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Absorption of 3-acetyl-11-keto-B-boswellic acid in Caco-2 cells
and MDCK cell models
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Abstract: Objective To study the mechanisms of absorption and transport of 3-acetyl-11-keto-B-boswellic acid (AKBA) from
Boswellia carterif in Caco-2 cell, MDCK-MDR1, and MDCK-Wild cell models. Methods The Caco-2, MDCK-MDRI, and
MDCK-Wild cell monolayer models were used to study the bi-directional transport of AKBA in apical (AP)—basal (BL) or BL—AP;
The concentration of AKBA was measured by LC-MS/MS and apparent permeability coefficient (P,,,) was calculated. Results Py,
(AP—BL) and P,,, (BL—AP) values of AKBA (50 umol/L) in Caco-2 cell model were 7.9 x 107 and 1.5 x 1077 cm/s, respectively;
Py, (AP—BL) and P,,, (BL—AP) values of AKBA (50 pmol/L) in MDCK-MDRI1 cell model were 2.6 x 107 and 0.8 x 107 co/s,
respectively; Py, (AP—BL) and P,,, (BL—AP) of AKBA (50 umol/L) in MDCK-Wild cell model was 2.4 x 107 and 0.6 x 107 cm/s,
respectively; The rates of efflux (Rg) for AKBA in Caco-2 and MDCK-MDRI1 cell monolayers were both smaller than 2. Conclusion
AKBA is not the substrate of P-gp and its absorption rate is low. AKBA is absorbed through the intestinal epithelial cells by active
transport absorption and passive diffusion possibly.
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prgs, HAFA. 3. 2. BRI B-HL
FIRAFLE P A =R A, BAPE. bt
g« BrEAL A DO, FERFT L BRI R 1N
TP R, 3-LBEFH-11-HE-p- LA HR
(AKBA) HILAWAT ARG, 2o o 1) 2 37
P, A S8 A Caco-2 . MDCK-MDR1 Fl
MDCK-Wild 3 B4 fffsint, w5 AKBA 7E/Mak
WCRTEIEHLE], KA LC-MS/MS 43l 5 Hank 1
W (HBSS) H AKBA [FIHKEE
1
1.1 ZAm5i

AKBA Xf [ f (fit5 20100301), Jii i 5 %L
99.5%, AKBA i (it 20100921, /44
94.2%, WWARKEDAWIHIE: HEIRK (KFF,
fIt'5 110723-200612), JFTE4r48 99.5%, 1 HE 250
W2 e B BFFW 123, DPBS (NS4S AIEET
SEHTER IR WK, Sigma AW WERYE, W4l
b AL R R A A s e R R (S
TC2003200), JiHEHE 99.6%, FKidtrfizz 2pMhAT IR
AFAFE; DMSO, 43#ral, KEmgUEs Tk
FRAF; HEE. 5. B ClE, ko, RFER
BHERI AR /A R ; DMEM it %E, Hyclone
nils 0.5% Trypsin-EDTA. Jf4-1iE (FBS). 4
MR A7, Gibco Z2vw]; 4K, HBSS, SKi=
H il
1.2 {45

API4000Q—Trap T AH (A 13- o 1510 FH A3 BA 2%
Analyst (0B R4, £ [F Applied Biosystems 72
#); Shimadzu—10A HPLC-UV Z%i. Shimadzu—
12AHPLC-FLD %%, HA Shimadzu A F]; BH#E 4l
K& RS, bnih B RERH K EA R AT CO,
B 9546, Thermo Scientific A #]; ZHWY- LR 1§
TR Gy, ROV R A A F]; Milleell
ERS—2 % I iz i BHAX, Millipore 23 7 ; Transwell®12
FLERIR IR et . MR IRIL, B0 Bl
&, Corning Costar A ],
1.3 4HAm

Caco-2 4iififd, a1 B B 2Rl 22 B R ail e 22 4
Mg rhty; MDCK-MDR1 A1 MDCK-Wild 42, i H
K& LAY AT TR A .
2 FHiE
2.1 ‘HAEIES
2.1.1 Caco-2 41}8 4 Caco-2 4% T3 B 7

MR, PLEBE DMEM R: 7298 (45 10% FBS). £ 37
Ty 5% CO, MR 90%M s FRM N g%, 1
FEREBR R e, 4~5 d IBRIAG . H40E SR
80%~90%f, F& 0.25% EDTA [fIfERg w1k, i
R LR AN M35 5 48 2 X 10°/mL 38R T Trans-
well SRBKIREEIE 12 FLIRH . 7E4NH)Z Tl (AP,
FEFLIN 0.5 mL 4o B, &k (BL) &L 1.5
mL FrERTFRIE, B2 IR 1 ORI 1L Ik, LR
FERII 1K, JESRFR 21d, 531588
JE )2 . ASZES T Caco-2 il Ky 45~50 18,
2.1.2 MDCK #iffi ¥ MDCK-Wild A1 MDCK-
MDRI1 402 T IR, LAsb DMEM $%
e (5 10% FBS). 7637 C. 5% CO, FIAHNTE
FE 90% IR N s R, B FRIER RS R, 2~3 d
EFIEA . g0 R AR 80%~90%, &
0.25% EDTA [PWREG 4k, T 35 5 35 0 1 40
WA 2X10°/mL FHEERT Transwell ZEHERER IS
12 LA, 75 AP fUREFLIN 0.5 mL 408, BL
MAEFLIN 1.5 mL Bl REFRdt . BRI, LG
6~7 d, fEITEANMIA MR AL T H
MDCK-Wild 402 % 15~20 18, MDCK-MDR1 4 Jifd
h 25~28 18,
2.2 Caco-2 BEZ/MBaFEE B PREN E

BN TS 37 CHY HBSS 1, P 20
min. BERFEBR TG, 78 AP DU4FL N T4
f) HBSS 0.5 mL, BL &40 1.5 mL, 37 C-F4
20 min, [A]WUEL AR 240, ##5E HBSS, H
BT HBSS, WEp5 A fE (TEERD, H
I AN AR ES LRSS (1.

TEER = (5% H BRI — =5 (A 1H) X 2 R AR
23 HIEXW

Rl 10 wmol/L WNHEK E Caco-2MDCK-Wild.
MDCK-MDRI1 4iffi .2 AP—BL [¥iz (iF
Caco-2 4 L2 5 4D, 10 pmol/L %' FHHH 123
AP—BL il BL—~AP [{¥%12 [ 5 1F Caco-2 41l 2
P-HEEE T (P-gp) DJAE], 50 pmol/L AKBA H AP—
BL fl BL—~AP [{1%3412 . ALl k254 HBSS, Bt
R IR R IR 738, i 37 “C 1A HBSS, 37 C
47 20 min, #53E HBSS. il AP—BL #4i5: #
AP {0 0.5 mL TR 7245 HBSS, BL il 1.5 mL
HBSS; fiill BL—AP #%iz: /& AP fil 0.5 mL HBSS,
BL i 1.5 mL Fi# ¥ & 245 HBSS. Z JafE1H i 4k
iy 37 CHiFE 1.5 h, $3H 60 r/min; &L AP—
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BL %3z N HL BL U329, #0ill BL—AP %1z I X
AP MRS, W8 Fs it 2R . T
TWIBIEREL (Popp) FIIMER (Rp).

Pupp=(dQ/d1) / (4X Cy)

Rg=P,y, (BL—>AP)/ P,,,(AP—~BL)
Hr, do/de MR IS M 25 )% ic fe, A N iFIB )
R, Co NAMHIARIE (cm/s)
2.4 HPLC-UV 3£ E4%IE & e
2.4.1 @AM iR Diamonsil Cig i (250
mmX4.6 mm, 5pm), FWAIAHAHEE-K (% 1%4
fR) -=Zf% (30:70:02), FHE 40 C, AR
i 1.0 mL/min, WARA 2 pg/mL A0 F BEA W, A
WP 272 nm, HEFEE 20 uL.
2.4.2 KA BCBL S 100 pL,
HER NN I AR 10 puL FEE 150 pl, #jiE 45s, 4 C.
10 000 r/min &5 10 min.
243 JNiEEFESE GARAMK. Ty m 3 Rl E
W (025, 1. 5ng/mL) FIMMER bR Hanks ¥,
XPOTIE RS B R WERSE . [Pl g e MR T %
8, GG EYFE TR
2.5 HPLC-FLD ;AN ESIER+ 5 FHEA 123
251 WERM (iEHh Diamonsil Cig#E (250
mmX4.6 mm, 5 pm), AN 1% = LM 4
iE-/K (28 1 72), A 40 °C, AR R 1.0 mL/min,

T R Oy

WHRA 0.5 pg/mL %63 CH AW, BWORDEK
J3 485 nm, KUK 545 nm; SEFEE 20 L.
252 il B0 AP IR BL U4z
100 uL, MEFHINAPFR 20 uL. ZJE 150 pL, g
45s, 4 ‘C. 10000 r/min &0 10 min.

253 JREEEFESL RGBT 3 MiE
WRE (5. 100, 1 000 ng/mL) MI% FIHT 123 hrvfe
Hanks ¥, XFJ7VERERRE . VERRRE . [RDfcER R Aa
ENERATH S, AR E BT 2K

2.6 HPLC-MS/MS £ 445/ + AKBA

2.6.1 kS AEEAES Symmetry Cg A£ (100
mm X 4.7 mm, 5 pum), VA FEE-ZME-10
mmol/L HIRAZ /KA (43 44 1 13), F:k 40 C,
PRFL A 0.6 mL/min, WARA 4 pg/mL H 5 IKIR
CIHH, HEFERE 10 pLs

2.6.2 JHIEAAME ESIHMEZE B YR, FE A
BT HLE—4 500 Vi &R 500 Cy A
X 82.74 kPa; ZAb5 413.69 kPa; 5l B in#v< 275.97
kPa; LEHIE-80 Vi AFIHLE-10 Vi fiffiEH M
HLR—12 V5 Rlif#EfE—40 eV AATA ZAA Hibh
A BERESEIAEA . g R 1.

2.6.3 XSS AKBA X 85 uL 5
b 85 uL B2 5, 40 C AW, WER I 100
uL FiENAH R .

Max 45.0 cps Max 60.0 cps
469.5/425.5 511.4/59.2
I I‘ T II T
0 10 20 3.0 40 50 60 7.0 80 9.0 0 1.0 20 30 40 50 60 7.0 80 9.0
1 2
Max 1,5e5 cps B Max 275.0 cps |
469.5/425.5 511.4/59.2
r T T T T T T T T 1 I 1 1 1 L‘.‘I‘nJ ‘-‘i . 1 1 1 1
0 1.0 20 30 40 50 60 7.0 80 9.0 0 1.0 20 30 40 50 60 7.0 80 9.0
1 2
C Max 2.2e4 cps i

Max 9.5e4 cps
469.5/425.5

511.4/59.2

T T T T T T T T T 1
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t/ min
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E1
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Fig. 1 MS of blank HBSS (A), blank HBSS + IS + AKBA (B), and BL sample + IS (C)
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2.6.4 WHREWHIE ORI 2.5 mg HELIRIR
T 25 mL AEH, CNFe R 2, RIS 100 pg/mL
it W, T —20 CUKFRIRAE % FH o 2 WU it 4
W 4mL % 100 mL ZXE)EH, e w2z,
3 4 ug/mL WHREH, T 4 CUKFERAF & H .

2.6.5 ALKl B AP R BL U4 iE
100 pL, #ERAINA 100 uL AR 100 uL ZJEFI 2 mL
W 206, W JE 2 min, 2 000 r/min 5.0 10 min,
WECH LA 1.7 mL, 40 ‘C F&ESWT, H 100 pL
B TE 60 s E¥,4 “C .12 000 r/min &> 5 min,
HEFE 10 pL.

2.6.6 JikrEHER

(1) brAErhZR ;1 100 uL 25 11 HBSS i1
AANFEFREWREE N AKBA XL 100 L. 4
ug/mL 1A AR 100 uL, {ff HBSS 7 AKBA [ ik
FE43 50 5+ 10 50+ 200+ 500+ 2 000~ 5 000 ng/mL .
il “2.6.37 WU N JVEBRAE R AArI 5 N
PRIGT R L B AAR (YD, ik A kR (XD
AT AL PEIRDA, 19hrHEIZE Y=0.002 87X+
0.000 219, r=0.999 2. 255 KP] AKBA JiEikE
#£ 5~5 000 ng/mL P2 R K 4T

(2) [ESCRIRG: ] AKBA SRR 5510
10, 200. 1000 ng/mL [] HBSS, LI AKBA M\ HBSS
PR EU (R0 5 {85 A 8 PR 56 FE A R P DU
fEEE, THEECE, R4t EEe) >70%.

(3) FEMEIRY: BUEER A, E A A
B 12, 24h, 20 CHAFHE 20 d 5 TIE . A
UEETRI AR A 25 828 bR, 6 URIE 25 L 1) RSD<15%.

(4) TRV : ZAH R AL BRI i ()
— BRI 643, 10 pL HERE, JIE AKBA U]
R, 6 JCE 45 L) RSD 4 7.6%

(5) K% REREe: MERRC AL M 10 pL,
FABERE 6 Y, M5E AKBA WETRIF, 6 JllsE 45 3
1) RSD 4 6.2%.

2.7 FitFEAE

B LA x 5 FKow, AR LB ¢ B
3 &

3.1 Caco-2. MDCK-Wild. MDCK-MDRI1 ZHff152
I8!

3.1.1 TEERJI5Z Caco-2 40l %255 9% 21 d J5 40
Wi A se e, TR %, TEER 4 (450£15)
Q-cm’; MDCK-Wild 41l #2275 85 9% 4 d J& TEER
B35 3 55z KA (2404+12) Q-em®; MDCK-MDRI

YRR AE RS IE 4 d 5 TEER ik 2 Kl (230+
12) Q-cm®, 7d EIBLER, TERE % 02,
TEER {2} (2304+13) Qcm’. #W 3 AR
(B PE ) e R AE
3.1.2 WiHERLE Caco-2. MDCK-Wild. MDCK-
MDRI1 41 g5 iz WnfEEEILE 3 Ffam i s 2
(1) Popp H (AP—~BL) £, 3 Fhai s 280t R
U, 3 A Popp (HAHIT 3] MDCK 41 /iil 5 Caco-2 4
M R e . SRR 1.
3.2 Caco-2. MDCK-Wild. MDCK-MDRI1 Ziffl &
B P-gp THRERYIEIE

WPHH 123 10 umol/L, 7 Caco-2 Al MDCK-
MDRI1 4 i 52 XU $EI8 1] Py (HHH, 4l
P-gp ThAE R 47, HATESRIINERE ) 45 RIeK W
P-gp £ MDCK-MDR1 4 g ()& —Mil Kk, 45
WA 2,

R1 MR 3 FAEMBRETS AP-BL R P, fH (n=3)
Table 1 P,,, value (AP—BL) of caffeine in three cell

monolayers (n = 3)

a Py / (X 10 °cm-s™")
Caco-2 16.46+2.01
MDCK-MDRI1 18.65+1.94
MDCK-Wild 12.86+3.15

Fz2 TR 123 7£ 3 MR R P R EEEIEH) Py B (1=3)
Table2 P,,, value of Rhodamine 123 in three cell monolayers

by bi-directional transport (n = 3)

Pop/ (X107 cms™)

4 Ry
AP—BL BL—AP

Caco-2 0.3£0.06 1.5+0.08 4.55

MDCK-MDR1 0.1£0.05 1.9+0.21 19.96

MDCK-Wild 0.9+0.04 1.0£+0.10 1.08

3.3 AKBA 7£ Caco-2.MDCK-Wild. MDCK- MDR1
YRR [E14% 35

AKBA 50 umol/L 4524, 1t 3 Fha iz XL
W FEIE I Popp (AT Re ILFE 30 9 2.
4 itig

NRE: i Caco-2 4B &MY, A 5/ g 1
F A AR TE S FI D) BE, (E@E VSR 1, B59%
21 d AIE s A B, TERCE A B DL A R B
SERAL TN b 5 4 DR A0 ) AR I P
Jf1)Z . Caco-2 dliffIff A B 2k a2y, L Tk
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#3 AKBA 7£ 3 #EH W E AT Py, B (n=3)
Table 3 Py, value of AKBA in three cell monolayers
by bi-directional transport (n = 3)

Py / (X 10 cms™)

a
AP—BL BL—AP
Caco-2 41l 0.79+0.040  0.15+004  0.19
MDCK-MDRI 4iiffi  0.26+0.006" 0.08+£0.008 031
MDCK-Wild 41 fii 024+0.013"  0.06%£0.009 024

5 Caco-2 M LL#:: “P<0.01, FKEIH

P < 0.01 vs Caco-2 cells, same as below

1.00
O Caco-2
# MDCK-MDRI
0.75 4 B MDCK-Wild
g
Q
T 050
X
& 025
0

AP—BL BL—AP

2 AKBA ERAMH R EEEH Py, E (n=3)
Fig. 2 Py, value of AKBA in two cell monolayers
by bi-directional transport (n = 3)

2510 308 95 38 Y RS 2 101 R R T
MDCK 41l i 5 /& 1 5 Tk B R B b R 41 i % i 1
— PP R AR R AR, A PR e
PR, 11 NV 5 B4 BURR Y TEER {HEAK, 214 200~
300 Q-em’, 5 A IEH /M TEER AIHEE, % HT-0F
LI . MDCK-MDR1 402 A mdrl JEE]
e e MDCK 407 (1) &b ik P-gp 4011
R, BRI, 3~7 d gl LUE AL RUFIR e
Mz, RSN —ERLr, T TU P-gp /it
FZYIFEE SN, BTG EE BRI A Caco-2
A, 2575 MDCK 401 Caco-2 40 i
(11212 S BT RAF0IAH G, Rtk MDCK-MDR1 4
it T A g s R Rl S e A )

29 {E R (Bt T 2543 o 1
BE[RNBIEME VP, LA RE A1 i I A7 29 o0 HE
I, ATLAME OB A 2 M 25, A
S 25 (RS 2 AE AR Y. Yeel TR
Hl Caco-2 4 MR IEAE N AR ELAT AN [ W I 2
(¥ 35 B & HALEW), BERRIL Popp<1X 10" cm/s.
(1~10) X10°cm/ss >10X 10" cm/s I, 4 5iI4H

T HAE N DMHABEA E (0%~20%) H45I)
W (20%~70%) FIHL R EF (70%~100% )

FEARSEE T, 1 Caco-2 4HMIREAYNIFS AKBA
() Pypp (AP—BL) & 7.9X10 "cm/s, #W] AKBA
ENIHABOR R (10%~20%), X5 A S50l i
SNSRI AKBA (19 2E 4R BES HIAF 45
MITNZIN Re=2 B, RoRZAWNTREN P-gp
YD, 4 Re<<0.5 W, RINZAYITT e N miE T
NS R, & Bt £
MDCK-MDRI1 4y, W75 AKBA 4lishE%
/N2, R AKBA A2 P-gp IKY, AAFAE P-gp
AL ERLE, ] MDCK-Wild 41 g 511
SERLIOAE TIX— 5. Kk, FEIGIR FECA H 20,
AKBA 5 P-gp JIPEANEIFIZE 2510 I AN 2L
P-gp AMHERIRE A H A0 .

FEBUE L AN MRS R S RV i, ok R (R % ds
i K] MDCK 41 ety Caco-2 i} 5L J2 s 1 4%
I, TEAHESATE N2, 298 R b ahr
BB, TS R S 0 2 RS B4 ) Py (BN 1202
AL« 11T AKBA 7E Caco-2 40 A2 v 45 ) Popp
{H%) 3 MDCK-MDR1 4 fuf A4 1) 3 £%, PR ke
AKBA [l 4 shy #iE ik Caco-2 4 Ui Hd 4h, ik
AJ BEAFAE HA ISP L] . AKBA 7E Caco-2 4 i 77
HE R A 0.19 (<0.5), WIS 181 K] Py (21 51
HEJT 1] Pop {HI1 5 A5, $E7R7E Caco-2 4l IR A A
75 RN 1 R A 5 1) 32 B L

Constanze 255z T A 36 FhEiz4A7E Caco-2
A ¥ mRNA Rk, KIAE Caco-2 447
TEA N E 7 s kAU B T4 ia & (OATP)
FWRNZEE, Hrp OATP-B [IEEREMN KL .. i
A IRFE 21 IR AL AE A NI B T B s ML
#il, H AKBA M4l AFAERIE,  AKBA 1F
Caco-2 4l e+ ] BEA71E tH OATP KA 31 8
BHLH, R TR — DS R .
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