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Abstract

A method is described for evaluation of fat-soluble vitamin in human adipose tissue with the aim to obtain, accurately and
within the shortest anadysis time, a time-integrated measure of exposure to vitamins from the diet. Fat tissue was
deproteinized with ethanol and extracted with n-hexane. Normal-phase HPLC was performed in a Lichrosorb Si60 column
with a gradient of n-hexane—2-propanol at 1 ml/min. Detection was accomplished using a diode-array system (for retinol
and B-carotene) in series with a fluorescence detector («-tocopherol). The method was validated and applied to human
adipose tissue in a total of 140 subjects. The mean contents found were 0.43, 0.84, 240.3 p.g/g for retinol, B-carotene and
a-tocopherol, respectively. The method is sensitive enough for detecting the compounds in 1.6 mg of adipose tissue
considering the lowest concentration found. [ 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

There has been a rapidly growing clinical interest
over the past years in the relationship between
antioxidant micronutrients and several degenerative
human health conditions, in particular for vitamins E,
C, B-carotene and selenium [1]. Epidemiological and
clinical assays suggest that the fat-soluble vitamin E,
vitamin A and B-carotene protect against coronary
heart disease and they may be important in the
prevention of some cancers [2—5]. This association is
less clear for vitamin C [4].

Food frequency questionnaires are commonly used
in epidemiological studies. This approach has several
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limitations, namely the considerable individua day-
to-day variation [2,6]. Moreover, the dietary assess-
ment methods may also not be accurate because of
limitations in the nutrient databases [6,7]. An attrac-
tive and more objective alternative is to compare
results of questionnaires with biochemical measure-
ments. Blood concentrations are frequently used in
these measurements but, for antioxidant fat-soluble
vitamins, they provide information on the recent
vitamin intake, instead of being a measure of long-
term dietary intake. Although suitable biomarkers are
not available for many nutrients, studies have shown
that a large fraction of body tocopherol (almost 90%
of the body pool) is concentrated in adipose tissue,
and since there is a low turnover of tocopherol in
adipose tissue, this may be a better indicator of a
long-term intake than blood concentrations [8]. The
same has been observed for carotenoids [2] being the
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adipose tissue and liver the most important sites of
deposition.

HPLC has been widely applied to the study and
analysis of fat-soluble vitamins in several matrices.
The stationary phase used are both normal and
reversed-phase HPLC, the elution being either iso-
cratic or with gradient and the quantification with
fluorimetric, ultraviolet or electrochemical detectors
[9,10].

The complexity of the simultaneous determination
of a-tocopheral, retinol and B-carotene is caused by
differences in their spectral characteristics (absorp-
tion maxima vary in the range 295-452 nm). Several
methods have been developed, mainly in serum, but
usualy they use a programmable UV detector [11—
13]. This approach may require double injection in
order to quantify the three compounds and, more-
over, the detection of a-tocopherol by UV causes
loss of sensitivity towards this compound being more
adequate to use a fluorescence detector simultaneously
[14-16]. The multiple injection problem can be
easily resolved using a diode-array detector (DAD)
[17-19] but not the low sensitivity towards the
tocopherols. By using simultaneously a DAD and a
fluorescence detector it is possible to quantify the
three compounds with sensitivity and also to identify
coeluting impurities.

The aim of this work was to develop a rapid,
sengitive and specific method for simultaneous de-
termination of o-tocopherol (the most active and
most abundant form of vitamin E), retinol (vitamin
A), and B-carotene (provitamin A) in human adipose
tissue by HPLC, with simultaneous detection by
DAD and fluorescence. The method was validated
and applied to a total of 140 adipose tissue samples.
The results are to be compared with the concen-
trations found by food intake questionnaires and also
with the risk for acute myocardial infraction, as part
of a Portuguese health program.

2. Experimental
2.1. Chemicals

All-trans-retinol and all-trans-p-carotene were
obtained from Fluka (Madrid, Spain) and b,L-a-
tocopherol was obtained from Merck (Darmstadt,
Germany) and used without further purification. The

internal standard rac-tocopherol (tocol) was obtained
from Universal Biologicals Ltd. (Gloucestershire,
UK). n-Hexane and 2-propanol were HPLC gradient
grade from Merck (Darmstadt, Germany). TBHQ
(t-butylhydroquinone) was from Aldrich (Madrid,
Spain).

All other chemicals were of analytical reagent
grade.

2.2. Sandard solutions

Stock solutions of retinol, B-carotene and «o-
tocopherol were prepared in n-hexane, and kept
under nitrogen atmosphere at —20°C. The actual
concentration of the standards was determined daily
by measuring the absorvence of diluted stock solu-
tions on a Jenway 6105 spectrophotometer (Essex,
UK) and using published absorption coefficients
(A1%/cm): retinol 1835 at 327 nm; B-carotene 2592
at 452 nm; and a-tocopherol 72 at 295 nm [13,19].

The working standards of each compound were
prepared daily and appropriate dilutions made rang-
ing from 0.03 to 0.25 pg/ml for retinol and B-
carotene and ranging from 2.0 to 10.0 pg/ml for
a-tocopherol. The internal standard solution was
prepared at 10.0 ng/ml.

In addition, all solvents used in the preparation of
stock or standard solutions were saturated with
nitrogen before use and all the operations were
performed under red light.

2.3. Chromatography

HPLC was performed using a system incorporat-
ing two PU-980 pumps, a MD-910 diode-array
detector, a FP-920 fluorescence detector and a AS-
950 auto-sampler (Jasco, Japan).

The chromatographic separation was achieved
with a normal-phase Lichrosorb Si60 column (4.6
mmx25 cm, 5 wm) from Merck. The solvent system
used was a gradient of n-hexane (A) and n-hexane/
2-propanol (90:10) (B). The gradient was as follows:
7% B from 0 to 4 min; linear gradient to 30% B
within 3 min; 30% B from 7 to 11 min; linear
gradient to 100% B from 11 to 12 min; 100% B from
12 to 14 min; and again 7% B at 14.1 min, with a
total run time of 23 min. The flow-rate was 1.0
ml/min and the injection volume was 20 p.l.

Detection was accomplished simultaneously with a
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DAD (452 nm for B-carotene, 327 nm for retinol and
295 nm for the internal standard) connected in series
with a fluorescence detector programmed for excita-
tion at 295 nm and emission at 330 nm, gain 10, for
detection of both a-tocopherol and internal standard.
Signals from both detectors were recorded simul-
taneously by the data handling system (Jasco-Bor-
win).

Peak identification and purity were based on
photodiode array spectroscopic data, retention time
and peak spiking with authentic standards.

2.4. Sample pre-treatment and extraction

The subcutaneous adipose tissue biopsy specimen
was taken from the buttock by needle aspiration
according to Beynen and Katan [6]. The samples
were kept in the original plastic adapter, and stored
a —70°C until anaysis.

Adipose tissue samples were removed from the
connector, weighed (325 mg on average), and
transferred into brown-coloured microcentrifuge
tubes together with the internal standard solution.
Absolute ethanol containing ascorbic acid (10 mg/
ml) and saturated NaCl solution (200 pl each) were
added and the mixture was homogenised. The ex-
tracting solvent was added (500 wl of n-hexane with
2% 2-propanol and 0.01% TBHQ) and the mixture
was homogenised, vortexed and centrifuged (5 min,
12 000 g) (Biofuge pico, Heraeus, Germany). The
supernatant was removed to a second tube on ice.
The pellet was resuspended with the extraction
solvent and further extracted twice with equal
amounts, as described.

The pooled extracts were evaporated at ambient
temperature under a stream of nitrogen on a Reacti-
Therm module (Pierce, Rockford, IL, USA) and
reconstituted with 400 wl of the initia chromato-

graphic eluent (n-hexane with 0.7% of 2-propanol).
The extracts were transferred to glass inserts and
placed in brown HPLC injection vials.

3. Results and discussion
3.1. Extraction method

The fat-soluble vitamins under study are very
unstable pigments, being specially sensitive to light,
heat, oxygen and peroxide [9,20]. Tocopherols are
aso rapidly oxidised in akaline medium [20]. There-
fore, special precautions have to be taken when
handling them. All the operations were performed in
subdued lighting with a red globe lamp (25 W)
providing the only illumination.

In general, an initiad comprehensive sapon-
ification-extraction scheme is used, both to hydrolyse
any ester linkage and remove the overwhelming
proportions of triglyceride lipid, prior to exhaustive
multi-step solvent extraction, washing and concen-
tration of target analytes. We have adapted several
published extraction methods with and without
saponification [8,16,21—-23] in order to find the best
extraction procedure. Due to the impossibility to use
human fat in the development of the extraction
method we have used control samples. The selection
of control samples is quite conflictive, not only due
to differences in texture but also on the concentration
of the compounds under study. We have started with
both homogeneous pig and chicken adipose tissue as
control samples but the pig fat was rejected after the
first extraction attempts due to the absence of -
carotene. Therefore we have proceed our studies
with chicken adipose tissue. The results for the
various extraction methods tested are presented in
Table 1 and compared with our fina method. Al-

Table 1

Comparison of different extraction procedures (relative %)

Ref. 8 16 22 (met. c) 23 21 22 (met.a) 22 (met.b) Final
Saponification No No No No Yes Yes Yes No
{3-carotene 82 100 7 82 64 60 67 95
a-tocopherol 85 97 95 100 46 41 63 100
retinol 42 53 40 45 84 90 100 55
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though retinol was higher in the methods with prior
saponification, due to retinol esters hydrolysis, there
were losses for both B-carotene and a-tocopherol.
Rey et a. [22] have already observed this for a-
tocopherol in high fat pig samples. Based on this
observation we have proceed our studies without
saponification.

As recommended, we tested the usefulness of
different antioxidants for stabilising fat-soluble vita-
mins during the extraction and drying steps [20].
Driskell et a. [24] described that the loss of vitamin

A can be eiminated completely by the addition of
ascorbic acid (0.1% w/v) to the ethanol before it is
used in the pre-assay extraction. Since it proved to
give no interferences in the chromatography sepa-
ration we have used this water-soluble antioxidant in
the first extraction step. More important was the
choice for a fat-soluble antioxidant due to the
characteristics of the compounds under study. BHT
(butylated hydroxytoluene) is often described for this
purpose but, under the conditions of our assay, it is
eluted near the B-carotene peak and thus interferes
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Fig. 1. A DAD B-carotene spectra for a low concentration standard (A) and chicken adipose tissue (B).
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Table 2

Analytical characteristics

Compound k' (CV.%) LOD LOQ Range® Slope

(n=20) (ng/ml) (ng/ml) (ng/ml)
B-carotene 0.14 (3.9) 0.1 0.3 LOQ-1.0 1.3145
a-tocopherol 1.60 (1.0) 0.1 0.4 LOQ-10.0 0.5300
retinol 6.13 (0.2) 0.2 04 LOQ-1.0 0.9291
® Studied range.

with its determination. Also BHA was tested but
eluted near the peak of the interna standard. The use
of TBHQ was aready described by Madhavi [25]
and in our conditions eluted after retinol, the last
compound to leave the chromatographic column.
With some chromatographic adjustments this anti-
oxidant eluted at 22 min without interfering with any
compound.

Dissolution of the final extract is a critical step in
the quantitative analysis of B-carotene and retinol,
since their concentration is frequently near the
detection limit. When necessary we have use ultra
sound to ensure complete solubilization [15].

The DAD proved its usefulness not only in the
simultaneous detection of the compounds but also by
providing spectra of the eluted compounds avoiding
misinterpretations with impurity peaks. A DAD -
carotene spectra is represented in Fig. 1 both for a
low concentration standard (A) and chicken adipose
tissue (B).

3.2, Method validation

Several analytical performance parameters were
validated [26]. The total procedure was examined for
the linearity of the calibration plots. For each batch
of samples, a new set of standards, usualy five, was

simultaneously prepared and treated in paralel with
the samples. Injections in duplicate were made and
the peak areas of the compounds subjected to the
overall extraction procedure were measured and the
peak-area ratios against the 1.S. were calculated. A
linear relationship was obtained with the correlation
coefficients being above 0.99 for al three com-
pounds (Table 2).

Assuming that the signal-to-noise ratio should be
at least 3, and using an injection volume of 20 ul,
the detection limits of the method (LOD), assessed
in the presence of the internal standard, were calcu-
lated. The results are represented in Table 2. The
quantification limits were determined by sample
dilutions. Assuming the lowest concentrations found
in the human adipose tissue for retinol, the minimum
sample amount necessary for the determination can
be set at around 1.6 mg.

Method precision was evaluated in terms of
within-day and day-to-day reproducibility studies
with homogeneous chicken sample and the results
are represented in Table 3.

To calculate recoveries, chicken fat samples to
which known amounts had been added were ana-
lysed together with untreated samples. The results
are represented in Table 3.

Fig. 2 represents the chromatograms for DAD and
fluorescence detector of a standard solution. The

Table 3
Analytical precision and recovery (chicken adipose-tissue)
Compound Precision CV.(%) Recovery
Within-day Inter-day Real Added Mean recovery
(n=6) (n=6) (rg/g) (ng/g) (n=6)"
B-carotene 3.87 5.01 0.46 0.2-0.4 99.6+4.8
a-tocopherol 255 3.82 6.59 1.0-2.0 100.2+1.9
Retinol 1.25 5.26 0.54 0.3-0.6 99.1+35

*Mean=SD.
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Fig. 2. Chromatogram obtained with a standard sample. HPLC conditions as given in experimental.

tubing between the DAD and the fluorescence detec-
tor causes a delay in retention time of tocol.

The use of NP-HPLC has been described as
causing over-estimation of the p-carotene concen-
tration due to its elution very close to the dead
volume of the column [23]. The results prove that
-carotene can be determined under these conditions.
Moreover, the use of NP-HPLC is more adequate for
fat samples since the high triglyceride content does
not interfere with the chromatographic determination
and extra sample manipulation is avoided. Also, the
absence of chlorinated solvents or acetonitrile in the
eluent, as necessary in RP-HPLC, is a further
guarantee of stability in the analysis of these easily
oxidizable molecules.

3.3 Analyses of human adipose-tissue

The overall procedure was developed for analysis
of human adipose-tissue samples as part of a Por-

tuguese health program (*‘EPlcardis’), intended to
find correlations between vitamin concentrations and
the risk for acute myocardial infraction, as referred,
and also to validate food questionnaires.

A typical HPLC pattern of a human adipose tissue
sample is represented in Fig. 3.

In total we have analysed 140 samples, including
cases and controls. Vitamin results were unavailable
for three subjects (no adipose tissue found). The
yield of adipose tissue per aspiration was 32.5+13.5
mg (mean=SD; n=140) with individua values
ranging from 2.3 to 63.5 mg. The mean adipose
tissue concentrations found in adipose-tissue repre-
sented as mean (min—max) were 0.43 ng/g (0.10—
0.99) for retinol, 0.84 pg/g (0.15-2.22) for B-
carotene, and 240.3 pg/g (36.8-669.4) for «-
tocopherol.

The results achieved were in agreement with a
European multicentre case-control study for «-
tocopherol and B-carotene in the same tissue [2] and
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Fig. 3. Chromatogram from a human adipose-tissue. HPLC conditions as given in experimental.

with the results of a similar Norwegian study [8]
achieved with different methodologies. These results
will be statistically analysed elsewhere by the institu-
tion that collected the samples and requested the
analysis.

References

[1] E.JM. Konings, H.H.S. Roomans, PR. Beijaars, J. Assoc.
Off. Anal. Chem. Int. 79 (4) (1996) 902.

[2] A.F.M. Kardinaal, F.J. Kok, J. Ringstad, J. Gomez-Aracena,
V.P. Mazaev, L. Kohimeier, B.C. Martin, A. Aro, JD. Kark,
M. Delgado-Rodriguez, R.A. Riemersma, P. van't Veer, JK.
Huttunen, J.M. Martin-Moreno, Lancet 342 (1993) 1379.

[3] M.F. Oliver, Br. Heart J. 73 (1995) 299.

[4] J. Prabhat, M. Flater, E. Lonn, Ann. Intern. Med. 123 (1995)
860.

[5] A.J. McEligot, C.L. Rock, SW. Flatt, V. Newman, S. Faerber,
JP. Pierce, J. Nutr. 129 (12) (1999) 2258.

[6] A.C. Beynen, M.B. Katan, Am. J. Clin. Nutr. 42 (1985) 317.

[7] M. Garland, F.M. Sacks, G.A. Coldits, E.B. Rimm, L.A.
Sampson, W.C. Willet, D.J. Hunter, Am. J. Clin. Nutr. 67
(1998) 25.

[8] L.F. Andersen, K. Solvall, L.R.K. Johansson, |. Salminen, A.
Aro, C.A. Drevon, Am. J. Epidemiol. 150 (1) (1999) 75.

[9] E. Reinhard, in: L.M.L. Mollet (Ed.), Handbook of Food
Analysis, Vol. 1, Marcel Dekker, New York, 1996, p. 937,
Chapter 23.

[10] H.C. Furr, A.B. Barua, JA. Olson, in: A.P. de Leenheer,
W.E. Lambert, H.J. Nelis (Eds)), Modern Chromatographic
Analysis of Vitamins, 2nd edition, Marcel Dekker, New
York, 1992, p. 1, Chapter 1.

[11] G. Cavina, B. Gallinella, P. Porra, P. Pecora, C. Suraci, J.
Pharm. Biomed. Anal. 6 (3) (1988) 259.

[12] D.l. Thurnham, E. Smith, PS. Flora, Clin. Chem. 34 (2)
(1988) 377.

[13] M.H. Bui, J. Chromatogr. B 654 (1994) 129.

[14] G. Panfili, P Manzi, L. Pizzoferrato, Analyst 119 (1994)
1161.

[15] K.S. Epler, R.G. Ziegler, N.E. Craft, J. Chromatogr. 619
(1993) 37.

[16] R.-K. Aaran, T. Nikkari, J. Pharm. Biomed. Andl. 6 (6-8)
(1988) 853.

[17] L.S. Elinder, G. Walldius, J. Lipid Res. 33 (1992) 131.

[18] D.B. Milne, J. Botnen, Clin. Chem. 32 (5) (1986) 874.

[19] A.B. Barua, D. Kostic, JA. Olson, J. Chromatogr. 617
(1993) 257.

[20] G.F.M. Bdl, in: L.M.L. Mallet (Ed.), Handbook of Food
Analysis, Vol. 1, Marcel Dekker, New York, 1996, p. 601,
Chapter 17.

[21] C. Maraschiello, JA.G. Regueiro, J. Chromatogr. A 818
(1998) 109.



8 S Casal et al. / J. Chromatogr. B 763 (2001) 1-8

[22] A. Rey, C. Lopez, M. Soares, B. Isabel, Grasas y Aceites 47 [25] D.L. Madhavi, R.S. Singha, PR. Kulkarni, in: D.L.
(5) (1996) 331. Madhavi, S.S. Deshpande, D.K. Saunkhe (Eds), Food

[23] L. Yakushina, A. Taranova, J. Pharm. Biomed. Ana. 13 Antioxidants, Marcel Dekker, New York, 1996, p. 159,
(4/5) (1995) 715. Chapter 4.

[24] W.J. Driskell, M.M. Bashor, JW. Neese, Clin. Chim. Acta [26] R. Causon, J. Chromtogr. B 689 (1997) 175.
147 (1985) 25.



