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Abstract

High lipid levels are associated with the increase tendency of atherosclerosis formation. In 
the pathogenesis of atherosclerosis, increase in low density lipoprotein cholesterol (LDL-c) 
concentration has been identified as the main culprit in many cardiovascular disease (CVD) 
incidents. Both quercetin and kaempferol are flavonoids that most abundantly found in fruits 
and vegetables. Several studies have dictated that both compounds exhibit CVD protective 
effects through the regulation of lipid levels. In the present study, the hypolipidemic potential 
of quercetin and kaempferol through LDL-c uptake were tested on HepG2 cells. Cell viability 
was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
assay in order to study the cytotoxicity effect quercetin and kaemperol on cell proliferation. 
The present study demonstrated that quercetin and kaempferol at low concentration of 15 
µM, possess the highest hypolipidemic effects via LDL-c uptake in HepG2 cells (p<0.05). 
Interestingly, quercetin and kaempferol combination at 1:1 ratio possesses the best effect 
on LDL-c uptake in HepG2 cells as compared to other ratios. It is suggested that there is a 
possibility of synergistic effects of quercetin and kaempferol that enhance the LDL uptake 
more effectively than its single compounds alone. The decrease in cell viability was higher 
in mixture combinations of quercetin and kaemperol (1:1, 2:1 and 1:2) than to individually 
treated quercetin and kaempferol (1:0 and 0:1). Further studies should be conducted on primary 
human liver cells on the LDL uptake and cell viability to further justify the significance of both 
quercetin and kaempferol as lipid lowering agents as normal LDL-c uptake occurs in healthy 
cells, rather than a tumour cells like HepG2.

Introduction

In the past years, a diet rich in plant polyphenols 
has been shown to improve health and to decrease 
the incidence of cardiovascular disease (Schroeter et 
al., 2006; Perez-Vizcaino et al., 2009).  Flavonoids 
constitute a large class of polyphenols found 
in plants.  Extensive studies on quercetin and 
kaempferol has been done in the light of restricting 
cardiovascular diseases. Previous study reported 
that quercetin is also known for its strong anti-
inflammatory capacities, whereby several in-vitro 
studies used various cell lines shown that quercetin 
is capable of inhibiting lipopolysacharide (LPS) 
-induced cytokine production (Boots et al., 2008).  In 
addition, kaempferol shows the anti-atherosclerotic 
effect by modulating the gene and protein expression 
of inflammatory molecules in high cholesterol fed 
rabbits (Kong et al., 2013).  Previous study observed 
that kaempferol treated rats had significant decreases 
in cholesterol, triglycerides and LDL-c which may be 

due to the reduction in the absorption of cholesterol.  
Therefore, both quercetin and kaempferol have 
the potential in reducing the risk of cardiovascular 
diseases; yet very few studies have investigated and 
demonstrated the mechanism involving LDL uptake 
of these flavonoids.

A study by Kim et al. (2008) reported that 
flavonoids which include kaempferol and quercetin 
exert inhibitory effects on the production of 
cholesterol in HepG2 and MCF-7.  However, detailed 
mechanisms and kinetics of the inhibitory effects of 
the flavonoids are still unknown.  Since there are 
several postulated mechanisms in reducing the risk 
of CVD via cholesterol lowering, LDL-c is one of the 
most of interest factor. Apparently, if the LDL-c uptake 
can be demonstrated significantly, it is then proposed 
that these flavonoids which present abundantly in our 
local fruits and medicinal plants can be commercially 
applied in CVD risk management, particularly at 
secondary prevention level. To date, there are no 
natural products or drugs that can be used to lower 
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cholesterol through increasing LDL-c clearance in 
the liver (Ji et al., 2012).  Thus, studies should be 
conducted on quercetin and kaempferol to further 
explore the potential of reducing cardiovascular 
risks through lipid lowering effect involving LDL-c 
uptake in the liver.

In the present research, quercetin and 
kaempferol were used to test their effects on the 
25-hydroxycholesterol uptake in HepG2 cells. 
Different ratios were applied and the effects of 
treatment on cell viability were also investigated.  
These flavonoids have been studied widely in relation 
to decreasing the risks of CVD.  Studies have shown 
that LDL-c is a strong risk factor for atherosclerotic 
events.  Through the clearance of LDL-c, it is 
suggested to significantly reduce the LDL-c levels, 
hence, lowering the risk of CVD development.  

Materials and Methods

Human Hepatocellular Carcinoma (HepG2) 
cells were obtained from the Institute of Marine 
Biotechnology (IMB) Laboratory, Universiti 
Malaysia Terengganu (UMT).  Eagle’s minimal 
essential medium (EMEM) supplement was from 
Nacalai Tesque, Japan.  Trypan blue stain (0.4%) 
for use with Countess Automated Cell Counter (Cat. 
Num: T10282), trypsin-EDTA solution, cholesterol 
(>99%), fetal bovine serum (FBS), streptomycin/
penstrip, phosphate buffer solution tablets, MTT 
formazan, disinfecting solution, quercetin and 
kaempferol were all from Sigma Aldrich, Unites 
States of America.  25-hydroxycholesterol was from 
Cayman Chemical, US.  Lipid depleted FBS was 
from Biowest and BODIPY® FL LDL was from 
Invitrogen, US. 

Confluent cultures were seeded after 4 minutes 
exposure to trypsin.  Cells were seeded at 1.0 X 104 
cells per well per 100 µl culture medium in 96 well 
plate and grown until confluent. To study the effect 
of quercetin and keampferol on the LDL-c uptake, 
cells were incubated for 16 hours with different 
concentration of quercetin or kaempferol at 15, 30 
and 45 µM in  EMEM medium containing 0.05% 
lipid depleted FBS, 10 µg/ml cholesterol, 1 µg/ml 
25-hydroxycholesterol. 

To study the effect of quercetin and kaempferol 
mixture combinations at different ratio of 
quercetin:kaempferol (1:0, 0:1, 1:1, 2:1, 1:2) and 
incubated for 16 hours.  All groups of cells were in 
quadruplets. Varioskan fluorescent plate reader was 
used to read the plate at 490 and 515 nm (Ji et al., 
2012). Cell viability was examined using MTT cell 
assay. Cell of density of 1.0 x 104 per well was seeded 

in a 96 well plate and grown to confluency.  Ratio 
concentrations of quercetin: kaempferol (1:0, 0:1, 
1:1, 1:2 and 2:1) was prepared and administered to 
cells.  Cells were incubated for 16 hours at 37oC with 
5% CO2. 

Data was expressed as mean and standard 
error of mean (SEM), of multiple determinations 
performed using quercetin and kaempferol derived 
from different concentrations with SPSS software 
version 16.0. One-way ANOVA was conducted and 
multiple comparison analysis was carried out using 
Tukey post-hoc test.  In all analysis, if p < 0.05, the 
difference was considered significant.  

Results and Discussion

Figure 1 shows both quercetin and kaempferol at 
15 µM exhibit the highest LDL uptake by 158.4% and 
58.5%, respectively.  The trend observed shows better 
and higher LDL uptake with lower concentration 
(p<0.05).  In general, quercetin demonstrated higher 
LDL uptake as compared to kaempferol.  Hence, on 
the basis of these findings, quercetin and kaempferol 
concentration at 15 µM was selected as the optimized 
condition that maximize the LDL-c uptake in HepG2 
cells.

Previously, Moon et al. (2012) reported that 
quercetin strongly upregulated the LDL receptor 
(LDLR) gene expression by increasing the clearance 
of circulating LDL-c levels from the blood.  Thus, 
this study strongly relates to the present study as it 
supports the high potential in quercetin which exerts 
hypolipidemic effect through the clearance of LDL.   
Furthermore, based on a recent study by Mbikay 
et al. (2014), at low micromolar concentrations (2-
10 µM), quercetin-3-glucoside (Q3G) increased 
LDLR expression, reduced proprotein convertase 
subtilisin/ kexin type 9 (PCSK9) secretion and 
stimulated LDL uptake in Huh7 human hepatocytes 
culture.  Comparing to Q3G, LDLR regulation has 
reportedly been achieved in HepG2 cells treated with 
quercetin aglycoside (quercetin) at 75 µM (Moon 
et al., 2012).  Therefore, greater efficiency of Q3G 
could be explained by more active receptor-mediated 
uptake by cells.  Even though LDLR up regulation 
was reportedly to have been achieved at 75 µM, it 
is assumed that even at lower quercetin levels of 15 
µM, there is a significant effect on the LDL uptake 
in HepG2 cells. It is proposed in the present study 
that due to the effect of quercetin on the LDLR up 
regulation expression, it could have increased the 
clearance of LDL cholesterol in HepG2 cells via 
LDL uptake.  Hence, quercetin can be seen to have 
an inhibitory effect on LDL which may contribute to 
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a protective flavonoid against CHD.  
The effect of kaempferol at 15-45 µM on the LDL 

uptake in HepG2 cells is similar to quercetin, but the 
latter exhibited to a lower extend. A study by Kim 
et al. (2008) demonstrated that kaempferol exhibit 
the highest cholesterol lowering effects at a high 
concentration of 350 µM in HepG2 cells.  However, a 
study by Berger et al. (2013) reported that kaempferol 
mediated a prominent reduction of cell viability and 
proliferation rate.  In addition, toxicity assays revealed 
signs of relevant cellular toxicity in primary human 
hepatocytes only starting at 50 μM.  Therefore, even 
though high concentrations of kaempferol exhibit 
the most effective cholesterol lowering effects but 
negatively affects the cell viability, thus, it might not 
be logically applicable.  The present study suggest 
kaempferol even at low concentration exhibited 
significant hypochelesterolemia effects in HepG2 
cells via LDL uptake.  

Figure 2 shows that quercetin: kaempferol ratio 
of 1:1 gave the highest LDL uptake expression by 
170.7%, followed by 2:1 and 1:2 at 122.3% and 83.4% 
respectively.  In addition, quercetin: kaempferol ratio 
of 1:1 is approximately 4 times more effective in 
LDL uptake as compared to both individually treated 
quercetin and kaempferol.  Hence, it is deduced that 
there might be a significant synergistic effect of 
quercetin and kaempferol used in the combination 
ratio of 1:1. 

Saw et al. (2014) showed that combinations 
of quercetin and kaempferol at much lower 
concentrations (1.56 and 3.13 µM) detected 
synergism in H2O2-induced ROS assay and ARE 
luciferase reporter gene assay and also provided 
mechanistic insight into the synergistic activities.  In 
another study, Ackland et al. (2005) utilized human 
gut (HuTu-80 and Caco-2) and breast cancer cells 
(PMC42) to show the synergistic effect of quercetin 
and kaempferol in reducing cell proliferation.  In 

addition, Han et al. (2011) found that quercetin and 
kaempferol were synergetic with adriamycin (ADR) 
to enhance the antitumor efficiency of ADR, which 
indicate that quercetin and kaempferol have the 
ability to increase the sensitivity to chemotherapeutic 
agents such as ADR in addition to the inhibition of 
tumor cell growth.  Therefore, studies have shown 
that there has been synergistic effect between 
quercetin and kaempferol but none so far on the LDL 
uptake in HepG2 cells.

Harris et al. (2013) demonstrated that 
treatment with EPA+DHA appears to lower patient 
triglycerides more effectively whereas EPA alone did 
not.  In another point of view, the combinations of 
similar compounds such as flavonoids or omega 3 
fatty acids may give a stronger and more powerful 
effect.  Various studies have proved that quercetin 
and kaempferol have positive effects against CVD; 
hence, the combination of both is suggested to elevate 
and amplify the protective effects.

Based on the present study, it is proposed that 
quercetin and kaempferol combination at 1:1 ratio 
possesses the best synergistic effect on hypolipidemic 
potential through LDL uptake in HepG2 cells.  The 
present study is the first documenting research 
proposing the possibility of synergistic effects of 
quercetin and kaempferol in LDL uptake.  More 
studies should be conducted to verify the possibilities 
and the mechanism behind it.

In Figure 3, the decrease of cell viability is higher 
in mixture combinations of quercetin and kaemperol 
(1:1, 2:1 and 1:2) compared to individually treated 
quercetin and kaempferol (1:0 and 0:1) with the 
highest decrease in cell viability at -39.9% followed 
by -36.6% and -35.5% in ratios 2:1, 1:2 and 1:1, 
respectively. A study conducted by Ackland et al. 
(2005) revealed that the combination of quercetin 
and kaempferol is more effective in reducing cell 
growth in human intestinal lines HuTu-80 and Caco-

Figure 1. Effect of quercetin and kaempferol on LDL 
uptake in HepG2 cells

Figure 2. Effect of quercetin and kaempferol mixture at 
different ratios on LDL uptake in HepG2 cells
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2 and in the PMC42 breast carcinoma cell line than 
is either quercetin or kaempferol applied alone.  
Another study by Jaramillo-Carmona et al. (2014) 
also demonstrated that the combination of quercetin 
and kaempferol exhibited a greater cytotoxic efficacy 
(IC50)  than did either quercetin or kaempferol alone.  
The interaction of quercetin and kaempferol at a 
1Q:1K ratio for 48 hours had a slightly greater but 
still significant effect on HCT-116 cell death than 
quercetin or kaempferol alone.  However, when cells 
were exposed at 2Q:1K ratio, cell death increased 
acutely. When the cells were incubated with a 
combination in a 1Q:2K ratio, a significant increase 
in cell death was caused compared to the flavonoids 
alone, but it was lower than the result of treatment 
with the ratio of 2Q:1K.  These results were similar 
to the present study’s trend and support the fact that 
lower cell viability was achieved with quercetin and 
kaempferol combinations compared to their single 
flavonoids alone.  However, even though the present 
results show that Q:K ratios at 1:1, 2:1 and 1:2 had 
lower cell viability compared to ratios 1:0 and 0:1, 
the effect was not significant (p>0.05).  

In another study by Mylonis et al. (2010), it 
was demonstrated that exposure of Huh7 cells to 
10 μΜ kaempferol caused significant reduction of 
their viability, which was remarkably more evident 
under hypoxic conditions.  This finding shows that 
kaempferol even at low concentrations have been 
shown to reduce cell viability.  As for quercetin, 
concentration levels above 50 μΜ show great increase 
in cell death in HepG2 cells incubated for 18 hours 
(Ramos et al., 2005).  Based on this study, due to 
the same culture cells (HepG2 cells) and also almost 
similar incubation period (16 hours), concentrations 
below 50 μΜ were selected for the present research.

Conclusion

To date, the present research was the first study 
reporting the hypolipidemic effect of quercetin and 
kaempferol via LDL-c uptake in HepG2 cells.  The 
favorable potential is observed the best at the lowest 
concentration, i.e. 15 µM, indicating that the effect 
is not at a dose-dependent manner. It was also found 
that quercetin is more potent than kaempferol at 
similar concentration. The present study suggests 
that part of the mechanism involved in lipid lowering 
effects of these flavonoids is via LDL-c uptake or 
clearance which acts as one of the most important 
factor in CVD risk modulation. In conclusion, there 
might be some possible synergestic effects based on 
the highest LDL-c uptake at the 1:1 ratio mixture 
combination and thus further studies are warranted 
in understanding the complete picture of these 
flavonoids action. 
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