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INTRODUCTION 

Shortly after the first study linking the use of reserpine and 

increased risk of cancer development in the last three 

decades, several reports have been put forward linking the 

use of different classes and types of antihypertensive 

agents to cancer development. However, these reports 

have been trailed by uncertainties with some suggesting 

ABSTRACT 

Background: Numerous epidemiological studies have shown a positive as well 

as negative association between chronic use of calcium channel blockers and the 

increased risk of developing cancer. However, these associations were enmeshed 

with controversies in the absence of laboratory based studies to back up those 

claims. The aim was to determine in mechanistic terms the association between 

the long-term administrations of nifedipineand increased risk of developing 

cancer with the aid of human embryonic kidney (HEK293) cell line. 

Methods: Cell counting using the Trypan blue dye exclusion and 3-[4, 5-

Dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium bromide (MTT) assays were 

used to investigate the effect of nifedipine on the growth pattern of HEK293 cells. 
Results: Nifedipine had a proliferative effect on HEK293 cells growth and this 

proliferation is more profound at low concentrations of nifedipine than high 

concentrations and the proliferation was statistically significant (p<0.01). 

Conclusions: The chronic use of nifedipine is associated with increased 

proliferation of cells with concomitant elevation of polyamines concentration and 

elevated polyamine levels have been implicated in many malignant 

transformations and hence, these provide possible explanation on the link 

between long term use of nifedipine and development of some human cancers. 
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positive, negative or no associations. Examples of such 

association is that of use of beta-blockers and lung cancer 

development, calcium channel blockers (CCBs) and 

general cancers while thiazide diuretics had increased risk 

of kidney and colon cancers. Furthermore, 

antihypertensive medicines were found to be associated 

with increased risk of developing glioma.1  

Polyamines have been found to play a crucial role in 

cancer pathogenesis with their elevation seen in significant 

number of human epithelial tumours and this is due to 

alteration of genes, expression levels and enzymes 

activities in the polyamines metabolic pathway.2 The 

polyamines putrescine, spermidine and spermine play 

crucial roles in the normal proliferation and differentiation 

of cells and are markedly elevated in malignant 

transformation.3 The polyamines are omnipresent in nature 

and are regulated by the biosynthetic enzymes which 

includes ornithine decarboxylase (ODC).4 Consequently, 

the pathways for polyamine biosynthesis, degradation and 

transport are currently explored for cancer 

chemoprevention and chemotherapy.5-7 

Link between calcium channel blockers (CCBs) and 

cancer development 

Nifedipine and nicardipine being CCBs were discovered 

to induce gingival overgrowth among patients being 

treated with these medicines. In fact, they were found to 

induce an increase in DNA and type-1 collagen synthesis 

and enhanced proliferation rate of cells.8 Increased ductal 

and lobular breast cancer risk was discovered following 

long term use of CCB for greater than 10 years in women 

aged 55 – 74 years in the US.9  

Similarly, CCB was found not to enhance the growth of 

tumour cells in several experimental models.10 On the 

contrary, inhibits the growth of tumour cells in certain 

neoplasia models and effectively served as adjuvant 

therapy in specific drug resistant cancer cells. Nifedipine 

was found to significantly increase the antitumor action of 

cisplatin against glioblastoma-1 (GB-1) cells.11 Nifedipine 

increased cisplatin cytotoxicity in the absence of normal 

extracellular calcium ion. Furthermore, the synergistic 

anti-tumour effect of cisplatin and nifedipine was 

truncated by actinomycin D and cycloheximide, indicating 

reliance of such effect on synthesis of new RNA and 

protein. The non-cytotoxic nifedipine was confirmed to 

improved anti-tumour activity of cisplatin via a synergistic 

fashion on multidrug-resistant GB-1 cells devoid of 

calcium dependent endonuclease, which subsequently 

leads to apoptosis through interaction with another 

unidentified functional site apart from the calcium channel 

on GB-1 cells. The CCB flunarizine was found to be 

cytotoxic to Jurkat T-leukaemia cells and other 

haematological malignancies but not toxic to breast or 

colon cancer cells. Flunarizine treatment was associated 

with the activation of caspase-3, poly (ADP-ribose) 

polymerase cleavage and DNA fragments laddering, all 

these represent the hallmark of apoptosis.12  

Furthermore, evidence linking CCB to increased risk of 

cancer is lacking despite comprehensive epidemiological 

studies which were conducted to hitherto prove an 

association.10 There was no link between CCB use and 

overall cancer risk and its use was not significantly linked 

with increased risk of cancers individually, in addition to 

the previously implicated cancers except for kidney 

cancer. Patients who were exposed to CCBs were 

compared with two cohorts for comparison, that is, 

matched patients not exposed to CCB (non-CCB) and 

unmatched patients not exposed to CCB and at least any 

other antihypertensive (AHT) medication. Following 

analysis based on the duration of exposure to CCB, excess 

risk to cancer was not observed.13  

Aim of the study was to evaluate in mechanistic term, the 

association between chronic use of nifedipine and cancer 

development using HEK293 cell line. 

Specific objectives 

• Evaluate the proliferative effect of nifedipine on 

HEK293 cells. 

• Determine the polyamine content of HEK293 cells 

treated with nifedipine. 

METHODS 

Reagents 

Minimum Essential eagle Medium (EMEM), Penicillin, 

Streptomycin, L-glutamine, Dimethyl Sulfoxide (DMSO), 

sterile ethanol, nifedipine, fetal bovine serum (FBS), 

phosphate buffered saline (PBS), sodium chloride, trypsin 

and the human embryonic kidney (HEK293) cell line 

obtained from ECACC. 

Nifedipine preparation 

Distilled water was used to dissolved nifedipine and 

subsequently different concentrations of the drug were 

made using the prepared culture medium. 

Cell line 

Human Embryonic Kidney (HEK) 293 cell line was used. 

The cells grow easily in tissue culture and can be easily 

transfected as well. They are immortalized human 

embryonic kidney cells which were obtained from 

ECACC and derived from epithelium and SV40 

transformed cells from a primary culture of fetal kidney. 

They possess some unusual characteristics of having 

features of neuronal cells.14 The cells were maintained in 

Minimum Essential Medium, alpha modification with 2 

mM L-glutamine, 10% (v/v) foetal bovine serum (FBS), 

5000 µg/ml Penicillin and 5000U/ml Streptomycin. Cells 

were passed routinely every 3-4 days at a confluence with 

a split ratio of 1:3 to 1:5. Phase contrast microscopy was 

used to observe the monolayer and confluence 

determination. Cells were used for about 15 passages.  
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MTT assay 

The aim of 3-4, 5-Dimethylthiazol-2-yl-2, 5-diphenyl-

tetrazolium bromide (MTT) assay is to access metabolic 

activity of cells. The MTT assay is dependent on the 

conversion of yellow water soluble MTT into some 

insoluble formazan purple crystals by living cells which 

eventually denotes activity of the mitochondria. MTT 

assay was performed on 96 well sterile cell culture plates. 

The flat-bottomed plates were used. 

Statistical analysis 

Statistical analysis was performed from three independent 

experiments carried out to ascertain the effect of nifedipine 

on the viability of HEK293 cells. Analysis of variance 

(ANOVA) with Dunnet’s post-test was applied for 

multiple drug exposures and results expressed as mean ± 

standard error of the mean (SEM). The Statistical Package 

for Social Science (SPSS) version 21 and Microsoft excel 

2016 was used for statistical analysis and plotting of graph 

respectively. 

RESULTS 

Effect of high concentrations of diltiazem and nifedipine 

on HEK293 cell line 

Using the MTT assay the extent of the effect of high 

concentrations of diltiazem and nifedipine were 

determined (Figure 1). The concentrations used were 0.39, 

0.78, 1.56, 3.13, 6.25, 12.5 and 25µM. 

 
(n = 3 with 6 replicates per experiment) 

Figure 1: Effect of high concentration of diltiazem and 

nifedipine on HEK293 cells. 

Both drugs were observed to have caused increased 

proliferation of the cells with more proliferations observed 

with nifedipine at 0.78 and 25µM. The difference in 

proliferation between the control and drug treated cells 

was found to be significant (p<0.05) (Figure 1).  

The effect of 1µM nifedipine on cell number and viability 

Nifedipine had proliferative effect on HEK293 cells 

(Figure 2). The viability of the cells remained above 97% 

in the majority of the experiments (Table 1). However, 

nifedipine caused a prolonged exponential phase of the cell 

growth. The cell proliferation was profound at the 72-hour 

time point in culture and this proliferative effect was found 

to be significant (p<0.01) when compared with control 

(Figure 2). 

Table 1: Viability of HEK293 cells treated with 1µM 

of nifedipine. 

Time 

(hour) 

Normal 

control 

(%) 

Vehicle 

control 

(%) 

Nifedipine 

treated cells 

(%) 

24 98.90 97.98 99.47 

48 98.25 98.77 98.21 

72 98.34 98.25 97.54 

96 83.80 90.91 98.46 

(n = 3 with 2 replicates per experiment) 

 

 
(n = 3 with 2 replicates per time point per experiment) 

Figure 2: Growth of HEK293 cells overtime with 1 

µM of nifedipine treatment. 

Effect of 48 and 72 h exposure to 1µM of nifedipine on 

intracellular polyamine content 

The measured polyamine content of the cultured cells 

treated with 1µM of nifedipine showed an increase in both 

total and individual polyamine content at both 48 and 72 h 

exposure time point when compared with control cells 

(Table 2).  

HEK293 cells were seeded at a density of 2.4 x 

104cells/cm2 on 96 well microtitre plates and allowed to 

attach and grow for 48 hours. After 48 hours the medium 

was replaced with medium containing drug or vehicle. 

Plates were incubated for 48 hours and assayed based on 

the protocol of the MTT assay. Values are mean±SD. * P 

<0.05 one-way ANOVA with Dunnett’s post-test. 
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Cells were seeded at a density of 2.4 x 104cells/cm2 on 5cm 

diameter tissue culture plates in duplicate. The cells were 

allowed to attach for a period of 4 hours at which point the 

first plates were harvested - time 0. Plates were harvested 

using the trypsin/EDTA method and counted using a 

haemocytometer. The polyamine fraction and protein were 

collected. Values are mean±S.E.M. ** P <0.01 one-way 

ANOVA with Dunnett’s post-test. 

 

Table 2: Polyamine content of HEK293 cells. 

Time in 

culture (h) 
Treatment 

Putrescine  

(nmol/µg protein) 

Spermidine 

(nmol/µg protein) 

Spermine 

(nmol/µg protein) 

Total  

(nmol/µg protein) 

48 
Control 0.18±0.03 1.43±0.15 4.19±0.38 5.8±0.56 

Nifedipine 0.31±0.03 1.91±0.12 5.53±0.04 7.75±0.19 

72 
Control 0.66±0.06 4.03±0.20 8.73±0.38 13.42±0.64 

Nifedipine 0.84±0.14 4.41±0.75 11.68±2.10 16.93±2.99 

Cells were seeded at a density of 2.4 x 104cells/cm2 on 5cm 

diameter tissue culture plates in duplicate. The cells were 

allowed to attach for a period of 4 hours at which point the 

first plates were harvested - time 0. Cells were harvested 

using the trypsin/EDTA method every 24 hour and 

counted using an improved Neubauer haemocytometer. 

The viability was determined from total cell number and 

total viable cell number. Not statistically significant, 

analysed using two-way ANOVA.  

Protein content of HEK293 cells treated with 25µM of 

nifedipine 

The measured total protein content of the cultured cells 

treated with 25µM of nifedipine showed increased total 

protein content with increasing time of the cells in culture, 

which was shown in the pattern of growth of the cells and 

the increase in protein content follows a sigmoid pattern 

(Figure 3). The increased in the protein content was found 

to be significant (p<0.01). 

 
(n = 3 with 2 replicates per time point per experiment).  

Figure 3: Protein content of HEK293 cells treated 

with 25µM of nifedipine. 

Cells were seeded on 5cm diameter tissue culture dishes at 

a density of 2.4 x 104cells/cm2 and allowed to attach for 4 

hours. Cells were then subsequently harvested every 24 

hours. Protein was determined based on the modified 

Lowry method. Results expressed as mean protein 

concentration (µg)±S.E.M. ** P <0.01 one-way ANOVA 

with Dunnett’s post-test. 

Cells were seeded at a density of 2.4 x 104cells/cm2 on 5 

cm diameter tissue culture plates in duplicate. The cells 

were allowed to attach and grow for a period of 24 hours 

prior to the medium being removed. The medium was 

replaced with fresh pre-warmed medium containing 1µM 

of nifedipine. Cells were exposed for a period of 48 and 

72h before they were harvested respectively. Polyamine 

fraction was analysed by pre-column derivatization 

method and the fluorescent tag used was dansyl chloride 

which adhere to the secondary polyamine groups within 

the polyamine structure and expressed per µg of protein 

using the Lowry method for protein determination. n = 

3±S.E.M.  

DISCUSSION 

The hypothesis of this study was that there is a link 

between chronic use of nifedipine and increased risk of 

cancer development using human embryonic kidney 

(HEK293) cell line.  

It was postulated that this will occur via some number of 

mechanisms which are increased proliferation of cells and 

increased intracellular polyamine concentrations.  

Following repeated treatment of the cells with different 

concentrations of nifedipine, we observed an increase in 

the number of cells relative to the control cells using the 

trypan blue exclusion assay and the effect was seen 

commonly with long term exposure of the cells to 

nifedipine indicating chronic exposure is required to 

trigger increase proliferation of the cells. 
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Similarly, authors discovered using the MTT assay, a 

significant increased proliferation rate of the HEK293 cell 

line when it was incubated with various concentrations of 

diltiazem and nifedipine. Interestingly, the increased 

proliferation rate was more profound at lowest and highest 

concentration values. Our findings supported a previous 

work where it was discovered that nifedipine and 

nicardipine increased proliferation of cells leading to 

hyperplasia and gingival overgrowth.8,15,16  

The increase in cell proliferation induced by nifedipine and 

diltiazem may explain the results of the many 

epidemiological studies linking long term use of CCBs to 

increased risk of cancer and such studies included those 

that found patients treated with CCBs (nifedipine, 

diltiazem and verapamil) for a long term having increased 

risk of developing cancer with relative risk of 2.02 and 

95% confidence interval of 1.16-3.54.17 In the same token, 

a similar study found increased ductal and lobular breast 

cancer risk in women aged 55-74 years in the US who were 

treated with CCBs for greater than ten years.9 Similarly, 

increased risk of cancer was found with the use of CCBs 

for more than thirteen years with odds ratio of 1.09 and 

95% confidence interval of 1.03-1.16.18 

Contrary to the above findings, some epidemiological 

studies did not find any link between long term use of 

CCBs and increased risk of cancer.19,10,13 Also, contrary to 

our findings, nifedipine inhibited the growth of tumor cells 

in certain neoplasia models and effectively served as 

adjuvant therapy in specific drug resistant cancer cells 

treatment.10 

The protein as well as the polyamine content of the cell 

line treated with nifedipine was found to be significantly 

increased as against the control cells. The significantly 

increased protein content of the nifedipine treated cells 

reflected the increased proliferation of the cells. Likewise, 

polyamines both total and individuals including 

putrescine, spermidine and spermine were all significantly 

elevated following treatment of the cells with nifedipine. 

Physiologically, the intracellular concentrations of 

polyamines are tightly and strictly regulated to remain 

within normal physiological range but its elevation in these 

cells indicate an ongoing malignant transformation based 

on the role of increased level of polyamines in cancerous 

cells influenced by high level of ornithine decarboxylase 

enzyme.20,21 The increased polyamines level is indicative 

of dysregulated biosynthetic, bio-degradative and 

transport pathways which are hallmarks of cancer 

pathogenesis. The role of elevated levels of polyamines in 

cancer have been well research and documented.22-25  

CONCLUSION 

Some calcium channel blockers and nifedipine do have 

profound proliferative effect on HEK293 cell lines. The 

proliferation resulted in increased level of proteins and 

polyamine contents: elevated levels of polyamines have 

been implicated in many malignant transformations. 

Therefore, there is a possible association between chronic 

use of nifedipine and increased risk of developing cancer. 

ACKNOWLEDGEMENTS  

Authors would like to give deepest gratitude and 

appreciation goes to their employers for sponsoring the 

research. Also, special gratitude to all their teachers and 

Professors for their steadfast mentoring and stewardship.  

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Volpe M, Azizi M, Danser AH, Nguyen G, Ruilope 

LM. Twisting arms to angiotensin receptor 

blockers/antagonists: the turn of cancer. European 

heart journal. 2015;32(1):19-22. 

2. Paz EA, Garcia-Huidobro J, Ignatenko, NA. 

Polyamines in cancer. Advances in Clinical 

Chemistry. 2011;54:45-70. 

3. Wallace HM, Fraser AV, Hughes A. A perspective of 

polyamine metabolism. The Bioche J. 2003;376(1):1-

14. 

4. Verma AK. Polyamines and cancer. In Polyamine Cell 

Signaling. Humana Press; 2006:313-328. 

5. Tang X, Kim AL, Feith DJ, Pegg AE, Russo J, Zhang 

H, et al. Ornithine decarboxylase is a target for 

chemoprevention of basal and squamous cell 

carcinomas in Ptch1+/- mice. The J of Clin Investigat. 

2004;113(6):867-75. 

6. Pegg AE, Feith DJ, Fong LY, Coleman CS, O'Brien 

TG, Shantz LM. Transgenic mouse models for studies 

of the role of polyamines in normal, hypertrophic and 

neoplastic growth. Biochemical Society transactions. 

2003;31(2):356-60. 

7. Coleman CS, Pegg AE, Megosh LC, Guo Y, Sawicki 

JA, O'Brien TG. Targeted expression of 

spermidine/spermine N1-acetyltransferase increases 

susceptibility to chemically induced skin 

carcinogenesis. Carcinogenesis. 2002;23(2):359-64. 

8. Fujii A, Matsumoto H, Nakao S, Teshigawara H, 

Akimoto Y. Effect of calcium-channel blockers on cell 

proliferation, DNA synthesis and collagen synthesis of 

cultured gingival fibroblasts derived from human 

nifedipine responders and non-responders. Archives 

of Oral Biology. 1994;39(2):99-104. 

9. Li CI, Daling JR, Tang MC, Haugen KL, Porter PL, 

Malone KE. Use of antihypertensive medications and 

breast cancer risk among women aged 55 to 74 years. 

JAMA internal medicine. 2013;173(17):1629-37. 

10. Mason RP. Calcium channel blockers, apoptosis and 

cancer: is there a biologic relationship? J of the Ame 

Col of Cardiol. 1999;34(7):1857-66. 

11. Kondo S, Yin D, Morimura T, Takeuchi J. 

Combination therapy with cisplatin and nifedipine 



Ahmad JL et al. Int J Basic Clin Pharmacol. 2018 Jul;7(7):1226-1231 

                                                          
                 

                              International Journal of Basic & Clinical Pharmacology | July 2018 | Vol 7 | Issue 7    Page 1231 

inducing apoptosis in multidrug-resistant human 

glioblastoma cells. J of Neurosu. 1995;82(3)469-74. 

12. Conrad DM, Furlong SJ, Doucette CD, West KA, 

Hoskin DW. The Ca2 channel blocker flunarizine 

induces caspase-10-dependent apoptosis in Jurkat T-

leukemia cells. Apoptosis. 2010;15(5):597-607. 

13. Grimaldi-Bensouda L, Klungel O, Kurz X, DE Groot 

MC, Afonso ASM, DE Bruin, et al. Calcium channel 

blockers and cancer: a risk analysis using the UK 

Clinical Practice Research Datalink (CPRD). BMJ 

open. 2016;6(1):009147. 

14. Stepanenko A, Dmitrenko V. HEK293 in cell biology 

and cancer research: phenotype, karyotype, 

tumorigenicity, and stress-induced genome-phenotype 

evolution. Gene. 2015;569(2):182-90. 

15. Takeuchi R, Matsumoto H, Okada H, Hori M, Gunji 

A, Hakozaki K, et al. Differences of cell growth and 

cell cycle regulators induced by basic fibroblast 

growth factor between nifedipine responders and non-

responders. J of Pharmaco Sci. 2007;103(2):168-74. 

16. Soto-Pantoja DR, Menon J, Gallagher PE, Tallant EA. 

Angiotensin-(1-7) inhibits tumor angiogenesis in 

human lung cancer xenografts with a reduction in 

vascular endothelial growth factor. Molecular cancer 

therapeutics. 2009;8(6):1676-83. 

17. Pahor M, Guralnik JM, Salive ME, Corti MC, 

Carbonin P, Havlik RJ. Do calcium channel blockers 

increase the risk of cancer? Ame J of Hyperten. 

1996;9(7):695-9. 

18. Leung HW, Hung L, Chan AL, Mou C. Long-term use 

of antihypertensive agents and risk of breast cancer: a 

population-based case-control study. Cardiology and 

therapy. 2015;4(1):65-76. 

19. Bose T, Cieślar-Pobuda A, Wiechec E. Role of ion 

channels in regulating Ca2 and plus; homeostasis 

during the interplay between immune and cancer cells. 

Cell death and disease. 2015;6(2):1648. 

20. Auvinen M, Paasinen A, Andersson LC, Holtta E. 

Ornithine decarboxylase activity is critical for cell 

transformation. Nature. 1992;360(6402):355-8. 

21. Holtta E, Auvinen M, Andersson LC. Polyamines are 

essential for cell transformation by pp60v-src: 

delineation of molecular events relevant for the 

transformed phenotype. The J of Cell Bio. 

1993;122(4):903-14. 

22. Wallace HM, Duthie J, Evans DM, Lamond S, Nicoll 

KM, Heys SD. Alterations in polyamine catabolic 

enzymes in human breast cancer tissue. Clinical 

cancer research: an official journal of the American 

Association for Cancer Research. 2000;6(9):3657-61. 

23. Gerner EW, Meyskens FL. Polyamines and cancer: 

old molecules, new understanding. Nature Reviews 

Cancer. 2004;4(10):781-92. 

24. Bachrach U. Polyamines and cancer: mini review 

article. Amino acids. 2004;26(4):307-9. 

25. Wallace HM, Niiranen K. Polyamine analogues–an 

update. Amino acids. 2007;33(2):261-5. 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Ahmad JL, Okebaram CC, 

Ogbuagu EO, Ogbonnaya CN, Asobie GC. 

Proliferative effect of the calcium channel blocker 

Nifedipine on human embryonic kidney cells. Int J 

Basic Clin Pharmacol 2018;7:1226-31. 


