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matrine during compatibility of Salviae Miltiorrhizae Radix et Rhizoma and
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Abstract: Objective Based on a confined mass transfer mathematical model, this study aims to establish a quantitative analysis
method for the existing states of matrine in the complex solution environment of traditional Chinese medicine (TCM), and elucidate

the influence pattern of the compatibility ratio of Danshen (Salviae Miltiorrhizae Radix et Rhizoma, SMRR) and Kushen (Sophorae
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Flavescentis Radix, SFR) on its acid-base complexation reaction. Methods Based on the mass transfer differences of component
states during nanofiltration (NF) and ultrafiltration (UF), the mass transfer coefficient of matrine was fitted taking the component
transmission rate and membrane flux as evaluation indicators. Using the molecular and ionic monomer components as references, a
quantitative calculation model for the existing states was constructed. The existing states of matrine in the SFR extract and the SMRR-
SFR co-extract were fitted to analyze the occurrence patterns of acid-base complexation reactions under different solution
environments. Results Coupling UF and NF enhanced the separation differences between the ionic and molecular states of matrine,
thereby improving the accuracy of the quantitative calculation model for the ionic state. The correlation coefficients of the power
function equations for quantitatively calculating the existing states of matrine were all greater than 0.97, indicating that the model was
successfully established. The proportion of matrine in the molecular state was approximately 1.21%—1.91% in both the SFR extract
and the co-extract. In the SFR extract, matrine existed as 36.90% in the ionic state and 61.98% in the associated state. After
compatibility and extraction of SFR and SMRR, the existing form of matrine changed significantly. When the compatibility ratio of
SMRR was low, the ionic state was dominant, with the increase in the proportion of SMRR, the ionic proportion of matrine gradually
decreased from 66.73% to 45.83%, transforming into a complex-structured composite state, and the corresponding composite state
proportion rose from 31.87% to 52.90%. Conclusion A quantitative calculation method for the existing states of matrine in different
solution environments was successfully constructed, providing technical support for elucidating the states of components in complex
solution environments.

Key words: mathematical model of confined mass transfer; existence state; matrine; salvianolic acid B; Salviae Miltiorrhizae Radix et
Rhizoma; Sophorae Flavescentis Radix; formulation compatibility; nanofiltration; ultrafiltration; dynamic light scattering method;
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Fig.1 HPLC chromatograms of matrine reference
substance (a), Sophorae Flavescentis Radix (SFR) extract
(b), and 1:1 compatibility extracting solution of Salviae
Miltiorrhizae Radix et Rhizoma (SMRR)-SFR (c¢)
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Table 1 Mass transfer coefficients £ and power function

equations of molecular matrine solutions

WA/ (ugmL™)  K(ums™) RO
25.00 3.69 k=2.174 4 01623
50.01 4.05 R*=0.991 4
100.02 4.65
150.00 4.84
200.01 5.18

g {—@— 25.00 pgmL™!
—#— 50.01 pg'mL"!
100.02 pg-mL™!
61 —®— 150.00 pgmL™!
—>¢& 200.01 pg'mL™!
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Fig. 2 Correlation between molecular matrine In[(1—
R)JV/R] and Jy
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Fig. 3 Correlation between molecular matrine k and C
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Fig. 4 Correlation between molecular matrine In[(1—

R)J\/R] and Jy in SMRR-SFR extracting solution
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Table 2 Molecular, ionic, and complex forms of matrine in
SMRR-SFR extracting solutions

0 1 2

R NTEI% BTE% BEE%
SR 1.12 36.90 61.98
FI&-EZHH 3 01 1.27 45.83 52.90
F -l 52 1.52 51.00 47.48
&SR 2 11 1.91 54.03 44.06
P& SR 3 2 1.89 55.68 42.43
F&-ESHH 11 1.29 56.32 42.39
FI&-EShH 2 03 1.81 61.17 36.96
F1&-ESHH 12 1.40 66.73 31.87
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T SIRHIEE FM 30% T2 90%, 4> FA5E S
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Fig.5 Correlation between ionized matrine In[(1—R)J./R]
and Jy
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Table 3 Mass transfer coefficients £ and power function

equations of ionized matrine solutions

ESE T A/ (ugmL™)  k(ums™) R
15.33 1.51 k=0.818 1 C*2379
30.65 1.91 R*=0.9709
45.98 2.06
61.30 2.23
122.60 2.49
2.6
* ]
22
k=0.818 1 C02379
-~ R*=0.970 9
1.8 1
o
14 - - - - - -
0 40 80 120
Cl(ug'mL™)

E6 BFE5EBW LI CHIHEXM

Fig. 6 Correlation between ionized matrine k and C
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Fig. 7 Correlation between ionized matrine In[(1— R)Jy/R]
and Jv in SMRR-SFR extracting solutions
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Table 4 Repeatability investigation results of matrine

existence states in SMRR-SFR (1:1) extracting solutions

(n=6)

SEIGHEIR BF % BETFE/% HBEE/%
1 1.25 55.13 43.63
2 1.32 56.84 41.84
3 1.28 57.45 4127
4 1.34 54.88 43.78
5 1.26 56.41 43.78
6 1.29 57.22 42.33

FEIMAE 1.29 56.32 4277

PrifE % 0.03 1.06 1.10

RSD/% 2.65 1.88 2.57
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Fig. 8 Particle size in SMRR-SFR extracting solutions
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Table 5 Particle size and { potential in SMRR-SFR extracts

U F¥RAEm RS CHEA/mV
SR 333.67 07097  —17.20
PSRN 246.67 1.0000  —10.61
F&-wSHH3 1 627.67 0.6783  —19.20
F&-wSHH3 2 382.67 1.0000  —21.61
- SWHl 11 300.00 09847  —23.75
P& S 2 3 265.67 0.905 3 —24.07
P& S 12 108.67 1.0000  —24.90
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H 7S R T R A

TEE SRR, ESWEEDE T4 E
SIRAELE, 4055 333.67 nm AR Z. 4
IMAKE P ZE RIS, FES A HLIR IS L
TSN pH B, FRELRE HY, S WME T
BRI, H A S E RN TSR

BV EAE W E D T4 64T N, TP S mBRIE
a3 W ME LA ORI R BRI R A1), 5145 LISV
KIAZIRKE 108.67 nm. Bl FF SR HLBIHIRR4E
i, AR BRI o T R R A L -
A7, I TR A R, BT S
TN, 5P SRR 45 A R R ORI ER
SE5Y.

H T FHR L B %5 2 MR 7 B H 244G
RLRT, AT ER IS IR P % i), i # 5] 7
A BUKTERSE, #2AES00 1 B0
WrEEAE— S IXFhE A WY1 2S AL A KL 2
WK, BEE R PSR e g, 1%
LERM AW 5k, SECRAER K, 3553 .
1 B3R 3 5 K1) 627.67 nm.

PSR Y IR 2R i O 5 2 B AR G
SRR A TR WOLATRAE, 85 R a0k 9 F1k 6 Fiw,
Al LR BUFHI R B 535 S8R & J5 Ve iohi 2 R 4=
B, B FHR R B LG 38 K, TR S K,
NP2 5 SRR E GV B AE A5 p S AR
TR, BRSO AR S EALN TR G 2 2
A B R AR E BT E A .

YRR AL A R (R 5) SRR
W (GR 6) Bk EdE T LUK, & RT3
BRI
FHRER B 1A
FHAR B-& S0 3
FHAR B-5 206 2

FIRIR B-# Zhg L] 1
FIRIR B-# Zhg L] 1

EERE R

1 10 100 1000 10 000

% /mm
9 PR B-HEWARZESH
Fig. 9 Particle size of salvianolic acid B-matrine solutions
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Table 6 Particle size and { potential in salvianolic acid B-

matrine solutions

e SEHRAR, AL C AL
W .
nm X4 mV

IR 219.23  1.0000 -17.40
FHHER B ¥ 866.27 0.8993 —12.95
FI % B-i S EH 3 01 123087 09367 —28.87
PR B2 2 1 777.33 1.0000 —30.01
PR B-S 20 101 77037 09987 —31.75
FHEE B-5 S E 102 61053 09637 —35.07
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Fig. 10 SEM images of salvianolic acid B extract (a), matrine extract (b), salvianolic acid B-matrine complex (c)
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