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Comparison in Determination of Vitamin D Level in Serum of Subjects at the National Can-
cer Institute by High Performance Liquid Chromatography and Electrochemiluminescence

Immunoassay

by  Aree Prasitthipayong', Somchai Thanasitthichai?, Vichuda Triratapichat', Sommart

Jantorn!

'Immunology section, Pathology Division, *Academic Support Division, National Cancer

Institute, Bangkok 10400.

Abstract

In this study, we compared the analytical method of electrochemiluminescence immu-

noassay (ECLIA) with high performance liquid chromatography (HPLC) which is the standard

method for the quantification of vitamin D (25SOHD) in serum of 70 samples obtained from

routine checkup clinic at the National Cancer Institute, Bangkok, between July and August

2012. Our findings show no statistically significant difference between the means of these two
methods (P=0.79,95% CI: -2.79-3.61) and an acceptable correlation was observed (r=0.88). There-

fore, the use of automatic analyzer by electrochemiluminescence immunoassay (ECLIA) for

quantitative determination of total 25OHD is possible in routine laboratory. (Thai Cancer J

2013;33:4-11.)

Keywords: vitamin D, 25-hydroxyvitamin D, high performance liquid chromatography (HPLC),

electrochemiluminescence immunoassay (ECLIA)
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Stability of Hemoglobin in Feces of the Subjects at the National Cancer Institute
by  Anupong Chaiyamool
Microscopy Section, Pathology Department, National Cancer Institute, Bangkok 10400.

This study aimed to evaluate the stability of fecal hemoglobin from the samples stored at
30°C and 4 C for a various range of time periods as well as the sample preserved in liquid buffers.
The results showed that the remaining percentages of hemoglobin in feces stored at 30 C were
91.5, 83.6, 65.2, 54.3, 49.6, 43.5, 41.1, 36.9, 35.0 and 24.5; while the remaining percentages of
hemoglobin in feces stored at 4°C were 99.1, 97.5, 93.1, 83.9, 81.2, 80.8, 75.8, 74.5, 72.4 and 59.9 at
1,2,3,4,5,6,7,8, 12 and 24 hours after collecting, respectively. At the temperature of 30 oC, the
hemoglobin level sharply decreased whereas the feces stored at 4 °C was able to maintain the
better hemoglobin level. The hemoglobin level was maintained higher than 90 percent for 1
hour in feces stored at 30 'C and 3 hours in feces stored at 4 C. Therefore, laboratory staff must
be informed and aware of the sample collection problems, the transitional period and the
temperature of storage which have an impact on feces hemoglobin level. In addition, the results
in this study indicated that preserving feces in buffer could maintain hemoglobin for 5 days
without refrigeration. Thus, preserving feces in buffer provides good quality and accuracy for
fecal hemoglobin analysis and it could be the most beneficial to the patients. (Thai Cancer J
2013,;33:12-19.)

Keywords: fecal occult blood test, fecal immunochemical test, delayed sample return, stability of

hemoglobin in feces
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Abstract Selenium (Se) is an unusual trace element which has its genetic code in mRNA specified

as selenomethionine in food and identified as selenocysteine (21* amino acid) which is often an
insertion of several selenoproteins. Selenium has been linked to cancer risk due to the basis of
several key selenoprotein enzymes including glutathione peroxidases and thioredoxin reduc-
tases that have antioxidant effects. This study aimed to evaluate the Se level of healthy Thai
subjects and compare it with that of the osteosarcoma patients. The plasma Se levels of 224
healthy subjects including 97 males and 127 females aged 10 to >50 years as well as 145
osteosarcoma patients aged 10-29 years in Thailand were analysed by the method of Graphite
Furnace Atomic Absorption Spectrometry (GFAAS) with Zeeman background correction. The
findings indicated that the plasma Se levels of healthy subjects aged 10-29 years were not
significantly different among males and females but they were significantly lower than those of
ages 30 to over 50 years (P<0.05). The females showed their plasma Se levels significantly lower
than males with the same age ranges of 30 to above 50 years (P<0.05). The plasma Se levels of
patients with osteosarcoma were found to be significantly lower than those of healthy controls
with the same ranges of age 10-29 years (P<0.05). These findings may be helpful for further
investigations on selenium supplementation for cancer prevention and improvement of clinical
outcomes in cancer treatment. (Thai Cancer J 2013,;33:20-27.)

Keywords: selenium, cancer prevention, osteosarcoma
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Introduction

Over the past two decades, an intense
controversy over the benefits and toxic aspects of
selenium (Se) in human nutrition are not yet well
understood. Selenium was thought to be toxic and
not necessary to human health. However, recently
it has been reclassified as an essential micronu-
trient necessary to human health and itis required
for a balanced human diet. It might also be harm-
ful for human when the taken in excess'.

The most common inorganic selenium
forms are selenite and selenate, while the major

organic forms are selenocysteine and seleno-

methionine. Selenium is an unusual trace element
in having its own codon in mMRNA that specifies as
the 21% amino acid (selenocysteine: SeCys)
insertion in selenoproteins® and many of which
have vital enzyme functions in the body. In addi-
tion, Selenium can replace sulfur in methionine,
forming selenomethionine which can be incorpo-
rated non-specifically into proteins in place of
methionine. Selenium is the basis of several key
selenoprotein enzymes that have antioxidant
effects such as glutathione peroxidase (GSH-Px),
thioredoxin reductase (TR) and selenoprotein

P(SeP)’. It has now been recognized that all these
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enzymes are selenium-dependent, generally with
selenocysteine at the active site. About 35
selenoproteins have been identified, although
many have roles that have not yet been fully
elucidated.

While oxygen is fundamental to the
processes of human life, especially for the release
of energy from fuel supplied by the diet, particu-
larly, in the form of its reactive oxygen species
(ROS), it can cause damage, resulting in
mutagenesis, carcinogenesis, circulatory distur-
bances and ageing. Oxidative damage to tissues
caused by ROS has been implicated in the
aetiology of a number of major diseases inclu-
ding cancer®. Selenium plays important roles in
the body's protective mechanisms that prevent
oxygen from showing its sinister side and is also
essential for normal functioning of the immune
system and thyroid gland. The antioxidative
activity of organoselenium compounds is believed
to be based on the prominent role that selenium
plays in many enzymes of the oxidative defense
system®. Glutathione peroxidase catalyzes the
oxidation of reduced glutathione and allows for
the reduction of hydrogen peroxide to water,
preventing lipid peroxidation and cellular dam-
age. Thioredoxin reductase, another seleno-
enzyme that acts as an antioxidant, is found in all
tissues. As a major component of the antioxidant

system, thioredoxin reductase is responsible for
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degrading peroxides and hydroperoxides
outside cell membranes. Peroxides and hydro-
peroxides have been shown to cause cell death,
DNA damage, and tissue atrophy.

Dietary constituents have been reported
to play vital roles in the development or prevention
of cancer®. Selenium enters the food chain through
plants, which take it up from the soil. The soil
selenium content, which varies by region, deter-
mines the amount of selenium in plant foods. In
most countries the major dietary sources of
selenium are foods of plant origin. Selenium
deficiency has therefore been identified in parts
of the world notable for their low soil content of
selenium’.

A variety of analytical methods including
fluorometry, neutron activation analysis (NAA),
atomic absorption spectroscopy (AAS), inductively
coupled plasma-atomic emission spectroscopy
(ICP-AES), inductively coupled plasma-mass
spectrometry (ICP-MS), gas chromatography (GC),
s|.ectrophotometry, X-ray and fluorescence analy-
sis can be used to determine the selenium con-
centrations (ng/g) in plasma, serum, urine, and
blood. Graphite furnace atomic absorption spec-
troscopy (GFAAS) offers high sensitivity (5x10-11
g selenium/g sample), but interference from the
matrix can cause significant difficulties. GFAAS
techniques require correction for background

absorption. Therefore, the Zeeman-effect back-
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ground correction is necessary for the determina-
tion of selenium in blood and blood products when
GFAAS is used because a spectral interference
from iron occurs at the selenium wavelength that
cannot be corrected by a deuterium continuum
source”.

Despite its biological importance in
human health, data on selenium in healthy
subjects and cancer patients are still very limited,
particularly in Asian countries, including Thailand.
In the present study, plasma selenium of healthy
subjects and cancer patients in Thailand were
assayed by Graphite furnace atomic absorption
spectroscopy (GFAAS) with the Zeeman-effect
background correction®. The comparison was
performed between plasma Se levels of healthy

subjects and patients with osteosarcoma.

Materials and Methods
Human specimen collection

Healthy Thai subjects in this study had
applied in the check-up program of the National
Cancer Institute, Bangkok, Thailand. All of them
(N=224) aged 10-75 years, comprising of 97
females and 127 males. These healthy Thais were
defined by physical examination, laboratory
examination and historical questionnaires
without consideration of occupation or hometown
origin. Patients with osteocarcinoma (N=145)

aged 10-29 years herein were from Rajavithi
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Hospital, Bangkok, Thailand. All the presented
subjects were accepted to participate after they
signed on the informed consent. The Ethical
Committees of the National Cancer Institute and
Rajavithi Hospital, Bangkok, Thailand approved

the research protocol for this study.

Plasma selenium assessment

In the present study, blood samples were
collected after a 12-hour fasting period. Heparin-
ized plasma samples were used for selenium
assay by the method of Electrothermal Atomic
Absorption Spectrometry (ETAAS) with Zeeman
background correction®. The selenium assess-
mentwas done by Varian Spectra AA 220 Zeeman
equipped with a GTA 110 graphite furnance and
PSD-100 autosampler (Varian Australia Pty Ltd.,
Australia). The instrument parameters were: 196.0-
nm wavelength, 1.0-nm slit width, co-injection
mode, peak height in measurement mode. All the
glasswares and plasticwares were washed with
5% (v/v) nitric acid, rinsed with ultrapure water and
finally dried at 60°c in a hot air oven. High-quality
water, obtained using a Milli-Q system (Millipore),
was used exclusively. All the chemicals used were
of the highest purity available. All the plasma
samples were stored in the selenium free-plastic
tubes and kept at -20°C until analyzed. Each
plasma sample (50ul) was added with matrix

modifier containing 1% (v/v) NiNO3 and 2% (v/v)
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Triton-X-100, to reach the final concentration of
1000 pg Ni/ml and 0.1% (v/v) Triton-X-100.
Samples were measured in triplicate. Appropri-
ate blank measurements were obtained by
repeating the procedure in the absence of the

selenium standard solution.

Statistical analysis

All values of plasma selenium levels were
presented as meansstandard deviation (SD).
Differences between means were assessed with
Students't-test. A value level of P<0.05 was

considered as statistically significant.

Results
The procedure for the direct determina-
tion of total selenium in heparinized plasma by
the method of electrothermal atomic absorption
spectrometry with Zeeman-based correction for
the high background signals were used herein.

Each diluted sample containing 0.1% (w/v) Triton
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X-100 was introduced directly into the electrother-
mal atomizer. Calibration was carried out using
the standard additions method. The detection limit
was 30 pg selenium. Prior to usage, all the glass-
wares, plasticwares and chemicals were exam-
ined and proved to be free of selenium.

The plasma Se levels of 224 clinically
healthy subjects including 97 males and 127
females with the age range of 10 to above 50
years were firstly presented in this study. Our
findings in Table 1 demonstrated that no signifi-
cant difference was found in the plasma Se levels
between the males and females (110.20+22.60
and 105.14+18.03, respectively) at ages 10-29
years, but the level in males was significantly
higher than that in females (168.27+46.60 and
118.52+17.47, respectively; P<0.05) at older ages
(30 to above 50 years). In addition, the Se level
in the older subjects was significantly higher
than that in the younger ones (121.71+19.96,
106.95+19.84, respectively; P<0.05).

Table 1 Plasma selenium levels of 224 clinically healthy subjects, comparing among ages and

genders
Plasma selenium level of Thai healthy subjects
Ages Total
(years) Mean:+SD (ug/l) Male Female P
Mean+SD (ug/l) Mean+SD (ug/l)

10-29 106.95:19.84 110.20+22.60 105.14:18.03 >0.05
(N=172) (N=82) (N=90)

30->50 121.71£19.96 168.27+46.60 118.52:17.47 <0.05
(N=52) (N=15) (N=37)

Total 116.94:30.51 125.22+39.60 112.74:23.76 <0.05
(N=224) (N=97) (N=127)
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Table 2 Plasma selenium level of the patients with osteocarcinoma comparing to clinically healthy

subjects at the same age (10-29 years)

Se level
Group N P
Mean+SD (pg/l)
Healthy Subjects 172 106.95+19.84 <0.05
Osteocarcinoma 145 86.84+31.57

When compare the Se level of the
osteosarcoma patients with that of the healthy
subjects at the same age, the level of the patients
was significantly higher than that of the normal

subjects (P<0.05) as shown in Table 2

Discussion

Low levels of plasma Se could be
assayed by the method of Graphite Furnace Atomic
Absorption Spectrometry (GFAAS) with Zeeman
background correction by direct injection of the
samples into the Graphite Furnace Spectr AA
(Zeeman 220, VARIAN) presented herein. The pro-
cedure was fast and it facilitated the routine assay
of plasma Se levels since no sample pretreatment
was necessary. Consequently, the risk of contami-
nation or analytic loss was reduced. To our survey
until now, no report on reference values of plasma
selenium levels in clinically healthy subjects for
both females and males in Thailand has been
reported.

In this study, the plasma Se levels of 224
clinically healthy subjects including 97 males and

127 females with the age ranges of 10 to 29 years

(N=172; 82 males, 90 females) and 30 to above
50 years (N=52; 15 males, 37 females) were firstly
reported as the Thai Se reference values which
were specific for genders and ages of Thai
subjects. The levels of healthy subjects with the
ages 10 to 29 years were significantly lower
than those with the ages 30 to above 50 years
(106.95:19.84 ug/l, 121.71+19.96 Ug/l, respec-
tively; P<0.05). Among the subjects aged 30 to
above 50 years, the level of females (118.52+17.47
WLg/l) was significantly lower than that of males
(168.27+46.60 LLg/l) whereas no significant dif-
ference were detected from both males
(110.20+2.60 png/l) and females (105.14+18.03
Lg/l) aged 10 to 29 years (Table 1). Therefore, the
reference values of selenium of healthy subjects
matching to either genders or ages were recom-
mended to be used.

As an essential element, selenium has
been reported to be a potential cancer preventive
and inhibitory agent, although no exact mecha-
nism has yet been proposed. The association
between selenium deficiency and the risk of

cancers including lung, breast, prostate, lym-
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phnode and gastrointestine, has been widely
studied®"". Our finding reported herein that
plasma selenium level of the patients with
osteocarcinoma (86.84 31.57 ug/l) was signifi-
cantly lower than that of the controls (106.95 19.84
pg/l) with the same age (10-29 years) (Table 2).
In prospective studies published in the 1980s
and early 1990s involving from 8000 to 11,000
individuals, low selenium status was associated
with a significantly increased risk of cancer
incidence and mortality. The relationship between
selenium and the etiology of cancer in human re-
mains elusive and intriguing, despite the number
of studies published on the topic®™.

In vitro studies demonstrated that sele-
nium was a strong inhibitor of cell growth, inhibit-
ing a range of cellular processes such as DNA,
RNA and protein syntheses, cell attachment and
microtubule formation in several cell lines'™.
Meanwhile, in vivo studies showed that selenium
not only decreased the incidence of both chemi-
cally-induced and spontaneously occurring
cancers but also inhibited the growth of trans-

planted tumor'?™"

. However, our findings may
be helpful for further investigations on selenium
supplementation for cancer prevention and im-

provement of clinical outcomes in cancer treat-

ment.
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Conclusion

The plasma selenium levels in clinically
healthy subjects both females and males in
Thailand have been firstly reported herein. The
mean plasma selenium levels of males were
significantly higher than females. The plasma
selenium levels tended to increase with ages.
The plasma selenium levels of patients with
osteosarcoma were significantly lower than

healthy subjects.
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