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Investigation on the in vitro permeability of crisaborole ointment
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Abstract Objective: To establish an in vitro permeation method for crisaborole ointment and to provide a
reference for the bioequivalence of crisaborole ointment. Methods: The HPLC method was used to determine
the permeability of crisaborole ointment, and the vertical Franz diffusion pool method was used to study the
release characteristics of the ointment in vitro. The chromatographic column was Thermo BDS Hypersil-Cjs
(150 mm x 4.6 mm, 5 pm), with 0.1% phosphoric acid solution—acetonitrile (60 : 40) as the mobile phase, flow rate of
1.5 mL * min™, column temperature of 30 °C , detection wavelength of 254 nm, and injection volume of 10 pL. Results:
The peak shape of crisaborole in the chromatogram of the test sample was good. There was no peak at the position

of crisaborole in the negative sample chromatogram, which did not interfere with the determination. The linear
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relationship of crisaborole was good within the range of 0.026-21.02 pg* mL™ (r = 0.999). In six repeated
experiments, the mean maximum transmittance (/y.) of the self-made product and the reference formulation were
compared (odds ratio: 0.94). Simultaneously calculate the confidence interval for J,., with a 90% confidence
interval ranging from 87.9% to 102.0%. The mass conservation percentage of each sample was 94.1%—-101.1%
(n=12). The reference solution was left at room temperature for 26 h, with a peak area RSD of 0.44%. The self-
made product and reference preparation were left in a water bath at room temperature and 32 °C for 26 h, with peak
area RSD ranging from 0.78% to 1.1%, indicating good stability of the solution. For the three batches of samples
tested, the ratio of the mean J,.. values of the self-made product and the reference formulation was within the range
of 0.92-0.97. Simultaneously calculate the confidence interval for J,.x, with a 90% confidence interval ranging
from 84.8%—100.7%. Conclusion: This method is simple and convenient to operate, with high selectivity, strong
exclusivity and high accuracy.

Keywords: crisaborole; ointment; franz diffusion pool method; in vitro transdermal penetration; permeability;
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2.1 IVPT 3Hr 5 iy disg

211  (OiESfE U SR Thermo BDS Hypersil-Cig
(150 mm x 4.6 mm, 5 pm ) (35FE, DL 0.1% WEFRIA -
ZHE(60 = 40) A shAH, ik 1.5 mL - min™', FE G
30 °C, K%K 254 nm, #EFERE 10 pL,

212 S E B Y Franz 978500, DA
1% - 80 IR IO , HEWORIRLE 32 °C £1.0 C,
B 300 re min”! BUREIARTE 8 mL, i iz HORAL 2.2 em?®,
25 0.3 g, RN EL SRR KK

2.1.3 X MRAIAMA T FRIBC ST B ) R 2
10 mg, A% % FR %, B 200 mL &I H, N 2 5 - K
(90 : 10) BT MRBE R 20 5250 R % 5L 5 mL
50 mL I, 0 1% nki 80 VAR R R AN, #5
A7, H045 .
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T h K R JEAE Franz 47 HCth ) NP % 2 18], M )2
] 1 BRI OB 2 300 mg, B4 TR TR R
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Fig. 1 Specificity test chromatograms
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Tab.1 Saturation solubility

o TR e e A A
(accept liquid ) (‘saturated concentration )/ (pg+mL™" ) (leakage concentration )/ ( pg* mL™") (leakage condition )
0.9% FAHHETH 10.16 22.50 3 (no)
(0.9% sodium chloride solution )
pH7.4 BERRERZE Wi 51.65 22.50 % (no)
( pH 7.4 phosphate buffer solution )
10% P —BEFR 3345 22.50 5 (no )
( 10% propylene glycol solution )
1% N3 80 257.07 22.50 F2 (yes )

( 1% Tween 80 solution )

x2 FEEERBEZFGETHEMEEER
Tab. 2 Extracorporeal transdermal results under different speeds and temperature conditions

Joad (g em™+h™")

S = =X i
( cordl;ijji—on ) ( balciﬂil?mber ) 1 2 3 4 5 6 T HefH Cratio) ( 90%9‘ibfﬁiir;i|mjmal )
(‘average )

200 r* min™' FD5696 0.98 0.96 1.12 1.01 1.10 1.05 1.04 0.95 90.1%~100.7%
220801 0.99 0.96 0.96 0.96 0.95 1.10 0.99

300 r* min™' FD5696 1.13 0.92 0.89 0.98 0.94 1.05 0.99 0.94 87.9%~102.0%
220801 0.90 0.98 0.91 0.87 0.97 0.94 0.93

400 1 * min™' FD5696 0.85 0.87 1.06 1.16 1.02 1.17 1.02 1.06 96.7%~118.7%
220801 1.16 0.98 1.15 1.09 0.93 1.21 1.09

31 C FD5696 0.99 1.05 1.19 1.09 1.27 1.06 1.11 0.96 88.4%~104.8%
220801 1.10 1.04 1.02 1.05 1.01 1.14 1.06

32<C FD5696 1.13 0.92 0.89 0.98 0.94 1.05 0.99 0.94 87.9%~102.0%
220801 0.90 0.98 0.91 0.87 0.97 0.94 0.93

33 C FD5696 1.20 1.17 1.16 1.25 1.38 1.07 1.21 0.97 87.6%~107.8%
220801 1.13 1.16 1.38 1.15 1.03 1.15 1.17

200 * min™' 300 r* min™' 400 1+ min™"
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o

o -

JICpg em™-h™)
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Fig. 2 Permeability curves of self-made products and reference preparations at different speeds and temperatures
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B, 53518 31,3233 °C, HAthiA S 440w “2.1.27 T,
SR “2.1.37 “2.1.47 iR vk il 45 X BRI T it
AT, SR “2.1.17 TR 25 e e e A, 4350
BB AT Y S, 53 00FF 1 R0 2 L
T T PHESEAT HOEE, UAEIITE 0.7~1.3 YEFEIN ; [H]
P S FEAT AR DX ] TH 5L, 552 90% 45 X [R] Ny
87.6%~107.8% , i I J7 ik it 4T, 25 3 I3k 2 il
2,

224 JZJk EMA 7E 2018 4E & 4 (1 { Draft Guideline
on Quality and Equivalence of Topical Products ) H
U B AR NS B ik . PMIDA B ] LAfilE 5
PRR R/ BRSO 1 B ki 47308 7 USP <1724>
HRLE , B oR T BSAR N ZE B kA, DR Y B2 ik 5 N
I8 B Pk LA A AR T 2, BT AR SR AR 5 1 R B

HeFE.

I T AEfR 2 A B2 A A5 T T 5
0, 52 N T AR B Aiek . R SCRik e i 1o,
W B2 TR R 2 1 35 35 1 B AR AR -5 ARS8 R AR B
DA, 7 A0 FH R I 2 R o, 3R PR B4 B ke
A7 IVPT 5%, 5 T i AR I 5 354 | Landrace 8
Gottingen /NEURE J2 Yorkshire J655

J[E FDA . EMA 5 PMDA 2R AE 1 50 i 75 2
A7 Rz Ik o B e e Mk 7 ] 32 118 o e 5
WA RARE A K sk (TEWL ) L BH /7 3 E
o TEWL 3% &5 07, AR FHAL % TEWL
SEAERSZ NS SR 25 F T, I /K o3 it fz ik
i o g e, AR R A 202,

S SR FH AL R R B I 2 R A BR A W A
JE IR 2L B A AR A B2 TSR WA 1 B ik, X6 [
—HERE SR AT AE X S SEAT EAR X H)TH5R, 58
90% & {3 X 8] ] £ 87.9%~102.0%, i3 B F ik 1) i
FHME R4, B IR A5 TR 45 A5 UL 2% 3, 18 R 45 L UL
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Tab.3 Skin test results

K53 H (inspection item ) FRUERLAE (standard regulation )

S 1 (source 1) S 2 (source 2)

A 1# (month-old ) 1~3 /1 (month ) 1 A (month) 1 A (month)
51 ( gender ) 5.9 ) Q

#HBAL ( position ) B JEH ( back and abdomen ) B (back ) M5 ( abdomen )
JELEE ( thickness ) /mm 0.3~1 0.3 0.8

HLBH ( resistance ) /MQ 1.4~9.6 4.2 37
TEWL/(cg-m™-h™) <5 6.1 7.5

R4 RERBEEBUENRSERER
Tab.4 Measurement of sample permeability results of skin from different sources
Juw/ (g em™-h™)

SRR Eilns2 Fa LA 90% ‘B X [H]
( source ) ( batch number ) 1 2 3 4 35 6 A (ratio) (90% confidence interval )
(average )

K5 1 (source 1) FD5696 1.13 0.92 0.89 0.98 0.94 1.05 0.99
0.94 87.9%~102.0%

220801 0.90 0.98 0.91 0.87 0.97 0.94 0.93

S 2 (source 2) FD5696 1.56 1.24 1.03 0.95 1.16 1.34 1.21
0.91 88.8%~93.9%

220801 1.40 1.21 0.89 0.85 1.08 1.23 1.11

23 ikEEEER

230 WEPEPE HRRRAN T T2, B AS R EE A R
BRES, NS E N 1% . 2% . 3% , % 55 [F) e JE
)32 IR 5 2 e R 82 22, A 5 244w
“2.1.27 Wi, R “2.1.37 “2.1.47 TR )71 4% A vt

AL HREL

HE VA R B T TR, SR A 20117 T A5 A
W T AL, 43 SRS TR Ak T B A e B9 24 {8 20
TR, a5 SRR R R AL D B4 i, 1835 I R
1oL, A IH ik LA e e, RS R Bds g 5}
Kl 3,
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K5 TRER/FAEHREZEFUEER

Tab.5 Selective results of different prescription samples

Juad (g s em™«h™") HCAH ( ratio )
Hif 1] 2% 1% 3%
(time ) /h (ot No. ('lot No. ('lot No. 1%/2%  3%/2%
221102)  221101)  221103)
2 0.095 0.041 0.182 0.43 1.9
4 0.294 0.126 0.529 0.43 1.8
6 0.526 0.293 0.901 0.56 1.7
8 0.754 0.353 1278 0.47 1.7
10 0.914 0.395 1.51 0.43 1.7
12 0.976 0.424 1.626 0.43 1.7
16 1.089 0.48 1.809 0.44 1.7
20 1.175 0.515 1.954 0.44 1.7
22 1.18 0.511 2.008 0.43 1.7
24 1.178 0.514 2,012 0.44 1.7
_,: 2.; 2% 1% —+3%
“"5 L5
oo
£ os
s 0 5 10 15 20 25

t/h
B3 REAT7 LG m S iE 2k

Fig. 3 Permeability curve of samples with different prescription

232 MERNER SR <2137 3R il g4 1 ml
ZYE FESTINE 20 g HOXF IR A A5 TR, 20 A 2 B B
B 1.3.5.7 mL & 20 mL B, IR R
FREZI P FRA) MR 15 ~4 ST RS 3 B
ZAERI T mL & 10 mL SR, IR R
B FRET L NER S SR i IO R S A TRAE R
Rk 6 SIRW. R “2.1.17 TR 4000 s i AR
DI B At A W T B N A AR , 22 2R R R
TE ST R EEAE 0.026~21.02 pg - mL Y5 Y,
LHEREN

Y=33 543.70X-661.99  r=1.000

SER RGN R R R

233 HEEMLPEAEHEE KK 2127 3K
WBHOA TR, 12 “2.1.37 “2.1.47 TR Jy ikl 45t
HE A VA TR A A VA TR, 2 2117 T2 1 N e T
SR AN RS AN TR B AN [RIRE il B, 4%
BITHEL A A S R e, 23 B8 LSS
OB Joa PIMESEAT FOEE, HUAE IS TE 0.94~1.02 7
FEL A 5 RIS oo #EAT ELAR X TRIHERL, B 58 90% EAF
X [H]A 92.7%~104.6% , B J5 ik dE 52 Pk R4, 4551 0L

proportions %‘:Z 6.
*Fo EEM . HEBEERLER
Tab. 6 Repeatability and intermediate precision test results
. e Jusd (pg = em™h™) ) 00% B IX
R (test ) g FUARL ( ratio ) b B X
(batch number ) 1 2 3 4 5 6 P (average ) (90% confidence interval )

mEM FD5696 1.13 092 0.89 0.98 0.94 1.05 0.99 0.94 87.9%~102.0%
(repeatability ) 220801 0.90 0.98 0.91 0.87 0.97 0.94 0.93

T VRS 5 FD5696 1.05 1.10 1.15 1.03 0.98 1.08 1.07 1.02 92.7%~104.6%
(intermediate precision ) 220801 0.97 091 1.09 1.20 1.15 1.19 1.08

234 JfiEsEE OKEZHI RS 2 ERIREE
WCAR B 50 mL 250078 v, AR 480 Je IR 3R 1T, Jin A
ZNE - 7K (90 : 10)20 mL, 55 504, T 70 C/KIG
20 min, PUH B IARIR AT S R IE 2 IR
A5 O RS, LA 4000 r e min”' B0 5 min, JE
b, FERWIUETR A % B LR 3 mL 10 mL
MR R 22 21 B IR ST A9 B A s i
W o W E PRI I S R RS B T RO
LN - 7K (90 = 10)25 mL, #74 (4% 40 kHz,
3 600 W) 20 min, 325 8, BEEIEWR , 15 K A iy BA 5B

AV TR . MR 2,117 T SR, A3 iR B

IR 20 L FEAVRAH G e i E . A
i SPE = (7 B A + B2 P B + FR SO
i)/ L2 x 100% , 508 TR , 25 R B P B A
D ST 43 HUTE 94.19%~101.1% JE P, P 7
TRAERR R 25 R L 7

235 EWREENE SR “2.1.37 TR ikl pxt
TR R, A3 A L O (FiE45- 220801 ). 2 1
il 77 4% B (L5 FD5696 ) 4% 24 300 mg, B 50 ml. &
OV IR 25 mL, INA R MIFRL) 2.5 em® 15
F, 32 CKE I 30 min, B (453 40 kHz D)%
600 W )20 min, £ 8, BCZZPE 1 mL & 50 mL 5o

RO



<162 - M 4 W 22 E ChinJ Pharm Anal 2025,45(1) JPA
*7 BREFERKRER
Tab.7 Quality conservation test results
o -
5 ( intraiile(; Ztiiltion ) ( rcsidualffniiizf the skin ) B A LS S
( serial ( permeance )/ (recovery (average RSD/%
number) VIR i it VT i ug Coal)g )% value ) /%
(peak area) (retention amount )/ug ~ (peak area)  (residual amount ) /ug
1 42 239 32.55 3284 873 6 750.09 72.66 6 855.30 97.6 97.5 2.5
2 52499 40.46 3301578 6784.42 57.19 6 882.06 100.9
3 33574 25.87 3054 789 6277.29 57.84 6361.00 95.3
4 60 241 46.42 3125472 6422.54 63.16 6532.12 95.9
5 70 584 54.39 3456914 7103.62 59.87 7217.88 95.2
6 88 054 67.85 3405919 6998.83 66.52 7133.20 100.0
7 65 289 50.31 3095478 6360.90 52.84 6 464.05 99.3 98.5 2.4
8 90 474 69.72 3386471 6 958.86 57.97 7 086.55 98.7
9 80413 61.97 3295 486 6771.90 52.24 6 886.10 99.5
10 65 498 50.47 3245 821 6 669.84 51.50 6771.82 94.1
11 70 694 54.48 3425813 7039.71 57.51 7 151.69 98.1
12 99 043 76.32 3265 741 6710.78 77.15 6 864.25 101.1
H IEEOR IR R R 20 7550 A AR . K 2.4 RSV

HR“2.1.17 TR 450, 40 SRS %% i BUA VA R 20 pL i
AWARETEL ISRk 53075 S84 1 = I
32 CLH&MF R BREE Y , AR 26 h P, i
TEVETEFRY RSD YI7E 0.44%~1.1% , Vi WA it e Pk
RAF, 45303 8,

*8 BEREHRNKRER
Tab. 8 Solution stability test results
WA peak area)
X HR i FE i (sample )

1] (reference 15 No lotNo.  lotNo.  lot No.

(time)/h  substance) 570801  FD5696 220801 FD5696
Z i ( room i ( room
t::niiature ) tj:iialure ) 2

0 154623 25489 27245 25961 27645
2 154247 25159 26885 25915 27549
4 153958 25089 26714 25841 27469
6 154267 25097 26659 25803 27402
8 153647 24968 26619 25719 27346
10 153248 24902 26505 25679 27275
12 153 621 24896 26487 25605 27105
14 152964 24865 26471 25511 27096
24 152789 24805 26315 25491 27005
26 152654 24795 26249 25346 26954
T E 153 602 25007 26615 25687 27285
( average )
RSD/% 0.44 0.84 1.1 0.78 0.87

AL HREL

A3 BIEC 3 HERE 45 6 4y AR “2.1.27 TR A
BHGHATIRES  #5 “2.1.37 “2.1.47 TR )7 Bl 45 %) i
SRR AR A, 2,117 TSI S e TR A
A3 A TS FHRIF Y T, 239006 15D
Z RN Jow PIEPEAT HOES, HUE I TE 0.92~0.97
5 RS A3 X S HEAT AR X B35, 548
90% ‘B {5 IX 8] 24 84.8%~100.7% , ] 1 EMA 3K 1
80%~125% JulF N, 45 L3R 9,

3 itie

IVPT 355 (14 H2 SR A BE 52 Wi K2 5k B B T RE
ANBEA A ML, A S oK R 22 , 280 1 , 16 T
B B i A5 /0N ) ) 2 T MR VL 80, 25 SRR,
LB

IVPT 253 5% Z Fh [ R R0, ASBF 5T 61 X 52 7
T B FE R AR AR 25 S T 5%
SE S Ty vR AT 5 0 I R A o
JER B B, AU SR R Ak B SRR AT s Wb T AN R
K2 S8 22 5 R0 R 2 AR A TR
B, SR FHGE 2407 WS AR g B () — Sk R4 1A
SRR, AHE S S HHRNB ISR EA 2L
EMA ZE3R O TR 88850, AR T3 1 il VR Ry v 37 i 2 4K
BRI B

AHIEFE T K 0 AT 52 7 kg v RO AT i i
L IE MR, 2 R g SRR AL RS 2 8 R AT,
RS, HERR R
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Tab.9 Measurement results of in vitro permeability of three batches of samples

EliR=3 Juad (g = em™«h™") LU AE 90% E1F X
(lot No. ) 1 2 3 4 5 6 SEH{H (average ) (ratio ) (90% confidence interval )
FD5696 1.40 0.95 1.13 1.13 1.37 1.05 1.17 0.97 92.7%~100.7%
230101 1.39 0.93 1.16 1.15 1.22 0.94 1.13
FD5696 1.30 1.02 1.24 1.28 1.44 1.15 1.24 0.92 84.8%~94.3%
230102 1.33 0.93 1.16 1.11 1.45 0.86 1.14
FD5696 1.29 1.15 1.42 1.16 1.37 1.12 1.25 0.92 85.8%~95.0%
230103 1.17 1.29 1.29 0.98 1.23 0.98 1.15
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