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Abstract: A new method was used for the rapid screening and identification of free radical scavengers
in the extracts of Salvia miltiorrhiza Bunge and Salvia praitiiHemsl.  and the determination of the con—
tent of the analytes in the samples based on HPLC — DAD - ESI/MS" — DPPH was developed. The
three compounds were identified to be caffeic acid salviaflaside and rosmarinic through comprehen—
sive analysis of HPLC spectra MS spectra and literature data. The extraction effects of the hot re—
flux ultrasonic assisted extraction and accelerated solvent extraction( ASE) were compared and the
chromatographic conditions were optimized. Under the optimized conditions three compounds could
be effectively separated. Good linear relationships were obtained for three compounds in the concen—
tration range of 1.7 —35.3 pg/mL  with correlation coefficients of 0. 999 5 —0.999 8. The detec-
tion limits were in the range of 0. 05 —1. 85 pwg/mL and the quantitation limits were in the range of
0.18 —6. 16 pg/mL. The average recoveries of three compounds were between 96. 6% and 97. 2%

with relative standard deviations of 1. 1% —1.3% . The method was applied in the determination of
three compounds contents in Salvia miltiorrhiza Bunge and Salvia prattitHemsl. — with caffeic acid:
0.303 0.254 mg/g; salviaflaside: 1.019 1.401 mg/g; rosmarinic: 17.279 8.104 mg/g. The

method is convenient fast accurate and reproducibile. Otherwise it gives a powerful tool for the

1 2014 -10 - 16; 12014 -11-20
: (yg2012086)
* : : Tel: 0971 -6132750 E —mail: hufz@ nwipb. cas. cn



3 : HPLC - DAD - ESI/MS" - DPPH 315

rapid screening and identification of free radical scavenging compounds in complex natural products.
Key words: Salvia miltiorrhiza Bunge; Salvia prattiitHemsl. ; antioxidant activity compounds; on-

line HPLC - DAD - ESI/MS" - DPPH
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C; : 1.0 mL/min; 330 nm; . 5 pL. HPLC1
0.3 mL/min 0.7 mL/min.
HPLC2 : . PEEK (15 m x0.254 mm) ; : DPPH (24.7 pg/mL)
; : 0.45 mL/min,; 517 nmo
: : ESI ; : Ny, . 40 psi;
: 9 L/min; : 325 C.
1

Fig. 1 The process of ondine screening and identification of free radical scavenging compounds
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2 HPLC
Fig. 2 HPLC chromatograms of Salvia miltiorrhiza Bunge and Salvia prattitHemsl.
1. caffeic acid 2. salviaflaside 3. rosmarinic; mobile phase: a. water + MeOH b. 0.5% acetic acid + MeOH c. 0.05% acetic
acid + MeOH d. 0.1% acetic acid + MeOH e. 0.2% acetic acid + MeOH f. 0.5% acetic acid + MeOH( Salvia miltiorrhiza
Bunge) g. 0.5% acetic acid + MeOH( Salvia prattitHemsl.) h. 0.5% acetic acid + MeOH( negative peak) ; the

chromatogram of b was dissolved by MeOH and chromatograms of a ¢ d e f g and h were dissolved by mobile phase

2.1.3 N
3 AY
1. ( ASE) (50 ~200 °C) (1000 ~3 000
psi  10.3~20.6 MPa)
2 N N N ASE N N
1 . (n=3)
Table 1  Extraction condition and contents of caffeic acid salviaflaside and rosmarinic in samples( n =3)
. Extraction Solvent Solvent extraction Content of compound( mg/g)
Extraction mode . - . N N .
time( h)  consumption( mL)  and filtration Caffeic acid Salviaflaside Rosmarinic
Heat reflux extraction 1.5 20 No 0.282"  0.238 0.929" 1.350 15.277° 17.917
Ultrasound assisted extraction 1.0 20 No 0.199° 0.183 0.889" 0.671 16.303" 4.298
Accelerated solvent extraction( ASE) 0.3 <15 Yes 0.303" 0.254 1.019" 1.401 17.279" 8.104

* contents of caffeic acid salviaflaside and rosmarinic in Salvia miltiorrhiza Bunge

2.2 ESI - MS
ESI N N
9 L/min
; 325 C ", 3

3
Fig.3 Total ion chromatogram of Salvia prattiiHemsl.

1. caffeic acid 2. salviaflaside 3. rosmarinic
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Fig. 4 Mass spectrometric signals of caffieic acid( A) salviaflaside( B) and
rosmarinic( C) using HPLC/ESI — MS with negative ion mode
left: MS spectrogram; right: MS/MS spectrogram
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2

Table 2 Free radical scavenging compounds in Salvia miltiorrhiza Bunge and Salvia prattiitHemsl.

tp Experimental Product ions Calculated

No. Selected ion Formula Compound  Reference
( min) value( m/z) (m/z) value( m/z)
1 10. 156 M-H - 179.0 135.0 180. 15 CoHg O, Caffeic acid 12
2 23.171 M-H - 521. 1 197.0 179.0 161.0 522.00 CyyHyOy3  Salviaflaside 13 - 14
3 30. 231 M-H - 359.0 359.0 197.0 179.0 161.0 360. 33 CigHi6Og Rosmarinic 13-14
2.3
2.3.1 N “1.5” 0.5 1.0 2.0
3.0 40mlL 5 mL o “1.3” o
(¥ pg/ml) ()
y =25.98x -52.70( > =0.999 5) ; .y =28.75x -38.40( 7 =0.999 7) ;
. ¥y=9.52x-54.67(r =0.999 8) . .
1.7~13.6 2.9~23.2 4.4~35.3 pg/mL o
o S/N=3 S/N=10
. 0.05 0.13 1.85 pg/mL 0.18
0.43 6.16 pg/mL,
2.3.2 6
3 (RSD) . 3 RSD
2.5% o
6 0.5¢g “1 47 “1.3”
RSD
RSD 5.0% o
2.3.3 9 0.25 g
3 3 “1 4 ”»
“1 . 3 ”» N
3. 3 N 96. 7%
96.6% 97.2% RSD 1.1%% 1.1% 1.3% .
3
Table 3 Result of recovery
Caffeic acid Salviaflaside Rosmarinic
Content Added Found Recovery  Content Added Found Recovery  Content Added Found Recovery
(mg/g)  (mg) (1mg) (%) (mg/g)  (mg) (1mg) (%) (mg/g)  (mg) (mg) (%)
0.075 0. 038 0.110 98.2 0.251 0. 125 0.359 95.6 4.251 2.150 6.280 98.1
0.076 0. 038 0. 108 95.4 0.255 0.125 0.371 97.7 4.320 2.150 6. 400 99.5
0.075 0. 038 0. 109 96. 8 0.253 0.125 0.363 96. 1 4.285 2.150 6.240 97.0
0.074 0.075 0. 145 97.2 0.250 0.250 0.481 96.3 4.233 4.300 8.120 95.2
0.075 0.075 0. 142 95.0 0.251 0.250 0.477 95.3 4.251 4.300 8.310 97.2
0.076 0.075 0. 147 97.5 0.255 0.250 0.489 96.9 4.320 4.300 8. 340 96. 8
0.075 0.113 0.183 97.5 0.253 0.375 0.613 97.7 4.285 6.450 10. 510 97.9
0.075 0.113 0. 181 96.5 0.253 0.375 0.618 98.5 4.285 6. 450 10. 330 96.2
0.076 0.113 0. 182 96.7 0.255 0.375 0. 603 95.8 4.320 6. 450 10. 450 97.0
2.4
“.4” 1
3 : 0.303 0.254 mg/g; 1.019

1. 401 mg/g; 17.279 8.104 mg/g.
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