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Study on effect of danshensu and protocatechuic aldehyde on degradation of
salvianolic acid B

HUANG Shi-chao, PAN Jian-yang, QU Hai-bin
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Abstract: Objective To develop a method for the quantitative determination of several salvianolic acids by HPLC and investigate the
influence of danshensu and protocatechuic aldehyde on the degradation process of salvianolic acid B (SaB). Methods HPLC method
was applied to quantitative analysis on four components in the degradation sample of SaB. HPLC-MS method was applied to
tentatively characterizing the structure of the degradation products. The effect of danshensu and protocatechuic aldehyde on the
degradation of SaB were found out by the analysis of chromatogram and mass spectra of degradation samples. Results Nine
degradation products were found in the degradation samples of SaB, including danshensu, protocatechuic aldehyde, isomers of SaB,
lithospermic acid, and its isomers. Protocatechuic aldehyde had stronger protective effect on SaB compared to danshensu at the same
mass concentration. Additionally, the peak area of lithospermic acid isomers I and II increased when the initial concentration of
protocatechuic aldehyde was increased. Conclusion The mild acidity of protocatechuic aldehyde might account for its stronger
protective effect on SaB, and the connection between protocatechuic aldehyde and lithospermic acid isomers I and II might relate to the
change of reaction balance.
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1 XEERF

Agilent 1100 = 2 ¥ AH 8 3% {X C Agilent,
Waldbronn, %[ ), Agilent Eclipse plus Cjs f& i f4
(100 mm X 4.6 mm, 1.8 um); Thermo Finnigan LCQ
Deca XP P 225 BB Fii{¢ (Thermo Finnigan,
San Jose, CA, ZE[E); XS105 B #rRF (Mettler
Toledo); Seven Multi S40 7! pH i, Fc expert pro
HLH (Mettler Toledo); ZCY-15B %izita g e i
CTWRAEAS) ) XMTE-8112 1EEAE (ks %
FISEAAAIRAFD .

FHEEE BUIL 'S 12041203, R & 2H0N 99.29%)
W T RS AR T R AR AR, PR (it
5110316, FIETECN 99.62%, #it5 120526, Ji
BHHON 99.20%) JR)LREE (45 101031, FiE
BN 99.25%, #5 120330, FEDEN 99.42%)
AR (LS 130224, FiEDHCN 99.56%)
6T FilgRREZRH R EARA R . iR (A
4li) WA+ Fluka, HERE: (b4l T Alfa Aesar,
Ol (kg T Merk, W (sl 1yt
ROE Scientific, 47K H Milli-Q R4Hil1F.
2 ik
2.1 SMEHEEIESNAENEIL

e F: %4 A Agilent Eclipse plus Cis £
(100 mm>X4.6 mm, 1.8 um); JshHH A 4 0.4%
FR-7K (& 9 0.01 mol/L HR%%), B 1M 0.1%
FR- 2.1 BREEVER: 0~15 min, 2%~13% B; 15~
30 min, 13%~20% B; 30~40 min, 20%~25% B;
40~45 min, 25%~40% B; 45~50 min, 40%~90%
B; 50~55 min, 90% B. #AFIjitE 0.5 mL/min; #F
I35 C; #EREE 10 uL; A K 280 nm.

ST TSI, S5 8 T R R R B
HEME, 24 h AFERFRENE. ZRVEVER DL IR [
e, SiRNE 1~3.

®1 HEEIHRREMERE

Table 1 Results of precision and stability of samples

BEFERE R E R M 24 h AR RRENE

(&=L
RSD/% RSD/% RSD/%
e SN 0.5 1.1 1.4
R Lo 0.3 1.6 0.8
KRR 0.6 0.9 22
FHBTEE B 1.5 1.0 49
Fx2 HMEEERER
Table 2 Results of linearity range
ey EER ARG
(mg-mL™)

FIZ&E  Y=13675X+38 0.0005~0.9010 0.9996

LR Y=77707 X+177 0.000 1~0.5030 0.999 4

BRI Y=20581 X+41 0.0005~1.0020 0.9999
PR B Y=20772X—69 0.010 0~2.0000 0.999 7
#3 ERERERELER
Table 3 Results of recovery test

wEY  IFE p/(mgmL™)  FIEIREE/%  RSD/%

e 5 0.118 4 97.34 1.0
0.244 2 98.67
0.3825 98.54

J )L 0.0128 96.05 1.4
0.0257 98.41
0.040 3 98.37

Ny 0.0323 102.40 15
0.068 0 99.69
0.106 9 99.58

FHGER B 0.215 4 96.89 0.9
0.433 4 97.84
0.6710 98.64

JiiE R ESI 3 R EE, WIS H AN 3
KV, BRSNS R, SES BN 7.8
L/min 1 6 L/min, B4HEEE 350 C, fET4H
i, JFAELIHETEE m/z 50~1 000, FERF 3.5 min
N .

22 FEERMEILRBEXTHAEL B BEAEMEIR0

KRG s EE N IEASRI B RS R S
FAE LA RN PHY IR B BRI FE M2, it 13
SZI, WFFCIREEN 90 CHIFHIER B INAASE MK
FERIFE S 2R LR JG B R R AR AR 4k, 5
RS R Z KT EE WK 40 55 1 R kAL
249°0.01 mol/L NaOH VAWK 13 2H SIZ0 A it [ i w14
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Table 4 Orthogonal design with center points replicates

3 p nsxl P mous/ p nmmB/
(mgmL™")  (mgmL™) (mgmL™")

1 0.4 0.4 90 0.8

2 0.1 0.1 90 0.8

3 0.1 0.4 90 0.8

4 0.1 0.7 90 0.8

5 0.4 0.4 90 0.8

6 0.4 0.1 90 0.8

7 0.4 0.4 90 0.8

8 0.4 0.7 90 0.8

9 0.4 0.4 90 0.8
10 0.7 0.1 90 0.8
11 0.7 0.4 90 0.8
12 0.7 0.7 90 0.8
13 0.4 0.4 90 0.8

pH EIJHT N 8, EIVEMRWILE pH EAHR . 5 2 K
SEIG P EE N 6 mmol/L NaOH VA VRIA A 13 2Hs26
FES, EDVERAIERIAEE, HBETHER S EER
FEIE pH AEAN ] o B i B3 AR VA S BORE 100 L,
BN 100 pL ¥R 9 0.04 mol/L FBERZ VA pH &
Tk, VENBEFRVIIERE S . BUREIEREARN 90 “C1E
TSN, 12 h JEHECH AR ED, HURE 200 uL, %5
AR 0.04 mol/L FBERRIER, R NPEARLE A,
fto BERESLIEAT HPLC 20 M A5 2047 o
3 #R5T
3.1 PR B BEREFTAHERT
FHOYER B ¥ AEHTLG pH (E8 8+ A 90 C
(RIZEAT T 12 h, REREARFE ST LC-MS 7347,
RIFEMTH 10 NMEESEPIFEERS, B B
SN 9 FhBEfRF=Y, W BT S R ILE 1.
RIERBE SR R L AR 5 R, AT
HEWT &SR8, S5 WER 5. RPN Ok

10

t/min

10123 2-FLRME 3-FHRAMAT 4 KHERREEIKT 5-PHRIRD 6-J1EHIR B HAMA T

9-EEE  10-7HH R B

30 35 40 45 50 55

T-FHER B S 1T 8- B ER A4k 11

1-danshensu  2-protocatechuic aldehyde 3-lithospermic acid isomer I — 4-lithospermic acid isomer II 5-SaD 6-SaB isomers I 7-SaB isomers II

8-lithospermic acid isomer IIT  9-lithospermic acid 10-SaB

1 AR B EEERS BT REEE
Fig. 1 TIC of SaB after degradation
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Table S Degradation products of SaB BIRER PAE/NT 0.01 B RZECNIE, MW ol EnPH
[=) BB : —HT Y 23 y v =y )

“J%f fx Eglﬁgﬂ/ min [Mlg;ﬂ %gf%ﬁfz 2] M B MG SYIME IS R R RIEMR, 5
5 14.51 137 BLERE WIgR SR LA BT RIR TR AN S R
3 28.07 537 HKERFBHIAI IR EE R 46 TR ) L 2% I Joi 8 YA 22 5 o b i i VA R

Jn=iv N N b

Poope Ak pH Z MBI K L LA FHBRME LA

6 34.73 717 FHBER B BRI A 2R B IR ER o

; ;ggg ;Z ggﬁ 2@2’? 11111 VAR A FRAR RIS, oo R A I A 0 45

. R FROT M4 N < = N e

9 37.34 537 %E%‘é %WJ%‘% 80 u%ﬂﬁﬁ%%%)ﬁ%Y&fg*D?ﬂﬁﬁﬁ)Lﬁ?

0 a4 17 A B REOIRARIK MRS, LARWIN RIS pH AT

&6  #146 pH EAERIFFHEAES B BRI IEhEERDNRERE
Table 6 Concentration of main compounds in degradation process of SaB with same initial pH value
R HI46 5 K /(mg mL ! i Jo J5 R /(mgmL ! e , J
gy — PPV mgml )RR SRRl ) e o et Pimim B b s
MExR FLERE FIBEB 2R FJLRE EER JTHEB
1 0.443 0.410 0.797 0.590 0.173 0.026 0.084 2.137 89.4
2 0.107 0.107 0.803 0.282 0.063 0.021 0.153 1.940 81.0
3 0.113 0.397 0.813 0.281 0.205 0.017 0.166 2.206 79.5
4 0.113 0.710 0.797 0.289 0.342 0.023 0.165 2.208 79.3
5 0.450 0.407 0.813 0.768 0.205 0.029 0.114 1.994 85.9
6 0.437 0.110 0.800 0.705 0.057 0.018 0.128 2.457 84.0
7 0.443 0.390 0.797 0.714 0.189 0.034 0.096 2.049 88.0
8 0.447 0.700 0.810 0.539 0.364 0.047 0.087 1.751 89.2
9 0.440 0.403 0.810 0.703 0.249 0.031 0.112 1.814 86.1

10 0.777 0.110 0.790 1.121 0.053 0.017 0.107 2.326 86.4
11 0.770 0.397 0.803 1.015 0.183 0.026 0.054 1.713 93.2
12 0.783 0.713 0.800 0.992 0.320 0.047 0.072 1.732 91.0
13 0.447 0.400 0.790 0.602 0.168 0.028 0.079 1.652 90.0

&7 ¥196 pH EEREILIEER O LR
Table 7 Regression analysis results of experiments with same initial pH values
P Hzzx P 5 ILkRE ﬁ%
WS ; - .
f P 0 P B P B
FHEAER B P LA <0.01 0.154 >0.05 0.041 <0.01 0.779
pH Z18 >0.05 —0.289 >0.05 —0.558 <0.01 2.352
&8 AFEERHER B ERLIETEERSNRERE
Table 8 Concentration of main compounds in degradation process of SaB with same solvent
F YT 2/ (mgmL™) FefiAt J5 & 5 Bk B /(mg-mL ) , .

#H v — v vy — 5 pH 2 B k> 5%
W Tisz mizm Awmms  1sE  plse  wem smms o onron TBBBRSREY
1 0.444 0.392 0.820 0.675 0.172 0.016 0.053 7.665 93.5
2 0.116 0.098 0.818 0.314 0.019 0.004 0.003 9.626 99.7
3 0.114 0.396 0.824 0.294 0.231 0.015 0.048 7.764 94.1
4 0.114 0.698 0.800 0.239 0.537 0.028 0.230 7.297 71.2
5 0.442 0.402 0.804 0.779 0.246 0.015 0.058 7.711 92.8
6 0.446 0.104 0.804 0.621 0.033 0.006 0.004 8.821 99.5
7 0.450 0.392 0.800 0.686 0.297 0.014 0.061 7.842 92.4
8 0.448 0.698 0.806 0.634 0.583 0.028 0.214 7.256 73.5
9 0.444 0.392 0.820 0.675 0.172 0.016 0.053 7.665 93.5

10 0.786 0.102 0.802 1.036 0.016 0.004 0.003 8.862 99.6

11 0.776 0.404 0.834 1.032 0.271 0.013 0.065 7.857 922

12 0.778 0.704 0.836 1.023 0.654 0.029 0.217 7.205 74.1

13 0.444 0.392 0.798 0.720 0.255 0.013 0.060 7.895 92.5
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Table 9 Regression analysis results of experiments with same solvents

o A P Az% P LR T EE
P{a B Pia ES PA ES
FHREE B FAR L5 >0.05 0.007 <0.01 —0.447 <0.01 1.073
WI4E pH H >0.05 —0.348 <0.01 -3.079 <0.01 9.340
F 10 HERBHE T I AIEER
Table 10 Peak area of lithospermic acid isomers I and I1
1 S0 H 3 Bk 2% it/ Vg 1 R
p szx/(mgmL™") p wuse/(mgrmL™) BRI AR 1 KER AT
1 0.400 0.400 790.5 682.9
2 0.100 0.100 154.1 146.4
3 0.100 0.400 591.6 519.4
4 0.100 0.700 556.4 473.7
5 0.400 0.400 901.0 763.8
6 0.400 0.100 103.2 92.2
7 0.400 0.400 906.3 776.4
8 0.400 0.700 958.2 819.7
9 0.400 0.400 837.0 713.8
10 0.700 0.100 411.3 350.5
11 0.700 0.400 903.9 762.2
12 0.700 0.700 1005.5 847.2
13 0.400 0.400 793.6 670.3
4 g FAER . X AR AP 2 2 A LA PHI R

ALY ENL T RN XE P R B R AR TP 4
T FH2a . B LREE . SRERAPHR R B k47
€ BT IR RGBAR s o U7 ik, A LC-MS
BORFINT T FTIER B BEMERE & AL A2 LRl 3RS
9 MPHENER B RIREME Y, RIS R, FILR
W, FHRIR B M2 R fA . KRR DL 2R
MR . X LEINA P2 BRI ) LA IE Ja (K3 IR
B BEMEREAL, RIUE) LA ST R B A PR S
T W, TS RECE 2B PHRR B O~

B ORI I RHES A T 55 IR e . BAh, fEAH
IR pH AE T AR, B S5 LA RE AT 40 T iRk
FRO ST o AR A5 ot 58 B R SR A TR T U TR
EA PG, ZIEAT RS NP %, =
h Fpidt— BT

FHBER B (MRS T S A ) A4, 1E
B AR T 7 A 2 TR R M R A B AR [ 14 2 ol
By IR, PFS i) FUIRAEDIA I LA™, Py
MR A PRI YRR, AR T2l k2
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