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Effects of Honey Feeding on Ethanol Tolerance and Immune- and
Antioxidant-related Gene Expression in Drosophila melanogaster

JooHeon Cha' and Young Ho Kim'2*

'Department of Vector Entomology, Kyungpook National University, Sangju 37224, Republic of Korea
ZDepartment of Ecological Science, Kyungpook National University, Sangju 37224, Republic of Korea

m Honey is a representative apicultural product known for its antioxidant, detoxifying, and immuno-
modulatory properties. However, the molecular mechanisms underlying the effects of honey feed-
ing on chemical stress tolerance in insects have not been fully elucidated. This study investigated
the effects of honey feeding on ethanol-induced chemical stress tolerance and related gene
expression in Drosophila melanogaster. Adult female flies were reared throughout their lifespan
on an artificial diet supplemented with honey and subsequently exposed to various concentrations
of ethanol vapor to compare time-dependent survival rates. In addition, expression levels of genes
associated with alcohol metabolism (Adh, Aldh), antioxidant responses (SOD1, SOD2, CAT, Trxr1,
GstD2, GstD5), and antimicrobial peptides (OptA, DptB, AttC, Mtk) were analyzed by quantitative
real-time PCR (qRT-PCR] in surviving flies following ethanol exposure. Honey-fed flies exhibited
overall higher ethanol tolerance compared with the control group, particularly showing significantly
improved survival during the early phase of exposure under moderate to high ethanol con-
centrations. Gene expression analysis revealed that alcohol metabolism-related genes were not
upregulated in the honey-fed group. In contrast, antimicrobial peptide genes were significantly
upregulated prior to ethanol exposure. Antioxidant-related genes showed a marked increase at
later time points in the control group, whereas honey-fed flies maintained relatively lower and more
stable expression levels. These findings suggest that honey feeding enhances chemical stress
tolerance not through increased activation of alcohol-metabolizing enzymes, but rather through
pre-activation of immune responses and mitigation of oxidative stress. This study provides
molecular evidence supporting the functional physiological effects of honey in insects.
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Fig. 1. Comparison of survival rates of Drosophila melanogaster reared on a diet containing honey and exposed to various concentrations
of ethanol (5~30%). Survival rates were monitored for 8 h after ethanol exposure. Statistical analysis was performed using a GLM repeated-
measures ANOVA (p <0.05). Data are presented as mean + SE.
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Fig. 2. Expression patterns of genes involved in alcohol metabolism in Drosophila melanogaster reared on an artificial diet containing honey
after exposure to 25% ethanol: (A) alcohol dehydrogenase and (B) aldehyde dehydrogenase. Gene expression levels were normalized to RPLIS.
Statistical analysis was performed using a GLM repeated-measures ANOVA (p <0.05). Data are presented as mean + SE.
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Fig. 3. Expression patterns of genes involved in antioxidant responses in Drosophila melanogaster reared on an artificial diet containing honey
after exposure to 25% ethanol: (A) superoxide dismutase 1, (B) superoxide dismutase 2, (C) glutathione S-transferase D2, (D) glutathione
S-transferase D5, (E) catalase, and (F) thioredoxin reductase 1. Gene expression levels were normalized to RPLI8. Statistical analysis was per-
formed using a GLM repeated-measures ANOVA (p <0.05). Data are presented as mean + SE.
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Fig. 4. Expression patterns of genes encoding antimicrobial peptides in Drosophila melanogaster reared on an artificial diet containing honey
after exposure to 25% ethanol: (A) diptericin A, (B) diptericin B, (C) attacin C, and (D) metchnikowin. Gene expression levels were normalized
to RPLI8. Statistical analysis was performed using a GLM repeated-measures ANOVA (p <0.05). Data are presented as mean + SE.
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