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Summary

An inverse supercritical fluid extraction (SFE) procedure has been developed for the efficient
isolation of six of the most common xanthene dyes (fluorescein; 4, 5'-dibromoflucrescein;
2'.4",5' 7 tetrabromofluorescein;  27,4',5’,7 '-tetrabromo- 4, 5,6, 7-tetrachloroflucrescein;
4,5 - diicdoflucrescein and 2',4",5,7"-tetraiodofluorescein) from lipstick matrices. A rapid
high-performance liquid chromatographic methed is also presented for the separation of
the six dyes on a cyanopropyl-bonded silica column eluted with acefonitrile-methanol-acet-
ate buffer. Extraction of the lipstick with supercritical CO, at 350 atm and 40 °C for 10 min
exc|usive|y removed the matrix components, whereas the xanthene colorants remained in
the extraction vessel. After treatment with COo, the target analytes were quantitatively re-
covered (> 96.8%) by dispersion of the sample in ethanol under sonication. The inverse SFE
method was compared with conventional liquid-liquid extraction on commercial lipstick
products. The two methods produced comparable recoveries. However, inverse SFE was
superior in terms of precision and speed of analysis and gave cleaner extracts.

Introduction centrations are also specified [3].

Xanthene dyes are extensively employed

In recent years increasing attention has
been focused on the widespread use of
synthetic dyes, especially in food and cos-
metics, because of their potential toxicity
[1, 2]. The European Economic Commu-
nity (EEC) Directive on cosmetics [3] in-
cludes a list of the authorized coloring
agents with the permitted application
areas. For some of the colorants, purity
requirements and maximum allowed con-
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as colorants in lipstick preparations [4]
and hence they are likely to come in con-
tact with the mouth. Consequently, the
quality control assay of these coloring ad-
ditives in the finished products is particu-
larly important. Different chromato-
graphic methods have been described for
the analysis of the xanthene dyes such as
thin-layer chromatography [5], capillary
electrophoresis [6] and high-performance
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liquid chromatography (HPLC) [4, 7-12].
The latter technique employing the ion-
pair separation mode represents the meth-
od of choice [7-11]. Because of the com-
plex lipstick matrix [4, 9, 11], the HPLC
determination of the xanthene dyes re-
quires cumbersome sample pretreatments
including heating, sequential liquid-liquid
extractions, solvent evaporation and so-
lid-phase extraction [4, 8, 9, 11]. These
procedures are time-consuming, labour-
intensive and use large volumes of toxic
solvents.

Supercritical fluid extraction (SFE) ex-
hibits several desirable properties for the
isolation of target analytes from complex
matrices [13]. Since supercritical fluids
combine liquid-like solvating capabilities
with almost gas-like transport properties,
enhanced mass-transfer and faster extrac-
tions are achieved [13-15].Another at-
tractive property is that the dissolving
power of a supercritical fluid can be tuned
by simply changing the applied pressure
and/or temperature [13]. Carbon dioxide,
the most commonly used supercritical
fluid, has the additional advantages of
being non-flammable, fairly non-toxic
and chemically inert. The main limitation
of this technique is that supercritical CO,
does not possess the solvent strength ne-
cessary to efficiently extract polar com-
pounds. In order to enhance the solvating
power of CO,, the addition of modifiers
has been described [13, 16]. An alternative
approach has been recently reported [17,
18] based on the removal by SFE of the li-
pophilic matrix from the COj-insoluble
analyte. This process has been referred to
as “inverse SFE”[17, 18].
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This study describes the systematic de-
velopment of an inverse SFE procedure
for the isolation of the six most common
[4, 9, 11] xanthene dyes (fluorescein; 4',5-
dibromofluorescein; 2’,4’,5’,7'-tetrabro-
mofluorescein; 2’4’5’7 -tetrabromo-4,5,6,7-
tetrachlorofluorescein; 4’,5’-diiodofluorescein
and 2’4’5’7 -tetraiodofluorescein) from lip-
stick preparations. An improved HPLC
method for the separation and quantita-
tion of the six colorants is also reported.
The proposed procedure is applicable to
the assay of commercial lipstick products.

Experimental
Reagents

The xanthene dyes, referred to by their
Colour Index (CI) numbers [19] were pur-
chased from Aldrich Chimica (Milan, Ita-
ly).The following colorants were used in
this study (see Figure 1): fluorescein (CI
45350); 4',5'-dibromofluorescein (CI 45370);
2' 4’5" 7"tetrabromofluorescein (CI 45380);
2'.4',5",7 -tetrabromo-4,5,6,7-tetrachlor-
ofluorescein (CI145410); 4',5'-diiodofluor-
escein (CI 45425); 2',4’,5',7'-tetraiodo-
fluorescein (CI 45430). The azo dye Pig-
ment Red 57 (CI 15850) was a gift from
Micys Company (Casatenovo, Lecco,
Ttaly). All other chemicals were of analyti-
cal grade (Sigma, St. Louis, MO, USA).
Instrument-grade liquid carbon dioxide
supplied in cylinders with a dip tube was
from Sapio (Monza, Italy). Hydromatrix
(diatomaceous earths) was provided by
Applied Separations (Allentown, PA,
USA). Methanol, acetonitrile of HPLC-
grade were obtained from Merck (Darm-
stadt, Germany).Commercial lipstick
samples were from different suppliers.

High-Performance Liquid
Chromatography

The HPLC apparatus comprised a Model
LabFlow 3000 pump (LabService Analy-
tica, Bologna, Italy), a Model 7125 injec-
tion valve with a 5 uLL sample loop (Rheo-
dyne, Cotati, Ca, USA) and a Model 975-
UV variable wavelength UV-vis detector
(Jasco, Tokyo, Japan). The column eluent
was monitored at 495nm for CI 45350
and at 525 nm for the other xanthene deri-
vatives using the wavelength time-pro-
gramming capability of the detector. Data
acquisition and processing were accom-
plished with a personal computer using
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Borwin software (JBMS Developpements,
Le Fontanil, France). Sample injections
were effected with a Model 80365 syringe
(Hamilton, Bonaduz, Switzerland). Se-
parations were performed on a 5 pm Zor-
bax SB-CN column (250 x 4.6mm i.d,;
Stepbio, Bologna, Italy) fitted with a
guard column (5pm particles, 4 x 2mm
i.d.; Phenomenex, Torrance, CA, USA)
and eluted isocratically with aqueous so-
dium acetate (0.02M, pH 4.5)-acetoni-
trile-methanol (55:35:10, v/v).The mobile
phase was filtered through 0.2 pm nylon
filters (Alltech Italia, Sedriano, Milan).
Chromatography was carried out at ambi-
ent temperature, at a flow-rate of 0.8 mL
min~! . Other columns used in this study
included a Hypersil BDS C;g (5 um parti-
cles, 150 x 4.6mm 1i.d.; Hypersil, Run-
corn, UK), a Hypersil BDS Phenyl (5 um
particles, 150 x 4.6 mm i.d.; Hypersil)
and a Luna Cig (5um particles, 150 x
4.6mm i.d.; Phenomenex). The identity
of the separated peaks was assigned by co-
chromatography with the authentic stan-
dards. Quantification was carried out by
integration of the peak areas using an ex-
ternal standard method.

Sample Preparation

Supercritical fluid extractions were per-
formed with a Spe-ed SFE system (Model
7010/680 atm;  Applied  Separations)
which consists of an air-driven pump to
deliver the CO, to the extraction cell
(5mL stainless steel vessel with 2 pm frits
at either ends) housed within a tempera-
ture-controlled oven. The CO, pump head
was cooled by means of circulating water
at 4 °C (Dese Lab, Padua, Italy). The out-
let of the extraction cell was connected to
a thermally-controlled variable restrictor
which maintains supercritical pressure
conditions in the system. The lipstick pro-
duct (ca. 0.2 g) was accurately weighed
and cut into small pieces. The sample was
mixed with Hydromatrix and loaded into
the extraction cell. A plug of polypropy-
lene wool was inserted into the cell at both
ends. Extractions were carried out in the
dynamic (continual flow) mode for 10 min
at 40°C and at a pressure of 350 atm.The
restrictor was maintained at 80 °C and the
measured flow rate for the supercritical
fluid was 2.5 Lmin—! of expanded gas. As
the CO; evaporated at the restrictor outlet
due to decompression, the CO,-extracta-
ble material was collected in an empty
glass vial fitted with a septum and a needle
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Compound R; R, Ry Ry Rs R¢ Ry Ry
CI45350 H H H H H H H H
CI45370 Br Br H H H H H H
CI45380 Br Br Br H H H H Br
C145410 Br Br Br Ct C1 C1 Cl Br
Ci45425 1 1 H H H H H H

CI45430 1 1 [ H H H H I

Figure 1. Chemical structures of the investi-
gated xanthene dyes.

vent. Following CO, treatment, the sam-
ple was transferred from the extraction
vessel into a flask and dispersed in ethanol
(25 mL) under sonication (5min). The so-
nication was repeated with fresh solvent
and the combined ethanol fractions were
adjusted to a known volume (50mL). A
portion of the resulting suspension was fil-
tered (0.2 pm nylon filters; Alltech Italia)
and analysed by HPLC.

Assay Validation

A lipstick test sample was prepared in the
laboratory by adding each xanthene dye
at a level of 0.1% (w/w) to the formulation
components (petrolatum, candelilla wax,
beeswax, carnauba wax, stearyl alcohol,
tocopheryl acetate, octyl palmitate, buty-
lated hydroxyanisole). The percentage re-
coveries were calculated by comparing the
peak areas of the xanthene derivatives ex-
tracted from the test sample by inverse
SFE with those obtained by direct injec-
tion of equivalent concentrations of the
analytes dissolved in ethanol.

Calibration curves of peak area versus
concentration were generated with place-
bo extracts spiked with known amounts
of the examined xanthene dyes in the con-
centration range 0.4—100 ugmL 1.

The chromatographic precision was
evaluated by repeated analyses (n=5) of
the same sample solution from a lip-
stick.The method precision was calculated
by inverse SFE pretreatment and HPLC
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Figure 2. HPLC separation of a standard mixture of xanthene dyes. Chromatographic conditions as
described in Experimental. Detection, 0 min, 525 nm; 9.3 min, 495 nm. Peaks: 1= CI 45410,2 = CI
45380, 3 = CI1 45430,4 = C145370, 5 = C145425, 6 = CI 45350.

assay of independent samples (n = 5) from
the same lipstick product.

Results and Discussion
Chromatography

The first objective of this study was to de-
velop an isocratic HPLC method for the
rapid and efficient separation of the six
major xanthene dyes used in cosmetics [4,
9, 11]. Several HPLC columns and solvent
systems were tested in order to optimize
the resolution of these coloring agents.
Preliminary experiments were carried out
on a Cyg column (Hypersil BDS Cy5 ) with
40% acetonitrile in phosphate buffer (pH
3.0) as the eluent. Under these conditions,
co-elution of CI 45370 and CI 45380 was
observed, which is a major drawback
since these two coloring additives are fre-
quently used concurrently in cosmetics
[9]. In addition, rapid decomposition of
CI 45350, CI 45370 and CI 45425 oc-
curred during elution, which was traced to
the low pH of the aqueous portion of the
mobile phase. Given the instability of
xanthene derivatives in acidic media [7], it
is surprising that HPLC analyses of these
colorants using acetonitrile-water buf-
fered at pH 3 have been described in the
literature [4, 8]. Good stability for the
xanthene dyes is attained by raising the
phosphate buffer pH from 3.0 to 6.8.
However, under these conditions, the
compounds eluted as little retained and
unresolved peaks. Replacing sodium
phosphate (pH 3) by sodium acetate (pH
4.5) as buffering ion in the mobile phase
minimized the on-column degradation of
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CI145350, CI 45370 and CI 45425, but did
not afford satisfactory separation for the
two pairs of compounds, CI 45370/CI
45380 and CI 45350/CI 45410. Using
methanol instead of acetonitrile as the or-
ganic modifier in combination with the
acetate eluent, produced lower column ef-
ficiency and failed to resolve the triplet CI
45370, CI 45380 and CI 45425. A Cqg
packing from a different manufacturer
(Luna C;g ) and a phenyl column (Hyper-
sil BDS Phenyl) were also tested in con-
junction with the acetonitrile-acetate buf-
fer mobile phase. However, overlapping
of several component peaks (CI 45370/CI
45380 and CI 45425/CI 45430) was ob-
served. Interestingly, the chromatography
of the xanthene colorants on a cyanopro-
pyl packing showed a marked improve-
ment in selectivity. Complete separation
of the six dyes was attained with this sta-
tionary phase, under the elution condi-
tions optimized for the C;g sorbent. More-
over, it was found that the addition of a
third component to the mobile phase
(acetonitrile-methanol-acetate buffer) pro-
duced more efficient resolution of the
foregoing compounds with a shorter ana-
lysis time (Figure 2). The use of a cyano-
propyl column for the chromatographic
analysis of xanthene colorants has not
been reported before. The separation pre-
sented in Figure 2 is at least twice as fast
as those typically obtained by the HPLC
procedures reported in the literature [4,
7-12]. In addition, no deterioration of the
quality of resolution was noticed over
more than 3 months of continuous use.
Hence, the proposed chromatographic
system overcomes the inherent disadvan-
tages of the currently used ion-pairing
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methods [7, 9-11] namely, rapid dete-
rioration of column performance and
slow mobile phase equilibration [9, 20].

SFE

Because of the complex matrix, the HPLC
assay of xanthene dyes in lipsticks re-
quires a preliminary sample clean-up to
remove miscellaneous lipidic material
which interferes with the subsequent chro-
matographic analysis [4, 9, 11]. In the pre-
sent work, the potential use of SFE for the
isolation of xanthene dyes from the lip-
stick lipophilic base was examined. As a
first step, the recovery of CI 45350, CI
45370, CI 45380, CI 45410, CI 45425 and
CI 45430 added to a relatively inert matrix
(filter paper) was evaluated to acquire in-
formation on analyte solubilities in the
supercritical fluid. Preliminary experi-
ments were performed for 15min with
CO; at 40°C and at pressures ranging
from 200 to 400 atm. No detectable levels
of the dyes were recovered from the filter
paper by the supercritical fluid even at the
highest value of pressure and hence sol-
vating power. This is in accordance with
the results described in a previous publica-
tion [12] which demonstrated that pure
CO, failed to extract CI 45350 and CI
45410 from sand or Na,SO,. In order to
increase the solubility and extractability
of the xanthene derivatives in CO», the ad-
dition of polar modifiers (e. g., methanol,
butylamine) to the supercritical fluid has
been described [12].

In the present study a different strategy
was investigated, based on the use of
supercritical CO, to remove only the ma-
trix components leaving the analyte unex-
tracted (inverse SFE). This process re-
quires the compound of interest to be in-
soluble in the supercritical fluid [17, 18]
and, in fact, this is the case for the polar
xanthene colorants, as demonstrated by
the data reported above. In addition, for
the successful application of inverse SFE
the sample matrix must be readily extrac-
table by the supercritical fluid [17, 18].
This criterion is fulfilled by lipstick pre-
parations which are predominantly mix-
tures of waxes and oils [21], with typically
high solubilities in supercritical CO; [22].
In order to determine the optimum condi-
tions for the removal of this lipidic materi-
al, a lipstick sample spiked with the six
xanthene dyes at 0.1%, w/w was smeared
on filter-paper and subjected to 15 min ex-
tractions at 40 °C, varying the CO, pres-
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Table I. Conditions for sample processing after
supercritical CO, extraction.

Table II. Levels of xanthene dyes extracted from lipsticks, using inverse SFE compared with con-

ventional liquid-liquid extraction [4, 8, 9].

Support Hydromatrix
Elution solvent ethanol
Solvent volume 25mL (x 2)
Sonication time Smin (x 2)
Sonication steps 2

sure over the range 200350 atm. Increas-
ing the pressure from 200 to 300 atm en-
hanced the matrix extraction yields (ex-
pressed as weight of extract divided by
weight of the starting sample) from 27.5%
to 70.2%. No significant improvement in
the extraction efficiency was observed at
higher pressure (350 atm). However, all
further experiments were performed at
350 atm since in just 10 min this produced
a percentage removal of the matrix com-
ponents (73.7%) comparable to that
achieved by operating for 15min at
300 atm. Another important step in the
development of the inverse-SFE method
is the recovery of the non-CO, extractable
components. Several parameters affecting
the transfer of the xanthene dyes from the
extraction vessel for analysis were exam-
ined (Table I). Initially, filter paper was
used as a support for the lipstick. After
treatment with CO, (350 atm for 10 min),
the sample-loaded filter paper was re-
moved from the vessel and subjected to
15 min sonication in methanol (two 25 mL
aliquots). Under these conditions, 76.1—
87.1% of the spiked colorants were recov-
ered. An increase in the extraction effi-
ciency to 85.6-88.3% was obtained by
mixing the lipstick sample with Hydroma-
trix instead of smearing it on filter paper,
and consequently a Hydromatrix support
was used for all subsequent experiments.
Next, procedures involving different 1i-
quid solvents (i.e., methanol, ethanol,
acetonitrile or acetone) and sonication
times (7, 10 and 15min) were explored.
The highest recovery values (96.8—
101.0%) for the spiked xanthene dyes were
produced by two sequential 5 min sonica-
tions in ethanol of the remaining material
after SFE extraction. Comparable results
were achieved using methanol instead of
ethanol. However, the latter solvent was
preferred because of its lower toxicity.
The final conditions arrived at for the
post-CO, extraction work-up are sum-
marized in Table I.

Applying the optimized inverse-SFE
procedure to the assay of the spiked lip-
stick sample, the six xanthene dyes were
determined with relative standard devia-
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Sample

Concentration® (%o w/w)

CI 45370

CI 45380 CI 45410 CI 45430

Lipstick 1
Liquid-liquid extraction
Inverse SFE

Lipstick 2
Liquid-liquid extraction
Inverse SFE

Lipstick 3
Liquid-liquid extraction
Inverse SFE

Lipstick 4
Liquid-liquid extraction
Inverse SFE

Lipstick 5
Liquid-liquid extraction

Inverse SFE 0.096 (4.3)

0.095(11.8)

0.514(6.8)
0.520 (4.9)

0.209 (4.9)
0.217 (4.2)

0.079 (6.9)
0.077 (3.3)

0.012(12.4)
0.012(6.7)

0.066(6.1)
0.072(5.7)

# Each value is the mean (RSD) of at least 5 determinations.
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Figure 3. HPLC chromatograms of a lipstick product purified (A) by inverse SFE or (B) by the
method reported in the literature [4, 8, 9].Conditions and peak identification as in Figure 2, except
for detection wavelength, 260 nm; 7 = CI 15850, 8 = propyl p-hydroxybenzoate.

tion (RSD) values in the ranges 1.75—
2.29% and 4.80—6.75% for the chromato-
graphic and the method precision, respec-
tively. Calibration curves for each color-
ant were linear over the range 0.4-0.6 ug
mL~! and 80-100 ugmL~!, with correla-
tion coefficients greater than 0.997.
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Additional validation of the proposed
inverse SFE method was performed by
quantitative comparison, on the same lip-
stick preparation, with a previously re-
ported liquid-liquid extraction procedure
based on dispersion of the product in
phosphoric acid-dimethylformamide fol-
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lowed by heating, filtration, sequential ex-
tractions with hexane and dichloro-
methane and concentration [4, 8, 9]. Five
different commercial products were as-
sayed and the xanthene dye levels mea-
sured by HPLC are presented in Table II.
The obtained results demonstrated that
inverse SFE produced recoveries compar-
able to those attained by conventional li-
quid-liquid extraction but achieved im-
proved precision (see Table IT). Represen-
tative HPLC traces, recorded at 260 nm
[7], of a lipstick product processed by the
inverse SFE method described here and
by the liquid-liquid extraction procedure
reported in the literature [4, 8, 9] are
shown in Figures 3A and 3B. The chroma-
tograms clearly indicate that the inverse
SFE technique (Figure 3A) afforded a
more effective purification of the lipstick
matrix compared to conventional sample
clean-up (Figure 3B), as illustrated by the
major reduction of peaks from co-ex-
tracted formulation ingredients (e. g., pro-
pyl p-hydroxybenzoate, CI 15850). More-
over, sample preparation by inverse SFE
is more rapid (taking less than 25 min to
perform) and labour-saving than the pub-
lished techniques [4, 8, 9, 11]. Although
the isolation of the xanthene dyes from
the Hydromatrix-dispersed sample after
supercritical CO, extraction requires the
use of ethanol, this organic solvent is less
toxic than those (dimethylformamide,
hexane, dichloromethane, chloroform,
acetonitrile, tetrahydrofuran) currently
employed in the purification schemes re-
ported in the literature [4, 8,9, 11].
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Conclusions

A rapid procedure has been developed for
the isolation of the xanthene colorants
from lipstick matrices using inverse SFE
followed by HPLC assay on a cyano col-
umn. This analysis scheme exhibits several
advantages over the previously reported
methods [4, 8, 9, 11] including milder ex-
traction conditions, reduction of the sam-
ple-handling steps and of the use of hazar-
dous solvents. In addition, the isocratic
feature of the chromatographic system en-
hances the simplicity and reproducibility
of the method and makes it preferable to
the currently adopted gradient elution
techniques [4, 8—12]. Because of the fea-
tures outlined above, the proposed proce-
dure is suitable for routine quality control
analyses of xanthene dyes in lipsticks.
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