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Abstract

Bitter apple (Citrullus colocynthis) is a desert plant of high medicinal value, traditionally used to treat diabetes,
inflammation, and skin diseases. In the last decade, research has focused on cucurbitacins, particularly cucurbitacin
E (CuE), which has demonstrated promising efficacy against multidrug-resistant (MDR) cancer cells.

This review aims to compile and analyze published studies regarding the molecular mechanisms underlying the
anticancer activity of Citrullus colocynthis compounds, examine sustainable laboratory production strategies (tissue
culture, hairy roots, and elicitors), provide a critical appraisal of the methodologies used, and identify research gaps
to be addressed in the future.

Databases (PubMed, Scopus, and Google Scholar) were searched using the keywords: Citrullus colocynthis,
cucurbitacin, anticancer, multidrug resistance, hairy root culture, and molecular docking. A total of 87 original
research and review studies published between 2000 and 2026 were included.

Studies have shown that CuE inhibits cancer cells through several mechanisms: (1) inhibition of the JAK/STAT3
pathway, (2) induction of apoptosis via caspase activation, (3) inhibition of autophagy in certain cellular phenotypes,
and (4) modulation of multidrug resistance transporters such as ABCB1 and ABCBS5. Furthermore, plant tissue
culture techniques (particularly hairy root cultures) have proven successful in producing CuE in commercial
quantities, where elicitors (such as methyl jasmonate) achieved up to an 8.6-fold increase compared to control
conditions.

Citrullus colocynthis possesses immense pharmacological potential in the field of resistant tumors; however, studies
remain limited at the animal and clinical levels. This review recommends standardizing extraction protocols,
conducting in silico studies to optimize CuE efficacy, and scaling laboratory production techniques up to industrial
bioreactors.
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