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Regulatory effects of Apatinib in combination with
Piperine on MDM-2 Gene Expression, Glutathione
peroxidase activity and Nitric oxide level in Colorectal
Cancer Cells

Abstract

Purpose; Apatinib has been utilized in colon cancer therapies but its efficiency and molecular
mechanism are not fully understood. Chemotherapy in combination with non-toxic compounds can
be a strategy to reduce the recurrence of cancer. Consequently, this study was carried out to evaluate
the effects of Apatinib and Piperine on colorectal cancer (CRC) cell line and their potential
anti-cancerous mechanisms in vitro.

Methods: The effects of Apatinib and Piperine on HCT-116 CRC cells were detected by
assessing cell viability using MTT assay. The potential cytotoxic mechanisms of Apatinib and
Piperine were investigated by evaluating the apoptosis-related gene (MDM-2) expression ratio
using real-time PCR assay. Moreover, the glutathione peroxidase activity (GPX) and nitric
oxide (NO) levels were assessed by colorimetric assays.

Results: The proliferation rate of CRC cells decreased by increasing the concentrations of
Piperine and Apatinib. When HCT-116 cells were treated with different concentrations of
Apatinib in combination with Piperine, the synergistic effects were observed (Combination
Index<1). In HCT-116 cells treated with Apatinib or Piperine at the concentrations of 0.5xICxp
and 0.2xICsg, the MDM-2 gene expression was downregulated and NO levels increased
compared to the untreated control cells and related single treatments. Furthermore, the
cytotoxic effects of Apatinib increased when was combined with Piperine. In addition, GPX
activity significantly decreased in combination treatment at 0.5xICso concentration of both
agents.

Conclusion: Apatinib in combination with Piperin could significantly inhibit the viability of
CRC cells. These cytotoxic effects were induced by regulation of apoptosis-related gene and
inhibition of antioxidant marker.

Keywords; Colorectal cancer, Apoptosis, HCT-116 cells, Apatinib, Piperine

Introduction

Colorectal cancer (CRC) is the third-largest cancer world width *2 and is related to a high rate
of mortality.}® Recently, clinical studies have been interested in detecting novel integrating
targeted treatments and combination chemotherapy regimens.? Combination chemotherapy
comes into importance in CRC treatment but drug resistance is inevitable. ® In this regard,
evaluating new drug combinations can improve the treatment outcomes. > Numerous efforts
have been conducted for increase understanding of the CRC heterogeneity and propose the
most effective-tailored treatment to any affected patient. ® Since, oncogene mutations and the
existence of multi-drug resistance, and the intolerable side effects limit the efficiency of
treatment. So, new treatment protocols for CRC treatment are instantly required.” Angiogenesis
is an important feature of cancer growth and metastasis. Vascular endothelial growth factor
(VEGF) binding to vascular endothelial growth factor receptor (VEGFR) induces the vascular
endothelial cells proliferation and angiogenesis. Anti-angiogenic drugs show anti-cancer
efficiency through blocking the blinding of VEGF and VEGFR. Apatinib mesylate as a
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micromolecular VEGFR-2 inhibitor that binds to VEGFR-2 and strongly inhibits it, exerts anti-
cancer efficacy.® Also, Piperine that is a Piperidine alkaloid in black pepper, can inhibit cancer
cell growth, but the mechanism of action of Piperine is not fully understood.® Piperine has been
extensively described to inhibit colon cancer growth by Gs arrest in the cell cycle, apoptosis
induction, and antitumor activities.® 1% In the development of chemotherapeutic agents, it is
imperative to assess the cancer response to chemotherapy. *** One of the main purposes of
cancer therapy is the induction of apoptosis.> Apoptosis is identified as programmed cell death
in the damaged and normal tissues.® The apoptosis induction in cancerous cells is considered
as the main objective of cancer treatment. Indeed, apoptosis is an important regulatory
mechanism of normal cells. Definitely, apoptosis dysregulation can cause uncontrolled cell
multiplication. This process is described by a series of definite morphological changes along
with biochemical features that contain intrinsic and extrinsic pathways through a diverse
protein which plays a critical role overall. 1’
The MDM2 protein encoded through the mouse double minute 2 (MDM2) gene is considered
as the negative regulatory factor of the p53 protein and can preserve the p53 signaling pathway
stability. MDM2 amplification has been assessed in numerous -human cancers, comprising
colon cancer.*® MDM2 over-expression can induce transformation in cultured cells.

In this regard, Nitric oxide (NO) has been revealed to induce apoptosis by post-translational
alterations and has an anti-cancer role. 2 On the other hand, antioxidant enzymes have a critical
function in protecting cells against oxidative stress, dysregulation of antioxidant enzymes
activity, such as glutathione-peroxidase (GPX), are related to cancer.?'So, in this study, we
evaluated the effects of co-treatments of Apatinib and Piperine with evaluating the related
molecular mechanism in CRC cells.

Materials and Methods

Cell culture

HCT-116 cell line was obtained from the Pasteur Institute in lIran. The culture medium
contained 10% fetal bovine serum, 1% penicillin and streptomycin, and Dulbecco has modified
Eagle medium (DMEM). CRC cells were seeded in 96 well cell culture plate and_maintained at
37 °C in a 5% carbon dioxide in the incubator.

Cell proliferation assay

HCT-116 cells were cultured in 96-well plates at a density of 1x10%/well. Following incubation
at 37°C and 5% CO2 for 24 h, CRC cells were exposed to increasing concentrations of Apatinib
(0, 5, 10,15,20,25,50,75,100 uM) and Piperine (10,20,40,80,100,150,200,250 uM) . After 48
h of treatment time, a cell viability kit (Kia zist, Iran) was used to detect cell proliferation. In
this regards, 10 pl MTT reagent was added to each well, and the cells were incubated for 3 h
at 37°C and 5% CO2, the supernatants were discarded and a solubilizer was added to each
well. The absorption rate was measured by ELISA Reader at 550 nm. The rate of viable cells
was determined by measuring the absorbance. Each test in all treatments was repeated at least
three times. The 1Cso values of each agent were determined based on their corresponding dose-
response curve and with Compusyn software (ComboSyn, Inc., Paramus, NJ 07652, USA)

In all treatments, the concentrations of 0.50x1Cso, 0.2x1Cs, and 0.1x1Cso were utilized for cell
viability assay and all other experimental analysis including glutathione peroxidase (GPX)
activity, MDM-2 gene expression, and NO level assays. The interaction between two
therapeutic agents based on Chou % method and compusyn software (Combosyn, Inc.,
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Paramus, US) were evaluated, and the combination index (CI) determined. In this regard, the
CI<1, CI>1, and CI=1 display synergism, antagonism, and additive effect, respectively.

In addition, the Fraction affected (fa) amount (indicating the cell fraction that affected by the
combination treatment) and DRI (Dose reduction index which shows the dose reduction level
in combination treatment compared to single treatments) were evaluated.

Real-time polymerase chain reaction (PCR)

Total RNA was extracted from HCT-116 cells (untreated and treated with Apatinib and
Piperine at different concentrations as mentioned above) using an RNA extraction kit based on
the kit protocol (GeneAll, South Korea). The First-strand cDNAs were synthesized by
SuperScript 1™ First-Strand synthesis kit (GeneAll, South Korea) and utilized as templates
to perform real-time PCR on a real-time PCR System, following the manufacturer’s instruction.
The MDM2 gene expression was measured by real-time PCR using an AccuPower®2x Green
StargPCR master mix (Ampligon, Denmark). Real time-PCR via cDNAs and specific primers
were carried out in annealing temperature at 57°C for 30 seconds. Relative MDM2 expression
was normalized to b-actin housekeeping gene and calculated by 2"*24€t, Error bars in control
and treated groups show the Standard deviation.

Nitric oxide assay

In order to assay the NO level in untreated and treated cells with various concentrations of
Apatinib and Piperine in single and combined treatments, the cell supernatants were collected
carefully. Assessments of NO level in various treatments were performed based on the kit
protocol [ZellBio GmbH (Germany)]. The absorbance of each sample was read at 550nm and
NO levels were detected based on a standard curve.

Glutathione peroxidase assay

To evaluate the possible cytotoxic mechanism of Apatinib and Piperine, the GPX enzyme
activity was assessed with the colorimetric method. In this regard, after various treatments as
mentioned, cell culture supernatants of each sample were collected carefully and then
centrifuged and the GPX activity was determined according to the kit protocol [ZellBio GmbH
(Germany]. In the next step, the absorbance at 412 nm was measured and GPX activity was
calculated by this formula:

GPX activity (U/ml) = (OD control-OD sample)/ (OD standard-OD blank) x6000

Results and Discussion

The cytotoxic effects of Apatinib and Piperine in HCT-116 CRC cells were detected by MTT
assay. The potential mechanisms were investigated by assessing the apoptosis-related gene
(MDM-2) expression ratio in vitro using the real-time PCR assay. Moreover, the glutathione
peroxidase activity (GPX) and nitric oxide (NO) levels were evaluated by colorimetric assays.
In the first step, we evaluated the cytotoxic effects of monotherapies at different concentrations
of Apatinib or Piperine after 48 h treatment and dose-response curves were plotted. Results of
cell viability assays in single therapies were presented in Figurel. Both agents (Apatinib and
Piperine) decreased the cellular viability in a concentration-dependent pattern.

Treatment of HCT-116 cells with increasing concentrations of Apatinib or Piperine exhibited a
reduction in the cellular viability in dose-dependent patterns. The 1Cs values for Apatinib and Piperine
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drugs were equal to 26 and 94 uM, respectively. All combined treatments lead to the synergistic
interaction in comparison to their respective single treatments.

Results of DRI, ClI, and fa for combined treatments at different concentrations were presented in Table
1.

As presented in Figure 2, after combined treatments with Apatinib and Piperine, the cell viability in
terms of 0.5xICsp, 0.2xI1Cs0, and 0.1xICso concentrations were decreased significantly compared with
untreated control cells (p<0.05). In all combination treatments, the cell viability was lower than that of
corresponding monotherapies including Apatinib and piperine in 1Cso concentrations (p<0.05).

In order to study the molecular mechanism of Apatinib and Piperine in CRC cells treated with single
and combined drugs, the MDM2 gene expression ratio was evaluated by Real-time PCR assay and
normalized to B-Actin as a house-keeping gene. The mean fold changes for each treatment and control
cells were calculated by 2-RACt The results of gene expression levels (Figure 3) showed that the mean
gene expression ratio was downregulated in single and combined treatments (p<0.05). The MDM2 gene
expression ratio in combined treatment groups (at concentrations of 0.5x1Csp and 0.2x1Cs ) decreased
versus single treatments(p<0.05).

In this presented study, the GPX activity was evaluated by the colorimetric assay. The results (Figure
4) showed that there was a significant decrease in GPX activity in the combined treatment group at
0.5x1Cso concentration of both drugs in comparison with the control group and related single treatments
(p<0.05).

The results of the NO assay (Figure 4) showed that the level of NO in the combination groups at the
concentrations of 0.5x1Cso and 0.2x1Cso were more than that of the untreated control group (p<0.05).
In addition, there was an elevation in NO levels in combined groups (0.5xICsp and 0.2xICso
concentrations) compared to monotherapies (Apatinib and Piperine in ICso concentration).
Combination treatments involve the administration of conventional chemotherapy agents together with
one or more natural bioactive (typically from a plant). This anticancer drug combination may be applied
to cancer cell cultures.® Indeed, there are limitations to the effectiveness of several cancer therapies
because of the systemic toxicity. Therefore, Chemotherapy combined with non-toxic compounds can
be a strategy for decreasing cancer incidence. Numerous natural agents have revealed chemotherapeutic
potential in a diversity of bioassays.* In this regard; we evaluated the efficacy of Apatinib as a
chemotherapy drug combined with Piperine as a natural agent in the CRC cell line. Our results
demonstrated that synergistic effects were observed in the combination treatment g of Apatinib and
Piperine at concentrations lower than the ICso values of each agent. Also, these combination treatments
regulated the MDM2 gene expression levels and increased NO levels in cell culture, which these effects
are related to apoptosis induction. Moreover, combined therapy at the concentration of 0.5x1Csg
decreased the GPX ‘enzyme activity that indicates the efficacy of this combination treatment and
induction of cytotoxicity.

The p53 is the main transcription factor regulating cellular pathways including apoptosis and cell cycle.
It acts as a central defense mechanism toward cancer progression and is controlled by interaction with
the MDM2( oncoprotein). The inhibition of MDM2-p53 interaction is considered as a striking treatment
approach for cancer therapy.

At the molecular level, Piperine can affect numerous effector proteins involved in the apoptosis pathway
and can stimulate extrinsic and intrinsic apoptosis process. Piperine repressed the cancer development
and metastasis in a cancer model. ® In our study, Piperine could downregulate the MDM-2 gene
expression as an oncogenic mediator.

In a similar study, Piperine elevated the anti-proliferative and cytotoxic effects of doxorubicin and
paclitaxel in cell lines,?® which was parallel to our results.

Piperine has elevated the cytotoxicity of paclitaxel and doxorubicin in cell line. Moreover,
Piperine in combination with doxorubicin and paclitaxel induced P21 expression. These
researchers recommended that the molecular mechanism has to be further assessed to recognize
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the definite function of Piperine.?® Likewise in another study, the isobologram and the CI of
the combination of Paclitaxel and Piperine showed synergistic effects which were in
accordance with our results.?’

Correspondingly, in another study similar to our research Apatinib in combinatorial cases
showed the anti-cancer effect. Furthermore, Apatinib exhibited synergistic interactions with
Paclitaxel plus 5-fluorouracil chemotherapeutic agents in-vivo.?® Also, a related study
confirmed that Apatinib displayed potentially inhibitory impacts in pancreatic cancerous cells
and Astragalus polysaccharide increased the anti-cancer effects of Apatinib by decreasing
phosphorylation of AKT, ERK expression, and MMP-9.2° In addition, a recent study indicated
that in AGS cells Astragalus polysaccharide improved the antitumor efficacy of Apatinib by
inhibition of AKT signaling pathway.

Our study found that both Piperine and Apatinib induced cytotoxicity effects in a dose-
dependent manner. Nevertheless, when Piperine was combined with Apatinib, the expression
of the anti-apoptotic gene was decreased significantly compared with the Apatinib and Piperine
alone treated groups. Therefore, we speculated that apoptosis was associated with the
synergetic effects of Piperine and Apatinib in the present study. Our current study is strong
evidence that pharmacological regulation of the MDM2 gene expression improves cancer
treatment strategy. Piperine in combination with Apatinib was showed more cytotoxic effects
in compared to Apatinib monotherapy by reducing its concentration in combination treatment
and may increased the apoptotic induction potency. Further studies including clinical trials
should be carried out for these new cancer therapies because the combination of Apatinib and
Piperine as MDM?2 inhibitors with the which not only reduce drug concentrations but also
promoted its efficiency in inducing apoptosis.

Conclusion

Overall, in this investigation, Piperine as a natural anti-cancer agent is proving efficacious in
combination with Apatinib at lower concentrations, which could be accounting for possible
anti-cancer effects of this combination in CRC cells. Based on our results elevating cytotoxic
activity of both agents in the combined treatment group might be related to the release of NO
as a nitrosative stress marker. Nevertheless, the effects of this combination in cell cycle
regulation as well as the decreased expression level of MDM-2 might be examined by further
studies.
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Study highlights;

What is current knowledge?

Although clinical studies are active in detecting new targeted treatments for CRC, unsuccessful
treatment and drug resistance are inevitable.

What is new here?

Apatinib and Piperine could significantly inhibit the CRC cells.

Combined treatment with Apatinib and Piperin showed anti-cancer effects by regulating
apoptosis-related genes.

References

6|Page



Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

1.Prashant A, Rangaswamy C, Yadav AK, Reddy V, Sowmya MN, Madhunapantula S. In vitro
anticancer activity of ethanolic extracts of Piper nigrum against colorectal carcinoma cell lines. Int J
Appl Basic Med Res. 2017;7(1):67-72. doi:10.4103/2229-516X.198531

2. Lu W, Ke H, Qianshan D, Zhen W, Guoan X, Honggang Y. Apatinib has anti-tumor effects and
induces autophagy in colon cancer cells. Iran J Basic Med Sci. 2017; 20(9):990-95.
doi:10.22038/1JBMS.2017.9263

3. Mohammadian M, Zeynali-Moghaddam S, Khadem Ansari M H, Rasmi Y, Fathi
Azarbayjani A, Kheradmand F. Dihydropyrimidine Dehydrogenase Levels in Colorectal
Cancer Cells Treated with a Combination of Heat Shock Protein 90 Inhibitor and Oxaliplatin
or Capecitabine. Adv Pharm Bull. 2019;9(3):439-444. doi: 10.15171/apb.2019.052.

4. Moradi Z, Mohammadian M, Saberi H, Ebrahimifar M, Mohammadi Z, Ebrahimpour M, et al. Anti-
cancer effects of chemotherapeutic agent; 17-AAG, in combined with gold nanoparticles and irradiation
in human colorectal cancer cells. Daru. 2019;27(1):111-19. doi: 10.1007/s40199-019-00251-w.

5. Zeynali-Moghaddam S, Mohammadian M, Kheradmand F, Fathi-Azarbayjani A, Rasmi Y, Esna-
Ashari O, et al. A molecular basis for the synergy between 17-allylamino-17-demethoxy geldanamycin
with Capecitabine and Irinotecan in human colorectal cancer cells through VEFG and MMP-9 gene
expression. Gene. 2019;684:30-38. doi: 10.1016/j.gene.2018.10.016.

6. Martini G, Ciardiello D, Vitiello PP, Napolitano S, Cardone C, Cuomo A, et al. Resistance to anti-
epidermal growth factor receptor in metastatic colorectal cancer: What does still need to be addressed?.
Cancer Treat Rev. 2020 ;86:102023. doi: 10.1016/j.ctrv.2020.102023.

7.Gao X, Liu J, Cho KB, Kedika S, Guo B. Chemopreventive Agent 3,3'-Diindolylmethane Inhibits
MDMZ2 in Colorectal Cancer Cells. Int J Mol Sci. 2020;21(13):4642. doi:10.3390/ijms21134642

8. Liao X, Li H, Liu Z, Liao S, Li Q, Liang C, et al. Clinical efficacy and safety of apatinib in patients
with advanced colorectal cancer as the late-line treatment. Medicine (Baltimore). 2018; 97(50), €13635.
doi: 10.1097/MD.0000000000013635.

9. Yaffe PB, Power Coombs MR, Doucette CD, Walsh M, Hoskin DW. Piperine, an alkaloid from black
pepper, inhibits growth of human colon cancer cells via G1 arrest and apoptosis triggered by
endoplasmic reticulum stress. Mol Carcinog. 2015; 54(10):1070-85. doi: 10.1002/mc.22176. Epub
2014 May 13.

10. Bolat ZB, Islek Z, Demir BN, Yilmaz EN, Sahin F, Ucisik MH. Curcumin- and Piperine-Loaded
Emulsomes as Combinational Treatment Approach Enhance the Anticancer Activity of Curcumin on
HCT116 Colorectal Cancer Model. Front Bioeng Biotechnol. 2020;8:50. doi:10.3389/fbioe.2020.00050
11. Esgandari K, Mohammadian M, Zohdiaghdam R, Rastin S J, Alidadi S, Behrouzki Z.Combined
treatment with silver graphene quantum dot, radiation, and 17-AAG induces anticancer effects in breast
cancer cells. J Cell physiol. 2020. doi: 10.1002/jcp.30046.

12. Sajjadiyan Z, Ghadernejad H, Milani AT, Mohammadian M, Abdolahpour S, Taslimi S, et al.
Preparation of silibinin loaded pegylatedniosomal nanoparticles and investigation of its effect on MCF-
10A human breast cancer cell lines. Der Pharm Lett. 2016; 8;70-5.

13. Maroufi NF, Vahedian V, Akbarzadeh M, Mohammadian M, Zahedi M, Isazadeh A, et al. The
apatinib inhibits breast cancer cell line MDA-MB-231 in vitro by inducing apoptosis, cell cycle arrest,
and regulating nuclear factor-xB (NF-kB) and mitogen-activated protein kinase (MAPK) signaling
pathways. Breast Cancer. 2020;27(4):613-620. doi: 10.1007/s12282-020-01055-6..

14. Mohammadian M, Feizollahzadeh S, Mahmoudi R, Toofani Milani A, Rezapour-Firouzi S, Karimi
Douna B. Hsp90 Inhibitor; NVP-AUY922 in Combination with Doxorubicin Induces Apoptosis and
Downregulates VEGF in MCF-7 Breast Cancer Cell Line. Asian Pac J Cancer Prev. 2020 ; 21(6):1773-
78. doi: 10.31557/APJCP.2020.21.6.1773.

15. Mohamadi N, Kazemi SM, Mohammadian M, Toofani Milani A, Moradi Y, Yasemi M, et al.
Toxicity of cisplatin-loaded poly butyl cyanoacrylate nanoparticles in a brain cancer cell line: Anionic

7|Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Moradi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saberi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ebrahimifar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ebrahimpour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30835081
https://www.ncbi.nlm.nih.gov/pubmed/30835081
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Esgandari%2C+Kosar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mohammadian%2C+Mahshid
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zohdiaghdam%2C+Reza
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rastin%2C+Sepideh+Jafarzadeh
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Alidadi%2C+Saba
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Behrouzkia%2C+Zhaleh
https://doi.org/10.1002/jcp.30046
https://www.researchgate.net/scientific-contributions/S-Abdolahpour-2117183778
https://www.researchgate.net/scientific-contributions/S-Taslimi-2117183871

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

polymerization  results. Asian Pac J Cancer Prev.2017;  18(3):629-632.  doi:
10.22034/APJCP.2017.18.3.629.

16. Safarzadeh E, Sandoghchian Shotorbani S, Baradaran B. Herbal medicine as inducers of
apoptosis in  cancer treatment. Adv Pharm Bull. 2014;4(Suppl 1):421-427.
doi:10.5681/apb.2014.062.

17. Jan R, Chaudhry GE. Understanding Apoptosis and Apoptotic Pathways Targeted Cancer
Therapeutics. Adv Pharm Bull. 2019;9(2):205-218. doi:10.15171/apb.2019.024.

18. Hou H, Sun D, Zhang X. The role of MDM2 amplification and overexpression in therapeutic
resistance of malignant tumors. Cancer Cell Int. 2019;19; 216.d0i:10.1186/s12935-019-0937-4.
19.Zhao Y, Yu H, Hu W. The regulation of MDM2 oncogene and its impact on human cancers.
Acta Biochim Biophys Sin (Shanghai). 2014;46(3):180-189. doi:10.1093/abbs/gmt147

20. Vahora H, Khan MA, Alalami U, Hussain A. The potential role of nitric oxide in halting
cancer rogression through Chemoprevention. J Cancer Prev. 2016;21(1):1-12.
doi:10.15430/JCP.2016.21.1.1

21. Khan MA, Chen HC, Wan XX, Tania M, Xu AH, Chen FZ, et al. Regulatory effects of resveratrol
on antioxidant enzymes: a mechanism of growth inhibition and apoptosis induction in cancer cells. Mol
Cells. 2013;35(3):219-25. doi: 10.1007/s10059-013-2259-z. Epub 2013 Feb 26. Erratum in: Mol Cells.
2013;35(4):355.

22.Chou T-C. Drug combination studies and their synergy quantification using the Chou-Talalay
method. Cancer research. 2010;70(2):440-6.

23. Redondo-Blanco S, Fernandez J, Gutiérrez-Del-Rio I, Villar CJ, Lombé F. New Insights toward
Colorectal Cancer Chemotherapy Using Natural Bioactive Compounds. Front Pharmacol. 2017; 8:109.
doi:10.3389/fphar.2017.00109

24. Nag S, Qin J, Srivenugopal KS, Wang M, Zhang R. The MDM2-p53 pathway revisited. J Biomed
Res. 2013;27(4):254-271. doi:10.7555/JBR.27.20130030

25. Rather RA, Bhagat M. Cancer Chemoprevention and Piperine: Molecular Mechanisms and
Therapeutic Opportunities. Front Cell Dev Biol. 2018;6:10. doi:10.3389/fcell.2018.00010

26. Pushpa Ragini S, Naga Divya AV, Anusha Ch, Kanthaiah YV. Enhancement of paclitaxel and
doxorubicin cytotoxicity in breast cancer cell lines in combination with piperine treatment and analysis
of expression of autophagy and apoptosis genes. J Med Sci Res. 2014; 2: 62- 7. doi;
10.17727/JMSR.2014/2-012.

27. Motiwala MN, Rangari VD. Combined effect of paclitaxel and piperine on a MCF-7 breast cancer
cell line in vitro: —evidence  of a synergistic interaction. Synergy. 2015; 2. 1- 6.
doi:10.1016/j.synres.2015.04.001.

28. Xu Z, Hu C, Chen'S; Zhang C, Yu J, Wang X, et al. Apatinib enhances chemosensitivity of gastric
cancer to paclitaxel and 5-fluorouracil. Cancer Manag Res. 2019;11:4905-4915.
d0i:10.2147/CMAR.S196372

29. Wu J, Wang J, Su Q, Ding W, Li T, Yu J, et al. Traditional Chinese medicine Astragalus
polysaccharide enhanced antitumor effects of the angiogenesis inhibitor apatinib in pancreatic cancer
cells on proliferation, invasiveness, and apoptosis. Onco Targets Ther. 2018;11:2685-98. doi:
10.2147/0TT.S157129.

30. Wu J, Yu J, Wang J, Zhang C, Shang K, Yao X, et al. Astragalus polysaccharide enhanced antitumor
effects of Apatinib in gastric cancer AGS cells by inhibiting AKT signalling pathway. Biomed
Pharmacother. 2018 ;100:176-83. doi: 10.1016/j.biopha.2018.01.140. Epub 2018 Feb 8.

8|Page


https://doi.org/10.1186/s12935-019-0937-4

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

Table 1. Results of Combination Index (Cl), Fa, and DRI in drug reaction at the various concentration
in Apatinib and Piperine combined treatments which were measured by Compusyn software.

Combinations | Fa  (fraction | DRI (dose reduction | DRI (dose reduction | Combination
affected) index) for Apatinib | index) for Piperine | Index(Cl)
Apatinib- 0.75+0.044 1.24+0.19 13.32£15 0.8310.1
Piperine (synergistic effect)
(0.5x1Cs0)
Apatinib- 0.63+0.04 2.1+0.27 24.7+2.3 0.52+0.06
Piperine (synergistic effect)
(O.2X|C50)
Apatinib- 0.38+0.032 1.99+0.19 28.1£2.0 0.53+0.05
Piperine (synergistic effect)
(0.1xICs)
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Figure 1. The results of cell viability using MTTassay for Apatinib and Piperine at various
concentrations after 48 h treatment. Each value shows the meanzstandard deviation.
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Figure 2. Cellular inhibitory effects of combined therapy with apatinib and piperine at different
concentrations after 48h treatment in HCT-116 CRC cells. Each value shows mean zstandard
deviation). &; Significant differences compared to untreated control cells (p<0.05).
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Figure 3. The MDM2 gene expression ratio which was assessed by the real-time PCR method
in treated and untreated cells with Apatinib and Piperine after 48 h. each column shows the
mean fold change +standard deviation which was normalized to a housekeeping gene (p-actin)
and calculated by 2RAACt &- Significant difference compared to untreated control
cells(p<0.05).
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Figure 4. The levels of NO and GPX activity in HCT-116 cells treated with various
concentrations of Apatinib and Piperine in single and combination treatments. Data were
expressed as meanzstandard deviation. &; Significant difference compared to untreated control
cells (p<0.05).
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