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Introduction

Chloramphenicol is a broad-spectrum antibiotic active against 
Gram-positive and Gram-negative bacteria.  It is produced 
naturally by the soil bacterium Streptomyces venezuelae, but is 
presently mainly produced by chemical synthesis.1–3  
Chloramphenicol is currently used in ophthalmic solutions to 
treat superficial ocular infections, in topical ointments to treat 
the external ear or skin, in various tablets for oral administration 
and in intravenous suspensions to treat internal infections.1  
Moreover, it has been used in veterinary practice for prevention 
and treatment of many bacterial infections because of its 
efficiency, easy availability and low cost.4,5  Due to its genotoxic 
effect and severe side effects, such as anemia, leucopenia, 
agranulocytosis and aplastic anemia in some people, its use is 
limited to the therapy of serious infections (e.g. typhoid fever, 
meningitis).  Furthermore, its use in food production, such as 
aquaculture farming, has been banned worldwide.1,6  No 
maximum residue limit (MRL) of chloramphenicol in animal-
derived food has been established, because its toxic effects are 
not dose-dependent, but rather related to the hypersensitivity of 
certain individuals.7

Several analytical methods have been reported for the 
determination of chloramphenicol in various samples, such as 
shrimp,3,8–11 seafood, meat,7,12–15 eggs,13 milk,4,13 honey,12,13,15 
animal feeds,5 urine, serum14–16 and pharmaceutical 
formulations17–22 based on liquid chromatography (LC),5,12 liquid 
chromatography–mass spectrometry (LC-MS),3,7–11,14,15 gas 

chromatography (GC), gas chromatography–mass spectrometry 
(GC-MS),3,12,14 capillary zone electrophoresis,16,17 enzyme-linked 
immunosorbent assay (ELISA),3,13 spectrophotometry,18,19 and 
chemiluminescence.20–22  LC-MS is a common method that is 
used to determine chloramphenicol, because of its high 
sensitivity, and low limit of detection.  However, it needs 
expensive apparatus and reagents, and is time-consuming.  A 
sensitive, rapid and cheap method for analysis is still needed.

Electrochemical methods are widely used in many applications 
because they are simple, fast, involve no more reagents for 
derivatization and low cost.  Several methods have been 
developed for the determination of chloramphenicol using 
electrochemical detection, such as voltammetry at 
electrochemically activated carbon fiber microelectrodes4 and 
capillary-zone electrophoresis with amperometric detection at a 
carbon disk electrode17 and a carbon fiber micro-disk array 
electrode.16  Boron-doped diamond thin film (BDD) electrodes 
have many advantages for electroanalytical applications, due to 
their unique characteristics, which include a very low 
background current,23,24 a wide electrochemical potential 
window in aqueous solutions,25,26 a long-term stability of 
response,27–30 a slight adsorption of polar organic molecules28 
and low sensitivity to dissolved oxygen.31  Because of these 
attractive properties, BDD electrodes have been successfully 
used for the determination of various compounds, such as 
tiopronin,30 acetaminophen,32 D-penicillamine,33 captopril,34 
lincomycin,35 sulfonamides,36 malachite green and 
leucomalachite green.37  No reports have described the use of 
BDD electrodes for the determination of chloramphenicol.

The present report describes the use of the BDD electrode to 
study chloramphenicol using cyclic voltammetry and 
hydrodynamic voltammetry.  In addition, flow-injection analysis 
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with amperometric detection was used to determine 
chloramphenicol in the standard chemical form, eye drops and 
milk sample.

Experimental

Reagents and chemicals
All solutions were prepared with analytical-grade reagents and 

ultrapure water from a Milli-Q® Ultrapure Water Purification 
System by Millipore (USA).  Phosphate buffer solutions (pH 2 – 
4), 0.1 M, were prepared from 0.1 M potassium dihydrogen- 
phosphate (BDH Chemicals, England), and the pH values were 
adjusted with 0.1 M orthophosphoric acid (85%, Carlo Erba 
Reagents, Italy).  Phosphate buffer solutions (pH 5 – 8), 0.1 M, 
were prepared from 0.1 M potassium dihydrogenphosphate and 
0.1 M disodium hydrogenphosphate (BDH Chemicals, 
England).  The pH was measured with a 744 pH Meter 
(Metrohm, Switzerland) and the combined glass electrode at 
room temperature.

Standard chloramphenicol (Sigma-Aldrich, USA) solutions 
were freshly prepared in a 0.1 M phosphate buffer solution with 
1% ethanol (Merck, Germany).  Solid phase extraction (SPE) 
cartridges (Oasis® HLB, 30 μm, Waters, USA) were conditioned 
sequentially with 5 mL of methanol (Merck, Germany), 5 mL of 
ultrapure water and 5 mL of 0.1 M phosphate buffer (pH 6).

Cyclic voltammetry
Electrochemical experiments were carried out in a single-

compartment three-electrode glass cell.  BDD electrodes were 
obtained from CSEM Centre Suisse d’Electronique et de 
Microtechnique SA (Switzerland), and used as received without 
any further modifications.  They were rinsed with ultrapure 
water prior to use.  The BDD electrode was pressed against a 
smooth ground joint at the bottom of the cell, isolated by an O-
ring (area 0.07 cm2) and served as the working electrode.  
Electrical contact was made by placing the backside of the 
conducting silicon substrate of the BDD electrode onto a brass 
holder.  A silver/silver chloride (Ag/AgCl) electrode with a salt 
bridge and a platinum wire were used as reference and counter 
electrodes, respectively.  Cyclic voltammetric measurements 
were performed with the three-electrode system using an 
Autolab PGSTAT100 Potentiostat (Eco Chemie, The 
Netherlands).  The electrochemical equipments were housed in 
a copper Faraday cage to reduce any electrical noise.  All 
experiments were performed at room temperature.

Flow injection analysis with amperometric detection
The flow-injection analysis system consisted of a thin-layer 

flow cell (Bioanalytical Systems, USA), an injector port 
(Rheodyne 7725, USA) with a 20 μL injection loop, a peristaltic 
pump (Ismatec, Switzerland), and an electrochemical detector 
(Autolab PGSTAT100 Potentiostat, Eco Chemie, The 
Netherlands).  The carrier stream, 0.1 M phosphate buffer (pH 
6), was regulated by a reagent delivery module at a flow rate of 
1 mL min−1.  A pulse dampener was used in series to reduce the 
pump noise.  The thin layer flow-cell consisted of a gasket as a 
spacer, a BDD electrode as a working electrode, an Ag/AgCl 
electrode as a reference electrode, and a stainless-steel tube as a 
counter electrode and an outlet of the flow cell.  The 
experiments were performed at room temperature in a copper 
Faraday cage to reduce electrical noise.

Before amperometric determination was performed, 
hydrodynamic voltammetry was carried out.  The peak current 
after each injection was recorded, together with the 

corresponding background current.  The average values of the 
peak current of three injections were plotted as a function of the 
applied potential to obtain hydrodynamic voltammograms.  
Amperometric measurements were carried out at the potential 
giving the maximum signal-to-background ratio (S/B) in the 
hydrodynamic voltammograms.

Sample preparation
Chloramphenicol eye drops.  A 323 μL portion of 

chloramphenicol eye drops was transferred to a 10 mL 
volumetric flask and diluted to 10 mL with 0.1 M phosphate 
buffer (pH 6) in 1% ethanol.  A 250 μL portion of this sample 
solution was transferred to each of six 10 mL-volumetric flasks, 
and a chloramphenicol standard solution was added.  Then, each 
flask was made up to the mark with 0.1 M phosphate buffer (pH 
6) in 1% ethanol.  The concentrations of the standard 
chloramphenicol added were 0, 5, 10, 20 and 30 μM, 
respectively.

Milk.  Five 5 mL portions of blank milk samples were 
transferred to centrifuge tubes and spiked with a 
chloramphenicol standard solution at concentrations of 0, 5, 10, 
20 and 30 μM, respectively.  To each spiked sample, 2.5 mL of a 
20% aqueous trichloroacetic acid solution was added for protein 
precipitation.38  The mixture was vortexed for 1 min, and then 
centrifuged at 4000 rpm for 10 min.  The supernatant was 
collected and filtered through a 0.45 μm membrane filter.  Two 
milliliters of extract were loaded onto the preconditioned SPE 
cartridge.  After the extract was passed through, the cartridge 
was dried for 3 min under a vacuum condition, and then washed 
with 2 mL of 5% ethanol and 2 mL of ultrapure water.  The 
retained chloramphenicol was eluted from the SPE cartridge 
with 2 mL of methanol.  The eluate was then dried under a 
nitrogen stream in a water bath at 35˚C.  The residue was 
dissolved in 5.0 mL of 0.1 M phosphate buffer (pH 6) and the 
resulting solution was filtered through a 0.45 μm membrane 
filter.

Results and Discussion

Cyclic voltammetry
Figure 1 shows cyclic voltammograms for 1 mM 

chloramphenicol in 0.1 M phosphate buffer (pH 6) in 1% 
ethanol, together with the background cyclic voltammogram for 
0.1 M phosphate buffer (pH 6) in 1% ethanol at a BDD 
electrode.  The potential was scanned in two cycles from −1.0 to 
1.0 V at a scan rate of 50 mV s−1.  In the first scan, two peaks 
were observed at −0.85 V vs. Ag/AgCl and 0.44 V vs. Ag/AgCl.  
In the second scan, a cathodic peak current at −0.85 V vs. Ag/
AgCl had slightly decreased, whereas the anodic peak current 
had slightly increased; a new cathodic peak was observed at 
−0.39 V vs. Ag/AgCl.  This revealed the presence of 
intermediates in oxidation/reduction reactions of 
chloramphenicol.38  The first cathodic peak (−0.85 V vs. Ag/
AgCl) corresponds to an irreversible reduction of the nitro group 
to the hydroxylamine derivative.  The anodic peak (0.44 V vs. 
Ag/AgCl) arises from an oxidation of the hydroxylamine 
derivative to a nitroso derivative during a reverse scan.  Also, 
the second cathodic peak (−0.39 V vs. Ag/AgCl) results from a 
reduction of the nitroso compound to the hydroxylamine 
derivative.38,39  The electrode reactions are:

R-NO2 + 4H+ + 4e− → R-NHOH + H2O,� (1)

R-NO + 2H+ + 2e− / R-NHOH.� (2)
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Because a much higher peak current value was found at the first 
cathodic peak, it was chosen to be used in the electrochemical 
detection of chloramphenicol.

Effect of the presence of ethanol and the pH
Because chloramphenicol is slightly soluble in water, but it is 

readily soluble in alcohol, chloramphenicol solutions used in 
this work were prepared by dissolving chloramphenicol in a 
small amount of ethanol, and diluting with 0.1 M phosphate 
buffer solutions.  The effect of the presence of ethanol in 
the chloramphenicol solution was studied using 1 mM 
chloramphenicol in 0.1 M phosphate buffer with 0, 1, 2, 5 and 
10% of ethanol.  It was found that increasing the amount of 
ethanol decreased the peak current.  Therefore, 0.1 M phosphate 
buffer in 1% ethanol was chosen for the maximum sensitivity of 
the next experiments.

The effect of the pH on the electrochemical reduction of 
chloramphenicol was studied using 1 mM chloramphenicol in a 
0.1 M phosphate buffer solution, pH 2 to 8, in 1% ethanol.  As 
shown in Fig. 2, the cathodic peak current depended on the pH, 
since it was expected for a reduction process involving protons, 
such as that of the nitro group of the chloramphenicol molecule.40  

However, the background current at the corresponding potential 
also depended on the pH.  Therefore, the net cathodic peak 
current, which is equal to the cathodic peak current minus the 
background current, was used to determine the optimum pH.  
The highest net cathodic peak current was obtained when 0.1 M 
phosphate buffer, pH 6, in 1% ethanol was used.  Therefore, the 
chloramphenicol solutions in the following experiments were 
prepared with 0.1 M phosphate buffer, pH 6, in 1% ethanol.

Scan-rate dependence study
Figure 3 shows cyclic voltammograms of 1 mM 

chloramphenicol in 0.1 M phosphate buffer (pH 6) in 1% 
ethanol at the BDD electrode with the potential scan rate in the 
range of 10 to 300 mV s−1 (0.01 to 0.3 V s−1).  The cathodic peak 
potential shifted to more negative values as the scan rate 
increased.  The net cathodic peak current has a linear 
relationship with the square root of the scan rate (ν1/2) with a 
correlation coefficient (R2) of 0.9982.  The results indicated that 
the electrochemical reaction of chloramphenicol is a diffusion-
controlled process.

Concentration dependence study
Figure 4 shows cyclic voltammograms of chloramphenicol 

solutions in the concentration range of 0.1 to 10 mM in 0.1 M 
phosphate buffer (pH 6) in 1% ethanol at the BDD electrode 
with a scan rate of 50 mV s−1.  In the range of 0.1 to 10 mM, the 
peak current has a good linear relationship with the 
concentration of chloramphenicol (R2 = 0.9990), as shown in the 
inset of this figure.

Flow injection analysis with amperometric detection
From previous work, the effect of the flow rate of the carrier 

solution was studied, and it was found that a flow rate of 1 mL 
min−1 provided a compromise between the sensitivity and the 
consumption of the carrier solution.  Therefore, a flow rate of 1 
mL min−1 was selected for all experiments.

Hydrodynamic voltammetry
Figure 5(a) shows a hydrodynamic voltammetric i–E curve 

obtained at the BDD electrode for 20 μL injections of 100 μM 
chloramphenicol in 0.1 M phosphate buffer (pH 6) in 1% 

Fig. 1 Cyclic voltammograms for 1 mM chloramphenicol in 0.1 M 
phosphate buffer (pH 6) in 1% ethanol together with the background 
cyclic voltammogram for 0.1 M phosphate buffer (pH 6) in 1% 
ethanol at a BDD electrode.  Potential was scanned in two cycles 
from −1.1 to 1.1 V at a scan rate of 50 mV s−1.

Fig. 2 Effect of the pH on the cathodic peak current of cyclic 
voltammograms for 1 mM chloramphenicol in 0.1 M phosphate 
buffer in 1% ethanol at a BDD electrode.  The effect of the pH on the 
corresponding background current and the net cathodic peak current 
(equal to the cathodic peak current minus the background cuurent) are 
also shown. 

Fig. 3 Cyclic voltammograms for 1 mM chloramphenicol in 0.1 M 
phosphate buffer (pH 6) in 1% ethanol at a BDD electrode.  The 
potential scan rate was varied from 0.01 to 0.3 V s−1 (10 to 300 mV 
s−1).  The graph of the relationship between current and (scan rate)1/2 
is shown in the inset.
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ethanol, using 0.1 M phosphate buffer (pH 6) in 1% ethanol as 
the carrier solution.  The absolute magnitude of the background 
current at each potential is also shown for a comparison.  The 
hydrodynamic voltammogram for chloramphenicol does not 
have a sigmoidal shape.  To obtain the optimum potential, the 
signal-to-background ratio (S/B) was calculated, and plotted as a 
function of the potential to obtain the hydrodynamic 
voltammetric S/B ratio versus the potential, as shown in Fig. 5(b).  

The maximum S/B ratio is observed at −0.7 V vs. Ag/AgCl; 
therefore, this potential was chosen for the amperometric 
detection of chloramphenicol in flow-injection analysis.

Linear range, detection limit and reproducibility
Figure 6 shows a series of triplicate 20 μL injections of 

chloramphenicol standard solutions in 0.1 M phosphate buffer 
(pH 6) in 1% ethanol at a detection potential of −0.7 V vs. Ag/
AgCl.  Well-defined signals without peak tailing were obtained 
at all concentrations from 1000 to 0.05 μM.  The peak current 
has a good linear relationship (R2 = 0.9948) with the 
concentration of chloramphenicol in the range of 0.1 to 50 μM.  
The sensitivity of this method, which is the slope of the 
calibration graph between the current and the concentration over 
the linear range, is −21.6 nA μM−1.  The limit of detection 
(LOD, the concentration corresponding to three-times the 
standard deviation of blank divided by the slope of the 
calibration graph) was obtained at concentrations as low as 0.03 
μM of chloramphenicol.  The reproducibility of the current 
response was also examined.  The relative standard deviation 
(RSD) of 10 measurements for 5 and 10 μM chloramphenicol 
was 3.5 and 3.0%, respectively, indicating a high reproducibility 
of the BDD electrode.

Determination of chloramphenicol in eye drops
The proposed flow-injection analysis with amperometric 

Fig. 4 Cyclic voltammograms of chloramphenicol solutions in the 
concentration range of 0.1 to 10 mM in 0.1 M phosphate buffer (pH 
6) in 1% ethanol at the BDD electrode with a scan rate of 50 mV s−1. 
The calibration graph is also shown in the inset.

Fig. 5 (a) Hydrodynamic voltammograms of 100 mM 
chloramphenicol in 0.1 M phosphate buffer (pH 6) in 1% ethanol 
(signal, S) and 0.1 M phosphate buffer (pH 6) in 1% ethanol 
(background, B), using 0.1 M phosphate buffer (pH 6) in 1% ethanol 
as a carrier solution with a flow rate of 1 mL min−1.  (b) Corresponding 
hydrodynamic voltammetric signal-to-background ratio (S/B current) 
versus potential curve.

Fig. 7 Typical standard addition plot for the determination of 
chloramphenicol in eye drops by flow-injection analysis with 
amperometric detection using a BDD electrode. 

Fig. 6 Flow-injection analysis with amperometric detection results 
for various concentrations of chloramphenicol in 0.1 M phosphate 
buffer (pH 6) in 1% ethanol (a) 1000, (b) 500, (c) 250, (d) 100, (e) 50, 
(f) 25, (g) 10, (h) 5, (i) 2.5, (j) 1, (k) 0.5, (l) 0.25, (m) 0.1, and (n) 
0.05 mM.  The calibration graph is also shown in the inset.
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detection using a BDD electrode at −0.7 V vs. Ag/AgCl was 
applied to determine chloramphenicol in eye drops by the 
standard addition method.  A typical standard addition plot is 
shown in Fig. 7.  The amount of chloramphenicol obtained, 
0.49% chloramphenicol, was in good agreement with the labeled 
value (0.5% chloramphenicol) with RSD of 8.3% (n = 3).

Determination of chloramphenicol in spiked milk samples
The proposed method was also applied to determine 

chloramphenicol in milk by the standard addition method.  
Blank milk samples were spiked with a chloramphenicol 
standard solution prior to applying the extraction procedure.  
Recovery studies were carried out by intra- and inter-assays at 
levels of 5, 10, 20 and 30 μM of chloramphenicol, and run along 
with both reagent and sample blanks.  As shown in Table 1, the 
average recoveries of the intra-assay were 95.6 – 103% with 
RSD values at 1.0 – 4.9%; the average recoveries of the inter-
assay were 93.9 – 102% with RSD values at 1.4 – 4.6%.  These 
results indicate that the recoveries and reproducibility of 
chloramphenicol in the milk sample were highly satisfactory.

Comparison with other methods
Table 2 summarizes the electroanalytical method for 

chloramphenicol from this study compared with other methods.  
It can be observed that using the BDD electrode with flow 
injection with amperometric detection provides a wide linear 
range, low detection limit, high sensitivity and reproducible 
response.

Conclusions

The BDD electrode can be used for the electrochemical analysis 
of chloramphenicol.  This electrode exhibited excellent 

performance for the reductive detection of chloramphenicol.  
Well-defined voltammograms were obtained at the BDD 
electrode, which exhibited high sensitivity.  The determination 
of chloramphenicol by flow-injection analysis with 
amperometric detection using the BDD electrode provides a 
calibration graph with a wide dynamic range from 0.1 to 50 μM, 
and a remarkably low detection limit (0.03 μM).  The 
application of the proposed method for the determination of 
chloramphenicol in eye drops and milk samples shows that this 
method is sensitive, precise and accurate.  Moreover, the use of 
the BDD electrode applied to flow injection with amperometric 
detection is simple, rapid, and provides high sample throughput 
because no chemical modification is required.  Cleaning the 
electrode is also not necessary, due to the long-term stability of 
the BDD electrode response.
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