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Abstract

Vitamin A is widely employed in pharmaceuticals and cosmetics. The all-trans (AT) isomer (100% of biological potency) is
sensible to different factors, such as light, heat and formulation components, leading to its degradation or isomerization. The
main objective of this work was to study, in model cosmetic lipophilic vehicles, the degradation of retinyl palmitate (RetP) to
the less active cis-isomers in presence of widely used conservative agents (propyl gallate and Vitamin E). Two lipophilic phases
were used (liquid paraffin and almond oil) because liquid paraffin, almost composed of satured hydrocarbons, is not degraded
by light exposure, while almond oil, containing several double bonds, could interfere with light-induced degradative process of
RetP. In the first phase, the more suitable analytical method was chosen between normal and reverse phase HPLC to follow the
degradation of RetP. In the second phase, RetP light-induced degradation was studied to simulate storage condition effect on
cosmetic products ageing. The results showed that: (a) the reverse phase HPLC technique, unable to separate the all-trans from
the 13-cis and 9-cis isomers, derived by Vitamin A isomerization, leads to an incorrect quantitation of RetP; (b) the lipophilic
vehicle influences the isomerization–degradation process; (c) the conservative agents do not protect from degradation.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The sensitivity of Vitamin A compounds in foods,
pharmaceutical formulations and cosmetics to mois-
ture, oxygen, acids, metals and light has been re-
viewed in [1]. These agents affect chemical stability
of the isoprenic and�-ionic parts of vitamin molecule,
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leading to degradation and isomerization of all-trans
(AT) retinol. On the other hand, Vitamin A esters are
rapidly inactivated in aqueous solution during expo-
sure to daylight[2,3].

The great interest in evaluating the degradation–
isomerization kinetics[4–8]of Vitamin A and its esters
is due to the loss of potency occurring after degradative
processes.

The biopotency of the isomers 9-cis and 13-cis, the
principal products of isomerization of all-trans retinol,
are reported to be 24 and 75% of the all-trans value,
respectively[9,10].
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In the past, most studies on the degradation rate of
retinol and retinyl esters have been monitored by UV
absorbance modification at wavelengths at which also
degradative products absorb[11,12].

Although UV spectrophotometry is the official
method for RetP pharmaceutical formulations[13,14],
HPLC methods are actually used for better resolution
of retinol and retinyl esters from degradative com-
pounds (reverse phase HPLC) and to differentiate
among geometric isomers (normal phase HPLC) in
food and cosmetic analyses[15].

Nevertheless, more complex procedure related to
sample preparation for normal phase HPLC analyses
lead to a wide use of reverse phase HPLC to study
degradation of Vitamin A and its derivatives in phar-
maceutical, biological and cosmetic field[16–24].

The main objective of this work was to study the
degradation of retinyl palmitate (RetP,Fig. 1) to the
less active cis-isomers, in model cosmetic lipophilic
vehicles.

Two lipophilic phases were used: liquid paraffin and
almond oil, both widely used in the cosmetic field,
in presence of conservative agents (propyl gallate and
Vitamin E).

Liquid paraffin, almost composed of satured hydro-
carbons, is not degraded by light exposure, while al-
mond oil, containing several double bonds, could in-
terfere with light-induced degradative process of Vi-
tamin A palmitate.

In the first phase, to follow the degradation of RetP,
the more suitable analytical method was chosen (be-
tween normal and reverse phase HPLC). In the second
phase, RetP light-induced degradation was studied at
different Vitamin A ester content, to simulate storage
condition effect on cosmetic products ageing.

Irradiation experiments were performed using a
fluorescent lamp, as reported by several authors to

Fig. 1. Retinyl palmitate.

investigate the stability of Vitamin A in foods[25–29].
Since the light emitted by fluorescent sources contains
a small intensity of UV radiation (Technical Report
from OSRAM), a filament lamp, lacking in UV emis-
sions, was used to perform alternative experiments
on vitamin light-induced isomerization–degradation
process.

2. Materials and methods

2.1. Materials

Analytical quality retinyl palmitate (RetP), propyl
gallate and Vitamin E were Fluka Chemie AG prod-
ucts.

Pharmacopeia quality almond oil and liquid paraffin
were Agrar products.

n-Hexane, methanol and acetonitrile were all HPLC
grade as supplied by Riedel-deHaën GMBH.

For irradiation experiments a fluorescent lamp (Cir-
colux EL 32 W Osram) and a filament lamp (60 W
Osram) were used.

2.2. Sample preparation and irradiation
experiments

Samples at different RetP concentrations, accord-
ing to del Pozo and Alemany[30], were prepared
(Table 1). Samples prepared in hexane were used as
references, because this solvent is unable to assist the
free radical formation needed for the vitamin photoi-
somerization[26].

Samples at same RetP content were then prepared
in liquid paraffin and almond oil, respectively, in
presence and in absence of 0.1% w/v of conservative
agents (Table 1).



M. Scalzo et al. / Journal of Pharmaceutical and Biomedical Analysis 34 (2004) 921–931 923

Table 1
Sample compositions (mg/ml)

Sample RetP Hexane Liquid paraffin Almond oil Almond oil (peroxidation) Propyl gallate Vitamin E

1 6 *
2 4.5
3 3 *
4 1.5 *
1LP 6 *
2LP 4.5 *
3LP 3 *
4LP 1.5 *
1AO 6 *
2AO 4.5 *
3AO 3 *
4AO 1.5 *
1LPG 6 * *
2LPG 4.5 * *
3LPG 3 * *
4LPG 1.5 * *
1AOG 6 * *
2AOG 4.5 * *
3AOG 3 * *
4AOG 1.5 * *
1AOP 6 *
2AOP 4.5 *
3AOP 3 *
4AOP 1.5 *
1AOE 6 * *
2AOE 4.5 * *
3AOE 3 * *
4AOE 1.5 * *

Samples (50 ml volumetric flask) were exposed con-
tinuously, in a darkened room, to the light of a fluo-
rescent lamp; duplicate samples were exposed, in the
same conditions, to the light of a filament lamp. The
light intensity was set at 1200 lx for each sample (mea-
sured with Light Meter LX-103 by LUTRON) by ad-
justing the distance between the sample and the light
source.

2.3. HPLC determination of retinyl palmitate
content

The residual concentration of Vitamin A palmitate
in each sample was determined weekly by normal and
reverse phase HPLC. The normal phase analyses were
carried-out using normal silica phase[15,27–29,31],
and replied on silica gel derivatized with an amino-
propyl function, according to the 24 US Pharmacopeia.

The reverse phase HPLC was carried out on an
octyl-bonded silica[21,23].

The analytical methods were developed and then
validated, using the equipment, mobile phases, chro-
matographic conditions and protocols described be-
low.

2.3.1. Equipment
The HPLC system consisted of Model 600 sol-

vent delivery system, of a Photodiode Array Detector
991 (DAD) from Water Associates (Milford, MA) and
a model 7125 syringe loading sample injector from
Rheodyne (California, USA) equipped with a 50�l
loop.

2.3.2. Chromatographic conditions

• Normal phase
◦ stationary phase: 250 mm×4.6 mm LiChrosorbTM

Si 60 (5�m);
◦ temperature: ambient;
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◦ mobile phase:n-hexane/ethyl ether 99/1;
◦ isocratic flow: 1 ml/min;
◦ detector: 325 nm;
◦ volume injected: 50�l.

• Normal phase
◦ stationary phase: 250 mm× 4.6 mm LiChro-

sorbTM –NH2 (10�m);
◦ temperature: ambient;
◦ mobile phase:n-hexane;
◦ isocratic flow: 1 ml/min;
◦ detector: 325 nm;
◦ volume injected: 50�l.

• Reverse phase
◦ stationary phase: 250 mm× 4 mm LiChrosorbTM

RP 8 (7�m);
◦ temperature: ambient;
◦ mobile phase: acetonitrile;
◦ isocratic flow: 1 ml/min;
◦ detector: 325 nm;
◦ volume injected: 50�l.

2.3.3. Experimental protocol
Weekly, 1 ml of each vitamin sample was drawn

from the volumetric flask and opportunely diluted with
n-hexane (normal phase analysis) or methanol (re-
verse phase analysis) to obtain area values ranging

Fig. 2. Typical chromatograms of RetP samples, in hexane, analyzed by means of “–SiO2” normal phase HPLC (A) and “–C8”reverse
phase HPLC (B). (a) AT; (b) 13-cis; (c) 9-cis; Ua, unresolved peak.

from 0.5 to 0.1 AU min. Sample analyses were per-
formed in triplicate. Typical chromatograms are shown
in Fig. 2. In normal phase HPLC (A, –SiO2) three dif-
ferent peaks were obtained (retention time: all-trans=
11 min; 13-cis= 8 min; 9-cis= 9.2 min); in reverse
phase (B) the RetP unresolved peak was eluted at
7 min.

Before exposure to light, for samples analyzed by
normal phase HPLC, only two peaks were observed
and easily referred to all-trans (Fig. 3a, peak a) and
to 13-cis (Fig. 3a, peak b) isomers, according to liter-
ature data[29]. The 13-cis isomer (5–10%) is always
present in commercially available RetP. After expo-
sure to light, a decrease of peaks (a) and (b) and an
increase of peak (c) was observed (Fig. 3b). The UV
spectra (maximum 322 nm) and NMR spectra (Bruker
200 MHz) of collected fractions of peak (c), in agree-
ment with the data reported from Landers and Olson
[26], confirmed that peak (c) can be referred to the
9-cis isomer. The normal phase separation, carried-out
using a “–NH2” stationary phase, gave similar results
(Fig. 4). On the other hand, in reverse phase analy-
ses, we observed only one significative peak (Fig. 2B,
Ua), that was related to unresolved RetP isomers mix-
ture (AT, 9-cis, 13-cis). Analyzing, by means of re-
verse phase HPLC, the three different isomer fractions,



M. Scalzo et al. / Journal of Pharmaceutical and Biomedical Analysis 34 (2004) 921–931 925

Fig. 3. Typical chromatograms of RetP samples, in hexane, analyzed by means of “–SiO2” normal phase HPLC at time= 0 (a) and after
exposure to light (b).
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Fig. 4. Typical chromatograms of a RetP sample, in hexane, ana-
lyzed by means of “–NH2” normal phase HPLC.

Fig. 5. Comparison of vitaminic activity evaluated using the two different HPLC techniques, in function of time.

collected by normal phase HPLC, we obtain, for each
sample, similar retention time.

2.3.4. Validation of analytical method
In the validation of the analytical method the fol-

lowing points were determined: linearity and replica-
bility.

2.3.4.1. Linearity assay.The linearity of an analyti-
cal method is the ability to obtain linear results propor-
tionally to the concentration of analyte in the sample,
in a determined time. Seven hexane solutions of Vita-
min A palmitate ranging from 0.1115 to 1.115 mg/ml
were prepared and analyzed, in triplicate, by means of
the three different analytical method. The least-squares
fitting technique applied on the peak area values gave
satisfactory results.

2.3.4.2. Replicability assay.The replicability is de-
fined as the measure of accuracy of a method applied
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to the same sample under the same conditions and af-
ter a short period of time.

The replicability of the analytical methods was
determined from the values obtained in the lin-
earity assay. It was calculated using the following
equation:

R (%) = S.D.

C
× 100 (1)

where S.D. is the standard deviation of the sample
at each concentration andC the mean experimental
concentration. In the analyses of collected samples
a variation coefficient lower than 3% is considered
acceptable.

2.3.5. Statistical treatment
Statistical analyses were used to compare the influ-

ence of experimental parameters on kinetics and rates
of RetP degradation processes. Thet-difference test,

Fig. 6. Influence of initial RetP content on vitamin degradation rate, expressed as regression coefficient of degradation curves, in the dark.

applied to degradation curve slopes, was used, com-
paring curves two by two.

3. Results and discussion

3.1. Choice of analytical method

Comparing different HPLC methods, the normal
phase HPLC appears the most useful in evaluating
the influence of light exposure on model cosmetic
formulations, offering the possibility of separat-
ing the main RetP isomers with different vitaminic
activity.

On the other hand, the normal phase “–NH2” shows
always higher area values for AT isomer, compared
to “Si-60”, this probably related to the presence of
unknown substances, strongly retained by silica phase,
coeluted with AT in “–NH2” phase . In fact, using a
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“Si-60” precolumn in “NH2” analyses, the differences
in area values are negligible.

Manan et al.[32] reported that the assay method
affects the kinetic interpretation of the degradation of
retinol.

In agreement with this article, we obtained, using
normal phase HPLC, degradative processes described
by first-order kinetics.

Moreover, we found that the use of reverse phase
HPLC leads to the possibility of incorrect evaluation of
vitaminic potency. The vitaminic activity, for samples
analyzed by normal phase HPLC, was evaluated as
follows:

VA (%) = [AT] × 100%VP+ [13-cis]× 75%VP

+ [9-cis] × 24%VP (2)

where VA, vitaminic activity and VP, vitaminic po-
tency.

Fig. 7. Influence of lipophilic vehicles on vitamin degradation rate.

In reverse phase HPLC the vitaminic activity, re-
lated to the unresolved peak, was always higher than
that obtained fromEq. (2)and the difference increases
with time (Fig. 5).

3.2. Influence of lamp emission on
degradation–isomerization pathway

Samples were exposed continuously, in a darkened
room, to the light of a fluorescent lamp; duplicate sam-
ples were exposed, in the same conditions (1200 lx),
to the light of a filament lamp.

This to compare the influence of residual UV ra-
diations, present in light emission spectrum of fluo-
rescent lamp (Osram Circolux 32 W). In this case the
UV radiations emitted by the fluorescent lamp speeds
up the AT degradation and the 9-cis formation, in-
creasing the 9-cis/AT ratio and strongly shortening
the time needed to observe a significant difference
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between the normal and the reverse phase analysis
data.

3.3. Influence of initial RetP content on degradation

Comparing the regression coefficients of four sam-
ples, at different initial RetP concentration, in the same
model vehicle, it can be evidenced that only in liq-
uid paraffin, vitamin degradation rate is influenced by
vitamin content (Fig. 6).

It can be assumed that liquid paraffin, almost com-
posed of satured hydrocarbons, not degraded by light
exposure, and so not involved in RetP degradative
pathway, does not mask the slight effect of different
vitamin concentrations.

On the other hand, almond oil, containing sev-
eral double bonds, could interfere with light-induced

Fig. 8. Influence of age of lipophilic vehicle (expressed as peroxidation number of almond oil) on vitamin degradation rate.

degradative process of Vitamin A palmitate and
“cover” the initial RetP content effect.

3.4. Influence of model lipophilic vehicle

Comparing the degradation curve of samples at the
same concentration in different lipophilic vehicles it
can be assumed, as predictable, that the presence of
double bonds (almond oil) facilitates the degradation
of retinyl palmitate (Fig. 7).

On the other hand, the vehicle “age”, expressed
as peroxidation number of almond oil (PN= 76),
strongly affects the degradative processes (rate and ki-
netic), as shown inFig. 8.

The addition of conservative agents, as propyl gal-
late and Vitamin E, does not modify the degradation
kinetics in both model vehicles (Fig. 9a and b).
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Fig. 9. Influence of the addition of conservative agents to lipophilic vehicles (a) liquid paraffin and (b) almond oil, on vitamin degradation
rate.
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4. Conclusions

The collected results showed that the reverse phase
HPLC, unable to separate the all-trans from the 13-cis
and 9-cis isomers, derived by Vitamin A isomeriza-
tion, leads to overstimating the true retinyl palmitate
content, in stability studies. From the reported data it
can also be deduced that the lipophilic vehicle influ-
ences the isomerization–degradation process and that
the chosen conservative agents do not protect, in the
reported experimental conditions, from isomerization.

Thus, a determining factor in the preformulation
of liquid mixture of retinyl palmitate with lipophilic
vehicles is the necessary control of the system stability
against light-induced isomerization, in addition to tests
of oxidative stability.
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