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ABSTRACT

A highly precise and validated RP-HPLC method was established for the simultaneous estimation of Sulopenem
Etzadroxil and Probenecid in both pure form and pharmaceutical formulations, including stability studies.The RP-HPLC
analysis was performed using a Hyperclone 54 BDS C18 column with an isocratic mobile phase of Acetonitrile and
Ammonium Formate Buffer (40:60, pH 3.0). Detection was carried out at 272 nm with a 1.0 mL/min flow rate, 10 pL
injection volume, and a 5-minute runtime. The method, validated as per ICH guidelines, exhibited excellent linearity
(25-150 pg/mL) with high correlation coefficients. Accuracy studies demonstrated recoveries of 100.7% for Sulopenem
Etzadroxil and 99.9% for Probenecid. The robustness evaluation indicated minimal variation in retention time and peak
area under slight changes in chromatographic conditions. Sulopenem Etzadroxil exhibited maximum degradation under
thermal, hydrolytic, and peroxide conditions, while Probenecid showed notable degradation under peroxide, acid, and
photolytic stress. Minimal degradation was observed under alkali and reduction conditions for both drugs.
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INTRODUCTION

Sulopenem Etzadroxil (Fig.1) is an orally bioavailable
prodrug of sulopenem, a broad-spectrum [-lactam
antibiotic effective against multidrug-resistant bacteria,
including ESBL-producing strains. It hydrolyzes to
sulopenem, inhibiting PBPs and bacterial cell wall
synthesis, leading to bacterial lysis.*2. Probenecid, a
uricosuric agent, manages hyperuricemia by inhibiting
renal uric acid reabsorption and enhances [-lactam
antibiotics by inhibiting OAT1 and OATS3, prolonging
their half-life. Though not antibacterial, probenecid
improves antibiotic efficacy in severe infections and plays
a key role in antimicrobial therapy 3®. Several analytical
methods have been reported for Probenecid estimation like
LC-MS/MS 87 and UV-Visible spectroscopic method 8°
RP-HPLC 10,

MATERIALS AND METHODS

Equipments

The instruments used in this study included a Waters
Alliance HPLC system (e2695) with Empower 2.0
software, an Eutech pH meter, a Sartorius weighing
balance, and a UV-1700 UV/VIS spectrophotometer.
Additionally, Borosil pipettes, beakers, and burettes were
utilized, along with a Unichrome UCA 701 ultra sonicator
and an isocratic model pump to support sample
preparation and analysis.

Chemicals

The chemicals and reagents used in the study included
Acetonitrile (HPLC grade, Rankem), Formic Acid (AR
grade, Analytical Reagents), HPLC grade Water (Milli-Q
or equivalent), and Ortho Phosphoric Acid (AR grade,
Analytical Reagent). These high-purity reagents ensured
the reliability and accuracy of the analytical method
Standard and sample Preparation

For standard solution preparation, weigh 10 mg each of
Sulopenem Etzadroxil and Probenecid, dissolve in a
diluent, and dilute to 10 mL (stock solution). Pipette 1 mL
of this stock into a 10 mL flask and dilute to obtain 100
ppm of each drug. For the sample solution, weigh 24.24
mg of the sample, dissolve in a diluent, sonicate for 30
min, and dilute to 10 mL. Pipette 1 mL of this stock into a
10 mL flask, dilute, and filter through a 0.45-micron filter
to obtain 100 ppm of each drug.

Method Development

Initial trials with Luna Phenyl Hexyl (250x4.6mm, 5u)
using ACN and 0.1% HCOOH as the mobile phase at
different ratios (80:20 and 70:30) resulted in unacceptable
retention times and broad peaks. Further modifications,
including the use of ammonium formate buffer (pH 3.0)
with orthophosphoric acid (OPA), improved peak
resolution; however, tailing and unknown peaks were
observed in trials conducted with different mobile phase
ratios (50:50 and 45:55). For precise separation and
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Figurel: Chemical structure of Sulopenem Etzadroxil and Probenecid

enhanced system suitability, the method employed a
Hyperclone 5u BDS C18 130°A (250 x 4.6 mm, 5 pm)
column, utilizing an ACN and AFB (40:60, pH 3.0)
mobile phase. The optimized parameters included
detection at 272 nm, a 1.0 mL/min flow rate, a 10 pL
injection volume, and a streamlined 5-minute runtime. The
system suitability results showed well-defined peaks with
retention times of 2.403 min for Sulopenem Etzadroxil and
3.336 min for Probenecid, with acceptable plate counts,
tailing factors, and resolution (6.21). The %RSD values
(0.22% and 0.62%) confirmed the method’s precision and
reliability.

Method validation

The method validation tests such as selectivity, sensitivity,
range, specificity, linearity, accurateness were studied for
the evaluation of the method validity. Additionally, the

approach was tested for Sulopenem Etzadroxil and
Probenecid estimation in bulk and pharmaceutical
formulations.t!-14,

Specificity

To demonstrate specificity, representative chromatograms
need to be utilized, and extracted components must be
labeled consistently. An appropriate level of investigation
must be applied to critical separations in chromatography.
The components' resolution that elute nearest to each other
could be employed to assess the specificity of a significant
separation. Analytical procedures with higher levels of
specificity may compensate for less specificity of
individual procedures

Linearity, Precision

Linearity is recommended to evaluate the method such
that the obtained results produce a proportional response
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Figure 2: Representative chromatogram of A: Blank B: Placebo C: Standard Chromatogram
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Table 1: Results of linearity for Sulopenem Etzadroxil & Probenecid

S.No Sulopenem Etzadroxil Probenecid
Conc.(ug/ml) Peak area Conc.(ug/ml) Peak area

1 25 746411 25 756537

2 50 1492822 50 1513074

3 75 2239232 75 2269611

4 100 2985643 100 3026148

5 125 3732054 125 3782685

6 150 4378465 150 4439222

Regression y =29427.86x +17857.21 y =29832.9x + 17857.14

equation

Slope 29427.86 29832.9

Intercept 17857.21 17857.14

R? 0.99982 0.99983

Table 2: Method Precision for Sulopenem Etzadroxil &
Probenecid

S. No. Area for Area for
Sulopenem Probenecid
Etzadroxil

1 2965841 3026148

2 2934150 3058942

3 2957484 3014846

4 2956312 3024671

5 2975417 3042146

6 2944310 3052148

Average 2955586 3036484

Standard 14759.494 17299.502

Deviation

%RSD 0.50 0.57

over the desired range of analyte concentrations. Linearity
was determined by regression analysis, which involves
recording average areas of triplicate injections of 25-150
pug/mL for Sulopenem Etzadroxil and 25-150. pg/mL for
Probenecid. Plot a linearity graph with concentration
against peak area and for Sulopenem Etzadroxil and
Probenecid correlation coefficient values were acceptable
fits for the data of regression line. All the drugs exhibit
proportional response with a good coefficient of
correlation of 0.999.

Repeatability is the ability of the procedure to generate the
results over a short time interval under identical
conditions. Intermediate precision is the precision attained
over an extended time in a single laboratory but with
different analysts, different columns, different reagents
etc.

Accuracy

Samples were arranged in triplicates by sample solution at
known concentrations of Sulopenem Etzadroxil and
Probenecid at 50%, 100%, and 150% spike levels. The
peak area values observed in each analysis were compared
with the corresponding standard and % recovery of
Sulopenem Etzadroxil and Probenecid was calculated. The
% recovery in the limit of 98-102 % was considered as
acceptable as per the guidelines.

Robustness

It is evaluated to know the change in system suitability
parameters in response to variations in flow rate, mobile

phase, and temperature. % RSD was calculated for
evaluation of the parameters and found to be less than 2%
which satisfies the acceptance criteria.

Assay

To determine the concentration of the drug, inject 10 pL
of both the standard and sample solutions into the RP-
HPLC system and measure the peak areas for Probenecid
and Sulopenem Etzadroxil. The sample concentration is
determined by comparing it to the standard peak area and
employing an appropriate calculation formula.

The formula for Assay
AT WS DT Averageweight P

% Assay = —
Degradation Studies

Degradation studies were conducted under various stress
conditions for Sulopenem Etzadroxil and Probenecid.
Acid and alkali degradation involved treatment with 1N
HCI and 1N NaOH, respectively, followed by
neutralization and dilution. Oxidative and reductive
degradation were performed using 10% H20: and 10%
sodium bisulfite, while thermal and photolytic degradation
involved exposure to 105°C for 6 hours and photo-stability
conditions for 6 hours, respectively. Hydrolysis
degradation was carried out using HPLC-grade water, and
all degraded samples were diluted, filtered, and analyzed
using the optimized HPLC method.

RESULTS AND DISCUSSION

Optimization of Method

A validated RP-HPLC approach was designed for the
concurrent estimation of Sulopenem Etzadroxil and
Probenecid, employing a Waters HPLC system with an
autosampler and PDA detector. The method employed a
Hyperclone 54 BDS C18 130°A (250x4.6mm, 5um)
column, ensuring effective separation of both analytes.
The mobile phase, consisting of ACN and AFB (pH 3.0)
in a 40:60 ratio, was delivered at a flow rate of 1 mL/min,
providing stable peak resolution. A 10 pL injection
volume was used for analysis, with detection carried out at
272 nm for optimal sensitivity. The run time was set at 5
minutes, allowing for rapid and efficient analysis. The
method was performed under ambient temperature
conditions (25°C), ensuring practicality for routine
laboratory use. The developed isocratic mode of
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Table 3: Accuracy results of Sulopenem Etzadroxil and Probenecid

%Concentration(at
specification Level)

Sulopenem Etzadroxil

Probenecid

% Recovery

Mean Recovery

% Recovery Mean Recovery

100.8
99.8

101.4
100.8
101.7
100.1
100.9
100.2
101.6

50% 100.7

100% 100.9

150% 100.9

99.6
99.7
100.5
99.6
100.7
100.1
99.6
100.3
99.5

99.9

100.2

99.8
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Figure 5: Regression curve for Sulopenem Etzadroxil
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Figure 6: Regression curve for Probenecid

separation provided well-defined peaks with acceptable
resolution, tailing factor, and theoretical plate count.
Specificity

In the presence of possible interfering compounds in the
sample, specificity is the capacity to precisely identify and
quantify the target components. It can be evaluated by
analyzing chromatograms of the blank, standard, and
sample to ensure no additional peaks appear, confirming
that the method selectively detects the intended analytes.

The linearity study showed a strong correlation between
concentration and peak area for Sulopenem Etzadroxil (R?
= 0.99982) and Probenecid (R? = 0.99983) over 25-150
pug/mL (Table 1). The regression equations confirm the
method’s linearity, as illustrated in Figures 5 and 6.
Method Precision

The method precision results showed %RSD values of
0.50% for Sulopenem Etzadroxil and 0.57% for
Probenecid, indicating excellent repeatability and

Specificity is depicted through the chromatograms consistency of the RP-HPLC method as per ICH
presented in Figure 2. guidelines (Table 2).
Linearity Accuracy
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Table 4: Forced Degradation results for Sulopenem Etzadroxil and Probenecid

Degradation studies Sulopenem Etzadroxil Probenecid
% Assay % Deg % Assay % Deg
Control 100 0 100 0
Acid 96.7 3.3 86.3 13.7
Alkali 97.6 24 98.6 14
Peroxide 88.1 11.9 84.2 15.8
Reduction 95.9 4.1 96.3 3.7
Photolytic 96.3 3.7 88.7 11.3
Hydrolysis 87.1 12.9 97.0 3.0
Thermal 86.0 14.0 96.6 34
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Figure 6: Acidic degradation
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0.2254

AU

0.25]

¢ & $ 3
.4 1 ?
] ] 7 ; 2
0.1804 4 % 020] 1 2
1 ®
i ] K ;
| " ﬁ
01354 & 0.15-|
] ‘ E |
o
g ‘ 2 g ‘
1 1=}
00904 |} | 0.10 = |
4 ]
p | l'q "
] ‘\ | |
1 | | ] |
0‘045_ m | | © 0.05 1 ‘ [
- | IR @ |
i | [ @ I |
- | | m [
x - T 000 —
eonCosntontsTac 2% Cam T3 ah sl amosh ad s 2o’ ash’ Tach’ as adasm st

Figure 8: Peroxide degradation

Figure 9: Reduction Degradation
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Figure 10: Thermal degradation

The accuracy study of Sulopenem Etzadroxil
Probenecid at 50%, 100%, and 150% concentration levels
demonstrated mean recovery values of 100.7% and 99.9%,
respectively, indicating the method’s accuracy (Table 3).

Robustness

Minutes

Figure 11: Photolytic degradation

and At a lower flow rate (0.9 mL/min), Sulopenem Etzadroxil
and Probenecid showed retention times of 2.569 and 3.516
min with peak areas of 2,741,583 and 2,935,148,
respectively, while at a higher flow rate (1.1 mL/min), the
retention times decreased to 2.277 and 3.201 min with
peak areas increasing to 3,041,278 and 3,258,410.
Similarly, with a lower organic phase ratio (18:82),
retention times increased to 2.738 and 3.686 min with
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Figure 12: Hydrolysis degradation

reduced peak areas, whereas increasing the organic phase
(22:78) resulted in decreased retention times of 2.058 and
3.117 min with higher peak areas. The method remained
robust, as minor variations did not significantly impact
peak integrity.

Assay

The assay of 100.9% forSulopenem Etzadroxil and
100.0% for Probenecid, confirms the accuracy and
reliability of the method.

Stress studies

The forced degradation study demonstrated the stability of
Sulopenem Etzadroxil and Probenecid under various stress
conditions. Sulopenem Etzadroxil showed the highest
degradation under thermal (14.0%) and hydrolytic (12.9%)
conditions, while Probenecid exhibited significant
degradation under peroxide (15.8%) and acid (13.7%)
stress. Minimal degradation was observed under alkali and
reduction conditions for both drugs. Photolytic
degradation was notable for Probenecid (11.3%) but lower
for Sulopenem Etzadroxil (3.7%). The results confirm the
method’s stability-indicating capability. Degradation
chromatograms are presented in Figures 7 to 13.

CONCLUSION

A validated RP-HPLC method was successfully developed
for the simultaneous estimation of Sulopenem Etzadroxil
and Probenecid in pure and pharmaceutical dosage forms,
ensuring high precision, accuracy, and robustness. The
method employed a Hyperclone 5u BDS C18 column with
an optimized mobile phase composition, delivering well-
resolved peaks within a short retention time. Validation
parameters demonstrated excellent linearity, precision, and
accuracy, confirming the method's reliability. Robustness
studies indicated minimal impact of minor variations in
chromatographic conditions, ensuring method consistency.
Forced degradation studies established the method’s
stability-indicating capability, confirming its suitability for
detecting degradation products under stress conditions.
This RP-HPLC method provides an efficient and reliable
analytical tool for routine quality control and stability
assessment of Sulopenem Etzadroxil and Probenecid
formulations.

REFERENCES
1. Zhanel GG, Pozdirca M, Golden AR, Lawrence CK,
Zelenitsky S, Berry L, Schweizer F, Bay D, Adam H,

oo0” " os0 T dde iso Tac0 " 28 T3 asy 4o ase

om’os s is T2t s s ash am 4sh a0
Minutes

Figure 13: Control degradation

Zhanel MA, Lagace-Wiens P, Walkty A, Irfan N,
Naber K, Lynch JP 3rd, Karlowsky JA: Sulopenem:
An Intravenous and Oral Penem for the Treatment of
Urinary Tract Infections Due to Multidrug-Resistant
Bacteria. Drugs. 2022 Apr;82(5):533-557.

2. FDA News Release: FDA approves new treatment for
uncomplicated urinary tract infections in adult women
who have limited or no alternative oral antibiotic
treatment options

3. Jung KY, Takeda M, Kim DK, Tojo A, Narikawa S,
Yoo BS, Hosoyamada M, Cha SH, Sekine T, Endou H:
Characterization of ochratoxin A transport by human
organic anion transporters. Life Sci. 2001 Sep
21;69(18):2123-35.

4. Takeda M, Khamdang S, Narikawa S, Kimura H,
Hosoyamada M, Cha SH, Sekine T, Endou H:
Characterization of methotrexate transport and its drug
interactions with human organic anion transporters. J
Pharmacol Exp Ther. 2002 Aug;302(2):666-71.

5. Sweet DH, Chan LM, Walden R, Yang XP, Miller DS,
Pritchard JB: Organic anion transporter 3 (Slc22a8) is
a dicarboxylate exchanger indirectly coupled to the
Na+ gradient. Am J Physiol Renal Physiol. 2003
Apr;284(4).

6. Rashid M, Chhonker YS, Singh SK, Murry DJ.
Simultaneous LC-MS/MS Method for the Quantitation
of Probenecid, Albendazole, and Its Metabolites in
Human Plasma and Dried Blood Spots. Separations.
2024 Jun 25;11(7):197-7.

7. Deng X, Qi Y, Li J, Zhang Y, Xiong B, Liu H.
Simultaneous determination of allopurinol, probenecid,
benzbromarone in dietary supplements by ultra-high-
performance liquid chromatography-tandem mass
spectrometry. Chinese Journal of Chromatography.
2019 Jan 1;37(2):183-3.

8. kumar R, Nain P, Kaur J. Development and Validation
Of Uv-Visible Spectroscopic Method For Estimation
Of Probenecid In Tablet Dosage FORM. International
Journal of Advanced Research. 2016 May
31;4(5):212-9.

9. Tantawy MA, Wahba IA, Saad SS, Ramadan NK.
Smart  spectrophotometric methods for stability
assessment of two co-formulated antigout drugs.
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2022 May;273:121062

1JDDT, Volume 15 Issue 1, January - March 2025

Page 137



Sulopenem Etzadroxil and Probenecid by RP-HPLC

10.Lo WY, Krause GM. Simultaneous Determination of nanoformulations: An application towards in-vitro and
Probenecid and Colchicine in Solid Dosage Form by exvivo performance evaluation. Arabian Journal of
Reversed Phase High  Performance  Liquid Chemistry 2022; 15(12): 104333.
Chromatography. Drug Development and Industrial ~ 13.International Conference on Harmonisation of
Pharmacy. 1987 Jan 1;13(1):57-66. Technical  Requirements for  Registration  of

11. International Conference on Harmonisation of Pharmaceuticals for Human use ICH Harmonised
Technical Requirements for  Registration  of Tripartite  Guideline  Validation of  Analytical
Pharmaceuticals for Human use ICH Harmonised Procedures: Text and Methodology Q9 (R1).
Tripartite  Guideline Validation of Analytical 14.International Conference on Harmonisation of
Procedures: Text and Methodology Q8 (R2). Technical Requirements for  Registration  of

12. Kumar P, Mangla B, Beg S, Afzal O, Saleh Alfawaz Pharmaceuticals for Human use ICH Harmonised
Altamimi A and Almalki WH: Optimization and Tripartite  Guideline  Validation of Analytical
validation of stability indicating RP-HPLC method for Procedures: Text and Methodology Q2 (R1).

the quantification of gefitinib in bulk drug and

1JDDT, Volume 15 Issue 1, January - March 2025 Page 138



