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ABSTRACT

A simple and sensitive spectrophotometric method was described for

the determination of Meropenem in pure and in pharmaceutical
formulations. 2,3 dichloro 5,6 dicyano 1,4 benzoquinone(DDQ)has been
used for determination of meropenem by formation of charge transfer
complex measured at 345 nm.Beer’s law is obeyed in the concentration
range of (0.625-12.5ug/ml) The molar absorptivity (2.3889x10%)l.mol*
.cm”,Sandell’s sensitivity index is 0.0161pg.cm?, The method is precise
(relative standard deviation RSD% is better than £3.32%) and accurate
(relative error in the range of -0.97 t0-0.60%) depending on the
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1- Introduction

Meropenem (MER) Fig. (1) is abroad —spectrum
antibacterial agent, with activity against the majority
of gram positive, gram negative and anaerobic
bacteria, MER is colorless to white crystals. springily
soluble in water, very slightly soluble in alcohol.
practically insoluble in acetone and in ether [1].MER
(t + ,1h) is similar to imipenem but it is stable to
renal dihydroperptidase[2].

MER was determined in pure and pharmaceutical
formations by formation of dark yellow colored
product between MER and 1,2-naphthoquinone-4-
sulphonic acid measured at 449 nm in basic
medium[3].The drug was determined by formation of
a color red chromogen with brucine and sodium
periodate in acidic medium, the maximum absorption
was at 523 nm ,Beers law was obeyed in the range of
concentration  between(2-12ug/ml)of MER  the
apparent was 0.07pug.cm?®[4].

The stability of the drug has been studied at two
temperatures 4.25 °C and 40°C in both acidic and
basic medium using UV spectrophotometric
technique at 280 nm. [5].

An ion pair between MER and bromothymol and
bromocresol at (420and 418) nm was studied
respectively. The method was sensitive but need to
extraction steps[6].

Other methods were used for determination of MER
based on chromatographic procedures were also
reported[7,8,9,10,11].
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concentration level.
The method was applied succefully to the assay of Meropenem in
pharmaceutical preparation in the form of injection.

2,3-dichloro-5,6-dicyano 1,4-benzoquinon has been
used for determination of domperidoe. The formed
complex exhibits maximum absorption intensity at
458 nm in acetonitrile and 394nm in chloroform[12].
The present study included determination of MER as
a m-electron donor, with 23-dichloro 1,4-
dicyanobenzoquinon as an acceptor, and applied the
method to determine MER in pharmaceutical
preparations. Chemically MER is  3-[5-
(dimethylcarbamoyl) pyrrolidin-2-yl] sulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]

hept-2-ene-2-carboxylic acid with the following

structure [13].
O
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Fig.1:structure of Meropenem
Ci7H»5N20sS  M.Wi = 383.46 g.mol™

2- Experimental

Apparatus

The spectrophotometric measurements were carried
out on UV — Visible spectrophotometer CARY 100
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Conc. double beam, using 1 cm quartz cells, pH
measurements have been done by senso direct pH200
(Lovi bond) and Denever Instrument balance has
been used for weight measurement.

Reagents and solution

All chemicals are used of an analytical grade. MER
was purchased from the state company for drug
industries and medical applications (Astrazeneca UK
limited).

MER solution 100 pg.ml™: was prepared by
dissolving 0.01g of MER in 100 ml distilled water in a
volumetric flask.

MER solution 25 pg.ml™: A12.5 ml of 100 pg.ml* is
diluted with distilled water to the mark in 50 ml
volumetric flask.

Coupling reagent (1.1x10*)M :

2,3 Dichloro-5,6- dicyand-1,4-benzochinon
solution(DDQ) was preparedby dissolving 0.0012 g
of DDQ (Fluka Agbuchs.SG)in 5ml ethanol then the
volume was completedto 50 ml with distilled water in
volumetric flask .

Buffer Solution pH7

Borate buffer solution was prepared by dissolving
0.05 M Disodium tetra borate with 10% Boric acid
[14].

Results and Discussion

Optimization of Reaction

Selection of coupling reagent

Effect of different coupling agents on the absorption
intensity and color contrast has been investigated for
better analytical results. The reagents tested are:2,3-
Dichloro 1,4-naphthochinon, Sulphonimid,7,7,8,8-
tetracyanoquinon dimethan. Only 2,3-Dichloro-
5,6dicyano-1, 4benzochinon  gives  maximum
absorption intensity with a good color contrast (AA =
40nm), therefore it is selected for subsequent
investigations.

TJPS

Study of reaction medium

Effect of Buffer solution:

The effect of buffer solution on the absorbance of
formed colored products was studied by using 1ml of
various types of buffer (phosphate, Borate,
Carbonate). The obtained results in table (1) showed
that the maximum absorbance was attained using 1
ml of borate buffer .

Table 1: Effect of Buffer
1ml of buffer Absorbance | pH
solution added

Borate Buffer 0.422 7.0
Phosphate Buffer | 0.367 6.9
Carbonate 0.342 6.95

Effect of borate buffer volume :

The effect of different volume of borate buffer was
studied, the highest absorbance for complex is shown
using 1 ml of borate buffer. Table(2)

Table 2: Effect of borate buffer volume

ml EL f?::ate Absorbance
0.25 0.356
0.5 0.392
1 0.423
15 0.385
2 0.364
25 0.350

Effect of coupling agent amount:

Effect of (0.5-4) ml of 1.1x10* M DDQ reagent has
been added to increasing concentration of drug and
keeping the concentration of buffer constant, then
diluted to the mark by distilled water and wait for
(45minute) at room temperature, then measure the
absorbance against blank solution at 345 nm.
Table(3)

Table 3:Effect of coupling agent amount

ml of1.1x10™ M of Absorbance /ug of MER Deterfrpir_]ation
DDQ 5 10 o5 50 75 coe Rl(zzlent
0.5 0.061 | 0.075 | 0.093 | 0.142 | 0.198 0.9928
1 0.091 | 0.122 | 0.165 | 0.229 | 0.301 0.9934
1.5 0.163 | 0.199 | 0.233 | 0.321 | 0.388 0.9921
2 0.243 | 0.267 | 0.323 | 0.432 | 0.498 0.9914
2.5 0.306 | 0.342 | 0.423 | 0.522 | 0.655 0.9959
3 0.322 | 0.377 | 0.461 | 0.573 | 0.713 0.9930
3.5 0.335 | 0.399 | 0.495 | 0.631 | 0.765 0.9910
4 0.431 | 0.453 | 0.534 | 0.633 | 0.789 0.9934

Table (3) shows that an increasing intensity of the
colored product with increasing the volume of DDQ
reagent but 2.5 ml gives the best value of
determination coefficient therefore, it is selected.
Effect of temperature:

The effect of temperature on the intensity of product
complex was studied at temperatures (R.T. 5, 35 and,
50°c). The obtained results, showed that maximum

absorbance occurs at R.T. Table (4) shows that the
reaction need 45 min to reach completion.
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Table 4:Effect of temperature with time The addition of CPC 4 order produced turbid solution
Time Aé’%?rbamgo"f 25 “395{0m' of 'g"OER and the addition of SDS decreases the absorption
o188 o0 005 T 5072 intensity while the addition of CTAB doesn’t exhibit
10 | 0225 | 0074 | 0.080 | 0081 any change on absorption intensity, therefore the use
15 | 0.246 | 0.081 | 0.092 | 0.099 of surfactant was excluded .
20 | 0262 | 0.094 | 0.101 | 0.112 Effect of order addition of reactants :
25 | 0291 | 0410 | 0120 | 0121 Few trial » d to cheek the infl ;
30 10314 o117 T o.28 0129 ew trials were performed to cheek the influence o
35 | 0.344 | 0131 | 0130 | 0.138 order of addition of reactants on the color
40 | 0380 | 0142 | 0.140 | 0.147 development and the results are presented in table (6).
45 | 0423 | 0155 | 0452 | 0.151 i : ;
s T oa2 ot T o T 013 The orderd zf addition of serial number (III) is
55 | 0420 | 0133 | 0132 | 0.129 recommended.
60 | 0420 | 0120 | 0121 | 0.119 Table 6: Effect of order of Addition of reactants on
Effect of surfactants: color development.
In order to study the effect of surfactants on Drug | Order of addition | Absorbance O'fgg?'gf”;‘zr:ﬁfi‘;n
absorption intensity , 3 ml of anionic sodium dodecyl (YD + DDO + Borate 0418
sulphate (SDS), cationic (cetylpyrldinium chloride MER |(IDDDQ + D + Borate 0.411
(CPC), and neutral (cetyletrimethyl ammonium (1) Borate +D +DDQ 0.426 mn
bromide) (CTAB) surfactants were used at different (Iv) Borate +DDQ +D | 0420
order of additions .As shown in Table(5) Absorption spectrum:
Table (5):Effect of surfactant Under the optimum reaction  conditions studied as
Order CTAB CPC SDS above, the absorption spectrum of the product against
ME§8+§§§+b“fﬂ” +Suga:;ant g-gi; ------------ g-gég blank (fig 2) shows that the wavelength of the
+ +surfactant + buffer L . ; H H ; ; H
MERO +surfactant +DDO + buffer | 0203 | ———— 0222 maximum absorption intensity is 345 nm. This
MERO + buffer + surfactant +DDQ | 0.299 | —-—-rooms 0.218 wavelength  has been used in subsequent
(*) reading without surfactant is equel 0.422(order: Investigations .
MER+DDQ+buffer)
2. A
5 B
=) | /

Wavelength, nm

Fig . 2: Absorption spectrum of Meropenem
A :sample against blank
B : sample against distilled water
C: Blank against distilled water

Procedure and Calibration curve ,Aml of borate buffer pH7,The volume completed to
To increasing volumes (0.25-5) ml of 25 pg.ml* of 10 ml. In volumetric flask with distilled water, the
standard (MER) solution following reagents has been absorbance has been measured at 345nm against
added in the following order:2.5 ml DDQ 25 pg.mI* blank.
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0.8 - ¥ = 0.0623x-0.0371 +
R* =0.0054

Absorbance

pg of Meropenem/ ml
Fig. 3: calibration curve of spectrophotometric method
A linear calibration curve is obtained over the range Accuracy and precision :
(6.25-125 pg) of MER in 10 ml (0.625 -12.5)ug ml™ To check the accuracy and precision of the calibration
with Molar absorptivity (2.3889x10%) L.mol*.cm?and ~ curve. MER was determined at three different
sandell’s sensitivity index (0.0161)pg.cm™ concentrations and the determinations were replicate
five times, the results are shown in table (7), which
indicates good accuracy and precision.

Table 7: Accuracy and Precision of the calibration curve

Amount of MER | Found of MER | Relative error, | Relative standard
taken pg/10 ml pg/10 mi %* deviation,%*
10 9.903 -0.97 +3.32
50 49.73 -0.54 +1.23
100 99.40 -0.60 +1.39
(*):Average of five determinations .
Stoichiometry of the Dye: Fig (4) and Fig (4) show that the ratio Drug : reagent

The ratio of the drug to the reagent has been studied isl: 1.
using both mole ratio method and Job method [15] ,

05

0.45

0.4

0.35

03

0.25

Absorbance

0.2
0.15 0.5 - 4.5ml of 6.52<10% M [MER]

0.1 1 45— 0.5 mlof 6.5310° M[R]
0.05

o T T T T 1
o 0.2 04 0.6 0.8 1

[MER] /[MERJ+[R]
Fig .4: Job'smethod
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0.5 -5 ml of 6.52x10° M[R]
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15 2
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Fig.5: Mole-ratio method

Effect of organic solvents: The spectrophotometric
characteristics of the colored product are more

Absorbance

detectable using water.

Wave length, nm
Fig.6:Effect of organic solvent

Study of Interferences : In order to realize the
analytical application of this method ,effect of some
excipients has been studied by carrying out the
determination of 25ug of MER in 10 ml final volume
in the presence of different excipients (glucose,
starch, gum Arabic and lactose), the results exhibits
no any interfering effect caused by supposed
additives. As presented in Table(8).
Table 8: Effect of excipients on assay of MER

Recovery2.5ug of MER/ugof
Interferences Interferences

50 100 150
Starch 100.3 99.7 99.1
Glucose 100.1 100.3 98.9
Arabic Gum | 99.6 98.3 97.5
Lactose 99.4 98.5 99.8

Application of the method:

To test the applicability of the present method, it is
applied to the estimation of MER in pharmaceutical
preparations. The results are listed in Table(9)
indicating a good applicability of the method. The
performance of the proposed method was assessed by
calculation of the t-test compared with the literature
method [16] for 95% confidence level with eight
degrees of freedom. The results showed that the t —
value was less than the tabulated value = 2.306, so,
there was no significant difference between the
proposed and literature method for MER (Table 10).

Table 9: Application of method

. . pg MER Hg MER Recovery | RSD
Pharmaceutical preparation present/10 ml | measured/10 ml %* %
L 10 10.23 102.32 0.512
Mggr;?::;g”&olmﬁ dm' 25 25.58 102.32_ | 0.198
50 51.16 102.32 0.276
* Average of five determinations .
Table 10: The results of t-test analysis
Recovery %
Pharmaceutical preparation | Present | Literature | t.exp
method | method™®
MER Injection (10 mg/2 mi
Astrazeneca UK limited 98.6 99.2 184
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Table 11: Comparison of the method

Analytical parameters Present method Literature Literature method [6]
method [3]
Method Charge-transfer Charge-transfer lon —pair
Reagent DDQ NQS* -Bromothymol and --bromocrysol
Temperature (°c) Atroom temperature | - | mmmeme-
Amax (NM) 345 449 -420
-418
Medium of method pH 7 Alkaline pH 3
Color of the dye Light orange Dark yellow -Blue
-purple
Barr's law range (ppm) 0.625-12.5 20-120 12.5-62.5
Molar absorptivity (I.mol™l.cm™) 2.3812x10° 7x10° 1.43x10°
Pre-separation Non | —-mememeeee- Solvent extraction
Stability of the color 45 min. 60 |
Application of the method Injection powder Injection powder Injection powder

*NQS: 1,2 naphthoquinone -4-sulphonic acid sodium salt

From table(13) the present method is sensitive, need
not to any extraction steps and it is applicable for
determination of MER in pharmaceutical preparation.
Conclusion

A sensitive new procedure for determination of
meropenem has been established, the method is
References

[1] Sean C. Sweetman. (2005). Martindale Extra
Pharmacopia, 229.

[2] Bennett P.N. et al. (2009). Clinical Pharmacology,
10" Edn.,195.

[3]Raghu Babu, K. et al.(2014).Spectrophotometric
determination of Meropenem in bulk and injection
formulations by 1,2 naphto quinine 4-sulphonic acid
(NQS) reagent. International  Journal  of
Pharmaceutical Sciences and Research,5(5):1963-67.
[4] Raghu Babu,K. et al.(2014).Spectrophotometric
determination of Meropenem in bulk and injection
formulations by Brucine. Journal of Pharmaceutical
Biology,4(4):177-181.

[5] Saima Asif, et al. (2017). Simple UV
Spectrophotometric  method  development  for
determination of Meropenem in bulk form. Journal of
pharmacy and Pharmaceutical Sciences ,5(1):45-49.
[6] Venkateswararao, L. et al. (2013). Extractive
Spectrophotometric methods for the determination of
meropenem pure and marketed formulations using
acidic dyes (BTB and BCP).International Journal of
Pharma Sciences and Research.,4(6):100-103.

[7]1 Nitin Deshmukh, et al.(2016). Development of
Quantitative method for Analysis of Meropenem RP-
HPLC method. Pharmaceutical and Biological
Evaluations ,3(4).

[8] Farin, D. et al.(1999).High Performance Liquid
Chromatography method for the determination of
Meropenem in Human Plasma. Chromatographia.,
49(5\6):253-03.

73

simple, accurate, economic, need not to any
separation steps and ,or adjustment of temperature,
and the method was applied for determination of
meropenem in pure and dosage form with good
accuracy.

[9] Mendez, AS. et al.(2003).Validation of HPLC and
UV  Spectrophotometric  methods  for  the
determination of Meropenem in Pharmaceutical
dosage form. Jouranl  Pharmaceutical and
Biomedical Analysis ,33(5):947-54.

[10] Vipul Negi.et al.(2017). Method development
and Validation of Meropenem in Pharmaceutical
dosage form by RP-HPLC. Indian Journal of
Chemical Technology., 24:441-446.

[11] Ven Katesawara Rao, L.et al. (2012). Reverse
Phase HPLC and Visible Spectrophotometric
methods for the determination of Meropenemin pure
and Pharmaceutical dosage form. International
Journal of Pharm Tech Resear.,4(3):957-962.

[12] Nawal A.et al. (2013). Spectrophotometric
determination of Domperidone its Pharmaceutical
formulation through Charge transfer complexattion
reactions. Asian Journal of Chemistry.,25(13):7377-
7380.

[13] Sean C. Sweetman. (2009). Martindale Extra
pharmacopoeia pharmaceutical press, 36 (1), 286.
[14] Perrin D.D .et al. (1974). preparation of buffer
solution springer Dordrecht, London, 426.

[15] Delevie, R. (1997). Principle of Quantitative
Chemical Analysis, Mc Graw-Hill, International
Edn., Singapore,498.

[16] Raghu Babu,K.et al.(2014).Spectrophotometric
determination of Penems in bulk and injection.
Formulations by Potassium ferri cyanide and ferric
chloride. International Journal of pharmacy and
pharmaceutical sciences.,6(2):787-791.



Tikrit Journal of Pure Science Vol. 25 (1) 2020 I JP S

LY ana il b Ldulal) Alphalls aving jeal) ol
ask ) asaa 3 ¢ Juld daa) (g
dbell ¢ dapall ¢ Jimsall desla ¢ auall LIS
uadld)
S (035855 Al QU Jels e aaiad Lokl LAY apall dihpiantose s A z3sal) b dbuny Aleas Ly asins pall 08
e pabaial el aay Osle dhae (s st S50 —4,1 b S 6,5 5)5< Sl 3,2 i€y aving el sl Gl o
oabaia¥) Jalae dad cilS e [ s <k (12.5- 0.625) S5l ae B w5l daphll o Juegil 345 asall Jokll
ooy %332+ e dumil il sl Cla) OIS Pan ahe 5 Sk 0.0161d 5k AN s U e i (10%%2.3889) (Vs
%o -0.60 -0.97 ¢ caill Uadl
S(oaal)) A anall dlpmaiie B syl jaaE Sz ek Akl Guks &

74



