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Abstract: Objective To prepare ligustrazine pamoate (Lig-PAM) sustained-release nanosuspension (Lig-PAM-NSps) and
determine its in vitro release characteristics. Methods Lig-PAM was prepared by hydrophobic salt formation method and its
physicochemical properties were characterized. Then, Lig-PAM-NSps was prepared by miniaturized medium grinding method. The
prescription and preparation process of Lig-PAM-NSps were optimized by the single factor and orthogonal experiment with average
particle size, polydispersity index (PDI) and stability coefficient (SI) as indicators. Lig-PAM-NSps was characterized, and its stability
and in vitro release was also investigated. Results The compound ratio of Lig-PAM prepared by Lig and PAM in the amount of 1 :

1 was (97.48 £0.04)%. Compared with Lig, the solubilities of Lig-PAM in water and simulated body fluids were decreased by
95.50% and 77.39%, respectively. Fourier transform infrared spectroscopy (FT-IR) and X-ray powder diffraction (XRD) showed that
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the Lig and PAM formed Lig-PAM. The optimum prescription size of Lig-PAM-NSps was (585 +5) nm, PDI was (0.328 +0.015)
and Sl was (0.928 £0.012). The scanning electron microscopy (SEM) showed that Lig-PAM-NSps was spherical with uniform size
distribution, and the particle size was about 600 nm and its physical stability was good within 60 d. The results of in vitro release

showed that Lig-PAM-NSps had obvious sustained-release effect compared with Lig solution within 48 h, and showed the first-order
release characteristics [In(1—Q) = 0.153 67 t + 80.458 14, r = 0.998 26]. Conclusion The preparation progress of Lig-PAM-NSps

is stable and can release Lig slowly in vitro.

Key words: ligustrazine; pamoate; insoluble salt; nanosuspension; sustained release; in vitro release characteristics; miniaturized

medium grinding method; orthogonal experiment
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2 FEEHR
2.1 Lig BE5HhAERNENM
211 @ikt @ikA A Agilent Zorbax SB-Cyg
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Fig. 1 HPLC of blank solvent (A), Lig reference substance
(B), Lig-PAM sample (C), and Lig-PAM-NSps sample (D)
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213 SR ECE K% R E Lig-PAM-
NSps A 1 mL % 50 mL 2, HEE M 515
PERAAW, 0.22 pm JEMREIELL, RIS M-
214 KEEEFEE 5 HUK(3.9 pg/mL) H1(15.6
pg/mL). & (62.4 pg/mL) JREWKEE K Lig XFHE 5
W, T 1 d LSRR 6 IR, THES BRI
FEM RSD i, ERHWNKEE. 48R ERIG 1.
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216 fofERECEES B Lig S8 O Lig-
PAM-NSps ¥ 1 mL, 435k A& (3.9
pug/mL). H (15.6 pg/mL). & (62.4 pg/mlL) JFiE
WRPEER Lig XHI& ST, % “2.1.37 TR J7ikabHE,
FENBAREREAGNE Lig &8, HERR, 431
9 (10228 +0.31) %. (99.02+0.22) %-.
(99.57+0.11)%, RSD 4344 0.30%-0.23%.0.25%,
Ui 7V R CR RAF

217 HEEMES G “2.1.37 TUN HERE,
SPATACIE 6 I FE S, 3 N RORE B G s e TR,
5 RSD fl. 455 5Ho~ RSD 14 0.36%, iH1J7
FESERT.
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N, EEMRN 0.5 pg/mL, MR A 0.1 ug/mL.
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231 EAFRMINE Lig-PAM LIE THLES, 4
HAEVEW S, Lig 1 PAM (Hfif 55, HARe L
S ARSI, LW, 2N 3 A E A
BEATH S, 3RS FREL Lig-PAM 10 mg, JIfi#
BAFIERZE 10 mL, HPLC #47&EME (LA Lig
i), FATSEE: 3K, 455 Lig-PAM 7E . ZBE.
MG T f# B FE 4y i v (105.784+0.39) % .
(106.24+4.40) %. (87.414+291) % (n=3), H
BE. CEENREERIRG, A Eae, HER L
FE A B 5 159 HL s AR, WhE SRR
W

PLBENAR B, X Lig-PAM & &R kT4
B2, FEEFREL Lig-PAM 10 mg, MMAZEMIKERE
10 mL, 12 000 r/min &> 10 min, _EiEWBIE N
EREACNE Lig &8 SR % PRI Lig-PAM 10 mg,
N R4 10 mL, [FVERAE. “PAT950 3K,
HHEEEERN (97.484+0.04) %.
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HHER=1—#1/KH Lig & EMRSERT Lig &2
232 CFETEMEENE ol B & Lig.
Lig-PAM T 2.0, IS 2 728 TH/K AR 22
hisW (PBS, pH5.0. 7.4, 9.0), F37.0 ClEIR
FEPRH, 100 r/min fEIR 529 24 h, HUH, 12 000 r/min
B0 10 min,  _EIEWGE 0.22 pm JEME, ERFRS
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[F) A R ATV RS (LA Lig TH5D . g5 Rk 1,
5 Lig #HEE, Lig-PAM 7EZETR/K B VA i 2 FEAIK T
95.50%, FERBLIARIE A MEIFAIK T 77.39%, A E
TEAR IR R AT I BB AU -

2.4 Lig-PAM HUZE#IFRAE

241 A6 (FTIR) - 437HL Lig. PAM. Lig
A PAM HR G M Lig-PAM &g, S5RENRE
SEFETRES G, 400~4 000 cm * 44, #E4T
FTIR 7#r, 45501l 2 Firzr . Lig-PAM ZL4M &
4% WIAE 1508, 2 457, 2969 cm L Ab H IR IR £h B
(RHRZE, i 2k AR AR i 4% 208 DA K FR & (1) AN e R
Yiykzhig, U Lig 5 PAM JERL T Lig-PAM.
242 X-PHEATH (XRD)  XRD {4 Cu #4H
§F, 20 fMYEH 109-90S HHHER 6Fmin, FHI5
£ 0.022 4 HIEUE & Lig. PAM. Lig Al PAM # 31
RAYICA K Lig-PAM,  BERSHUEF R0, 45 5 an
3 i, Lig MIRFEATHIE 26 5308 10.11<
15.28< 21.14= 27.40 29.04= 29.705 PAM [
% 1 Lig. Lig-PAM ZEARREBFIPHEEEME (X5,
n=3)

Table 1 Equilibrium solubility of Lig and Lig-PAM in
different solvents (X +s,n=3)

ST AR (mg-mLT)

VB I -
Lig Lig-PAM
2K 4.43010.230 0.19940.039
PBS (pH 5.0) 3.275+0.041 0.14340.005
PBS (pH 7.4) 3.127+0.103 0.707+0.143
PBS (pH 9.0) — 0.9214+0.083
T A

——rr—rrr—r—r—r—r—r—r—r—
1000 2000 3000 4000
viem™®

2 Lig (A)s PAM (B). Lig #1 PAM ¥I3ER &% (C) &
Lig-PAM (D) 89 FTIR

Fig. 2 FTIR spectra of Lig (A), PAM (B), physical mixture
of Lig and PAM (C), and Lig-PAM (D)

20 40 60 80
201(9
3 Lig (A PAM (B). Lig %1 PAM #IER &4 (C) &
Lig-PAM (D) #9 XRD
Fig.3 XRD spectraof Lig (A), PAM (B), physical mixture of

Lig and PAM (C), and Lig-PAM (D)

FRAERT S 209399 9 11.01<.15.51<.19.25<.23.03<
24,872 26.13= 29.80< Lig fll PAM i Ig L2
B, WESREER, MASERE. YHLREAVIRHENE 20
23 9117910.19211.20<.15.69<19.06<.21.16<.23.23<,
24.832 26.29° 29.89< 4 Lig il PAM A,
Lig-PAM HE{EIE 260 4350 11.402 13.58< 18.98<
19.76< 22.41° 22.80< 23.70< 28.30S AKMELH|
Lig Al PAM HIRHEATETUE, RN, RRAEWERIfL, 58
FEBRAR, UiBH Lig-PAM &5 & B FRAIR, (BT DL S AT
LAFFE
2.5 Lig-PAM-NSps Bl

KT AY i B i 4% Lig-PAM-NSps. X
EEHEAN 0.4~0.6 mm FIEEER, BT 10 mL
PaMI T, InER Lig-PAM R E VAR, T1
VARG i ST E Uk a1y G N P IEC S
2.5.1 Lig-PAM-NSps }¥if%5 % 7 #ife % (PDD )
W BUEE Lig-PAM-NSps, HNZEM/KHRE, R
FH 9K 0 A 2 B4R A0 PDI, A IE 3 7k, BL
SEIIMH
252 Lig-PAM-NSps # 5 250 (SD fl &P Hy
i& & Lig-PAM-NSps T 2.0 H, 1 500 r/min &0
30 min, B LZREBRIER, AWMARRE, 90Kk
FEACE R AR, EAREME 3K, BUFHIME.

SI=8.L0 5 PR 85 O BT F R A
2.6 Lig-PAM-NSps &7 TEMk

PLT#5Ri 4% PDI AL SICAFERR, 4305 e e 71
R, HECEREAILG]. P 5ieEmitsl. Eib
BEERFI S DEREEL . BERERT ) 6 NIRRT EE.
261 FaEFIRZE  FESH CIRRIE 2 K AT
RIS b, FERERHEAN 1%, 25k
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EFELEIN 4 1 1, FAEERRH RN 3.0 mL, $itdki%
i 800 r/min, FEFEMIA 1.0 he LLFHkifE. PDI Al
SI JyiEbr, % HPMC. PVP K30. P188. T80 4 f
FREFIBATH L. SERWE 2, ANFEFE G T
Lig-PAM-NSps Fif2F1 SI HZ R K, S5LL P188
M1 T80 JykaE I L, HPMC 1 PVP K30 Jyka i 7l
i, SERAR RN B SHERCK, FRERREFINE
e T 189 R 0 e e PR, Rk, gk
HPMC #1 PVP K30 2 Fjfa & 77l LAAS [7] bb 1] 52 Br s~
Yikife. PDI A SI &4k, 45 F Wk 3, 24 HPMC
5 PVP K30 Hil N 1 4 5, SEHIRiAR N (721+£40)
nm, PDI & 0.413+0.042, Sl 1’y 0.930+0.067,
sretetagh, ik, vl EEiREfIHER 1%,
HPMC 5 PVP K30 tL#iI 1 4, i — % Hofd K]
RIATHE,

262 ZMSTERLEES  EEfERHEN
1%, HPMC 5 PVP K30 tb#i A 1 @ 4, S LB B
BN 3.0mL, #HEEEEEE 800 r/imin, #iFEFTR 1.0 h,
5220 5 R 2 AN F LU P2k 42 . PDI AT SI
(A4, SRR 4 s, B e e 71 FH 2=,
Lig-PAM-NSps “F¥JRi2 s/ N a3 m, SI e &
BOIGIMIERCN, oA R R AT e 2 24 AR e A B
/NI, ZIPIRTORE JE Bl AS g A /R B AR E R, K
AT A B R BORAR AR K, Bl A5 A e A B3 hn,
=2 FAEFIFRAEXS Lig-PAM-NSps EiHi1Z. PDI. SI
=M (X+s,n=3)

Table 2 Effect of types of stabilizer on average particle size,
PDI, and Sl of Lig-PAM-NSps (X £ s, n =3)

FREFME  PHRAE M PDI sl

HPMC 779+43  0.445+0.063 0.863+0.055
PVP K30 830+40  0.416+0.027 0.657+0.046
P188 975+60  0.370+0.013 0.591+0.016
T80 1230+50  0.379+0.081 0.835+0.020

<3 HPMC 5 PVP K30 Et 5%t Lig-PAM-NSps 112
PDI. SI BN (X+s,n=23)

Table 3 Effect of ratio of HPMC to PVP K30 on average
particle size, PDI, and Sl of Lig-PAM-NSps (X = s, n=3)

HPMC-PVP K30 “F-##i4%/nm PDI sl
1:4 721+40 0.413£0.042 0.930+0.067
2:3 911+ 3  0.359:+0.028 0.658+0.019
1:1 106129 0.71340.067 0.87040.052
3:2 1031+67 0.59140.023 0.569+0.063
4:1 746+41 0.455+0.015 0.731+0.065

*4 HYSIREFILLGIXS Lig-PAM-NSps %2, PDI.
SIHIEM (X+s,n=23)
Table 4 Effect of ratio of drug to stabilizer on average
particle size, PDI, and Sl of Lig-PAM-NSps (X + s, n=23)

2R FEIRLR/m

PDI

Sl

1259+ 53
1118+102
721+ 40
840+t 43

0.319+0.060
0.351+0.067
0.413+0.042
0.456+0.034

0.572+0.010
0.729+0.073
0.930+0.067
0.900+0.046

ZINIURLR 5K ) FEAK, BELE 1R[] i SR SRR
b e R 2t — P, i EFRE IR
W, YR AR, RO AR AR KR,
MW SREFILLEIA 4 0 LI, SRR, LA
Z I BEAT A PR SR 52

263 FAMHZKHENESE BEREMNREN
1%, HPMC 5 PVP K30 i A 11 4, Zi¥5fase
I 4 ¢ 1, HibEi% 1 800 r/imin, FiFEET[E] 1.0 h,
FSA NS BR B FIN T35 R4% . PDI I ST AR
o SR 5 PR, BEAE S ALEE B 2R,
SPEPRAR SN RSN, SHESEIG SN, b
FR PR AT RE A2 BT B i S AL B R AN BRI B 78 23 1)
BEFEER, I & 1R A B R TE [ 5 (RRF B s A
PiHEF AR o3 Ay Sh I Y B 3l , ST PR AICATT
RO, M BR A 20 3.0 mL B, B TR FRRAL,
DA% B AT HoAd R 2 ) 5 42

2.6.4 WiREFEENEL  EEREFHERN 1%,
HPMC 5 PVP K30 tb#ily 1: 4, 2558 ERH
B9 4 0 1, B A BRH & 3.0 mL, BRI E] 1.0 h,
RGN RN P hiAE . PDLAT SI AR fk . 45

N 6 fin, BEEBFEEERIGm, FRIRAR e
ANJESEIN, SUE SIS, St FR PR AT e 2
Fead /), 25 SRaE IR T LRV, B
I FERACRECR, BEAEFHEIG N, 25HAES E AL
LR NIGREEIG R, R 58 70 787070 RO BT T 24590
R5 FILETRAEX Lig-PAM-NSps %12, PDI. SI
BN (X+s,n=23)

Table 5 Effect of dosage of zirconia on average particle size,
PDI, and Sl of Lig-PAM-NSps (X £ s, n=23)

FALEE R B/mL F¥ kiR /nm PDI Sl
25 782+ 66 0.388+0.028 0.850+0.084
3.0 721+ 40 0.413+0.042 0.930+0.067
35 749+ 41 0.354+0.036 0.835+0.070
4.0 13244180 0.718+0.044 0.787+0.165
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& 6 FEXS Lig-PAM-NSps FIKifE. PDI. SI BIS/NG
(X£s,n=3)

Table 6 Effect of stirring speed on average particle size,
PDI, and Sl of Lig-PAM-NSps (X £ s, n =3)

®7 BEEEX Lig-PAM-NSps %42, PDI. SI K98
Mg (X+s,n=3)

Table 7 Effect of stirring time on average particle size, PDI,
and Sl of Lig-PAM-NSps (X £s,n=3)

P8/ (r-min Y PRI /nm PDI Sl P Al PRI m PDI s
600 829434 0.386--0.023 0.77840.041 1.0 7214+40  0.41340.042 0.930--0.067
800 721440 0.413+0.042 0.93040.067 15 700425  0.34940.015 0.842+0.019
1000 735+ 6 0.317+0.005 0.780+0.030 2.0 640410  0.346+0.058 0.911+0.018
1200 1071436 0.3460.025 0.6104-0.016 2.5 611+18  0.27740.023 0.923+0.027

R, (EfRARN N, (M —P R, P
BRI B G0, AT e H T K T BT s
(N Faate X T ] 2 [ v el (61 LR 1 OO = 2]
Yrsoknkr s KB R, B E B A 800
r/min FEAT HARR R 52

265 HEFEETAIIERE  EDERREAHERN 1%,
HPMC 5 PVP K30 tL#iIh 1 4, 2% 5FaE Rt
Bk 401, FAEEERH SN 3.0 mL, $HidEiEE 800
rimin, 5 E50HE RIAN [F ISPk 4% . PDI AT SI
A4, GERINZR 7 s, BEAE SR A 3G,
SERPRIAR A PDI 39800y, I R AT DARRRE R 78 /2 11
PRI (R ] DA 250k PR R BN 2, [FIRS, Fa
TE T T 5 73 B B T 29 Mok i, i AR A%
/N o

2.6.6 Lig-PAM-NSps fill# TZIEZ &I 1E
LR R S A b, EHO Lig-PAM-NSps il %
Wb T77 T2 mECR K] 4 MK Z: HPMC 5 PVP K30
Ll (A Zistae At (B). AfbhEkH &
(C)\ FFERFE] (D), FAHZERE 3 MK, %
B Lo(3Y) IERREIHRBEAT AT T2k,
% 8 fuR.

PLFHI%i4E . PDI AT SI AR $8hR, RHZEE
IIRGTES A, kil E R ¥ 0.5, PDIALE RECh
0.3, SI LERKN 0.2, ZHZAEVEITEARNES
W =1 — kiR K HiAE) X 0.5X 1004 (1—PDI/
K PDI)X0.3X100-+SI/5 K SI1X0.2X100, EZZiA
550 B E LA Hr 5 AT R0 (3R 9D, 521 Lig-PAM-NSps
Hil#& b TEERF A C>B>D>A, ibibTr

=8 Ly3) EXRKWRITSER
Table 8 Design and results of Lo(3%) orthogonal test

A TRs A B C/mL D/h SFHpRLARInm PDI sl LAV
1 1:1(Q1) 2:1(1) 3.0 (1) 1.0 (1) 961 0.571 0.706 48
2 1:1 4:1(2) 35(2) 1.5(2) 1006 0.553 0.674 47
3 1:1 6:1(3) 4.0 (3) 2.0 (3) 1304 0.528 0.489 37
4 1:4(2 211 35 2.0 1018 0.598 1.050 52
5 1:4 4:1 4.0 1.0 1324 0.718 0.787 35
6 1:4 6:1 3.0 15 829 0.327 0.842 62
7 4:1(03) 211 4.0 15 1967 0.823 0.637 12
8 4:1 4:1 3.0 2.0 540 0.489 1.089 68
9 4:1 6:1 35 1.0 697 0.264 0.904 69

Fz9 EHNH
Table 9 Intuitive analysis

K A B C D
Ky 44.00 37.33 59.33 50.67
K, 49.67 50.00 56.00 40.33
Ks 49.67 56.00 28.00 52.33
R 5.67 18.67 31.33 12.00

Kol £ T 2N AsBsCiDs (HPMC 5 PVP K30 L7
N4, AYSRERILEh 6 1, AAEERH E
N 3.0mL, HEFERFTESAN 2.0 h); 5 250 breh B AT 40
(% 10), FHAL#EERFHE (C) XF Lig-PAM-NSps 1)
il L2500 R, HALFZRIX Lig-PAM-NSps
IS R E A s A

2.6.7 LZEIFRALE IZmxfELTT T2 AsBsCiDs
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Table 10 Analyses of variance
FTEXRE  BEEVHIM HHE  FE BEN
A 64.220 2 1.00
B 544.890 2 8.49
C 1776.890 2 27.67 P<<0.05
D 253.556 2 3.95 5 Lig-PAM (A) #1 Lig-PAM-NSps (B) #J SEM

Foos (2, 2) = 19.00

(HPMC 5 PVP K30 Ll 4 1 1, 25 5FaE Rt
B 611, FAEETRHESN 3.0 mL, HiFEEEN
2.0 h) #14% 3 it Lig-PAM-NSps, U5 F-HRife ik
WA (573+£1). (585+5), (595+12) nm, PDI
Wk 0.363+0.022. 0.328+0.015. 0.345+0.042,
SI fEAK N 0.91540.049. 0.928+0.012. 0.931+
0.060, LA EsuGat BRI, KA YA U S |
# Lig-PAM-NSps [fill5] T ZF & v 1T .
2.7 Lig-PAM-NSps HIFRAE
271 PRI AT WIFIIN S —, 2R
WOVRR, mE 4-A, BB T 24T Lig-
PAM-NSps A& &, ZRIE/KFRE, 990 FE
SERLAE, KA 4-B, kiR AifE 600 nm
KA
272 AiEE (SEM) KIWEE B Lig-PAM i
Lig-PAM-NSps Jd&i&, ZAEKAEE TERBAART
e, PR PSR, SR WE 5 B, Lig-
PAM JFRLZ45 AR IR b, BAREJLICK 221
TROKRANGE , K TS 0T B V] £ A Lig-PAM-
NSps J&, 2R/NE—METE, RAELE 600 nm 4,
B YRR FEACI i 25 FEEA—FL
2.8 Lig-PAM-NSps i 7FiaE &5

4 Lig-PAM-NSps 437l E TR (4 °C)

A B

|
.

10 100 1000 10 000
hifzinm
Bl 4 Lig-PAM-NSps B9 (A) FRIZH % (B)
Fig. 4 Appearance (A) and particle size distribution (B) of
Lig-PAM-NSps

Fig.5 SEM images of Lig-PAM (A) and Lig-PAM-NSps (B)

=% (RT), F 1. 3. 7. 10. 15, 30. 45. 60 d
HURE,  Z80R/KRoREAR [R) A5 200 2 Ki A2 F0 PDI, 253
Wikl 6, Lig-PAM-NSps 7& 4 CAHl RT %4 FiE
60 d, Hif£7E 600 nm /47, PDI$8%TE 0.4 KA,
8 Lig-PAM-NSps 7£ 60 d W)L E

8007 w472, 4 C ——PDI, 4 C 10
kift, RT -==PDI, RT

6004 0.8
c 0.6
£ —
& 400+ o
&= -0.4

200

0.2
0- -0
0 1 3 7 10 15 30 45 60
t/d

6 Lig-PAM-NSps BIfif2F1 PDI FERTE)FIRE ML
(Xts,n=3)

Fig. 6 Variation of particle size and PDI of Lig-PAM-NSps
over time and temperature (X +s,n=23)

2.9 Lig-PAM-NSps #kshaH %58

KB AL E Lig A1 Lig-PAM-NSps 7E
PBS (pH 7.4) HHREIAT Jy. A Lig-PAM-NSps %
W 1mL GHH4T 2mg Lig) 25 R BIKEER Lig 1A
T B AN 7 3 500 FENTAS N, BRI
JRAAF A 50 mL, %3 100 r/min, JEEAN (37.0+
0.5) C, TS 0.08. 0.25. 0.5. 1. 2. 4. 6.
8. 10. 12. 24, 36. 48 h BUFE 1 mL, #h7eZHiR.
SEARBVBEA 7, 3@ HPLC & &8 ( LA Lig i),
THRAY BRI, R 0E 7 PR, Lig WK
7 2 h i BAUBCR IA 31 87.25%, 1 Lig-PAM-NSps
76 2 h I BRI N 23.48%, 48 h N EFRIRE
N 82.82%, il Lig-PAM-NSps A LAZEK: Lig Bl
Fa], SRBIEREMIBOR . il NRRRR. — R
JERT Higuchi 75 725} Lig-PAM-NSps 44 7 ik ith 2k 4
TG, HOMEBHRRFT & — %7 fE: In1—Q)=
0.153 67 t+80.458 14, r=0.998 26.
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100-
—_—— , 5
. /’],/I
g(E 504 —=—Lig
® —— Lig-PAM-NSps
B
O b T ’ L] I’II' L) v L v ] b 1
0 5 10 200 30 40 50

t/h
7 Lig #1 Lig-PAM-NSps 7£ PBS (pH 7.4) ks 54
Brhsk (Xx+s,n=3)
Fig. 7 In vitro release profile of Lig and Lig-PAM-NSps in
phosphate buffer solution (pH 7.4) (X x s, n =3)

3 g

GV SR R AT AR B B R I
TP, AR Szt R A A ME B BRI 4 Lig-PAM,
IS PR Lig fEK R IRERRE, oG5 Lig AN =
WL AR, ARG, RS, B
I P2 222 P I o SRS P SRR RN T X 2 AT
ez, G T 29 R G B ] B R 1) 5
AIEA, Lig-PAM HEAMRP, Z212fF &N Lig Al
PAM, BECRFFZMIEERL, SOABIZZREM H .

A S 6 A5 Bh A R A 5T R R i % Lig-PAM-
NSps, @It Z5PRRRAR, R R H .
Leng 5B HH g K IR 70 4 3 R v TR AR S
THOUERAIE RS, YT YERER, 4%
H 23R R A2 100~200 nm JEE N, 45
BUR BB H BIRE,  28 1) 245 9 WO R AR AE
800~1 000 nm HLFP%0, [k, ASEibsysH%IE
iR R AR I3 — YA AR e M, AR Lig-
PAM-NSps “F-#j%ife. PDI. SI 235N (585+5)
nm. 0.328+0.015. 0.928+0.012, FFikE 5 245 ik
KRN, SERRRAME, SOk S 2R f A7
K, GRADIR . BRI,

ARSI ZE A HER I R FR SRR EHAR,
71 Lig-PAM-NSps 17Nl 45 R HAE 48 h N
A —ERIERMR, (2, mTERNREIHREEE S,
X 2 R Em, @I RSN TR SR 2 R
Re THT VPN B R IR, DRk, ASEib Rt — %t
YR NG OLE T 5, AR, S NE
R IR &5 7 TR T IR B FT
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