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ABSTRACT

This review work is a compilation of previously published methods for analysing Meropenem, either alone or in
combination with other drugs. Many spectroscopic methods, such as derivative techniques and chromogenic
techniques, were employed. A new and improved chromatographic method based on biological fluids and
pharmaceutical formulations is also available. Aside from these two techniques, there are a few LC-MS/MS and
HPTLC methods. In today's analytical research world, the quality by design or design by expert technique is used
to obtain a better method for method validation. This concise review work can help an analyst choose the best
method for developing and validating analytical methods.
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\ INTRODUCTON

A revolution in human health has been discovered
as pharmaceuticals advance daily. Pharmaceuticals
that are pure and free of impurities will function at
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Intermediate pharmaceutical analysis, which covers
a variety of stages including testing of bulk drugs,
intermediate ~ products, drug  formulations,
degradation products, chemical stability of drugs,
and toxic contents of a drug materials, becomes a
crucial tool for therapeutic process monitoring.
Today, polypharmacy is a highly beneficial
treatment for many diabetic patients. Therefore,
quality control testing of combined formulations
and assay of biological samples are crucial for
improving polypharmacy therapy.

Drugs called antibiotics are prescribed to treat
bacterial infections in both humans and animals.
They either eradicate bacteria or make it difficult
for them to proliferate and spread®.

Members of the beta lactam class of antibiotics,
such as penicillins and cephalosporins, carbapenems
kill bacteria by attaching to penicillin-binding
proteins and preventing the synthesis of bacterial
cell walls’. The majority of the time, complex
bacterial infections are treated with carbapenems
because of their distinctive pharmacological
characteristics. When treating patients empirically
for severe nosocomial infections of unknown origin,
a carbapenem is frequently combined with an
antibiotic that targets Gram-positive bacteria®. In
2012, the drugs imipenem-cilastatin, meropenem,
ertapenem, doripenem, panipenem-betamipron, and
biapenem were removed from the black triangle list
due to short-term clinical trials showing no
increased risk of acute pancreatitis’. Imepenem-
cilastatin, meropenem, ertapenem, doripenem,
panipenem-betamipron, and biapenem are examples
of medications in the carbapenem class. Table No.1
provides information about the drugs in the
carbapenem class.

Meropenem

In this journal, Meropenem is briefly discussed
among all of these carbapenem class medications.
Chemically, meropenem (4R,5S,6S) ((3S,5S)-5-
(Dimethylcarbamoyl) pyrrolidin-3-yl)thio) (R)-1-
hydroxyethyl) -6 -4-methyl -7-oxo-1-azabicyclo
[3.2.0] Acid hept-2-ene-2-carboxylic (Figure No.1)
is  Meningitis (infection of the membranes
surrounding the brain and spinal cord) and skin and
abdominal (stomach area) infections brought on by
bacteria are treated in adults and children 3 months
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of age and older with meropenem injections.
Meropenem injection belongs to the category of
drugs known as antibiotics. It functions by
eradicating the infection-causing bacteria. Colds,
the flu and other viral infections cannot be treated
with  antibiotics like meropenem injection.
Antibiotic use that is not necessary increases the
likelihood of developing a later infection that is
resistant toantibiotic treatment.

There have been several reports of analytical
techniques based on UV, RP-HPLC and LC-
MS/MS for determining the pharmacokinetics of
meropenem phosphate in plasma and urine of
people, rats, and dogs.

The analytical techniques available for the
estimation of Meropenem, including
electrochemical methods, UV/VIS
spectrophotometric methods, HPLC/LC-MS, GC-
MS, and CE/CE-MS, are the focus of this review
article. Table No.2 and Table No.3 discuss the
specifics of the prior studies.

Quality by Design

For pharmaceuticals, several analytical methods are
available to enhance the quality’®>'. But currently,
the Quality by Design technique is widely used to
improve the analytical method. For the development
and production of pharmaceuticals, quality by
design (QbD), which is covered in ICH Q8', Q9,
and Q2, is well-established*.

Benefits of Quality by Design Method

It supports the growth of a reliable methodology.
Variability sources can be better controlled
according to the design setup. Method When a
method is transferred from the quality control
department to the research level, the success of the
transfer is higher. Through ongoing improvement
throughout the lifecycle, this technique creates a
space for the development of new techniques™.
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Table No.1: Details of carbapenem class drugs

Molecular

S.No Drugs Structure IUPAC name . Solubility
weight
4R, 58, 68)-3-(((3S, 5S)- (e st 5500
(NP 5-(Dimethylcarbamoyl) 50/% monobasic ’
HO L ot ;DQH\O pyrrolidin-3-yl)thio)-6- fassi hosohat
1 Meropenem o S A ((R)-1-hydroxyethyl)-4- 383.464g/mol potassium phosphate
A methyl-7-0xo-1- solution, ethanol
o " azabicyclo [3.2.0] hept-2- (<Img/ml at 25°C)
T and DMSO (77mg/ml
ene-2-carboxylic acid at 25°C)
Sodium; 3-[[(2S, 4S5)-4-
TAOL [[(4R, 58, 65)-2-carboxy-
o L‘Nr; 6_[(4:53;}_1};%17?%?;?11_ yl- Soluble in water and
2 Ertapenem o H.Y.IfNH azabicyclo[3.2.0] hept-2- 475.516g/mol slightly Islolublle: n
e Q:} i en-3-yl] sulfanyl] methano
o pyrrolidine-2-
carbonyl]amino] benzoate
(4R, 58S, 6S)-3-(6, 7-
dihydro-5H- pyrazolo[1, Soluble in water
5 F"ﬂo"*? 2-a][1, 2, 4] triazol-8- (>5mg/ml, warmed),
3 Biapenem §<N;\ ium-6-ylsulfanyl)- 6-(1- 350.39g/mol | DMSO (<1mg/ml at
°= “s—<_ N~ | hydroxyethyl)- 4-methyl- 25°C), and ethanol
7-0x0-1-azabicyclo[3.2.0] (<lmg/ml at 25°C).
hept-2- ene-2-carboxylate
(4R, 58, 6S)-6-(1-
. Hydroxyethyl)-4-methyl- Sparingly soluble in
| 7-0x0-3-(((5S)-5- tor. slichtl
. _ L ((sulfamoylamino) watet, sghtly
4 Doripenem | . __ L« 5 <7 1 420.5043g/mol | soluble in methanol,
R S methyl) pyrrolidin-3-yl) and practicall
) P thio)-1-azabicyclo [3.2.0] . practicatty
! insoluble in ethanol
hept-2-ene-2-carboxylic
acid
(5R, 6S)-6-[(1R)-1-
"F H o o hydroxyethyl]-3-({2- Soluble in water and
5 Imipenem L/ s/_/ [(1m1n0m§thyl) amino] 299.347g/mol slightly soluble in
S ethyl}thio)-7-oxo-1- methanol
o7 OoH azabicyclo [3.2.0] hept-2-
ene-2-carboxylic acid
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Table No.2: Details about HPLC analytical method development

S.No Stationary Mobile phase Ph | Wavelength | Flow rate | Reference
phase(column)
Meropenem and Vaborbactam
1 Column Kromasil 250 x | Buffer and acetonitrile in the 250nm \ml/min 6
4.6mm, Sm ratio of 50: 50% v/v
) Column xterrac8 Water: acetonitrile: methanol 297nm \ml/min 7
150x4.6mm, Spm. (20:30:50% v/v)
C18 (250mm x 4.6mm x Buffer : Methanol (70: .
3 2.61m) 30%v/v) 6 242nm. Iml/min 8
Methanol and potassium
4 C8 Column (25cm x dihydrogen phosphate (0.1 9
4.6mm, Spm Molar) mixed in ratio 65/35 235nm six min
(V/v).
Acetonitrile and 0.01N
Aquity UPLC, Hibar C18 | Potassium dihydrogen ortho .
> (?OOI};IHIXZ Imm, 2um) phosphate zKH2gP04) 3 250nm 0.3m/min 10
(50:50% v/v)
0.03M di-hydrogen phosphate
6 C-18 Column buffer and acetonitrile at a 3 298nm ImL/min 11
ratio of 80:20,
Water ,acetonitrile and
7 C-18(4.6mmx 250mm) Sp methanol in specific 300nm 1.5ml/min 12
composition
Biapenem
(4.6mm x 150mm) acetonitrile -0.1 mol/l sodium .
8 Column acetate (2:98, v:v) 4 300nm 1.0ml/min 13
Doripenem
9 methanol and phosphate 2951m 1 5ml/min 14
buffer
acetonitrile and ammonium
10 Cli g;ﬁmglﬁs)o ) acetate (0.012M 673 | 295nm | 0.5ml/min 15
' ’ aqueous solution 15:85.%V/V
Ertapenem
. . . phosphate
| RP 128§ gﬁnj‘ij;“f]l; SIZe, buffer 25mmol L.1 and 6.5 294nm lmzurlnlL 16
T methanol (85:15 v/v) ]
Meropenem and Amoxyclilin
. hosphate buffer and
12 Cromosil C18quurnn (250 acetI())nitrIi)lein the ratio of 70: 6.8 229nm 1.0ml/min 17
mm % 4.6 mmid, Sm)
30 v/v
Column .
30mM monobasic phosphate
13 (M;tachemT LC RP-18, buffer and acetonitrlzle (;)0: 10; 3 298nm. 1.0ml/min 18
with 250mm_/4.6mm
: v/v),
i.d. and Smm
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Table No.3: Details about Spectroscopic method development

S.No Drug Method Description Reference
Stability-indicating Detection wavelength: 278nm and 312nm
. Linearity range: (1.60-9.60) x 10-2
derivative . .
. Correlation coefficient — r: 0.9993 for278nm
1 Sl”fe“mph"tome.try method | Spectroscopic | 46 9941 for 312nm respectively. %RSD: 19
or the determination of method . o o
biapenem in the presence intra-day repegtablhty (RSD from 0.41% to
of its degradation products 2.16%) and inter-day repeatability (RSD
) 0.64% and 0.96%)
Sodium in primaxin by the Detection wavelength: 306 and 312nm
first order derivative Linearity range: 14-42mg ml-1
) ultraviolet UV-Spectrometric Correlation coefficient: (r = 0.9998 20
spectrophotometric Method %RSD:IMIPENEM-UV: 1.9%,
determination of imipenem LC:2.3%LC/UV=2.3%* Cilastatin -UV :1.7
and cilastatin LC:1.7 UV/LC=1.8
Utraviolet Detection wavelength: 242nm and 274nm
spectrophotometry [dual for determination of MERM, 285nm and
wavelength and 306nm for determination of SB Linearity
cheometric] and high UV= range: MERM and SB were linear in the
3 performance liquid spectrophotometric range of 4-24pg/mL and 2—12pg/mL, 21
chromatography for method. respectively. Correlation coefficient -r:PLS
simultaneous estimation of 0.996 and SB 0.997 PCR MERM 0.997 and
meropenem and salbactum SB 0996
sodium in pharmaceutical. %RSD: Intraday and interday<2
Detection wavelength: zero crossing
Solid-state stability study wavelength of 307nm and first derivative
4 of meropenem solution | Spectrophotometric | spectroscopy ny= (111, 30 £2, 27) x (A= 2
based on spectrometric method. 320nm). Linearity range: range 25-
analyis 131pg/mL %RDS: Inter-day repeatability
also had acceptable values 99.9% to 101.3%
Spectrophotometric
Method for the 'Est1mat10n Spectroscopic Detection wavelength: 477nm Linearity
5 of Meropenem in Pure and _ . ; 23
. ) method range: e 15-70pg/mL correlation coefficient
in Market Formulation
Meropenem
Development and
Validation of UV
Spectrophotometric and S .
6 RP-HPLC Methods for pectroscopic Detection wavelength = 294nm. 24
o method
Determination of
Ertapenem During Stability
Studies
Spectroscopic method of
estimation of meropenem
7 and salbatumsodium in Spectroscopic Detection wavelength = 333nm and 252nm 75
combined dosages from by method Linearity range = 5-70pg/ml
frist order derivative
method.
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(4R, 58S, 6S)-3-(((3S, 5S)-5-(Dimethylcarbamoyl) pyrrolidin-3-yl) thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-
oxo-1-azabicyclo [3.2.0] hept-2-ene-2-carboxylic acid
Figure No.1: Chemical structure and IUPAC name of Meropenem

CONCLUSION

This study presents developed and verified
chromatographic and spectrophotometric techniques
for the evaluation of Meropenem. The different
spectroscopic and chromatographic methods for
Meropenem are available for both the individual
component and the combination, according to this
review. It has also been determined that the
majority of the chromatographic methods have
more resolution thanks to a mobile phase made up
of phosphate buffer, methanol and acetonitrile. It
was found that the most popular form of
meropenem used was (ex. MERREM). For
chromatographic methods, flow rates between 0.8
and 1.5ml/min have been found to produce good
retention times. The most common solvent for most
spectroscopic techniques is methanol. As a result,
all of the methods were discovered to be
straightforward, accurate, affordable, precise, and
repeatable. However, it is evident from this review
that the use of the Design of Expert (DOE)
technique can enhance the currently used methods
and produce results that are more accurate and
precise.
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