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Predictive model of the retention time for solutes based on multiple regression

under linear gradient condition
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Abstract
in RP-HPLC. Methods:The best fitting equation between the retention time and the three parameters was explored by

Aim: To build a model predicting accurately the retention time of components under linear gradient elution

a least squares regression. The regression model is validated by two columns from different manufacturers and two
herbal medicine extracts. Results : The results on the two different columns showed solid goodness-of-fit measures and
the average relative deviation of the prediction is (1.64 £ 1.25)% ( #n=84) and (1.28 £+ 0.95)% ( n="78)
respectively for 14 components of Pueraria thomsonii extracts and 13 components of Flos Lonicerae extracts using the
regression model. The relative deviations are obviously lower than from two known equations. Conclusion: The

proposed model is simple and especially suited to the retention prediction of complex mixtures.

Key words gradient elution; retention prediction; multiple regression model
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Tab.1 Multiple regression equation coefficients and goodness of fit assessment from the initial data sets of Pueraria thomsonii extracts( n=7,95% confidence

interval )
Coefficients Statistical parameters
Column Peak No.
o o 7! o3 R SE F P
1 1 -1.0287 1.391 3 -0.307 6 0.396 7 0.992 5 0.009 7 65.93 0.003 1
2 -0.599 3 0.072 3 -0.3437 0.350 0 0.987 3 0.010 6 38.54 0.006 8
3 -0.693 3 1.796 7 -0.3399 0.391 0 0.9933 0.010 2 73.50 0.002 6
4 -0.2553 0.2255 -0.244 1 0.243 3 0.991 1 0.006 4 55.35 0.004 0
5 -0.001 7 -0.8308 -0.078 3 0.116 4 0.990 7 0.004 2 52.83 0.004 3
6" 1.728 3 -2.1879 0.307 0 -0.376 8 0.986 4 0.0153 36.02 0.007 5
7 0.034 2 0.339°5 0.087 7 -0.1172 0.989 9 0.003 2 48.59 0.004 8
8 0.018 9 0.528 2 0.070 6 -0.0957 0.987 4 0.003 6 38.86 0.006 7
9 0.027 7 0.596 2 0.081 3 -0.114 8 0.990 1 0.003 6 49.63 0.004 7
10 0.051 5 0.789 6 0.1399 -0.1972 0.988 8 0.006 0 43.81 0.005 6
11 0.052 7 1.018 6 0.143 6 -0.2000 0.988 7 0.006 7 43.63 0.005 7
12 0.051 8 1.042 9 0.142 0 -0.1973 0.989 2 0.006 6 45.42 0.005 3
13 0.122 5 1.6599 0.237 1 -0.3343 0.986 2 0.012 2 35.61 0.007 6
14 0.066 5 1.7152 0.303 5 -0.226 8 0.990 7 0.004 2 52.83 0.004 3
2 1 -0.650 0 0.615 8 -0.346 7 0.3039 0.960 1 0.018 4 11.78 0.036 3
2 -0.078 9 -1.2133 -0.244 0 0.225 8 0.976 5 0.017 9 20.52 0.016 8
3 —0.009 8 -1.166 7 -0.141 1 0.171 8 0.996 9 0.005 8 162.8 0.000 8
4 -0.1335 -0.1829 -0.138 2 0.148 9 0.916 8 0.010 1 5.268 0.090 3
5 -0.274 4 0.8337 -0.164 0 0.151 7 0.962 4 0.011 9 8.370 0.108 5
6" 1.726 0 —2.4827 0.3331 —0.348 3 0.999 6 0.004 8 117 8 0.000 0
7 0.050 9 0.114 3 0.088 6 -0.0955 0.9529 0.004 7 9.871 0.000 0
8 0.022 4 0.510 1 0.065 7 -0.094 8 0.999 5 0.001 1 921.9 0.000 0
9 0.034 5 0.693 1 0.084 2 -0.1356 0.999 7 0.001 1 1702 0.000 0
10 0.066 0 0.721 9 0.137 5 -0.1999 0.998 4 0.002 8 303.9 0.000 3
11 0.060 1 1.091 2 0.1356 -0.216 7 0.999 7 0.001 8 1573 0.000 0
12 0.061 4 1.142 5 0.134 6 -0.220 5 0.999 6 0.002 0 1335 0.000 0
13 0.141 6 1.942 7 0.2337 -0.3886 0.999 6 0.003 8 1113 0.000 0
14 0.1659 2.178 6 0.277 1 —0.443 4 0.999 3 0.006 0 470.3 0.002 1

*The 6™ peak was identified as puerarin by comparison with standard puerarin and taken as the reference peak
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Tab.2 Comparison of the retention time and the relative deviation between the predicted and experimental data from three gradient conditions of Pueraria

thomsonii extracts

Retention time (min)
Peak No.

Average relative deviation (%, n=6)

Exp. Eq.1 Eq.2 Eq.4 Eq.1 Eq.2 Eq.4
1 3.41 3.45 3.447 3.43 1.15 7.40 1.35
2 4.29 4.35 4.337 4.28 2.59 13.91 0.95
3 8.61 8.87 8.76" 8.75 2.83 14.41 2.60
4 9.85 10.26 11.33 9.90 2.85 13.05 0.97
5 10.10 11.14 13.19 10.52 3.80 12.84 1.83
6 14.53 15.60 17.91 15.04 4.14 14.66 2.46
7 17.54 18.61 21.36 18.23 2.60 13.28 2.56
8 18.90 19.95 22.58 19.55 2.28 11.70 2.02
9 19.71 20.75 23.44 20.38 2.06 11.16 1.84
10 21.87 22.90 25.90 22.72 1.75 11.07 1.95
11 24.73 25.74 28.73 25.59 1.41 9.67 1.49
12 25.04 26.04 29.02 25.90 1.37 9.42 1.44
13 37.56 38.37 41.79 38.61 0.66 6.63 1.02
14 43.82 44.23 47.97 43.02 0.54 5.60 1.16

2t s(n=84) 2.14+2.04 10.93+8.70 1.64+£1.25

*The retention time of solutes is calculated by eq. (3) because the retention of solutes is too weak to be calculated accurately by eq. (2). Exp. indicates the

actual retention time (with experiment condition: ¢y, g and ¢; is 22 % , 46min and 56 % , respectively. )
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Tab.3 Multiple regression equation coefficients and goodness of fit assessment from the initial data sets for the samples of Flos Lonicerae( n=7,95%

confidence interval)

Coefficients Statistical parameters
Column Peak No.
ag N o a3 R SE F P
1 1 -0.3651 -2.402 6 -0.597 2 0.462 8 0.993 5 0.018 3 76.42 0.002 5
2 -0.298 5 —1.798 2 -0.514 3 0.443 0 0.998 5 0.007 1 343.3 0.000 3
3 -0.1810 -1.1054 -0.3304 0.301 8 0.996 4 0.007 1 137.8 0.0010
4 -0.160 4 -1.024 8 -0.3111 0.280 5 0.996 3 0.006 7 135.9 0.0011
5 -0.147 5 —0.909 1 -0.2822 0.258 2 0.99 1 0.006 2 127.2 0.001 2
6 -0.1194 -0.742 8 -0.258 3 0.2279 0.996 5 0.004 9 142.9 0.0010
7 -0.067 2 -0.4256 -0.167 6 0.1457 0.996 2 0.003 1 132.3 0.0011
8 -0.054 8 -0.350 8 -0.148 7 0.129 4 0.996 5 0.002 6 142.3 0.0010
9 -0.0213 -0.130 1 -0.038 6 0.0319 0.991 4 0.001 3 57.68 0.003 8
10" 1.557 6 -0.727 8 0.626 8 -0.4550 0.997 8 0.007 5 227.5 0.000 5
11 0.018 6 0.071 3 —0.009 3 0.007 4 0.9929 0.000 6 70.15 0.002 8
12 0.043 6 0.1338 0.014 5 -0.027 3 0.976 5 0.002 1 20.57 0.016 7
13 0.038 9 0.168 5 0.038 4 —0.040 1 0.990 3 0.001 7 50.92 0.004 5
2 1 -0.456 9 -1.798 9 -0.563 6 0.574 7 0.964 5 0.0370 22.22 0.002 6
2 -0.2880 —-1.8805 -0.546 9 0.587 5 0.9919 0.0190 101.9 0.000 1
3 -0.142 2 -1.556 5 —0.463 4 0.490 8 0.9959 0.012 9 200.1 0.000 0
4 -0.097 2 -1.2349 -0.384 4 0.404 8 0.9950 0.013 1 166.3 0.000 0
5 -0.087 7 -1.09 7 -0.3458 0.3670 0.994 4 0.013 5 147.5 0.000 0
6 -0.073 1 -0.7920 -0.2935 0.310 4 0.994 4 0.012 5 147.5 0.000 0
7 -0.036 4 -0.314 8 -0.141 6 0.154 7 0.9913 0.0153 95.03 0.000 1
8 -0.0313 -0.2074 -0.116 7 0.129 3 0.991 4 0.0152 95.13 0.000 1
9 —0.001 4 —0.09 9 -0.020 6 0.020 1 0.986 6 0.021 1 60.80 0.000 2
10" 1.725 6 -1.2654 0.553 4 -0.626 4 0.986 9 0.0209 62.56 0.000 2
11 0.017 4 0.061 3 —0.008 3 0.007 8 0.999 0 0.004 5 514.9 0.000 1
12 0.005 0 0.306 4 -0.0269 0.041 3 0.997 6 0.007 4 207.5 0.000 6
13 0.0153 0.412 1 —0.004 6 0.017 3 0.997 1 0.008 0 170.9 0.000 8

*The 10" peak was taken as the reference peak
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Tab.4 Comparison of the retention time and the relative deviation between the predicted and experimental data from three gradient conditions of Flos

Lonicerae extract

Retention time (min) Average relative deviation (%, n=6)
Peak No.

Exp. Eq.1 Eq.2 Eq.4 Eq.1 Eq.2 Eq.4

1 5.47 5.94 6.99 5.54 2.73 22.30 1.61

2 8.62 9.52 10.15 8.59 3.47 20.03 1.28

3 15.22 16.25 16.38 14.99 2.51 16.93 1.14

4 16.31 17.40 17.48 16.11 2.56 15.35 1.11

5 17.69 18.62 18.71 17.39 2.34 14.69 1.30

6 19.77 20.61 20.71 19.47 2.02 12.97 1.13

7 25.11 25.44 25.77 24.66 1.51 11.06 1.01

8 26.61 26.81 27.19 26.11 1.41 10.62 1.39

9 31.33 31.14 31.80 30.78 1.20 10.33 1.72
10" 34.71 34.35 35.06 34.04 1.28 9.91 2.20

11 37.13 36.66 37.36 36.35 1.17 6.26 0.90

12 39.48 39.04 39.48 38.75 0.68 5.12 0.90

13 40.19 39.58 40.34 39.3 0.74 4.87 0.93

2t s( n=78) 1.82£1.94 12.34£12.43 1.28+£0.95

Chromatographic condition: g, f; and ¢; is 10% , 58 min and 46 % , respectively by column 1
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Fig.1 Optimal chromatograms of Pueraria thomsonii extracts under the
gradient condition by two columns: ¢, s and ¢;is 22 %, 46 min and 68 %,
respectively in column 1(a); g, g and ¢ is 25% , 48 min and 62%,

respectively in column 2(b)

0 10 20 30 40
Fig.2 Optimal chromatograms of Flos Lonicerae extract under the gradient
condition by two columns: g, i and ¢ is 16%, 56 min and 58%,
respectively in column 1(b); ¢, f; and ¢; is 18%, 55 min and 66% ,

respectively in column 2(a); and initial experimental condition: ¢+ #g and

¢;is 10% .50 min and 54 % , respectively in column 2(c)
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