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@ Ejj Hypersil Gold ## (100 mmX2.0 mm, 1.9 um), WENAANZME-7K, BB, SN 203 nm, FEEN 28 C.
PLES O HEgE IR SE & UPLC M EfE A i R, 58 NGRi. GRgi. GRe. GRbi 5 GRd 4% (k4 8 o 5 70 B )
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Determination of contents and encapsulation efficiencies of five saponins in
Panax notoginseng saponins transfersomes
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Abstract: Objective To develop methods for the determination of contents and encapsulation efficiencies of five saponins in Panax
notoginseng saponins (PNS) transfersomes (PNS-TFSs) and probe the drug encapsulation features. Methods UPLC was adopted to
determine the contents of notoginsenoside R1 (NGR1), ginsenoside Rg1 (GRg1), ginsenoside Re (GRe), ginsenoside Rbi (GRb1) and
ginsenoside Rd (GRd) in the preparation of PNS-TFSs. An Hypersil Gold column (100 mm x 2.0 mm, 1.9 um) was used to separate
the analytes with acetonitrile-water mixture as the mobile phase in gradient elution mode, and the detection wavelength was set at 203
nm, the column temperature was 28 ‘C. Encapsulation efficiencies were determined by centrifugal ultrafiltration method combined
with UPLC. Results The specificity and resolution (R > 1.5) of the peaks corresponding to each analyte met requirements of
methodology. The calibration curves were linear (» > 0.9997) and in the ranges of 4.04—505.00, 3.98—498.00, 4.03—504.00, 3.99—
499.00, 4.00—500.00 pg/mL for NGR1, GRgi1, GRe, GRb: and GRd respectively. RSD (< 2.4%) of repeated measurements with
working solution of chemical reference substances (CRS) and recoveries (97.23% —104.50%) of the analytes from the blank
transfersomes spiked with their CRS demonstrated respectively the precision and accuracy of the method. The test solutions were stable
(RSD <£0.90%) in 12 h. The contents of NGR1, GRgi, GRe, GRb; and GRd in the transfersomes were 98.14, 380.80, 41.68, 317.50,
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75.61 pg/mL, and their encapsulation efficiencies were 75.48%, 69.68%, 69.51%, 92.35%, 95.97%, respectively. Conclusion UPLC
is fast, accurate, precise and applicable to the determination of the contents of NGR1, GRg1, GRe, GRb; and GRd in the transfersomes

and the centrifugal ultrafiltration method coupled with UPLC is applicable to the determination of their encapsulation efficiencies.

Key words: Panax notoginseng saponins; transfersomes; UPLC; centrifugal ultrafiltration; encapsulation efficiencies; encapsulation

features; notoginsenoside Ri; ginsenoside Rgi; ginsenoside Re; ginsenoside Rbi; ginsenoside Rd

—tLROAMBAZEBHEY =L Panax
notoginseng (Burk.) F. H. Chen IR LHRZE, 2
AL GE T AR A &M L2 U SR AT 4545
MR EZ . HEZEEERS A= H
(Panax notoginseng saponins, PNS), PNS 1 3 Z i,
AFE =B Ry (notoginsenoside Ri, NGR;).
NS B Rg (ginsenoside Rg;, GRgi)w NS EH
Re(ginsenoside Re, GRe) . A\ Z: 2. Rb;(ginsenoside
Rbi, GRby) 5 AS 21 Rd (ginsenoside Rd, GRd)
. PNS B Z R BMEH, 3RS OILE &R
i, RIPPIE RS PUMIE . BUE . PrRSEN, IR
HITEE . BRI SRR R B S
BRFTH, [FR, W2 T HRIT RS
Bl BT, PNS IERE 7 EZN po Mliv, 8
M, po 255 512 B Wi 45905 i, HAFFEI 15 %28
N, FECEVIRI R AR, 45 25 A2 R S,
PEZE . RSN . Ak, IX 2 Fheh 2R d
PLSZI PNS 7E454% Ja 3 AL 2R 73 A, AT s 697
SRR IAEH « E PNS 1R A& M AmiE T
T2 R 4 2 N — M BAR A4 254, AT
A RO AR A7 AE FO B i RS 15 B o e,
gy, B>, Hl R AR S PNS 78 H
ERAL R T SR B LR B, AT 42 e Xof J) 92 i
720 SR, BRI PNS o & o0 AR 731 i B4R
K, MELLE IS M5 JZ B, i S-S I B
SR 2B LUk B B AR 1) 28 Je WO

fEifiAk (transfersomes, TFSs) 1E % [ 25 #j11)
RRBAE, CRZBNZ 00, EaHBiE. HE
BT R 5y 1 |2 510 4357 (edge activator,
EA) JL[EM AT R T2, & IS TFSs
BA RUFp# AT, RN, HTRAFER
FeRAKAHBE L (SR BNPE . i TFSs Resdid /A H
H S Rift 40 2 — R/ (B TFSs 15 345K f5 ) 1%
JR A1 502 R B K T, Bk R RR Z AL,
rh 8 A 8 ) 2 R TS B RSN LT A 4 S A
F, T 55— B 3 2540 ) ] SIS B0 R T R A A 1)
IR, SR Im PR bR BRI KR IT R, BT I
&5 241%4%, TFSs BEWE I I B N RS A LI 1254

W, FEEERENRIER 2GR, iR
RO EEMITERU), TFSs HH FH Y EA FIHEREN. &
AL Ee S R EVEVER . AR R, DB IE St
TR T 5 BRSO BN EA 1Y) TFSs BAG AHABL
ZIM 2 B BB R PER), A2 AT B 7 45 SR A
UESE T LME R MAIE AN EA 1) TFSs 1B BAE 254
(100325 B W5 D5 JEs 1) J i 245 4 ek 1k 10100,

29 0 T R R 2 U A O
HIE, (FPEZGM) 2020 FERTUERHEE. ER
L5 08 R A ) )46 T e ) s A A R e oA o) 7
Y B R RECT 80%!MM, i TFSs J2&fig i ik
W7 N EA JE T RO NE R ZEIR AR,
R R 28 Je 2R 2 Ja P AR T AR 95, i dst
RN TFSs Ab 75 T2 e Aot & VP4 1 B 224K
N T HEE PNS 2 B 5 R IR SURIENCR, g R
HR P A TE SR T R A TR A AT T DA B 7 R T
YR I ST EEE N EA K h 2545 2R PNS
)45 AL B & (PNS-TFESs) 121, g 7 X 1% il 7 #EAT
Whnam. AR, ARSI T —FhE
Il PNS-TFSs H 2 Fp £ BB H RN & &1
UPLC 777, W Ooiginks5 e da, ekl
i 2P R R IR, JE TR TFSs Xf PNS
WA R B R . A TSR PNS-TFSs
il 7)o AR AL S AT T2 — AR B e
£t
1 NE5F

H-class & R AH 18, 32 [E Waters A w];
Hypersil Gold Cis #AH LA (100 mm X 2.0 mm,
1.9 um), M Thermo AH]; R-502 RYINEH 7Kk
a5, B AR R A A DK-S24 Bl #ivE R 7K
Wi, BRI A A IR A F] ;. SHB-111S 247
WKAKZHETE, MHNKBE THARAA;
XL2000 ZYHE P A%, 32 E Misonix 4 )5 Nano-
ZS90 FNAWOLHE KA, JEE Malvern A #];
JEM-1200EX R4 ¥ 2%t (TEM), HZA Jeol
Al RIRKIRES AL ZIE, 0.105 0.05 um, JE[EH
Whatman /A #]; Olympus BX51 #¢22 B HeE, H
A B /A 7] Homoe X-25 B i BB 4,
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AL R R A ] BS124S i1 R°F,
= 2 R A FE20 BU G2 pH i1, MR #-10
FZABEIRA T 5804R BUARE OAL, EEH
Eppendorf A F]; Pall Nanosep 2504, #iFAH
X} o> E 10 000, FE[E Pall A .

PNS, VE§%, b5 HB20081103, =FatEMZy
WARAF; XS GRgr (FTEI41 95.6%, #its
110703-201426 )+ GRb; (i %L 96.1%, L5
110704-201424). GRd (Jii & 43 96.3%, #t5
111818-201302). GRe (&% 95.7%, #it5
110754-201322). NGR; (Jfi &4 93.8%, #t5
110745-201015) 5 | H [ £ 5 24 i Ao o BiF 7 B 32
fit; KEEIBEME (sbPC), VEHTZ, #it5 131002,
FHEERHZANARAR; ks ('S 140825, Ji
208=983%) SirElE (b5 141006, g5
$=97.5%) ¥ EH & 2 RN R BHlA R A
Al H[EEE (CHD, 99, fit's B40333, LG
FHFRARHAERAR; 44K E (VE), #its
MKCD4493, Sigma A F]; B 4, sr#ral, it
520110801, MR s BERE 4N, 4
Brédi, 5 130801, IR RFIA PR A F 5
. &G, abral, B E E 250K
FIERAT; 2K, Bikdl, 3¢E Honeywell A ;
UPLC HAKCNBAK; R N arat.

2 FAEEHR

2.1 PNS-TFSs B & RANFE M BRI

2.1.1 PNS-TFSs (Wil & AUEA AT e 1
K FH T 7 B0 % PNS-TFSs, LA TESs it
RFabR, B A ETHAAS B AR T 5 AT T
2020, ARG SR AR AL 7 T 253847 TFSs [l £ o

AL 0.067 mol/L WER —&VH AW AN 0.067
mol/L R AN, W% 124 1 1 MR LELIR
G IREWMRE 10 £, BN 7R EREE M) pH (N 5.0
HITEER Eh 22 (PBS 5.0), 1E NI oL g
5 TP R KA

4b77: PNS 100 mg. CH 30 mg. sbPC 120 mg.
VE2mg. -5 REth 4 D) BREER
i 80 mg. PBS 5.0 10 mL.

T2 $Ab 7 BRI T R B KA A
Hoy, HETHRE-—EH5E (314 IREFVLIEA
BRIV, BRI A KR RGN, 12
BT, gksLiedh 75k 2 h LIBRRENIER, A
AT KA, 8 12 h 5T S B A B,

BE MR EIEE 0.10 pm 5 0.05 pm FLAE I %
RS A2 Z B, EN7S PNS-TFSs. %40 R 47 T2
HH% 3 it

CLRIFE 7 VA0 AN 5 254 PNS ) TFSs, HIfS
21 TFSs,
2.1.2 KRS ¢ BAIRIE  BUEE PNS-TFSs #
i, DLZETRZKARRE 10 £5 )5, 72310 T A BOGEUR KL
FEAC BT RIS ¢ ALIIE o BT FE & 1) 8 T
MEHES 3 K, 4538 PNS-TFSs [ Tikife R
(66.92+4.34) nm, Z5r#3EE (PDD K 0.074+
0.016, “F¥J AN (—25.1£1.5) mV (n=3), 1%
RMERAZS A AAEILE 1.

A\

A /\\

1 10 100 1000

-150 =50 50
¢ HLA/mV

El1 PNS-TFSs BRI (A) FICEBAL B) O
Fig. 1 Size (A) and { potential (B) distribution of PNS-TFSs

2.1.3 BHUEEKINE X PNS-TFSs £ 38171E
MR, WD EE T IR, A AR %
ZRFERI, T 2% R AT 1 4% 2 min, HX
AR, FHEARREGE 2 Jui, M e e E
Tommt, HAET, BT TEM SR,
SERWE 2, FESTPRIEE R PFEECREE, KA
KA, Rif 2 R WEE S REM G .

B 2 PNS-TFSs B9 TEM [&
Fig. 2 TEM image of PNS-TFSs



FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10 » 3009 *

2.2 PNS-TFSs #5I5 5 #HEFLER S SENE
221 k%M @iy Hypersil Gold Cig £
(100 mmX2.0mm, 1.9 um); FEIAHNZHE-K, B
FEYEi: 0~2 min, 19%ZM%; 2~12 min, 19%~
2% 12~12.1 min, 22%~40%ZfE: 12.1~
17.4min, 40%~45%ZJE;: 17.4~17.5min, 45%~
19% 2015 ARUREN 0.22 mL/min; HEFEE N 2.5
pLs RN 28 C; Al 203 nm.

222 JRA RS TR S A ik A R
NGR;. GRg;. GRe. GRb; 5 GRd ¥ @ fhidEs, &
T 10mL #EHiH, IMAFBEMEI R, #e, |
38 5 PR PR A X RE S A 2T, B oY TR
FEAR YN 0.505 0.498. 0.504+ 0.499. 0.500 mg/mL.
223 M SIATR B S K% &L PNS-TFSs 1
mL, BT 10mL i, IAEGEFE, A
AV U (TR 200 W, SR 40 kHz) AbHE
2min, VAHEEEZ, #4, H 0.22 pm MA AT
JEMEYEL, B IR

224 e L EME 0 E TFSs 5 PNS-
TFSs B, I “2.2.3” TR e T b, B2
1 TFSs 5 PNS-TFSs AL f & W ; K5 % FRHL PNS
9.50 mg, % “2.22” WUFM “ET 10 mL EiH”
FRUERATECTR, 19 PNS S E W B “2.2.27
00T 1] 2% (1 VR ) L i 2 VR0 R, PRI A1 5
PR AT IR A AT . IR “2.2.17 TN (i
ZAE A AT DA B 4 R R . B E LA 3,
& 3 7 LAE H, NGR,. GRgi~ GRe. GRb; 5 GRd
H RO TR I I T B, 7B (R=1.5) RIEF,
Ol S 30 N SN EAER DO s MR 5 3 e 7
225 MERRFL W “2.2.27 TUNEEXTHE
i i BV, R R s R BR[O AR vt R
VAR B, HME “2.2.17 TR A Stk 4 AT
TSRIETAR, DUETAR (4) AR &5 IR 5
BIRE (O AMAFMER, FHT8MER I, 130
JAJ7 FEAK N NGR 4=2.78 C—1.49 (r=0.999 9,
n=8). GRg; 4=3.21C—1.92 (+=0.9998, n=8).
GRe 4=3.30 C—2.56 (r=0.999 8, n=8). GRb,
A=2.73C—133(r=0.9997, n=8) 5 GRAA=3.47
C—3.04 (+r=0.999 7, n=8), ZF KW, NGR;.
GRg;.GRe.GRb;.GRd 737 7E 4.04~505.00.3.98~
498.00. 4.03~504.00. 3.99~499.00. 4.00~500.00
pg/mL 2 RIFMIZLMER R

22,6 FEEERK E1dW, 25liuE. B, K3

405
A |
1 23
4
B 2 \
\ |
5
! 3
c
4
b 2
1 3 3
0 4 8 12 16

t/min
1-NGR; 2-GRg; 3-GRe 4-GRb; 5-GRd
3 BAXBRAR (A) PNS-TFSs (B). Z=H-TFSs (C).
PNS (D) A9 UPLC
Fig. 3 UPLC of mixed CRS solution of NGR1, GRg1, GRe,
GRb: and GRd (A), PNS-TFSs (B), blank-TFSs (C), PNS (D)

FhF B E (200, 20, 10 pg/mL, #% GRd it) )
TRAXTIR AW, 1508 “2.2.17 TR IS4 T
SN, ARSI 6 X, AdsRIEIAR, Al
BB EANF I B EE N RSD, Ll H W AS %5
JEs TEESES AW, s B K3 FREIRE R
Aot BRI TR N 5k 1k, IR SRIETHAR, rlt
AR & TR EWEE R M) RSD, PAas H [E)F %
%, 45 1L 1, NGRi» GRg;+ GRe. GRb; 5 GRd
K] RSD $1/NTF 3.0%, FEHEFE TR,

2.2.7  [EIERES K% R R TFSs #4947,
B 1mL, 2 HIREEIMA G H. A& G318 1mL
FE b A AT B8 80%- 100%- 120%(M11) 3 FfiAS
%1 NGRi. GRgi. GRe. GRbi1 5 GRd £ ZEi{IEER
Table 1 Results of precision test with NGR1, GRg1, GRe,
GRbi1 and GRd

R PRERE RARIKE
D% RSD/% RSD/% RSD/%

Hw  HIE  HA HIE  HA  HIA
NGRi 03 03 07 12 04 1.6
GRgr 04 03 07 16 05 1.4
GRe 04 03 03 0.7 04 1.3
GRb; 0.3 08 05 1.1 15 24
GRd 02 03 04 1.1 0.3 1.3




= 3010 -

FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

IF) o3 2 1) - D B R BRI AT 3

By, 945 2.2.3 7T R T & A R #52.2.17

TN G KA EAT 04T, 1% “2.2.57 BUN il Ze

HEAT E &, AR A TIMA &R E 2 oA RE,

SRR 2, AT, ZOTVRUERE BT

2.2.8 FEthitLe B PNS-TFSs #fdh 1 4y, %08

“22.37 WUR ksl E i, BT =R,

BIFE 0. 1. 22 34 4. 8. 12h, % “22.17 Wi Rt

WA HEAT 0T, DS & IR T AL, A i

% 2 NGRi. GRgi~ GRe. GRb1 5 GRd EUHRiKIE LR

(Xts,n=3)

Table 2 Results of recovery test with NGR1, GRg1, GRe,

GRb; and GRd (X £5,n=3)

It [ /%

KF NGR GRgi GRe GRb: GRd
ik 102.1%1.4 102.241.9 1025+1.6 103.521.0 99.5+1.2
f1101.421.7 101.8+2.1 99.841.0 102.0+0.9 101.0%1.1

o 99.1+14 99.1+14 984+13 98.0+1.6 98.1t14

NGRi. GRgi~ GRe. GRb; 5 GRd 7EAN [} [H] £
RSD, Z5HRAKIKN 0.6%+ 0.9%- 0.4%. 0.7%- 0.6%,
S5 RPN TE 12 h WERGE
229 BEEMRK H “2.1.17 TN PNS-TFSs &
=, 1% “2.2.37 TR kRSN, AT
6 1y, %M “2.2.17 TN EIG&MFAT T, R
“2.2.57 WUREIAG AT E BENE . W3 NGR.
GRgi. GRe. GRb; 5 GRd & /it & & 1) RSD
SN 0.6%- 0.5%- 1.0%- 0.5%- 1.6%, 455HRFEH
L ERER .

2.2.10 PNS-TFSs H =-LRH RO EENE B
“2.1.17 TR PNS-TFSs REW, #% “2.23”7 W N
S AR A, JEIR “2.2.17 TR ik st
70T, %R “2.2.57 BN RIS T ERE, P
1730 IHHEAS BT PRERE, S5RIEK 3.
2.3 BEHERRNE

2.3.1 BN E PNS-TFSs M E F  H
“2.1.17 T N PNS-TFSs JR 2R, #2251, BU/b&E

%3 PNS-TFSs # NGRi~ GRgi~ GRe. GRb1 5 GRd S E2HMNELER (X+s,n=3)
Table 3 Content determination of NGR1, GRg1, GRe, GRb; and GRd in PNS-TFSs (Xt s,n=3)

W E/(mg-mL™)

it
NGRi GRg GRe GRb: GRd
1 0.098+0.001 0.381+0.002 0.042+0.001 0.318+0.002 0.0760.001
2 0.097+0.002 0.378+0.001 0.043+0.006 0.320+0.007 0.078+0.003
3 0.099+0.013 0.379+0.005 0.041+0.004 0.319+0.019 0.075+0.006
T EME TS, WALTASEMLERER A,

HEAC100 pL, BT EEIEEN, T HEEO
(B0 /110000X g, JEE 4 C), WESEBINK,
%2 1mL #iit, DRSS, %A, %2217
TR G 2 F AT 40T, TS PNS w8 a4 (1)
AR BN “2.2.57 TN HI85Fh 4 [ A 5 FE DL
THEANKM Y S B, WEREES, %
“2.2.97 R MERE &R S, R A
HEH%E,
AL R = (Ws— Wea)/ Ws

Ws BB FE i R S BT R Wea ABURERFE M AMKA
H & R I T

232 HPEIEHER R IR BRI SR 2 FhOT
W E B I R 2 S ARAE . ORI R
ME 450 nm ALFESLPREE; @62 BB LS. H
o, M SE 450 nm ARKFE SRR, A 2008 H R DA
R MEAFRER . AR, B ToEm A

2.3.3  JEIEEXHE R E AR BUR S
TR % 2, ] PBS 5.0 BB E . . A%
3AAFEREWE (500, 100, 20 pg/mL, 1% GRd
) &34, B 500pul, i “2.3.17 T &b
ITHEUE, BRI, 2 1mL EHF, L
S EZS, PB4, 4% “2.2.17 TR ik 4 1E 40 5
SE A PE AT PNS & 870 %R TR (Apefore)
B PNS S o X B TR (Aaper)> i
IR M A, RN 4. FTUUEH, EIEE
XTI BN, R 25 R B T ) R )
A DL
R E MR B 28 = (dbefore — Aatier)/Abefore

2.3.4 FHBEXT PNS-TFSs 0Hf 3 & 45 5 1 520
O “2.1.1”7 TN PNS-TFSs JRERFEHIERE, 4
F PBS 5.0 #Bt 1 £ 40 2 %, 43 PNS-TFSsi2. PNS-
TFSs30 1%“2.3.17 53 A1 € f£ 3% 4K PNS-TFSs. PNS-



FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

= 3011 -

x4 BERXNS. P RRERERED PNS EHRDH
MRFIZER (n=3)

Table 4 Results of adsorption of PNS components at high,
medium and low concentration in solutions by ultrafiltration

membrane (n =3)

JR IR TR VI M B /%
7K NGR: GRgt GRe GRbi  GRd
{8 4.36 461 225 385 472
i 4.49 453 396 255 348
= 2.74 311 3.09 254 2.82

TFSs12« PNS-TFSsy3 (AL #, B4r-FATIE 3 X,
SRR 5. vLAEH, MR 1 RS EfEIS AR % Rk
A RIS ARG, MR 2 itk bk
NGRi. GRgi. GRe M ZIBIFEE 20% LA E, T
GRb; M1 GRd B FE 2 i, G MAE 80% LA I,
NG

2.3.5 %[ TFSs 5 PNS PBS ¥R & %115 TFSs
MR 3% A5 (GEAE TFSSplank): CH 30 mg-
sbPC 120 mg. VE2mg. FFEE-FERE (41 1) R
A1 R 80 mg. PBS 5.0 10 mL, DL “2.1.17 Wi T
AR B 42 ) TFSs B, HF 5 mL
TFSSblank 5 20 mg/mL ] PNS PBS ¥ 5 mL 221,
15 TFSSplankipNso 1% “2.3.1” MM %E TFSsplank+pns HI AL
HE, PATIE 3 R, SRIE 5. ATLLEH,
TFSsblank+pns 1 PNS # ali B R 8, Wi
PNS-TFSs ik 7 A2 15%.

2.3.6 PNS-TFSs G35 I 5E 1) 77 1% 3 52 M 25 ¢
% “2.3.17 WITEEAE, # 1 4 PNS-TFSs ¥ i~
fTisE 6 K, 455K, NGRi+ GRgi~ GRe. GRby.
GRd % % AL 1K) RSD 43514 2.0%10.6%2.6%-
0.1%. 1.1%, WHZITEEEMERE .

* 5 HRENOHERNELERNEMREBEEERAS PNS
PBS SZR A BB RENE R

Table5 Effect of dilution on determination of encapsulation
efficiencies and determinated encapsulation efficiencies of

transfersomes prepared by mixing blank transfersome

suspension with PNS PBS solution

AHEE/%
FE b
NGRi GRgi GRe GRbi  GRd
PNS-TFSs 764 692 702  93.1 953

PNS-TFSsi2 69.6 62.1 63.5 89.3 90.4
PNS-TFSsis3 47.6 46.9 47.0 83.2 84.6
TFSsblank-+pNs 64.5 58.5 59.1 84.5 85.2

2.3.7 PNS-TFSs fld R e 4% “2.3.17 Wihvk
BE, % 1y PNS-TFSs FEM-TATIIE 3 Ik, 4558
W2 6.

<6 PNS-TFSs # NGRi~ GRgi~ GRe. GRb1 5 GRd €
HERNELER
Table 6 Determination results of encapsulation efficiencies
of NGR1, GRg1, GRe, GRb1 and GRd in PNS-TFSs
BE /%
NGRi GRgi GRe GRby GRd

1 755%+15 69.7£04 69.5+1.8 924+0.1 96.0%+1.1

2 746%+13 694107 699+1.1 93.1£12 96.7+14

3 759409 70.1+0.3 68.31+0.7 91.9+0.8 954+1.2
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ARUEIENT PNS %1870 W 8188/

Hvk, PSR PR T B0 8RN
RN EE, FIE KRBT/ FIIE LIS o SE AL
RSB R AT B . ASEEG LB OB e TE S
4 UPLC RIS 2, [K PNS-TFSs ¥
KIARZIN 67 nm, K2 BUB RS AN 40+ i =
2179 1000, XM 4 RFA 2~3 nm, #MCR B
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2SI S
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HELT 2 Pl IR A R AR i, RIS
SR R BRI Jes B
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RIH PRS2 GRb 5 GRd FIFERFEE /N T
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