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Intestinal Absorption and Pharmacokinetics Study of Long-circulating Nanoparticles Loaded with Panax
Pseudoginseng Saponins

ZHAO Guo-wei', CHENG Xu-long’, LIANG Xin-li', LIAO Zheng-gen', WANG Chun-liu', ZHAO Li-jun', CAO
Yun-chao'(1.Key Lab of Modern Preparation of TCM, Ministry of Education, Jiangxi University of TCM, Nan-
chang 330004, China;2.Clinical College of Jiujiang University, Jiangxi Jiujiang 332000, China)

ABSTRACT OBIJECTIVE: To study the intestinal absorption and pharmacokinetics of long-circulating nanoparticles loaded with
Panax pseudoginseng saponins (PNS-LCN). METHODS: The osmotic coefficient (Papp) of notoginsenoside R, (R,), ginsenoside
Rg(Rg:) and ginsenoside Rb,(Rb;) from PNS, PNS-LCN and PNS-chitosan physical mixtures (PNS-Cs) in duodenum, jejunum,
ileum and colon were determined in everted intestinal sac test. The blood samples of rats were collected at different time points after
intragastrical administration of PNS, PNS-LCN and PNS-Cs, and plasma concentrations of R;, Rg; and Rb, were detected. RE-
SULTS: Compared with PNS, Papp of R, from PNS-LCN in duodenum and jejunum, Rg; in jejunum and ileum, Rb; in ileum and
colon were increased; Papp of R, from PNS-Cs in duodenum, Rg; in duodenum, jejunum and ileum, Rb, in duodenum, jejunum,
ileum and colon were increased; there was statistical significance (P<<0.01, P<<0.05). The bioavailability of R, Rg, and Rb, from
PNS-LCN were 3.65, 3.63 and 2.96 folds of PNS; the bioavailability of R;, Rg, and Rb, from PNS-Cs were 0.31, 0.77 and 1.36
folds of PNS, respectively. CONCLUSIONS: PNS-LCN can significantly increase bioavailability of R;, Rg, and Rb;, PNS-LCN
can improve the bioavailability of notoginsenoside R:, Rg: and Rb; significantly, which result from PNS-LCN improve the permea-
bility of PNS and prolong the time of PNS clearance in rats.

KEYWORDS Panax pseudoginseng saponins; Long-circulating nanoparticles; Intestinal absorption; Pharmacokinetics
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1.2 #m5iF

=R (FET AR AW ITRA AR LR (Rg .Rb, i
T 9 8.16% 27.87% . 31.15% ) ; Ry Xf IR 4L (4L 5 .
110745-200414) Rg, XJ HE i (HE*5-: 110745-200320)  Rb, X i
mm (445 : 110704-200318) F40 F H [ 8 i 245 iR e F 5 B 5 56
R AT &5 LA B Al B R :60% , 6 E : 26
mPa-s); FFZEAN (43Hr4al, il B2 AR A BR A D
PNS-LCN[%E % A il , PNS #) £ %4 (53.93 + 0.69) % , 32y
HoH(13.48+0.17) %]; Krebs I, K A RUEEK , Hogx il
SrHral.
1.3 zh#h

SD KFL36 H, & /BT 180~220 g, HVLPG B2 b e
55 2y rp O SR A [ SE 86 3 W 4 FR A T UESS- - SCXK (4% ) 2005-
00017,
2 Ak
2.1 KRIMNARFESSE
2.1.1 HMEHIARERIT 2 A H s LA Krebs WO, 43 3l
# PNS Ji 5V B 47 0.72 mg/ml A PNS % .PNS-LCN i Fl PNS-
SR EIR A (Cs) L, VE MR R
2.1.2 KESIMBIAZESCE 18 HSD RERUAE &k (A ik
KD 3% I B EG 240 ip BRI . 3T 38 s i L L A
ZEM R 2910 ecm, FHUKA 1Y Kerbs I BB N YD, 215 Z 5,
— Uity FHHAMZRFL S, AL W 5 (o 80 O 1 s o1, S 1y 4, 5 —
St R FL T HOURE 11, 7 5 4 DABURE 11 1) i PR 36 2 14 Kerbss T
2 mIf345 AR, VB I Z 29K 3 AR B s A B 2 R R
i IS B 37 °C COBE R4 h b 706 1 h, 5216
AR AR, B AR K RO
(HPLC) i e HoH 25 B it
2.1.3 @iELM @iEH  Kromasoil-Cis (150 mm x4.6 mm, 5
um) ; S : LK BB (0~15 min, 20% ZiE—21.5% 2,
Ji§ 3 15~36 min, 21.5% ZE—40% Z.JfE) ; i3 : 1.0 ml/min; £
225 °C 5 R : 203 nm; FEAFE R 2 20 pl,
2.1.4 BAPEZEE FH 25 1 Kerbs W AE M L2514k &, Ho4v 4%
“20.27 00 R R RS S A . #2137 T
SRMHIEREIE . 453, Kerbs %) R, Rg, FI Rb, (O304 C T4
2.1.5 R, Rg A Rb BB E Jr ik #m s, A B IRER,
Rg Rb AN AL (R Rg Rb TR 4004 1 330.5 990
3 510 pug/ml) 100 ul, il A 900 ul Krebs ¥ , 1l % R JH 4 43
Wk 13.3.26.6.53.2.87.8,133.0 pg/ml, Rg, 5t 12 ¥k BF 43 1 Ny
55.9.111.8,223.6.,368.9,559.0 pg/ml, Rb, Jii & 4 & 43 51 Ky
35.1.70.2.140.4,231.7.351.0 pg/ml IIRA X B W . LA&
of B i o R () RN AR b, A 06 T ARURRL AL (o) A e A
b, HEATLPERNA 45 R, Ry Rb, [71H 7 B4 3y y=4.462 4x+
2.597 9 (+=0.999 3) .y="7.686 6x+40.319 (+=0.999 9) . y=
8.063 6x+20.341(+=0.999 9) . 45FF W, R, .Rg, .Rb, i i
43 SIHE 13.3~133 pg/ml, 55.9~559 pg/ml, 35.1~351 pg/ml
T P AR R T AR B R R PESE R
2.1.6  WERAFE SRES RS B ARSI, RS
TR S (1A I BT AR S A 5 Y (R BT B k3 4 I 13.3
1331 330 pg/ml, Rg, BTt ¢ i 4351 by 55.9.559 .5 590 pg/ml,
Rb, JF 0 4E 3 43914 35.1.351.3 510 pg/ml) , 4%“2.1.3" Wi T £,
TSI G H RS 2 RE (6 1) L H RIS 2% 3 (6 1) 1AM B2 (6
W) o GESL, H AN H [aDRE 2 1 RSD 43514 5.5 % 1 6.7 % , 1ER
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FEAE93.6 %~ 104.1% i) , AR I Bk .
2.1.7  EICERIRE  FEARUE IR Y, AL P s R
W, 145 R (R, A1 Rb, 119 Ji7 2 00T BRI , TR) s i) 5 A )
TSR VR JEE L 50 9% FF Ay 3 0 A0 06 HB A, T R 1K
LR TR R SR R DGR 350 95.8% .93.5% . 94.1%
R, B4 IS5 510 94.7 % ,95.0% .95.0% , Rb, F4 [ 253 51]
}91.7% .95.8% .96.2% .
2.1.8 FEEMEIRIES  4rBIH Krebs VRN ZS 115 BEW A — &
1 PNS I A 2525, 37 C T, COBE 546 T0.1.2.3h
A HVBREIN R . 455 R, \Rg, \Rb, 7E Krebs ¥ H (0 R M5 17 5
SRR (1013 +1.2)% . (102.9+0.8)% . (103.3 +1.2)% (n=
3) , AE 25 1M B8 v 1 9% i 5% A7 28 43 3 b (985 + 3.2) %
(96.9 £ 3.8)% . (953 + 2.1 )% (n=3) , & W R, Rg,.Rb, 7E
Krebs W% (AR P RUE o
2.2 HEHEMR
221 fOi%s&MF 3% Kromasoil -Cis(150 mmx4.6 mm, 5
um) ; i SIAH : ZHE-0.1% H RV W, B B e (0~9 min, 28 %
ZIE—42.4% . ;9~12 min, 42.4% Z JE—95% 2 ) 5 ik -
0.4 ml/min; FEIR ;30 C5 PEFEE 20 pl,
2.2.2 FIiESAF R ESL B R E R B
HLE 2 3.5 kV; BN H ML . — 130 Vi TR . 350 C; T
TSI £ 10.0 L/min; 2540 : 425 °C 3 Bi%5 48K /7 :40.0 psi;
JEIRIFE] : 200 ms; @ AR 2 R B WAL (MRM) . MRM
SR,
%1 MRM$#
Tab 1 MRM parameters

{14z NESF fERHE, v Gl ERET
R 935.6 125 4 7154
Rg 8236 155 3 6432

Rb, 11315 155 55 365.1
223 MZEFESAALEE  BOREUMIE 200 pl, WA =-£ E 7R
AT B SRR (R “2.1.57 10 ) 10 pl, IR BEIR4 L A P 400
ul, E , DLESC2F 4224 13.5 cm .8 000 r/min #5.0> 10 min, B F
ERNIR T, 509% FFEE 200 wl 523, e, LB O2F4E  13.5
cm. 18 000 r/min &5.0> 10 min, B FIFTRIERE .

224 FkEHEE (D)EEEME. 4 5H00.2 ml 4 i
3,02 ml 23 P 4T T8 5L 0.2 ml 25 25 )5 R BRI AR o L 34
“2.2.3"T0F OB P K S L 15 42.2.17“2.2.27 T T 435 RS
SR HERE I S o S5 R, A5 A IR A P9 TR T RS T
P M b A5 I 4H 43 R, Rgy 1ROy M52 o W AH €813 - £ 066 T
T UL PR Lo (2) B v e B A5 o BL200 pl 28 [ 2R AR YO A
10 pl R, Rg \Rb, A X i RPN (6] “2.1.57 T ), 4%
“2.2.37 TR J5 W Ab BRI M S i “2.2.17“2.2.27 R 3% | T
AR RE o LA X BE S BT R VR B (o) SR Al b, A 7
T FRRLAE () M A AR, JEF TR PE 10105, 15 R, . Rg, \Rb, Ml
IH )7 L4 Bl =39 709x—4 060.5(r= 0.998 4) y=32 TT4x+
6 107.2(7=0.999 2) y=25 TAT x+23 848.8 (r=0.999 6), 4%
FW], R, Rgy Rb, JFEHEE /05178 1.3~1 300 pg/ml.2.5~1 500
pg/ml.2.7~2 160 pg/ml i [l -5 g AR M 22 R A7t
Fo(3) MEHEE SAGR RE RS . A (SR 200 pl, 342.2.37 30
D5V A R BT 43312 13.3.133,1 330 pg/ml, Rg;
5 R VA E 43 ) 55.9.559.5 590 pg/ml, Rb, Jt 5 ¥k B 43 51
35.1.,351.3 510 pg/ml, Ff/> T ¥R 250 5 ) FF i i 20 72 3
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Flg 1 LC-MS/MS chromatogram

A.blank plasma;B.blank plasma+sreference substance; C. plasma sample

do Z5HRFH R, Rg ARG, 1Y H A H [EPRE 2 11 RSD 43514
10.9% F1 12.1% , WEGH 5 KI1E 85% ~110% 2 i), 74 AH 32
Ko (4) ISR . FEARIE I 2 BT P, S BRAIE v L T
WEEE il 45 Ry (R A1 Rby 19 L2 AT b VE SR s v T VR it , ) B
il 28 A ] J3 ViR 32 LA 50 %o FF 2 Ay 5k JO 114 s 1 VA Y, 1 T i
A5 AR R TR R R DR 45 90.8%
85.3% .82.0% , R, M M4 43 124 92.2 % .85.4% .85.0% , Rb,
[ i 32 4351 K 90.2% . 82.6% . 82.6% . (5) K ML B . ¥
“2.2.4(4) "R ML 3R AR S IEAT — 20 °C A VRl 3 IR, 4
RSD<<10% ; Bt “2.2.4(4) "W NS 25 13K 5, 4 h NEEFE 0.5 h
HERE 1R, 45 508 5 sl ] 55 0 1 AR B OREE AR e T RR 1Y
RSD<2%.,

i L O AT IL L R, R Al Rb, I3 AE G AL AE A 3R
D E S R R B RS . B B0 UE T IR AT G LR
I PR
225  ZRMEIE DIKEER, Hi 45 PNS it e 5 R 60
mg/ml ¥ PNS ,PNS-LCN A1 PNS-Cs.,
226 FWLZTE 18 A SD RERKEHL A B .C4, 52
WA (A kK)o B ABLC AR B 34 I 1 000
mg/kg 7 i ig PNS, PNS-LCN HI PNS-Cs. T %5 25 )5 0.083,
0.167.0.25.0.5.1.2.4.6.8.12.24,36.48.72.96.. 120 h Z R JiE
KB ZY 0.5 ml, B TR o, B0 h
13.5 cm. 3 000 r/min 25.0> 10 min, 2385 b2 M3, #%2.2.3 30 F
D5 YA PRI, $542.2.17 2.2, 27 T (4,33 1% 45 F BRI
R..Rg, FIRb, & .
2.2.7 BEALFE R DAS ver2.0 255255 fiE
HENFSHL.
3 H#R
3.1 SMEBRZEE AT E PNS A R B 7 B A TRk
KB 5 28 (P, 107 cm/s) TE A PNS., PNS-LCN #l
PNS-Cs 1R, .Rg, I Rb, AE & M BE R, AU « Py =
(dO/dn)/(Axcy) o Horr, Py, HALE W R IIE B R AL dO/dr Ry

PR NERaN

- 4054 - China Pharmacy 2014 Vol. 25 No. 43

BN I [1) PN 24 W) % i 5 ¢o DR PR TR AR AR b 24 ) B BT R VR BE

(ng/mD) ;A FATAE(ecm”). R Rg MR FEAFNGEL Py W 2.

#z2 R, .RgFRb,EREFEEH Py, (107 em/s, Xt 5, n=6)

Tab 2 Papp of R, Rg; and Rb, in different intestinal seg-
ments (10’ cm/s, X+ s, n=06)

i il =h 0] &
PNS R 3171055 4601057 60121122 5901191
Rg 203£0.28 2951038 3541037 3641098
Rb, 0421017 05740.12 0.73£0.13 0.58+0.12
PNS-LCN R, 5.30+093" 6.91+1.54" 6037+ 1.64 8591082
Rg 264£0.65 3884050 4.64£0.65° 41820.67
Rb, 0.4210.06 0751021 1.19£0.18 1.060.08"
PNS-Cs R 4212067 4891154 766+0.18 5491081
Rg 419£0.78° 5554037 840£096  622£0.28
Rb 0831026 0.98+0.09" 18410014 115£051"

5 PNS 4. *P<<0.05, **P<<0.01

vs PNS: *P<<0.05, **P<<0.01

i 2 %0, PNS FH R, \Rg, T Rb, fE+ 38 .25 % . [F
Jo A i vh B4 AN AR B R A K PNS A LCN 8 Cs IR &
ZJa R Rg Al Rb ZE AR 7 B Py Y9 ASFIRREE RSN,
H,PNS-LCN H R 75+ 481 f1%5 s, Ry 7 25 5 Al 5l %, Rb,
T 51 RN 25 W 1 P, 5 PNS HRAR Y OB L 45 25 A G2
7 X (P<0.01 8 P<<0.05) ; PNS-Cs F R, fE+ — 36, Rg 7E+
AR A A R T A8 A5 U NS I G P
5 PNS AR EE e 22 55 S T3 L (P<<0.01 5 P<<0.05)
32 HWHHFEMR

e Ji - I 1] 26 0L &) 25 R, R, BT Rb, 245 3h 27 S 500 35 3~
%5,

~+PNS-Cs
“+PNS
-o-PNS-LCN

~“+PNS-Cs 400
--PNS
-#PNS-LCN

~+-PNS-Cs
-+-PNS
-B-PNS-LCN

U? 530 & 60 1 90 105 10
- t(,:h
B2 RE-EEHE(n=06)
A.R;;B.Rg;;C.Rb;

Fig 2 Plasma concentration-time curves of R,, Rg, and Rb,
after oral administration of PNS, PNS-LCN %1 PNS-Cs (n=
6)

A.R;;B.Rg;;C.Rb,

PNS-LCN 1 PNS-Cs 1 R, .Rg; .Rb, AUC . 43 51|24 PNS (4
3.65.3.63.2.96 1% #10.31,0.77 .1.36 4% ; PNS-LCN H' R, . Rg, I
Rb: ) MRT £y L 5 PNS LA B 4E 4 s PNS-Cs H1 R, . Rg,
A MRT 0 L2 L5 PNS P 45757 ; PNS-LCN H1 Rg, HIRb,
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B9 Crax PNS-Cs 1R, \Rg, R, ) cox 5 PNS FUAEIIHH I8,
£3 RAESH(xts, n=06)
Tab 3 Pharmacokinetic parameters of R, (¥+s, n=06)

¥ PNS PNS-Cs PNS-LCN
AUC -y mg/(L+h) 242325121966 7476849695 §842.83+1208.82""
AUC(-2),mg/(L+h) 261358139123 807.76+ 12731 10753.58£2105.08
MRTo-y,h 26518278 540£0.79° 33.65£2.3786"
MRT(p-2,h 352041435 751425 5437411.94
fissh 30.01+22.84 6.91+235° 39.09+11.01°
fsh 0.61+031 029+0.10° 767+2.34"
CL/F,L/(h+kg) 0.51£029 0.10£0.02 0.01+0.002
VL, L/kg 255343681 098+0.24 042+0.07
Comg/L 2325+ 116.73 369.23+9045° 220.64+31.88
F.% 031 3.65

L PNS b4 *P<<0.05,**P<0.01
vs PNS: *P<<0.05,"*P<<0.01
F4 RgHEHESE(x+s, n=6)
Tab4 Pharmacokinetic parameters of Rg,(¥+ s, n=6)

35 PNS PNS-Cs PNS-LCN
AUC(-y,mg/(L+h) 221773448193 171565141458 8047.64+207.78™*
AUC(-2,mg/(L+h) 2278.10+486.63 1 845.16+514.61 8166.70+ 1 389.98
MRT 0,0 1536345 9.09 134" 2782+16.19°
MRTj.),h 1741£4.63 1163380 421743927
finsh 13.62£2.56 840+3.10° 1774+ 13.49*
fsh 07540671 0333+0.13* 836+5.67"
CL/F,L/(h+kg) 0.13£0.031 0.16£0.05 0.15£0.06
VL, L/kg 2.53+0.835 1854045 540141753
Comg/L 260.68+58.84 590.53+79.17° 330.65% 5467
F.% 0.77 3.63

5 PNS & *P<<0.05, **P<<0.01
vs PNS: *P<<0.05,**P<<0.01
x5 RbAFNESH(xts n=6)
Tab5 Pharmacokinetic parameters of Rb,(X+s, n=6)

SH PNS PNS-Cs PNS-LCN
AUCy0,mg/(L+h) 97.69+63.66 1338543048 280.50446.57"
AUC0y,mg/(L+h) 11758+ 75.03 1474743697 605.29+237.06
MRT..h 30084479 3876329 53.66%3.06™
MRT.),h 28534705 504141179 189.04+89.43
finh 3136£5.03 3135262 13459+ 63,89
s 6.78+542 381500 15.50+9.85°
CL/F,L/(hkg) 380+241 2234057 058+0.22
VL.L/kg 1773411841 9635+37.12 08.72422.94
Cosing/L 2984256 331£0.79° 395+0.39"
F,% 136 296

5 PNS Fb&: . *P<<0.05, **P<<0.01

vs PNS: “P<<0.05, **P<<0.01
4 It

Jn W e S 5 SRR B, Cs X PNS AR A 7 BG4 Ro VR
Rb, 7 A [R)RE B AR RSCVE FH o Cs J&— Rl UL I W i A 1
R, HoXF 2585 T R h AN B Y 1 58 A ARSR AR HEFE T
AL 25 5 SOk AR — 20, Cs BB AU #E R, (R, AT Rb,
WAL, £ 45 PNS-Cs At PN'S ZE LI HH ) e T S8 2000561, 110 24736
S 398, 5 ) o A R B P 1 i B s ) B S 400 e
e, R PNS-Cs HP R, Ry 9 AE P FH 5 PNS FLEC 1T
AR REAIC.

PNS-LCN fig$2 5 R, . Rg, .Rb, (AL A E, vl fig 2 T
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YKL A S M BT, 254 LAARARE A T i, 45 T
Hgd Ve 3 H, v REH T PNS-LCN XJ 5 I8 5 HAT —E
R L K 25 M7 15 W3 B0 152 54 B 1), 38 i s sk, mf
AE T PNS-LCN R &1 T 3 £ Wi i k- R 7L IR L3R ) |
Cs 25 2p Kk M AN 2 (a0 B 3k A, KA /b 1 8 g 4n ity
RGN T WEAE TR, 8 PNS-LCN ZE ARG 3 v ek i) v
B, T AE K T 259 (A B 1, o e T 3 44 K s 2 4 o
A2 15 I 200 L AR 0 B b 7 ok %) e, 0T B S A e T
PNS f A 9 I FH BE 70, Fh i Wi e A 2 B 24 0F 5 0T AT
PNS-LCN 7&K A& N AE P AL B2 55 PNS HAs Bl B4R, 2
LCN #25 PNS 2 &1 FIIE K PNS 75K B A4 P T [ sf ] 25455 6
YEFHRY 25,
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