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Comparison on pharmacokinetics and tissue distribution of tanshinone I1, lipid
microsphere and sodium tanshinone 11, silate injection
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Abstract: Objective To compare the pharmacokinetics in rats and tissue distribution in mice of tanshinone II, (TNS) lipid
microsphere and sodium tanshinone II, silate (STS) injection after iv injection. Methods A sensitive and specific RP-HPLC method
was established to determine the concentration of TSN and STS in rat plasma and mice tissue. The TSN and STS levels in plasma of
rats and tissues of mice were compared after iv single dose administration of TSN lipid microsphere (5.40 mg/kg) and STS injection
(7.27 mg/kg), and the results were fitted by pharmacokinetic and statistic analyses. Results The bioavailability (AUC,._.) and peak
concentration (Cy,,,) values of TSN were 2.14 and 2.22 folds as those of STS, the clearance (CL), apparent volume of distribution (V),
and mean repair time (MRT) values of TSN were lower (P < 0.01), and other pharmacokinetic parameters had no significant deviation.
The results on the tissue distribution of TSN and STS in mice showed that the contents of TSN in heart, liver, spleen, lung, and kidney
tissues were 1.94, 0.11, 0.98, 1.65, and 0.28 folds as those of STS with the same molar dose, and the content of TSN in brain tissue
increased more significantly than that of STS which has not been detected. Conclusion The pharmacokinetics and tissue distribution of
TSN and STS at the same molar dose have significant differences, the AUC and C,,,x values of TSN are higher, and the concentration of
TSN could be increased in heart, brain, and lung tissues significantly, compared with those of STS.
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CUIRAER AR, HLPR LA M 2 X DL 42 DA
TE 244 e S IR, H AR B FHZ R 1A
40 (sodium tanshinone I14 silate, STS) 4.
ISR TSN AL 315 21 STS, 7KK
S, AEVAYT O L 7 T AR RO (H A
7 LA o) @ SO I PR Y FH 52 BB (1D 8 T
TSN 45, 9BAERA e (20 PO
Tk e, (3) W TR KR, 15
I ) il A7 T R b 25 42 ) TSN B PR TTE 77 A 5
(4) 25 i BRI . BB AN [ R,
IR ER A2 — Tl LA 7 oh Ay s Jo - 1l e Mo, 3 (1)
TWORLAR R, VE NIRRT —Fhdidk, LR
FREWEAL PR = 2SR BEFAS Bk DA R
S AR O ARSI LU TS T TSN IS OskoAl
STS HEFHRAE K B N I 25302747 4 B AT/ SRR N
LA IN 255, Ol TSN RIER (13— D9 K&
PR AL 2T S AR o

1

1.1 ZA@m5ils

TSN JESAER, AHl; STSyEHhR, bilgs—/4E&
2l A R 7], BF 5 mg/mL, #it5 120205; TSN
JERLZS, R E=98%, PHu R ERAH,
fit*5 DST-110105; TSN Xt N, FE 2> 20=99%,
op [ 25 5 AR E BT, kS 110766-200518;
STS XFH i, JREDE=99%, EZG A
K, S 111605-200301; y35HH K, £
WA 25 A R A, #ikS y11030103-2-01;5 ¥
SRR EER D R H e (b5 940031). BRI UPfkE
I (Lipoid E80). 4 HI LA (Lipoid sodium
oleate B, flt'5 204352-1), g4 A MRHAT IR
AN SR ILALEE-80, i HI R 2L T AR
AF], fi5 110405M; S H M, Tl s A2y
WAHRZAH, fb5 201006015 HEVLH F68, BRiF
eSS 2k T+
1.2 )

SD KEl, MEMERY:, fAFiE 180~200 g, Wl
e SIE A AT, AP IES A SCXK
(D 2009-0004. 75 Km /N, MERESE, 44
JIfE 18~22 g, VLPYH B EBE s sy by,
VFAIES 2 SCXK (#5) 2011-0001 .

1.3 48

Agilent 1200 =y Z0RAH (A REAL, LA B AR

N5 FOEA R E O, #5E Sigma 2 F] s BT—2000

AT b)) \Urt LB A R AR, XW—
8OA TR AL, W P AT Es ) .
2 FHiE
2.1 TSN BEMEkAIHI &

¥ 12 g SEEE UM N2 200 g WRAAH CKG
- EEIR R E IR, 10 1), 70 CHFEE AT
fiftJ5 I TSN 400 mg, FEFEIA), VEAMAH. FiE
SHH M 22.5 g+ SRILALEE 80 0.2 g+ THTREN 0.3 .
THIBP I 6.0 g 0 HLT 700 mL SR, 70 C
RAYIS), VAR . TEIE RN iAH In A\ 2 7K AH
H, 13 000 r/min =K B ) 10 min, HISHIFL. PIFL
FESHHKERZE 1 000 mL, ££5 B FHLF 70
MPa {3 8 IR, 43— FLM, #ERTERil, 7
RIEE, 100 °C [k K # 45 min, BI#5 TSN 18k,
E | TSN JRTERE P20k 42 % 197 nm. Zeta HLAT
H-36.5mV. #HZ5E 0.4 mg/mL. fLEE 95%,
22 ®IEEH

038R KRR Hypersil ODS2 A2 (250 mm X
4.6 mm, 5 um), A 30 C, AR E 1.0 mL/min,
HEFERE 20 pLo KRR AFE Sl e RS AH: TSN,
HEE-7K (82 1 18); STS, HEE-ZJi5-0.05% = L Ji%
(37 121 61), KM 270 nm; /N EALZFEM A
B RAaAH: TSN, HEE-K O FF. il R
85 : 15; /0. B llSE 82 1 18); STS, HIE-Z.J15-0.05%
=M (3912159, KK 271 nm.
23 WEREARHE

K52 BRI TSN XJ 4 4.48 mg, N4 10 mL )
FEE I, INTG/K S0 R 22 P AE ik 248
K35 PRI STS X 5 8.30 mg, HIZE 10 mL kRS
S, N 50% PR E AR RN E, AE AR
24 EXRBREAAZZERR
241 A BAEFERRE KRN SRR
w2 41, Bl 6 M, ST 12h L,
H KK 23 31 iv TSN IRSER 5.40 mg/kg AT STS
W 7.27 mg/kg (BYAHST 18.35 umol/kg, STS
I FH T LA 0.9% SN S W B 22 0.50 mg/mL),
T2 24 54 104 15, 204 30, 45, 60, 90.
120 min IRMEELMZ) 0.5 mL, & TIREFEMHNE
L&, 4000 r/min 20 10 min, B G, —80 C
it &H
242 MRAEAARBE SIS 53 DR 35 & 4K
LA 255 M & 200 uL, & T2 mL B L4
1, AN 1 mL &M CGULiERD, SRS 3 min,



%%

Chinese Traditional and Herbal Drugs %% 44 3% 35 153 201348 A

© 2107 -

F 4 000 r/min 45 T 20 10 min. K5 E i
W1 mL, 40 C/K&EHPAEART, TSN H 200 pL
LGRS, STS H 50% HfE 200 uL & ¥, T 16 000
r/min 5% 250 15 min, HCEIEH 20 pL, $%“2.27
TR il 2 A I E

243 HEAE R DAS 2.0 2488445 2 -
WA AT AC B, SRS ARV S 28 55,
KM SPSS 11.5 BAEX H AT Ge vk 7 b, £t LA

X +£8 KRNo
244 kSR

(1D TREMERE: BOKRFAKE, Sk
AN TSN. STS X, TSN JEHERFI STS
SIS 255 M2RFE S, ERE AT, Bk L 1.
A WL TSN F1 STS H il )it s 2 Rif, A
THAF A I 52 o
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1 TSN#&MAZAME (A). ZHME+TSN HBSR (B). TSN BERIKAH R MEHSR (C). STS NAZAME (D).
TAME+STS B (). STS EHKLARMRHER (F) B HPLC Eif
Fig. 1 HPLC chromatograms of blank plasma for TSN detection (A), blank plasma + TSN reference substance (B),

plasma sample after TSN lipid microsphere treatment (C), blank plasma for STS detection (D), blank

plasma + STS reference substance (E), and plasma sample after STS injection treatment (F)

200 pL, AOA TSN X RS, A 2E h i) TSN
SRR E 54 0.179. 0.358. 0.717. 1.79. 4.48.
9.96. 22.4 pg/mL, 4% “2.4.27 Wi RJ7ikkbaE, LA
TSN [P 259 B2 A REARRR (XD, U HTRA AR bR
(), 23775k Y=68.801 X—17.021,r*=0.999 6,
LR PEEH] 0.179~22.4 pg/mL. K& 5 Rk 73
SEtE PR (SAN=10) 24 0.179 pg/mL, FFR K 0.06
ng/mL (S/N=3) . B (il 3 22T 200 pL,
TN STS S B S, A 28 STS i &34 & 43931
5 0.125. 0.747. 1.25. 2.49. 9.96. 16.6. 41.5 pg/mL,
F5 “2.4.27 TR LA, DL STS Ml 253 & g i
Ak OO, WEIBCAHAEE (YD), fHEHFER Y=
62.058 X—18.459, r’=0.998 9, ZkIkyuH 0.125~
22.4 pg/mL. [A7ENE STS ME= FIRA 0.125
pg/mL, FrIFRA 0.05 pg/mL.

(3) [P EG . 2SI L] 0.179 4.48.
22.4 pg/mL 1] TSN X [ SR 0.125. 2.49. 41.5

pg/mL [¥) STS X MRS 5 0, % “2.4.27 TUH
TIEERAE o IR 2 MU P VTR 5 AH B 6
S TR A3 (W T AR AT LR, A4
XIS s BT 2 AN AR AR AT )
HFEVPEAIN 2 ik, SERE I, T
J7iE R 45 5 TSN ik FE 730l 4 0.179+4.48.
22.4 pg/mL I, Z0F IR 5300 71.2% 75.0%-
80.5%, JTIEIFIE K 91.8%~104%; STS ik
FESY 54 0.125. 2.49. 41.5 pg/mL Itf, Zaxf A%
K 84.5% . 86.1% 85.7%, J7 ik IElUE N
91.1%~115%.

(4) KB PR 4% “ AR5 o TSN Al
STS ik ), A% 1 h s 1, e S W, i
SH AR SRS B 1 d e 1R, JELENE 3 d,
T HRSS . 459 TSN HANL HIaR &
RSD ¥J/NT 7.50%, STS i) RSD /M T 8.80%.

(5) R RS : BOHIERA Y 1.79 pg/mL
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TSN 1 2.49 pg/mL STS IMLIEFE S, BEESI ;s 78
HFERA-80 CREHM 3 XEME, FraFE
(0 B 5 RS S (AT L. 45K 2 MGG
IR ot o R B 32 7 RIS e (B 1) 90% ~103%
W, RIFIMLEFE M TE FIR A NRAE
25 HENRARNBARLSHHAR
251 SAEAEFERCRE K 60 SN R
ST 2 A, 2T S 45 2 R K
o 29 T425)5 5. 15, 30, 60, 120 min %-HL 6
SUNR, WBsisb s, Bl e . B il
B MR, HAE AR KIS, RN T, RSEAR
i, —80 CARAERHI .
252 ALFEMIIAESME  W4LLUn 2 f5 =1
AFRER KL BN 4 fEE AR R K. HAKHR Y
I3 FEEMAERIER K, AR A5

U ZA AT 200 pl, 2051 E T 2 mL [0 B0 8 H,
TSN 21NN 1 mL [ ZIEEDER], STS 53K
WA 1 mL ) EEAEDCUE R, LR HEAER “2.4.27
TR I DLEE S -
2,53 HORALFE TSN F1 STS 76/ &L )
AUC)- Kl DAS 2.0 &45 11115, SPSS 11.5 #%
PEXS B IAT G b, AR X £5 R0,
254 JiiktEER

(1) BRI BN R A ALSE
25 (2L SURE SR TOIN TSN 5%, STS X #e i, TSN Jig

TRERFN STS J3: S 43 A 45 2 ) - AL 23R b, 342,27
TSI 52 o 45 SR A 2SR i A 1 A R 4 5

AT TSN F1STS FdllE o /N UKL 2iH TSN A1
STS 5 0 1% & WL P 26

(2) RMERAFE: BUNRO B L il

JLM LJ\

D
2
T T ] T ]
0 5 10 5 10
t/ min
1-TSN  2-STS

E 2 TSN #&NAZHEKALHERBR (A
LA LRHEFRIRT (O).

ZFEMALLHRIAR TSN S (B). TSN EMIkAHRE
STS #M AT AMELHERAR (D). TEMNALHERARTSTS XMEBHE (E).

STS ESRA AR INBLARRBIR (F) B HPLC [
Fig. 2 HPLC chromatograms of blank brain tissue solution for TSN detection (A), blank brain tissue solution + TSN

reference substance (B), brain tissue solution after TSN lipid microsphere treatment (C), blank brain tissue

solution for STS detection (D), blank brain tissue solution + STS reference substance (E), and brain tissue

solution after STS injection treatment (F)

B MRALZ, 4% “2.5.27 WU JridgAE. e 4l
Z15) 0 NS, STS [WHHT7FENAR 1. 455K
TEIFAIZ A2, TSN E 0.179~4.48 pg/mL Zi1%
RFR R fr0 MR Ml B 25K N, TSN
7 0.179~1.79 pg/mL LK R RUFo 70 I il
L2503, STS #F 0.125~2.49 pg/mL iP5 &

RAf: e BN %S, STS 18 0.125~41.5
ng/mL R PG R RUF. TSN LI 2 & FHRA
0.179 pg/mL, FMIFR A 0.06 ug/mL; STS 7E4-2HZ1
() 5E & NP 0.125 pg/mL; KR A 0.05 pg/mL.

(3) AR 5 % 5 4% & TSN K
0.179. 0.719. 1.79 pg/mL /N R L B
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F1 MENRBARED TSN 5 STS MEIJAFHT2
Table 1 Standard curve equations of TSN

and STS in tissues of mice

% AN A r

TSN T Y=80.179 X+1.9808  0.9965
JiF Y=70386 X+4.8939 0999 4
i Y=95.821 X—44680 0999 1
Jii Y=98.743 X—4.0153 09994
&1 Y=78776 X+1.8723  0.9933
Jii Y=10499X—6.6142 09977

STS T Y=40109 X+1.0376 0998 1
I Y=50.148 X+2.1643 09999
i Y=49985X—0.0916 09977
Jit Y=50.086 X+1.2633  0.996 9
(&1 Y=51.021 X—5.9798  0.9995
Jii Y=48858 X+0.1332 09988

ML ZAS) AL S, 7 TSN 235124 0.179+ 1.79.
4.48 pg/mL [P LS AT i, BN BT
5 Ao £ STS 2093k 125.2.49.41.5 pg/mL
(/B AR R, % STS 4371124 0.125.
0.747. 2.49 pg/mL [P0, JB. by B BZH 2R S
W, TATEIRES S e $% “2.5.27 TR JTik
PR o Zn RIS L ARDO DR 44 4 2.4.47 TR (3) 7
T, KRS “2.4.47 Wit “4)” Tk
4508 TSN HI STS £E/N R A2 i Zant [l 73
A 70.9%~103%-+ 70.5%~96.0%; xR ZE)>
MK 86.3%~106%- 90.5%~104%. TSN Fl STS
TERALRH A HERE %5 BE¥ RSD #9<<9.00%

(4) FaEtE#%%e: fiHl TSN 1.79 pg/mL. STS
2.49 pg/mL HISAHZNE W, BINIE s K Bk
FEVETRCE TSI %-80 C AL 3 EIE,
JITAE R S 0 R s (AT L. 45 2
AN B 5 LR ity m 08 0 S A R R 0 P
93%~102.5%M, FKIFALHETAE LR N
3 %R
31 ERREAAHFEHAR

TSN JETERAE R TR FIERIRI I CAUC,-.)
IRV EE (Crax) 70012 STS VST 2.14, 2.22
% (P<0.05), JHBRHE (CL). EMOMARM (VD
A R (MRT) B 58T STS 4K (P<
0.05. 0.001), HAhZyz)* 24k 2 AlIA)35 6 0 & %

o M2 Bk B - Te) i 2k WK 3. 25802 B4
WL 2.

100

—_
(=}

—

i 259 L (0K L)

t/ min

3 KE iv TSN BBk, STS iE5HAE A Mz 5
BURE-BTEIMZ (x+s,n=6)
Fig. 3 Mean plasma semilogarithmic molar concentration-
time curves of TSN and STS after iv injection

inrats (x+s,n=6)

%2 TSN FISTS EAXRAFAMEZAHNFSH
(x+s,n=6)
Table 2 Main pharmacokinetic parameters
of TSN and STS (x+s,n=6)

4 ek A TSN STS

*

AUCoy nmolminL™"  1240.85+£405.70°  567.46%105.09
AUCy-,, nmolmin-L™"  1351.02£320.00°  630.73:96.77
MRTy; min 21374629 23.54£4.19
MRT,-, min 2452477 42.05£11.85
tin min 36.01+14.92 5422+ 13.41
t max min 5.0020.00 5.0020.00
CL Lmin kg ! 14204332 29.69+4.88

Lkg' 664.09+231.06" 2 362.70+826.62
Conax nmol-L™! 57.54422.06° 25.89+8.18

5 STS 4L "P<0.05 "'P<0.001, FEM
"P<0.05 "P<0.001vs STS group, same as below

3.2 HENRIFERBELSHHAR

TSN HETEERF STS VS 25 24 )5 75/ B A4 P i
WA, FAE SRS R 29I EIAAE 5 min P
IRVEAE, B S IVE R, SRR A SRR N B AL
TSN 5 STS 7E/N AP I4LE A4 7 4 B BANIA],
FEMRZHZAH TSN [RS8, 1 STS A3,
W] TSN X fixi 20 23 A7 B 2 48 Pk o TSN AR
JHF T il BFZH U AUC o070 B S5k STS
f)1.94, 0.11. 0.98. 1.65. 0.28 1%, fE.Lr. filitfx)
A T STS (P<<0.05), # W] TSN Xy
2Lk STS HAT s p s . 45 L L3 3.
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%3 TSN 5 STS fE/NRALFHAH (x£5,n=6)
Table 3 Distribution of TSN and STS in tissues of mice (x+s,n=6)

—— FEX AL/ (nmol-g ™) AUCs./

5 min 15 min 30 min 60 min 120 min (nmol-L™"-min)
TSN L 7.17%£1.55 2.45%1.06 0.54%0.06 — — 126.48+32.91"
STS 3.05+0.49 1.24+0.39 0.76+0.53 - — 65.29+2.52
TSN JH 14.14+4.28 446+1.23 1.61+0.64 0.43£0.21 0.46+0.17 292.50+58.53
STS 116.02£50.62 54.73+25.13 27.88+13.9 1332045  04220.04  2639.02+453.54™"
TSN Jig 12.91+4.23 3.81+0.19 2.11%£0.29 1.61+0.55 1.02+0.10 322.53+47.21
STS 3.38+1.64 2.23+0.71 1.874+0.07 1.76+0.34  1.87%0.21 328.391+47.22
TSN i 5.76+1.94 5.29+0.55 2.70+1.41 292+0.34  2.13%0.13 727.54+76.39"
STS 10.63+4.11 6.44+2.27 4.13+1.80 2.07x£0.67 0.77£0.20 440.881+96.57
TSN (=1 9.36+1.90 4.791+0.86 3.08+1.33 0.51+0.19  0.24%0.06 259.62+48.09""
STS 41.00+14.96 11.45+2.07 543+0.58 2.62+0.25 2.91%0.70 917.03+161.54
TSN Jisi 8.67+1.38 3.75+0.69 2.2240.60 - - 186.95+22.04™
STS — — - - -

“=7 KK

w__»

4 g

HH T TSN #1 STS AHXF7r 1 it AN FE, AR
AT G B, SRS 0] K BRI /DN B2 245
HFIX 2 e A teoe, i e,

BIF9T STS 1 S AE K FRUAA N 1R 24 8027 S /s B4
2 A, LA TSN Ak 4, #R1H RP-HPLC %
BIARAT M TSN, K2 W1 3P4 1 nl e d))
P STS MIEARAETE . TEMBNAHFER R, i
A pH {H A 8 I, STS ZEikE A 43 85 R Uf; 7E
WA D ST A STS f U6 7R A 2 B3R
35 SRR A5

2552 2800 40, TSN JEAERFI STS 1 S
HJE TV AR 258, AEAR N AR A kA
PR {H TSN ETMEREL STS VESHAAE K AR N A
B AUC Fl Cpaxs 28] TSN IEIMEREE STS VESHK
HAH W EYR A, LRH TR T STS &
FEXS 23 F /N PR T, T AR B HE
HARSE, TELIR A ATH S IT A bR, 33 STS i
S 3 A AR P 250 B — T AR AR T TSN JIEF
Bk SZARGWAE /N R ALE o AT se B R W, TSN A
STS 7E/H "B I47E 5 min 2 Ni&FIEAE, 5 min
STS 7E/H ik & TSN 11 8.21. 4.38 1%, Xidk
—BURSE T I AR

ZARLYIAE /N WAL LA 40 A S5 W7k, TSN AE
it e 6 23 A B s — MO R REAR > T pm IR LA AT B

i B 40 WA R, 110 TSN ARTER K -8R0 2 N
197 nm, JKAEEZHT TSN [HESENETE (logP
N 5.2) WIprsy, 2y LMk Mg imiis, M
e R HRIE TR S 3 & & AR N %
RGP AR BT LA TSN T ki 7 it 3518 1 2888 )
AlREsE BT ki 2 BRI ZR A E 45 R . STS 1
S B S, X AT RS BT A 2R
IR, AN 2 /D K M i ] A
FFE S B EHE AR AL . TSN fE % ol i i Rk, m] fg
ST T H Rk ORFr T IR B NR s 1, A 3L2s
Sy i 1 i AL 2R NG 0?1 2. 55 STS AHLE, TSN
0 PFB AL ) B, X AEASH LR
U)o T (S IRk, F T IR YR 9T 1)
AT HEME ORI

Zx b, TSN JRGERMAYAI &, Hi
A0 INZHER, 1X 8 TSN ARIER I3 — 205
FFRFEAE T 245 BE SIS A

S 3k
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