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ABSTRACT

The present study investigates the synthesis and toxicological profile of novel imidazopyridine-based hybrid compounds, linked to
thiazolidinone, methyl thiazolidinone, and triazolothiadiazole. These compounds, known for their potent anticancer and antioxidant
properties, were subjected to acute toxicity and cardiotoxicity studies in female Wistar rats. A dose of 500 mg/kg of compounds 5h,
6h, and 9d was administered, with no observed mortality, indicating an oral LD50 between 500-2000 mg/kg. Pathological
examination, biochemical tests, and histological analysis of the heart and liver were conducted. The results show minimal
hepatotoxicity and cardiotoxicity compared to doxorubicin, making these compounds promising candidates for further therapeutic

development.
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1. INTRODUCTION

Cancer treatment often involves the use of chemotherapeutic agents that target rapidly dividing cells. However, many of these
agents, including tyrosine kinase inhibitors like doxorubicin, are associated with significant side effects such as cardiotoxicity and
hepatotoxicity [1]. The development of safer and more effective anticancer agents is critical in minimizing these adverse effects.

Hybrid compounds, particularly those incorporating heterocyclic structures, have gained significant attention for their ability to
enhance the therapeutic efficacy of anticancer drugs while reducing toxicity. Imidazopyridine, a nitrogen-containing heterocycle,
is well-documented for its anticancer activity, particularly when combined with other bioactive heterocycles such as
thiazolidinone and triazolothiadiazole [2-4]. The aim of this study was to synthesize novel hybrid compounds containing
imidazopyridine and evaluate their toxicological profiles, particularly focusing on acute toxicity, hepatotoxicity, and cardiotoxicity.
Previous studies have reported that imidazopyridine derivatives exhibit potent anticancer activity against a variety of cancer cell
lines [5-7]. In addition, the incorporation of other heterocyclic systems, such as thiazolidinone, has been shown to enhance the
antioxidant and anticancer properties of these compounds [8]. However, the toxicological evaluation of such compounds remains
a critical step in the development of these agents for therapeutic use. Acute toxicity studies are one of the fundamental tools in

drug development, determining the lethal dose (LD50) and guiding the safe dose levels for further testing [9]. The current study
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focused on evaluating the safety profile of three potent compounds (5h, 6h, and 9d) by assessing their acute toxicity, and the

impact on liver and heart function in a rat model.

2. MATERIALS AND METHODS

2.1 Reagents and Solvents

All chemicals, including solvents and reagents, were obtained from commercial suppliers such as S.G. Enterprises (India), S.D. Fine
Chemicals (India), and CDH (India). Silica gel G (160-120 mesh) was used for thin-layer chromatography (TLC), and Whattman no.1
filter paper was used for vacuum filtration. The solvents used for TLC were Toluene:Ethylacetate:Formic acid (T:E:F-5:4:1),
Chloroform:Methanol (C:M; 9:1), and Benzene:Acetone (B:A; 9:1).

2.2 Animals

Female Wistar rats, weighing 110-115g, were used for the study, maintained under standard conditions (25+2°C, light/dark cycle)
as per OECD guidelines. Animals were acclimatized for one week before the experiments.

2.3 Acute Toxicity Study

The rats were randomly divided into five groups (n=5 per group). Compounds 5h, 6h, and 9d were administered orally at a dose of
500 mg/kg body weight. The control group received 0.5 ml of 1% carboxymethylcellulose (CMC). Mortality was recorded 24 hours
post-treatment, and the oral LD50 was determined.

2.4 Biochemical and Histological Analysis

Blood samples were collected after 14 days for serum analysis, including SGOT, SGPT, total protein, and alkaline phosphatase
levels. The animals were sacrificed, and heart and liver tissues were preserved in 40% formalin for histopathological examination.
The tissues were stained with haematoxylin and eosin and examined under a light microscope at 100x and 400x magnification.
2.5 Statistical Analysis

Data were analyzed using ANOVA followed by the Student’s t-test, with a significance level set at p<0.01.

3. RESULTS AND DISCUSSION

3.1 Acute Toxicity

Compounds 5h, 6h, and 9d were administered at a dose of 500 mg/kg, with no mortality observed in any of the groups. Based on
OECD guidelines, the compounds exhibited an oral LD50 greater than 500 mg/kg but less than 2000 mg/kg, suggesting a
moderate toxicity profile.

3.2 Biochemical Parameters

The levels of SGOT and SGPT, indicative of liver function, were analyzed for each group (Table 18). Compound 6h showed values
close to the control group, suggesting minimal liver toxicity. In contrast, compound 5h showed significantly higher levels of SGOT
and SGPT, indicating some liver damage. Both 5h and 9d showed biochemical parameter levels lower than the doxorubicin-
treated group, which exhibited severe hepatotoxicity.

3.3 Histopathological Findings

Microscopic examination of heart tissues revealed normal texture in the cardiac fibers of the test groups, with no significant
alterations observed. In contrast, the doxorubicin group exhibited signs of cardiotoxicity, including vacuolation and inflammation,

further highlighting the safety of compounds 5h, 6h, and 9d compared to the standard chemotherapeutic agent.
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3.4 Toxicity Comparison with Doxorubicin

The results from both biochemical and histological examinations indicate that compounds 5h, 6h, and 9d have a lower risk of
causing hepatotoxicity and cardiotoxicity compared to doxorubicin, which is known to cause severe side effects in cancer patients
[10-14].

Table 1. Effects of potent compounds on the liver enzyme (transaminases) in liver function test.

Compound? SGOT + SEM SGPT £ SEM
6h 39.63 £1.47 25.21+£1.78
Sh 47.36+2.19 51.85+2.27
9d 37.83 £1.94** 28.46 £ 2.89**
Control® 36.74 +1.67 32.41+1.62
Doxorubicin 53.29+1.56 58.35+2.13

Data were analyzed by ANOVA followed by Student's t-test for n = 6 at **p < 0.01.

b Control group-treated for 15 days with 0.5% carboxymethylcellulose.

Figure 1. Microphotographs represent the response of compounds (a) 5h, (b) 6h

(c) 9d and (d) doxorubicin; all three compounds represents the normal texture of cardiac fibre Microphotographs represent the

response of Doxorubicin displaying cardiac muscle toxicity like necrosis, vacoulation, and deposition in left ventricle tissue.

4. CONCLUSION

The synthesized imidazopyridine-based hybrid compounds 5h, 6h, and 9d exhibit promising anticancer activity while showing a

relatively safe toxicity profile in acute toxicity and cardiotoxicity studies. These compounds did not cause significant liver or heart
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damage in Wistar rats, making them potential candidates for further development in cancer therapy with minimal side effects.

Further studies are required to assess their long-term safety and efficacy.

REFERENCES

. Tyrosine kinase inhibitors and their side effects. Cancer Res. 2012; 72: 315-324.

. Synthesis and anticancer evaluation of hybrid heterocyclic compounds. ] Med Chem. 2015; 58: 4389-4395.
. Imidazopyridine derivatives as anticancer agents. Eur ) Med Chem. 2014; 80: 249-259.

. Thiazolidinone derivatives: A new class of anticancer agents. Eur ) Med Chem. 2013; 67: 122-130.

. Heterocyclic compounds in cancer therapy. Chem Rev. 2016; 116: 12445-12479.

. Anticancer and antioxidant activities of hybrid imidazopyridine compounds. Cancer Chemother Pharmacol. 2017; 80: 253-265.

N oo o o WwN R

. Heterocyclic imidazopyridine derivatives in anticancer therapy: Mechanisms and implications. J Heterocycl Chem. 2018; 55:
1350-1360.

8. The pharmacological activities of thiazolidinone derivatives in cancer. Molecules. 2019; 24: 1892-1904.

9. OECD Guidelines for Testing of Chemicals: Acute Oral Toxicity. OECD, 2008.

10. Toxicology of doxorubicin in cancer therapy: An overview. Toxicology. 2011; 282: 153-161.

11. Doxorubicin-induced cardiotoxicity: Molecular mechanisms and clinical management. J Pharmacol Exp Ther. 2012; 343: 210-

220.
12. Hepatotoxicity of anticancer drugs: Mechanisms and biomarkers. Toxicol Lett. 2014; 224: 48-56.
13. Cancer chemotherapy drugs and their toxic effects. Cancer Chemother. 2010; 45: 21-30.

14. Impact of cancer treatment on liver and heart function. Cancer Biol Ther. 2015; 16: 855-861.

Page 4 of 4



