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phospholipids complex loaded by nanostructured lipid carriers
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Abstract: Objective To prepare dihydromyricetin (DMY) phospholipids complex (DMY-PC) and its nanostructured lipid carriers
(DMY-PC-NLC), and carry out in vitro and in vivo evaluation. Methods DMY-PC was prepared by solvent evaporation method. High
pressure homogenization method was used to prepare DMY-PC-NLC. Orthogonal test was employed to optimize the ratio of
solid/liquid lipid, dose of lipids materials, dose of DMY-PC and the concentration of emulsifier of poloxamer. The lyophilized powder
of DMY-PC-NLC was prepared with 5% of mannitol as protective agent. The comparation of in vitro release and pharmacokinetics
between DMY-PC and DMY-PC-NLC was also studied. Results DMY was in an amorphous state in DMY-PC. The results of
THNMR showed that the structure of DMY was not changed. The optimized prescription of DMY-PC-NLC determined by orthogonal
test was as follow: The ratio of solid/liquid lipid was 5:1, dose of lipids materials was 325 mg, dose of DMY-PC was 45 mg and the
concentration of emulsifier of poloxamer was 0.9%. The average size, Zeta potential, entrapment efficiency and drug loading of DMY-
PC-NLC was (197.25 £4.42) nm, (—18.2 £ 2.1) mV, (71.68 = 1.36)% and (3.94 + 0.24)%, respectively. The in vitro release model was
accord with Weibull model and the equation was Inln(1 —M//M»)=0.700 1 In—1.954 1 (» = 0.971 4). The relative bioavailability of
DMY-PC and DMY-PC-NLC were enhanced to 1.63 and 3.22 times compared to DMY, respectively. Conclusion Compared with
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DMY-PC, the absorption was promoted by DMY-PC-NLC in further, and the bioavailability of DMY was enhanced effectively.

Key words: dihydromyricetin; phospholipids complex; nanostructured lipid carriers; entrapment efficiency; pharmacokinetics; solvent

evaporation method; high pressure homogenization method; orthogonal test; Weibull model; bioavailability

—ZAMME (dihydromyricetin, DMY) £ E A7
ETiem R E S e, BT A S
Y. DARZELZET R, DMY PR B
o ILARE S 6 7 g 107 P T ¢ S5 PR L 31 s i 4 SR B A 6
DMY HUMIRETE RN, K DMY X #LAR
SR TP SRR R 5 2 P R 4 i e A
A BSRAANEIE R o PR AR AL 5 55 5 e
ST e IR O o) e R L A i S I PR 1R 2
RS EN, R AR A A B R B — R 2t
IR 2. (H DMY ¥R ZE0), A o IR AL PR 3
SEAYAMERKC., HiicH DMY G484,
TFL IR T A R K s oA S5 i 77 2 Ak 8.

g4 K 25t g i #k /& ( nanostructured lipid
carriers, NLC) Z K H B2 AR A VR A 18 B E AR
T 1 25 B — Rl R A 25 R 451012, 5 R g i 4ok
KIAHEL, B AR i 1) 32 = A R PSR
B AH HR 2T L BISE FRPEXT NLC A3 5 mm 45
K, GEMCEARERT SRR, BIEE &Y
(phospholipids complex, PC) 7F H{3 A1 243 14 Bl 7
JUg ¥ 14 7 THT L 3R AR SRR 08 A DS, {H PC
HABGRGKE, ARINEHZIR . A E ok
DMY fil# — At =-BIEE 4% (DMY-PC), I
X2 ) DMY-PC #ATRAE. i#—2% DMY-PC
il £ i DMY-PC- 44 K &5 ¥4 fig Jii % f& ( DMY-PC-
NLO), IEAZIREE A AT tH e 4k T, FF4F DMY-PC-
NLC #HAT RS A N 258 2230 . JHEE N DMY |
FIFITF AR BEFCERBEE BRI 2 .

1 MRS5S
1.1 w5

DMY JERIZG, b5 P20151015, Jii &%
99.0%, iR EEAHEARGIRAR: BEREHEAEGL,
L5 PC-98T, HESE>85%, i YFHmELER
FARAR FREMNE, 5 P0587, Fi&Es:
$ 99.4%, WERHG ST BAEMFHEARA R HAE AR
Bt s . IRV 188, E 258 BIML R A R
AT TACHEE (CD;0D), A Sigma A#]; T
#, #15160507, FERHTEZNAR AR HAl
5Bt
1.2 {45

BP 210D M7 RF, FZRIHRF = HIR

AFE]; 1200 28 = S0RAH EIEA,  SEE RS A F
R2000 Y Jie % 25 A, RN R A& AR AF] ;400
MHz ADV I B IARAC, Topspin 3.2 1444 il
FeHAE AR AE, Hi+ Bruker 2A%); GIB300-100
BT, HINHUAE R A A ZRS-8 A% fe
WHAREGAY, RiER2ATL ) Nanosep® g2
OV, BEMIXT & 10 000, 32 E PALL A +;
Nano ZS90 HYKKL X, £ [E Malvern 4w ; HX-
10-50D BEETFHL, BT AR T BN R & A ]
MD200-2 BUZESMRIANN, B BB AR A TR A 7 5
DZF-6050 B B2 T 1248, iRt RIT 280 -
1.3 49

TEES SD KR, RN 300 g, MEMESRA,
WA LR G, Y HERTIES SCXK
(#%) 2016-0002.
2 FESHER
2.1 DMY-PC B9#I%& R4tk

YRR N 10 1.2, 2 HIFRE DMY Al
T FE e AR RS & B T = e b, N DY &k
100 mL. 50 CrKEH LI+ 3 h BIEHEE, T
40 CHLEIET, WEERHYIAITS DMY-PC i .
BT DMY MV T-f1 K, 1 DMY-PC 75 A7 ik -
TRAREE AT, DMY-PC HL & B AR Al 4b i 2 o A il ik
I ZE] DMY-PC fH i, SRA 0.22 pm Tl ALuERE
FEH RUFE ) DMY . JEREI T e 2 5 W Sk
YIRN134i DMY-PC, 2 0R4F. VEIREWI%F L
5] ] B R VR B o
2.2 DMY-PC &K1E
2.2.1 DMY-PC FERAEW T KA XRPD 435l %f
DMY. WEAEMEARGR. YIEVR A DMY-PC #H1T
4. FRFA IR, &R 40 kV, B 200 mA,
FAREEH 30~45°, FIGHEE 5°/min. ZR A 1,
DMY ) XRPD [ 5 i #2411 i BURRAE, DMY 5
Tkt G T L ol 1) 45 O B 5 0 h 5 B B DMLY R
Ef 7RG, 0 BH AT SRR B R 0 DMY HIAFAEIR
A, 1 DMY-PC ] XRPD Pl 5 3 L 78 () 6 5 F
fiE, 15 B DMY-PC AR TR AW —Fa i .
2.2.2 DMY-PC AR (TH-NMROBFFL  DMY
g EE S A mEE (K| 2), iEH CD;0oD 1
RITARIEFIRS, (LZA0F8 6 3.33 A NG, 64.78
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Fig. 1 Results of XRPD spectrum
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Fig.2 Structure of DMY

AbRKIE . BT CDSOD [ P22 B, 1 DMY
gERIR) S MY EREAEEIE L. DMY (1) 'H-
NMR K HAth 4 kbug )5 & 53 7 WL 3 FIZE 1K DMY
145 B DMY-PC Ji7, DMY [ 5 &b Jii 7 I4E DMY-PC
1) 'TH-NMR B3y Wi g2 3, BAb =A% S gy
IR KA, U] DMY 5505 EE IR 7] A &
AN . £ DMY-PC 1 DMY 14£#5F H & K1k
eEN, XM MR IR — %, |
DMY 7t DMY-PC H U5 5 B AR 55 .

DMY

12 10 8 6 4 2 0

3 DMY-PC #1 DMY B4 'H-NMR [E|iZ
Fig. 3 'H-NMR spectrum of DMY-PC and DMY

&1 DMY B9 'H-NMR f##f
Table 1 '"H-NMR spectrum data for DMY

D) E8-/ g 7 e I
4.45~4.50 1 d H-2
4.84~4.87 1 d H-3
5.88~-5.99 2 m H-6, 8
6.59~6.65 2 s H-2',6'

2.3 DMY-PC-NLC Y&

Y hb 7 B AREL DMY-PC BRI R H il g Ao
B =B B T BR B, 75 CRI In#A fbS 1
IREA . ARBUERITEVOE 188 AT 50
mL ZEMK e, M E 75 CREVE KA. &8 K
FEIEFZE N 1000 r/min, KR -E I AHZ G 0 27K A
IR 2EAWIFL I RS E T UK &Y
i, FHIFE SN 60 MPa (44 R, TR RS
i 8 X, HIf§ DMY-PC-NLC. %[ NLC KM #fg
FEREASAL B DMY-PC [7)E 145
2.4 DMY ZEnNH
2.4.1 @M @IS Waters Crg (250 mm X
4.6 mm, 5 pum); VBN CHE-0.1%BE R K IE W
(45 :55); A 35 C; Rl 291 nm;  AARFRR
1.0 mL/min; BEFEARL 20 pL. BLEESHR S L DMY
TEAMIET 8 000, LAY (3l [ UL 4.

242 ZMEXRREH FEWE DMY XM 25
mg, Hf#ET 50 mL ZfFEPAS 0.5 mg/mL 1] DMY %f
B AW R 2850, 1% IR /K VAT (45 & 55)
BRI A 254 12,515, 0.5, 0.05 pg/mL
SRRV, AT HPLC Wi, DA ik FE I G
A (4) KHFRIRE (C) BHATLMERIA, Bhnitk
2 77 FE 4=0.100 8 C+0.968 9 5, r=0.999 9.
243 AEASERHI& B 1.0 mL DMY-PC-
NLC B T 50 mL 2+, MAZ) 30 mL LGS 3
min J5E B EIE, Z15-0.1%B R KIER (45 1 55)
JE 25 AR LR AV

244 TJREFEEGL 4y AL 250 125, 0.05 pg/mL
(1) DMY X &SI, LR 6 IR, FFiTHHE
H RSD ff. 45 % Eor, DMY WA RSD 145N
0.19%- 0.24%. 0.37%. HUERX AR, T 0. 2. 4.
6. 12, 24, 48 h I [8] 53 73 | FEAE D & DMY WTHIAR
it5H RSD M 1.17%. Hl DMY-PC-NLC, %[
“2.4.37 WUTERHIBEA R IER 6 t, % “2.4.17
Tt 38 S A4 43 B)3E4T HPLC g, 43 RSD 8.
ZE B IR 6 it DMY-PC-NLC ] RSD 10 1.43%,
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Fig. 4 Quantitative determination of DMY by HPLC

VAT A E S R B9 7 1.0 mL &H
NLC VB E T 50 mL ENEH, 2 B =(20.0
pg/mL). #1 (12.5 ug/mL)+ ik (5.0 ug/mL) ] DMY
X R SRV, BB R EE A IO 3 4, I
30 mL ZfiEHE S 3 min 5IE R =R, 45-0.1%f6H%
FRIKIEM (45 1 55) w4, /ulidEiT HPLC e
DMY &, FFitE R, 45 R EREERE
98.83%~99.56%, 3 FlFIEWKER RSD {EHIY/NT
1.51%.
25 BHERBAEHINE

HX 1.0 mL DMY-PC-NLC jji A 3 & 08
12 000 r/min &0 30 min, J5E FER T E DMY &
= (mws)o HEI 1.0 mL DMY-PC-NLC £ 10 mL
2iit, CHEERIFEE, WE DMY B&E (m ).
1H % DMY-PC-NLC 3 R 25 & .

A E=m s —m yz)m »

R =m o—m ww)/(m wwrtm s—m w)
m 3K DMY M, m usBoRii S DMY S, m o R
DMY-PC-NLC [& 25 AR g i s
2.6 EXREHMIL DMY-PC-NLC HIEZTE

IEAZ RIS A DAL 2O PP 48 AR . AR Tk
55, EFENEFAM R EHE (AL BERAR A R LB

(B). DMY-PC [#5%Zj& (C) FIHIE VDI 188 I
B (D), B 4 IR 3 /KFPI Lo(3Y) IERZ T
FKo REAFRLERWE 2, 4 HNETTZ5HT LR
3. R 3 AR ZEAE AT ) W HE 3 S 1) 4% DR 25 5 e R/ )S
7N A>B>C>D. B4 R R IME KN J
4754 AB1CaDy. Bl DMY-PC-NLC 45 9
TR AR T B 325 mg, [RGB AR EL 61
5:1, DMY-PC #Z4& N 45 mg, &V 188 [
JREEN 0.9%. %88 “2.57 TR ik 3 4t
DMY-PC-NLC HIEEF N (71.68+1.36) %, #%
BN (3.941+024) %.
F2 EXRABER
Table 2 Results of orthogonal test

WIS A/mg B Cmg D/% BHER%
1 350(1) 5:1(1) 50(1) 09(1)  68.67
2 350(1) 4:1(2) 45(2) 1.0(2) 6534
3 350(1) 3:1(3) 40(3) 1.1(3) 5028
4 3252) 5:1(1) 45(@2) 11(3)  68.66
5 3252) 4:1() 40(3) 09(1) 6413
6 3252) 3:1(3) 50(1) 1.0(Q2) 5687
7 3003) 5:1(1) 40(3) 1.0(2) 5437
8 3003) 4:1() 50(1) 113 5171
9 3003) 3:1(3) 45(2) 09(1)  46.14
Ki 18429  191.70 17725 178.94
K> 189.66 181.18  180.14 176.58
K3 15222 15329 168.78 170.65
R 37.44 3841 1136 829

®3 HENHE

Table 3 Results of variance analysis

75 7 RKIR H 7%= =REE)EA F18 A e
A 2732306 2 224658  P<0.05
B 262.650 1 2 21.5958  P<0.05
C 23.238 1 2 1.910 7
D(£%)  12.1621 2 1.000 0

Fo05(2,2)=19.00 Fo01(2,2)=99.00

2.7 DMY-PC-NLC #[f2 & Zeta FE{iL

B g A 40 775 1) 4% () DMY-PC-NLC, %l 218 7K
1110 #Re ), IS P kiE N (197.254+4.42) nm,
REW I ELARE (polymer dispersion index, PDI)
N 0.12240.034, SLAIEGERLIE 5. W15 Zeta HLLL
N (—18242.1) mV, HAERE LK 6.
2.8 DMY-PC-NLC & FH# R H0H &

i 2 mL DMY-PC-NLC & T FUMIE+, I 5%
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Fig. 5 Particle size distribution of DMY-PC-NLC

10 000

-200 oo 0 100 200
Zeta HLA7/mV
6 DMY-PC-NLC #Y Zeta H{i

Fig. 6 Zeta potential of DMY-PC-NLC
#4 DMY-PC-NLC ATHMARAVETFIERF

Table 4 Freeze-drying procedure of freeze-dried powder of
DMY-PC-NLC

2y HEE/C I} [)/h
TR B (1 —65 16
FHAERY B (D -50 4
(2) —40 12
(3) =30 4
(4) -20 2
fEATRY B (D 0 4
(2) 15 4
(3) 25 6

HERm, BHRY. HER 4G TEF, BEWRE
it (=65 CIELRFFAZE 16 ). FHERTEL (4
ANFHE D ARSI B (3 ANFHE S #7% T,
FAE 52 h J5F 25 C4EFF 6 h, ;248 DMY-PC-NLC
HTHAR.
2.9 RINERUEHFIR

H{ DMY-PC-NLC % F-#3DMY-PC 1 DMY J5i
BZ5 (LLDMY it, &% 40 mg), 2 mL Z&1H/KH] &
REW, ET@ERT, Wumils. WEEHIGE
FEN 75 t/min, RN 37 C, HHAFAN 900 mL
250K 25 F 0. 0.5, 1. 1.5. 2. 3. 4. 6. 8.
12, 18, 24 h i ja] SEURE 4 mL, SZEIAMIN 4 mL 2%
mEAK . MEBREE T DMY &8, 1A ] A
2P BRRRTICR, 45 WK 7. DMY JEURHZG7E 4
h N BB F] 97.12%. DMY-PC ¥ HiE R 5
1%, X5 DMY-PC si/K M. HHtEg=a 5.
DMY-PC-NLC 7ERT# 8 h WREZGAH X3, SRFURE
TN 45.37%, ZJa AR MERAHME, 7224 h

P BERBEICR A 63.73%. 43 A LA GAA | — 2 A5
A, Weibull %% F1 Higuchi B#%F DMY-PC-NLC
RINBELAT RIEATIL G, FEUMEIC RS () FITE
R 2GR, S5 WK 5. DMY-PC-NLC kK424
R RF G Weibull #2481, 7724 Inln(1—M/M.)=
0.700 1 Int—1.954 1, r=0.971 4, Hf, M, N tif
] R UR, Mo o] REVBEIR, M/MoN t
A RAVREISEE, ¢ AR b, 2l DA G
A — B Weibull #2841 Higuchi 584} DMY-
PC G R 2GR IME LT RiATHIA, DMY-PC 44
AMEZI I & Weibull BAL, 524 Inln(1—M,/
M.)=0.689 9 Int—2.568 3, r=0.9756; DMY J&k}
ZH1ERT 4 h WA BI T & — B AAL, g
N In(1—M/M.,) =—0.715 3 t+0.064 8, r=0.989 4.

100 I T .
80 -
o\\c’ T
¥ 60{ I
B | ¥
4 I
B —— DMY-PC-NLC
20 —=— DMY-PC
DMY
0 . . ‘ . . |
0 4 8 12 16 20 24

t/h
7 DMY. DMY-PC 1 DMY-PC-NLC {ksMEEzZhHh%k
(n=6)
Fig. 7 Release profile in vitro of DMY, DMY-PC and
DMY-PC-NLC (n = 6)
x5 HPBRBUREIAEX AL

Table 5 Fitting release model and coefficient of drug

Y METiE r

B M/M»=0.0245t+0.169 2 0.878 0
— R In(1—MJ/M)=-0.041 2¢t—0.1798  0.9352
Higuchi #7 M/M..=0.140 6 £24-0.028 4 0.969 9

Weibull #8¢ Inln(1—M/M=)=0.700 1 Int-—1.954 1 0.971 4

2.10 FAAEEMR

2.10.1  ZAZPEWMECH FREL DMY R REFZ .
DMY-PC fil DMY-PC-NLC i& &, HIAMKF A 3 mL
JRES BN 0.5%1) CMC-Na #%, Bl 50.0
mg/mL 45258 (UL DMY &=&1H).

2,102 Sr4H. a2 i FEREE B SD KR 18 H,
MRS, BEML N 3 4. 4% 150 mg/kg FIE (LL
DMY i) 435 ig 45 F DMY JFEIZ4. DMY-PC Al
DMY-PC-NLC 45258 . T 0.083. 0.5, 1.
1.5. 2. 2.5, 3. 4. 6. 8. 12 h a4, HRHEHMM
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03 mL, FIHEMESIREMN BB LE S, RE.
4000 r/min 250> 2 min, 7 B2 MR E T UKAR A
R

2,103  MIRAES PR EHUGE AT 100 mL,
SH % 70 mL AR AR 15 mL, JE%), ##7 5 min
S B A5 IR i SR B VR - R 5 R U I 11 I
FRED 100 puL AT BRI 40 pL, IRFERS G A
4 mL HFEHUAT, 1REIEIRIE 4 min. 10 000 r/min 25
O 10 min, PNOEEEENAE, 40 CERALENE
WA WA IS FRIE . I\ 100 pL (YRS &
2,104 AR AR RER  REIC 10.0
mg TR FE A R AT 10 mL )i, #—2H
IMBNAHFRRE S 1.0 pg/mL RIS ARTE R . B “2.4.2”
I DMY X B SR KBRS B I BC ] 20 50,
100, 200. 400. 800 ng/mL ] DMY MLIHEW, %
MR “2.10.37 TURAREE. JiEAHA ZHE-0.1% 8 K
W (40 2 60), HAEEZAFR “2.417 TIF,
HPLC EMllE DMY %5t Sk 55 (1) W T AFURT PN A
M. DMY 5WNARIEIAZ L (444 ik
AkR, DMY REWRE (C) NP ABFRIEAT M A5
JEf5ITRE C=179.864 2 A/4i—0.48, r=0.991 4. ff
r Al %1, DMY 7E 20~800 ng/mL £k 55 & K i .
2.10.5 TiiES L S RIBURE T A MR, MR
HR S LSRR S o FBIAH 9 S -0.1% 085 B2 7K V8
(40 : 60), HAhEEFAER “2.4.07 TUN G
BEAT HPLC 5, diltaikp i s, I ikt
YIRATI DMY MM bR, LEksm. H
H, DMY ZJ7E 6.1 min &b H &, PARTE 7.08 min 4t
g, HL20. 400. 800 ng/mL [¥] DMY I3 EW,
SIAMENAR. . EREIRE . S EIRE
FE 6 UG THEAR. . w2 B R A & ) RSD
E 558 13.62%- 10.83%- 6.12%. 6 d N4y 4T
W, THEAR. . SR E IR M AR & 1) RSD A
SN 12.55% 6.89%- 7.93%. H DMY-PC-NLC
25245 0.5 h IIMEAEM, 2000 T 12 h JillE DMY
HNPRIEHALLE, 11515 RSD {E 1.87%. K%
122 43 M EEHK (20 ng/mL) ' (400 ng/mL )+
= (800 ng/mL) SRk, k4T HPLC WsE, Kl
U T AR T N TT ARSI o Sk, I S C I
EREEIAT X AR B R . LI RIUK. . =
JR R R SCRTE 86.49%~102.67%. B DMY IfiL
FN IR S AT IR DR, 45 R R E BIR(SIN=10)
N 20 ng/mL, MR (S/N=3) N 10 ng/mL. %%

L
t/min

B8 ZAMRK (A).DMY+FHEERE (WRH+ZAMK (B)
kA (C) # HPLC &
Fig. 8 HPLC of blank plasma (A), DMY + apigenin
(internal standard) + blank plasma (B), and plasma sample
©
TR IR, @A) HPLC J VA AL b B T
LA T DMY L3R S H
2.10.6 ZiEFAER A& LE 9. FEAE)
SRR 3POT AT AR AL, S DMY
FER BRI 253 I RE AT & — SR . AUC A1 Crnax
LR B Ja R MSLREAR ¢ 4556, 612 At K
SRS, 4R ILEK 6. 5 DMY L,
DMY-PC ff] AUCo il AUC..7 73 B4 T
(P<<0.05), TM fmax~ Cmax M 110 FZHFE 7T
# (P>0.05). DMY-PC i#t—3LHil%& M DMY-PC-

800
_ DMY
. 600 _ —=—DMY-PC
& ——DMY-PC-NLC
& 4001 |
E 2004 /7 ]
sy
i Tileg F— 3 o
0 ITi—%——a— —
0 2 4 6 8 10 12
t/h

9 R (n=6)

Fig. 9 Profiles of plasma concentration-time (n = 6)
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=6 EEHHMFESH (n=6)
Table 6 Main pharmacokinetic parameters (n = 6)

ZH FA DMY DMY-PC DMY-PC-NLC
fmax h 1.04t 0.27 1.8t 0.26 .67+ 0.35™
Cnax ng'mL™! 165.021£39.14 251.09% 67.24 583.14+101.76"#
ti h 291t 0.67 3.09+ 0.75 453+ 0.717*
AUCo-12 ng-h-mL™! 445.141£66.43 72793+ 96.17" 1459.90+216.02"*#
AUCo- ng-h-mL™! 519.71x£74.11 1035.56+171.63" 1 663.05+231.64"
CL mL-hkg™! 65.81% 8.36 5746+ 7.14 46.03+ 6.42"

5 DMY EEZGMLE: "P<<0.05 *P<0.01; 5 DMY-PC #itk: #P<<0.05 #P<0.01

*P<0.05 "P<0.01 vsDMY;*P<0.05 #P<0.01 vs DMY-PC

NLC J&5 tmaxs Cmax~ f12+ AUCo- Al AUCo-Z5255)]
BB B (P<0.05. 0.01), 1] DMY-
PC-NLC K428 T DMY 7EAR N 255025247 M .
DMY-PC-NL 5 DMY-PC L, fmaxs Comaxs 12+
AUCo- fl AUC) 552585 S8 HAG Gt 2 E X
(P<0.05. 0.01), ¥iH] DMY-PC-NLC A — 1
#t DMY-PC RPN, HFR% (CL) ¥R, HH
H DMY-PC-NL ] CL 5 DMY ¢ DMY-PC # kb 2
FHEHAEEMN (P<0.05. 0.01), & AEIR ) ZE
K. 5 DMY AL, DMY-PC %54 ) R
% 1.63 %, 1fi DMY-PC-NLC #&& % 3.22 fi%.
3 e

R BRI L e, B, 2R
R SR 3 AR FT AR 70 R I, 4 %% 1455 21 20 000
r/min B, 38R 9 KRB e 3EL R BT
BYUKRLFAEAE, R EEE IR DMY-
PC-NLC 584 YTVE . K S B R AE I 0 4
2R, IR RS R A AR B M R T R B R B
WL, FWAEIE. BRI OIIMERT,
I FH 3 7 T B AE 0 73 o2 B K R ¥ ot B KR
BEATHUER, AT SCENAG 2805 B8 o SR FH 4Kk FEE A
E B UEVEIERAS s ARBERIBIGORRL, SEIHEIE
O A LI B DMY-PC-NLC, [H i ¢ 2% 3% ) 8 v
M E 3t 26 J g 2 2

T ARIEAESR 7 7t 2 2% E R S e M R 356
FRR M SR B, v 2 25 RS A AR AN 1 XU
SRR AR R EE . ARG IR, 254 5w RE
REGRTE i HE 2 &0, B R Bl i AER I 4
BT AT, LT 51 e B AR P vty
SE S E, 25T = B BUE B TR e A s
& H B SRR AR A, TR I G E AR .
il P T PEL A o o D R R R I R T A TR

71, MARTHKRBTES, "5249450F 2 AL
SHEGEE EA R, HIEARETEEOE AL
&8, BIAE "TH-NMR B3 FIAAT 5 E] DMY 1)
AN, (RGP R A B R R B

PC AR AT 8 M i 1 29 AR v, 2 PC 4y
BUEAR 22, FEURIMNE HE RS . AR 50 DMY-
PC fil] % i DMY-PC-NLC J&, AR T 7 HitE.
[Fi BT NLC MR 1ER, f#f DMY-PC %2
IKAHPRE | BA5 R o0 A, A B T-42 % DMY-
PC MfREtE, Nilt— DR e R HE R e T %
fitho DRI, AN ()6 5510380 5 A R B F T AR B o i
FUFARBIFEFA A -

IS RS RN, DMY- PC-NLC [ fmax-
Crmax~ tin~ AUCoy Hil AUCo. 52551 % 38 5
DMY-PC ML EA Fiit22m X (P<0.05. 0.01),
UiA] DMY-PC-NLC it —P{i¢#k DMY-PC 44 Py %
W PR AT AL TT H BRI E DMY-
PC, HAthkbJr Kl T EBWRFEAAE, H]4% DMY-
NLC. I DMY-NLC fld%4 (58.79+1.70) %,
ik F DMY-PC-NLC fH X (71.68+1.36) %. X
A[fiE5 DMY-PC 43 T DMY HIfRMER O, 5
Z YRR EESE NLC Y, FEIRARI AN [H 55
ARG FH ) 25 B

A5G H FH B B AR BEAR AR ER T 2% DMY 3%
fetE, RmBER, a7 5% W 188 KA F
fEH, Xt DMY-PC-NLC [RLAE 5 A0 5] K il 3552
EMERIRE A — g, 5 DMY M, DMY-
PC-NLC [AYAI FH EEdR i & 3.22 f%. NLC H T8
NIRRT NS 18 I iE R B A, A BT
w N2kl R DMY-PC-NLC )k fig &2 Ak
BRI E RS IO U 188 T R i B
TWIENE WINZ5TE B Wil A B I (R 2324,
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parches L, 2 M 4R CHE N AAYGIRES-281,
REAWMKIER T DMY BIAEDRIFE .. A0 FCIER
7 DMY-PC 5 NLC B b B0k vl 474, T
M 7t SUE DMY-PC-NLC 258043 |,
9 DMY-PC-NLC &4 5 Ay 4 [ 19t 75 55 Kk o
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