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Copper ferrite—copper oxide (CuO-CuFe,0,) nanoparticles as a semiconductor composite
with p—n junction were synthesized by co-precipitation reaction. Then, a novel CuO-
CuFe,0, carbon paste modified electrode was fabricated which displays an effectual
electrocatalytic response to the oxidation of acetaminophen (AC) and codeine (CO). A linear
range of 0.01-1.5 pmol L' and 0.06—10.0 ymol L~' with the detection limits of
0.007 pmol L~* and 0.01 ymol L~* were achieved for AC and CO, respectively. The practical
usage of the proposed sensor revealed reasonable results for quantification of AC and CO in

Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nanotechnology is one of the most innovative fields in the
current century [1]. Nanomaterials based sensing systems
offer a novel class of fast and low cost detection. In recent
years, spinel ferrites nanoparticles with general formula
MFe,0, (M is divalent transition metal) have revealed notice-
able potentials in electrochemical sensor and biosensor [2].
Among the ferrites, CuFe,0,4, the n-type semiconductor, has
been focused owing to its high electronic conductivity, high
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https://doi.org/10.1016/j.jfda.2017.10.001

thermal stability, and effective catalytic activity [3,4]. Cupric
oxide (CuO) is p-type semiconductor with a fine band gap
energy which widely applied in designing of superconductors,
catalysts, sensors materials. Incorporation p—n junction can
improve the magnetic, electrochemical and electrical prop-
erties [5]. It is reported that the addition of Fe*' ion in copper
oxide leads to CuO/CuFe,0, nanocomposites. Acetaminophen
(N-acetyl-p-aminophenol, AC) is an analgesic drug and a
suitable alternative for aspirin as a pain reliever and fever
reducer [6]. It does not exhibit any harmful side effects, but
overdoses are known to cause severe liver and kidney
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damages, and its adverse effects include rashes and blood
dyscrasia [7]. AC is often used in the presence of other drugs
like aspirin, cetirizine, tramadol, and codeine. Combinations
of AC with codeine, produce a significant increase in analgesia
compared to AC alone, and it is listed as an antipyretic drugin
the European and United States Pharmacopoeia [8,9]. These
pharmaceutical formulations have accounted for 20% of total
non-opiate analgesics during the last decade [10]. Codeine
(methyl morphine), a natural opiate alkaloid prepared from
poppy or from morphine by methylation, has long been used
as an effective analgesic and antitussive agent [11]. Its phos-
phate form is usually used for the treatment of gent or mod-
erate pains in clinical medication [12]. Ascorbic acid (AA),
Vitamin C, is one of electroactive species and has important
role for hydroxylation reactions for metabolic pathway in
human body [13]. As some fruit and vegetables have high
ascorbic acid content, it could be found with high concentra-
tion in biological fluid. To date, various methods such as high-
performance liquid chromatography [14,15], spectrophotom-
etry [16], and electrophoresis [17—19] have been developed for
the simultaneous determination AC and CO. However, these
methods usually have many drawbacks such as complicated
sample pretreatment that is laborious and time-consuming.
Electrochemical methods have also received much interest
due to their higher selectivity, lower cost, and faster operation
than other methods [20—23]. In this research, CuO/CuFe,0,
nanocomposite was prepared using co-precipitation reaction.
The synthesized nanocomposite then used as modifier in
carbon paste electrode (CPE) for the sensitive quantification of
AC and CO in the biological fluids.

2. Experimental
2.1. Apparatus

Electrochemical system was the Autolab PGSTAT101 with
NOVA software (Ecochemie, Utrecht, The Netherlands), and
applied a conventional three-electrode cell assemblage con-
taining an Ag/AgCl electrode (reference electrode), a platinum
wire (counter electrode) and the CuO/CuFe,0,/CPE as the
working electrode. The pH of the solutions was controlled
with a Corning pH meter (model 146). The nature and
morphology of the synthesized nanocomposite were char-
acterized by using XRD (Holland Philips Xpert, X-ray diffrac-
tometer with Cu-K, radiation) and FE-SEM (Hitachi S-4160).
FT-IR was recorded using a JASCO FT-IR (680 plus). The
analysis of chemical composition of the modified electrode
was performed using an energy dispersive spectrometer
(EDX).

2.2. Chemicals

Acetaminophen and codeine phosphate were purchased from
Temad Co, Iran. Stock solutions of AC and CO (0.001 mol L™
were prepared daily by dissolving suitable amounts of them in
doubly distilled water in a 10-mL volumetric flask.
Phosphate buffer solutions (0.10 mol L) with different pH
(3—8) values were used. Pure graphite powder (particle size
<50 um) was purchased from Sigma—Aldrich. High-viscosity

paraffin (d = 0.88 kg L) was used for the preparation of
paste electrodes.

2.3. Synthesis procedure for CuO/CuFe,0,4 preparation

About 0.76 g Cu(NOs),.3H,0 and 0.85 g FeCl;.6H,0 were dis-
solved together in 90 mL distilled deionized water to get a
well-mixed solution. While this mixture stirring, the ammo-
nium 25% was added dropwise until pH adjusted to 9.0. The
generated precipitate was allowed to stirring about 1 h. The
precipitate was washed with ethanol/distilled water several
time and dried at 70 °C. Finally the powder was calcinated at
750 °C for 4 h.

2.4. Preparation of CuO/CuFe,0, modified electrode

The modified electrode was prepared by mixing 50 mg of CuO/
CuFe,0, and 800 mg of graphite powder. Then, diethyl ether
was added to achieve uniform mixture. After vaporization of
diethyl ether, 200 mg paraffin oil was added and mixed with
mortar and pestle to get a uniformly wetted paste. The
resulting paste was pressed into the hole at the end of the
electrode.

2.5. Real sample preparation

Human plasma and urine samples were originally obtained
from volunteers who had taken AC/CO tablets (325/30 mg).
The samples were collected 2 h after intake of tablets. Plasma
samples were deproteinated using acetonitrile [24]. In order to
precipitate proteins in the plasma samples, 5.0 mL of the
samples was treated with 10 mL acetonitrile. Then, the
mixture was vortexed for a further 30 s and after that it was
centrifuged at 3000 rpm for 10 min. The supernatant was
transferred to a small flask and evaporated with a stream of
nitrogen. The dry residue was diluted to final volume of 20 ml
with phosphate buffer solution of pH 5.0 and transferred into
the voltammetric cell to be analyzed without any further
pretreatment. Standard addition method was used for the
determination of AC and CO in the samples.

Urine samples were stored in a refrigerator immediately
after their collection. A 5.0 mL of the sample was centrifuged
for 10 min at 2000 rpm. The supernatant was filtered using a
0.45 pm filter and then diluted 4-times with PBS pH 5.0 and
reaching a final volume of 20 ml. The solution was transferred
into the voltammetric cell to be analyzed without any further
pretreatment. Standard addition method was used to deter-
mine the CO and AC content of the sample.

3. Results and discussion
3.1. Characterization of CuO/CuFe,0,4

Fig. 1A shows the morphology of CuO/CuFe,04 nanoparticles
which has spherical like structure with mean diameter of
90 nm. The crystallite phases of CuO/CuFe,0, was identified
by X-ray diffraction (Fig. 1B) in 26 range of 20—70° are in a good
agreement with the standard XRD pattern of copper ferrite
(tetragonal-type)/copper oxide nanoparticles [5]. Fig. 1C shows
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Fig. 1 — SEM image of synthesized CuO/CuFe,0,
nanoparticles (A); the corresponding XRD patterns (B) and
FT-IR spectra of CuO/CuFe,0,4 nanoparticles (C).

the FT-IR absorption spectra of CuFe,0, samples. Two main
adsorption bands between 800 and 400 cm ~ * can be assigned
to the metal-oxide (M-O) stretching vibration, characteristic of
CuO and CuFe,0, metal oxides. The absorption broad band at
~482 cm ! represents the stretching vibrations of Cu—0 bond.
The main adsorption bands at ~580 cm™' can be assigned to
stretching vibration of coordinated Fe3* to 0% ions in CuFe,0,
crystal lattices [25].

3.2. Electrochemical characterization of CuO/CuFe,04/
CPE

The enhancement of real surface area caused by CuO/
CuFe,0,/CPE was determined by the Randles-Sevcik formula:

Ipa = 2.69 x 10° n*? A C, D2 v* Eq. (1)

Where Ip, (A) is anodic peak current, n is the electron
transfer number, A is the surface area of the electrode, D is the
diffusion coefficient, Co (mol cm*3) is the concentration of
KsFe(CN)g and v is the scan rate. For 1 mmol L~ K;Fe(CN)g in
the 01 mol L% KCl electrolytee n = 1 and
Dg = 7.6 x 107 cm® s7*. Then, from the slope of the I, — v*/?
relation, the real surface area was calculated. The results

showed that the electrode surface area was 0.163 cm? for the
unmodified carbon paste electrode, and 0.85 cm? for CuO/
CuFe,04/CPE, which is 5.21 times greater than that for the CPE.

3.3.  Electrochemical behavior of AC and CO at the
surface of modified electrodes

Fig. 2 show cyclic voltammograms (CVs) of the blank solution
at the surface of CPE (a); at CuO/CuFe,0,/CPE (c) and CVs of
0.25 pmol L' AC and 1.5 pmol L~* CO in phosphate buffer (pH
4.0) at CPE (b) and CuO/CuFe,04/CPE (d). At the CPE (curve b),
there was low electrochemical responses for AC and CO,
representing that slow electron transfer process. The in-
creases in the peak currents at the surface of the CuO/
CuFe,04/CPE are about 6.1 and 6.3 times greater than CPE for
AC and CO, respectively. A notable amplification in peak
currents was obtained at CuO/CuFe,0,/CPE, which demon-
strated the effective facilitation of electron transfer for AC and
CO. As can be seen, the background currents for modified
electrodes are higher than that of the CPE. This is because
nanoparticles increase the surface area of electrode, and
because the non-faradic current mainly depends on the sur-
face area of electrodes [26]. For confirmation the role of CuO/
CuFe,0y, the differential pulse voltagramms (DPVs) of AC and
CO were recorded and compared to CuO/CPE or CuFe,0,/CPE
alone (Fig. 1S). For 0.25 pmol L™* AC and 1.5 ymol L™! CO in PBS
(pH = 4.0), analysis of DPV results (by NOVA 1.5 software)
show at CuO/CPE the currents were 2.2 and 1.5 pA, respec-
tively. At CuFe,0,/CPE these currents obtained as 2.3 pA and
1.8 pA. While at CuO/CuFe,0,/CPE the oxidation current for AC
and CO obtained as 5.6 and 4.5 pA, respectively Therefore, it
can be concluded that CuO/CuFe,0, nanoparticles had cata-
lyst effect on AC and CO beyond only increase in the micro-
scopic surface area.

The CVs of various concentrations of AC in the presence of
20.0 umol L~* AA and 1.0 ymol L= CO were recorded (Fig. 3A).
As the results showed, the peak current of AC increased by
increasing its concentration, while the peak currents of CO
and AA remained almost constant. Similar patterns were
observed for different concentrations of CO at fixed
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Fig. 2 — CVs of (a) the PBS(pH = 4.0); (b) 0.25 pmol L~* AC
and 1.5 pmol L~! CO in PBS at CPE; and CVs of (c) PBS and
(d) 0.25 pmol L~* AC and 1.5 umol L=* CO at CuO/CuFe,0,/
CPE.
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Fig. 3 — Cyclic voltammograms of (A): (a) 0.08; (b) 0.11; (c)
0.15; (d) 0.2; () 0.25; (f) 0.3 umol L~ of AC in the presence of
20.0 pmol L=! AA and 1.0 pmol L= CO, (B): (a) 0.8; (b) 2.0 (c)
3.0; (d) 4.0; (e) 5.0; (f) 6.0 pmol L~* of CO in the presence of
20.0 pymol L~ AA and 0.06 pmol L~ AC.

concentration of AC and AA without any mutual interference
from AC (Fig. 3B). This phenomenon proved that the electro-
chemical signals of AC and CO do not interfere with each other
or in presence of AA. The Cottrellian behavior for electro-
oxidation of AC and CO was demonstrated using the plot of
current versus square root of scan rate (v?) in the ranges of
10—110 mVs ! at the surface of CuO/CuFe,0,/CPE. The results
showed that the anodic peak currents increased linearly with
vY2 for two drugs, which confirm. Diffusion coefficients (D) of
AC and CO were determined using single potential step
chronoamperometry. The mean value of the D is found to be
5.2 x 107> ecm? st and 6.7 x 107® cm? s~! for AC and CO,
respectively.

3.4. Optimization of measurement conditions

With the aim of reach to maximum sensitivity, the effect of pH
(PBS from 3 to 8) as a main variable on electrochemical
behavior of AC and CO was investigated. The results show that
the peak currents of CO increased by increasing the solution
pH from 3.0 to 4.0 (Fig. 4). From pH 3.0 to 4.0, one anodic wave
was observed that can be the result of the sum of two close
peaks. This peak related to the oxidation of the tertiary amine
and the 6-hydroxy groups of CO, which are almost overlaid. At
above pH 4, the oxidation peaks of the tertiary amine and the
6-hydroxy groups were separated [27,28]. The optimum pH
value for AC was gained at pH 4. Therefore, pH 4.0 was
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Fig. 4 — Effect of pH on the oxidation peak potential of
0.3 pumol L~* AC (A) and 0.6 umol L~* CO (B) at the CuO/
CuFe,0,/CPE.

selected to achieve the best sensitivity to both AC and CO in
the following experiments. The oxidation potential of two
drugs has negative shifts with increasing pH, indicating that
electrochemical oxidation involved protons transfer for these
two species. The slope of the peaks potential vs. pH was found
to be 53 and 52 mV per decade for AC and CO, respectively
which are close to the Nernstian theoretical value. This sug-
gests that equal numbers of electrons and protons participate
in redox reaction [29].

The role of copper oxide as a catalyst for oxidation of hy-
droxyl group substituted aromatics has been proven [30]. The
cyclic voltammograms of CuO/CuFe,0, (Fig. 2S) casted on
glassy carbon electrode (PBS, pH = 4) exhibit redox peaks at
about 0.02 and —0.1 V which can be assigned to redox couple
of Cu(l)/Cu(ll) [31]. As redox currents and corresponding po-
tentials of copper ions in absence and presence of drugs were
almost the same, the role of nanoparticles can be only catal-
ysis of oxidation reaction of AC or CO. The possible pathways
for oxidation of these drugs can be as [32,33]:

At cathode the most likely reaction is the reduction of
hydrogen ions by gaining the produced electrons and protons.

3.5. Simultaneous determination of AC and CO
The next aim was made to determine AC and CO simulta-

neously using CuO/CuFe,0, modified electrode. Since differ-
ential pulse voltammetry almost has a much higher current
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sensitivity than cyclic voltammetry it was used to plot of
calibration curves [34]. Fig. 5 shows the DPVs of different
concentrations for AC and CO at the CuO/CuFe;0,. As can be
seen, there are two well discrete anodic peaks at potentials of
0.57 V, and 1.15 V corresponding to the oxidation of AC and
CO, respectively. The calibration curves for AC and CO were
linear for the concentration ranges of 0.01—1.5 pmol L=* of AC
and 0.06—10.0 umol L~! of CO with detection limits of 0.007
and 0.01 pmol L~ (signal to noise ratio of 3) for AC and CO,
respectively. The sensitivity (slope of calibration curve) of the
modified electrode for AC and CO detection in the presence
and absence of the other two analytes is almost the same.
Therefore, it is possible to individually or simultaneously
determine AC and CO in mixed samples at CuO/CuFe,O4
without any cross interferences. The detection limit and
linear dynamic range of AC and CO at CuO/CuFe,0, are
compared with those recently voltammetric methods

developed for simultaneous determination of these drugs
[12,28,35—43]. Although some modified electrodes had lower
detection limit and wider linear range than our proposed
method, these methods measured AC or CO alone (Table 1).
The linear dynamic ranges of our proposed method for AC and
CO are better than other methods, which determine AC and
CO simultaneously. Our work has superiority over some pre-
viously reported methods [12,42] because it used nontoxic
modifier and is free from interference of cysteine and ascorbic
acid.

The stability of CuO/CuFe,0,4 was checked out over a four-
week period using 1.0 pmol L™ of AC. The DPV of AC at the
surface of the modified electrode (stored in the laboratory at
room temperature) shows that the oxidation peak current of
AC was decreased less than 5.3% of the initial value without
any alteration in the peak potential. Nanoparticles with p—n
junction were reported in the literature as the most
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Fig. 5 — DPVs for different concentrations of AC and CO in pH 4.0. PBS on the surface of the CuO/CuFe,0,/CPE.
Concentrations of AC from (A) to (L): 0, 0.01, 0.03, 0.05, 0.07, 0.1, 0.3, 0.7, 1.0, 1.3, 1.5 umol L~*; Concentrations of CO from(A)
to (L): 0, 0.06, 0.1, 0.3, 0.5, 0.7, 2.0, 4.0, 5.0, 8.0, and 10 umol L7,
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Table 1 — Comparison of some characteristics of the different modified electrodes for the determination of AC and CO.

Working electrode Limit of detection (umol L~?) Linear dynamic range (umol L= References
AC CcO AC CO

PSi/Pd/CNTPE 0.4 0.3 1-700 1-700 [28]

TiO, Nanoparticles 0.05 0.018 0.6—110.6 0.07—100 [12]
AIEMPd 5 5 100—-3000 100—-3000 [35]
Glassy carbon electrode modified 0.19 0.2 5—-400 5-240 [36]

with MWCNTSs

BDD modified electrode — 0.08 — 0.1-60 [37]
SWCNT/GNS 0.038 = 0.05—-64.5 - [38]
PEDOT/GO 0.57 - 10-60 - [39]
GRBME - 0.015 = 0.05—30 [32]
NiONPs-CB-DHP/GCE 3.0—47.8 0.83—38.3 0.12 0.48 [40]
Cathodically pretreated BDD Electrode 0.001 0.018 0.20—95.3 0.40—9.58 [41]
BDD-poly crystalline silicon wafer = 1.0 = 7-36 [42]
Anodically pretreated BDD Electrode = 0.34 = 20—-100.7 [43]
HTP-MWCNTCPE Not reported 0.063 0.95-125.8 0.2-31.4 [44]
CuFe,04/MWCNTs paste electrode 0.007 0.01 0.01-1.5 0.06—10 This work

AlEMPd: aluminum electrode modified by thin layer of palladium; BDDF: boron-doped diamond; SWCNT/GNS: single-walled carbon nano-
tube—graphene nano sheet; PEDOT/GO: poly(3,4-ethylenedioxythiophene)/graphene oxide; GRBME: graphene based modified electrode; HTP-
MWCNTCPE: 4-hydroxy-2-(triphenylphosphonio)phenolate-Multiwall Carbon Nanotubes Carbon Paste Electrode; NiONPs-CB-DHP/GCE:
nickel oxide nanoparticles-carbonblack- dihexadecylphosphate/Glassy carbon electrode.

performing materials for CO, gas sensing [45]. CO, gas readily
adsorbs to these nanoparticle surfaces and cause some
changes in their properties [46]. Decreasing in oxidation peak
current of AC after 4-week period can be attributed to this
phenomenon. Furthermore, cyclic voltammetry results
proved that current of 2.0 mmol L™! of [Fe(CN)¢]>/# (as a redox
probe) at CPE modified with fresh prepared CuO/CuFe,0;, is
significantly more than old one. The reproducibility of the
modified electrode was investigated by comparing the current
of DPV response with 1.0 pmol L™* AC and 2.0 pmol L™* CO at
six modified electrodes, prepared independently. The relative
standard deviations (RSD) of 3.1% and 4.5% were obtained for
AC and CO, respectively. This confirmed that the electrode is
not poisoned by the oxidation products of either AC or CO.

3.6. Interference study
The effects of potentially interfering species, found in bio-
logical fluids or pharmaceuticals, were investigated for

simultaneous determination of 1.0 pmol L~ AC and CO. The
maximum concentration of the potential interfering species,

Table 2 — Simultaneous determination of AC and CO in
urine and plasma samples.

Sample Analyte Added Found Recovery%
(wmolL™")  (umol L7}
Urine AC = 15.1+0.3 =
10.0 243+ 05 96.8
Cco - 3.3 +0.05 -
1.0 4.5 + 0.07 104.6
Plasma AC = 1.3+0.02 =
1.0 2.2 +0.03 95.6
Cco = <Detection limit 98.0
10.0 9.8 +0.08

+Shows the standard deviation with four replicates determination.

which causes an error less than 5%, was considered as the
tolerance limit. The results show that 1000-fold concentration
of glucose, ascorbic acid, cysteine, alanine, phenylalanine,
methionine, sucrose; 500-fold concentration of glycine, nap-
roxen and 200-fold phenacetin did not affect the oxidation
current of AC or CO. However, the oxidation current of
1.0 pmol L™t AC was decreased to 89% of its initial currents in
the presence of 50.0 umol L~ uric acid. Despite its interfer-
ence, it isn't present at significant levels in real samples.
Furthermore epinephrine and para-amino phenol at one fold
level interfered with the AC signal.

3.7. Determination of AC and CO in biological fluids

Pharmacokinetic data show concentration of codeine in
healthy subjects who took 20 mg—40 mg codeine phosphate
after 2 h were in the ranges of 7.4-24.8 pg mL™' [47].
Furthermore, excreted concentration of acetaminophen
following oral administration of a single conventional 500-mg
tablet to 5 normal healthy volunteers was found about
28 pg mL* [48]. The practical utility of CuO/CuFe,0, modified
electrode for determination of AC and CO in blood plasma and
urine samples was assessed. The recovery percentages were
in the range of 95.6—104.6%, indicating outstanding analytical
performance of modified electrode (Table 2).

4, Conclusions

CuO/CuFe,0, nanocomposite was synthesized by co-
precipitation approach. The nanocomposite modified elec-
trode enhanced oxidation currents of AC and CO noticeably.
The electrode had high reproducibility and sensitivity which
could be used for routine analysis of AC and CO in urine and
plasma samples. The noticeable characteristics of CuO/
CuFe,0, modified electrode were high sensitivity and
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reproducibility accompanied by facile preparation. Further-
more, no interference was seen from typical species existing
in biological samples which suggest selectivity of the modified
electrode for accurate analysis of AC and CO in biological
samples.

Acknowledgements

The authors gratefully acknowledge support of this work by
the Research Council of Payame Noor University and Green
Chemistry.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jfda.2017.10.001.

REFERENCES

(1]

[2

[3

4

3]

6

[7

(8]

[9

(1]

(11]

(12]

Fu P. Introduction to the special issue:
nanomaterials—toxicology and medical applications. ] Food
Drug Anal 2014;22:1-2.

Karimi M, Hassanzadeh-Tabrizi SA, Saffar-Teluri A. In situ
reverse co-precipitation synthesis and magnetic properties
of CuO/CuFe,04 nanocomposite. J Sol Gel Sci Technol
2017,83:124—31.

Phuruangrat A, Kuntalue B, Thongtem S, Thongtem T.
Synthesis of cubic CuFe,0, nanoparticles by microwave-
hydrothermal method and their magnetic properties. Mater
Lett 2016;167:65—8.

Nakhate AV, Yadav GD. Hydrothermal synthesis of CuFe,04
magnetic nanoparticles as active and robust catalyst for N-
arylation of indole and imidazole with aryl halide. Chem Sel
2017,;2:2395—405.

Rashad MM, Soltan S, Ramadan AA, Bekheet MF, Rayan DA.
Investigation of the structural, optical and magnetic
properties of CuO/CuFe,04 nanocomposites synthesized via
simple micro emulsion method. Ceram Int 2015;41:12237—45.
Li CC, Yu HF, Chang CH, Liu YT, Yao HT. Effects of lemongrass
oil and citral on hepatic drug-metabolizing enzymes, oxidative
stress, and acetaminophen toxicity in rats. ] Food Drug Anal
2017. https://doi.org/10.1016/j.jfda.2017.01.008. in press.
Gunnell D, Murray V, Hawton K. Use of paracetamol
(acetaminophen) for suicide and nonfatal poisoning:
worldwide patterns of use and misuse, suicide and life-
threatening behavior. Suicide Life Threat Behav
2000;30:313—26.

Toms L, Derry S, Moore RA, McQuay H]J. Single dose
paracetamol (acetaminophen), with and without codeine, for
postoperative pain. Cochrane Database Syst Rev 2009;1:1—88.
European pharmacopoeia. 4th ed. Stuttgart: Deutscher
Apotheker Verlag; 2002.

Moore A, Collins S, Carroll D, McQuay H. Paracetamol with
and without codeine in acute pain: a quantitative systematic
review. Pain 1997;70:193—201.

Shah J, Mason WD. Analysis of codeine and its metabolites in
human plasma by HPLC with electrochemical detection.
Anal Lett 1987;20:881—-93.

Mashhadizadeh MH, Rasouli F. Design of a new carbon paste
electrode modified with TiO, nanoparticles to use in an
electrochemical study of codeine and simultaneous

(23]

(14]

(1]

(6]

(27]

(18]

(29]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

determination of codeine and acetaminophen in human
plasma serum samples. Electroanalysis 2014;26:2033—42.
Turak F, Guzel R, Dinc E. Simultaneous determination of
ascorbic acid and caffeine in commercial soft drinks using
reversed-phase ultra-performance liquid chromatography. J
Food Drug Anal 2017;25:285-92.

Schmidt AH. Validated HPLC method for the determination
of residues of acetaminophen, caffeine, and codeine
phosphate on swabs collected from pharmaceutical
manufacturing equipment in support of cleaning validation.
J Lig Chrom Rel Technol 2006;29:1663—73.

Maslarska V, Tencheva. Simultaneous determination and
validation of paracetamol and codeine phosphate in
pharmaceutical preparation by PR-HPLC. ] Int ] Pharm Pharm
Sci 2013;5:417-9.

Ueda H, Pereira-Rosario R, Riley CM, Perrin JH. Diode array
spectroscopy in pharmaceutical analysis: determination of
acetaminophen/codeine phosphate tablets. ] Pharm Biomed
Anal 1989;7:309—20.

Gottardo R, Bortolotti F, De Paoli G, Pascali JP, Miksik I,
Tagliaro F. Hair analysis for illicit drugs by using capillary
zone electrophoresis-electrospray ionization-ion trap mass
spectrometry. ] Chromatogr A 2007;1159:185-9.
Capella-Peiro ME, Bose D, Rubert MF, Esteve-Romero J.
Optimization of a capillary zone electrophoresis method by
using a central composite factorial design for the
determination of codeine and paracetamol in
pharmaceuticals. ] Chromatogr B Anal Technol Biomed Life
Sci 2006;839:95—101.

Zhang L, WangR, Yu YQ, Zhang YR. Capillary electrophoresis
with laser-induced fluorescence and pre-column
derivatization for the analysis of illicit drugs. ] Chromatogr B
2007;857:130-5.

Chao M, Ma X. Voltammetric determination of chlorogenic
acid in pharmaceutical products using poly(aminosulfonic
acid) modified glassy carbon electrode. ] Food Drug Anal
2014;22:512-9.

Farahi A, Achak M, El Gaini L, El Mhammedi MA, Bakasse M.
Electrochemical determination of paraquat in citric fruit
based on electrodeposition of silver particles onto carbon
paste electrode. ] Food Drug Anal 2015;23:463—71.

Alghamdi AF. Electrochemical oxidation behavior of
hydrochlorothiazide on a glassy carbon electrode and its
voltammetric determination in pharmaceutical formulations
and biological fluids. ] Food Drug Anal 2014;22:363—9.

Li X, Xu G. Simultaneous determination of ranitidine and
metronidazole in pharmaceutical formulations at
poly(chromotrope 2B) modified activated glassy carbon
electrodes. ] Food Drug Anal 2014;22:345-9.

Aly FA, Al-Tamimi SA, Alwarthan AA. Chemiluminescence
determination of some fluoroquinolone derivatives in
pharmaceutical formulations and biological fluids using
[Ru(bipy)3*]— Ce(IV) system. Talanta 2001;53:885—93.
Ramachandran K, Chidambaram S, Baskaran B,
Muthukumarasamy A, Mohan Kumar G. One pot polyol
synthesis of CuO-CuFe,04 nanocomposites and their
structural, optical and electrical property studies. Mater Lett
2016;175:106-9.

Rautio AR, Pitkanen O, Jarvinen T, Samikannu A, Halonen N,
Mohl M, et al. Kordas K electric double-layer capacitors based
on multiwalled carbon nanotubes: can nanostructuring of
the nanotubes enhance performance. ] Phys Chem C
2015;119:3538—44.

Garrido JMPJ, Delerue-Matos C, Borges F, Macedo TRA,
Oliveira-Brett AM. Voltammetric oxidation of drugs of abuse
II. Codeine and metabolites. Electroanalysis 2004;16:1427—33.
Ensafi AA, Ahmadi N, Rezaei B, Mokhtari Abarghoui M. A
new electrochemical sensor for the simultaneous


https://doi.org/10.1016/j.jfda.2017.10.001
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref1
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref1
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref1
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref1
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref1
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref2
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref3
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref4
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref5
https://doi.org/10.1016/j.jfda.2017.01.008
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref7
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref8
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref8
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref8
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref8
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref9
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref9
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref10
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref10
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref10
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref10
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref11
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref11
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref11
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref11
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref12
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref13
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref13
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref13
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref13
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref13
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref14
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref15
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref15
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref15
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref15
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref15
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref16
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref16
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref16
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref16
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref16
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref17
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref17
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref17
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref17
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref17
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref18
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref19
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref19
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref19
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref19
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref19
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref20
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref20
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref20
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref20
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref20
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref21
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref21
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref21
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref21
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref21
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref22
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref22
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref22
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref22
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref22
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref23
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref23
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref23
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref23
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref23
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref24
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref25
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref26
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref27
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref27
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref27
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref27
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
https://doi.org/10.1016/j.jfda.2017.10.001
https://doi.org/10.1016/j.jfda.2017.10.001

886

JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) 879—886

(29]

(3]

(31]

(32]

(33]

(34]

(33]

(36]

(371

(38]

determination of acetaminophen and codeine based on
porous silicon/palladium nanostructure. Talanta
2015;134:745-53.

Gupta RP. Physical methods in heterocyclic chemistry. New
York: Wiley; 1984.

Rodriguez Zapico R, Marin Gonzalez P, Diez Sanz FV,
Orddnez Garcia S. Assessment of phenol wet oxidation on
CuO/y-Al,03 catalysts: competition between heterogeneous
and leached-copper homogeneous reaction paths. ] Environ
Chem Eng 2017;5:2570-8.

Gao P, Liu D. Facile synthesis of copper oxide nanostructures
and their application in non-enzymatic hydrogen peroxide
sensing. Sens Actuators B 2015;208:346—54.

LiY, Li K, Song G, Liu J, Zhang K, Ye B. Electrochemical
behavior of codeine and its sensitive determination on
graphene-based modified electrode. Sens Actuators B
2013;182:401—7.

Pournaghi-Azar MH, Saadatirad A. Simultaneous
voltammetric and amperometric determination of morphine
and codeine using a chemically modified-palladized
aluminum electrode. ] Electroanal Chem 2008;624:293—8.
Kimmel DW, LeBlanc G, Meschievitz ME, Cliffel DE.
Electrochemical sensors and biosensors. Anal Chem
2012;84:685—707.

Habibi B, Abazari M, Pournaghi-Azar MH. Simultaneous
determination of codeine and caffeine using single-walled
carbon nanotubes modified carbon-ceramic electrode.
Colloids Surf B Biointerfaces 2014;114:89—95.

Babaei A, Dehdashti A, Afrasiabi M, Babazadeh M,

Farshbaf M, Bamdad F. A sensor for simultaneous
determination of acetaminophen and codeine at glassy
carbon electrode modified with multi-walled carbon
nanotubes. Sens Lett 2012;10:1039—46.

Svorc L, Sochr ], Svitkova ], Rievaj M, Bustin D. Rapid and
sensitive electrochemical determination of codeine in
pharmaceutical formulations and human urine using a
boron-doped diamond film electrode. Electrochim Acta
2013;87:503—10.

Chen X, Zhu J, Xi Q, Yang W. A high performance
electrochemical sensor for acetaminophen based on single-
walled carbon nanotube—graphene nanosheet hybrid films.
Sens Actuators B 2012;161:648—54.

(39]

(40]

(41]

(42]

(43]

[44

(45]

[46]

(47]

(48]

Si W, Lei W, Han Z, Zhang Y, Hao Q, Xia M. Electrochemical
sensing of acetaminophen based on poly(3,4-
ethylenedioxythiophene)/graphene oxide composites. Sens
Actuators B 2014;193:823—9.

Deroco PB, Vicentini FC, Fatibello-Filho O. An
electrochemical sensor for the simultaneous determination
of paracetamol and codeine using a glassy carbon electrode
modified with nickel oxide nanoparticles and carbon black.
Electroanalysis 2015;27:2214—20.

Santos AM, Vicentini FC, Deroco PB, Rocha-Filho RC,
Fatibello-Filho O. Square-wave voltammetric determination
of paracetamol and codeine in pharmaceutical and human
body fluid samples using a cathodically pretreated boron-
doped diamond electrode. ] Braz Chem Soc 2015;26:2159—68.
Gimenes DT, Cunha RR, Ribeiro MMAC, Pereira PF,

Munoz RAA, Richter EM. Two new electrochemical methods
for fast and simultaneous determination of codeine and
diclofenac. Talanta 2013;116:1026—32.

Pereira PF, Cardoso Marra M, Rodrigues Cunha R, Pereira da
Silva W, Abarza Munoz RA, Richter EM. Two simple and fast
electrochemical methods for simultaneous determination of
promethazine and codeine. ] Electroanal Chem 2014;713:32—8.
Gharazhian E, Shishehbore MR. A new sensitive sensor for
simultaneous differential pulse voltammetric determination
of codeine and acetaminophen using a hydroquinone
derivative and multiwall carbon nanotubes carbon paste
electrode. Int ] Environ Anal Chem 2015;2015:1—11.
Chapelle A, El Younsi I, Vitale S, Thimont Y, Nelis Th,
Presmanes L, et al. Improved semiconducting CuO/CuFe,0,
nanostructured thin films for CO, gas sensing. Sens
Actuators B 2014;204:407—13.

Herran J, Mandayo GG, Castano E. Physical behaviour of
BaTiO3—CuO thin-film under carbon dioxide atmospheres.
Sens Actuators B 2007;127:370-5.

Thevis M, Opfermann G, Schiinzer W. Urinary
concentrations of morphine and codeine after consumption
of poppy seeds. J Anal Toxicol 2000;27:53—6.

Bose D, Durgbanshi A, Martinavarro-Dominguez A, Capella-
Peiro ME, Carda-Broch S, Esteve-Romero JS, et al. Rapid
determination of acetaminophen in physiological fluids by
liquid chromatography using SDS mobile phase and ED
detection. ] Chromatogr Sci 2005;43:313—8.


http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref28
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref29
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref29
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref30
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref31
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref31
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref31
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref31
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref32
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref32
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref32
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref32
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref32
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref33
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref33
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref33
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref33
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref33
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref34
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref34
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref34
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref34
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref35
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref35
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref35
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref35
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref35
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref36
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref37
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref38
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref39
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref39
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref39
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref39
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref39
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref40
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref41
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref42
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref42
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref42
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref42
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref42
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref43
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref43
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref43
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref43
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref43
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref44
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref45
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref46
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref46
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref46
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref46
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref46
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref47
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref47
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref47
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref47
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
http://refhub.elsevier.com/S1021-9498(17)30184-9/sref48
https://doi.org/10.1016/j.jfda.2017.10.001
https://doi.org/10.1016/j.jfda.2017.10.001

	Ultra-sensitive electrochemical sensing of acetaminophen and codeine in biological fluids using CuO/CuFe2O4 nanoparticles a ...
	1. Introduction
	2. Experimental
	2.1. Apparatus
	2.2. Chemicals
	2.3. Synthesis procedure for CuO/CuFe2O4 preparation
	2.4. Preparation of CuO/CuFe2O4 modified electrode
	2.5. Real sample preparation

	3. Results and discussion
	3.1. Characterization of CuO/CuFe2O4
	3.2. Electrochemical characterization of CuO/CuFe2O4/CPE
	3.3. Electrochemical behavior of AC and CO at the surface of modified electrodes
	3.4. Optimization of measurement conditions
	3.5. Simultaneous determination of AC and CO
	3.6. Interference study
	3.7. Determination of AC and CO in biological fluids

	4. Conclusions
	Acknowledgements
	Appendix A. Supplementary data
	References


