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Abstract: Objective To explore the transfer rules of phenolic acids in the alcohol precipitation process of Danshen Injection (DI)
based on molecular state quantitative calculation model. Methods In the experiment, sodium danshensu, protocatechuic aldehyde,
rosmarinic acid and salvianolic acid B were selected as indexes for exploring the alcohol-precipitation mechanism. Based on the
mathematical model of nanofiltration mass transfer, membrane flux and rejection were collected to calculate the solute mass transfer
coefficients, and the quantitative calculation model of molecular state was established with molecular monomer components as
reference of DI. Furthermore, the correlation among the transfer rate, molecular state and molecular weight was analyzed with the

densities of 1.05, 1.15, 1.25 g/mL of concentrated solution under the alcohol precipitation of 75% and 85%. Results The power
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function equation of molecular state quantitative calculation was set up successfully with the regression coefficients (R> > 0.99), as
the density of intermediate in DI was 1.05—1.25 g/mL, the molecular proportions of sodium danshensu, protocatechuic aldehyde,
rosmarinic acid and salvianolic acid B were 1.14%—5.25%, 66.70%—80.25%, 10.51%—19.11% and 1.13%—11.44%, respectively.
The correlation analysis of “density- molecular state ratio- alcohol precipitation transfer rate” showed that alcohol precipitation
concentration increased from 75% to 85%, and the decreasing rate of transfer rate was in the order of sodium danshensu > salvianolic
acid B > rosmarinic acid > protocatechualdehyde. Therefore, the molecular state of phenolic acids was the main factor which affected
the transfer rate of alcohol precipitation, and the relative molecular weight was correlated with the transfer rate. Conclusion The
quantitative calculation method of molecular state was established for phenolic acids in the intermediate of DI, and the refining
mechanism of alcohol precipitation was preliminarily expounded which was helpful for standardized control of preparation alcohol
precipitation process.

Key words: molecular state; Salviae Miltiorrhizae Radix et Rhizoma; Danshen Injection; alcohol-precipitation; sodium danshensu;

protocatechuic aldehyde; rosmarinic acid; salvianolic acid B; nanofiltration; power function equation
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Table 1 Effect of DI intermediate density on transfer rate of phenolic acids in alcohol precipitation process
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Table 2 Mass transfer coefficient, power function equation and molecular state percent of sodium danshensu at density of

1.05 g-mL™!
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Fig. 3 Correlation of In[(1—Ro)Jv/Ro] and Jy of sodium danshensu at density of 1.15 g-mL™!
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Table 3 Mass transfer coefficient, power function equation and molecular state percent of sodium danshensu at density of

1.15 gmL™!
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Fig. 4 Correlation of In[(1— Ro)Jv/Ro] and Jy of sodium danshensu at density of 1.25 g-mL™!
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Table 4 Mass transfer coefficient, power function equation and molecular state percent of sodium danshensu at density of

1.25 g'mL!
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Fig. 5 Correlation of In[(1— Ro)Jv/Ro] and Jy of protocatechuic aldehyde at density of 1.05 g-mL™!
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Table 5 Mass transfer coefficient, power function equation and molecular state percent of protocatechuic aldehyde at density

of 1.05 g'mL!
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4.61 12.47 13.57

2.30 10.46 12.72




FEH 20226107 $53% B 208 Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

* 6437 »

PARBLKAR, 51 JFE LRI R IR, (R
AT In[(1—Ro) /R AT Jy ZRMERN G, J ) LR EAE
P T AR P R B AR AL 2 2547 8 (6D,
HAE R 2B A (3R 6), {EMLR Rk
TR bR BT FES AL AT T (R2>0.98), BT
2 75% % 85%t, 5L R T B IACT 5%,
H I 7 A HER 78.50%, 1R ) LASEE ERE DT
AR AR R S H A LR B A G
TEBEN 1.25 g/mL WIERIAEE T, LA
BRI In[(1—Ro)Ju/Ro] A1 Jy AH I B w5 558

67 s
By o
[
77 - .
|
S 8 *
2 4]
< X
\L/ -9 >ﬂ< + 30.54 pg'mL™!
= A W 1527 pgmL™!
-1049 X< 7.64 pgmL™!
% 3.82 pgmL™!
-11 T T T
5 15 25 35

J/(X 1070 ms™")

45

[ CIB 7D, EARSRTE R KT 0.98. BEE
J5U) LA o Bk L (A T v, A% TR R B R B BT,
A BRI A (8] R - e 1R 02, 4R IWR 7. BL

HURR T AS IR, A H R AR R ) LA EE R 43 1
AN 66.70%.

DI H A4 %5 5 i 1.05 g/mL FHE & 1.25 g/mL,
AR LA LL A 80.25%~66.70%,
GER 1 PRI BRI, R LA EE R
BLEIR LA 7 i 2 a5, 7 FIRESREZW
U

67 ek
7] ; X
[ |
< gl v
= [ B
4 X
. L
F [ B3
—10{@
-11 T T T ,
5 15 25 35 45

J/(X107°ms™")

6 ZE 1.15 gmL ™ BFJRE)LZEEE In[(1— Ro)Jv/Ro] 3T Jv BIFE 1
Fig. 6 Correlation of In[(1— R.)Jv/R,] and Jv of protocatechuic aldehyde at density of 1.15 g'rmL!
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Table 6 Mass transfer coefficient, power function equation and molecular state percent of protocatechuic aldehyde at density
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15.27 10.93 10.95 R?>=0.998 1 R?>=0.992 6
7.64 9.84 10.37
3.82 8.61 9.90
T iy T s
* X
-84 X —8 X
* E
— n -
& 9 ; S 9 ol
3 TS 3
< * N < o<
LTE s = # 73.20 pgmL! L 10 X
= - W 36.60 pgmL™! = "
~11 A 18.30 pgmL™! ~11 ;><
% 9.15 pgmL™!
-12 T T T | -12 T T T T |
0 5 10 15 20 25 0 5 10 15 20 25 30

JJ(X1070 ms™")

J/(X10°ms™)

7 BE 1.25 gmL ! B RJLEEE In[(1— Ro)JV/RIFT Jv BIFE <M
Fig. 7 Correlation of In[(1—Ro)Jv/Ro] and Jv of protocatechuic aldehyde at density of 1.25 g-mL™!
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®7 EE 125 gmL ! BRILFBERRY. BREFERD FISHEG

Table 7 Mass transfer coefficient, power function equation and molecular state percent of protocatechuic aldehyde at density

of 1.25 g'mL!
J R L ZE/(X 10 ms™) BT DT
(ng'mL™) =y BRI By ERIEIEES EEA11/%
73.20 8.48 8.18 k=4.179 7 Co*1677 k=4.586 4 Co*1334 66.70
36.60 7.74 7.35 R?=0.990 2 R?>=0.997 3
18.30 6.90 6.76
9.15 5.98 6.18
243 BEEBIOHTAERING SRIE S, WAEH, BRI, R

R 1.05 g/mL [IRRIE IR AR DI A a4k, i3t
T In[(1—Ro)JV/R A Jy AT LM AU, AHCHE R AL
BIKT 098, XFLCIE 8 o L s A AR,  H a4k
BCRR LAY AT, FEAR RIS R, H )k
WP BOEE R R, DOREFRAARB RN S
B, LAV SR S T R B R R AU T2,
SERWEE S, MM RBUIY AT 0.99, DI HalATE
JF IR N 0.580 mg/mL i, HKIEFR LI T
RAFERI LA 19.11%.

HREWIINA 1.15 g/mL, EIE &5 2RI R s,
In[(1—Ro)J/Ro)FH Jy N RS KT 0.95(E 9),
DI FAALESEE 1.15 g/mL i, RIEFFREAE
BIRE T A SIS S E— e R, &I

9.0 7 By
-9.5 1
« ¥
I~ | P
& _ J
3 10.0 ' =
<
L 105 & .
< : ® 0.58 mg'mL™!
= & =
B 0.29 mgmL™!
~11.04 < 0.15 mgmL"!
»0.07 mgmL™!
-11.5 T T T
15 25 35 45

J/(X10m-s™h)

55

JRRBH X R . Rk F R A P AR T R IR IE A
0.63 mg/mL I, RRIEAER LLA> T T AAFELE 1 LAl
N 14.60%.

TEZEN 1.25 g/mL WIEBRAEE T, {EIRZEN
WRBIER R, RIEFRR AR DI A (A4 5
RS IR 22 MR R IRAE (] 100, JEIE
BB T, {H In[(1—Ro)J/Ro]F1 Jy AHICIE 2
KT 0,92, HALTRES W00 SRR
ORI (R 100, LR RE A kiE
FRRLHIN 10.51%.

X1 U R R R R e R R A T A
KNESrHT, BEE DI W% BRI, RikER
AN 19.11%~10.51%, 43125 EL B I BRI,

9.0 7 dhEfk
-9.5 N <
2 Ny X
S -
= —10.0 4
= ' X
X
] X
\‘_/ -10.5 1
= N X
~11.0 -
X
~11.5 . . : .
5 15 25 35 45

J/(X 107 m-s™h)

8 & 1.05 gmL ™ B EIEEER In[(1— Ro)Jv/Ro|Xt Jv BIFE K
Fig. 8 Correlation of In[(1— R,)Jv/R,] and Jy of rosmarinic acid at density of 1.05 g'mL™!

*8 EE 1.05gmL ' FRABFRERAR. BREHERD FISLEH
Table 8 Mass transfer coefficient, power function equation and molecular state percent of rosmarinic acid at density of 1.05 g'mL ™!
JRE R/ LR R H/(X 100 m's™) RO VAR
(mg-mL") N % SHUIEES g SRILIEES EEA1/%
0.580 26.88 20.33 k=29.570 0 Co*1676 k=21.171 0 Co*087 19.11
0.290 24.39 19.57 R?=0.992 3 R?=0.994 8
0.145 21.05 18.48
0.073 19.05 17.64
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07 s . 97 Atk s
. 4 !/‘< .Q X
[ |
. X 3
z . = 101 .
= < ]
& * § < 4 X
L n ¢ 0.63 mgmL™! ,L
£ 71T e ® 0.32mgmL"! E 111
[ |
8 0.16 mg-mL™!
% 0.08 mg'mL™!
-12 T T T | -12 T T T J
5 15 25 35 45 0 10 20 30 40

JJ(X1076 m-s™) JJ(X10%ms™)
9 ¥E 1.15 g'mL ™ FTRIEEER In[(1— Ro)Jv/Ro] T Jv BOFE XM
Fig.9 Correlation of In[(1—R.)Jv/Ro] and Jy of rosmarinic acid at density of 1.15 g-mL™!
®9 EBHE 115 gmL ! FREFRERRAY. BRYFERD TG

Table 9 Mass transfer coefficient, power function equation and molecular state percent of rosmarinic acid at density of 1.15 g'mL™!

Ipig=7:3i7) IR 2 /(X106 ms™") SRR STRS
(mg-mL™1) By SRIEIEEN B SRIEIEEN EEA51/%
0.63 16.29 14.84 k=16.627 0 Co*0462 k=15.043 0 Co*0274 14.60
0.32 15.72 14.60 R?>=0.996 6 R?>=0.997 5
0.16 15.31 14.29
0.08 14.77 14.03
97 By —87 ik
[~
" .
2 = ”

= -104 b4 & g

S < | X

= 8 5 -

5 % & ~101 . 5

L ‘ # 0.72 mg-mL™ ,L )

= _ = * ¢

g 1 x B 036 mg'mL"! =

711 .
& 0.18 mgmL™! |
. e
574 % 0.09 mg-mL
-12 r . - ; . -12 - : : . ; ‘
0 5 10 15 20 25 0 5 10 15 20 25 30

J/(X 1070 ms™")

JJ/(X 107 m-s™h)

El 10 ZE 1.25 gmL ™ BHKIEEER In[(1—Ro)Jv/Rol3T Jy HIHEE M
Fig. 10 Correlation of In[(1—Ro).Jv/R,] and Jy of rosmarinic acid at density of 1.25 g-mL™!
*10 EE 125 gmL ! FRIAFERERRY. FREHFERSTFEELH

Table 10 Mass transfer coefficient, power function equation and molecular state percent of rosmarinic acid at density of 1.25 g-mL™

Ji B R AE/(X 106 m's™) R BT R BTA
(mg-mL™) By Hh [a] s By ol 4 ELB1/%
0.72 8.76 7.44 k=8.986 0 Co®0781 k=7.523 0 Co®0%3 10.51
0.36 8.31 7.26 R>=0.998 6 R?=0.9933
0.18 7.83 7.13
0.09 7.46 6.93

T5%IEDTHERE R 86.76% I &% 74.27%, 85%EZ1T

HBEEH 77.16% &R 56.22%.

244 FHRR B M TAEENES

R 11,

PR E N 1.05 g/mL EHRAEE T FHEER B In[(1—
Ro)JV/RJFA Jy ATV R RUT L, AHGMEREEY K
F0.98, MWK 11 AT LA Y, BRARER A AR T
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Hlls R HG USRI EE N PHIR R B BAARIML T AR 11, DI AR BLy 7 TR AEAE R PH IR B

FRBCEWARRT R . DUTIHER B AAIEBINS IR,

LA 11.44%, BRI ZE 75% K 85%BEUTHI RS 5
W 73.5% 52.08%-

G IR SR R AR BRI, 4R
-8

B 7 91 sk
X
-9+ ~ ~10 »
o™ v
S 104 * X & 11 3
= ¢ = (]
B [ | ° k<
~ * X & -
Lon L ¢ 2.08 mgmL""! Lo Y
E ® 1.04 mgmL™! =
* X .
12 “ 0.52 mgmL™! 134 Q
% 0.26 mg-mL™!
X
-13 ; ; : : . ~14 : ; : .
15 25 35 45 55 65 5 15 25 35 45

J/(X100ms™")

J/(X10°ms™")

11 B 1.05 gmL™ B/HEAER B In[(1— Ro)Jv/Ro] 3 Jy BIAE XM
Fig. 11 Correlation of In[(1— Ro)Jv/Ro] and Jv of salvianolic acid B at density of 1.05 g-mL™!
F* 11 EE 1.05 gmL ™ BfHEER B ARA. BRBHERS FSLLE)

Table 11 Mass transfer coefficient, power function equation and molecular state percent of salvianolic acid B at density of

1.05 gomL™!
RS/ FER R E/(X 100 ms™) THREOTE 7T
(mg-mL™) By EAEIEEN By SRIEIEEN ELf5il/%
2.08 13.62 10.41 k=12.399 0 C,*1427 k=9.668 0 Co"9%32 11.44
1.04 12.66 9.63 R2=0.992 3 R>=0.994 9
0.52 11.31 9.08
0.26 10.17 8.56

BEE VA EH 1.05 g/mL 0% 1.15 g/mL
B, PHBIER B A4 A PRV R I 26 5 72 S R R
BOTREIRAT (R2>0.98), 5B LE 12. H DI H
[ R R B B9 T A HLN 9.43%, AHXTFa e
(R 12D« FHM BT R R8N T 6%,
Ui B2 B0, FHBER B 7 T4 Hug) t B 5T B
WEHE T RS FE P RS R AR TR

DI AR S BE RN ZE 1.25 g/mL i, PHEER
B AR S H ) AR VA R 2 1 T R e R B R ) il
3L (R?>0.98), ZRILKE 13, MR B Mo T8
Ebil e 11.44% FFEE 1.13% (£ 13). 1£ DI WAk
PIRAE IS FE T, I B P R B 55 A0 A iR ) LS
P ZMERSTY, SR EIRE N, SRR
VUSRI 40K« (BARER T3 % 1.05 g/mL, FHE

—107 Pp—p sy —109 A
X X
A |
1 ™ 11 s ¥
>ﬁ . * AX
- * -
3 -121 Ei -12 L PV
= —131 o ¢ 1.36 mgmL™! = —134 X
= -1 E) .
= W 0.68 mg'mL =
-144 4K 0.34 mg'mL™! —14 - %
% 0.17 mg'mL™! .
mg'm X
=15 T T T ! -15 T T T \
5 15 25 35 45 5 15 25 35 45

J/(X100ms™)

/(X100 ms™)

12 R 1.15 gmL ™" B EAER B In[(1—Ro)JV/Ro| X Jy BIFE X 1%
Fig. 12 Correlation of In[(1— Ro)Jv/Ro] and Jv of salvianolic acid B at density of 1.15 g-mL™!
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F 12 EE 115 gmL " B B ARAY. BREFERS FISHLA

Table 12 Mass transfer coefficient, power function equation and molecular state percent of salvianolic acid B at density of

1.15 gmL™!
R/ FER R E/(X 100 ms™) LR B L TR
(mg-mL™") =y BRI By ERIEIEES Ee /%
1.36 9.75 8.46 k=9.580 0 Co0-0633 k=8.219 0 Co-0%06 9.43
0.68 9.37 7.92 R?>=0.998 7 R?>=0.999 7
0.34 8.96 7.46
0.17 8.55 7.00
—10 1 B4 -8 1 ik
X
P
[ “10 4
..>< 10 .

— —124 * — [ |

g . <, . B

= = (4

%c !>< * Qu ‘[ X

L . # 0.74 mgmL! LRy . .

g 147 ;x B 037 mgmL! = o " x

0.19 mg'mL™! -16 1
u K
& % 0.09 mg'mL™! X
-16 . : ; ; ; ) -18 ‘ ‘ : : ; .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
J/(X1076 msty JHX10C mes™)
E 13 ZHE 1.25 g'mL ™ BHEAER B In[(1—Ro)Jv/Ro|XT Jv HIHE K14

Fig. 13 Correlation of In[(1— R,)Jv/R,] and Jy of salvianolic acid B at density of 1.25 g-mL™!
#* 13 EE 1.25 gmL " BIfHEAER B RRAY. BERBHERS FSLLA)

Table 13 Mass transfer coefficient, power function equation and molecular state percent of salvianolic acid B at density of

1.25 g'mL!
R/ R RE/(X10°ms™) RHOTTR T
(mg-mL™") H— Ry SRS By EHIEIEE e /%
0.74 5.43 3.44 k=5.594 0 Co00%83 k=3.544 0 C,01183 1.13
0.37 5.09 3.11 R?>=0.997 5 R?>=0.9913
0.19 4.71 2.93
0.09 4.44 2.67

FZ B 1E 75%FH 85%MEIT I #4 2 N I 17%,
VL PHIY L B 70 775 LU T P SO AR B0+ 1)
AR, (et TRV PR B IR B AL 2,
SEEEPE TR,

HAE DI A [alfdc 4 Fpiabnrpisy “ % E- 45
FE AT - B D F 27 [AE ORI, BT BEFH 75%38 I
% 85%, ILMRFERER TG, FHSZHN> R
B> Rk A R > R LARE, 50 F& e B,
SIS TAE N, BT R T R R,
Ut B AR AERAS AR AL 7= T [ B A 3 A 1) =
SR, HR, 155 TS WBIAN BT REEFR
AR B 1, MEDUEBRIRIEETTR > FHHIR B,
W R R R A TG N, FHBER B TR, (HAHHR

B YU ARSI, Ui B AE A X 431 o IR A 1)
IR FIRIERE DT PR TE 5, AT AR BT
%o FEFEE N 1.25 g/mL i, DI HaikiEwR 12
KRR B 4> T A LBl deilr, Bl B R il
W2 85%, PSRN ZFFLL T 36.03%, 1
MYER B T 1% 43.80%, RIULAEREDUERES, B AFAE
NN BRI TR 22
3 it

&R DI % H T RIT 0w L8, Hh
FF&5H RIS R A E B AR, 5558
L RARIEFES R, PR BRI o3 PR T H 53 A 1)
SR FILEEE. REFR, AR RS E
WP Fhimr . FEYNIE ST B A [F] 25 BE N 1) A T A4V
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