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INTRODUCTION

Oxidative stress (OS) is a condition associated with an imbal-
ance between the production of free radicals, mainly reactive 
oxygen/nitrogen species (ROS/RNS), and their scavenging 
capacity by antioxidants. When the production of ROS/RNS 
exceed the available antioxidant defence, significant oxidative 
damage occurs to many endothelial cells and cellular organelles 
by damaging lipids, proteins, and DNA, ultimately leading to 
cell death [1]. Exposure of endothelial cells to hydroperoxides, 
particularly tertiary-butyl hydroperoxide (TBHP), can result in 
the production of free radicals which may lead to a number 
of membrane changes including lipid oxidation [2-4], protein 
polymerization [5] and protein amino acid degradation [6]. TBHP 
(lipid-soluble oxidant) can be absorbed by the skin through 
direct contact or evaporation [7]. To date no occupational expo-
sure limits have been established for TBHP. Studies have shown 
that exogenous ROS/RNS [8] and other trace metals [9, 10] present 
in the environment may contribute towards the oxidative stress 
phenomenon, which may lead to the present epidemic of car-
diovascular disease. The ROS and RNS have been shown to 
play a contributing role in the development of cardiovascular 
diseases [11]. Cardiovascular disease is the most common cause 
of mortality in the Western world and uprising in the developing 
counties which accounts for up to a third of all deaths world-
wide. Also, cardiovascular disease is multifactorial and involves 
a complex interplay between lifestyle (diet, smoking, exercise, 
alcohol consumption) and fixed (genotype, age, menopausal 
status, gender) causative factors. Although atherosclerosis was 
first considered to be a simple disease involving arterial lipid 
accumulation, it is now known to involve a defined cascade 
of inflammatory processes [12, 13]. In cardiovascular disease, the 
damage to endothelium [14] is the initiation step, which exposes 
these cells and the underlying cell layers to a deleterious in-

flammatory process which ultimately leads to the formation 
of atherosclerotic lesions [15]. In a healthy individual and prior 
to the onset of cardiovascular disease the endothelium plays a 
homeostatic role in maintaining vascular tone and blood flow 
[15]. In the early stages of cardiovascular disease progression, 
endothelial dysfunction triggers a chronic inflammatory process 
in the vessel wall. Induction of adhesion molecules in endothe-
lial cells facilitates the attachment of monocytic leukocytes, 
trapping them and allowing their transmigration through the en-
dothelial layer into the underlying intima. They become tissue 
macrophages and subsequently form cells following the uptake 
of oxidatively-modified lipids [13]. Other exogenous factors such 
as smoking and the existence of other disease states such as dia-
betes have also been reported to contribute to oxidative stress 
and are strong risk factors for cardiovascular disease [14].

TBHP is widely used in the chemical industry as initiators of 
oxidation for the production of polymers and fibre-reinforced 
plastics, in the production of polyester resin coatings and in 
the pharmaceutical industries. Exposure of workers to such 
environments is call for concern. TBHP has extensively been 
used as model prooxidants to induce OS in various in vitro 
systems [16-20]. However, little studies have been done on living 
organisms [19, 21]. The aim of this study was to investigate the 
relationship between lipid profile parameters and certain lipid 
oxidation biomarkers in OS induced rats (using TBHP) as a pos-
sible indicator of cardiovascular disease.

MATERIALS AND METHODS

Animals and treatments
This study received institutional review board clearance. Male 
Wistar rats (165 to 190 g), individually housed in polypropylene 
cages in an ethically approved animal facility, received water 
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and standard rat chow (SRC) ad libitum. Rats were randomly 
allocated into either a placebo group injected intraperitoneally 
with 0.5 ml saline (Sigma Chemical Co, South Africa) or a treat-
ment group injected with TBHP solution (0.5 ml, 20 µM, 70% 
aqueous, Sigma Chemical Co, South Africa) for five consecutive 
days a week over a period of eight weeks. 

Serum sample preparation

Animals were subsequently sacrificed, blood was obtained by 
heart puncture and directly transferred into tubes, thereafter 
centrifuged (4000 rpm, 8 min, 4°C) and the serum removed by 
aspiration and frozen (-80°C) for further analyses.

Lipid profiles assays

Lipid profile parameters were measured using Medica Easy 
Random Access (EasyRATM, Bedford, Massachusetts, USA). The 
analyser manages the utilisation and protocols for up to 24 
on-board reagents by utilising a new wireless radio frequency 
identification technology. Assays were automatically analysed 
at their respective absorbance by using the absorbance pho-
tometry for the chemistry tests, with all reagents packaged in 
liquid form and in single or dual reagent wedges ready to use. 
Thawed serum samples (100 µl) were analysed and parameters 
measured were total cholesterol (TC), high-density lipoprotein-
cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-
C) and triglycerides (TG). The assays were conducted according 
to the protocol provided by the manufacturer (EasyRATM, Bed-
ford, Massachusetts, USA). 

Total cholesterol

Total cholesterol (TC) was determined using an enzymatic tinder 
end-point reaction, based on the work of Allain and co-workers 
[22]. Serum (100 µl) was used to measure TC in triplicate. The 
indicator, quinoneimine, is formed from hydrogen peroxide and 
4-aminoantipyrine in the presence of phenol and peroxidase 
which turns red, the intensity of which is read at 520 nm with 
600 nm as a blanking wavelength which is directly proportional 
to the concentration of cholesterol in the serum sample. 

High-density lipoprotein cholesterol

The direct assay method for measuring high-density lipoprotein 
cholesterol (HDL-C) requires 100 µl of serum. This method of 
measuring HDL-C involves the removal of other non-HDL li-
poproteins via a selective preparation reaction. The detergent 
solubilises the HDL-C, which then reacts with a chromagen to 
develop a colour. The intensity of the colour at the maximum 
absorbance of 600 nm is proportional to the concentration of 
HDL-C in the sample. After completion of the assay, the Medica 
EasyRA Chemistry Analyzer determines the HDL concentration 
from the ratio of the corrected unknown sample’s absorbance 
to the corrected absorbance of the calibrator multiplied by the 
calibrator value.

Triglycerides 

The assay method described by Fossati & Prencipe for triglycer-
ides (TG) measurement includes several sequential enzymatic 
reactions [23]. Triglycerides were determined after the enzymatic 
hydrolysis with lipoprotein lipases using 100 µl of serum. When 
the reaction takes place, the indicator, red quinine, is formed 
from hydrogen peroxide, 4-aminoantipyrine and 4-chloroph-
enol under the catalytic influence of peroxidase. The intensity 
of the red colour at the maximum absorbance at 520 nm is 
proportional to the triglycerides concentration in the sample.

Low-density lipoprotein cholesterol 

Low-density lipoprotein cholesterol (LDL-C) was calculated 
according to Friedewald formula [LDL-C] = (Total cholesterol 
– HDL-C) – (TG / 2.2) [24]. Calculations were performed using 
Microsoft Excel® 2007 and results obtained were expressed in 
mmol/l.

Lipid oxidation biomarkers

While one single assay of lipid oxidation is probably not suf-
ficient to serve as a marker for cardiovascular risk, this study 
involves the measurements of several markers [25]. In the present 
study, conjugated dienes, lipid hydroperoxides and thiobarbitu-
ric acid reactive substances were measured as oxidative stress 
biomarkers. All the lipid oxidation assays had the intra assays 
coefficient variation of 5%.

Determination of conjugated dienes 

Conjugated dienes (CDs) concentrations in serum samples were 
determined as described by Recknagel & Glende [26]. Thawed 
serum samples (100 µl) were mixed with 405 µl of a chloroform/
ethanol mixture (2:1) and kept on ice. Solutions were vortexed 
(1 min) and microcentrifuged (8000 rpm; 15 min; 4°C). The bot-
tom organic chloroform layers were dried under nitrogen (N2) 
gas in a Techne sample concentrator (Labotec, South Africa). To 
each of the dried residues, cyclohexane (1 ml) was added and 
vortexed (for 1 min). Thereafter, 300 µl of the solution transferred 
into micro-well plates and the absorbance was determined at 
234 nm spectrophotometrically. All CD calculations were per-
formed according to Equation 1 and expressed as nmol CD/ml 
serum. Cyclohexane was used as the blank.

Equation 1: Calculation formula of conjugated dienes (CD)

Determination of lipid hydroperoxides

Lipid hydroperoxides (LOOH) in the serum of rats were de-
termined using the modified ferrous oxidation-xylenol orange 
version I (FOX-1) assay as described by Fossati and Prencipe 
[20]. Briefly, the modified FOX-1 assay was performed by tak-
ing 90 µl of the serum sample in two test tubes. In one tube, 
10 µl of methanol solution-1, containing 400 mmol/l butylated 
hydroxytoluene (BHT) was added, while in the other tube, 10 
µl of methanol solution-2, containing 10 mmol/l triphenylphos-
phine (TPP) and 400 mmol/l BHT) was added. Both the tubes 
were vortexed and incubated at room temperature (15 min). 
Thereafter, in both tubes, 900 µl of the working FOX-1 reagent 
was added. Both tubes were vortexed and incubated at room 
temperature for a further 30 min. The absorbance of the solution 
in the two tubes was measured at 560 nm. Serum hydroperox-
ide was calculated from the absorbance difference of the two 
test tubes (with and without TPP) from a standard curve and 
expressed as µmol/l.

Determination of thiobarbituric acid-reactive substance

Lipid oxidation (LPO) was quantified by measuring the forma-
tion of thiobarbituric acid reactive substances (TBARS) and ex-
pressed as nmol malondialdehyde (MDA) formed/l of serum [27]. 
In short, 50 µl of serum were added to 6.25 µl cold butylated 
hydroxyl toluene/ethanol (4 nM) and 50 µl of ortho-phosphoric 
acid (0.2 M) in an eppendorf tube. After mixing for 10 seconds, 
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6.25 µl of thiobarbituric acid reagent (0.11 M), was added and 
then heated to 90°C (45 min). Samples were first cooled on 
ice (2 min) and thereafter at room temperature (5 min) before 
the addition of n-butanol (500 µl) and saturated NaCl (50 µl). 
Eppendorfs were centrifuged (12000 rpm, 2 min, 4°C) and 300 
µl of the supernatants (top butanol) was transferred to a 96 
well plate. Absorbance was measured (532 and 572 nm) in a 
Multiskan plate reader (Multiskan spectrum, Thermo Electron 
Corporation – Vantaa, Finland).

RESULTS AND DISCUSSION

A number of internal and external sources can form reactive ox-
ygen species (ROS); these include metabolic reactions, dietary 
intake, infections, cigarette smoking and chemical substances 
[28]. The detoxification reaction involving glutathione peroxidase 
and its substrate (glutathione: GSH), which gives rise to glu-
tathione disulfide (GSSG) that in turn alters Ca2+ homeostasis 
and increases physiological formation of ROS [29-31]. However, 
endogenous and exogenous defense mechanisms, such as su-
peroxide dismutase, catalase, glutathione peroxidase, glutath-
ione, transferrin, vitamins C and E, flavonoids, may alleviate the 
damaging effects of ROS [30].

Changes in lipid profile in rats
Table 1 demonstrates the results of lipid profile parameters, 
which are markers of cardiovascular disease. The administration 
of TBHP (20 µM) in the treatment group has shown a signifi-
cantly (p < 0.001) higher level of serum TC than that of the con-
trol group. The serum LDL-C and the TG levels in the treatment 
group were also significantly (p < 0.01) higher when compared 
to the control group. However, the treatment group exhibited 
significantly lower HDL-C levels (p < 0.01) when compared to 
the control group. Free radicals reaction of lipid peroxidation in 
cell membranes are responsible for the degradation of unsatu-
rated fatty acids and cholesterol [32]. Oxidative modification of 
LDL and cellular lipids contributes to foam cell formation, en-
dothelial dysfunction, and destructive inflammatory processes 
associated with atherosclerosis [33-35]. The association between 
LDL, HDL-C and increased risk for cardiovascular disease 
has been well established through epidemiological and clini-
cal studies [36]. This relationship is supported by the potential 
anti-atherogenic properties of HDL, including its mediation of 
reverse cholesterol transport, in which cholesterol from periph-
eral tissues is returned to the liver for excretion in the bile. This 
study confirmed that TC, LDL-C, HDL-C and TG could be used 
to predict the risk of cardiovascular disease following exposure 
to TBHP.

Changes in the levels of lipid oxidation biomarkers in rats
After 8 weeks of TBHP (20 µl) administration, following OS in-
duction, the lipid oxidation biomarkers including CDs, LOOH 
and TBARS levels were determined (Table 2). The serum con-
centration of CDs in the treatment group increased significantly 
(p < 0.001) when compared to the control group. Conjugated 
dienes have been reported to be an important indicator of lipid 
oxidation and are the initial markers of oxidative stress [37]. The 
administration of oxidant TBHP for 8 weeks also significantly (p 
< 0.001) increased the level of LOOH in the treatment group 
when compared to the control group. Lipid hydroperoxides 
derived from unsaturated phospholipids, glycolipids, and cho-
lesterol are prominent intermediates of peroxidative reactions 
induced by activated species such as hydroxyl radical, lipid 

oxyl or peroxyl radicals, singlet oxygen, and peroxynitrite [38, 

39]. Once formed, LOOH may undergo reductive degradation 
which either diminishes or enhances cytotoxic potential, de-
pending on a variety of circumstances [29, 39]. As an intermediate 
of peroxidative reactions, LOOH propagates lipid peroxidation 
as a degenerative process that affects cell membranes and other 
lipid-containing structures under OS conditions [39, 40]. Following 
the 8 weeks administration of TBHP as oxidant, the TBARS lev-
els in the treatment group were significantly (p < 0.001) higher 
in the serum of rats when compared to the control group (Table 
2). TBHP may be metabolized by free iron ions or cytochrome 
P450, leading to the formation of intermediate free radicals that 
initiate lipid oxidation to affect the integrity of the cell and form 
covalent bonds with cellular molecules resulting in cell death 
[30]. 

Correlation of lipids parameters and lipid oxidation biomar-
kers in the control and treatment groups
When comparing the CDs and lipid profile parameters of the 
control group, a positive correlation was found with TC and 
the LDL, while a negative correlation was observed when 
compared with HDL and TG. The LOOH assay was positively 
correlated with the TC, HDL and LDL, while a negative correla-
tion was observed when compared to TG. A positive, correla-
tion was evident with TBARS and the following lipid parameters 
TC, LDL and TG, while with HDL, a negative correlation was 
shown. However, in the treatment group, the CDs correlation 
with the lipid profile parameters was found to be positive for TC, 
HDL and TG while a negative correlation was observed with 
LDL. The LOOH assay, showed a positive correlation with the 
TC, LDL and TG while with HDL, a negative correlation was 
observed. TBARS was positively correlated with TC, HDL and 
TG, but negatively correlated with LDL. Plasma levels of HDL 
cholesterol are strongly and inversely correlated with athero-
sclerotic cardiovascular disease. Both clinical and epidemio-
logical studies have reported an inverse and independent as-
sociation between serum HDL-cholesterol levels and coronary 
heart disease (CHD) risk [41]. Oxidative modification of lipids 
associated with LDL and cellular constituents contribute to 
endothelial dysfunction and inflammatory pathways associated 
with atherosclerosis and plaque development [33-35, 41]. A correla-
tion between oxidative stress markers, including LOOH, and 
angiographic measurements had been observed in an earlier 
study of 1,200 patients [42]. The mechanism of in vivo LDL and 
protein oxidation in human atherosclerotic lesions has been 
attributed to myeloperoxidase activity [43]. Other enzymatic 
sources of reactive oxygen species include reduced NAD(P)
H, lipoxygenases, xanthine oxidases, uncoupled endothelial 
nitric oxide synthases, cyclooxygenases, and mitochondria. Ap-
proaches that have been used to assess oxidative stress levels 
include monoclonal antibodies against oxidized LDL, quantita-
tion of protein oxidation markers, and measurement of isopros-
tanes [44-46]. Studies have shown that exposure to hydroperoxides 
(intraperitoneal injection) dramatically increases the level of 
lipid peroxidation and LOOH [19, 20, 47]. In addition, the levels of 
circulating LOOH have been shown to be significantly elevated 
in association with myocardial ischemia [48] and cardiovascular 
risk factors [49-53]. With sustained exposure to reactive oxygen 
species, LOOH undergoes further decomposition to reactive 
aldehydes, such as malondialdehyde (MDA) and 4-hydrox-
ynonenal. Walter and co-workers reported that levels of MDA 
(measured as thiobarbituric acid reactive substances [TBARS]) 
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were highly predictive of cardiovascular events, independent of 
traditional risk factors [54]. In that study, levels of TBARS did not 
predict changes in large stenotic lesions. This has led to their 
hypothesis that primary end products of lipid peroxidation may 
be useful, and perhaps more sensitive, diagnostic biomarkers of 
cardiovascular disease (CVD) progression.

CONCLUSION

TBHP has been used as a prototypic inducer of oxidative stress 
in vitro, but has not yet been widely used to induce oxidative 
stress related to cardiovascular diseases in vivo. However, lipid 
oxidation is responsible for the degradation of unsaturated fatty 
acids and cholesterol in lipid bilayers; it has been suggested to 
play a major role in a number of pathological events. Our re-
sults suggest that TBHP administration in rats may induce oxida-
tive stress responses by altering lipid profile and lipid oxidation 
parameters which could ultimately contribute to cardiovascular 
disease. Further studies investigating the in vivo effects of TBHP 
would help shed some light on the oxidative stress responses 
and this could possibly be used to develop strategic prevention 
strategies for cardiovascular disease.
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