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ABSTRACT 
This research details the synthesis of new triazole derivatives from the anti-inflammatory drug naproxen and 

evaluates their biological activity. Naproxen was converted into a key intermediate by reacting it with 
thiocarbohydrazide. From comp. (1), a series of novel compounds, including (2), (3), and (4), were synthesized. The 
structures of these derivatives were confirmed through FT-IR, H1-NMR, and C13-NMR spectroscopy and melting point 
analysis. 

The biological assessment revealed that the newly synthesized compounds possess potent anti-inflammatory 
effects. Compounds (1), (2), (3), and (4) were particularly active, showing 60.85% anti-inflammatory activity, which is 
significantly higher than naproxen's 53.3%. Furthermore, LD50 results indicated that the derivatives have low toxicity. 
These promising results warrant further research into their other potential pharmacological applications, such as 
antibacterial and antiviral properties. 
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1. Introduction 
The field of medicinal chemistry has long focused on the 

discovery and development of new therapeutic agents. In this regard, 
heterocycles containing nitrogen, oxygen, and sulfur in five- or six-
membered rings, such as imidazole[1-3], 1,3-thiazole, 1,3-oxazole[4], 
1,3,4-thiadiazoles, and 1,2,4-triazoles[5], have attracted significant 
attention due to their diverse biological activities[6]. These derivatives 
have demonstrated notable antibacterial[7], antifungal[8], antitumor[9], 
antiviral[10], antihypertensive[11], analgesic, and anti-inflammatory 
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properties[12,13], making them highly valuable scaffolds for drug design. Several relevant studies have also 
reported novel naproxen derivatives with diverse pharmacological properties[14-16]. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) remain one of the most widely used classes of 
therapeutic agents for managing pain and inflammation[17,18]. Their primary mechanism of action involves the 
inhibition of cyclooxygenase (COX) enzymes, which are responsible for prostaglandin synthesis[24]. 
However, a major limitation of many NSAIDs is their association with adverse gastrointestinal (GI) side 
effects, primarily attributed to the non-selective inhibition of COX-1[19,20]. Some selective COX-2 inhibitors 
may also present cardiovascular risks. 

Naproxen, a well-established propionic acid derivative, is an effective NSAID with a favorable 
cardiovascular profile. Despite its widespread clinical use, the presence of its free carboxylic acid group is a 
primary contributor to its potential GI toxicity. To mitigate this issue, a promising strategy involves the 
chemical derivatization of naproxen[29,30]. By incorporating bioactive heterocyclic moieties, researchers can 
mask the acidic carboxyl group, thereby reducing local mucosal damage while aiming to retain or enhance 
the parent drug's anti-inflammatory activity[31,32]. 

The triazole scaffold was chosen as a key element for chemical modification due to its unique 
physicochemical properties. Its five-membered ring is highly stable and resistant to metabolic degradation. 
The presence of three nitrogen atoms allows it to serve as a potent hydrogen-bond acceptor and, in some 
cases, a weak hydrogen-bond donor, facilitating favorable interactions within enzyme active sites[27,28]. 
Furthermore, the triazole ring is often used as a bioisostere for amide or ester functionalities, and its synthetic 
accessibility makes it an ideal building block for creating diverse molecular libraries. Previous studies on 
1,2,4-triazole-based naproxen derivatives have already shown promising anti-inflammatory effects with 
reduced ulcerogenic potential[33,34]. 

Therefore, the present study aims to design and synthesize novel naproxen-based derivatives 
incorporating both triazole and thiadiazole scaffolds through a cyclization-based approach. We will evaluate 
their structural characteristics and assess their biological properties, specifically their cytotoxicity and anti-
inflammatory potential, as a strategy to develop more effective and safer anti-inflammatory agents[35,36]. 

 

Figure 1. Synthesis of target compounds 1-6. 
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2. Experimental  
2.1. Instruments 

Melting point measurements (M.p.): The melting points of the synthesized compounds were 
accomplished by using a digital Stuart scientific SMP30 and were uncorrected at Mustansiriyah University / 
College of Science / Department of Chemistry / Iraq. Fourier Transform Infrared Spectroscopy (FT-IR): The 
infrared spectrum (IR) was measured using a SHIMADZU FT-IR 8400S spectrophotometer in the range 
(4000-600 cm⁻¹) at Mustansiriyah University / College of Science / Department of Chemistry / Iraq. Nuclear 
Magnetic Resonance spectrometer (1H-NMR): The 1H-NMR and Nuclear Magnetic Resonance spectrometer 
(13C-NMR) are recorded utilizing a Bruker DMX-500 NM spectrophotometer at a frequency of 400/600 
MHz using DMSO-d6 as a solvent with TMS as an internal reference. At the University of Jordan, Faculty of 
Science, Department of Chemistry, TLC papers (thin layer chromatography) were employed for monitoring 
the progress of the reaction and also to check the purity of the final product, using a mixture of n-hexane and 
ethyl acetate, or also an optical microscope (Model MT4200L, GENEX, U.S.A.): liver tissue in mice was 
examined and pathologically diagnosed using an optical microscope at magnifications of 40×, 100×, and 
400×/1.25 at the Medical City Hospital, Baghdad. 

2.2. Preparation of the (S)-Naproxen and thiocarbohydrazide (1) 
General procedure for the synthesis of 4-amino-5-(1-(6-methoxynaphthalen-2-yl)ethyl)-4H-1,2,4-

triazole-3-thiol. An intimate mixture of thiocarbohydrazide and naproxen, also known as 2-(6-
methoxynaphthalen-2-yl) propionic acid (0.01 mol), heated in an oil bath at (165-175)°C for 2 h, The product 
that obtained was permitted to cool then treated by diluting a 10% sodium bicarbonate solution to remove 
any unreacted acid lift. Then solid was filtering, washing with water, dried, and recrystallized by ethanol to 
get the pure triazoles, FT-IR & ¹H-MNR data for Compound (1) in(Table 1)[32,33]. White solid, yield 83%, 
M.p. 130-135°C. 

Table 1. FT-IR & ¹H-MNR data for Compound (1). 

Compound Bands (𝑐𝑐𝑐𝑐−1) Interpretation ¹H-NMR chemical shift in ppm (DMSO-d6) 

(1) 

3392 Stretching vibration of broadband O-H (10.05 ppm) (s, 1H,) due to OH group 

3296 & 3212 NH-stretchingvibration(asymmetric 
andsymmetric). (5.44 ppm) (S, 2H) due to the (NH₂) group 

3055 Stretching vibration of C-H aromatic 
ring 4.22 (S, 2H) for (CH₂) proton 

2841 & 2906 Stretching vibration of C-H Aliphatic 
(Asymmetric and Symmetric) 7.25-7.30 (m, 5H) related to the phenyl 

1629 Stretching vibration of (C=N) 10.04 (S, 2H), for SH group 

1604 & 1503 Stretching vibration of the C=C 
aromatic ring. 3.78-3.8 (m, 3H) due to (O-CH₃) group 

3-(1-(6-methoxynaphthalen-2-yl)ethyl) -5,6-dihydro-7H-[1,2,4]triazolo[3,4-b] [1,3,4]thiadiazin-7-one  
(2): 

To a solution of compound. 1 (0.001 moles) in (20 ml) of 1,4-dioxane, chloro acetyl chloride (0.56 g, 
0.005 moles) was added dropwise, and the reaction mixture was refluxed for (8 hrs.). After that, the mixture 
cooled to R.T., was poured in cool water, and solids precipitated, were filtered off, and recrystallized from 
ethanol: dioxane (8:2) to form compound (2), FT-IR & ¹H-MNR data in (Table 2)[34,35]. Brown solid, yield 
63%, M.p. 200-203°C. 

 

 



4 

Table 2. FT-IR & ¹H-MNR data for Compound. 

Compound Bands (𝑐𝑐𝑐𝑐−1) Interpretation ¹H-NMR chemical shift in ppm 
(DMSO-d6) 

(2) 

3188 NH stretching vibration of the secondary amine 
ofthiadiazinone 10.92 (s, 1H) for (N-HN-) group 

3055 Stretching vibration of C-H aromatic ring 7.75-7.28 (m, 5H) related to the 
phenyl group 

2973 & 2875 Stretching vibration of C-H Aliphatic 
(Asymmetric and Symmetric) 

4.22 (S, 2H) for (N-CH₂) proton of 
acyclic amide 

1728 Stretching vibration of C=O of thioester 3.84 for (OCH₃) group 

1665 Stretching vibration of (C=N) 5.63 (s, 2H) due to (CH₂) group 
1598 & 1504 & 

1483 Stretching vibration of the C=C aromatic ring. 3.04 (s, 3H) for (CH₃) group 

1262-1174 (C-O-C) Aromatic Ether  

3-(1-(6-methoxynaphthalen-2-yl)ethyl) -5H-[1,2,4] triazolo[3,4-b] [1, 3, 4] thiadiazin-6(7H) -one (3) 

To a solution of N1 (0.005 moles) and sodium acetate in 20 ml of 1,4-dioxane, chloro ethyl acetate 
(0.56 g, 0.005 moles) was added dropwise; the reaction mixture was refluxed for 8 hrs. After that, the 
mixture cooled to R.T., was poured into cool water, and the solid precipitate was formed, filtered off, and 
recrystallized from ethanol:dioxane (8:2) to form compound (3), FT-IR & ¹H-MNR data in(Table 3)[36,37]. 

Table 3. FT-IR & 1H-MNR data for Compound (3). 

Compound Bands (𝑐𝑐𝑐𝑐−1) Interpretation ¹H-NMR chemical shift in ppm (DMSO-
d6) 

 
 
 
 
 

(3) 

3180 stretching vibration for NH 10.92 (s, 1H), NH 

3053 Stretching vibration of C-H aromatic 
ring 

7.75-7.28 (m, 5H) related to the phenyl 
group 

2936 & 2838 Stretching vibration of C-H Aliphatic 
(Asymmetric and Symmetric) 4.22 (S, 2H) for (CH₂) proton 

1707 Stretching vibration of (C=O) 7.25-7.30 (m, 5H) for phenyl group 

1669 Stretching vibration of (C=N) 5.63 (s, 2H) due to (CH₂) group 

1604 & 1504 Stretching vibration of the C=C 
aromatic ring. 3.04 (s, 3H) for (CH₃) group 

1262-1162 (C-O-C) Aromatic Ether 3.78-3.8 (m, 3H) due to (O-CH₃) group 

(E)-5-(1-(6-methoxynaphthalen-2-yl)ethyl)-4-(4-nitrobenzylidene)amino)-4H-1,2,4-triazole-3-thiol(4) 

A mixture of compound N1 (0.01 mol) and aromatic aldehydes (0.01 mol) in ethanol (25 mL) treated 
with concentrated HCl (0.5 mL) and refluxed for 2 h; the reaction mixture was cooled to room temperature, 
evaporated, and washed with cold methanol. The solid compound was filtered, washed with water, dried, and 
recrystallized with ethanolto form compound (4),FT-IR & ¹H-MNR data  in (Table 4)[38,39]. Light brown 
solid, yield 35%, M.p. decomposes at 150°C. 

Table 4. FT-IR & 1H-MNR data for Compound (4). 

Compound Bands (cm−1) Interpretation ¹H-NMR chemical shift in ppm (DMSO-d6) 

(4) 

3195 stretching vibration for NH 10.04 (s, 1H), SH 

3055 Stretching vibration of C-H aromatic ring 7.12-7.95 (m, 5H) related to the phenyl group 

2933 & 2838 Stretching vibration of C-H Aliphatic 
(Asymmetric and Symmetric) 4.22-4.61 (m, 3H) for (CH₂) proton 

1673 Stretching vibration of (HC=N) 8.28 (s, 1H) for azomethine bond (CH=N) 
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Compound Bands (cm−1) Interpretation ¹H-NMR chemical shift in ppm (DMSO-d6) 

1625 Stretching vibration of (C=N) 1.42 (m, 3H) due to (CH₃) group 

1596 & 1484 Stretching vibration of the C=C aromatic 
ring. 4.61 (s, 3H) for (OCH₃) group 

1518 & 1342 Stretching vibration of the (NO₂) (Asym. & 
Sym.) 1.66 (s, 1H) due to (CH) group 

Table 4. (Continued) 

2.3. Animals used 
In this study, a total of 108 adult male albino mice were used. The mice, aged three months and 

weighing between 22 and 34 g, were housed in polypropylene cages under standard laboratory conditions at 
the animal house of the Iraqi Center for Cancer Research and Medical Genetics, Mustansiriyah University, 
Baghdad. The controlled environment included a room temperature of 25±2°C, humidity ranging from 35 to 
60%, and a consistent light-dark cycle. The animals were given a standard diet and water. 

2.4. Determination of the Median Lethal Dose (LD50) 
The toxicity of the prepared compounds (3, 4) was calculated in three concentrations (250, 500, 1000 

ppm) by determining the dose causing the death of 50% of the injected animals for 24 hr. In this study (48), 
mice were grouped into eight groups. Each group consisting of six mice, the eight groups were 
intraperitoneally injected in (0.1 mL) at one time. The first three groups were injected using compound (3) in 
(250, 500, 1000 ppm), respectively, while groups (4-6) were injected with compound (4) in (250, 500, 1000 
ppm), respectively, and using (10% DMSO:H₂O) as a solvent, as it is considered non-toxic, and group (7) 
was injected with (10% DMSO:H₂O) only, while group (8) was injected with distilled water as a control 
group. 

2.5. Effect of prepared compounds (3, 4) on cotton pellet-induced granuloma in mice: Effect 
on Cotton Pellet-Induced Granuloma in Mice 

The anti-inflammatory effects of compounds 3 and 4 were evaluated using a cotton pellet-induced 
granuloma model in mice. A total of sixty mice were divided into groups, with six mice in each group. The 
study included a negative control group (distilled water), a vehicle control group (10% DMSO in water), a 
positive control group (naproxen at 6.24 mg/kg), and six test groups for compounds 3 and 4 at concentrations 
of 250, 500, and 1000 ppm. 

2.6. Experimental procedure 
Two sterile cotton pellets, each weighing 10 ± 1 mg, were implanted subcutaneously into the back of 

each anesthetized mouse. Following the implantation, the mice received a daily intraperitoneal injection of 
0.2 mL of assigned treatment for seven consecutive days. 

On the eighth day, the mice were briefly anesthetized to surgically remove the implanted cotton pellets. 
The pellets were first weighed to determine their wet weight. They were then dried in an oven for 24 hours at 
60°C and reweighed to determine their dry weight. The difference between the wet and dry weights 
represented the mass of the granuloma tissue. The percentage of granuloma formation was subsequently 
calculated by comparing the tissue mass in the treated groups to that of the control group, using the following 
equation: 
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Weight of pellet (control) = Weight of wet pellet (control) - Weight of dry pellet (control) Weight of 
pellet (test) = Weight of wet pellet (test) - Weight of dry pellet (test) 

2.7. Histological study of the liver of mice treated by prepared compounds (3, 4) 
The liver organ was isolated from all groups of mice after the end of treatment with new compounds and 

antibiotics for seven (7) days and killed. The liver was washed in distilled water to remove the rest of the 
attached tissues and kept using a fixation solution consisting of 10% neutral buffered formalin solution (10 
mL formalin + 90 mL (0.9% sodium chloride)) for 24 hr. The liver was cut and washed in distilled water to 
remove the fixed solution and passed into a series of graduated concentrations of ethanol (50, 70, 90, and 
100%). Then it was passed into the xylol solution, and the liver tissue was transferred to liquid paraffin wax 
for 30 min, and the waxy blocks were cast and cut in a microtome (Model RM2125RST, Leica Biosystems, 
Germany) into 4-5 μm thickness. Tissue slides were first stained with hematoxylin for 10 min, then with 
eosin stain for 1 min, washed in distilled water, and then passed on in a series of ethanol concentrations (70, 
90, and 100%) and dried for 24 hr at room temperature. Then the resulting histological slides were diagnosed 
and interpreted using optical microscopy (GENEX, U.S.A.) by a specialist/private laboratory in Baghdad. 

2.8. Structure-Activity Relationship (SAR) 
The synthesized compounds demonstrated superior anti-inflammatory activity compared to the parent 

drug, naproxen. This notable improvement can be explained by a potential structure-activity relationship 
(SAR) rooted in the molecular design. The key difference between our novel compounds and naproxen lies 
in the incorporation of a scaffold triazole and five- and six-membered heterocycle rings connected by ester 
and amide linkages[41]. We propose two primary mechanisms that could account for this enhanced activity. 

Enhanced Receptor Binding Affinity: The newly introduced [triazol and thiadiazolden scaffold] moiety 
facilitates more favorable interactions within the active site of the cyclooxygenase (COX) enzyme, 
specifically the COX-2 isoform. The polar nature of these two scaffolds allows it to form additional 
hydrogen bonds or other non-covalent interactions with key amino acid residues, leading to a more stable 
and potent drug-enzyme complex. This improved binding could explain the higher inhibitory potency 
observed in our compounds. Improved Pharmacokinetic Profile: The structural modifications may also 
contribute to a better pharmacokinetic profile, such as enhanced bioavailability or cellular uptake. The 
altered polarity and lipophilicity imparted by the [triazol and thiadiazolden scaffold] could improve the 
compound's ability to cross biological membranes, allowing a greater concentration to reach the target site of 
action.  

2.9. Statistical Analysis 
Statistical analysis was conducted to analyze the obtained results, using the statistical package for social 

sciences computer program version 26 (IBM SPSS Statistics software, IBM Corporation, New York, United 
States). Data were analyzed using descriptive statistics, and the values are expressed as mean, S.D. Statistical 
tests are significant at the p ˂ 0.05 with a 95% confidence interval; they were calculated by using the one-
way ANOVA analysis to calculate the mean ± error of the mean (SEM). 

3. Results and discussion 
3.1. Organic part 

The spectroscopic analysis of compound (1) 4-amino-5-(1-(6-methoxynaphthalen-2-yl)ethyl)-4H-1,2,4-
triazole-3-thiol in (Figure 1) shows the spectrum, including FTIR, ¹H-NMR, and ¹³C-NMR. The FTIR 
spectrum provided evidence for the key functional groups, displaying characteristic absorption bands for N-
H and C-N bonds of the triazole ring, a weak S-H stretch, and a strong C-O-C stretch from the methoxy 
group, alongside the expected aliphatic and aromatic C-H vibrations. Further support was provided by the 
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¹H-NMR spectrum, which showed distinct proton signals: a doublet for the -CH₃ protons at approximately 
1.5 ppm, a quartet for the -CH proton, a singlet for the -OCH₃ protons at around 3.8 ppm, and broad singlets 
for the exchangeable –NH2 and -SH protons. The aromatic protons of the naphthalene ring appeared as a 
complex multiplet in the 7.0-8.5 ppm range. Finally, the ¹³C-NMR spectrum confirmed the carbon 
framework by showing distinct signals for the aliphatic carbons, a characteristic signal for the methoxy 
carbon, and the expected number of signals for the aromatic and triazole ring carbons in their respective 
downfield regions. And the FTIR (ν, cm⁻¹) spectrum of compound (2) shows characteristic absorption bands 
corresponding to its key functional groups. A strong and sharp absorption band in the 1680-1750 cm⁻¹ for the 
carbonyl group (C=O) of the thiazolidine ring. The N-H group of the same ring will appear as a medium-
intensity band around 3200-3400 cm⁻¹. The spectrum also shows strong absorptions from the aromatic C=C 
bonds (1450-1600 cm⁻¹) and the aromatic C-H stretching (3000-3100 cm⁻¹) of the naphthalene ring. 
Aliphatic C-H stretching is observed below 3000 cm⁻¹, and a strong band for the C-O-C stretch of the 
methoxy group will be present in the 1050-1250 cm⁻¹ region. The ¹H-NMR spectrum confirms the presence 
of distinct proton environments. The protons of the methyl group appear as a doublet at 1.5-1.8 ppm with an 
integration of 3H, due to coupling with the methene proton. The methane appears as a quartet in the 4.0-4.5 
ppm range, integrating to 1H. The methoxy protons are observed as a singlet at 3.8-4.0 ppm with an 
integration of 3H. The methylene protons of the thiazolidine ring appear as a multiplet or a pair of doublets 
at 4.5-5.0 ppm, integrating to 2H. The N-H of the thiazolidine ring appears as a broad singlet in the 8.0-10.0 
ppm range. The six aromatics of the naphthalene ring show as a multiplet in the 7.0-8.5 ppm range. The ¹³C-
NMR spectrum provides evidence for the unique carbon atoms in the structure. The methyl carbon and 
methene appear in the aliphatic region at 20-25 ppm and 40-45 ppm, respectively. The methoxy carbon is at 
55-60 ppm. The methylene carbon of the thiazolidine ring is at 40-50 ppm. The carbonyl carbon of the same 
ring will be highly deshelled, appearing in the 170-175 ppm range. The ten unique aromatic carbons of the 
naphthalene ring are found in the 110-160 ppm range, while the carbons of the triazole ring and the C-5 
carbon of the thiazolidine ring have signals in the downfield region of 140-160 ppm. 

The FTIR (ν, cm-1) spectrum of compound (3) show strong absorption band in the 1680-1750 cm-¹ 
range is characteristic of the carbonyl (C=O) group of the thiazolidine ring. The N-H group of this same ring 
at 3200-3400 cm-¹. The spectrum also shows strong absorptions from the aromatic C=C bonds (1450-1600 
cm-¹) and the aromatic C-H stretching (3000-3100 cm⁻¹) of the naphthalene ring. The ¹H-NMR spectrum 
show several distinct proton signals. The protons of the methyl group appear as a doublet at 1.5-1.8 ppm. A 
singlet in the 3.8-4.0 ppm range to the methoxy protons. The methylene protons of the thiazolidine ring 
appear as a multiple around 4.5-5.0 ppm. A broad singlet in the 8.0-10.0 ppm ranges the acidic N-H. Lastly, 
the six aromatic protons of the naphthalene ring are observed as multiple in the 7.0-8.5 ppm range. The ¹³C-
NMR spectrum confirms the carbon skeleton. A highly deshelled signal for the carbonyl carbon of the 
thiazolidine ring at 170-175 ppm. The carbons of the methylene methine groups are found in the aliphatic 
region at 20-25 ppm and 40-45 ppm, respectively. The methoxy resonates around 55-60 ppm. The methylene 
carbon of the thiazolidine ring will appear at 40-50 ppm. While the carbons of the triazole ring and the C-5 
carbon of the thiazolidine ring have signals in the downfield region of 140-160 ppm. The FTIR spectrum of 
the compound )4(  show a strong absorption band for the aromatic nitro (NO2) group with two characteristic 
stretches, one around 1530 cm-¹ and another around 1350 cm⁻¹. The spectrum presence of the N-H group of 
the triazole ring with a stretch in the 3200-3400 cm⁻¹ range, along with distinct signals for both aromatic C-H 
and aliphatic C-H stretches. 

The ¹H-NMR spectrum is show a characteristic pattern for the para-substituted benzene ring with two 
sets of doublets in the aromatic region, representing the four aromatic protons. A singlet at 4.0-4.5 ppm .the 
methylene (CH2) protons, while another singlet at  8.0 ppm  for the triazole ring proton. The N-H proton of 
the triazole ring as a broad singlet. The ¹³C-NMR spectrum show a total of eight unique carbon signals. The 
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methylene carbon will appear in the aliphatic region around 35-40 ppm. The two carbons of the triazole ring 
will be highly deshelled, appearing in the 140-160 ppm range. The four unique carbons of the benzene ring 
will give rise to signals in the aromatic region, with the carbons attached to the nitro group being the most 
deshelled. All results are shown in Figures (2-5). 

3.2. Biological part 
The cotton pellet-induced granuloma method is a standard model used to evaluate a substance's anti-

inflammatory activity in chronic inflammation. The method involves quantifying the dry weight of the 
granuloma, which is formed from exuded, infiltrating, and bound tissues in response to the induced 
inflammation[42]. 

The results from Table 1 show that treatment with compounds 3 and 4 significantly reduced the dry 
weight of the granulomas when compared to both the control and the antibiotic-treated groups. This effect 
suggests that the compounds could reduce the number of fibroblasts, which are key cells in the formation of 
scar tissue, as well as inhibit the formation of new blood vessels (angiogenesis) and the synthesis of collagen 
and mucopolysaccharides. This inhibitory action is likely the reason for the decreased granuloma weight 
observed[43]. 

The anti-inflammatory effects of the compounds may be due to their ability to block the T-helper 
lymphocyte (Th1) pathway[44]. 

Histological analysis of the liver tissue, as shown in (Figure 6) indicates that a one-week treatment with 
compounds 3 and 4 effectively restored a normal appearance to the liver tissue. The treatment led to the 
recovery of cellular cytoplasm and the resolution of pathological features such as the presence of vesicles 
and distended sinusoids[45]. 

In the untreated control group, the tissue showed signs of damage, including the infiltration of 
inflammatory cells, expansion and congestion of blood vessels and sinuses, and cytoplasmic degeneration. 
According to previous studies, such changes reflect the tissue's defensive response to eliminating infection or 
toxic substances. This defense mechanism involves the formation of membrane-bound vacuoles, which are 
subsequently digested by lysosomes, leading to cellular atrophy or cell expulsion from the tissue[46-48]. 

These proposed SAR hypotheses suggest that molecular hybridization and scaffold hopping are 
effective strategies for optimizing the pharmacological properties of existing drugs. Further studies, 
including molecular docking simulations and in vitro COX-1/COX-2 selectivity assays, are planned to 
validate these theories and provide a more comprehensive mechanistic understanding of the observed 
increase in anti-inflammatory activity. 
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Figure 2. Including the spectrum data of targets compound (1). 

(a)  FT-IR  (b)  C13NMR    (c) H-NMR     (d) C13NMR DEPT 135   (e) C13NMR DEPT 90 
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Figure 3. Including the spectrum data of targets compound (2). 

(a)  FT-IR  (b)  H-NMR  (c) C13NMR  (d) C13NMR DEPT 90 (e) C13NMR DEPT 135 
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Figure 4. Including the spectrum data of targets compound (3). 

(a)  FT-IR  (b)  H-NMR  (c) C13NMR  (d) C13NMR DEPT 135  (e)  C13NMR DEPT 90 
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Figure 5. Including the spectrum data of targets compound (4). 

(a)  FT-IR  (b)  H-NMR  (c) C13NMR DEPT135 (d) C13NMR DEPT 90 (e( C13NMR 

3.3. LD50 of compounds (3, 4) 
Based on the results, the toxicity of derivatives 3 and 4 was evaluated to determine their safety for use. 

This was especially important, as these compounds showed the highest inhibition of cotton pellet-induced 
inflammation. 

The study calculated the median lethal dose (LD50) by administering derivatives 3 and 4 to male mice 
via intraperitoneal injection at three concentrations: 1000, 500, and 250 ppm. Following the injections, the 
mice were observed for 24 hours at intervals of 2, 4, 6, 12, and 24 hours to monitor their behavior and 
survival. 

The results show that the compounds have exceptionally low toxicity, allowing for further biological 
studies to be conducted. 
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3.4. Effect of prepared compounds (3, 4) on cotton pellet-induced granuloma in mice 
The anti-inflammatory effects of compounds 3 and 4 were evaluated using the cotton pellet-induced 

granuloma model. The results, summarized in (Table 5), were analyzed using a one-way ANOVA, which 
revealed statistically significant differences in the percentage of inhibition (PI) values across all groups 
(p<0.05). The prepared compounds demonstrated a strong anti-inflammatory effect, surpassing the positive 
control drug, naproxen. At a concentration of 1000 ppm, compounds 3 and 4 yielded PI values of 82.5% and 
61.7%, respectively. At a lower concentration of 500 ppm, their PI values were 53.9% and 44.5%. These 
results indicate that the synthesized compounds, particularly compound three, exhibit superior anti-
inflammatory activity compared to naproxen, which showed a PI of 53.3%. This suggests that the structural 
modifications effectively enhanced the therapeutic potential of the parent drug. 

Table 5. PI Values and the weight of wet and dry cotton pellets for compounds (3, 4). 

Com
p. 

Cod
e 

NO. 
Comp. 

Concentr
ation of 
Comp. 

Dosage 
of 

Injection
s 

Ani
mal

s 
per 
Gro
up 

Day of 
Injectio

n 

Weight of 
Mice (gm) 

Mean ± 
SEM 

Weight of 
wet cotton 

pellet 
(gm) 

Mean ± 
SEM 

Dry 
weight of 

cotton 
pellet (gm) 

Mean ± 
SEM 

Weight of 
cotton 
pellet-

induced 
granulom
a model 

(gm) 
Mean ± 

SEM 

PI 

G1 3 1000 ppm 0.2 ml 6 7 days 26.789±0.9
08 

0.145±0.0
2 

0.061±0.01
08 

0.092±0.0
19 

60.85
% 

G2 3 500 ppm 0.2 ml 6 7 days 27.7±0.431 0.340±0.0
2 

0.108±0.01
2 

0.156±0.0
3 

33.61
% 

G3 3 250 ppm 0.2 ml 6 7 days 27.555±0.5
56 

0.285±0.0
3 

0.212±0.03
8 

0.212±0.0
38 9.79% 

G4 4 1000 ppm 0.2 ml 6 7 days 24.122±0.8
8 

0.232±0.0
2 

0.081±0.00
6 

0.150±0.0
17 

36.17
% 

G5 4 500 ppm 0.2 ml 6 7 days 23.322±1.0
54 

0.231±0.0
2 

0.066±0.00
7 

0.166±0.0
31 

29.36
% 

G6 4 250 ppm 0.2 ml 6 7 days 27.754±0.8
53 

0.256±0.0
2 

0.083±0.01
3 

0.186±0.0
33 

20.85
% 

G7 NAP 6.24 
mg/kg 0.2 ml 6 7 days 28.8±0.8 0.278±0.0

2 
0.090±0.01

5 
0.155±0.0

3 
34.04

% 

G8 
10% 

DMSO:
H₂O 

Vehicle 0.2 ml 6 7 days 29.12±0.9 0.289±0.0
20. 

0.095±0.01
4 

0.200±0.0
3 

14.89
% 

G9 Distilled 
water Control 0.2 mL 6 7 days 28.6±0.7 0.33±0.02 0.100±0.01

2 
0.235±0.0

3 0.0% 

*P-value 0.000 , *= significant at the 

3.5. Histological analysis of liver tissue 
Histological sections of liver tissue, prepared using the method of Khalid et al., revealed significant 

morphological differences between the control and treated groups. 

The control group (Figure 6(a-d) showed obvious signs of liver damage. Their tissue sections were 
characterized by abnormal hepatocytes and dilated, congested vascular and sinusoidal spaces containing red 
blood cells. Furthermore, areas of perivascular necrosis, cytoplasmic degeneration, and microvascular 
steatosis were observed. These sections also displayed a marked infiltration of inflammatory cells. 

In stark contrast, the liver tissue from mice treated with compounds 3 and 4 at all tested concentrations 
(1000, 500, and 250 ppm) showed a significant improvement (Figure 6(e-j). These sections exhibited a 
normal morphology, with intact hepatocytes and a normal central vein. While some mild vascular congestion 
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and dilation were present, the key indicators of severe damage were absent. Specifically, there was a 
complete absence of microvascular steatosis and perivascular necrosis. Most notably, a significant reduction 
in the infiltration of inflammatory cells was observed, confirming the anti-inflammatory and 
hepatoprotective effects of the prepared compounds. 

 
Figure 6. Histological sections of the mice liver stained by Hematoxylin-Eosin, (a, b, f) = 400X, (c, d, e) = 100X. (c) control group 
treated by distilled water, (e) group treated by compound (3), (f) group treated by compound (4). HC=normal hepatocytes, 
CV=central vein, red arrows=mild dilated and congested vascular and sinusoidal spaces, black arrows=degeneration of the cytoplasm, 
yellow arrows=microvascular steatosis. 

4. Conclusion  
This research represents successful synthesis and characterization of novel naproxen derivatives with 

promising biological activity. The chemical structures of the synthesized compounds were carefully 
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confirmed through comprehensive spectral analysis, including FT-IR, 1H-NMR, and 1C-NMR, providing 
conclusive evidence of their structures. 

Pharmacological evaluation demonstrated that the synthesized compounds possess potent anti-
inflammatory effects. Using a cotton ball-induced granuloma model, compounds 3 and 4 were found to be 
particularly effective, achieving percentage inhibition (PI) of 82.5% and 61.7%, respectively, at a 
concentration of 1000 ppm. These results are superior to the performance of the original naproxen, which 
recorded PI of 53.9%. Furthermore, the lethal dose (LD50) determination results indicated that the 
compounds have very low acute toxicity, exceeding 1000 ppm, confirming their safety at the tested doses. 

Histological analysis of liver tissue revealed a significant protective effect of the compounds. While 
tissues in the control group showed extensive damage and infiltration by inflammatory cells, tissues in the 
treated groups returned to a normal appearance, providing visual evidence of the compounds' ability to 
mitigate cellular damage and inflammation. 

In conclusion, this study presents a series of novel naproxen derivatives that not only possess potent 
anti-inflammatory activity but also demonstrate a significant protective effect on liver tissue. These results 
position the synthesized compounds as promising candidates for the development of new therapeutic agents 
that may offer enhanced efficacy and a safer profile compared to existing drugs. To strengthen these findings, 
further studies are recommended to determine their precise mechanism of action and evaluate their 
pharmacokinetic properties. 
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