

Table 24. Localization of Antiproteolytic Activity of Cinnamon
Bark after Dialysis

Added?®’ Residual enzyme activity(%)®
None®’ _ 100.0
25% Alcohol extract 6.6
Inner solution 31.5
Quter solution 67.6

a) Each solution corresponding to 20 mg of original cinnamon

bark sample was added to the enzyme solution.

b) Enzyme activity was determined by the Casein-Folin method.
Each value represents the relative remaining activity(%).

¢) No fraction was added.

tube (F AL 5ngHCBRE2%EE LB LEELELEDR) OEMTY
EHETRIELAEERDSAT, CADOPHEIHEEYE L TR ELZ2LDT

5B ELAHBELE,
2 A4k SER

EBRFETRHRUEBRIECLEN Y, YA ED25%T A ) — Ui % B
Lt%t?hf‘Nyau7fy®tAE%mEﬁtﬁxﬁT%§%&ﬁb



7= (Table 24) . ZD®KER, BHFNE - AEOVWTHIC L > THEREHN
EXROLN, LHABHABOHPBLEHEHELE., AERB%&HE T,
TALHOHE M T HEHZEOYHIBHE2RACEBT I L VWO
RooWET LRRLBFRE->E, LAL, YA eFoT 4V Y RIEEKE
HHEEIAIARY S BHELXEBLTHY, Y f1eRicEET 2 Tausr7—
PHEYE IR —PETCE LW LAREILE,

EHIE, FAeHIHBEE2 AR N SR IVOBHF2-T2HWTHTE
1,000 BAF. 1,000~2,000, 2,000~3,500, 3,500~8,000, 8,000~10,000 .
10, 00054 4 4 L BERISHICHN T 2 B ERF LE L 25, £FESCHE
{ERARD B,

3 B-ZHVHAVSIVRCHIZIRENE DS —-E0H

4 eRABHOBREWHEDY., 8oF (AFRL1AUE) oABHE OT
P—EAYEER -—THHREHEDIEIOND LD, ZOHEBHICOVWTR
HFLE, 9. HEDHo#L p HICHT IR ERZRFLE, KE2Fig.
BLCRULE. Y4 b d0. 18D Y ERIER I (pH 8.0) #pH1 ~11ICFREEL .
100C TR CTREZ2ToEER, B, L <IiCpH L. OTRHFFEHEDN
ZULLETL, A OBOaLBEYEECED, pl 5.0l ECRREM DM
AMTHLBRWHEZRL, PIVAVCHULTRBH TEETH-E,

DEIC, HEYHIAEAHES 2 WENRTF RoHE, B Tuor—EL
OEMICEY, ToF7 —EBICHTIHEEENMET T2 AL, Tust
—ENEEfFTok, HREFig32iCRLE, U VBMEE (pH 8.0) icJ/o
F—E23TCTHRHE CERASEEDN, HEEHOETRIELALERDS
hxdok, b, Jur—EomEngid. —RCEBBET PO E2H D
ErBETusr7 -4 e -olEH N2 BRHETCREZEIDICT
NLBTH5,

4 EHRBiCs B

HESIHCBNT, rf1edhoor ) YRIGBHEYE L BREL L o
CHBEBEFRAALNEZLDS, HEWEN Y Y =BTz ) — vk



100

pH 11.0

*
>
EE)
-H
»
-
3
8 50
>
N
[o]
)
-
|
5 pH 1.0
Lal

0 ! J |

0 5 : 10 0 5 10

Periods of heating(hr)

Fig. 31. p H-Stability and Thermo-Stability of Inhibitor

Inhibitor solution was heated at 100°C for various time intervals
at pH indicated. Then an aliquot corresponding to 10 mg/0.38 ml of
original cinnamon solution was added to the 0.02 ml of trypsin solution
(240 BAEE units) and protease activity was determined.
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Fig. 32. Pronase Digestion of Inhibitor

The reaction mixture consisted of 0.1 ml of extract(corresponding
to 5 mg of original cinnamon bark) and 15 units of pronase.
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Table 25. Effect of Hide Powder Treatment of Dialyzed Cinnamon Bark
on the Proteolytic Activity of Pancreatin

Added® Residual enzyme activity(%)®
Without hide powder With hide powder
. treatment treatment
None®’ 100.0 100.0
25% Alcohol extract 27.9 32.0
Inner solution 44,8 46,4
Quter solution 79.9 96. 9
Tannic acid®’ 92.0 91.5

a) Fach solution corresponding to 20 mg of original cinnamon bark

sample was added to the enzyme solution.

b) Enzyme activity was determined by the Casein-Folin method.
Each value represents the relative remaining activity(%).

c) No fraction was added.

d) One mg of tamnic acid was added to the enzyme solution.
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Fig. 33. Lineweaver-Burk Plots of Proteolytic Activity
of Pancreatin in the Presence of Cinnmamon Bark
@, control; A,5 mg of cinnamon bark were added.

1/v

| ¥ ]

0 16 32
1/(s)

Fig. 34. Lineweaver-Burk Plots of Proteolytic Activity of
Pancreatin in the Presence of Dialyzed Cinnamon Bark

@, control; O,25% alcohol extract; A, inner solution;
A\, outer solution.



Table 26. Effect of Preincubation of Cinnamon Bark with Substrate on
the Proteolytic Activity of Pancreatin

Residual enzyme activity(%)?

Sample® Assay method Starch dextrinizing Protein peptic

Control®’ Standard method 100.0 100.0

With cinnamon Standard method?’ 11.9 47.0
Modified method®’ 69. 8 84.0

a) Enzyme activities were determined by the method based on the
approval standards for the manufacture and import of gastrointestinal
crude drugs.

b) Cinnamon bark from Kwangnan was used.

¢) No cinnamon bark added.

d) Cinnamon bark was preincubated with pancreatin for 5 min at 40°C
and then substrate was added.

e) Cinnamon bark was preincubated with substrate for 5 min at 40°C
and then pancreatin was added.

Table 27. Effects of Cinnamon Bark on Various Proteases

Residual enzyme activity(%)®

Sample® Protease Trypsin ¢-Chymotrypsin Subtilisin
pH 7.5 7.5 7.5

Control® 100 100 100

Cinnamon bark 16 22 39

Residual enzyme activity(%)?*

Sample® Protease Papain - Bromelain Pepsin Carboxypeptidase A
pH 7.5 4.5 1.5 7.5

Control® 100 100 100 100

Cinnamon bark 56 67 98 20

a) Enzyme activity was determined by the method described in the
Experimental section.

Each value represents the relative remaining activity(%).
b) Five mg of cinnamon bark were added to the enzyme solution.
c) No cipnamon bark was added.
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Cinnamon bark powder

extd.with AcOEt Celite
AcOEt
Residue AcOEt ext. ———concd. —fr.1
extd.with H20 Acetone
———concd, —fr.2
EtOH
Residue Ho0 ext. ——concd. —fr.3
extd.with EtOH

Residue EtOH ext.—

Fig. 385. Extraction of Inhibitor from Cinnamon Bark

Table 28. Effect of Elutes from Celite Column on Enzyme Activities

Residual enzyme activity(%)®

Fraction®™

Starch dextrinizing Protein peptic
Control® 100 100
Fr.1 (AcOEt ext.) 37.0 18.7
Fr.2 (Acetone ext.) 26.8 23.7
Fr.3 (Ethanol ext.) 2.0 14.7

a) Each value represents the relative remaining activity(%).
b) One mg of each fraction was added to the enzyme solution.
c) No fraction was added.
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Fig. 36. HPLC of Ethanol Fraction froﬁ Celite Column

column, Wacosil 5C18 7.58X300 mm; solvent, methanol;
flow rate, 1.0 ml/min; wave length, 254 nm.
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Fig. 37. Infrared Absorption Spectrum of Inhibitor from Cinnamon Bark
IR spectrum was performed by potassium bromide disk method.
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Fig. 38. 'H-NMR Spectrum of Inhibitor from Cinnamon Bark
solvent: Methanol-da.
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Fig. 39. p H Profile of Dextrinization and Proteolysis by Gastric
Juice and Intestinal Juice

Starch-dextrinizing and protein-peptic activities of gastric
and intestinal juices were assayed at various pH according to the
methods described in Experimental section. As buffers, 0.05M
lactate buffer(pH 1.0-3.8) and 0.05M phosphate buffer(pH 5.4-9.0)
were used. O, dextrinizing by intestinal juice; A, proteolysis by
gastric juice; [,proteolysis by intestinal juice.
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Fig. 40. Effects of Crude Drugs on Dextrinization by Intestinal Juice
Starch-dextrinizing activity of intestinal juice was assayed in
the presence of various amounts of crude drugs according to the method

described in Experimental section. O, cinnamon bark; /A\,zanthoxylum
fruit. Values are the means=S.D. (n=3).
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Fig. 41. Effects of Crude Drugs on Proteolysis by Gastric and Intestinal
Juice

Proteolytic activity of either gastric or intestinal juice was assayed
in the presence of various amounts of crude drugs according to the method

described in Experimental section. O,cinnamon bark; A, zanthoxylum fruit.
Values are the means+S.D. (n=3).
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L. R%EFig dlICmUE, 9y PEHR S ilicHT 2 B ER2FARERKR,
74 & 5ng/tube OHEMTETORTARDSIE (93%) LS, 2hv o
AERICL2BBIILALRD AR E, £, BH20LICKHT 2 BE
FREFLUEMEE, 71 & bng/tube OETEMIC & > TEHEN8T%IC, > =
7 5mg/tube DIIMIC & > TEHDCA%ICHB =, BEO TASABEIL
RN THEALAROERAGE L E,

¥ =

FALBIUTY Y avi, Sy MNDPOERUEBREBIUTBRBICMAT
BMETEHOLEHERFLED, BHOEAHBEIIRZADDAERICE D
B2 E-oE<%FT., BREOTASABBILIS X UEABBETIAAH
hE, 22 kid, in vitroCHSEFTCRFLTEE, ZhsOERI LAY
PARA—EREOMEBTIERAT IBEROEAABLI2IHEST., —F.
Nyau7?y%®ﬁﬁﬁ§§w?mshﬁmﬂﬁxﬁthB%mﬁ%ﬁ%
CHHLEoLAROERL - E, T2, F1EELIHTH, ¥1EHFE
MoyBashaRITIrvRoBETusT 7 —ECoEH2HEE Lo ES
EWD, ZALOEEOEECE>TH, BERCTIEAT 2 Tusr 7 —E%
BEHEHEZZTFI<WbDEFADIE,



=55 2 F3 11 - IO 7 =X oIk I =
I RIEFE T AEFEDFEEE

B1IHT, YDOURXXIIDOBBEFORREHES I LBETH Y a vk
MCE>TETLEZLDLS, B350, FAERBLTY VY a v D
Kﬁﬁ%&n%Xit&§Lt®5‘”ﬂi?5N»Lt7w7$y%&m
FICHES- LT 1I-Fadroih BT 2R Z2LICE>T, 2THhD
EROBLESOF7 B bLIETHERRALE,

HEBLUFE

1 RBWH

43 : ¥4 & (Cinnamomum cassia BLUME, thEIAEEE) ¢H¥>> a3y (
Zanthoxylum piperitum DE CANDOLLE, EHEREZBARBE) 2HVWE, 23H
BIRTBERICLEDD, 300m Oz B L TRIERZE—ICLE,

2 2 =7 TV0HE (BRN) CELETEROZE

125 | _P T I OBER : 22T (NENEB, NEW-0334) 1nCi %, 7
O3 IYTPP°OEKEAVT, #ME7INT IV (Signa &8, 757> 3
V) BEUBHE7ZIVTIY (Signa #8, /U —RIID) ic&EHL., 5L
98 (Sephadex G-100) 27V EEEHL L, CoEBLLEWE. T Th
20%DEMFEFPINIIY (BSA) BLUHA7ZIVITIY (EWA) BEIC
HEALU, 3nl (PILT I V600 mgEH) HIC S5 CinBNEEZETH LI
Lk,

125 =7 TIv0E5ERM  ERICE., VistarREEHES Y b (9~
10384, {AE250+10g . closed colony) 12Vi% w2, BSAHEDS v
ME, EXBEERLZTOOY MO -UREL3ILTO2ERICEL. 18H#E
CRERARETo>E, EWABREHICOWIHRARBRKCT - £,

4R L ES v MiC, B4FKI0%KBEHR (100mg/ml) 1nlZz#EO&ES5



U, 08, STCICFRUTBWE 25T — P LTI VI Snl (5 4Ci, 7
WITIY 0.6g) 28NBELE, I —PLTIVEEHE, THhFNL30
o 6043, 1204, 1804r%8, BRIMICIEHBETCoy h2EE L. THFEH
58 300p 1ML =", arbo—JLik, EBKBEOI DY ICKEHEE
U IFRERICEIEL .

BHEONEEHE @ BEUELBEDID 200 11 2/hRBECLY,
Packard ##8! Auto-Gamma Scintillation Spectrometer 5220% THUHEE%
WELE,

g R

Sy o, EFKER 100 ng/nl 2 @05 L, 1048 2°T —BSA
51Ci #BTV20%BS AWM 3nl %2085 U, SRR IC I O BN 88 % 3
U, EXRHE50T Y bombHHEL i LE (Fig. 42, 43) .

BSA2BEUEBEOREREZ2Fig. 2R L E, SBNICSTOBINES
WELELZS, EREHEDOS Y MELEBRLTEEZERELALEDD
ok, Y2 avsBELESA0600BOBHEN., 2> bo—Jb
CHAT%ICETLELSMME, MBUNOETCHoE, LENST,
BSADOHILRIRE., YrI1eBLUH Y avoRE k> THELZ TR
WZEARBEHL MRS E,

EWARBELEBAOKELFig 3IcRLE. BSADBALEROR
HeBZhorkd, FA{LxERY YL avoEIC LY MERHEENMET
LE. LAd, FILdYs 3> avoARBVMET2RUE, <30
DETE. YA EFNBHDNEZ% THIDICH LT, Yy ay cided%bic
EKFLE, CORTORE, Y>> avolded 604, 1204, 1804 L. B
Mo Lbic/hahy (FhENS0, 84, 96%) . ¥4k, ¥ 3
Ed 18R TERENBLL B0k, B, SEMUETEIY O —
LRERFOAY Y MRICRZZLE2ERL TS, LEN>T, EWAK
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Fig. 42. Effects of Crude Drugs on Digestion of '#®I-Bovine Serum Albumin
Prior to oral administration of '2°I-bovine serum albumin(5 £Ci/600 mg),
animals were tube-fed with 100 mg of crude drug. At the indicated time
after '?°I-albumin administration, blood was drawn from juglar vein and
radioactivity transferred to the blood was determined. @, A, control;
O, cinnamon bark; A,zanthoxylum fruit. Values are the means+S.D. (n=6).

DWTER, FrMeBLUTHravoEb5icko> T, < CHHOHBEILRIN
BB ENE ZLFHSDEROE,

LZAT, BIEFAMIBWT, YA PEFCHU GEREBCHES
T2, Y4250 0EXEICEMSIBEOEEBEEZMALEES. &
HEHENMIET 22 E2RLEDN, FAEOKEED, in vivo CBWTHED
ha»rBEDERFTLE.

Sy M, £ 12T -PNLNTIVE 0L 2E8020%7IVT I VEHK 3l
EREOFE L., 100HICESEKERE 100 ng/nl2 &5 L (FEHELHEEAR
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Fig. 43. Effects of Crude Drugs on Digestion of '25I-Egg White Albumin
Prior to oral administration of '*°I-egg white albumin(5 £Ci/600 mg),
animals were tube-fed with 100 mg of crude drug. At the indicated time
after '*°T-albumin administration, blood was drawn from Juglar vein and
radioactivity transferred to the blood was determined. @, A, control;
O, cinnamon bark; A,zanthoxylum fruit. Values are the means+S.D. (n=6).

OBGMHFEHICLE, ). 251 —7IVTI 501 BE5R»DEBRNIC
mPOBKNEZRIEL .. 2EBEE5EOTY bolPBNEL EBRLE, B2
%Fig. 44iICmUL7E, BSAZBEULERE, MAEXL BFig 43TORFLIF
ERBROBERIBDONE, EWAZBEUEBA, 300% 0 it hHHEER
FABR@RDOTAh, Y2 avidTh%. 608 TrAe, Y>> avkdi983
BEEOETICELEE>E, ££1204, 180 TRaYy b —NVEDERR
HLLEMhoE, LENS>T, KRFICEWTH, in vitro TORENH
HEhp ZeABDOLNE, EBIC, PVITIVRERIE WD OEEZH
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Fig. 44. Effects of Crude Drugs on Digestion of '25I-Albumin

After oral administration of '2°I-albumin(5,Ci/600mg), animals
were tube-fed with 100 mg of crude drugs. At the indicated time
after '?°I-albumin administration, blood was drawn from jugler
vein and radioactivity transferred to the blood was determined.

@, control; O, cinnamon bark; A\, zanthoxylum fruit. Values are the
means*S. D, (n=6).

GULESRE. AR Z2ECESLEDOI Y D MPRHABOUERDONT Y *
ARELRDZLBHREIE,

E =B

AREEDELSLEDD 2PTI -BSA2HELEES. 2°I—FOY
YOMHENDOBIT (BS ADHALRIN) CZiZL A LEEBNRLRD 52,
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1251 —EWA2EBELESS, EWAOBILBRIGEEIEL o, 20D
RRL, MAOEAHEE5 Y NOBNCEERSL, BILECRET 34
FREBEHICHELEER, BSAFKEECHEE2T20CHLTE
WA OWCRIGBI R NBH TR TH 5L 0D, EHEDOWESD HoEM
TE5, bbb, BUDICHELEEFEKBREITZNVTIVEYBEILCA
TV BEIUVCRELEMLUT WS, in vitro TRIELEELSIC, Zhb 0
AEIEDPSHWE BRIV OBER BT T, BEEEETH BN
JVL7FVOEHEEZAHLE, LEDNST, MBCBOLTHBILRIRE2T 5
EWAQIHFADRYAHZSNHEAE SO LEXDND, BH. 24
BLESY Mo, Zhd 0&EKKERK 100ng/nl 25 LI0SBCHELE
EZ5, t0—REITIKPBPFRBRETCBITLTVWEZL2ERELTWS,

¥, 2] —EWAHSEH, BHE LS ICmBRNEN ERL, a2 b
O—JVICE SN, ChZHEHCTH AP BENOLTEWA LS
LTOWE, BBERERLICE> TV ED, FECHBENZBENLE
LB h3EDTHEEEDbAS, a5iC, Fig. MORN T, £XFXEWA
BEBICEAEHFEWAOBHRINCS LITTHBER MBS,
BIEPFEAMT, YA FOHEYEIEAHE LIEBENICEEAT B LY
SRREALHMTES,

k. Fig RBETBKENT, EXEBEL O ORBROHHIC S
5, BSALEWAORINEE S KT 2L, BEOHNEL ok,
Zhid, 0%EWABEF20%B S ABRKEY B2 CHBINTH Y., /h
BAOBHEATARDTHEEDERDAS,

ASE®in vivo B2 EREME., TROLUBMMGEL, FAHNELY
BEICEEERET S L VI BRIFR. EB, R2FEEX2RAT B L
RERZ2H0TH3, LAL, BEBEISMNC, Cho04EEE2REH5 VI
BHEL UTENUER, £ABRCBLIETHE, a0, MoEES
L2 BB, 2D TARRFAEREIAIREIBENS S,

EBIC, Ty MELEFOLABBEEROERCE LIETARORE S,
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1257 — P IFIVERAOVTRHELEN, 2DEDRin vivo TORFTGE
BEoELHULWRATHY, in vitro CHENRZ2ZDEWEN., ER
CRRNIECBWTHRABOHAZRTZL2ERTEEZLEIRBHTEBR.,
COEBRFEZ, EFicr Lo d, UFAD in vitro TREEHTND
HBMAPEBA A Y., YUVFIR, TohoEDOEZAABILERCELE
TEE Y % in vivo CEXETIBRBICHEANVWCRIUIDHBDTH S,

5 3 &5 I~ HE5

EEOEEBREICBIIFTEEL ORI ZHVT, in vivo TR %
ToERE. UTOZ EAHBKBLE,

Q) Sy rDOEBMUEABLECTYrALBETY Y avrERmL TR
BoZHERALELZS, BREOEABBIENIZEEEZTRIOEDN,
BEOTCASNABBILIBEUTEABBLIRA#HZhE,

(2) v hic, BoHPULHLEROEEEEEL, I -TFINITIVEDE
Egolid 221 —FodryBEEEL LT, EAABEAOREZREL
EER, PLIIVICEMBFEZNVIIVERAVWERA, PP1—FOodro
MPFADBFICIEERSRDEN, SFA7ZIVITIVEEEGLESS '*°1
—~Fuy oMb NOBTREEOERESETETELI RO E, ‘

(3) Ay 2] —FATIVvoRSHEFEHICLESES, I —-—FO
VOMPADOBFCBIIEFTEEOHRIT QDICHATERENE,

(4) DLEORKEN S, invitro TBEIhE, £ L2 TOF7 ¥R
PEMIEIE in vivo KBOWTHEHIWZZLAHBMERDE,
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FEIS I TR
51 E3 K FKE

BERBCBVTEAZIATVARAEBER, MBERCHBRAL £X
AMEZNEDLONBLALTHEZY, ARAIREREOLOTHY, #
ARICBVWTRIELAZADhRY, KE, HLALHRA L ZEIL TH
WHRBERELEDTHS, Thbdbb, BIEBTOEE DL RV ARHELER
BOACEBEAE, —F., BLEBESTEL CBROSBISL, 2l
BICERERADACREBALRET 2 LABETHS, ££, £FO
BEEBEERCRALEBAOBEOEDHED . £XERAL B0 &K
HNEENOFEBRLICODVWT, RADEFSHL, Zho0FMERFTPLE
Thokt, AHFRTE., ThD>OBALD, EXOBEBEROERICE LI
8% in vitro BXin vivo KBWTRHLE,

ARFICBVT, HWEBMRCAEIRS L (RREHENELEES. &
EICEo TRHEBROERE*ZEULHE T2 BRI, BETEE
ERAT B, Kebdbicnhic ANERAT, TTEBEEROR%D D
B+%HRREL TV LAEEILE, EDIC, A—4EXThoTHEN
- FEEORVCI > TRRERCE A 2BBICENEL2BAFHY, %
£, BEORRIBECLI>TLERDE L 2 HBCRVWHADRE, DL
DOEDD, BEEOHAICHE > TRELEROEAN T RETE 20
FRHADBREhIBENBZ L EHEOMCLE,

BEEHOWZCHE->TH. ARETHHE—RARE (FBENEEAR
KO hOEELHRBEY) 2HV 305 —BHTH 28, ZOHETHE,
HBxoliEWsaLEROGFET COBEBEOEREN EDNE., Z2 T,
Blue valueti® & HICHB U TCASAMEIL D 2HE, 2y THE2H
ALTEAEBEIENET 2P, EEFELETCOREOERRIER LN
ETDHEEEZERLEDN, Cho0FETHEL2OERC L 2BEEE~ND
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WEIEERZhE, COZLdD, BROXEYHESALEBEZOEENE
BECODWTTHLEREZTOLENSBZLAHS LR E,
EFERICIE, BROEHZ2IH T2 0E T TR, BEEHZ2H2H0
NHdZEBHLMCUE, Thbb, =Py, AVVYY, ATV URE
DEEFICHD7IT—EFEETHI L 2O THERL., SDICEHR -
MEHOEICE>T7IS—EEERICENHDZLERLE, KPS
F—E@EEABN= U UAB B —TIT PR - BRL., 2oBERL
FHY - EABCFRNEEZIC OV TRFALEER, SSHEYERXTEIRESE
DO, FHEEE S EETEB - T7IT-ETHHRY, BOr0HRE2EE,
AMREDER. BHEECRGZNIZZLASW A, yr>ay, X4
ATTE, TOEEOREOEVWIC LY, BROEHICE A 2HELPABH
D7 A YRGBT EENRERDZ e’ bh ok, EXORHIZ, B
. B, BRIGH. AR, REHH - FE. RE - MIAFERE0BVIC
TV, BREBOTVWS, HEOFEICIE. k. BEBEN., RO LENE
FEF LN TN, AFRICE> T, AXOFE L HLBERL OBED
MOTHB A ERDLEDIC, BBECEAIAIAEOBEMNMIC, B3R
EHEICS A 2B ZERTIVERNIRELE,
4k, Bryay, F4ZFTICDO0TiE, 7Y Y RIGHEDE D%
AR CBREELRPBLEZ LD S, T2 Y RIGBEDENHEY
BoAKTHDLEADNN:, BROEEEZHEBEIIWHELLT, ¥fEd
B ) —VBBEOR Y VERYHEEZMELEDS, M oOlEFWERAX
WEEFTELREACLL, Bx0A Y=Lz ) —IVEPDEOEAK
Ehodbor#REshE, ChOOHEYHIZ, BRLERNICRIGE
T, RECHUTAEHBEERZRLED, 22 TCHWE BB OBERM
EVERAE2 R TEEFTOYHEICODVWTRHFZTOBRICICAHALDIZ2HDTH S,
in vitro TEHBhE, £RIC L IBEEENOTHEAD, EBRCE
HEREICHLTHRDIOLAEIZDEI D ZIOXXIZHVWTREFLEDN, F
SDBROBELEFALBEUY Y adic&> T, ECESLEBA7 I
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TIVOMFANORYAADRHEhEZ LD, 2hd £ in vivo
CBWTHHLLEFTOEAHBILEROEHZ2MFIL TR Z LAEHL L L
ok, SHIZOHHIEAR Y AUy avoiTcHET, L
PEEEAHEZEEIVDBRICRET I LICES T, AHFFEHB LS
ZE, invitro OFRVBHZ L, KEROFHENINHO MRS,

B 2H1T &5 2@

1) EEFETCOMEREHONEE L LT, £EFho@ 2 0iERSY
DEEEZTICK VWA Y TEB L UBlue value®E 2R B UEFHE2EELE,
REEBDTICZNAD OHREEHNT, BRELFOLEHLERCOLIE
TREZRILE, ,
Q) BXOEREPC7IT—EABEETDIZLE2HLMICL, EKECT7PIT
—EEEABLI o EZ YIS T IT PR - B, FoMEico
WTRHLE., 20HR, MPHERCREABED, BEARKDB—-73I5
—CoOREEZEHLE,

Q) BEHESor7 €l rMfbe, byriay, I/ AURECIYHEE
2ZTRTVWCEAHAB LR, Tur7 —EEHEOHARHL, Chb A
Koo+ YEICBEYEEEOS WECHELHEIARD L LE,

(4) BRHEOERKDO—DL LT, Y1 FoOHEMEEZREL, =4 —
VBBEOBENCALER Yz ) - VEWEOEEL2 R LE., KYHOH
ERAGEHICH LU TCABHBEZRTZLEHLMCLE,

(B) AFEICL2TuT 7 —EEHEAMIEA%E in vivoTRE T2 HEEHL
L, §2bb, PTHEEZRSLUESY MEZHWT "I -7V TIVE
nEsgEplfis *°I —FOoo YE2HEEL L TERNERCHNTIEED
HEERFL, YA Hryavig, MNELEBCBI3EAHEDOH
RN ZBIESE, invitro BT 370577 —EBEENHANin vivo IC
BOTHHREND I LBRLE, |
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AKBXOERICHEY ., REBY L 2HBEL HEBERELBY E LUEKAERK
FEZEHR FREERECEATHLBHLETEY,

£, AMRORTICHEY ., ERLHABDE L HABELZVWEEZEELERK
BRAFEELR KEHFERBER, HMFERAKZEER HBREELHEZ. H
B BYEEE. CCKBRMIARBEAEHEFHEERR HPFE—-EL,
HEIME HlU EELCER#HOBERLET.

BrE T, HB DB LUTERLFRCSMLTOWEENE, RRRFFEFER
FHLHE, EEMBFHREOHEK, WIS KBRUFILARE LR ORT
BoERICEHNELET, '
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