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Abstract: Objective To improve the transcellular transport efficiency of albendazole (ABZ) by preparing a novel compound, ABZ-
C602-BA, based on the specific recognition of the apical sodium-dependent bile acid transporter (ASBT) for bile acid (BA). The
solid state properties, transcellular transport behavior, and degradation mechanism of ABZ-C602-BA were evaluated. Method ABZ-
C602-BA was synthesized by linking ABZ with BA using 6-aminodihydroxy-dipentyl glycerol as the linker. The synthesized ABZ-
C602-BA was verified by 'H-NMR and FT-IR. The solid state properties were characterized by powder X-ray diffraction (PXRD),
differential scanning calorimetry (DSC), and scanning electron microscopy (SEM). The transcellular transport behavior of ABZ-
C602-BA was studied in vitro using a Caco-2 monolayer cell model. The degradation mechanism of ABZ-C602-BA was evaluated
by in vitro carboxylesterase (CES) hydrolysis, and the hydrolysis products were quantitatively analyzed by ultra-high-performance
liquid chromatography-mass spectrometry (UPLC-MS). Results The 1H-NMR and FT-IR results showed a shift in characteristic
peaks, confirming the successful synthesis of ABZ-C602-BA. The PXRD, DSC, and SEM results showed that ABZ-C602-BA was

amorphous in form, and its microstructure was significantly different from that of ABZ. The in vitro transcellular transport
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experiment results showed that the apparent permeability coefficient (P,,,) of high-quality ABZ-C602-BA across the membrane was
significantly higher than that of high-concentration ABZ (P < 0.05), and the P, of medium- and low-quality ABZ-C602-BA was
similar to that of ABZ. The degradation rate of ABZ-C602-BA was > 92.8% at 72 h. By UPLC-MS qualitative analysis, the
hydrolysis product of ABZ-C602-BA was identified as ABZ-Linker, indicating that the CES hydrolyzed the ester bond, separating

BA from ABZ. Conclusion The ABZ-C602-BA prepared in this study exists in an amorphous state, and its transmembrane transport

efficiency is significantly increased at certain concentrations, which is independent of the concentration, suggesting that the

transmembrane mode is active transport. The connected BA can be hydrolyzed by enzymes in the body.

Key words: albendazole; cholic acid; apical sodium-dependent bile salt transporter (ASBT); Caco-2 cells; transmembrane transport;

degradation
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Fig.2 'H-NMR (A) and FT-IR (B) of ABZ-C602-BA



$F47% FE8H 202481 %ﬁiﬂ'm‘t % Drug Evaluation Research

Vol. 47 No. 8 August 2024 + 1863 -

Jie BV AE 1.179 X 107° &b, 8 ABZ i #% 17 1.7X 107,
'H-NMR P53 1) 45 RIGE T ABZ-C602-BA HIJE i o
222 FT-IRVE  HUE & F7F W a5 T 1% KBr it
TR G, W B 35 5] J5 6 R B F, K F Tensor
T1 A BL I 20 A0 S0 4SO A5 IR o 38 47 A I, 40 4
75 [l 400 ~4 000 cm™, 43 HE R A 4 em

[X N4 B ABZ-C602-BA J& F- BB REAE IR BIIR 245
Al BE 2> 52 B SR, BT DLAT ANRFAE 0 1 8% 3 L3 2% 51
AALERARTE T A AR T, @ i FT-IR 43
Hr ABZ-C602-BA 5 K 1 45 ¥ A 4 . Wi & 2-B Y
78,4 ABZ EE IR 3 330.6 cm™ 4L ¥ N-H 48 3 %
I .1 710.5 cm™ 4b Y C=0 I& 1 1 635 cm™ &b ) 75 &
HIRFNIE . & ) ABZ-C602-BA 54l ABZ #HEL ,
3330.6 cm™ AL N-H Iz 3 W 48k A 20 %, 410 %5 3|
3390.6 cm™, 0fi 1 710.5 cm™ 4L ) C=0 & K £ 5 #5
WFEE] 1 700.6 cm™'o IX EE LT AMRRAIE U6 1R RS Bl AT RE
J& T ABZ FI 2R Rk ML [ R A4 1 514k, Bk i A

A
ABZ-C602-BA

T T

ABZ

20 25 30

2/°)

35

RERAE THEAEM, T RAE THE EY T
ABZ-C602-BA 1] £ i . FT-IR B 78 1) 45 % 5 'H-
NMR &5 S AH X R, 3 — P58 4F T ABZ-C602-BA [
TE %o

2.2.3 PXRD7VLk  PXRD A[ it —iE 52 ABZ AHR
S SL A 75 T R v AR AT BIF 9 43 T 11 45 i B
ToE TR . PR U 2 FF 5, SR Cu-Ka B8 2
[1=0.154 nm(1.54 A) ], F 5 20 =5°~35°, 1
i35 K 0.01°, FA 5 E Z 1°-min™', B K 40 kV, LR
200 mA.

K 3-A 78 T ABZ Al ABZ-C602-BA ] PXRD
P, % B T 0, ABZ I 3 B 20 REE AT 5 5 )
KT 6.28°.11.77°.18.26°.24.93° 41 27.53°, |fif ABZ-
C602-BA [T 5 B3 >y J6 4 AE A7 S 0 1) A 0 0] 1]
. 45K, ABZ N, ABZ-C602-BA N E
B, B0 BA I N RTS8 24T 1 ABZ 1) b A 45 40 , A1 245
Yoy LARLRE T 17 AR AS HEF 2

B
ABZ-C602-BA

ABZ

D

2173 C

60 80 100 120 140 160 180 200 220
T/'C

ABZ-C602-BA

3 ABZ-C602-BA HIEZPXRD(A).DSC(B).SEM(C)RAEE
Fig. 3 Characterization of solid state PXRD (A), DSC (B), and SEM (C) of ABZ-C602-BA

224 DSC¥ SRHARFFRES~10 mg i ah, A
R, A5 [F) A2 A A AP g AT 2 AT, 30 °C 4R
PL10 °C-min {3 FHE 2 250 °C.

s VA 24 W A7 E B S5 TR0 A Tl B 2 ) RO 3
B N TR (/o0 - JN < Sl S ol U Wl W 70 N
K DSC Bl 52 ABZ 4 s, BT 3-B 7~ W

i, ${H N 217.3 °C 5 1T ABZ-C602-BA Jo W #4Ug
HHL, FFEE ] ABZ-C602-BA NI ERIZS .
2.2.5 SEMiE K ABZ 5 ABZ-C602-BA 4 il
MEH & L, 9541 180 s J5 B T SEM, PL 15 kV [
E L 3R AT L5

SEM 1] FL A i W0 5% 245 4 1 T S50 R Bk W 465 44, T



+ 1864 -

$F47% FE8H 2024FE8 8 %35;41‘4"[4"{ % Drug Evaluation Research

Vol. 47 No. 8 August 2024

W] A4 PRI GO0 T 25 R B G () 1 ] R 4 A1 77 I 9 =
. WK 3-C B/~ , ABZ 2 ABZ-C602-BA [ #] 2%
WKL ELARAE 10 pm 2614, ABZ R ERSAR v, 1
ABZ-C602-BA N AN Fr K44 . B 27 W, , ABZ-
C602-BA #; ABZ I{4% 1 S A 4514

23 SRR EIE (HPLC) 3% E ABZ. ABZ-
C602-BA R E

2301 XFREGIERICH] R FRI ] mg ABZ &
10 mL & i 1, FH 8 2549 315 S B4 100 pgrmL
(¥ 3 0.22 pm B FL I, B SR B8 45 FH

232 RSB B B AR BOE = 1 ABZ-
C602-BA % 10 mL =i+, FF B 8 2%, I il ABZ-
C602-BA Jii &K 4 100 pgmL ™ (¥ 12 0.22 um
TFLIE R, B S pE v & H

233 k&M WENAH N EE-7K (801200, 1\
Jot B 45t 4 1% 4 (Diamonsil C,q, 250 mm X 4.6 mm,
5 wm) 7E A [ € A1, 58 A 3K 295 nm, AR AR =
I mL-min™, # iR 51 Z 30 °C, it FEE 20 uL. B8
PE IS 0L 4, 08 T8 R AT .

0 1 2 3 4 5 6 7 8 9
t/min

El4 ABZ(A)F ABZ-C602-BA(B)H A E g
Fig.4 Liquid-phase profiles of ABZ (A) and ABZ-C602-
BA (B)

234 FRAEHNZRHI S 73 AR % AR E 1.00 mg ABZ
Fl ABZ-C602-BA T 10 mL &= 1 , F 5 52 2515 2
JFR R FE N 100.00 pg-mL™ (I . K il A5 W0
) PR S AR 2.5.10.20.50.100-200 1 , 733157 5K &
°450.00.25.00.12.50.6.25.3.12.1.56.0.78 pg-mL™" f{]
WM, #4243 TN (35 S5 AR R AF o bR il S 2 1tk
RIF, W& 1.

235 FEE L B HUIK . H LR (0.78112.50.
100.00 pg-mL™)3 /M &K FE [ ABZ 1 ABZ-C602-
BA FEEVS W, 142,437 TN il 2 AR b i, AR
FE 6 K, &L E 3 d, 715 ABZ 1 ABZ-C602-BA

&1 ABZ-C602-BA5ABZRI&METIAFEREBERXREE

Table 1 Linear regression equation and correlation
coefficient of ABZ-C602-BA and ABZ

IR (8] )75 72 R
ABZ Y=36591X+7671.6  0.9999
ABZ-C602-BA  Y=3.8473X+1.3958  0.999 8

W TR RSD, 5 %% H P R %5 B2 A0 [ADRS %5 B2

A R B R 1 ABZ H N FS %5 i RSD ly
0.69%+1.21%-1.67% (n="6) , {7 - 15 J5i = IR 1)
ABZ-C602-BA H M #% % £ RSD 4 0.68%- 1.91%.
1.36% (n=6) ; ik« 1« /& il B FE (1) ABZ H [A] K %
% RSD 43 1 4 0.87%+1.89%+0.55% (n=6) , & . '
iR Y ABZ-C602-BA H [k % & RSD 73 5]
40.89%-1.62%-0.56%(n=6) . 45 F% W% 73k
R
23.6 BEEMEIRE FATH S 6 0 BE I AW,
F2“2.4.37 TN {5 38 2% 1 a3 A W E il % ABZ
ABZ-C602-BA [ A JF 11 5 RSD.  ABZ W[ 4
RSD 4 1.34% (n=6) , ABZ-C602-BA I [fii #1 RSD
N 1.68%(n=6), LW I VLK EZ M RLF
237 fREtEREe  CFATHIS 6 A, =
TCE , T 0.1.3.6.12.24.48 h BUFE, $4:42.4.37 1
T 2 AR AT I 2, 2 3% ABZ F1 ABZ-C602-BA
f) W T AR JE 1F 5 RSD. ABZ W& [ A1 RSD A
1.74% (n=6) , ABZ-C602-BA 1% T #1 RSD N
1.82%(n="6) , % B AL fh I MR 7E 48 h AR R -
2.3.8 OFEEWLE AT L6 A A TS
ABZ Xf B8 VR G, #092.4.37 TR T € i 2% 4 3 47 0
€, 155 ABZ Al ABZ-C602-BA % & J& i 5 [l it
. ABZ 0 #F [l W # 5 98.13%, RSD K
1.79% (n=6) , ABZ-C602-BA K hn £ [A] it % Ny
96.61%,RSD N 1.62%(n=6) , R E I T IEFF &
2.4 ABZ-C602-BA FERIEIEHIZ

B A= K Caco-2 4 it FH 0.25% i 2 1 i
TH AL, FH 58 4 1 37 0 A B A B 2, DARRFL 2 X
10° 4~ 4 i #2 A0 F 12 fL Transwell £% 7% fix , H
Transwell A [ 00 CAP ) i\ 0.5 mL [ 48 ffd 7R =%
> Transwell AR 1) 22 JEC ] CBL ) i A\ 1.5 mL 9 58
AR, BEIRIRFE N FER L TE 37 °CL 5%
CO, S WL RN B 264 T 8595 21 d, H 4 #3721 Caco-
2 BRI AT S R L BT DL R 5 I s R WS
% RECP, ) BIVPALE . SE B W0 IE 45 R W ]



$F47% FE8H 202481 %Kl"‘fﬁﬁti Drug Evaluation Research

Vol. 47 No. 8 August 2024 + 1865 -

5,55 21 RIS, 4 B FB PHASA 2 7200 Q LA E, Ui B
o1 L 56 B R A, AP P R Tl TR I ) 3 v
T BLM, SEEH40 M 70 A S8 . 3R 2 WA R 21 R
I H) P, 85 8 5 P, # /N T2 1 S B0 A 5E ) 12X 107
cm-s™, YL A IE I E R U, IR g5 SR R Rl D) A
37 Caco-2 HLZ 4N AR Y , v DAEAT 5 L 4 12 S 06
FE 1% D) ] £ Caco-2 52 A M A5 AL (1 B i |, oK
22.15.5 pg'mL™ f] ABZ F1 ABZ-C602-BA 43 5l /il
F| Transwell B 11 AP il , 4K VX 75 K5 7% 30,60 . 90+

Fz 2 Caco-2 A% 21 REIMRAXEP,,
Table 2 Fluorescent yellow P,,, of Caco-2 cells on day 21

120 min J& M Transwell A ) BL ] B & , 3E 47 HPLC
600 s W 2 SR S 2 R I P, B SR A x £
RN, K F SPSS 22.0 A HEAT Se it 5243 #Hr , 4L TH] LE
BRI R T Z 98T .
~dQydt
W 4-C
dO/de N BAL I ) 25 W) 5635 B (uges™) s A N HE IS B AE 20 AR
1.12 cm?; C, N2 WI G R TS
IR B IR FE Y ABZ T ABZ-C602-BA M
Caco-2 ZH i i) AP ] 25 BL ] ) 5 59 2 3 il an 1 6
Fr 7~ , 3 3 N AN A &= R B ) ABZ Fil ABZ-C602-
BA ) P, , 45 3 5 7R & 5= K Y ABZ-C602-BA

app

P, & = T Kk B ABZ 4 (P<0.05) , i85 T

G P,,/(ecms™) 7.530X 10 cm-s™', H K i &= K JE ) ABZ-C602-
1 (1.63£0.26) X 107 BA P, fii+ ABZ. #iRiiW] ABZ-C602-BA 15
2 (3.2840.10) X 107 JR A 38 AN 5 VR FE AR G , HE M ABZ-C602-BA ) 5 JI5
3 (4.62+0.09) X 1077 FRCHNEBNHIE,
(0400- A B
; “
s 300 ﬁ
= K 34
= 2004 ¥
1 R
E £
= 1004 -
H
0 — Tt T T T 0 T
0 4 8 12 16 20 BL
td
BEl5 Caco-2 4AREEE 21 RATHYFEBE (A ) FnER I BEERERTE /1 (B)
Fig.5 Resistance (A) and alkaline phosphatase activity (B) of Caco-2 cells on day 21
307 BABZ A 20- B 54 c
~ B ABZ-C602-BA 4 . *
[ o T{" . % —
'é 20- - T ]5_ * *
= =10 =
% 104 ;;%: % o
& HEC 51 B 4
0 O 0-
30 60 90 120 30 60 90 120 30 60 90 120
#/min t/min t/min

5 ABZ A E :"P<0.01,
"P<0.01 vs ABZ group.

B6 5(A).15(B). 22 (C) pg'mL"'#J ABZ.ABZ-C602-BA KI5 fEEEIE 45 R
Fig. 6 Transmembrane transport results of ABZ and ABZ-C602-BA of 5 (A), 15 (B), and 22 (C) pg-mL™
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&3 ABZ7IABZ-C602-BA MBS ER
Table 3 Transmembrane permeability of ABZ and ABZ-

C602-BA
s JR IR E/ Pyl
(pg-mL™ (X10*em-s™
ABZ 22 4.537+0.061
ABZ 15 4.865+0.003
ABZ 5 4.8624+0.002
ABZ-C602-BA 22 7.530+0.003"
ABZ-C602-BA 15 4.619+0.004
ABZ-C602-BA 5 4.347+0.066

5 ABZ A E: :"P<0.01,
"P<0.01 vs ABZ group.

DMSO, 73 S 0N 2 mL 37 °C T #4418 26 22
% (PBS) fI1 5,10 mg i CES, ¥ £ 5 4R % B 2) 30 s,
F0.1.2.4.8.24.48.72 h L 100 pL, 3 3# 1 10 £ B
T A I 2 3, MR 9 “2.4.37 T 4% 14 33E 47 HPLC &3 .
KR R H x5 %75, K H SPSS 22.0 B #4347 e it
AT AL bR B R R T 22 50T -

W 7 B, 10 mg 44, ABZ-C602-BA £ 55
72 h B B AR %N 92.8%, 1M 5 mg 4L AE 5 72 h B B il

HN9T8%. LA 72 hARMHHIH M R 1T .

# ABZ-C602-BA 5 CES 37 °CHEE 72 h Ja » ¥
FE b #E47 UPLC-MS A, €8 3% 2% 14 [7] “2.4.37 30, Jii
W2 R ESTE TR, T Full MS-ddMS2 # 0 T
SRR L HEAT I L B T U R R — A
JRVEEHE . A 1R S R - B SRR R
J913.5 Lmin™ s fli A E N 4.5 L'min™' s BHE IR
J& 320 °C s MS1 43 %4 70 000; MS/MS 43 #F % N
17 500; HL 4 3.8 kVOIERLAD BE-3.1 kV(H D .
MR A o 1% 285 3, HE D = Py o] BE I 45 44 . UPLC-MS
g5 R 8 o, P A X 43 B & 0N 383.18, 41
W 45 46 T B 9 BT ik, 4 W K A 7 4 7T BE D ABZ-
Linker, 105 /& ¥t , CES /K fift 1 fig % , f75 BA 5 ABZ
5 IF . [, ABZ-C602-BA 7] 4% Fi] T 254 4> ikt 1)
Bl 7K R W e B4 PN 249 0 R T 5 AR U F 9 4t T s
Jiti 7 o
3 g

AR AL AT WK ABZ 5 BA it 4- 3E-1-T
% N Linker i % ABZ-C4-BA , & ¥l ASBT 7£ T i
A, H g i KBRS B[] iy 2H 2 I R KRR A
B 5 TR, H DA 4-%(FE-1- T B2 AE A Linker ] ABZ-
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Fig.7 Degradation of ABZ-C602-BA by CES
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Fig.8 UPLC-MS spectra of enzyme hydrolysates of ABZ-C602-BA in vitro
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Fig. 9 Structure prediction of enzyme hydrolysates of
ABZ-C602-BA in vitro
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