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Abstract

A simple, precise and accurate capillary gas—liquid chromatographic procedure has been developed to determine
benzaldehyde, the toxic oxidation product of the widely used preservative and co-solvent benzyl alcohol, in injectable
formulations of the non-steroidal anti-inflammatory drugs, diclofenac and piroxicam, as well as in Vitamin B-complex
injection solutions. Following liquid—liquid extraction with chloroform, separation and quantification are achieved on
a fused silica capillary column (25 m x 0.53 mm i.d.) coated with 0.5 pm film of OV-101. 3-Chlorobenzaldehyde was
used as internal standard with flame-ionization as the detection mode. The ability of the system to resolve benzaldehyde
peak from interfering components is good. The method displays excellent linearity over the concentration range 0.5—
100 pg/ml of benzaldehyde and a precision of better than 2.5% from intra- and inter-day analyses. The quantification
limit for benzaldehyde is 0.4 pg/ml. Levels of benzaldehyde in generic diclofenac and piroxicam injection formulations
were found to be seven to 15 times higher than in reference formulations, and double in generic Vitamin B-complex
injection formulations.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recently we reported on the presence of poten-
tially toxic quantities of benzaldehyde in some
generic injection formulations of Na-diclofenac

9351.4391 [1]. This arises from oxidation of benzyl alcohol,
E-mail  address:  demoore@pharm.usyd.edu.au  (D.E. which is used in concentrations up to 2% as an
Moore). antimicrobial preservative. We developed a rapid
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and sensitive polarographic method capable of
quantifying benzaldhyde to 50 ng/ml in Na-
diclofenac injection samples. This was done in
response to a warning, issued to hospitals and
medical practitioners by the Iranian Ministry of
Health. In a single year (2000) nearly 200 cases of
transient or permanent paraplegia had resulted
following intramuscular injection of generic
brands of Na-diclofenac (and in a few cases
piroxicam), both of which contained benzyl alco-
hol as preservative. Most commonly, the paralysis
developed rapidly, often with pain and anaesthe-
sia, which occurred immediately or with a delay
after the intramuscular injection, though the
causative agent has not been positively identified
[2-4].

In the polarographic analysis there was no
interference from diclofenac, but it was found
that the method is not extendable to other injec-
tion formulations containing piroxicam or Vita-
min B-complexes due to overlap of reduction
peaks arising from the drugs. As a consequence
it became necessary to examine the chromato-
graphic methods as an alternative approach to
determining benzaldehyde in the presence of the
other anti-inflammatory drugs or vitamins.

The United States Pharmacopoeia limits the
presence of benzaldehyde in benzyl alcohol to
levels of 0.2%, with quantification by HPLC [5].
This method has not proven to be extendable to
benzyl alcohol containing injections because of
active drug interferences. The British Pharmaco-
poeia states that benzyl alcohol intended for use in
the manufacture of parenteral dosage forms
should not contain more than 0.05% of benzalde-
hyde and describes a GC method for its determi-
nation in the raw material [6]. Other GC methods
for the determination of traces of benzaldehyde in
benzyl alcohol have been reported [7—10], but
none of these have been validated for application
to pharmaceutical injection formulations.

In this paper we describe the validation of a
capillary GC assay method for the determination
of trace quantities of benzaldehyde in several drug
formulations that contain benzyl alcohol as a
preservative.

2. Experimental
2.1. Instrumentation

The method was developed on a Shimadzu gas
chromatograph Model GC-15A (Shimadzu,
Kyoto, Japan) equipped with a flame-ionization
detector and a model GC-R4A Chromatopac
integrating recorder. The column used was a 25
m x 0.53 mm i.d. fused silica capillary column
coated with 0.5 mm film of OV-101. The column,
injector and detector temperatures were 160, 270
and 270 °C, respectively. The carrier gas was extra
pure helium at a flow rate of 4.5 ml/min. The
injection volume was 1 pl and the samples were
injected in the split-less mode with a Hamilton
syringe.

2.2. Materials

All chemicals were of analytical reagent grade.
Benzyl alcohol, benzaldehyde, 3-chlorobenzalde-
hyde and chloroform were obtained from Merck,
Darmstadt, Germany.

Various batches of generic Na-diclofenac, pir-
oxicam and Vitamin B-complex injection solutions
were kindly supplied by the following manufac-
turers in Iran (the letter in parentheses is used to
designate the manufacturer in the assay results):
Chimidaru (A), Alborzdaru (B), Zahravi (C), LPC
(D), and Osvah (E).

The following injection solutions were used as
reference formulations: Voltaren®, [Novartis
Pharma GmbH, Germany (F)], Feldene®, [Pfizer,
Spain (G)] and Becozyme® [Roche, Switzerland

(H)].
2.3. Preparation of stock and standard solutions

Stock solutions of benzaldehyde, benzyl alcohol
and 3-chlorobenzaldehyde (used as internal stan-
dard) were prepared by dissolving separately 50
mg of each (accurately weighed) in 50 ml chloro-
form. These solutions were protected from light
and were used on the day of preparation. Sub-
sequent working standards were prepared in
chloroform from stock solutions by varying the
concentration of benzaldehyde between 0.5 and
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100 pg/ml and maintaining the internal standard at
a constant level of 100 pg/ml.

2.4. Calibration curves

Triplicate 1 pl injections were made for each
concentration and the peak area ratio of benzal-
dehyde to the internal standard (3-chlorobenzal-
dehyde) was plotted against the corresponding
concentration to obtain the calibration graph.

2.5. Pharmaceutical preparation

Each commercial injection dosage form of Na-
diclofenac has a volume of 3 ml and contains
usually 40—-50 mg/ml benzyl alcohol, while the
piroxicam is 1 ml and has a content of 20 mg
benzyl alcohol per dosage form. The nominal
benzyl alcohol concentration of commercial phar-
maceutical vitamin B-complex injection solution (2
ml) is 10 mg/ml.

For each formulation, the contents of ten
ampoules of the parenteral dosage form were
poured into the separating funnel. To each funnel
was added a calculated amount of internal stan-
dard solution in chloroform, so that the final
concentration of 3-chlorobenzaldehyde was 100
pg/ml. The solution was mixed thoroughly and
then successively extracted three times with an
equal volume of chloroform for 3 min. The
chloroform extracts were combined and dried
over anhydrous sodium sulfate. Under the chro-
matographic conditions described, triplicate 1 pl
injections of each chloroform extract were made
for analysis.

2.6. Recovery studies

Appropriate known quantities of benzaldehyde
and internal standard were added to each injection
sample (Na-diclofenac, Piroxicam and Vitamin B-
Complex) and mixed thoroughly. Each spiked
sample was then extracted with chloroform as
described above. Triplicate injections of these
spiked sample extracts and the standard extracts
were made in the GC. Comparisons of the
integrated area ratios of peaks resulting from the
injected reference standard extracts with those

resulting from the spiked extracts were used to
calculate the percentage recovery of benzaldehyde
in each case.

3. Results and discussion

A typical gas chromatogram obtained from the
analysis of a mixture of benzyl alcohol, benzalde-
hyde and 3-chlorobenzaldehyde (internal stan-
dard) dissolved in chloroform is shown in Fig. 1.
Benzaldehyde, benzyl alcohol and the internal
standard were well resolved, with retention times
of 3.648, 3.948 and 4.613 min, respectively.

In Fig. 2 are typical chromatograms showing the
separation of benzaldehyde, benzyl alcohol and
internal standard in the studied injection formula-
tion samples, obtained after addition of internal
standard and extraction into chloroform. Effective
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Fig. 1. Gas Chromatogram of a standard mixture of [2] Benzyl
alcohol, [3] Benzaldehyde and [4] 3-Chlorobenzaldehyde (inter-
nal standard) in [1] chloroform. Retention times in minutes are
shown.
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Fig. 2. Gas Chromatograms of chloroform extracts of [A] Voltaren, [B] Piroxicam and [C] Becozyme. Peak identification as in Fig. 1.

benzaldehyde extraction from the injection for-
mulations is the key to success of this assay.
Chloroform was selected as the extracting solvent,
because benzaldehyde is extracted to better than
95% completion with three portions of chloro-
form, without any observed co-extraction of
interfering components from the injection formu-
lations. The chromatograms shown in Fig. 2
clearly demonstrate the advantage of this solvent
and the disappearance of other component peaks
when compared with other solvents. The GC
conditions described gave complete elution with
baseline resolution of benzaldehyde, benzyl alco-
hol and internal standard within a run time of less
than 7 min.

Validation of this GC method was performed to
establish the repeatability, recovery and specificity
of the assay, and to determine the detector
linearity and limit of detection (LOD) of benzal-
dehyde.

3.1. Validation

3.1.1. Calibration graph linearity

The calibration graph for peak area ratio
against the concentration ratio of benzaldehyde
to internal standard was constructed using the
stated conditions. The ratios showed a linear
response for the range 0.5-100 pg/ml benzalde-
hyde at the constant concentration of 100 pg/ml
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for the internal standard. The correlation coeffi-
cient (r) of the calibration curve (peak area ratio
vs. concentration ratio) in this range was > 0.995.
The equation of this curve (y =mx+b) was then
used to calculate the unknown benzaldehyde
concentration in the studied injection formula-
tions. The values for m (intercept) and b (slope)
with the respective 95% confidence intervals were
(0.01504+0.0002) and (~0.002+0.009), respec-
tively, with the concentration scale in pg/ml.

3.1.2. Repeatabilitylreproducibility

The intra- and inter-day variability of the
retention times and amounts detected was per-
formed on standard solutions containing three
different concentrations of benzaldehyde with a
constant concentration (100 pg/ml) of internal
standard, as given in Table 1. The results show
excellent accuracy, repeatability and reproducibil-
ity for the assay performed on 1 day or over 5
consecutive days. An indication of the ruggedness
of the method comes from the fact that the R.S.D.
values for intra- and inter-day assays of benzalde-
hyde in the cited formulations performed in the
same laboratory by two analysts did not exceed
2.5%.

3.1.3. Analytical recovery

The reference samples of Na-diclofenac, pirox-
icam and B-complex injection formulations were
found to contain detectable amounts of benzalde-
hyde. Therefore, recovery assessment was per-
formed by analyzing reference samples that were
spiked with a known amount of benzaldehyde
(proportional to the amount of benzyl alcohol

Table 1

used in each formulation) and 100 pg/ml internal
standard. The total recovery of benzaldehyde from
these spiked injection formulations was > 95% in
each case as shown in Table 2.

3.1.4. Selectivity

The selectivity of the method was checked by
monitoring standard solutions of benzaldehyde in
the presence of formulation components of the
Na-diclofenac, piroxicam and B-complex injection
formulations separately. The ability of the system
to resolve benzaldehyde from potentially interfer-
ing components and internal standard was good.
The responses were not different from that
obtained in the calibration. Hence, the determina-
tion of benzaldehyde in these formulations is
considered to be free from interference due to
formulation components.

3.1.5. Sensitivity

The sensitivity of the method can be determined
through the limit of quantitation (LOQ), and
LOD. These limits for benzaldehyde were mea-
sured by injection of 1 pl of standard solutions
successively diluted. Thus the LOQ and LOD were
found to be 0.4 pg/ml (signal-to-noise ratio 10:1)
and 0.1 pg/ml (signal-to-noise ratio 3:1), respec-
tively.

3.1.6. Pharmaceutical application

The proposed method was extended to the
determination of benzaldehyde in several different
pharmaceutical injection dosage forms that use
benzyl alcohol as preservative. The analytical
results summarized in Table 3 indicate that the

Intra- and inter-day precision of GC determination of benzaldehyde standard solutions

Benzaldehyde standard (pg/ml) Retention time

Benzaldehyde concentration measured®

Intra- and inter-day® Intra-day Inter-day

Mean (min) +S.D.  Mean (pg/ml) R.S.D. (%) Mean (pg/ml) R.S.D. (%)
15 3.64 0.23 14.8 1.1 14.6 1.3
30 3.67 0.18 29.9 0.88 29.8 0.92
45 3.65 0.20 44.8 0.97 29.6 1.2

% Mean value for three different standards for each concentration. Inter-day reproducibility was determined from three different

runs of fresh prepared standard solutions over 5 consecutive days.
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Table 2

Determination of benzaldehyde in injection dosage forms containing added benzaldehyde

Injection formula-  Benzaldehyde found (ug/ Content added (ng/ Total benzaldehyde determined

Recovery R.S.D.

tion ml)* ml) (ng/ml)* (%) (%)
Voltaren® 11.5 29.0 39.6 97.8 1.4
Feldene® 2.7 18.2 20.5 98.1 1.9
Becozyme® 11.2 10.4 20.6 95.2 2.0

& Average of three determinations.

method does not suffer any interference from
common components used in these injections,
such as the active compounds, benzyl alcohol,
Na-metabisulfite, propylene glycol, nicotinamide,
or buffer components. In particular, the presence
of Na-metabisulfite in Na-diclofenac injections
presents a real possibility of affecting the concen-
tration of benzaldehyde determined because of the
classical addition of the nucleophile to the car-
bonyl system producing a sulfonic compound that
is either chloroform-insoluble or not detectable by
GC [11].

Some injection formulations, especially the gen-
eric brands of Na-diclofenac injection, were found
to contain very high levels of the neurotoxic
benzaldehyde (ca. proportional to the amount of
benzyl alcohol used in the formulations). These
were some examples of the formulations associated

with the occurrence of paraplegia and other
adverse neurotoxic side effects.

4. Conclusion

The GLC method proposed for selective quan-
titation of neurotoxic benzaldehyde is suitable for
application to the quality control analysis of
benzyl alcohol containing injection formulations
such as Na-diclofenac, Piroxicam and Vitamin B-
complex. The extraction procedure is straightfor-
ward and a moderate analysis time is achieved at
the concentration levels involved (1.0-100 pg/ml)
without the need for solvent evaporation. The
method validation demonstrated good precision,
specificity and accuracy with acceptable recovery
and chromatographic resolution. The level of

Table 3
Determination of benzaldehyde in commercial injection formulations using the GC procedure
Drug product (manufacturer Benzyl alcohol label claim (mg per injec-  Amount of benzaldehyde found® R.S.D. (%)
code) tion)

ug per injection As % of benzyl alcohol
Voltaren (F) 120 34.5 0.029 1.2
Na-diclofenac (A) 120 334.8 0.279 0.8
Na-diclofenac (B) 120 225.3 0.188 0.9
Na-diclofenac (C) 141 451.5 0.320 0.5
Feldene (G) 20 2.7 0.014 1.6
Piroxicam (D) 20 16.9 0.085 1.0
Piroxicam (E) 20 19.2 0.096 0.8
Becozyme (H) 20 224 0.112 1.8
B-Complex (C) 20 36.8 0.184 0.7
B-Complex (E) 18 33.0 0.183 0.9

@ Average of three determinations.
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precision is suitable for the routine control analysis
of benzaldehyde in pharmaceutical injection for-
mulations. The LOQ, defined as the lowest con-
centration in the calibration curve that could be
determined with acceptable precision and accu-
racy, was 0.4 pg/ml. Thus the sensitivity of the
proposed method is more than sufficient for
benzaldehyde assay in injection formulations that
use benzyl alcohol as preservative.

Only the reference formulations contained an
amount of benzaldehyde that was less than the
maximum permitted by the British and European
Pharmacopoeias, i.e. 0.05% of the benzyl alcohol
content. All of the generic formulations exceeded
the benzaldehyde limit by significant amounts,
particularly the diclofenac formulations. Indeed,
the nature of the findings reported here serves to
illustrate the need for stringent quality control of
the materials used in preparation of these injection
formulations. In particular, the following steps
have been recommended [11,12]. Either, the re-
placement of benzyl alcohol by another preserva-
tive or co-solvent has been suggested by the US
FDA, or a decrease in the benzyl alcohol concen-
tration together with the use of especially pure
benzyl alcohol for injection. Most importantly for
the latter option must be the avoidance of heat
sterilization and exposure to light.
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