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Abstract: Objective Establishing the model of cell bioelectrical sensing effect of Compound Danshen Tablets to study its dissolution
kinetics. Methods By means of real-time cell-based assay, the in vitro dissolution of Compound Danshen Tablets can be investigated,
and then the dissolution kinetics model can also be established. In addition, the result was compared and verified by UV-Vis. Results
The cell line with specific dependence on Compound Danshen Tablets was screened by CCK-8 experiment and RTCA experiment. The
dissolution kinetics model of Compound Danshen Tablets based on RTCA technology was established, and the best fitting model was
obtained: Weibull model In{In[1/(1—Q)] =1.071 4 Ins—3.736 7; Establish a dissolution kinetic model of Compound Danshen Tablets
based on UV spectrophotometry to obtain the best fitting model, Weibull model In{In[1/(1 —Q)]}=1.080 4 Int—3.723 4; Comparing the two
Weibull models, the RTCA fitted model worked better. Conclusion The application of RTCA in the dissolution kinetics of traditional
Chinese medicine compound solid preparations is feasible, Which provides new ideas for traditional Chinese medicines and the quality
evaluation of traditional Chinese medicine compunds.
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8T R B B S S i A 2 AR
F, #5Bh B PR IEARAR, WA RR, 9 E AN R0,
PRI PRAF 7T 25 NR R, 3 A 24 e HL R 5 7R ek
MRS 1% WA TE s BRI )
TP A W G IRTT 2. BEAE I A 2 &
HEHERUEIARBRABETL, E BT A2
2950 e I PR I UF B AT R R S, R I R4
BRI S. E7 P AR i o TS A8 2
h iz —, mfFE =8 UKOTAEL RO
VIR LA R S L B 50 ) PR 8 o ) 5 9 L6,
A B ST, T Z TR Z5
Z T RGBT RE R, VA F297 8N
B AR S0 o310, R BTl A 2 e b i o AR A
5 IS AR IO & BEAR G, R LR —1k
SREAR RS MO R BV TR ARG,
RV 2 BIBRE], 03 T BE 0 AR IR A4 24 0 2
TRV 5 W iR AT

ASES R T — o B B HE T o A B S A
i L0 BB R (RTCA). RTCA #&Z&—FhJE T FHHT
VT B A5 L - FELJER R S 400 SR R 438, B M I 400 A
SIS R AR E S 0k T 53
ZH B A5 2 Fh gt AR BRAS), Bk F A5 S Al FR 2L
(cell index, CID, F A 1) 771 B A< 6 14 400 A S o2
iz (TCRPs), [Al# R MLZP% AMfER (fEidkak
PO BISRES, AT VAN 2P AR s PR
ASLEKE RTCA M T 527 P2 7 MU T REAH G 1)
S A A 3 P RGN, S 34 HH o) 2400 S 7 R AL
Feoe HARr e IR AR iatk, IRERHLH TR
P BT REE
1w
1.1 SEIEEn4)

{#RERAE SD KRR, HEPE, M5 200~240 g,
6T/ R LB IR, SV AR S SYXK
(F5) 2017-0001.

1.2 FERFESMNE

CCK-8 Wl (HARFA AL, HiEE
# (Gibco AF]D); fadEiiE (FBS, WL RHAEY
BB M AR ATFD: BRI (PBS, Gibeo
AT BEABIBER (Gibco AT]); KEEMEE (H
IR R AR AR, 2#r4i); RTCA R (bt
N ARAEMA R AF); DMEM £;95% (Corning
AFD; EHFSR O A HEDE 2], #S
171101-049); KRNI (HOC2 40D A

ik N R4 ff (HUVEC 40 e 3 A ERFER i
Y, KR E Sk CF I AR (RA-VSMC 41
[{IDNS JEPN" I E A

RC-3 ¥ H MR CREB RO AH D
UV-2401 £AMAT WL et BEvt CHAR B A W],
HH-4 R AHEKB S C M E LB 2 PR A F)D;
RTCA SEBITEARC A AT CBUM ARV AR
37]); Sorvall ST16R & A EH A% = 0L Sorvall
ST16R & 2K Z .0l (3£ Thermo A F]); 3111
B CO, 155758 (£ [ Thermo A 5)); IRIEIRAGAN (3£
¥ Bio-Rad /A ); ECLIPSE Ti-S B! {8 & B4 (H
7 Nikon A %)); 1300 SERIES A2 #2440 (3%
Thermo A ] ).

2 FFEEHR
2.1 CCK-8 ATt E A A2 R1ERMBNEER
BiRE

2.1.1 HUVEC B{ H9C2 #HMufis:s: KEHm
HUVEC 8% HOC2 4 fitd & T RS & 1 4l i s 75
1, B4 10% FBS [ DMEM #5723, 7837 C.
5% COo 25 N FRAMMI 2 85% A FERT, H 0.25%
JEER AR AL, BB BB e, BOHE
KA 40 i - 40 S5

2.1.2 RA-VSMC ZHAEml & e ds s BUAR R4
220 g SD K, ip 10%/K & EEHMK (35 mL/kg),
R K BRURRI 5 AL B8, 038 B T Bl s 5 B HROK BRI 32
KA, SCEPNTA [ E PBS ) DMEM };7%
B (F1X10° UL H#ER), HEREAWREK.
FHFARGAR AR 26 M S 8 I, H if 5 BY
B 1 mm?® AN, A A A T R R LA,
55 FE M AP NS 20% FBS ({5595 3~5mL, &
T 37 "C. 5% CO KA B 40 i 35 57 48 T B 9%,
BB, RO HCAE K I 240 i T 41 B 5256
213 EiifZ ARGl WET SR
ah, ETHHANIEE, H032 ¢ MERGE, &
+ 50 mL &N, IAEE pH 6.8 1) PBS &,
#7530 min #f#, FEINN pH 6.8 K PBS & &
B, WEEANEYR CGREERED, 4 CHEF&
Mo BCERFEBEBBEAFSEEIECHK 0. 1.04 1.25,
1.5. 2.0, 2.5, 3.0, 3.5. 4.0. 6.4 mg/mL 124575
T CCK-8 525,

2,14 HAMOFIR R4 25 BUER R IR I AL T 0 5ok
KHIRIANAE, 1 000 r/min 250> 5 min, P50 T 4L,
TR 2 E N 2 X 10* A>/mL, 4l 96 LR, BEFLY)
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BN 100 pL A 208, WEERE R G, A
R (1.0 1.25. 1.5, 2.0~ 2.5, 3.0, 3.5, 4.0,
6.4 mg/mL) WET7 P2 il i, 48 h Ja&fLn
A 10 pL [ CCK-8 frill, BEXTMELL, 37 Cikf
FIEE 60 min, EIE 450 nm BRI (L) 18,
T EAPAFTE TR (Y PAFTE R =4 9:/4 ) o CCK-8
Krgs B 0K 1. 2, HUVEC M1 HOC2 4iffie 577
P12 R 1.0~6.4 mg/mL [ RE, MR b5
Bo B B A, RTVE I 2 Fofv 40 i 07 10 J FR 2 Y

140 HUVEC
120

IR MAFTE R %
3

0 1 125 1.5 2 2.5‘ 3 35 4 64
" H P2 A /(mg-mL ™)

Rl #E 0. 0.3, 0.6+ 1.04 1.4, 1.8, 2.2, 2.6 mg/mL
X8 ANFREIRE. B 2 AlH, RA-VSMC il rE
B3 A 1.0~2.5 mg/mL W 40 fiis E— Hib T
FEKT, RERZER, MERTSH 4.0~64
mg/mL I, 4HMIAFIE N IR B v T i
W &% A M AE 52 T7 P2l AR s &K BT B4
H, T E R KA E ARG, /) = o S
AR B, DRIEIESE 04 0.5+ 14 24 4. 4.5, 5. 6 mg/mL
X AR .

120 H9C2

100
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&40
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272 /(mg-mL ™)

1 £7f2R3% HUVEC f1 HIC2 47 E RN (X £5,n=13)
Fig. 1 Effects of Compound Danshen Tablets on survival rate of HUVEC and H9C?2 cells (X *s, n =3)
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Fig.2 Effects of Compound Danshen Tablets on survival rate
of RA-VSMC cells (X £s, n=3)

2.2 RTCA TR E 55 R 04 E Rt 48 fa ik
2.2.1 RTCA SEI4UfREFR S AMEs % 77 vk
“2.1.17 A1 “2.1.2” T,

222 B S A RTCA SEAE M & IR
P& ikE, BT UHRANERE, B032 g, %R
€, BT 50 mL &N, INAEE pH 6.8 (1] PBS
W, S 30 min W, BN pH 6.8 1) PBS %
WERZBZIE, EEANBEMR, 4 CfraH. B
IR REAS [ A ELBC A% 0.3 0.6+ 1.0+ 1.4, 1.8
2.2, 2.6 mg/mL K25 AT HUVEC 40l H9C2
M SEE, o B ORIV R A [R5 2L R 0.5
1.0, 2.0, 4.0. 45, 5.0. 6.0 mg/mL K25 T
RA-VSMC 415256 .

2.2.3 RTCAWE KARE S A2 EE U,

A5 % B HUVEC. H9C2. RA-VSMC 4ifill, %
F RTCA £AK, M3E CLE, ME & MEAR) TCRPs
ek, JEEMHBRGE 08T, R 2459
BN S LI RS R PR SR FERE AR . B
S AUAS TUAR AN LI 50 pL A KA,
FIINSE A 2X10% AN/mL ;2 4023 100
uL o K e 4 PROAS AR 7 =R R ACE 30 min 5, HCE]
B PSR IR, 240 5, MAEEREN,
HL HUVEC 41/ HOC2 41 A 4u B iaR , Bt
MRALAh, LA I NBL L R T P2 A R 2T
50 L, /AL PN 0 2530 24 R R 43 3N 0.3+ 0.6+
1.0. 1.4, 1.8, 2.2, 2.6 mg/mL, SANFEREX 3
MNEFL. FHELRA-VSMC 2t () 2 ARG AR, Bkt
FRALAE, ML BN &R 2R 0.5 1.0,
2.0. 4.0, 4.5, 5.0, 6.0 mg/mL KE I3
FEdh 50 ul, WAFREIRE R 3 NMESL. Bhniree
FRVAST IR TSN S B 4 B FE 20 BT R, Al 72 h,
D HE & 25 P T 40 5 B P2 A2 1) TCRPs |1 28, ¥
65207 FF S LA T AR P A i 92 P 41
PR CEPAE — 5 B 8] Y AS ] 5 B3k 5 2590 TCRPs
BB B ). EFR LA 3 4,

MK 3 AT LLEH, HUVEC 4t AE &k
MR T FES R SR, a2 J5 CUEA I 5%
Bl LRUHI, RIS FERE a2 B B2 (2 3 CT
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a-control b—h-Compound Danshen Tablets 0.3, 0.6, 1.0, 1.4, 1.8, 2.2, 2.6 mg-mL71

3 E7AAEK1ERT HUVEC. HIC2 4R TCRPs Bhsk
Fig.3 TCRPs Curve of Compound Danshen Tablets on HUVEC and H9C2 cells
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a-% M b~h-E 55 0.5.1.0.2.0.4.0.4.5.5.0.6.0 mg'mL"!
a-control b—h-Compound Danshen Tablets 0.5, 1.0, 2.0, 4.0, 4.5, 5.0,
6.0 mg-mL71

4 B8R {EAT RA-VSMC 4HAf) TCRPs ik
Fig. 4 TCRPs curve of Compound Danshen Tablets on
RA-VSMC cells

ERIRE N, 7E— BN A e m) A8 . CLEAEm &
W FERE S AR FH R SR bR G n, 8 R FE s>
2.6 mg/mL FEaAER 58 ZY, H 40 h J5 CHEBEIE T 0.
UG, SRR LR, R IR AR S AN
ClHEEHIERN, S EIKRERMAX CL M
HIVER o H2, 53 [R50 S A ot B oxod 2 Fey it
LAEEDMR, MELLX 7y, BA PR 5K
FEMCHE, TR JE A S I Al 4

HOC2 21 %k AN 7] J57 5% B2 [ it S R 9 40 R,
. 452455 CUEIHILEH BEN . 250, K
IR A SO HRA XS CTE R E A, TRk
FERRAIC, JRIEAEFBRR, (£ — B B] 5 m A
e o VR FERE A CLAE IR, ELS SR B
i, HANEHIE ARG BACRE, ARRERE
JITx S 1) i 2 I (1 43 B, HOC2 XS dh Ay
BH S5 10 o B R R FE ARG, W DA 5 S5 11
AifL. N CUEZRNKTE, A R ot SR 0 B2

0.3~1.8 mg/mL.

Bl 4TI, ga 2540, AR50 SR A i 4 Sons
HRZ%T RA-VSMC 4l CI {E k(e , (HiEsE
BN IR RS AL A A E T TR B,
S 1 EREBET o, difuEiaddT:. JFH,
RA-VSMC 4 1% A BH S 1) Jog 2 R R A FEE Al

gx b, W4 HOC2 M AE T2 Rt s
TR 4
2.3 ETF RTCA HEFHAESRIBHERNE Kz

NFERIPE T
2.3.1 BWmEH (1D A ANT B EH

PR [ 25 81002015 AR DY, M £ 16.4 mL,
hi7k# 800 mL 5 H & AEF 10 g, A HANE
fif)g, MKFRBEZRZE 1000mL, BN T B K.
FEHNLEHBEMEH: BRATEEARS, HiR5
N BWEHIAHFED, (2) AN TR e
T HR (R [E 2580 2015 £ERR VYRS, IR — 2048 6.8
g, MK 500 mL fEHEM, H 0.1 mol/L Z A ALAN
WY pH AE 2 6.85 J3AMRE 10 g JEER 1 B i
BKEME, 2 BRES, I/KERZ 1000 mL,
AN TIR . AN TIHRECE: BRASHEE
HEgSh, Hp5 N Tl sAaED, (3) iRk
Gl (pH 7.4) WfcH]: & (FhEZH) 2015
FERRVUES, HUBERR S 1.36 g, In 0.1 mol/L &4
AN 79 mL, FH/K#REZ 200 mL, HPfH.

232 S EREARAERPH S (D
ANTFIES B TRDRE : B AN B VR 1 000 mL B
AR, n#E 37 C, PR EEFLIECN 100 r/min,
KRG SRR RN TS 7o BN IE N, LA
AN L B Al 2 P i R R R R TR, RS
F2 10, 20, 30. 40. 50. 60. 70 min 5& N HURE,
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REUFE 10 mL (7 B 78 [F) i AR R = N T B
O, H pH 7.4 BERRER G & pH 6.8 (B3
WA, B 10 mL T 28K MK 25T, A 3 mL
YR TR, LRI e, ISR NS .
() TRBHFES: FWE TSR 10 7, BERK
5, WEBFHRFE (), KHRER A I,
PR ERBGEYS T w s, E 1 000 mL £,
IMATANTBREZE, IR, BT (37.0+0.5)°C
K 2 h BAE, 505 15 min 595 1 K. B E =,
HY 10 mL, F pH 7.4 FOBERR Sh 22 rP 5 22 pH 6.8,
R EAR, FRRIUKBZAET, B3 mL 4
B FRM R, PRLIE e, BRI RIS .
233 CI¥lE K HOC2 4 E T4 10% FBS )
DMEM K5 553 7, 7E 37 ‘CF. 5% COy. MIFIIE
REFRAE b5 9% o BOS AR K40, 800 r/min 5
O 5 min, TR TR, RN E AR 2 X 10
AN/mL, RTCA HREALHIMA 100 pL A0S0, b
BESG IR, 24 h f5, i, MR “2.3.27
TR 057 FF S i AR RV 200 pL, 4k
SRR 72 h, FREIFESETRAERH T HOC2 4 i 5 B
FEAE ) TCRPs fiZk, 53R ILE 5.

1] 5 AT, V5 H (DR R RE S CT 2
H, W R IORE X CT 24Mfl&ss . nggnn

Cl EFF, hnzgjs 1~2h N CI FERECHR, 2 h JE¥AH
A 1) I RE b 2 CT 2 A80E B TR S, 1 H I Ta] K
FESL CLFRZE R %, UiPHNMLESS 2 1~2 h N2
Yrsemg ok, H 22 B SR S R AR
BOETFEE 5 i~ 24.10~25.85 h (IR (£ 1) 34T
RPAEHR (Q) &, FFemindihg (K6,
O=(CIi—Clek)/(Clo—Clex)
CIL #8416} 18] S0 HBE SU B0 CT {8, Cla $8 R INZGHHE (1 CI
i, Clofe#i¥seava i p CI 1
6.0
55
5.0
4.5
4.0
3.5

3.0
2.5

2.0

15 -

10 /f/

0.5/

00 10 20 30 40 50 60 70 80 90
i/

CI1H

a-Xtf b~h-FE SIS AU 104 204 30, 40, 50, 60, 70min Ffh
-2Ii S e A T R

a-control  b—h-Compound Danshen Tablets samples of 10, 20, 30, 40,
50, 60, 70 min dissolution i-Compound Danshen Tablets samples of
complete dissolution

5 E5ASRBHERIKHERL TCRPs Bk
Fig. 5 TCRPs curve of Compound Danshen Tablets

*1 ERASRTRELRESERE CHE
Table 1 CI value of Compound Danshen Tablets at different time points

. CI 1§
FE i 0/%
2410h 2435h 2460h 2485h 2510h 2535h  2560h  2585h  ¥JH

WH 10min 12701 12621 12633 12612 12528 12637 12664 12788  1.2648 26.94
W 20min 12056 12126 12069 12063  1.1993 12220  1.2239 12378 12143  41.03
WH30min 1.1542  1.1545 11518  1.1408 1.1456 1.1535  1.1555 1.1561  1.1515 5856
%WH40min 11375 11358 11355  1.1268  1.1253 1.1359  1.1399 1.1401  1.1346 63.27
W 50min 1.0641  1.0692  1.0528  1.0520  1.0505 1.0601  1.0614 1.0667  1.0596 84.20
W 60min 1.0438  1.0422  1.0437  1.0339  1.0400 1.0460  1.0460 1.0523  1.0435 88.70
WH 70min 1.0443  1.0422  1.0477 1.0397  1.0327 1.0456  1.0478 1.0496  1.0437 88.64
SEAVAH 1.0080 1.0030  1.0050 1.0013  1.0001 1.00217 1.0022 1.0022  1.0030 —
Xif 13433 13451 13494 13544 13603 13676 13794 13910 13613 —

234 HIFZ RN CLIBHI IS
IR E TIPS R s SO, KR — e
BRI Hid BTG, X RN
F TR BRI 5 B RPAAL, — A
7. Weibull #i%, Higuchi #7, Ritger-Peppas 157!
&, Hih RS SRR 2y, — 5
R AREE R 2. Weibull BN, JLTEH

TATE M2k, Higuchi #5784 5 B T 70 22 Bl
7%, Ritger-Peppas #7432 2L H T 1 70 R BRI il 551 1)
B % RE RIS h 7 P2 IR
IR, — 58 ) Weibull FEAFHATIE .
SR 2. WAL, BIrS A RS AR 5]
BRI, HS FRBER BA R RIEE,
Forb iR AR SR Weibull 7Y
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Fig. 6 Cumulative dissolution curve of Compound Danshen
Tablets

&2 RTCAEARUHBZINAEER
Table 2 Dissolution curve fitting result by RTCA
Ay Jit8 r
FHMA 0=1.093 2 1+20.747 0.9412
—ZER In(1—0)=-0.0352+0.1325 0.945 5
Weibull # In{In[1/(1—Q)]}=1.071 4Int—3.736 7 0.965 7

24 EHNDAKXEENEEARFSRNBTLHER
IEEBIRY ST

2401 ZMEXRRFL B 2327 BINEITZ
R SEAIR TG &, F pH 7.4 FIBEER $h 92 7
WA pH 6.8, JEL, KGULRRIIERIE AN 100%% H
i, JFH pH 6.8 B2 N T ke B X I HE
A 90%-+ 70%- 50%- 30%- 20%- 10%HIIKRE R4,
PLpH 6.8 N T2 H, MIESE 283 nm 414
N A fEH. DA HERMASR (XD, 4 EHAN
kR (YD), THERIEZFES, [FH5FE N Y=0.021 8
X—0.0027, »=0.999 4.

242 FEtERE  WIDUE B AR E N 50%1
WL P HAE 0 1. 24 40 6. 12 Wil A {H, &5
H5r 54 0.064 0.065. 0.065+ 0.066 0.064. 0.065,
RSD N 1.16%, RSD<<3.0%, % W24 ifa & it .
243 REEERE WHCERE TS A EAE
W25, B 6 RINE A 18, M43 A 1853718 0.127.
0.128. 0.128. 0.127. 0.128. 0.128, RSD A4 0.4%,
RSD<<3.0%, KIIZAXAHEE LRI

244 FERAEHENE WEHFSR 10 B, FE
ERE, R RE (), ERRE R AT
i, PR EMEGHE T w i, B 1000 mL &,
MAZEANLBREZIE, 1A, BT (37.0+0.5)°C
K 2 h LA L, R 15 min -1 1 K. B EEIR,
HU 10 mL, H pH 7.4 & SRR 5 %2 pH 6.8,
HURE, fRLOBMEgEI, HUERIE A 8 40 n] WL 7t

FE T 283 nm AbISE A {H (A w0
B A AT B 1000 mL BIEHAH, indE
37 C, WHFETEEEA 100 t/min, B EFRE R
BEHNETHSR 1R (W) BNEEN, UTEA
T B WA s R R 2 Ty, AR5 1% 10,
20, 30. 40. 50. 60. 70. 80 min 7€M HUFE 10 mL
ORI AR FR FA R = A AN T H®D, H pH 7.4
TEER Eh 22 /b A 5 2 pH 6.8, BURE, AL ug e,
HR S IR SR A a] WA G EETET 283 nm AR
AMH (4D AR 0. ZHliFHEHL (- D,
O=WAiIW1A4
245 BTSRRI EIER B )1
PG ARG — A8 . Weibull #5570 %}
BHE RTINS, SRNE 3. SR E
R 2R S I G B A DG, 5 3 PSR L
WHIRA B, HAds Weibull B8 LA B et
100
80

60

0/%

40

20
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0 20 40 60 80
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7 ERASRMBRALEZ
Fig.7 Cumulative dissolution curve of Compound Danshen
Tablets

R"3I BIMDAREEBRHBEMEER
Table 3 Dissolution curve fitting result by UV spectroy

photometry
R JifE r
FHFA 0=0.909 5r+29.116 0.8229
—ZiA In(1—0)=-0.0305¢—0.1145 0.889 1

Weibull 78 In{In[1/(1—0)]}=1.080 4 In t—3.723 4 0.964 4

2.5 2 FhEAERER

Z56 RTCA MRSy N EEVEHT E T P12 A
IV B AT LR B, 2 Rk — i —
B ZE R . 2 FRVE IR FoRE, A
7 50 min DAEIARIFREIRA, WEH 50%FT 7 (]
(Tso) AHIL, Y15 Weibull B2 ({3004 B fefd: . i
L% Weibull #5575, RTCA FIE AN e e EiE
— B, {HE RTCA fA45 B0 » 3 i,
Al L RTCA ik pIitt, R RTCA F1ENEH
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FEREFUHT i o] RedE
3 it

Hh 24 [ R R R 2 O R 25 =TI, BT gy
KRB HNE,  RKAEST BT REA R B — By
T2 2 PRI B G T AR R, . Hr 2 1 5 il 7
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