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Simultaneous Determination of 7 Phenolic Acids in Lycopus lucidus var. hirtus Rhizome by
HPLC-PDA
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[ Abstract] Objective: A high performance liquid chromatography-photo-diode array (HPLC-PDA)
method for the simultaneous determination of the 7 phenolic acids including danshensu, protocatechuic acid,
protocatechuic aldehyde, chlorogenic acid, caffeic acid, ferulic acid and rosemary acid in Lycopus lucidus var.
hirtus rthizome, analyzing and evaluating the phenolic acids in L. lucidus var. hirtus rhizome collected from

different habitats, is reported here. Method: The sample was extracted by ultrasonic with 80% methanol
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solution, 7 kinds of phenolic acids were separated on a CAPCELL PAK C, column (4. 6 mmx250 mm, 5 pwm)
with a mobile phase consisting of methanol-0. 02% formic acid aqueous (pH 3.10) by gradient elution, The
detection wavelength was at 279, 324 nm, the column temperature was 30 °C with 20 L injection volume and
the flow rate was 1.0 mL-min". Result: The 7 Phenolic acids had a good linear relationship (#=0.999 9)
within their respective mass concentration ranges, the average recovery was 96. 49%-103. 45% and the RSD was
0.5%-2. 8%, the limit of determination was 0.008-0. 046 mg-L" and the limit of quantification was 0. 027-
0. 154 mg-L". The 7 kinds of phenolic acids were all detected in L. lucidus var. hirtus rhizome and the total
amount was between 5 811. 01 and 11 747.23 ug-g"' , the average amount was 7 421. 05 pg-g". The content of
7 phenolic acids was different and the rosemary acid was the highest in all the samples with an average of
7 111. 19 pg-g" the ratio to the total phenolic acids was 95. 8%. The results of principal component analysis and
cluster analysis showed that the quality of L. lucidus var. hirtus rhizome from Heze city in Shandong province
was better, followed by Wanzhou district in Chongqing. Conclusion: The method was simple, sensitive,
accurate, practical and reliable, and is suitable for the content determination of phenolic acid in L. lucidus var.

hirtus rhizome. It is expected to provide a reference for the improvement of quality standard and a new idea for

the development and utilization of L. lucidus var. hirtus rhizome.
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Fig. 1 HPLC spectra of 7 phenolic acids in Lycopus lucidus var.

hirtus rhizome
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(LOD) X EEFR(LOQ)
Table 1 Calibration curve, correlation coefficient, linear range,
limit of detection (LOD) and limit of quantification (LOQ) of 7
phenolic acids by HPLC

27 [ LOD LOQ
/mg-L!

% o v it 207
/mg-L! /mg-L!

&R
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Y=13 394.6X-295.7 1.816 ~36.320 0.046  0.154
0.474~9.480  0.020  0.066
JFLZEE ¥=89 223.3X-536.8
Wi
FELER  Y=121 762X-123.4 0.185~3.696  0.008 0.027
HIEFRE Y=61 130.3X-64 990.0 24.90 ~ 498.00 0.017  0.037

0.066 ~ 1.328 0.008  0.028
Y=27447.8X-2618.3  0.094 ~ 1.888 0.042  0.140

Y=62 805.8X-446.4 0.198 ~3.952 0.011 0.037
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F2 MEH 7 AERER A S BN RE K 58 (n=6)

Table 2 Recovery test of 7 phenolic acids in Lycopus lucidus var. hirtus rhizome(n=6)

PN FRFE FESCR JmA WA [k Py RSD PR FRFE RESP A WASE mllk 7y RSD
W/g  H/pg  H/pg Hipg F/%  H% /% /g hi/pg /ng /ng K%  (H/% 1%

&R 1.0020 152.81 136.20 295.82 105.00 103.45 1.9 |WIHERR 1.002 0 11.98 14.82 26.23  96.13 96.54 0.5

1.0022 152.84 136.20 293.49 103.27 1.002 2 11.99 14.82 26.29  96.49
1.003 1 15297 136.20 295.78 104.85 1.003 1 12.00 14.82 26.31  96.60
1.0028 15293 136.20 296.30 105.27 1.002 8 11.99 14.82 26.45 97.52
1.0034 153.02 136.20 291.41 101.61 1.003 4 12.00 14.82 26.24  96.09
1.004 0 153.11 136.20 290.29 100.72 1.004 0 12.01 14.82 2630 96.43

FLZE®R 1.0020  48.16 3550 83.61 99.86 100.14 1.5 |BIZER 1.002 0 17.13 13.86 31.02 100.18 98.64 2.8

1.0022  48.17 3550 83.22 98.73 1.002 2 17.14 13.86 30.51  96.46
1.003 1 48.21 3550 84.16 101.27 1.003 1 17.15 13.86 30.20 94.17
1.0028  48.19 35.50 84.59 102.53 1.002 8 17.15 13.86 31.23 101.58
1.003 4  48.22 35.50 83.37 99.02 1.003 4 17.16 13.86 30.92  99.30
1.0040  48.25 3550 83.55 99.44 1.004 0 17.17 13.86 31.05 100.16

JILZEEE 1.002 0 3.52 9.96 13.17 96.89 98.90 1.4 |2KRZLEFM 1.0020 5576.11 5478.00 11098.48 100.81 101.38 1.2

1.002 2 3.52 9.96 1332 98.39 1.0022 5577.22 5478.00 11 065.08 100.18
1.003 1 3.52 9.96 13.52 100.40 1.003 1 5582.23 5478.00 11 087.62 100.50
1.002 8 3.52 9.96 13.52 100.40 1.002 8 5580.56 5478.00 11231.67 103.16
1.003 4 3.52 9.96 1332 98.39 1.003 4 5583.90 5478.00 11 198.85 102.50
1.004 0 3.52 9.96 13.37 98.90 1.004 0 5587.24 5478.00 11125.50 101.10

SEEFR 1.0020  12.93 7.08 19.87 98.08 9649 1.5
1.0022  12.93 7.08 19.75 96.31
1.0031  12.94 7.08 19.71  95.60
1.0028  12.94 7.08 19.85 97.60
1.0034  12.94 7.08 19.82 97.10

1.004 0 12.95 7.08 19.62 94.22

F3 AE MM SR 7 FENER 2K B 3 E (Fts,n=3)

Table 3 Content of 7 phenolic acids in Lycopus lucidus var.hirtus rhizome from different habitats(x+s,n=3) pgg’!
% A LR LR e LR IER i 2 BT 2L 52 IR 58ty
S1 152.50+2.38 48.06+0.56 3.51+0.21 12.90+0.26 11.96+0.16 17.10+2.00 5564.98+106.48 5811.01
S2 84.51+1.13 71.23+1.68 2.05+0.06 - 8.19+0.22 8.04+0.22 5768.09+104.36 5942.11
S3 181.12+1.68 60.71+£0.42 6.93+0.23 4.194+0.12 31.75+0.53 13.39+0.61 11 449.14+65.51 11 747.23
S4 67.28+0.53 77.57+1.18 2.8140.13 4.95+0.14 21.13+0.17 8.91+1.86 6 278.73+72.97 6461.38
S5 188.36+1.58 45.31+0.47 4.214+0.10 8.11+0.12 7.43£0.03 12.03+0.34 5602.91+44.36 5 868.36
S6 533.27+5.67 124.17+0.62 14.07+0.61 - 11.12+0.30 9.67+0.07 8 003.90+65.98 8 696.20

TSR AR TR R

M RIEEMR) S EE T e LR MNE & EEARN 7RSSR AL H K RS
K ES SR JBULAEE LB UK 279 nm, S B Ak o3 ) TR R Y s AR B pH R 2.5, 3.0,
2R TR O E R BT LR Lk 2K A R K N 324 nm, 3.5,4.0,45 %55 T X His WL iy . 454 W
3.3 AR RMEE mTHREASYAEK R, YW BRKEW pH 3.0 B, 5% IR B H R OE
R ARSI, R IR R SR pH ES IR S0 A ARV H AR S T R4 E
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x4 EMSHFMEERFTETHE

Table 4 Eigenvalues and variance contribution of principle
components
ES L FROEM 220tk % R 2 0TEE /%
1 3.383 48.3 48.3
2 1.887 27.0 75.3
3 1.472 21.0 96.3

RS WMERREINSBY GEEIREHRE
Table 5 Principal component scores, comprehensive scores and

ranking of Lycopus lucidus var. hirtus rhizome

KA Fl F2 F3 F& He¥
I EM(ST)  -1.105 0.399 1.249  -0.171 3
ZEKB(S2)  -0.107 -1.187  -0.947  -0.592 6
FETM(S3)  -0.270 1.759  -0.777 0.459 2
TR (S4)  -0.206  -0240 -0.932  -0.374 5
ZEB(S5)  -0.649  -0.451 0.504  -0.342 4

I ZR T (S6) 1.797  -0.280 0.903 1.021 1

S2
S4

S1

S5

S3

S6

2 EFREIRESN

Fig. 2 Cluster analysis of Lycopus lucidus var. hirtus rhizome
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