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Abstract 

The present study employed Ultra sound technique to prepare three novel organic compounds. 

These compounds share a structural similarity with curcumin (A). Specifically, the compounds 

included the unsubstituted form (B), a 6-OMe-substituted derivative (C), and a 5-Br-substituted 

derivative (D). The study examined the potential efficacy of selected compounds against kidney 

cancer in mice through molecular docking approaches. Docking studies revealed that these 

compounds exhibited strong interactions with four key enzymes involved in inflammation: TNF-alpha, 

COX-2, IL-6, and LOX-2. Notably, these compounds demonstrated the lowest (most negative) ΔG 

values, indicating effective inhibition of these enzymes. The results confirmed that the synthesized 

compounds displayed substantial binding affinity and inhibitory effects on these enzymes. Following 

molecular docking analysis, an in vivo study was carried out using 90 male mice, randomly assigned 

to six groups (5 per group). The control group received a standard diet and distilled water, while 

groups 2 through 6 were administered intraperitoneal injections of N-Nitrosodimethylamine (NDMA) 

at a dose of 60 mg/kg for two months to induce renal carcinogenesis. Subsequently, groups 3 to 6 

received additional intraperitoneal treatments with compounds A, B, C, and D at doses of (0.5, 1.0, 

and 1.5) mg/kg for 21 consecutive days. Biochemical assessments indicated that compound C exerted 

significant anticancer activity, demonstrated by a marked reduction in TNF-α levels and inhibition of 

COX-2, IL-6, and LOX-2 enzymes. These molecular changes were associated with amelioration of 

renal cancer-induced damage. Histopathological examination further confirmed the therapeutic 

efficacy of compound C, revealing complete regression of renal tumors. 
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Introduction 

Curcumin has been widely explored as a 

precursor for synthesizing novel bioactive 

compounds [1] due to its diverse 

pharmacological properties. Despite its well-

established therapeutic potential, curcumin's 

clinical applications are hindered by 

challenges such as poor bioavailability, rapid 

metabolic degradation, and limited cellular 

uptake. To address these limitations, extensive 

research efforts have been directed toward the 

development of curcumin analogs and 

advanced drug delivery systems. These 

strategies aim to improve its stability, 

absorption, and overall efficacy, particularly in 

the field of cancer therapy, where curcumin-

derived compounds have shown promising 

anti-tumor activity [2], and cancer is a serious 

medical condition resulting from the 

uncontrolled and abnormal growth of cells in 

the body [3, 4]. Among the various treatment 

strategies available, chemotherapy [5]. 

remains a widely used approach [6], involving 

the administration of organic chemical 

compounds to target and eliminate cancer cells 

[7]. 

Cancer is a genetic condition that occurs 

when normal cellular processes, particularly 
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those involved in cell division, are disrupted, 

leading to several molecular changes that 

transform normal cells into cancerous ones. It 

is defined by the uncontrolled growth and 

dissemination of abnormal cells, which occurs 

when the regulatory mechanisms governing 

cell division fail. This uncontrolled 

proliferation forms a mass of abnormal cells 

called a tumor, which may be either benign or 

malignant [8]. The numbers of cancer patients 

and cancer deaths are increasing worldwide, 

and these numbers were estimated to be 18.1 

and 9.6 million, respectively, in 2018. Various 

anticancer agents, such as molecular-targeted 

drugsand immune checkpoint inhibitors, are 

currently beingactively developed worldwide. 

However, considerableamounts of time and 

money are required to develop an anticancer 

drug. Therefore, drug repositioning, which 

aims to find new uses for existing drugs, has 

attracted the attention of pharmaceutical 

researchers due to its high efficiency [9]. 

Kidney cancer, primarily renal cell carcinoma 

(RCC), accounts for approximately 90% of all 

kidney malignancies. It is the seventh most 

common cancer in men and the tenth in 

women worldwide. originates from the 

proximal tubular epithelium of the kidney and 

is characterized by genetic mutations, 

metabolic dysregulation, and a highly 

immunosuppressive tumor microenvironment. 

The incidence of kidney cancer has been 

rising, partly due to improved imaging 

techniques and risk factors such as obesity, 

hypertension, and smoking [10]. 

In this study, we synthesized novel 

benzofuran-based organic compounds, known 

for their diverse biological activities, including 

anti-inflammatory [11] anti-alzheimer’s [12], 

and anticancer effects [13]. A computational 

investigation was performed using the 

MCULE molecular docking software to 

predict their interactions with specific 

proteins. This analysis included calculating 

Gibbs free energy (ΔG) and visualizing the 

binding interactions in both 2D and 3D 

formats. The strength and nature of these 

molecular interactions varied among the 

synthesized compounds [14]. To further assess 

their biological impact, we employed an in 

vivo model by inducing kidney cancer in mice 

through the administration of N-

Dimethylnitrosamine (NDMA) via the 

peritoneal cavity [15]. The synthesized 

compounds were converted into suitable 

chemical formulations and administered to the 

mice, followed by biochemical assessments 

and histopathological examinations. The 

findings revealed that these benzofuran 

derivatives exhibited a significant influence on 

kidney cancer progression. The primary goal 

of this study is to explore and evaluate the 

therapeutic potential of these newly developed 

compounds. The synthesized compounds were 

evaluated by analyzing the serum levels of 

TNF-α, COX-2, IL-6 and LOX-2 in white 

mouse with (NDMA)-induced kidney cancer. 

Molecular docking simulations using the 

MCULE program demonstrated interactions 

between these compounds and the target 

enzymes. Furthermore, histopathological 

assessments were conducted to investigate 

tissue modifications, while enzyme levels 

were monitored throughout the study to 

evaluate the biochemical effects of the 

treatment. 

Molecular Docking Analysis 

The binding affinities and interaction 

profiles of the antitumor derivatives (A, B, C, 

and D) with cancer- related targets TNF-α, 

COX-2, IL-6, and LOX-2 were explored 

through molecular docking studies conducted 

using the MCULE platform and visualized 

with BIOVIA Discovery Studio (2021). The 

3D structures of these proteins were obtained 

from the Protein Data Bank (PDB) and 

subjected to molecular docking analysis [16]. 

MCULE docking was employed to assess the 

biological activity of the synthesized 

compounds by calculating the binding free 

energy (ΔG), which reflects interaction 



stability and potential enzymatic effects [17]. 

Additionally, 2D and 3D interaction models 

were generated to visualize enzyme-ligand 

binding. To validate these findings, an in vivo 

study was conducted in which kidney cancer 

was induced in white mice using NDMA [18]. 

The levels of TNF-α, COX-2,IL-6 and LOX2 

in serum were monitored, while 

histopathological analysis was performed to 

evaluate tissue alterations, providing valuable 

insights into the therapeutic potential of these 

compounds. 

Materials and Methods 

Starting with Curcumin A (Figure 1, 

structure below) to prepare the compounds B, 

C, and D. 

 

Figure 1. Chemical Structure of Curcumin (A) 

Preparation of Starting Material (B, C, 

D) 

Preparation of [1,7-bis(benzofuran-2-yl) 

hepta-1,6-diene-3,5-dione]and derived [19] 

The first step is to prepare of the 4-

(benzofuran -2yl) but-3-en-2-one initial 

chalcone through the reaction of acetone 

(0.01mole)/(15ml) ethanol, then (0.01mole) 

piperidine is added as a base, stirred 

continuously for (15min), then (0.01mole) 

benzofuran 2-carbaldehyde dissolved in 

(10ml)ethanol are added using ultrasound 

technology at (70 C°) / ZrOCl2.8H2O as a 

catalyst. Then filtrate and recrystallized from 

EtOH. second step is to prepare of the Ethyl 3-

(benzofuran -2yl)acrylate involving reaction of 

ethyl acetate (0.01mole) dissolved in(15ml) 

ethanol, using the piperidine base(0.01mole) 

and stirring for (15min), then (0.01mole) 

benzofuran 2-carboaldehyde dissolved in 

(10ml)ethanol are added using ultrasound 

technology at (70 C°) using ZrOCl2.8H2O as a 

catalyst, The product washed by water for 

times recrystallized from EtOH, then mixture 

product step 1 and product step2 by 

condensation reaction (Figure 2). 

 

Figure 2. Preparation of [1,7-bis(benzofuran-2-yl) hepta-1, 6-diene-3,5-dione] 



Chemical Material Used 

In this study, commercially available 

ELISA kits were employed to quantify serum 

levels of TNF-α, COX-2, IL-6, and LOX-2, 

following the protocols provided by the 

respective manufacturers (Table 1). 

Table 1. Summarizes the Binding Energies of Anti-inflammatory Derivatives (A–D) with Four Target Proteins 

Ligand TNF- α 

[Kcal/mol] 

COX-2 

[Kcal/mol] 

IL-6 

[Kcal/mol] 

LOX-2 

[Kcal/mol] 

A -10.0 -9.6 -6.9 -9.2 

B -11.4 -11.2 -8.9 -9.2 

C -10.6 -10.3 -8.6 -9.8 

D -10.7 -10.6 -8.5 -9.3 

Animals Used 

The study involved 90 white mice, aged 6 

weeks, with an average weight 25 grams, The 

mice were randomly assigned into six equal 

groups. Each group was housed in separate 

plastic cages (10 × 20 × 40 cm), each 

containing five animals. animals were housed 

in appropriately equipped cages with 

unrestricted access to food and water. A one-

week acclimatization period was observed 

under standardized laboratory conditions of 

light and temperature before commencing 

injections and compound administration. 

Determining of Inducing Kidney Cancer 

Dose 

The dosage selected for kidney cancer 

induction was determined based on protocols 

established in inter nationally recognized 

scientific studies. Accordingly, a dose of 

NDMA(is a known animal carcinogen, and has 

been shown to induce multiple tumor types, 

including renal tumors [20,21]. Experimental 

models for the sequential analysis of 

chemically-induced renal carcinogenesis. 

Toxicologic pathology, 14(1), 112-122. at a 

concentration of 60mg/kg through the 

peritoneal cavity was administered over a 

period of two months. Dosage calculations and 

the preparation of stock solutions for the novel 

organic compounds were conducted in 

accordance with established experimental 

protocols [22]. Stock solutions were prepared 

to deliver selected doses of 0.5, 1.0, and 1.5 

mg/kg. For example, to administer a dose of 

1.5 mg/kg to a mouse weighing 25 g, the 

calculation was as follows: the animal’s body 

weight (25 g) corresponds to 0.0375 mg of the 

compound, which was dissolved in 0.1mL of 

DMSO. The required volume of stock solution 

was scaled accordingly to accommodate the 

number of animals used in the experiment. 

Dosage in (mg)=(Body weight of animal (g))/1000(g) 

×dose(mg) 

Dosage in (mg)=(25 (g))/1000(g) ×1.5(mg)=0.0375 

Animals can be calculated by multiplying both sides by 

constant value as follows. 

0.0375 mg = 0.1 mL 

5 mice in each group 

the number of days to give a dose=21. 

21 x 5 x 0.0375 mg = 21 x5 x 0.1 mL 

3.93mg of novel organic compounds will be dissolved in 

10.5 mL of DMSO = X 

Experimental design 

X=(3.937(mg))/(10.5 ml)=0.374 mg/ml 

The newly developed compound exhibits a 

strong binding interaction with LOX-2, 

resulting in its effective inhibition, as 

demonstrated by the 2D-3D binding model. 

This interaction suggests that the compound 

acts as a potent inhibitor of kidney cancer, as 

LOX-2 plays a crucial role in the 

tumorigenesis and metastasis of cancer cells. 



By inhibiting LOX-2, the compound 

potentially disrupts cancer cell progression and 

invasiveness, making it a promising 

therapeutic agent for kidney cancer treatment 

(figure 3). 

 

Figure 3. 3D and 2D Representations Illustrating the Potential Interactions between Compound C and the  

LOX-2 Enzyme 

The new compound demonstrated high 

efficacy in inhibiting IL-6, as shown in the 

corresponding images. IL-6 is a pro-

inflammatory cytokine that plays a critical role 

in promoting tumor growth and progression. 

By inhibiting IL-6, the compound can 

potentially reduce inflammation within the 

tumor microenvironment, which is known to 

support cancer cell survival and proliferation, 

thus lowering the risk of cancer progression 

(Figure 4). 

 

Figure 4. 3D and 2D Representations Illustrating the Potential Interactions between Compound C and the 

 IL-6 Protein 

Additionally, the compound showed 

significant inhibition of COX-2, as illustrated 

by the relevant images. COX-2 is an enzyme 

that is overexpressed in many types of cancer, 

contributing to inflammation, angiogenesis, 

and tumor cell proliferation. By inhibiting 

COX-2, the compound helps to reduce these 

pro-cancerous processes, thereby offering a 

potential therapeutic effect against cancer 

(Figure 5). 



 

Figure 5. 3D and 2D Representations Illustrating the Potential Interactions between Compound C and the  

COX-2 Enzyme 

Furthermore, the compound effectively 

inhibited TNF-α, as depicted in the images. 

TNF-α is a cytokine involved in inflammatory 

responses and is associated with the 

development of cancer. High levels of TNF-α 

contribute to tumorigenesis and metastasis. By 

targeting and inhibiting TNF-α, the compound 

could disrupt the inflammatory pathways that 

facilitate cancer progression, making it a 

promising candidate for cancer treatment 

(Figure 6). 

 

Figure 6. 3D and 2D Representations Illustrating the Potential Interactions between Compound C and the  

TNF-α protein 

The animals were randomly assigned into 

six groups, each comprising five healthy mice, 

and were maintained on a standard diet 

throughout the experimental period. One of the 

groups was subjected to daily intraperitoneal 

administration of N-Nitrosodimethylamine 

(NDMA) for two months to induce renal 

carcinogenesis. The grouping and treatment 

protocol were as follows: 

Group I: (Control): Received only a 

standard diet and distilled water for the entire 

duration of the experiment, without any 

chemical exposure. 



Group II: Administered NDMA 

intraperitoneally at a dose of 60 mg/kg for two 

consecutive months, followed by an additional 

treatment with DMSO during the final week. 

Group III: Treated with NDMA as in 

Group II, followed by intraperitoneal 

injections of a novel synthetic compound (A) 

for 21 days at therapeutic doses of 0.5, 1.0, 

and 1.5 mg/kg/day. 

Group IV: Received NDMA for two 

months, then treated with compound (B) 

intraperitoneally for 21 days at doses of 0.5, 

1.0, and 1.5 mg/kg/day. 

Group V: Administered NDMA for two 

months, followed by compound (C) delivered 

intraperitoneally for 21 days at the same 

therapeutic doses (0.5, 1.0, and 1.5 

mg/kg/day). 

Group VI: Treated with NDMA for two 

months, then received compound (D) 

intraperitoneally for 21 days at doses of 0.5, 

1.0, and 1.5 mg/kg/day. 

Collection of Blood and Kidney Samples 

After completing the experiment, the 

animals were anesthetized using ether due to 

its rapid onset and wide safety margin, making 

it suitable for research applications. Blood 

samples were collected from the orbital sinus 

using capillary tubes. The collected blood was 

transferred into plain tubes without 

anticoagulants. After allowing the drawn blood 

to coagulate, the serum was separated using 

centrifugation for 15 minutes at a speed of 

(1179 xg). The obtained serum was then 

carefully aliquoted into specialized tubes and 

stored at –10 °C until further analysis. 

Subsequent assays included the measurement 

of TNF-α, COX-2, LOX-2, and IL-6 levels. 

Statistical Analysis 

Statistical analysis was performed by 

expressing the biochemical parameters as 

mean ± standard deviation, and the Duncan 

Test was used with ANOVA analysis to 

analyze the impact of the studied biochemical 

variables [23]. 

Results 

Assessment of Tumor Necrosis Factor-

alpha (TNF-α) Levels 

The study findings indicate a significant 

increase (P≤0.05) in TNF-α levels in 

(NDMA)- induced mice compared to the 

control group, likely due to immune cell 

activation in response to cancer presence and 

chronic inflammation associated with kidney 

cancer [23]. Furthermore, the sustained 

inflammatory response typically linked to 

kidney cancer is a key factor contributing to 

increased TNF-α levels. This chronic 

inflammation promotes the secretion of TNF-α 

by immune cells and various other cell types 

within the tumor microenvironment [24, 22]. 

However, treatment with doses A, B, C, and D 

resulted in a significant reduction in TNF-α 

levels, with compound C exhibiting the 

highest efficacy. This reduction is attributed to 

strong binding interactions between the 

compound and the enzyme, as predicted by 

molecular docking, which revealed four 

hydrogen bonds and the most favorable 

binding energy (ΔG = -10.6), indicating potent 

enzyme inhibition (Table 2). 

Assessment of Cyclooxygenase-2 (Cox-2) 

Levels 

The findings revealed a significant increase 

(P ≤ 0.05) in COX-2 concentration in the 

NDMA-induced group compared to the 

control. This elevation is likely linked to the 

activation of intracellular signaling cascades in 

renal cancer cells, leading to upregulated 

COX-2 synthesis and secretion. Chronic 

inflammation in the kidney often resulting 

from conditions such as recurrent urinary tract 

infections, nephrolithiasis, or urolithiasis may 

further contribute to this upregulation. Pro-

inflammatory mediators generated in such 

pathological contexts are known to enhance 

COX-2 expression [25]. The study 



demonstrated a significant reduction in COX-2 

concentration in mice treated with different 

doses, particularly A, B, C, and D, compared 

to the (NDMA) -induced group. This reduction 

is attributed to the inhibitory interaction of the 

compounds with the enzyme [23]. Notably, 

compound C exhibited the most pronounced 

effect, due to its strong binding affinity, which 

was theoretically predicted through molecular 

docking. The analysis revealed four hydrogen 

bonds and additional interactions contributing 

to this stability. Furthermore, the high negative 

ΔG value (-10.3) confirms the compound's 

potent inhibitory activity [26-28] (Table 2). 

Assessment of Interleucein-6 (IL-6) 

Levels 

A significant elevation in IL-6 

concentration (P ≤ 0.05) was detected in 

NDMA-induced mice relative to the control 

group. This rise is likely associated with the 

activation of specific intracellular signaling 

pathways involved in renal cancer 

development [29], which stimulate the 

production and release of IL-6. Genetic 

alterations or abnormalities within cancer cells 

could also contribute to this effect 

Furthermore, the tumor microenvironment 

plays a critical role in cancer progression, with 

immune cells and other stromal components 

within the kidney tumor either producing IL-6 

directly or promoting its secretion [30] (Table 

2). Conversely, a significant reduction in IL-6 

levels was detected in mice treated with 

different doses (A, B, C, and D) compared to 

the (NDMA) -induced group. This decline is 

likely due to the potent inhibitory effects and 

strong binding interactions of the tested 

compounds. Among these, compound C 

demonstrated the highest efficacy, as 

evidenced by the most substantial reduction in 

IL-6 levels. This effect is primarily attributed 

to the strong binding interactions between the 

compound and the target enzyme [23], as 

predicted by molecular docking studies. The 

binding involves four hydrogen bonds along 

with additional interactions, contributing to the 

compound’s high affinity. Moreover, 

compound C exhibited the most negative free 

energy change (ΔG = -8.6), indicating a strong 

and efficient inhibitory activity (Table 2). 

Assessment of LOX-2 Levels 

The results demonstrated a significant 

elevation (P ≤ 0.05) in LOX-2 levels in the 

NDMA-induced group compared to the 

control group. This increase may be attributed 

to the activation of signaling pathways within 

renal carcinoma cells, which promote the 

expression and secretion of LOX-2 [31]. 

Furthermore, chronic kidney inflammation 

commonly linked to conditions such as 

recurrent urinary tract infections, bladder 

stones, or kidney stones may contribute to the 

upregulation of LOX-2. Inflammatory 

mediators released during such pathological 

states are known to stimulate LOX-2 

production [32]. The study demonstrated a 

significant reduction in LOX-2 concentration 

in mice treated with different doses, 

particularly A, B, C, and D, compared to the 

(NDMA) -induced group. This reduction is 

attributed to the inhibitory interaction of the 

compounds with the enzyme [23]. Notably, 

compound C exhibited the most pronounced 

effect, due to its strong binding affinity, which 

was theoretically predicted through molecular 

docking. The analysis revealed four hydrogen 

bonds and additional interactions contributing 

to this stability. Furthermore, the high negative 

ΔG value (-9.8) confirms the compound's 

potent inhibitory activity (Table 2). 



Table 2. Measured Biochemical Markers Assessed in the Serum Samples of Mice Treatment with (NDMA) and 

the used Compound A, B, C, and D 

 Biochemical 

markers 

Control Mice induced by 

NDMA 60mg/kg 

Dose 

(0.5mg/kg) 

Dose 

(1 mg/kg) 

Dose 

(1.5 mg/kg) 

A TNF-α 12.08 ±1.18 e 521.73±1.50a 238.22±5.6c 120.86±2.60 d 261.74±3.91 b 

IL-6 5.13±1.03 d 41.74±0.94a 30.78±1.19 b 24.37±1.39 c 30.49±1.38 b 

COX-2 15.41±1.71 e 404.35±1.83 a 260.81±4.09c 153.23±6.83d 285.34±5.20b 

LOX-2 102.16 ±1.26 e 837.85±3.67 a 323.02±2.72b 292.27±1.31 d 305.92±3.72 c 

B TNF-α 12.08±1.182e 521.73±1.50a 132.15±1.85c 125.86±3.99d 164.34±4.03b 

IL-6 5.134±1.034 e 41.74±0.94a 24.35±1.35c 18.592±1.65d 29.08±1.17b 

COX-2 15.41±1.710e 404.35±1.836a 165.02±6.26c 128.05±5.76d 187.31±2.86b 

LOX-2 102.16±1.26e 837.85±3.67a 213.98±3.56c 205.86±4.52d 227.40±3.26b 

C TNF-α 12.08±1.18d 521.73±1.50a 76.08±10.98c 20.24±3.21d 90.43±8.22b 

IL-6 5.134±1.034d 41.74±0.94a 8.892±0.56b 6.80±0.30c 8.412±0.97b 

COX-2 15.41±1.71e 404.35±1.83a 58.02±1.95b 17.82±1.59d 46.61±1.49c 

LOX-2 102.16±1.26e 837.85±3.67a 194.11±3.27b 109.61±1.57d 125.34±3.35d 

D TNF-α 12.08±1.18 e 521.73±1.50 a 113.87±2.35 b 95.11±3.60 d 101.09±2.18c 

IL-6 5.134±1.03 d 41.74±0.94 a 17.52±1.49b 13.92±1.198c 18.10±1.57b 

COX-2 15.41±1.71 e 404.35±1.836a 105.00±2.89c 91.59±1.63 d 123.97±2.22b 

LOX-2 102.16±1.26e 837.85±3.67 a 314.69±2.97b 280.90±2.02 d 294.54±3.03c 

The values are expressed as mean ± standard deviation. 

Distinct letters denote statistically significant differences at a probability level of P ≤ 0.05. 

Histological Study 

A histological study of mouse kidney 

treated with (NDMA) and new synthetic 

compounds [23]. 

Group I: The results demonstrated a 

histologically normal kidney architecture. 

Both the mucosal and submucosal layers were 

intact, exhibiting well-defined boundaries and 

no signs of structural damage. The transitional 

epithelium retained its typical morphology, 

and the muscular layer appeared unaffected, 

without any observed damage as seen in 

diseased conditions (Figure 7). 

Group II: In contrast, marked 

histopathological alterations were observed 

following NDMA administration, These 

changes included luminal stenosis, necrosis, 

and desquamation of the transitional epithelial 

cells, along with muscular layer thickening 

and notable infiltration of inflammatory cells 

(Figure 7). 

Group III: This group received NDMA 

followed by treatment with compound (A) for 

21 days. Histological analysis showed that the 

tissues were free of any form of damage when 

compared to the NDMA-only group. 

Observations included isolated instances of 

epithelial cell degeneration and necrosis, slight 

mucosal thinning, and mild inflammatory cell 

infiltration, indicating a noticeable therapeutic 

effect of compound (A) (Figure 7). 

Group IV: Animals in this group were 

administered NDMA followed by treatment 

with compound (B) for 21 days. The findings 

revealed both theoretical and practical 

evidence of therapeutic efficacy, as the kidney 

tissue maintained its normal histological 



architecture. The mucosal layer lined with 

transitional epithelium, as well as the 

submucosal and muscular layers, remained 

structurally intact and closely resembled those 

of the control group. Importantly, no 

histopathological signs of tissue damage were 

detected, highlighting the protective effects of 

compound (B) (Figure 7). 

Group V: Animals in this group received 

NDMA followed by treatment with compound 

(C) for 21 days. Histological examination 

revealed signs of tissue repair in the kidney, 

characterized by mild mucosal thinning, 

limited focal infiltration of inflammatory cells 

within the submucosa, and limited instances of 

cellular degeneration and necrosis epithelial 

cells. These findings indicate a clear 

therapeutic effect of compound (C) (Figure 7). 

Group VI: Animals in the sixth group were 

administered NDMA to induce renal damage, 

followed by treatment with compound (D) for 

21 days. Histopathological analysis 

demonstrated a positive therapeutic response, 

evidenced by prominent vacuolar 

degeneration, mild necrosis of the transitional 

epithelial cells, and vascular congestion. These 

findings suggest a moderate level of treatment 

efficacy compared to the untreated NDMA-

induced condition (Figure 7). 

 

Figure 7. A histological study of mouse kidney treated with (NDMA) and new synthetic compounds (A) 

Photomicrograph of mice kidney from control (healthy) group demonstrates intact histological architecture of 

glomeruli, distal renal tubules, and proximal renal tubules. (B) Photomicrograph of mice kidney from control 

(infected) group demonstrates sever lesions as nephritis representing by polymorph-nuclear and mono-nuclear 

inflammatory cells, suspected cluster of tumor cells, necrosis, and cell swelling of epithelial cells lining renal 

tubules, pretentious material deposition, edema, hyperemia, and hemorrhage. (C) Photomicrograph of rat kidney 

from A compound demonstrates mild inflammatory cells infiltration, mild necrosis, and cell swelling of 

epithelial cells lining renal tubules, hyaline casts, and hyperemia. (D) Photomicrograph of rat kidney from B 

compound demonstrates few inflammatory cells infiltration, mild necrosis, and cell swelling of epithelial cells 

lining renal tubules, hyaline casts, hemorrhage. (E) Photomicrograph of rat kidney from C Compound 

demonstrates mild atrophy of glomerulus and mild dilation of Bowman's space, hemorrhage with intact renal 

tubules. (F) Photomicrograph of rat kidney from D compound demonstrates focal inflammatory cells infiltration, 

mild necrosis of epithelial cells lining renal tubules, hyaline casts, and pretentious material deposition. 



Discussion 

The present study demonstrates the 

significant therapeutic potential of novel 

benzofuran derivatives in targeting 

inflammatory pathways associated with kidney 

cancer progression. The NDMA-induced 

kidney cancer model successfully replicated 

the chronic inflammatory microenvironment 

characteristic of renal carcinomas, as 

evidenced by the substantial elevation of key 

inflammatory biomarkers including TNF-α, 

COX-2, IL-6, and LOX-2 compared to control 

groups. This inflammatory cascade represents 

a critical mechanism in kidney cancer 

pathogenesis, where sustained immune 

activation and the release of pro-inflammatory 

mediators create a tumor-promoting 

microenvironment that facilitates cancer cell 

proliferation, angiogenesis, and metastatic 

progression. 

The evaluation of tumor necrosis factor-

alpha levels revealed the complex interplay 

between immune system activation and cancer 

development, where chronic inflammation 

associated with kidney cancer triggers 

sustained TNF-α secretion by immune cells 

and stromal components within the tumor 

microenvironment. Similarly, the significant 

upregulation of cyclooxygenase-2 

concentration reflects the activation of 

intracellular signaling cascades in renal cancer 

cells, potentially exacerbated by underlying 

kidney pathology such as recurrent urinary 

tract infections or nephrolithiasis. The elevated 

interleukin-6 levels further underscore the role 

of specific signaling pathways in renal cancer 

development, with genetic alterations in 

cancer cells and the tumor microenvironment 

contributing to enhanced IL-6 production and 

secretion. The increased LOX-2 levels 

complement this inflammatory profile, 

indicating the comprehensive activation of 

multiple enzymatic pathways that collectively 

promote cancer progression and tissue 

damage. 

The therapeutic efficacy of the synthesized 

benzofuran derivatives, particularly compound 

C, represents a promising advancement in 

targeted kidney cancer therapy. The dose-

dependent reductions in all inflammatory 

markers across treatment groups A, B, C, and 

D demonstrate the compounds' ability to 

effectively modulate the inflammatory 

microenvironment. Compound C emerged as 

the most potent inhibitor, achieving the most 

substantial reductions in TNF-α, COX-2, IL-6, 

and LOX-2 levels, which correlates directly 

with its superior molecular docking profile. 

The molecular docking studies provide crucial 

mechanistic insights, revealing that compound 

C forms four stable hydrogen bonds with 

target enzymes while exhibiting the most 

favorable binding energies across all targets, 

with ΔG values of -10.6, -10.3, -8.6, and -9.8 

for TNF-α, COX-2, IL-6, and LOX-2 

respectively. These highly negative free 

energy changes indicate strong and efficient 

inhibitory activity, suggesting that compound 

C achieves optimal binding affinity and 

selectivity for these inflammatory enzymes. 

The multitarget approach demonstrated by 

these benzofuran derivatives represents a 

significant advantage over single-target 

therapies, as kidney cancer involves complex, 

interconnected inflammatory networks that 

require comprehensive intervention. The 

ability of compound C to simultaneously 

inhibit multiple inflammatory enzymes 

suggests it could effectively disrupt the 

positive feedback loops that sustain the tumor 

microenvironment, potentially leading to 

reduced cancer cell proliferation, decreased 

angiogenesis, and improved treatment 

outcomes. Furthermore, the strong correlation 

between molecular docking predictions and 

experimental results validates the rational drug 

design approach employed in this study, 

providing confidence in the structure-activity 

relationships identified and supporting further 

optimization of these compounds. The 

histopathological evaluation provides 



compelling morphological evidence 

supporting the biochemical findings and 

further validates the therapeutic efficacy of the 

benzofuran derivatives in kidney cancer 

treatment. The control group (Group I) 

established the baseline normal kidney 

architecture, displaying intact mucosal and 

submucosal layers with well-defined 

boundaries, typical transitional epithelium 

morphology, and an unaffected muscular 

layer. In stark contrast, NDMA administration 

in Group II induced severe histopathological 

alterations characteristic of kidney cancer 

pathology, including luminal stenosis, 

extensive necrosis and desquamation of 

transitional epithelial cells, muscular layer 

thickening, and substantial inflammatory cell 

infiltration. These morphological changes 

directly correlate with the elevated 

inflammatory markers observed in the 

biochemical analysis, demonstrating the 

successful establishment of the kidney cancer 

model and the structural manifestations of 

chronic inflammation. 

The therapeutic interventions revealed 

varying degrees of histological recovery that 

aligned with the compounds' biochemical 

efficacy profiles. Treatment with compound A 

(Group III) showed moderate therapeutic 

benefits, with isolated epithelial cell 

degeneration and necrosis, slight mucosal 

thinning, and mild inflammatory cell 

infiltration, indicating partial tissue recovery 

compared to the severely damaged NDMA-

only group. Remarkably, compound B 

treatment (Group IV) achieved near-complete 

histological restoration, with kidney tissues 

maintaining normal architecture closely 

resembling the control group, including intact 

mucosal layers lined with transitional 

epithelium and preserved submucosal and 

muscular layers without detectable 

histopathological damage. This exceptional 

therapeutic response suggests that compound 

B not only inhibited inflammatory pathways 

but also promoted comprehensive tissue 

healing and regeneration. 

Compound C treatment (Group V) 

demonstrated clear therapeutic effects with 

evidence of active tissue repair processes, 

characterized by mild mucosal thinning, 

limited focal inflammatory cell infiltration, 

and restricted cellular degeneration and 

necrosis. While not achieving the complete 

recovery observed with compound B, the 

histological improvements were substantial 

and consistent with compound C's superior 

biochemical profile in inflammatory marker 

reduction. Compound D treatment (Group VI) 

showed moderate therapeutic efficacy, with 

prominent vacuolar degeneration, mild 

necrosis of transitional epithelial cells, and 

vascular congestion, indicating partial 

recovery but with remaining structural 

abnormalities. 

The histopathological findings provide 

crucial insights into the structure-activity 

relationships of the benzofuran derivatives, 

revealing that biochemical efficacy in reducing 

inflammatory markers translates directly into 

morphological tissue recovery. The superior 

performance of compound B in achieving 

near-complete histological restoration, despite 

compound C showing the most potent 

biochemical inhibition, suggests that optimal 

therapeutic outcomes may require balancing 

multiple factors including tissue penetration, 

bioavailability, and cellular repair mechanisms 

beyond simple enzyme inhibition. These 

findings collectively demonstrate that 

benzofuran derivatives offer a promising 

therapeutic strategy for kidney cancer 

treatment by simultaneously targeting 

inflammatory pathways and promoting tissue 

recovery, with the histopathological evidence 

providing strong support for their clinical 

translation potential. 

The present study demonstrates the 

significant therapeutic potential of novel 

benzofuran derivatives in targeting 

inflammatory pathways associated with kidney 



cancer progression. The NDMA-induced 

kidney cancer model successfully replicated 

the chronic inflammatory microenvironment 

characteristic of renal carcinomas, as 

evidenced by the substantial elevation of key 

inflammatory biomarkers including TNF-α, 

COX-2, IL-6, and LOX-2 compared to control 

groups. This inflammatory cascade represents 

a critical mechanism in kidney cancer 

pathogenesis, where sustained immune 

activation and the release of pro-inflammatory 

mediators create a tumor-promoting 

microenvironment that facilitates cancer cell 

proliferation, angiogenesis, and metastatic 

progression. 

The evaluation of tumor necrosis factor-

alpha levels revealed the complex interplay 

between immune system activation and cancer 

development, where chronic inflammation 

associated with kidney cancer triggers 

sustained TNF-α secretion by immune cells 

and stromal components within the tumor 

microenvironment. Similarly, the significant 

upregulation of cyclooxygenase-2 

concentration reflects the activation of 

intracellular signaling cascades in renal cancer 

cells, potentially exacerbated by underlying 

kidney pathology such as recurrent urinary 

tract infections or nephrolithiasis. The elevated 

interleukin-6 levels further underscore the role 

of specific signaling pathways in renal cancer 

development, with genetic alterations in 

cancer cells and the tumor microenvironment 

contributing to enhanced IL-6 production and 

secretion. The increased LOX-2 levels 

complement this inflammatory profile, 

indicating the comprehensive activation of 

multiple enzymatic pathways that collectively 

promote cancer progression and tissue 

damage. 

The therapeutic efficacy of the synthesized 

benzofuran derivatives, particularly compound 

C, represents a promising advancement in 

targeted kidney cancer therapy. The dose-

dependent reductions in all inflammatory 

markers across treatment groups A, B, C, and 

D demonstrate the compounds' ability to 

effectively modulate the inflammatory 

microenvironment. Compound C emerged as 

the most potent inhibitor, achieving the most 

substantial reductions in TNF-α, COX-2, IL-6, 

and LOX-2 levels, which correlates directly 

with its superior molecular docking profile. 

The molecular docking studies provide crucial 

mechanistic insights, revealing that compound 

C forms four stable hydrogen bonds with 

target enzymes while exhibiting the most 

favorable binding energies across all targets, 

with ΔG values of -10.6, -10.3, -8.6, and -9.8 

for TNF-α, COX-2, IL-6, and LOX-2 

respectively. These highly negative free energy 

changes indicate strong and efficient inhibitory 

activity, suggesting that compound C achieves 

optimal binding affinity and selectivity for 

these inflammatory enzymes. 

The multitarget approach demonstrated by 

these benzofuran derivatives represents a 

significant advantage over single-target 

therapies, as kidney cancer involves complex, 

interconnected inflammatory networks that 

require comprehensive intervention. The 

ability of compound C to simultaneously 

inhibit multiple inflammatory enzymes 

suggests it could effectively disrupt the 

positive feedback loops that sustain the tumor 

microenvironment, potentially leading to 

reduced cancer cell proliferation, decreased 

angiogenesis, and improved treatment 

outcomes. Furthermore, the strong correlation 

between molecular docking predictions and 

experimental results validates the rational drug 

design approach employed in this study, 

providing confidence in the structure-activity 

relationships identified and supporting further 

optimization of these compounds. The findings 

collectively suggest that benzofuran 

derivatives, particularly compound C, offer a 

promising therapeutic strategy for kidney 

cancer treatment by targeting the inflammatory 

underpinnings of cancer progression, 

warranting continued investigation through 



advanced preclinical studies and eventual 

clinical translation. 

Conclusion 

This study demonstrated the potential of 

novel benzofuran-based compounds, 

particularly the 6-methoxy-substituted 

derivative (compound C), as effective 

therapeutic agents against kidney cancer. 

Compound C showed superior anti-

inflammatory and anticancer activity, 

evidenced by reduced levels of pro-

inflammatory markers(COX-2,TNF-α,IL-6 

and LOX-2) and significant histological 

recovery. These findings suggest that 

benzofuran derivatives may offer a promising 

strategy for kidney cancer treatment through 

modulation of inflammation-related pathways. 
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