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A B S T R A C T

Quercetin is a flavonoid compound widely found in vegetables, fruits, and medicinal plants. It has carbonyl and
phenolic hydroxyl groups in its structure that can easily form complexes with metal ions. In this study, we
reacted quercetin in water at 95 °C with five metal trace elements commonly found in plants, namely calcium,
magnesium, zinc, iron(III), and copper. Each supernatant was then examined by electrospray ionization-time-of-
flight mass spectrometry (ESI-TOF MS). The results showed that quercetin can form complexes with Ca2+, Mg2+,
Zn2+, and Cu2+ in ratios of 2:1, 3:1, and 3:2. Interestingly, after reaction with Fe3+ in water at 95 °C, not only
can quercetin‑iron(III) complexes be formed in ratios of 2:1 and 3:1, but small amounts of quercetin‑iron(II)
complexes can also be formed in the same ratios. Furthermore, DNA cleavage experiments showed that when
acting alone, quercetin and Cu2+ have weak or no cleavage effects on DNA, but the complex formed after
reaction in hot water cleaves DNA in a time- and concentration-dependent manner. These results indicate that
complexes may form between quercetin and a variety of metal trace elements in a water decoction of plants, and
that these metal complexes may be the material basis for the health-promoting and therapeutic effects of edible
or medicinal plants.

1. Introduction

Quercetin, one of the most widely distributed flavonoids in nature,
is found in a variety of fruits, vegetables, and medicinal plants [1]. It
has been extensively studied for its potential role in the prevention and
treatment of various chronic diseases, including cardiovascular disease,
neurodegenerative disease, and cancer [2–8]. The structure of quercetin
(Fig. 1) contains five phenolic hydroxyl groups and one carbonyl group,
which allow it to easily react with metal ions [9]. To date, complexes
between quercetin and a wide range of metal ions such as magnesium
[10], cobalt [11], copper [12–14], chromium [15], aluminum [16], tin
[17], palladium [18], iron(III) [19,20], iron(II) [9], manganese [21],
and rare earth elements [22,23] have been synthesized. Interestingly,
the activity of quercetin-metal complexes is significantly higher than
that of quercetin itself. For example, a quercetin‑cobalt complex [11]
and a quercetin‑chromium(III) complex [15] both have higher free-ra-
dical scavenging activities against DPPH than quercetin, and the anti-
tumor activity of quercetin has been found to be significantly enhanced
by the formation of complexes with six metal ions, namely Mn2+, Co2+,
Ni2+, Cu2+, Zn2+, and Pb2+ [21].

In addition, studies into the structures of quercetin-metal complexes

have shown that different reaction solvents have a significant effect on
the coordination forms of quercetin and the metal ions. For example,
quercetin and Cu2+ form a complex in a ratio of 1:1 in methanol so-
lution [13], while in an alkaline aqueous solution of pH 10, they can
either coordinate at the 4]O and 5eOH positions in a quercetin:Cu2+

ratio of 2:1, or coordinate at the 3′eOH and 4′eOH positions to form a
1:1 complex [14]. In addition, quercetin and Co2+ form a 1:2 complex
in methanol [11], but form a 2:1 complex in ethanol [21]. As the ma-
jority of edible and medicinal plants are ingested after boiling or de-
cocting in water, we herein investigated an induced reaction between
quercetin and five metal ions commonly found in plants, namely Ca2+,
Mg2+, Zn2+, Fe3+, and Cu2+, by heating them in water. The obtained
supernatants will be examined by electrospray ionization-time-of-flight
mass spectrometry (ESI-TOF MS) and the precise molecular weights and
isotopic distributions will be analyzed to investigate whether complex
formation was successful. The reaction products will then be tested to
determine if the resulting quercetin-metal complexes exhibit DNA
cleavage activity.
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2. Experimental

2.1. General experimental procedures

2.1.1. Materials and reagents
Quercetin (> 98%, batch number HM150815) was obtained from

Chengdu Alfa Biotechnology Co., Ltd., and the quercetin control
(> 98%, batch number YA0806YB13) was obtained from Shanghai
Yuanye Bio-Technology Co., Ltd. Methanol (chromatographically pure
and mass spectrometrically pure) was obtained from Merck (Germany),
and formic acid (chromatographically pure) was obtained from Aladdin
Chemical Co., Ltd. (US). Analytically pure 1,10-phenanthroline,
ethanol, magnesium chloride hexahydrate, anhydrous calcium chloride,
anhydrous zinc chloride, ferric chloride hexahydrate, copper chloride
dihydrate, and dimethyl sulfoxide (DMSO) were obtained from Xilong
Chemical Co., Ltd. pBR322 DNA was obtained from Sangon Biotech
(Shanghai) Co., Ltd.

2.1.2. Instruments and equipment
Mass spectrometry was performed on a Xevo G2-XS ESI-TOF MS

with a Masslynx 4.1 data processing system (Waters, US). All sample
masses were measured on an XS203S precision electronic balance
(Mettler Toledo, Switzerland). A Hei-VAP rotary evaporator (Heidolph,
Germany) was used to remove volatiles. The reaction temperature was
maintained by a DF-101S heat collection constant temperature mag-
netic stirrer (Gongyi Yuhua Co., Ltd., Henan, China). Electrophoresis
was performed using a Mini-PROTEAN4 electrophoresis tank (with
PowerPac Basic power supply, Biorad, US) and a JY04s-3c gel imaging
analysis system (Beijing Junyi Dongfang Electrophoresis Co., Ltd.,
Beijing, China).

2.1.3. Reaction between quercetin and metal ions
A mixture of quercetin (0.02mmol) and CaCl2, MgCl2·6H2O, ZnCl2,

FeCl3·6H2O, or CuCl2·2H2O (0.01mmol) was placed in a round-bottom
flask, distilled water (20mL) was added, and the resulting mixture was
heated under reflux at 95 °C with magnetic stirring for 3 h to induce the
reaction.

2.1.4. ESI-TOF MS analysis of the quercetin-metal complexes
Immediately after the reaction outlined in Section 2.1.3 was com-

plete, an aliquot (2mL) of the reaction solution was removed, cen-
trifuged at 10,000×g for 2min, and analyzed by ESI-TOF MS. ESI was
conducted in positive ion mode, the mass spectrometry sample injection
method was infusion with an injection flow rate of 20 μL/min, and the
molecular weight detection range was 200–1200.

2.1.5. DNA cleavage activity of the quercetin-metal complexes
Following complex formation as described in Section 2.1.3, the re-

action solution was concentrated to dryness by vacuum decompression
and dissolved in DMSO. The solution was prepared as a stock solution

with a metal ion concentration of 1mmol/L (whereupon the con-
centration of quercetin was 2mmol/L). Equal amounts of quercetin and
the five metal salts were taken and formulated with DMSO to give stock
solutions of the same concentrations.

Triple distilled water (8 μL), phosphate buffer (Buffer 1, 10 μL), the
test sample (1 μL), and pBR 322 DNA (1 μL) were added in sequence to
a 250 μL centrifuge tube to form a 20 μL reaction system with a quer-
cetin concentration of 100 μmol/L and a metal ion concentration of
50 μmol/L. The solution was blown with a 10 μL pipette to ensure
sufficient mixing, and incubated in a 37 °C constant temperature in-
cubator for 4 h. After this time, the stop solution (Buffer 2, 4 μL) was
added, the solution was mixed thoroughly, and an aliquot (5 μL) was
added to the corresponding agarose gel well (0.16 g agarose, 20mL
Buffer 3). Electrophoresis was performed at 120mV for 60min until
bromophenol blue migrated to the back of the gel. The solution was
then stained with 0.5 mg/L Gel Red solution for 1 h and observed on the
gel imaging apparatus.

Buffer 1: 10mM KH2PO4, 10mM NaCl, 10mM EDTA, pH=7.2
Buffer 2: 0.05% bromophenol blue, 36% glycerol, 30mM
Na2H2EDTA
Buffer 3: (TBE 1×): 89mM Tris-borate, 2 mM Na2H2EDTA

3. Results

3.1. ESI-TOF MS analysis of the quercetin-metal complexes

During ESI-TOF MS analysis of the supernatants obtained from the
reaction of quercetin with the five different metal ions, both ultra
performance liquid chromatography (UPLC) injection and direct in-
jection (infusion) techniques were investigated. It was found that when
using UPLC injection (10 μL injection volume), only quercetin was de-
tected, likely due to adsorption of the complexes on the column, or
decomposition of the metal complexes under the analysis conditions.
Therefore, subsequent analyses of the reaction supernatants were car-
ried out by direct injection, and the obtained ESI-TOF MS results are
outlined in Table 1. Comparisons between the measured and theoretical
isotopic distributions of the newly formed quercetin-metal complexes
are shown in Figs. 2-1–6-1.

3.1.1. Inference of reaction products between quercetin and Ca2+, Mg2+,
Zn2+, and Cu2+

In the supernatant obtained from the reaction of quercetin with
Ca2+, the [M+H]+ quasi-molecular ion of quercetin and those of
three compounds with m/z values of 643.0406, 945.0857, and
983.0309 were detected by ESI-TOF MS in positive ion mode. Upon
comparison of the molecular weights and isotopic distributions (see
Fig. 2-1), the molecular formula of the compound with m/z=643.0406
was assumed to be C30H19O14Ca, i.e., the M+ or [M+H]+ of the
complex formed by a 2:1 ratio of quercetin and Ca2+. The measured
isotopic distributions of m/z=945.0857 and 983.0309 were in com-
plete agreement with the theoretical isotopic distributions of
C45H29O21Ca and C45H27O21Ca2, respectively (see Fig. 2- and -3), i.e.,
these compounds were presumably [M+H]+ of the complexes formed
between quercetin and Ca2+ in ratios of 3:1 and 3:2, respectively. The
metal complexes formed by the reaction of Mg2+, Zn2+, and Cu2+ with
quercetin in hot water were similar to those formed by the reaction
with Ca2+.

3.1.2. Inference of reaction products between quercetin and Fe3+

From the data outlined in Table 1, it is apparent that four com-
pounds formed between quercetin and Fe3+ in the reaction super-
natant, i.e., m/z=658.0049, 659.0118, 960.0518, and 961.0599. The
measured isotopic distribution of m/z=658.0049 was consistent with
the theoretical isotopic distribution of C30H18O14Fe (Fig. 6-1A and -1C),
and so this species was presumed to be [2(L–H)+ Fe3+]+, formed from

Fig. 1. The structure of quercetin.
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the reaction of quercetin and Fe3+ in a 2:1 ratio and detected as M+

under in the positive ESI mode. In addition, the abundances of the
isotopic peaks corresponding to m/z=657.0137 and 659.0118 were
significantly higher than the theoretical values in the analysis of the
measured isotopic distribution. Considering that Fe3+ exhibits strong
oxidizing properties and quercetin is a natural antioxidant, it is as-
sumed that a small amount of Fe3+ was reduced to Fe2+ during the
reaction, and that Fe2+ formed the complex C30H18O14Fe(II) with
quercetin in a ratio of 1:2, which then resulted in the formation of
[M+H]+ quasi-molecular ions under positive ion ESI mode (m/
z=659.0118, see Fig. 6-1B for theoretical isotopic distribution). It
should be noted that Fernandez et al. [24] detected the presence of a
divalent iron complex in the reaction products between various flavo-
noids, including quercetin and Fe3+, by ESI-MS using methanol-water
(v:v= 1:1) as a solvent. It is thus inferred that the reaction products of
quercetin and Fe3+ in hot water contain both [C30H18O14Fe(III)]+ and
C30H18O14Fe(II). In the ESI-TOF MS results, multiple isotope peaks of
the two compounds with similar m/z values overlap with one another,
resulting in a discrepancy between the measured isotope peak abun-
dance and the theoretical abundance. Thus, to confirm the presence of
Fe2+ in the reaction products, 1,10-phenanthroline (1mL, dissolved in
a small amount of ethanol and diluted in distilled water to give a so-
lution with a mass fraction of 0.1%) and an acetic acid‑sodium acetate
buffer solution (1mL, pH=4.5) were added to aliquots of quercetin,
FeCl3, FeCl2, and the quercetin-FeCl3 reaction solution (2mL) treated
under the same conditions, and the solution was mixed by vortexing
and allowed to stand for 150 s. The obtained results (Fig. 7) show that
the quercetin and FeCl3 solutions that were treated by heating in water
did not change color, while the FeCl2 solution became red, and the
quercetin-FeCl3 solution became orange-red. This phenomenon in-
dicates that a small amount of Fe2+ was produced after heating quer-
cetin and Fe3+ in water, thereby confirming the presence of complex
C30H18O12Fe(II). Similarly, the peaks with m/z values of 960.0518 and
961.0599 were assigned to quasi-molecular ions corresponding to
C45H28O21Fe(III)+ and C45H28O21Fe(II) formed by the reaction of
quercetin with Fe3+ and Fe2+ in a 3:1 ratio under the positive ion ESI
mode.

3.2. DNA cleavage activity of quercetin and its metal complexes

Since an effective method for the separation and purification of the
quercetin-metal complexes has not yet been identified, following
completion of the reaction, the reaction solution was concentrated to
dryness by vacuum decompression and dissolved in DMSO for the

activity experiments. Quercetin and the five metal salts treated under
the same conditions were used as the controls. The results are shown in
Fig. 8.

As can be seen from Fig. 8, under the dose chosen for this study,
DMSO, quercetin, Ca2+, Mg2+, Zn2+, Fe3+, and the products from the
reaction of quercetin with Ca2+, Mg2+, Zn2+, and Fe3+ exhibited no
obvious effect on DNA after 4 h. In contrast, Cu2+ exhibited a weak
cleavage effect when acting alone, and the reaction product formed
between quercetin and Cu2+ exhibited significant DNA cleavage ac-
tivity, with all bands representing supercoiled conformation (SC) DNA
disappearing in the electropherogram.

The temporal relationship (Fig. 9) and concentration relationship
(Fig. 10) of the DNA cleavage effect were then examined for the
quercetin-Cu2+ complex. As shown in Fig. 9, DNA cleavage activity was
initially apparent after 0.25 h, at which time nicked circular (NC) DNA
began to form and the levels of SC DNA began to decrease. After 1 h of
action, all SC DNA had disappeared and linear (L) DNA began to ap-
pear; after 2 h, the NC DNA content was significantly reduced while the
L DNA content significantly increased; and after 4 h, the DNA was
cleaved into even smaller fragments, causing NC DNA and L DNA to
disappear completely.

As shown in Fig. 10, when the Cu2+ concentration in the reaction
system reached 17.5 μmol/L, the NC DNA content clearly increased,
suggesting that DNA cleavage began at this concentration. When the
Cu2+ concentration reached 20 μmol/L, SC DNA completely dis-
appeared, the NC DNA content increased significantly, and a small
amount of L DNA began to appear. Furthermore, when the Cu2+ con-
centration increased to 32.5 μmol/L, the NC DNA content gradually
decreased until the corresponding band essentially disappeared, while
the L DNA band initially increased prior to decreasing. Indeed, when
the Cu2+ concentration was ≥35 μmol/L, L DNA was cleaved into even
smaller fragments, causing it to disappear completely.

4. Discussion

To date, the complexes formed between quercetin and various metal
ions have been obtained only in organic solvents or alkaline aqueous
solutions. Thus, to investigate the formation of quercetin-metal com-
plexes in plant water decoctions, distilled water (Watsons, pH=7.0)
was selected as the reaction solvent for the purpose of our study.
Interestingly, the ESI-TOF-MS results showed that quercetin can form
complexes with five metal ions, namely Ca2+, Mg2+, Zn2+, Fe3+, and
Cu2+, in hot water in a ratio of 2:1 (quercetin:metal ion), which is in
agreement with the complex ratios formed in other solvents. As the

Table 1
ESI-TOF MS analysis of the supernatants obtained following reaction of quercetin with the five metal ions (ESI in positive ion mode, L represents quercetin).

Source of reaction
supernatant

m/z Molecular formula Possible structure Comparison between theoretical and measured isotopic
distribution

Theoretical value Measured value

All samples 303.0505 303.0508 C15H11O7 [L+H]+

Quercetin and Ca2+ 643.0401 643.0406 C30H19O14Ca [2L+Ca2+−H]+ Fig. 2-1
945.0827 945.0857 C45H29O21Ca [3L+Ca2+−H]+ Fig. 2-2
983.0297 983.0309 C45H27O21Ca2 [3L+ 2Ca2+−3H]+ Fig. 2-3

Quercetin and Mg2+ 627.0625 627.0617 C30H19O14Mg [2L+Mg2+−H]+ Fig. 3-1
929.1052 929.1082 C45H29O21Mg [3L+Mg2+−H]+ Fig. 3-2
951.0746 951.0730 C45H27O21Mg2 [3L+ 2Mg2+−3H]+ Fig. 3-3

Quercetin and Zn2+ 667.0067 667.0057 C30H19O14Zn [2L+Zn2+−H]+ Fig. 4-1
969.0493 969.0488 C45H29O21Zn [3L+Zn2+−H]+ Fig. 4-2
1034.9595 1034.9595 C45H27O21Zn2 [3L+ 2Zn2+−3H]+ Fig. 4-3

Quercetin and Cu2+ 666.0071 666.0098 C30H19O14Cu [2L+Cu2+−H]+ Fig. 5-1
968.0497 968.0504 C45H29O21Cu [3L+Cu2+−H]+ Fig. 5-2
1030.9631 1030.9647 C45H27O21Cu2 [3L+ 2Cu2+−3H]+ Fig. 5-3

Quercetin and Fe3+ 658.0046 658.0049 [C30H18O14Fe(III)]+ [2L+ Fe3+−2H]+ Fig. 6-1
659.0124 659.0118 C30H19O14Fe(II) [2L+ Fe2+−H]+

960.0474 960.0518 [C45H28O21Fe(III)]+ [3L+ Fe3+−2H]+ Fig. 6-2
961.0552 961.0599 C45H29O21Fe(II) [3L+ Fe2+−H]+
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quercetin molecule contains two locations that can easily coordinate
with metal ions, i.e., the 4‑carbonyl and 5-hydroxy groups and the 3′,4′-
dihydroxyl group [9], the most probable structure of this 2:1 complex,
using Ca2+ as an example, is [2(L−H)+Ca2+], which is formed by
the coordination of two quercetin molecules with Ca2+ at both the
4‑carbonyl and 5-hydroxy groups, which is observed as [M+H]+

under the positive ion ESI mode. However, the following two possibi-
lities cannot be ruled out: (1) One quercetin molecule is coordinated
with Ca2+ at the 3′,4′-dihydroxyl group, and the other quercetin mo-
lecule is coordinated with Ca2+ only at the 4‑carbonyl group, giving [L
+(L− 2H)+Ca2+]; and (2) one quercetin molecule is coordinated
with Ca2+ at the 4‑carbonyl and 5-hydroxyl groups, and the other

quercetin molecule is coordinated with Ca2+ only at the 4‑carbonyl
group, giving [L+(L−H)+Ca2+]+. In addition, quercetin and the
four metal ions were also found to form complexes in ratios of 3:1 and
3:2, which have not been previously reported. This indicates that the
reaction solvent has a large influence on the coordination pattern in the
formation of complexes between quercetin and metal ions.

Unfortunately, the structures of these quercetin-metal complexes
could not be fully determined as no effective method has been identi-
fied to separate and purify the reaction products. Indeed, when we
attempted purification of the reaction products by column chromato-
graphy (silica gel, Sephadex LH-20, polyamide, and RP-18), only

Fig. 2. 2-1. Theoretical (A) and measured (B) isotopic distributions of
C30H19O14Ca; 2-2. Theoretical (A) and measured (B) isotopic distributions of
C45H29O21Ca; 2-3. Theoretical (A) and measured (B) isotopic distributions of
C45H27O21Ca2.

Fig. 3. 3-1. Theoretical (A) and measured (B) isotopic distributions of
C30H19O14Mg; 3-2. Theoretical (A) and measured (B) isotopic distributions of
C45H29O21Mg; 3-3. Theoretical (A) and measured (B) isotopic distributions of
C45H27O21Mg2.
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quercetin was detected in the eluted products. This may be because
either the quercetin-metal complexes are adsorbed on the column ad-
sorbent, or they may undergo decomposition on the column. We then
attempted purification by recrystallization, and the ESI-TOF-MS results
of the recrystallized products dissolved in hot water consistently
showed the presence of both quercetin and the quercetin-metal com-
plexes. These results therefore suggest that the complexes formed by
quercetin and the five metal ions are not sufficiently stable to maintain
a fixed structure in solution, but can be present simultaneously in
aqueous solution. In recent years, the detection of metal complexes of

various organic components from plant extracts has been reported
using advanced analytical instruments such as ESI-MS/MS [25–27],
although the isolation and purification of high-purity metal complexes
from plant extracts has only been reported a few times. This may be due
to the issues mentioned above.

DNA is the main target for the action of many anticancer drugs
[28,29]. pBR322 DNA is a supercoiled double-stranded closed-loop
molecule that has been widely used to study of the effects of metal
complexes on DNA. pBR322 DNA exists in three forms. More specifi-
cally, the intact DNA is usually found in its SC conformation, which has
the most compact structure and the fastest migration rate in gel

Fig. 4. 4-1. Theoretical (A) and measured (B) isotopic distributions of
C30H19O14Zn; 4-2. Theoretical (A) and measured (B) isotopic distributions of
C45H29O21Zn; 4-3. Theoretical (A) and measured (B) isotopic distributions of
C45H27O21Zn2.

Fig. 5. 5-1. Theoretical (A) and measured (B) isotopic distributions of
C30H19O14Cu; 5-2. Theoretical (A) and measured (B) isotopic distributions of
C45H29O21Cu; 5-3. Theoretical (A) and measured (B) isotopic distributions of
C45H27O21Cu2.
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electrophoresis. When a nick (i.e., a single-strand break) appears on an
intact DNA strand, it becomes NC DNA, which has the slowest migra-
tion rate in gel electrophoresis due to its loose structure. When both
strands break at the same site, they become linear in form, i.e., L DNA,
which has a migration speed in gel electrophoresis between those of SC
DNA and NC DNA. The DNA cleavage experiments carried out herein
demonstrated that quercetin did not exhibit any DNA cleavage effects
within the ranges of concentration and duration examined herein, while
Cu2+ exhibited a weak DNA cleavage effect at 50 μmol/L. However, the
quercetin-copper complex formed in hot water produced a significant
DNA cleavage effect. Upon increasing either the concentration of the
quercetin-copper complex or the action duration, pBR322 DNA was
cleaved from SC DNA into NC DNA, then into L DNA, and finally, L DNA
was cleaved into smaller fragments that could not be observed by gel
electrophoresis.

The obtained results therefore confirm that complexes between
quercetin and various metal ions may form in plant decoctions, and it is

Fig. 6. 6-1. Theoretical (A) isotopic distribution of C30H18O14Fe(III), and the-
oretical (B) and measured (C) isotopic distributions of C30H19O14Fe(II); 6-2.
Theoretical (A) isotopic distribution of C45H28O21Fe(III), and theoretical (B)
and measured (C) isotopic distributions of C45H29O21Fe(II).

Fig. 7. Color development of each sample after mixing
with 1,10-phenanthroline (Position 1: Fe2+ solution after
reaction; 2: Fe2+ solution after reaction + 1,10-phe-
nanthroline; 3: Fe3+ solution after reaction; 4: Fe3+ so-
lution after reaction + 1,10-phenanthroline; 5: quercetin
solution after reaction; 6: quercetin solution after reac-
tion + 1,10-phenanthroline; 7: quercetin-Fe3+ solution
after reaction; 8: quercetin-Fe3+ solution after reaction
+1,10-phenanthroline).

Fig. 8. DNA cleavage effects of quercetin, the five metal salts, and the five
reaction products formed from quercetin and the five metal ions (with an action
duration of 4 h). A: Lanes 1 and 8: DNA control, lane 2: DMSO, lanes 3–7:
50 μmol/L Ca2+, Mg2+, Zn2+, Fe3+, and Cu2+, respectively. B: Lanes 1 and 8:
DNA control, lane 2: 100 μmol/L quercetin, lanes 3–7: metal complexes
(100 μmol/L quercetin and 50 μmol/L Ca2+, Mg2+, Zn2+, Fe3+, and Cu2+,
respectively).

Fig. 9. Temporal relationship of the DNA cleavage effect of the reaction pro-
ducts formed between quercetin and Cu2+ (100 μmol/L quercetin and 50 μmol/
L Cu2+). Lanes 1 and 8: DNA control, lanes 2–7: the reaction products formed
between quercetin and Cu2+ acting on DNA for 0.25, 0.5, 1, 2, 3, and 4 h,
respectively.

Fig. 10. Concentration relationship of the DNA cleavage effect of the reaction
products formed between quercetin and Cu2+ (with an action duration of 4 h on
DNA). Lanes 1 and 11: DNA control, lanes 2–10: DNA cleavage from Cu2+

concentrations of 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35, and 37.5 μmol/L, re-
spectively (The molar ratio of quercetin to Cu2+ was 2:1).
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possible that these complexes exhibit new activities that are not ob-
served when the ligand or metal ions act alone. This indicates that
during study of the active ingredients of edible and medicinal plants, in
addition to focusing on the organic or trace elements therein, the
complexes formed by the two cannot be ignored.
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