Chromatographia (2018) 81:1373-1380
https://doi.org/10.1007/5s10337-018-3580-7

ORIGINAL

@ CrossMark

Method Development for Determination of Antibiotic Drugs Using
Newly Prepared p-Morpholinomethylcalix[4]arene Mesoporous Silica-
Based HPLC Column

Naeem A. Memon' - Ayaz A. Memon' - Fakhar N. Memon? - Sayed Tufail Hussain Sherazi' - Shahabuddin Memon' -
Muhammad K. Leghari'

Received: 4 March 2018 / Revised: 18 May 2018 / Accepted: 24 July 2018 / Published online: 1 August 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Mesoporous materials are described by their relatively high surface areas and pore volumes. They possess uniform channels
within nanometer range. These materials have numerous applications in catalysis, separation and many other fields. The
qualitative and quantitative determination of antibiotic drugs, i.e., ciprofloxacin and cefixime has clinical and analytical
importance due to their broad spectrum of antimicrobial activity and stability. Both antibiotic drugs are orally active and
have excellent activity against different pathogens. It is for the first time that we have developed an analytical method for
the simultaneous analyses of both drugs using a newly developed p-morpholinomethylcalix[4]arene (p-MC4) mesoporous
silica-based HPLC column (15 %3 mm I.D.). Furthermore, separation of these two components was carried out using isocratic
elution of methanol and 0.1% aqueous formic acid (70:30 v/v) with flow rate of 1 ml min~! at retention time of 2.71 and
4.21 min and retention factor 1.85 and 1.19 for ciprofloxacin and cefixime, respectively; while total run time was 5 min. The
developed method was repeatable with a relative standard deviation (RSD) of 0.90-2.08% for antibiotic drugs. The limits
of detection and quantification of ciprofloxacin and cefixime were obtained within the range of 0.152-0.801 and 0.40-1.23
ug mL~!, respectively. The method is highly applicable, rapid, simple, very reproducible and accurate for the separation and
determination of antibiotic drugs.
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Introduction

Cefixime [(6R,7R,E)-7-(2-(2-aminothiazol-4-yl)-
2-(carboxymethoxyimino)acetamido)-8-0x0-3-vinyl-5-
thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid] and
ciprofloxacin [1-cyclopropyl-6 fluoro-1, 4-dihydro-4-oxo-7-
(1piperazinyl)-3 quinolone carboxylic acid] [1, 2] are con-
sidered as most appropriate when provided in recommended
dosage for adults as well as in pediatrics and are widely pre-
scribed antibiotic drugs in Pakistan. Chemical structures of
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cefixime and ciprofloxacin are shown in Fig. 1. Both drugs
are orally active and have excellent activity against patho-
gens such as Gram-negative (E-coli, klebsiella, H. influenza,
branhamella cattarrhalis, Neisseria gonorrhoeae, Salmo-
nella, Shigella, Campylobacter and Pseudomonas) [3—6] and
Gram-positive (Streptococcus, Pneumoniae and Enterococ-
cus faecalis) organisms [5, 6].

Besides their enormous applications, there is a great need
for their identification and determination in a vast range
of samples. These samples may include: pharmaceutical
samples in the form of tablets and syrups, physiological
samples (dealing with physical and chemical processes of
living organisms and their parts), blood samples including
human plasma, urine samples, wastewater samples (human
and veterinary pharmaceuticals that reach the environment
by excretion and by improper disposal of unused medica-
tions) and process samples (due to handling error during
manufacturing process); for this, a large number of analytical
procedures to detect the presence of drugs in pharmaceutical
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Fig. 1 Chemical structures of
a cefixime and b ciprofloxacin
drugs

OH

and physiological samples have been developed. For exam-
ple, several methods including fluorometry, voltammetry,
FTIR spectrometry, chemiluminescence, flow injection
analysis and capillary electrophoresis have been used for
individual or simultaneous determination of drugs [7-16].
Among them, several reports failed to point out unresolved
issues of precision, time consuming and loss of compounds
of interest.

So far, HPLC is generally the method of choice for differ-
ent drugs determination and separation, due to the required
time and efficient analysis. However, several HPLC meth-
ods with a variety of columns have been applied for indi-
vidual as well as simultaneous determination of antibiotic
drugs [17-19]. Nevertheless, some of these columns are
easily available but due to problems associated with their
less precision, low accuracy, higher retention times and
higher limits of detection and quantification, there is a great
need to develop novel, cheap, reliable and highly efficient
materials for HPLC columns. In this regard, in the present
study, authors decided to take step towards development of
mesoporous-based material that can be used as stationary
phase to separate/identify two types of antibiotic drugs.

Currently, there has been increasing interest in the syn-
thesis of mesoporous silica materials with macrocyclic com-
pounds such as dendrimers, calix[n]arene based dendrim-
ers, cyclodextrins (CDs) or crown ethers and calix[n]arenes
[20-24]. Mesoporous-based silica gel materials are applied
in different fields of analytical as well as material chemistry
such as drug delivery systems, purification of water from
toxic metals and nanoparticle analysis. From last decade, the
synthesized mesoporous silica materials have been used as
stationary phase in high-performance liquid chromatography
(HPLC) column [25, 26] and solid phase extraction methods
[27]. Calixarenes are often used as mobile phase additives
and chemically bonded stationary phase for HPLC [28-30].

Numerous earlier works revealed the distinct efficiency of
calix[4]arene-based stationary phases in reverse-phase chro-
matography as a result they exhibit potential applications
in HPLC [26]. Fatih and his coworkers utilized the calix[4]
arene bonded HPLC column for preconcentration and deter-
mination of Cu?*, Pb?*, Cd** and Hg?* from industrial
water. Erdemir and Yilmaz have prepared an HPLC column
after modification of silica gel with 1, 3-alternate-calix[4]
arene for separation of aromatic amines, phenols and drugs.
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In this work, we report synthesis of p-MC4 bonded
mesoporous silica material, its characterization by FTIR,
SEM and CHNS techniques and its application as station-
ary phase of HPLC for a simple, sensitive, accurate and
fast HPLC method for the simultaneous estimation of
cefixime and ciprofloxacin antibiotic drugs. The proposed
method was validated in compliance with ICH guidelines.

Experimental Work
Materials and Methods

All the solvents were of HPLC grade which were procured
from Aldrich Chemical Company (Milwaukee, WI, USA)
and Fischer (Fair Lawn, NJ, USA) suppliers. The Sigma-
Aldrich (Saint Louis, MO, USA) supplied the silica resin
(40-63 pm particle size). Compounds (1-4) were synthe-
sized according to earlier reported methods [26]. Cipro-
floxacin HC1 (99.4%) and cefixime (99.5%) were arranged
from a local pharmaceutical industry and were used as
reference standard without further purification.

Instrumentation

Elemental analyses of calix[4]arene and its derivative
(p-morpholinomethylcalix[4]arene) was performed by
CHNS elemental analyzer (model Flash EA, 1112, 20090;
Rodano, Milan, Italy) and Gallenkamp apparatus with a
sealed capillary was used to determine related melting
points. The FT-IR (Thermo Nicolet AVATAR 5700) spec-
trum of synthesized mesoporous silica was recorded in
the range from 4000 to 400 cm™' using KBr pellets. Elec-
tronic scanning of each compounds were performed using
scanning electron microscope (model SEM-JSM-6380)
instrument.

A quaternary pump HPLC-DAD spectra system SCM
1000 (model Q Grade-A 0024752 Thermo Finnigan) with
vacuum degasser and rheodyne manual injector system (20-
pL loop) was used for the seperation and quantitative analy-
sis of antibiotic drug. The EZChrom Elite software was used
for data acquisition and analysis.
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Synthesis of p-Morpholinomethylcalix[4]arene (3)
Appended Silica (4)

The synthesis of all compounds as shown in Scheme 1
from 1 to 4 was performed according to the previously
reported methods [26] while the control of p-morpholino-
methylcalix[4]arene (4) on silica was: a 10 g of silica
(40-63 um particle size) was dried in vacuum followed
by adding 1 M (mol L™!) solution of SiCl, in dry THF.
Triethylamine (3 mL) was added to mixture for deproto-
nation of the OH group on the surface of silica. Result-
ant cloudy mixture was placed at room temperature for
18 h, after that the solvent was removed with the help
of a rotary evaporator. The resultant white powder was
then mixed with p-morpholinomethylcalix[4]arene (1.5 g)
and dissolved in 50 mL of THF. To a resultant mixture
10 mL of triethylamine were added and refluxed for
60 h. The modified silica was filtered and then washed
through different solvent such as THF (150 mL), metha-
nol (100 mL), water (100 mL) to remove impurities and
unreacted p-morpholinomethylcalix[4]arene. The maxi-
mum amount of ligand 3 immobilized onto the silica was
0.35x 10~ mmol g~ .

+ HCHO

OH

H _ SiCl
0§03 0—im 0 ———

Column Packing

The stainless steel column with internal diameter of 3 mm
and length of 15 cm was selected for column packing. Ini-
tially, the empty column was washed carefully with suitable
reagents (DI water, aqueous HC] and NaOH solution, and
methanol) for removing any environmental impurity. The
column was packed using ultra-high-pressure column pack-
ing pump (Lab Alliance Model CP) at high and constant
pressure in advanced research laboratory. The filled column
was washed with 0.01 M HCI and ultra-pure water to remove
any possible impurity [26, 27].

Standards Preparation

Reference stock solutions (100 mg L=1) for each drug (cip-
rofloxacin and cefixime) in the mobile phase were freshly
made and filtered through 0.45-um filter after every 5 days.
Working samples for calibration were prepared by diluting
the stock solution in appropriate quantity of methanol.

Sample Preparation

Ciprofloxacin and cefixime tablets were used for the HPLC
determinatioin. Each film-coated tablet contained cefixime

4

Scheme 1 Synthetic approach for p-morpholinomethylcalix[4]arene (3) appended silica (4)
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hydrochloride USP equivalent 400 mg and ciprofloxacin
hydrochloride USP equivalent 500 mg. About five tablets
of each drug were weighed and finely powdered. An amount
of the powder equivalent to both drugs (400 and 500 mg,
respectively) for determination was weighed into volumetric
flasks (50 mL) followed by addition of approximately 30 mL
of mobile phase in each flask. After that, the samples were
sonicated for 15 min and then solutions were diluted with
mobile phase up to 50 mL volume, then mixed filtered for
use.

HPLC Determination of Ciprofloxacin and Cefixime
Drugs

The separation of ciprofloxacin and cefixime was achieved
in an HPLC spectra system (SCM 1000, Thermo Finnigan,
California, USA) equipped with a vacuum degasser and a
DAD system. Identification and characterization of both
drugs were based on retention time, and UV spectrum. The
calibration curve was established by diluting the stock solu-
tion of each drug standards in the range of 1-50 pg mL™!
that were injected into the HPLC-DAD system sequentially.
Before analysis, each standard and sample was filtered care-
fully by passing 5 ml into 0.45 um filter paper and inject into
HPLC chromatographic column.

Method Validation

ICH international guideline [31] was followed for the
method validation of newly developed HPLC column. The
method development for determination of cefixime and
ciprofloxacin drugs was followed by linearity, accuracy,
% recovery, sensitivity and precision of respected drug
solutions.

Linearity

Six different concentrations of each drug in the range of
1-50 ug mL~! were used for calibration and linearity. By
plotting the peak area versus concentration of each drug, the
linearity of the method was determined. However, the slope
(m), intercept (b), and the correlation co efficient (R?) were
determined from the regression analysis.

Accuracy

The developed method was validated for its accuracy using
internal standard addition method. About 5 ug mL™" of pre-
analyzed drug solution was taken and three different levels
(80, 100 and 120%) of standard drug (ciprofloxacin or cefix-
ime) were added. The total amount of sample was calculated
by performing experiments in triplicate.

@ Springer

Percent Recovery

The % recovery was measured by adding pure drugs (cipro-
floxacin and cefixime) with sample solutions, i.e.,

% recovery = ((D,—Dy)/D,) x 100

where D, is the total drug concentration after standard addi-
tion, D, is the drug concentration in sample solution and D
is the added drug concentration.

a

Sensitivity of Developed Method

The sensitivity of proposed method was determined by cal-
culating the lower limit of detection (LLOD) and lower limit
of quantification (LLOQ) of each drug by signal-to-noise
ratio (#/s) of 3.3 r/s and 10 /s, respectively; where s is the
slope and r is the standard deviation of the signal.

Precision

The precision of the system was determined by injecting
both drugs (ciprofloxacin and cefixime) seven times, that
was determined by repeatability of area of peak and reten-
tion time of the analytes and determined as the percent rela-
tive standard deviation (%RSD) and mean standard deviation
(£ SD) calculated from obtained data.

To determine the intermediate precision (intraday and
interdays), each drug solution was analyzed by three inter-
vals in a day at 8, 16, and 24 h for repeatability for three con-
tinuous days for reproducibility. The result was articulated as
mean + SD and percent relative standard deviation (%RSD).

Specificity

By injecting placebo as well as reference solutions, the
specificity of the HPLC method was determined. However,
no other peak was observed at same retention times of both
drugs indicating the absence of interfering substances.

Results and Discussion
Characterization of the Stationary Phase

Synthesis and characterization of p-morpholinomethylca-
lix[4]arene bonded resin was carried out according to the
previously reported methods [26, 27] using FT-IR (Fig. 2)
and SEM (Fig. 3) techniques. The results achieved using
these techniques were in agreement with that of our pre-
viously published work [27], i.e., suggesting the appear-
ance of characteristic bands of compound 3 (i.e., the band
at 3135 and 2937 cm™! for aromatic and aliphatic -CH
stretching along with aromatic C=C band at 1603 cm™})
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Fig.2 FT-IR spectra of a immobilized and b pure silica

in the spectra of immobilized resin (Fig. 2a); however,
no such bands are observed in the spectra of pure silica
(Fig. 2b). Similarly, SEM spectra were recorded for the
pure and immobilized resin. Figure 3 shows the surface of
pure silica (Fig. 3a) is smooth as compared to that of the
immobilized silica (Fig. 3b-d) which shows the attachment
of calixarene moiety (3) with the creation of troughs and
crests on the surface of silica. Figure 3a—d represents SEM

micrographs of (a) pure resin (without immobilization)
is focused at the dimension of 100 um, 100X, similarly
(b) is immobilized resin is focused at same dimension as
that of (a), i.e., 100 um, 100X, for comparison purpose;
while Fig. 3c, d is also the same immobilized resin but at
more close focus, i.e., at 50 um, 400X and 100 pm, 550x
to justify more clarity of immobilization from close look
of the same particles.
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Fig.3 SEM micrographs of a pure resin (15 kV, 100 pm, 100x), b immobilized resin (15 kV, 100 um, 100x), ¢ immoblized resin (15 kV, 50 um,

400x), and d immoblized resin (15 kV, 100 pm, 550x)

Validation of HPLC Method

Table 1 shows the summary of validation parameters for
both antibiotic drugs analysis following the ICH inter-
national guidelines for linearity, sensitivity, % recovery
and precision for method development on newly prepared
HPLC column [31].

Linearity

The linearity was evaluated for both antibiotic drugs up to
six concentrations in the range of 1-50 ug mL~!. Calibra-
tion curve was plotted by getting average peak area (n=3)
against the concentration of derivative and linear regres-
sion method was used for result analysis. The regression
coefficient of both drugs is tabulated in Table 1, i.e., 0.998
and 0.999, which confirms that the method is linear for the

Table 1 Assessment of method

Parameters assessed Ciprofloxacin Cefixime
development parameters for two
antibiotic drugs (ciprofloxacin Linearity M C R2 M C R2
and cefixime) on newly 99,385 11,502 0998 27,885 19,307 0.999
prepared HPLC column
Sensitivity (mg/L) LOD LOQ LOD LOQ
0.132 0.401 04 1.23
Precision (n=5, %RSD) Inter-day Intra-day Inter-day Intra-day
1.980 1.101 1.823 0.803
% Addition 80% 100% 120% 80% 100% 120%
% Recovery (+RSD) 95.0 97.0 99.8 96.0 98.0 101.0
+0.6 +0.9 +1.2 +0.8 +09 +12
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Fig.4 Simultaneous separation —

and calibration of two different 250
antibiotic drugs (ciprofloxacin
and cefixime) on newly devel-

oped HPLC column 200
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determination. Figure 4 shows the separation and calibration
of each drug after injection a series of concentration (ranged
from 1 to 50 mg L") into newly prepared HPLC column and
detected by diode array detector.

Sensitivity of Method

To evaluate the sensitivity of the proposed method, lower
limit of detection (LLOD) and the lower limit of quantifica-
tion (LLOQ) was calculated by serial dilution of respected
drugs separately until the signal-to-noise ratio reached the
value of 3 for LLOD and 10 for LLOQ. Consequently the
limits of detection and quantification for ciprofloxacin and
cefixime are summarized in Table 1 as 0.132-0.401 and
0.40-1.23 ug mL~!, respectively.

Percent Recovery

For percent recovery experiment, the sample was treated
with 80, 100 and 120% of each drug, i.e., ciprofloxacin and
cefixime standard. The recovery was obtained within the
range of 95-99% with low value of standard deviation. The
results revealed that proposed analytical method (Table 1).

Precision

To assess the precision for each antibiotic drug, inter-day
and intra-day experiments were conducted and results are
tabulated in Table 1. The samples were injected three times
within the same day for intra-day precision; while, the
samples were injected after every day up to 3 days for the
inter-day precision. Adequate results were obtained by cal-
culating RSD for both of the intra and inter-day precisions.
The low percentage of RSD indicates high measurement of
reproducibility and repeatability in the current experimen-
tal condition. These data justify the usability of the newly

1 ' 2 3 4 5
Minutes

prepared HPLC column and developed method to be stabil-
ity indicating.

Conclusion

In the current study, a simple new method has been devel-
oped for p-morpholinomethylcalix[4]arene (p-MC4) based
HPLC column, which was used first time for simultaneous
separation of two different antibiotic drugs such as cipro-
floxacin and cefixime. The separation was carried out in a
very short time by HPLC-DAD. The LLOD and LLOQ of
both drugs were obtained within the range of 0.132-0.401
and 0.40-1.23 ug mL~", respectively. Furthermore, HPLC
method was validated according to ICH international guide-
lines, which revealed that method is rapid, linear, accurate,
sensitive precise and applicable for the determination of
antibiotic drugs.

Acknowledgements The authors express gratitude to the National
Center of Excellence in Analytical Chemistry, University of Sindh,
Jamshoro, Pakistan for supporting through financial support and pro-
viding the compulsory facilities.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

References

1. Abass K, Zafar I, Mohammad IK, Khalid J, Abad K, Lateef A,
Yasar S, Fazli N (2011) Simultaneous determination of cef-
dinir and cefixime in human plasma by RP-HPLC/UV detec-
tion method: method development, optimization, validation,
and its application to pharmaceutical study. ] Chromatogr B
879:2423-2429

2. Madan LM, Ayaz AM, Shahabuddin M, Fakhar NM, Ubed RM,
Abdullah D, Naheed M, Mohammed AG, Mohammad KL (2015)

@ Springer



1380

N. A. Memon et al.

10.

11.

12.

13.

14.

15.

16.

Optimization of HPLC method for determination of cefixime
using 2-thiophenecarboxaldehyde as derivatizing reagent: a new
approach. Saudi Pharmaceutical J 23:444-452

Troy DB, Beringer P (2005) Remingtons, the science and prac-
tice of pharmacy. 21st edn, vol 2, pp 1644, May 19, ISBN-10:
0781746736

Sayed NHA, Bashir I, Nada SHA, Iman RSA, Noora ASA, Nafisur
R (2013) Quantitative analysis of cefixime via complexation with
palladium (IT) in pharmaceutical formulation by spectrophotom-
etry. J Pharm Anal 3:248-256

Muhammad NQ, Inayat R, Gul AM (2012) Comparative analy-
sis of ciprofloxacin in different pharmaceutical products by high
performance liquid chromatography. Sci Tech Dev 31:69-73
Katzung B (2006) Basic and clinical pharmacology, (Chap. 8),
Chemotherapeutic Drugs tenth ed., p 726, ISBN-10: 0071451536
Shah J, Jan MR, Shah S, Inayatullah (2011) Spectrofluorimetric
method for determination and validation of cefixime in pharma-
ceutical preparations through derivatization with 2-cyanoaceta-
mide. J Fluoresc 21:579-585

Bukhari N, Al-Warthan A, Wabaidur SM, Othman ZA, Javid M,
Haider S (2010) Spectrofluorimetric determination of cefi xime
in pharmaceutical preparation and biological fluids using calcein
as a fluorescence probe. Sens Lett 8:280-284

Mendez JH, Perez AS, Zamarreno MD, Laso LV (1984) Differen-
tial pulse polarographic determination of Cephalexin based on the
catalytic pre-wave of nickel (II). Anal Chim Acta 160:335-340
Abdel Gaber AA, Farghaly OA, Ghandour MA, El-Said HS
(2000) Potentiometric studies on some cephalosporin complexes.
Monatsh Chem 131:1031-1038

Fei Q, Li M, Wang B, Huan Y, Feng G et al (2009) Analysis of
Cephalexine with NIR spectrometry coupled to artificial neural
networks with modified genetic algorithm for wavelength selec-
tion. Chemometr Intell Lab 97:127-131

Liu YM, Shi YM, Liu ZL (2010) Determination of enoxacin and
ofl oxacin by capillary electrophoresis with electrochemilumi-
nescence detection in biofl uids and drugs and its application to
pharmacokinetics. Biomed Chromatogr 24:941-947

Sun Y, Tang Y, Yao H, Zheng X (2004) Potassium permanganate—
glyoxal chemiluminescence system for flow injection analysis of
cephalosporin antibiotics: cephalexine, cefadroxil, and cefazolin
sodium in pharmaceutical preparations. Talanta 64:156-159
Andrasi M, Buglyo P, Zekany L, Gaspar A (2007) A comparative
study of capillary zone electrophoresis and pH-potentiometry for
determination of dissociation constants. J Pharm Biomed Anal
44:1040-1047

See KL, Elbashir AA, Saad B, Ali AS, Aboul-Enein HY (2009)
Simultaneous determination of ofl oxacin and ornidazole in phar-
maceutical preparations by capillary zone electrophoresis. Biomed
Chromatogr 23:1283-1290

Attimarad MV, Alnajjar AO (2013) A conventional HPLC-MS
method for the simultaneous determination of ofloxacin and cefix-
ime in plasma: development and validation. J Basic Clinl Pharm
4:3641

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Elias B, Alfeen A (2016) Determination of cefuroxime axetil and
cefixime trihydrate in pharmaceutical dosage forms by RP-HPLC
Method. Pharm Anal Chem 2:114

Devika GS, Sudhakar M, Venkateshwara Rao J (2012) Simul-
taneous estimation of cefixime and moxifloxacin in bulk and
its pharmaceutical dosage form by RP-HPLC. Orient J] Chem
28:1743-1750

Kavitha rani K, Harshini S, Sireesha D, Akiful haque M, Bakshi V.
Padmanabha rao A (2014) Development and validation of analyti-
cal method for simultaneous estimation of cefixime and ofloxacin
in bulk and tablet dosage form by rp-hplc method. Int J Pharma
Res Health Sci 2:496-501

Gulderen U, Shahabuddin M, Mustafa Y (2001) Synthesis and
binding properties of polymeric calix[4]arene nitriles. Reactive
Funct Polym 50:77-84

Frank H, Maximilian C, Jurgen M, Michael F (2006) Silica-based
mesoporous organic—inorganic hybrid materials. Angew Chem Int
Ed 45:3216-3251

Huayu H, Chuande Z, Yongsheng J, Rong N, Pan Z, Haixia Z
(2010) Preparation, characterization and application of p-tert-
butyl-calix[4]arene-SBA-15 mesoporous silica molecular sieves.
J Hazard Mater 178:680-685

Nasir V, Sadhana R (2011) Mesoporous material, MCM41: a new
drug carrier. Asian J Pharm Clin Res 4:44-53

Zeid AA (2012) A review: fundamental aspects of silicate
mesoporous materials materials. 5:2874-2902

Gezici O, Tabakci M, Kara H, Yilmaz M (2006) Synthesis of
p-tert-butylcalix[4]arene dinitrile bonded aminopropyl silica and
investigating its usability as a stationary phase in HPLC. J Macro
Sci Part A 43:221-231

Fakhar NM, Ayyilidiz HF, Hiiseyin K, Shahabuddin M, Adnan
K, Muhammad KL, Mustafa T, Syed THS, Naeem AM, Fatih
D, Ismail T (2015) Application of central composite design for
the optimization of on-line solid phase extraction of Cu®* by
calix[4]arene bonded silica resin. Chemometr Intell Lab Syst
146:158-168

Fatih D, Fakhar NM, Shahabuddin M, Ayaz AM, Naeem AM,
Hiiseyin K (2015) Copper sorption efficiency of p-tetranitroca-
lix[4]arene based high performance liquid chromatographic col-
umn. Desal Water Treat 1-7

Gutsche CD, Stoddart JF (eds) (1998) Calixarenes Revisited. The
Royal Society of Chemistry, England, Cambridge

Asli S, Begum T, Aydan Y (2012) Calix[4]arene-based Man-
nich and Schiff bases as versatile receptors for dichromate anion
extraction: synthesis and comparative studies. Tetrahedron
68:8739-8745

Erdemir S, Yilmaz M (2010) Preparation of a new 1,3-alternate-
calix[4]arene-bonded HPLC stationary phase for the separation
of phenols, aromatic amines and drugs. Talanta 82:1240-1246
ICH Q2 (R1) (2005) Validation of analytical procedure: text
and methodology. International Conference on Harmonization,
Geneva. http://www.ich.org/fileadmin/Public_Web_Site/ICH_
Products/Guidelines


http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines

	Method Development for Determination of Antibiotic Drugs Using Newly Prepared p-Morpholinomethylcalix[4]arene Mesoporous Silica-Based HPLC Column
	Abstract
	Introduction
	Experimental Work
	Materials and Methods
	Instrumentation
	Synthesis of p-Morpholinomethylcalix[4]arene (3) Appended Silica (4)
	Column Packing
	Standards Preparation
	Sample Preparation
	HPLC Determination of Ciprofloxacin and Cefixime Drugs
	Method Validation
	Linearity
	Accuracy
	Percent Recovery
	Sensitivity of Developed Method
	Precision
	Specificity


	Results and Discussion
	Characterization of the Stationary Phase
	Validation of HPLC Method
	Linearity
	Sensitivity of Method
	Percent Recovery
	Precision


	Conclusion
	Acknowledgements 
	References


