
INTRODUCTION 
Considered one of our bodies’ defense strategies against 
invasive pathogens is inflammation.1 Additionally, it speeds 
up the mending of damaged tissue and helps the cells go 
back to normal. Despite these positive effects, it may also 
cause cardiovascular diseases,2 tumors,3 inflammatory bowel 
syndrome,4 arthritis,5 pulmonary disorders,6 Alzheimers,7 
etc., as many negative effects. Understanding the function of 
inflammatory mediators, which directly cause inflammatory 
reactions, is essential for treating inflammation. Plasma proteins 
or certain cell types, such as platelets, neutrophils, monocytes, 
mast cells and macrophages, can produce inf lammatory 
mediators. Host cell proteins or bacterial toxins set them off. 
On specific receptors on the target cells the inflammatory 
mediators bind and increase neutrophil chemotaxis and 
vascular permeability, cause contraction of smooth muscle, 

have an immediate impact on enzymatic activity, cause pain, 
or cause oxidative damage. They can also cause smooth 
muscle contraction. Despite having brief lives on average, 
these chemical mediators have negative impacts.1 Vasoactive 
amines (such as 5-HT and histamine), eicosanoids (such as 
prostaglandins and leukotrienes), and cytokines (such as tumor 
necrosis factor (TNF) and interleukin-1 (IL-1)) are examples 
of the inflammatory chemical mediators. Arachidonic acid is 
transformed by cyclooxygenase-2 (COX-2) into prostaglandin 
H2 (PGH2), a mediator of inflammation.8 Another effective 
strategy for the treatment of inflammation is to reduce PGE2 
synthesis by inhibiting enzymatic activity and/or COX-2 
protein expression. Nitric oxide (NO) also makes a significant 
role to the development of inflammation (under other normal 
physiological conditions it could produce anti-inflammatory 
effect).9-11 However, in abnormal circumstances, it functions as 
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a proinflammatory mediator to cause a localized inflammatory 
response due to increased secretion. During an inflammatory 
response, the enzyme inducible nitric oxide synthase (iNOS) 
produces NO. At the location of inflammation, NO causes 
localized vasodilation, which causes edema.12 Therefore, 
lowering NO synthesis through iNOS enzymatic activity 
suppression and/or iNOS protein expression inhibition may be 
advantageous for controlling inflammation, comparable to the 
inhibition of PGE2 production. Recently, it has been discovered 
that numerous substituted pyrazole compounds exhibit anti-
inflammatory properties.13-16 In our study, we evaluated a 
series of 4, 5-dihydro-1H- Pyrazole-1-yl acetate as a pyrazole-
based anti-inflammatory agent derivatives with a structural 
likeness to celecoxib (Figure 1) as inhibitors of LPS-induced 
NO and PGE2 productions. Vicinal diaryl heterocycles as 
COX-2-inhibiting anti-inflammatory agents such as celecoxib 
have been reported. The presence of vicinal diaryl pyrazole 
scaffold in the structures of our target compounds encouraged 
us to investigate their anti-inflammatory activity.17 Moreover, 
3-(1-phenyl-4-(pyridin-4-yl)-1H-pyrazol-3-yl)phenol (Figure 1) 
possessing tri aryl pyrazole nucleus as inhibitor of PGE2 and 
NO release has been reported.18

MATERIALS AND METHODS

In-vitro Characterization Study of Synthesized 
Compounds Against COX Enzyme 
The ability of the previously 9 synthesized compounds (IVa-i) 
by Shahla et al. (2022) to prohibit the formation of PGH2 from 
arachidonic acid (AA) was assessed using a COX inhibitor 
screening assay kit according to the Abcam (No. ab139432) 
manufacturer’s guidelines (UK). The assay was run in 
duplicate with 9 solutions of compounds that were prepared 
in dimethyl sulfoxide (DMSO) at four concentrations (0.008, 
0.012, 0.016 and 0.02 nM). According to the instructions 
in the kit handbook, a standard curve of six prostaglandin 
concentrations, a non-specific binding sample, and a maximal 
binding sample were utilized to calculate the inhibition of 
the test chemical by using the multiple regression generated 
best-fit line. The 100% initial activity plate for the two 
enzymes cyclooxygenase-1 and cyclooxygenase-2 contained 
10 mL hematin and 10 mL of the enzyme in 160 mL reaction 
buffer. Then 10 mL from (IVa-i) compounds of concentrations 

mentioned above were added to the wells of inhibitor for the 
two enzymes and 10 mL of vehicle (DMSO) was added to 
100% initial activity and background wells. The plate was 
incubated for 10 minutes at 37oC and the reaction was started 
by adding 10 mL of cold COX chemiluminescent substrate, 
then immediately inject ten microliter of a cold, diluted solution 
of arachidonic acid wells. After that read in a luminometer 
for 5 seconds. The following equation used to estimate the 
percentage inhibition d by comparing the test compounds 
with the blank: 

[PGE2]vehicle -[PGE2]drug ×100/[PGE2]vehicle

In-vitro Kinetics Study of Synthesized Compounds as a 
Function of the Concentrations of COX Enzyme
Synthesized compounds (IVa-i) kinetics were validated using 
a COX inhibitor screening assay kit (cat.no. ab204699) 10 
µL from 0.008, 0.012, 0.016 and 0.02 nm from IVe and IVf 
compounds, respectively were added to COX enzyme 5 
U/well and kept 37°C with concentrations of 50 µL COX 
Chemiluminescent substrate and 50 µL at 5 mM arachidonic 
acid. Reactions were stopped by added of 50 µL of 1 M HCl at 
times (5, 15, 30 and 45 minutes) then measured fluorescence at 
a wavelength between Ex. 360 nm and Em. 460 nm.
Studying the Therapeutic Effect of Compounds as Anti-
inflammatory 
To evaluate the pharmacological interventions for synthesized 
compounds to inhibit COX isoenzyme as anti-inflammatory, 
IVe and IVf compounds were used to study the anti-
inflammatory in RAW 264.7 cell line.

The RAW 264.7 cells line from BALB/c mice were 
treated with different concentrations from (100–0.15 µM) 
of IVe and IVf compounds. After 72 hours, to analyze the 
degree of cytotoxicity of these compounds MTT assay test 
was run on RAW 264.7 cells. IVe and IVf inhibition ability to 
lipopolysaccharide-induced pro-inflammation in RAW 264.7 
cells, pro-inflammatory markers level like nitric oxide (NO), 
tumor necrosis factor (TNF-α), interleukin (IL-1β and IL-6) 
were assessed.
In-vitro Cytotoxicity

Cell Culture Mouse Cell Lines 
RAW 264.7 cell line was purchased from American Type 
Culture Collection ATCC and in the Cell Bank of the 
Biomedical Research Centre at the University of Mustansiriyah 
was stored. RAW 264.7 cell line was used as model cancer 
cells for this study.
Maintenance, Storage and Resuscitation of Cell Line
RAW 264.7 cells in Dulbecco’s Modified Eagle’s Medium 
(DMEM) liquid medium were cultured, with fetal bovine 
serum (FBS) 10% and penicillin–streptomycin 1% as 
antiseptic. The -80oC was used to store obtained cells pellet for 
24 hours and for long time were stored under liquid nitrogen. 
All steps for maintenance, storage and resuscitation done 
according to Marin V et al. and Qusay A et al.19,20
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Figure 1: structural of celecoxib and 3-(1-phenyl-4-(pyridin-4-yl)-1H-
pyrazol-3-yl) phenol as inhibitor of PGE2 and NO release
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Cell Viability and Inhibitory Concentration (IC50) by MTT 
Assay Colorimetric Assay
The MTT assay was used to assess the effects of compounds 
IVa-i on RAW 264.7 cells viability. A 100 µL from all cells 
suspensions were dispensed into 96 well flat-bottom tissue 
culture plates at concentrations of 5 x 103 cells/well and 
incubated for 24 hours under standard conditions, 4 x 103 
cells/well for 48 hours incubation and 3 x 103 cells/well for 
72 hours incubation. After 24 hours, the cells were treated 
with (0.15, 0.32, 0.75, 1.5, 3.12, 6.25, 12.5, 25, 50 and 100 
μM) of the compounds IVa-i in the presence of 100 ng/mL 
lipopolysaccharide (LPS) for 24 hours. Compared to untreated 
control cells, the vitality of RAW 264.7 cells in each well was 
displayed as a percent. The inhibitory concentration 50% (IC50) 
was evaluated after 72 hours.21

Effect of IVe and IVf Compounds on Nitric Oxide Production 
in RAW 264.7 Cell Line 
By detecting the nitrite levels in the culture media using the 
Griess reagent test, NO generation was indirectly evaluated. 
In a 96 well plate, RAW 264.7 cells were planted for 24 hours 
at a density of 5 104 cells per well. The cells were handled 
following incubation. with 5 and 10 µM of IVe and 2.5 and 
5 µM of IVf compounds in the presence of LPS 100 nm/mL 
for 24 hours. Each of 100 mL of DEMEM culture media 
was mixed with an equal volume of Griess reagent I (1% 
sulfanilamide, 0.1% naphthyl ethylenediamine dihydrochloride 
and 5% phosphoric acid) then incubated at room temperature 
for 10 minutes. The absorbance was measured at 540 nm with a 
microplate reader. A standard curve made from sodium nitrite 
was used to calculate the nitrite levels.
Determination the TNF- α 
1 × 105/100 μL RAW 264.7 cells were seeded per well in 96  
well plate. Cells were incubated with 5 and 10 µM of IVe and 
2.5 and 5 µM of IVf compounds in the presence of LPS (100 ng 
/mL) for 24 hours. Cell culture supernatants were centrifuged 
at 5000 x g for 3 minutes at 4◦C to remove insoluble material. 
Secreted TNF-α was measured in cell culture supernatants 
using commercially available TNF-α ELISA kit (Abcam, no. 
ab208348, UK) following the instructions provided by the 
manufacturers. Briefly, 50 µL of IVe and IVf were added to 
appropriate wells, then 50 µL of the antibody cocktail was 
added to each well. Covered the plate and incubated for 1-hour at 
room temperature with shaking, after wash three times, 100 μL 
 of TMB development solution was added and incubated for 10 
minutes in the dark on a plate shaker at 400 rpm. Stopped the 
reaction by adding 100 μL of stop solution, plate shaken for 
1-minutes. The absorbance at 450 nm for each compound was 
read. For statistical analysis of three independent experiments 
results were used.
Determination the Interleukin IL-1β
The 5× 104 RAW 264.7 cells per well were seeded in 96 well 
plates and incubated with 5 and 10 µM of IVe and 2.5 and 5 
µM of IVf compounds for 24 hours while exposed to LPS 
(100 ng/mL). To remove insoluble substances, cell culture 

upper layer was centrifuged at 5000 x g for three minutes 
at 4°C. Secreted IL-1β was measured in cell culture upper 
layer using commercially available Interleukin IL-1β ELISA 
kits (Abcam, no. ab100704, UK) following manufacturer’s 
instructions briefly, incubated the cells with 100 μL of IVe and 
IVf in well for 2.5 hours at room temperature with shaking. 
After washing four times. The 100 μL of 1X Biotinylated 
IL-1β detection antibody was added and incubated for 1-hour 
at room temperature with shaking and wash. The 100 μL of 
1X HRP-Streptavidin solution was incubated for 45 minutes 
at room temperature with shaking then wash. TMB substrate 
reagent of 100 μL was added and incubated for 30 minutes at 
room temperature in the dark room with shaking. Finally, stop 
the reaction by added 50 μL from stop solution to each well 
and read at 450 nm immediately. For statistical analysis results 
of three independent experiments were used.
Determination the Interleukin IL-6
The supernatant of RAW 264.7 cells cultured was used for 
measuring IL-6 cytokines using commercially available ELISA 
kit (Abcam, no. ab100713, UK). The 100 μL of 5 and 10 µM 
of IVe as well as 2.5 and 5 µM of IVf compounds were added 
into appropriate wells in the presence of LPS (100 ng/mL) 
and incubated for 2.5 hours at room temperature with 
shaking. After washing four times, hundred microliters of 1X 
biotinylated IL-6 detection antibody was added and incubated 
for one hours with shaking at room temperature, then washed 
four times. The 100 mL of 1X HRP-Streptavidin solution was 
added to each well and incubated for 45 minutes with shaking 
at room temperature, then washed four times with washing 
solution. Finally, 100 mL of TMB substrate reagent was 
added and incubated for 30 minutes at room temperature with 
shaking in the dark. The reaction stopped by adding 50 mL 
from stop solution to each well and read at 450 nmb 
immediately. Results of three independents experiments were 
used for statistical analysis.
In-vitro COX-1/COX-2 Inhibition Assay in RAW 264.7 Cell 
Line
Using a cyclooxygenase activity assay and a fluorometric 
kit(Abcam, no. ab204699, UK), the capacity of the test IVe 
and IVf drugs to inhibit COX-1 and COX-2 isoenzymes was 
assessed in-vitro. The 2×106 RAW 264.7 cells were harvested. 
Firstly in 75 cm3 flask at 24 hours. Cells was washed with 10 mL 
cold PBS (1X) and transferred to a one-half mL tube. 
Centrifuged at 500 x g for 3 minutes. Resuspend cell pellet after 
discard supernatant in 0.2–0.5 mL of lysis buffer with protease 
inhibitor cocktail. Then, incubated on ice for 5 minutes and 
centrifuged the cell lysate at 12,000 x g, 4°C for 3 minutes 200 
mL of cell lysate was added in each 12 well plate then add 100 
mL from five and 10 mL of IVe as well as 2.5 and 5 mL of IVf 
compounds and 0.02 nm SC560 (cyclooxygenase-1 inhibitor 
as a positive control) and 0.02 nano micromolar Celecoxib 
(cyclooxygenase-2 inhibitor as a positive control) 20 mL of 
DMSO was applied to the 100% initial activity and background 
wells and the enzyme inhibitor wells. The reaction was begun 
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by pouring 580 µL of the reaction mixture (20 µL COX Probe 
+ 40 µL COX Cofactor + 520 µL COX assay buffer) into each 
well of the plate, which had been incubated at 37oC for 10 
minutes. After injecting 100 µL of diluted cold arachidonic 
acid solution to all the reaction wells, the fluorescence at Ex/
Em = 535/587 nm was measured.
Data Analysis
All statistical analysis of compounds characterization using 
the nonlinear curve fitting software Origin 9.1 software were 
used to performed kinetic. IC50 was done by using the nonlinear 
curve fitting software prism pad software. NO, TNF-α, IL-1β 
and IL-6 levels were evaluated by using data comparison 
between all groups within the same plate by one-way ANOVA 
with Tukey (prism pad software). Values of p < 0.05 were 
considered statistically significant.

RESULTS AND DISCUSSION

In-vitro Characterization Study of Inhibitors for the 
Cyclooxygenase (COX) Activity Enzyme by nine 
Synthesized Compounds (IVa-IVf) as Compared with 
Anti-Inflammatory Controls
9 compounds (IVa-IVi) were selected to be further studied. 
In-vitro cyclooxygenase inhibition assay kit was used to 
identify the most potent and the most selective group. The 
results fluorometric COX activity assay is summarized in 
Figure 2. In this figure, axis Y representing fluorescence data 
of COX activity for all compounds divided by fluorescence 
data of COX activity at zero time while axis X representing 
logarithm concentrations of 0.008, 0.012, 0.016 and 0.02 nm 
from (IVa- IVi) compounds compared with the activity of 0.02 
nM SC560 and celecoxib as a positive control. The effects of 
compounds IVe and IVf were further observed to reduce COX 
enzyme fold activity, as seen in Figure 3, compared to positive 
control SC560 and celecoxib at 0.02 nM. The inhibitory effects 
were found at 0.016 and 0.02 nM for compounds IVe and IVf, 
respectively. Such inhibition in fold COX activity is due to 
high affinity of these two compounds among the 9 tested 
compounds to bind with COX enzymes. Compounds IVa-d and  

IVg-i have activity against COX isoenzymes but the inhibition 
is less than 50%.

Subsequently, the data of COX inhibitors characterization 
were fitted on mathematical equation:

K= Dissociation constant Kd
A= Constant (log Concentrations of nine compound used in 
this study)
X= Independent variable (inhibitors activity for each 
compound)

Using Origin 9.1 software to determine the dissociation 
constant kd and association constant ka to choose the best 
compound to complete the study of kinetics and binding affinity 
of these compounds using nonlinear regression analysis. Data 
showed good Kd constant of IVe with COX (0.008 nM) and IVf 
with COX (0.003 nM) compared to all nine compounds in this 
study, as illustrated in Table 1 and Figures 4 and 5. Thus, IVe 
and IVf used for further COX kinetics study.
COX kinetics as a function of the concentrations of tested 
compounds 
A velocity vs substrate concentration [S] graph is needed 
to determine the Michaelis constant (Km) and velocity 
maximum (Vmax) values. After measuring COX for 5, 15, 30, 
and 45 minutes, the slope of these four locations was used to 
calculate an initial velocity. Due to the difficulty in accurately 

Figure 2: Measurement of inhibitors COX activity in all compounds 
with Cyclooxygenase inhibitor screening activity assay Kit.

Figure 3: Measurement of COX activity in IVe and IVf compounds 
with Cyclooxygenase activity assay Kit. 

Table 1: Kd and Ka constants ± SEM for all synthesized compounds

Compounds Kd (nM) Ka (nM) R-square
IVa -13.3 ± 3.5 - Not good
IVb -15.65 ± 1.3 - Not good
IVc -20.65 ± 4.9 - Not good
IVd -2.44 ± 1.9 - Not good
IVe 0.008 ± 3.5 125 ± 0.01 0.99999
IVf 0.003 ± 0.46 333 ± 0.045 0.99989
IVg -0.02 ± 7.01 - Not good
IVh -0.0105 ± 6.8 - Not good
IVi -10.01 ± 3.7 - Not good
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determining Vmax on the graph, velocity versus substrate [S], 
double reciprocal plots were utilized to calculate both Vmax and 
Km. Regarding the results, further kinetics study can be done 
on compounds IVe and IVf as they showed the inhibitors COX 
enzyme activities as well as the good value of Kd, Figure 6 
illustrates compound IVe progress curve analysis at different 
concentrations (0.008, 0.012, 0.016 and 0.02 nM) and 
demonstrated that at 37°C, Vmax for the COX reaction is reached 
in 45 minutes. As the concentration of compound IVe grows, 
the rate of catalysis rises linearly until beginning to level off 
and approach a maximum at 0.02nM concentrations.

Figure 7 and Table 2 summarized information about 
compound IVe, Km value and Vmax. At each time under 
investigation, the relationship between initial velocity and 
compound IVe concentration was plotted as a hyperbolic 
curve, and all Lineweaver-Burk plots were linear. The kinetic 
mechanism of compound IVe suppression through improved 
binding of compound IVe with the COX enzyme was confirmed 
by a lower Km value, as shown in Table 5. The maximum 
measured speed is Vmax. of the reaction catalyzed by compound 
IVe at concentrations (0.008, 0.012, 0.016 and 0.02 nM) were 

less than the Km and it is constant at 1.3 nM, that is mean 
the reaction is noncompetitive inhibitor which can binds to 
a different site on the COX enzyme; compound IVe doesn’t 
block substrate binding, but it causes other changes in the COX 
enzyme so that it can no longer catalyze the reaction efficiently.

As a function of time for a series of compound IVe 
concentrations (Figure 8) the extent of COX enzyme inhibitor 
formation is determined. In each case, COX-formed activity 
increases with time at maximum product concentration (62 
nM) with compound IVe concentration (0.02 nM) at 45 minutes. 
However, there comes the point when there is no longer any net 
change in the concentration of component IVe. The most crucial 
aspect of this graph is that all concentrations of compound IVe 
significantly increased the velocity of COX catalyze reaction 
thereby decreasing the activity of COX enzyme as compared 
with positive control 0.02 nM SC560 and Celecoxib, p < 0.001.

In the same context, Km and Vmax of COX enzyme 
with compound IVf at series time 5, 15, 30 and 45 minutes 
demonstrated in Table 3. In Figures 9 and 10, kinetic 
examination of COX enzyme activity with compound IVf 
showed. At a fixed concentration of COX enzyme, V0 is 
almost constant to compound IVf concentration. Km value 
is low and increased that means the reaction is competitive 

Figure 4: The best fit of the data yielded a K dissociation constant of 
IVe with COX= 0.008nM. 

Figure 5: The best fit of the data yielded a K dissociation constant of 
IVf with COX= 0.003nM. 

Figure 6: A plot of the reaction velocity (V0) versus compound IVe 
concentration (nM) for COX enzyme that obeys Michaelis-Menten 

kinetics shows that the maximal velocity (Vmax) is approached 
asymptotically. 

Figure 7: A double-reciprocal plot of COX kinetics for compound IVe 
is generated by plotting 1/V0 as a function 1/[S].

Table 2: Vmax and Km for compound IVe ± standard error

45 minutes 30 minutes 15 minutes 5 minutes

IVe

Vmax Km Vmax Km Vmax Km Vmax Km

0.002 ± 0.001 1.35 ± 0.087 0.0016 ± 0.0023 1.35 ± 0.087 0.001200 ± 0.0102 1.35 ± 0.087 0.0008 ± 0.0001 1.35 ± 0.087
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inhibition, binds to the active site and prevents the substrate 
from binding there. 

 To examine the inhibition of compound IVf, the 
dependence of compound IVf  concentration on COX activity at 
different time 5, 15, 30, 45 minutes was determined. In Figure 
11, compound IVf is seen to activate the COX in time course 
at different concentration as well as SC560 and celecoxib. 
These results demonstrate, for the first time, that compound 
IVf can accelerate the reaction at 0.02 nM more than the 
other concentrations with maximum product concentration 
(55.37 nM at 45 minutes). Likewise, all the concentrations 
of compound IVf were significantly increased the velocity of 
COX catalyze reaction thereby decreasing the activity of COX 
enzyme as compared with positive control with 0.02 nM SC560 
and celecoxib, p < 0.05.
Cytotoxicity and Anti-inflammatory Activity of 
Compounds (IVe and IVf) in RAW 264.7 Cell Lines
The RAW 264.7 cells were treated with different concentrations 
from (0.15–100 µM) of compounds (IVe and IVf). After 72 
hours, to analyze the degree of cytotoxicity of these compounds 

on RAW 264.7 cells MTT assay was performed as seen in 
Figures 12 and 13. 
Inhibitor COX Activity by Compounds (IVe and IVf) as 
Compared with SC560 (COX-1 inhibitor) and Celecoxib 
(COX-2 inhibitor) in RAW 264.7 Cell Line
Fold activity of COX was inhibited by increasing the 
concentration of Compounds (IVe and IVf) from 1–5 µM in 
comparison with positive control (SC560 and celecoxib). The 

Figure 8: The amount of product formed at different concentrations of 
IVe with 0.02nM of SC560 and Celecoxib are plotted as a function of 

time, p < 0.001.

Figure 9: A plot of the reaction velocity (V0) versus compound IVf 
concentration (nM) for COX enzyme that obeys Michaelis-Menten 

kinetics shows that the maximal velocity (Vmax) is approached 
asymptotically. 

Figure 10: A double-reciprocal plot of COX kinetics for compound IVf 
is generated by plotting 1/V0 as a function 1/[S].

Table 3: Vmax and Km for compound IVf ± standard error.

45 minutes 30 minutes 15 minutes 5 minutes

IVf

Vmax Km Vmax Km Vmax Km Vmax Km

10 ± 1.31 0.059 ± 0.001 10 ± 1.31 0.053 ± 0.003 10 ± 1.312 0.028 ± 0.002 10 ± 1.31 0.021 ± 0.005

Figure  11: The amount of product formed at different concentrations of 
compound IVf (0.008nM, 0.012nM, 0.016nM, 0.02nM with 0.02nM for 

SC560 and Celecoxib) are plotted as a function of time, p < 0.05.

Figure 12: Dose-response curve for compound IVe. RAW 264.7 cells 
were treated for 72h with 0.15, 0.35, 0.75, 1.56, 3.12, 6.25, 12.5, 25, 50 

and 100µM dose ranges of compound IVe.



 Pharmacological Evaluation of New 4, 5-dihydro-1H- Pyrazole-1-yl acetate Derivatives as anti-inflammatory agents

IJDDT, Volume 12 Issue 4, October - December 2022 Page 1739

result showed that compound IVe decreased the COX fold 
activity followed by compound IVf more than the positive 
control at the same concentration, as demonstrated in Figure 14.
Evaluation the Level of Pro-inflammatory Marker Nitric 
Oxide (NO) with Compounds (IVe and IVf) in RAW 264.7 
Cell Line
LPS is endotoxin of gram-negative bacteria which induce 
proinflammatory of many cytokines, thus LPS induce release 

of these cytokines considered good method for novel synthesis 
compounds study in-vitro. To elucidate whether compounds 
(IVe and IVf) might reduce the production of NO, a sign 
of pro-inf lammatory activity, in RAW 264.7 cells when 
lipopolysaccharide (LPS) induces inflammation (NO) was 
assessed. Regarding to best concentration of compounds (IVe 
and IVf), IVe at (5 µM and 10 µM) with LPS was more potent 
to reduce the level NO significantly (30 ± 3.1 µM) and (20 ± 

Figure 13: Dose-response curve for compound IVf. RAW 264.7 cells 
were treated for 72h with 0.15, 0.35, 0.75, 1.56, 3.12, 6.25, 12.5, 25, 50 

and 100µM dose ranges of compound IVf.

Figure 14: Measurement the inhibitory effect of COX activity by 
Compounds (IVe and IVf) with Cyclooxygenase activity assay Kit in 

RAW 264.7 cell line. 

Figure 15: NO production in LPS-stimulated RAW 264.7 cells. 
Compounds (IVe and IVf) inhibited LPS-induced cell inflammation in 

RAW 264.7 cells.

Figure 16: TNF-α production in LPS-stimulated RAW 264.7 cells. 
Compounds (IVe and IVf) inhibited LPS-induced cell inflammation in 

RAW 264.7 cells. 

Figure 17: IL-1β production in LPS-stimulated RAW 264.7 cells. 
Compounds (IVe and IVf) inhibited LPS-induced cell inflammation in 

RAW 264.7 cells. 
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2.2 µM), respectively. Also compound IVf at (2.5 and 5µM) 
reduces the NO level significantly (25 ± 3.1 µM) and (26 ± 
2.09 µM), respectively versus LPS alone (59 ± 4.02 ng/mL), 
as demonstrated in Figure 15.
Determination the Level of Cytokines with Compounds 
(IVe and IVf) in RAW 264.7 Cell Line

Tumor Necrosis Factor (TNF-α)
Based on the anti-inflammatory effects of compounds (IVe 
and IVf) against TNF-α, induced by the LPS, concentration 
of IVe (10 µM) and IVf  (5 µM) reduced the mean level of 
TNF-α in cells (1700 ± 35.51 pg/mL) and (1200 ± 50.08 pg/mL), 
respectively compared to LPS alone (3100 ± 90.03 pg/mL), as 
illustrated in Figure 16.
Interleukin IL-1β
Compounds (IVe and IVf) reduced the mean level of IL-1β 
induced by LPS was shown in Figure 17. Highly significant 
reduction of proinflammatory IL-1β mean was observed in 10 µM 
of compound IVe (400 ± 50 pg/mL) and 2.5 µM (500 ± 60 
pg/mL), as well as 5 µM (250 ± 40 pg/mL) of compound IVf 
versus LPS alone (1100 ± 70 pg/mL) in RAW 264.7 cell line.
Interleukin IL-6
The inhibitory effect of Compounds (IVe and IVf) were more 
potent on IL-6 mean level induced by LPS. Highly significant 
reduction of IL-6 mean were observed in10 µM of Compound 
IVe (300 ± 50 pg/mL) and 2.5 µM (750 ± 50 pg/mL), as well as 5 
µM (200 ± 30 pg/mL) of compound IVf, respectively compared 
to LPS alone (1350 ± 100 pg/mL), as seen in Figure 18.

CONCLUSION 
A series of nine novel synthesized 4,5-dihydro-1H-pyrazole-
1yl-acetate derivatives were tested in-vitro to evaluate their 
activity as inhibitors for COX enzyme activity using more 
research is needed as potential inhibitors of PGE2 and NO 
generation in LPS-induced murine RAW 264.7 macrophages. 
The collected data indicated that two of the newly synthesized 
compounds (IVe and IVf) observed to reduce COX enzyme 
fold activity compared to positive control SC560 (selective 

COX-1) and celecoxib (selective COX-2), respectively and 
further structural optimization is needed to optimize activity.
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