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Preparation of triptolide nano liposome thermosensitive gel and its penetrability
through nasal mucosa
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Abstract: Objective To prepare nasal triptolide nano liposome thermosensitive gel (TP-NLS-TG) and investigate the in vitro
penetrability through nasal mucosa. Methods The triptolide nanoliposomes were prepared by high pressure homogenization method,
and the ratio of poloxamer 407 (P-407) and poloxamer 188 (P-188) was selected, using the azone dosage and stirring time as
investigation factors. Gelation temperature (GT) and homogeneity of TG (RSD) were used as evaluation indexes, and TP-NLS-TG was
prepared by optimized prescription. An isolated mucosal permeability model was established by frog abdominal skin to carry out the
in vitro permeation test of TP-NLS-TG in nasal mucosa. Results The best prescription was 12% P-407, 10% P-188, and 3% azone,
and swelling time was 4 h. The TP-SLN gelation temperature of the gel was 32 C, and the RSD was 0.005%. In the first 8 h, the
cumulative infiltration volume per unit area was (9.296 3 + 0.614 7) pg/cm? and the release curve in line with the Higuchi
mathematical model. Conclusion The triptolide nano liposome gel prepared by the optimum technology has an accurate gelling
temperature, and uniform content, which has good permeability, can be absorbed through the frog skin.
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TP gk i 5 AP R JH g PV s 31 4 3 345 RORK
Sy e OV T L TP TSI ) e
fil CNE-2Z 2B, 5 SIMRAfm T, &2Ht
A o ARER A R RO, I RASE FH 52 21 R 1,
X AT Y SOk B A LB D

YKARFR (NLS) J2fa ke /T 100 nm ¥ fiE
JRARZER, fEARE Ve SRR P 0 A 555 T B
YRRL T RFRR N, W DA G AKYE . BRI A
PSR IEZY), BEEYNEEMALUREZAMIER, R
FAREE MRRA . A BT V0IR 2 25T 251 4 1,
TR (thermosensitive gel, TG) &4 LLIFCIR
BEYjG, FIHE TR A0 FER B e B A=
AHEEAR,  FHRAS T A N AR 2 2 1 [ A vt A 11
FEEBL TG MRE RN B TR, 28, #0
] BRARERPESERE s AT SEILE SR AN FI K RE2Y,
TN TIRERG Ay By BM 2 UL E
Srendy, (EZFA T RS EEMER, SOk
SRR TR s A,

PR TP 7R 4% TP 51, BAR
RIL, ARG TP A E RS TP 9K g 4
(TP-NLS), JFf:fill & el Bkt (TP-NLS-TG) M.
TR RRTT, AEHAERIR . (RIREE R T AR
BAFAE, HZj)a, il ) Im S &R Ccritical gelling
temperature, CGT) I, I & A= A 9AR pikEA ,
BEAR 7oAl B e, i v k2 SU0) 25 (1 B X
&, UK SR IER .

1 (UEEMH

AL204 BUHLF AT RF, MR -FER 2 AR
( i) AR AT, ABZ1-0501-P ALY Rl 4lK &
gt WL R A R A 7] s SHZ-1 BUE IR K B3R,
T SRAEAANAS] T RE-2000B AUEft 78 K 2%,
AR T Gl MEEIENRE, ki
HRBETHMARAR; HH-2 BU5 G AE T,
SIZTHIL RS 85-2 BUE IR ML Syt b 2%,
M RIRIGAX S s TK-20A B35 J2 3 Bz A,
YR SR AR MR Franz §#0t;
KQ2200E Mk A ig v ds, B LA AR TR 2
Al LC-20A AL A4 = RORAR (A, BEEA
Al BIEARIRE T

TP XA 5, LS5 111597-200502, J5i &4 $i%
100% 1+, J6 A E A 2 ke i AR s TP B4,
JRE T H=98%, HHAREA & REE R R 4T
Peft; KT UpBEfg, srbral, #t'5 8002-43-5, Liff

AR AR A %W 188 (EAH
Poloxamer188, P-188, #t5 9003-11-6) FIyHi&¥>
i 407 (AR Poloxamer407, P-407, fit5
9003-11-6) 14 = iR AR A IR Aw] s AHLE
i, b5 H19993996, 1L 7 K IRAEWHIZ Bt A iR
A H, #H5 F200911176; 4 ke, rbral,
fit5 2010617, EZGEEREAAA IR AR %W,
M4, 5 2009-01-09, FHERERSANIL A R
AFs LN, @ik, fits 2014-04, fEE Merck
KGaA Aw]; AFEK, BfEEAIK: Hpufs
HorHTal

2 FHESH#R

2.1 TP-NLS-TG Rl

S 2S04 SRR E 9 100 pg/mL
TP-NLS ¥ b %5 11 NLS %% 600 mL, 4°C#EG{RA7,
% H.

PSR E JT AR — 52 LApl i) P-407. P-188
AT R — ket MAHI& L TP-NLS, 7
4 CHEEF, ROWAEKIEN G, RAEE
#] 4 TP-NLS-TG.

PR SERS T 7 AR — 58 LUA9I ) P-407. P-188
FIEE T [F—kedrrh, &= H NLS. [A] TP-
NLS-TG il £ J5 2 il 4 J55 Jo 49 2K i Jo A J i i
(NLS-TG).

2.2 TP-NLS-TG & TP 5 ENE

221 k%4 Diamonsil Cys i 4% (250
mmX4.6 mm, 5pum); FBIFHA LME-/K (25 1 75);
RFIRE 1 mL/min; %4 218 nm; AR A=, 3t
FEfE 20 pbs BRI EEARE% TP W& TH AL T 2 000,
222 XTHRSIERIIECH] RS EFRE TP X HE SIS
2, IR HE-K (251 75) #I% 0.05 mg/mL
PV, FR5), BIAS TP X HESIAW .

223 WEJrd SEEN, RERIGE R
NLS-TG 5 TP-NLS-TG # 5 1, Zralin L&A
20 min f% AL, IOVEIAH CHE-7K (25 1 75) ik, R
Sl At Re e s mL £, A, F 0.45 um i
FLUEREIE I o 4% B IR EAE AR/ HT, NLS-TG
NBAPEXTRE, W TP &, FEISEME (UL RSD
TR, FEIYLIEE . HPLC EIILE 1.

23 REHNRE (GT) BYNE

KA CGAEEIEE” e GT. ElE RN
TP-NLS-TG V&K 10 mL, B HE T/KEH, Kis
BEVIEEREN 25 C, ZBHAE, RAKERN
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1 BF (A TP XtB& (B)s NLS-TG (C) #1 TP-NLS-
TG (D) #J HPLC
Fig. 1 HPLC diagram of solvent (A), TP reference product
(B), NLS-TG (C), and TP-NLS-TG (D)

0.5 CHIRE BB HIE, WERTHE 05 CHUH
WRE, BRL ARSI RSN W, B4
ERIE, CRER G E A EN PR ERA GT,
24 BERER

241 WEMKIIE] AR SCERIGEDS, BB LL 17%
P-407. 7% P-188. 3% % MiMIACLLECH] 3 = H
NLS-TG, 7t 4 CHIETFauliEhk 2. 12, 24h, Jf
MEI GT. &5HRERM, VMK ) 50 WV KA 58
4, T IR IR AN 5], B IR I TR) 15 DA AGE
242 P-407 RESE EHIRESECN 13%.
15%-. 17%I1) P-407 7K¥&W 3 47 » 43 I\ 7% P-188.
3% MG 2 1 NLS ISl Z [FIFE &, 4 C
TR IKRE ] 6 h, Hl&EE, e GT. 45
BRI, P-407 MR EECK, GT s

243 P-188 [MyiEsE WO 3 M iE BN
15%/¥] P-407 ¥, 7 B IIAN i & 53 50N 5% 6%-
7% P-188 /K¥¥, 1E 4 C Rk 6 h, il & &,
HMEH GT. &5REM, E—ElENEEHEN,
P-188 [ &/ &K, GT k.

244 FEIMRESE AN 1%~5%%Hd % TP-
SLN-TG A {B1EM . BLH 3 4 i /3 50N 15%(1)
P-407 W, Al IR E 0N 1% 3% 5%
BFEE, 764 CTHEK6 h, Hl&EER,
E GT. RAE—EMESECEREIA, %00 )5R 75
Bk, GT (.

245 B0 TP HIsZH  f% “2.27 Wik, FREL 2
By A — AL, 43 NN TP-NLS 2% 1 NLS,
1E 4 CTRHFHEK 6 h, Hil% TG, WEMEE .
45 LT £ 1 TP-SLN-TG 5 SLN-TG K GT A,

259 TP MK GT %A 520 .
2.5 IE3ARWIGIHLL TP-NLS-TG #l&4 5

RyE PG 4E R, PL P-407 5 P-188 Jiifm Ll
(A, Al S (B) FVEKEE] (C) AFELHE,
RN ZHL 3 AMKOTHET Lo(3%) 1EAC#E . IE
KPR 1. %88 “2.3” ik GT fllE hik, &
BPATINGE 3 K GT; %18 “2.27 i & i)
IR, W IR R T R B ATIE 3 4y, HL
M, 5 TP-NLS-TG H TP ¥4I . LLGT
S TP ¥I51 AV RS, i P 48 bR GT 40E
(P1), 32.0 CHf 100 43, &+1 CH110 43,
GT N 31.0 'CH. 33.0 CH M 90 4, MKt ¥
Yrieds RSD 73 (P2), 0 iy 100 43, 448 H11 0.01
15 4%, 410.01 4 95 43, 0.02 4 90 43, K ILISHE.
g4 2 TUTFMIEMR M EZERE, 2587 =0.25X
P1+0.75XP2. IEASRIGEE R WL 1, F SPSS ¥k
A 7 ZE i s R R 2.

BT ZE TRl s R 2 R IR ) (CO
XAV A B ER RN (P<0.05), TmiHAh 2
ANEZF H AN (P>0.05). 3 MAZKMERX
K Z NI 8] > %8 B &2 >P-407 5 P-188 Jii&
too MR¥ER 19 REM KA, GER 2 M5 Z5r
SRR, M CNEMIANMKTFEAEEEER, I
wEACE: Ay B RIREABEME, BURIKKE,
HET B RREAMMHE, BEIIEL T HERIER
HIFIREL, IAERIRBH, (it TP AR
i, PR 3%, FrlAsm b7 AB.Cs, R
P-407 5 P-188 stk oy 1.2 1 1, & &N 3%,
TSR] 8 he
2.6 TP-NLS-TG T ZI0E

FIRIES IR A B AL T, RS FRHL 36 ¢
P-407. 30 g P-188 £ 9 g ZUlH T[] —kedtd, A
100 pg/mL TP-NLS 150 mL, 4 ‘CIAE3HH 78 40 fit #1 i
fi 8 h, a4t /K & &, #175 50 png/g TP-NLS-TG 300 g.
AT 34k, & “2.37 TWRTIAP IR E GT 13
{E v 32.0 'C; HPLC Wl TP &, THHIIEIEF
YIME AN 0.005, LAV 97.92, WK 3, MRTFIER
RIeH &0 TG MLREM5, Mg LE M %
TP-NLS-TG Wi T2, Bl %1 TG 14,
#H (BEEST RS E M D
2.7 TP-NLS-TG BAFEESIEME
271 X TP EHR (TP-TG) KIHI&  FE%FREL
15.0 mg TP AR TRk, A8 %M 9 g, W
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Table 1 Design and results of Lo(3*) orthogonal test
S A B/% C/h D (£ H) GT/C BIs) ZEATVEIY
1 1.2:1(1) 2 (1) 4(1) (1) 305 0.095 60.6
2 1.2:1(1) 3(2) 6(2) ) 32.0 0.032 88.0
3 1.2:1(1) 4 (3) 8(3) (3) 295 0.006 91.5
4 15:1(2) 2(1) 6(2) (3) 33.0 0.028 87.0
5 15:1(2) 3(2) 8 (3) (1) 30.0 0.013 90.1
6 15:1(2) 4 (3) 4(1) (2) 295 0.082 63.0
7 1.8:1(3) 2(1) 8(3) (2) 33.0 0.036 84.0
8 1.8:1(3) 3(2) 4(1) ©) 34.0 0.076 66.5
9 1.8:1(3) 43) 6(2) (1) 315 0.040 83.8
Ky 240.1 231.6 190.1 234.5
K, 240.1 244.6 258.8 235.0
Ks 234.3 238.3 265.6 245.0
R 5.8 13.0 75.5 10.5
w2 HENW 273 FBBE W “2.7.27 TiSEEEEE R 12 9k,
Table 2 Analysis of variance BENLT R 2 4y, B4y 6 5k, RET TP-TG 1
WEKRIE  WETHA BHHE F 18 WE TP-NLS-TG (ARSI EE IS E I T . FH R AR ik
A 7.4756 2 0.3196 MU, BRI TR ARGy, B T ) R
B 28.175 6 2 1.2047 M, AR A B i e AE LA R Franz 47 HK
C 1162.908 9 2 497205 P<0.05 Wb, BREEEZRES, RO TIMA 50%H
D (i*%) 23.388 9 2 BEAEELERAK, VENBIRPY, HERASE, kS

F0_05(2, 2) =19.00 F0_01(2, 2) =99.00

#3 3#t TP-NLS-TG #&RMEHIE
Table 3 Data of three batches of TP-NLS-TG samples

it GTIC WAl GEW
20160208 315 0.005 98.75
20160209 32.0 0.006 96.25
20160210 325 0.005 98.75
FME 32.0 0.005 97.92

Hi5y, MK ERESR 150 mL, A EREMAT,
BN 36 g P-407. 30 g P-188, 7E 4 ‘CIREEH 78404
PEiERK 8 h, Higi/KEES 300 g, #1743 50 pglg
TP-TG 300 g, i, 1EARIBIZEXTHEZ,

272 BEBEFBRMES BT ANEFEER, =%
SCRR T V=R FH e Bl 5 R M M (AL, DA
2 B IS B R ORAR A 5T TP-NLS-TG  FAR 4N i
BB, BUE LR WAL SE, FIBUE R,
A PR EK PR G ARVEE, HE RE TAEE ER KH,
VKAEAR, 1R A

Bl U, A RGSERALN 2.92 cm®, #2K
HiARFH 18 mL, JF3) (33.0+0.5) CIEIEKIBIEIR,
WL 1B FERS 100 r/min fEEERHCRE, Rl REE T
33.0 Cla, /A hlkEZFREC 1 g B TP-NLS-TG A
TP-TG (ERZi 3474 50 pglg) ¥R A ZTH
b, JFUER . #£ 04 0.5, 1.0, 2.0, 4.0. 8.0, 24.0
h 23> Bt AR R B 2 mL BRSO, I R AR 7 2
mL #réf 33.0 CHlik. B RIVERAET, SR
RS, SE A 2 mL BT, €4, 1%“2.2.17
TR HPLC (il 264 MsE , 4% T 41 o~ 2k S s i
MERBEE (Q, pglem®), ZHEWE 4.

an(vcn+vonici)/A

i=1

Co N4 0 ANIURE SR EIZG 4 BRI, C 9% | NEURE S
MR 2GR EIRIE, A A BRI (em®), V Ak
WARF (mL), Vo ABEEAR (mL)

IR 4 458, UL Qo AR, BIERTH t R
MEAAAR, 2RI RBBIE L, WE 2. R
MiZEn7 8.0 h B BB TR B G, 1% 3
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%4 TP-NLS-TGH TP-TGHI24h Q,
Table 4 24 h Q,, of TP-NLS-TG and TP-TG

Qn/(ng:em™)

t/h
TP-NLS-TG TP-TG
0 0 0
0.5 2.0558+0.342 1 0.6202+0.123 8
1.0 2.8017+0.227 3 1.3086+0.2320
2.0 3.7922+0.216 0 2.0307+0.051 1
4.0 7.3716+0.5313 3.3218+0.042 1
8.0 9.2963+0.614 7 4.7309+0.365 2
24.0 9.9895+0.032 1 7.3021+0.092 4
10 —0
8_
i o
T 6 e
o
=
< 44
o
| —a— TP-NLS-TG
21 —& .TP-TG
OT‘.""I""I""I""I""I
0 5 10 15 20 25
t/h

2 TP-NLS-TG 5 TP-TG 24 h Rii5iE#hikE
Fig.2 24h Cumulative permeability curves for TP-NLS-TG
and TP-TG

R, Q5 t ZIMMXMEREERAE
R A, — R R K Higuchi AR, 2
Bt TP-NLS-TG £ 50%4: H £ /K F BV v 2 i R
AT Q,=1.1030t+1.3701, r=0.9544; —
FKTTFE: InQ,=2.748 5 t+3.158 4, r=0.964 4;
Higuchi 75 2: Q,=3.445 0 t*?—0.344 8, r=0.988 0,
PL Higuchi 77 FEf &0 84, 7ERT 8.0 h 1 Qo N
(9.296 3+0.614 7) pglem®, Fr{HRIZEEI A TP-
NLS-TG (i f i 24 % 1=3.445 0 pg/(cm?h).
TP-TG ¥ Higuchi /7##: Q,=0.618 2 t*°4+-0.471 6,
r=0.982 4, fEHT 8.0h 1 QN (4.7309+0.3652)
nglem?, FifSRIERIA TP-TG HIE s L w4 J=
0.618 2 pg/(cm*h).
3 g

SZHGH 251 TP-NLS-TG Ayl i fish /& 704 s 551,
IR P T o s T R A T e, PR T
BRIERE, e R IR EE, A
MITER . BRBEIEIZIE R, 3@ AR A Higuchi
Hrep iy, /i 8.0 h Q, 4 (9.296 3£0.614 7) pg/em?,

7% R A H $ J=3.445 0 pg/(cm?h).

SRR LR — 8, AT RN
KRR SfEh S A TME . = XE L2
A, 1S B 4 PR R YT — L SR THI 0 P e
HA SR, BRI SR R R AR AT Uk 2
150 m?, b 27 6 AT 20 25 9 IS iy T A
MR ACER FEE R, 3 TS A P P 7 S AP, A sy
FIF st hl 4010 TP-NLS-TG NE&EEHIZG, HiBiEL
A7y B JE RS, FLAR AU T 7 ZH 2] ] B ERL A
R 2O Y E IR R e, HAZRAER, F
TR 2 Ra e P, AL R ER, O
FRZGDE RN, S BN RAERBD; &
B LA CFahh g, BRI 5 R &
A RS o

H T Bl £ e S B2 TP & TE 2,
2P s AR B CEE, HILRA HPLC K%
WsE, THE TP MBS EE, HHIEN—NTES
PR, VRIS 5T BE AT 5 AR R4 0.75, GT
T AU R 0.25.
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