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ABSTRACT. Multi-target drugs possess significant therapeutic potential for the therapy of complex diseases and 
drug-resistant conditions. Based on this fact, isatin-pyrazole derivatives, namely, 5-substituted isatin-pyrazole 

derivatives 7a-d and N-alkyl isatin-pyrazole derivatives 9a-d, were prepared by merging the pyrazole motif 

(represented by pyrazole-3-carbohydrazide derivatives 5a, b) with the isatin moiety (represented by isatin (6a), 5-
methylisatin (6b), N-methylisatin (8a), or N-ethylisatin (8b)). Spectroscopic techniques confirmed the chemical 

structures of 7a-d and 9a-d. These derivatives underwent in vitro therapeutic evaluations, including anti-diabetic, 

anti-inflammatory, and anticancer assessments. The biological evaluation revealed that the isatin-pyrazole 
derivative 7b exhibited anti-diabetic, anti-inflammatory, and anticancer activities. Derivative 7b exhibited activities 

against α-amylase (IC50 = 6.41 ± 0.06 vs. 5.75 ± 0.07 (acarbose) µg/mL), α-glucosidase (IC50 = 4.51 ± 0.07 vs. 4.01 
± 0.06 (acarbose) µg/mL), COX-1 (IC50 = 8.75 ± 0.03 vs. 8.47 ± 0.05 (indomethacin) µg/mL), COX-2 (IC50 = 8.16 

± 0.04 vs. 7.92 ± 0.04 (indomethacin) µg/mL), HepG-2 (IC50 = 51.32 ± 0.51 vs. 25.80 ± 0.26 (doxorubicin) µg/mL), 

and MCF-7 (IC50 = 73.25 ± 0.73 vs. 40.79 ± 0.41 (doxorubicin) µg/mL). Overall, derivative 7b shows promise as a 
multi-target candidate drug against chronic diseases. 
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INTRODUCTION 

 

In the early 21st century, researchers in medicinal chemistry realized that a drug design strategy 

based on the concept of "one molecule - one target - one disease" was no longer sufficient [1]. 

Therefore, researchers have turned to a new philosophy in drug design: "one molecule - multiple 

targets - multiple diseases". This philosophy is known as a multi-target agent and relies on the 

design of a single molecule that can inhibit and interact with multiple biological pathways. 

Bioinformatics investigations demonstrate that targeting multiple pathways can prevent the 

progression of complex diseases, such as cancer. Moreover, the use of multi-target agents 

mitigates the risk of drug-drug interactions and minimizes biological side effects [2]. 

https://dx.doi.org/10.4314/bcse.v40i11.8
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The derivatives of the pyrazole moiety constitute an interesting and attractive template for 

therapeutic applications [3-5], such as antibacterial [6], antifungal [7], anti-inflammatory [8], anti-

diabetic [9], antiviral [10], antimalarial [11], and dual inhibitors of EGFRT790M and VEGFR-2 as 

anticancer agents [12]. Also, there are many marketed drugs based on the pyrazole moiety, such 

as Celecoxib, Rimonabant, and Crizotinib [13]. 

Celecoxib (A) is a drug used for inflammatory diseases as a selective COX-2 inhibitor [14]. 

Wen et al. in 2020 demonstrated that celecoxib showed anticancer potential and inhibited tumor 

growth through the Wnt pathway, the mitochondrial apoptosis mechanism, the COX-2/PGE2 

signaling axis, and enhanced endoplasmic reticulum stress [15]. Rimonabant (B) is the first of a 

new class of selective cannabinoid receptor-1 CB1 antagonist and is an anti-obesity drug [16]. 

Crizotinib (C) is a drug used for cancer, specifically for non-small cell lung carcinoma (NSCLC) 

therapy. It acts as an anaplastic lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1) inhibitor 

[17] (Figure 1). 
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Figure 1. Chemical structures of pyrazole drugs, isatin drugs, and bioactive pyrazole-isatin 

derivatives. 

 

On the other hand, the isatin motif is a privileged molecule in the synthesis of diverse products 

with various biological properties [18, 19], such as anti-diarrhea, antibacterial [20], anti-cancer 

specifically for human lung cancer A549 cells [21], anti-plasmodial [22], antiviral [23], and anti-

inflammatory therapeutic [24]. Additionally, Semaxanib (D) and Methisazone (E) are examples 

of the isatin-based drugs in the market [25]. Semaxanib (D) is a potent antitumor and selective 

vascular endothelial growth factor receptor VEGFR 2 (Flk-1/KDR) inhibitor [26]. Methisazone 

(E) is an antiviral drug, especially against pox viruses. It acts as an mRNA inhibitor [27] (Figure 

1). 
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In the last decade, there has been a growing interest in merging the pyrazole moiety with the 

isatin motif to synthesize isatin-pyrazole derivatives as promising agents for therapeutic 

applications such as anticancer, anti-inflammatory, and anti-fibrotic [28, 29]. For example, Kaur 

et al. in 2019 prepared compound F, 1-phenyl-1H-pyrazole-isatin derivative, which exhibited 

potent anti-α-glucosidase enzyme activity with an IC50 value of 3.26±0.25 μM [30]. Irfan et al. in 

2022 prepared compound G, 5-fluoro-isatin-1H-pyrazole-5-carbohydrazide, which was found to 

be a potential antibacterial agent against Bacillus subtilis, Escherichia coli, and Pseudomonas 

aeruginosa [31]. Additionally, pyrazole-isatin derivative H, 3-(((5-chloro-3-methyl-1-phenyl-

1H-pyrazol-4-yl)methylene)hydrazono)indolin-2-one, was prepared from our previous work in 

2023. It displayed antioxidant activity and acted as an inhibitor of the acetylcholinesterase (AChE) 

enzyme [32] (Figure 1). 

Based on the aforementioned reports about the bioactive pyrazole moiety, pyrazole-based 

drugs, the bioactive isatin motif, and isatin-based drugs, as well as supplementing the pyrazole-

isatin derivatives from previous studies [28, 29, 32-34]. We report here the development and 

synthesis of isatin-pyrazole derivatives, namely, 5-substituted isatin-pyrazole derivatives 7a-d 

and N-alkyl isatin-pyrazole derivatives 9a-d, by merging the pyrazole moiety with the isatin motif. 

The synthesized isatin-pyrazole derivatives, 7a-d and 9a-d, were subjected to in vitro therapeutic 

evaluations, such as anti-diabetic estimation against α-amylase and α-glucosidase enzymes, anti-

inflammatory evaluation against cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) 

enzymes, and anticancer evaluation against liver (HepG-2), colon (HCT-116), and breast (MCF-

7) human carcinoma cell lines (Figure 2). 
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Figure 2. Structure of the target isatin-pyrazole derivatives (7a-d and 9a-d) and their therapeutic 

evaluations. 
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EXPERIMENTAL 

 

Chemistry  

 

A STUART SCIENTIFIC melting point apparatus was used for measuring the melting points. All 

melting points are uncorrected. A JEOL RESONANCE spectrometer was used for the NMR 

spectra analyses (500 MHz for 1H-NMR and 125 MHz for 13C-NMR). Dimethyl sulfoxide-d6 

(DMSO-d6) was used as the solvent. Tetramethylsilane (TMS, Si(CH3)4) was used as an internal 

standard. Chemical shifts (δ) are reported in ppm. The NMR spectra were conducted at the 

Nuclear Magnetic Resonance unit, Faculty of Science, Mansoura University, Egypt. Elemental 

analyses (CHN analyses) were conducted at the Microanalytical Center, Cairo University, Egypt. 

 

Synthesis of pyrazole-3-carbohydrazide derivatives 5a and 5b 

 

The pyrazole-3-carbohydrazide derivatives 5a and 5b were prepared according to reported 

procedures [35]. 

 

1,5-Diphenyl-1H-pyrazole-3-carbohydrazide (5a). White crystals, m.p.: 130-132 ºC, yield: 72 %. 

 

1-Phenyl-5-(4-methylphenyl)-1H-pyrazole-3-carbohydrazide (5b). White crystals, m.p.: 135-137 

ºC, yield: 74 %.  

 

Synthesis of 5-substituted isatin-pyrazole derivatives 7a-d 

 

Pyrazole-3-carbohydrazide derivatives 5a and 5b (0.01 mol) were mixed with isatin (6a) or 5-

methylisatin (6b) (0.01 mol) in ethanol (25 mL) and 1 mL of glacial acetic acid. The reaction 

mixture was refluxed for 6 hours. Subsequently, the 5-substituted isatin-pyrazole derivatives 7a-

d were formed and filtered. The physical characteristic of the products 7a-d is tabulated in Table 

1. 

 
Table 1. Physical characteristics of the products 7a-d and 9a-d. 

Isatin-

pyrazole 
Color 

Melting 

point (°C) 

Yield 

(%) 

Elemental analysis  

Mol. formula / Mol. Wt. 

Theoretical: CHN (%) 

Found: CHN (%) 

7a 
Yellow 

crystals 
> 300 83 

C24H17N5O2 / 407.42 

Theoretical: C, 70.75; H, 4.21; N, 17.19 %. 

Found: C, 70.72; H, 4.23; N, 17.20 %. 

7b 
Yellow 

crystals 
> 300 82 

C25H19N5O2 / 421.45 

Theoretical: C, 71.25; H, 4.54; N, 16.62 %.  

Found: C, 71.27; H, 4.51; N, 16.60 %. 

7c 
Yellow 

crystals 
> 300 79 

C25H19N5O2 / 421.45  

Theoretical: C, 71.25; H, 4.54; N, 16.62 %. 

Found: C, 71.28; H, 4.52; N, 16.64 %. 

7d 
Yellow 

crystals 
> 300 81 

C26H21N5O2 / 435.48 

Theoretical: C, 71.71; H, 4.86; N, 16.08 %. 

Found: C, 71.69; H, 4.87; N, 16.10 %. 

9a 
Yellow 

crystals 
260-262 84 

C25H19N5O2 / 421.45 

Theoretical: C, 71.25; H, 4.54; N, 16.62 %. 

Found: C, 71.24; H, 4.55; N, 16.65 %. 
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N'-(2-Oxoindolin-3-ylidene)-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (7a). 1H-NMR: δ = 

6.94 (d, 1H, J = 8.0 Hz, ArH), 7.09 (t, 1H, J = 7.5 and 8.0 Hz, ArH), 7.25 (s, 1H, pyrazole-H), 

7.27-7.29 (m, 2H, ArH), 7.33-7.39 (m, 6H, ArH), 7.47-7.48 (m, 3H, ArH), 7.60 (d, 1H, J = 7.5 

Hz, ArH), 11.21 (s, 1H, NH-isatin), 14.12 (s, 1H, -CONH-N=). 

 

N'-(5-Methyl-2-oxoindolin-3-ylidene)-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (7b). 1H-

NMR: δ = 2.31 (s, 3H, CH3), 6.83 (d, 1H, J = 8.0 Hz, ArH), 7.18 (d, 1H, J = 8.0 Hz, ArH), 7.21 

(s, 1H, pyrazole-H), 7.28-7.31 (m, 2H, ArH), 7.35-7.38 (m, 5H, ArH), 7.44 (s, 1H, ArH), 7.46-

7.49 (m, 3H, ArH), 10.96 (s, 1H, NH-isatin), 14.06 (s, 1H, -CONH-N=). 13C-NMR: δ = 20.22 (1C, 

CH3), 108.24, 110.65, 119.81, 121.02, 125.38, 128.35, 128.45, 128.52, 128.69, 128.70, 128.99, 

131.47, 131.83, 137.67, 138.94, 140.06, 144.92, 145.04 (22C, Ar), 157.54 (1C, -CONH-N=), 

162.40 (1C, C=O of isatin). 

 

N'-(2-Oxoindolin-3-ylidene)-1-phenyl-5-(4-methylphenyl)-1H-pyrazole-3-carbohydrazide (7c). 

1H-NMR: δ = 2.27 (s, 3H, CH3), 6.93 (d, 1H, J = 8.0 Hz, ArH), 7.09 (t, 1H, J = 7.5 and 8.0 Hz, 

ArH), 7.15 (s, 4H, ArH), 7.20 (s, 1H, pyrazole-H), 7.35-7.38 (m, 3H, ArH), 7.47-7.51 (m, 3H, 

ArH), 7.60 (d, 1H, J = 7.0 Hz, ArH), 11.21 (s, 1H, NH-isatin), 14.10 (s, 1H, -CONH-N=). 13C- 

NMR: δ = 20.79 (1C, CH3), 108.30, 111.14, 119.97, 120.96, 122.64, 125.73, 125.93, 128.56, 

128.86, 129.26, 129.36, 131.72, 137.84, 138.61, 139.17, 142.56, 144.97, 145.30 (22C, Ar), 157.78 

(1C, -CONH-N=), 162.58 (1C, C=O of isatin). 

 

N'-(5-Methyl-2-oxoindolin-3-ylidene)-1-phenyl-5-(4-methylphenyl)-1H-pyrazole-3-

carbohydrazide (7d). 1H-NMR: δ = 2.29 (s, 3H, CH3), 2.31 (s, 3H, CH3), 6.83 (d, 1H, J = 8.0 Hz, 

ArH), 7.15-7.19 (m, 6H, 5H of ArH and 1H of pyrazole-H), 7.36-7.37 (m, 2H, ArH), 7.43 (s, 1H, 

ArH), 7.45-7.49 (m, 3H, ArH), 10.95 (s, 1H, NH-isatin), 14.04 (s, 1H, -CONH-N=). 13C-NMR: δ 

= 20.21 (1C, CH3), 20.46 (1C, CH3), 107.95, 110.62, 119.81, 121.00, 125.36, 125.81, 128.29, 

128.45, 128.94, 128.97, 131.44, 131.79, 137.61, 138.32, 139.01, 140.04, 144.87, 145.08 (22C, 

Ar), 157.55 (1C, -CONH-N=), 162.38 (1C, C=O of isatin). 

 

Synthesis of N-alkyl isatin 8a and 8b 

 

The N-alkyl isatin 8a and 8b were prepared according to the reported procedure [36]. 

 

N-Methylisatin (8a). Orange crystals, m.p.: 130 ºC, yield: 80 %.  

 

N-Ethylisatin (8b). Red crystals, m.p.: 88 ºC, yield: 78 %.  

 

 

Synthesis of N-alkyl isatin-pyrazole derivatives 9a-d 

 

9b 
Yellow 

crystals 
265-267 79 

C26H21N5O2 / 435.48 

Theoretical: C, 71.71; H, 4.86; N, 16.08 %. 

Found: C, 71.73; H, 4.85; N, 16.10 %. 

9c 
Yellow 

crystals 
264-266 80 

C26H21N5O2 / 435.48 

Theoretical: C, 71.71; H, 4.86; N, 16.08 %. 

Found: C, 71.69; H, 4.87; N, 16.05 %. 

9d 
Yellow 

crystals 
216-218 88 

C27H23N5O2 / 449.50 

Theoretical: C, 72.14; H, 5.16; N, 15.58 %. 

Found: C, 72.11; H, 5.18; N, 15.56 % 



Mohamed A. Al-Omar et al. 

Bull. Chem. Soc. Ethiop. 2026, 40(11) 

2386 

The same procedure as for the synthesis of 7a-d, but using N-methylisatin (8a) and N-ethylisatin 

(8b) instead of isatin (6a) and 5-methylisatin (6b). The physical characteristic of the products 9a-

d is tabulated in Table 1. 

 

N'-(1-Methyl-2-oxoindolin-3-ylidene)-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (9a). 1H-

NMR: δ = 3.19 (s, 3H, NCH3), 7.14 (t, 1H, J = 8.0 and 8.0 Hz ArH), 7.17 (s, 1H, ArH), 7.26 (s, 

1H, pyrazole-H), 7.27-7.29 (m, 2H, ArH), 7.35-7.38 (m, 5H, ArH), 7.45 (d, 1H, J = 7.0 Hz, ArH), 

7.47-7.51 (m, 3H, ArH), 7.63 (d, 1H, J = 7.5 Hz, ArH), 14.09 (s, 1H, -CONH-N=). 

 

N'-(1-Ethyl-2-oxoindolin-3-ylidene)-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (9b). 1H-NMR: 

δ = 1.20 (t, 3H, J = 7.0 and 7.5 Hz, CH2CH3), 3.78 (q, 2H, J = 7.0 and 7.5 Hz, CH2CH3), 7.14-

7.17 (m, 2H, ArH), 7.22 (s, 1H, pyrazole-H), 7.28-7.30 (m, 2H, ArH), 7.34-7.39 (m, 5H, ArH), 

7.43-7.51 (m, 4H, ArH), 7.63 (d, 1H, J = 7.0 Hz, ArH), 14.03 (s, 1H, -CONH-N=). 13C-NMR: δ 

= 12.23 (1C, CH2CH3), 33.82 (1C, CH2CH3), 108.22, 109.61, 119.25, 120.49, 122.75, 125.47, 

128.34, 128.42, 128.57, 128.64, 128.67, 129.02, 131.33, 136.75, 138.94, 142.47, 144.83, 145.09, 

(22C, Ar), 157.49 (1C, -CONH-N=), 160.20 (1C, C=O of isatin). 

 

N'-(1-Methyl-2-oxoindolin-3-ylidene)-1-phenyl-5-(4-methylphenyl)-1H-pyrazole-3-

carbohydrazide (9c). 1H-NMR: δ = 2.28 (s, 3H, CH3), 3.17 (s, 3H, NCH3), 7.11 (d, 1H, J = 8.0 

Hz, ArH), 7.14-7.19 (m, 6H, 1H of pyrazole-H and 5H of ArH), 7.36-7.38 (m, 2H, ArH), 7.43-

7.50 (m, 4H, ArH), 7.63 (d, 1H, J = 7.5 Hz, ArH), 14.01 (s, 1H, -CONH-N=). 13C-NMR: δ = 20.46 

(1C, CH3), 25.40 (1C, NCH3), 107.94, 109.54, 119.09, 120.27, 122.82, 125.41, 125.76, 128.28, 

128.49, 128.93, 129.01, 131.27, 136.67, 138.33, 139.01, 143.51, 144.77, 145.13 (22C, Ar), 157.52 

(1C, -CONH-N=), 160.57 (1C, C=O of isatin).  

 

N'-(1-Ethyl-2-oxoindolin-3-ylidene)-1-phenyl-5-(4-methylphenyl)-1H-pyrazole-3-

carbohydrazide (9d). 1H-NMR: δ = 1.17 (t, 3H, J = 7.0 and 7.5 Hz, CH2CH3), 2.27 (s, 3H, CH3), 

3.76 (q, 2H, J = 7.0 and 7.5 Hz, CH2CH3), 7.14-7.17 (m, 5H, ArH), 7.19 (d, 1H, J = 8.0 Hz, ArH), 

7.21 (s, 1H, pyrazole-H), 7.36-7.38 (m, 2H, ArH), 7.45 (t, 1H, J = 8.0 and 8.5 Hz, ArH), 7.47-

7.52 (m, 3H, ArH), 7.64 (d, 1H, J = 7.0 Hz, ArH), 14.07 (s, 1H, -CONH-N=). 

 

Therapeutic evaluation methods 

 

5-Substituted isatin-pyrazole derivatives 7a-d and N-alkyl isatin-pyrazole derivatives 9a-d were 

subjected to in vitro therapeutic evaluations. All the methods of therapeutic evaluations were 

described in the literature from previous studies. The median inhibitory concentrations (IC50, 

µg/mL) of products 7a-d and 9a-d were calculated and compared to the corresponding standards 

for the study [37-39]. Anti-diabetic estimation was achieved against α-amylase and α-glucosidase 

enzymes. Anti-inflammatory evaluation was performed against COX-1 and COX-2 enzymes, and 

anticancer evaluation was done against liver (HepG-2), colon (HCT-116), and breast (MCF-7) 

human carcinoma cell lines. 

 

RESULTS AND DISCUSSION 

 

Chemistry 

 

The synthesis of two series, 5-substituted isatin-pyrazole derivatives 7a-d and N-alkyl isatin-

pyrazole derivatives 9a-d, is demonstrated in Schemes 1 and 2. 

The pyrazole-3-carbohydrazide derivatives, namely: 1,5-diphenyl-1H-pyrazole-3-

carbohydrazide (5a) and 1-phenyl-5-(4-methylphenyl)-1H-pyrazole-3-carbohydrazide (5b), are 
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represented as the basic starting materials in this work and were prepared according to reported 

procedures [35]. The steps of the preparation are demonstrated in Scheme 1. 

The derivatives 5a and 5b were reacted with isatin (6a) or 5-methylisatin (6b) in 

ethanol/glacial acetic acid to yield the 5-substituted isatin-pyrazole derivatives 7a-d (Scheme 1). 

The chemical structures of the products 7a-d were confirmed by their spectral data. 

Elkholy et al. reported that the 1H-NMR spectrum of 5a was characterized by a signal at 4.34 

ppm attributed to NH2 protons [40]. This signal disappeared in all the 1H-NMR spectra of the 

derivatives 7a-d, indicating their formation. 

The 1H-NMR spectrum of N'-(2-oxoindolin-3-ylidene)-1-phenyl-5-(4-methylphenyl)-1H-

pyrazole-3-carbohydrazide (7c) is characterized by the absence of a signal assigned to NH2 

protons and by the presence of a signal at δ 14.10 ppm for the -CONH-N= proton. Also, the                               

1H-NMR spectrum of 7c showed three signals at δ 2.27, 7.20, and 11.21 ppm assigned to the CH3 

protons, the pyrazole proton, and the NH proton of isatin unit, respectively. The thirteen aromatic 

protons appeared at δ 6.93 (d, 1H, J = 8.0 Hz), 7.09 (t, 1H, J = 7.5 and 8.0 Hz), 7.15 (s, 4H), 7.35-

7.38 (m, 3H), 7.47-7.51 (m, 3H), and 7.60 (d, 1H, J = 7.0 Hz).  

Moreover, the 13C-NMR spectrum of 7c showed the presence of signals of the CH3, -CONH-

N=, and C=O of the isatin unit at expected chemical shifts δ 20.79, 157.78, and 162.58, 

respectively. 

Finally, Abdel-Wahab et al. in 2023 synthesized and confirmed the structure of (E)-5-(4-

methoxyphenyl)-N'-(2-oxoindolin-3-yl-idene)-1-phenyl-1H-pyrazole-3-carbohydrazide by single 

crystal X-ray diffraction analysis [41], which represents an analog of the 5-substituted isatin-

pyrazole derivatives 7a-d. 

 
 

Scheme 1. Synthesis of 5-substituted isatin-pyrazole derivatives 7a-d. 

 

The N-alkyl isatins (N-methylisatin (8a) and N-ethylisatin (8b)) were prepared according to 

the reported procedure [36] as shown in Scheme 2. 

N-Alkyl isatin-pyrazole derivatives 9a-d were prepared via the reaction of 8a and 8b with 

pyrazole derivatives (5a and 5b) in ethanol/glacial acetic acid, as shown in Scheme 2. The 

chemical structures of the derivatives 9a-d were confirmed by spectroscopic techniques.  
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The 1H-NMR spectrum of N'-(1-ethyl-2-oxoindolin-3-ylidene)-1,5-diphenyl-1H-pyrazole-3-

carbohydrazide (9b) revealed the presence of a triplet signal at δ 1.20 ppm, representing the CH3 

protons of the ethyl group with a J value of 7.0 and 7.5 Hz, a quartet signal at δ 3.78 ppm due to 

the CH2 protons of the same ethyl group with a J value of 7.0 and 7.5 Hz. Two singlet signals 

appeared at δ 7.22 and 14.03 ppm for the pyrazole proton and the -CONH-N= proton, respectively. 

The aromatic protons appeared at δ 7.14-7.17 (m, 2H), 7.28-7.30 (m, 2H), 7.34-7.39 (m, 5H), 

7.43-7.51 (m, 4H), and 7.63 (d, 1H, J = 7.0 Hz). 

Moreover, the 13C-NMR spectrum of 9b revealed four signals at δ 12.23, 33.82, 157.49, and 

160.20 ppm, representing the CH3 of the ethyl group, the CH2 of the same ethyl group, the 

carbonyl of the -CONH-N= function, and the carbonyl of the isatin unit, respectively. The twenty-

two aromatic carbon atoms (22C) appeared in the range of δ 108.22-145.09 ppm. 

 

 
 

Scheme 2. Synthesis of N-alkyl isatin-pyrazole derivatives 9a-d. 

 

In vitro therapeutic evaluations 

 

Anti-diabetic estimation  

 

The isatin-pyrazole derivatives, 7a-d and 9a-d, were estimated for their IC50 (µg/mL) of α-

amylase and α-glucosidase as potential anti-diabetic agents. The inhibitory role of enzymes that 

metabolize carbohydrates (such as α-amylase and α-glucosidase) is associated with in vitro anti-

diabetic activity. Thus, increased enzyme inhibition improves anti-diabetic capability. Blocking 

these enzymes reduces carbohydrate digestion, lowers glucose absorption rates, and decreases 

blood sugar spikes post-meal [42]. The method for therapeutic anti-diabetic estimation was 

described in the literature from a previous study [37]. Acarbose was used as the standard drug. 

The results of the anti-diabetic estimation are shown in Figure 3. 
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Figure 3. IC50 (µg/mL) of the isatin-pyrazole derivatives, 7a-d and 9a-d, against α-amylase and 

α-glucosidase enzymes. 

  

From Figure 3, it is evident that the isatin-pyrazole derivative 7b revealed potent anti-diabetic 

activity with IC50 values of 6.41 ± 0.06 and 4.51 ± 0.07 µg/mL against the α-amylase and α-

glucosidase enzymes, respectively, which are close to those of acarbose (IC50 = 5.75 ± 0.07 and 

4.01 ± 0.06 µg/mL), the standard drug. Also, four derivatives, 7a, 7d, 9a, and 9b, demonstrated 

anti-diabetic activity against the α-amylase and α-glucosidase enzymes. 

The derivative 7b revealed significant in vitro anti-diabetic effects, likely due to the inclusion 

of two phenyl groups, which mainly operate by competitively binding to the enzyme's active site 

and employing the dual phenyl groups to create robust hydrophobic and π-π stacking interactions 

with particular amino acid residues, thus stabilizing the inhibitor in the catalytic pocket and 

hindering the digestion of dietary carbohydrates [43]. 

 

Anti-inflammatory evaluation 

 

The isatin-pyrazole derivatives, 7a-d and 9a-d, were evaluated for their IC50 (µg/mL) of COX-1 

and COX-2 enzymes as potential anti-inflammatory agents. In vitro cyclooxygenase (COX) 

assays aimed at determining the effectiveness and specificity of the synthetic derivative in 

inhibiting COX-1 and COX-2 enzymes from converting arachidonic acid into pro-inflammatory 

prostaglandins. COX-1 safeguards the stomach lining, whereas COX-2 is activated and causes 

inflammation and discomfort [44]. The method for therapeutic anti-inflammatory evaluation was 

described in the literature from a previous study [38]. Indomethacin was used as the standard drug. 

The results of the anti-inflammatory evaluation are shown in Figure 4.  
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Figure 4. IC50 (µg/mL) of the isatin-pyrazole derivatives, 7a-d and 9a-d, against COX-1 and 

COX-2 enzymes. 

 

From Figure 4, it can be seen that the isatin-pyrazole derivative 7b showed significant activity 

with IC50 values of 8.75 ± 0.03 and 8.16 ± 0.04 µg/mL, almost reaching that of the reference drug 

(indomethacin, IC50 = 8.47 ± 0.05 µg/mL for the COX-1 enzyme and IC50 = 7.92 ± 0.04 µg/mL 

for COX-2 enzyme) in the evaluation against COX-1 and COX-2 enzymes, respectively. Also, 

two derivatives, 7d and 9c, revealed anti-inflammatory activity against COX-1 and COX-2. 

The derivative 7b exhibited considerable in vitro inhibition of COX-1 and COX-2 by 

sterically hindering their active sites. Additionally, the presence of two phenyl groups connected 

to the central pyrazole ring acts as large, hydrophobic anchors and creates stable hydrogen bonds 

and electrostatic interactions with certain amino acids (e.g., Arg120, Tyr355) adjacent to the 

COX-2 channel's entrance, securely positioning the drug and inhibiting catalytic activity, thereby 

halting prostaglandin synthesis [45]. 

 

Anticancer evaluation  

 

The isatin-pyrazole derivatives, 7a-d and 9a-d, were evaluated for their IC50 (µg/mL) of HepG-

2, HCT-116, and MCF-7 human carcinoma cell lines as potential anticancer agents. In vitro 

cytotoxic activity of the compounds is the critical initial phase in drug discovery, acting as the 

main screen to find potential compounds. In vitro tests verify precisely how a compound alters 

cancer cell behavior by triggering apoptosis or blocking angiogenesis, which directly informs the 

creation of highly specific targeted treatments [46]. The method for therapeutic anticancer 

evaluation was described in the literature from a previous study [39]. Doxorubicin was used as 

the standard drug. The results of the anticancer evaluation are shown in Table 2. 
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Table 2. IC50 (µg/mL) of the isatin-pyrazole derivatives, 7a-d and 9a-d, against HepG-2, HCT-116, and 

MCF-7 human carcinoma cell lines. 

 

 
 

Isatin-pyrazole Ar X R 
IC50 (µg/mL) 

HepG-2 HCT-116 MCF-7 

7a C6H5 H - 215.10 ± 2.15 710.87 ± 7.12 612.35 ± 6.13 

7b* C6H5 CH3 - 51.32 ± 0.51 678.57 ± 6.80 73.25 ± 0.73 

7c 4-CH3-C6H4 H - 269.95 ± 2.70 809.05 ± 8.10 702.60 ± 7.04 

7d** 4-CH3-C6H4 CH3 - 80.35 ± 0.80 523.19 ± 5.24 670.45 ± 6.72 

9a C6H5 - CH3 307.66 ± 3.08 485.73 ± 4.86 776.96 ± 7.78 

9b C6H5 - C2H5 383.54 ± 3.84 492.07 ± 4.93 719.54 ± 7.21 

9c 4-CH3-C6H4 - CH3 413.17 ± 4.14 650.45 ± 6.51 743.43 ± 7.45 

9d 4-CH3-C6H4 - C2H5 327.26 ± 3.28 785.56 ± 7.87 625.57 ± 6.27 

Doxorubicin - - - 25.80 ± 0.26 42.34 ± 0.42 40.79 ± 0.41 

*Most potent against HepG-2 and MCF-7 

**Most potent against HepG-2  

 

From Table 2 of the anticancer activity against three cell lines (HepG-2, HCT-116, and MCF-

7), we can find that: (a) Derivative 7b showed the highest potency among the tested isatin-

pyrazole derivatives against the two cell lines, HepG-2 and MCF-7, with IC50 = 51.32 ± 0.51 and 

73.25 ± 0.73 µg/mL, respectively. The derivative 7b showed marked in vitro cytotoxic effects 

attributed to the phenyl groups, which mainly achieve their anticancer effects via multi-kinase 

inhibition, disruption of tubulin polymerization, and induction of apoptosis (programmed cell 

death). Additionally, the diphenyl-pyrazole core functions as a rigid, hydrophobic framework that 

aligns seamlessly with the ATP-binding sites of various cancer-related enzymes (protein kinases 

and topoisomerase II) [47]. (b) Derivative 7d exhibited anticancer activity against the HepG-2 

cell line with an IC50 = 80.35 ± 0.80 µg/mL. (c) All derivatives, 7a-d and 9a-d, show no activity 

against the HCT-116 cell line. 

Based on the above therapeutic evaluation results, the derivative 7b can be considered a multi-

target agent as it is effective and possesses activity against chronic diseases such as cancer, 

inflammation, and diabetes. 

Our research team will further develop the merging of pyrazole with isatin using novel 

derivatives of both pyrazole and isatin to produce new isatin-pyrazole derivatives. Additionally, 

we will conduct advanced biological studies, hoping to produce new bioactive agents more 

effective. 

 

CONCLUSIONS 

 

In conclusion, we synthesized isatin-pyrazole derivatives 7a-d and 9a-d by reacting pyrazole-3-

carbohydrazide derivatives 5a, b with isatin derivatives 6a, b, or N-alkylisatin 8a, b, respectively. 

The chemical structures of 7a-d and 9a-d were confirmed. These derivatives were tested in vitro 

for their therapeutic properties, including anti-diabetic, anti-inflammatory, and anticancer effects. 
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The results revealed that the isatin-pyrazole derivative 7b exhibited an anti-diabetic effect by 

inhibiting α-amylase (IC50 = 6.41 ± 0.06 µg/mL) and α-glucosidase (IC50 = 4.51 ± 0.07 µg/mL). 

Furthermore, the same derivative showed potent anti-inflammatory activity against both COX-1 

(IC50 = 8.75 ± 0.03 µg/mL) and COX-2 (IC50 = 8.16 ± 0.04 µg/mL) isoforms. In addition, this 

derivative 7b shows the highest potency among the tested derivatives against HepG-2 (IC50 = 

51.32 ± 0.51 µg/mL) and MCF-7 (IC50 = 73.25 ± 0.73 µg/mL) cell lines. Based on the above 

results, the derivative 7b can be considered a multi-target agent. We will conduct advanced 

biological studies on this derivative 7b. The isatin-pyrazole derivatives are an excellent template 

for future modifications to obtain potent agents against chronic diseases. 
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