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Study on skin permeation and its mechanism of integerrimine liposomes and its
gels

LU Yu-jie, ZHOU Shan-shan, SHAN Yu-jun, XU Ying-ying, CHENG Bi-xin, ZHU Zhi-hong, ZHENG Hang-sheng
School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To elucidate the ex vivo skin permeation and deposition characteristics of integerrimine (INT) liposomes and
their gels, and to explore the action mechanism of the formulations after skin application. Methods Three types of formulations
(liposomes, liposome gels and general gels) of INT were prepared. HPLC methods were developed for the determination of drug
content in both receptor medium for ex vivo skin permeation tests and skin. The Franz diffusion cell method was used to determine the
ex vivo skin permeation and deposition of the drug in the three types of formulations and liposomes with different physicochemical
parameters, and the mechanism of action of the formulations was explored by comparing the results of the determination. Results
The three types of formulations were successfully prepared and characterized. The HPLC methods for the determination of INT content
were accurate and precise. The drug quantity permeated across skin of the three types of formulations was small. After application for
12 h, the drug deposition in whole skin and skin under the stratum corneum (SC) of the three types of formulations was both in the
order of optimized liposomes > liposomal gels > ordinary gels (P <0.01) with ratio 0of2.59:1.75:1 and 2.54:1.72: 1 respectively, while
drug quantity deposited in SC accounted for about 60% of that in the whole skin, and there was no significant difference among the
formulations. Liposomes with high encapsulation efficiency have higher drug deposition in SC. Conclusion Liposomes can promote
INT to enter the skin by interaction with the skin, and they are desirable carriers for toxic drugs to achieve local effects on the skin,
while gel matrix deters liposomes from promoting drug entry into skin.
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T A (integerrimine, INT) J& M E}
(Compositae) TH )& Senecio L. 2 FA B A
YIRYE T H S Senecio faberi Hemsl. H HE BT —Fh X
HAMEE A0, fe T HRA MR 22 24m B A i
Ve, BB 2 fE, S N A B AR
AT R ZI RN B T7E 20 4D 70 4FAR
PR PR b NS I I VIR T IS I 2140,
ARAENGIRHE A . 1R F L0552 R S R BIR F
FLUER] INT 0 Rz bk Bt s A HmIER, R A4
SGUE e A INT 1 BOis B 5 ks H TR
IR, FRHE TR BRI 2R INT Ik
J%FH JE AT DASR i INT 8 Rk Jri 0 4 o /2= Bk i 2R Ml
NI B &, ST I TE], b SR, AT
R PR I R, BEAR A S .

JIR AR AE K2 IR Je3 34 FH 24 5 A it AU ) 92 P 3
30 AR H] T NATHIIZ 00, R R BT K
A B M 25 J v ) oS T I A P S 1) A 3k S| 1) ) A
TR 30501, 24 R o3 A B FLAEIRE TR IR 1 Jbk 245 i
B 55 AT 5 S0 T 8] B 1] 770 PR 8 e IR WA AR A2
AT, R B TR R B AR B A
BAEF . 550 5 Ik S I 5 80k B PR R 14 LA R il 71
PR RIALE, SOARSEIRA 78 T INT AR B4 A B
I 259 B 1 K i B 583847 N .

1 UBESHR

LC-2130 AU RoRAH i . LC-2030 HLEE40
g, FHERFEREAEFAR A TT-8D #Z)
Wids AR, REETT IR AR A R A A T-25 7Y
e B V) A, A 5 R A B s Emulsi Flex-C5 A4
JESBIFEML, IEEK Avestin /A #]; Nicomp 380 CLS
RPOCHU R EE N EAL, EE Pss n]; BX51 A6
PR, HARBMREMRA S, EUR, db
W28 H RS S A R AR ; TDL-80-2S Rk
WEOHL, iR H-600 Y37 5T
T RMEE (TEM), HA HITACHI #Ralstt.

INT J5ktZy, W R EEY) TRARA R M
W JE T DGR SR A4, i &5 £ >90%; INT 14
SNTHE S, B, B INT JERIZ S E L fmes, i
B H>98.0%; Carbopol 934PNF, 3£ [E Goodrich
2AH], #65 cc24HBBI151; =AM, e OME.
i EK. NaCl, i, EZERN ARG
IRAF; 4E2EF E, 101210, PO%I0HE M R A A ;
ZME, HPLC 4, f5[E Merck A #]; HiM, sr#r4d,
R NRH AR AR HERE, FH9%,

R E AR R AR KRG, R,
MR IR ARl & B K T 70%, i KA 2 PR A
pH 4.0 FrEEBR 22 (CBS4.0), # 0.1 mol/L Fri
FRIES 0.2 mol/L MR A — VA% 62 & 38 1Lk
VR AHL . HPLC KN MZEIK

B KA R, HEPE, AR (2.5£0.2) kg,
TEEH, AL AR o e gt [&
FIES SCXK () 2013-0016 1. FT A sh¥0s2 56 141G
WL H R 25K 25 B ) SISk 9 R O SR SEBG S
HAEA RS, RS 3R E.

2 FEEHER
2.1 HmEHIE SR

HEAT B AR J K25 5 i B8 25 SR A ol B 4
INT ABJBAARINT AR UAAREERS S INT i e o
2.1.1 INT JEBUR R 5 RAE  $2 AT AT 7 i
IAEAL AL T7 5 KT & AR A AL T T SO A4 it o

AbT7 : il 4% 1000 g Jig B A VR B T, INT
20.5 g« KEMENR 60.0 g« HIEEE 15.0 gv 4423 E
3.0g. CBS4.0900 mL. 1 mol/LNaOH /K& & & .

filik: B INT. KG#E. HERE. 445 E
T 1500 mL CHCl;, BT 20 L FKEHH, 50
r/min. 60 C e K xR 2% CHCL, 7ER KB
BE LR TR, =R TES T 1 d DB EK
4 CHCl3, JMAALJT & CBS 4.0 #HT/K1L, B
TEAEREE I RAT, B2EUKAS 4 CIE 8~10h,
5 VA s B 0 BOSGEEA T 2 B (IR aRBg ) 10 I, &F
IRFFEEIT 150 8), BIFS35 5] 43 B0 i Joa A4 Vi B (3
pH {H7E 529 £ 4 ).

IS KAE pH E, ATRARIA A . 4 pH
EFEEHR INT E3)F AR, BN pH EHEE
2y, TR WWHET, L1 mol/mL NaOH 7K i
TS SR TR BRI pH AE, BIFS pH (AR FE 22110
B R EGT, RESE 4 CRAFE, &H.

N T HBENE AR BRSO H AL B 2 P
k&% 5 R o sga, A T 5 A R
TTIE M, &N 4 REsh: JR Ak i 77 )
FHE ARV, (EARMAT pH HEREEZ, A
FEah pH HEUG, BHFEIK, HILRAAECKR,
109 1SR IR T & IR AR S, R
TET IR, HARSEG HAL S SRS PATH &, AT
3FE pH ERGE, B R, HIRAAECR,
10 2 SR AR T i 45 MR AR TR 2, (HR
BEAT pH EMEEEEZ, FFdAT RS (BRI EL
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N8R, FKEIIN 14MPa) fRifRuk/N, Frfsff
dh pH (AU, BEFEL, HIERERD, il
N3G X3 SEEHEEIEAT IR, 80 pH A
BEEER LD IR (B 2 DML pHARD, T SFEdh
pH R, BWEFRE 3 Shem, HIERRAREVD,
WA 4 SFE.

SR PO IR R I 5E (3G 7€ L3 4 G it )
RiAE . € Bz, $ZAT T 7E T SL I A AT 25

BEHOUERMNEE, &R LE 1 B 1 RRE
N (349.94198.0) nm, EFA 12.53%, LidE
JEX R G HORE i 3 RAR IR 46N, Lt SR A AR X
/N, TSR A pH EBS T RS 2, Kl
(281.0+49.6) nm, BEZHN 57.75%, & TFE
1 FIFERL 30 AL 4 SR T pH BB ERZEIF &
BRI, B EEEHEL, B, REHT AR
Mi5E .

*1 4 AEREREFFRIELMR (X£s,n=3)

Table 1 Physicochemical parameters of four different liposome samples ( X £ s, n=3)

FEh 5 SE kAR /am ¢ HAL/mV FEMTERS INT/(mg-g™") A 2/%
1 349.9+198.0 1.03 EERE, B, ZELF 19.51 12.53
2 281.0+49.6 1.09 EERE, B, ZELE 18.88 57.75
3 106.1+£47.0 0.07 TR, BE 18.19 777
4 118.1+49.3 1.75 IR, W2, 4 17.19 -

“=7 T RBUAKE S AR INT S, R TR E

“—” the EE determination wasn’t conducted because of the presence of INT crystal in the liposome sample

iV C0h = £ TR ST 2 e Tl A E AN
W, AN VE 2% IR IS S ¢ 2 min, HIUE
AL Z RAM ARBT S, /£ TEM US4
£ 21505 W |1 P R TR o7 A P 2
b, FIIBLRWR 2 Riik, TEALFEMET T
WS 7. TEM 5 8505 N SR BRI Y
A, B8R 1. 2. TEM &85 R KW, JEBiAh2E IR

_—

&2 BATFEEEKSERENERERES 1A 2B). 3(C) 54D) HWEMBERE (X400)

o KNSRI S), TORLIA) A A B S R RS 1 21
R WHFEMEERTUMER], RREZENLSE
Ko XPEE 3 MRS, RIDLEH, & )5 E R A
(PRLAR B Rk, KRR RE AR pH (B AT AT S 1
TEATRZEZN, MRAARTA pH E R G H 4
Vg En i, 7RG AR T R RIS 3 B 45
AL, R#E4T TEM $14%.

[

E1 ATEAEKSEREREREER1A). 2B). 3(C) MEFHBREE
Fig.1 TEM images of liposome samples 1 (A), 2 (B), 3 (C) for ex vivo skin permeation test

Fig.2 Microscopic pictures of liposome samples 1 (A), 2 (B), 3 (C) and 4 (D) for ex vivo skin permeation tests (x 400)
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2.1.2  INT JRBUAREER T Bl IO Ak J7 il 4
()R R PR VR AV, F2 w BT 50 BT 15 K Ak 7 5 i)
HEATHI . 44014 1000 g B SRAREE R s TE, AR
JFRAA IR B 589.3 g+ Carbopol 934P 15.0 g+ 11 90.0
g 7&K 304.5 mL. VA& AEE 1.2 g = LR
TR, W EMEIHE R, INHE T =1
UK BUALJ5 5 ) Carbopol 934P, i H i
M, IMNEHJEI4E CBRMZK, Hidkks), |
3 INT Jlg PRI E BN, i Carbopol 934P
WK EEHPTORES, BRI RIRER, &
iasiEE, 235, LOEE = AR 2 A E R
B, B . it BERGR BB R AF, TOERE
R IMNEEE IR BAARAR LG, B A Al i i A [
FEREAG 2 )2 HR TAARBE AR D | ORLARRE Yk o UAS INT
RS H0 11.19 mg/g MBI,

2.1.3  INT 5@ &R il 25 S H A INT 23 &1
S TRETHIRE AL AR AL U7 S AT ), &
SrEWE, BRI INT FRESECON 11.31 mg/g
(R o

2.2 BHEREEFEBURPZ54 INT B9 HPLC JE
221 BERM SRR ESR00GE ST 1 2% A
HHATIE . AN X Terra Cig (250 mmX 4.6
mm, 5pum, Waters); sl NK-ZHF (70 230,
1000 ZFHRBN A IIAVKESER 1 mL, PAZ/KHE
pH A ZE 8.6; AR & 0.8 mL/min; F %K 213
nm; FERCYER . EHEAET, BEIRERELL INT
RS THAMIE T 3000,

222 AMEXRFRFEE DA BERESORE )
RA R EIWREE INT X HESAR, % “2.2.17 TR %
PEREAT 30T, FF INT BTN (4D X SRR (O)
HATEYERNA, BETTFERN 4=52 771 C+3310
(r=0.999 9, n=5), AU, INT 7£ 0.499~9.970
pg/mL N5 RIFIILIER R,

223 RESBEREG B “2.2.27 TR INT XI5
W, TR, (K. . SR EIRERNH
WHESE LN 1.9%. 2.1%- 1.5% (n=>5), H a4
B RIN 2.2%. 2.3% 1.7% (n=3), FFHERK,
224  fOFEECRRES DL A E RIS OR T
HMK By R M) INT XIS A R, 347
WCRRK, SRR (101.1+1.3) %. (101.3+
1.0) %. (100.6£0.9) %, FHER.

225 EEESEEMHRE  I12hEEEKES
ARG, AE 0 B[R] 4% “2.2.17 TR %Ak

T8, SRR S IR, 1M RSD, 4554 0.8%,
ULAHE SR L #manlfe 1. 2. 4. 8. 12h ik
FEOHT, THEASFRS B A% RSD, 4558 1.2%, i
B3SO ) INT £E 12 h IWFRSE .

2.2.6 OREEREESE RS AR, S5
TR S0 R AR el SR B, S
WO e T4, iE R RS TR,

2.3 FERRIHEZAIR HPLC E

231 ikt SRR SEUIE ST A %
PEREATINGE o BRGSO CRF-7K (23 077D,
FHREUKRYHE pH N 7.1 248, HAER “22.17
TR

232  JERRFES G TALEE S HPLC 4381 HURRI 2
keSS, BT 13 mmX 65 mm GBS,
A 2 mL ZKVENBHEAN BUAT O, B 2 Rk
BRI ISR, BN 1 mL 20K, WiERA 15
s, HEEER CBRHEHL 3 X, S IREEIR LB FH & 23 )
93 2v 2mL, FRRAEHGRTE 30 sv 2500 r/min £
O 5min, IS IKEEER LB TR BGH, AT, B
CRE-IK (10 1) JBAT 200 pL IS ARARE 5, WEL
20 uL AT HPLC 4047

233 alblEr R EsE B R RsE LR T 2
VIR A 720 min J5 BRI He S TTAR A G
AR A RN — e &1 INT XSS, 0
5 BRI HHATRE AL R 5 HPLC 404, it
IE 3-A~C, HER WL, INT [ HIEREE 10.7
min, BRI PR INT B8 &lE T
P, TTEL B A ER.

234 ZMEXRAREH HCTAKEK 1 om?, IMAA
FERFR ) — & IR AT INT SRS KIER (e
INT RZ5EMKICH 0.525, 2.100. 4.200. 10.500.
15.750. 21.000. 31.500 pg). % IR J5 x4 itk
ITTAL S HPLC 73 #r, #EFE 105k INT Xf B 1)l
AR (4), HUETAXS INT S (m) #HAT4 MR
H, [BIFTFEN 4=203992m—24 120 (r=0.999 8,
n=17), AJ M, INT 7£ 0.525~31.500 ug M & BRI
AMERFR o, G AL B AR IIER 9 0.05
ug (SIN=3),

235 [, REEE SR RS T E
ek 1 em?, INAASFEMEFAR — € BTE AL INT Xt
TR KV (JLHR INT S 25 AR VON 0.525 4.200.
31.500 pg)o 4% “2.3.27 T J5 iERAE S AT PilAb 2,
Fd% “2.3.17 WUFJ79%3E4T HPLC 2081, 1d3% INT
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J%MVaﬁhkﬂ\HAg__

\\ y INT

'|‘ U\)K_J \g-"‘l L‘L_,r—i—f

0 3 6 9 12 15 18
t/nm

A-TEERREES B-ZS R BREE SN 4.200 pg INT Ab24%] BE 5
CR@EET (12 mg/g, 0.25g) BRI 12 h J5 i) B kAR

A-blank skin sample B-blank skin spiked with 4.200 pg INT CRS
C-skin sample 12 h after application of general gels (12 mg/g, 0.25 g)

on the skin
B3 HPLCMZERED INT gL BRI a iR
Fig.3 Chromatographic peak specificity test chromatograms
for determination of INT in skin by HPLC

XoF LU TR, 2% AN 245 B R 5 ) BB o 2 A
1d WIESHNGE 5 63, SKIFH ARSI b h
LT SEAR SR, BN 25 2 B 2
BAE S d &M 1Ay, SRS H RS RL, 2RI 2.
R, T30 8 R S HEmR T R 4

TR INT X St 7K TR B TR, A5 Iz 0
N, USSR E R 3 MR RN Zy
& (4199105 0.525 4.200. 31.500 pg) A i (I HEHLE]
#*2 HA. BEEEESHEMEEERRESER =5)
Table 2 Within-day and inter-day precision and relative

recovery (n =5)

DN ESY v FRXS I A/ RSD/%
g g % Hi  Hid
0.525 0.540+0.019 108.1 12.4 154
4.200 4.21940.147 100.5 35 4.5
31.500 31.267+1.312 99.3 4.2 7.6

RN 79.97%. 82.09%. 78.48%, “F-IJME N
80.18%, & AEMFEA S /il i i X H2 B RIS 2 11
ZR.
24 BB RRRHIE

Hfd BT G 22 K A R (A &= 2.5~3.0kg), BY
ZHEHNE, DL E BRSO, BN EY
R, BRE R NS, i, AR KR
WG, JCAEPBAR E], MRS E AR E
TUKFECIRIRAE, & H.
25 BEREKEE
2.5.1 SEEGIEFE SRAH Franz ¥ BOB#T S2E602,
UK R B H b, SRBCE A, BIIAEKR
/N (Z)1.4ecmX 1.4 cm) WIIE T R BRAE S, & 457
TR, [ T A5 a5 i B O % 4k,
FARZ A PR, A ROBE AN 0.785 cm? (3%
OB A O EAZ 1.00 cm HHEERE]D.

a3 AP R INT AR BB 0.25 g+ HEALAR
R 0.15 g 5 INT BB 0.25 g 1574
AT RRATZE L, S5 R At eh it R R RS PTIR
Ao BB 6.0 mL A FEER K CF & Wb i 24 i
()80 J H 78RR BE 1D VR BRI, 37 ClEIRK
IR BN, 400 r/min EEBCHERENGR, T 15,
30, 60. 120. 180. 240. 360. 480. 600. 720 min
MBSO EURE 0.25 mL,  [F]IF [) d2soith o kb i 2%
= [FR AR K

MITEURE S I ER 20 pL #EFE, HPLC %€
H 2k . B EEIUREZIIBR, THES ]
M RRGYE &, KHE T RERE, BEd
BMEEBRNELR D REAYRESBERE., &
AFESRPATINE 4 1. AFRBEASEI 4 0 BE A
FE A ik e, #BAEN 0.15 g.
252 SEERZER ANFEFESH INT &S R AR
BEEBENE 3, HTHAREGHAYEERTEY
BN, RN A A AR R ZE R, F N Rk
KEMZEESR, B AR REER R, NRF AT
DU, IXUERE S A RRIE 2 I v, HoA g i
ERFI RSB EEREN (1.863 £ 1.668)
ug/(h-em?), EBIE HATWEE IR

i 3 mEdE T LUK, FRASBIERE L
FFAE RN KRR : AR S AA > i Jo A 1 71 >
WIEERR] [(ZTZm, F=226<F1.005029=
426, LRFMER ] ARSI AR E
HHER 2 AR/ RRUITR: RS 2> R0 4>



- 3464 -

¢EH 2023F6H £54% B 1M Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11

*3 AEHED INT HRESSEER (X£s,n=4)
Table 3 Steady state permeation rate of INT in different
samples (Xt s,n=4)

FE b A4 R FaABEE R /(ugh™-em™)
Tl SR A ik e 771 1.86311.668
P g s Ak 12.753£15.504
368 5t e 711 0.340£0.388
JIE B ARRE L 1 0.825+0.591
JE SRR 2 9.994+10.204
JEBARFE A 3 4.689+4.380
JEBARFE i 4 6.504£3.143

an 3>FEEL 1 [&TTEDT, F=1.75<Fi.0056.12=
3.49, KRFEEZES ]

26 BIRKEKFE

2.6.1 SEEFE [A] “2.5.17 BN ERE, 720 min J&
M Bt 2 1B T BB R B R T 5 A7 i 251 H
AKIFERE, WK AR T B KR T o 5 Bk e T
PRI L, R R BB IBR 8 7 V) RS TRIAE /N 7
e, Forb 2 FAE U B L A U UDRE U F-/0 5 30
KA B B IR 0 A1 SR 051, 4 2 B R3Sl 4% 2.3 7
TURNJEDE INT S8 FDFEERTATIE 4 143
2.6.2  AN[FEIFERL A INT BB AS[FRE il S
Ja Bk INT (s B S E 45 R W3R 4, LAE
P Bk v g B M S A R LR 5, AR A DA Hdis
BE— 2 RAT A J5UZ 25 B B 4 B b 2 i R
I EE, S5 RIE 6.

M3 4 FTULE Y, ASFESIFIN A 12 h J5 Bk
IR RN R R . LA B A IR B > g5t
#4 TEHBNA 12hEEEBKF INTHHFEE (X5,
n=4)

Table 4 Deposited amount of INT in whole skin 12 h after
application of different samples (X £ s, n=4)

e i B B/ (ugrem ™)
JIg I3 A i J 7 35.99+8.35"
HeAk g 5T 4 53.351+8.88
M 3 gl i 1) 20.61+5.06"*
R BARFE S 1 33.50+9.03
AR 2 58.40+9.35%
JIE AT & 3 47.56+8.08
N BARKE: i 4 49.05+8.52

SIS *P<0.05 " P<0.000 1; SRR AKER 1t
. #P<0.01
P <0.05 "™"P <0.000 1 vs optimized liposome; #P < 0.01 vs

liposome sample 1

*5 AREHMNA 12 h FRARETREKT INT HiFEE
(Xts,n=4)

Table 5 Deposited amount of INT in skin beneath stratum
corneum 12 h after application of different samples (X * s,
n=4)

FE A TR i B =/ (pgrem 2)
JIg TR A PR 71 14.373£3.079
P Ak g oAk 21.146 £5.066
R 7] 8.3344+2.915"
R PR i 1 12.766+4.412
R B ah 2 19.580+3.990
R B a3 16.102+5.402
R B ah 4 15.770£3.714

SifefgmktE: P<0.01

*P <0.01 vs optimized liposomes
*6 TREHFMNA 12 h FEARES INT HHEELSS
HHESEE (X+s,n=4)
Table 6 Percentage of deposited amount of INT in stratum
corneum to that in whole skin 12 h after application of

different samples (X £ S, n=4)

FEm 2 i /%
T I A s 2 71 59.37£6.99
Ak i Ak 58.871+15.90
sepuitdingall 60.451+6.84
R BT il 1 61.32+13.27
B BUAAHE ah 2 66.11+7.46
JE BT KE i 3 66.80+5.73
B BUAARE ah 4 67.85£5.46

AT IR 70 > BB (2.59 1 1.75 1 1) X £ 4
HIFIONR FAE R HIFIQMRANE AR SR S
1) 71 @)L 168 3 foe 77 . FH i Bz k24 i B AT O
ZEOYHT, GERERE, SRS 2459 B ok i B
W2 2 2 B 5200 [ F=18.48> F1.0.012.9y=8.02 1. P[]
ZH B MEREY, HHQ5C A kT E M,
Z5 (P<0.0001, gi00=543), O5@2IHH &
EMZE T (P<0.05, g1-005=3.95), Q5@ M
EVEZES . SA, KR 4 RRERRFES 1~4 N
12 h J5 kR 25 B b AT 7 2900, a5 REK
B, T A BRAL S EOAS [RI0 2454 Rz ks B A T 2
B2 [F=5.51>F1.0053,2=3.49 1. W[E] 2 E Lk
WHSEREY, P 1 5 2 ZEREEEER
(P<<0.01, qi0.01=5.50), HARPIPZ W0 831
Z5 (P>0.05, qi00s=4.20). Fih 2 NE pH 1
FEHEA KRR TR, BRRgE, RS
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SO s R R TR R T INT k%S .

M5 TTUUE . ARG EZKRH 120 )5,
TEARZE T Rk i BB NSRRI Ak
JE R VR A R > R AR R A > i R A
(2,541 1.72 2 1o X3R5 Hilill IO T At 71
il 7RI AL E 5 A TR A2 V5 ) 7710 (35 3 g PR 71 . FH
12 h JEMARZE N KA 0 259 B8 s AT 7 =
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