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Abstract. The patterns of immobilization of cefepime hydrochloride on glauconite at a
temperature of 295 K are established. The isotherm of sorption of cefepime hydrochloride from
dilute solutions is described using the Langmuir theory. The values of the maximum capacity
of the monolayer and the coefficient of the sorption equilibrium for cefepime hydrochloride are
calculated. It is revealed that the monolayer binding of the antibiotic to glauconite is the result
of an equivalent exchange with the extra-frame cations of the sorbent. The polymolecular nature
of the sorption may be due to the formation of cefepime hydrochloride associates due to hydrogen

bonds.
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INTRODUCTION

The studies of the pharmacological direction
[1-5] presented in the literature on the immobili-
zation of biologically active substances on natural
sorbents indicate an increased interest in study-
ing the properties of enterosorbents based on alu-
minosilicates which can be used as effective carri-
ers of prolonged action pharmaceutical prepara-
tions. Among natural aluminosilicates, glauconite,
a sorbent with layered structure, developed surface,
high adsorption capacity, and possibility of chemi-
cal modification [6, 7] can be considered promising
for use in medicine and biotechnology. One of the
groups of drugs — antibiotics are cephalosporins of
the 4th generation. Included in this group cefepim
is characterized by a wide spectrum of action, low
toxicity, favorable pharmacinetics, compatibility
with other antibacterial agents and is widely used
for the treatment of severe infections in clinical
therapy [8, 9].

The aim of this work was to study the sorption
ability of glauconite with respect to cefepime hy-
drochloride.

EXPERIMENT

The object of the study was chosen a clayey lay-
ered mineral - glauconite, deposits of the south-
west of the Voronezh anteclise [10]. The phase com-
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position of the studied glauconite is represented by
alternating-layer mineral (ALM) of the illis-smec-
tite (I-S) series with a layer ratio of 20:80, as well as
50:50 (swelling component). The elemental analy-
sis of the sorbent (Table 1) indicates the presence
of water molecules and exchange cations K", Mg*™,
and Ca*" in the interlayer space. The total pore vol-
ume is 0.31 cm>/g, and the average pore diameter
is 5.7 nm [11].

We used the antibiotic - cefepime hydrochlo-
ride (1-[[7-[[(2-amino-4-thiazolyl) (methoxyimino
)acetyl]amino] - 2 - carboxy - 8 - oxo - 5 - thia- 1 -
azabicyclo [4.2.0]oct-2-en-3-ylJmethyl]-1-methyl-
pyrrolidinium hydrochloride) by Hightechhealth-
care (India). The structural formula of cefepime is
shown in Fig. 1.

Sorption equilibrium in the system glauco-
nite (fraction 0.02-0.04 mm) — aqueous solution
of cefepime hydrochloride was studied at a tem-
perature of 295 K under static conditions by the
method of variable concentrations [12]. The in-
terval of antibiotic concentrations used was 0.05-
4.0 mmol/1. A weighed portion of the sorbent weigh-
ing 0.10 £ 0.0002 g in an air-dry state was brought
into contact with 200.0 ml of an aqueous solution
of the preparation of the known concentration and
kept under constant stirring for 2 hours at a giv-
en temperature. The time to establish equilibri-
um in the studied system was determined from the
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Table 1. Elemental composition of natural glauconite

Sample Element, atom. % Total
P I Na Mg | Al | si K |Ca| Ct | Fe | Ti |Cu] S
Glt-Nat | - |1.54| 3.66 | 15.86 | 1.74 |0.42| 0.05 | 4.48 | 0.11 — 0.05 | 100
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Fig. 1. Chemical formula of cefepime hydrochloride.
Sorption equilibrium in the system glauconite (fraction 0.02-0.04 mm) — aqueous

preliminary kinetic experiment. The sorption of
the antibiotic was carried out from solutions with
pH = 4.2, in which cefepime was present in the so-
lution mainly in the form of a cation.

The equilibrium phases were separated by filtra-
tion, the filtrate was analyzed for antibiotic content
by means of a spectrophotometric method on the Shi-
madzu UV-1800 spectrophotometer under the ana-
lytical wavelength of =257 nm (¢ = 7951 I/(mol- cm),
Sr = 0.003). The amount of the sorbed preparation
was determined by means of difference in the so-
lution concentrations before and after contact with
the sorbent. The content of K* ions in the equilibri-
um solution was determined by means of flame pho-
tometry (error 2.0%), Ca?" and Mg* ions by means
of complexometry (error 0.4 %). The experimental
results were processed by means of mathematical
statistics with a confidence coefficient of 0.95.

IR spectra of glauconite before and after con-
tact with the aqueous solution of cefepime hydro-
chloride were recorded on the Bruker Equinox 55
spectrometer with Fourier transform in the diffu-
sion reflection mode in the frequency range 400-
4000 cm~! with a resolution of 4 cm™! at a temper-
ature of 298 K. The method error is 3 %. The lite-
rature [13,14] was used to interpret the obtained
IR spectra.

RESULTS AND DISCUSSION

The immobilization of biologically active sub-
stances (in particular, antibiotics) on aluminosili-
cates is a complex specific process, including both
the possibility of ion exchange of extra-frame cat-
ions with antibiotic cations, and the appearance of
additional polymolecular interactions in the system.
The interfacial distribution of cefepime hydrochlo-
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ride in the system glauconite — aqueous solution of
antibiotic is shown in Fig. 2.

According to the IUPAC nomenclature, iso-
therms can be attributed to type IV, according to
Giles classification, they correspond to the S-form
[15], which indicates the multilayer nature of the
antibiotic fixation on glauconite.

When the drug is sorbed from dilute solutions
(less than 0.8 mmol/l), the nature of the isotherm
is linear. Then a plateau is observed, which sug-
gests a monolayer fixation of the antibiotic on the
active groups of glauconite, which are the electro-
negative centers of the alumina-oxygen frame of
the sorbent [16]. The amount of monolayer-fixed
cefepime is equivalent to the total amount of ex-
tra-frame cations (K*, Ca?* and Mg?") transferred to
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Fig. 2. Isotherm of sorption of cefepime

hydrochloride from an aqueous solution on
glauconite at 295 K
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the equilibrium solution. Consequently, the forma-
tion of a monomolecular layer proceeds in accor-
dance with the equivalent exchange mechanism.
The K*-ion, which is the predominant off-frame
cation of glauconite plays the main role in the ion
exchange [11].

The sorption of cefepime hydrochloride on glau-
conite is characterized by the appearance of addi-
tional absorption bands on the IR spectrum of the
sorbent and the shift of the maxima of the main
absorption bands. The fixation of cefepime on the
active centers of glauconite in accordance with the
mechanism of equivalent exchange with extra-
frame metal cations is manifested in the shift in the
frequencies of stretching vibrations corresponding
to Si — O — (Al) groups of glauconite (1106 — 1062
and 1022 — 1010 cm!) and NH-antibiotic groups
(1543 — 1520) to the low frequency area of the
spectrum compared with the oscillation frequen-
cy in the spectra of the initial sorbent and pure an-
tibiotic. The presence of sorbed cefepime in the IR
spectrum while maintaining its biological activity
is also manifested in the appearance of an absorp-
tion band at 1774 cm™!, corresponding to vibrations
of the group C=0 in the B-lactam ring of the anti-
biotic [13,14].

After the formation of the monolayer, with an
increase in the solution concentration of the anti-
biotic to above 2.0 mmol/l, a sharp increase in the
sorption parameter is observed without changing
the ion-exchange component of the sorption pro-
cess. The maximum sorption capacity of the sor-
bent for cefepime equal to 0.26 mmol/g (126 mg/g)
was revealed. Probably, adsorbing on the negative
centers of the glauconite framework, the cefepime
ions become new sorption centers for the next lay-

ers of the antibiotic. Multilayer sorption of cefepime
is possible as a result of the formation of its associ-
ates due to hydrogen bonds [15].

In the IR spectrum of the sorbent containing
the antibiotic, absorption bands are observed in
the 1380 and 1675 cm™ areas, which are respon-
sible for the symmetric and asymmetric stretching
vibrations of the COO-group participating in the
formation of the hydrogen bond. The formation of
associates due to the hydrogen bond is also indi-
cated by the shift to the low-frequency area of the
absorption bands at 3070 and 1520 cm™!, which are
responsible for stretching and deformation vibra-
tions of the NH group.

To determine the quantitative characteristics
of the sorption of the antibiotic on glauconite in
the concentration range responsible for the forma-
tion of the monolayer of the preparation, Langmuir,
Freindlich, and Redlich—Peterson models were used
[17-19]. To determine the values of the constants
included in the equations of the Langmuir and Fre-
indlich isotherms, linearized equations of these
models were used. The values of the parameters in-
cluded in the equations of the models and the cor-
relation coefficients are presented in Table 2.

The obtained values of the correlation coeffi-
cients (R?) indicate that the sorption of cefepime as a
result of equivalent exchange with extra-frame cat-
ions is most likely described by the Langmuir equa-
tion. The applicability of the model in this case in-
dicates the equivalence of the active centers and the
uniformity of the surface of glauconite. The value
of the parameter B in the Redlich—Peterson equa-
tion is close to 1, which confirms that the sorption
of the antibiotic from the diluted solutions proceeds
according to the Langmuir mechanism.

Table 2. Values of sorption parameters calculated with use of Langmuir, Freindlich
and Redlich-Peterson equations

Langmuir model
) K,, dm*/mole Q_, mmol/g R?
Cefepime
2.02 0.09 0.99
Freindlich model
) K, (dm®)'"(mmol)'-"/g n R?
Cefepime
2.60 2,00 0.94
Redlich-Peterson model
K,, dm’/g a,, (dm?*/mmol® B R
Cefepime
1.08 2.40 0.99 0.95

where Q_w - maximum amount of the sorbed preparation (monolayer capacity), mmol/g; K, - sorption equilibrium constant,
dm®/mmol; n - Freundlich isotherm constant; K, - Freundlich isotherm constant (sorption capacity) (dm?)""(mmol)'-'/g; a, and
K, - Redlich-Peterson isotherm constants, (dm?)?/mmolP u dm?/g respectively; p - constant, the value of which should lie in the

interval 0 < B <1.
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The equilibrium distribution coefficient that
determines the selectivity of glauconite to the an-
tibiotic in the entire range of the studied solution
concentrations (Fig. 3) was calculated.

In the initial section of the curve, when the
monolayer is formed, a sharp decrease in the dis-
tribution coefficient is observed, and then its val-
ues practically do not change. Decrease in the dis-
tribution coefficient with increasing concentration
may be due to additional interactions in the system
studied, leading to steric restrictions [20].

CONCLUSION

The patterns of sorption of cefepime hydro-
chloride on glauconite at a temperature of 295 K
have been revealed. It is shown that the monolay-
er binding of the antibiotic to glauconite occurs as
a result of equivalent exchange with extra-frame
cations of the sorbent, and the polymolecular na-
ture of sorption is associated with the formation of
cefepime hydrochloride associates due to hydro-
gen bonds. It has been revealed that the sorption
of the antibiotic from dilute solutions is described
by the Langmuir model with maximum probabil-
ity. The sorption parameters have been calculated
using the linearized Langmuir, Freindlich, Redlich-
Peterson equations and the equilibrium distribu-
tion coefficient.
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PaBHOBecHe B CHUCTEME IJIAYKOHUT-BOAHBI PacTBOP
ruapoxaopuna medenmma

© 2019 T. A KpsicanoBa™, [I. JI. KoroBa, Moxammep, T. BecTtyH

Bopouexcckuti 20cyoapcmeeHHblli yHUsepcumem
VHueepcumemckas ni., 1, 394018 Bopores, Poccutickas Pedepauus

AnHoTauusa

V3ydyeHne COpOIMOHHOI CITOCOOHOCTY MPUPOIHBIX ATIOMOCUINKATOB PAa3HOI XMMMUUECKOIA
MIPUPOJII TI0 OTHOLIEHUIO K JIEKAPCTBEHHBIM ITpernaparam (B YaCTHOCTHU, K aHTUOMOTHUKAM) IJIst
TTOBBIIIEHNS UX CTAOVIIBHOCTY 1 3(PPEKTUBHOCTY TPUMEHEHWS SIBJISIETCST OJHOM U3 aKTyaIbHbIX
Mpo6JIeM COBPEMEHHOM XMMUY COPOIIMOHHBIX TTPOIECCOB.

BbIsiB/IEHBI 3aKOHOMEPHOCTY COPOLIMM aHTUOMOTHKA (TUapoxIopuaa edenma) 13 BOGHOTO
pacTBopa Ha NIMHMUCTOM CJIOMCTOM MUHepate (IJIayKOHMTe) mpu Temrieparype 295 K. YcraHoB-
JIEHO, YTO B MOHOMOJIEKYJ/ISIPHOI COpOLIMU 1Tedenuma Ha TVIMHUCTOM aJTIIOMOCYIIMKATE OCHOBHAS
POJIb IPUHAITIEXXUT MEXaHU3MYy SKBMBAJIEHTHOTO 06OMeHa BHeKapKaCHbIX KATMOHOB Ha KaTHO-
HbI e enyma 3a CUeT NEeKTPOCTATUUECKOTO B3aUMOIEHCTBUS MEXY JTeKTPOOTPULIATETbHbI-
MM LIEHTPaMM aTIOMOKMCIOPOIHOTO KapKaca IMIayKOHUTA M aKTMBHBIMM I'PYIIIIaMM aHTUOUO-
THUKA C TIOJIOKUTEIbHBIM 3apsioM. [loka3aHo, YTO TMOTMMOJIEKY/ISIPHBIN XapaKTep COpoIUn
aHTUOMOTHMKA MTPOSIBIISIETCS B 06pa3oBaHMM acCOLMATOB LiederniMa 3a cueT BOAOPOIHbIX CBS3EN,
KOT/Ia 3aKpervieHHbIe Ha COPOEHTe MOJIEKY/TbI aHTUOMOTMKA BBICTYTIAIOT B POJIV HOBBIX aKTUBHBIX
LIEHTPOB copOumy. [laHHbIe TOATBEPKIEeHBI K- CITeKTPOCKOIMYECKUM MCCIeqOBaHEM.
V3oTepma copbimu ruapoxiopuaa nedenuma Ha [IIayKOHUTE OIKCaHa C TPMMeHeHeM ypaB-
HeHwuit Jlenrmiopa, @peituainxa u Pemjivixa — [leTepcoHa. BbIsSIBIIEHO, UTO COPOLIMS aHTUOMOTH-
Ka 13 pa3baBJeHHBIX PACTBOPOB C MAKCMMAaIbHOW BEPOSITHOCTHIO OTMCHIBAETCSI MOJIEbIO

Jlenrmiopa.

C MOMOIIbIO TAHHOI MOJe/IM PACCUMTAHbBI BeJIMUYMHBI ITPEAebHON €MKOCTM MOHOC/IOS M 3Ha-
yeHusT K03 duieHTa COpOIIMOHHOTO PaBHOBECHS IJIsSI TUApOXIopuIa medenmma. Paccunran
PaBHOBECHBII KOI(QGULIMEHT pacipeieseHNsI, CBUIeTeTbCTBYIOIMI O CEJIEKTUBHOCTH TJIayKO-
HUTA K aHTUOVMOTYUKY BO BCEii 06/1aCTH MCCIeIyeMbIX KOHIIEHTPAIMii pacTBopa.

KiroueBbie ci1oBa: cOpOINs, IMTayKOHUT, TUAPOXIOpUA, lledennma.

P4 KpeicaHoBa TaTbsiHa AHATObEeBHA, e-mail: takrys@yandex.ru

532

Condensed Matter and Interphases, 2019, 21(4), 528-533



opVIFl/IHaJ'IbeIe CTaTbn

Kpvicanosa TamwvssiHa AHamobe8Ha — K. X. H., 0-
LIeHT Kadeapsl aHATIUTUUYECKOI XUMUM, BopoHex-
CKMUI TOCYIAapCTBEHHbIN YHUBEpPCUTET, BOpoHex,
Poccuiickas ®enmepanyst; e-mail: takrys@yandex.
ru. ORCID iD: https://orcid.org/0000-0003-1720-
6358.

Komoea /luana JlunameesHa — f. X. H., mpocdec-
cop Kadeapsl aHATUTUUECKON XMMMM, BopoHexk-
CKMII TOCYIApPCTBEHHbIN YHUBEpPCUTET, BopoHeXK,
Poccuiickas ®enepaius; ORCID iD: https://orcid.
org/0000-0002-6060-088X.

Moxammeo T. becmyH — MarucTpaHT Kadeapbl
QHAJIUTUUECKON XUMMUK, BOpOHEKCKUIT rocygap-
CTBEHHBIV yHUBepcurteT, BopoHesxk, Poccuiickas
®Qenepanusi.

KoHaeHcMpoBaHHble cpeabl M MexdasHble rpaHuupl, 2019, 21(4), 528-533

Original articles

Tatiana A. Krysanova — Cand. Sci. (Chem.), As-
sociate Professor, Department of Analytic Chemis-
try, Voronezh State University, Voronezh, Russian
Federation; e-mail: takrys@yandex.ru. ORCID iD:
https://orcid.org/0000-0003-1720-6358.

Diana L. Kotova — Dr. Sci. (Chem.), Full Profes-
sor, Department of Analytical Chemistry, Voronezh
State University, Voronezh, Russian Federation; OR-
CID iD: https://orcid.org/0000-0002-6060-088X.

Mohammed T. Bestoon — undergraduate, Depart-
ment of Analytical Chemistry, Voronezh State Uni-
versity, Voronezh, Russian Federation.

533



