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ABSTRACT
Palm oil is chief vegetable oil usually consumed worldwide. The consumption of repeatedly heated palm oil produces
detrimental effect that attributes to the development of cardiovascular diseases. This study was aimed to determine the
effects of ADD-X and repeatedly heated palm oil mixed with 2% cholesterol diet on cardiac, inflammatory biomarkers and
histogical changes in ovarectmized rats. Based on the administration of food, animals were divided into 7 groups with 6
rats each. All groups of the animals were ovariectomized except sham after anesthetized. The study was conducted for 6
months. Group I- Sham control fed with Normal rat chow (Sham); Group II- fed with Normal rat chow [Ovx (n)]; Group
III- fed with 2% cholesterol chow [Ovx (c)]; Group IV- fed with 2% cholesterol chow mixed with five times heated palm
oil (5HPO); Group V- fed with 2% cholesterol chow mixed with five times heated palm oil and ADD-X extract (5HPOX); Group VI- fed with 2% cholesterol chow mixed with ten times heated palm oil (10HPO); Group VII fed with 2%
cholesterol chow mixed with ten times heated palm oil and ADD-X extract (10HPO-X). The rats were sacrificed at the end
of the study; blood was collected for cardiac and inflammatory biomarkers. The cardiac tissues of all groups were obtained
for biochemical parameters and processed for histopathological examinations. Five times (5HPO) and ten times heated
(10HPO) palm oil caused a significant (p<0.05) increase in the level of cardiac lactate dehydrogenase (LDH), troponin
(Trp), serum C-reactive protein (CRP), Tumour necrosis factor-α (TNF-α), free fatty acids and triglycerides with increase
in cardiac weight compared to control. The changes in the biochemical parameters and cardiac weight were significantly
(p<0.05) attenuated by ADD-X supplementation to the heated oil. The histological sections of the heart showed presence
of cardiac necrosis in the 5HPO and 10HPO. These histological changes were reduced with ADD-X supplementation. The
consumption of repeatedly heated palm oil increases LDL, troponin, CRP, TNFα, triglyceride, FFA, heart weight and cause
cardiac necrosis in the post menopausal rat models. Those changes were attenuated by ADDX supplementation.
Keywords: ADD-X; Heated palm oil; cardiac and inflammatory markers; post menopausal rat models.
INTRODUCTION
Palm oil is the most extensively produced vegetable oil in
the world. It can be thermally oxidized to augment its
palatability, composition changes and deteriorative effect1.
Repeatedly heated palm oil undergoes a sequence of
chemical reactions causing alteration the fatty acid
composition. Ingestion of the thermally oxidized oil has
been reported as concomitant cytotoxic by-products,
which are detrimental to cells, tissues and organs2. Chronic
consumption of dietary fats and oils influence the lipid
metabolism and ultimately enhance the possibilities of
cardiovascular diseases (CVD). Studies reported that
heated vegetable oils increased risk of CVD such as
hypertension3-5 and atherosclerosis6. Study postulated that
the termal oxidation of heated oil together with destruction
of vitamin E7 were the attributed factors for heated oilinduced of CVD. Thermal oxidation and antioxidant
*Author for Correspondence: faizahman@gmail.com

deficiency generate free radicals that might cause vascular
inflammation8,9 that predisposed to vascular dysfunction
leading to both hypertension and athrosclerosis. ADD-X is
a plant crude extracts prepared from the Rutaceae family
rich in polyphenols. It has been proven to have
antioxidants properties and prevent oil absorption into the
food10 (Mohamed and Nor, 2013). The present study was
undertaken to see if ADD-X supplementation could
reduced inflammation and cardiac protective effect.
MATERIALS AND METHODS
Chemicals
The ADD-X was obtained from Faculty of Medicine,
University Putra Malaysia (UPM), Malaysia. Palm oil used
for this study was purchased from local manufacturer
Organic Gain Sdn Bhd (Bangi, Selangor, Malaysia). For
the inflammatory and cardiac markers studies, the ELISA
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kits for Troponin, TNF-α and CRP were purchased from
ELab Science, USA. LDH activity assay kit was purchased
from BioVision, USA. The cardiac biochemical
parameters kits such as TGL and FFA were purchased
from BioAssay System, USA. Two percent cholesterol diet
was obtained from Next Gene Scientific Sdn Bhd,
Singapore. All other chemicals were of analytical grade.
Animals
This study was performed after obtaining the ethical
approval from the Universiti Kebangsaan Malaysia
Animal Ethics Committees. Thirty adult female SpragueDawley rats (weighing 250-300g) were used for the
present study. All the rats had free access to drinking water
and fed on the cholesterol chow. The animals were allowed
to acclimatize for 1 week before the experiment was
performed. Throughout the study, the rats were housed one
per cage, kept under controlled environmental conditions
(12-hour cycle- light / dark) and provided free access to
food and water ad libitum.
Experimental design
Based on the administration of food, animals were divided
into seven groups with six rats each. All groups were
ovariectomized except sham after being anesthetized with
ketamine hydrochloride and xylazine at respective doses
of 50 and 10 mg/kg b.w/i.p once before the ovariectomy
procedure. Duration of the feeding was 6 months.
Group I: Sham control fed with Normal rat chow (Sham).
Group II: fed with Normal rat chow [Ovx (n)]
Group III: fed with 2% cholesterol chow [Ovx (c)]
Group IV: fed with 2% cholesterol chow mixed with five
times heated palm oil (5HPO)
Group V: fed with 2% cholesterol chow mixed with five
times heated palm oil and ADD-X extract (5HPO-X)
Group VI: fed with 2% cholesterol chow mixed with ten
times heated palm oil (10HPO)
Group VII fed with 2% cholesterol chow mixed with ten
times heated palm oil and ADD-X extract (10HPO-X)
Collection of blood and cardiac tissues
At the end of the study, i.e. at 24th week following HPO
and ADD-X extract treatment, the rats were sacrificed with
overdose of diethyl ether. Each rat was placed in a clean,
dry place before blood and heart were taken out. Blood was
drawn in heparinized tubes, and the serum was separated
by centrifugation. The cardiac tissues were quickly
removed, washed in ice cold, isotonic saline and blotted
individually on ash-free filter paper and cardiac tissue
weights were measured. Half of the tissues were then
homogenized in 0.1M Tris–HCl buffer, at pH 7.4. The
homogenate was used for the estimations of cardiac lipid
profile, cardiac biomarker and inflammatory markers.
Preparation of palm oil diet
Palm oil (PO) used for this study was purchased from local
manufacturer Organic Gain Sdn Bhd (Bangi, Selangor,
Malaysia). Palm oil was used in five times heated or ten
times heated according to the earlier protocol explained by
Owu et al.11 with little modifications. Before the frying
process, ADD-X extract was prepared with a proportion of
1:10 of ADD-X extract to palm oil and added to the palm
oil. In brief, 2.5 L of palm oil was heated up to 180 0C in a
steel container and employed to deep-fry of 1.5kg of sweet

potatoes. The heating process lasted for 15 min. The heated
oil was then kept to chill at room temperature for 4 hours.
The same protocol was applied in the once heated palm oil
group (1HPO). Pre-cooled hot oil was again used to deepfry one more new batch of 1kg sweet potatoes. Frying
process was continuously carried out without addition, any
fresh oil to reimburse for oil losses. The similar heating
method was repeated in that order of four and nine times,
to make up the five times heated palm oil (5HPO) and ten
times heated palm oil (10HPO) respectively. The diets
were prepared twice a week. The ratio of cholesterol chow
to the oil was 100:15. The mixture was then dried at 700C
in an oven for 4 hours. Each 1000g of food prepared would
consist of 850g of rat chow and 150g of heated oil. The
heated oil consisted of 135g of palm oil either fresh or
repeatedly heated palm oil and 15g of ADD-X extract.
Biochemical parameters
Assay of LDH
Serum LDH level was determined using a commercially
available ELISA kit by the method of Hanson et al.12 with
little modifications. The standards and samples were
prepared following the manufacturer’s instruction. The
intensity of coloured product (NADH) was measured using
Thermo Scientific micro plate reader (USA) at 450 nm.
OD 450 nm was measured to read A1 and incubated at
37°C for 30 minutes. Following the incubation OD 450 nm
was measured again to read A2. The standard curve was
generated using the A2 reading after subtracting the blank
reading. Values of NADH at A1 and A2 were calculated
from the standard curve and the LDH activity calculation
is as follows as specified in the manufacturer’s instruction:
B
LDH activity =
X Sample dilution
(T2 − T1)
nmol
mU
= min −
ml
ml
B was the NADH amount that was generated between T1
and T2 (Value A2 – ValueA1) in nmol.
T1 was the time of first reading (A1) in min.
T2 was the time of second reading (A2) in min.
V was the pre-treated sample volume added into the
reaction well (in ml).
Unit definition: One unit LDH was the amount of enzyme
that catalyzed the conversion of lactate to pyruvate to
generate 1.0 μmol to NADH per minute at 37°C.
Assay of Troponin
Cardiac troponin level was determined using a
commercially available ELISA kit by the method of
Amran et al.13 with little modifications. An amount of
100μL of Standard, Blank, or Sample was placed in a well.
Solutions were then added to the bottom of the micro
ELISA plate well. It was gently mixed. The plate was
covered and incubated for 90 minutes at 37 0C. The liquid
was removed from each well, and immediately added to
100μL of Biotinylated Detection Ab working solution to
each well. The plate was gently tapped to ensure thorough
mixin and incubated for 1 hour at 37°C. Each well
aspirated and washed by buffer, and the process was
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Figure 1: Effect of ADD-X and repeatedly heated palm oil on the CRP level. Cholesterol diet (Chol-C), palm oil
heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADD-X
with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group.
p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups
respectively.
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Figure 2: Effect of ADD-X and repeatedly heated palm oil on the TNF-α levels. Cholesterol diet (Chol-C), palm oil
heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADD-X
with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group.
p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups
respectively.
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Figure 3: Effect of ADD-X and repeatedly heated palm oil on the Troponin level. Cholesterol diet (Chol-C), palm oil
heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADD-X
with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group.
p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups
respectively.
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Figure 4: Effect of ADD-X and repeatedly heated palm oil on the LDH level. Cholesterol diet (Chol-C), palm oil
heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADD-X
with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group.
p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups
respectively.
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Figure 5: Effect of ADD-X and repeatedly heated palm oil on the cardiac FFA level. Cholesterol diet (Chol-C), palm
oil heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADDX with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group.
p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups
respectively.
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Figure 6: Effect of ADD-X and repeatedly heated palm oil on the cardiac triglycerides level. Cholesterol diet (CholC), palm oil heated 5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times
(10HPO), ADD-X with palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6
in each group. p<0.05 indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x
groups respectively.
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Figure 7: Effect of ADD-X and repeatedly heated palm oil on heart weight. Cholesterol diet (Chol-C), palm oil heated
5 times (5HPO), ADD-X with palm oil heated 5 times (5HPOX), palm oil heated 10 times (10HPO), ADD-X with
palm oil heated 10 times (10HPOX). The bars represent mean, and error bars, SD, with n = 6 in each group. p<0.05
indicates significant difference compared to asham, bOvx (n), cOvx (c), d5HPO and e5HPO-x groups respectively.
repeated three times. Complete removal of liquid at each
step is essential. After the last wash, the remaining Wash
Buffer was removed by aspiration or decantation. The
plate was inverted and patted it against thick clean
absorbent paper. An amount of 100μL of HRP Conjugate
working solution was added to each well and covered with
the plate sealer and incubated for 30 minutes at 37°C. The
washing process was repeated for five times and 90μL of
Substrate Solution was added to each well, covered and
incubated for about 15 minutes at 37°C. The plate was
protected from light and 50μL of Stop Solution was added
to each well. When the color turned yellow the optical
density of each well was determined at once, using a
micro-plate reader set to 450 nm
Assay of CRP
Serum CRP level was determined using a commercially
available ELISA kit by the method of Amran et al.13 with
little modifications. The intensity of coloured product was
measured using a Thermo scientific micro plate reader
(USA) at 450 nm absorbance. Values of samples were
calculated by the software provided with the micro plate
reader and compared to the standard curve generated.
Assay of TNF-α
Serum TNF-α level was determined using a commercially
available ELISA kit by the method of Amran et al.13 with
little modifications. An amount of 100μL of standard or
sample was added to each well and incubated for
90mintues at 370C. After that the liquid was ermoved and
100μL of Biotinylated Detection Ab was added and further
ncubated for another hour at 370C. This was then aspirated
and washed 3 times. An amount of 100μL of HRP
Conjugate was further and incubated for another 30
minutes at 370C. This was then aspirated and washed 5
times. An amount of 90μL of Substrate Reagent was
further added and incubated for 15 minutes at 370C.
Finally, the 50μL Stop Solution was added and ead at
450nm immediately.
Assay of cardiac TGL

The Cardiac triglycerides level was determined using a
commercially available ELISA kit by the method of Zhao
and Erdman14 with little modifications. 10mL of diluted
standards and samples were added into wells of a clear 96well plate. Working Reagent was prepared for each well,
by mixing 100 μL Assay Buffer, 2 μL Enzyme Mix, 5 μL
Lipase, 1 μL ATP and 1 μL Dye Reagent in a clean tube.
100 μL of Working Reagent was transferred into standards
and sample wells. The plate was tapped to mix and
incubated 30 min at room temperature, and finallythe
optical density was read at 570nm.
Assay of cardiac FFA
The Cardiac free fatty acids level was determined using a
commercially available ELISA kit by the method of
Jelinek et al.15 with little modifications. 10mL diluted
standards and samples were added into wells of a clear 96well plate. Working Reagent was prepared by mixing, 90
μL Assay Buffer, 1 μL Enzyme A, 1 μL Enzyme B, 1 μL
CoSubstrate and 1 μL Dye Reagent in each well. An
amount of 90 μL of Working Reagent was added to each
well. The plate was tapped to mix and incubated 30 min at
room temperature, and finally the optical density was read
at 570nm.
Cardiac tissue Preparation
The specimens were sectioned longitudinally, and fixed
heart tissues were embedded with paraffin using tissueembedding center (LEICA EG 1160, Wetzlar, Germany).
Tissues were sliced (MICROM HM 340E, Walldorf,
Germany) and stained with hematoxylin and eosin (H&E)
for light microscopy (BX-40; Olympus, Tokyo, Japan).
Histological examination was carried out at magnifications
of 20X and 100X.
Statistical analysis
The results for the BP, lipid peroxidation and antioxidant
enzyme levels were presented as percentages of the
baseline values. All data analyses were conducted using
SPSS version 22. The normality of the data was
determined by Kolmogorov–Smirnov test. The peroxide
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Photomicrograph A represents sham
under H & E stain (20X). N- nucleus;
M- cardiac muscle

Photomicrograph B represents Ovx
(n) under H & E stain (20X). Nnucleus; M- cardiac muscle

Photomicrograph c represents Ovx
(c) under H & E stain (20X). Nnucleus;Nc-Necrotic cell

Photomicrograph c represents 5HPO
under H & E stain (20X). Nnucleus;Nc-Necrotic cell–eosinophilic
cytoplasm, condensed shrunken nuclei.

Photomicrograph c represents 5HPOx under H & E stain (20X). Nnucleus

Photomicrograph
c
represents
10HPO under H & E stain (20X). NcNecrotic cell

Photomicrograph c represents 10HPOx under H & E stain (20X). N- nucleus;
Figure 8: Photomicrograph represents longitudinal section of cardiac tissue in sham, reheated palm oil and ADD-X
treated groups under H & E stain (20X).
values among the edible oil groups were compared using
one-way analysis of variance (ANOVA) with Tukey’s
Honestly Significant Differences post-hoc test for
differences between pairs of means when applicable. To
analyze the differences in the BP activities and the levels
of lipid peroxidation among the experimental groups, the
Kruskal–Wallis and Mann–Whitney tests were performed.
Statistical significance was defined as P < 0.05. Data are
expressed as means (SD).
RESULTS
Inflammatory markers
The repeatedly heated palm oil caused a significant
increased (p<0.05) in the C - reactive protein (CRP) and
Tumor necrosis factor α (TNF-α). The level of CRP and
TNF- α were significantly reduced with ADD-X
supplementation (Figure 1 and 2).
Cardio biomarkers

The repeatedly heated palm oil caused a significant
increased (p<0.05) in cardiac lactate dehydrogenase
(LDH) and troponin levels. The level of LDH and troponin
levels significantly reduced with ADD-X supplementation
(Figure 3 and 4)
Cardiac of free fatty acids (FFA) and triglycerides (TG)
The reheated palm oil groups cause a significant increased
(p<0.05) in cardiac tissue free fatty acids (FFA) (Figure 5)
and triglycerides (TG) (Figure 6) levels at the end of study.
The cardiac level of FFA and TG were markedly
attenuated with ADD-X.
Changes in heart weight
There was a significant increase (p<0.05) in heart weight
in groups fed with repeatedly heated palm oil compared to
the control, ADD-X treated groups and sham groups as
shown in Figure 7.
Microscopic Changes in Cardiac Tissue
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Large, rounded nuclei were centrally located in the cardiac
muscle fiber in the control group. A similar pattern was
found in the group fed with Ovx (N). Presence of necrotic
cells in cardiac tissues of the groups fed with 5HPO and
10HPO were noted. Necrotic cells could be identified by
the eosinophilic characteristic that stained bright pink
compared to the surrounding normal cells. This was due to
the degeneration of the structural protein in cytoplasm that
led to the formation of a homogeneous mass. Furthermore,
necrotic cells had smaller nuclei compared to the normal
nuclei. Pyknosis or nuclei condensation could be observed
as a result of the coagulation of chromatin in nuclei,
forming a basophilic area following hematoxylin staining.
Necroses were noted and more severe in cardiac tissue of
the groups fed with 10HPO compared to the 5HPO group.
However, there were no significant changes in cardiac
histology for control and group fed with ADD-X.
DISCUSSION
Inflammations have been implicated in pathogenesis of
atherosclerosis and have been exposed to be connected
with an increase in inflammatory biomarkers such as Creactive protein (CRP), and Tumour Necrosis Factorα13,16,17. These inflammatory biomarkers have been
identified as high risk factors for CVD such as
hypertension and atherosclerosis18,19. In the present study,
the increased expression of CRP and TNF-α were seen in
5HPO and 10HPO treated groups. This finding suggests
that heated palm oil cause inflammation that predispose to
CVD. This finding was comparable the finding of Ng et
al.17 that reported heated vegetable oil cause vascular
inflammation. ADD-X supplementation attenuates the
increase in CRP and TNF α suggests ADD-X has antiinflammatory effect. ADDX is rich in polyphenol s which
may be responsible for the anti-inflammatory effect. The
anti-inflammatory effect of polyphenols was reported by
Li et al.20 and Aziz et al.21. The protective effect of
antioxidant such as polyphenol on CVD was already
reported before22,23. Elevation in the troponin and lactate
dehydrogenase (LDH) activity also indicates the
disturbance in the normal cardiac functions24. In the
present study, the levels of troponin and LDH activity were
increased in 5HPO and 10HPO treated groups, which may
suggests that reheated palm oil might have caused cardiac
injury. Our finding was in line with Hamsi et al.25 which
reported that heated virgin coconut oil increase LDH and
troponin which might indicate cardiac injury. Again the
reduction in LDH and troponin by ADD-X suggests
polyphenols rich antioxidant has protective effect on the
heart. These cardiac injuries may be due to inflammatory
reactions caused by the ROS and it was generated by the
thermal oxidation of repeatedly heating oil, and this caused
the endothelial cell injury in heart26. In the present study,
histological study of heart showed necrosis in cardiac
tissue of 5HPO and 10HPO groups with the latter showing
more severity. This finding was similar to Leong et al.27
confirmed necrotic cells and myolysis in cardiac tissues.
Histopathology changes of this study was supported by
earlier investigation by Shastry et al.28 and Farag Radwan
et al.29 which showed the broad fatty vacuolation present

in the cardiac muscle fibres and packed myorcardial and
vacuolation in papillary muscles respectively. The
histological changes of the cardiac tissues appear to be
preserved by ADDX. Polyphenols were reported to
preserve cardiac tissue20. Cardiac toxicity of heated palm
oil was also reported by Edem30 who, suugested the cardiac
toxicity was due to lipid peroxidation. Our previous
finding showed that heated oil increased TBARS and
peroxide value suggest s heated oil increased lipid
peroxidation
which was reduced by ADD-X
administration31. The possible mechanism on how heated
oil cause cardiac toxicity was unclear. Cardiac tissue is
provided with great numbers of mitochondria for blood
circulation in the body. We believe that lipid peroxidation
induced by heated oil cause mitochondrial damage as the
mitochondria is the important site for oxidative
phosphorylation and ATP formation. Ozawa32 reported
that free radicals may cause cell death. Cell deterioration
is caused by biochemical abnormalities and structural
changes. Prolonged cell deterioration cause cell necrosis33
as shown in the present study. Despite the difference in the
degree of heating process, the food intake of the treatment
groups were high and higher intake of fat diet (2%
cholesterol) was associated with increase in their heart
weight. In this study, we found that the biochemical and
histological changes was associated with increase in
cardiac’s weight. This finding was in agreement with an
earlier study reporting that in rats fed with oxidized palm
oil, an increase in organ weights including the heart was
found34. We are not sure of the mechanism behind this
finding. We postulated that the increased in cardiac weight
was likely due to the increased in food intake and weight
gain. The increased in food intake lead to accumulation of
TG and FFA in cardiac tissue. The increase in cardiac
weight was lower with ADD-X supplementation as ADDX reduced food intake and weight gain, therefore it caused
less FFA and TG accumulation in the cardiac tissue.
CONCLUSION
The findings of this study suggest that the consumption of
reheated palm oil caused inflammation which produce
detrimental effect on cardiac tissues, in an estrogendeficient state. The consumption of ADD-X with palm oil
restores these markers enzymes and protects the cardiac
tissues from the necrotic effects by its antioxidant
potential. ADD-X appears as stable antioxidant even
though it has been treated at high temperature; therefore, it
may be use as suitable additive to prevent heated-oilinduced cardiac changes.
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