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Abstract: Objective To prepare schisandrin B-loaded by zein-dextran nanoparticles (Sch B-zein/Dex-NPs), and examine its in vitro

drug release behavior and in vivo pharmacokinetic behavior. Methods Anti-solvent precipitation method was used to prepare Sch B-
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zein/Dex-NPs. Influencing factors were investigated by single factor experiments, Box-Behnken design-response surface method
(BBD-RSM) was employed to optimize prescriptions of Sch B-zein/Dex-NPs. Transmission electron microscope (TEM) was employed
to observe the microscopic appearance of Sch B-zein/Dex-NPs, Fourier transform infrared spectrometer (FTIR) was used to study
binding mechanism, X-ray powder diffraction (XRPD) was employed to analyze the crystal form of schisandrin B in Sch B-zein/Dex-
NPs powder. Saturated solubility of Sch B-zein/Dex-NP powder was determined in distilled water, simulated gastric fluids and
simulated intestinal fluids, and the in vitro drug release in simulated gastrointestinal fluids was investigated by dialysis bag method.
SD rats were administered intragastrically with schisandrin B and Sch B-zein/Dex-NPs respectively, and main pharmacokinetic
parameters were calculated. Results Optimal formulations of Sch B-zein/Dex-NPs: mass concentration of zein was 19.5 g/L, volume
ratio of anti-solvent phase to solvent phase was 2.95:1 and mass concentration of dextran was 5.0 g/L. The envelopment efficiency,
drug loading, particle size and { potential were (89.34 + 0.71)%, (4.91 £ 0.05)%, (179.79 £ 5.52) nm and (-32.16 £ 0.69) mV,
respectively. Appearance of Sch B-zein/Dex-NPs were spheroidal. Schisandrin B might complex with zein by hydrogen bond. The
state of schisandrin B changed into an amorphous form in Sch B-zein/Dex-NPs powder. Sch B-zein/Dex-NPs increased the solubility
of schisandrin B in distilled water, simulated gastric fluids and simulated intestinal fluids by 61.99, 65.13, and 64.38 times, respectively.
Cumulative drug release of Sch B-zein/Dex-NPs in simulated gastric and intestinal fluids increased to 71.68% and 87.87% in 12 h, and
the drug release behavior was both in accordance with Weibull model. Pharmacokinetic results showed that the #fmax of Sch B-zein/Dex-
NPs was postponed to (2.08 + 0.46) h, t12 was prolonged to (4.42 £+ 1.78) h. Cmax and relative oral bioavailability were increased to
3.82 and 4.36 times, respectively. Conclusion Encapsulation efficiency of Sch B-zein/Dex-NPs was more than 80%, and significantly
increased the solubility, release rate and bioavailability of schisandrin B, which laid an experimental foundation for subsequent
research.
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Fig. 1 Structural diagram of Sch B-zein/Dex-NPs
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Fig. 2 HPLC of Sch B-zein/Dex-NPs (A), schisandrin B
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F1 ERERAEOAREBRENGHE, HHE, NERC
RARIRNE (X+s,n=3)
Table 1 Influence of zein concentration on entrapment
efficiency, drug loading, particle size and ¢ potential (X = s,
n=3)

TR ‘
T gy R
HigL™h

10.0 63.6710.95 3.68 £0.13 249.574+7.57 —34.55+0.87
15.0 67.781+1.19 4.05+0.07 232.924+7.75 -30.80 £ 1.34
20.0 73.214+1.07 3.87£0.09 187.95+9.96 —30.41 +1.03
25.0 68.01£0.91 3.224+0.10 208.56+3.83 —24.74+0.92
30.0 64.66+1.53 2.6940.09 230.97+6.12 —23.52+1.38

B R ECR, KRN T 200nm, H ¢ FAZLEX]
HRT 30 mV, #UE2: 0L R KBEE &R AR EIRE
20.0 g/L N, X FOKEEAERERERE 15.0~
25.0 g/L #HAT kAL

242 REFASEFIFEIRESR 7 RKRER
HETEIKE 20.0 /L. I RMEREIRE N 5.0 g/L.
Bl 45 C. MR 2 h K FERK
WA S AR sgm, SR IR 2. BEE
SOBFIM ST L s hn, B R
BERINE TR, v RE R R A A AR EN
i, S B, 53X Sch B-zein/Dex-NPs &4
R R ZER, 24 Gt (e R E
B SRIEFIFAARRR S R TR & A i g
SR, B AL AR, AR TR Sch B-zein/
Dex-NPs, KlTfiigZnn [ A Zfa . Mt 2%k T
B Je 3RS, 12 BT SO TR AR AR B /N B 2R
Wi EAUE, 520 1 Sch B-zein/Dex-NPs 2 [ 7]
BHHRZR0, Sgekh Fas R e T2z, RAR
K R FAB AR I, i 5 1) SEPE P& 7E Sch
B-zein/Dex-NPs K [f], ‘FECRATIE K. ¢ HALLNHE
#2 RBFHESBEFRERLENEHE, HAE. NiE

B CBMANENE (Xts,n=3)

Table 2 Influence of anti-solvent phase to solvent phase

42 /nm

¢ BAL/mV

volume ratio on entrapment efficiency, drug loading,

B SO A S I AR AR AR L G i 3G, R
J& BT SO AR Ry 7 LA ) SR TR
T REFIESEFFAFE Y 3.0 0 1 B, Sch B-
zein/Dex-NPs 3 R M2 EAHX TR, Fife/NT
200 nm, H §HAZZEXMERT 30 mV, #MUEZLR
VA G IEFIAATIEL 3.0 ¢ 1 Jyrhols, XA
2.5 0 1~3.5 1 1 #4748 4k .

243 HIEMREREELS  [EE KIS & E R
HIRE 20.0 g/L. RIGEFESEFIFERLE N 3 ¢
1. HI# IR 45 C. Hl& I 24 2 h 440 55
HRME R IR R, RN 3. BEE R
JREWREE N, Sch B-zein/Dex-NPs U3} %
B et , w0 SN A =R T R A 3
B AHARSEIE N SEME IR, JEA R
01N, ERFEF R ERE N, &imff Sch
B-zein/Dex-NPs #2458 T, RiA% k5 6 SR o &=
WREERIE N 25 N RGBS, TR IE 43 hn
HRME R R, AT s A YR Sch B-
zein/Dex-NPs, {H7#] JEME 5 9k i R, 7] S p
FH7E Sch B-zein/Dex-NPs [, [ i A 245 K210,
¢ RN 0T I 5 T R R R Ak 1 i 14
FH T SR b o R FE N 5.0 g/L B, Sch B-zein/ Dex-
NPs 3 A EAXNECR, K2/ T 200 nm,
H ¢ AL HE KT 30 mV,  #E 2: DUR S0 R
WEEN 5.0 /L ArhCy, X R SRAE IR 4.0~6.0
g/L AT AR

244 HSIEEHESE [ E FOKEEE B AR 2R
20.0 g/L. RIFFIMHSGEFEEFES 3 01, %R
PER IR 5.0 g/L Hil%& 024 2 h &4 N H 452
Hl S EE R, 5 IER 4. BEE &R T
51, Sch B-zein/Dex-NPs {35 5 %K 24 5 1515 4

*3 AREREREMNGHE, HHE. NER (BN
BRI (Xts,n=3)
Table 3 Influence of dextran concentration on entrapment

efficiency, drug loading, particle size and ¢ potential (X £ s,

particle size and  potential (X £ s,n=23) n=3)
RGBS S/
) BEEY% RAR% KR/ HLAL/mV WHEY% HAE%  Kiff/mm H {7 /mV
AR " wm G R/ @l = . ¢

2001 62.35+1.17 3.851£0.07 237.21£3.96 -22.73£1.02

2501 65.10+1.06 3.68+0.08 215.56+5.74 -26.91+1.63

3001 72.75+0.89 4.06+0.06 187.86+3.25 -31.16+0.87

3501 66.28+0.62 3.30+0.13 212.16+2.87 —32.55%0.62
1

4.0 : 60.98+1.39 2.9310.10 238.58 £ 13.69 —34.38£0.65

3.0 62.8510.96 3.99+0.12 286.68£9.40 —23.90+1.16
40 64.991+0.85 3.801+0.08 252.35+7.30 —26.63+£1.05
5.0 73.04%£0.97 3.97£0.07 190.72+10.99 —30.56+0.59
6.0 73.531+0.53 3.62+0.07 192.11+8.69 -32.26+1.20
7.0 73.6710.70 3.37+0.04 218.95+4.00 —32.331+0.72
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x4 FIFEBEMNEHE, HHE, NER BANEE
(Xxs,n=3)
Table 4 Influence of preparation temperature on
entrapment efficiency, drug loading, particle size and {
potential (X £ s,n=3)

x5 FIFRNENEHR, HHE. NER CBRANEMR
(Xts,n=3)
Table S Influence of preparation time on the entrapment
efficiency, drug loading, particle size and ¢ potential (X £ s,
n=3)

HlEE . o o
RN WEE%  Rffmm HEA/mV
FE/C

] 5 I

BER%  BEE/%
- HAE% BAE

FifEmm  HEA/mV

40  63.1410.91 3.66+0.07 238.88+6.34 —23.381+0.68
45  72.71x1.11 3.99£0.06 201.65+4.83 —30.3610.62
50 82.6910.98 4.371+0.06 184.42+9.47 -32.56+1.46
55 81.1940.96 4.221+0.08 194.32+5.54 -24.2310.41
60 76.691+0.63 4.05+0.08 222.86+11.38 —22.20+1.37

1.0 68.151+1.08 3.41+0.08 252.35+8.60 —24.02+1.14
1.5 75.31%0.79 4.09£0.06 207.09£6.14 —30.59+1.15
2.0 82.5140.99 4.37+£0.06 182.38+4.64 —32.80+1.44
2.5 88.061+1.24 4.8440.07 184.62+5.65 —32.10+1.38
3.0 82.754+0.31 44240.07 197.181+7.29 —26.96+1.16

FjE R, ATREEE M3 IR R TR T T &
REREKEAREAZALSES, WRTEKREEEA
55780 SRR 2 ) e R o 45200, T ) e L
) Sch B-zein/Dex-NPs.. {H il %% 5L i K m] g &

AR T LR RN, KRR B AR PEROSE, 3
A E AR 2 & R R, € A gaxd B
N AR E A 50 CRF, BRI EAM
PR RN, H B AL A AR R
W& 50 “CHEA Sch B-zein/Dex-NPs il £ 15 .

24.5 SRS [ E FOKBEE B R R
20.0 g/L. RIBEFIHSEAAIAERL R 3 01, %
PEREIRE N 5.0 g/L. Hl&ERERN 50 CHMTH
G A% I TR R 2R, 5 R WA 50 BEA il £ I [] (14 4
£, Sch B-zein/Dex-NPs 3+ 1%L 2 & 158 81
mE R, ATREAEIE A A A& B R T T &
. ROKEEVE B A RV SR B 2 (A2 % Sch B-zein/
Dex-NPs, {H il &I} (B KB, ATRE SR T %K
B fA24), FOKEEA B AR PEOSE, i e 1 Lk
R R, FHERAAL KR, CHRALE N E. 4
il I 1A] Ry 2.5 h B, A R 2 AR iR s, A

Z/NTF 200nm, H ¢ AL ZHE KT 30mV, #ik
£ 2.5 h /£ Sch B-zein/Dex-NPs ] £5 B 8]
2.5 BBD-RSM fii{t Sch B-zein/Dex-NPs 475
251 WREHTE FREREARERE (XD R
TR AR 5 1R 7R AR L (X)) B 8 SR o B T (X))
X} Sch B-zein/Dex-NPs f2M3 K, 454 “2.47 TR
BRRFELEI, Xiv XM XGKFRERE 6.
R (YD), #HZE (V). bifE (V) 290K HFE
PR ESHM, Huk N BBD-RSM HILALTE R -
IR R AR R R, R RAARR N
") Sch B-zein/Dex-NPs 4b77, #ff &P IH—1{E
(overall desirability, OD) 4TI, OD i it#
HFEAAEZR (d) AR () AN d=Mi—
Mnin)/ (Mmax— Mmin)s Fid% d3 AN d=Mipax— M)/
(Minax— Mmin)s I Mis Minax 1 Miin 73 ARG D2 BR
i BB ME; OD=(did2d3)"?s 4% 17 4k
B 404573 )4 % Sch B-zein/Dex-NPs, il 15 )€1, 3f
K, AR, RNEK& ODEE R ILE 6.
2.5.2 MERE KT ES T Ll OD fH NRAREL,
K-H Design Expert V10.0 3K {45 SEIEAR AT L5

#* 6 BBD-RSM iXIEFRKF. RIERIHTSER (n=3)
Table 6 Factor level, test design and results of BBD-RSM test (7 = 3)

RS Xi/(gL™) X Xa/(gL™Y) Y1/% Ya/% Kife/mm OD H|iRIES Xi/(gL™)) X2 Xs/(gL™) Y1/% Ya/% Hiffe/nm OD {H
1 150(-1) 25:1(-1) 5.0(0) 73.56 4.84 240.55 0.354| 10 250 3.0:1 40 7055 3.54 219.44 0.000
2200000 3.0:1(0) 5.0 87.33 473 18024 0911 11 200 3.0:1 50 8646 465 18324 0.869
3150 3.0:1 6.0 (+1) 75.68 4.07 258.14 0239 12 250 35:1 50 7063 3.19 23928 0.000
4 200 35:1(+1) 6.0 74.16 3.69 246.65 0232 13 200 25:1 40 71.14 446 23398 0.203
5200 3.0:1 5.0 88.64 491 17826 0976| 14 150 35:1 50 7268 423 241.54 0267
6 250(+1) 25:1 5.0 72.18 5.04 23325 0325| 15 200 30:1 50 88.11 489 175.69 0.972
7 200 3501 4.0 (-1) 71.04 3.52 20338 0.151| 16 150 3.0:1 40 7354 449 24332 0315
8 250 3.0:01 6.0 73.86 3.45 267.09 0.000| 17 200 25:1 60 7519 403 220.56 0.394
9 200 3.0:1 5.0 85.92 472 17723 0.893
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2 OD k=T 7N ¥Y=0.92—0.11 X;—0.08
X>+0.02 X3—0.06 X,.X>+0.02 X1.X3—0.03 XoX3—0.04
X2—0.29 X22—0.39 X32, A P<0.000 1, FKEH
SRR B B L T ES R IE T,
TERLH 8 RA (R FAREHE AL (Rag®) 70511
0.981 7 F110.958 1, FHH 98.17%K) 9255k vl Hi%
BOE AR AT R . BRI P=0.104 3
(P>0.05), R T 20 45 50 T8 B2 M52 . OD
EBCFER T, X A BEEER (P<0.05), X\
X2, X2 M X2 BEAREENEZES (P<0.01).

2,53 MR KA T2HE 4R E OD 5
HAE Xiv Xov XaWMNHE, Z5RNE 3. MEE

M2AMEEE 0. LB X)) N, KRR oD 1
VIRSENE N, Fitk oD [EAEH RN
. AT 3B OD BN E KA, XIEEEN
0~1, 183 Sch B-zein/Dex-NPs &40 77 N T KEE
WEARERERN 195 gL, RIEFH5HEFIMEE
R 2.95 11, #IERERERERN 5.0g/L, Tl OD
H°4 0.976,

2.5.4 Sch B-zein/Dex-NPs AL 5IGAE  “FATHI14% 3
#t Sch B-zein/Dex-NPs, & fld, 2=k
12, FHE S OD A, 453 WL 8. LATI OD {&
(0.976) AZFHiHHEAFIM OD fH WIAH X 2 -
—1.84%, UEWIESLHBCA B RTIINE R 47 A

*x7 ODEAEDH

Table 7 Variance analysis of OD value

WESRIR  CFoiM BWE ¥y FE PE |RZERE OCPAHM HEE FAH P1H
AR 2.01 9 022 41.68 <0.0001| X2 0.66 1 066 124.03 <<0.000 1
Xi 0.09 1 0.09 1684  0.0046| X-? 0.36 1 036 66.37 <<0.000 1
X 0.05 1 0.05 9.14  0.0193| X32 0.64 1 0.64 118.86 <<0.000 1
X 477X107% 1 477X107% 089  03767| WkE 0.04 7 535X107°
XiX2 001 1 0.01 2.65 0.1477| KT 0.03 3 9.41X1073 407 0.1043
XX 1.44X1073 1 1.44X1073 027 0.6205| 4ifwz 925X103 4 231X1073
XoXs  3.06X107° 1 3.06X107° 057 04742 BEE 205 16

225
17.5 Xi/(gL™")
3 3INFEEZMEZST OD B/ E

325 g
X2 275

55
Xi/(gL™") 45

Fig.3 Response surface of three main influencing factors on OD value

®8 AFWIEHERKBNRE (X£s,n=3)
Table 8 Results of prescription validation and relative
deviation (X s, n=23)

ek 2/ s RifR/ oDl OD ¥ oD @ﬁa
% % nm X 2/ %
1 90.13 496 185.77 0.968
2 8877 490 17490 0.951 0.958+0.009 —1.84
3 89.12 487 178.69 0.955

B, WABARAZHA (89.3410.71) %,
(4.91£0.05) %F1 (179.79+5.52) nm. 773 Sch
B-zein/Dex-NPs ~-34 PDIEL I § 474 0.083 +0.007
Al (=32.16+0.69) mV . Sch B-zein/Dex-NPs if% 4y
i WP 4-A, € HEALILE 4-B.

= 25 55 g e
17.5 Xi/(gL™) Xo/(gL™") 45 275 X
A DA
1 l.
1 |‘
l: |‘
1 10 100 1000 10 000
FifE/nm
,i
B "
J" l“
-200 -100 0 100
¢ B A7/mv

4  Sch B-zein/Dex-NPs #2537 (A) F (HAL (B)
Fig. 4 Particle size distribution (A) and { potential (B) of
Sch B-zein/Dex-NPs
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2.6 Sch B-zein/Dex-NPs #} 5K BH| & K A REE N E
2.6.1 Sch B-zein/Dex-NPs ¥ K H# 4%  HL Sch B-
zein/Dex-NPs JRE W 773 2 PE I+ (2 mL/AfR),
B-55 CUKFT% 3d, SLRIE T-30 CHTHLA,
R T ERSEET 3 d, BUH R4S Sch B-zein/Dex-
NPs ¥} & . Sch B-zein/Dex-NPs V2% Sch B-zein/
Dex-NPs ¥ A J 4fith /K #5785 B fb AN LI 5.
W75 Sch B-zein/Dex-NPs ¥; 7 351 7 55 1 120 35
. B E. Fift. PDUEM ¢ BA 208 (86.36+
0.77) %. (4.76%0.07) %. (207.2946.67) nm.
0.099£0.010 A1 (—29.4040.81) mV.

5 SchB-zein/Dex-NPs 2% (A). #K (B) Fsfik
KEFDE (C) 5P
Fig.5 Appearance of Sch B-zein/Dex-NPs suspension (A),
powder (B) and redispersed by purified water (C)

2.6.2 SchB-zein/Dex-NPs ¥ ARG fRENE  BUd &
TR T CERERZ . MEREY) (IR TCREH
BFEE 51 [E] Sch B-zein/Dex-NPs #) K ) Fll Sch B-zein/
Dex-NPs ¥y A, 437l B T 44K A 10 min (ff
FRIRE A Z000E), T 25 CHERKM /11
P GHEE 600 t/min), 3d J5 B T SdEEONLF, LA
12500 r/min &0 GREHN 4 C, BOFE 6.8cm)
10 min, B EiERIEIE “2.2.17 TN il ke
Mg TR T LR RREIRE . [R5 5 FF i FE AR
Bl (FBEANM, pH2.0) MG (FREH
g, pH7.4) HFIVEMIE, SERNEKI. AR TLH
®9 BKRTIR. WEREHE Sch B-zein/Dex-NPs
KRIBMBESER (X+s,n=3)
Table 9 Solubility results of schisandrin, physical mixture
and Sch B-zein/Dex-NPs powder (X £ S, n=3)
VRS (ngmL )
TR TR WHIESY Sch B-zein/Dex-NPs # £
gfifbk 8.81%0.19 35.94+0.22" 546.09+15.03"#
AL B 9.44£0.08 39.024+0.23" 614.87+8.17"#

B 10.37£0.18 42.58+0.16™ 667.61 £ 12.45"#
5HWKTFLRWEE: "P<001; SYEIEEWILE: #P<0.01.

*P <0.01 vs schisandrin B; #P < 0.01 vs physical mixture.

IR

TEYHRA YA SRS S T T ORI
24§ (P<<0.01), 7] e B KB & (A 3G /B I
SR W 3 0 245 40 2% K 1 48 R R A R 25261, Sch B-
zein/Dex-NPs 7% THH i Tk F L R AEAfL K . B
S AL I A P2 23 A I T 61,99 65.13
64.38 1%, SN FEIT = T EIR G

2.7 TEM W&

I 5 mL 2fifk7/K, A Sch B-zein/Dex-NPs &
B 0.1 mL, 3PS, HU3 WMIREBAES N (400
H), RHBEESECN 1.0%BA RS0, BT,
BT TEM FM % Sch B-zein/Dex-NPs 31 . B Sch
B-zein/Dex-NPs #3K, B ZiA6 /K #8805 [Fi%
W %% Sch B-zein/Dex-NPs 50 . 45 LK 6, SchB-
zein/Dex-NPs ¥ & M Sch B-zein/Dex-NPs ¥ 7K &
B EUS RES R RER T, v REJE i T8 R MR iR
JZ1E Sch B-zein/Dex-NPs [ J5 #4117 Sch B-zein/
Dex-NPs g fefa e PERO2), fiftik T o — FOKEETR
1T B 5 SR A 1 e

200 nir

6 Sch B-zein/Dex-NPs JEZi& (A) REMKLWKE
HaBEER (B) 89 TEM
Fig. 6 TEM images of Sch B-zein/Dex-NPs (A) and its

powder redispersed in purified water (B)

2.8 pH {E%T Sch B-zein/Dex-NPs R[12 0 { BB LAY
AL

Sy BIBCH] pH AE 2.51 4.04 4.5, 5.5, 6.8, 7.4 1]
PBS, %M. #KHL Sch B-zein/Dex-NPs ¥} K 5 mg,
S BIINZEARE pH ) PBS 1, #8 12h J5 Il & ki
B CHLAL. 4559 W 10, Sch B-zein/Dex-NPs 7
ANIE pH 15 () PBS Fkif2E)/NF 500 nm, W Sch
B-zein/Dex-NPs H[#§471 pH {EXT HEEM IR M. =
KB ER MRS pH 6.2, 44 pH {H#2
Fo KT I £ 1A 4 P R SR T R SR>, RS
BOE KB R A BB YT, AR T
Sch B-zein/Dex-NPs KA #i SEHIR I, AR
1 Sch B-zein/Dex-NPs #EANA] pH /i kAt & ¢ L
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710 pH {EXF Sch B-zein/Dex-NPs fI2F1 § LAY
(Xxs,n=3)
Table 10 Effects of pH value on particle size and {
potential of Sch B-zein/Dex-NPs (X £ s, n=3)

pHM Hiff/mm  (HA/mV |pHE  HfFEmm  (HEA/MV
2.0 350.83+45.40 -25.73+1.31| 5.5 224.93+20.33 -31.831+1.60
2.5 3363711255 -26.53+1.00| 6.8 356.10+54.22 -25.774+2.41
4.0 214.77£33.27 -33.17£1.46| 74 394.60+41.16 -31.67£1.45
45 228.10%12.08 -26.73£2.61

P A& e 2T,
2.9 FT-IR %7
SRR T QR RN RN ORI
B IR T OFR+ FOREEE & A (& 25 F) Sch
B-zein/Dex-NPs). T KBEE 8 H + R (&%
{4 17] Sch B-zein/Dex-NPs) 1 Sch B-zein/Dex-NPs #;
KRG E TS, INEEEAE, [R5
SRR E LY 100 ¢ 1, BFHJEE . FT-IR I
&M BTN 25%, YebN 100.0, B 314
2K, FESTAHE 16 I, 3 RN 4.0. S8R WK 7,
TR AAE 3296.46. 1652.37. 1535.85cm™
b BN HRHEIR BN, 435 FOK B B A T 45
F_E-OH f4E4Rzh. C=0 MR C-N {h 4R
5 % N-H 25 i PR30 522, Fivk T 2K 7E 1 591.59,
1 576.19 cm™! HH BRI BEARFAE A B AU 7 R 5
g (ve=c), TEHPRT L3+ F KBS EE FT-IR B
b LR T O FR PRI E B R B X e 448 ik B
W, ATRESE Sch B-zein/Dex-NPs it €22 1 FH [ il
T ST CEMF R R, IFH AR T L&
#E A3 N Sch B-zein/Dex-NPs N, T KEEAE
FI7E 3296.46 cm™! 4b HB-OH (R4 R BNE, £ Fk
T E+ EREREEA FT-IR K0 ik shE % 5)
% 329299 cm™!, HRZNERR EIGR,  HeHEm] F0k
kT LHBR
Bl
FORBREA

HRTF LR+ EREEEA

FOKRFEE & A+ A

Sch B-zein/Dex-NPs

4 ()IOO I I 2 8IOO I ‘ 1 6IOO ‘ ‘ 460
viem™!
7 &MH@E FTIR
Fig.7 FT-IR spectra of each sample

TLREM L, KRR S KRR B 1 2 [1]-OH
RAE T AEER . HEPELE 1005.63 cm ! AL H L
FREIRZN I, 7E FOKBEE & E + i R PE M Sch B-
zein/Dex-NPs [1] FT-IR K% 5> 312 2) 2 1 008.44.
1 008.48 e ! &b, FIREEHIRES FOKIEEH L
(R AE T AR R ) B o,
2.10 XRPD ##f

MR Cu-Ko B8, FH5EE Y 4°/min, Wl
WYL 20 8 3°~45°, WMAKT L RIFERZ) . ER
Wi EKREEREA. WHEIRSY (Y 55ELS)
[f] Sch B-zein/Dex-NPs ¥ A ) Fll Sch B-zein/Dex-NPs
WG R, WHENNS, 4558 0K 8. kT &t
3°~45° IR AT g, e 10.8°, 12.0°,
13.5°, 15.2°, 19.4° 30.2°Z5AbAT o 0G o, 1T 1 3R
BN R OK 5 25 1 SR I T 8 TR ARRAIE . (AR
W) XRPD B 75 ] I 2 TiWR 1 £ R FFAEAT ST
W, (HERFEFAT N, R\ART LRIEVEIRE
Yyrp BRI BE R KA MAE . 7 Sch B-zein/Dex-NPs
AR XRPD B3k Fk - £ 3R AEAT S 8357 2%
LW FLF 2K AE Sch B-zein/Dex-NPs #; 4 7] g
Hn s R TCETERS o

Sch B-zein/Dex-NPs #; A&

WA
R

g

\ HT 2R R

Ll
J«L«L& W LJU« W l‘) . W“#J‘\MJ "MeAdt i
0 10 20 30 40 50

20/(°)
E 8 EANHEMAY XRPD 5R
Fig. 8 XRPD results of each sample

2.11 Sch B-zein/Dex-NPs 7EfR{\ B iR PiaE M
RREREHITRER

2111 EH BB P RREEER IR T
. F A1 Sch B-zein/Dex-NPs ¥ A & T 10 mL F il B
W, SRR R ER N 9.0 pg/mL, BT
37 CHEIEKGH, 7HFE 2. 4. 6. 8. 10, 12
h, BUEE 6 mL BT 10 mL &3+, A 3 mL A%
FRANVE CGREE N 0.15 mol/L), 8 itk /K #i ke
SEZS, #E21)5 12 500 r/min 250 10 minCGEE AN 4 °C,
BT A 6.8 com), U EIERIE L% T RS E
(mp), FEEBEE (n) AZH, ITHILKT L
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FIREE,

FRER H =mi/mo

[FIVEF%EL TR T £ & Fll Sch B-zein/Dex-NPs #%
KGR PR R, SGRIE 1. HERT LR
TR EWRTHE 12 h JFRERMN 34.40%, &
B TR R AE AL B VR P AR e PR, Sch B-
zein/Dex-NPs 7E 2. 4. 6. 8 h {R BRI BBV
T HMEF 2% (P<0.01), & Sch B-zein/Dex-NPs
XA LB AR YER: #£ 10, 12h
TR FEMZER(P>0.05), iX&HT Sch B-zein/Dex-
NPs 2% pH fH. 15 & WG F 2 0 S 8452
BIBR, RO 2R IR RS, TR T 4%
Al Sch B-zein/Dex-NPs 7EAR L7 Ok B R AR LA
K, 12 h J5 IR B Z37E 90% LA L.
2.11.2  Sch B-zein/Dex-NPs B 25174 L B ZG L1 1F
i B 20 mg TuWkT SR EARLZGHT Sch B-zein/Dex-
NPs 3 RiE & (LR T LR S EN20mg), 4370
A 5mL BHUE W (pH2.0, & 1.5% SDS £ 0.2% B
AT, BT BN S G RE X2 T R & 8000~
1400091 .5 1000 mL FE30 B WiAE AR5
AFERZE (37.0£0.2) C, ##4 75 v/min, T

F 11 FEBRTF ZEF Sch B-zein/Dex-NPs AT B iR Fn4E
P RIREERER (X+s,n=3)
Table 11 Schisandrin B and Sch B-zein/Dex-NPs retention

rate results in simulated gastric fluid and intestinal fluid

(Xxs,n=3)
AL B I
t/h T 2.5 Sch B-zein/ FRT 2.5 Sch B-zein/
Dex-NPs Dex-NPs

81.15£1.91 9529%1.22 99.19£1.02 99.63+0.57
76.81£2.14 94.11%£1.45 98.40%0.88 99.22+0.73
55.52+1.15 78.73%£1.35 97.63%£0.99 98.17%x1.75
4482+1.37 5390+1.33 96.43+0.85 98.28+2.52
10 38.70+1.24 41.55+1.82 94.39+0.26 96.69+0.97

o N AN

0.5. 1.0~ 1.5, 2.0, 3.0. 4.0. 6.0, 8.0, 12.0h Htf
5mL, WA SAMIN 5 mL 25 AR, &5 A
12 500 r/min &0 GRE N4 C, B4R 6.8cm)
10 min, U EJERIE HRF LR AR, FEEE
Tk T Z & A Sch B-zein/Dex-NPs ¥y R AL
(pH7.4, % 1.5%SDS 1 1.0%/EE A IR
1T, @RWE 9. kT RERZERIE .
Wi AR 1 SRR TR 43R 27.07%F1 36.95%, Sch
B-zein/Dex-NPs K38 T KT LR AERRALE |
o BRI, iR S A 71.68% A1 87.87%.
Sch B-zein/Dex-NPs 7EAEHL H o 7 H R 2 1 2 41,
HEER R 12, WRIEHE R0 R (RD w4,
Sch B-zein/Dex-NPs 7EALHLE « 217 A
Weibull BRI G BEfem, R2 40708 0.996 5 Al
0.974 7.
2.12  Sch B-zein/Dex-NPs # KiaEME R

Bl 45 Sch B-zein/Dex-NPs VB2, WM&
BT &SR (mo), BEL Sch B-zein/Dex-NPs 14 4
TINZEALIK B, UG 0.80+ 0.45 pum FFLIE R4
ZHT I LR T R E R, I R g
HRF LRI (m), HHHEIIFEE.

100 Sch B-zein/Dex-NPs (Ll B )
—+— Sch B-zein/Dex-NPs (B AU i) .
0™ ARFORERZ BRED——
- HRTZRKIER DY P
X 60
X
'E 40
B I
X 1 ———
E\E — fr;{ ¥ 3 4 ————ff
20
0
0 2 4 6 8 10 12
t/h

9 AKTZRERIZEH Sch B-zein/Dex-NPs FEHEH
B BREIMEREIZ% (X£s,n=3)
Fig. 9 Release curves in vitro of schisandrin B and Sch B-

zein/Dex-NPs in simulated gastric fluid and intestinal fluid

12 34.14+1.15 32.80%x1.01 94.68+0.67 92.22+1.11 (Xxs,n=3)
%< 12 Sch B-zein/Dex-NPs FE/ii1&#Y
Table 12 Release model of Sch B-zein/Dex-NPs
b A B B
- WA AT R

— R In(1 —Mi/Mx)=-0.095 0 t—0.196 1 0.946 7 In(1—M/M=)=-0.124 1 t—0.217 4 0.903 2
Higuchi Mi/Mx=0.011 6 2—0.017 3 0.977 5 MiIMx=0.2347 £2+0.043 7 0.963 1
Weibull Inln[1/(1 —Mi/M»)]=0.540 3 Ins—1.1359 0.996 5 InIn[1/(1 —Mi/M«»)]=0.658 9 Int—1.133 6 0.9747

tARRITE], M A M55 59009 ¢ Aleolh] () RAVBEUE, MM ¢ 0 Ta) RAVBE A 7 %6

t is time, M, and M., were accumulative drug-release at time ¢ and M., M,/M., is accumulative release rate at time 7.
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UL HE 2 = (mo—mi)/mo

I Sch B-zein/Dex-NPs ¥} K il B 25 %31 H &
8%, BT 40 C. BSE 65%MHIRH A T,
3T 0+ 1. 24 35 6 AN HEUENA Sch B-zein/ Dex-
NPs JUFER  EH . KR ¢ iz, 455 W3R 13,
IEFEME 5 6 N Sch B-zein/Dex-NPs #7 A i f#
FNF 2.0%, BEFEKT 80%, Fifg/hT 250 nm,
C AL E S5 0 HAHEL B4k, &I Sch
B-zein/Dex-NPs ¥y R Az P R 47

# 13 Sch B-zein/Dex-NPs Fa EMERLER (X£5,n=3)
Table 13 Stability investigation results of Sch B-zein/Dex-
NPs(Xts,n=3)
dF RS B Rfhm CEA/mV

0 1.10%0.08 86.24+1.00 208.11+10.41 —29.38+1.06
1.01£0.08 85.88+1.31 209.46+13.09 —28.4710.65
1.24£0.08 85.83+1.79 215.35+£7.53 —28.5440.60
1.56£0.12 85.29+0.99 220.54+5.76 —27.77+1.11
1.854+0.10 82.73+0.55 220.40+5.76 —28.29+0.32

2.13 ORANFITAER

2131 42 KUnTT SR fEH 0.5% CMC-Na /K%
WECHI T 7 O R R . YEREY (9554
BG4 [E] Sch B-zein/Dex-NPs #34) #1 Sch B-zein/
Dex-NPs ¥y RIBEW, DLAPRT LR G EIREIK
FE¥N 6 mg/mL. HY 18 H SD KRBEEHL A 3 4,
Sy IR TR T & 50 mg/kg & ig 4425, Tk
FOEMPERAHT 0.25. 0.5. 1. 2. 3. 4.
5. 6+ 8h HUfL, FisL6KIN Sch B-zein/Dex-NPs 7F
10, 12 h MZRAE s ATy AN 21 TR 2038, #1 Sch
B-zein/Dex-NPs 2850 10, 12 h BUML Ao SR AL &R A7
B K BROIRHE ik AN, B &34 250 uL, BT
& T, 3500 /min &0 GREN4 C,
B4R 6.8 ecm) 2min, B EIRE ELNAK 22 A
B, T-20 CUKEETAHIRAE .

2132 IMIEAERTIACEE SR 2GR R IR
49 1.500 pg/mL TR HE S, A AR
R 100 pL MRAFE M E 1.5 mL BO8H,
A 40 uL WARAT 500 pL 285, #E, WiEY 3
min. & T E.0HLH 8 500 r/min B0 10 min, HX L
JZAENAT 40 CTFERART. THREHRIAZKE
100 pL, JWHEE% 3 min i, RIFSE HEARE A br
{4 TSR ot VS

2133 ZMEXREH KA ORI RERE N
2000, 1000. 400. 200. 100. 40 ng/mL FT 2

AN W N =

FOO SRR, Ak B R 100 pL 2 1.5 mL &
OV, F IR “2.13.27 TR ikl & kT L& I
T SIVA, HEIE “2.2.17 TR (i S E T
Rt LR G ARERIE AN . DL T R R EIREE
BEAAAR (XD, KT 35 AR EHE AR LG
AFR (YD), 1FEIERIETTHE Y=0.0034X—0.041 7,
r=0.997 8, 45 R W TR T L FAE 40~2 000 ng/mL
LMERRRLTS

2134 LEMEELR BT AMEK. MRS (U
T ZRFERIZHEE 8 h) AT 2 KR EIRE
9 40 ng/mL ¥ LRGBS, 128 “2.2.17 TR
g SRR, S5 10, AT WL TR T 2%
B AR (5 1 W3S AN 52 4 T, 25 SRR LS
LEMERLT.

A
| AR
B
HRFLHE
| HPRER
C
HRFLER
0 4 8 12 16
t/min

E10 Z=RMIME (A). MRHER (B) FMMETRREER
(©) ¥ HPLC &
Fig. 10 HPLC of blank plasma (A), plasma sample (B) and

plasma reference standard solution (C)

2.13.5 REEEHELE  WHWKRT LR EIRE D5
N 40, 1000, 2 000 ng/mL I %F 8 S, 6 1
dESNE 6 IR, THEAF KT £ F AN AR B U i
FLELFR RSD 20514 5.17%- 4.68%- 4.79%, 45 %
BH A% R %% 6d, fERIIGK 1K, i+
3 AR T L FE AR R T A LG Y RSD 4300 R



» 5760 »

FED 2025FE8H $56% B 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16

5.84%- 3.13%- 3.09%, 45K H AFE%E R T,
2.13.6 FaEtEEL WA T ORERZHEE 2h
MRS T 04 3. 64 120 18, 24 h #ikE
M5, THEAS AR T A ARER I T AR L 1) RSD
N 6.03%, ZERFTHIEM R

2137 HEWHELR KK AR TFCRERBRERN
400 ng/mL IMLHHFE i, $%/R “2.13.27 TR 51T
il % 6 ALl i, I8 “2.2.17 TR IE v
T CEMBARRRE TR, THEAS R T LR RER
FEHI RSD N 7.19%, Z5RKIZSLHELI MR
2.13.8 nFEEMEEFEL BUL. by mBEIKE
(40. 1000. 2000 ng/mL) TLWkF 2 Z %} B8 T AW
Sy AEHR “2.13.27 TN 7 VA A [R] 5 R B 1 af
N BRSO E , THE TR T SR AR K
%, 5 SERR IR AR L EOINAE RIcR . 5 R
s & WL SRR RSP IR RN 5
94.92%. 98.26%- 95.40%, RSD 435I~ 6.04%-
6.97%- 7.10%, Z5RFIIZIIGHENE RIF.
2.13.9 g R AT ORERZ. YR
AWIF1 Sch B-zein/Dex-NPs [ 24-IsF fi 28 I 11,
KA DAS 2.0 FAFHE S AR IR T R
JFRZG. YIRS WA Sch B-zein/Dex-NPs #j3))%
28, GRWE 14, 5HEKTLRERZGHLL, 2
VR AW Comax~ AUCo— Al AUC)— T FiT$ 1, 1E0
DEMZER (P<0.05), AHXT AR A=) E
PRI 1.26 i, R FOKBEH 8 SN SEPEE— 8
FERE B3N T HRT LR IR PRI Sch B-zein/
Dex-NPs [f] tmax IEJ5 2 (2.08+£0.46) h, tip K E
(4.42+1.78) h, Cuax~ AUCo— Fil AUCo-o351 FL A5 1%

2.0 7

- FRFORERZ
1.6 —— YERE
—e— Sch B-zein/Dex-NPs

M2 (ng-mL™)

t/h
B 11 ARFZRERA. YIRS Sch B-zein/Dex-
NPs Z5-Btph%% (X+s,n=6)
Fig. 11 Drug-time curves of schisandrin B bulk drug,
physical mixture and Sch B-zein/Dex-NPs (X £ S, n = 6)

®14 HKRTZE. IR SYIF Sch B-zein/Dex-NPs 75
HMFEEH (Xts,n=6)
Table 14 Pharmacokinetic parameters of schisandrin B,
physical mixture and Sch B-zein/Dex-NPs (X £ s, n =6)

S8 BN EL SR YIBEAY  SchB-zein/Dex-NPs
fmax h 0.96+0.28 1.01£0.26 20810467
tin h 3.09+147 3.17£151 442+178
Cnax  ngmL™' 4351248689  611.12+114.66 1661.87+200.18"%

AUCo~ ngh'mL™ 1536.60+301.94 1934.49£487.03 6702.91+814.53™#
AUCo- ngh'mL™" 1594.46+333.26 2005.971429.86 6 868.06+923.127"#

HHERFZRLE: "P<0.05 "P<0.01; SYHIBAYIE:
P<0.05 *P<<0.01.
P < 0.05 ™P < 0.01 vs schisandrin B; P < 0.05 #*P < 0.01 vs

physical mixture.

BEMRE (P<0.01), Cuax MAHXE AR A
MR 73 i s 22 3.82 /%A 4.36 1. SRS
4@*5 Hﬁ, Sch B-zein/Dex-NPs E':] fmax~ 12~ Cmax\
AUC- M AUC - A 22 1 7 5 (P<<0.05.0.01),
213 Sch B-zein/Dex-NPs /£ " W/ A B B4t T4
REY.

3 g

FOKEF IR BRI EON 80% oK L BF iR
T RAF, (HAEAKAH B 2 o 1a) FOK VA R
HIER (80%JC/K ZIlE) AR GKAHD, HT
VERIE BB, EBK ). SR I IRAE T
NN TR R H KA. BEE L IEE TR
%%, R IROKEERE AR W, i TOKEEA
EHETT 25T S O BR SRERTE BN AR 719,
T OKWEVA i A FEAR T A5 SR A 5T vh 485 7 1 FRL T
CABEFER ] pH 4.0 PBS AE il #6475, IR
85 707 B FL AT ) R SRR P 5 T 485 T O EL AT ) oK
BV R EERF RS IEH N EBEYRRIR T, A
M %% Sch B-zein/Dex-NPs, il 4% 14 2 76 75 Al % 1
YRR, 2R E . AR AR 2 T R AR,
ZHESCEE IR A AL R, BT FOKEEE
HEZIAEE, (HE R 71 PR 2 KIN T RE
SxPRIECR 7 (B 47 B PHAS 5 FOKRE IR S H 45 5120,
AT T AS AT 52 348 AH X0 731 o B A 6 ik o 1) 7 SRR
(5000) fill#%& Sch B-zein/Dex-NPs.

FE GRS LI U, — SR 505
FEAT T pH X REZGAT AL IR, (H2Z20 7 H
FIBg. JREE RS, DRIt 7o 45 AR E— 1
R AWFFCRHEIE . R, He
T pH BV AL B R, D] SESe:45 SR B RE S ik
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TLRT £ Z 1 Sch B-zein/Dex-NPs 7EAK P SZFr 2
1T HN. BT LEKIFERZF Sch B-zein/Dex-NPs &
RO B VR SR AR TR SAEK T A B ASRHU V H 1
RERRE, XRS5 H%RT AR5 B EAET
B fif A FH A5 95190, Sch B-zein/Dex-NPs 7E A5 UL B i
BB m T A% T O, XREZHT Sch
B-zein/Dex-NPs 3 [l 2 A # K ¥R =, 1 Sch B-
zein/Dex-NPs Zififz e tE X RIE =021, HIRT 4
Z 3T Sch B-zein/Dex-NPs P # 5 F&AK T B & A
0T 23R J L3, AT XS 254 2 T — 52 AR
FER

Sch B-zein/Dex-NPs 2452245 iR, YHIR
G RIARS ORI AE R TR = 2 1.26 i,
B K T v B AN R BERT TR T 2 R AN
WA T — e IARIRAE A, R R i S0 B A 1
WIHE R BRER, KRR T O R A305E  ORR
W= AR S R 28); FOR BV B 1 RT3 N 2454 1 2 b
PER, H B TR Z 7 R, BB ST
Tk T R AR E AL AR . Sch B-zein/
Dex-NPs ] fmax EFVELESG A (2.0810.46) h, 1]
fit 5 Sch B-zein/Dex-NPs #5245 LA 2B %,
A4k Sch B-zein/Dex-NPs Fif2 /N, w5 ET B
iR, GELE T 23N, MM f4 Sch B-zein/
Dex-NPs ] tmax o3& EZE 5. HIT Sch B-zein/Dex-
NPs PR NSO FE R A2 T 24k, BRI 42 7=
AT R E R, R TR . Sch B-
zein/Dex-NPs 1] Cunax AT RIS IS A D) FH E 43
ARSI 3.82 {11 4.36 fi%, A fEsE Sch B-zein/Dex-
NPs X[ T A0 Lk 7 w2 EIRER, B
KT 1E B MEI M LE, B0 7 R A Sch B-
zein/Dex-NPs $& &5 | R T LRI NG,
il ok 7 AR I RO 200, TR T 3R AE Sch B-zein/
Dex-NPs RTINS, ToE HSAYHAES
25 B BRI S AR R BED 31 Seh B-
zein/Dex-NPs Fi 250/, FERTAER, BN 72
5 B pER LR, R T 4WE
&, WhEEIEEIREIE N MG, $oRHe =
TR

TOKEEAE ARG IR Pratb. P ESS
PERIUSY, T S L PR pE . PRARAEE A, A
M YGRS PR SEiE PR, R B S b
T KB R A S R T 202K 28 AT R O i I R
e, PRIASHIF SR EE ) Sch B-zein/Dex-NPs A

AT R F C AR AR, W R LR AR O
106 1L R ) 2 R FE T e R RIS BNE ), X 75 2
JE ST AR AIE R . AW FLH % 1) Sch B-zein/
Dex-NPs o7 ff FHR HVEHER], APk FL. AL
SR 70 LA R TS R A

g5 b, ANHI TS R AR SRIR I K B A B RN
B RHELE AR R I # % T Sch B-zein/Dex-NPs,
M “ZgtlA T BT ES, WOKIRE TR @
4. 6 NAM#E MR Sch B-zein/Dex-NPs 4 &
B FEKT 80%, e (HEZH) 2020 4 f VY5
9014 I N XHHCRL R EER,  HAEAF AR e I R AT o
A SEHEA B AR AVR T ORI R, #iehil 4% Sch B-zein/
Dex-NPs [l {8} A G 7 Z /N AS IR R4 550, Fl
T4 I )k 24 i PR AL T R & 2% 14« Sch B-
zein/Dex-NPs B EHENN T Tk T O RVEMEEE . B
FERRE B RIS A= R, B A3 — 5T Rt
5t (EFFRE S0, ¥ Sch B-zein/Dex-NPs # K
T E T G %, R TRIAEE, X a2E &
A7 A R

FBAR PAEEHYFARFEARZFR
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