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Abstract 

Background: Breast cancer (BC) is the second leading cause of death due to cancer among women worldwide. 

Therefore, the present study investigates the cytotoxic effects of piperine on the breast cancer cell line (MCF7) and the 

genes of the apoptotic pathway.  

Objectives: This research was performed to assess the effect of piperine on BC cells and the change in the expression 

level of bax gene through the induction of apoptosis. 

Methods: MCF-7 cells were prepared by the Pasteur Institute, Iran. Cytotoxicity of piperine at concentrations of (5, 10, 

15, 20, and 25 µM) during 24, 48, and 72 hours was evaluated by MTT assay. The cell apoptosis and bax gene expression 

were evaluated by Flow Cytometry and qReal-time PCR, respectively. Finally, the statistical analysis of MTT and RT- PCR 

data was done by SPSS software version 22.  

Results: The piperine showed concentration-dependent cytotoxic effects on the MCF-7 cell line in MTT assay. 

The bax gene expression level has a significant increase in piperine-treated cells compared to the untreated ones. The 

MCF-7 cell apoptosis at IC50 concentration of piperine was measured at 58.3% during 48-h treatment.  

Conclusions: In general, it can be concluded that piperine has cytotoxic effects against breast cancer by inducing 

apoptosis via overexpressing of bax.  

Keywords: Apoptosis, Breast cancer, Flow Cytometry, MTT assay, Piperine 

1. Background 

Breast cancer (BC) is the most common cancer in females 

worldwide and causes 25% of all female malignancies with 

higher prevalence in developed countries [1,2]. Also, BC needs 

special attention because of its high prevalence and low 

response against conventional therapies [2,3]. Over 90% of BCs 

are not metastatic at diagnosis. For those with no metastatic 

symptoms, the treatment goals include tumor eradication 

and prevention of disease recurrence [4]. Current treatments 

for BC, including chemotherapy, surgery, and radiotherapy 

are not effective because of poor patient response, a high risk 

of relapse, and drug resistance [5,6,7]. Thus, there is a need for 

novel, readily available drugs with fewer side effects to treat 

different cancers [8,9]. In recent years, plants have been 

considered as a strong potential for cancer treatment. Plants 

are rich in bioactive natural compounds [10], and their 

polyphenolic compounds have many therapeutic effects 

[10,11]. Piperine is a hydrophobic polyphenol derived from the 

black pepper plant. (Figure 1) [10,12].  

Piperine has been recognized as an effective anticancer [13] 

agent that can regulate signaling pathways and molecular 

targets leading to the prevention of cancer cell proliferation, 

angiogenesis, and metastasis and consequently, the apoptotic 

pathways [14,15]. The anti-tumor activity of piperine has been 

shown in cancers of the colon, breast, forestomach, etc. [16]. One 

of the essential functions of piperine is induction apoptosis 

through changing the expression of the gene's apoptotic 

pathway. (Figure 2) [17]. Apoptosis or programmed cell death is 

crucial to regulate homeostasis by eliminating abnormal and 

redundant cells and plays a role in many diseases, especially 

cancer. It is deregulated in carcinoma and, hence, is one of the 

most evaluated processes in cancer treatment [18]. The down-

regulation of bcl-2 and up-regulation of bax expression have 

been reported during apoptosis [19,20]. Studies have shown that 

the cross-talk between these Bax (pro-apoptotic) and Bcl-2(anti-

apoptotic) proteins can indicate the fate of a cell [21]. 
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2. Objectives 

This research was performed to investigate the effect of piperine on MCF-7 cells at different times and concentrations and the 

changes in the expression levels of bax and bcl-2 genes through the induction of apoptosis in MCF -7 cells.  

 
C17H19NO3 

Figure 1. Chemical Structure of Piperine[34] 

 
Figure 2. . Induction of apoptosis by Piperine[17] 

3. Methods 

3.1. Reagents  

In this study, we used RPMI1640 medium (Bio IDEA), Penstrap 1% (Merck Germany), FBS (Gipco, Invitrogen), and sodium 

bicarbonate (Serva co, Germany). DSMO (Sigma Aldrich). EDTA (Bio IDEA), Trypsin, MTT (Solar Bio). Also, all materials required for 

the Real-time PCR test, including primers, Trizol, Taq polymerase, and SYBER Green fluorescence master mix, were prepared by 

Pishgam Company (Iran).   

3.2. Cell Culture 

In this study, MCF-7 BC cells were provided by the Pasteur Institute, Iran. They were cultured in RPMI1640 medium treated with 

Penstrap 1%, 20% heat-inactivated fetal bovine serum, and 3 mg/ml sodium bicarbonate followed by incubation at 37 °C with 

humidified air containing 5% CO2.  

3.3. Treatment method 

According to the studies, the concentrations used for piperine (5-25 μ M) were considered and IC50 was calculated between the 

concentrations. Also, one concentration was considered as a control 

3.4. MTT assey and Cell Viability 

 After cell culture, the piperine toxicity on MCF-7 cells was assessed using MTT assay at 24, 48, and 72 hours. Briefly, 10,000 cells 

underwent culturing in plates of 96 wells (NEST) and then exposed to 37 °C and CO2 5% for 24 hours. They received piperine at 

various concentrations (5-25 µM) at intervals of 24, 48, and 72 hours with ternary replications. A triplicate with zero µM drug 

dosage was regarded as a control. Following treatments for 24, 48, and 72 hours, the removal of the surface area of the cells was 

done, and the wells were added with 10 µl of MTT (Solar Bio) solution and 90 µl of fresh medium, followed by incubation for 4 

hours. Then, the perimeter of the wells was removed, and the wells were filled with DMSO (100 µl; Sigma Co, Germany) solution. In 

the end, using an ELISA reader (Elx808, BioTeck, USA), the absorbance was read at 550 to 670 nm. The microscopic images of MCF-7 

cells after receiving piperine compared to the control group show that the cell density decreased and the cell morphology 

changed, indicating the toxicity of the drug to the cell. 

3.5. Apoptosis  

After the MTT assay, the cells were treated for 48 hours with IC50 concentration, and finally, the study of cell apoptosis and necrosis  
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was performed by the tissue culture laboratory.  Figure 4(a) shows MCF-7 cells that are growing under normal conditions, but after 

receiving piperine, the cells lost their normal shape and underwent apoptosis Figure 4 (b). 

3.6. Flow Cytometry  

Flow cytometry analysis was performed by BD Biosciences (USA) device. Two groups were considered for this test: the first group, 

10000 MCF-7 cells with media (controls), and the second group cells treated with piperine at IC50 concentration for 48 h. After 

incubation, PBS (%10) was used to wash the cells, and they were trypsinized and underwent suspension using PBS. Annexin-V 

(Biolegend) was mixed with the suspension followed by incubation for 10 min. Finally, data were restored using Partec Flomax 

software. 

3.7. Total RNA extraction and cDNA synthesis 

For RNA extraction, the MCF-7 BC cells were seeded in plates with two wells at 10000 cells per well. Then, 24 hours later, the cells 

received piperine and underwent incubation for 48 hours. Afterward, the extraction of the total RNA of the untreated and treated 

cells was done using Trizol (EasyBLUE total RNA extraction solution, Cat#: 17061) based on the kit guideline (Pishgam, 

Biotechnology, Iran). The extracted RNA was kept in water treated with DEPC at − 80 °C. Then the complementary strand (cDNA) was 

synthesized from the RAN strand. Primer design was done by Gen runner software, and the specificity of designed primers was 

checked and confirmed by NCBI software and through Blast with the genome. The sequence and Amplicon size of bax and β-actin 

(control)  genes are shown in Table 1”. 

Table 1. Characteristics designed primers for bax and β-actin (control) genes. 

Amplicon Size TM Seq(5-3) Gene NO. 

85bp 60Ċ F  CTT CCT TCC TGG GCA TG β-actin 1 

60Ċ R  GTC TTT GCG GAT GTC CAC 

187bp 60Ċ F  AAA CTG GTG CTC AAG GC bax 2 

60Ċ R  CAC AAA GAT GGT CAC GG 

 

3.8. Real-time PCR  

Real-time PCR SYBR performed by Rotor-Gene 6000 (Corbett Research, Australia). The reactions were performed with 1 μl of each 

primer, SYBR Green PCR Master Mix (10 μl), 1 μl cDNA (2 ng), and 7 μl of double distilled water (total volume: 20 μl). The thermal 

cycling conditions were 95 °C for 15 s, 60 °C for 20 s, and 30 s for 72 °C for 40 continuous cycles. 

3.9. Statistical Analysis 

Statistical calculations were performed by SPSS software version 22. To analyze RT- PCR data, first, the relative expression of data 

was done using REST software (Germany). Analysis of gene expression and flow cytometry data was done based on the unpaired t-

test. 

4. Results 

4.1. MTT Assay 

The results of the MTT assay are shown in Figure 3. As can be seen, piperine decreased cell viability in a concentration-dependent 

manner. After 72 h of cell treatment, the viability of cells was strongly reduced in 25µM piperine, indicating the anti-cancer effects 

of this natural product. Also, IC50 values for MCF-7 cells receiving piperine were 15 µM after 48 h (p<0.05) (Fig.3).   

 
Figure 3. The viability percentage of MCF-7 cells exposed with piperine (5 to 25 μ  M) after 24, 48, and 72 hours treatment (*p<0.05).   
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Figure 4. Microscopic images of MCF-7 cells. A: control group of MCF-7 cells, B: MCF-7 cells after receiving 

4.2. Flow Cytometry  

The results of the Flow Cytometry test showed the apoptosis percentage of MCF-7 cells treated with piperine IC50 concentration (15 

μ M) for 48 h, 58.3%, which is 57% more than the control group (Figure 4).  

Table2. The Flow Cytometry of results 

Test (%) 
Sample 

Untreated cells Cells treated with piperine at IC50 concentration and 48 hours 

Necrosis  3.44 13.8 

Late apoptosis  0.328 32.3 

Early apoptosis  0.929 26.0 

Live cells  95.3 27.8 

Unpaired T-test Mean = 0.628 Mean = 29.15 

Significant P value < 0.001 

 

 

Figure 5. Flow cytometry results of untreated (A) and treated (B) MCF-7 cells with IC50 concentrations (15 μM )  and 48 hours, treatment with piperine 
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4.3. Real-time PCR 

Piperine overexpressed bax gene in MCF-7 cell line at IC50 concentration (15µM). The comparison of the means bax expressions in 

control and piperine-treated cells showed almost 2.5 times increases in the expression of this gene in the treated cells (Figure 6), 

indicating the activation of mitochondrial apoptosis pathway induction by this natural product. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. The effects of piperine on the bax expression of the MCF cell line. The cell treated with 15µM piperine for 48 hours and then the expression of 

bax gene was measured by RT-PCR technique (**p≤  0.05).  

 5. Discussion 

Conventional treatments, such as surgery, chemotherapy, and radiotherapy for BC have several side effects and considerably 

decrease the patient’s quality of life [22]. In recent years, using natural Compounds is more common compared to chemical 

agents. In this study, Piperine was used as an anticancer drug.  [23,24]. Research has shown that piperine has been used to treat 

many cancers [25]. In addition, this substance affects signaling pathways and is involved in apoptosis induction [26,27]. In this 

study, piperine as inducing apoptosis was used in Mcf-7 cancer cells.  

As a brief review, In Mcf-7 cells, piperine strongly suppressed cell proliferation and caused apoptosis through caspase-3 activation, 

and also, inhibited HER2 gene expression at the transcriptional level [28]. Park et al showed that piperine reduces adipocyte 

differentiation by suppressing PPARγ expression, thus, this action of piperine leads to potential treatment of obesity-related 

diseases [29]. In another research, PTX combined with PIP showed synergistic effects in SKOV-3 cells modulated by pro and anti-

apoptotic genes, which can compensate for the side effects and toxicity of PTX [30]. Also, Qi and colleagues showed that piperine 

increased the chemosensitivity of 143B and U2OS cells against DOX. Also, in vivo and in vitro findings indicated the dramatic 

suppression of tumor growth and cell proliferation in the combined treatment group than in the monotherapy group. Apoptosis 

assessment showed that PIP augmented DOX-related cell apoptosis by up-regulating the P53 and bax expression, and a decrease in 

bcl-2 expression. Also, PIP could attenuate the start of the PI3K/AKT/GSK-3β signaling pathway in osteosarcoma cells through 

changes in the P-PI3K, P-AKT, and P-GSK3β  expression levels [31]. But in the research done in Iran, Zare et al, investigated the effect of 

piperine on MCF-7 cells, and the MMP-9, VEGF, and E-cadherin expression. According to the MTT assay, treatment with piperine (5, 

10, 25, 50, 75, and 100 μ M) for 24 hours could inhibit cell viability of MCF-7 cells than the control group. Also, VEGF, MMP-9, and E-

cadherin expression levels were dose-dependently inhibited by piperine (5, 10, and 25 μ M) (P<0.05; P<0.01). Piperine at 5, 10, and 25 

μM could significantly inhibit MMP-9 protein expression following 24 hours of treatment (P<0.01) [32]. Also, Fattah and colleagues 

investigated the effect of piperine and cisplatin on the apoptosis pathway and results showed cisplatin (5 μM) and Piperine (20 μ 

M) for 24 h induced apoptosis strongly by a reduction in bcl-2 expression and an elevation in caspase 9, caspase 3, p53, and bax 

expression [33]. 

Compared to the research, in this study, we investigated the effect of piperine on Mcf-7 cells and the expression of bax gene. 

According to the MTT assay, treatment with piperine (5, 10, 15, 20, and 25 μ M) for 24, 48, and 72 hours could inhibit cell viability of 

MCF-7 cells than the control group. The Flow cytometry results indicated that 58.3% of the cells were apoptotic at IC50 

concentration and 48-hour treatment. Also, Real-time PCR results showed an elevation in bax expression than the control group 

in MCF-7 cells at IC50 concentration and 48 hours of treatment.   

5-1. Conclusion 

In this study, piperine showed an excellent inhibitory effect on the MCF-7 cell line. Also, piperine increased the expression of 

the bax (as a pro-apoptotic) gene and induced apoptosis. Therefore, piperine could be a potential carrier for treating breast cancer 

as the next generation of drug delivery systems. 

Acknowledgements 

The authors at thankful to the Active Pharmaceutical Ingredients Research Center (APIRC), Tehran Medical Sciences, and Islamic 

Azad University for providing them with the necessary equipment and laboratory services.  

0

0.5

1

1.5

2

2.5

3

B
a

x
 G

en
e 

E
xp

e
rt

io
n

 (
Fo

ld
 

ch
an

g
e)

 

Control                             Piperine 

 [
 D

O
I:

 1
0.

61
18

6/
jh

gg
.7

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 h

um
an

ge
ne

tic
sg

en
om

ic
s.

ir
 o

n 
20

25
-1

1-
04

 ]
 

                               5 / 6

http://dx.doi.org/10.61186/jhgg.7.1.5
http://humangeneticsgenomics.ir/article-1-97-en.html


Rezaeidian J et al. 
 

6 J Human Gen Genom. 2023 May; 7(1):A-10-371-1 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conflicts of interest 

One of the authors of this article is a member of the committee 

board of the Journal of Human Genetics and Genomics. 

References 

1. Yahya EB, Alqadhi AM. Recent trends in cancer therapy: A review 

on the current state of gene delivery. Life Sci. 2021;269:119087.  

2. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano 

CM, Jemal A, Kramer JL, Siegel RL. Cancer treatment and 

survivorship statistics, 2019. CA: a cancer J for clin. 2019;69(5):363-

85. 

3. Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, Shi W, Jiang J, Yao PP, 

Zhu HP. Risk factors and preventions of breast cancer. Int J of bio 

sci. 2017;13(11):1387.  

4. Waks AG, Winer EP. Breast cancer treatment: a review. Jama. 2019 

22;321(3):288-300.  

5. Saravanakumar K, Anbazhagan S, Usliyanage JP, Naveen KV, 

Wijesinghe U, Xiaowen H, Priya VV, Thiripuranathar G, Wang MH. 

A comprehensive review on immuno-nanomedicine for breast 

cancer therapy: Technical challenges and troubleshooting 

measures. Int Immunopharmacol. 2022;103:108433. 

6. Czarnecka-Czapczyńska M, Aebisher D, Oleś P, Sosna B, Krupka-Olek 

M, Dynarowicz K, Latos W, Cieślar G, Kawczyk-Krupka A. The role of 

photodynamic therapy in breast cancer–A review of in vitro 

research. Bio & Pharmacol. 2021;144:112342. 

7. Marta GN, Riera R, Pacheco RL, Martimbianco AL, Meattini I, 

Kaidar-Person O, Poortmans P. Moderately hypofractionated post-

operative radiation therapy for breast cancer: Systematic review 

and meta-analysis of randomized clinical trials. The Breast. 

2022;62:84-92.  

8. Klochkov SG, Neganova ME, Nikolenko VN, Chen K, 

Somasundaram SG, Kirkland CE, Aliev G. Implications of 

nanotechnology for the treatment of cancer: Recent advances. 

InSeminars in cancer bio 2021;(Vol. 69, pp. 190-199). Academic 

Press.  

9. Zhang H, Wu C, Yu DD, Su H, Chen Y, Ni W. Piperine attenuates the 

inflammation, oxidative stress, and pyroptosis to facilitate 

recovery from spinal cord injury via autophagy enhancement. 

Phytother Research. 2023;37(2):438-51.  

10. Haq IU, Imran M, Nadeem M, Tufail T, Gondal TA, Mubarak MS. 

Piperine: A review of its biological effects. Phytother research. 

2021;35(2):680-700.  

11. Hashemi M, Mirzaei S, Barati M, Hejazi ES, Kakavand A, Entezari M, 

Salimimoghadam S, Kalbasi A, Rashidi M, Taheriazam A, Sethi G. 

Curcumin in the treatment of urological cancers: Therapeutic 

targets, challenges and prospects. Life Sci. 2022:120984.  

12. Calabrese V, Bates TE, Mancuso C, Cornelius C, Ventimiglia B, 

Cambria MT, Di Renzo L, De Lorenzo A, Dinkova‐Kostova AT. 

Curcumin and the cellular stress response in free radical‐related 

diseases. Mol nutrition & food research. 2008;52(9):1062-73.  

13. Heidari H, Bagherniya M, Majeed M, Sathyapalan T, Jamialahmadi 

T, Sahebkar A. Curcumin‐piperine co‐supplementation and 

human health: A comprehensive review of preclinical and clinical 

studies. Phytother Research. 2023. 

14. Nayana P, Manjunatha H, Gollapalli P, Ashok AK, Karal Andrade P, 

V V. A combined in vitro and molecular dynamics simulation 

studies unveil the molecular basis of the anticancer potential of 

piperine targeting AKT1 against prostate cancer. J of Biomol 

Structure and Dynamics. 2023;1-4. [PubMed ID: 37272194]. 

15. Zhong M, Chen L, Tao Y, Zhao J, Chang B, Zhang F, Tu J, Cai W, 

Zhang B. Synthesis and evaluation of Piperine analogs as 

thioredoxin reductase inhibitors to cause oxidative stress-

induced cancer cell apoptosis. Bioorg Chemi. 2023;106589.  

16. Quijia CR, Chorilli M. Piperine for treating breast cancer: A review 

of molecular mechanisms, combination with anticancer drugs, 

and nanosystems. Phytother Research. 2022;36(1):147-63.  

 

 

17. Mitra S, Anand U, Jha NK, Shekhawat MS, Saha SC, Nongdam P, 

Rengasamy KR, Proćków J, Dey A. Anticancer applications and 

pharmacological properties of piperidine and piperine: a 

comprehensive review on molecular mechanisms and 

therapeutic perspectives. Frontiers in Pharmacol. 2022;12:772418.  

18. Czabotar PE, Garcia-Saez AJ. Mechanisms of BCL-2 family proteins 

in mitochondrial apoptosis. Nature Reviews Mol Cell Bio. 2023;1-7.  

19. Wang Y, Sun H, Zhang J, Xia Z, Chen W. Streptozotocin-induced 

diabetic cardiomyopathy in rats: ameliorative effect of PIPERINE 

via Bcl2, Bax/Bcl2, and caspase-3 pathways. Biosci, Biotechnol, and 

Biochemi. 2020;84(12):2533-44.  

20. Green DR. The mitochondrial pathway of apoptosis Part II: The 

BCL-2 protein family. Cold Spring Harbor Perspectives in Bio. 

2022;14(6):a041046.  

21. Gourisankar S, Krokhotin A, Ji W, Liu X, Chang CY, Kim SH, Li Z, 

Wenderski W, Simanauskaite JM, Yang H, Vogel H. Rewiring cancer 

drivers to activate apoptosis Nature. 2023;1-9.  

22. Pazouki N, Irani S, Olov N, Atyabi SM, Bagheri-Khoulenjani S. Fe3O4 

nanoparticles coated with carboxymethyl chitosan containing 

curcumin in combination with hyperthermia induced apoptosis 

in breast cancer cells. Progress in biomaterials. 2022;11(1):43-54.  

23. Haq IU, Imran M, Nadeem M, Tufail T, Gondal TA, Mubarak MS. 

Piperine: A review of its biological effects. Phytother  research. 

2021;35(2):680-700.  

24. Rather RA, Bhagat M. Cancer chemoprevention and piperine: 

molecular mechanisms and therapeutic opportunities. Frontiers 

in cell and developmental bio. 2018;6:10.  

25. Meghwal M, Goswami TK. Piper nigrum and piperine: an update. 

Phytother Research. 2013;27(8):1121-30.  

26. Yoo ES, Choo GS, Kim SH, Woo JS, Kim HJ, Park YS, Kim BS, Kim SK, 

Park BK, Cho SD, Nam JS. Antitumor and apoptosis-inducing 

effects of piperine on human melanoma cells. Anticancer 

Research. 2019;39(4):1883-92 

27. Siddiqui S, Ahamad MS, Jafri A, Afzal M, Arshad M. Piperine 

triggers apoptosis of human oral squamous carcinoma through 

cell cycle arrest and mitochondrial oxidative stress. Nutrition and 

cancer. 2017;69(5):791-9.  

28. Do MT, Kim HG, Choi JH, Khanal T, Park BH, Tran TP, Jeong TC, 

Jeong HG. Antitumor efficacy of piperine in the treatment of 

human HER2-overexpressing breast cancer cells. Food chemi. 

2013;141(3):2591-9.  

29. Park UH, Jeong HS, Jo EY, Park T, Yoon SK, Kim EJ, Jeong JC, Um SJ. 

Piperine, a component of black pepper, inhibits adipogenesis by 

antagonizing PPARγ activity in 3T3-L1 cells. J of agricultural and 

food chemi. 2012;60(15):3853-60.  

30. Pal MK, Jaiswar SP, Srivastav AK, Goyal S, Dwivedi A, Verma A, Singh 

J, Pathak AK, Sankhwar PL, Ray RS. Synergistic effect of piperine 

and paclitaxel on cell fate via cyt-c, Bax/Bcl-2-caspase-3 pathway in 

ovarian adenocarcinomas SKOV-3 cells. Eur J of 

Pharmacol.2016;791:751-62. 

31. Qi Y, Yao L, Liu J, Wang W. Piperine improves the sensitivity of 

osteosarcoma cells to doxorubicin by inducing apoptosis and 

inhibiting the PI3K/AKT/GSK-3β pathway. J of Orthopaedic Surgery 

and Research. 2023;18(1):1-2.  

32. Zare Z, Dizaj TN, Lohrasbi A, Sheikhalishahi ZS, Panji M, 

Hosseinabadi F, Najafi V, Abazari O, Abbasi M, Khanicheragh P. The 

effect of piperine on MMP-9, VEGF, and E-cadherin expression in 

breast cancer MCF-7 cell line. Basic & Clinical Cancer Research. 

2020;12(3):112-9.  

33. Fattah A, Morovati A, Niknam Z, Mashouri L, Asadi A, Rizi ST, 

Abbasi M, Shakeri F, Abazari O. The synergistic combination of 

cisplatin and piperine induces apoptosis in MCF-7 cell line. 

Iranian J of Public Health. 2021;50(5):1037.  

34. Al-Wahaibi LH, Mahmoud MA, Mostafa YA, Raslan AE, Youssif BG. 

Novel piperine-carboximidamide hybrids: Design, synthesis, and 

antiproliferative activity via a multi-targeted inhibitory pathway. 

J of Enzyme Inhibition and Medicinal Chemi.2023;38(1):376-86. 

 

 [
 D

O
I:

 1
0.

61
18

6/
jh

gg
.7

.1
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 h

um
an

ge
ne

tic
sg

en
om

ic
s.

ir
 o

n 
20

25
-1

1-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.61186/jhgg.7.1.5
http://humangeneticsgenomics.ir/article-1-97-en.html
http://www.tcpdf.org

