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Abstract Objective:To establish an HPLC method for determination of related substances and purity in pregaba-
lin API. Methods: The analytical column was an Inertsil ODS -3 (150 mm x4.0 mm, 3 wm) , the mobile phase
A was buffer (7. 05 g ammonium dihydrogen phosphate and 1. 45 ¢ diammonium hydrogen phosphate dissolved in
1 000 mL water) — methanol — acetonitrile (900: 80: 20 ) and the mobile phase B was acetonitrile, the whole car-

ried out by gradient elution at a flow rate of 0. 8 mL + min "', the detection wavelength was set at 210 nm, the
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column temperature was 30 “C and the injection volume was 50 L. Results: Pregabalin was separated completely
from the impurities and degradation products ( the resolution >2.0). The test solution was stable for at least 48 h.
The LOQs of other impurities ( verification was performed by using pregabalin) , lactam, 4 — alkene pregabalin,
5 — alkene pregabalin, trimer, 3 - isobutylglutaric acid ( PGB - 3), 3 - isobutyl glutaric acid monoamide
(PGB -5), R - phenethylamine, 4 — isobutyl —2,6 — piperidinedione ( PGB — 5B ), monoamide phenylethyl-
amine (PGB — 5C) and phenylethylamine adipate ( PGB — 5D) were 0.05% , 0.01% , 0.01% , 0.03% ,
0.01%, 0.05% , 0.03% , 0.01% , 0.01% , 0.01% and 0.01% . The linear correlation coefficients of other
impurities ( verification was performed by using pregabalin) , lactam, 4 — alkene pregabalin, 5 — alkene pregaba-
lin, trimer, PGB —3 and PGB -5 were all more than 0. 99. The linear ranges were LOQ —150% of impurities’
specification, respectively. The average recoveries (n =9) of lactam, 4 — alkene pregabalin, 5 — alkene pregaba-
lin, trimer, PGB —3 and PGB -5 were 100. 6% ( RSD =0. 56% ) , 100. 2% (RSD =0.38% ), 100. 5% (RSD =
0.46% ), 101.1% (RSD =1.1% ), 100.0% (RSD =0.63% ), 100.0% (RSD =0.54% ).

and intermediate precision completely met the requirements. The impurities contents in three batches of pregabalin

The repeatability

API 6 months accelerate and 60 months long — term stability test completely met the requirements, respectively.
Conclusion: This method is simple, rapid, sensitive and specific to be used for the determination of related sub-
stances and purity in phenethylamine process pregabalin API.

Keywords: pregabalin; pregabalin API; related substances; HPLC; quality control; methodology; phenethyl-

amine process; resolution
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Tab.1 Main substances in pregabalin API ( phenethylamine process)

5 & o3 ¥ 4t E S|
(No.) (compound ) (molecular formula)  (chemical structure) (type)
1 i AR ( pregabalin ) CgH;zNO, Hom"/'hNH: T PERS (active ingredient )
(0]
2 NI (lactam ) CgH;sNO Q\‘H [ 25 ( degradation impurity )
o]
|
3 4 — 5 HGEMR (4 - alkene pregabalin) CgH5NO, HO NH, L2445t (process impurity )
[¢]

4 5 - Ml EREAR(S — alkene pregabalin) C3HisNO, A% (process impurity)

jas}
o
o{_é%
E
H

H

HOOC/\/\P/O
5 =Y (trimer) CyHpN, O, CZ Né 2 2%t (process impurity )

(0]
6 PGB -3 CoH0, ij\/kOH T Z5Z%J5 (process impurity )
HO

(6]
(0]
7 PGB -5 CoH};NO;4 NH. Hafa]{4 (intermediate product)
HO" ™0
HN,
8 R - R Z % (R - phenethy lamine ) CgHy N (5 Y7435 (resolving agent )
9 PGB -5B CoH,5NO, j\jl T 244§ (process impurity )
0”7 °'N” S0
H

H

(0]
10 PGB -5C Ci;HyN, O, ?\/U\N(E 2R %t (process impurity )
H
NS0
(o]
11 PGB -5D C;;HysNO,4 ?\)LN(E T ZZ%J5 (process impurity )
H

12 R-EHGEM(R - pregabalin) C¢H};NO, NH, T AR5/ SR ( process impurity , enantiomer )

XP26 [ J7 5 Z— T KV (Mettler Toledo 22 w]);  MERCK 24 H]) s #4IK (MiLLi - Q #/K A4 ) o

S400 pH 1 ( Mettler Toledo 23 ]) 5 #AiR — %% (ACS, XFHIE a3 B AR (5 1.0, & i 99.8%,
HRBRHEARAF) s R — 8 (2, ACROS  EDQM), WMt M (it 5 1 - NMA -39 -2, & &
AF) ; O (B35, MERCK 2R 5 AR (@3 al,  99.92% ,TRC) 4 — i B AR (3 - 2L 2k -5 -
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XL -4 - I5IR) 5 - I h AR (3 - 2 2 -
5-HR-5-J&%fR) . = %Y .PGB -3 PGB -5 R -
# 2. M PGB =5B PGB - 5C PGB = 5D ( 54351k
99.4% . 96.2% . 96.8% . 98.8% . 99.4% . 99.4% .
96.2% 96.8% .98.8% .99.4% , Y53k H Wi T4 1 2%
W A BRA D o

Lo g EUBR IR (145 D5248 — 16 — 053 . D5248 —
17 — 086,087 088 , Wy LA 2L A A FRA F) o
2 HEEER
2.1 @AEE5MF

KA Inertsil ODS =3 (150 mm x4.0 mm, 3 um)
A, AR (BEIR — A8k 7. 05 g FIIRIR Al —B%
1.45 g 7T 1 000 mL 7K ) — HIEZ — 2,015 (900: 80:
20) R shAl A, ZIE R shAE B, #3R 2 1SRt T
B REVEIE , 303 0. 8 mL + min ™" KGN K 210 nm, 4+
¥R 30 °C, #ERE R 50 ul,

x2 BERHER

Tab.2 Gradient elution program

i ] P FAH L] (ratio of mobile phase) /%
(time)/min  JHZ4H (mobile phase) A i ZAH (mobile phase) B

0~9 100 0

9~27 100—20 0—80
27 ~27.1 20100 80—0
27.1~37 100 0

2.2 IO

2.2.1 ZRJEON AR A A IR R R IO I X AR
A 30 mg, BT 20 mL B, I 2 T RO A R 2=
ZIE L FE2), HMEE 1 mL 35 1.5 mg PR HE A 45 T
REEFR R — R 0 Bt dh 20 mg, BT 20 mL 5l
T NG 20 mL I A IR B R 20 #8520, ARSI
1 mLZ 100 mL SfH, I sh 1 A #ke 2 202, 4%
21, A 1 mL % 0. 01 mg (X RR AL AR 459 K4
PRI 4 — M B AR S — M B AR, =R W)
PGB -3 PGB -5 PGB - 5B PGB —-5C PGB -5D Ay
Xt B AR 4% 20 mg, 73 BT 20 mL R, NS A
f MR B 2 382, WU 1 mL 5 1 mg A5
2% ST HE A 5 T

2.2.2 T MW R ARG IR R AR IO B
X ARG 100 mg, BT 10 mL B, RUAZIAR A ¥
AR 2B $8 2, AR 1 mL 5 10 mg % 3 [

PRI, BF5 o

2.2.3 Z I N BRI 3 RO B 10
mg, & F 100 mL )i, DURSIAH A MRS
ZIEE FEAT, PIAE mHL 1 mL 2] 10 mL fEIfH, I
A A BB ZIR,F25), HIE 1 mL 5 10 pg 3
T UMK VAR, B4 o

2.2.4 LW % RO B AR EORL 2
100 mg, & F 10 mL )i, A EhAH A ¥ -5 B
B2 25, WA 1 mL & 10 mg % F AR E) %
W, RS,

2.2.5 NBERE LOQ i &% A PR BN It i %o AR
i 20 mg, BT 20 mL S HT, 0 S R OT R R R
ZBE 55 WA 1 mL 2 1 mg AR, RIS
2.2.6 RHZRBUAHA IR R B PRI 5 TR AR
f 20 mg, BT 20 mL P, U SIAE A VAR T
BERZIBE $25) , FIAE 2 e G o, AT Bl AH A FiRg,
il AE 1 mL & 0. 05 mg % Hiy U AREA W, BIF5 .
2.2.7 EPMERW] O OREEC2.2. 17 0T
JHe 4 — Wt B bR S — 0 B AR L =R ¥ PGB -
3 PGB -5 (2= Fxt B A A WA 5 mL, BT [A]—
100 mL S, I s Al A 7 B 2= 205, $25), M
I 2 mL 2 10 mL SRS B iy B AR
HET 100 mg K R — 2R 2 e 2% Joof B S A 259 1 mL,
TS A AR B R 20 B $2 50, Hl A 1 mL
O H AR 10 mg N BERZ 15 wg 4 - i Fim B AR
10 pg.5 — M H LK 10 pg . =84 10 pg PGB -3
10 wg PGB -5 10 g R - K% 1 pg MIRA N,
HIFE

2.2.8 GEFEMEEW 2 MW EIC2.2.1700F R -
# 2 PGB = 5B PGB - 5C PGB — 5D [ 24 Ji fif %
W45 5 mL, & 100 mL i, I shiAe A B2
ZIBE  PEA), FIRE 2 B2 mL 2 10 mL B G %
T Fig ELAROGT B 5 100 mg, I ShAH A 35 O
BERZI B, 850, H 8 1 mL & 5 5 AR 10 mg,
R - 2EZ 10 ug PGB -5B 10 g PGB -5C 10 pg.
PGB -5D 10 pg MR G, BT

2.3 JrILSRE

2.3.1 LJgtt o3 AR EGE B I ARFE 5 1 000 mg,
BT 100 mL AP, WAL R R AR (1 mol + L™ ERhARIA
% ,60 °C 20 mL,2 h) BFA% (1 mol - L™ S & fk4h
W ,60 °C,20 mL,2 h) GEALFEAE (10% i E AL A%
W, %50,20 mL,2 h) 4@ A (500 mmol - L~ BRfR
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7 d) R (60 C,RH 30% ,7 d) JGRE g (k5%
PeREDERIRE =1.2 x 10° Ix - h, 24 fe =
200 W+ h - m ™ BRI 3 FHIESEE) PRI P RS
WA 5 0 RIS =49 100 mg, 5 10 mL S,
FHIACENAR A S5 MR 22 %0 B2, 152, BIAT iy I e
WAV it AR TR DR . I B3R 4%
WSV BOIERE AT, FTESS R AT f5e 5 o o 5 e 2
ARIEAR ™ A= R 2R R N I, TH0 A E BB BBEIR A5 1F T e it
TR BEICR , B it PR P TG Tt A 22 5 e A Bk i
RIS, PSR AR ™ A 4 AT B 6 I 2k, 3 Kl i
TN AR R —E B , 2k 8 EIR, 5 E o
B EARAL TP PR PEILIE 1.2

2.91

REE A et 1)
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Fig. 1 Schematic representation for the formation of pregabalin lac-

tam versus degradation time

)\: T B )\

(+H,0/NaOH, cyclization) B

/TC NHZ
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Fig.2 Equilibrium between the formation and hydrolysis of prega-

balin and lactam under alkaline forced degradation condition
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Sy RIRTESh A A P47 32 9 i B, 40 4 I 1 vk B A
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SRAERERET , LA M FE 24 10 Hh% B B4 b B 4% 4%
TR BEAE A o R RR, DAGE MR L 24 Dy 3 1) 5 Bifg B A
A5 24 5 A BE VR R R R, 45 SR L35 3
2.3.3 LMEXRRFE EHEIUAGNK 4 - 55
Fi EUAK S - MM B AR . =24 PGB -3 PGB -5 iy
Z JFORT R A 2 % 5 mL, B F W] — 100 mL £
WM A R EZIE, AR . % Rk
W3 mL, 5T 25 mL s, AR H A% 6 A TR
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H AR HI = B hit 25 W 4 mL, FHIESIAH A e = 41
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W2 mL, BT 10 mL S, In A R 14 06 45 TR
2 mL, F sl A F e 22008, $24], RIF 100% 545
WP LR MV R 2 R 6 mL, B T 25 mL &R
T IR FIZR T4 6 mL, FHTEShAHH A 76 e 2 %)
B FE5T, RIS 120% 5 brvk B 2 M v Vs il % et BB
W3 mL, 5T 10 mL 5, A R H 2% 6 £ TR
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Xof FE S A AR 1 mL5 — iy PR ke Rt
W 3 mL = R Z O R A 259 1 mL (PGB -3 4%
JEOS BESRAEAUR 5 PGB — 5 44 4] HE S it £V 3 mL
DA S0 4% S fifs 45 W 5 mL F1 P ke LOQ il 45 VK
I mL, & F[F— 100 mL & H, mshAH A # B 2
ZIRE , FRRS % B ] mL % 10 mL B, S A
W B2 5], 1345240 LOQ MR BE R MV

ARV BEV VR, He 2. 17 TR 8 S R RE
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1. 4 - H AR (4 - alkene pregabalin) 2. 5 — I Hi AR (5 - alkene pregabalin)

5.PGB-3 6.PGB-5 7. NMtI%(lactam) 8. =RYy(I% 1& 5 2) [ tri
3 BR(A) GEFMHRE 1(B) MEFHRR2(C) BI%E
Fig. 3 HPLC chromatograms of blank( A ), selectivity solution 1(B

=]
=

2.3.4 HEEMESPREEEEIRE K% BN B
e 4 — I g MRS - 0 e AR, SR W
PGB -3 PGB -5 2% X} B i i 4 45 5 mL, B T
[]— 100 mL )i, i shAe A R 2205 3250,
T2 B 2 mL £ 10 mL & P, 8 25 ARE 5
(D5248 —16 ~053) 100 mg, NN A ¥ i I B
2085, W 1 mL 55 10 mg 38 35 ELAR DL K
HoAth A 2% 35 A8 AR 100% F (4 1 mL 515 pg
WERE, B 1 mL % 10 g HAl & 2% 50) , [A)EBL ] 6
By 4% 2. 17 WUN (gl S5 R o3 i 4 A 1 IR 455 12

/ min

3. Ehi AR (pregabalin) - 4. R — A Z % (R — phenethylamine )
mer(peak 1 & peak 2) ] 9.PGB-5D 10.PGB-5B 11.PGB -5C

) and selectivity solution 2 ( C)

N, ITBE I 4 — M B LD AR S — 0 T LD AR = 2R
Y) PGB -3 PGB -5 Wi f ) RSD 43514 0. 34% |
0.28% .0.34% .0.70% .0.45% .0.47% , T N\ 5 .
EIEHE (FRIF5 : 1A7144718 (6A181910 ) ({2 (Agi-
lent /7] : Agilent]1260 | Agilent1260 Infinityll) 346 H
Y01, 1195 T ) TR 2 BE I 6 1, #2217 TR @
TEAEAT A HERE 1 K, BPR BN, NBERE 4 - M
e ELAR S — i ¥ d L2 MK =3R4 . PGB -3 PGB -5
W AL A RSD (no = 12) 43 5 4 0.46% . 0.57% .
0.40% \1.8% .0.54% 0. 40% , T T NG B EUT .
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x3 EmEMEZIRFEERMENRER

Tab.3 Limit of quantitation and limit of detection

144 (compound ) LOQ/ % LOD/%
5 AR (pregabalin ) 0.05 0.02
P eI (lactam ) 0.01 0. 003
4 — 5 i bR (4 - alkene pregabalin) 0.01 0. 003
5 -} H UMK (5 - alkene pregabalin) 0.03 0.01
= RY) (trimer) 0.01 0. 003
PGB -3 0.05 0.02
PGB -5 0.03 0.01
R - 7K % (R - phenethylamine ) 0.01 0. 003
PGB -5B 0.01 0. 003
PGB -5C 0.01 0. 003
PGB -5D 0.01 0. 003

2.3.5 WHWRUETE S L M BRI
FI 5T 0,24 48 h #4217 N @5 Sk E
FEo G5 48 h A0 h Z: HEU R rh 8 Ji L b T AR L
O 103, AR A P8 P T LA PN B 4 — 0 T
EbK.S — i ¥ dim L AK =24 PGB -3 FI PGB -5 /1y
LERTCH] AL, WIS LR IR S A T W (48 h
N ENE R

2.3.6 EFRRAE OREEE BN BEIL 4 - 06 B
ELbK.S - Ji ¥ B bk, =R ¥ PGB -3 PGB -5 iy 2%
JOX B At & 2% S mL, BT [R]— 100 mL &,
IMFEBIA A R R L 4550, RS K
BRI 4 mL 2 25 mL SRR R8I B EL AR b
(D5248 — 16 — 053) 250 mg, MR sh A0 A ¥ fift I

x4 EWmBER NBEERJI-HEEHRERS - HEEmEN . =R . PGB -3 1 PGB -5 W&k t% 2=
Tab.4 The regression equations,correlation coefficients and linear ranges of pregabalin, lactam, 4 — alkene pregabalin,
5 — alkene pregabalin, trimer, PGB -3 and PGB -5

am Il 5 75 2 Eoryen ]
(‘compound) (regression equation ) ' (linear range) /(g + mL™")
I Hiii B4 AR ( pregabalin) Y=1361.628 0X +248.010 0 0.999 6 4.97 ~14.90
P IBER% (lactam ) Y =26 843.755 8X +9 166. 655 3 0.999 3 0.93 ~22.61
4 — J5 3 B EL bR (4 - alkene pregabalin) Y =28 370. 102 2X +8 240. 565 9 0.999 2 1.00 ~14.95
5 — M B LK (5 - alkene pregabalin) Y =8 685.004 0X +3 101. 093 8 0.998 9 2.91 ~14.57
=) (trimer) Y =68 284.459 5X +13 111.218 5 0.998 7 0.88 ~13.24
PGB -3 Y =2 893. 047 2X +500. 760 6 0.999 5 4.88 ~14. 64
PGB -5 Y=4599.677 1X +3 152.355 5 0.998 8 2.95~14.75

BRI 32T A 1 mL 353 By ELAR 10 mg, HoAl
AR BE 43 0] 45 B3 14 80% R (5 1 mlL &%
12 pg NBERE, 5 1 mL 75 8 ng HAWA AL s 54 it
HCREWE 2 mIL 2 10 mL B RS 20 B AR
iiih (D5248 —16 -053) 100 mg, ML SHAH A # it
MR B2 4520, i B 1 mL 35 35 B (2 bk 10 mg
HAt 25 2% S BE 7330 9 R 9 100% AYHE R (FEL mL
T 15 g WL, 5 1 mL 55 10 ng HALS AT 5 45
WA 6 mL % 25 mL BIPRS00 A By
MAERL (D5248 - 16 —053) 250 mg, N shAH A %k
R R 208, #7550, il R 1 mL 3 3% By 26K
10 mg HAWRAS 2% TR BE 70 301 R 45 AR 1 120% 19 9% 1
(B 1 mL % 18 pg WEERE, 4 1 mL % 12 pg HAb4
ZJ5) o LOREEAS R SRR R I e 3 0y, 3k 9
o 4252, 17 UK @G AR E I iC S il
TR AR, B 4 - M e AR S — 0

RWEHR L

ELAR, =59 . PGB -3 PGB -5 [ F-3 [0 i K (n =
9) 4351k 100. 6% (RSD =0. 56% ) .100. 2% ( RSD =
0.38% ) .100.5% (RSD =0.46% ) .101. 1% (RSD =
1.1%) .100.0% (RSD =0.63% ) .100.0% ( RSD =
0.54% ) , Ut I L HERRFE = o

2.3.7 MR EHRA RS 0@ G
5 :1A7144718 6AIB1910) A [F] 25 1 2 RV A £33
{2 (Agilent 73 7 : Agilent1260 | Agilent1260 Infinityll ) ,
FEE 30 2 °C J%3# 0.8 +0. 1 mL «» min ™', 7E“2. 17T
TR RS PRI TR 1, 45 0838 B AR A
WhiE 4 — 9 35 B EARLS — B I AR, =R W),
PGB -3 PGB -5 [)43 B517 00 S e ThT AR TG WA Sk 22 1) , Ui
By i PR LT o

2.3.8 JBIZAME R RREEE S R A O B
B PR Ak 24 ) I S MR R S R AR 1 TR
(40 £2) CAHXIRJE 75% = 5% ; & W] 0 d

E:
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1.2 4.3 3.6 1) LR KRIIRRE PERE G Ol 5%
PFARBE (25 £2) C,HIXREE 60% = 5% ; HCE I
[]:0 d )& 3.6,9,12,18.,24 .36,48.60 H ), & it

“2.2. 47T T A R A R A2 1T IR
AT E o REIATR WA S, R PERE i 251
ZRIRESRYIR I

x5 REMKBER

Tab.5 The resu

It of tests for stability

)5 & & (impurities content )/ %

D5248 -17 -086 D5248 -17 -087 D5248 - 17 -088
less ]
(compound) 6 H K60 M6 5 K60 A 6 S 60 J]

0d (6 months (60 months  0d (6 months (60 months  0d (6 months (60 months

accelerate)  long —term) accelerate)  long —term) accelerate)  long —term)
PRERZ (1actam ) <LOQ <LOQ <LOD <LOQ <LOQ <LOD <LOD <LOQ <LOD
4 — SR (4 - alkene pregabalin)  <LOQ  0.01% <L0Q  <LOQ  0.01% <LOQ  <LOQ  0.01% <10Q
5 — KRR UK (5 - alkene pregabalin) <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
=Y (rimer) <LOD <LOD <LOD 0.01% 0.01% <LOQ <LOQ <LOD <LOD
PGB -3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
PGB -5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
HAh P2 (other impurities ) <LOD <LOQ <LOD <LOD <LOQ <LOD <LOD <LOD <LOD
a7k (total impurities) <L0Q  0.01% <LOQ  0.01%  0.02% <L0Q  <LOQ  0.01% <10Q

1 (note) : F#HFZZLF Y LOQ .LOD F£ L3 3 (in the Tab. 6, the LOQ

2.4 FRALARINZE IR

iz BEAR SCHEEST ) 7 7k, % D5248 — 17 - 086,087
088 3 HEFE M AT R, 25 2R WoR , &> 2 4 SR 1y
BT AniE , A D3R 5 e PEim s R 0 d,
3 itig
3.1 AR R A Y B or B

A ) A AR 2R R T 7 A B 2% SO T2 R O DN G N 5
T ot G 5 S 9 W1 38 iy L PR DR 24 4> AR B 4
E b SUUC RSB P 4 ST B 0 U)o S RE X s 1= W
DU A 38 3 36 A s v X Bl S A R 3 o, 25 2R 38
AKE o I AR M B K AR e R R I, A
i PETRRE , AR B PR B A5 2K
3.2 (SRS
3.2.1 2 Mr ik bbd Xt USP EP 3 gy
EUMCAT O oA Ty 3 AT i b A, A5 AR R,
USP EP J7 ik 5 AN 38 0K & e T 2538 3 B S et
A Y A, Horp USP Jr ik L AR
PGB -3 W [a] 57 F 0 T4, T 224l = R YTk
T AR JBE 8 50 P TR P S 06, PN T Jig 52 35 50) 0 T3 ; EP
Tk R ER PGB -5 5 FWE T B, T A4 =
RY R A (100 min L B) 48, 8EF 2 4
R s, B s TR S T2 A B

, LOD of impurities see the Tab.3)

MR A BT

3.2.2 pEitALLEIE S S USP g LY
MRS ) pH PR IR B A EL . B )
BT AT B By K B P T e 4 — 75 5 Bl EL A L5 -
Jii B AR L = 2R ) . PGB -3 (PGB -5 (R - 2K iz
PGB -5B .PGB - 5C PGB 5D 10 4~Z [ £ %5 i 7] 4
SETRURME I A Ao B, T BB R e T v
HI T 10 A% BTl PR 25 B K, TE VR IR0 4 B B, R
TR BN F R 2 1 5 B O 5, AR B O B
W PEZR I, J5 5 S BEA TR E VR , £ B8 943 85 55 A
PRI, BB, B A E S A IR Eh Sz v
W&~ LN - W (900: 20: 80) , it shAH B S O BiF , 2k

FIRRBEDEML o
3.2.3  JRshAHZE I pH %58 5% USP g )

o A J ke ) pHL R 2EAT 2% AR [0 A
A8 PGB -3 2 S S )-S5 i A R B 3K B
EUBKES , H I RN AR 22 00K .l ad S i pH 585K AT
1 TEGE MR IR FR 1 2% 1 N, PGB = 3 14 H W N P52
I e B B LR A 20, TAELL 25 T R - FR LM%
O PRGN, B R UG i 2% vh
B pH BER )5, 2R bl ) pH E N 6.0 ZeAy 78
PEARAET A DA B REA 2000 1, ELOR ) B0 30 2%

RO S
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figp 2% SO ) 7 M AR R A SO 2 ) K 8 T W
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