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Abstract
Epidemiological and experimental data have suggested
that some micronutrients, including various
carotenoids, retinoids, and a-tocopherol, may have
chemopreventive activity against certain types of
human cancer. In order to define the role of these
micronutrients in cancer prevention, it is necessary to
measure their concentrations in the target tissues, since
these are critical to the chemopreventive effect. We
have developed a sensitive and reproducible high-
performance liquid chromatography procedure for the
simultaneous determination of lutein, zeaxanthin, f�-
cryptoxanthin, lycopene, a-carotene, /9-carotene,
cis-jI-carotene, retinol, retinyl palmitate, a-tocopherol,
and ‘y-tocopherol in an easily accessible human target
tissue, the buccal mucosal cells. This procedure used a
gradient of two mobile phases which consisted of
acetonitrile, tetrahydrofuran, methanol, 1 % ammonium
acetate, and butylated hydroxytoluene (in v/v/v/v/w):
mobile phase A, 85:5:5:5:0.05; mobile phase B,
55:35:5:5:0.05. The run time, including reequilibration,
was 47 mm: from 100% A to 100% B in 27 mm,
remaining at that mobile phase for 10 mm, then back
to 100% A at 43 mm at a constant flow rate of 1.3 mI/
mm. The high-performance liquid chromatography
effluent was monitored at 300, 325, and 452 nm for
tocopherols, retinoids, and carotenoids, respectively,
with a photodiode array detector. The average
recovery was 83% for lycopene and >92% for others.
The precision of the assay for all the compounds was
less than 10% in a 1-month period. The micronutrients
were extracted by incubating the cells with protease,
followed by vortex mixing with 1% sodium dodecyl
sulfate in ethanol containing 0.1% butylated
hydroxytoluene, and, finally, hexane extraction. This
extraction procedure was superior to the procedure
using KOH-methanol for saponification.

Introduction

Epidemiological and experimental data have suggested
that some micronutrients, including various carotenoids,

retinoids, and a-tocopherol, may have chemopreventive
activity against certain types of human cancer (1 -5). Since
most carcinogens are activated to the ultimate reactive
species in various target tissues, for preventing their
activation or trapping the reactive species, the micronu-
trients need to be present not only in the target tissues
but also in an effective concentration (6). Thus, in order
to define the chemopreventive role of the micronutni-
ents, their concentrations at the target tissues need to be
investigated. However, most human tissues are difficult

to obtain. A practical approach to this problem is to
identify an easily accessible tissue that can be used as a
source for estimating the micronutrient status of the hard-
to-get human tissues. Human buccal mucosal cells are
easily and routinely accessible and can be collected by
a noninvasive method; thus, these cells appear to be
ideal for this purpose. However, since only a limited
number of buccal mucosal cells can be collected each

time from an individual (approximately 1 million to 2
million cells), it is essential that there be a sensitive
procedure for the measurement of all the compounds of
interest simultaneously.

Procedures for the quantitation of the micronutrients
in the buccal mucosal cells are rare; only three have been
published (7-10). Stich et a!. (7, 8) have developed a
procedure in which the cells were subjected to protein
digestion, followed by KOH-methanol saponification and
then hexane extraction. The extract was analyzed by

HPLC.-t Using this procedure, they have analyzed the
levels of fl-carotene in the buccal mucosal cells of mdi-
viduals at various risks for oral cancer (7) and of individ-
uals receiving various /9-carotene supplements (8, 1 1).
The procedure developed by Badcock and O’Reilly (9)
used chloroform for extraction and required two separate
HPLC analyses, one for retinol and one for a-tocopherol.
Using this procedure, they have detected retinol and a-

tocopherol in the buccal mucosal cells, but no other
compounds were reported. The third procedure, devel-
oped by Newcomb et a!. (10), subjected the cells to
sonication and then hexane extraction. This procedure
detected (3-carotene in the buccal mucosal cells, but it
failed to detect retinol and retmnyl palmitate. This proce-
dure was good only when the amount of the cells used
in the assay was small. When larger samples were used,
the amount of/3-carotene extracted was not in proportion
to the number of cells used. This problem was attributed
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to the binding of �3-carotene to proteins with resultant
decrease in the extraction of fl-carotene by hexane.

The procedure described here is a HPLC procedure
for the simultaneous determination of various carote-
noids, retinoids, and tocopherols in human buccal mu-
cosal cells. The micronutrients separated by this proce-
dure include lutein, zeaxanthin, (3-cryptoxanthin, lyco-
pene, cc-carotene, /3-carotene, cis-/9-carotene, retinol,
retmnyl palmitate, cs-tocopherol, and “y-tocopherol. This
procedure has been routinely used in our laboratory for
the measurement of these compounds in the buccal
mucosal cells of normal subjects and patients with oral
or other types of human cancer.

Materials and Methods

Chemicals. HPLC reference standards, including a-caro-
tene (Type V), /9-carotene (Type IV), all-trans-retinol and
all-trans-retinyl palmitate, as well as BHT and protease
(Type XXV, pronase F) were purchased from Sigma

Chemical Co. (St. Louis, MO); a-tocopherol and ‘y-to-
copherol were purchased from Eastman Kodak (Roch-
ester, NY); lutein, zeaxanthin, and lycopene were kindly
provided by Amoco Technology Company (Naperville,
III); �3-cryptoxanthin was a gift from Hoffman-La Roche,
Inc. (Nutley, NJ); SDS was purchased from BioRad (Roch-
ester, NY); acetonitrile, methanol, tetrahydrofuran (non-
spectro with 250 ppm BHT), and hexane were purchased
from Burdick and Jackson (Muskegon, MI); ethanol was
purchased from Midwest Grain Product Co. (Weston,
MO); and ammonium acetate was purchased from JT
Baker, Inc. (Phillipsburg, NJ). All aqueous and organic
solvents were passed through a 0.2-�zm nylon filter prior
to use.

Biological Samples. Pooled buccal mucosal cell samples
were prepared as described in this paper. The cells were

collected from 10 to 1 3 healthy volunteers after an over-
night fasting. Some volunteers had taken dietary supple-
ments of /9-carotene and a-tocopherol; thus, the levels
of the two micronutrients in the pooled samples varied
somewhat. A pooled plasma sample was a gift from the
blood bank of the University Medical Center (Tucson,
AZ). All the pooled samples were stored at -80#{176}C.

Preparation of Extraction Solvents, Mobile Phase, and
HPLC Standards. Protease solution was prepared by add-
ing 10 ml of cold phosphate-buffered saline to 100 mg
of protease powder and gently vortex mixed until the
powder dissolved. This solution was stored in aliquots at
-80#{176}C until use.

SDS-ethanol-BHT solution was made as follows. One
ml of a 20% SDS-H2O stock solution, previously stored
at -80#{176}C,was added to 19 ml of ethanol, vortex mixed,
and stored at room temperature for no more than 5 days.
Prior to use, BHT was added to make its concentration
0.1% (w/v). This BHT solution was made fresh every day.

KOH-methanol-BHT solution was also made fresh
daily by adding BHT to a 12% KOH-methanol stock
solution to make the BHT concentration 0.1% (w/v).

Mobile phase A and B were made by thoroughly
mixing acetonitrile, tetrahydrofuran, methanol, 1% am-
monium acetate, and BHT in the following ratios:
85:5:5:5:0.05 (v/v/v/v/w) and 55:35:5:5:0.05 (v/v/v/v/w),

respectively. They were filtered and stored at 4#{176}Cuntil

used.

T,tl)k’ I Coniparison i)t N 1ST retereric (‘ values md our laboratory

values (it SRt’VI 9613

Arialyte
NIST retereii( (‘ v.ili.it’s’

pg/nil)
( )ur values

�ug/ml)

Retinol (1._I 1 3
0.477

1.1St)

0._I 1 5
0.462
1.149

u-Tucupherul 4.94
7.67

12.4

4.9913
7.734

12.165

AIl-trans-�3-carotene 0. 1 1 5
0.5�5
1.2

0.101
0.577
1.278

,, The N 1ST reter(’iic e valut’s or rc’tiniil ,lri(1 ,i.tuciil)Iieriil ss-ere (ertitied

values; however, the r(’teren( (‘ values or ,iIl.tr,ins-�- ,sri,terie were sug-
gestecl values, wliic h have ni)t been ((‘rtitied by the N l�’,T.

HPLC standard solutions were prepared by dissolv-
ing a small amount of each standard in l% toluene in

ethanol containing O.l% BHT. The concentration was
calculated using the following extinction coefficients (dl

g�1 cm_i) suggested by the NIST: lutein 2550 at 445 nm;
zeaxanthin 2540 at 452 nm; �3-cryptoxanthin 2565 at 450

nm; lycopene 3450 at 472 nm; (x-carotene 2800 at 444
nm; f3-carotene 2560 at 452 nm; a-tocopherol 75.8 at

292 nm; retinol 1850 at 325 nm; and retinyl palmitate
975 at 325 nm. Because the extinction coefficient for cis-
/3-carotene was not available its concentration was esti-
mated from the a-carotene standard curve. All the stand-

ard curves were constructed by adding the standard
solutions to pooled buccal mucosal cells and plasma
samples and then extracted and analyzed as described.
The results were verified with a set of reference standards

(SRM 968) purchased from the NIST, which contained �3-

carotene, a-tocopherol, and retinol in freeze-dried hu-
man serum. The comparison of NIST reference values
and our laboratory values is shown in Table 1.

Collection of Buccal Mucosal Cells. In order to prevent
the compounds from being oxidized, all the tubes used
were coated with BHT. The tubes were prepared in
advance by adding 50 �tI of 1% BHT-niethanol solution
(w/v) to each tube, vortex mixed, and then dried in a

hood. The buccal mucosal cells were collected as follows.
To each 50-nil conical tube (Falcon 2070; Becton Dick-
inson and Co., Lincoln Park, NJ), containing 0.4 g of
iodized table salt, was added 50 ml of drinking water to
dissolve the table salt. The volunteers were asked to rinse

their mouths thoroughly with drinking water and then to
brush the inside of their cheeks with a soft toothbrush,
20 times on each side (one up-down stroke counted as

one time). Immediately after the brushing, they were

asked to rinse, by swirling the niouth vigorously, with 20
ml of the table salt solution. The rinsing solution was
deposited in a 50-mi conical tube coated with BHT. This
rinsing procedure was repeated once. The toothbrush
was washed with the remaining 10 ml of the salt solution,
and that solution was also deposited in the conical tube.
The collected cells were processed imniediately as de-

scribed below. When it was not possible to process the
cells immediately, the tubes were wrapped with alu-
rninium foil and stored at 4#{176}C.However, lycopene was

not stable under this condition; a loss of 25% was ob-

served by the end of the seconid hour.
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Processing and Storage of Buccal Mucosal Cells. The
washing procedure was carried out under dim light since
retinoids and carotenoids are light sensitive. The buccal
mucosal cells collected were centrifuged at 1400 X g for
10 mm in a Beckman TJ-6 centrifuge under refrigeration.
The supernatant was discarded, and 1 5 ml of cold phos-
phate-buffered saline were added. The sample was vor-
tex mixed and then centrifuged at 1,400 x g for 5 mm.
After removing the supernatant, 1.2 ml of cold phos-
phate-buffered saline were added and vortex mixed.
One ml of the cell suspension was pipeted into a BHT-
coated microcentnifuge tube (Intermountain Scientific
Corp., Bountiful, UT) and then centrifuged at 13,000 x g
for 1 mm in a Fisher microcentnifuge (model 235). The
supernatant was discarded, and the cell pellet was
flushed with nitrogen for 20 s, capped tight, and stored
at -80#{176}C in a box to avoid exposure to light. The re-
maining cell suspension was saved for a cell count and
other uses.

Extraction Procedure. Samples were taken from a freezer
(-80#{176}C) and allowed to thaw at room temperature for a
few minutes. To each cell pellet, a very small amount (1-
2 mg) of BHT and 200 �zl of the protease solution were
added. The sample was vortex mixed to suspend the
cells in the solution. Protein digestion was carried out at
37#{176}Cfor 30 mm. After this digestion, 400 �zI of the SDS-
ethanol-BHT solution were added and vortex mixed for
60 s. Then, 500 �zl of hexane containing 0.1% BHT were
added, vortex mixed for 60 s, and centrifuged at 13,000
x g for 1 mm. The upper hexane layer was carefully
removed and transferred to a microcentnifuge tube. The
extraction was repeated once. The two hexane layers
were combined and dried under nitrogen. The dried
extract was stable for at least 2 days at -20#{176}C. Plasma
was extracted with the same procedure, except that
protein digestion was not required.

HPLC Analysis. HPLC analysis was performed using a
Waters 600E multisolvent delivery system, a Waters 715

Ultra-WISP autoinjector, and a Hewlett-Packard 1040M
photodiode array detector with a chem station. Two
Novapak C� columns (4 �zm, 300 X 3.9 mm; Waters
Associates, Milford, MA) connected in series preceded
by a guard column (70 x 2.1 mm; Waters Associates)
packed with CO:PeIl octadecyl silane (Alltech, Deerfield,
IL) were used for the analyses. To separate all the com-

pounds of interest, a gradient mobile phase at a constant
flow rate of 1 .3 mI/mm was used. The gradient profile
was: from 100% mobile phase A to 100% mobile phase

B in 27 mm using curve 6 (linear gradient), remaining at
that mobile phase for 10 mm, then usingcurve 3 (nonlin-
ear) to go back to 40% A and 60% B at 38 mm, then to
100% A at 43 mm and remaining at 100% A for another
4 mm. The total run time including reequilibration was
47 mm. Prior to HPLC analysis, the dried extract was
reconstituted in 150 �zI of mobile phase B; 50 zl were
injected onto the column. The HPLC effluent was mon-
itored at 300, 325, and 452 nm for tocopherols, retinoids,
and carotenoids, respectively. Peaks were identified by
comparing the retention times with those of the corre-
sponding standards and by cochromatography with the
standards. Quantitations were performed by an external
standard method.

Recovery and Coefficient of Variation of the Assay. For
the determination of recovery, a pooled buccal mucosal

cell sample was processed and aliquoted. To the aliquots,
a standard mixture consisting of lutein, lycopene, /9-

carotene, retinol, retmnyl palmitate, and cr-tocopherol was
spiked in triplicate. The recovery at three different con-
centrations of the standards was determined. Recovery
was calculated by dividing the net peak areas of individ-
ual compounds in the spiked samples into those of the
corresponding standards. The spiked and unspiked sam-
pies were extracted and analyzed as described.

The CV or precision was determined by extracting
and analyzing the compounds in the buccal mucosal
cells weekly or in the plasma daily in a 1-month period.

Results and Discussion

A number of HPLC methods for the determination of
carotenoids in human plasma and food products have
been developed during the last 10-15 years. However,
for human buccal mucosal cells, the analytical procedure
is rare. Most of the developed methods separate and
quantitate total /9-carotene; some of them also separate

lycopene and ct-carotene. However, only a few of them
are able to separate the cis and trans isomers of carotenes
(12, 13) or lutein and zeaxanthin (14, 15).

The present HPLC procedure is able to separate not

only the cis and trans isomers of /9-carotene but also
lutein and zeaxanthin. However, the separation of lutein
and zeaxanthin was not always at baseline. In such a
case, the separation was improved by lowering the
amount of tetrahydrofunan (about 1%) in mobile phase
A while increasing the amount of acetonitrile in the
mobile phase accordingly. This procedure also separates
and quantitates lycopene (as a cluster of two or three
isomers), /3-cryptoxanthmn, a-carotene, retinol, retmnyl pal-
mitate, cs-tocopherol, and “y-tocopherol simultaneously
using a photodiode array detector. With this procedure,
we have routinely quantitated these compounds in the
buccal mucosal cells and the plasma of cancer patients
and normal subjects. In the buccal mucosal cells, lutein,
/3-cryptoxanthmn, lycopene, ct-carotene, /3-carotene, cis-
/3-carotene, a-tocopherol, zeaxanthin, and retmnyl palmi-
tate were present in all the samples analyzed, but the
last two compounds were present only in small amounts.
Retinol and -y-tocopherol were found only in some of
the samples. In contrast, the plasma samples contained
all these compounds. Figs. 1 and 2 show the represent-
ative chromatograms of the HPLC analysis in the buccal
mucosal cells and plasma, respectively.

Table 2 shows the recovery of lutein, lycopene, (3-

carotene, retinol, retinyl palmitate, and a-tocopherol in
the buccal mucosal cells. Except lycopene, which had an
average recovery of 83%, the other compounds had
recovery greater than 92%. Table 3 shows the coefficient
of variation of the assay in two pooled buccal mucosal
cell samples during a 1-month period. Two aliquots from
each pooled sample were extracted and analyzed
weekly. Despite the potential variation in the number of
cells in the aliquoted samples and the week-to-week
variation in the extraction and HPLC analysis, the coef-
ficient of variation for all the compounds was less than
10%.

As part of our quality control/quality assurance pro-
gram, an aliquot of the pooled human plasma sample,

stored at -80#{176}C, was extracted every morning along with
six other samples. The extracted plasma sample was
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fig. 1. Representative IIPLC c hromat-
ogranis of ( ,irotenoids, retinoids, arid to-
( oI)herols iii hunian buc cal nlu(osal
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analyzed at the beginning and at the end ofthe six sample
runs. As shown in Table 4, the coefficient of variation of
the assay for all the compounds was less than 8% during
a 1-month I)eriod.

In the course of the developtiient of the HPLC

procedure, three different columns, four H PLC niiobile
phases, and two rletection methods were conipared. The
results were as follows:
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fig. 2. Representative HPLC chromat-
ugr.Ims of carotenc)ids, retinuids, and to-

cupheru(s in hum,iii I)l,i51i1.i.

(a) Among the reverse-phase columns tested,
namely Waters ,�Bondapak C5 (10 ,zm), Waters Novapak
C8 (4 �ini), and Beckman ultrasphere octadecyl silane (5
� the Waters Novapak C column gave the best
separation of the cis and trans isomers of (3-carotene.

(b) Use of one Novapak C1 column was adequate
for the separation of the cis and trans isomers of (3-
carotene; however, for the separation of lutein and zea-
xanthin, two Novapak columns connected in series were
necessary.
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T,ih)e 2 Re iiver� ut I he designated staI)(lar(ls spike(1 to huc � il
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SIan(lardls
Aniount

s1)Ik(’(I “
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Aiiii icint

reci)ver(’(l ‘

‘ ( t’(Is)

Re’ciivers

I #{176}/‘O(

lutein 2(17
4.15

6.45

2(15
4(11

6.27

99.1)3

92.18

97.20
96.14 ± 3.55�

Lscupenv 5,74 4.(,5 81.01

1 2 .1,1,

19.75

10. 7 1

16.51

114.86

83.59
81.12 ± 1.92

3-Caruten(’ 2. 1(1
4.2(1
6.21

2.07
4.15
6.14

98.57
98.81
98.56

98.65 ± 0.15

Retinul 1.24

6.6 1
9.69

(((5
6.20
c), �l

94.14

9151
96.18

94.61 ± 1.4(1

Retinvl-p,ilniitate 1 .52 1 . 3 1 86.18

2.95
4.61

2.74
4.5(t

92.88
97.61

92.22 ± 5.74

(�-Tuc(ipIieriil 1 ‘5 5. 5 1 140.9 1 90.62

123Oi
475.413

9)11.72

451.22
95.49

95.32
91.81 ± 2.7(

., Average c)t two assays.

1� Average roil) ti.’.ii 51)ik(’(I s,lnlI)l(’s.

‘ Mean ± SD.

(c) When an acetonitrile-based niobile phase, e.g.,
CH �CN/THF/BHT (85: 1 5:0.05, v/v/w) or CH �CN/THF/
methanol/BHT (58:7:35:0.05, v/v/v/w), was used, the ca-
rotenoid peaks, especially lycopene and /3-carotene, in
the consecutive rutis of the same samples became
smaller and smaller. This problem was solved by adding
ammonium acetate to the mobile phase and was re-
ported earlier (16). It appeared that ammonium acetate
was necessary for the consistent elution of these coni-
pounds from the column tested. A similar problem was
also reported by others (17).

(ci) Mobile phase A was good for the separation of
ILiteiti and zeaxanthin; however, this mobile Phase did
tiot (‘lUte lycopetie atid carotenes withiti a reasonable
run time. On the other hand, nloI)ile 1)hase B was good
for the sel)aration of lycopene and carotenes, but this
tiioljile 1)hase did not separate lutein and zeaxanthin.
Thus, a gradient using the two mobile phases was
adopted. Gradient curve 6 (linear) was chosen because
it produced the most stable baseline and because this

profile gave a better separation of ((-tocopherol froni
adjacetit peaks.

(e) Mobile phase B was a better reconstituent than
mobile phase A because the micronutrients, especially
lycopene and carotene’s, were niore soluble iii mobile
phase B.

( I’) UV detection and fluorescence detection were
compared for ((-tocopherol and retinoids. The fliiores-

cence detector used was a Kratos model 980. The cxci-
tation and the emission wavelengths were 295 and 345
nnii for ((-tocopherol and 325 arid 41 5 rinii for retinoids,
respectively. Although the fluorescence detection ni-

proved the sensitivity of (5-tocopherol, it also caused a
sul)statitial increase iii the sensitivity of the adjacent

peaks. As (1 result, (5-tocopherol could riot be quantified
accurately. For the retinotds, the UV detection appeared
to be l)etter. Thus, the UV detection with a photodiode
array detector WaS chosen for the pres(’rit procedure.

In the (OLIrSe of the developnient of the extraction
procedure, three procedures, i.e., KOH-methanol/hex-
ane, SDS-ethatiol/hexane, arid protease/SDS-(’thanol/
hexane were conipared. In the KOH-niethanol/hexane

i)rocediire, the (‘(‘115 W(’�(’ first susI)ended in 0.25 nil of
niiethaniol conitainiilig 0. 1 % BHT I�’ gentle vortex nlixing,
then 0.25 nil of the KOH-niethanol-BHT solution was
added arid niiixed. The saniiples were incLII)ated for 1 h
at 37#{176}C,IOIIOW(-’(l l)y hexarie extraction. In the SDS-
ethanol/hexane procedure, the cells svere vortex niixed
with 400 � of the SDS-ethariol-BHT solution, followed
by the same hexarie extraction. SDS was chosen 1)ecause
this compound has been used for the extraction of a-

tocopherol in huriiani plasriia, RBC, and rat liver honiog-
enate ( 18). In the l)rotease/SDS-ethaniol/hexarie pr�ce-
dune, the cells were first iticLll)ate(1 with a pr�teast’ so-

lution, followed l)y the SDs-ethanol/hexane Procedure.
The results were as follows.
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Iu�vestvalue
SI)

1.�)7
2.17

1.74
0. 12

True
Tr,ee’

13.78
15.05

12.91
0. 76

1.63
1.98

1.51
0. 14

(),(3
‘1.71

9.05
0.2(1

1.2’l
1.19

1.1-1
((((9

1.4 1

1.51

1.29
((.1(11

2 10.61
250.12

214.11
1 1 .69

(V )#{176}i�) 6.16 5.411 8.77 2.17 7.15) 5.511 5,1(7

.‘ Aver.ige (it iliflt’ assays.
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Table 4 CV for the designated compounds in a pooled human plasma sample during a 1 -month period

. . )�-Carotene cis-)�-Carotene . .
Lutein Zeaxanthin Lycopene a-Carotene (ng/ml( Retinol Retinyl-palmitate a-Tocopherol

Mean� 82.24 25.11 315.41 77.09 137.02 6.63 357.28 80.62 8937.0
Highest value 93.71 29.09 346.13 88.81 153.47 7.27 442.36 88.99 9645.1
Lowestvalue 71.01 21.58 282.72 67.55 119.36 5.73 314.09 68.84 8108.3

SD 4.99 1.66 17.60 5.04 8.56 0.38 24.11 5.87 320.5

CV (%) 6.07 6.61 5.58 6.54 6.24 5.73 6.75 7.29 3.59

a Average of 42 assays.

Table 5 Coniparison of extracted amounts of the designated micronutrients by the SDS-ethanol/hexane and the
protease/SDS-ethanol/hexane procedures

Relative amount extracted (%)a S

No. of cells/extraction )X106)
Lutein zeaxanthin Lycopene o-Carotene f3-Carotene cis-)i-carotene Retinyl-palmitate a-Tocopherol

SDS-ethanol/hexane (pooled

sample III)
0.8 100 100 100 100 100 100 100 100

1.6 126 181 111 174 176 115 112 196

2.4 173 194 176 206 225 272 145 295

3.2 219 271 185 205 230 317 170 401

Protease/SDS-ethanol/hexane

(pooled sample IV)
0.8 100 100 100 100 100 100 100 100

1.6 212 202 206 204 206 206 201 194

2.4 308 307 305 291 315 292 297 313

3.2 401 398 395 397 397 392 387 402

a Theaniount extracted from 0.8 X iO� cells was set as 100%; the actual values of the amounts extracted by the SDS-ethanol/hexane and the protease/

SDS.ethanol/hexane Procedures were (in ng): lutein, 0.87, 0.91; zeaxanthin, 0.31, 0.31; lycopene, 6.46, 6.32; a-carotene, 0.52, 0.51; ti-carotene, 1.33,
1.52; cis-�3-carotene, 0.37, 0.45; retinyl-palmitate, 0.93, 1.03; and c.-tocopherol, 54.17, 56.24, respectively.

b Average of two extractions.

(a) The SDS-ethanol/hexane procedure produced a
better result than the KOH-methanol/hexane procedure.
The recovery of retmnyl palmitate, cn-tocopherol, and ly-
copene with the KOH procedure was particularly poor;
in one study the recovery of the three and (3-carotene
was 0%, 18.5%, 47.2%, and 68.6% of the amount ex-
tracted with the SDS-ethanol/hexane procedure,
respectively.

(b) As shown in Table 5, the SDS-ethanol/hexane
procedure was satisfactory for the extraction of a-to-
copherol from a wide range of cells used; however, this
procedure did not extract carotenoids and retinoids in
proportion to the numbers of the cells. A similar finding

using spiked (3-carotene and retmnyl palmitate was re-
ported by Newcomb et a!. (10). Since the extraction of
a-tocopherol was satisfactory, it suggested that the cells
were probably completely disrupted by SDS-ethanol, but
some kind of binding, e.g., protein binding, might prevent
carotenoids and retinoids (but not a-tocophenol) from
being extracted into hexane.

(c) Protein digestion was therefore included in the
extraction procedure. As a result, the protease/SDS-
ethanol/hexane procedure was satisfactory for all the
compounds. As shown in Table 5, all the micronutnients
were extracted in proportion to the number of cells used.
Stich and associates (7, 8) have also used protease in
their procedure; however, it was followed by KOH-
methanol saponification and then hexane extraction.

In summary, we have developed a sensitive proce-
dune for the simultaneous analysis of lutein, zeaxanthin,
(3-cryptoxanthin, lycopene, a-carotene, (3-carotene, cis-

(3-carotene, retinol, netmnyl palmitate, a-tocopherol, and
“y-tocopherol in human buccal mucosal cells. This pro-

cedune may also separate and quantitate other carote-
noids, but due to lack of corresponding standards, this
issue cannot be addressed at this time. The present
procedure will enable investigators to determine the level
of these micronutnients in the easily accessible human
buccal mucosal cells. Also, by monitoning the level of
these compounds simultaneously in the cells from an
individual, this procedure will allow investigators to de-

termine whether any potential interaction among the
micronutrients occurred. Additionally, this procedure
may also allow investigators to evaluate the potential role
of other carotenoids such as a-carotene and lycopene
(19-24) in cancer prevention.

In a large-scale epidemiological or clinical trial, it is
not always possible to analyze freshly harvested buccal
mucosal cells. The cells to be analyzed have usually been
stoned in a freezer for some time. For this reason, it is
important that the cells collected are properly handled
and stored in order to ensure the stability of these corn-
pounds until the time of analysis. Our preliminary data
have indicated that under the storage conditions de-
scnibed in the text, the micronutrients are stable for at
least 2 months. This stability study is in progress. Results
will be reported shortly.
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