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Abstract. The paperexplores the possibility of applying HPLC-MS methods for the iden-
tification of cephalosporin antibiotics during routine analyses with the aim of detecting
adulterated preparations of this group. To obtain additional information on the chemical
structure by selecting the mass detector, the authors investigated the possibility of frag-
mentation of molecular ions of different generations of cephalosporin antibiotics. Carried
out in optimal conditions for HPLC with mass spectrometric detection, the studypresents
the results of development of a standardized methodology for qualitative and quantitative
analysis of cefazolin and cefuroxime using standard samples.
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aHAJIN30B JJIs BBISIBICHUS (asibcu(UIIMPOBAHHBIX JIGKAPCTBEHHBIX MpENapaToB JaHHON
rpymmsl. C Henblo MOMy4YeHHs TOTOTHUTEIBHON HHPOPMAIMK 0 XUMUYECKOU CTPYKTYype
C TIOMOIIBIO BEIOOpa Macc-IeTeKTopa B padoTe Oblia M3yueHa BOZMOKHOCTD (hparMeHTaIuu
MOJICKYJISIPHBIX HOHOB Pa3JIMYHBIX MTOKOJICHUH 11e(aoCcnopHHOBBIX aHTHOMOTHKOB. C yue-
TOM ONITUMANBHBIX ycaoBuid mpuMeHeHust BOXKX ¢ Macc-crieKTpoMeTpuuecKuM AeTEKTUPO-
BaHMEM, B CTaThe MIPEACTABICHBI PE3YJIBTATHI 110 Pa3padOTKe YHUPHUIUPOBAHHON METOIUKH
KaueCTBEHHOTO M KOJIMUECTBEHHOTO aHaIn3a Leda3ouHa, 1eypoKkcuMa ¢ HCIOJIb30BaHUEM
CTaHJapTHBIX 00pPa3IIoB.

Knruegwie cnosa: nedanocnopuHoBble aHTHOMOTHKH, JIEKAPCTBEHHBIE MpENapaThl,
PEKMM HOHU3ALUH, HEHTpaIbHbIE MOJIEKYJIbI, (panbcrduKanys JeKapcTBeHHBIX IPenapaToB,
(parMeHTanus MOJICKYJIIPHBIX HOHOB, BaJTUIALIHS

ith regard to the practical aspects of drug identification issues, it can

be challenging to achieve rapid and quantitative transfer of the com-

pounds being analyzed from a solution to a high vacuum (10-12 Torr)
within the chromatographic time scale. Equally interesting is the necessity of ioniz-
ing substances, as liquid chromatography is designed to separate mixtures of neutral
molecules of different types, while the mass detector can sort ions only, meaning
molecules carrying at least one charge [1, p. 285; 2, p. 48-58; 5, p. 809-812;
8, p. 13-17; 7, p. 501-505]. Ion sources are used in HPLC-MS to separate molecules
in the studied sample from a large volume of eluent and ionize them, converting
neutral molecules into ions with one or more electrical charges [4, p. 1565-1587;
11, p. 15-28; 6, p. 804-817].

It is important to note that the combination of HPLC and mass spectrometry
results in a significant reduction in analysis time, allowing for quantitative analysis
and selective detection of chosen ions. The use of software facilitates mathemati-
cal processing of the obtained data, library search, and identification of individual
chemical substances or components in unknown mixtures. Using optimal conditions
for HPLC with mass spectrometric detection, we have developed a standardized
methodology for qualitative and quantitative analysis of cefazolin and cefuroxime
using standard samples.

Materials and Methods

Materials and Methods: The study utilized an interface based on the atmospheric
pressure electrospray ionization method (AP-ESI). Under carefully selected con-
ditions of HPLC-MS, cephalosporin antibiotics, namely cefazolin and cefuroxi-
me, exhibited improved ionization, producing more ions. Additionally, methods
of ‘soft’ionization, without significant fragmentation, were successfully implemen-
ted, allowing for the registration of molecular ions of the analyzed samples. The ex-
perimental evidence demonstrated the possibility of fragmentation of molecular
ions of various generations of cephalosporin antibiotics through their collision
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with neutral nitrogen atoms (CID) inside the mass detector under conditions of low
vacuum. This allowed for obtaining additional information about the chemical struc-
ture by choosing the appropriate mass detector. It should be noted that all ionization
modes at atmospheric pressure are sensitive to the eluent composition, meaning
the type of mass spectrum depends on the conditions of chromatographic separation.

The presented work employed electrospray ionization (ESI) through the at-
mospheric pressure electrospray ionization method (AP-ESI). This method ionizes
a broad range of organic compounds with different molecular masses and polarities.
The absence of eluent heating during ionization provides extensive opportunities
for studying thermally sensitive compounds [3, p. 45-54; 9, p. 145-149; 10, p. 147—
150; 12, p. 287].

Discussion of Results

The selected interface for the conducted research operated on the principle
of electrospray ionization of the eluent. After exiting the liquid chromatograph
column, the eluent was charged with several thousand volts. The charged eluent
then entered the nebulizer and transformed into mist droplets. A heated nitrogen
counterflow was introduced into the mist stream and into the chamber externally.
The droplets of eluent mist, which carry uncompensated charges, evaporated quickly.
During evaporation, the charge density on the surface of the droplets continuously
increased. Once the droplets reached a certain limit, known as the Rayleigh limit,
they underwent explosive fragmentation. This process repeated multiple times
until individual ions of the analyzed substances appeared in the ionization cham-
ber atmosphere. The remaining eluent was removed from the lower ionization
chamber through a drain. The cephalosporin antibiotics ions formed in this manner
were directed into the entrance capillary of the mass detector under the influence
of the electrostatic field.

The investigation into the qualitative and quantitative determination of cefazolin
and cefuroxime was conducted using a single quadrupole mass detector. It was also
used to identify unknown compounds on the basis of their molecular mass.

The study examined retention time values, molecular masses of the analyzed
substances, and mass spectra of molecular ion fragments. The obtained results sug-
gest that this method can be used to determine the chemical structure of a substance,
which is crucial in identifying falsified pharmaceuticals belonging to this group.
Chromatograms, the UV spectra, and the mass spectra of cefazolin and cefuroxime
are characterized by the presence of stable fragments and characteristic ions. These
ions are formed by common pathways of molecular ion fragmentation. Furthermore,
all analyzed substances exhibited unique UV spectra with absorption maxima that
are specific to each compound.

The analysis of spectral and chromatographic characteristics allowed establishing
the presence of molecular and typical fragment ions for cefazolin and cefuroxime,
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as presented in Tables 1 and 2. To identify and quantify the sodium salt of cefazolin,
a step-by-step analysis was conducted. This included examining chromatograms obtai-
ned through HPLC, analyzing UV spectra, and mass spectra parameters.

Figure 1 shows the research results, indicating one peak with a slight shoulder
at a retention time of 3.906 minutes in the HPLC chromatogram.

TADT A, S =, | L L O P & 0 e~ | S |- LDt . Oy
] w
i -]

1.922

LO4E
o

LT4E

1046
[
Teizo

Fig. 1. HPLC chromatogram of cefazolin at a wavelength of 254 nm

Based on this, we have identified the possible presence of a small number
of isomers. The examination of fixed absorption parameters in the UV spectrum
at a retention time of 3.906 minutes explains the presence of two absorption maxi-
ma in the 208 and 274 nm range, confirming the presence of isomeric compounds
in the pharmaceutical formulation (see Fig. 2).
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Fig. 2. UV spectrum of the cefazolin peak at a retention time of 3.906 minutes
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Figure 3 presents the results of the research on the dependence of molecular mass
parameters on ion charge coordinates. It has been established that two characteristic
peaks, differing in retention time, corresponding to 4.2 minutes and 5.44 minutes,
respectively, were identified during positive ionization in HPLC-MS chromatograms
of cefazolin.
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Fig. 3. HPLC-MS mass chromatogram of cefazolin obtained in positive ionization mode

In the experimental conditions, the mass spectra data at retention times of 4.2
and 5.44 minutes showed similarity. According to the experimental studies,
a protonated ion with a minor intensity of a fragment ion at m/z 272 was present
in the positive ionization mode at a retention time of 4.2 minutes (Fig. 4).
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Fig. 4. Mass spectra of the cefazolin peak obtained at a retention time of 4.245 minutes
in positive ionization mode
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The results obtained during the study of cefazolin mass spectra in positive ioni-
zation mode confirm the presence of a protonated molecular ion with fragment ions
at m/z 323,279, 253,170, 173, 133 (Fig. 5). The obtained mass spectra of cefazolin in-
dicated that the examined samples were separated into two isomeric compounds during
chromatography. The identification of this compound was facilitated by the presence
of the molecular ion in the mass spectra obtained in positive ionization mode.
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Fig. 5. Mass spectra of the cefazolin peak obtained at a retention time of 5.44 minutes
in positive ionization mode

The HPLC chromatogram of cefuroxime was obtained at a wavelength of 254 nm,
revealing two peaks with fixed retention times of 3.9 and 4.6 minutes (Fig. 6).
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Fig. 6. HPLC chromatogram of cefuroxime at a wavelength of 254 nm
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Figure 7 presents the characteristics of the UV spectrum of the peak at a re-
tention time of 3.9 minutes, indicating the presence of two absorption maxima
at 200 nm and 272 nm. At a retention time of 4.6 minutes, the absorption maxima
corresponded to 194 nm and 274 nm, as shown in Figure 8.
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Fig. 7. UV spectrum of the cefuroxime peak obtained at a retention time of 3.9 minutes
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Fig. 8. UV spectrum of the cefuroxime peak obtained at a retention time of 4.6 minutes

The results of the HPLC-MS chromatograms of cefuroxime in positive ionization
mode, presented in Fig. 9, indicate the presence of one intense peak with a retention
time of 4,5 minutes.

The mass spectra of cefuroxime displayed characteristic peaks of ions with m/z va-
lues of 444, 442, 381, 364, 321, 294, and 253 (Fig. 10). As shown by the analysis of lite-
rature data [2, p. 1098-1105; 5, p. 283-293; 4, p. 34-36; 7, p. 588-590; 11, p. 763-772],
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Fig. 9. HPLC-MS chromatogram of cefuroxime obtained in positive ionization mode
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Fig. 10. Mass spectra of cefuroxime at a retention time of 4.5 minutes.

comparing the intensities of fragment ions allows for the determination of the brute
formula of the investigated compounds.

Figure 11 shows the mass chromatogram of cefuroxime obtained in negative
ionization mode. The results allowed establishing the presence of two intense peaks
with retention times of 4.02 minutes and 4.69 minutes.

The mass spectra at a retention time of 4.02 minutes showed the presence
of a molecular protonated ion (M*+ H* 424) and fragment ions with m/z 423, 362,
318, and 251. Similarly, at a retention time of 4.69 minutes, a mass spectrum resemb-
ling the initial peak was recorded (Fig. 12).

During the investigation, the mass spectra of cefuroxime indicated that the com-
pound under study during chromatography was separated into two isomeric compounds.
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Fig. 11. HPLC-MS chromatogram of cefuroxime obtained
in negative ionization mode
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Fig. 12. Mass spectrum of the cefuroxime peak obtained
at a retention time of 4.02 minutes in negative ionization mode
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It is worth mentioning that the optimal identification of cefuroxime occurred under
conditions of negative ionization mode due to the presence of the molecular ion.
On the total ion current chromatogram, two peaks with identical mass spectra were
observed (Fig. 13).

The data presented clearly indicates that positive ionization is the optimal mode
for analyzing cefepime. This mode allows for the identification of a molecular ion,
which greatly facilitates the identification of the substance.

Tables 1 and 2 present the typical ions and intensities of the investigated com-
pounds. The absence of molecular ions in the mass spectra suggests that the com-
pounds are unstable under electro spray ionization conditions. Thus, the structure
and structural features of the active moiety of the studied substances are well reflected
in the mass spectra.

Table 1
Molecular and typical fragment ions of cephalosporin antibiotics
Name Retentiontime (R) . + -

of the compound minutes 7 |Molecular ion (M*) Typicalions (m/z)

Cefazolin 54 (M*+ H") 455 323;279; 253; 170; 173; 133
4.2 (M*+ H*) 455 272

Cefuroxime 3:9IPOSIUVE | 1oy 445 | 444, 442, 381, 364, 321, 294, 253

lonization mode
4.02 (M*+ H") 424 423,362,318, 251
M50 SPC, Gme=4 0M of CHCHEMIZ1'DATAYZ1 014300914 2014-10:02 12-51-05W0350501.0 MM-ES, Neg, Scan, Frag: 70

100

railll]

Max: 223488

80

60

404

201

[=]

1

—_ 2510

= 1180

—— 3620

L4 U ¥l W)
521.0

Lot n 3 I R LTI

1.1l

T T T T T T T
200 400 500 500 g

Fig. 13. Mass spectrum of the cefuroxime peak obtained
at a retention time of 4.69 minutes in negative ionization mode
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Table 2 presents the main results of the spectral-chromatographic characteris-
tics of cefazolin and cefuroxime. These parameters are quantitative and qualitative
characteristics used to determine the authenticity of pharmaceuticals.

Table 2

Spectral-chromatographic characteristics of cephalosporin antibiotics

Characteristic maxima

Name of the compound

Retentiontime (Rf) minutes

on UV spectra, nm

Cefazolin 39 208, 274
Cefuroxime 39 200; 272
4.62 194; 274

Table 3

Metrological characteristics of quantitative determination of cefazolin

Quantitative content (mg) Quantitative content (mg)

972.18 Number of degrees of freedom /=4
Standard deviation S =1.95

971.19 Mean value X = 970.34

967.04 Standard deviation from the mean result S, = 0,87

970.94 Relative accuracy of test results € = +0.134 %
Confidence probability P =95 %

97935 Critical value of the Student’s #-criterion at a given
confidence probability = 2.78

Table 4
Metrological characteristic of the quantitative determination of cefuroxime

Quantitative content (mg) Quantitative content (mg)

754.99 Number of degrees of freedom f= 4
Standard deviation S = 7.069

736.17 Mean value X = 746.60

746.11 Standard deviation from the mean result S, = 3.16

744.93 Relative accuracy of test results e =+1.17 %

i Confidence probability P =95 %

750.80 Critical value of the Student’s #-criterion at a given

confidence probability = 2.78

The results of the studies on identifying cephalosporin antibiotics using HPLC-
mass spectrometry have enabled the establishment of an algorithm for assessing
authenticity and detecting falsification of pharmaceuticals using HPLC-MS methods
(see Fig. 14).
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[ SAMPLE OF A PHARMACEUTICAL PRODUCT ]

2

Ensuring compliance with the requirements of the Pharmacopoeia (USP and British Pharmacopoeia) —
quantitative and qualitative indicators based on physico-chemical parameters

Control of parameters

Ensuring compliance of the sample
with the requirements of the State
Pharmacopoeia (organoleptic) based
on physicochemical parameters

Drawing conclusions: the pharmaceutical
product does not meet the requirements
and is considered a counterfeit

‘ Establishing compliance of the sample

[ False ]—, with additional criteria established in the FS
(USP and British Pharmacopoeia)

Further study of the sample
as a counterfeit
using HPLC-MS methods True 1) The sample provided

Formation of conclusions:

is a pharmaceutical product
that exhibits signs of falsification.

2) Prepare an appropriate conclusion
regarding the non-compliance
of the medicinal product
with the requirements of the FS

v

Formulation of conclusions:

The sample is an authentic pharmaceutical product

Fig. 14. Algorithm for assessing the authenticity and identifying counterfeit drugs
using HPLC-MS analysis methods
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Conclusions

The results of the qualitative and quantitative determination of the antibiotics
cefazolin and cefuroxime indicate that the use of HPLC with a mass spectrometric
detector (HPLC-MS) made it possible to determine the retention time, molecular
and fragment ions, their intensity, the individual fragmentation of each substance,
as well as absorption maxima in the UV region of the spectrum.

The results of the studies indicate that using molecular ion (M") and fragment
ions as characteristic ions for each of the studied drugs as diagnostic markers enables
the detection of cefazolin and cefuroxime in unknown samples using HPLC-MS
in modes of positive and negative electrospray ionization. In addition, this technique,
during routine tests, makes it possible to establish the presence of counterfeit drugs.
This technique can also detect counterfeit drugs during routine tests. It is evident
from the above that the fragmentation rate of the studied cefazolin and cefuroxime
is determined by their individual molecular structure, composition, and physicoche-
mical features that affect the appearance of the molecular ion.

The HPLC method with mass spectrometric detection was validated according
to generally accepted statistical criteria. From the given parameters, the arithmetic
mean, dispersion, standard deviation, confidence probability and relative error
of the average result were determined.

The results show that for cefazolin, the standard deviation from the mean
was 0.87, with a confidence level of P =0.05 (95 %) and a relative error of the mean
of 0.25 %. For cefuroxime, the standard deviation from the mean was 3.16
and the relative error of the mean was 1.17 %. The confidence level of the obtained
values is 95 %.

It should be clearly stated that the data obtained on the validation of statistical
processing of cefazolin and cefuroxime data prove the compliance of the metrologi-
cal indicators of the developed method for quantitative analysis of HPLC with mass
spectrometric detection with the above requirements.
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