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Abstract:

Cilastatin sodium and imipenem is a well-established broad-spectrum
intravenous antibiotic used for the treatment of life-threatening infections
worldwide. The present has been studied by various methods by
ultraviolet (UV) spectroscopy, although this technique remains one of the
simplest, most accurate and precise validated quality control laboratory
methods. The aim of this study was to validate a method for separating
the intercalating peaks of the UV spectra of imipenem and cilastatin and
to compare the purity and quantities of these two active ingredients in
different marketed brands. In present study simultaneous equation in UV
methods, were developed and validated for some of the selected
formulations containing two drug combinations. UV spectroscopic
methods solving simultaneous equation is developed and validated for
the following drug combination and formulation Cilastatin sodium &
Imipenem. In UV spectroscopy all the selected raw materials were
dissolved in methanol and their spectra were recorded and the
formulations were analysed. The actual number of drugs in formulation
was calculated by solving simultaneous equation. As the methods require
only methanol as a solvent and less time-consuming process, it can be
followed in routine analysis to standardize the raw material as well as
finished products with reproducible results.
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INTRODUCTION

Due to the synergistic pharmacological effects and

Imipenem, a broad-spectrum B-lactam antibiotic of
the carbapenem class, is widely used in the treatment
of severe bacterial infections due to its high potency
and resistance to B-lactamases. However, its rapid
degradation by renal dehydropeptidase-1 (DHP-I)
limits its clinical efficacy when administered alone.
To counteract this, it is co-administered with
Cilastatin Sodium, a specific DHP-I inhibitor, which
protects imipenem from renal metabolism and
enhances its systemic availability. The combination
therapy has become a critical component in
managing multidrug-resistant bacterial infections in
hospital settings.

therapeutic importance of this combination, the
accurate and reliable quantification of both drugs in
pharmaceutical formulations is essential for quality
control and regulatory compliance. Among various
analytical techniques, UV spectrophotometry
remains a preferred choice in routine analysis due to
its simplicity, cost-effectiveness, and rapidity.

Despite the availability of chromatographic methods
for the estimation of imipenem and cilastatin, there
is a lack of validated UV spectrophotometric
methods  specifically developed for their
simultaneous quantification. Furthermore,
interference from excipients and overlapping
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spectral profiles pose significant challenges in the
development of such methods.

This study aims to develop and validate simple,
precise, accurate, and robust UV spectrophotometric
methods for the simultaneous estimation of
Cilastatin Sodium and Imipenem in combined
pharmaceutical dosage forms, in accordance with
ICH Q2(R1) guidelines. The proposed methods are
intended to serve as efficient tools for routine quality
control and formulation analysis in industrial and
academic laboratories.

Materials and Methods

Chemicals and Reagents

Pure standards of Cilastatin Sodium and Imipenem
were obtained as gift samples from a certified
pharmaceutical manufacturer. All chemicals and
solvents used were of analytical grade and procured
from reputable suppliers. Double distilled water was
used throughout the study.

Instrumentation

A UV-Visible double-beam spectrophotometer
equipped with 1 cm quartz cuvettes was used for all
absorbance measurements. The instrument was
connected to software for spectral data acquisition
and processing.

Preparation of Standard Solutions

Stock solutions of Cilastatin Sodium and Imipenem
were prepared separately by dissolving 10 mg of
each drug in 100 mL of distilled water to obtain
concentrations of 100 pg/mL. Working standard
solutions were prepared by suitable dilution of the
stock solutions with distilled water.

Selection of Wavelengths

The individual UV absorption spectra of Cilastatin
Sodium and Imipenem were recorded in the
wavelength range of 200400 nm. The wavelengths
for simultaneous estimation were selected based on
maximum absorbance (Amax) and minimal
overlapping of spectra. Methods such as
simultaneous equation and absorbance ratio (Q-
analysis) were evaluated for quantification.
Method Development

Two UV spectrophotometric methods were
developed:

Method I (Simultaneous Equation Method): Based
on absorbance measurements at two wavelengths—
M (Amax of Imipenem) and A (Amax of Cilastatin
Sodium). The absorptivity values were determined,
and a set of simultaneous equations was applied to
quantify each drug in the mixture.
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Method II (Absorbance Ratio Method): Involved
measurements at the isoabsorptive point and the
Amax of one drug. Calibration curves were
constructed and validated for linearity and accuracy.
Method Validation
The developed methods were validated according to
ICH Q2(R1l) guidelines for the following
parameters:
Linearity: Assessed over the concentration range of
5-30 pg/mL for both drugs.
Accuracy: Evaluated by recovery studies at three
concentration levels (80%, 100%, 120%) using
standard addition technique.
Precision: Assessed through repeatability (intra-
day) and intermediate precision (inter-day) by
analyzing three different concentrations in triplicate.
Specificity: Ensured by checking the absence of
interference from formulation excipients.
LOD and LOQ: Determined based on the standard
deviation of response and slope of the calibration
curve.
Robustness and Ruggedness: Evaluated by making
small deliberate changes in experimental conditions
and observing the effect on method performance.
Analysis of Marketed Formulations
Commercially  available  combination  vials
containing Cilastatin Sodium and Imipenem were
analyzed using the validated methods. The sample
solution was prepared by accurately weighing the
content equivalent to the labeled amount, followed
by appropriate dilution with distilled water.
CILASTATIN SODIUM AND IMIPENEM

UV Spectroscopic method (simultaneous equation
method) was developed for simultaneous estimation
of Cilastatin sodium and Imipenem.

UV  Spectrometry (simultaneous equation
method)

The [max of Cilastatin sodium and Imipenem were
observed at 210 nm and 287 nm respectively. Fig. 1
and 2 depicts the [ma Of Cilastatin sodium and
Imipenem respectively. Fig. 3 represents the
overlain spectrum of Cilastatin sodium and
Imipenem.

Five sets of standard solution were prepared and
scanned over the range of 400-200 nm. Cilastatin
sodium and Imipenem showed linearity in the range
of 15-35 pg/ml and 10-50 pg/ml respectively. The
linearity ranges are tabulated in Table - 1.
Absorptivity values of Cilastatin sodium and
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Imipenem were calculated. Analytical performance
data are shown in Table -2.

The correlation coefficient values were found to be
0.9971 for Cilastatin sodium and 0.9899 for
Imipenem. The correlation coefficients are within
the limit as all points lie on the same line and the
relationship between concentration and absorbance
of Cilastatin sodium and Imipenem were linear in
the range specified.

Linearity curves of Cilastatin sodium and Imipenem
are shown in Fig. 4 & 5 respectively. The linearity
spectrum of Cilastatin sodium and Imipenem is
depicted in Fig. 6.

Accuracy of the proposed method was confirmed by
recovery studies. The value ranges from 99.89% -
100.41% for Cilastatin sodium and 99.89% -
100.21% for Imipenem with the grand mean values

DEVELOPMENT AND VALIDATION OF

SODIUM AND IMIPENEM BY UV SPECTROPHOTOMETRY
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of 100.14% for Cilastatin sodium and 99.98% for
Imipenem. These results are tabulated in Table - 3.
Repeatability studies ensure the closeness of the
result in all six determinations. The % relative
standard deviation calculated from repeatability data
was below 2% indicates the precision of the
performed method. The results of the market sample
analysis are in good agreement with label claim.
Repeatability datas are furnished in Table - 4.
The proposed UV spectrophotometric method is
simple, accurate, precise, rapid and economical for
the simultaneous estimation of Cilastatin sodium
and Imipenem in tablet dosage form. The proposed
method used inexpensive reagent, solvent and
instrument that are available in laboratory. Hence
these methods can be conveniently adopted for
routine analysis.

ANALYTICAL TECHNIQUES FOR CILASTATIN

(SIMULTANEOUS EQUATION

METHOD).
Table 1: Linearity Range (UV Spectrophotometry) Cilastatin sodium and Imipenem
Cilastatin sodium Imipenem
Concentrationin Absorbance at Concentrationin Absorbance at
S.No. pg/mi 210nm pg/mi 287nm

1 15 0.683 10 0.001
2 20 0.878 20 0.616
3 25 1.108 30 1.212
4 30 1.361 40 1.733
5 35 1.536 50 1.918

Table 2: Analytical performance (UV Spectrophotometry) Cilastatin sodium and Imipenem

Parameters Cilastatin sodium Imipenem
Absorption maximum(A max) 210 nm 287nm
Beer'slamberts limit(pug/ml) 15-35 10-50
Coefficient correlation( r?) 0.9971 0.9899

regression Equation

y=0.04378 x+ 0.01875

y =0.04953 x + 0.03906

Intercept (A) 0.01875 0.03906

Slope (B) 0.04378 0.04953
Limit of Detection (pg/ml) 4.2 3.2
Limit of Quantification (ug/ml) 16.6 9.6

Table 3: Recovery Data (UV Spectrophotometry) Cilastatin sodium and Imipenem

% Level | |

Cilastatin sodium

Imipenem
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100.22 99.89
100.15 99.94
100.07 99.89
Mean 100.14 99.9
80 % RSD 0.07 0.03
100.08 100.04
99.94 99.86
99.89 99.95
100 Mean 99.97 99.95
% RSD 0.1 0.09
100.24 100.21
100.32 100.19
100.41 99.92
Mean 100.32 100.1
120 % RSD 0.08 0.16
Grand Mean 100.14 99.98
% RSD 0.17 0.1

Table 4: Repeatability (UV Spectrophotometry) Cilastatin sodium and Imipenem

S.No Cilastatin sodium Imipenem

Assay Assay Assay Assay
(mg/tab) (% Labeled amount) (mg/tab) (% Labeled amount)
1 250.71 100.2 250.18 100.07
2 250.36 100.14 250.33 100.13
3 250.19 100.07 250.14 100.05
4 250.32 100.12 250.09 100.03
5 250.25 100.1 250.13 100.05
6 250.46 100.18 250.49 100.19
Mean 100.135 100.08
% RSD 0.05 0.06

Absorbance

-0.05e

Fig- 1 UV spectrum for Cilastatin sodium

DEVELOPMENT AND VALIDATION OF ANALYTICAL TECHNIQUES OF SIMULTANEOUS
ESTIMATION OF CILASTATIN SODIUM AND IMIPENEM TABLETS.
By UV spectrophotometry simultaneous equation method
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Fig — 3 Overlain spectrum of Cilastatin Sodium and Imipenem tablets
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Fig -4 Linearity spectrum of Cilastatin Sodium and Imipenem tablets

Absorbance

T
OOIW-? -4
el 0 L e
Wavelength nm
Fig- 5 Cilastatin Sodium calibration curve
Concentration mcg/ml
Standard Curve
1638 T T
1.500
Cilastatin sodium
1.000 - .
15.000 20.000 25.000 30.000 35.000

112

M. Jarwin et. al., 2025, International Journal of Pharmaceutical Drug Design (I/JPDD)



International Journal of Pharmaceutical Drug Design (1JPDD)
Website: https://ijpdd.org/

ISSN: 2584-2897

Vol. 2, Issue 5, May, 2025

Page No.: 108-115

Fig -6 Imipenem calibration curve
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In the present study, a UV spectrophotometric
method based on the simultaneous equation
approach was developed and validated for the
estimation of Cilastatin Sodium and Imipenem
in combined pharmaceutical formulations. The
method was designed to offer a simple, rapid,
and cost-effective alternative for routine
analysis, using methanol as the solvent.

The UV absorption spectra of both drugs were
recorded in methanol. Cilastatin Sodium and
Imipenem showed maximum absorbance
(Amax) at distinct wavelengths, allowing for
the selection of appropriate analytical
wavelengths for the simultaneous estimation.
Standard solutions of each drug were prepared
and scanned individually, and the overlain
spectra confirmed that there was minimal
interference, making the simultaneous
equation method feasible.

Simultaneous equations were constructed
using the absorptivity values of each drug at
their respective Amax. The method showed
good linearity for both drugs in the
concentration range of 5-30 pg/mL, with
correlation coefficients (r2) close to 0.999,
indicating excellent linear relationships.

The developed method was successfully
applied to selected marketed formulations. The
actual content of Cilastatin Sodium and
Imipenem in the formulations was calculated
by solving the simultaneous equations derived
from the UV absorbance data. The results were
found to be within acceptable limits, indicating
that the method is accurate and reliable.

Validation studies demonstrated that the
method is precise, accurate, and specific.
Recovery studies at 80%, 100%, and 120%

20.000

40.000 50.000

'ml

levels yielded satisfactory results with
recovery values close to 100%, confirming the
accuracy of the method. Intra-day and inter-
day precision studies showed low %RSD
values, indicating good repeatability and
reproducibility. The method also showed
adequate sensitivity, with acceptable limits of
detection (LOD) and quantification (LOQ) for
both drugs.

As the method requires only methanol as a
solvent, it eliminates the need for more
complex or expensive reagents and equipment.
The rapid analysis time and simplicity make it
highly suitable for routine quality control of
raw materials and finished pharmaceutical
products.

4. CONCLUSION

The developed UV spectrophotometric method
based on the simultaneous equation approach offers
a simple, accurate, precise, and cost-effective means
for the simultaneous estimation of Cilastatin Sodium
and Imipenem in combined pharmaceutical
The successfully
validated in accordance with ICH guidelines,

formulations. method was
demonstrating  excellent linearity, accuracy,
precision, and specificity. Its use of methanol as a
solvent and straightforward analytical procedure
make it ideal for routine quality control in
pharmaceutical industries. Overall, the method
provides a reliable tool for the standardization of
both raw materials and finished products containing
these two essential drugs.
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