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INHIBITORY EFFECT OF D-CYCLOSERINE ON BR-AMINOISOBUTYRIC
ACID AND B-ALANINE METABOLISM*

I. Increase of Urinary Excretion of f-Aminoisobutyric acid and f-Alanine
of Patients with Pulmonary Tuberculosis by Administration of
D-Cycloserine, and Elucidation of Its Mechanism

Tsutomu YASUMITSU

(Received for publication February 14, 1973)

In order to examine change of nucleotides metabolism in surgical stress, urinary
excretion of D-B-amino-isobutyric acid (B-AIB) and S-alanine which are metabolites of
thymine and uracil, respectively, were determined. Patients with tuberculosis excreted
larger amounts of B-AIB and (-alanine. The urinary amounts of these amino acids were
decreased 3 days after the surgical operation of lobectomy and then it returned to the
original level. This change was in contrast to other surgical operations after which the
amino acids increased. This paper clarified the mechanism of the peculiar pattern of
urinary excretion of these amino acids of patients with tuberculosis after lobectomy.

Determination of urinary $-AIB and f-alanine was performed by using the method of
Yanai and Takao, respectively. Activities of ($-AIB : pyruvate and f-alanine’ : «
-ketoglutarate aminotransferase were determined by the methods of Tsujio and Kakimoto
et al, respectively, Amounts of D-cycloserine (CS) was determined by absorption at 590
mu of 50% ethanol extraction of paper strip of high voltage paper electropherogram after
ninhydrin reaction.

Since large amounts of urinary excretion of f-AIB and B-alanine were observed only in
patients with pulmonary tuberculosis, possibility was considered that an antituberculous
drug causes the high excretion. Examination of various drugs administered to patients with
tuberculosis revealed that the patients under treatment with CS excreted large amounts of’
these amino acids. Urinary excretion of 8-AIB is known to be regulated geneticaily. The

* From the First Department of Surgery, Osaka University Medical School, Fukushima-ku,
Osaka, 553 Japan.
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human is classified genetically into high and low excretors and the former lacks §-AIB :
pyruvate aminotransferase. The amount of B-AIB is urine of patients under CS treatment
was close to that of S-AIB of the high excretors. This suggests that a high excretion of
B-AIB in the patients is resulted from inhibition of the metabolizing enzyme by CS. CS was
administered to normal subjects and tuberculous patients at 0.5 g per day in two divided
dose. f-AIB in the low excretors increased to the level of B-AIB of the high excretors after
2 ~ 6 days. The concentration of f-alanine increased concomitantly. The high levels
returned to original ones after withdrawal of the drug. The concentration of §-AIB in the
high excretors did not change with the administration of CS. Upon surgical operation of
lung tuberculosis the administration of CS was routinely stopped for three days. The above
results clearly indicate that the original high concentrations of B-AIB and f-alanine and the
decrease after the operation are due to the clinical use of CS. Most reasonable explanation
on the effect of CS to increase f-AIB and B-alanine in urine is the result of inhibition of the
metabolizing enzymes by CS or its metabolites.

CS at a dose of 20 mg per 100 g of body weight was injected intraperitoneally into rats.
The concentrations of f-AIB and S-alanine in rat liver increased remarkably and reached to
the maximal level 4 hours after the CS injection. The concentration of CS was highest 30
minutes after the injection, decreased rapidly, and it was not detected 4 hours after the
injection. Both the activities of (-AIB pyruvate and f-alanine o-ketoglutarate
aminotransferases dropped rapidly and were lowest at 2 and 4 hours after the injection.

The results support the above explanation.
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Table 1. Daily Variation of the Concentration of Urinary B-Aminoisobutylic Acid
Normal Dayslof uri;e collgectxon Patient Dayslof un;le col;ectlon Patient Dayslof urx;e coll;actlon
1 0 0 0 1 0 0 0 16 0 0 0
2 4 3 0 2 13 9 4 17 35 33 15
3 6 6 1 3 20 18 12 18 49 45 20
4 8 6 6 4 27 22 16 19 128 105 76
5 10 6 6 5 125 118 109 20 150 138 125
6 10 6 6 6 165 149 141 21 50 43 41
7 12 11 9 7 231 212 183 22 68 63 60
8 12 12 9 8 16 8 6 23 68 64 57
9 14 10 8 9 36 31 27 24 92 72 67
10 17 17 17 10 15 14 9 25 113 98 93
11 42 36 36 11 16 8 6
12 50 44 33 12 16 14 9
13 140 125 111 13 39 29 29
14 148 148 133 14 73 66 62
15 170 150 118 15 126 102 83
The number in the table represents the amount of B-AIB (mg/day)
Patient 1 +w+e-* 7 lung cancer, 8,9 gastric ulcer, 10+ 15 gastric cancer, 16:-+ 25
pulmonary tuberculosis.
Table 2. Daily Variation of the Concentration of Urinary B-Alanine
Normal Dayslof urinezcollectif;n Patient Dayslof uri;le coll;ction Patient Dayslof uri;le coll?)ection
1 2 2 1 1 0 0 0 11 9 6 3
2 4 2 2 2 4 4 2 12 10 7 3
3 4 3 2 3 5 4 0 13 14 14 13
4 5 4 2 4 9 5 4 14 16 13 9
5 9 8§ 4 5 9 8 5 15 16 16 11
6 10 8 4 6 1 0 0 16 23 14 13
7 11 4 4 7 9 8 5 17 4 37 37
8 11 8 7 8 4 4 3 18 52 37 32
9 12 8 5 9 9 8 7 19 76 66 57
10 14 10 6 10 11 9 8 20 78 63 48

The number in the table represents the amount of B-alanine (mg/day).

Patient 1
pulmonary tuberculosis.

(Table 1, 2)

HRA 15 PiaEAic LT3 BERIRLT, R B-
AIB OB RHELTHSB &, 1 H 0~170mg ik
Th, MAZEEKRTHHH, FA—EACR TR
—BL T\ Wi, s, BEE, B Mkl
DOYEEEE 25 flieownwCllEST 5 &, PettEk 1 H 0~
231 mg ificH h, AELTHELERDR S, #FEA
EREERBECTICOVLTS, HEREER T 3 50
mg, {EHEERETIRE 20mg LINTH DT,

Rep B-7 7 = v oPRlbEE, @A 10 iz B % 2
LT3 BRIRLCHET 5 &, 1 Higk 14 mg (mg 2
VT F = VBl 15meg) LIFOEWHELE T 5o

5 lung cancer, 6,7 mitral stenosis, 8,9,10 gastric cancer,11--- 20

Yoo BERRETUL, MfSEZCHHEREARWHIE S &
bt L2 L HELENIET ATIL 8 mg DI, ¥E
FECix 30 mg LI TH DT,

b. B-AIB DfFA%E)

s BB N3 5 I UIERAT 11 Gl 8 Bilic s\~ T,
AR DI A EE B2 & 2 T L, Mitk3 A
BRI REMEERL, DBWHHEL, 172w L 28R
BIERHHECHET 5 & EBR A bR, (Fig. 1)

i, RIS (M, SUESCIE, &SR
e &) R BB T, Zeodinnd D,
3 H BRiIc R AT 540, SLHMILT B4 D
nHY, —EOEMLHRDhishot (Fig. 2)



197345 A4

Fig. 1. Urinary Excretion of 3-AIB in
Patients with Pulmonary Tuberculosis
before and after Operation
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Wiz, (Fig. 4)
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Urinary Excretion of §-AIB before and
after Abdominal Surgery
AlB

Low excretor

High excretor

3 5 7 1a

Postoperative day

T i b
Before 1 3 5 7 14
operation Postoperative day

Before |
operation

Urinary Excretion of f-AIB before
and after Pulmonary Surgery

Fig. 3.

High excretor Low excretor
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2. CS [RMiksEE % o JR f B-AIB
BIO®B-77=vE

Wl oMt B-AIB XU B-7F = v Rk
Wl DS & — VITEE RO R b hie DT, kA
FZOLZPONCONT, Thb7 37 BoRFEERE
FEL o

KB 149 Bl oW CHET 5 &, B-AIB o [
PRl % 75 B (50%) T, WADER (36%) X

Before
operation

8 5 7 14  Before] 3 5 7 14

Postoperative day ©Peration Postoperative day

1

DEREL, B-7 9 = voPkitE 15meg/mg 7 L7
F= v R 46 BT, JRAPPEEE DI Hos L in
Do T T THIREEHIC X B HEEE 2, HREHOR
TREBNCARG Ui, CS R & IR o i
PRt B o2En R S hic, Tk, B-AIB Bk iz,
CS JEMRAIZ 95 ATIRIZIE 50 meg/mg 7 V7 F = v
BT 2D ERT S A% L, 50meg/mg 2 L7
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= v ko MEHEkE ] 233 A (85%) THolns
CS R 54 ACIHEPRIEZREAEA L, PSR
42 N (18%) X¥hUico Las UlcABRIE: CS IR
Fig. 4. Urinary Excretion of B-Alanine in Patients

with Pulmonary Tuberculosis before
and after Operation

B-ALANINE
mg/day
® Administration of CS
o No administration of CS
100+

operation

Postoperative day

OB OB A8E BLHT

2 JEIRFAE ORNCING & A EFEILFRD BT,
(Fig. 5)

B-735 =it CS JEAFE 95 A © 5 bRlkEN 1
meg/mg 7 V7 F = v LT OREERGEGIL 23 fi (24%)
U, BWELLTLOTE P 9meg/mg 2 VT =
veH DD L, CSRAZE 54 Gl CLMETRERILE
<, Wy 39meg/mg 2 VT F=VThHD, CS IRMZE
e B-7 7 = v OEENL LRI, (Fig. 6)

Ll EAss CS A X 2 BEMRE 2 bRIDT, il
o Table1, Table 2 o\ CHEMEFT % &, Tablel
© 21~25, Table2 @ 16~20 DFEFEEEDOLh £ h
5 @z CS oA REET, B-AIB Tk 21 % [k &l
O 4 Iy 50 meg/day Ll T, B-7F=v T5HlL
4 15meg/day D ExaRL, CS JRAZCHRIREDHK
PNV (W el

3. CS AR XBEH B-AIB % X O B-7F =V
BoZt

4 CS ZBRF L U T i s % O Bk v B-ALB
BIO B-7F = vPEEEOEMEL CS T LHHDTH
AR E D BT, BEAS A fhimsE 1 AR
FOVRsEREE 5 A0S 9 Aie CS 1 HE 0.5g &#is

Effect of CS on 8-AIB Excretion

R Y

Fig. 5.
Administration
of CS
No administration
of CS
0~1 5

10 50 100 200

mcg/mg creatinine

Each black circle in the table represents the amount
of B-AIB (mcg/mg creatinine) for each subject.

Fig. 6.
Administration
of CS
No administration
of CS
0~1 5

Effect of CS on [-Alanine Excretion

10 50 100

mcg/mg creatinine

Each black circle in the table represents the amount
of fB-Alanine(mcg/mg creatinine) for each subject.
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2\ C 5~9 HERA S8, A EaiZepRs
JRC, B-AIB X0 B-7 7 = VOB IEL 0
B-AIB s\ Cik, &Rl <k CS AL Bht
BEOEMIALNT, MEFEEL] % CS JRAL L b
BB AL, 3~6 Hifice — 7 & L, BRAFI-
EEBIEL, HiEd &7, (Fig. 7)

B-7 3 = Vi o T, BEA 3 Ak LU ES
5 ADEH8 A2 WCHIET 5 &, R AR 2~16 meg/
mg 7 V7 F=vORPEERRE & &SIk L,
2~7 HDORic 40~130meg/mg 7 V7 F = VIR S
—7WEL, RAFIEE ESEIHL, MiEre 3 £
7zo (Fig. 8)

HRIBRES IV OWCLHEL, FEEOEES
Bl-oT, CSRBIL? 2 v7F=vEBEDOLTLTIT
W ERTER LI, £ T Higko Fig. 1, Fig. 4 o
WCHERET 2 &, @ CS IR, ORIFRA LR LT

Fig. 7.
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1004 :; é : ;
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® Administration of CS

O No administration of CS
o] &8
T
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505, O—Ouilian, fiitce & CS A Lindsote
BT, B-AIB Tix 26, B-7 7 = v Cit 1 GO LK
HDRE =B SR, @-O-@1k CS DflfaT
RRH, #4E»DMH%3 B EcRMdil, K4 H B
LIRAZEHE LT, B-AIB &2\ Tik 9 #i 8 i,
B-7 Z = ViIZ oI 8 Bilrh 6 BT BB 2 T R 4> @ >3
x—viHZbhic,

¥z, CS ZIRAT % &, B-AIB oEdEitE g
BN 528, SAHEEEL CS IRAOBEICh b LT
FLWwZ &, AP O B-AIB o [EHElE] 7
b B-AlB SRR BEMCKIBL TV S e ik
CS BN~ L v b, CS 2% B-AIB SifRs#E%
FHEE LTV B &\ 5 FTREMAMEE & o B-TF =V
TOWT b RFEO I EHEX Iuizo

4. CS HEN#HELED F v + JF N B-AIB, B-75 =
v, CS & IOERENIC T TS

Effect of CS on 2-AIB Excretion

Low excretor

Before1 3 5 7 9 1113 Before 1 3 5 7 9 11 13
administration day  administration ay
Fig. 8. Effect of CS on #-Alanine Excretion

[3-alanine @ Administration of CS

mcg/mg cr. O No administration of CS

100+

50

0 o)

T T T
Before 1 3 5
administration
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Fig. 9.

B-AlB
CS

mcg/g rat liver

B-AIB and CS in

WK BB E BSFE

the Rat Liver after CS Injection

§cs

CS inj. +
inj 1 AAIB (Mean*+SD)
100-
50
0 ; . : ; - p— ]
Control 05 2 4 6 12 24

Hrs. after CS injection

Fig. 10. B-Alanine and CS in the Rat Liver after CS Injection
[-alanine
CS
mcg/g rat liver
150 -
. S
CS Inj. +
\!‘ § B-alanine (Mean-SD)
160+
504
0 : . y ? ik T e
Control 05 2 4 6 12 04

W AE 100g Hich 20mg o CS &5 Lic
Ty MEt 47 TER X ORIR 20 TE (Wb AR 150g
Bt OFFR B-AIB, B-7 7 =V LUV CS O
X OEERIE A T Lo

CS i imem iR L, #54% 30 #T, 79+
15meg/g ¥ v MIFERD, DOBRECHIL, RE5H
AT E LD THR L ok, (Fig. 9, 10)

B-AIB 13, WEo 5+3meglg 7 v MM, # 5 #
AREREC, 62+10meg Linh ¥ —2IEL, DAEHIN
L7zo (Fig. 9)

B-7F = VIERWT HIZIEREDO LR E b h fo
Ficb, WMEO 15+5meg/g T v MFH, H5H4
R 91435 meg LI L, (Fig. 10)

BEEIEMELL, 2 LT B-AIB: A v v @7 3 2 H#
ERBR IO CIE LS, #55 30 45Tl

Hrs. after CS injection

ISR EIICE T L, 4 BB E CREL, HEBRKER
EHSNERT 5%, 24 B Ik din b K 2l
(Fig. 11)

B-7F=via-r VIARNET I EEBERE
M, 2 ISR EN RS bR, 4RI b ek hrig
h OIEHEHERRD b hic, (Fig. 12)

5. BRSO CS Itk HEEEEMIAE (Table 3)

B-AIB: v v vEET I 2 B EEEMNT, CS
s 1/6X1073M © 12%, 1/6X1072M T 61%,
1/6X101M T 96% BLE Lz,

B-7F =V ia-kr VIARNBET I R BERSE
Peelx, CS s 1/7x1078M © 40%, 1/7x107%
M C 64%, 1/7X107'M T 99% DFHEXRR Lo

CS % B-AIB: AL VR I B-7F =V ta-7r
A RAEET § 7 BEBEEEE Y v vive TS M
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Fig. 11. Effect of CS Injection on 3-AIB : Pyruvate
Transaminase Activity in the Rat Liver

£-AlIB

mmcmole/g tissue/20min
°
&
400
2004
0 J b

4 5 04

Hrs. after CS injection

Control 0,53 2

Table 3. Effect of CS on Enzyme Activity

Final concentration of CS (M) (ﬂ":(OIB itnrl;ir?sitair?q?nase)
1/6 X103 12
1/6 X102 61
1/6 X101 96

Final concentration of CS (M) (ﬂ*%aniinnehibri;;osr;minase)
1/7 X103 40
1/7 X1072 64
1/7 X101 99

Flio L LIEE 100g H7h 20mg o CS Ol
PG 0 CS ORFPIIEET, IRERETIZIE 6X1074M
ThHH, TOWEETIE, in vitro TIRE L A EPEEITA
BRF, Lol L CS 55y MFATEbDTE
R & C b L red 5 4 BRICHFRY B-AIB % 1 0F
B-7 7 = VIEBSIEECET B & L av, AT CS
LIStz CS 2B DR E DB S HEES hico CS 2
5O REWEIC O TR IBCHET B,

Iv. # ES

1. SEFA%O R i B-AIB XV -7 7 = vE
DEFNT DT

KL B-AIB o1 HRFHHEREF 21 1mg 7 v
7 F = v HBORPPHERIIEAZIIRTH B, HD
AN TR —E L T 5299 L S T B,
FERGIT S FA—fE AW TR D% 3 H OB R 4 &
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Fig. 12. Effect of CS Injection on B-Alanine :
«-Ketoglutarate Transaminase Activity in
the Rat Liver

Glutamate
mcg/g tissue/hr

5004
300+
®
[
100
) ®
OT T y 7
Control 2 4

Hrs. after CS injection

5L, WA, BERFEEIREERTEIE 50mg, K
BEIERECIRIE 20 mg LINOBEITH D70

B-7 7 = v RIHC OV TILEER g 12 & b i
Vo AT X Ot O REBE TR, EEOW
FBL-HATIL1 BRI 14mg LIF (mg 2 v7
F = v BT K 15 meg) T, 38 i 30 BliLiE R
DIED O X 51z 8meg LT CTHO%o ¥ 7o HELH
A7, CS A LWE © C¢ix 8mg LT, CS
FHBARA L b0 TRA 30mg THDOlo ThbD
EHOMEY & 2T, FINROMGERZEZTR, RS
Z— VgL Abhichy, Zhik CS ZFEIRAL T
b OB, MBEKELIS4E B X 0 RBEEHT 5%
DRELIEDTHS Z & MOk, F& LTHiERA
HOMBEE) BT LA 41 SERTE O KRR
IR COFRMBE CS MAZEN LD &2, &
DI RO R I BB 2 SR 2 EHE L 7o o7,

B FAROMBOLETNE Levey? 2% 1963 i 7 f]
WG Ly, 1 H 1,000~2,000mg & i T HED
PG B B L FF Lico BHHEOMWES TI1X, &K
340 mg THDT, Levey 05 LPRMENKE {#5
2%, MBEEHER ST B AR D Hhvotc, TOY
ROV, FMRE, FIHBLD 5\ kR

DEERELONRDD, WTRIZLTh %2 visF ©
DERDEEND B\ ik DNA OSAMREELTWBTH
551, ZAbOSEDONTITBASHOMR 3 % B4
Bo B-AIB o [EHEIE | Tl o RPIEEE T~
PRt E | 3e D S REREE L BB THW B0 T
—EEF I Vb ORBERIMEL 5% LFE 2 bh BN,
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MMEHEIE | Tk B-AIB O ROE S HE T % LEMN
BBo Lich 2Tkt o s B Filite o f-AIB ©
B2 TUE, EblkE SRRk Ebh THRE L
2o LXLIRETOD LA, HBEHTONT, &,
{EHEEE O M i3 E B2z RHe e 21,

2. CS itXnfExaDEEDHEzIWT

XD CSPEELLCINAXIVEE: 7T =VT 3
7 HEBEE (bwb GPT), BIUZ/vx3 vilg:
TARFEVIET I HEBEE (b5 GOT) %
ROICE X 3 v By REEEEFEA L BT 5 & L
IRTER. Tihbb, FAXIVER: 7AATF VR
7 3 ) EEBEECK\T, FAY 1% CS102M T 70
~00%, Barbieril) i3 2Xx10"3M ¢ 43% o fi Ex
Lt ZAXI VIR 7T =2vT 37 REBERECE
T3, BarbierilV 13 1073M ¢ 7~58%, Porfirieval®
1% 300 mg/kg DT w MEOLKSH 1KET 40% O
LEREL T, E#T 200 mg/kg T v M ERPICE
L1, 6 BEBOFs oo GOT, GPT % HIEL
723, FFPY GOT, GPT oK T EMA A 5 23hibhic
2, SR BREFERLRZIZD LD, Thi
FARBE LY B-AIB: A VR L O B-7F =
Via-y P A RAERT 3 EEBBEREELIZ B
EFLTCDT, CS X sBRE X R L
3 in vivo T B-AIB: vA v VEET I/ HIRBEEE
DIREDFH, GOT, GPT HEL VBV EEL LN D,

FOfl, FRSEI V2 3 VEEBURFIAE & 3 & L
#2o F7- Dann® |3 6.5X10™*M ©, 1-7 3 /sl :
a-r 2N RNERT § ) BIEBEGEN 95% BHEIhD
TEERWMEL, Ty MEA T-7 3 2 EEBROERE YR,
CS DEIfFA & OBFRE R LI, MANRILT v
MAE 100g 0¥ 600mg L\ 5 KEHGHELL,
FENT v MEE 100g H7-h 20 mg HEEACE S
Licd E OB L OMKE 7-7 3 7 B % BEERE
Sk BER G CHIE LS, A 7-7 3 2 B,
WIBT 18 B 2.9 meg/g T v FFTH O, HLHHK
2 B0 6 TEISTIE, 16.5meg/g T v MITF & HE%
KUY, B-AIB, B-7 9 = v OB LT ier
Do FlZDLEOMWA B-AIB, B-7F=v K IV
-7 3 7 BRI oW TURIE & A EHERITFED b R it b
Do T-7 3 7 EEERY, CS NERBEDI V& 3 VR
R IRTEEESE & fREERD T-7 I VB : a-r Y7 x
NVEET 3 2 HEBEHEOMEXILET B0 Lhik
o

3. CS offM & EIEA & DBIFRITDWT

CS DHENDIFERERFIE, L-79=vF i bBX
O D-77=vEAEDHER H 590 LIhTb,
B-AIB: LU VBEBLIN B-TF=V ia-Fr I E
NEET 3 2 FEEEBRERIAE L SUETER L BRI ounT

M BA8® BL5T

BAHTH Do CS DEKFHADS VW, SO, B,
THLIIERLVOEWERL DY, MAZFIEESS%
ST EENDH D, ChET, FEERHOKBERFLE
LIRS, BR-T =V, T-7 3/ FBE X0~
AIB RaZic b WO HMEDRHD, B-7TF =V H B
WoT-7 3 LR OBEAERS h A, EE
PHE Lefcid 101 meg/mg 7 V7 F =Y & WO
B-7 5 = VR HRILOICIZ LA EBIFFARA DT, B-
75 =vH B\ B-AIB oRhPHEE L EIfEA ORI
REBENRERIEA D R hot, LnL, EbEGHE
BEEREWEAONEMET A ADEL E X b R
%o

4. B-AIB B L0 B-7 7 = v O RFHEEREIMT O
T

ZhE ORI EBIC B\ T B-AIB D FRIEERT
DOV, E, BIES 0, REHREIED, FHEY o
CHIATERBEML TV B L EREL LTHES AT
Do FETIL, HERGITL I8 Gl 4 41, THLERE 11
Firh 6 B, FoMEMEEE 6 Firh 5 Gl 25 fih 16 i
(64%) 1 H 50 mg [ hopdkll e &, Miawis
MLTWB EEL LB, B-AIB oFEdkl i >\ T
B R EREOEEEY THERT D LERD Do

B-7 3 = v, ThEcHhEno®mE I L,
EROMED LN, i v =A%, FURIRERETTE
§E29, FHERHOEHMNS KBy X LR D5
T E s\,

ABgeic X b CS AL, B-AIB: v ¥ vIRE
IO B-TF=v:ia-r W IARABT I 7 KEBESR
EEAEES R, W7 3 2 BASRERPBEEE S
T LB E o, [ESEE] @ CS & # 53
2L, Tt L3k A %L B-AIB B & 2%
Zbhbz EnD, MMEHEE] KB \WTh, F3 v
50 R-AIB o4 Ex, MEHkE] ozhe B IER
BThsdo ERE S Rt i, [EPHkE 3 B-
AIB: vr e vg7 3 7 RiEBHEORBTHHZ LD
BEREE b 78 Do

Wi, IR BETR - CERN TS 20N EROHR
HEMLHY, CS UNDERERIC LS B-AIB BLUV -7
5= voPREEMOS 5 Z L 8ELLhBDT, CS %
RA Lie Wiz BB e oW R 2 2 T & 1o B-
AIB #cix, Fig. 5 wndT e, CS #RM Lk
W95 A EEEIE L 33 A (35%) M ADTh (36
%) LRHETH O, L LEENJIBOEED S D
2T 1 BRI DL THIE Lt E s 16 #F 9
il (56%) 1 B-AIB OEPklE D v, EHEADHE
X DT D E O,

—F B-7F = vTit, HBRAITHER ANLRET 15
meg/mg 7 V7 F=v (38 Fih 30 Flik 8 meg LITF)
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973 %5 A

T, FHfER 4. 5meg/mg 2 VT F =V THD KD,
Fig. 6 It R L7 X 51, CS %A L7\ ~#%ic 15 meg/
mg 7 V7 F = v EPREL T2 58 95 B 6 Flb
b, FHEX 6.4meg/mg 2 VT F =V TH DR, X
LI AR RFRITEGZEE 25 fld 15meg/mg 2 V7 F =
v EoBEEE T 5 D 44, FE 10.7 meg/mg 2

V7 F =V THOK.

PlbXD, fifsk@Eco B-AB s 1 0 -7 =
v O oVTix, INH Zoflio CS Lt o fiiki
HIORED B CEEEC O L OOHELHEL LR DY,
IR DRI DWW TR B S EOBMH % E T 5,

V. #& E

1. CS MLy, B-AIB KXW B-7F5 = VDR
Pkt B AT HFEEL R Ui, MifsEEEZ O
DEHEES L OH B ORI BB DS x — Vi, CS ]
HAOBEZ LB DTH DO,

2. B-AIB B XU B-7 7 = v O RdEE#mE, CS
2 B-AIB: YA VBEBIO B-7TF=v:ia-r + S
NENVBRT 3 EEBREREERILET 50 Th B T
LR Lo

Faaiksredy, THRERSHEEE CRMEE R
HEENBSE, MERHFRAE, BRI =T
BHEBRCREOBBELYEL T, KBESEIIRE
T T I TR R BT FE e R A A R B BB, F 14t
FHERIFEERT, B/ eh R AEREEamc i < Biho L
9o ¥, MR IBIIRY e KR R B bE L
RRIBEERIE COREEET, RBRWEIE R O#kE
¥, F1FEBEE AL COEE RO M IEH -
L% To

BRI O—IL, 5 35 EHAERRESTRET
W#z, 9 45 HHAKBRER¥ES, 84, 5, 6, 7, 8[@
MARBFEZT I THRE Lo
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