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A simple and sensitive spectrophotometric method for the determination of a thiobarbituric acid-reactive substance
(TBARS) in human hair has been developed. The proposed method is based on the formation of a red-colored product by
the reaction of products of lipid peroxidation with thiobarbituric acid in an acidic medium. The absorbance of the
resulting red product was measured at 534 nm. The linear dynamic range was between 1.0 and 20 pmol/L. The
recoveries were 98.3 - 105.0%, and the relative standard deviations (RSD) were 0.32 - 1.24, respectively. TBARS in
digested hair sample was stable for 3 days at room temperature. It was found that, using this method, the hair TBARS
concentration in smokers (0.116 + 0.030 pmol/g, n = 30) was significantly higher than that in non-smokers (0.096 + 0.015

pmol/g, n = 30) (p < 0.05).
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I ntroduction

Lipid peroxidation, the oxidative breakdown of polyunsaturated
fatty acids, is widely accepted as a general mechanism for
cellular injury and death.! Lipid peroxidation has been
implicated in diverse pathological conditions, including
atherosclerosis, aging and cancer, and in toxicity associated
with certain solvents, drugs and metals.? A variety of analytical
methods are available for evaluating lipid peroxidation, include
the following techniques: iodometry of peroxides in oils and
fats;® fluorometry of lipofuscin-like substances in serum* and
lipid hydroperoxides in foodstuffs;®> spectrophotometry of
conjugated dienes in lipids® and of peroxides in olive oail;”
chemiluminescence detection of lipid peroxides in dairy
products® and in human plasma;® gas chromatography of ethane
or pentane in exhaled breath;*° mal ondia dehyde evaluation with
or without a thiobarbituric acid (TBA) reaction and capillary
electrophoresis,** and high-performance liquid® or capillary gas
chromatographies.*®

The thiobarbituric acid reaction, quantified by colorimetry or
fluorimetry, is the most widely used method for studying lipid
peroxidation in both animals and humans with disorders® In
addition, because of its simplicity, the TBA method is a useful
and easy screening technique for evaluating lipid peroxidation
in biological systems.** Therefore, in the biomedical research
area, the assays for thiobarbituric acid-reactive substances
(TBARS) are much more widely used than any other index of
lipid peroxidation.® However, no available method has been
established for the detection of TBARS in hair.

As far as sampling and storage are concerned, the non-
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invasive sampling, the ease with which it can be collected, its
stability during storage, and its high concentrations of most
analytes, as compared with other body tissues and fluids, all
make hair a suitable specimen for biological monitoring studies
and potentially for diagnostic considerations.*> Furthermore,
hair analysis can be applied to any population group. Hair
analysis has been shown to be a useful and important diagnostic
tool for detecting the consumption of illicit or therapeutic
drugs.’6” Because each hair follicle is surrounded by a system
of capillary vessels at the root, the same information as present
in blood is found in hair.!®* Moreover, there is increasing
evidence that hair can be considered a minor excretory organ,
supporting its use as a biopsy material representing the body.*°
Hair has been successfully used to trap nutrients, trace elements,
alcohol metabolites, and drugs of abuse for latter release and
measurement by standard techniques.>>

Mogos et al. demonstrated that the cholesterol and lipid
contents in hair could be used as a long-term retrospective
evaluation of the lipid metabolism on a single hair specimen.?
Auwerter et al. reported that the fatty acid ethyl esters hair
concentrations can be used as markers for excessive alcohol
consumption with relatively high accuracy.?* Hirano et al.
showed the direct analysis of human hair for a vanadium
determination.®> As far as lipid peroxidation is concerned,
numerous reports have dealt with its measurement in various
kinds of biological samples.® However, to our knowledge, lipid
peroxidation in hair has not been reported. Therefore, in the
current study a sensitive and simple spectrophotometric method
is described for the determination of TBARS in human hair.
The proposed method was then applied to measure TBARS in
the hair of smokers and non-smokers.
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Experimental

Principle

Under an acidic condition and elevated temperature, the
products of lipid peroxidation were reacted with TBA to form a
red complex possessing an absorption maximum at 534 nm.2 A
red pigment was extracted into butanol and measured by
spectrophotometry. The TBA reaction was standardized by the
analysis of tetragthoxypropane standard solutions.  The
analytical results were expressed as micromole TEP per gram of
hair.

Apparatus

A Hitachi U 2000 (Tokyo, Japan) double-beam UV/VIS
spectrophotometer  was used for  electronic  spectral
measurements. The pH measurements were made with a
Radiometer (Model PHM 210, Lyon, France) pH meter in
combination with a calomel glass electrode.

Reagents and solutions

All reagents used were of analytical reagent grade. Deionized
water was used to prepare all solutions. Working standard
solutions were prepared from a stock standard solution of
1,1,3,3-tetraethoxypropane (Sigma, St. Louis, MO, USA); the
contents were diluted to the mark with ethanol solution (40%,
v/v). Phosphoric acid solution was prepared by diluting a
suitable volume of 85% Hs;PO, reagent (w/v) (Merck,
Darmstadt, Germany) to one liter with distilled water.
Thiobarbituric acid was prepared by dissolving certain amounts
of thiobarbituric acid reagent (Sigma, St. Louis, USA) with
gentle heating in 500 ml of distilled water. Butylated
hydroxytoluene (BHT) was purchased from Sigma (St. Louis,
MO, USA). Butanol was purchased from Merck (Darmstadt,
Germany).

Sample preparation

To develop the method, a pool of hair clips from random
individuals was collected from a barbershop. In order to
remove external any contamination and sebum, all hair samples
were thoroughly washed before anaysis with acetone and
distilled water, and dried at room temperature. Because the
pooled hair was a heterogeneous sample, we made it into a
composite by mixing and remixing randomly in a glass bottle.
About 40 mg of the washed hair sample was cut into smaller
pieces and weighed. The hair was digested on a heating block
at 80°C with 2 ml of 2 M NaOH for 20 min. The digested hair
sample was then centrifuged for 10 min (35009, 25°C) to
remove residues.

Color development and spectrophotometric detection

Triplicate aliquots of each supernatant of digested hair sample
(0.5 ml) were pipetted into Pyrex tubes (13 mm diameter, 150
mm length) containing 1.5 ml of a H3PO, (9% wi/v) solution.
The reagent blank was prepared by pipetting 0.5 ml of an
ethanol solution into a Pyrex tube containing 1.5 ml of an
H3PO, (9%, w/v) solution. Standard samples were prepared by
pipetting 0.5 ml of each TEP working standard solution (2.5, 5,
10, 20 pmol/l) into Pyrex tubes containing 1.5 ml of a cold
H3PO. (9%, wi/v) solution. A 0.5 mL portion of a thiobarbituric
acid (30 mM) solution was added to each tube, and the contents
were mixed with a vortex mixer. The tubes were capped with
marbles and placed for 60 min in a boiling water bath. The
tubes were cooled to room temperature in a basin containing tap
water. Butanol (2.5 mL) was added to each tube, and the
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Fig. 1 Absorption spectra of (a) 0.5 ml of hair sample, 1.5 ml 9%
(W/V) H3POq4, 0.5 ml 30 mM TBA. (b) - (e) 0.5 ml of TEP (2.5, 5.0,
10.0, and 20.0 uM, respectively), 1.5 ml 9% (w/v) HsPO4, 0.5 ml 30
mM TBA. (f) Reagent blank containing 1.5 ml 9% (w/v) HzPO,, 0.5
ml 30 mM TBA.

contents were mixed for 20 s with avortex mixer. The contents
of each tube were transferred to a conical polystyrene centrifuge
tube (13 mL volume), capped, and centrifuged for 20 min
(1000g, 25°C). Each butanol extract was transferred with a
Pasteur pipet into a spectrophotometer cuvet (1 cm light path) in
the sample cell.  Spectrophotometric scans were performed
from 400 to 560 nm, with butanol in the reference cell. The
TBARS were determined at the maximum absorption (534 nm).

Satistical analysis

All data are presented as means +SD. Data were statistically
analyzed using the Student’s t-test, with P-values less than 0.05
asthelevel of statistical significance.

Results and Discussion

Absorption spectra

The absorption spectrum of the TBARS in butanol was
studied over the wavelength range of 400 to 560 nm (Fig. 1).
The absorption spectrum of the complex is a asymmetric curve
with the maximum absorbance at 534 nm. The reagent did not
show any absorbance at this wavelength. Therefore, a
wavelength of 534 nm was used in al absorbance
measurements.  The molar absorptivity of the complex
calculated from the absorbance value was found to be 2.58 x 104
| mol=t cm at 534 nm.

Effect of the HsPO, concentration

The effect of the HsPO, concentration on the absorbance of
TBARS was studied using the recommended procedure. Upon
varying the H3PO, concentration between 9 to 15% (w/v), the
absorbance of the TBARS remained constant (Fig. 2). Hence,
9% (w/v) H3PO, was used for subsequent studies.

Effect of the TBA concentration
Figure 3 illustrates the effect of the TBA concentration on the
absorbance of TBARS. Varying the TBA concentration in the
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Fig. 2 Effect of the HsPO, concentration on the absorbance of
TBARS in a hair sample. The values represent the mean + standard
deviation of n=3.
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Fig. 3 Effect of the TBA concentration on the absorbance of
TBARS in a hair sample. The values represent the mean + standard
deviation of n=3.

reaction mixture from 10 to 30 mM gradually increased the
yield of TBARS from the har samples. Nevertheless,
increasing the TBA levels further did not show any additiona
effect. Therefore, a TBA level of 30 mM was selected for
routine TBARS measurements.

Effect of BHT concentration

In general, high temperature and low pH during the reaction
may cause an artificial formation of products of lipid
peroxidation.?®  Some antioxidants, such as the naturally
occurring tocopherols and synthetic BHT, can be used to reduce
the artificial formation of lipid peroxidation products.® In this
work, to examine the effect of BHT on the formation of
artificial lipid peroxidation products, various levels of BHT
were added to hair samples before a reaction. The results
indicated that no clear change in the absorbance of the TBARS
was found upon adding different BHT concentrations (0 to
1.0%) to the hair samples before areaction.

Analytical performance

Under the optimized conditions mentioned above, the
calibration graph is linear for 1-20 uM TEP. The regression
equation isy = 0.025x + 0.0021, with a correlation coefficient of
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Table 1 Accuracy and precision of the proposed procedure
(n=6)

Amount of TEP Amount of TEP

a 0, b o
taken/pM found/uM RE%%  RSD" %
2.50 251 04 10
5.00 5.07 14 21
10.00 10.18 18 03
20.00 19.87 07 02

a. Relative error.
b. Relative standard deviation.

Table 2 Anaytical recovery of TEP standard added to hair
samples

Mean + SD/uM? Recovery, % RSD, %

Sample (hair) 3.75+£0.13

Sample + 2.5 uM TEP 6.21+0.02 98.3 0.32
Sample + 5.0 uM TEP 8.86+0.11 102.0 124
Sample+10.0uM TEP 1420+ 0.16 105.0 113
Sample+15.0uM TEP  19.16 £ 0.21 102.0 1.03

a. The values represent the mean + standard deviation of n=3.

r =0.9999. In order to illustrate the accuracy and precision of
the proposed method, different amounts of TEP were
determined, the results are listed in Table 1. To test the
recovery of the proposed method, various levels of TEP were
spiked with digested hair samples. As shown in Table 2, the
recoveries for the TBARS analysis were al close to 100%, and
the average recovery of TBARS was 101.8 + 2.74% using the
proposed method. Hence, the reliability of the proposed method
was found to be acceptable.

Stability of samples

Digested hair samples were used to determine the stability of
sample storage for TBARS at room temperature. The samples
were stored at room temperature for twelve consecutive days
and assayed in triplicate daily. As shown in Fig. 4, TBARS in
the digested hair samples was stable for the first 3 days. The
absorbance of TBARS significantly (p < 0.05) decreased at day
4 and the subsequent days when compared with day 1, day 2,
and day 3, respectively.

Test for interference

It has been reported that some substances interfere with the
determination of the TBARS level by the TBA reaction.
Because the matrices presented in blood could also be found in
the hair,’® we examined the interference that resulted from
substances appearing to be accumulated in the hair from blood.
The criterion for interference was an absorbance intensity value
varying by more than 5% from the expected value for TEP
aone. It was found that albumin less than 100 mg/ml, sucrose
less than 12.5 mg/ml, cholesterol less than 1.5 mg/ml, melanin
less than 1.2 mg/ml, glucose less than 890 pg/ml, and bilirubin
less than 70 pg/ml in the mixture did not affect the estimation of
the TBARS level with the proposed method.

Application

There is evidence that cigarette smoke increase the generation
of lipid peroxidation. It has been indicated that reactive oxygen
metabolites, and particularly the hydroxyl, may play significant
roles. Smokers with coronary heart disease showed
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Fig. 4 Stability of a digested hair sample during storage at room
temperature for 12 days. The values represent the mean + standard
deviation of n=3.

*p < 0.05 compared with day 1, day 2, and day 3, respectively.

significantly increased serum levels of the product of lipid
peroxidation compared to non-smokers with coronary heart
disease.?” The cigarette smoker serum had previously been
shown to exhibit significantly less antioxidant activity than non-
smoker serum.® In the current study, using the proposed
method, TBARS in the hair of smokers and non-smokers were
measured (Table 3). Because the hair conditions (such as
length, gender, age, and the individual life style) may affect the
difference in the content of TBARS, sixty male volunteers with
the same life style and matched age were selected to evaluate
the hair TBARS. The non-smoker and smoker groups were
represented by 30 males ranging in age from 20 to 34 years and
30 males from 19 to 35 years of age, respectively. It was found
that the mean TBARS concentration in smokers (0.116 pmol/g)
was significantly higher than that in non-smokers (0.096
pmol/g) (p < 0.05).
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