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Intestinal absorption characteristic of tanshinone components SEDDS using
one-way intestinal perfusion in situ

KE Xiu-mei®, LIU Pin-jian’, YU Wen-min®, ZHANG Chuan-hui’, QIAN Jun”, YANG Rong-ping', YIN Chang-chang”
1. Southwest University, Chongqing 400065, China

2. Basic Medical College of Jiujiang University, Key Laboratory of translational medicine, Jiujiang 332000, China

3. Key Laboratory of Chongqing TCM resources, Chongqing academy of Chinese Traditional Medical, Chongqing 400065, China

Abstract: Objective To explore the intestinal absorption characteristics of tanshinone components self emulsifying drug delivery
system (SEDDS). Methods [n situ single-pass perfusion method was used to investigate the absorption characteristics of
cryptonshinone, tanshinone I, and tanshinone IIA in rats. The absorption parameters (K, P,y,,) of cryptotanshinone, tanshinone I, and
tanshinone II, were used as indicators to study their optimum absorption site among duodenum, jejunum, ileum, and colon. The effects
of verapamil hydrochloride (P-glycoprotein inhibitor, P-gp inhibitor), probenecid (multi-drug resistant protein MRP2), and 2,
4-dinitrophenol (energy inhibitor) on the absorption of cryptonshinone, tanshinone I, and tanshinone I, were also studied, as well as
the effects of their different concentration. Results Cryptonshinone, tanshinone I, and tanshinone I, could be absorbed at all four
intestinal segments, and the optimum absorption site was the upper segment of small intestine. The absorption of cryptotanshinone and
tanshinone I were concentration-dependent at experimental concentration levels (1.05—4.19 mg/L and 1.22—5.56 mg/L), while
tanshinone II, was not affected obviously by its concentrations (2.43—11.12 mg/L). Verapamil hydrochloride had no significant

influence on the absorption of cryptotanshinone or tanshinone I, while the absorption of tanshinone II, was improved remarkably.
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Probenecid increased the absorption of cryptonshinone and tanshinone I apparently, while had no obvious effect on that of tanshinone I1,.

2,4-Dinitrophenol could decrease the absorption of cryptonshinone, tanshinone I, and tanshinone II, apparently. Conclusion

Cryptonshinone and tanshinone I are supposed to be the substrate of MRP2 instead of P-gp. Tanshinone II, is supposed to be the

substrate of P-gp, instead of MRP2. The energy participated in the absorption of cryptonshinone, tanshinone I, and tanshinone II,.

Active absorption maybe also involved in the absorption of cryptonshinone, tanshinone I, and tanshinone II,.

Key words: tanshinone; multicomponent; self emulsifying drug delivery system; single-pass intestinal perfusion; intestinal absorption;

cryptonshinone; tanshinone I; tanshinone I,
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Fig. 1 HPLC of blank intestinal perfusion fluid (A), mixed
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*1 BRASI. 51350 10, £ 8FEREF
mfeE M
Table 1 Stability of cryptotanshinone, tanshinone I, and

tanshinone II, in blank intestinal perfusion fluid

I i/ plmgml )
SR FHSH 1 FFS1 11,

0 0.486 0.402 0.628
1 0.486 0.409 0.631
2 0.473 0.391 0.617
4 0.469 0.395 0.606
8 0.461 0.381 0.598
12 0.453 0.387 0.596
18 0.448 0.389 0.587
24 0.465 0.377 0.579
RSD/% 2.976 2.690 3.110

*2 BEMEEMRASE. S50 15 10, B9
Table 2 Physical adsorption of cryptotanshinone, tanshinone I, and tanshinone II, by intestinal wall and pipeline
4 0/min I R R o S 6 8 5980 5 I P /(mgrmL ™) TR A S0 % A 9P RLIR P /(mgrmL )
B 21 FHZ 1 FHEH 11, Kt 20 FHZ 1 VREL TR
0 0.481 0.394 0.624 0.481 0.394 0.624
30 0.476 0.389 0.619 0.476 0.389 0.619
60 0.479 0.382 0.611 0.479 0.382 0.611
90 0.466 0.373 0.608 0.466 0.373 0.608
120 0.462 0.376 0.602 0.462 0.376 0.602
RSD/% 1.766 0.228 1.429 1.766 0.228 1.429
%3 RASE. A5 1SS L, £ RRBBRBRKIER (X +s,n=06)
Table 3 Absorption of cryptotanshinone, tanshinone I, and tanshinone I1, in different intestinal segments ( X *s, n = 6)
. Kt 21 P 1 FHEE 11,
i KJ(X1072hTY)  Pp/(X107ems ™) KJ(X1072h™")  Py/(X107emes ™) KAX102h™) P /(X107 emes™)
+ =48 11.20%1.53 12.36+1.44 9.59+1.44 9.43+1.04 5.9840.90 5.64+1.47
Eali7] 7.66+£0.66°  7.58+0.49" 6.8610.69 7.7040.57 4.0840.74 475+1.04
[mlfiz 5.74+£0.80"  6.10+0.68" 4.104£0.97"* 451%£1.17" 3.41+0.52" 3.60+£0.67
4l 9.41+135*  8.86+0.88 6.681+1.18 6.96+1.40™ 4.68+0.30* 4.6610.35

Yt 35t "P<0.05

*P<0.05 “P<0.01vs duodenum; *P < 0.05 vs jejunum; 4P < 0.05 vs ileum

Tp<0.01; 5%E: *P<0.05; SMmkkis: 4P<0.05
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P R 5 o R BT I R G R
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Table 4 Absorption of cryptotanshinone, tanshinone I, and tanshinone II, in different concentration (X xs, n = 6)

K2 FF5H 1 P 1,
plmgL™) KJX102h") P /(X107 ems™) plmgL™) KJ(X102h") P /(X107 ems™) plmgL™) KJ(X102h™") P /(X107 ems™)
419 1329%1.11 14374253 556 10.82+338 12.88+1.37 1112 7.2940.93 6.71+1.14
211 1120£1.53 12.3612.44 240 9.59+1.44 9.4442.04 476  6.58+0.90 5.94+147
1.05 6.55+£077" 6.66+0.88"4 1.22 6.0840.73 5.9340.74" 243 7.60+1.22 8.29+1.63

SRR e TP<0.01; S REWRE . *P<0.05

P < 0.01vs high concentration group; P < 0.05 vs middle concentration group
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R R (P<<0.01), HE/R SRR 4k b7 brK al {1t
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Bl S B FIPHZ0 1 AT REAAE P-gp JIKH) -
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0.01). FHIFMCIKEELL (P<<0.05) > A4l 7)
s PRSI S sk s

(P<<0.01). #HIFIFHKELL (P<0.05). FHIFIIE
WA (P<<0.05) > A AWilHIAL . RO
0 mmoL/L ¥4 1% 0.08 mmoL/L, B&J}Z=WHiF)}
ST HI s 28 . 20 MRP2 X} 2 Sy
B REAT AMER, BEP S IAPEZ 0 13
H[RESE MRP2 ()Y TAREET X FHS M 11, (17
WO R B2 5, RIPFSE 11, ATREA & MRP2
IR o

3.3.5 ARG 2,4- AHIEAIYG 29I 1) 5
Wi BRI I RE AN 2,4- R AERmCI0t
VP2 FESE 1 RS Wy 3 S o 15 R B
W, S5 WA 7. BRSSP
5T : AN A0 > F0HR SR AL (Ko Papp
fE, P<<0.01) FHRHIFI ARIKEEAL (Pyy fH, P<
0.05); FFZH 1 BB RS T A 35
Y > FEIFMRIRE AL (Kys P fH, P<0.05);
B Wae HIFMEARELL . AN F0HIFILH > sk 7]
iy EIREAL (Ko Payp 16, P<0.01). 55

R5 P-gp IIHIFIRBRAEN AR S SR S 1 FFHSE 1L, BRIEEIFIE (X £5,n=6)

Table 5 Effects of P-gp inhibitor verapamil hydrochloride on intestinal absorption of cryptotanshinone, tanshinone I, and

tanshinone I, (X s, n = 6)

A Eb B2 P 1 FHZ 11,

(mmol'L™") Kk /(x102hY) Pup/(X107ems™) K /(X107h7)  Pp/(X107ems™) K /(X107>h™") Pop/(X107cms™")
0 2461021 2.8540.30 2384021 2.7440.30 0.7340.09 0.77£0.07
0.05 2424049 2504051 2474081 2.8240.93 0.93+0.22 1.06+£0.29
0.10 2424070  2.5940.62 2274046  2.40%0.63 272404177 3.00+0.487*°
0.50 341+£0.89  430%=1.47 3.40+0.33 3.82+0.40 4154070 43840.63"*°

150 mmol L™ SRERUERINIKELE: “P<0.01; 5 0.05 mmol L™ EEMRAERINIKLLE: **P<0.01
P <0.01vs 0 mmo I-L™" verapamil hydrochloride group; **P < 0.01 vs 0.05 mmol-L™" verapamil hydrochloride group
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F*z 6 MRP2 MFIFIAEEF 2 S, 50 1 Fa-S5E 1, BRIEHIER (X s, n=06)

Table 6 Effects of MRP2 inhibitor probenecid on intestinal absorption of cryptotanshinone, tanshinone I, and tanshinone 11,

(X *s,n=06)
T/ a2 P& 1 FHEW 11,
(mmoL'L™")  K/X10%h™")  Pp/(X10%ems™)  K/X102h") P /(X107 ems™)  K/(X102h") Py /(X107 ems ™)

0 2.00+0.10 2.54+0.15 1.89+0.17 1.96+0.25 5.1140.79 5.01+1.10
0.02 3.72£0.92° 4.19%1.10 3.534£0.52" 3.93+0.54" 5.7340.94 5.74+0.72
0.04 4.414+0.49" 4.2540.73 3.824£0.45" 3.76£0.64" 6.10%0.76 6.05+0.51
0.08 5.59+0.75" 5.57+0.67" 5.38+0.86" 5.71+£0.617 6.99+0.84 7.04£0.73

15 0 mmol-L ' NAf#FLLES: "P<0.05 TP<0.01

*P<0.05 “P<0.01vs 0 mmol-L ' probenecid group

R7T BEEIHT 2,4-ZHEXMMSASE. S 1 FFSE 1, BREIEIE (X £s,n=06)

Table 7 Effects of energy inhibitor 2,4-dinitrophenol on intestinal absorption of cryptotanshinone, tanshinone I, and

tanshinone I, (X s, n = 6)

24- THE R R a2 P21 1 FHEW 10,
By(mmoL L)  K/(X10%h") P /(X107 ems)  K/AX107h) P /(X107 ems™)  KAX102hT) P /(X107 ems™)
0 3.08+0.32 3314043 2.0340.29 2.4140.52 6.09+0.69 6.141+0.76
1 1.9740.19 2.06+0.06" 1.6340.12 1.7740.62 4514029 4554034
2 1.86+0.16 1.8940.14 1.26+0.18 1.3040.03 1574023744 1.734£02674*
5 1.50+0.17"  1.66%0.15" 0.720.09"* 0.71£0.01"  1.66=035"4*  1.684+044"4*

550 mmol- L™ 2,4-“HPEHIL K : "P<0.05
"P<0.05 "P<0.01vs0mmol-L™" 2,4-dinitrophenol group; P < 0.05

“P<0.01; 5 1 mmol'L ™" 24-—HYFIEMILE: 4P<<0.05

2.4- TR MR EE B 0 mmoL/L ¥ F| S

mmoL/L, FEFFZM. FFZE 1 FIFHZ 0 1, 0
W AR . RIABSPF 2 FHZ I 1 A2 11,
(1) WO R S5 e A FH

4 g

AHFSCRHT FDA RO K A A B i) o
TSI TN TC-SEDDS 1 AR AR B LA
VRN SEI 25 BT IE, B A AU I A pl
28 HeEL S I W)/ N B R R H R v
AT iR SR RE.

TC-SEDDSSEDDS ', BaftZ:fil. FHZ:i 1 #
PSR U A2 B AW, Foh /N BB s
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