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Abstract

Among the many simultaneous determination methods for carotenoid and retinoid, there are only a few reports including
the saponification process. However, the yieldg@-afarotene and retinol were higher when using this process. In this study,
the analytical conditions, including saponification, were investigated. The extraction solventhexsne and the sample
solvent was HPLC mobile phase in tBecarotene and retinol analysis. BHT as an antioxidant was added at concentrations
of 0.125 and 0.025%, respectively, to ethanol andexane phase in the extraction process for serum. The recovery rates
were 99.7, 93.7 and 98.3% f@rcarotene, retinol and retinyl palmitate in serum, respectively, and 107.1, 92.8 and 98.8% for
B-carotene, retinol and retinyl palmitate in liver, respectively. The within-day coefficients of variation (CV.) were 6.0% for
serum and 4.7% for liver in the case @fcarotene, 7.1% for serum, and 5.1% for liver in the case of retinol. The
between-day coefficients of variation were 2.7% for serum and 2.7% for liver in the c@seambtene, and for retinol, 6.4%
for serum and 2.7% for liver.

0 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction amounts of these substances and their functions in

tissues have been reviewed by Menkes efAl.It is
Recently, carotenoids possessing antioxidative well known that several carotenoids syh as

properties and immunity functions have attracted the carotene are inverted to retinal in the intestinal

attention of the general public and researchers in the mucosa of animals and these carotenoids are of the

food and nutrition field. Similarly, retinoids with pro-vitamin A typEi@. 1). For research purposes, it

anticarcinogenic and morphologic actions are of is important to determine, as accurately and simul-

major interesti1—4]. The relationships between the taneously as possible, the amounts of carotenoids
and retinoids absorbed and metabolized in bodily
organs.

Many procedures have already been reported for
*Corresponding author. Fax:81-734-577477. the simultaneous determination of carotenoids and
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Fig. 1. Structures op-carotene and retinol.

termination methods in many previous papers and
only a few determination methods include saponifi-
cation [11-14]. In this experiment, the measured
amounts off3-carotene in the liver and serum using
the saponification process were larger than without
this process, and the amount of retinol in serum

using the saponification process was greater than

without this process. We report an improved simulta-
neous determination method fgB-carotene and
retinol in the liver and serum using the saponification
process, and thoroughly examine the analytical con-
ditions of this method.

2. Experimental
2.1. Chemicals

All-trans B-carotene, retinol and retinyl palmitate

samples were purchased as standard substances from

Sigma (St Louis, MO, USA). Ethanol, methanol,
n-hexane, ethyl acetate, chloroform, acetonitrile,
dichloromethane, toluene and isopropanol were pur-
chased (special grade) from Katayama (Osaka,
Japan).tert.-Butyl hydroxy toluene (BHT) was pur-
chased (special grade) from Wako (Osaka, Japan).

2.2. Preparation of serum and liver samples
Human blood was centrifuged for 20 min at 1900

g and its supernatant was stored as serum40°C.
Rat livers were rinsed in a saline solution, wiped
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with filter paper and then stored at40°C until
required for assay. One gram of liver was homogen-
ized with 10 ml of water using a Waring blender
(10 000 rpm, 5 min) and its homogenates were used
in the determination procedure.

2.3. Extraction and HPLC analysis

B-Carotene and retinol were extracted by modify-

ing a method reported by Shapiro et dl1]. In this,

0.15 ml of serum was mixed with water (0.35 ml),

3% sodium ascorbate solution (0.5 ml) and ethanol
(2.0 ml, containing 0.125% BHT). After incubation
afC@Gor 5 min, samples were saponified with 10

M KOH (1.0 ml) and heated at 7€ for 30 min.

After cooling, hexane (4.0 ml) (containing 0.025%
BHT) was added. The tubes were then vigorously
machine shaken for a 10-min period and centrifuged
@0@0 min). This extraction process was re-
peated three times)-figane extracts were dried

by N gas at 40 and the residue was dissolved
using g00f the HPLC mobile phase for HPLC
analysis. Liver analysis proceeded by mixing 25%
sodium ascorbate (0.5 ml) with homogenate (0.3 ml)
and water (0.7 ml). Ethanol (2.0 ml) was then added.

The liver sample was extracted under exactly the

same saponification and extracting procedure. How-

ever, for the liver sample, BHT was not added. The

HPLC analysis was carried out using a PU-890

Intelligent Pump and an automated injection system

(851-AS, Japan Spectroscopic, Tokyo, Japan). The

column and HPLC mobile phase were used accord-
ing to Barua’'s condifpn¥he column em-

ployed for HPLC determination was a Resgplire 5-

sphericgl C  columnX330 mm, Waters, Mil-

ford, MA, USA). The mobile phase was acetonitrile—

dichloromethane—methanol-1-octanol (90:15:10:0.1

v/v) at 1.0 ml/min. The column oven (TU-100,

Japan Spectroscopic) was Sé. athg0detector

used for the determination op-carotene was a

visible detector (870UV, Japan Spectroscopic) set at

451 nm. An ultraviolet detector (UVIDEC-III, Japan

Spectroscopic) was set at 325 nm to measure the
retinol. Signals from both detectors were recorded

simultaneously by the data system (SIC-480, System

Instrument, Tokyo, Japan). The fundamental process
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of the simultaneous determination pfcarotene and extraction solvents. Methanol, ethanol, methanol—
retinol is shown inFig. 2. dichloromethane (6:4), methanol-toluene (5:5),

hexane, ethyl acetate, chloroform, isopropanol and
2.4. Examination of saponification, extraction HPLC mobile phase were used as the sample sol-
solvent, sample solvent and antioxidant vents.

The effect of saponification and the antioxidant
was investigated according to the modified extraction 2.5. Accuracy
and HPLC analysis procedures described above.

Furthermore, the measured amounts Btarotene The accuracy was evaluated by standard addition
and retinol obtained using various solvents which recoveries. The known amoufitsarbtene, re-

extract 3-carotene and retinol from serum and liver tinol or retinyl palmitate dissolvedh-imexane,
homogenate were compared. These measured methanol, or methanol, respectively, were added to
amounts were compared using various sample sol- the serum and the liver homogenate, before saponifi-
vents which dissolve the extract residuasdexane, cation. These substances were then extracted using
chloroform and ethyl acetate were used as the the above described method.

10% liver homogenate 0.3ml ( or serum 0.15m1)
Water 0.7ml ( or 0.35ml for serum)
25% sodium ascorbate 0.5ml
(ar 3% sodium ascorbate, 0.5ml for serum)
Ethanol 2.0ml ( including 0.125% BHT for serum )
Vortex (20sec)
—— 10M-KOH 1.0ml
Saponification (70 °C,30min)

Hexane 4.0ml ( as extraction solvent , W
including 0.025% BHT for serum )

Shaking (10min)
| .

Centrifugation ( 500 X g, 10 min)

Orga.ni!: layer 3ml s
i— N: gas

Evaporation to dryness
|——Mobile phase 0.3ml (as sample solvent )

HPLC
Analytical condition by HPLC
[ Column: Resolve 5-u m spherical C-18 (150%3.9mm i.d, Waters)

Detector, 325 and 451nm
Mobile phase:acetonitorile-dichloromethane-methanol- 1-octanol (90:15:10:0.1)

Fig. 2. Improved simultaneous determination methodararotene and retinol.
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2.6. Precision pmol/l for B-carotene and from 0.09 to 46.@3nol/
| for retinol. The lowest detection limits were 0.124
To assess the precision of the method, the serum pmol/l for B-carotene, and 0.08@mol/I for retinol
and liver samples were analyzed six times on the with an injection volume @fi.20
same day (within-day precision), and the same
samples were extracted and analyzed six times for 3.3. Effect of saponification
three consecutive days (between-day precision).
It has been reportefl 6] that the measured values

2.7. Calibration solution and calculation of carotenoids by saponification were smaller than
those without saponification. However, in other
Individual stock solutions were prepared using papeBsl4,17,18]the determination of carotenoid
pure standardp-carotene and retinol stored at requires saponification. In the simultaneous determi-
—20°C. B-Carotene was dissolved im-hexane. nation of3-carotene and retinol, the saponification
Retinol was dissolved in methanol. The calibration step has not been included in the majority of
of the B-carotene and retinol concentration was previous pgierd6,19—22)with a few exceptions
based on a working curve method. [12]. When saponification was carried out according
to Shapiro’s method11], the resulting amount of
2.8. Satigtical analysis B-carotene in the serum and liver was significantly
greater than that compared with non-saponification
The results were subjected to Studerttest and methodsT@ble 2. As shown inTable 2,B3-carotene
one-way ANOVA. Differences in the mean values in the liver increased 1.5 times in the saponification
among the groups were tested using Fisher's least method, while the am@inandtene in the serum
significant difference procedures. increased by a factor of 2.7. Furthermore, the

measured values of serum retinol by saponification
were 1.2 times greater than without saponification. It

3. Results and discussion was thought that the saponifie-carotene and
retinol in the liver and serum were extracted effi-

3.1. HPLC chromatograms of B-carotene and ciently by the extraction solvents. These results show

retinol that the saponification procedure was necessary to

determineB-carotene and retinol.
Chromatograms forp-carotene and retinol in
standard solutions, prepared human serum and rat3.4. Extraction solvent
liver solutions are shown iffrig. 3.
n-Hexane[11-14,16,19-27]¢chloroform[28], and

3.2. Sandard curves ethyl acetatg¢15] were all used as extraction solvents

in this experiment in order to select the most suitable

Known amounts of standard were added to either extraction solVebld 3. The measured values of

human serum or rat liver homogenate to investigate B-carotene in the serum and liver usimghexane
the matrix effect. The calibration curve slopes and were significantly higher than with ethyl acetate or
coefficients of the standard solution and standard chloroform. The amount of serum retinol extracted
addition solution are presented Trable 1.Linearity by n-hexane was significantly greater than with
was established by least-squares regression analysis. chloroform, and greater still when extracted using
The calibration curve slopes were identical between ethyl acetate. The higher amount of liver retinol
the direct and standard addition solutions. The extractech-bgxane was significantly more than
correlation coefficients showed a similarity of the with ethyl acetate and greater than the amount
linear relationship between the amount of each extracted with chloroform. This experiment added

compound and their peak heights>0.999). The support to other reports that revealdtbxane to be
linear concentration ranged from 0.16 to 16.09 the most suitable extraction solvent.
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Fig. 3. Chromatograms d§-carotene and retinol. (a) Standg@etarotene (0.3g/ml); (b) human serum; (c) rat liver; (d) standard retinol
(0.26 pg/ml); (e) human serum; (f) rat liver. Peaks=@g-carotene; 2retinol. HPLC column: Resolve bm spherical G; column (150
mmx3.9 mm 1.D.), mobile phase: acetonitrile—dichloromethane—methanol-1-octanol (90:15:10:0.1), flow-rate: 1.0 ml/min, detection: (for
B-carotene) 451 nm; (for retinol) 325 nm.

Table 1
Linearity of B-carotene and retinol
Compound LR r
B-Carotene Human serum Standard addition y=0.005%+0.1075 0.9999
Direct y=0.005%+0.0087 0.9996
Liver Standard addition y=0.005&+0.0599 0.9991
Direct y=0.005%+0.0087 0.9996
Retinol Human serum Standard addition y=0.022%+3.7378 0.9966
Direct y=0.022&+0.0507 1.0000
Liver Standard addition y=63.2x+95.09 0.9990
Direct y=63.58&+2.87 1.0000

LR, Linear regression;=coefficient of correlationy=peak-heightx=p-carotene or retinol concentration (ng jog). Direct: standard
solution only; standard addition: standard solutiduman serum (0.15 ml) or 10% rat liver homogenate (1.0 ml). Linear concentration
ranges umol/l) were 0.16—16.09 fop-carotene and 0.09-46.03 for retinol, respectively.
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;?lecet gf saponification treatment on the amounts3e¢arotene and retinol in human serum and rat liver

Treatment B-Carotene Retinol
Serum f.g/1) Liver (ng/g) Serum (.g/1)

Saponification 586499.8 0.53£0.05 543.4-24.0

Non-saponification 220842.3** 0.36+0.05** 458.0+27.1*

Values are meansSD (h=4). **P<0.01.

Table 3
Comparison of the amounts @-carotene and retinol by various extraction solvents

Serum @.g/l) Liver (irg/g)

B-Carotene Retinol B-Carotene Retinol
n-Hexane 458.321.7 294.5-13.3° 0.53-0.04% 42.871.43°
Ethyl acetate 375228.4 273.828.5° 0.33:0.05" 31.022.31°
Chloroform 258.6-48.8 218.6:32.2 0.32:0.05° 39.98-2.67°

Values are meansSD (h=4). Values with different superscript letters are significantly differét@.05).

3.5. Sample solvent determined amount of3-carotene and retinol ex-
tracted from the liver was higher when using HPLC

The following sample solvents were used in this mobile phase and methanol—toluene (5:5). The mo-
experiment: methandlL8,24,28],ethanol[12,16,27], bile phase in HPLC analysis has been used as a
methanol—-dichloromethane (6:4[15], methanol- sample solvent in many repdis$,14,19,22,25,26],
toluene (5:5)[11], n-hexane [13], ethyl acetate, while methandll8,24,28] and ethanol[12,16,27]
chloroform, isopropanol[23] and mobile phase have been used in fewer studies. Epler ¢214l.
[13,14,19,22,25,26]Table 4. The amounts of3- reported that the amounts of carotenoids in human
carotene and retinol extracted from the serum using serum using ethanol and ethyl acetate as sample
mobile phase, methanol, ethanol, methanol—-dichloro- solvents were greater. Furthermore, the mobile phase
methane (6:4) and methanol-toluene (5:5) were solvent was suitable for the simultaneous assay of

greater than those with other sample solvents. The B-carotene and retinol in this experiment.

Table 4
Comparison of the amounts @Fcarotene and retinol by various sample solvents
Sample solvent Serumug/l) Liver (ng/g)

B-Carotene Retinol B-Carotene Retinol
Mobile phase 887.F46.1° 457.4-19.1* 0.67-0.02° 57.851.50°
Methanol 823.6:25.4 462.360.3% 0.56-0.07" 55.310.93*"
Ethanol 838.322.3 444.¢611.9° 0.58-0.02"° 53.62:3.55"°
Methanol-dichloromethane (6:4) 879%7.6" 492.1%+26.7° 0.670.03" 48.67-1.60°
Methanol-toluene (5:5) 788:313.6" 445.98.0° 0.60:0.03"°¢ 55.431.64%°
n-Hexane 677.%35.3 432.5:45.1° 0.56-0.02" 48.31-2.09°
Ethyl acetate 805:8130.6 278.315.9° 0.53-0.02° 47.16:0.93°
Chloroform 559.%52.7 195.9-39.7° 0.3%0.03° 45.89-0.56"
Isopropanol 878.559.8" 310.3:25.4° 0.55-0.04"° 56.03-4.85°

Values are meansSD (n=4). Values with different superscript letters are significantly differé@.05).
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3.6. Effect of antioxidants Table 6
Recovery off-carotene and retinol in human serum and rat liver

In previous papers, the BHT was added to the Recovery
ethanol phasg15,16] of the extraction process or (mean-SD) (%)
extraction solvenf{22], or to both the ethanol phase Serum
and extraction solverj20,21,28],and the antioxidant  B-Carotene 99.73.0
effect of BHT was either recognizg@9] or not[19]. Retinol Added retinol 9376.6
The effect of BHT concentration as taken from |, . Added retinyl palmitate 98:85.3
Chow and Omay¢29] on theB-carotene and retinol g carotene 10746.2
amounts measured in the serum and liver was Retinol Added retinol 92.87.8
investigated Table 5. BHT was added to the Added retinyl palmitate 98:87.3

ethanol phase (0, 0.125 and 0.250% concentrations) values are meansSD (1=4).
and to then-hexane phase (0, 0.025 and 0.050%
concentration). The BHT levels of both the ethanol
phase and then-hexane phase barely affected the

amount of B-carotene in the serum and liver. The extraction solvent. Therefore, BHT was added to the
measured amount of retinol in the serum was sig- ethanol phase at 0.125% and to the extraction solvent
nificantly increased by the addition of BHT into the at 0.025% in the serum assay, but BHT was not
ethanol phase (0.250%) and-hexane phase added in the liver assays.

(0.050%), but it decreased in the liver at both low
and high BHT levels in the ethanol phase amd
hexane phase.

The results of this experiment have shown that the
addition of BHT into the ethanol phase and ex-
traction solvent[29] was necessary for the serum
retinol assay, but were not necessary for the
carotene and retinol assay from the liver (because of
a decrease in these measured values). It was though
that the cause of this decrease was the addition of a
large amount of ascorbic acid into the liver homoge-
nate. The recovery of both retinol and tocopherol in
rat serum by simultaneous determination increased
with the addition of BHT to the ethanol phase and 3.8. Precision
extraction solvent[29]. However, tocopherol re-

3.7. Recovery of B-carotene and retinol

In the case off-carotene, the recovery process
yielded 99.73.0% from the serum and 10756.2%
from the liver (Table §. These yields of retinol and
retinyl palmitate from the serum were 93.8.6%

nd 98.3:5.3% expressed as retinol values, respec-
ively. The recovery of retinol and retinyl palmitate
from the liver was 92.87.8% and 98.87.3% as
retinol values, respectively.

covery was reduced by the addition of ascorbic acid As showmaible 7,in the case of3-carotene,

to the ethanol phase and similarly, BHT to the the within-day coefficients of variation (CV.) were
Table 5

Effect of an antioxidant on the amounts fcarotene and retinol in human serum and rat

BHT concentration B-Carotene Retinol

Ethanol n-Hexane Serum Liver Serum Liver

(%) (%) (ng/1) (na/g) (ng/1) (ng/g)

0 0 482.6-15.9 0.39-0.01 522.#+51.2 48.4%2.34

0.125 0.025 470638.2 0.38:0.03 586.822.4° 44.76:3.25°

0.250 0.050 457.012.8 0.3%0.01 609.187.57° 44.291.71°

Values are meansSD (n=4). Values with different superscript letters are significantly differé@.05).
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Table 7 as a sample solvent has a high solubility for these
Variability of B-carotene and retinol in human serum and rat liver substances in the extraction residue. The high mea-
Analyte Within day Between days sured amounts of these substances in serum with the
MeantSD* CV(%) Mean=SD°  CV (%) addition of BHT as an antioxidant showed that their
oxidation was inhibited.
Serum
B-Carotene 3932235 6.0 383.210.3 2.7
Retinol 606.7243.3 7.1 600.838.3 6.4
Liver References
B-Carotene 0.850.04 4.7 0.7%0.02 2.7
Retinol /842398 51 /382202 2.7 [1] Y. Muto, H. Morikawa, J. Natl. Cancer Inst. 73 (1984) 1389.
The means for serum are expresseggil. The means for liver [2] B. Davies, J.P. Basilon, E.A. Chiocca, J. Johnson, S.
are expressed ipg/g. Poddar, J.P. Stein, Am. J. Med. Sci. 31 (1988) 164.
*Mean of six samples. [3] P. Terry, M. Jain, A.B. Miller, G.R. Howe, T.E. Rohan, Am.
® Mean of six duplicate assays. J. Clin. Nutr. 76 (2002) 883.

[4] K. Someya, Y. Totsuka, M. Murakosi, H. Kitano, T.
Miyazawa, J. Nutr. Sci. Vitaminol. 40 (1994) 303.
[5] M.S. Menkes, GW. Comstock, J.P. Vuileumier, K.J. Helsing,

6.0% for serum and 4.7% for liver, and in the case of A-A. Rider, R.N. Brookkmyer, N. Engl. J. Med. 315 (1986)

_ : 1250.
retinol, 7.1% for serum and 5.1% for liver. The (5 jm. Lunetta, R.A. Zulim, S.R. Dueker, Y. Lin, V. Flaig, P.D.
between-day coefficients of variation, in the case of Schneider, B.M. Wolfe, A.J. Clifford, Anal. Biochem. 304
B-carotene, were 2.7% for serum and 2.7% for liver, (2002) 100.

and for retinol, 6.4% for serum and 2.7% for liver.  [7] A.B. Barua, J. Chromatogr. A 936 (2001) 71.
[8] S. Gueguen, B. Herbeth, G. Siest, P. Leroy, J. Chromatogr.

Sci. 40 (2002) 69.
[9] S. Casal, B. Macedo, M.B. Oliveira, J. Chromatogr. B 763
(2001) 1.
4. Conclusion [10] F. Khachik, G.R. Beecher, M.B. Goli, W.R. Lushy, C.E.
Daitch, Methods Enzymol. 213 (1992) 205.
e, [11] S.S. Shapiro, D.J. Mott, L.J. Machlin, J. Nutr. 114 (1984)
1924.
[12] A. Yang, TW. Larsen, R.K. Tune, Aust. J. Agric. Res. 43

This method can be considered a relatively simpl
stable and accurate procedure for the routine simulta-

neous determination op-carotene and retinol in (1992) 1809.
serum and the liver, with the sample preparation and [13] 0. Sommeburg, L. Zang, FV. Kuijk, J. Chromatogr. B 695
analytical time being relatively short. The measured (1997) 209.

amounts off-carotene and retinol in the serum and [14] H.H. SChmitZIv C.L. Poor, E.T. Gugger, JW. Erdman, Meth-
liver according to the saponification method were ods Enzymol. 214 (1993) 102.
. . e . [15] A.B. Barua, H.C.D. Janick-Bucker, J.A. Olson, Food Chem.
higher than without the saponification method. In the 46 (1993) 419.
simultaneous determination method f@rcarotene  [16] DW. Nierberg, S. Nann, Am. J. Clin. Nutr. 56 (1992) 417.
and retinol, high measured amounts of these sub-[17] M.M. Mathews-Roth, M.J. Stamper, Clin. Chem. 30 (1984)
stances were obtained when the extraction solvent 459 _
was n-hexane, the sample solvent was its mobile [18] G.J. Handelman, B. Shen, N.I. Krinsky, Methods Enzymol.
h d BI-’|T tioxidant d onlv i 213 (1992) 336.
phase an . as an antioxidant was usea only in [19] J. Aranud, I. Fortis, S. Blachier, D. Kia, A. Favier, J.
serum anaIyS|s_. The high me_a_sur_ed amounts of these  chromatogr. 572 (1991) 103.
substances using the saponification method showed[20] B. Olmedilla, F. Grando, I. Blanco, E. Rojas-Hidaigo, Food
that thep-carotene and retinol in these samples were Chem. 45 (1992) 205.
very soluble in this process. These results show that [21] ﬁ;;g‘?r' R.G. Ziegler,
n-hexa_ne as an extraction solvent ha; a higher [22] M.H. Bui, J. Chromatogr. B 654 (1994) 129.
extraction efficiency fof3-carotene and retinol from 23] k. Abe, K. Ishibasi, M. Ohomae, K. Kawabe, G. Katui,

serum and liver samples, and also, its mobile phase Vitamin 51 (1979) 275.

N.E. Craft, J. Chromatogr. 619
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[24] S.A. Pikkarainen, M.T. Parvianen, J. Chromatogr. 577 [27B.DGomis, V.J. Escotet Arias, L.E. Fidalgo Alvarez, M.D.
(1992) 163. Gatierrez Alvatez, J. Chromatogr. B 660 (1994) 49.

[25] M.R. Prince, J.K. Frisoil, Am. J. Clin. Nutr. 57 (1993) 175. [28M.TVliet, JV. Schoonhoven, FV. Schaik, J. Schrijver, J.

[26] A. Bortolotti, G. Lucchim, M.M.B. Fabio Stellari, M. Bonati, Chromatogr. 553 (1991) 119.
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