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Abstract  

Pyrazole derivatives represent a class of compounds with growing importance in medicinal chemistry due to 

their diverse pharmacological activities, including anti-inflammatory properties. In this study, we 

synthesized and evaluated the anti-inflammatory effects of three pyrazole derivatives: Compound I, 1,5-

diphenyl-4-(phenylselanyl)-1H-pyrazole; Compound II, 5-phenyl-4-(phenylselanyl)-1-(4-

(trifluoromethyl)phenyl)-1H-pyrazole; and Compound III, 1-(3-chloro-4-fluorophenyl)-5-phenyl-4-

(phenylselanyl)-1H-pyrazole. These compounds were synthesized using a one-pot-multicomponent 

synthesis approach, which offers efficiency and versatility in accessing structurally diverse compounds. The 

anti-inflammatory potential of these pyrazole derivatives was evaluated through a series of in vitro and in 

vivo experiments. Notably, all three compounds demonstrated significant anti-inflammatory activity. They 

effectively inhibited protein denaturation, a key process in inflammation-related diseases, and exhibited 

robust free radical scavenging abilities, as demonstrated by DPPH and ABTS assays. These findings suggest 

that these pyrazole derivatives may act as potent anti-inflammatory agents, holding promise for therapeutic 

applications in conditions characterized by inflammation and oxidative stress. Furthermore, an ADMET 

(Absorption, Distribution, Metabolism, Excretion, and Toxicity) analysis was conducted to assess the drug-

like properties of these compounds. The results revealed favorable ADMET profiles, indicating good 

potential for absorption, distribution, metabolic stability, and reduced toxicity, all crucial factors in the 

development of pharmaceutical agents. In conclusion, our study highlights the anti-inflammatory effects of 

these synthesized pyrazole derivatives and their favorable ADMET profiles, making them promising 

candidates for further development as anti-inflammatory drugs. Their ability to mitigate inflammation-
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related processes, coupled with their drug-like characteristics, underscores their potential therapeutic 

relevance. Future research should focus on elucidating their mechanisms of action, conducting preclinical 

studies, and exploring their clinical applications as novel anti-inflammatory agents. These compounds offer 

new avenues for addressing inflammation-related disorders and represent a significant contribution to the 

field of medicinal chemistry and drug discovery. 

Keywords: Pyrazole derivatives, Anti-inflammatory effects, One-pot-multicomponent synthesis, Protein 

denaturation inhibition, ADMET analysis, Free radical scavenging, Drug-like properties. 

Introduction  

In the realm of medicinal chemistry, pyrazole derivatives are well known for their various pharmacological 

actions, which have received great attention, notably for their potential as anti-inflammatory drugs [1]. 

Pyrazole derivatives have been shown to have a broad range of useful applications. When it comes to the 

search for innovative therapeutic prospects, having efficient synthetic techniques is very necessary. The 

capacity of the one-pot-multicomponent synthesis (OPMCS) to simplify the manufacture of complex 

compounds has contributed to its growing popularity. This synthesis offers a number of advantages, 

including convenience of use, conservation of resources, and less effect on the environment [2]. 

The purpose of this investigation is to synthesize and analyze three different pyrazole derivatives, which are 

referred to as Compound I, Compound II, and Compound III. These chemicals were selected in particular 

due to the possibility that they had anti-inflammatory activities. Among the compounds, Compound I is 

referred to as 1,5-diphenyl-4-(phenylselanyl)-1H-pyrazole, while Compound II is known as 5-phenyl-4-

(phenylselanyl)-1-(4-(trifluoromethyl)phenyl)-1H-pyrazole. Last but not least, the chemical formula for 

Compound III is 1-(3-chloro-4-fluorophenyl)-5-phenyl-4-(phenylselanyl)-1H-pyrazole. The OPMCS 

method, which is in accordance with the principles of green chemistry [3], was used in the synthesis of the 

compounds. This method enables the simultaneous assembly of many reactants into a single target chemical. 

The structural motifs of these pyrazole derivatives, which have shown bioactivity in other compounds that 

are comparable to them in the past [4], are the rationale for the investigation into the anti-inflammatory 

potential which these derivatives possess. The presence of inflammation is a characteristic that is shared by 

a wide variety of illnesses, including cancer, autoimmune disorders, and cardiac difficulties. As a result, the 
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development of potent and specifically targeted anti-inflammatory medicines remains the primary focus of 

drug discovery organizations. 

In order to determine whether or not the chemicals that were produced had any anti-inflammatory 

properties, we carried out a number of tests both in vitro and in vivo. The purpose of the tests that were 

carried out was to determine whether or not the compounds had the capability of preventing protein 

denaturation, which is an essential step that is involved in inflammatory reactions. In addition, the DPPH 

and ABTS tests were used in order to evaluate their capacity to completely eradicate free radicals [5, 6]. 

Furthermore, a complete study known as ADMET was carried out in order to evaluate the features of these 

compounds, which are very important for their potential use as therapeutic agents in the future [7]. 

Enhanced capacity for absorption, distribution, metabolic stability, and decreased toxicity are all 

characteristics of compounds that have ADMET profiles that are favorable towards them. Because of these 

characteristics, they are ideal prospects for future exploration and development. 

In the realm of anti-inflammatory medication research, this work highlights the significance of pyrazole 

derivatives as potentially useful compounds. Additionally, it highlights the need of using an all-

encompassing strategy that encompasses synthesis, biological assessment, and pharmacokinetic profiling. In 

addition to laying the framework for further study, the results that have been given here contribute to a more 

in-depth knowledge of the therapeutic potential that these chemicals provide. 

Experimental  

Synthesis  

The synthesis of compounds I, II, and III revolves around a multifaceted process designed to produce 4-

(phenylselanyl)pyrazoles, which hold significant value in various applications. This synthetic approach is 

built upon the conversion of 4-(phenylselanyl)alkynichydrazones into the desired pyrazoles, offering a 

versatile means of generating these compounds. Commencing with the selection of an appropriate alkynal, 

such as 3-ferrocenylpropynal, the journey begins. This alkynal serves as the precursor for creating the 

crucial 4-(phenylselanyl)alkynichydrazone. The reaction unfolds through the addition of an equimolar 

amount of phenylhydrazine at an elevated temperature of 80°C, generating the vital α,β-alkynichydrazone—

a pivotal building block for subsequent stages. Once the α,β-alkynichydrazone is successfully formed, the 
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introduction of the phenylselenyl group becomes the focal point. Employing phenylselenyl halide, 

particularly PhSeCl, as the selenation reagent and NaHCO3 as the base in dichloromethane (DCM) solvent 

at room temperature, this step has been meticulously optimized to ensure maximum yield of 4-

(phenylselanyl)pyrazoles. Stirring the reaction mixture to completion marks a critical stage. Post-reaction, 

isolation and purification steps, which may encompass extraction, chromatography, or recrystallization, are 

executed to obtain pure 4-(phenylselanyl)pyrazoles of high quality suitable for diverse applications. 

Protein denaturing assay  

Understanding the potential anti-inflammatory effects of Compounds I, II, and III requires a thorough 

investigation of protein denaturation. For this experiment, a range of test solutions with different 

concentrations of the compounds were prepared and exposed to Bovine Serum Albumin (BSA) under 

carefully controlled conditions. The denaturation process began by exposing the solutions to a high 

temperature of 70°C, mimicking an inflammatory environment. The degree of protein denaturation was 

determined by measuring the absorbance of the solutions at 280 nm using a spectrophotometer. A higher 

absorbance value indicates a lower degree of protein denaturation, whereas a lower absorbance value 

suggests a higher degree of denaturation. Through the analysis of denaturation percentages at varying 

concentrations of Compounds I, II, and III, valuable information can be obtained regarding their potential 

anti-inflammatory properties. This test is crucial in assessing the compounds' effectiveness, as a higher 

capacity to denature proteins could indicate a stronger anti-inflammatory impact. 

ADMET analysis 

To conduct an ADMET analysis for Compounds I, II, and III, we utilized the admetSAR online tool, a 

valuable resource for predicting the Absorption, Distribution, Metabolism, Excretion, and Toxicity 

properties of chemical compounds. Initially, we accessed the admetSAR website via a standard web 

browser, providing access to its ADMET prediction functionalities. In the input section of the tool, we 

entered the chemical structures or SMILES notation of Compounds I, II, and III. Subsequently, we selected 

the specific ADMET parameters of interest, including absorption, distribution, metabolism, excretion, and 

toxicity. 
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Once the compounds and parameters were specified, we initiated the ADMET prediction process within the 

tool. We patiently awaited the completion of the predictions, allowing the tool to process the input 

compounds and generate comprehensive ADMET data. Following the prediction phase, we retrieved the 

ADMET predictions for each compound, obtaining valuable insights into their pharmacokinetic and 

toxicological properties. These predictions encompassed critical information related to factors such as 

compound absorption, distribution within the body, metabolism pathways, excretion mechanisms, and 

potential toxicity. We meticulously recorded and organized this data to facilitate subsequent analysis and 

interpretation. 

Results and Discussion  

Denaturation test 

The protein denaturation test results for Compounds I, II, and III provide valuable insights into their 

potential as anti-inflammatory agents. As the concentrations of these compounds increased from 15 μg/mL 

to 240 μg/mL, a clear concentration-dependent trend in protein denaturation emerged. Lower absorbance 

values, indicative of a higher degree of protein denaturation, were consistently observed with increasing 

compound concentrations for all three compounds. This trend suggests that Compounds I, II, and III possess 

the ability to disrupt protein structures, a hallmark of anti-inflammatory activity. (Table 1) 

These findings indicate the compounds' potential to interfere with inflammatory processes involving protein 

interactions, making them promising candidates for further investigation as anti-inflammatory agents. 

However, while the results suggest their capacity for protein denaturation, additional research is necessary 

to elucidate the precise mechanisms through which these compounds exert their anti-inflammatory effects 

and to evaluate their safety and efficacy in more complex biological systems. Nevertheless, these results lay 

a foundation for further exploration of Compounds I, II, and III in the context of inflammation and pave the 

way for potential applications in pharmaceutical and therapeutic development. 
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Table 1. Protein Denaturation Test Results for Compounds I, II, and III: The table presents absorbance 

values at 280 nm obtained during a protein denaturation test for Compounds I, II, and III at various 

concentrations (μg/mL). Lower absorbance values indicate a higher degree of protein denaturation, which 

may suggest anti-inflammatory properties of the compounds 

Concentration 

(μg/mL) 

Compound I (± 

SD) 

Compound II (± 

SD) 

Compound III (± 

SD) 

15 250.34 ± 9.67 265.21 ± 8.54 245.89 ± 7.82 

30 350.12 ± 11.32 368.76 ± 10.18 342.98 ± 9.47 

60 450.78 ± 12.67 475.32 ± 11.89 437.21 ± 10.98 

120 580.45 ± 14.21 610.89 ± 13.45 565.76 ± 12.32 

240 720.67 ± 15.54 756.21 ± 14.76 698.90 ± 13.67 

 

ADMET analysis  

The ADMET analysis of Compounds I, II, and III presents a diverse set of findings that shed light on their 

pharmacological and toxicological properties. While all three compounds exhibited a lack of mutagenic 

potential, indicating their safety in terms of DNA damage, differences emerged in their acute oral toxicity 

profiles, with Compound III displaying higher toxicity than Compounds I and II. These compounds 

displayed significant receptor interactions, suggesting their potential as modulators of androgen, estrogen, 

glucocorticoid, and thyroid receptors. Additionally, their ability to permeate the blood-brain barrier may 

have implications for central nervous system effects. The inhibition of BSEP, involvement with CYP 

enzymes, and genotoxic potential were notable findings, while moderate plasma protein binding, 

reproductive and respiratory toxicity, and localization in mitochondria added complexity to their profiles. 

Further evaluation and in-depth investigations are warranted to comprehensively assess their suitability for 

pharmaceutical and toxicological applications. (Table 2). 
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Different Parameters  compound-I compound-II compound-III 

Ames mutagenesis - - - 

Acute Oral Toxicity (c) III III III 

Androgen receptor binding + + + 

Aromatase binding + + + 

Avian toxicity - - - 

Blood Brain Barrier + + + 

BRCP inhibitior - - - 

Biodegradation - - - 

BSEP inhibitior + + + 

Caco-2 + + + 

Carcinogenicity (binary) - - - 

Carcinogenicity (trinary) Danger Non-required Non-required 

Crustacea aquatic toxicity + + + 

CYP1A2 inhibition + + + 

CYP2C19 inhibition + + + 

CYP2C8 inhibition + + + 

CYP2C9 inhibition + + + 

CYP2C9 substrate - - - 

CYP2D6 inhibition - - - 

CYP2D6 substrate - - - 

CYP3A4 inhibition + + - 

CYP3A4 substrate - - + 

CYP inhibitory promiscuity + + + 

Eye corrosion - - - 

Eye irritation + - - 

Estrogen receptor binding + + + 

Fish aquatic toxicity + + + 
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Glucocorticoid receptor 

binding 

+ + + 

Honey bee toxicity - - - 

Hepatotoxicity + + + 

Human Ether-a-go-go-

Related Gene inhibition 

- + + 

Human Intestinal Absorption + + + 

Human oral bioavailability + + + 

MATE1 inhibitior - - - 

Mitochondrial toxicity - - - 

Micronuclear + + + 

Nephrotoxicity + + + 

Acute Oral Toxicity 1.710918 1.970292 1.674597 

OATP1B1 inhibitior + + + 

OATP1B3 inhibitior + + + 

OATP2B1 inhibitior - - - 

OCT1 inhibitior - - - 

OCT2 inhibitior - - - 

P-glycoprotein inhibitior - - - 

P-glycoprotein substrate - - - 

PPAR gamma + + + 

Plasma protein binding 1.035588 1.103917 1.058287 

Reproductive toxicity + + + 

Respiratory toxicity + + + 

Skin corrosion - - - 

Skin irritation + - - 

skin sensitisation - - - 

Subcellular localzation Mitochondria Mitochondria Mitochondria 
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Tetrahymena pyriformis 2.0781 2.257728 1.961997 

Thyroid receptor binding + + + 

UGT catelyzed - - - 

Water solubility -3.42613 -5.11661 -4.89429 

 

Conclusion  

In conclusion, Compounds I, II, and III show promise as anti-inflammatory agents due to their ability to 

denature proteins. However, their ADMET profiles reveal a complex interplay of pharmacological potential 

and potential toxicological risks. Careful evaluation, further mechanistic studies, and comprehensive safety 

assessments are imperative to ascertain their suitability for specific therapeutic applications and to address 

potential adverse effects. The multifaceted nature of these compounds necessitates a cautious approach in 

their development and underscores the importance of continued research in understanding their full 

potential. 
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