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Abstract: Gandou decoction (GDD) is a traditional Chinese medicine prescription that has

been widely used to treat copper metabolism disorders in China with remarkable clinical effect
and lower toxicity. However, evaluation of the complexation ability of copper ions is challeng-
ing, which hinders screening and discovery of coordinate active ingredients in GDD. An analyti-
cal method is needed to determinate the complexation ability of chemical constituents with cop-
per ions. In this study, a rapid and accurate method based on ultra-high performance liquid
chromatography (UHPLC) was developed to determine the complexing ability of rhubarb with
copper ions. First, the optimal coordination reaction conditions between active ingredients of
rhubarb and copper ions were determined. The samples were separated using an Agilent Eclipse
Plus C18 column (50 mmx2.1 mm, 1.8 pm) with 5 pL injection volumes. The mobile phase
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was gradient eluted with methanol and water containing 0. 1% (v/v) phosphoric acid at a flow
rate of 0. 3 mL/min. The detection wavelength was 254 nm and the column temperature was 30
°C. Under the optimized chromatographic conditions, the rhubarb constituents were effectively
separated. Next, peak areas of rhubarb were calculated before and after the coordination reac-
tion between copper ions. The complexing ability of active ingredients in rhubarb with copper
ions was evaluated by calculating the rate of changes of their chromatographic peak areas. Fi-
nally, ultra performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UPLC-Q-TOF-MS) was used to identify the coordination active ingredients in rhubarb extract.
Focusing on the coordination reaction conditions between active ingredients of rhubarb and
copper ions revealed that the active ingredients of rhubarb and copper ions reached equilibrium
by coordination reaction at pH 9 for 12 h. Methodological evaluation revealed the good stability
and repeatability of the method. Under these conditions, 20 major components of rhubarb were
identified by UPLC-Q-TOF-MS. According to the coordination rate of each component and cop-
per ions, eight components with strong coordination were screened out ( gallic acid 3-O-8-D-
(6'-0O-galloyl ) -glucopyranoside , aloe emodin-8-O-38-D-glucoside, sennoside B, 1-O-galloyl-2-O-
cinnamoyl-glucoside, chysophanol-8-0O-8-D-( 6"-O-acetyl ) -glucoside, aloe-emodin, rhein and
emodin ). The respective complexation rates of the components were 62.50%, 29.94%,
70.58%, 32.77%, 34.61%, 26.07%, 28.73% and 31. 78%. Compared with other reported meth-
ods, the presently developed method can be used to screen the active ingredients of traditional
Chinese medicines that have complexing ability with copper ions, especially in complex mixture
systems. This study describes an effective detection technology for evaluating and screening the
complexing ability of other traditional Chinese medicines with metal ions.

Key words: ultra-high performance liquid chromatography ( UHPLC) ; coordination reaction;

copper ion; rhubarb; hepatolenticular degeneration (HLD)
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Fig. 3 Total ion current chromatogram of rhubarb extract
Peak Nos. were the same as those in Table 1.
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Table 1 MS data and identification results of chemical constituents of rhubarb

tg/  Observed Calculated Mass

No. TIons (m/z Compound Refs.
min (m/z) (m/z) error/107° ( ) P
1 0.999 484.0913  484.0918 -1.03  483.0903, 439.1162, 331.0600, 313.0558 gallic acid 3-O-D-(6'-O-galloyl) - [14,15]
glucopyranoside

2 2.208 332.0726  332.0723 0.90  331.0713, 271.0447, 169.0136, 125.0387 gallic acid-3-O-glucoside [15,16]
3 2.500 332.0723  332.0723 0.00  331.0713, 271.0450, 169.0135, 125.0238 gallic acid-4-O-glucoside [15,16]
4 5.303 290.0783  290.0790  -2.41  289.0743, 245.0813, 205.0500, 203.0709 catechin/epicatechin [17,18]
5 8.305 442.0908  442.0900 1.81  441.0651, 331.0785, 289.2098, 169.9586 catechin-3-O-gallate [17,18]
6 10.190 484.0765 484.0767  -0.41  483.0774, 331.0684, 313.0626, 169.0139 gallic acid-O-galloyl-glucoside [14,15]
7 10.378 432.1056  432.1056 0.00  431.1048, 269.0504, 225.0550 aloe emodin-8-0-B-D-glucoside [17,18]
8 12433  446.0852  446.0849 0.67  445.0790, 283.0296, 239.0401, 211.0408 rhein-1-O-B-D-glucoside [17,18]
9 13.352 848.2158 848.2164  -0.71  685.1567, 386.0983 sennoside C [17,18]
10 13.871 862.1950 862.1956  -0.70  861.2141, 699.1530, 286.0977 sennoside B [16,17]
11 14.504 462.1152  462.1152 0.00 461.1169, 313.0607 1-O-galloyl-2-O-cinnamoyl-glucoside [ 15,18]
12 20.097 416.1116  416.1107 2.16  415.1116, 253.0539 chrysophanol-1-O-B-D-glucoside [17,18]
13 21.495 432.1056  432.1056 0.00  431.1048, 269.0504 aloe-emodin-glucoside [17,18]
14 24341 458.1209  458.1213  -0.87  457.1229, 253.0539 chysophanol-8-O-8-D-(6"-O-acetyl)- [17,18]
glucoside
15 25.065 446.1216  446.1213 0.67  445.1241, 283.0676, 240.0482 physcion-8-O--D-glucoside [17,18]
16 25.854 270.0536  270.0528 2.96  269.0504, 225.0545 aloe-emodin [16,18]
17* 30.816 284.0332  284.0321 3.87  283.0296, 239.0352 rhein [16,17]
18* 35.526 270.0533  270.0528 1.85  269.0504, 225.0597 emodin [16,17]
19% 36.367 254.0579  254.0579 0.00  253.0515, 225.0545 chrysophanol [16,17]
20" 37.775 284.0692  284.0685 2.46  283.0619, 240.0359 physcion [16,17]

* Compounds were identified by the reference substance.
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Fig. 4 Chromatograms of rhubarb extract before and after reaction with Cu?*
a. rhubarb extract without Cu®*; b. rhubarb extract with excess Cu®*.
Peak Nos. were the same as those in Table 1.
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