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Abstract
Herbal and herbal dietary supplements have a massive share of the global market, and their use continues to grow worldwide. 
There is a general perception that herbal and herbal dietary supplements are effective and safe. However, herbal formulation-
drug and natural product-drug interactions are an easily overlooked issue in using herbals and herbal dietary supplements. 
Positive herb-drug interactions can increase the effectiveness of drugs and reduce their toxic effects. Instead, negative natural 
product-drug interactions can cause adverse reactions. Quercetin, a natural flavonoid, is present in the form of quercetin 
glycosides in herbal dietary supplements and is widely consumed by the population daily. In recent years, quercetin has 
demonstrated excellent biological activities such as hypotensive, hypoglycemic, antioxidant stress, anti-inflammatory, anti-
bacterial, antiviral, and immunomodulatory, and it is widely used in the treatment of various human diseases. Numerous in 
vivo, in vitro, and clinical studies have revealed pharmacokinetic and pharmacodynamic interactions between quercetin and 
drugs. By competitively binding to serum albumin, affecting cytochrome P450, glycoproteins, organic anion transporting 
peptides, and glucuronidase activity, quercetin can alter the absorption, distribution, metabolism, and clearance of some 
drugs in vivo, affecting their pharmacokinetic profile. In addition, its pharmacodynamic interactions with many drugs have 
produced potentiation, toxicity reduction, or overcoming resistance in treating several diseases such as infectious diseases, 
chronic infectious diseases, cardiovascular diseases, diabetes, and cancer. We present a comprehensive summary of the 
observed pharmacokinetic and pharmacodynamic interactions of quercetin with herbal drugs. Additionally, the potential 
mechanisms of these interactions and directions for future related research are described.
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Introduction

Herbal medicine has a long history of use in diverse com-
munities worldwide. Its use continues to grow globally, 
capturing a massive share of the global market (Navarro 
et al. 2017; Zhou et al. 2021). In the perception of most 
people, herbs are natural and safe. However, an easily 
overlooked issue is that herbal formulation-drug and 

natural product-drug interactions may occur when herbs 
and pure natural products are used in combination with 
prescription drugs (Gerber et al. 2018). The herbal-drug 
interactions are divided into pharmacokinetic (altering 
blood levels) and pharmacodynamic interactions (acting 
on drug-related targets). Natural product-drug pharma-
cokinetic interactions refer to the effects of herbal drugs 
on the absorption, distribution, metabolism, and excretion 
of drugs in the organism (di Minno et al. 2017). Herbal 
drugs share the same drug-metabolizing enzymes and 
drug transport proteins as some clinical drugs, such as 
cytochrome P450 enzymes (CYP450), glucuronosyltrans-
ferases (UGT), and P-glycoproteins (Zhou et al. 2021). 
Herbal drugs can alter the pharmacological parameters, 
such as maximum concentration (Cmax), time to peak con-
centration (Tmax), and the area under the curve (AUC) of 
some clinical drugs by affecting these pharmacokinetic 
parameters related to the concentration of a drug in blood 
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plasma, resulting in enhanced efficacy, even adverse 
effects, or reduced efficacy (Zhou et al. 2021). Herbal-
drug pharmacodynamic interactions include synergistic 
or antagonistic pharmacological effects related to their 
action on associated molecular targets (Gouws and Ham-
man 2020). The combination of herbs and certain drugs 
can cause an increase or decrease in the intensity of the 
desired effect.

Currently, many patients in the clinic are taking herbal 
or herbal dietary supplements in conjunction with pre-
scription medications (Gerber et al. 2018). This mode of 
combination may be at risk of causing adverse reactions 
due to the presence of a potential negative drug-to-drug 
interactions. For example, combining ginkgo with warfarin 
or aspirin may increase the risk of bleeding (Chen et al. 
2011). Co-administration of xiyampin injection, an extract 
of Andrographis paniculata (Burm.f.) Nees, Acanthaceae, 
with ribavirin increases the risk and severity of herbal-
related adverse drug reactions, especially in the elderly 
population (Zheng et al. 2020). Some herbal dietary sup-
plements, such as St. John’s wort significantly increase the 
hepatotoxicity of certain drugs via herbal formulation-
drug interactions (Zhu et al. 2018). On the bright side, 
some herbal-drug interactions can be of clinical benefit. 
For example, propolis extract in combination with doxo-
rubicin, a chemotherapeutic agent, enhanced anti-cancer 
activity while reducing chemoresistance and improving the 
significant side effects of doxorubicin (Hossain et al. 2022). 
Co-administered garlic extract and metformin enhanced 
hypoglycemic effects and may reduce gentamicin-induced 
renal tubular toxicity (Gupta et al. 2017). A gel based on 
Aloe vera (L.) Burm.f., Xanthorrhoeaceae, increases oral 
absorption of the antiretroviral drug didanosine by up to 

11-fold (Gerber et  al. 2018). Herbal formulation-drug 
interactions have advantages and disadvantages and may 
cause adverse effects or enhance clinical efficacy benefits. 
Therefore, monitoring and managing possible interactions 
are necessary (Skalli and Bencheikh 2012).

Quercetin (1), a natural flavonoid, is widely distributed 
in species of fruits, vegetables, such as onions, cauliflower, 
cilantro, tomatoes, in fruits as nuts and apples, and bever-
ages as tea and wine (Fig. 1) (Latos-Brozio and Masek 
2019; Shabbir et al. 2021; Sobhani et al. 2021). Quercetin 
has biological activities such as hypotensive, hypoglyce-
mic, antioxidant, anti-inflammatory, antibacterial, antivi-
ral, and immunomodulatory (Chen et al. 2022). Numerous 
studies have shown the potential of quercetin to treat onco-
logical, autoimmune, cardiovascular, metabolic syndrome, 
and viral/bacterial infectious diseases (Heinz et al. 2010; 
Patel et al. 2018; Reyes-Farias and Carrasco-Pozo 2019; 
Hosseini et al. 2021; Shen et al. 2021). Due to its safety, 
quercetin is widely used, which is present as glycosides in 
herbal dietary supplements (Andres et al. 2018). The daily 
intake of quercetin from vegetables and fruits included 
in the diet (approximately 250 mg), together with the 
recommended daily intake of quercetin glycosides from 
herbal dietary supplements (up to 1000 mg), results in a 
total of a daily intake of approximately 1250 mg (Andres 
et al. 2018). Coming from herbs, drug-to-drug interactions 
between quercetin and drugs is analogously present. How-
ever, to our knowledge, there is no review on the potential 
drug-to-drug interactions of quercetin. Therefore, after 
reviewing the toxicity of quercetin, attention was placed 
on its interactions with herbal drugs, including their phar-
macokinetic and pharmacodynamics, to provide a basis for 
its rational dispensing in clinical practice.

Fig. 1  The primary sources of 
quercetin (1)
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Search Strategies

A systematic search was conducted on PubMed, Web of Sci-
ence, and Google Scholar. The search keywords included 
“quercetin,” “herbal drug interaction,” “pharmacodynamic 
interaction,” “pharmacokinetic interaction,” “preclinical 
studies.” The filters were not used. The search lasted from 
inception to 2022.

Discussion

Physicochemical Properties

The pure substance of quercetin has a yellow, needle-like, 
or powdered appearance. Ether, methanol, ethanol, ace-
tone, pyridine, and acetic acid are all suitable solvents for 
quercetin. It is soluble in ether, methanol, ethanol, acetone, 
pyridine, and acetic acid but not in water (Pradniwat and 
Chanprasert 2022). Quercetin is weakly acidic, and its pK a 
value was measured as 6.62 ± 0.04 (Zenkevich and Guschina 
2010). There is a clear structure-instability association of 
specific groups in the quercetin molecule: the C3-OH group 
in the C ring, the catechol portion of the B ring, and the 
C2 = C3 bond in the C ring are also present. Due to the pres-
ence of these groups, quercetin exhibits a high degree of 
instability in alkaline solutions (Jurasekova et al. 2014).

Pharmacokinetics

Quercetin undergoes initial metabolism mainly in the small 
intestine, including glucuronidation and O-methylation. 
Through the hepatic portal vein, quercetin and its metabolites 
get to the liver, where it is further broken down, O-methylated, 
sulfated, and glucuronidated. Also, the bacteria in the large 
intestine play a role in how quercetin is broken down. For 
example, Clostridium orbiscindens plays an essential role in 
the C ring fission of quercetin. The portal vein brings metabo-
lites of quercetin made by the gut bacteria to the liver (Wang 
et al. 2016). In human plasma, the important metabolites of 
quercetin are quercetin-3-glucuronide, quercetin-3-sulfate, 

and isorhamnetin-3-glucosidic acid (Patel et  al. 2018). 
Quercetin and its metabolites are distributed in several organs, 
including the lungs, kidneys, heart, and liver, with the highest 
levels of quercetin in the lungs (Wang et al. 2016). Quercetin 
and its conjugates containing glucuronide groups, methyl or 
sulfate groups are mainly distributed in the blood and ulti-
mately excreted in the urine (Almeida et al. 2018).

Despite its numerous beneficial biological properties, the 
low bioavailability of quercetin limits its use as a clinical 
therapeutic agent. It is mainly due to the water insolubility 
of quercetin, which makes it difficult for most of it to pass 
through the mucus layer of the gastrointestinal tract. On the 
other hand, the remaining quercetin absorbed by the blood 
and intestinal tract is rapidly metabolized (Li et al. 2021). 
Quercetin glycoside-based dietary supplements are the main 
dietary preparations for oral supplementation with quercetin 
(Li et al. 2021). Therefore, improving the absorption and 
oral bioavailability of quercetin sapogenins is a critical fac-
tor in the efficacy of quercetin.

Toxicity

Specific Toxicity

The early specific toxicological studies of quercetin focused 
on its potential mutagenicity, carcinogenicity, and terato-
genicity. In vitro studies of quercetin investigated its muta-
genic effect to some bacteria, fungi, and somatic cells. How-
ever, the in vivo results were not consistent with previous in 
vitro experiments, probably due to the chemically unstable 
nature of the DNA adducts formed by quercetin oxidation 
products (Andres et al. 2018). Gene mutations are the pri-
mary way in which activation of proto-oncogenes occurs. 
Many in vivo experiments have also explored the carcino-
genicity of quercetin. An early in vivo experiment did not 
demonstrate any significant carcinogenic effect of dietary 
levels of quercetin up to 5% in F344 rats (Ito et al. 1989). In 
contrast, the incidence of renal tubular cell adenomas and 
the severity of nephropathy increased in male F344 rats fed 
with a diet containing high-purity quercetin for an extended 
time (National Toxicology Program 1992). In another 
experiment, quercetin was genotoxic, causing mainly benign 
tumors in the male renal tubular epithelium but not else-
where, which may be partly due to a combination of non-
genotoxic and genotoxic events (Dunnick and Hailey 1992).

In 1999, the International Agency for Research on Cancer 
(IARC) recommended the classification of quercetin as a 
non-carcinogenic compound (Batiha et al. 2020). In con-
trast, in recent years, the anti-cancer activity of quercetin 
has been discovered by researchers and is emerging as a 
promising natural compound in the therapy of various can-
cers such as prostate, breast, ovarian, colorectal, esophageal, 
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and osteosarcoma (Farooqi et al. 2018; Ezzati et al. 2020; 
Vafadar et al. 2020; Tang et al. 2020; Maleki et al. 2021). 
In addition, quercetin can cross the blood-fetal barrier and 
may affect pregnancy. In several in vivo studies of quercetin 
in pregnant mouse models, no adverse effects of quercetin 
on fetal development and blood status were found. On the 
contrary, quercetin also had a protective effect on the liver 
enzymatic antioxidant defense system, renal histological 
changes, and memory capacity in mouse fetuses (Ożarowski 
et al. 2018).

General Toxicity

While exploring the specific toxicity of quercetin, research-
ers have conducted numerous studies on its general toxic-
ity. An early in vivo trial first demonstrated the low acute 
and chronic toxicity of quercetin and quercetin glycosides 
(Ambrose et al. 1952). In another in vivo experiment, Ruiz 
et al. (2006) found no adverse effects or death in Swiss 
mice from 30 to 3000 mg/kg/day of quercetin intake (for 
28 days). Quercetin as a functional food does not affect 
the normal development of mice (Barrenetxe et al. 2006). 
In vitro, quercetin is a potent inhibitor of NF-kappa B/
AP-1 activation. However, the results of an in vivo experi-
ment suggest that quercetin unexpectedly exacerbated the 
induction of AP-1 in mice with adriamycin nephropathy 
and standard groups, possibly associated with adverse renal 
effects (Rangan et al. 2002). It may be related to the dose-
dependent nature of quercetin. At low doses of 10 mg (kg/
BW), quercetin protects renal function. In comparison, 
high doses of 100 mg (kg/BW) induce renal injury, lead-
ing to increased abnormalities in adriamycin nephropathy 
renal function (Heeba and Mahmoud 2016). The results 
of many later studies have shown the protective effect of 
quercetin against acute and chronic renal injury caused by 
heavy metals or drugs (Faddah et al. 2012; Jain et al. 2013; 
Morales et al. 2006; Abdel-Raheem et al. 2009; Yuksel 
et al. 2016). A meta-analysis of animal studies included 
20 studies with 378 animals. The meta-analysis showed 
significant improvements in the renal index, urinary pro-
tein, uric acid, urinary albumin, and serum creatinine lev-
els after quercetin administration. However, no significant 
association between quercetin and creatinine clearance was 
observed (Feng et al. 2022).

In in vivo experiments, quercetin also showed a protective 
effect against the hepatotoxicity of some drugs and toxi-
cants. Quercetin (10 mg/kg) prevents carbon tetrachloride 
(CCl4)-induced elevation of serum enzymes and prevents 
CCl4-induced prolongation of pentobarbital sleep (Janbaz 
et al. 2004). In addition, quercetin softened Cd-induced oxi-
dative stress by significantly ameliorating oxidative stress 
and increasing MT and eNOS expression, but quercetin 
did not prevent Cd-induced liver damage (Vicente-Sánchez 

et al. 2008). Quercetin inhibits DEN-induced DNA damage 
and apoptosis in rats and ameliorates the hepatotoxicity of 
diethyl nitrosamine in rats (Gupta et al. 2010). In addition, 
quercetin also has a protective effect against hepatotoxic-
ity caused by ciprofloxacin, pyrrolizidine alkaloids, Ralston 
polysaccharide, isoniazid, rifampin, and chloroquine (Ji et al. 
2014; Wang et al. 2015). In conclusion, quercetin has some 
potential for treating the drug-related liver injury. Regard-
ing the above evidence, quercetin is generally non-toxic and 
safe. However, it also has drug-to-drug interactions, which 
may affect the efficacy and toxicity of the drug (Auxtero 
et al. 2021). Therefore, in the next section, the potential 
drug-to-drug interactions of quercetin will be highlighted.

Drug‑to‑Drug Pharmacokinetic Interactions

Binding to Serum Albumin

Human serum albumin (HSA) is an abundant carrier pro-
tein in the human body responsible for the transport, ligand 
binding, distribution, and metabolism of exogenous drugs 
(Rabbani and Ahn 2019). Competitive binding of quercetin 
and rutin to fluphenazine (FPZ), a piperazine derivative of 
phenothiazines, induces conformational changes in human 
serum albumin (HSA) and increases the binding distance 
of fluphenazine (Jing et al. 2017). Compared to gliclazide, 
quercetin has higher binding power to HAS, so quercetin can 
displace gliclazide from HSA and increase the unbound por-
tion of gliclazide, leading to its more significant hypoglyce-
mic effect (Kameníková et al. 2017). Similarly, quercetin can 
compete with neratinib (NRB) to bind HSA and replace ner-
atinib (NRB) at its binding site (Wani et al. 2021). Quercetin 
competes with erlotinib (ERL) to bind to bovine serum albu-
min (BSA), increasing the free drug fraction in the system, 
which may add to the increased incidence of adverse events 
associated with ERL use (Wani et al. 2022). In addition, 
the binding constant of BSA-poziotinib showed a more sig-
nificant decrease in the presence of quercetin (Zargar et al. 
2020). The above information obtained from such in vitro 
experiments can help to optimize dose selection when com-
bining drugs (Table S1).

Cytochrome P450 Activity

Quercetin can also influence the process of drug transforma-
tion by mediating effects on the activity of drug-metaboliz-
ing enzymes. Among them is cytochrome P450 (CYP450), 
the primary enzyme involved in drug metabolism. Using caf-
feine metabolite ratios as indicators of drug enzyme activity, 
Chen et al. (2009) found that quercetin intake (500 mg for 
13 days) inhibited CYP1A2 activity and enhanced CYP2A6 
activity (Chen et al. 2009). In addition, an in vitro study 
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showed that quercetin strongly inhibited CYP2D6 (Elbarbry 
et al. 2018). There is increasing evidence that quercetin 
interacts pharmacokinetically with some drugs by inhibiting 
CYP450. By mediating the inhibition of CYP2E1 enzyme 
activity in pairs, quercetin can alter the pharmacokinetics 
of chlorzoxazone. Moreover, since quercetin can reduce the 
ethanol-induced increase in CYP2E1 enzyme activity, it may 
be a potential natural compound for the treatment of alco-
hol-induced liver injury (Bedada and Neerati 2018). Long-
term administration of quercetin (500 mg/day for 3 weeks) 
does not inhibit CYP2C8 activity, and therefore, HDI is 
unlikely to occur with drugs metabolized by CYP2C8, 
such as rosiglitazone (Kim et al. 2005). By inhibiting the 
CYP1A pathway, quercetin improves the plasma clearance 
of melatonin (Jana and Rastogi 2017). In addition, Nguyen 
et al. (2015) found that intake of quercetin (1500 mg/day 
for 1 week) reduced systemic exposure to oral midazolam 
by increasing CYP3A-mediated metabolism. Quercetin 
doubly inhibited CYP3A4 and P-GP to promote intestinal 
absorption and reduce the first-pass metabolism of triamci-
nolone, increasing triamcinolone bioavailability (Shin et al. 
2006). Similarly, Challa et al. (2013) found that dual inhibi-
tion of CYP3A4 and P-gp by quercetin in vitro significantly 
increased intestinal absorption and decreased efflux of vals-
artan. Warfarin, a common anticoagulant, increased mRNA 
and protein expression of porcine primary hepatocytes 
CYP3A and did not affect CYP1A2. However, interestingly, 
the co-administration of warfarin with quercetin decreased 
CYP1A2 and CYP3A activity (Burkina et al. 2022), sug-
gesting the interaction of both compounds by inhibition of 
CYP450 activity.

P‑Glycoprotein Activity

P-Glycoprotein (P-gp) is an efflux transport protein that 
affects the pharmacokinetics of various drugs (Elmeliegy 
et al. 2020). As mentioned previously, quercetin can reduce 
triclosan and valsartan efflux by inhibiting P-gp (Shin et al. 
2006; Challa et al. 2013). In an in vitro experiment, Lan 
et al. (2008) found that isorhamnetin, when combined with 
quercetin, significantly increased the cellular permeability 
of both, possibly related to P-gp. Digoxin, a cardiac glyco-
side with a narrow therapeutic range and high drug-to-drug 
interactions, is a substrate of P-gp. In an in vivo experiment, 
Wang et al. (2004) found that the combined application 
(50 mg/kg) significantly increased the maximum blood con-
centration (Cmax) and the mean area under the blood con-
centration–time curve (AUC0-t) of digoxin. Within 30 min, 
two cases of sudden death in pigs occurred due to digoxin 
toxicity by the poisoning of P-gp and Na–K transporters, 
suggesting that combined digoxin or plant species contain-
ing digoxin (Digitalis species) and quercetin or quercetin-
containing herbs and dietary supplements should be avoided 

(Wang et al. 2004). Another study exploring quercetin effect 
on P-gp in broiler chickens showed a dose-dependent effect 
of quercetin on P-gp expression in chicken Caco-2 cells and 
tissues. By interacting with the exogenous chicken receptor 
(CXR), quercetin may induce P-gp expression in tissues, 
which limits the absorption of enrofloxacin in the intestinal 
tract (Bhutto et al. 2018). Based on this finding, quercetin 
was used in combination with enrofloxacin and its similar 
antibiotics with dose adjustment to ensure adequate blood 
levels of enrofloxacin.

Anion Transporting Polypeptides

Organic anion transporting polypeptides (OATP) are pre-
sent in the liver, small intestine, and blood–brain barrier and 
mediate drug transport at these sites (Kalliokoski and Niemi 
2009). Modifying OATP family carrier proteins by quercetin 
is another mechanism that causes drug-to-drug interactions 
(Mandery et al. 2010). A crossover clinical study unexpect-
edly found a 23.9 to 60.6% reduction in talinolol AUC0–48 h 
in 5 subjects and a 29.2–78.7% reduction in Cmax in 7 sub-
jects after co-administration with quercetin. The experi-
mental results are inconsistent with those expected from 
the benefits of quercetin in inhibiting intestinal P-gp-medi-
ated drug efflux. The mechanism behind this may involve 
overlapping modifications of efflux and uptake transport of 
OATP family carrier proteins and site-dependent interac-
tions (Nguyen et al. 2015). In addition, in vitro, quercetin 
inhibited the transport of some OATP1B1-mediated drugs, 
such as estrone 3-sulfate and pravastatin. Furthermore, the 
inhibitory effect of quercetin on the pharmacokinetics of 
pravastatin was demonstrated in healthy Chinese Han male 
volunteers (Wu et al. 2012).

Glucuronidase Inhibition

Glucuronidase (UGT) is involved in the clearance of many 
classes of drugs such as non-steroidal anti-inflammatory 
drugs (NSAIDs), analgesics, antivirals, and benzodiazepines 
by catalyzing the “glucuronidation” reaction (Rowland 
et al. 2013). In vitro, similar to myricetin, quercetin, with 
potent inhibition of most human UGTs, has the potential 
risk of causing drug-to-drug interactions (Li et al. 2022). 
By using inducers to assess drug-metabolizing enzymes 
in precise sections of the human intestine, van de Kerkhof 
et al. (2008) found that quercetin induced elevated UGT1A6 
mRNA expression, particularly in colon tissue, by 6.7-fold. 
In addition, in vitro studies by Zhang et al. (2021) revealed 
that quercetin has an inhibitory effect on human UDP-
glucuronosyltransferase 1A (UGT1A) isoforms. Quercetin 
inhibits UGT1A isomers, with residual enzyme activities 
of UGT1A6 (23.1%), UGT1A1 (8.4%), UGT1A3 (30.8%), 
and UGT1A9 (11.7%) (Zhang et al. 2021). Several other in 
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vitro studies explored the potential of drug-to-drug interac-
tions of quercetin by affecting the glucuronidase activity. 
Acetaminophen, an antipyretic and analgesic drug, causes 
liver damage in overdose. Cao et al. (2017) found low inhibi-
tion of acetaminophen glucuronidation (not calculated) by 
quercetin, suggesting that quercetin is unlikely to amelio-
rate acetaminophen-associated hepatotoxicity. Furthermore, 
in vitro, quercetin in red wine inhibited UGT2B17 by 72% 
and reduced testosterone glucuronidation responses. It seems 
feasible for quercetin to increase testosterone blood levels by 
reducing urinary excretion; however, further in vivo studies 
and human studies are needed to verify this effect (Jenkinson 
et al. 2012). The combinations of quercetin-containing drugs 
that lead to HDIPK and the targets affected by them (Fig. 2).

Drug‑to‑Drug Pharmacodynamic 
Interactions

Quercetin and Antibiotics

Quercetin has some antibacterial activity (Nguyen and Bhat-
tacharya 2022). Several studies have explored its pharmaco-
dynamic interactions with antibiotic-like drugs. In vitro, Pal 
and Tripathi (2019) found that quercetin enhanced the anti-
bacterial efficacy of meropenem against carbapenem-resist-
ant Pseudomonas aeruginosa and Acinetobacter baumannii 
by enhancing the disruption of cell wall integrity and alter-
ing cell morphology. The antibacterial efficacy of low-dose 
quercetin (amoxycillin + quercitin: 5 μl of 5 mg/ml + 5 μl 
of 10 mg/ml; amoxycillin: 10 μl of 5 mg/ml) in combina-
tion with antibiotics such as amoxicillin and ciprofloxacin 

was similar to that of high-dose antibiotics. Moreover, this 
combination of drugs helps to reduce antibiotic resistance in 
mastitis treatment (Srividya et al. 2018). In addition, querce-
tin antagonized the toxic effects of some antibiotics. Metro-
nidazole causes neurotoxicity by reducing the proportion of 
antioxidants in brain tissue, inducing nitric oxide synthesis, 
and promoting apoptosis. Quercetin antagonized the neu-
ronal toxicity induced by metronidazole (oral) (Chaturvedi 
et al. 2020). Following antibiotic administration, quercetin 
counteracts intestinal flora dysbiosis (Shi et al. 2020).

Quercetin and Anti‑inflammatory Drugs

Quercetin has activity against several human chronic inflam-
matory diseases (Kashyap et al. 2019). Haleagrahara et al. 
(2018) found that combined treatment with quercetin and 
methotrexate significantly reduced the levels of inflamma-
tory mediators in collagen-induced arthritis mice. Querce-
tin can be used as an adjuvant to improve the inadequate 
response to anti-rheumatic monotherapy (Haleagrahara et al. 
2018). However, in arthritic gout-pain model rats, quercetin 
antagonism reduced the diclofenac anti-inflammatory effect. 
Therefore, this combination is not recommended for pain 
relief in arthritic gout (Ventura-Martínez et al. 2021). In 
addition, quercetin has the potential to treat non-steroidal 
anti-inflammatory drug-induced gastrointestinal disease and 
related complications, given that it overcomes the exacerbat-
ing effect of ranitidine on diclofenac-induced small intestinal 
toxicity (Singh et al. 2017). In addition, in a clinical study, 
Hickson et al. (2019) found that quercetin and senolytics 
combined to reduce the senescent cell burden in humans 
by reducing essential senescence-associated secretory 

Fig. 2  Drug-to-drug pharma-
cokinetic interactions of querce-
tin with neoplastic, endocrine, 
psychiatric, and cardiovascular 
drugs and the associated targets 
behind them. Abbreviations: 
ERL, erlotinib; ES3, estrone 
3-sulfate; FPZ, fluphenazine; 
GL, gliclazide; ISR, isorham-
netin; MDZ, midazolam; QR, 
quercetin; TAM, trichlorophe-
nol amine; VAL, valsartan; WF, 
warfarin. HSA, human serum 
albumin; CYP450, cytochrome 
P-450; P-gp, P-glycoprotein; 
OATP, anion transporting 
polypeptides
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phenotype factors, including the interleukins IL-1α, IL-6, 
and matrix metalloproteinases (MMPs) 9 and 12, in patients 
with diabetic nephropathy.

Quercetin and Cardiovascular Drugs

Quercetin also has a cardiovascular protective effect. Both 
quercetin and tamsulosin have vasodilatory effects and their 
combinations are more effective than the compounds alone. 
The combination of quercetin, quercetin-3-glucosinolate, or 
4′-O-methyl-quercetin with tamsulosin reduced the sensitiv-
ity of phenylephrine, a potent alpha agonist that constricts 
small arteries and veins, by approximately 200-fold, 35-fold, 
and 150-fold, respectively (Vrolijk et al. 2015). Compared to 
curcumin, the combination of quercetin and curcumin had a 
more significant protective effect against ischemia–reperfu-
sion injury-induced myocardial toxicity in rats (Chakraborty 
et al. 2018). Both captopril and quercetin had cardioprotec-
tive effects. The combination of adriamycin and quercetin 
showed diminished cardioprotection in rats with adriamy-
cin-induced cardiotoxicity compared with the drug alone. It 
suggests a possible pharmacodynamic antagonism between 
them (Thangavel and Chenniappan 2021).

Quercetin and Hypoglycemic Agents

Quercetin has hypoglycemic biological activity. Many stud-
ies have explored the hypoglycemic synergism of quercetin 
with hypoglycemic drugs. When saxagliptin, a potent and 
specific DPP-4 inhibitor, is combined with quercetin, its 
hypoglycemic potency is enhanced (Sowjanya et al. 2017). 
Similarly, quercetin increased the hypoglycemic effect on 
streptozotocin-induced diabetic rats when combined with 

glimepiride, a sulfonylurea hypoglycemic agent, compared 
to the drug alone (Samala et al. 2015). The antioxidant and 
chelating properties of quercetin may be related to their 
protective effects against diabetes. The combined combina-
tion of the two lowered blood glucose and increased urinary 
glucose in tetraoxypyrimidine-induced diabetes in rats. It 
suggests that inhibition of renal glucose reabsorption may 
play a hypoglycemic role (Lukačínová et al. 2008). Further-
more, in vitro, a docking simulation experiment showed that 
quercetin-3-oleoyl is a novel G-protein-coupled receptor 40 
agonist (Carullo et al. 2019). Quercetin possesses excellent 
hypoglycemic potency, and studies on its pharmacodynamic 
interactions in combination with other hypoglycemic agents 
should be widely conducted to provide new combination 
strategies for diabetes treatment.

Quercetin and Anti‑cancer Drugs

Quercetin has a combined anti-cancer effect of promoting 
cancer cell apoptosis, preventing cancer metastasis, and 
improving cancer metabolism (Reyes-Farias and Carrasco-
Pozo 2019). Currently, many studies have explored the 
additional enhanced anti-cancer potency of quercetin in 
combination with anti-cancer drugs (Table S2 and Fig. 3). 
Lipid polymer hybrid nanoparticles (LPNs) of mycophe-
nolic acid and quercetin showed higher and higher cellular 
uptake rates and combined cellular toxicity compared to 
individual congeners in MCF-7 cells (low metastatic breast 
cancer cells) (Patel et al. 2020). In addition, quercetin was 
able to attenuate doxorubicin-induced vascular toxicity. 
However, there may be a potential anti-cancer antagonistic 
pharmacodynamic interaction between them, which may be 
due to the potent antioxidant activity of quercetin, which 

Fig. 3  Quercetin combines with 
antineoplastic drugs (chemo-
therapy) for the treatment of 
cancer
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eliminates the production of doxorubicin-associated reac-
tive oxygen species, resulting in weaker tumor cell killing 
activity (Henidi et al. 2020). In another animal study, Liu 
et al. (2020) explored the effect of co-administration of 
natural compounds and chemotherapeutic agents on mul-
tidrug resistance in breast tumors. Pretreatment with mixed 
micelles of quercetin not only downregulated P-glycopro-
tein expression to reduce doxorubicin efflux and increased 
doxorubicin sequencing in MDA-MB-231 (high-meta-
static breast cancer cells)/MDR1 cells but also initiated a 
mitochondria-dependent apoptotic pathway to accelerate 
doxorubicin-induced apoptosis. Quercetin reduces cyto-
kinin kinase 6 (CDK6) expression in MCF-7 cells and can 
potentially be an emerging lead against breast and non-
small cell lung cancer as a CDK6 inhibitor (Yousuf et al. 
2020). Furthermore, in vivo, clinical trials are needed to 
validate the pharmacokinetic interactions of quercetin as 
a relevant CDK6 inhibit. Researchers have also explored 
the potentiation options of quercetin in other tumor treat-
ments. Quercetin may synergistically enhance the anti-
cervical cancer effects of cisplatin by enhancing apoptosis 
and inhibiting cancer cell proliferation, migration, and 
invasion (Xu et al. 2021). In addition, considering the 
low bioavailability of quercetin, some novel drug delivery 
modalities have been applied in antitumor therapy (Ali-
zadeh and Ebrahimzadeh 2022). Quercetin and gefitinib 
simultaneously loaded with polyvinylpyrrolidone (PVP)-
GO-PVP exerted higher cytotoxicity against PA-1 ovarian 
cancer cells (Tiwari et al. 2019). Nanoparticles loaded with 
quercetin and paclitaxel synergistically combat non-small 
cell lung cancer and improve chemotherapeutic efficacy 
against A549/paclitaxel-resistant cells (Wang et al. 2021).

Perspectives and Future Directions

Currently, the pharmacokinetic interactions associated 
with quercetin are mainly focused on synergistic effects 
with drugs, including enhanced efficacy and reduced 
resistance. These synergies have been shown to enhance 
the efficacy of quercetin in bacterial infections, chronic 
inflammatory diseases, cardiovascular diseases, diabetes 
mellitus, and oncology-related drugs. However, there is a 
lack of clinical studies evaluating adverse effects, espe-
cially related to quercetin drug-to-drug interactions. These 
studies will further provide a basis and reference for the 
rational combination of quercetin in the clinical setting. 
In addition, considering the shortcomings of quercetin 
low bioavailability, additional drug delivery methods to 
improve quercetin bioavailability need to be utilized in 
future studies.

Conclusion

In this review, the potential natural product-drug interac-
tions of quercetin and their pharmacokinetic and pharma-
codynamic mechanisms with various drugs were summa-
rized. The pharmacokinetic interactions of quercetin with 
clinical drugs were mainly related to the regulation of 
serum albumin, cytochrome P450, and P-glycoprotein by 
quercetin. In addition, organic anion transport peptides and 
glucuronidases are potential targets in the pharmacokinetic 
interactions induced by quercetin. However, most studies 
on quercetin-related pharmacokinetic interactions have been 
conducted in vitro with cellular models while a few of them 
with animals. The consistency of in vitro and in vivo studies 
needs to be further validated. Moreover, there are still many 
gaps in the research for translating these preclinical drug-
to-drug interactions for the clinical translation of quercetin.
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