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In vitro dissolution and anti-vitiligo activity of isopsoralen nanostructured lipid
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Abstract: Objective To evaluate the in vitro dissolution characteristic of [IPRN-NLC and to study its effects on BicF;o cells
proliferation, melanin synthesis, and tyrosinase activity. Methods The dynamic dialysis was employed to compare the in vitro
dissolution of IPRN and IPRN-NLC; MTT assay was used to detect the proliferation of B¢F1¢; The tyrosinase activity was determined
by L-DOPA-oxidation; The melain content was determined by GENMED Cell Melanin Quantitative Assay Kit. Results The
accumulation dissolution of IPRN-NLC was 67.31% within 72 h, which showed sustained release; While the dissolution of
IPRN-suspension, IPRN-physical mixture, and IPRN-DMSO were 53.34%, 90.30%, and 98.67%, respectively. The IPRN-NLC could
significantly promote the proliferation, tyrosinase activity and melanin content compared with IPRN DMSO groups (P < 0.05) at the
same concentration. Conclusion IPRN-NLC could increase the solubility of the drug with sustained release, and showed good cell
biology intermiscibility, which could significantly increase the effects on B ¢F cells.
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HE IR SRANE R B AN IR Psoralea
corylifolia Linn. FFIRERE, 2697 BRI
H DGRz P S TR T R C A
I S0, Herb 7 R M IR 2 Cisopsoralen,
IPRN) EA MM, EFDERIRS T, Al itm
MR R I, R BRARNENR, LBEH
BER R, SR, TPRN AsEVAETE RS 35 Bl
Z VR AR, PR 7R . AR
HATHIRE ALK B IPRN GKRE5MI R 84k (TPRN-
NLC) 7] LLfigdk IPRN [ Je U, 38 i iz ks B
B, =R ES . AR S e mT )
FFe S Al it — 25 %8¢ IPRN-NLC 5 IPRN ¥ 06
RAMRE TR/ B EZIR BioF o A, BEER
B R B S R T M PR 52
1 UEEHH

Agilent 1260 2 = 8080AH (1154, SE[H Agilent
ATl TB-215D PR, LRt FHB s B BR A
DF-101S SRR IR I #E S48, dbatfEFK
BRI AR A T, Winner 802 4 KEOGRIEEAY, F
MMAERAR ENLE, BEANSTFHE
8 000~14 000, F[H Viskase 2\ 7] ; RT-6000 BHR1X,
FINEFAEMRE R ARAR: AR, =
HFARAA.

IPRN J5ikl2y, FiEsr# 98%, BRPGERAEY
THEARAR, #t5 xh20160415; IPRN &,
JRETH 99.9%, TFEEMY M E R, it
110738-201614; 7 jie 2 XA (L-DOPA), Hi[E
Tk e ik, #it% 100170-200303; LT
i H il (ATO888), Zikii ( Bifg) SHEAHMRA
H), 5 158355; KB, il RFZIARA
"], it 20150201; PEkEE =T (MCT), Jbit
RALKE R A AR~ F, #t'5 24561; DMEM
Ki#2, £1E HyClone A, #t'5 AB10113944;
BA-IMYE (Y2, WL RATAE R A PR A
"], b5 20170123; JER, dbRZEFEREARA
A, b5 G1608200; — H FE WP K (dimethyl sulfoxide,
DMSO), It REERBFAERAA, it
20170517; FEERZEMEW (PBS), Jbit Solarbio £t
2, fit5 20170620 /N B A FIRAIM Bi6Fror I
WAL DB AERAA; BERXRKAE
(GENMED), g ARFERRIEARH AR AR, #t
5 8-251531-10; PUH EAEEMEE (MTT), Jbi
Solarbio FHE{AH R 22w, 5 20170928 Triton

X-100, b RERERFEAFBRAA, #tS
20170362; HaE =, AL RMmARAF, #t
5 F6092316; filtEs &=, (WAREPELA R EIR
AF, b5 160501; FEILALEE 80 (T80), WiLX
EHEZNERAR, fit5 20150528; ik,
Fisher A 7], #t5 173535; At R0t
2 FESH#R
2.1 IPRN-NLC B0%I&

K v IS 24 v 4 IPRN-NLCPL, s 35 B
Ab 75 1.05 g ATOS88 i1 0.45 ¢ MCT T 77 ‘C/Kify
TAEERUIRES, BN IPRN 25 50 mg, fit
PHR ST AR S RAH . SFRE 0.67 g REA IR E
10 B JRRIH RH40 A1 0.33 g K ONBEAE T 100 mL 4%
AR, N 100 mL ZZ48K, KB I E 5 i AH AR
FIIRRE, {EAKAH. 7677 C%A4FF, A 1 mLiE
SR K FHZE M2 503y N B P34 1200 r/min
AR, dRSEiEE 0.5 h, B85 SIIFIZLLE 10 000
r/min T =R BT Y] 3 I, B 1 min, A5 7E 88.0 MPa
(880 bar) ZfFTF, mEBIFAIEH 6 X, TEERT
AH, RBEAEFN (902540.73) %. HZGEN
(1.561+0.27) %M IPRN-NLC. [FZEH78A S IPRN
(125 1 NLC M A2 i 3 5 1) IPRN-P)ER A .
2.2 IPRN-NLC {F5NEHER
221 ik ff  Kromasil 100-5C,g (250 mmX 4.6
mm, 5pm, E82592) (it Hii 25 C; Vishi
R ENE-0.1%BERRKETR (38 1 62); Kl 246
nm; PAFRGIE 1.0 mL/min; #EREE 10 L. FipHE
BRELL TPRN 14 16 327,
222 PHEGGE TR IOH S RSEFREC 10.11 mg
IPRN X B fhiE &, B 25 mL £+, InEEEE
HEREZEL, E1S 0.404 mg/mL [¥) IPRN Xt
iR, B4 CUKE PR &E .
2.2.3 ARV H A 7R S IR AR I A
b, B 1.5 mg IPRN [ IPRN-NLC 7> B T .4k
HLFRENT R, M uRILE, AR5 B E AR HAX
bk FimlY, B E TEE 500 mL 0.5% T80 1)
Wl Eh 2o (PBS, pH 6.8) V&M, Hk
9 100 r/min, ¥REHN (32.0+0.5) C, % E N IH
B 1 mL, 13 0.45 pm flALIERR, BPAAIR G S VA R
224 LEMEHEE  H IPRN WS, IPRN-
NLC M. 25H NLC %, %18 “22.17
TR i 2 4F 70 HIERE 10 pL, 0 mitE, 4558
DB 1. B 1 AR, VAR S R AR R AR
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IPRN
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c
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t/min

1 IPRN *%B8& (A). IPRN-NLC #& (B) FIFAMAER
(C) B9 HPLC

Fig. 1 HPLC of IPRN reference standards (A), sample of
IPRN-NLC (B), and negative reference solution (C)

B[R] Ab AR L€ v 0, 130 B FLAtL R4 % TIPRN 7%
2 WETL T

225 LMEXRRFEE  FEEULHL IPRN X HE G54
WO, RS AR R IR Y 0.161 7.

0.808 5. 1.617 0. 2.425 5. 3.234 0 pg/mL IPRN %
W 4% PR S SR AT I E , D SR T AR . L IPRN
(5 R AR AR R (X)), IETEIAUNARFR (),

xbniErh g, BLMERIATREAN Y=11836 X—
0.097 6, R*=0.9999, Z5HFKH] IPRN £ 0.161 7~
3.234 0 pg/mL e M55 R KT .

22.6 FEEEHEL FEEWIHUREWREN 1.617 0
pg/mL (1) IPRN X B8 S, 4% “2.2.17 TR Ak
ZAFRERE, SPATIGE 6 K, THHRFERE. 4R ER
IPRN fIETHE AL RSD 4 0.37%, FHIAESHRS % &
RAF.

227 HEEMAK  HUE—HEK ) IPRN-NLC i3
6 1, $%“2.2.17 TR (i A RE 2047, 1HEE IPRN
FE. IR IPRN IR RSD 4 0.12%,

RUNZSL A E I R T

2.2.8 FarEtkidEG  H “2.2.3” Wi R/ IPRN-NLC
BOR R, A BITE 04 2. 4. 8. 12, 24, 36. 48
h BRI, ESRIEmEA . 455 RSD 4 0.33%, #
B IPRN-NLC i i AE 48 h WHRE

229 YRR KEER 9 7 0.5 mL TH
NLC T 10 mL =, 25I0A 0.5, 1.04 1.5
mL IPRN X8 G, B —7KFEE 3k, RE
EEE 0.5% T80 {1 PBS (pH 6.8) #if 0.5 h E&
BHIEL, LR “22.17 TR OIS,

THEUIAE RN L 25 5 3 AN K B RICR 54 95.75%
95.91. 96.82%, RSD A 0.36%. 0.63%. 0.73%,

W% T R R .

EAME RN E R ENT R E
IPRN-NLC. IPRN JE&i%. IPRN-DMSO. IPRN-
YVEIR AR Y, 2 RIS SR
5 mL IPRN-NLC. IPRN-JB &% . IPRN-#JFEiR &
IPRN-DMSO T4 BRF g, #HMimdl s,
SR ] 58 R A 2R ) o, B E TR 500
mL 0.5% T80 HIBEIR Eh ¥ (PBS, pH 6.8) ¥
HpR U2, #5534 100 t/min, 158 R (32.040.5)C,
4 F 025, 0.5, 1.0. 2.0, 3.0, 5.0, 7.0, 10.0.
12.0. 24.0. 36.0. 48.0. 72.0 h BUKE 1 mL, [FIWS4p
InEER R AR RS A5, T 0.45 pm R FLIERR
eI, % “22.17 BURJENE IPRN & &, JFib
HOIPRN RFUAHE, 4R 0K 2. HE 2 7ra,
IPRN-NLC 7EV HVIHA RN R, 7£3~12 h R
GBS, 1672 hivh, IPRN-TREWR R &
15 53.34%, IPRN-NLC [ E2FEHEZX 67.31%,
IPRN- ¥ BB &9 R R E H & 90.30% ,
IPRN-DMSO ZEMEH FIX 98.67%, Ui NLC A
IR ERAER, ] DR & 2 i il
2.3 IPRN-NLC I BEXEMEMR

231 AfulEFE M EIEH BioF AN TH
10%AE 413 . 100 U/mL F8 R 100 U/mL 55
Z [ DMEM $£5:37 8, 7£ 37 C. 5% CO, 4ififuks
FRAAF TR P K B R AOIRES, IRBEH AL, 1:
4 fEAREE TR

232 4HMRIGEEIIE SR MTT 3:0 e st

1004 - o —¢—9
* T - T g 1
ol f—m
o\\" _ .
& | * ‘ i—A—h
z 60 ~ T
ke
= |
ES 22
® —a—IPRN-IREK
—e—[PRN-DMSO

—4—PRN-NLC
—v—IPRN-¥HR AW

0 = vy
T T T T T ixdal T

0 2 4 6 8 1012 24 36 48 60 72
t/min

2 IPRN-EZi&. IPRN-NLC. IPRN-DMSO X IPRN-
YIRS PBS (pH 68, & 05% T80) iR L
(xts,n=3)

Fig. 2 In vitro dissolution of IPRN-suspension, IPRN-NLC,
IPRN-DMSO, and IPRN-physical mixture in pH 6.8 PBS
buffer solution with 0.5% T80 (x £ s,n=3)
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A KA BioFro 400, 8 1 i ¥ o ) % 41
RERUG T, Bk R 4X10°4>/mL,

BAhT 96 LR, AL 100 pL, K R BURAERE
FRFE NG FRE NG EE (7E 37 “C. 5% CO, 2k A+
T YU EE J5 /NI BIE, IR N
0.26. 0.52. 1.04. 7.80. 19.50. 39.00 pg/mL [¥] IPRN-
NLC #1 IPRN & (DMSO %fi#, ] DMEM 3%
TR DMSO AFU B AIEIL 0.1%), Bk
EIRER S NEFL, RN A (B3R A
NLC 4 (B33 +NLC). 458555 24, 48 h
FEEBIRW, IO 100 uL & 10% MTT I8 79,

WRFERAERE NS 4 h 572 LER oA
100 uL DMSO & #, EREIK FGEIRY 10 min,
feigh e iR, AR OO EZE 490 nm AL
HEE (O IR EAEESR, SRR 1. BE
1 Al AR ERERT, 5% EKE IPRN %
WAHLL, TPRN-NLC X4 i A= KA B 5 i e 26 E H
(P<0.05), {H#f 19.50 pg/mL Hf, IPRN-NLC 5
IPRN X 4 il A= K sz e B 5 2200, Ho il
NLC ZH.40 ff 4735 Z v &1, IPRN-NLC 7£ 19.50~39.00
ng/mL B A] REXTAH ARG B PR M A0H] T 4HM AR K.

UG = (4 s — A s ) (Anpe — A wi)
233 BEEREEGVENE R 2 EEAENER R
FREE R PE S, d “2.3.17 Jp “2.3.27 TREFRAN
MIF o2, g2 24, 48 h A ERE 7R3, H pH
7.4 ] PBS PRI 2 8, REALIIA 50 pL 8 1%
TritonX-100 %5, LRI HHE T-80 “CUkFE A A
H 30 min, Bl =R SR, Kk
BT B MR T e A, 37 C TR S AL
BHN 50 uL 0.2%[) L-DOPA ¥, T 37 ‘Ciifa++
SN2 h, WG EERRCE A 492 nm E A {8, HEE
RIRBHEYE, 5B K 2. 1% 2 740, IPRN EW
AT IPRN-NLC 0 DL ZE B 2 R E a1 (P<
0.05), TE— &l mikEuE N 2R =K, H
IPRN-NLC 5 IPRN #lHARENHEZR (P<
0.05).
B G R PE = (A e — A wm)/(Anc—A 11m)

234 BEEFEENE KM GENMED 4if A
RO RIEENE RO RS K. EEX A K
BieFio ANAE, FH A (1 v A4 ) 4 4 VR 2 s o
e, T 6 FLbt, 1X 108 AL, ¥R FRIURAE
BRFRAEMN (FE 37 °C. 5% CO, BIZAETR ). dH
BE S, /ANCIR 2 BIEW INNAS IR &k FE 1Y) TPRN-

F1 TREIFRERE IPRN AR IPRN-NLC Xt BycFyo £
WHERMFNE (X £s,n=5)
Table 1 Effect of different concentrations of IPRN and
IPRN-NLC on proliferation of B;¢Fy cells (X X5, n=75)

TR/ %
415 :
(pg'mL ) 24 h 48 h
ot R 99.73+0.24 99.22+0.38
NLC 92.5140.32 90.06+0.18
IPRN A 0.26 110.84+£0.28"  116.45+0.45"
0.52 115.14£0.44"  122.13+0.41"
1.04 119.90+£0.59"  124.61+1.12"
7.80 108.41£0.55"  109.98+0.67"
19.50  103.18%0.61 98.29+0.55
39.00  101.63%£0.25 98.50+0.17
IPRN-NLC 0.26 130.080.24"  144.51+0.44™
0.52 145224032 151.58+0.68"
1.04 135.49+£0.37" 139.02+0.81"
7.80 120.42+£0.36™ 115.58+£0.35™
19.50  103.35+031  103.85%0.60"
39.00 89.81+045"  7529+0.39"

SREFREKE IPRN ¥WRALLE: "P<0.05; 5 NLC ZHE:
#p<0.05, F#

*P < 0.05 vs the same concentration of IPRN solution group; p<

0.05 vs NLC group, same as below

%2 A FEIRERE IPRN 71 IPRN-NLC 53 ByF,, ZHAEES &
BREGAMERIEM (X £s,n=5)
Table 2 Effects of different concentrations of IPRN and
IPRN-NLC on tyrosinase activity of B;sFy, cells (X s, n=5)

%) TR/ T 2 BRI VS /%
(ugmL™) 24h 48h

pagit 99.8340.70 98.76 £0.68
NLC 97.3240.27 96.67+0.61
IPRN ¥ 0.08 101.69+£0.57  103.48%0.36
0.31 10391142  105.84%0.37

500  118.65+1.00° 122.77+0.59"

1500  123.62+2.00° 129.99+0.65"

30.00 123.27+3.00"  132.20+0.52"

IPRN-NLC 0.08 115.67+1.28% 120.90+0.68"

0.31 123.07£0.91""  128.77+0.66™

5.00 135.69+0.67" 141.00+0.70"

15.00 153.160.40"" 160.61+0.43"

30.00 160.23+1.06" 158.53+0.46™

NLC I IPRN &, ®—REKER 3 NMES, [
B BT FRZE R NLC 4. i aksE3E 24, 48 h
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Ja, FEFEFRW, H 0.25%M 8 A NHA 3 min,
AHRCEE N0, 05 PBS a2 Ik, FRRE
O, AREHAA ST IR E, 2R N 3.
H# 3 AfA1, 5 NLC 4AHL, IPRN 5 IPRN-NLC
LR ERESBOREREE (P<0.05), IPRN-
NLC Y53, 5 IPRN AR B 3 2=
7 (P<0.05). {E—EAWREIRECERN, B
A 2 R FE I I 0, HLRE S
[E) PRI RE K, B 68 2 A 0 PR E R ) & EE A E 3G 0
#3 FFEEERE IPRN # IPRN-NLC i BF,, HAHEE
ZEREN (X £s,n=3)

Table 3 Effects of IPRN solution and IPRN-NLC at

different concentrations on melanogenesis in B¢F;, cells
(X *s,n=3)

il TR TR/ B/ (ugmL )
(ugmL™) 24h 48 h

ot R 13.31+£0.31  12.88%0.55

NLC 13.034£036  13.1640.51
IPRN ¥ 0.31 13.39+0.42  14.9540.08"
1.25 15.06+£0.14"  16.90%0.19"
5.00 18.39+0.42"  20.8540.29"
15.00 20.29+0.55%  21.83+£0.47"
30.00 20.37+0.26"  22.88+0.19"
IPRN-NLC 0.31 15.09+£0.24"  16.69£0.35™
1.25 17.07£0.11"%  18.4440.30™
5.00 20.37+0.49"  22.2140.14™
15.00 23.14+0.22"  24.1540.33™
30.00 24.06+0.08"  24.67+0.18™

3 g

T IPRN AKAEAEYEZG Y, £HIETER) T80
AT CARS N2 AR, S R IR T AR, Wk
0.5% T80 pH 6.8 [ PBS iz th /™ Jifi o FH A4 A1 A
FLAI KN IPRN-NLC 7E/ HATHI R A RIS, v hE
AR5 MET NLC @t sl T ATO888
& R, TR EG R Je W J T B %1 MCT
BLBEAEANET, SECT 25 e bR 7 3~
12 h iy IPRN-NLC HAZRAEH, Al e iR IE i
PLEL T EARRR T S AR S5 A, T 2 2R
] R, LT SRR - 72 h B) IPRN-NLC
RSN T IPRN JREUE RN IPRN LA
RIPIRASAAAE, RAREOK, T IPRN £ NLC H1 B
e ARGEAE, HEGRNMRRED,

ASZIGHF R BT 1640 20 ik 500 741 i

B, BEEAMMEAG, JLPASREAE, K
BRFRMiy DMEM B, MAEZRAMpE A, nlae
/& DMEM S HRFENEFRS, AT 40058
BRMER, BMEEARSHE— P, ¥ IPRN
il NLC, 35 240 Bl fig o A7 v FEARALLPE, g

#E IPRN BEAAHMI 1Y, e — g R R VE
IPRN-NLC 7] DAk B (s A M 19 5, (HBt A 24
W R R (3G N, 6T R B SR AN A e A R
AT e NLC A IR TH TG PR i A B mIE A
ST, BARRR SRR pig
[ JSEK:, TPRN-NLC i 20 R 4N A 535 15
W, WRes HAEZBEIERA K, NLC ¥ IPRN F
SR R B R IR, 0T B NLC 5 41 i fist
FAG A, grfanT LU N 1 R A 2598\ 41
MOy, (FHEFSRIEH . IPRN-NLC 7£— i &
TR JEE 0 ] P T S i e T e R Tl P v A T R TR
FIG R, RHAEDT ER 5 TH B R 4F R

= B
A 5% o

SE R
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