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Abstract: One of the most important challenges in the fight against cancer is acquired/multi drug resistance. P-glycoprotein (P-

gp), encoded by gene ABCB1 (or MDR1) in many organs, is one of the important factors involved in the development of drug 

resistance. P-gp is mainly involved in efflux of toxic substances such as xenobiotics from the cell. Also, it plays a role the efflux 

of drugs used in the treatment of cancer, and so, it reduces the rate of success in cancer treatment. Phenolic compounds are 

chemicals that are naturally synthesized in plants and have many biological activities such as especially antioxidant and anticancer. 

In previous studies, it was determined that in addition to anticancer activities of the phenolic compounds, they modulate the multi 

drug resistance by inhibiting the expression and function of P-gp. In this review, phenolic compounds that play a role in modulating 

the multi-drug resistance by inhibiting the activation and expression of P-gp are discussed. 
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1. Introduction  

Cancer resistance 

Cancer is a disease that has been trying to cure for a long 

time. Millions of people die every year because of the 

cancer (Sung et al. 2021). In cancer treatment, applications 

such as chemotherapy, radiotherapy and surgery are 

basically used. (Jaklitsch et al. 2003; Chabner and Roberts 

2005; Kaur et al. 2011). Among these methods, the 

chemotherapy is used first for the basic inhibition of 

proliferation, invasion, and metastasis on cancer cells. 

Despite the positive effects of drugs used for cancer 

treatments, in some cases there is a resistance to these drugs 

and the drugs used are excreted from cancer cells by 

different mechanisms (Gottesman et al. 2002). Because of 

this efflux, the fight against cancer can be significantly 

inhibited. 

Multi-drug resistance (MDR) pumps serve in the efflux of 

cancer drugs.  These proteins generally play an important 

defense role when cells are exposed to xenobiotics. While 

these proteins usually take part in the efflux of toxic 

substances out of the cell, they can also take part in the 

removal of different substances (Gottesman et al. 2002). 

This system also captures the chemotherapeutic agents 

applied to cancer cells as a foreign substance and 

immediately sends them out of the cell. Therefore, 

resistance to chemotherapeutic agents is acquired in cancer 

cells. 

Targeting of P-glycoprotein in modulation of MDR 

ATP dependent pumps send many of substrate compounds 

out of cells to prevent toxicity in many cells (Ford and Beis 

2019). The most known of these transporters is P-

glycoprotein (P-pg) which is one of the first members 

described of a large family of ATP-dependent transporters 

known as the ATP-binding cassette (ABC) family and it is 

encoded by the ABCB1 (MDR1) gene. P-gp is a protein 

consisting of two nucleotide binding and two drug binding 

domains (Gillet and Gottesman 2009; Mollazaleh et al. 

2018). There are many studies showing the roles of this 

efflux pump in cancer resistance (Waghray and Zhang 

2017; Shi et al. 2020; Huang et al. 2021).  

The P-gp is expressed in most cancer cells. Although P-gp 

is inhibited by synthetic blocker compounds such as 

verapamil and cyclosporin (Sikic et al. 1997), undesirable 

side effects may occur for normal cells due to these 

compounds. Moreover, it is very interesting that natural 

compounds and herbal drugs have less side effects than 

synthetics and have versatile effects at appropriate doses. In 

previous studies, it has been reported that these transport 

proteins are suppressed using phytochemicals together with 

cancer drugs and chemotherapeutic agents remain in cancer 

cells (Molnár et al. 2010; Teng et al. 2021; Teng et al. 2022). 
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There are many studies showing the inhibitory effects of 

plant extracts and phytochemicals on cancer cells 

(Yumrutas et al. 2015; Yumrutas et al. 2018; Cocelli et al. 

2021). It has been proven that isolated phytochemicals are 

responsible for many biological activities and can also be 

used in the prevention of cancer by acting on the molecular 

pathways involved in the pathogenesis of cancer. (Saklani 

and Kutty 2008). The effects of natural compounds in 

modulating the multidrug resistance have been discovered 

as well as inhibition of proliferation of cancer cells, 

induction of apoptosis, arresting of cell cycle and induction 

of ROS. 

Among the most well-known of these compounds, phenolic 

compounds have been demonstrated to have biological 

activities including anticancer (Yumrutas et al. 2018), 

antioxidant (Erkan et al. 2008), anti-inflammatory (Rocha 

et al. 2015), antimicrobial (Mandal et al. 2017), wound 

healing (Ozay et al. 2019). Phenolic compounds include 

many kind such as flavonoids, lignans, phenolic acids, 

stilbenes and tannins (Amarowicz and Pegg 2019) 

The multi drug resistance can lead to the increased drug 

absorbance, increased drug efflux, altered drug metabolism, 

altered treatment target and apoptotic pathway, epigenetic 

changes, and differences in tumor microenvironment 

(Holohan et al. 2013; Whang et al. 2019; Zheng et al. 2021). 

To reduce these effects, it is thought that the increase in the 

discover of active compounds such as phenolics will 

significantly support the fight against cancer.  

 

Phenolic compounds that modulates the MDR 

Phenolic compounds are secondary compounds synthesized 

in almost all plants. These compounds are synthesized via 

the shikimic acid and phenylpropanoid pathway (Laura et 

al. 2019). Many biological activities of phenolic compounds 

have been studied for many years. Antioxidant activity is 

among the most well-known activities (Shahidi and 

Ambigaipalan, 2015). They exhibit important biological 

activities by acting on the factors involved in many 

pathways. Therefore, they exhibit important biological 

activities  (Xu et al., 2021; Roleira et al. 2015; de Oliveira 

et al. 2021). Phenolic compounds have been determined the 

roles in modulating of drug resistance in cancer cells and 

their mechanisms of action on P-gp are mentioned below: 

 

5-hydroxy-7,8-dimethoxyflavanone:5-hydroxy-7,8-dimet

hoxyflavanone is a flavonoid compound derived from 

Fissistigma cupreonitens (Theng et al., 2021). It was 

reported that it significantly inhibited function of P-gp at a 

concentration of 2.5 µg/ml. Therefore, it modulated the 

MDR inhibiting the efflux of doxorubicin, a drug which 

being used in cancer treatment, out of the cancer cells. Also, 

MDR was decreased in the multidrug resistant cervical 

cancer cell line KB/VIN exposed to Vincristine, Paclitaxel, 

and Doxorubicin (Theng et al., 2021) in a dose dependent 

manner. 

 

Kaempferol: It is an important flavonol found in many 

plants. It suppressed P-gp expression and significantly 

inhibited its activity in multi-drug resistant cancer cells 

(KB-V1). However, it increased intracellular drug 

accumulation. In addition, extracellular efflux of vinblastine 

was significantly reduced. (Limptrakul et al., 2005). 

 

Cinnamophilin: It is a phenolic lignan obtained from 

Cinnamomum philippinense. In a previous study, when 

given with drugs such as docetaxel, vincristine, and 

paclitaxel, it provided modulation of MDR. In addition, the 

efflux function of p-gb was significantly inhibited and 

therefore the efflux of doxorubicin was also inhibited 

(Theng et al. 2021b).  

Silychristin A ve 2,3-dehydrosilychristin A: Silychristin 

A and 2,3-dehydrosilychristin A are the second most 

abundant derivatives of silymarin. Dose-dependent 

inhibition of P-gp was observed after administration of 

silychristin A and 2,3-dehydrosilychristin A. In addition, 

drug sensitivity was decreased in doxorubicin-resistant 

ovarian cancer cells. In the same study, the anhydro- and 

iso- derivatives of silychristin A, In addition to Silychristin 

A and 2,3-dehydrosilychristin A, not only inhibited the 

function of P-gp but also reduced its expression (Viktorová 

et al., 2019). 

 

Caffeic acid: Teng et al (2020) reported that exposure of 

ABCB1/Flp-InTM-293 and KB/VIN cells with multi-drug 

resistance to caffeic acid causes inhibition of p-gb protein 

and reverses MDR resistance. In addition, it was stated that 

this effect was demonstrated by caffeic acid's binding to P-

gp via GLU74 and TRY117 residues. 

 

Procyanidin (catechin-3-O-2-leucocyanidin): It is a 

polyphenol flavonoid compound found in many fruits and 

vegetables. In a previous study conducted with human 

ovarian multidrug resistant subline (A2780) cell line, it was 

determined that the cell viability was significantly reduced 

after the application of dose-dependent procyanidin given 

with paclitaxel and adriamycin. In addition, Procyanidin 

down-regulated the mRNA and protein expression of 

MDR1 in resistant A2780 cells through NF-kB inhibition. 

In addition, MDR1 was suppressed by time-dependent 

inhibition of YB-1 nuclear translocation through inhibition 

of the MAP/ERK pathway in A2780/T cells treated with 

procyanidin (Zhao et al., 2013). 

 

Emodin (1, 3, 8-trihydroxy-6-methylanthra-quinone) 

and Rhein: Emodin and Rhein are members of 

anthraquinones, a subgroup of phenolic compounds. (Teng 

et al, 2022). In a previous study, it observed a decrease the 

P-gp protein expression in adriamycin-resistant K562/ADM 

cells. It was stated that P-gp can bind to the R-site, reducing 

the function of P-gp and reversing MDR (Min et al., 2017). 

Moreover, Rhein was involved in the correction/modulation 

of MDR by causing downregulation of P-gp in KB/VIN 

cells. (Teng et al, 2022). 

 

Conclusion  

The roles of phenolics in the elimination of acquired 

resistance caused by chemotherapeutic agents used in the 

treatment of cancer have been proven in many studies. In 

particular, when the effects of phenolics on P-gp expression 

and function are evaluated, it is thought that the use of these 
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compounds together with chemotherapeutic agents in the 

clinic will have important effects. However, most of the 

studies showing the relationship between phenolic 

compounds and P-gp have been run by using the cell 

experiments. In order to evaluate the effects of phenolics on 

P-gp, the number of in vivo experiments should be also 

increased. In addition, phenolics can be effluxed by ABC 

pumps, and this should be taken into account in future 

studies. 
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