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Fig.1 The effects of extraction temperature and time on the MAE yields
(A) Lycorine; (B) lycoramine; (C) galanthamine; (D) resveratrol; (E) emodin.
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Fig.2 The relationship of InK against 1/7 in MAE
(A) Lycoris radiata Herbert; InK = —=3770.7/T +12. 087, r=0.991 2 for lycorine, InK = —5831.7/T +18. 111, r=0.990 8 for
lycoramine, InK = —4938.6/T +15.650, r =0.990 3 for galanthamine; (B) Rhizma Polygoni Cuspidati: InK = -5142.4/T +

15.799, r=0.995 3 for resveratrol, InK = —5332.3/T +16.851, r=0.984 6 for emodin.

Table 1 The calculated results of enthalpy and entropy changes

MAE SRE
Compound AH/(KJ - mol 1) AS®/(] - mol 1) AH/(KJ - mol 1) ASY/(J - mol 1)
Lycorine 31.35 100. 51 26. 56 84.24
Lycoramine 48.48 150. 57 23.71 74. 46
Galanthamine 41.06 130. 11 26.36 80. 03
Resveratrol 42.75 131.35 17.63 55.39
Emodin 44.33 140. 10 16.25 51.44
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Table 2 The calculated results of Gibbs energy change[ AG"/(kJ - mol ') ]

% Lycorine Lycoramine Galanthamine Resveratrol Emodin

MAE SRE MAE SRE MAE SRE MAE SRE MAE SRE
50 -1.108 -0.676 -0. 154 -0.353 -0.967 -0.499 -0.324 -0.385 -0.922 -0.440
60 -2.113 -1.518 - 1. 660 -1.097 -2.268 -0.302 -0.990 -0.754 -2.323 -0.771
70 -3.118 -2.360 -3.166 —-1.842 -3.569 -1.102 -2.303 -1.213 -3.724 -1.388
80 -4.123 -3.203 -4.671 -2.587 -4.870 -1.902 -3.617 -1.920 -5.125 -2.013
90 -2.157 -1.981 -2.171 -1.857 -3.066 -1.516 -2.332 -1.520 -3.155 -1.851
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Fig.4 The chemical structures of the constituents from Lycoris radiata and Rhizma Polygoni Cuspidati
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Fig.5 The scan electron microscopic images of the samples
(A) Raw material of Lycoris radiata; (B) Lycoris radiata sample extracted by SRE; (C) Lycoris radiata sample extracted by MAE;
(D) raw material of Rhizma Polygoni Cuspidati; (E) Rhizma Polygoni Cuspidati sample extracted by SRE; (F) Rhizma Polygoni
Cuspidati sample extracted by MAE.
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Investigation of Thermodynamic Mechanism for Extraction of Active
Constituents in Lycoris radiata and Rhizma Polygoni Cuspidati
Using Microwave-assisted Extraction

FAN Hua-Jun"?, LIN Guang-Xin', XIAO Xiao-Hua', LI Gong-Ke'"
(1. School of Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 510275, China;
Y i g Y &
2. College of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510224, China)

Abstract The extraction mechanism of lycorine, lycoramine, galanthamine and resveratrol, emodin in two
dissimilar plants namely Lycoris radiata and Rhizma Polygoni Cuspidati was investigated by using the closed
microwave-assisted extraction (MAE) , respectively. Solvent reflux extraction (SRE) was also performed for
comparison study. A simple model was applied to calculate partition coefficients K, AH®, AS° and AG® of the
constituents determined for MAE and SRE, and their thermodynamic behavior, chemical structures and polari-
ties were further discussed. With the observation of scan electron microscopy, the cell microstructures of Lyco-
ris radiata Herbert and Rhizma Polygoni Cuspidati were changed in MAE process. The results show that MAE
and SRE were endothermic and entropy increase processes, the effects of microwave on cell led thermodynamic
functions to greater change, MAE with the higher yields was more spontaneous than SRE.

Keywords Microwave-assisted extraction; Thermodynamics; Mechanism; Lycoris radiata; Rhizma Polygoni
Cuspidati
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