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ABSTRACT  
 
Aims: The foremost aim of this study was to evaluate the 1:1 formed complex when 
mefenamic acid interacts with Cu2+, Zn2+, and EDTA4- metal at the physiological condition, 
which provides a better understanding of the pharmacological studies. This research 
provided information on the binding affinity of mefenamic acid with selective metals. It helps 
with preparative, structural, and reactivity studies for multiple drug designs in pharmaceutical 
fields. 
Place and Duration of Study: Department of Pharmacy, Stamford University Bangladesh, 
Dhaka, Bangladesh & CARS ((Centre for Advanced Research in Sciences), University of 
Dhaka. The duration of this study is between September to December 2022. 
Study Design: The Infrared spectra of Copper (Cu), Zinc (Zn), and 
Ethylenediaminetetraacetic Acid (EDTA) complex of Mefenamic Acid were investigated in 
the region between 4000 and 400 cm-1. These spectra were compared to standard peaks 
with specific functional groups. The binding interactions of the selected metal ions were 
demonstrated by significant variations in the intensities of the amino group of mefenamic 
acid after metal complexation.  
Results: The interactions of the metal ions with the acid product have resulted in the 
alteration of the functional structure, characterized by a negligible reduction in the structure 
of mefenamic acid. The change in position of the characteristic bands, or the increase/ 
decrease in the number of bands and appearance of a new metal-atom bond, helps to 
confirm the formation of a complex. 
Conclusion: It has been recently found that metal-based complexes decrease antiviral, 
antibacterial, and anticancer action. In order to construct actively functioning medications, it 
is vital to study the ability of physiologically active metal ions to interact with 
metalloproteinases like albumin, which transport and distribute these metal ions. The current 
research set a standard for repeatable mefenamic acid metal ion research. 
 
 
Keywords: {Mefenamic acid, Infrared spectroscopy, FT-IR, Binding interactions, Metal 
complexation, Amino group, Copper, Zinc, EDTA, Functional structure}  
 
 
 
1. INTRODUCTION  
 
Mefenamic acid and its metal-binding derivatives, many of which function by chelation, have 
produced effective medications and selective toxins. They have various medical purposes 
[1]. Inorganic and medicinal chemistry studies metal complexes with active drugs as ligands 
to develop new drugs. NSAIDs are a prominent ligand for metal complex synthesis. [2]. 
 



 

 

 
 

Figure 1: Structure of Mefenamic Acid 
 

Mefenamic acid is a nonsteroidal anti-inflammatory agent—a non-selective inhibitor of COX-
1 and COX-2. Mefenamic acid has a limited anti-inflammatory effect in humans despite 
being analgesic and antipyretic. Severe gastrointestinal side effects limit its use. It has a 
slight advantage over other NSAIDs. It is often prescribed for less than one week. 750–1500 
mg is the daily human dosage. To reduce GI side effects, it should be taken with food [3]. 
Mefenamic acid's physiology is diverse. It inhibits protein and receptor binding sites. This 
removes thyroxine, uric acid, and warfarin from protein carriers [4]. It modulates the 
immunological system & inhibits platelet aggregation [5][6]. Mefenamic acid is neurotoxic but 
also neuroprotective [7][8]. GABA receptors are modulable and activatable [8]. Mefenamic 
acid inhibits pyrogens like other NSAIDs. 
Mefenamic acid is weakly soluble in its acidic state. However, its sodium salt could make it 
significantly more soluble. The absorption rate of mefenamic acid after oral administration is 
up to 80%. 2–6 mg/L (250-mg dose) and 4–24 mg/L (500-mg dosage) peak blood levels are 
achieved in 2–4 h after taking the unconjugated drug [9]. Half-life is approximately 2–4 
hours, and blood levels are below 0.1 mg/L after 24 hours.  
Mefenamic acid is helpful for chronic pain of bone, muscle, neuropathy, and soft tissue 
diseases [10]. It has proved to be as effective as ibuprofen, naproxen, ketoprofen, piroxicam, 
etc [11] [12] [13]. Mefenamic acid is superior to dextropropoxyphene and paracetamol [14]. 
According to a study, it is as effective or more effective as other NSAIDs for chronic 
osteoarthritis patients [15] [16].  
Toxic effects are related to iodine consumption with mefenamic acid [17]. Consumption of 
2,5-Dimethoxy-4-ethylamphetamine with mefenamic acid increases the risk or severity of 
hypertension. 4-hydroxycoumarin with mefenamic acid exacerbates GI problems [18]. 
Mefenamic acid paired with Benazepril and enalapril can increase renal failure, 
hyperkalemia, and hypertension. Caffeine decreases its metabolism. Mefenamic acid with 
Cefprozil and Mannitol may induce nephrotoxicity. It may lower the elimination rate of 
Diazepam, digoxin, flurazepam, and folic acid, resulting in a higher serum level.  
It is well known that transition metal complexes with nonsteroidal medicines are more 
efficacious and less toxic than their parent medications [19]. Divalent metal complexes with 
various NSAIDs are better anti-inflammatory options than NSAIDs because their structures 
interact more specifically with target enzymes [20]. Metal ions also boost antioxidant and 
anticancer action [21]. 
Our studies were stimulated by the fact that most anti-inflammatory drugs are carboxylic 
acids with their carboxylate group prone to metal binding [19] [22]. Some of the complexes of 
mefenamic have been written about. Tapacli and Ide wrote about compounds of mefenamic 
that have Ca and Na ions [1]. Kovala-Demertzi and his colleagues looked into the 
compounds SnPh3(mef) and SnBu2(mef)2 [2]. 
The present work aimed to obtain the mefenamate complexes of copper, zinc & EDTA & to 
gain a better comprehension of the pharmacological experiments. It is recently found that 
metal-based complexes decrease antiviral, antibacterial, and anticancer action. In order to 



 

 

construct actively functioning medications, it is vital to study the ability of physiologically 
active metal ions to interact with acid. 
The therapeutic use of transition metal complexes is a relatively new field of study with a lot 
of potential for future development. There is a lack of fundamental principles to guide the 
synthesis and development of medications based on transition metals. Improvements in 
techniques like combinatorial chemistry will improve the production of inorganic molecules 
for use as pharmaceuticals. It is reasonable to assume that metal complexes' effects on 
complete organisms will be distinct from those of non-metal-containing substances and 
hence may provide novel possibilities for study, diagnosis, and treatment. 
 
2. MATERIAL AND METHODS  
 
2.1 Materials & reagents 
All chemicals and reagents were of analytical grade and were used as supplied, while the 
solvents were purified according to standard procedure. Mefenamic acid (99.1% purity) was 
obtained from ACI Pharmaceutical Co. Ltd. copper sulphate (CuSO4), zinc sulphate (ZnSO4), 
and EDTA (Ethylenediamine tetra acetic acid) was collected from Stamford University 
Bangladesh, pharmaceutical analysis laboratory. Ethanol & methanol were used for 
experimental purposes, which were of analytical grade. 
 
2.2 FT-IR Spectroscopy Instrumentation & Conditions 
FT-IR spectroscopy measurements were done using the IRTracer-100 (Shimadzu, Japan) 
under physiological conditions. The IRTracer-100 has a stable dynamic alignment 
mechanism and a high S/N ratio of 60,000:1 for highly sensitive and accurate 
measurements. Additional detectors, light sources, and beam splitters can be added to 
expand to the far-IR and near-IR ranges (12,500 to 240 cm1) and to increase sensitivity with 
an MCT (Mercury Cadmium-Telluride) detector. The instrument can obtain up to 20 
spectra/second for rapid reaction monitoring or in-line gas measurement. FT-IR works based 
on Michelson Interferometer, which has a beam splitter, fixed mirror, and moveable mirror. 
 
2.3 Sample preparation 
2.3.1 Synthesis of Mefenamic Acid with Copper sulphate 
A solution of copper (II) sulfate (0.567 mmol) methanol (2.0mL) was added to a solution of 
mefenamic acid (1.5 mmol) in methanol (2.0 mL), and a piece of magnet was taken in a 
round bottom flask. The reaction mixture was rotated by an Analog Hot Plate Magnetic 
Stirrer 120mm metal surface for up to 60 minutes at room temperature, and a blue powder 
was precipitated. The mixture was cooled to 5C in a refrigerator for 4 hours. The primary 
purpose of cooling a reaction is to settle down the precipitate completely. The precipitate 
was collected by filtration, washed with cold methanol\water to ensure the pure precipitate, 
and dry in vacuo to afford [2]. 
 
2.3.2 Synthesis of Mefenamic Acid with Zinc sulphate 
A solution of zinc sulfate (0.50 mmol) methanol (2.0mL) was added to a solution of 
mefenamic acid (1.4mmol) in methanol (2.0 mL), and a piece of magnet was taken in a 
round bottom flask. The reaction mixture was rotated by an Analog Hot Plate Magnetic 
Stirrer 120mm metal surface for up to 60 minutes at room temperature, and a white powder 
was precipitated. The mixture was cooled to 5C in a refrigerator for 4 hours. The main 
purpose of cooling a reaction is to completely settle the precipitate. The precipitate was 
collected by filtration, washed with cold methanol\water to ensure the pure precipitate, and 
dry in vacuo to afford [2]. 
 
2.3.3 Synthesis of Mefenamic Acid with EDTA 



 

 

A solution of EDTA (0.48 mmol) methanol (2.0mL) was added to a solution of mefenamic 
acid (1.4 mmol) in methanol (2.0 mL), and a piece of magnet was taken in a round bottom 
flask. Water totally dissolves EDTA. Therefore precipitate is infrequent. Methanol is soluble; 
thus, we combined a small amount of EDTA (0.48 mmol) with 1.4 mmol mefenamic acid to 
identify a trace level of interaction for further study. The reaction mixture was rotated by an 
Analog Hot Plate Magnetic Stirrer 120mm metal surface for up to 60 minutes at room 
temperature, and a blue powder was precipitated. The mixture was cooled to 5C in a 
refrigerator for 4 hours. The main purpose of cooling a reaction is to settle down the 
precipitate completely. The precipitate was collected by filtration, washed with cold 
methanol\water to ensure the pure precipitate, and dry in vacuo to afford [2]. 
 
3. RESULTS AND DISCUSSION 
 
FT-IR spectra were recorded to assess the compatibility of the drugs. FT-IR spectra for 
mefenamic acid, copper metal, zinc metal, EDTA, and the physical mixture of these drugs at 
the ratio of (1:1) were revealed by means of an FT-IR spectrophotometer using the 
instrument (FTIR). The scanning range was (400 to 4000) cm-1. Mefenamic acid and metal-
complex (1:1 ratio, w/w) mixture can be placed directly into the path of the infrared beam for 
each measurement. KBr pressed disk was used. A 1:1 mixture of drug and potassium 
bromide was weighted. Samples were mixed in a mortar and then pressed for 2-3 minutes to 
form a semitransparent pellet which lets light be transmitted to the detector.  
As mefenamic acid is a weak acid, it must have a -COOH functional group. This study seeks 
complicated compounds with different functional groups. A band near 3500 cm-1 (NH 
stretch.) was monitored only for mefenamic acid. The backbone conformation of the 
structure is directly related to the benzene ring, as 32000–2800 cm-1, where sp C-H 
(stretching) and sp2 C-H (stretching) were found. Also, we have the value of 1157.29 cm-1, 
which indicates the presence of the C-O functional group. Finally, difference spectra were 
produced by adding metal ion complexes. These difference spectra monitored intensity 
changes upon complex formation. These structures of free drug and drug–metal ion 
complexes were studied, and the intensity of the corresponding functional group was 
calculated to measure complex formation. Peak intensity and area were calculated in the 
range of the drug's structural components. Mefenamic acid and metal ions interacted 1:1 at 
various concentrations. 
 
3.1 Individual Data of Selective Compounds 
Interpretation of mefenamic acid and other metallic compounds were measured under the 
physiological condition as in Figure (2 to 10). It was viewed that the raw sample of 
mefenamic acid was given a strong and broad peaks at 3309 cm-1, 3014cm-1, 2860cm-1, and 
2640 cm-1 wavelength which indicated N-H, C=C, C-C groups (Figure 2) respectively. The 
raw sample of copper sulphate was given strong and broad peaks at 3444 cm-1 wavelength, 
which indicated the N-H group (Figure 3). Zinc sulphate gives a strong and broad peak at 
3564 cm-1 and indicates O-H groups (Figure 4). Finally, were measured the interpretation of 
mefenamic acid with copper sulphate, zinc sulphate, and EDTA, respectively at 3430 cm-1, 
3444cm-1, and 3516 cm-1 and indicated N-H and O-H bond formed by sp3 hybridization 
(Figure 5-7). 

 



 

 

 
 

Figure 2: IR Sample (S1) Mefenamic Acid 
 
 

 
 

Figure 3: IR Sample (S2) Copper Sulphate 
 



 

 

 
 

Figure 4: IR Sample (S3) Zinc Sulphate 
 

 
 

Figure 5: IR Sample (S4) Mixture of Mefenamic Acid & Copper Sulphate 



 

 

 
 

Figure 6: IR Sample (S5) Mixture of Mefenamic Acid & Zinc Sulphate 
 

 
 

Figure 7: IR Sample (S6) Mixture of EDTA & Mefenamic Acid 
 

3.2 Combination Data Analysis of Selective Compounds 
Overall interpretation between mefenamic acid and selective metals were shown in (Figure 
08-10) and (Table 1-3). Microsoft Excel (MS Excel, 2010) was used to analyze all data. 
 

 
 
 
 
 



 

 

Interpretation WAVELENGTH 
Mefenamic acid (cm-

1) 

Copper metal (cm-

1) 
Mixture (cm-1) 

N-H 3309 N/A N/A 

O-H 3014.74 3444.87 3429.43 

C-H 2860.43 N/A N/A 

C=O 1157.29 N/A 1327.09 

C-N N/A N/A 1651.07 

C=C 1575.84 N/A 1577.77 

S=O N/A 1097.5 1101.35 

Table 1.   IR interpretation of mefenamic acid, copper metal, and mixture, wavelength unit- cm
-1 

 

Here measured, any interaction between the drugs is an identical change to the IR pattern. 
Here mefenamic acid revealed its spectra of 3309 cm-1, 3014 cm-1, 2860 cm-1, 1157 cm-1 and 
1575 cm-1 indicating N-H, O-H, C-H & C=C groups. Copper metal was given spectra at 3444 
cm-1 & 1097 cm-1. Besides mixture of mefenamic acid and copper metal revealed one 
spectrum for 3429 cm-1 wavelength which has given no possible interaction because of the 
same wavelength. On the other hand, stretching peaks at 1327 cm-1, 1651 cm-1 & 1577 cm-1 

wavelength and the combination gets effective changes that alter the whole result of the FT-
IR pattern. So there is a possible interaction with C=O, C-N & C=C groups formed 
respectively by sp3, sp, and sp2 hybridization [18].  
 

 
 

Figure 8: Combination of Mefenamic acid, Copper & Mixture 
 
Interpretation WAVELENGTH 

Mefenamic acid (cm-

1) 

Zinc metal (cm-1) Mixture (cm-1) 

N-H 3309 N/A 3444.87 

O-H 3014.74 3564.45 N/A 



 

 

C-H 2860.43 N/A N/A 

C=O 1157.29 N/A 1651 

C-N N/A N/A N/A 

C=C 1575.84 N/A 1577.77 

S=O N/A 1101.35 1099.43 

Table 2. IR interpretation of mefenamic acid, zinc metal & mixture, wavelength unit-cm
-1 

 
Here measured any interaction between the drugs is an identical change to the IR pattern. 
Here mefenamic acid revealed its spectra of 3309 cm-1, 3014 cm-1 , 2860 cm-1 , 1157 cm-1  & 
1575 cm-1 indicating N-H, O-H, C-H & C=C groups. Zinc metal was given spectra at 3444 
cm-1 & 1101 cm-1. Besides mixture of mefenamic acid and copper metal revealed no spectra 
for wavelength, which have given no possible interaction because of the same wavelength. 
On the other hand, stretching peaks at 3444 cm-1, 1651 cm-1 & 1577 cm-1 wavelength, and 
the combination gets effective changes that alter the whole result of the FT-IR pattern. So 
there is a possible interaction with N-H, C-N & C=C groups formed respectively by sp3, sp, 
and sp2 hybridization [18]. 
 

 
 

Figure 9: Combination of Mefenamic acid, Zinc & Mixture 
 
Interpretation WAVELENGTH 

Mefenamic acid (cm-
1) 

EDTA (cm-1) Mixture (cm-1) 

N-H 3309 N/A 3402.43 

O-H 3014.74 3776, 

3431 

3028.43 

C-H 2860.43 2926 N/A 

C=O 1157.29 1593 1406 

C-N N/A 1169 1319.31 

C=C 1575.84 1029 1253.73 



 

 

S=O N/A 1080 1055.06 

Table 3. IR interpretation of mefenamic acid, EDTA & mixture, wavelength unit- cm
-1 

 
Here measured, any interaction between the drugs is an identical change to the IR pattern. 
Here mefenamic acid revealed its spectra of 3309 cm-1, 3014 cm-1, 2860 cm-1, 1157 cm-1 and 
1575 cm-1 indicating N-H, O-H, C-H & C=C groups. EDTA was given spectra at (3776, 3431) 
cm-1, 2926 cm-1, 1593 cm-1, 1169 cm-1, 1029 cm-1 & 1080 cm-1. Besides mixture of 
mefenamic acid and EDTA revealed one spectrum for 3028 cm-1, 1406 cm-1 & 1253 cm-1 

wavelength, which have given no possible interaction because of the same wavelength. On 
the other hand, stretching peaks at 3402 cm-1 wavelength, and the combination gets 
effective changes that alter the whole result of the FT-IR pattern. So there is a possible 
interaction with N-H groups formed respectively by sp3 hybridization [18]. 
 

 
 

Figure 10: Combination of Mefenamic acid, EDTA & Mixture 
 
4. CONCLUSION 
 
To reduce drug interactions, much research is being done to find novel medications. It is 
recently found that metal-based complexes decrease antiviral, antibacterial, and anticancer 
action. In order to construct actively functioning medications, it is vital to study the ability of 
physiologically active metal ions to interact with metalloproteinases like albumin, which 
transport and distribute these metal ions. The current research used the FT-IR spectroscopy 
technique to analyze interactions of Cu2+, Zn2+, and EDTA4- with mefenamic acid. Variations 
in the amino group of mefenamic acid after metal complexation demonstrated the metal ions' 
binding interactions. Metal ion interactions with acid products altered the functional structure, 
resulting in a negligible reduction in the mefenamic acid structure. All significant interactions 
were supported by the functional group of metal ions and drug product binding intensity. The 
present findings set a standard for repeatable mefenamic acid metal ion research. 
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ABBREVIATIONS 
 
MFA- MEFENAMIC ACID 
COX 1- CYCLOOXYGENASE 1 
COX 2- CYCLOOXYGENASE 2 
PGE 2- PROSTAGLANDIN E2 
EDTA- ETHYLENEDIAMINETETRAACETIC ACID 
NSAID- NONSTEROIDAL ANTI-INFLAMMATORY DRUG 
GI- GASTRO INTESTINAL 
GABA- GAMMA-AMINOBUTYRIC ACID 
MCT- MERCURY CADMIUM-TELLURIDE 
FT-IR- FOURIER TRANSFORM INFRARED 
 
 

 


