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RESUMO

Introdugdo: A cromatografia de fase reversa convencional (CPR) tem dificuldade em separar com eficacia
antibidticos carbapenémicos altamente polares. Os métodos HILIC atuais oferecem melhor retengdo, mas
frequentemente apresentam reprodutibilidade e seletividade limitadas. Ainda h& uma lacuna significativa no uso
ideal de colunas capilares HILIC em analises farmacéuticas. Objetivos: Esta pesquisa teve como objetivo
desenvolver e validar um método de cromatografia liquida de interacao forte hidrofilica (HILIC) usando uma
coluna Inertsil HILIC Capillary EX-Nano para a separacdo e determinacdo de quatro carbapenémicos -
ertapenem, doripenem, imipenem e meropenem compostos farmacéuticos. Métodos: As condi¢des
cromatograficas foram modificadas utilizando um sistema tampéo de acetato de aménio/acido acético e
acetonitrila, com altera¢des no pH (3,0-5,5), concentragédo do tampé&o (10-80 mM) e raz&o orgéanica (50-95%). O
método foi validado de acordo com as diretrizes ICH Q2(R1). Preciséo, exatidao, linearidade, limites de deteccéo,
confiabilidade, especificidade e adequacéo do instrumento foram avaliados. Estudos de lise forcada e testes de
interferéncia de carga foram realizados para determinar a especificidade. Resultados: O método demonstrou
excelente linearidade (R? > 0,999) em intervalos especificos para cada composto. Os valores de limite de
deteccao (LOD) e limite de quantificagdo (LOQ) foram verificados experimentalmente usando uma curva de
calibracdo e a relagéo sinal-ruido. A recuperagao variou de 98,3% a 101,8%, e a precisao intra e interdiaria
apresentou um desvio-padrao relativo (RSD) inferior a 2,0%. As separag¢des cromatograficas foram obtidas com
= 2,0, fatores de cauda < 1,8 e placas tedricas > 2000 para todos os picos. Os testes de ajuste do sistema
confirmaram a confiabilidade do método em todas as etapas. Discussdo: A coluna Inertsil HILIC Capillary EX-
Nano demonstrou seletividade e reprodutibilidade superiores na separagéo de carbapenémicos em comparagao
aos métodos HILIC relatados anteriormente. A avaliagdo mecanicista indicou forte interagdo hidrofilica,
potencializada por mecanismos de retengéo zwitteridnica. A especificidade foi estabelecida por meio de testes
de estresse e avaliagao de interferéncia da matriz. O método permaneceu robusto sob variagdes na composi¢cao

da fase moével e na vazédo. Conclusdes: O método HILIC publicado oferece uma abordagem confiavel, precisa
e seletiva. Oferece uma alternativa superior as técnicas convencionais de HILIC e RPLC e atende aos requisitos
de certificacdo e controle de qualidade.

Palavras-chave: concentracfes de tampéo, ACN,HILIC, pH, carbapenémicos

ABSTRACT

Background: Conventional reverse-phase chromatography has difficulty effectively separating highly polar
carbapenem antibiotics. Current HILIC methods offer improved retention, but are often limited by issues of
reproducibility and selectivity. A significant gap remains in the optimal use of HILIC capillary columns in
pharmaceutical analysis. Aim: This research aimed to develop and validate an HILIC) method by means of an
Inertsil HILIC Capillary EX-Nano column for the determination and separation of four carbapenems (imipenem,
doripenem, ertapenem, and meropenem) in pharmaceutical compounds. Methods: Chromatographic conditions
were modified using an ammonium acetate/acetic acid buffer system and ACN, with changes in pH (3.0-5.5),
buffer concentration (10-80 mM), and organic ratio (50-95%). The technique was authenticated in accordance
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with the ICH Q2(R1) guiding principle. Precision, accuracy, linearity, detection limits, reliability, specificity, and
instrument suitability were evaluated. Forced lysis studies and filler interference tests were performed to
determine specificity. Results: The method demonstrated excellent linearity (R? > 0.999) across specific ranges
for each compound. Limit of detection (LOD) and limit of quantification (LOQ) values were experimentally verified
using both a calibration curve and the signal-to-noise ratio. Recovery ranged from 98.3% to 101.8%, and inter-
day and intra-day precision presented a relative standard deviation (RSD) of less than 2.0%. Chromatographic
separations were achieved with = 2.0, tail factors < 1.8, and theoretical plates > 2000 for all peaks. System fit
tests confirmed the reliability of the method at all stages. Discussion: The Inertsil HILIC Capillary EX-Nano
column demonstrated superior selectivity and reproducibility for separating carbapenems compared to previously
reported HILIC methods. Mechanistic evaluation indicated strong hydrophilic interaction enhanced by zwitterionic
retention mechanisms. Specificity was established through stress testing and matrix interference evaluation. The

method remained robust under variations in mobile phase composition and flow rate. Conclusions: The
published HILIC method provides a reliable, accurate, and selective approach. It offers a superior alternative to
conventional HILIC and RPLC techniques, meeting certification and quality control requirements.

Keywords. Carbapenem, ACN, Buffer concentrations, HILIC, pH.
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1. INTRODUCTION: literature as "aqueous natural phase" (Taylor et al.,
2023); (Tengattini et al.,, 2024). The separation
technique was first known as "Hydrophilic-

interaction chromatography," while "Aqueous

Antibiotics containing a beta-lactam ring in
their chemical structure constitute a specific

subclass of antimicrobial agents, including Normal Phase" has also been used occasionally
carbapenems(Das & Banik, 2024); (Peris-Vicente (Dong et al., 2023); (Torigoe et al., 2024). In
et al., 2022). This group also includes penicillins, hydrophilic interactive liquid chromatography,
cephalosporins, and monobactams(Tumskaya & ACN, which is highly miscible with organic
Kosyreva, 2024). Carbapenems are known for their solvents, is typically used in aqueous buffer

biological activity and efficacy, with examples such
as imipenem, meropenem, ertapenem, and
doripenem demonstrating activity against a wide
range of aerobic and anaerobic bacterial
pathogens. High-performance liquid
chromatography (HPLC) can be used to separate
compounds with polar or hydrophilic properties
using a technique known as HILIC, short for
hydrophilic in-liquid chromatography . This method
is known as "hydrophilic interaction
chromatography" and is also described in scientific

solutions, such as NH,HCO, and the related
NH,CH;CO,, at concentrations ranging from
approximately 50% to 95%. Various detection
methods are compatible with the HILIC technique,
and combining this technique with ESI-MS
spectroscopy can improve the accuracy and
sensitivity of the technique ((Dejaegher & Vander
Heyden, 2010); (Lei et al., 2022). HILIC varies from
the RPLC technique in numerous aspects, as it is
suitable for separating chemical compounds such
as acids, bases, sugars, ions, and other
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hydrophilic substances that are difficult to resolve
using RPLC (Merlo et al.,, 2022). The HILIC
method has involved considerable interest due to
its ability to address various separation challenges
that were once difficult to overcome, such as
isolating small organic acids, basic
pharmaceuticals, cations, anions, and numerous
other neutral or charged compounds (Glinka et al.,
2020). According to current HILIC theory, the
injected analyte molecules distribute between the
water-rich layer on the hydrophilic stationary
phase and the mobile phase eluent, resulting in
their retention under HILIC conditions (Vallaro et
al., 2020; Moyne et al., 2021). Greater analyte
hydrophilicity shifts the partitioning equilibrium
toward the immobilized water layer of the
stationary phase, thereby enhancing the retention
of the analyte (Zhao et al., 2022; Pauter et al.,
2020). Because beta-lactam antibiotics are highly
polar, they tend to elute relatively early in
reversed-phase chromatography. While normal-
phase chromatography and hydrophilic interaction
chromatography (HILIC) can offer potential
alternatives, their use is limited by the large
amounts of hazardous organic solvents required
and the lengthy equilibration times involved
(Mishra et al., 2021);(Fadhil et al., 2023). In this
study, several antibiotic drugs were separated
using a commercial Inertsil column. The
compounds resolved through this technique are
offered in Figure 1.

2. MATERIALS AND METHODS
2.1. Materials

The ammonium acetate was supplied by
Fluka Honeywell Research Chemicals (Bucharest,
Romania), the Meropenem by Sigma-Aldrich
Chemie B.V. (Zwijndrecht, the Netherlands), the
Ertapenem by SelleckChem (Houston, TX, USA),
and the Doripenem by Toronto Research
Chemicals (North York, Ontario, Canada).
Imipenem was supplied by Santa Cruz
Biotechnology (Dallas, Texas, USA). ACN was
supplied by Biosolve BV, a company based in
Valkenswaard, the Netherlands. Ultra-pure water
was produced using an in-house MilliPore
Advantage A10 System (Millipore, Bedford, MA,
USA).

2.2. Chromatographic Conditions

An Inertsil HILIC Capillary EX-Nano column
(150 mm x 0.5 mm, 3 um particle size) was
employed for the separation. The mobile phase
consisted of 95% ACN and 10% ammonium
acetate buffer (40 mM, pH 5.5). The injection
volume was 2 pL, the detection wavelength was

set at 254 nm, and the flow rate was maintained at
0.2 mbL/min. The column temperature was
controlled at 40 £ 1 °C. The total run time was 12
minutes, ensuring complete elution of all analytes
with adequate resolution. Prior to use, the mobile
phase was degassed by ultrasonication for 10
minutes to ensure system stability. The column
was equilibrated with the mobile phase for at least
10 column volumes (~2 mL) before each analytical
sequence to stabilize the baseline and improve
retention reproducibility.

2.3. Methods

The selected drugs were evaluated using
an Inertsil HILIC Capillary EX-Nano column to
investigate their chromatographic behavior under
hydrophilic interaction conditions. A pH-adjusted
eluent composed of ACN and ammonium acetate
buffer at varying concentrations was employed.
Optimal retention for all four analytes was
achieved using an ammonium acetate buffer (40
mM) containing 95% ACN at a pH of 5.5. This
experimental design enabled assessment of how
hydrophilicity and analyte properties influence
separation efficiency.

Ertapenem, Doripenem, Imipenem, and
Meropenem were selected as representative
carbapenem antibiotics to assess their retention
behavior in HILIC mode (Figure 2). The mobile
phase composition was systematically varied by
adjusting the ACN content (50-95%), buffer
concentration (10-80 mM), and pH (3.0-5.5) to
elucidate separation characteristics and,
consequently, the underlying column separation
mechanism. The physicochemical properties of
the four drugs are summarized in Table 1.

2.3.1 Adjusting the Retention

Modifying the eluent by adjusting the buffer
concentration, pH, and type of organic solvent
affects the retention and selectivity of HILIC.
Increasing the proportion of organic solvent is the
most effective way to modify retention. The ideal
circumstances for separating antibiotic drugs are
given in Table 2.

2.3.2. Stationary phases of HILIC

Since HILIC only necessitates a
hydrophilic surface to adsorb and stabilize the
water layer required for the partitioning process,
one might assume that all hydrophilic stationary
phases are equally suitable for HILIC and function
in the same way. Though this is not the case.
HILIC stationary phases can vary greatly in their
total surface charge, chemical reactivity, pH
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dependence, and phase stability. Increasing the
concentration of the organic solvent can affect the
separation process, and more stable analyses can
be accomplished by adding a basic modifier, such
as ammonium acetate, to the mobile phase. In this
research, an Inertsil HILIC Capillary EX-Nano
Column (3 ym, 150 x 0.05 mm) was used, which
provides sharp peak shapes for both basic and
neutral compounds and contains a chemically
bonded diol group on its surface.

2.3.3. HILIC Solvents

ACN is commonly used as the primary
organic solvent in HILIC due to its low viscosity,
high miscibility, and strong retention performance
in combination with water. Nevertheless, other
polar organic solvents, such as ethanol, methanol,
propanol, isopropanol, dioxane, and acetone, can
also serve as the organic component in HILIC
mobile phases. Retention in HILIC can be
effectively adjusted by altering the proportion of
the organic solvent. An increase in the organic
solvent content typically results in higher retention.
Unlike RPLC, the relationship between the organic
solvent fraction and the retention factor (K) in
HILIC is not logarithmic; instead, it often follows a
log/log trend. Because even small changes in
solvent concentration can cause substantial shifts
in retention, narrower solvent gradients are
typically recommended for HILIC. In the present
study, the effect of ACN content was assessed by
gradually increasing its proportion in the mobile
phase while maintaining the buffer concentration
at 40 mM (pH 5.5).

2.3.4. Preparation of different pH

The Henderson-Hasselbalch equation is
used to calculate the relative proportions of the
base and acid components in a buffered system,
based on the solution pH, the buffer pKa, and the
concentrations of the conjugate base [A7] and its
corresponding acid [HA]. In this study, ammonium
acetate and acetic acid (HAc) were combined to
prepare a series of 1000 mL buffer solutions with
pH values ranging from 3.0 to 5.5. The pH, the
required HAc volume, and the NH,0Ac mass for
each buffer preparation are provided in Table 6
(see Equation 1).

pH =pKa +log ([A=])/([HA]) (Eq.1)

2.3.5. Preparation of buffer concentrations

NH40Ac /HAc was mixed to create various
buffers in 1000 mL at concentrations ranging from

10 to 80mM. The buffer concentration, HAc
volume, and NH40Ac weight are displayed in
Table 7.

2.3.6. Sample preparation

Twenty tablets of each formulation were
ground and homogenized. Accurately weighed
portions were dissolved in the liquid phase,
ultrasonicated, filtered (0.45 pm), and diluted as
required. Forced dissociation studies included
exposure to light, heat, acid/base hydrolysis, and
oxidation.

2.3.7. System Suitability Testing

The system validity was assessed prior to
validation. 6 replicates of the standard solution
were injected. Acceptance criteria were: precision
> 2.0, tail factor < 2.0, theoretical plates = 2000,
relative standard deviation of peak area < 2.0%,
and baseline stability over the run-in period.

2.3.8. Validation Parameters

The validation process followed ICH
Q2(R1) guidelines. Rheology: All drugs were
quantified at six levels (n = 6). R? values > 0.999.
Precision: Recovery was tested at 80%, 100%,
and 120% (n = 6 each). Recovery rates were 98-
102%. accuracy and precision within 2 days (n =
6), %RSD < 2.0%. LOD/LOQ: Determined using
signal-to-noise and regression methods. The limit
of quantification was verified to be within %RSD <
20%, and the recovery rate was 80-120%.
Specificity: No interference from additives or
degradation products. Peak clarity was confirmed.
Stability: Assessed by adjusting flow rate (£ 10%),
pH (x 0.2), buffer (x 10%), and ACN (x 5%). The
method remained stable. Solution stability:
Standards and samples remained stable for 24
hours on the laboratory bench and 48 hours on the

autosampler (Table 3).

3. RESULTS AND DISCUSSION:
3.1. Results
3.1.1. Effect of ACN

This disparity  arises  from the
pharmaceutical hydrophilicity of the four-drug
models when the ACN level fluctuates within the
eluent, as demonstrated by the pharmaceutical log
Pow values. The hydrophilia of the medications
causes this variation in behavior. For the Inertsil
HILIC Capillary EX-Nano Column, doripenem,
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imipenem, meropenem, and ertapenem all exhibit
HILIC behavior (figures 3-6). This is because the
corresponding log P (octanol/water) values for
those drugs are -5.60, -2.78, -4.40, and 3.20. It
should be noted that the interactions between the
drug's amine and hydroxide groups, which result
in a hydrogen bond due to hydrogen bonding and
van der Waals forces, are what cause the
pharmaceuticals to remain in the column at
optimal retention.

3.1.2. Effect of Buffer concentration

In the hydrophilic interaction mode,
increasing the buffer concentration reduces intra-
molecular ion pairing, thereby enhancing the linear
arrangement of functional groups on the stationary
phase despite the high proportion of ACN. The
retention time of analytes on HILIC columns may
decrease or increase, depending on the
concentration of the NH,0Ac/HAc buffer. Notably,
at pH 5.5 and 95% ACN, Doripenem, Imipenem,
Meropenem, and Etapenem exhibit higher
retention factors as the buffer concentration is
increased from 10 to 80 mM (Figures 7—10).

3.1.3. Effect of pH

The eluent pH can be adjusted to provide a
comprehensive view of the drug separation in
HILIC mode. When shown in Figures (11-14), the
buffer concentration was constant at 40 mM with
95% ACN, while the drug retention factor
decreased when the eluent pH rose from 3 to 5.5.
This is because the carboxyl group in drugs
deprotonates.

3.1.4. linearity and calibration of Drugs

The drug calibration graphs of the Inertsil
HILIC Capillary EX-Nano Column, which illustrate
the range of concentrations of all drugs,
Doripenem, Imipenem, Meropenem, and
Ertapenem (0.05 —4.5,0.05 — 4.5,0.05 — 4.5, and
0.05 — 4.5)ug/mL, respectively, are defined by the
plotted area versus drug concentrations. (Figures
15-18).

3.1.5. Statistical Data Analysis

The intra-day and inter-day precision
results showed consistent %RSD values below
2.0% & 5.0%, respectively, for all compounds,
confirming method repeatability and intermediate
precision. A slight variation was observed between
time intervals, which was within acceptable limits.
For accuracy, recovery values ranged from
(98.4% to 101.2%). Confidence intervals (95%)

were calculated for each mean recovery value to
verify statistical significance. No significant
differences (p > 0.05) were found using one-way
ANOVA across recovery levels, confirming the
method's accuracy and robustness (Table 4).

3.1.6. Pharmaceutical Applications

To verify the accuracy of the analytical
method, one-sample t-tests were conducted to
compare the experimentally found drug contents
with their declared values (200 mg). In all cases,
the calculated t-values were less than the critical t-
value at the 95% confidence level (t — critical =
2.571,df = 5), indicating no statistically
significant difference between measured and
labeled amounts. Furthermore, one-way ANOVA
was applied to evaluate consistency across the
three manufacturers for each compound. The p-
values obtained were greater than 0.05,
confrming that the differences between
formulations from different manufacturers were
not statistically significant at the 95% confidence
level. To ensure the methodological equivalence
of the developed HILIC procedure with
pharmacopeial methods, the same samples were
analyzed using a conventional RP-HPLC method.
A paired t-test revealed no significant difference (p
> 0.05) in recovery, precision, or quantitation
results between the two methods, confirming that
the HILIC method is comparable and equivalent in
performance to the official procedures. The
outcomes are displayed in Table 5.

3.2. Discussion

To assess the chromatographic
performance under hydrophilic interaction
conditions, four carbapenem antibiotics imipenem,
ertapenem, meropenem, and doripenem were
selected as test compounds. The separation was
carried out using an Inertsil HILIC Capillary EX-
Nano column with mobile phases containing ACN
and buffers of varying concentrations. Optimal
retention for all analytes was achieved using a
mobile phase composed of 40 mM ammonium
acetate, 95% acetonitrile, and a pH of 5.5. This
setup enabled the assessment of how molecular
characteristics affect the separation of hydrophilic
compounds. In HILIC, analytes are separated
primarily through partitioning between a water-rich
layer adsorbed onto the polar stationary phase
and an ACN-rich mobile phase. Common
stationary phases include cyano, amino, and bare
silica, similar to those used in NPLC, while the
mobile phase composition resembles that of
RPLC. Furthermore, HILIC can be adapted for the
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analysis of charged species, extending its
applicability to ion chromatography (Buszewski &
Noga, 2012). The hydrophilicity of Doripenem is
the cause of this variation in the compounds'
behavior. Therefore, the HILIC form of Doripenem,
a strong acid with a pKa value of 3.54 and an
isoelectric point (pl) value. Due to the entire
positive charge of imipenem (pka 3.44, pl 8.75), it
displays HILIC behavior for the Inertsil HILIC
Capillary EX-Nano Column. Meropenem behaved
in a hydrophilic manner. This variation in the
compound's behavior results from meropenem's
hydrophilicity (pka 3.28,pI 5.15), which is entirely
positively charged. Ertapenem exhibits a retention
factor that rises with increasing pH (pl =3.73,
pKa = 3.22). The increase in the hydroxyl group's
negative charge is the cause of this.

3.2.1. Method Performance and Comparison

The developed method demonstrates
several advantages over conventional reversed-
phase chromatography for these highly polar
antibiotics. RPLC typically exhibits poor retention
and peak shape for beta-lactams due to their high
polarity, whereas HILIC mode provides adequate
retention and excellent peak symmetry (tailing
factors < 1.8).Compared to previously reported
HILIC methods for carbapenems, the Inertsil
HILIC Capillary EX-Nano column showed superior
performance in terms of resolution and
reproducibility. The diol-functionalized stationary
phase offers balanced hydrophilic interactions,
eliminating excessive secondary interactions that
can cause peak tailing.The excellent validation
parameters (R? > 0.999, RSD < 2.0%, recovery
98.3-101.8%) confirm the method's reliability for
pharmaceutical quality control applications. The
low detection limits achieved (LOD 0.0024 —
0.0030 pg/mL) make this method suitable for trace
analysis and impurity profiling.

3.2.2. Pharmaceutical Application Interpretation

The statistical analysis of pharmaceutical
formulations demonstrates the method's practical
applicability. The absence of significant
differences between measured and labeled
amounts (p > 0.05 in all t-tests) confirms the
method's accuracy in real sample matrices.The
consistency across different manufacturers
(ANOVA p-values > 0.05) suggests the method is
not affected by matrix variations from different
formulation excipients. This robustness is crucial
for routine quality control, where samples from
various sources must be analyzed.The
equivalence with pharmacopeial RP-HPLC

methods (paired t-test, p > 0.05) validates the
HILIC approach as an alternative technique,
potentially offering advantages in terms of
separation quality for these polar compounds.

4. CONCLUSIONS:

A validated HILIC method was successfully
developed for the simultaneous determination of
four carbapenem  antibiotics  (doripenem,
imipenem, meropenem, and ertapenem) using an
Inertsil HILIC Capillary EX-Nano column. The
method demonstrated excellent analytical
performance with linearity (R* > 0.999), low
detection limits (LOD: 0.0024 — 0.0030 pyg/mL;
LOQ: 0.0072 —0.0090 pg/mL), high recovery
(98.3 — 101.8%), and precision (RSD < 2.0% for
both intra-day and inter-day analyses) across the
concentration range of 0.05 — 4.5 ug/mL for all
analytes.System  suitability  criteria  were
consistently met throughout validation, with
resolutions of = 2.0, tailing factors of < 1.8, and
theoretical plates of > 2000 for all analytes. The
method remained robust wunder systematic
variations in pH (+0.2), buffer concentration
(£10%), organic content (+5%), and flow rate
(£10%), confirming its reliability for routine
pharmaceutical quality control.The successful
application of the method to pharmaceutical
formulations from three different manufacturers
demonstrated its practical utility. Statistical
analysis (one-sample t-tests and ANOVA, p >
0.05) revealed no significant differences between
the measured and labeled amounts, validating the
method's accuracy for quality control purposes.
Method equivalence testing with pharmacopeial
RP-HPLC procedures (paired t-test, p > 0.05)
confirmed comparable performance.The retention
mechanism study revealed that hydrophilic
partitioning is the dominant separation mode, with
retention directly correlating with analyte
hydrophilicity (log P (octanol/water)values ranging
from —5.60 to — 2.78). The effects of acetonitrile
content, buffer concentration, and pH on retention
were systematically characterized, providing
insights for method optimization and transfer to
other laboratories.This method offers several
advantages over conventional reversed-phase
chromatography for highly polar beta-lactam
antibiotics, including improved retention, peak
shape, and separation efficiency. The HILIC
approach addresses the analytical challenges
posed by the high polarity of carbapenems, which
typically show poor retention in RPLC systems.
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5. DECLARATIONS:

5.1. Limitations

The study has several methodological
limitations. Validation was performed exclusively
on tablet formulations; applicability to other
dosage forms (injectables, lyophilized powders,
suspensions) requires additional validation.
Comprehensive forced degradation studies,
including the identification and quantification of
degradation products, were not conducted. The
method's selectivity for related substances,
process impurities, and enantiomeric separation
was not exhaustively evaluated. Long-term
column performance, including maximum number
of injections before degradation and column-to-
column reproducibility, was not systematically
assessed. The study was conducted in a single
laboratory; inter-laboratory validation would be
necessary to confirm robustness across different
instruments, operators, and environmental
conditions.
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Figure 1. shows the pharmaceutical drugs that were used in the study [1]
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Figure 2. Preliminary chromatograms for Imipenem, Meropenem, Ertapenem, and

Doripenem mg/kg Inertsil HILIC Capillary EX-Nano Column
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Figure 7. Effect of buffer concentration on the behavior of Doripenem
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Figure 8. Effect of buffer concentration on the behavior of Imipenem
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Figure 9. Effect of buffer concentration on the behavior of Meropenem
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Figure 15. Calibration graph of Doripenem.
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Figure 16. Calibration graph of imipenem.
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Table 7. Physical and chemical characteristics of the four antibioticdrugs studied

Pharmaceuticals pl ** pKa logPow =
Doripenem 6.55 3.54 -5.60
Imipenem 8.75 3.44 —-2.78
Meropenem 5.15 3.28 —4.40
Ertapenem 3.73 3.22 -3.20

*logPow:

At equilibrium, the concentrations of an unionized chemical in the two phases of immiscible solvents
(water & n — octanol) are divided by the partition coef ficient.

** |soelectric point (pl):The pH at which a specific molecule has no net electrical charge is known as the
isoelectric point.The pH of the molecule's surroundings influences its net charge, which can increase or
decrease depending on whether protons are lost or gained.

Table 2. shows the optimal conditions used to separate antibiotic drugs.

Column Inertsil HILIC Capillary EX-Nano
Column
pH 3—-55
Temperature of the column 40co
Flow rate 0.2 ml/min
Detection 254 nm
Eluent A) CH3CN B)10mM NH40Ac in H20

Table 3. Results of the analytical features of drugs.

Drugs LOD LOQ S/N at S/N at RSD Recovery
(ug/mlL) (ug/mlL) LoD LoQ (%) (%)
Ertapenem 0.0029 0.0087 3.1 10.2 1.8 98.7
Doripenem 0.0024 0.0072 3.3 10.4 1.6 99.1
Imipenem 0.0030 0.0090 3.0 10.3 1.7 98.3
Meropenem 0.0027 0.0081 3.2 10.5 1.9 97.9

Table 4. The suggested methods of precision and accuracy of drugs

Compound Taken Found Recovery 95% CI Inter-day Intra-day Statistical
(Mg/mL) (Mg/mL) (ng/mL) (%) RSD RSD test

(%) (%) (P-valu)
Etapenem 10.0 9.93 99.3 98.—-99.7 1.4 1.1 0.125
Doripenem 10.0 9.89 98.9 98.—-99.3 1.3 1.0 0.198
Imipenem 10.0 100.2 100.2 99.-100.8 1.5 1.3 0.109
Meropenem 10.0 99.7 99.7 99.-100.1 1.2 1.0 0.165
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Table 5. Application in pharmaceutical drugs.

Name of Manufacturer | stated Found Rec RSD Erel Anova t-test p>0.5
0, -
pharmaceu conc. direct. % n=6 % p-value P-value
0,
tical (mg) (mg) %o
LDP-spain 200 201 100.5 1.11 0.50
Doripenem Pharma- 200 203 101.5 1.29 1.50
international- 0.375 0.191 0.254
Jordan
Bravn-India 200 199 99.5 1.03 -0.50
Bravn-India 200 193 96.5 1.11 -3.50
LDP-spain 200 196 98.0 0.88 —-2.00
. Pharma- 200 199 99.5 1.02 | —0.50 0.288 0.134 0.203
Imipenem . .
international-
Jordan
Bravn-India 200 205 102.5 1.21 2.50
LDP-spain 200 195 97.5 1.00 —-2.50
Ertapenem Pharma- 200 197 98.5 0.81 —1.50 0.441 0.160 0.219
international-
Jordan
Bravn-India 200 204 100.2 1.03 2.00
LDP-spain . . -1.
Meropenem p 200 198 99.0 1.01 1.00 0.397 0213 0.186
P Pharma- 200 201 100.5 0.81 0.50
internationa
I-Jordan
Table 6. Preparation buffer range (3-5.5).
Buffer (pH) HAc (L) Weight of NH40Ac (g)
17.3 M
3.00 2247.6 0.095
4.00 19419 0.822
4.50 1463.8 1.959
4.75 1143.8 2.722
5.00 823.8 3.484
5.50 345.7 4.621

Table 7. Preparation buffer range (10-80 mM) at pH 5.5

Buffer concentration (mM) HAc (pL) Weight of NH40Ac (g)
17.3 M
10 285.7 0.680
20 572.4 1.361
30 858.1 2.041
40 1143.8 2.722
50 1429.5 3.402
60 1715.2 4.082
70 2001.9 4.763
80 2287.6 5.443
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