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Abstract

Quercetin, a ubiquitous flavonol, represents a promising leading drug for development of 
new chemotherapeutic agents. However, its limited cytotoxicity to cancer cells hampers its 
clinical use. In order to obtain novel quercetin derivatives with superior cytotoxicity, seven 
alkylated quercetin derivatives were synthesized. Solubility of these derivatives was determined 
by turbidimetry. Cytotoxicity of the high-soluble derivatives against MCF-7 cells and caco-
2 cells was determined using MTT assay. Among these seven products, 7-O-butylquercetin 
had the highest solubility in DMEM medium and 7-O-geranylquercetin had the most 
potent cytotoxicity. Further study on cytotoxicity of 7-O-geranylquercetin on NCI-H446, 
A549, MGC-803 and SGC-7901 cell lines revealed potential antiproliferative effects. The 
7-O-geranylquercetin is a broad spectrum cytotoxic agent and it may be a promising leading 
drug for cancer chemotherapy.
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Introduction

Quercetin is a mild cytotoxic agent and 
a potential candidate for treating many 
kinds of cancer (1-3). To find a possible 
chemotherapeutic drug for clinical use, interest 
in quercetin derivatives for cancer treatment 
has increased over the past ten years. However, 
the cytotoxicity of the reported quercetin 
derivatives is still not strong enough. A water-
soluble derivative, quercetin-5′,8-disulfonate, 
showed increased cytotoxicity to about 1.5-
fold relative to quercetin (4). Comparing with 
quercetin, 3,7,3′,4′-O-tetraacetylquercetin 
increases the cytotoxicity about 3-fold while 

3,7,3′,4′-O-tetramethylquercetin decreases the 
cytotoxicity (5). This shows that non-specific 
O-acetylation, O-alkylation and sulfonation are 
not efficient ways for increasing the cytoxicity 
of quercetin.

A previous study indicated that the cytotoxicity 
of quercetin is related to its oxidative products, 
and only 7-O-semiquinone is harmless to cells 
(6). Consequently, 7-Oalkylated derivatives 
might have higher cytotoxicity because these 
derivatives could not form the harmless 
7-O-semiquinone.

To obtain novel derivatives with high 
cytotoxicity, seven alkyl derivatives of quercetin 
were synthesized, purified and characterized in 
this study. The derivatives with high solubility 
were further studied to determine their cytotoxic 
effects on different cancer cell lines. 
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Experimental

Materials
All reagents and solvents used are 

commercially available. All the cell lines were 
purchased from ATCC and cultured as described 
in ATCC. UV spectra were determined on a 
JASCO V-650 spectrophotometer, and 1H NMR, 
13CNMR and NOESY spectra were recorded 
on a Bruker AVANCE 400-MHz instrument 
in DMSO-d6 (Bruker Corporation, Zurich, 
Switzerland). The molecular weights were 
measured on HP 1100LC/MSD spectrometer 
(Agilent Technologies Corporation, Santa Clara, 
CA, USA). 

General synthesis methods
CH3CN was refluxed over P2O5 for 2 h and 

then distilled in dry nitrogen, and K2CO3 was 
dried at 200 ℃ for 4 h. Pentaacetylquercetin was 
synthesized using pyridine/acetic anhydride and 
purified by repeated recrystallization in acetone. 
Step1: A mixture of pentaacetylquercetin 1.28 
g, K2CO3 0.69 g, 18-crown-6 33 mg, CH3CN 
50 mL and halogenated hydrocarbons (n-butyl 
bromide for BQ and DBQ, allyl chloride for 
AQ and DAQ, cinnamyl chloride for CQ and 
DCQ, geranyl bromide for GQ) was heated and 
gently stirred under dry nitrogen for 72 h. After 
filtration, the filtrate was extracted and washed 
by 10 mL petroleum ether for three times, 
followed by evaporation in rotate evaporator. 
Step 2: The residue was hydrolyzed by 30 mL 
boiling 10% NaOH/ethanol (1:2, v/v) in nitrogen 
for 10 min. After cooling in nitrogen, the 
hydrolyzed product was neutralized with 30 mL 
of 1 M HCl and then filtered. The filter cake was 
washed by water and then dried in vacuum at 
room temperature. The derivatives were purified 
as follow. The crude products were dissolved in 
5 mL hot ethyl acetate and then 50 mL petroleum 
ether was added. After cooling, yellow powder 
was collected by filtering. The yellow powder 
obtained above were further purified using 
column chromatography on silica gel (300–400 
mesh, Qingdao Ocean Chemical Company, 
Qingdao, China). A mixture of petroleum ether 
and ethyl acetate was used as mobile phase in 
this step. Monoalkyl and dialkyl derivatives 
were separated after this step. 

Compound BQ: yellow solid, overall yield 
52% in three steps of reactions. Approximately 
0.6 mL of n-butyl bromide was used in step 1. 1H 
NMR (400 MHz, DMSO-d6): δ 6.32 (d, 1H, J = 
2.19 Hz, 6-H), 6.69 (d, 1H, J = 2.14 Hz, 8-H), 
7.75 (d, 1H, J = 2.21 Hz, 2′-H), 6.9 (d, 1H, J = 
8.48 Hz, 5′-H), 7.58 (dd, 1H, J = 8.48, 2.18 Hz, 
6′-H), 9.45 (s, 1H, 3-OH), 12.5 (s, 1H, 5-OH), 
9.27 (s, 1H, 3′-OH), 9.62 (s, 1H, 4′-OH), 4.11 (t, 
2H, J = 6.52 Hz, 1′′-H), 1.72 (quint, 2H, J = 7.02 
Hz, 2′′-H), 1.45 (sext, 2H, J = 7.46 Hz, 3′′-H), 
0.94 (t, 3H, J = 7.38 Hz, 4′′-H); NOESY (400 
MHz, DMSO-d6) demonstrated that there were 
two groups of related hydrogen: 6-H/1′′-H and 
8-H/1′′-H; 13C NMR (400 MHz, DMSO-d6): δ 
147.2 (2-C), 136.84 (3-C), 176.47 (4-C), 160.83 
(4a-C), 98.22 (5-C), 164.85 (6-C), 92.73 (7-
C), 156.58 (8-C), 104.41 (8a-C), 123.7 (1′-C), 
115.32 (2′-C), 146.83 (3′-C), 149.28 (4′-C), 
113.22 (5′-C), 120.22 (6′-C), 68.59 (1′′-C), 31.23 
(2′′-C), 19.15 (3′′-C), 14.19 (4′′-C); ESI-MS: m/z 
357 [M – H]-.

Compound DBQ: yellow solid, overall yield 
21% in three steps of reactions. Approximately 
0.6 mL of n-butyl bromide was used in step 1. 
1H NMR (400 MHz, DMSO-d6): δ 6.31 (d, 1H, 
J = 2.11 Hz, 6-H), 6.68 (d, 1H, J = 2.11 Hz, 8-H), 
7.75 (d, 1H, J = 2.19 Hz, 2′-H), 7.06 (d, 1H, J = 
8.76 Hz, 5′-H), 7.65 (dd, 1H, J = 8.74, 2.17 Hz, 
6′-H), 12.4 (s, 1H, 5-OH), 9.18 (s, 1H, 3′-OH), 
9.53 (s, 1H, 4′-OH), 4.03-4.09 (m, 4H, 1′′-H, 
1′′′-H), 1.70-1.72 (m, 4H, 2′′-H, 2′′′-H), 1.41-
1.50 (m, 4H, 3′′-H, 3′′′-H), 0.92-0.97 (m, 6H, 
4′′-H, 4′′′-H); NOESY (400 MHz, DMSO-d6) 
demonstrated that there were no more related 
hydrogen atoms than that of BQ; 13C NMR 
(400 MHz, DMSO-d6): 147.2 (2-C), 136.84 (3-
C), 176.47 (4-C), 160.83 (4a-C), 98.22 (5-C), 
164.85 (6-C), 92.73 (7-C), 156.58 (8-C), 104.41 
(8a-C), 123.7 (1′-C), 115.32 (2′-C), 146.83 (3′-
C), 149.28 (4′-C), 113.22 (5′-C), 120.22 (6′-C), 
68.59 (1′′-C), 31.23 (2′′-C), 19.15 (3′′-C), 14.19 
(4′′-C), 68.38 (1′′′-C), 30.92 (2′′′-C), 19.09 (3′′′-
C), 14.07 (4′′′-C); ESI-MS: m/z 413 [M – H]-.

Compound AQ: yellow solid, overall yield 
50% in three steps of reactions. Approximately 
0.6 mL of allyl chloride was used in step 1. 1H 
NMR (400 MHz, DMSO-d6): δ 6.37 (d, 1H, J = 
1.97 Hz, 6-H), 6.71 (d, 1H, J = 1.93 Hz, 8-H), 
7.73 (d, 1H, J = 1.95 Hz, 2′-H), 6.9 (d, 1H, J = 
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8.53 Hz, 5′-H), 7.57 (dd, 1H, J = 8.53, 1.92 Hz, 
6′-H), 9.43 (s, 1H, 3-OH), 12.5 (s, 1H, 5-OH), 
9.33 (s, 1H, 3′-OH), 9.47 (s, 1H, 4′-OH), 4.71 
(d, 2H, J = 5.14 Hz, 1′′-H), 6.02-6.11 (m, 1H, 2′′-
H), 5.44 (dd, 1H, J = 17.32, 1.22 Hz, 3′′cis-H), 
5.31 (dd, 1H, J = 10.59, 1.08 Hz, 3′′trans-H); 
NOESY (400 MHz, DMSO-d6) demonstrated 
that there were two groups of related hydrogen: 
6-H/1′′-H and 8-H/1′′-H; 13C NMR (400 MHz, 
DMSO-d6): 147.78 (2-C), 136.49 (3-C), 176.39 
(4-C), 160.86 (4a-C), 98.32 (5-C), 164.19 (6-C), 
93.07 (7-C), 156.45 (8-C), 104.53 (8a-C), 122.33 
(1′-C), 116.03 (2′-C), 145.54 (3′-C), 148.31 (4′-
C), 115.73 (5′-C), 120.48 (6′-C), 69.36 (1′′-C), 
133.36 (2′′-C), 118.53 (3′′-C); ESI-MS: m/z 341 
[M – H]-.

Compound DAQ: yellow solid, overall yield 
25% in three steps of reactions. Approximately 
0.6 mL of allyl chloride was used in step 1. 1H 
NMR (400 MHz, DMSO-d6): δ 6.38 (d, 1H, J = 
2.16 Hz, 6-H), 6.72 (d, 1H, J = 2.14 Hz, 8-H), 
7.75 (d, 1H, J = 2.16 Hz, 2′-H), 7.1 (d, 1H, J 
= 8.72 Hz, 5′-H), 7.65 (dd, 1H, J = 8.69, 2.17 
Hz, 6′-H), 12.45 (s, 1H, 5-OH), 9.33 (s, 1H, 3′-
OH), 9.56 (s, 1H, 4′-OH), 4.71 (d, 2H, J = 5.23 
Hz, 1′′-H), 4.65 (d, 2H, J = 5.2 Hz, 1′′′-H), 6.04-
6.09 (m, 2H, 2′′-H, 2′′′-H), 5.42-5.49 (m, 2H, 
3′′cis-H, 3′′′cis-H), 5.27-5.32 (m, 2H, 3′′trans-H, 
3′′′trans-H); NOESY (400 MHz, DMSO-d6) 
demonstrated that there were no more related 
hydrogen atoms than that of AQ; 13C NMR (400 
MHz, DMSO-d6): 147.21 (2-C), 136.95 (3-
C), 176.54 (4-C), 160.88 (4a-C), 98.36 (5-C), 
164.28 (6-C), 93.13 (7-C), 156.51 (8-C), 104.58 
(8a-C), 124.02 (1′-C), 115.54 (2′-C), 146.93 (3′-
C), 148.73 (4′-C), 113.82 (5′-C), 120.11 (6′-C), 
69.38 (1′′, 1′′′-C), 133.36 (2′′-C), 118.54 (3′′-C), 
134.05 (2′′′-C), 118.1 (3′′′-C); ESI-MS: m/z 381 
[M – H]-.

Compound CQ: yellow solid, overall yield 
31% in three steps of reactions. Approximately 
0.7 mL of cinnamyl chloride was used in step 
1. 1H NMR (400 MHz, DMSO-d6): δ 6.42 
(d, 1H, J = 2.18 Hz, 6-H), 6.78-6.82 (m, 2H, 
8-H,3′′-H), 7.75 (d, 1H, J = 2.14 Hz, 2′-H), 
6.91 (d, 1H, J = 8.51 Hz, 5′-H), 7.6 (dd, 1H, J 
= 8.45, 2.16 Hz, 6′-H), 9.52 (s, 1H, 3-OH), 12.5 
(s, 1H, 5-OH), 9.31 (s, 1H, 3′-OH), 9.69 (s, 1H, 
4′-OH), 4.86 (d, 2H, J = 5.72 Hz, 1′′-H), 6.54 
(dt, 1H, J = 15.99, 5.76 Hz, 2′′-H), 7.50-7.52 

(m, 2H, Ar2′′-H, Ar6′′-H), 7.34-7.38 (m, 2H, 
Ar3′′-H,Ar5′′-H), 7.27-7.30 (m, 1H, Ar4′′-H); 
NOESY (400 MHz, DMSO-d6) demonstrated 
that there were two groups of related hydrogen: 
6-H/1′′-H and 8-H/1′′-H; 13C NMR (400 MHz, 
DMSO-d6): 147.77 (2-C), 136.51 (3-C), 176.39 
(4-C), 160.87 (4a-C), 98.36 (5-C), 164.27 (6-C), 
93.1 (7-C), 156.46 (8-C), 104.54 (8a-C), 122.33 
(1′-C), 116.03 (2′-C), 145.54 (3′-C), 148.31 (4′-
C), 115.74 (5′-C), 120.48 (6′-C), 69.32 (1′′-C), 
124.47 (2′′-C), 133.54 (3′′-C), 136.44 (Ar1′′-C), 
127.01 (Ar2′′-C, Ar6′′-C), 129.16 (Ar3′′-C, 
Ar5′′-C), 128.5 (Ar4′′-C); ESI-MS: m/z 417               
[M – H]-.

Compound DCQ: yellow solid, overall yield 
8% in three steps of reactions. Approximately 
0.7 mL of cinnamyl chloride was used in step 
1. 1H NMR (400 MHz, DMSO-d6): δ 6.43 (d, 
1H, J = 2.13 Hz, 6-H), 6.79-6.86 (m, 3H, 8-H, 
3′′-H, 3′′′-H), 7.78 (d, 1H, J = 2.09 Hz, 2′-H), 
7.18 (d, 1H, J = 8.64 Hz, 5′-H), 7.68 (dd, 1H, J = 
8.62, 2.17 Hz, 6′-H), 12.48 (s, 1H, 5-OH), 9.4 (s, 
1H, 3′-OH), 9.62 (s, 1H, 4′-OH), 4.82-4.86 (m, 
4H, 1′′-H, 1′′′-H), 6.52-6.58 (m, 2H, 2′′-H, 2′′′-
H), 7.49-7.52 (m, 4H, Ar2′′-H, Ar6′′-H, Ar2′′′-H, 
Ar6′′′-H), 7.34-7.38 (m, 4H, Ar3′′-H, Ar5′′-H, 
Ar3′′′-H, Ar5′′′-H), 7.27-7.30 (m, 2H, Ar4′′-H, 
Ar4′′′-H); NOESY (400 MHz, DMSO-d6) 
demonstrated that there were no more related 
hydrogen atoms than that of CQ; 13C NMR 
(400 MHz, DMSO-d6): 147.21 (2-C), 136.64 
(3-C), 176.54 (4-C), 160.9 (4a-C), 98.4 (5-C), 
164.36 (6-C), 93.16 (7-C), 156.54 (8-C), 104.6 
(8a-C), 124.06 (1′-C), 115.56 (2′-C), 146.97 
(3′-C), 148.81 (4′-C), 113.89 (5′-C), 120.16 (6′-
C), 69.34 (1′′-C), 124.44 (2′′-C), 133.57 (3′′-C), 
136.44 (Ar1′′-C), 127.01 (Ar2′′-C, Ar6′′-C), 
129.15 (Ar3′′-C, Ar5′′-C, Ar3′′′-C, Ar6′′′-C), 
128.5 (Ar4′′-C), 69.28 (1′′′-C), 125.28 (2′′′-C), 
133 (3′′′-C), 136.64 (Ar1′′′-C), 126.92 (Ar2′′′-C, 
Ar5′′′-C), 128.36 (Ar4′′′-C); ESI-MS: m/z 533 
[M – H]-.

Compound GQ: yellow solid, overall yield 
47% in three steps of reactions. Approximately 
0.7 mL of geranyl bromide was used in step 
1. 1H NMR (400 MHz, DMSO-d6): δ 6.33 (d, 
1H, J = 2.12 Hz, 6-H), 6.71 (d, 1H, J = 2.15 Hz, 
8-H), 7.76 (d, 1H, J = 2.17 Hz, 2′-H), 6.91 (d, 
1H, J = 8.51 Hz, 5′-H), 7.57 (dd, 1H, J = 8.62, 
2.15 Hz, 6′-H), 9.49 (s, 1H, 3-OH), 12.51 (s, 1H, 
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5-OH), 9.28 (s, 1H, 3′-OH), 9.69 (s, 1H, 4′-OH), 
4.72 (d, 2H, J = 6.43 Hz, 1′′-H), 5.42 (t, 1H, J 
= 6.34 Hz, 2′′-H), 1.74 (s, 3H, 3a′′-H), 2.06-2.08 
(m, 4H, 4′′-H, 5′′-H), 5.05-5.06 (m, 1H, 6′′-H), 
1.56 (s, 3H, 7a′′-H), 1.62 (s, 3H, 8′′-H); NOESY 
(400 MHz, DMSO-d6) demonstrated that there 
were two groups of related hydrogen: 6-H/1′′-H 
and 8-H/1′′-H; 13C NMR (400 MHz, DMSO-d6): 
147.66 (2-C), 136.47 (3-C), 176.36 (4-C), 160.76 
(4a-C), 98.35 (5-C), 164.51 (6-C), 92.95 (7-C), 
156.45 (8-C), 104.37 (8a-C), 124.17 (1′-C), 116 
(2′-C), 145.52 (3′-C), 148.27 (4′-C), 115.71 (5′-
C), 120.41 (6′-C), 65.76 (1′′-C), 122.35 (2′′-C), 
141.57 (3′′-C), 16.83 (3a′′-C), 39.33 (4′′-C), 26.19 
(5′′-C), 119.31 (6′′-C), 131.5 (7′′-C), 18 (7a′′-C), 
25.87 (8′′-C); ESI-MS: m/z 437 [M – H]-.

Solubility test
Solubility of the derivatives was evaluated by 

turbidimetry as previously described (7). Briefly, 
derivatives were dissolved in DMSO at a final 
concentration of 50 mM, and then diluted by 
DMEM medium at final concentrations of 20, 40, 
60, 80, 100, 120, 140, 160, 180 and 200 μM. After 
these solutions were incubated at 37 ℃ for 48 h, 
absorbances of them at 630 nm were measured. 

Cytotoxicity test
Cytotoxicity, which is represented by 

concentration that shows 50% inhibition in 
cell proliferation (IC50), was evaluated by 
modified MTT (3-(4,5-dimethylthiazol-2-
yl)- 2,5-diphenyltetrazolium bromide) assay 
as described before (8, 9). Taking solubility 
of the derivatives into consideration, BQ and 
GQ were selected for the primary cytotoxicity 
study. According to the result of the primary 
cytotoxicity study, the cytotoxicity of GQ on 
NCI-H446, A549, MGC-803 and SGC-7901 
cell lines was further investigated. To justify the 
effectiveness of BQ and GQ, cytotoxicity of the 
parent compound quercetin on all the cell lines 
used in this study was determined either. Briefly, 
8000 cells with 0.1 mL medium were seeded in 
96-well microplates. The derivatives or quercetin 
were dissolved in DMSO (50 mM) and then 
diluted with the medium to a series of testing 
concentrations. After exposure to the derivatives 
or quercetin for 48 h, cells were carefully washed 
by PBS three times and then 0.1 mL MTT (0.5 
mg/mL) was added to each well. DMSO was 
used as solvent for following spectrum analysis 
at 570 nm. Proliferation values were calculated 
with the formula as follow: proliferation = 
(Atest-Ablank)/(Acontrol-Ablank). According to the 
proliferation data, all IC50 values were calculated 
by SPSS software using probit regression assay.

Scheme 1. Synthesis of quercetin derivatives. Reagents and conditions: (i) Ac2O, pyridine, r.t., 2 h, then 85 ℃, 10 min; (ii) halogenated 
hydrocarbons, K2CO3, 18-crown-6, dry CH3CN, 70 ℃, 72 h, then NaOH, EtOH, H2O, reflux, 10 min.
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Results and Discussion

Chemistry
Total seven alkylated derivatives were 

synthesized via three steps: acetylation 
of quercetin in pyridine/acetic anhydride, 
alkylation of pentaacetylquercetin by 
halogenated hydrocarbons with K2CO3 and then 
deacetylation under alkaline condition (Scheme 
1.). 7-O-monoalkyl and 3,7-O,O-dialkyl 
derivatives were obtained simultaneously 
in same reactions. Using more halogenated 
hydrocarbons in alkylating reaction would gain 
more 3,7-O,O-dialkyl derivatives. However, 
only trace 3,7-O,O-digeranylquercetin (DGQ) 
was obtained after synthesis, and it could 
not be isolated. 7-O-Butylquercetin (BQ), 
7-O-allylquercetin (AQ), 7-O-cinnamylquercetin 
(CQ) and 7-O-geranylquercetin (GQ) were 
obtained as yellow amorphous powder, 
while 3,7-O,O-dibutylquercetin (DBQ), 
3,7-O,O-diallylquercetin (DAQ) and 3,7-O,O-
cinnamylquercetin (DCQ) were obtained 
as yellow needle-like crystal. Both of these 
derivatives and quercetin had similar UV 
spectrum (254, 370 nm).

Solubility in DMEM medium 
To ensure the maximum concentration 

applied in cytotoxicity evaluation, solubility of 

these derivatives was measured by turbidimetry. 
As shown in Figure 1. all of the dialkyl 
derivatives and CQ were almost insoluble in 
DMEM medium, while BQ and GQ resulted 
in well solubility which was about 180 μM. 
The dialkyl derivatives and CQ might be too 
lipophilic to dissolve in the medium. Although 
the solubility of AQ was about 140 μM, its 
inhibition rate to MCF-7 cells was less than 50% 
at the highest concentration. The length of alkyl 
chains bears little relationship to the solubility 
of the derivatives. Taking their solubility into 
consideration, cytotoxicity of BQ and GQ was 
evaluated in this study. 

Cytotoxicity 
Cytotoxicity of BQ, GQ and the parent 

compound quercetin against MCF-7 cells 
(human breast cancer cells) and Caco-2 cells 
(human colon cancer cells) was evaluated using 
MTT assay. As shown in Table 1. IC50 values of 
BQ and GQ to MCF-7 and Caco-2 cells lines 
were much lower than those of quercetin. BQ 
and GQ demonstrated strong cytotoxicity to 
the two cell lines, and GQ was the most toxic 
derivative. For 7-O-monoalkyl derivatives, a 
longer substituent group might have higher 
cytotoxicity. This phenomenon might be relative 
to lipophilicity and membrane penetration ability 
of the compounds.

Figure 1. Solubility of the derivatives in DMEM medium evaluated by turbidimetry.
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Cytotoxicity of GQ to more human cancer 
cell lines was further evaluated and compared 
with that of quercetin. The cell lines included 
NCI-H446 (human lung cancer cells), A549 
(human lung cancer cells), MGC-803 (human 
gastric cancer cells) and SGC-7901 (human 
gastric cancer cells). As shown in Table 2. GQ 
exhibited strong cytotoxicity against all of 
these four cancer cell lines and the cytotoxicity 
of GQ was stronger than that of quercetin. 
Consequently, GQ is a broad spectrum cytotoxic 
agent and it may be a promising leading drug for 
chemotherapy.

Previous studies demonstrated that quercetin 
and some of its derivatives could induce 
apoptosis in cancer cells via different pathways 
(10-12), and they could reverse multidrug 
resistance of tumor cells simultaneously (13, 
14). The cytotoxicity of alkylated quercetin 
derivatives is strong according to our data, and 
further studies on apoptotic mechanism and 
multidrug resistance reversing are essential and 
meaningful. 

Conclusions

In summary, seven alkylated quercetin 
derivatives were designed and synthesized. All 
of the dialkyl derivatives and the monoalkyl 
derivative CQ have poor solubility, while that of 
the monoalkyl derivatives BQ and GQ is better. 
BQ showed moderate cytotoxicity against MCF-
7 cells and Caco-2 cells, whereas GQ showed 
strong cytotoxicity against different kinds of 
cancer cells. Among these seven derivatives, GQ 

is the most suitable candidate drug for cancer 
treatment. Studies on the antitumor mechanism 
and multidrug resistance reversing effect of this 
compound are being conducted. 

Acknowledgement

This work was financially supported by the 
Natural Science Foundation of Liaoning, China 
(2013023037).

References

Table 1. Inhibitory effects of quercetin and its derivatives on MCF-7 and Caco-2 cells

Compounds
IC50 (μM)

MCF-7 Caco-2

Quercetin 343 340

BQ 38.6 66.8

GQ 20.2 43.7

Table 2. Inhibitory effects of quercetin and GQ on NCI-H446, A549, MGC-803 and SGC-7901 cells.
IC50 (μM)

NCI-H446 A549 MGC-803 SGC-7901

Quercetin 68.9 77.2 80.6 75.7

GQ 27.6 29.5 25.4 18.5

Nguyen TTT, Tran E, Nguyen TH, Do PT, Huynh 
TH and Huynh H. The role of activated MEK-ERK 
pathway in quercetin-induced growth inhibition and 
apoptosis in A549 lung cancer cells. Carcinogenesis 
(2004) 25: 647-659.
Wang P, Zhang K, Zhang Q, Mei J, Chen C, Feng Z 
and Yu D. Effects of quercetin on the apoptosis of the 
human gastric carcinoma cells. Toxicol. in Vitro (2012) 
26: 221-8.
Richter M, Ebermann R and Marian B. Quercetin-
induced apoptosis in colorectal tumor cells: possible 
role of EGF receptor signaling. Nutr. Cancer (1999) 
34: 88-99.
Zhang H, Zhang M, Yu L, Zhao Y, He N and Yang X. 
Antitumor activities of quercetin and quercetin-5’,8-
disulfonate in human colon and breast cancer cell lines. 
Food Chem. Toxicol. (2012) 50: 1589-99.
Sakao K, Fujii M and Hou DX. Acetyl derivate of 
quercetin increases the sensitivity of human leukemia 
cells toward apoptosis. Biofactors (2009) 35: 399-405.
Metodiewa D, Jaiswal AK, Cenas N, Dickancaité 
E and Segura-Aguilar J. Quercetin may act as a 
cytotoxic prooxidant after its metabolic activation to 
semiquinone and quinoidal product. Free Radical Bio. 
Med. (1999) 26: 107-116.
van der Woude H, Gliszczyńska-Świgło A, Struijs K, 

(1)

(2)

(3)

(4)

(5)

(6)

(7)



Synthesis, characterization, cytotoxicity of quercetin derivatives

335

Smeets A, Alink GM and Rietjens IMCM. Biphasic 
modulation of cell proliferation by quercetin at 
concentrations physiologically relevant in humans. 
Cancer Lett. (2003) 200: 41-7.
Pan MH, Lin CL, Tsai JH, Ho CT and Chen 
WJ. 3,5,3′,4′,5′-Pentamethoxystilbene (MR-5), a 
synthetically methoxylated analogue of resveratrol, 
inhibits growth and induces G1 cell cycle arrest of 
human breast carcinoma MCF-7 cells. J. Agric. Food 
Chem. (2010) 58: 226-234.
Zheng Y, Xin Y, Shi X and Guo Y. Cytotoxicity of 
monascus pigments and their derivatives to human 
cancer cells. J. Agric. Food Chem. (2010) 58: 9523-8.
Lee YK, Hwang JT, Kwon DY, Surh YJ and Park 
OJ. Induction of apoptosis by quercetin is mediated 
through AMPKa1/ASK1/p38 pathway. Cancer Lett. 
(2010) 292: 228-236.
Chou CC, Yang JS, Lu HF, Ip SW, Lo C, Wu CC, Lin 
JP, Tang NY, Chung JG, Chou MJ, Teng YH and Chen 

(8)

(9)

(10)

(11)

DR. Quercetin-mediated cell cycle arrest and apoptosis 
involving activation of a caspase cascade through the 
mitochondrial pathway in human breast cancer MCF-7 
cells. Arch. Pharm. Res. (2010) 33: 1181-91.
Rubio S, Quintana J, Eiroa JL, Triana J and Estévez F. 
Acetyl derivative of quercetin 3-methyl ether-induced 
cell death in human leukemia cells is amplified by the 
inhibition of ERK. Carcinogenesis (2007) 28: 2105-
2113.
Chen C, Zhou J and Ji C. Quercetin: A potential drug 
to reverse multidrug resistance. Life Sci. (2010) 87: 
333-8.
Yuan J, Wong ILK, Jiang T, Wang SW, Liu T, Wen BJ, 
Chow LMC and Sheng BW. Synthesis of methylated 
quercetin derivatives and their reversal activities 
on P-gp- and BCRP-mediated multidrug resistance 
tumour cells. Eur. J. Med. Chem. (2012) 54: 413-422.

(12)

(13)

(14)

This article is available online at http://www.ijpr.ir



or
 http:// ijpr.sbmu.ac.ir

Tell us if we are wrong? 
Visit http://www.ijpr.ir


