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Chapter 7

7. CONCLUSION

This research systematically and comprehensively investigated the hepatotoxic potential of
chloramphenicol, a broad-spectrum antibiotic, with a specific focus on mitochondrial
dysfunction as a central mechanistic driver. The study was designed to bridge a crucial
knowledge gap in the understanding of drug-induced liver injury (DILI) by combining
mechanistic insights with potential therapeutic intervention strategies. Utilizing both in-vitro
(galactose-adapted HepG2 cells) and in-vivo (Wistar rat) models, the experimental
framework enabled a multidimensional evaluation of chloramphenicol’s toxicodynamics and the
subsequent ameliorative effects exerted by two potent natural antioxidantsAstaxanthin and
Quercetin.

At the core of this investigation was the hypothesis that chloramphenicol induces
mitochondrial dysfunction, leading to hepatocellular injury, and that antioxidant therapy can
mitigate these effects by preserving mitochondrial integrity and redox balance. The key
outcomes of this study strongly validate this hypothesis:

e Mitochondrial Toxicity by Chloramphenicol: Exposure to chloramphenicol caused a
pronounced reduction in intracellular ATP levels, indicating compromised oxidative
phosphorylation. This was accompanied by a substantial increase in reactive oxygen
species (ROS), reflective of oxidative stress and mitochondrial distress. Moreover, the
dysregulation of critical mitochondrial genessuch as TFAM, SURF1, SOD2, NRF1,
and UCP2further confirmed the drug's interference with mitochondrial biogenesis,
oxidative defense, and electron transport processes.

e In-Vivo Confirmation of Oxidative Stress: The Wistar rat model offered valuable
translational validation. Biochemical assays demonstrated that chloramphenicol
significantly depleted hepatic glutathione (GSH) levels, a key antioxidant defense
molecule, while simultaneously increasing nitric oxide (NO) concentrations, a known
marker of nitrosative stress. These changes mirrored the mitochondrial and oxidative
imbalances observed in the cellular model, affirming the clinical relevance of the in-vitro
findings.

e Protective Role of Antioxidants: Administration of Astaxanthin and

Quercetinindividuallyresulted in considerable protection against chloramphenicol-
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induced hepatic injury. Both agents effectively restored ATP content, reduced ROS,
and normalized mitochondrial gene expression profiles. Notably, Quercetin
displayed a marginally superior effect in replenishing GSH levels, potentially owing to
its known capacity to modulate glutathione metabolism and enhance phase II antioxidant
enzymes. Astaxanthin, on the other hand, showed stronger efficacy in mitochondrial
membrane protection and ROS scavenging, indicating complementary modes of action.
Collectively, these findings reinforce the growing body of evidence supporting the role of
mitochondrial dysfunction in DILI and highlight the therapeutic promise of antioxidant co-
treatment as a viable intervention strategy. More importantly, the dual-model experimental
design establishes a scalable and reproducible platform for future screening of mitochondrial
toxicants and protective agents.
This study also contributes to methodological advancements by employing galactose-adapted
HepG2 cells, a model that forces mitochondrial reliance for ATP production. This enhancement
in experimental design allowed for a more accurate simulation of mitochondrial injury
mechanisms, which are often underrepresented in traditional glucose-based cultures. The
success in correlating these in-vitro observations with in-vivo endpoints further strengthens the
translational bridge necessary for advancing preclinical hepatotoxicity models.
Scientific Contributions and Significance
The research presented in this thesis offers several key contributions to the field of toxicology
and liver pharmacology:

1. Mechanistic Clarity: It identifies mitochondrial translation inhibition, oxidative
phosphorylation disruption, and redox imbalance as central mechanisms through which
chloramphenicol exerts its hepatotoxicity.

2. Therapeutic Implications: The study demonstrates that naturally derived antioxidants
can be effectively used to mitigate such toxicity, opening avenues for adjunctive
therapy in settings where essential antibiotics carry hepatotoxic risks.

3. Model Innovation: The use of galactose-adapted cells in conjunction with in-vivo
validation offers a novel paradigm for early safety evaluation in drug development
pipelines.

4. Regulatory Relevance: This work underscores the need to include mitochondrial
toxicity assessments in regulatory safety frameworks, particularly for antibiotics and

other high-risk drug classes.
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Future Perspectives

While the present study establishes a strong foundation, certain refinements and extensions are

warranted to enhance clinical translation and mechanistic depth:

Histopathological Correlation: Incorporating liver histology (e.g., H&E staining,
electron microscopy) would enable visual confirmation of cellular and subcellular
damage, complementing biochemical assessments.

Long-term Exposure Models: Future studies should consider chronic exposure settings
to assess cumulative mitochondrial damage and antioxidant efficacy over time.
Pharmacokinetic Interaction Studies: Investigation into how Astaxanthin and
Quercetin affect the pharmacokinetics of chloramphenicol (e.g., metabolism,
distribution) would help rule out potential herb-drug interactions.

Gene Silencing and Overexpression Studies: Targeted knockdown or overexpression
of key mitochondrial genes (e.g., TFAM, UCP2) could further delineate the protective
mechanisms at the molecular level.

Exploration of Additional Biomarkers: Incorporation of novel mitochondrial
biomarkers such as GLDH, mtDNA copy number, and circulating microRNAs (e.g.,
miR-122) could improve sensitivity and specificity in detecting early mitochondrial
damage.

Mitochondrial Dynamics and Quality Control: Further research into how
chloramphenicol influences mitochondrial fusion, fission, and mitophagy pathways
would offer a broader mechanistic framework.

Clinical Validation: Pilot clinical studies or retrospective data analyses could explore
correlations between chloramphenicol use and mitochondrial biomarkers in patients,

strengthening translational impact.

Final Remarks

In conclusion, this thesis not only delineates the mitochondrial-centric hepatotoxic profile of

chloramphenicol but also provides robust experimental evidence supporting the therapeutic

utility of Astaxanthin and Quercetin as mitochondria-targeted hepatoprotective agents. By

addressing a critical gap in current toxicological evaluations, this work enhances our

understanding of DILI mechanisms and proposes a rational, low-risk strategy to mitigate liver

injury without compromising the therapeutic utility of essential antibiotics.
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