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ABSTRACT 

        A new, sensitive spectrophotometric determination 

of meropenem (MRP) the broad-spectrum carbapenem 

antibiotic has been suggested using p-aminobiphenyl 

amine  reagent and periodate in 6M HCl media to form 

one to one blue color complex with maximum peak at 

716nm.The reaction is carried out at room temperature, 

Beer’s law is followed from 10 to 125 µg/mL, the molar 

absorptivity is 1265.22 L/mole.cm., LOD, LOQ are 

0.0202, and 0.0673 ppm respectively, the method has 

been applied for estimation of MRP in vials with high 

accuracy (error % 0.0106) and good precision (RSD % 

±0.0319). 

 

Keywords: Spectrophotometric, meropenem, periodate, 

p-aminobiphenyl amine   
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INTRODUCTION 

   Meropenem (MRP) is a broad-spectrum carbapenem antibiotic, which is effective against 

most Gram-positive and Gram-negative bacteria (WHO, 2019). MRP is given by intravenous to 

treat severe infections (Bhowmick and Weinstein, 2020), it has high bio abundance percentage may 

reach to 100% with one hour as a half-life (Weinre et al., 2014), it is used to treat some types of 

complicated bacterial infections such as: Intra-abdominal infection, bacterial meningitis in children 

of more than three months age and infections of the skin (Fish, 2006) (Ku et al., 2015). It has been 

used to treat the infection caused by COVID‐ 19 (Xu et al., 2020). As a chemical compound MRP 

contain functional groups as amine group and carboxylic group, the sulfur link between two 

pentacyclic groups may consider the weaker linkage in MRP (Xu et al., 2020). The IUPAK name of 

MRP is 3- [5-(dimethyl carbamoyl) pyrrolidin-2-yl] sulfanyl-6- (1-hydroxyethyl)-4-methyl-7-oxo- 

1-azabicyclo [3.2.0] hept-2-ene-2-carboxylic (Meronem, 2021), with the chemical formula 

C17H25N3O5S 383 and molecular mass 464 g/mole (USP  30, 2007). 

 
Fig. 1: The chemical structure of Meropenem 

          

          Many chromatographic methods for determination of MRP has been reported                         

(Milla et al., 2020) (Sutherland et al., 2020) (Roth et al., 2017) (Negi et al., 2017), other more 

complicated techniques have been also published for determination of MRP such as 

photoluminescent (Samadi and Narimani, 2019) tandem-mass (Kammoun et al., 2020) and 

photocatalytic degradation (Altamirano et al., 2020). While little spectrophotometric methods have 

been noted in the literature review, one of these methods is based on charge -transfer reaction using 

2,3 dichloro 5,6 dicyano 1,4 benzoquinone (DDQ) and measuring the produced complex at 345 nm 

(Khalil  and Ibrahim, 2020), the other is based on the reduction of Fe (III) into Fe (II) by MRP and 

their subsequent Prussian formation with hexacyanoferrate measured at 720 nm, or with                      

1, 10-phenanthroline measured at 510 nm and at 520 nm with 2,2′-bipyridyl                                 

(Singh and Maheshwari, 2013). MRP reacts with brucine reagent (2,3-Dimethoxystrychnidin-10-

one) and sodium periodate in acidic medium to form color measured at 520nm                               

(Nakkella et al., 2020). It is also forming chelating complex with gold ion (III) measured at 477 nm. 

(Qassim, 2015). The stability monitoring of solid dosage form of MRP using UV has been 

published (Fayed et al., 2019), also UV with FT-IR and Raman spectra were recorded                   

(Cielecka et al., 2013).  Most of the above methods either use toxic reagent or use complicated 

technique. The oxidation by periodate and coupling with chromogenic reagent is an old procedure 

(Zakaria, 2011), (Lamya, 2013) to determine meropenem. The aim of the study is to move from 

toxic danger reagents to safer, and less hazard one, and from many analysis steps to eliminated one 

using simplest, and available technique.  

  

Experimental 

a. Instruments 

A double-beam Jasco V- 630spectrophotometer with 1.0 cm matched glass cell. 

b. Chemicals 

- MRP solution (500 µg /ml): This solution was prepared by dissolving 0.05 g of MRP solution in 

the amount of distilled water then complete the volume to 100 ml in a volumetric flask. 
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-Potassium periodate 1%: This solution was prepared by dissolving 1g of solid pure potassium 

periodate in distilled water and the volume was completed to 100 ml in a volumetric flask. 

- p-aminobiphenyl amine (PADA)(1x10
-3

M): It was prepared by dissolving 0.0184g 

(295.353g/mole) of solid pure reagent in distilled water and the volume was completed to 100 ml in 

a volumetric flask. 

-Pharmaceutical preparation 

Mer vials 500 mg / manufactured by (Fresenius Kabi / Germany): the content of one vail 

powder (0.5 g) has been dissolved in 100 ml distilled water, then 5ml of the solution has been 

diluted to 50ml with distilled water to prepare 500 µg /ml.  

Mer vials 1g / manufactured (Labatec/ Switzerland): 0.05gm of the vial powder has been 

dissolved in distilled water to prepare 500 µg /ml.    
 

Chemical reactions 

        MRP degradation in aqueous solution undergoes through opening of the beta-lactam ring 

(Jamieson et al., 2020), it may be decomposed when it exposes to level of alkalinity to produce the 

analog β-lactam ring-opened derivative (Mendez et al., 2008). The proposed experiment was 

occurred in acidic medium; Therefore, the suggested chemical reaction expects no cleavage of the 

ring of lactam. Meropenem is consider weak organic acid undergo hydrolysis and oxidation steps 

(Agudelo et al., 2020). Therefore, the chemical reaction undergoes oxidation of MRP by potassium 

periodate in acidic medium (step-1-) followed by (step-2-) reaction of MRP with PADA to form 

colored complex. Schem-1- shows the reaction steps. 

 

 
Scheme 1: The suggested reaction pathway 

 



Ann H. Mahmood  and   Hana Sh. Mahmood 
 

12 

RESULTS AND DISCUSSION 

Preliminary reaction study 

         Under primary criteria, one ml of oxidant KIO4 (1%) has been followed by another one ml of 

MRP, then half ml of HCl (6 M), and two ml of PADA reagent, finally the volume of solution 

mixture has been diluted to make 10 ml in calibrated volumetric flask, the prepared solution 

exhibits a blue color against yellow color of blank solution prepared in the same way but without 

the addition of MRP. The absorbance of the colored product was 0.2063 at maximum peak 712nm. 

 

Study of the optimum reaction conditions 

Effect of oxidizing agent  

         The reaction between MRP and PADA has been checked in acidic medium of 6 M HCl but in 

the presence of ferric (III)ammonium sulphate, ceric sulphate, N-bromosuccenamide (NBS)and in 

the absence of any oxidant, all cases show no reaction. while the reaction exhibits good response in 

the presence of KIO4, therefore the effect of volumes (0.5-2.5) ml of (1%) KIO4 has been studied 

against 50 µg of MRP. (Table 1) shows that 2 ml of oxidizing agent solution gives the best 

absorbance. 

 

Table 1: Effect of oxidizing agent 

 
Absorbance ml of (1%) KIO4 solution 

0.0925 0.5 

0.2061 1 

0.2524 1.5 

0.2735 2 

0.2710 2.5 

 

Effect of acid type and volume of acids 

         Effect of different amount of many acids on absorption intensity of the colored complex has 

been studied (Table 2). Table (2) shows negative effect on the absorption intensity of the colored 

compound of all acids except hydrochloric acid (6M) give the sensitivity of colored product exhibits 

a maximum at 1 ml of 6M HCl. The other acids decrease the absorbance which indicate the 

formation of chloride salt of the drug. 

 

Table 2: Effect of acid type and volume of acids  

 
2 1.5 1 0.5 0.1 Ml of Acid (6M) 

------- ------ -------- -------- 0.0034 H3PO4 

------ -------- ------- 0.0038 0.0088 HNO3 

----- ------ -------- ------ 0.0028 H2SO4 

o.1801 0.250 0.3150 0.2731 0.0932 HCl 

------ ------ ----- 0.0028 0.0034 CH3COOH 

 

Effect of time of oxidation 

       The oxidation time has been also followed, the results in (Table 3) shows that three minutes is 

sufficiently enough for oxidation. 

 

Table 3: Effect of oxidation period 

  

 

 

 

Time (min) 0 2 3 5 10 

Absorbance 0.2443 0.3059 0.3150 0.2943 0.2432 
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Effect of surfactant 

 2ml of anionic [sodium dodecyl sulphate] (SDS), cationic [cetylpyridinium chloride] (CPC), 

and [cetyltrimethylammonium bromide] (CTAB) surfactants with different order of additions were 

followed (Table 4). The table show no enhancements on the absorption intensity. 

 

Table 4: Effect of surfactants 

 
Surfactant solution (1 × 10

-3
 M) Absorbance / order of addition 

SDS 0.1802 

CTAB 0.1321 

CPC Turbid 

  With out 0.3150 

 

Effect of coupling agent solution  

        2 ,3 and 4.0 ml of (1x10
-3

M) PADA reagent has been followed against 10-75 µg of MRP under 

the reaction conditions, the absorbances of the colored product has been measured at 710 nm. Table 

(5) shows that 4 ml of reagent solution gives 0.9904 exhibits the higher determination coefficient 

and the sensitivity is best 

Table 5: Effect of coupling agent 

 
 Absorbance / µg of MRP in 10 ml Ml of reagent 

(1 x 10
-3

M) 
R

2 
75 60 50 40 25 10 

0.9868 0.4500 0.3992 0.3150 0.2601 0.2013 0.1321 2 

0.9607 0.7921 0.6012 0.5210 0.4621 0.3890 0.2871 3 

0.9904 0.8521 0.6992 0.6310 0.5901 0.4310 0.2991 4 

0.9649 0.9673 0.7019 0.6631 0.5997 0.4632 0.3115 5 

 

Effect of order of addition 

       The followed sequence was Ox= Oxidant, D= Drug, A= Acid, R=reagent, other three different 

sequences of addition have been checked, the results indicate that order one gives the best 

absorbance, the results are listed in (Table 6). 

                        

Table 6: Effect of order of addition 

 
Absorbance Order of addition Number of orders 

0.6301 OX + D + A + R 1 

0.4719 D + OX + A + R 2 

0.5521 D + A + OX + R 3 

0.5918 A + D + OX +R 4 

 

        From (Table 6), the first sequence is the best, then the fourth, the third, then the second, this 

can be attributed to the successive addition of the drug and the acid without separating them with 

the oxidizing agent that may be consumed by side reaction before adding the acid that exhibits the 

oxidation action of periodate. 

Effect of Solvents 

         Ethanol, methanol, propanol, and acetic acid have been used as diluent to reaction mixture 

instead of water. The absorption spectra in Fig. (2) shows no red shift were caused by these 

solvents, and (Table 7) shows that only ethanol exhibits increase in the absorbance of the formed 

complex. 
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Table 7: Effect of solvents 
Absorbance Solvent 

0.6310 Water 
0.6701 Ethanol 
Turbid Methanol 
0.2591 Acetic acid 
0.6201 Propanol 

 

 
 

                                           

Fig. 2: Spectra using different solvents 
 

Absorption Spectra and calibration curve OX + D + A + R 

        Under the observed reaction parameters, the sequence of addition is as follows: (2 ml of 

periodate 1%, 1ml of 500 µg\ml of MRP, 1ml HCl (6 M), standing for three minutes, then 4 ml of 

the PADA reagent (1x10
-3

M), finally dilution to 10 ml, one minute then make measurements), the 

absorption spectrum of the colored product against blank was taken and shows that wavelength of 

maximum absorption intensity is 71 6 nm. Fig. (3). 

         To increasing volume (0.2-2.5) ml of 500µg.ml
-1

 standard of MRP solution, 4ml of (1x10
-3

M) 

PADA and 2.0 ml of 1% KIO4, 1 ml of 6M HCl, the solution was left for three minute as standing 

time, then the volumes were completed to 10 ml in volumetric flasks with distilled water, the 

absorbance has been measured at 716 nm against blank. Fig. (4) which is show that Beers law is 

obeyed over the range from 10 to 125 µg\ml, a negative deviation is occurred at increasing 

volumes. 

 

 
Fig. 3: The absorption spectrum of 50 ppm of A: Sample against distilled water, B: sample 

against blank, C = blank against distilled water  

Wavelength (nm.) 
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Fig. 4: The calibration graph of MRP determination  

 

Statistical data of calibration curve 

         Calibration curve show acceptable determination coefficient 0.9923, high sensitivity in which 

the calculated molar absorptivity is 1.26522x10
4
 L/mole.cm.  and Sandell’s index is 0.30308 

µg/cm
2
, the figure shows high intercept in spite of the low detection limit (LOD = 0.0202 µg/ml) 

and low quantification limit (LOQ = 0.0673 µg/ml), this may refer to low level of reagent 

concentration (1x10
-3

M). The application range is from 10 to 125 µg\ml. 

 

Accuracy and precision 

    To check the accuracy of the calibration curve three deferent concentrations within the curve has 

been replicated five times to calculate the relative error percentage and relative standard deviation 

percentage. Table (8) shows the average relative error and average of relative standard deviation 

percentage. 

        

Table 8: Accuracy and precision of the calibration curve 

*Average of five determinations 

 

The reaction ratio and stability constant (Ks)of the colored product 

        Many sample solutions have been prepared by mixing of reaction components according to 

recommended criteria but using 0.5-3.5 ml of MRP (0.001 M) with 4.5-1.5 ml of PADA (0.001 M) 

to derive the ratio of the reaction between MRP and PADA by job method and 1.0 ml of MRP 

(0.001 M) with 0.5-2.5 ml of PADA (0.001M) by Mole-ratio method. Fig. (5) shows that the ratio 

one to one is the most likely ratio. While (Table 9) exhibits good calculated stability constant of the 

1:1 formed complex; the average conditional stability constant is 2.63 x10
7 
l/ mole. 

 
 

Relative error %* Relative standard deviation %* Amount of MRP (µg\ml) 

+0.018 0.03162 30 

+0.079 0.03464 50 

-0.065 0.02958 100 
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Fig. 5: The reaction ratio -A: Job’s method B: Mole ratio method 

 

Table 9: stability constant of the colored complex 

 

     

 

 

 

 

*Absorbance of the same amount of sample and reagent (1 sample:1 reagent) 

 **Absorbance of a maximum amount of reagent (1 sample:10 reagent) 

 *** Ratio of dissociation (α= Am-As/As) 

  

Application of the method 

      The method has been applied for determination of MRP in MRP vials 500mg /manufactured by 

Fresenius Kabi /Germany and in of MPR vials 1g /manufactured Switzerland by preparation of 

three different concentrations 20,50, and 100 µg\ml and follow the recommended procedure. Table 

(10) shows very good applicability of the method in which the mean recovery is 102.966%. 
 

Table 10: Application of the method 

 
Error Taken Found Recovery * (%) Amount of 

MRP 

MRP 

3.5+ 0.4929 0.5102 103.5 20 vials 500mg 

/manufactured by 

Fresenius Kabi/Germany 
3.47+ 0.6302 0.6521 103.4 50 

2.01+ 0.7686 0.7841 102 100 

-0.38 0.4929 0.4910 99.6 20 vials 1g /manufactured 

Switzerland -0.047 0.6302 0.6299 99.9 50 

-0.351 0.7686 0.7659 99.6 100 

 Average of three determination 

 

Standard addition Method  

        The content of MRP in dosage forms (vials 500mg /manufactured by Fresenius Kabi/Germany 

and in vials 1g /manufactured Switzerland) has been determined using the developed method by the 

addition of fixed amount of dosage form to two series of 10 ml calibrated flasks (the first contain 

0.4 ml of 500 µg.ml
-1

 , and the second one contain 0.6 ml of 500 µg.ml
-1

), 0 to 1.0 ml of MRP 

standard solution (500 µg.ml
-1

) was added to optimum amount of oxidant ,followed by the selected 

amount of the acid and completed within the reaction conditions The absorbance was measured at 

716 nm. The results in Fig. (6) (A, B, C, and D) and in (Table 11) indicated that the proposed 

Mean of Ks 

(1/ mol) 

Ks x10
-7 

 (1/ mol) 

α*** Am** As*  Ml of (1x 10
-3

) 

MRP 

 

2.63 x10
7 

 

0.527
 

0.05971 0.0854 0.0803 0.5 

4.559 0.0147 0.1896 0.1868 1 

2.804 0.0153 0.1951 0.1921 1.5 
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method gave satisfactory results, there is no any interferences effect caused by other excipients in 

the dosage form. 

 

 

 
 

Fig. 6: Standard addition 

 

Table 11: The results of standard addition method 

 
Recovery% Amount Fount µg.ml

-1
 

Drug 
Amount Present µg.ml

-1
 

Drug 
Dosage forms 

97.638 

100.857 
19.52 

30.257 
20 

30 
vials 1g /manufactured Switzerland 

99.487 

102.905 
19.897 

30.87 

 

20 

30 
vials 500mg /manufactured by 

Fresenius Kabi/Germany 

 
 

       Table (11) prove that there is no any interference caused by the presence of excipients in the 

dosage forms of meropenem, in which, the recovery percentage of the drug is between 97.639 to 

102.905. 

 

The comparison of the suggested method with the literature’s method 

       The comparison of the suggested method with the literature’s method show that the suggested 

method uses the safer reagent, easier procedure, with wide-range of linearity. Table (12) list the 

results. 
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Table 12: The comparison of the suggested method with the literature’s method 

 

 

CONCLUSION 

         A simple, and sensitive spectrophotometric determination of meropenem (MRP) has been 

carried out by oxidation with periodate in acidic medium, followed by coupling with                                

p-aminobiphenyl amine reagent to form highly colored contrast blue-greenish complex against peal 

yellow blank. The suggested procedure cover expanded range of meropenem concentration from   

10 to 125 with low limit of detection and determination 0.0202, and 0.0673 ppm respectively, the 

method has been applied for estimation of MRP in 500 mg and 1g dosage forms (vials) with high 

accuracy (error % 0.0106) and good precision (RSD % ±0.0319). 
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 المستحضرات الصيدلانية م فیينيروبيالم طيفية جديدة لتقدير طريقة

 

 آن هاشم محمود     هناء شكر محمود
قسمالكيمياء/كميةالعموم/جامعةالموصل

 

 الممخص
تمتحديدطريقةطيفيةجديدةلتقديرالميروبنيمالمضادالحيويضمنعائمةالكاربابينيمواسعةالطيففيالصيغالدوائية

يلامينوبوجودعاملمؤكسدمنبيرايوداتالبوتاسيوموحامضالهيدروكموريكبتركيزوذلكباستخدامكاشفباراامينوثنائيفينا
نانوميترويظهرتبعيةلقانونبيير827خضرعنددرجةحرارةالغرفةيقاسعندالطولالموجيمولاريلتكوينمعقدازرقم7

مول.لتر/2376.33ريملوكانتقيمةمعاملالامتصاصالمولامايكروغرام/236الى21ضمنمدىمنالخطيةتراوحمن
ملوقدتمتطبيقالطريقةبنجاحمايكروغرام/7841.1ملوحدالتقديرالكميميكروغرام/1.13131سموكانتقيمحدالكشف

بدقةعالية)نسبةالخطأ%2مميغراموكذلك611لتقديرالميروبنيمفيالمستحضراتالصيدلانيةبشكلحقن 1.1217غرام
 ) .RSD(0.0319%(وبتوافقيةجيدة)الانحرافالقياسيالنسبي
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