
INTRODUCTION
Cancer is a serious disease that occurs due to abnormal 
and uncontrolled growth of cells in the body.1,2 And can be 
treated through various methods, including chemotherapy,3 
which involves the use of chemical compounds to attack and 
kill cancer cells by administering chemical doses of organic 
compounds to the body.4 The goal of chemotherapy is to reduce 
the size of the cancerous tumor and destroy any remaining 
cancer cells.5 In this study, we have prepared new organic 
compounds derived from benzofuran, which are known for 
their various biological effects, including anti-inflammatory. 
6 anti-Alzheimer’s.7 and anticancer properties8. These organic 
compounds were theoretically studied using the MCULE 

docking program to evaluate their effectiveness on specific 
proteins by calculating the G value and generating 2D and 
3D images of the interactions between the enzyme and the 
compound.9 The types and numbers of bonds vary from one 
compound to another. Based on these results, we applied 
these compounds scientifically to bladder cancer by inducing 
bladder cancer in mice using the BBN compound through 
drinking water.10 We then converted the compounds into 
different chemical doses and applied them to mice to study the 
biochemical signals and perform tissue analysis. It was found 
that the newly derived compounds from benzofuran have a 
clear impact on bladder cancer. The objective of this study is 
to evaluate and test the impact of novel chemical compounds 
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on the levels of three enzymes (TNF-a, COX-2, IL-6) in the 
serum of white mice with bladder cancer induced by BBN, 
the compounds were theoretically studied using the program 
MCULE docking, which revealed a binding interaction 
between the enzymes and these compounds. Additionally, 
histological analysis was conducted to assess tissue changes, 
along with monitoring the levels of the enzymes throughout 
the study.
Molecular Docking Analysis
The binding orientations and interactions of the potent 
antitumor derivatives (A, B, C, D, and E) as shown in Figure 1. 
into three anti-inflammation tumor-regulating proteins, namely 
TNF-a, COX-2, and IL-6, were simulated using MCULE 
docking and BIOVIA discovery studio (2021) software. ‘The 
selected proteins’ three-dimensional structure (3D) was 
downloaded from the PDB website. proteins were added with 
ligands in the mcule docking.11 The mcule docking specializes 
in analyzing and evaluating biological activity by using the 
novel chemical compound of interest and selecting the enzymes 
for studying their interaction.12 These enzymes are chosen 
from the available enzyme database (BDP). Mcule assesses 
the binding strength between the chemical compound and the 
selected enzymes by calculating the interaction’s ΔG value 
(free energy) as shown in Table 1. The ΔG value helps estimate 
the interaction strength and its potential impact on the enzyme. 
Additionally, Mcule docking can provide 2D and 3D images 
of the binding that occurred between the prepared chemical 
compound and the enzyme as part of the result reports as shown 
in Figures 2-4.13 The objective of this study is to evaluate and 
test the impact of novel chemical compounds on the levels of 
three enzymes (TNF-a, COX-2, IL-6) in the serum of white 
mice with bladder cancer induced by BBN. The compounds 
were theoretically studied using the program MCULE docking, 
which revealed a binding interaction between the enzymes 
and these compounds. Additionally, histological analysis was 
conducted to assess tissue changes, along with monitoring the 
levels of the enzymes throughout the study.

MATERIALS AND METHODS 

Chemical Material Used 
In this study, standard kits were used to measure the level of 
(TNF-a, COX-2, and IL-6) in serum was the ELISA technique 
using ready-made solutions (Kit) according to the manufacturer 

(Sunlong/China).
Methods

Preparation of 7-methoxy-2-hydro-2H-benzofuro[3,2-c] 
pyrazol-3-one (A) and 7-methoxy-3-oxo-2H-benzofuro[3,2-c] 
pyrazole-2-carboxamide (B) and 7-methoxy-3-oxo-2H-
benzofuro[3,2-c] pyrazole-2-carbothioamide (C)
A mixture of Ethyl Coumarilate (1 mmole) with ammonia 
derivatives like hydrazine hydrate (99%) or thiosemicarbazide 
or semicarbazide hydrochloride (5 mmole) in glacial acetic acid 
(15 ml) The reaction mixture was heated for (3 hours) at (70℃) 
in Ultrasonic technique with small amount of zirconyl chloride 
octahydrate ZrOCl2.8H2O as a catalyst. Then, 50 mL) of water 
was added to the crude mixture, and the solid was collected by 
vacuum filtration, and washed with warm water. The product 
was recrystallized from EtOH and dried at room temperature 
to give compounds (A, C, B)14-16 as shown in Scheme 1.
Preparation of 2-phenyl-2H-benzofuro[3,2-c] pyrazole-3-one 
(D)
A mixture of ethyl coumarilate (1 mmole) was dissolved 
with phenylhydrazine hydrochloride (5 mmole) in dimethyl 
sulfoxide (DMSO) (10 mL). To this mixture, Piperidine (5 
mL) was added dropwise. The reaction mixture was heated 
for (3 hours) at (70℃) in the Ultrasonic technique with a 
small amount of zirconyl chloride octahydrate ZrOCl2.8H2O 
as a catalyst. Then, 50 mL) of water was added to the crude 
mixture, and the solid was collected by vacuum filtration, and 
washed with warm water. The product was recrystallized from 
EtOH and dried at room temperature to give compounds (D)17 

as shown in Scheme 2.
Preparation of 2-thioxo-2H-benzofuro[3,2-d] pyrimidin-
4(3H)-one (E)
A mixture of ethyl coumarilate (1 mmole) and thiourea (5 
mmole) in glacial acetic acid (15 mL) The reaction mixture was 

Table 1: Binding energies of the potent anti-inflammation derivatives 
(A, B, C, D, and E) with the three examined proteins.

Ligand TNF-a 
[Kcal/mol]

COX-2
[Kcal/mol]

IL-6 [Kcal/
mol]

A -6.6 -5.8 -6.2

B -7.2 -7.3 -7.4

C -7.1 -6.9 -6.7

D -5.7 -5.3 -5.9

E -5.8 -4.7 -5.1

Scheme 1: The synthesis of novel organic compounds A, B, and C

Scheme 2: The synthesis of the novel organic compound D

Scheme 3: The synthesis of novel organic compound E
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heated for (3 hours) at (70℃) in an Ultrasonic technique with a 
small amount of zirconyl chloride octahydrate ZrOCl2.8H2O 
as a catalyst. Then, 50 mL) of water was added to the crude 
mixture, and the solid was collected by vacuum filtration and 
washed with warm water. The product was recrystallized from 
EtOH and dried at room temperature to give compounds (E)18,19 

as shown in Scheme 3.
Animals used
In 85 male mice of weight (25 g) were taken from the animal 
house of the College of Veterinary Medicine, Mosul University. 
They were placed in cages equipped and prepared for this 
purpose and provided with water and animal feed for them. 
They were divided into seven groups and left for one week to 
accommodate laboratory light and temperature conditions and 
then the injection and dosing procedures.
Determining of inducing bladder cancer dose
Determining the dosage for inducing bladder cancer is based 
on internationally recognized research studies. Following this, 
a dose of BBN at a concentration of 0.05% was administered 
over a period of four months by mixing an appropriate quantity 
of the compound with drinking water for the mice.20

Dosage calculation and preparation of a stock solution of 
novel organic compounds for experimental animals21

Stock solutions and doses of novel organic compound (With 
selected doses, 0.5, 1, and 1.5 mg/kg) as shown in Figure 5 for 
mice weighing 25 g be calculated as follows.

Body weight of animal =25 g
In a nutshell, 25 g = 0.0375 mg = 0.1 mL of DMSO
The bulk volume of the stock solution required for many 

animals can be calculated by multiplying both sides by constant 
value as follows. 
0.0375 mg = 0.1 mL
5 The group of mice
21 the number of days to give a dose.
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

Figure 2: 3D&2D illustration of possible interactions of compound B 
with the TNF-a protein 

Figure 3: 3D&2D illustration of possible interactions of compound B 
with the COX-2 protein (PDB ID 1CX2)

Figure 4: 3D&2D illustration of possible interactions of compound B 
with the IL-6 protein (PDB ID 5FUC)
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Figure 1: The novel synthesis of heterocyclic compounds.

Table 2: shows some biochemical variables that were measured in the blood serum of mice treated with (BBN) and A.

Dose M6 (1.5 mg/kg)Dose M6 (1 mg/kg)Dose M6 (0.5mg/kg)Mice induced by BBN 0.05%Control
B

SDMeanSDMeanSDMeanSDMeanSDMean

0.63
bc
5.990.19

cd
4.680.19b

6.780.78a
82.560.25d

3.95IL-6

4.18
b
73.692.06

c
16.437.15b

61.697.91a
460.810.79c

6.27
TNF-
α

0.52b
31.251.48

c
15.380.69b

41.837.78a
366.911.07c

12.60
COX-
2
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The animals were distributed into 7 groups, each including 5 
healthy animals, and they were fed a regular diet during the 
experiment. Another group of animals was dosed daily with 
(BBN) for a period of 4 months orally. The division of the 
groups was as follows:
• The first group (Control) received a normal diet throughout 

the entire experiment.
• The second group was dosed with (BBN) for 4 months and, 

during the last week, they were additionally administered 
DMSO. 

• The third group was dosed with (BBN) for 4 months, 
followed by injections of a new synthetic organic compound 
(A) into the peritoneal cavity for 21 days at doses of 0.5-
1-1.5 mg/kg of body weight per day (therapeutic doses).

• The fourth group was dosed with (BBN) for 4 months 
and then received injections of a new synthetic organic 
compound (B) into the peritoneal cavity for 21 days at doses 
of 0.5-1-1.5 mg/kg of body weight per day (therapeutic 
dose).

• The fifth group was dosed with (BBN) for 4 months 
and then received injections of a new synthetic organic 
compound (C) into the peritoneal cavity for 21 days at doses 
of 0.5-1-1.5 mg/kg of body weight per day (therapeutic 
dose).

• The sixth group was dosed with (BBN) for 4 months 
and then received injections of a new synthetic organic 
compound (D) into the peritoneal cavity for 21 days at doses 
of 0.5-1-1.5 mg/kg of body weight per day (therapeutic 
dose).

• The seventh group was dosed with (BBN) for 4 months 
and then received injections of a new synthetic organic 
compound (E) into the peritoneal cavity for 21 days at doses 
of 0.5-1-1.5 mg/kg of body weight per day (therapeutic 
dose).

Collection of blood and bladder samples
After completing the experiment, the animals were anesthetized 
by placing a piece of cotton moistened with ethyl ether directly 
on the nose for five minutes. Blood was drawn from the eye 
socket using special capillary tubes, the blood was collected 
in clean, dry tubes (Plain tubes) free of anticoagulant, then 
allowed to clot and the serum was separated by centrifuge for 
15 minutes at a speed of 5000 cycles/sec. The serum was placed 
in special tubes for this purpose and kept at a temperature 
of -20°C until the tests are carried out for the experiment’s 
standards (TNF-a, COX-2, IL-6).
Statistical Analysis
The results were analyzed statistically, where the values of 
the biochemical variables were described using the mean 
and standard deviation, and the Duncan Test was used 
with ANOVA analysis to analyze the impact of the studied 
biochemical variables.22

RESULTS AND DISCUSSION

Results of the biochemical study
Measurement of some biochemical variables in the blood serum 
The above values refer to the mean ± standard deviation. 
The different letters indicate a significant difference at the 
probability level P≤0.05.
The above values refer to the mean ± standard deviation.
The different letters indicate a significant difference at the 
probability level P≤0.05.

O

NN NH2

O
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O

0.5mg/kg 1mg/kg 1.5mg/kg

Figure 5: Conversion of the novel organic compound to dose

Figure 6: The effect of A on mice induced by BBN

Figure 7: The effect of B on mice induced by BBN

Figure 8: The effect of C on mice induced by BBN

Figure 9: The effect of D on mice induced by BBN
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The above values refer to the mean ± standard deviation 
The different letters indicate a significant difference at the 
probability level P≤0.05.

The above values refer to the mean ± standard deviation. 
The different letters indicate a significant difference at the 
probability level P≤0.05.
Tumor Necrosis Factor (TNF-α) Concentration Level
The findings demonstrated a notable increase, with a 
probability level of P≤0.05, in the concentration of TNF-α 
among mice induced with BBN, when compared to the 
control group as shown in Table 2. This elevation could be 
ascribed to the activation of immune cells in response to the 
presence of cancer cells within the bladder.23 TNF is released 
by these immune cells as part of the immune response aimed 
at combating the cancer cells. Moreover, the persistent 
inflammation commonly associated with bladder cancer can 
contribute to elevated levels of TNF. This chronic inflammation 
leads to the production of TNF by immune cells and other cells 
in the affected area.24 Notably, the results revealed a significant 
reduction in TNF-α concentration among mice treated with 
various doses, specifically A, B, C, and D, when compared to 
the BBN-induced group due to interaction and inhibition of 

the enzyme form as shown in Table 5. The notable decrease 
in TNF-α concentration can be attributed to the remarkable 
efficacy of compound B in comparison to the other doses 
shown in Figure 7. This decrease is attributed to the strong 
binding interactions between the compound and the enzyme, as 
theoretically predicted by the docking program. There are four 
hydrogen bonds, along with other types of bonds, contributing 
to this strong binding. Additionally, the compound exhibited 
the highest negative ΔG = -7.2, indicating a strong and effective 
inhibition of the enzyme.25

Cyclooxygenase-2 (Cox-2) Concentration Level
Based on the results, a noteworthy elevation, at a probability 
level of P≤0.05, in the concentration of Cox-2 was evident 
among BBN-induced mice when compared to the control 
group. This increase can be attributed to the activation 
of signaling pathways within bladder cancer cells, which 
prompts the production and release of Cox-2.26 The presence 
of chronic inflammation within the bladder, often associated 
with conditions like recurrent urinary tract infections or 
bladder stones, may contribute to enhanced Cox-2 expression. 
Inflammatory signals released during this process can stimulate 
the production of Cox-2.27]. Additionally, the results revealed 

Table 3: Biochemical variables that were measured in the blood serum of mice treated with (BBN) and B.

Dose M1 (1.5 mg/kg)Dose M1 (1 mg/kg)Dose M1 (0.5mg/kg)Mice induced by BBN 
0.05%Control

A
SDMeanSDMeanSDMeanSDMeanSDMean

0.70b
13.880.44C

7.590.73b
14.540.78a

82.560.25d
3.95IL-6

5.55b
207.757.61D

79.834.26b
196.257.91a

460.810.79d
6.27TNF-α

4.73b
260.173.08D

117.535.49c
223.877.78a

366.911.07e
12.60COX-2

Table 4: Biochemical variables that were measured in the blood serum of mice treated with (BBN) and C.

Dose M7 (1.5 mg/kg)Dose M7 (1 mg/kg)Dose M7 (0.5mg/kg)Mice induced by BBN 
0.05%Control

C
SDMeanSDMeanSDMeanSDMeanSDMean

0.22b
9.580.21c

6.760.46b
9.090.78a

82.560.25d
3.95IL-6

4.43c
131.844.21d

92.494.72b
160.707.91a

460.810.79e
6.27TNF-α

1.73b
80.381.813c

65.362.73b
87.067.78a

366.911.073d
12.60COX-2

Table 5: Biochemical variables that were measured in the blood serum of mice treated with (BBN) and D.

Dose K2 (1.5 mg/kg)Dose K2 (1 mg/kg)Dose K2 (0.5mg/kg)Mice induced by BBN 
0.05%Control

D
SDMeanSDMeanSDMeanSDMeanSDMean

0.74b
12.630.39c

8.440.58b
12.950.78a

82.560.25d
3.95IL-6

8.40b
160.943.28d

84.415.10c
113.627.91a

460.810.79e
6.27TNF-α

6.41b
259.861.96c

131.1711.13b
259.017.78a

366.911.07d
12.60COX-2

.
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.

a significant decrease in Cox-2 concentration among mice 
treated with various doses as shown in Table 4, particularly 
A, B, C, and D, in comparison to the BBN-induced group due 
to interaction and inhibition of the enzyme form as shown in 
Figures 6-9. The notable decrease in Cox-2 concentration can 
be attributed to the remarkable efficacy of compound B doses 
as shown in Figure 7 when compared to the other treatments 
due to the strong interactions between the compound and the 
enzyme, as theoretically predicted by the docking program, 
there are four hydrogen bonds, along with other types of bonds, 
contributing to this strong binding. Additionally, the compound 
exhibited the highest negative ΔG= -7.9, indicating a strong 
and effective inhibition of the enzyme.28

Interleucein-6 (IL-6) Concentration Level
Based on the results, a significant increase at a probability level 
of P≤0.05 in IL-6 concentration was observed in BBN-induced 
mice compared to the control group as shown in Table 3. This 
may be due to can be attributed to the activation of signaling 
pathways within bladder cancer cells, leading to the production 
and release of IL-6. This can be inf luenced by genetic 
alterations or abnormalities in the cancer cells.29 Additionally, 
the tumor microenvironment plays a crucial role in cancer 
development, and immune cells or other stromal cells within 
the bladder tumor can produce IL-6 or induce its production.30 
The results also show a significant decrease in mice treated 
with several doses such as A, B, C, and D compared to the 
BBN-induced group. The reason for this significant decrease 
in IL-6 concentration is due to strong binding and inhibition 
forms. The results showed that compound B doses were more 
effective compared to the others, a significant decrease has been 
observed as shown in Figure 7. The reason for this decrease 
is attributed to the strong binding interactions between the 
compound and the enzyme, as theoretically predicted by the 
docking program. There are four hydrogen bonds, along with 
other bonds, contributing to this strong binding. Additionally, 
the compound exhibited the highest negative ΔG = -7.4, 
indicating a strong and effective inhibition of the enzyme.31

Histological study
A histological study of rat bladder treated with (BBN) and new 
synthetic compounds.
First group
showed results indicating a normal state of the bladder. The 
mucosal layer and submucosal layer were observed to be 
intact with clear boundaries and no damage. Additionally, the 
transitional epithelial cells were present in their usual form, and 
the muscular layer also appeared normal without any observed 
damage as seen in diseased conditions. in Figures 10 and 11.
Second group
On the other hand, exhibited significant and noticeable tissue 
changes due to the administration of (BBN). These changes 
were characterized by the appearance of stenosis of the lumen 
with necrosis and sloughing of the transitional epithelium cells, 
thickening of the muscular, and infiltration of inflammatory 
cells, as depicted in Figures 12 and 13.

Third group
This group was dosed with (BBN) and then treated with (A) for 
21 days. The results of the histological examination showed that 
the tissues were free of any form of damage when compared to 
the bladder of the second group, and the appearance singular 
degeneration and necrosis of the epithelial cells and mild 
thinning of the mucosa and mild infiltration of inflammatory 
cells, meaning that the treatment has a clear effect as shown 
in Figures 14 and 15.
Fourth group
the animals of this group were dosed with (BBM) and then 
treated with (B) for 21 days, and the response to this treatment 

Figure 10: Histological section of mice urinary bladder of the Negative 
control group showing the normal architecture of the layers representing 

by mucosa lined with transitional epithelium cells (Black arrow), 
submucosa (Yellow arrow), and muscularis (Blue arrow). H&E stain, 

100X.

Figure 11: Histological section of mice urinary bladder of the Negative 
control group showing the normal architecture of the layers represented 
by mucosa lined with transitional epithelium cells (Black arrow). H&E 

stain, 400X.

Figure 12: Histological section of mice urinary bladder of the positive 
control (infected) group showing stenosis of the lumen with necrosis 

and sloughing of the transitional epithelium cells (Black arrow), 
thickening of the muscular is (Yellow arrow), and infiltration of 

inflammatory cells (Blue H&E)
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was very good in a theoretical and practical study, showing 
the normal architecture of the layers representing by mucosa 
lined with transitional epithelium cells and, submucosa and 
muscular is similar to the first group with a complete absence 
of any form of damage that occurred on the bladder tissue, 
meaning that the treatment was effective on the disease in a 
large and clear way, as shown in Figures 16 and 17.
Fifth group
animals of this group were dosed with (BBN) and then treated 
with (C) for 21 days, and its results showed that the repair 
process of bladder tissues had occurred, showing mild thinning 
of the mucosa and, mild focal infiltration of inflammatory cells 
in the submucosa and singular degeneration and necrosis of the 

Figure 13: Histological section of mice urinary bladder of the positive 
control (infected) group showing necrosis (Black arrow), degeneration 

(Yellow arrow) and sloughing (Blue arrow) of the transitional 
epithelium cells, thickening of the muscular is, and infiltration of 

inflammatory cells H&E stain, 400 X.

Figure 15: Histological section of mice urinary bladder of the treated A 
group showing singular degeneration and necrosis of the epithelial cells 

(Black arrow), mild infiltration of inflammatory cells (Yellow H&E 
stain, 4 0 0 X.

Figure 16: Histological section of mice urinary bladder of the treated 
B group showing the normal architecture of the layers represented 
by mucosa lined with transitional epithelium cells (Black arrow), 

submucosa (Yellow arrow), and muscular (Blue arrow). H&E stain, 
100X.

Figure 17: Histological section of mice urinary bladder of the treated 
B group showing the normal architecture of the layers represented by 
mucosa lined with transitional epithelium cells (Black arrow). H&E 

stain, 400X.

Figure 14: Histological section of mice urinary bladder of the treated 
A group showing mild thinning of the mucosa (Black arrow), mild 
infiltration of inflammatory cells (Yellow arrow), and edema (Blue 

arrow) H&Estain, 1 0 0 X.

Figure 18: Histological section of mice urinary bladder of the treated C 
group showing mild thinning of the mucosa (Black arrow), mild focal 

infiltration of inflammatory cells in the submucasa (Yellow arrow), and 
edema (Blue arrow). H&E stain, 100X.

Figure 19: Histological section of mice urinary bladder of the treated C 
group showing singular degeneration and necrosis of the epithelial cells 
(Black arrow), mild infiltration of inflammatory cells (Yellow arrow). 

H&E stain, 400X.
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epithelial cells, where they appeared clear treatment efficacy 
as shown in Figures 18 and 19.
Group Six
Animals in the sixth group were dosed with (BBN) to induce 
bladder damage and then treated with (D) for 21 days. The 
response to this treatment was good, showing severe vacuolar 
degeneration, mild necrosis of the transitional epithelial cells, 
and congestion of blood vessels. This indicates the effectiveness 
of the treatment compared to a secondary stage, as shown in 
Figures 20 and 21.
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