
 

 

The effects of Vaccinium arctostaphylos extract attached to zinc 

oxide nanoparticles on expressions of interleukin-1 beta, Matrix 

metalloproteinases 2 and 9 in gastric cancer cell lines  

Abstract 

Background: Gastric cancer is the third leading cause of cancer deaths 

worldwide. One of the leading causes of death in patients with gastric cancer is 

the very high ability of gastric cancer cells to invade other tissues and 

metastasize. MMP-2, MMP-9 and IL-1β are the major factors that play a key 

role in the invasion of cancer cells. Using metal nanoparticles and nano 

biomolecules production in medical research is a new method that increases the 

effectiveness and permeability of natural compounds. In this study, we used 

biosynthesis of ZnO nanoparticles (ZnO NPs) using Vaccinium arctostaphylos 

(VA) extract. It has been shown that blueberries to be effective against cancer 

due to polyphenolic, flavonoid and anthocyanin compounds. There is limited 

research on the anti-cancer effects of VA and its anti-cancer mechanisms are not 

yet fully understood. Our study focused on the effect of this plant extract on the 

factors affecting metastasis and invasion of cancer cells. 

Aim: Evaluation the effect of VA-extract attached to ZnO NPs on the expression 

of MMP-2, MMP-9 and IL-1β involved in the invasion of gastric cancer cells 

Materials and Methods: In this experiment, 14 groups including a control group, 

two groups treated with different doses of VA-extract, two groups treated with 

different doses of ZnO NPs and two groups treated with different doses of VA-

extract attached to ZnO NPs were evaluated in AGS and MKN-45 cell lines. 

MTT assay was used to determine cell viability in both cell lines. Green 

synthesis method was used to biosynthesis of ZnO NPs using VA-extract. The 

results of nanoparticle biosynthesis were confirmed by EDX, XRD and SEM 

methods. Real-time PCR was used to evaluate the expression of MMP-2, MMP-

9 and IL-1β genes. ELISA method was used to measure the values of MMP-2 

and MMP-9. 

Results: The results of MTT test showed that all three compounds of VA-

extract, ZnO NPs and VA-extract attached to ZnO NPs caused cell death in both 

cell lines. The results of our study based on one-way analysis of variance 

(ANOVA) showed that in all three groups including VA-extract, ZnO NPs and 

VA-extract attached to ZnO NPs, the expression of MMP-2, MMP-9 and IL-1β 

genes in AGS cell line reduced compared to the control group (p<0.001). In 

AGS cell line, 30 µg/ml dose of VA-extract attached to ZnO NPs was more 

effective compared to other groups (p<0.001). In MKN-45 cell line, the 

expression of MMP-2, MMP-9 and IL-1β genes reduced in the VA-extract and 

VA-extract attached to ZnO NPs groups compared to the control group 



 

 

(p<0.001), while the expression of MMP-2, MMP-9 and IL-1β genes increased 

in different doses of ZnO NPs compared to the control group (p<0.001).  

Conclusion: Our results showed that VA-extract and VA-extract attached to 

ZnO NPs reduced cell viability and expression of MMP-2, MMP-9 and IL-1β 

genes in both AGS and MKN-45 cell lines. However, VA-extract attached to 

ZnO NPs significantly reduced expression of all three genes. 
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