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Study on preparation of Panax notoginseng saponins transfersomes and their
effects on acute soft tissue injury in rats

CHEN Si-si, ZHENG Hang-sheng, WANG Juan, FANG Rong, XING Xiao-jing
College of Pharmacy, Zhejiang University of Traditional Chinese Medicine, Hangzhou 310053, China

Abstract: Objective To optimize the formulation of Panax notoginseng saponins (PNS) transfersomes and to verify their effects on
acute soft tissue injury in rats. Methods Thin film dispersion method was employed to prepare PNS transfersomes. Based on the
elasticity of transfersomes, PNS transfersomal formulation was optimized by a uniform experimental design. Extrusion method and
centrifugation-ultrafiltration method were respectively adopted to determine the elasticity and the entrapment efficiency (EE) of PNS
transfersomes. The therapeutic effects of PNS transfersomes on acute soft tissue injury in rats were evaluated by observing the indexes
of injury symptom, the hemorheology and the histomorphology with Qingpeng Ointment being used as positive control. Results The
optimum formulation was as follows: PNS 100 mg, cholesterol 15 mg, soybean phospholipid 120 mg, vitamin E 2 mg, volatile oils
(limonene-citral =4: 1) 80 mg, and hydration liquid (phosphate buffered saline, pH 5.0) 10 mL. The optimized PNS transfersomes had
elasticity of (2.74 + 0.32) min, average size of (123.6 + 0.36) nm, Zeta potential of (—36.67 £ 2.29) mV, and EE of (82.42 + 0.69)% and
(94.40 + 0.74)% for ginsenoside Rg; and ginsenoside Rby, respectively. The results of pharmacodynamical tests showed that the PNS
transfersomes could significantly improve the injury symptom indexes (P < 0.01) and hemorheology (P < 0.05) of the rats compared
with model control, and it could also improve their histomorphology. Conclusion The optimized PNS transfersomes with an
appropriate size, desired elasticity, and drug EE are effective for the acute soft tissue injury in rats.

Key words: Panax notoginseng saponins; transfersomes; thin film dispersion method; elasticity; acute soft tissue injury
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saponins, PNS) JEH FBATREAL, PNS 3%
B A NS BT Rg AS 24T Rby. AZ 21T Re
M=-CEH R %, BARLHEITLY], PNS 24
PR R BRI BUR. PuR & E I as,
[ 0 S W 3 T NN 11 0 N Q1| =
AT, AT AEH P A R IR 50 g 2 R0 I AR 2
LA . R R PR AR BRI AL
BLMEE . IR IR L PNS 2 H
THRALS T HH RS IR AR D)
Beft i 25, B, HAT PNS (i a
DA gy 2 sl 300 B e 00k 32, S 1 B SR
WAL IR TT A R BN 253842, T 259
B Ik I FH i T DA vy FH 24 360 52 IR JRi R 41 2824
YA o

fR AR (transfersomes) J&—Ff B LI &8 )% 45
A, SLANEE o 1 G A G TUR REFN 1 S i 4K 7
(edge activators) )i, GG INAAL S HE
By TR BATARTEE, R R K AR 3 i i3
37 XA AE N R AT RV T Aeid iR BR
DRI 224 R L B JRAR AP L T B Ay 30 4K
AN S 25tk i R ST S i AR i D0 ke PNS
il AL B AR 20 B 25 2R ] LA4RE R PNS. 7R kL0
LA BOR RS, Sem L BRI RS . ARSI DL PNS
FEILAR TR A Fahs, U0 T it ib gy, FExS
P34 AR 97 K R 2 R AL 2 0 7 AT VR
B, WEGTEE JE0T LLh PNS AL 384 700 T 2 5 i R
I FH AR AR o
1 {XES5HH

LC-2130 mEaiAH IR LC-2030 24 Ml
a5, FIERFERPEERARA A BS124S HIF-R
-, fEEGEL R AT R-502 BeREAK K s, L
H AR ARG BR A s Q501 THiE /K4, X
BER RS s HOMOEX-25 i gk i o, b
B AL LR A BR A H] s BXS1 Jasé Bt
HABMET AT, pHS-3C pH i, _LifpAS 3Rl 2
AT PR 7] 5 5804R Vo145 25 0aHL, 1 [ Eppendorf
NHE]; XL2000 AL, SEE Misonix A ]
Nano-ZS90 WO KL EAL, JE[E Malvern 2w ;
JEM-1200EX A% H 7 WiBs, HA Jeol 2]
Microcon BSOCvEEIERY, 1X10°, 24[H Millipore 24w ;
TR PR G2 b A, 0.05 0.1 pm, H:[E Whatman
AW BEIEY A REEITEREE, A
FASCO-3020B 4= H &) My im AR PRl A, H PR 7 4

Z A TR A RA A

PNS, VESIZL, #t'5 HB20081103, = FgHMZy
AP AT R 7] 5 6 B N2 24T Rey TR 5341 97.7%
fit'5 110703-200726). NS EHF Rb, (i3
92.6%, L5 110704-200921), H[E €2y ke
WETRE: maiEEEE (CHD, R4, fit's Bo1221,
RS E AR IR A ] 4E2E % E (VE),
fit5 V20121103, WivLH Al AR AR K5
YRR (sbPC), ML, PC=70%, fit5 091208,
FE KA AR AR EE (R =
98.3%, b5 140825). frixlE (i 40=97.5%,
f5 1410060, 72T MG RAR BRI B 2 7l 5
HSEE, bS5 140805, VAT 12 A0 BR 2>
Hly LM, ial, 3E1E Honeywell A+]; HPLC
R AR ZK, il o o dr 2l

g SD KR (180+20) g, MM, T
e 25 2 E B s DR, BHIE S SCXK I
2012-0002. 3 240550 o R VL b B 25 K 2% 5
YRR AL 4R kAT
2 HESHR
2.1 PNS fEiaikayHl&

MR AT R R 45, )78 E: PNS
100 mg. CH 15 mg. sbPC 120 mg. VE 2 mg. A
2R (PP -FT T 10 1) 40 mg KA
(MR 2o (PBS), pH 6.8, FIXE FIKkEEN
1/10, AHXT B FHBE 1 Jrs B (7K A4 1/15 mol/L
R — A BV W -1/15 mol/L M W8 &l — A W W
(53.4 1 46.6) MRAW] 10 mL.

FRECAL 778/ PNS. CH. sbPC. VE. H24#%
R, W 35 mL FPEE- AU (3 4) IRAWA
t, # RS A 500 mL AN, fEEEG. 45 °CL 50
r/min O BERL 28R LBRIE I, ARITE, 4hEiE
75 2 h LI ORA WL FIBR)S, I 10 mL ZKA4L
W, PIREAKATEAS, R A AT R Ak
POGRE 25 °C, TH% 19W, IA 1 min, JF 5,
K5 s), IPEALILARIRBIRAE 40 CK AAE
LA FAR RSB 100 nm 5 50 nm FLAE 0 SR Bk
P MR A b 20 65 55t s 0 230l 4 0.254.0.49 MPa),
RI1S PNS 1L 8 4FE i o
2.2 PNS BB A TN E
221 AR Rg 5 Rb ez KA
HPLC 7", {1384l CNWSIL Cis #F (250 mm X
4.6 mm, 5pm); WBIAHANIK-CIE, BREEGEN, W
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JRFEF A 0~12 min, 19%Z.J; 13~60 min, 19%~
36%ZJE: 61~62 min, 36%~100%2Z5; AR
#4 1.0 mL/min; FEFEER 20 pL; AEA 30 C
Rl K4 203 nmo LAUETHIAR (A4) iRk i
(C) FATEAERIA, 3 ANZEAF Rgi Rby H[H[H
TIFEIR K A=5 000 000 C—11 689, r=0.999 7;
A=6 000 000 C—4 583.2, r=0.999 7; NS REH
Rgi+ Rb; 23 5I7E 33.91~339.10 pg/mL 5 31.00~
310.00 pg/mL 2 R AR
222 QEFNE LLHPLC 454 B0 ekt
AP ET 2, BRI A ARV RE S, HRA), RS
HIL 200 pL, B FEBIES 0N, HATA R E L (B
0113000g, WS4 T, WESTINVKM, ¥
# 1 mL &t LR ESR, &5, % “2.2.17
T E N2 24T Ry M Rby IWETHIRL,  FehnfE phk
HEAMKATh R, & N O EAEER, B
FESCPATINE 3 WK

WEAR=Ws—Wea) Ws
Ws MEUFERERE A NS 247 Ry 81 Rby 1L, Wa S IURE &
FESAMKA R NS 845 R, 3 Rb, 4
2.3 PNS fFiB A58 MHE N

K2 I 10 mL PNS AL EBARFE b, B He g
Friash, 78 0.49 MPa B UL T, i 50 nm
FORIRERAE T Bl 2N, 10 s AT R 58 At B
I IR], R S [ kA st A Ry o o T R 3
FEIGARDANERLT, [ 2 R ZE .
2.4 PNS fBIBARIIZ S Zeta EBALNZE

I PNS FRIB AR, DAZETB/KMRE 10 £5
Jei s FBOCRLEE G 2 Fokif2 e Zeta HUAL. T
A EE AR, SPATIIE 3 K.
2.5 PNS BB KBRESUE

¥4 PNS 534 PR FRRE A58 A0, WD 53 n
SR IE T, 2R R AR 2, T 2% IR
PR 3 min, HUBAAM, FUE40R L
YL, K R L T R TR IR, [ ARE T,
TIES T BT TS, .
2.6 WEGIHRE AW RREKLE T

W RS e PR R R, BTG ST
BEILLAE (XD #ERMHE (X)) KK4GH pH {E
(X)) VERFERNE, BMHREE 7K, D
HARHE (V) RTRbR, XIS RA T EAT AL .
VI U (14°) 26, MURILAEIIRE, PRk 1. 2. 3
Pl ER, R UL (14) 3%, BRUKF 2

K%
KRGt SPSS17.0 #HH4T £ %A M4
B (a=0.05), &[R4 8 A% 0 M IH TR,
RAE S TRERIH R B F LR E MR, 4
G U, s ALRE TR Y=22.788—5.956
X,—0.462 X,+8.119 X5, F=183.308, P=0.000,
#=0.982, [FIFAFEISIE RIF. Xiv Xo X (R
[ ARG I P {H 1 <<0.05, Bl gm0 3
P YA HERmW, EXG>X>X. B THA
W SE R WAL 1. AR A PE,
BPES AL, B Y (N, (R3S 6
W, S RZEE IR, e s ERN X1=4 1,
X,=80.00 mg, X3=5.00, [M[VA7 FEFMARALF T
FEIBARIFATE A 2.60 min.

F1 BT RASER

Table 1 Arrangement and results of uniform design test

R X, X,/mg X5 Y/min
1 1:1 30.00 6.50 60.00
2 1:1 50.00 8.00 57.47
3 1:2 70.00 6.00 34.98
4 1:2 20.00 8.00 72.70
5 2.1 40.00 6.00 45.20
6 2.1 60.00 7.50 43.38
7 1:3 80.00 5.50 30.47
8 1:3 20.00 7.50 75.25
9 301 40.00 5.50 28.28

10 301 60.00 7.00 35.52
11 1:4 80.00 5.00 23.60
12 1:4 30.00 7.00 60.85
13 41 50.00 5.00 14.13
14 4:1 70.00 6.50 20.67

2.7 mIMAARIUE

Fesefltab )5, B PNS 100 mg. CH 15 mg. sbPC
120 mg. VE 2 mg. TR R IG-Friz 4
1) 80 mg. /Kik¥ (PBS, pH 5.0, HIX} & ik
4 1/10) 10 mL, #H4T 3 RELHBUFRK, HI% 3
it PNS f&ifi i . MA LA 3R (2.744£0.32)
min, FifEK (123.60+0.36) nm, Zeta HLf7 K
(=36.67£2.29) mV, AZE1 Rg 5 Rb, k%
I3k (82.4240.69) % (94.40+0.74) %. L PNS
a s, B ANEER 9.69%. LIk NE
STHAE R iR M Zeta HUAZIE DL 1. 2,
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Fig.1 TEM image of PNS transfersomes
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Fig. 2 Size and Zeta potential of PNS transfersomes
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2.8.1 KR SPERAURB A Y KA B
AT AT R BB 24 b, FHAIE A
FR A NN B . ESEHHT, ip 3 mL/kg
2%J5 EL LG 22 AR K BURRIRE , SR B I S A v
AT I B LK S R S A B . Bk
VR o — )8 A5 3 1S E =Y 160 g, T

140 cm [FE AN TE R 3, XFBRAT R I HER LA M
BEATAT 7, HEREANZ 4 em® K/NE IR R T
F PR S R AR AR Sea i R,
KB SRR AR 4T . RS R 2 IR, Hid
AR TSR R R EBE LA R LA ) A,
WIS BRI -
2.8.2 UG HIEBRIH IR RBNLS A 3
Y1, BRI, PNS LR Lt A 24 (St
) FEMARE A (BHYEXTIRAD), 7% 25 %)
WAL, fdl 20 . FSERahisti 24 h G FFaass
2y, B SIEF G RAS T m A ik, B
PEXTHZHEE T 0.2 glem® ITFIBICE , SZIG4l% 1.4
mL/(kg-d) 23 T IefihbJ7 PNS fLi Ak (#% PNS Ifi K
FUIRBARF I, 0 SR R T H T . bRk
o DUAE R PRS2 (BEREZ 2 IR, JELEA P,
5d) 4b, A 3 AR BRI 1K,
SR 5d).
2.8.3  HAAGUEMEFE A I RE R A I R
Jeif UL PR R LA B TR AR A AT VP 48, VT
OybRvE: BRI G LYR T2 BYURTT 3 2,
DR RUIRTE 2 2, SR 1435 WA MK (32
BB WLA B AT 3 4, REA P2 4y, B
JETE 1235 WUREES G2 R L P S 58
Wik 34y, BRatykit 2 4, BEER 1),
ST WEL RN, 4524 1 d 5 Sz 4 RTBH PR
K BB TE A A% DL AN [ R B ) s, AR A
KEINTE I o ss, 4h25 2 d Ja Sat 4 RN P oot
YR SRR E I i HH B A, AR R A PR
Y52 3 d JE Sz 4R BH P A K SR A TG PR ]
WARIEA, AL R IC TR A i, B4
ANTRIRERE (0 B R A LA AR (O s 4525 5 d Ja
B2 K SRIEATE W HR o] WA REN% . i SPSS17.0
AR T B AT B R 2207 2 08T, v a5 SR
%2,

F2 JEARGIHZEHLE (X+5)

Table 2 Comparison on injury symptom indexes among different observation groups (x +s)

215 %91 KRG (n=20) G2 KRG (n=20) 23 KRG (n=20) 45 KE (n=10)
PNS 14 {4 6.451+1.15744 5.651+1.50"44 3.104£0.317 3.00£0.00"
HMECE 6.50+0.89744 5.45+1.50"44 3.054+0.22" 3.0040.00"
150 3.004+0.00 3.00£0.00" 3.00£0.00" 3.00+0.00"
FELAY 8.75+0.554* 6.80+0.834* 475+1.07** 3.70+0.95*

ERMA R TP<0.05 TP<0.01; S5iEHXBALR: 4P<0.05

A4p<0.01, %3

"P<0.05 "P<0.01 vs model group; #P<0.05 4*P<0.01 vs normal group, same as Table 3
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2.84 MKHRARZENE 0 T4E293d R S5dE%&
YLREALIGH 73 K R, TR R T bR 4R # ik i 24
5mL, EDTA Huft, A Mg ARG T i n A
S E o SRS K RIEAT S AL AL .

Y525 3 d JE S 2 S BH K AR K B 4 il

FE R 2R R B TR, AR B s 4
255 d i S0 2H 55 BH T 2 1) A AR R R i S
JE BB R A, R AR W . ] SPSS
17.0 AR A BRI T R 207 Z= 00T, Sevh &
R 3.

#z3 FEAMBRTFLER (Xx£5,n=10)

Table 3 Comparison on hemorheology among different observation groups (x +s, n =10)

1 AMFE (200 s )/ (mPas) 2MEE (30s )/(mPas) 4IMEE (3s)/(mPas) 113 5 7 /(mPa-s)
BYi3diE HA5dIE H3dE SHASdE $HY3dE $HYSdE $HYi3dE HYSdE
PNS f£i#{k 3.65+0.79 3254089 4.38+1.30° 4.15+1.17 7.52£1.50% 7.11%£147 12940.09° 1.26%0.06
HMEKE  3.57+£0.82 3331089  422+1.25% 4.16%+127 749+1.52% 7.024146° 1.31£0.09* 1.2540.09
EWXIE 3.3340.56° 3212053 4.09+£0.76" 3914084 7.21+£0.94" 7.06=1.01" 1.20+£0.10° 1.23£0.15
LY 423+1.06* 3.93+0.80* 5.59+1.05** 498+144 936+1.33** 841+1.08* 1.39+0.13** 1.32+0.08*
285 MBULEEME TS5 dESdMpE  Jan] WL Y, Hamg, AR, Hi,

KR, s, Edith Oodigl, BIHGEE K
AN ZAEE . F R P2 o 2R S MR R ] 5 A 1)
MR, HIEAWYIA, HE 3o, 768 N U
O JR AL LU J 2 M AN B R IR A

IEFR AU A S5 30 A 2 KA.
¥, MK+, LRAEL (B 3-A); &R 24 h

?T’“ = : ::‘ T

e

KERMNPENE, JRTHAIRNMIAIE (K 3-B). 4
255 dJa, UL BITEXTRALNLET 4RI, L2
ZUAIL . KBRS HEFEAT 2, M A i
JRET A 5 I E R A S C AR (] 3-C.
D); FERLAAT 1] WLAR > LETAERRIIG, A7 1K W] Il
A R Ig MERAE (& 3-EDs

B3 EEXNRAE (A). EE24hFE (B). PNS FEALEE (C). EMREH (D) FEELE (E)
Fig. 3 Normal control group (A), 24 h after model established (B), PNS transfersomes test group (C), positive control group

with Qingpeng Ointment (D), and model group (E)

3 it

AHFFTLL PNS AR 254, SR A5 23 i il
#r PNS s 22 S g 2515770 FFIM 5 B vkt
PRI AL T REAT T 0, Prilfs it ok fid
T, SR R A AR R o [N 2R S 45 SRR

PNS {008 R B S A B0 A RAF IR T A
AN, WRAEIATT Y, AT, HiR
AN PR I B AR 5 A

AR5 SCHR RS 3 74 it AT SR i i 1 5 1
TR RS 2 J5 R, FEACHI R ALy ek
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