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Abstract. Background: Oxidative stress, caused by an imbalance between free 
radical production and antioxidant defenses, contributes to various diseases, 

including cancer, cardiovascular disorders, and neurodegenerative conditions. 
Antioxidants mitigate these effects by neutralizing free radicals, preventing cellular 

damage. The DPPH assay is a widely used method for evaluating antioxidant activity, 

measuring the ability of compounds to reduce the stable DPPH radical and decrease 
absorbance at 517 nm. Calix[4]pyrrole, Resorcin[4]arene, and Pyrogallol[4]arene 

derivatives are macrocyclic compounds with structural features that influence their 
antioxidant properties. objective: This study aims to assess the antioxidant activity 

of Calix[4]pyrrole derivatives, Resorcin[4]arene derivatives, and Pyrogallol[4]arene 
derivatives using the DPPH radical scavenging assay to determine their potential for 

biomedical applications.Material and Methods: The DPPH assay was conducted by 

preparing a 0.4 mg/mL DPPH solution and measuring the reduction in absorbance 
at 517 nm after interaction with the tested compounds. The scavenging activity (%) 

was calculated using the standard equation.Results: : Pyrogallol[4]arene derivative 
(Cpd5) exhibited the highest antioxidant activity (65.81% ± 0.12), followed by 

Resorcin[4]arene derivative (Cpd4) with 59.79% ± 0.25. In contrast, Calix[4]pyrrole 

derivatives displayed lower antioxidant activity, with Cpd1 and Cpd6 showing the 
least efficiency at 7.38% ± 0.09 and 5.76% ± 0.09, respectively.Conclusion:The 

findings suggest that the antioxidant activity is significantly influenced by the 
presence and arrangement of hydroxyl groups. Compounds with a higher number of 

hydroxyl groups demonstrated superior radical scavenging potential, making them 
promising candidates for further pharmacological studies. 

 

Highlights: 

1. Oxidative stress leads to diseases; antioxidants counteract free radicals. 
2. Evaluate antioxidant activity of macrocyclic compounds using DPPH assay. 

3. Hydroxyl-rich compounds showed highest activity, promising for 

pharmacological studies. 

Keywords: DPPH assay, antioxidant activity, Calix[4]pyrrole, Resorcin[4]arene, 

Pyrogallol[4]arene, free radicals 

Introduction 
Oxidative stress, caused by the imbalance between free radicals and antioxidants, 

is linked to numerous diseases, including cancer, cardiovascular disorders, and 

neurodegenerative conditions[1].The development of potent antioxidant compounds has 
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garnered significant attention in biomedical research [2]. The DPPH (2,2-diphenyl-1-

picrylhydrazyl) assay is a widely used method to evaluate the free radical scavenging 

capacity of chemical compounds [3]. 

Calix[4]pyrrole, Resorcin[4]arene, and Pyrogallol[4]arene derivatives are 

macrocyclic compounds known for their unique structural properties and potential 

biological activities [4]. Calix[4]pyrroles are composed of four pyrrole units linked by 

methylene bridges, and their antioxidant properties are influenced by functional groups 

attached to the ring [5]. Resorcin[4]arene derivatives, on the other hand, contain 

resorcinol-based cyclic frameworks with hydroxyl groups that contribute to radical 

scavenging activity [6]. Pyrogallol[4]arene derivatives are similar but have a higher 

number of hydroxyl groups, which may enhance their antioxidant potential [7]. 

This study focuses on evaluating the antioxidant potential of these derivatives 

and aims to determine the correlation between their structural features and radical 

scavenging activity using the DPPH assay. 

 

Methods 

Studying the in vitro antioxidant activity of the calix[4]pyrrole derivatives)Cpd1, 

Cpd2,Cpd3,Cpd6,Cpd7) ,resorcin[4]arene derivatives (Cpd4) and pyrogallol[4]arene 

derivatives (Cpd5) are done at the Baghdad’s phi center for nanoscience, department of 

biology. DPPH, which stands for 2,2-diphenyl-1-picrylhydrazyl, is a common 

abbreviation for an organic chemical compound that is a dark-colored crystalline powder 

composed of stable free radical molecules. It has two major applications in laboratory 

research: As a monitor of chemical reactions involving radicals, most notably as a 

common antioxidant assay, and as a standard for the position and intensity of electron 

paramagnetic resonance signals. Because of its strong absorption band centered at about 

517 nm, DPPH has a deep violet color in solution, and it becomes colorless or pale yellow 

when neutralized. This property allows visual monitoring of the reaction, and the number 

of initial radicals can be counted from the change in the optical absorption at 517 nm or 

in the EPR signal of the DPPH [8]. 
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The Preparation of DPPH Stain 

The preparation of DPPH (2,2-diphenyl-1-picrylhydrazyl) stain for antioxidant 

activity involves a few key steps. Here’s a brief overview of the process. Typically, 40 

mg of DPPH powder is dissolved in 100 ml of ethanol to create a 0.4 mg/ml solution, 

mixed for 5min on magnetic stirrer. Quantitatively transfer the solution to a volumetric 

flask, the DPPH solution is stored in the fridge, wrapped in foil to protect it from light 

and reduce degradation [9]. 

The Preparation of Ascorbic acid 

Dissolving 0.5g of Ascorbic acid in 50ml of deionized water and 50ml of ethanol and 

mixed for 5min on magnetic stirrer [10]. 

The Preparation of Samples 

Each test sample (1, 2, 3, 4, 5, 6, 7) contains 250 microgram of the substance to 

be analyzed. 

• 250 micrograms of each sample is dissolved in 1 mL of the solvent (ethanol) 

before being added to the DPPH solution. 

• Preparing of (+ve): Adding 1ml of both DPPH and Ascorbic acid in the tube. 

• Preparing of (-ve): Adding 1ml of DPPH and Ethanol in the tube. 

• Preparing of samples (1, 2, 3, 4, 5, 6, 7): adding 1ml of both DPPH and samples 

(1, 2, 3, 4, 5, 6, 7). in the tube. Then incubate the tubes for 30min at room 

temperature, after that we measure the optical density (OD) of them [11]. 

DPPH Assay 

DPPH is stable free radicals, which are binding with replacement electrons. DPPH 

can be mixed with a substrate that can give a hydrogen atom. This may give a rising 

reduced form with the color change from violet to yellow protected from light before 

determining their optical density OD at 517nm. The sample with lowest OD shows the 

highest scavenging activity (%) of DPPH which is calculated using Equation (1) [12].( 

Figure 1) 

𝐷𝑃𝑃𝐻 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) = [
𝑂𝐷𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝑂𝐷𝑆𝑎𝑚𝑝𝑙𝑒 

𝑂𝐷𝐶𝑜𝑛𝑡𝑟𝑜𝑙
] × 100  (1) 

Where: 𝑂𝐷𝐶𝑜𝑛𝑡𝑟𝑜𝑙 is Negative    
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Figure 1: The steps of DPPH Assay. 

 

Statistical   analysis 

Data were analyzed statically with the Prism tool from Graphpad.The three 

experiments' mean ± standard deviation is used to illustrate the data. At p<0.05, indicate 

a statistically significant difference [13],[14]. 

 

Result and Discussion 

The antioxidant activity of the tested compounds was evaluated using the DPPH 

radical scavenging assay, with ascorbic acid (A.C) as the reference standard. The results, 

presented in (Table 1), indicate a wide variation in scavenging activity among the studied 

derivatives. 

 

Table (1): The antioxidant activity (%)values of ascorbic acid and compounds (1-7) 

against DPPH have been expressed as mean of activity %± standard deviation. 

\ Cpd1 Cpd2 Cpd3 Cpd4 Cpd5 Cpd6 Cpd7 

89.70±0.11 7.38±0.09 47.11±0.62 19.01±0.19 59.79±0.25 65.81±0.12 5.76±0.09 6.05±0.05 
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Discussion 

The presence of hydroxyl (-OH) groups significantly influenced antioxidant 

activity. Pyrogallol[4]arene (Cpd5) exhibited the highest scavenging activity (65.81% ± 

0.12) due to its high number of hydroxyl groups (16 positions) [15],[16] .Calix[4]pyrrole 

derivatives exhibited low antioxidant activity due to steric hindrance and the limited 

availability of hydroxyl groups [17],[18] .Although none of the tested compounds 

surpassed the activity of ascorbic acid (89.70% ± 0.11), Pyrogallol[4]arene (Cpd5) and 

Resorcin[4]arene (Cpd4) displayed noteworthy antioxidant potential, suggesting their 

potential application in biomedical fields [19],[20]. (Figure 2) 

 

 

Figure 2: DPPH Assay of samples (Cpd1,Cpd 2,Cpd 3,Cpd 4,Cpd 5,Cpd 6, Cpd7). 

 

Conclusions 

This study evaluated the antioxidant activity of Calix[4]pyrrole, Resorcin[4]arene, 

and Pyrogallol[4]arene derivatives using the DPPH assay. The results indicated that: 

Pyrogallol[4]arene(Cpd5) exhibited the highest antioxidant activity, followed by 

Resorcin[4]arene(Cpd4).Calix[4]pyrrole derivatives displayed lower scavenging potential 
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due to structural constraints and fewer hydroxylgroups.The presence and arrangement 

of hydroxyl groups play a crucial role in free radical scavenging activity. 

Future studies should focus on modifying these compounds to enhance their 

antioxidant efficacy for potential pharmaceutical and biomedical applications. 
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