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ABSTRACT
This study evaluated the antioxidant and anticancer activities of both crude and

fractionated (aqueous and ethyl acetate) extracts derived from black peel pomegranate
fruits of three Iranian cultivars: Yazd, Saveh, and Esfahan. Extracts were obtained
through sonication in a hydroalcoholic solvent, followed by liquid—liquid partitioning.
Antioxidant capacity was assessed using the ABTS assay, while cytotoxic effects were
measured via the MTT assay in two human breast cancer cell lines (MCF-7 and MDA -
MB-231), along with normal HUVEC cells to assess selectivity. The ethyl acetate
fraction of the Yazdi cultivar exhibited the highest antioxidant activity, achieving over
90% inhibition of ABTS® radicals. It also induced significant, dose-dependent
cytotoxicity in both cancer cell lines, with negligible effects on normal cells, indicating
promising selectivity. To explore the mechanism of action, qRT-PCR was used to
evaluate the expression of pro-apoptotic genes. Treatment with the Yazdi extract resulted
in a substantial upregulation of BAX (12-fold) and TP53 (13-fold), suggesting activation
of the intrinsic apoptotic pathway. The notable bioactivity observed in the Yazdi extract
may be attributed to its rich phytochemical profile, potentially enhanced by the region’s
arid climate, which is known to promote the biosynthesis of secondary metabolites.
These findings highlight the potential of black peel pomegranate, particularly the Yazdi
cultivar, as a natural, safe, and effective candidate for adjunctive breast cancer therapy.
Additionally, the valorization of agricultural byproducts such as pomegranate peel
represents a sustainable and cost-effective strategy in natural product-based drug
discovery.
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Target Gene Forward Primer(5'—3") Reverse Primer(5'—3")
BAX TTTGCTTCAGGGTTTCATCC CAGTTGAAGTTGCCGTCAGA
TP53 CAGCACATGACGGAGGTTGT TCATCCAAATACTCCACACGC
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC
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Table 2. Relative expression levels of BAX and TP53 genes in cell lines treated with the ethyl acetate extract of the Yazdi
pomegranate cultivar compared to the control group, calculated using the 2042C) method. A significant increase in gene
expression was observed in MCF-7 and MDA-MB-231 cancer cell lines, while only slight changes were detected in the

normal HUVEC cells.
Cell Line Gene Fold Change (vs. control)
MCF-7 BAX 9.85
TP53 11.31
MDA-MB-231 BAX 12.13
TP53 13.00
HUVEC (normal) BAX 1.15

TP53 1.12
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