
Abstract A reverse-phase high-performance liquid chro-
matographic (HPLC) method to determine hydrocortisone
acetate, hydrocortisone hemisuccinate and lidocaine is
described in this paper. The separation was made in a
LichrCART C18 column using a methanol-NaH2PO4/
Na2HPO4 (0.1 mol L-1) (pH=4.5) buffer solution as a
mobile phase in isocratic mode (60:40 (v/v)). The mobile
phase flow rate and the sample volume injected were 
1 mL min-1 and 20 µL, respectively. The detection was made
with a diode-array detector measuring at the maximum for
each compound. Quantification limits ranging from 0.18 to
0.84 µg L-1 were obtained when the peak area was measured.
The method was applied in pharmaceutical formulations
that were compared with those obtained by through multi-
variate regression spectrophotometry and micellar capillary
electrophoresis (MEKC). HPLC results are in accordance
with the results obtained by MEKC. The spectrophoto-
metric method was suitable only for synthetic samples.
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Introduction

Corticosteroids have been widely used as anti-inflamma-
tories in medicine. Nowadays, pharmaceutical products
contain corticosteroids in conjunction with antibacterials
and local anaesthetics since corticosteroids do not cure the
fundamental cause and all the effects of the disease by
themselves. LID is the most important local anaesthetic
due to the high and rapid activity against other local
anaesthetics, such us, procaine [1].

Illnesses related to the respiratory system, such as ton-
sillitis, pharyngitis and laryngitis are usually treated with

hydrocortisone acetate-lidocaine (HYDA-LID) or hydro-
cortisone hemisuccinate-lidocaine (HYDA-LID) combi-
nations.

Separation techniques provide analytical methods to
resolve such simultaneous combinations, with the purpose
of identifying and quantifying these compounds in mix-
tures. There is only an HPLC determination of LID and
cyclohexidine acetate in aerosols, where HYDA is used as
an internal standard [2], and a micellar capillary electropho-
resis (MEKC) method to determine HYDH-HYDA-LID
and other related compounds in pharmaceutical prepara-
tions [3].

Some papers make reference to the determination and
separation of hydrocortisone from other compounds and
corticosteroids by means of spectrophotometry [4, 5], by
reverse-phase chromatography in plasma and pharmaceu-
ticals with subsequent UV detection generally at 254 nm
[6, 7, 8, 9], and by MEKC in urine [10]. 

LID can be determined by derivative spectrophotome-
try associated with fluorometholone in commercial prod-
ucts [11], by reverse-phase HPLC with its metabolites and
other related compounds [12, 13] and by means of capil-
lary zone electrophoresis (CZE) with its metabolites in
plasma [14].

Thus, our group has been doing research, for a long
time, into the possibilities offered by univariate and mul-
tivariate regression spectrophotometry, HPLC and CE for
the determination of corticosteroids and their most impor-
tant associated compounds in pharmaceutical commer-
cials [15, 16]. As a result, regarding the routine analysis
of these drugs, this paper presents a new, accurate and
easy HPLC and multivariate method for the determination
of this mixture.

The structure of these compounds is given in Fig.1.

Experimental

Apparatus

A Shimadzu L.C. model LC-10ª with diode-array detector S.P.D.
M10A, provided with a double pump system, which allows work-
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ing in gradient mode, was used. The apparatus was also supplied
with a Rheodyne Model 7725 injector with a 20-µL sample loop,
and a Silicon 486/33 computer fitted with CLASS-LC 10 software,
which was used for all the measurements and treatment of the data.
The analytical column was a LichroCART RP-18e C18 (125 mm×
4.6 mm i.d., particle size 5 µm).

A Beckman Instruments DU-70 spectrophotometer, equipped
with a 1.0-cm cell and connected to an IBM-PS model 30 com-
puter, was provided with Beckman Data Leader Software (Fuller-
ton, CA) [17]. The Grams 386 Level 1, version 3.01, software
package, including the PLS plus version 2.1G application software
(Galactic Industries) [18] connected to a computer, were used for
statistical treatment of the data and for the application of PLS and
PCR methods.

Reagents

All the solvents and reagents were of analytical reagent grade un-
less indicated otherwise. Hydrocortisone acetate (HYDA), hydro-
cortisone hemisuccinate (HYDH) and lidocaine (LID) were sup-

plied by Sigma S.A. LID stock aqueous solution and a HYDA and
HYDH stock (1:1) methanol-water solution, with a concentration
of 200 mg L-1, were prepared. NaH2PO4/Na2HPO4 0.1 M pH=4.5
was used as a buffer solution. Na2HPO4, HCl and methanol (LC
grade) were supplied by Panreac (Barcelona, Spain).

The stability of HYDA, HYDH and LID was evaluated over a
period of 30 days by means of spectrophotometric measurements.
The spectra of all compounds were recorded at a concentration
level of 20 mg L-1 between 190 and 400 nm at a scan speed of
600 nm min-1. All three compounds were assumed to be stable un-
der operating conditions.

Chromatographic procedure

Optimisation of separation conditions

Preliminary investigations. An isocratic mode was used in the pre-
liminary investigations. A solution containing 16 mg L-1 of each
compound, which shall be called “Z”, was prepared by diluting the
stock solution of all three compounds. Methanol and acetonitrile
were studied as organic solvents in the mobile phase in order to
find a better selectivity and resolution, using phosphate or acetate
as a buffer (pH 4.5; 0.1 M) in the mobile phase.

Whereas HYDA retention time is long when the % organic sol-
vent is low, LID retention time is very short when the % organic
solvent is high, as can be shown in Fig.2. This situation is more
pronounced with acetonitrile, so methanol was chosen as an or-
ganic solvent in the composition of the mobile phase. The results
were similar when we used phosphate or acetate buffer, so the
phosphate buffer was chosen for the chromatographic procedure.
Whereas HYDA is not charged at pH 4.5, HYDH and LID are.
As a result of that, we needed isocratic mode phosphate buffer
(pH 4.5; 0.1 M)-methanol (40:60) to reduce the analysis times and
to obtain the best resolution between peaks.

Effect of pH. An important effect of pH in the range of 2.5 to 7.5
was remarked, especially for HYDH and LID. In Fig.3 we can see
the effect of the pH on the retention time in each compound. The
best resolution (Rs>1.5) with the shortest analysis time was ob-
tained at pH 4.5.
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Fig.1 Molecule structures of Hydrocortisone hemisucciate (HYDH),
Hydrocortisone acetate and Lidocaine (LID)

Fig.2 Effect of % of methanol on retention time in each com-
pound



Influence of the phosphate buffer concentration. The phosphate
buffer (pH 4.5) concentration was varied from 0.01 to 0.2 M and
the influence of the ionic strength of the mobile phase on the ca-
pacity ratio (k′) was studied using the experimental conditions
mentioned above and a flow rate of 1 mL min-1.

As ionic strength increased, the retention time of all three com-
pounds decreased. A 0.1 M NaH2PO4/Na2HPO4 buffer was consid-
ered suitable because, in all cases, it provided the chromatographic
resolution between peaks higher than 1.5 with the shortest analysis
time.

Figure 4 shows a chromatogram corresponding to a “Z” solu-
tion of all three compounds at 220 nm under the optimized condi-
tions. From this chromatogram, it can be ascertained that the chro-
matographic procedure selected is adequate for the separation of

the solutes in a short time of analysis, namely about 5 min and with
Rs>1.5.

Multivariate calibration

The term multivariate calibration refers to the process of construct-
ing a mathematical model that relates a property such as content or
identity to the absorbances of a set of known reference samples at
more than one wavelength. The application of quantitative chemo-
metric methods, particularly principal component regression (PCR)
and partial least squares (PLS) to the multivariate method needs a
calibration step where the relationship between the spectra and the
component concentration is deduced from a set of reference sam-
ples, followed by a prediction step in which the results of the cali-
bration are used to determine the component concentration from the
sample UV-VIS spectrum. The basic concept of PLS regression was
originally developed by H. Wold [19, 20] and the use of the PLS
method for chemical applications was also pioneered by H. Wold
and his co-workers [21]. Multivariate calibration methods, in com-
bination with several techniques, have been widely applied in ana-
lytical procedures in recent years. Optical [22, 23] and electrochem-
ical [24] signals have been analysed following these approaches.

Experimental design of the calibration matrix and selection 
of the spectral zone for the analysis

A training set of 25 standard binary mixture samples, selected on
the basis of an arbitrary design, were taken as calibration matrixes
(0.0-36.0 mg L-1 of HYDA, HYDH and LID). Their absorption
spectra were recorded between 190 and 320 nm with a scan rate of
600 nm min-1 against a reagent blank (the same as that of the sam-
ples without the compounds to be determined). The spectral region
between 230-316 nm was selected as suitable for the analysis,
which implies the use of 173 experimental points for each spec-
trum. The selection of spectral information was made according to
the spectra of the pharmaceutical products. The range of the spec-
trum between 190-230 nm was rejected due to differences between
the artificial mixture spectra and the pharmaceutical spectra prod-
ucts at the same concentration. These differences could be due to
other components of the pharmaceuticals and excipients such as
methylparaben, propylene glycol, dimethylpolysiloxane, pine-cone
essence, olive oil, and so on. The effect of some components was
reduced by using a reagent blank with some of them whose exact
amount was known.

Figure 5 summarized the composition of the standard mixtures
used in the calibration matrixes.
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Fig.3 Effect of pH on retention time in each compound

Fig.4 Chromatogram of sample “Z” under optimized conditions
at 220 nm (methanol-NaH2PO4/Na2HPO4 buffer 0.1 M pH 4.5
(60:40))

Fig.5 Experimental design of the calibration matrix given graph-
ically



Selection of optimum number of factors

To select a number of factors in the PLS and PCR algorithms in or-
der to model the system without overfitting the concentration data,
a cross-validation method was used leaving out one sample at a
time. The process was repeated 25 times for each tested number of
factors until each calibration standard had been left out once
(n=25, number of calibration samples). The predicted concentra-
tion (X) of the compounds in each sample was compared with the
concentration already known (x), and the prediction error sum of
squares (PRESS) was calculated by each number of factors:

PRESS =
n∑

I=1

(xi − Xi )
2

This parameter is an efficiency measure for a calibration fit model.
The maximum number of factors used to calculate the optimum
PRESS was selected as 13 (half the number of standards plus one).
One reasonable choice for the optimum number of factors would
be the number that yielded the minimum PRESS. However, using
the number of factors (h*) that yields a minimum PRESS usually
leads to some overfitting. A better criterion for calculating the op-
timum number of factors involves the comparison of PRESS for
models with fewer than h* factors. The selected model is not sig-
nificantly greater than PRESS from the model with h* factors.
Haaland and Thomas [25] empirically determined that an F ratio
probability of 0.75 is an appropiate choice. The number whose 
F ratio probability drops below 0.75 was selected as optimum.

In our particular case, a number of 2 factors was obtained as
optimal for HYDA and LID components, respectively, by means
of the PLS-1 method. Also, the PLS-2 model was optimized by us-
ing the same set of standard samples and finding as optimum a
number of 2 factors for each model. The PCR model was opti-
mized by using the same set of standard samples and finding as op-
timum a number of 2 factors for each model.

The proposed PLS and PCR calibration models were evaluated
by means of internal validation (prediction of compounds concen-
tration in its own designed training set of calibration) obtaining, in
general terms, recoveries ranging from 95.2 to 102.9%.

Results and discussion

Chromatographic procedure

Limits of detection and quantification

Limits of detection and quantification (LOD and LOQ,
respectively) were estimated in accordance with the base-
line noise method. The base line noise was evaluated by
recording the detector response over a period of as much
as 10× the peak width. The LOD was obtained as the sam-
ple concentration that causes a peak three times as high as
the base line noise level [26], and the LOQ was calculated
as being ten times as high as the base-line noise level. Thus,
LODs and LOQs are shown in Table 1 for each compound.

Linearity range and calibration curves

The linearity of the assay was checked by injecting the
calibration solution of each drug in the range from 0.2 µg L-1

to 36 mg L-1. In all cases, the separation was carried out
by using the optimized chromatographic procedure. The
calibration curves were obtained for each component by
plotting the area, measured at the maximum absorption
wavelength, 245 nm for HYDH and HYDA and 220 nm
for LID, versus their concentrations.

A satisfactory linear relationship was obtained between
the concentration and the area for each component. In
Table 1, the slopes, intercepts, r2 and linearity ranges for
the calibration curves are presented. In all cases the inter-
cepts were estimated as negligible by using the Student’s
t-test (α=0.05).

Multivariate calibration studies

Three multivariate calibration methods were developed
by authors in order to check the chromatographic method
as well as confirming the chromatographic results in phar-
maceutical mixtures. PLS and PCR methods were evalu-
ated, and a comparative study of the prediction capabili-
ties of all three chemometric approaches in our particular
work was undertaken.

Statistical parameters of cross-validation method

Using the cross-validation method the following statisti-
cal parameters have been obtained:

(a) The values of root mean squares difference (RSMD),
which is an indication of the average error in the analy-
sis for each component.

(b) The square of correlation coefficients (R2), which is
an indication of the quality of the straight line that fits
the data.

(c) The predictive ability of each method and for each
component can also be described in terms of the rela-
tive error of prediction (REP) with regard to the aver-
age value (µ).

(d) The standard error of calibration (SEC/SEP).

Table 2 shows the results obtained for these parameters
following the implementation the three proposed chemo-
metric approaches. We can see that R2 values are in all
cases very close to 1, which is an indication of similarity
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Table 1 LOD, LOQ and sta-
tistical parameters of calibra-
tion graph for each compound

Linear regression calibration
curves.
aAU, Area unit.

HYDH HYDA LID

LOD (µg L–1) 0.21 0.25 0.05
LOQ (µg L–1) 0.79 0.84 0.18
Intercepts (AUa) –3217±2970 –3012±2890 55,059±10,566
Slope(AU×L× mg–1) 48,597±165 43,682±251 40,390±570
r2 0.9999 0.9999 0.9986
Linear range (mg L–1) 0.8×10–3–34.0 0.8×10–3–34.2 0.2×10–3–35.1



between predicted and known values. On the other hand,
this table shows how the obtained values of the statistical
parameters are the same for all the three multivariate cali-
bration methods.

Precision

Repeatability was assessed under the previously selected
conditions by means of ten replicates of a solution contain-
ing 16 mg L-1 of HYDA, HYDH and LID. Reproducibil-
ity was evaluated over 2 days by performing ten replicates
each day.

The results showed that the repeatability for every com-
ponent and method in each day is satisfactory (RSD<2.3).
In terms of reproducibility, the comparison of averages
with the Snedecor test did not provide any significant dif-
ference between both days’ series, for α=0.05 (n=12) [27,
28].

Applications

The present methods were tested to determine the men-
tioned compounds in pharmaceutical preparations. The
pharmaceutical industry has different commercial formu-
lations containing these compounds at present:

• Anginovag. This is an aerosol with Hydrocortisone
acetate and Lidocaine HCl from the enterprise LAB.
NOVAG.

Once the pharmaceutical mixture was homogenized, 4 mL
were placed in 25-mL calibrated flasks, adding methanol

(30%) and deionised water to the mark for HPLC analysis
and 5 ml of phosphate buffer 0.1 M, methanol (30%) and
water to the mark for multivariate methods.

• Hepro. This is an ointment with HYDH and LID from
the enterprise Casen-Fleet S.A.

An amount (11.7 g) of the ointment was weighed accu-
rately inside an extraction glass. A sequential extraction
was made to extract all the compounds with a total vol-
ume of 100 mL. Volumes of 20 mL were shaken and then
subjected to an ultrasonic bath for 15 min, to complete
100 ml. This total volume of the extraction was filtered
and 0.15 mL were placed in a 25 mL calibrated flask,
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Table 2 Statistical parameters of cross-validation process for PLS-1,
PLS-2 and PCR

Compound Factor PRESS RMSD R2 REP(%)

PLS-1
HYDA 2 0.493 0.1405 0.9998 0.7021
LID 2 0.859 0.1854 0.9998 0.9266

PLS-2
HYDA 2 1.351 0.1404 0.9998 0.7023
LID 1.102 0.1852 0.9998 0.9267

PCR
HYDA 2 1.352 0.1404 0.9998 0.7022
LID 1.105 0.1852 0.9998 0.9267

PLS-1
HYDH 2 0.490 0.1415 0.9998 0.7022
LID 2 0.862 0.1859 0.9998 0.9266

PLS-2
HYDH 2 1.350 0.1411 0.9998 0.7023
LID 1.102 0.1850 0.9998 0.9268

PCR
HYDH 2 1.351 0.1410 0.9998 0.7022
LID 1.105 0.1850 0.9998 0.9267

Fig.6 Chromatogram of a sample of Anginovag under optimized
conditions at 220 nm

Fig.7 Chromatogram of a sample of Hepro under optimized con-
ditions at 220 nm



adding also methanol (the final solution contained 30%
methanol) and deionised water to the mark for HPLC
analysis, and 5 ml of phosphate buffer 0.1 M, methanol
(30%) and water to the mark for multivariate methods.

In the analysis of the commercials by through HPLC,
the experiment was achieved by comparing with standard
solutions containing the same concentrations as expected
for commercials, according to their claimed levels. The
standard solution was prepared from the stock solutions
after convenient dilution. In Figs. 6 and 7 are shown the
chromatograms of a sample of Anginovag and Hepro.

In the analysis of the commercials by multivariate cali-
bration, the spectra of the commercial samples thus pre-
pared were recorded against a reagent blank (the same as
that of the samples without the compounds to be deter-
mined and with some of the excipients indicated to the en-
terprise), with a scan speed of 600 nm min-1 ranging from
316 to 230 nm. The contents of HYDH, HYDa and LID
were calculated by analysing the recorded spectra with the
PLS-1, PLS-2 and PCR chemometric approaches. The
predicted concentrations expressed as mass/volume ratio
(mg L-1 in the commercial product) are summarized in
Table 3, where the contents supplied by the manufacturer
are also shown. The best results by multivariate methods
were for PLS-1.

The determination of HYDA, HYDH and LID in the
pharmaceutical product was also verified by micellar
electrokinetic capillary chromatography (MEKC) using a
diode-array detector with measurements at 245 and 202 nm
(the wavelength where the absorbance was maximal for
each compound) [3]. The separation was carried out at
25°C and 25 kV, using a 15 mM phosphate-15 mM borate
buffer (pH=8.2), 60 mM sodium dodecylsulfate (SDS)
and 10% methanol-water (v/v) as background electrolyte.
Under these conditions the analysis took about 20 min.

Table 3 displays an acceptable agreement between the
results obtained by HPLC and MEKC and these values
are also close to the ones provided by the manufacturer.
The results obtained by multivariate calibration show a
relative error below 10%. The excipients interfere in the
correct determination of these compounds in the pharma-
ceutical preparations.

Conclusions

The newly-presented HPLC method to determine HYDA,
HYDH and LID proved to be easy to apply in pharmaceu-

ticals because there are no previous sample treatments,
apart from the dissolution of the commercials in water and
methanol. This method provides equal sensitivity, accu-
rate and exact than the multivariate calibration one for this
mixture. In this way, by means of the multivariate calibra-
tion method, the measurement is performed at the specific
wavelength previously selected. However, the presence of
different excipients in the formulations, might cause inter-
ferences on the measurement signal. The multivariate cal-
ibration was suitable only for synthetic samples.

So, it can be concluded that the HPLC method is con-
venient for the determination of the studied compounds
with appropriate exactness in the quality control of these
kinds of pharmaceutical formulations. These results are
confirmed by a MEKC method.
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