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Formation mechanism of precipitation in Huanglian Jiedu Decoction based on
molecular thermodynamic characteristics
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CHU Fu-hao, WANG Peng-long, LEI Hai-min
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China

Abstract: Objective To explore all sources of precipitation, parameters of interaction and binding abilities of different Chinese
materia medica (CMM) combinations during the formation process of the precipitation in Huanglian Jiedu Decoction (HID) using the
thermodynamic method. The study was aim to reveal the mechanism of the formation of precipitation in CMM decoction. Methods
First, the possible CMM combinations which had obvious precipitation phenomenon when combined were determined by the research
on decomposed recipes. Then isothermal titration calorimetry (ITC) was used to determine the binding heat and thermodynamic
parameters of binding reactions, thermodynamic parameters contents binding constant (Kj,), dissociation constant (Kg), estimate of
stoichiometric ratio (n), enthalpy change (AH), entropy change (AS), Gibbs free energy change (AG), these data were used to explain
the differences in binding abilities between different CMM combinations. Results The original decomposed recipes experiment
indicated the CMM combinations that could produce obvious precipitate when they were mixed were Scutellariae Radix-Coptidis
Rhizoma and Scutellariae Radix-Phellodendri Chinensis Cortex. Precipitation amount of Scutellariae Radix-Coptidis Rhizoma
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was the most. There was no precipitate in Scutellariae Radix-Gardeniae Fructus, Coptidis Rhizoma-Phellodendri Chinensis Cortex,
Coptidis Rhizoma-Gardeniae Fructus or Phellodendri Chinensis Cortex-Gardeniae Fructus. In ITC, the thermodynamic parameters of
the three experience groups were the same, AH < 0, —TAS > 0, AG < 0, |AH| > |-TAS|, indicating the three reactions were all
enthalpy-driving reactions. The K, of Scutellariae Radix decoction titrated Coptidis Rhizoma decoction was 1.283 x 10%, Scutellariae
Radix decoction titrated Phellodendri Chinensis Cortex deccotion was 4.680 x 10°, Scutellariae Radix decoction titrated Gardeniae
Fructus decoction was 1.973 x 10%. The value decreased gradually. The binding heat of Scutellariae Radix and Gardeniae Fructus was
much smaller than the binding heats of Scutellariae Radix and Coptidis Rhizoma, Scutellariae Radix and Phellodendri Chinensis
Cortex. Conclusion During the formation process of the precipitation in HID, the main source of acid-base complex-precipitation
were Scutellariae Radix-Coptidis Rhizoma and Scutellariae Radix-Phellodendri Chinensis Cortex; Analysis of molecular
thermodynamic indicates the binding energy of Scutellariae Radix and Coptidis Rhizoma was larger than that of Scutellariae Radix and
Phellodendri Chinensis Cortex, compared with them, the binding energy of Scutellariae Radix and Gardeniae Fructus is tiny.

Key words: Huanglian Jiedu Decoction; precipitation; isothermal titration calorimetry; molecular thermodynamics; Scutellariae

Radix; Coptidis Rhizoma; Phellodendri Chinensis Cortex; Gardeniae Fructus
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A — D-single dococments of Gardeniae Fructus, Phellodendri
Chinensis Cortex, Scutellariae Radix, Coptidis Rhizoma (from left to
righty E— J-mixtures of Phellodendri Chinensis Cortex and
Gardeniae Fructus, Coptidis Rhizoma and Phellodendri Chinensis
Cortex, Coptidis Rhizoma and Gardeniae Fructus, Scutellariae Radix
and Coptidis Rhizoma, Scutellariae Radix and Phellodendri
Chinensis Cortex, Scutellariae Radix and Gardeniae Fructus (from
left to right)

1 RAAREMPHAKRIETUERNR
Fig. 1 Pictures of precipitation of single dococments and
mixtures
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Fig. 2 Calorimetric titrations of decoctions and energy

curves of Scutellariae Radix decoction to deionized water
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Fig. 3 Calorimetric titrations of decoctions and energy
curves of Scutellariae Radix decoction to Coptidis Rhizoma
decoction
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Fig. 4 Calorimetric titrations of decoctions and energy

curves of Scutellariae Radix decoction to Phellodendri Cortex
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Fig. 5 Calorimetric titrations of decoctions and energy
curves of Scutellariae Radix decoction to Gardeniae Fructus
decoction
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F1 RESENANDZESH
Table 1 Thermodynamic parameters of titrations

5 AH/(kImol™  -TAS/(kJ'mol™)  AG/(kJ-mol™) n Kg/(mol-'L™Y)  Ky/(L:-mol™)
B K R 2 258 K 1127.00 -1 146.86 -19.86 1.721 3.709X10*  2.696x10°
B2 K IR R P K R -199.30 175.38 -23.92 0480 7.794%X10°  1.283x10*
B2 K IR 2 A K R —246.90 225.49 -21.41 0.602 2.137X10™*  4.680x10°
B2 K IR 2 R T K BV —16 455.00 16 428.05 -26.90 0.001 5.068x10* 1.973x10°
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Fig. 6 Line chart of energy change
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