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In vitro mechanisms of drug absorption in rectum promoted by chlorpromazine

hydrochloride

YANG Dan, WANG Zhang-yang, CHEN Yong-chuan, CHEN Jian-hong, DAI Qing, LIU Song-qing, XIA Pei-yuan
(Department of Pharmacy, Southwest Hospital, Third Military Medical University, Chongqing 400038 , China)

Abstract: Objective Tt was demonstrated from our previous studies that chlorpromazine hydrochloride
can increase the relative bioavailabilities of drugs through rectal administration, due to the alternations of cell
membrane architecture and permeability caused by the amphipathic structure of chlorpromazine hydrochloride.
To prove this mechanism, Caco-2 cell membrane was exploited to investigate the effect of chlorpromazine hydro-
chloride on the membrance’ s integrities and stabilities. Methods  After the Caco-2 cells were treated with
chlorpromazine hydrochloride at different concentrations for different durations, the optical density value (OD-
value) of the supernatant was determined by Bradford protein assays. The calculated OD ratios showed the
changes of Caco-2 cell membrane integrity. The fluorescent intensity (fluorescence polarization, Pr) was deter-
mined by fluorescence spectrophotometer with 1,6-diphenyl-1,3,5-hexatriene (DPH) as a fluorescein probe,
the mobility and stability of Caco-2 cell membrane were evaluated by the calculated Pr’ s data. Results Com-
pared with the control, Caco-2 cell membrane was damaged at different degrees by high-dose chlorpromazine
hydrochloride ( > 140 pmol/L), and the intracellular content was poured out. It was observed an S-shape
curve between the membrane-damaged percentage vs the concentrations of chlorpromazine hydrochloride. Mean-
while, degression of the fluorescence polarization (Pr) of Caco-2 cell membrane was observed after the Caco-2
cells treated with low-dose chlorpromazine hydrochloride, and Pr values were decreased with the increase of con-
centration of chlorpromazine hydrochloride and extension of treatment time (P <0.05). A significant negative

correlation was found between Pr value and duration at the same concentration group (P <0.05). Conclusion Low
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dose chlorpromazine hydrochloride increases lipid fluidity and changes the stability of Caco-2 cell membrane,

and even damages cell membrane integrity when the concentration is increased or treatment time prolonged, re-

sulting in the increase of cell membrane permeability. The changes of cell membrane may be one of mechanisms

for promoting the rectal absorption of drugs by chlorpromazine hydrochloride.
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R ATV (S =99. 56% ,#it*5:070801 , 7: 5 17 23 ik il
4B E] ), U A 45 Mk £ (diphenyltet razolium bromide,
MTT, Sigma 72\ &), %€ 3% # % DPH ( 1, 6-dipheny-1, 3, 5-
hexatriene, Fluka /8 &) ), % 5 #F 5 % G-250 ( Sigma 7\ #] ),
DMEM % 3% %&£ ( dulbecco’ s modified eagle’ smedium, Gibco 2
7)), G4 Mi (fetal bovine serum, Gibco 23] ) ,0. 25% R [
fiti-0. 02% EDTA 34 1k ¥ ( HyClone 73 &), A 38 45 7K (it 5
080912, P& K 2 il 25 A B2 &) - KW i 5 A K (Hit 5
081030301, PU)i| Je R AL R 25 A R A W) ) , Hanks ¥ . PBS ¥
PR e (pH7. 4) , — LA (DMSO, Sigma A #] ) , /K4
Milli-Q #B4fi7k & 45 (Millipore 23 5] ) 4k B, H A 328 57) 249 2 43 #
4fi, Caco-2 (the human colon carcinoma cell line, %5 TRLI-
TCHu8 ) 4Lk, W [ b ERL 2= Be i A
1.2 N5

F-3010 #1555 6L BE 11 (Hitachi 22 7] ) , DU 640 #4524
] L4656 AL ( Beckman 23 7] ) , Model 680 %fifi#R{Y ( Bio-Rad
NEL) L Z series 4HME3TE{Y ( Beckman 2y 5] ) , S3400N AU 454 iy
B2 (Hitachi 24 7] ) , HLHVE IR K I (AL B0 K XULERLERT) | Al-
legra X-12R 7 & 20 {IG 7 20 e 25 .00 1 ( Beckman /A #] ) , Olympus
8] & % 8% ( Olympus 23 7)) , Thermo Forma CO, 4 il 3% 3% 46

(Forma 2] o
1.3 F*%
1.3.1 4jksss Caco-2 4l B IR B 10 ~ 40 FR LI,
BN RN T8 FR 0, 55 35 WON A 10% i 4 1L 35 9 DMEM &5
BEREFRIE BT 37 °C 5% CO, M4 F 3. 5~7 d a8 &
B T SR B A e Rl A, M B BB AT,
1.3.2  ERERGEINEXT Caco-2 4R TE M I 5Z 0
1.3.2.1 ZOHeiE G250 YUl i meml  FRECE stk
G-250 100 mg ¥ T 50 ml 95% Z B, Hil A 100 ml 85% BEHR, il
FENKFRBEE 1 000 ml, Whatman 1 S840 U8, B AN %
AR, P
1.3.2.2 #HE X Caco-2 21 il g b 3 1E Caco-2 4
MK 2 BER A G, 7R IR IR, PBS W e 40 A 2 ¥k, R
fiffF % IR A5 T A4, 1 000 +/min B0 5 min, 7 _FIEW,
PEATANA L, A BSR4 MR W 2 1 x 10° ml ™' (9 40
MU . A0 S G 20 5 BH P X6 B, B4 AR Ak i 100 pul, S 36
LA ER R S W W (AR FEER K L], DMSO ¥R & <0.1% ) &
1.0 ml, ffi 283 B 24 70,112,140 280 420 .560 .1 120 .1 680
wmol/L, PR BRI A KR FEST FI/K 2 1.0 ml, 37 °C HEGI
% 2 hJ5,3 000 r/min B5.0> 10 min, /NI E F3EH 0.9 ml &
73— EP 4,3 000 r/min B0 5 min, W, R0
1.3.2.3  Bradford ¥ %€ b3 R W O6 (A X RN
R VS R A SRR N R 1Y LV VAR 400 ~ 800 nm i ]
AT, RS IR E N Xt Bradford 22 A9 2 3 1 595 nm
A W B TE S
B RE S LVEW 100 wl, i 900 wl 2% Tt s G-250 Yy
W IRGIRSIG 46 5 ~ 10 min NI FH 4840 0] L4 0O AT
595 nm A0 E KOG AR D(595) ], 3H5 -1 D(595) . 251
Xof R L S5 A AR A R S A AR R, A 900 pul 25 Eh 7
B G250 Y5 RTEMRE . 15 Caco-2 4R IRFESE -
AR IR TR B = SEER 2 - 25 D (595) /FH 1 X BR 20 °F- 4
D(595) x100%
1.3.2.4 JB&ZWEE #:1.3.2.2 FA S 1Y Caco2
YA PBS %6 3 ¥, 10 min/ ¥R ,2. 5% J% [ 5 ,0. 1 mol/L
PBS 77 2 I, 10 min/ K, 26 LTERABE LK AT BB e T 1)
BT S I T H ST S3400N ZEU T H IS
1.3.3  FhRS I X Caco-2 4 I I B4 (1) 52 i)
1.3.3.1 SHIEEEMSCE O Caco2 4HJEEEFN T 96 FLIE
Berp AR R 5 x 10* ml ™' AR LA 200 pl, B T 37 C |
5% CO, A ISR 48 h )5, /NGRS BFLIE IR . s34 st
UL ZS (AT R AL, S AL 100wl R[] 9k J3 26 1k S0 P9 R 1%
V& (Hanks VT & , DMSO ¥ < 0. 1% ) , i 2 He B 43531y 2. 8
14 28 70,140 280 ,560 wmol/L, z5 X} B 41 Jin A [R) (A FR 25 1
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Hanks ¥, 4 & 6 N F17fl. ¥EF 3 h J5, B A
5.0 mg/ml MTT ¥ 20 pl, 37 CHKLLHEE 4 h, /NOIRFE ISR,
BALIMA DMSO 150 pl, #%3% 10 min, { #5425 & 4 5550 5
FHBEARALAE B 490nm L BB CEEE [ D(490) ], T8
D(490) . ¥ F It diMiAE s R (1C) .

IC = SZIGFLFYY D(490) /5 R FLFE-3D(490) x 100%

L 90% 1) 21 A7 175 22 T b 1y 1) Ve JBE A Ay 200 Rt e 1 G
W8 1) SRR B2, BT B 1k S 4 DR AR AR T IR R A ik B
1.3.3.2 DPH(1,6-dipheny-1,3,5-hexatriene ) 5375 Y6 &1 1l
% HL2.32 mg DPH, N A 5 ml PUS MR IRS), 15k
24 2 mmol/L (¥R, B FAR G 4 CokAR B LR AR
Ilf FTIT, LA PBS ¥ (pH 7. 4) #i B % 1/1 000, fiff DPH #Ric i vk
FEHR 2 pmol/L, 38 J 445 5 ~ 10 min, f7H,
1.3.3.3  ZHfdRic LAEFE  Caco2 MK EEFRIA G,
FH Hanks ¥ #h 8 2 1K, YE25 4% 0T, 5200 4 i A 108 S0 0 R TR
(Hanks Y C &, DMSO ¥ & <0. 1% ) {55 S i 20 v 15 4300
28 .56 112 pmol/L, X R&ZH 25 T M R A %5 4 Hanks ¥, 43 1
A 15 .30.,60.120 min J5, 7 FIEE IR, LA PBS M PE4HfE 2 ~ 3
W, R F =R T E A4, 1 000 v/min .05 min, 3
W VRN TR, T PBS SR B N 2 x 10° ml T Y 41 A
B, BATHETE 2.0 ml, A 2.0 ml DPH #%ici& , 1RA1E T
37 CARBRYEIES ,30 min /5,3 000 r/min E5.0> 10 min, 35 5%
B DPH ARic i, A PBS W P4 2 ¥k, fJ5 A 4 ml PBS ¥
TR AN, LA H 57 F-3010 B9 5620 656 BE I 5 96 6 i
JE Ny =362 nm, Ny =432 nm, RSO G R EEE (Pr) .
1.3.3.4  SSumiREIHRAR

Pr= (Io,o - Gx 10,90) 7/ ( I, +Gx 10,90)

G= 190,0/190,90

Horfr Pr 258 mIRE 5 G SRR E R T 5 Pr {5 SN T 4t Jifd i
TSI AR L, Pr (E IR /R A MR S K, I TRER

To o T IR 25 -5 A0 4 AH P AT B A D OG0R BE 5 Tog o0 T AL IR

10 pm

10 pm

10 wm

2555 K0 2 A B2 BRI (R 98B0 BE s Lo o FE AR 2% 9 T L ),
Ao A s A 2T 5 18] B9 SGHR BE 5 T, o0 F15 S I 45 Sy K SF- 5 18], 46
A8 M I BT R B R SR
1.4 %itsa®

BAELL x + 5 F78, R H SPSS 11. 0 Gt iR 47 R 3 05 22
K7 A Pearson FUEAH ST o

2 HR

2.1 #HEAFHE Caco2 Rt 7 M0 7w

) e FEE (1466 1 SR R W 6 Caco-2 291 i S 5 M M 5 i) L 35
111, $hRSN VRV i 15 A0 B B IR 4 e S 9L S Al 26 ¢
F, B ER TR S R VA E 1) 1 I, 200 L B IR 3 R i L
140 pmol/L 2 R4 i, 244k B2 1120 wmol/ L. 2 A8 I F
IrFGR BN, 2 J5 W2 T 1 A3, AR S 3k MR 5N 198 ¥4k 2
Xf Caco-2 A MLIRB IR 1 43 4G K I R R B 8 T 1 Rk
ZARTR N RALFR Y Caco-2 21 52 BLIE 7 R BRAR L4552 %,
B2 A RS AT R 494 I 1R SR P R IR R 00 i R o B %
ST

®1 BREBBRIREST Caco-2 HMETEMEMIFM (n=10,x+s5)

RN (umol/L) D(595) AR FRRE (% )

70 0.049 0 +0.007 7° 6.78

112 0.083 0 £0.004 22 11.49

140 0.105 8 +0. 006 6° 14.65

280 0.234 0 £0.017 42 32.40

420 0.376 5 +0.009 1# 52.11

560 0.502 7 +0. 009 62 69.59

1120 0.563 6 £0.021 2# 78.02

1 680 0.575 3 +0.025 72 79.07

FHME X 2H 0.7224+0.015 8 100. 00

a: P<0.05, 5 Ak 2 p8 40 pb 4z

10 pm

20" m

A:Z G R4 ; B:140 wmol/L 485 C:280 pmol/L 285 D:1 120 pumol/L 48 ; E . P4 xJ 18 20 J3 4k 47 4 I ; F « FE b 5t B8 28 2 LAk 5L 7% K
Bl FREHBEIHRE Caco2 MMFETEMENTME (TEM)
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2.2 #HBAFEX Caco-2 40 HLEL 730 M 69 %R
2.2.1 Caco-2 4l 75 1t 5L 56 SRR AR AT B AEAR
F 140 pmol/L B 4 IR B MV, FARMIEE S5 3 h J5 diiffLfF
TR >90% , WL 2, BMOEBERmR AR P sk (28,
56,112 pmol/L) 47 40 MRS It sl 1tk 52

120

§90-£ 'E'E 1

1]
—
I

0 28 14 28 70 140 280 560

wmol /L
a: P<0.05, 58848 (0 pmol/L) rbdx
B2 HEBESAEREX Caco-2 HAMTEE RN

(n=6, x+s)

2.2.2  FHBRENEXS Caco2 MR SIVERI LR K URAE
AT S Caco-2 4 MIEEAE T2 G TR B Pr (B & 45 2%
W2, S5 X Al i, 3 &% 5 Caco2 4113 1E
15 min) , BEAR 2GR AR B Pr B GER BEAR, IF Bl 5 $h R &N
W e i Y b B AR FH I ) A SE &, Pr (B 5L BB M T [ 114 i 34
(P<0.05) MA/EHIME R A 112 pmol/L I, FH IR AN EE 5
Caco-2 4fiffa/EM 15 min A1) Pr {ELR 2 & FVE AT 60 min F1
120 min (¥ Pr i (P <0.05) ; 24Eh B 409 B 1 < 112 pmol/L,
B, TSI B R, Pr AR LB E 225 (P >0.05), [
— Ve P AR Pr (ERITEAR B HETUAHDE (28 wmol /L
40 r=-0.322, 56 umol/L 4 r= —0.319, 112 pmol/L 4 r =
-0.571) , RUBER 1 R R B 35 m Pr BB AL (P <0.05)

x2 HESWEARRRERATEERRER Caco-2 4R R
RHARIRE Pr ERIRAT(n =25, 3 +5)

R 15 min 30 min 60 min 120 min
28 umol/L 0.306 9 £0.154 9

0.2605+0.12533  0.286 3 +0.125 12
56 wmol/L 0.216 4 £0.078 42 0.2522+0.131 82 0.279 1 +0. 111 02

0.245 7 +0.078 22
0.219 5 +0.056 92
112 pmol/L 0.302 7 £0.096 33> 0.256 2 +0.085 0ab  0.193 1+0.120 7ab  0.185 3 +0.022 63b

G T84 Prii: (0.410 0 £0.092 9)
28364 ;b P <0.05, 5 B R 4048 A rbd

a:P<0.05,5% &1

3 i

Caco-2 #f MM A YT AL, | B, 7e 338 A 55
FeAEAF Tt Al A FL 2 R RR R L B e i o 2
Jn bR . Caco2 4IE7EIE S ERA ST I
2 240 A [) P 200 JO A 1 5 o 3 4, () 7 IE i
b Bz A R s RG0S i AR b B AR S 4%
PRI 2 , 40 PASO 20 /0 (0 5% [R1 Dl A 2 e g e JOK G

BRI W R T 5 IR K 4E2E K B, % AE Caco-2
AN A 2 TR, BRI, Caco-2 41 Mg A 7Y AT 7E 21
LA SRS T 2454 4338 3 B 18 28 R e i e At
i SHE R AR O T2 W T2 s s L
L L g mE g

Bradford A& 3 J2&— U 8 m] 5 (18 00 5 V5 T Hh 2R
FBT 7 it % B 52 i G250 7E—E W EE ) &
Pt KR VESCAT T, AT S RS &8 Ok (s S o,
AT 595 nm A KWOGEE , H LG W3 AR
A5 R R R AR AE HE e 21T Y i e
PEBE IR, R T 16 P 8 1 s B 2R s i, B0 DETE
LA e F P AE TR B  S  2 Jf EE
SRR AR O . BRI AT e AR Y W
(B, T 55 40 MR I 3 38 AT s W R 18R SR TN R R
Caco-2 2 i B 52 4& P (52 o ASHIF 5 % B 56 iR S0 M
Xof G 7 T TT R

AR S0 2 A R 8 v Wk R R R ST W (> 140
pmol/L) VEH] Caco-2 4l f5 , b3 ¥ & 1 o 7% 1 3
i, LA T RS S 40 M BN SF-E , H Be de al i ¢, 3X
Tt BF R R S PN R BB X A4 B B 5, e R S A
VB ) PR ATAE DG, Bt 245 0 v %) 348 I B ) 8 3 Ak 7K
FRA . AR S 56 45 S 38 10 /R 24 6 R G0 79 e vk 8 1
1 120 wmol/L B, 4 ffd JEE (%) e IR 2 B 328 3 #a T e K
($230 80% ) , AP B £ J S0 PR W8 A Ak B85 7 348 i 344
I, R ER R S N B X Caco-2 41 JE (1) B 4 FH R 52
4, I PR AT e k1R S A 18 ) 240 A P ) 9t i 1) 4
VEFIRRREA X Suwalsky 25"t WL F , 5 8 50 N 1%
FELT AL A i IE F S B S8 AR R SR A T
0.1 ~1 mmol/L ¥ FEE N B MM S . XFIEE
S AR AR AT B2 R Ry 3 R SN VR 43 5 2L 2 R 1Y)
JE A>T 2 AR, AR AR B #h el 2E 1 N S g
JSTJZ 2L, T 440 Jf 52 A OY 5k 1R S8 R B
[F# , Caco-2 HITEER IR SN WAL BRI, IE B N L S1 i
JoT )2 ] R R R SN W 43 AH ELAE F AR, SRR AN
— 3, K RIEEAA 25 B M L A B
W%, AR R AR 5 SR R S R R B A G

20 R S M Y 32 BB 9T T A 25 s A A
B T A BE LR R SR T X R AT Ak
DPH ZEGCHRER L Horh DPH 5G4 5 ik B 18 4E T
5 DR SRR A, TR R S5 P R I A 7
YRS B M 1 5% . Y P HRET T DPH 5 41 g
RN R & 45 &), 1B A BN AN BEAR i AR M ks X
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M T HS PR A S8 IE 0 3238 T P47 HES, P 24
JREEANTE ST, D CHRE o T HED 455, FH— 2 P K A
PRGS040 58 5 >4 AR e 10
KIS, D CHRET 737 W it 25 0 M5 40 1 19 0% sh A A
IR B (14 2 58y, T 38 K I T 2 S5 A 90 G D A1 3 88 2
59 SOGIRIRE Pr (EAE/IN, W A1 R 0 3h
KR Z AR Wisniewska 2% #F58 B R, 3hWR
SR AT 5 Z Rt Fn KRR AR 5 7R ( DMPC . DMPG |
SOPC) JEAH FAE H , 4 1) 2 545 67 L o B B A O ) &5
E , HETT RS NG B AR 5 i i 3 P . Maruoka 25 i 4
A PHES T A B HAR 5 T A e R U b R
H o i G PR W B3 2 P 1 R ) 45 SR R R R A
VAR T8 175 5 I B [ st 484 I, i R Lk 200 o S sl 1 5
BN, Fazad B 1A RO M . A S 56 thAE
AHER TR SN R AEAIR MR B2 ( < 112 pwmol/L) ift m] B i 384
i Caco-2 201 it 55 3t 3h 4, L B 7 FH R 18] A1) %iE < T 3
i, X AT BE S Eh R S R 1 SR KGR IR Rt 06, R
AN RN IR AR, BB R 5 15 X5 T
JEI AR I, B 1 A i A e 356 P SRT A Sk 35 7K
I3 505 F IZWERR A BLAE 5 2598 A 40 R A
Ha, BT AN R TR, Jork AR
FRLRSE, T LRE S RS/ N1 Bl PN A T 235 40 1 el A8 sl s i 5
R (A Ak, (R4S B 3 4 235 [R) RS 42 g I AL 4
T2 R — o R R AR T B K A i A 3 B
‘@[14,15-‘ .

ARSI SR -Pr 2k R, Pr th&k 7768
R A2 B, (70 3R R ST R vk FE K T 112 pumol/L
B, Pr 2 76 7 FH A 018 52 30— ] T 0 /8 0 5 24
RS R YR EE A ZE 112 pumol/L B, Pr {5 fH 28 B et
[ () 18 i 2 IR — 1) R R AR BRI T X — B
AR Z AR T ER TR E R AE IS L Caco-2 4l A
A REIE i BT VE F DASRHT AN R, — 2 R b
R A MRS 2y , 03 200 6 JE 37 st e ) I RS AE

PRI, A 5% 26 B, 6 88 500 1 B 35 B2 - Caco-2
AR IR E , S [F] R B X Caco-2 200 it (4 52 Ml P 255 R
[Fi), R 5 st 52 W 240 BB ) 37 s, o il R et 5 S
PSS FMEIR o T8 3 $E i ELRA S I e 200 A i s e o
RHA e v, TR BR A Y, AR SRR ) ¢ B
SR AR R SRR HE 245 ) B A WO B AL 22—, T
AR AR N R SR KGR IR I W S 1 45 F P R LA
A LAt
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