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Abstract

Background: Vitamin E is one of the important antioxidants
linked to regulate various diseases, such as atherosclerosis,
hypertension, and male infertility. A relatively simple and
economic biochemical modified method has been developed
to determine serum o-tocopherol concentration.

Methods: The current modified method is based on previ-
ous Baker and Frank method and the method of Martinek by
using 2,2’-bipyridyl, ferric chloride, and xylene. The complex
of ferrous ions generated in this reaction with 2,2’-bipyridyl
is determined by using a plain enzyme-linked immunosorbent
assay microplate (non-antibody coated) at 492 nm.

Results: The standard curve of this new modified method
shows a linearity with correlation r=0.997 (concentration vs.
absorbance). The absorbance of this color complex is directly
proportional to the o-tocopherol concentration. The sensi-
tivity of this new modified method has been compared and
correlated with Baker and Frank method by using 15 human
samples (r=0.99, p<0.0001).

Conclusions: This simple and economic method may be rou-
tinely used to analyze o-tocopherol concentration in serum.

Keywords: data analysis; modified method; serum «-
tocopherol assay.

Introduction

Vitamin E proved to be effective in preventing lipid peroxida-
tion (LPO) and other radical-driven oxidative events (1, 2).
Vitamin E is classified into eight forms which are referred
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to as tocopherols. Among these forms, c-tocopherol is found
to be the most studied because of its maximum bioavailabil-
ity (3). Vitamin E functions as a chain-breaking antioxidant
which prevents the propagation of free radical reactions
(4, 5). Vitamin E is also a recognized exogenous, lipophilic
antioxidant of the semen and it plays a key role in male repro-
duction by protecting sperm membrane polyunsaturated fatty
acid against oxidation by reactive oxygen species (6). New
evidences suggest that o--tocopherol suppresses LPO in sperm
as assessed by reduction of malondialdehyde concentration
and improvement in sperm motility (7). Vitamin E has been
related to reduction in cardiovascular disease risk (8), diabetic
complications (9), certain cancers (10), and cataracts (11).

In view of'its clinical importance, estimation of serum vitamin
E concentration becomes necessary to evaluate the blood anti-
oxidant status. Hence, several biochemical and assay methods
to estimate this antioxidant vitamin are developed in this direc-
tion. However, certain drawbacks and difficulties are observed
among the present available methods to estimate serum vitamin
E concentration. Some methods need costly chemicals, kits, and
instruments, such as high-performance liquid chromatography
(12, 13), whereas some methods are very lengthy or time con-
suming and tedious, such as enzyme-linked immunosorbent
assay (ELISA) kit methods (14), paper chromatography meth-
ods (15), or thin layer chromatography methods (16). Some
methods need a large quantity of serum (17, 18) which may be
a hindrance for estimating rat or mice serum vitamin E, as the
quantity of rats or mice serum collected is relatively less. Some
methods are also found to have lower sensitivity and accuracy
(19) or need correction factor calculations (17, 19). Keeping
these in mind, a suitable, less tedious, economic, rapid, and
new micro method, which utilizes a small quantity of serum,
has been investigated and described in this research article to
determine o-tocopherol (vitamin E) in serum.

Materials and methods

All glasswares required for this experiment were cleaned with
0.1 N HCI followed by distilled water and kept in an oven to dry
overnight. DL a-tocopherol acetate (Merck, Mumbai, India), ethanol
(aldehyde free) (Merck, Darmstadt, Germany), xylene (extra pure)
(Merck, Mumbai, India), 2,2"-bipyridyl (Loba Chemie, Mumbai,
India), n-propanol (Merck, Mumbai, India), ferric chloride (Quali-
gens, Mumbai, India), and triple distilled water were used in this
experiment.

Preparation of reagents

Stock standard of o-tocopherol (0.27%, w/v): 270 mg of o.-tocopherol
acetate diluted in 100 mL ethanol (aldehyde free) and mixed thoroughly.
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2,2’-Bipyridyl (0.12%, w/v): 120 mg 2,2"-bipyridyl dissolved and
made the volume up to 100 mL with n-propanol and kept in a brown
bottle. Ferric chloride (0.12%, w/v): 120 mg FeCL,-6H,O dissolved in
100 mL ethanol (aldehyde free) and also kept in a brown bottle. All
these solutions are stable at room temperature (24°C+2°C).

Preparation of standard curve

Working standard of o-tocopherol (27 pg/mL): 1 mL of stock stan-
dard solution was taken and made the volume up to 100 mL with
ethanol (aldehyde free) to obtain a concentration of 27 pg/mL. This
solution is stable at room temperature.

Six centrifuge tubes were taken and labeled as B (blank) and S,
S,. S, S,, and S, for standard solution. In these tubes, O (zero), 150,
300, 450, 600, and 750 pL of working standard solution (27 pLg/mL)
were added, respectively, and made the volume up to 750 uL by
adding ethanol (aldehyde free). These solutions (S,-S;) are equiva-
lent to 4, 8, 12, 14, 16, and 20 pg/mL of a-tocopherol concentration,
respectively. The entire protocol is shown in Table 1. The absorbance
was measured by using 200 UL of each of the above-mentioned solu-
tions (including blank) put on a plain ELISA microplate (non-anti-
body coated) and read in an ELISA reader (ERBA-Lisa Scan II) at 492
nm. A standard curve was plotted with absorbance vs. a-tocopherol
(ug/mL) concentration. A typical standard curve is shown in
Figure 1.

Analysis of a-tocopherol in serum

Fifteen serum samples from healthy volunteers (age 25-60 years)
were obtained after collecting informed consent from them. We per-
formed two sets of experiments, i.e., Baker and Frank method (17)
and our current experimental method for confirmation of validity.

Blood samples were collected in plain centrifuge tubes without
using any anticoagulants. The tubes were centrifuged at 3000 rev-
olutions per minute (rpm) for 15 min to get the serum. Serum for
the analysis of o-tocopherol should be protected from sunlight as
o-tocopherol darkens on exposure to light and is slowly oxidized by
atmospheric oxygen. o-Tocopherol was found to be stable in sepa-
rated serum at 25°C for 1 day, at 4°C for 2 weeks, and at —20°C for
2 months (19). Special precaution was taken to prevent hemolysis as
it may influence the result. The following steps were followed.

Step 1 Centrifuge tubes labeled as T and B (i.e., sample/test and
blank) were taken. Ethanol (aldehyde free) (750 puL) and serum
(750 uL) were added in these sample tubes. Serum should be added
slowly with mild shaking to obtain a finely divided protein precipi-
tate. The blank was prepared by adding 750 uL of distilled water
and 750 pL of ethanol (aldehyde free). All the tubes were covered
tightly by wrap paper and shaken vigorously for at least 30 s. Xylene
(750 uL) was then added in all these tubes. Furthermore, all the tubes
were covered tightly by wrap paper and shaken vigorously for at
least another 30 s and then centrifuged for 10 min at 3000 rpm.

Step 2 Xylene layer (supernatant) (500 uL) was transferred into
properly labeled, clean, and small-size test tubes (5 mL volume). To
each tube, 500 UL of 2,2’-bipyridyl solution was added followed by
100 pL of ferric chloride solution and waited for 2 min.

Step 3 The solutions (200 pL) from each of these tubes were
transferred to a plain ELISA microplate (non-antibody coated). The
primary wavelength was set at 492 nm and the absorbance of all the
samples (including blank) were measured. The ELISA reader was set
in ‘rapid measure’ mode. The serum o-tocopherol concentration of
each of the sample was obtained by using the standard curve prepared
earlier (Figure 1). These concentrations of serum o-tocopherol
(vitamin E) estimated by our current experimental method were

Table 1 Preparation of standard curve by our modified method.

Absorbance in Concentration of

Ferric chloride,

uL

2,2"-Bipyridyl,

layer, uL  upL

Xylene

Xylene,

Distilled

Working standard, uLL

SN

o-tocopherol, pg/mL

ELISA reader at
492 nm

water, UL uL

Ethanol

o-Tocopherol

(aldehyde free)

0.442
0.474

0.511
0.606

0.536
0.571

absorbance at

After 2 min
492 nm

100
100
100
100
100
100

500
500
500
500
500
500

500
500
500
500
500
500

Centrifuge for

750
750
75

10 min at
750
75 3000 rpm
750

750
750
750
750
750
750

750
600
450
300
150

150
300
450
600
750

M wBA A

B, blank; S-S, solutions of o-tocopherol with different concentrations; SN, serial numbers.
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Figure 1 Standard curve of a-tocopherol (vitamin E) at 492 nm by
our modified method.

compared and analyzed with Baker and Frank method (17) (Table 2).
The percent change difference between our method and Baker and
Frank method was calculated (Table 2) and the correlation between
them was also evaluated (Figure 2). The meantSD values of the
serum o.-tocopherol of both methods were compared using Student’s
unpaired t-test.

The entire research protocol was approved by the Institutional
Ethical Committee as per the guidelines of Declaration of Helsinki
(1964) (20).

Results and discussion
Table 1 shows the detailed procedure of preparation of
a-tocopherol standard curve and reading of absorbance in the

ELISA reader. Figure 1 depicts a typical standard curve of

Table 2 A comparative analysis of o-tocopherol in serum.

164 y=1.0087x-0.096
r2=0.9999

a-tocopherol, ug/mL by our modified
method

0 T T T
0 5 10 15 20
a-Tocopherol, ug/mL by Baker and Frank method

Figure 2 Correlation between Baker and Frank method and our
modified method.
Correlation (r) is 0.99, n=15, p<0.0001.

a-tocopherol at 492 nm. The standard curve has been plotted
against the concentration of ¢-tocopherol (ug/mL) with the
absorbance at 492 nm. The curve clearly shows its linearity
with correlation value of r at 0.997. Based on this standard
curve, the a-tocopherol concentration in serum has been
calculated for 15 samples and compared with Baker and
Frank method by using a spectrophotometer. The percent
change difference between these two methods in each of the
samples has also been noted down. Results clearly show very
negligible percent change difference between the individual
results of both methods (Table 2). An unpaired Student’s t-test
between the two methods also shows a non-significant statis-
tical difference. A significant correlation (r=0.99; p<0.00001)
between the method of Baker and Frank and our modified

Sample (I) Baker and Frank method by using (II) Our modified method by Percent change
spectrophotometer at 460 and 520 nm using ELISA reader at 492 nm difference (I vs. II)
a-Tocopherol®* (ug/mL) a-Tocopherol (ng/mL)

T, 1371 13.77 0.43

T, 12.16 12.17 0.08

T, 10.96 10.94 0.27

T, 14.60 14.64 0.27

T, 8.95 8.96 0.11

T, 15.86 15.87 0.06

T, 10.00 9.95 0.05

T, 14.72 14.76 0.27

T, 9.71 9.70 0.10

T, 9.48 9.46 0.21

T, 8.95 8.96 0.11

T, 11.04 11.06 0.18

T, 11.45 11.43 0.17

T, 9.74 9.70 0.41

T, 12.50 12.54 0.32

Mean*SD 11.58+2.25 11.5942.28

t-value=0.0112; SE difference=0.830 (non-significant). *As per Baker and Frank method, the calculation is serum tocopherol (ug/mL)=(A" of

unknown/A” of standard)x10, where A’=A_ —0.29xA

520 460"
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method has also been observed, which reflects the validity of
our current modified method.

In our modified method, the blank, standard, and sample
followed a uniform procedure; hence, time-dependent altera-
tion of color development remained the same. The use of 2,2’-
bipyridyl and xylene in our modified method clearly reflects
distinct advantage as these chemicals have lower cost but with
equal sensitivity with other equivalent chemicals, such as 2,4,6-
tripyridyl-s-triazine and hexane. The mean value of o-tocopherol
(ug/mL)concentrationin 15 samples was foundtobe 11.58+2.23,
which is very much within the normal range (8—15 pg/mL) of
a-tocopherol (vitamin E) concentration in humans (19).

Hence, our modified method may be considered as a rapid
diagnostic test to estimate serum vitamin E for biochemical
analysis.

Acknowledgments

The authors greatly acknowledge the Director of the Defence
Institute of Physiology and Allied Sciences, Delhi, Defence Research
and Development Organisation, Ministry of Defence, Government of
India for providing financial assistance to the corresponding author
Prof. Kusal K. Das.

Conflict of interest statement

Authors’ conflict of interest disclosure: The authors stated that
there are no conflicts of interest regarding the publication of this
article. Research support played no role in the study design; in the
collection, analysis, and interpretation of data; in the writing of the
report; or in the decision to submit the report for publication.
Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

References

1. Burton GW, Ingold KU. Vitamin E: application of the principles of
physical organic chemistry to the exploration of its structure and
function. Acc Chem Res 1986;19:194-201.

2. Esterbauer H, Dieber-Rotheneder M, Striegl G, Waeg G. Role of
vitamin E in preventing the oxidation of low density lipoprotein.
Am J Clin Nutr 1991;53:Suppl:314S-218S.

3. Traber MG. Vitamin E. In: Shils M, Olson J, Shike M, Catharine
Ross A, editors. Modern nutrition in health and disease, 9th ed.
Baltimore, MD: Williams & Wilkins, 1999:347-62.

10.

11.

12.

13.

15.

16.

17.

. Kamal-Eldin A, Appelqvist LA. The chemistry and anti-

oxidant properties of tocopherols and tocotrienols. Lipids
1996;31:671-701.

. Packer L. Vitamin E is nature’s master antioxidant. Sci Am Sci

Med 1994;1:54-63.

. Bjgrneboe A, Bjgrneboe GE, Drevon CA. Absorption, transport

and distribution of vitamin E. J Nutr 1990;120:233-42.

. Suleiman SA, Elamin AM, Zaki ZM, el-Malik EM, Nasr MA.

Lipid peroxidation and human sperm motility: protective role of
vitamin E. J Androl 1996;17:530-7.

. Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner

B, Willett WC. Vitamin E consumption and the risk of coronary
disease in women. N Engl J Med 1993;328:1444-9.

. Semenkovich CF, Heinecke JW. The mystery of diabetes and

atherosclerosis: Diabetes 1997:;46:
327-34.

Comstock GW, Alberg AJ, Huang HY, Wu K, Burke AE, Hoffman
SC, et al. The risk of developing lung cancer associated with
antioxidants in the blood: ascorbic acid, carotenoids, at-tocopherol,
selenium, and total peroxyl radical absorbing capacity. Cancer
Epidemiol Biomarkers Prev 1997;6:907-16.

Knekt P, Heliovaara M, Rissanen A, Aromaa A, Aaran RK.
Serum antioxidant vitamins and risk of cataract. Br Med J
1992;305:1392-4.

Eagle Biosciences. Vitamin A and Vitamin E HPLC Assay.
Available at: http://stores.eaglebio.com/-strse-122/Vitamin-A,-
Vitamin-E,/Detail.bok. Accessed 15 January, 2011.

Khan A, Khan MI, Igbal Z, Shah Y, Ahmad L, Watson DG. An
optimized and validated RP-HPLC/UV detection method for
simultaneous determination of all-trans-retinol (vitamin A) and
a-tocopherol (vitamin E) in human serum: comparison of differ-
ent particulate reversed-phase HPLC columns. J Chromatogr B
Anal Technol Biomed Life Sci 2010;878:2339-47.

time for a new plot.

. Antibodies Online. Vitamin E (VE E) ELISA Kit. Available

at: http://www.antibodies-online.com/kit/366739/Vitamin+E+
VE+E+ELISA/. Accessed 14 March, 2011.

Atlas SJ, Pinter KG. Glass-fiber paper chromatography of vita-
min E. Anal Biochem 1966;17:258-62.

Bieri JG, Prival EL. Serum vitamin E determined by thin-layer
chromatography. Proc Soc Exp Biol Med 1965;120:554-7.
Baker F. Determination of serum tocopherol by colorimet-
ric method. Varley’s practical clinical biochemistry, 6th ed.
Portsmouth, NH, USA: Heinemann Professional Publishing,
1988:902.

. Nair PP, Magar NG. Colorimetric determination of vitamin E.

J Biol Chem 1956;220:157-9.

. Robert GM. Method for the determination of vitamin E (total

tocopherols) in serum. Clin Chem 1964;10:1078-86.

. Declaration of Helsinki (1964), amended by World Medical

Assembly, Venice, Italy, 1983. Br Med J 1996;313:1448-9.



