Gene Expression 2023 vol. 22(1) | 10-18
DOI: 10.14218/GE.2022.00006

Check for
updates

Metabolic Effects of Coconut Oil on Fatty Liver
and Oxidative Stress Induced by a High-fat Diet in Rats

Laura Perreira Barreto!, Raissa Yolanda de Oliveira Silva?2, Bianca Bellizzi de Almeidal,
Paula Paydo Ovidio? and Alceu Afonso Jordao®

!Department of Internal Medicine at Ribeirdo Preto Medical School, University of Sdo Paulo, Sio Paulo, Brazil; >Department of Health Sciences at
Ribeirdo Preto Medical School, University of Sao Paulo, Sdo Paulo, Brazil

Received: September 05, 2022 | Revised: October 06, 2022 | Accepted: February 22, 2023 | Published online: March 28, 2023

Abstract

Background and objectives: This study aimed to evaluate the effect of coconut oil (CO) on steatosis and oxidative stress in rats
fed a high-fat diet.

Methods: Three groups of male Wistar rats were used: the control group (CG, n = 10) received a standard diet for 50 days, the
hyperlipidic group (HL, n = 10) received a high-fat diet with 50% lard for 50 days, and the hyperlipidic-CO group (HL+CO, n
=10) received a high-fat diet with 50% lard for 30 days followed by 25% lard and 25% CO for 20 days. Then, the animals were
euthanized, and their blood, liver, and adipose tissue were collected for biochemical analyses.

Results: The groups that received a high-fat diet had pronounced liver steatosis. Compared to the CG and HL groups, the
HL+CO group had less weight gain, but liver fat and triglycerides were increased, with a significant reduction in liver cho-
lesterol. Glutathione increased significantly and vitamin E decreased in the livers of the experimental groups compared to the
control. Lipid peroxidation in the serum and liver was less in the HL+CO group compared to that in the HL group, but it was
higher than that in the control group. CO caused significant accumulation of hepatic fat, triglycerides, and fat content, despite
decreasing the hepatic cholesterol levels. There was a better hepatic antioxidant response in the CO group, especially compared
with the HL group.

Conclusions: CO was not able to prevent or improve liver fat levels, but the HL+CO group had a better antioxidant profile.
Additional clinical studies are necessary to verify the efficacy and safety of different CO doses on both hepatic and lipid me-
tabolism.

Introduction alter the morphological structure and functional capacity of hepat-
ocytes. Among the liver diseases, nonalcoholic fatty liver disease
(NAFLD) is characterized by the hepatic accumulation of lipids,
mainly in the form of triglycerides, which, due to progressive in-

flammatory activity, can evolve into a more severe form, nonalco-

Acute and chronic liver diseases can be caused by chemicals, vi-
ruses, pharmacological agents, or other toxic components, which
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holic steatohepatitis.!+?

NAFLD and nonalcoholic steatohepatitis are associated with
insulin resistance, type 2 diabetes mellitus, obesity, hyperlipidem-
ia, hypertension, and metabolic syndrome as well as extrahepatic
manifestations, such as sleep apnea, chronic kidney disease, and
cardiovascular disease.!* Also, it is believed that the first event
necessary for fat accumulation originates from insulin resistance,
resulting in altering lipid and apolipoprotein metabolisms.* Hor-
monal characteristics of fatty liver disease are hyperglucagonemia,
hyperinsulinemia, hypercortisolemia, high sympathetic tone, and
deficient growth hormone levels. These characteristics influence
lipid metabolism.3
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Free fatty acids and their metabolic factors influence the devel-
opment of NAFLD, since their levels increase significantly during
the development of the disease.® Elevated “de novo™ lipogenesis
generates an indirect response, hampering the beta-oxidative flow,
which can strongly induce steatosis.’

For diagnosis, noninvasive measures have a practical advantage
to assess the disease,’ such as measuring serum aminotransferase
levels and performing imaging tests like ultrasound, computed to-
mography, and magnetic resonance; however, they do not reliably
reflect the spectrum of liver histology in patients with NAFLD.
Therefore, there has been significant interest in developing clinical
prediction rules and noninvasive biomarkers for identifying stea-
tohepatitis in patients with NAFLD.® The degree of infiltration can
be classified as mild (grade 1), affecting 10-30% of hepatocytes;
moderate (grade 2), affecting 30—70% of hepatocytes; or severe
(grade 3), affecting >70% of hepatocytes.’

However, even with these changes, disease progression is more
frequent. Approximately one-third of patients develop fibrosis or cir-
rhosis, averaging 5—10 years after the diagnosis; but cirrhosis can be
observed in a smaller time period, ranging from one to two years.!?

As a subtype of NAFLD, steatohepatitis is strongly progressive
and can lead to cirrhosis, hepatocellular carcinoma, liver transplan-
tation, and death.? Factors such as obesity, hypertension, diabetes,
and even genetic polymorphisms have influenced the severity of
the disease, especially regarding the probability of developing cir-
rhosis and hepatocarcinoma. Therefore, a greater understanding of
the factors that may modify the natural course of the disease is
needed so that more specific therapies can be developed.!! Never-
theless, it is acknowledged that physical exercise and changes in
diet are important for all NAFLD patients.!?

The prevalence of NAFLD is increasing worldwide, and 25% of
the adult population is affected by the disease. Its increasing preva-
lence is related to an unhealthy lifestyle, especially diet, with a high
intake of glucose, fructose, and saturated fat, among other deleteri-
ous nutrients.'3 There has been an increase in fructose consumption,
which is associated with obesity, insulin resistance, and fatty liver
disease. Even in acute animal models, it has been demonstrated that
fructose induces lipogenesis, and the mechanisms indicate that it can
cause the progression of disease.'* Although NAFLD is more as-
sociated with nutrition and a Western diet, cases such as side effects
to drugs, endocrine disorders, and viral infections can also induce
this condition.® As diet plays a role in the induction or prevention of
NAFLD, some nutrients such as vitamins D and E as well as some
types of fatty acids can act positively, reducing steatosis, inflam-
mation, and ballooning in nonalcoholic liver steatosis, although the
results of some studies are conflicting.!’

The use of coconut oil (CO) has shown an improvement in the
antioxidant status in addition to preventing oxidative damage of li-
pids and proteins, and this effect may be associated with its compo-
sition of phenolics and tocopherols.'® When comparing extra vir-
gin CO with other oils, like peanut oil, it has both a lower amount
of aldehydes and peroxides and a greater amount of polyphenols,
which may then improve the antioxidant capacity.!” When the co-
conut is cold pressed, the product is called virgin CO, which is rich
in phytosterols and antioxidants.'® CO contains an average of ap-
proximately 91% medium-chain-saturated fatty acids, with lauric
and meristic acids predominating. While 12-carbon lauric acid is
rapidly oxidized in the cell, 14-carbon myristic acid has an inter-
mediate rate of oxidation compared with longer chain saturated
fatty acids, such as 18-carbon stearic acid, which are oxidized at
a slower rate.'® The medium-chain triglycerides are transported in
the blood by albumin, reaching the liver through the portal vein,
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unlike long-chain triglycerides, which have their metabolism pro-
longed by a process of esterification and chylomicron formation
and then are absorbed by the lymphatic route. Their fast absorption
is the reason that they are widely included in Parenteral Nutritional
Therapy and in the syndrome of bad intestinal absorption.!® Virgin
CO has been recognized as a multipurpose nutritional supplement
due to the nutritional and medicinal benefits of its medium-chain
fatty acids, vitamins, amino acids, antioxidants, antimicrobials,
and antiviral compounds.'®

In view of the above, the present study aimed to evaluate the
possible positive effects of dietary CO on the liver steatosis, lipid
profile, and oxidative stress in animals fed with a high-fat diet or
control diet.

Methods
Diet

The standard diet (Nuvilab) consisting of 56% carbohydrates, 19%
protein, and 3.5% lipids was used, in addition to 4.5% cellulose
and 5% vitamins and minerals, with 3.78 kcal/g, which is the com-
mercial ration for rats.

For the control group, the diet was offered in a ground form. The
hyperlipidic diet (HL) that was used to induce steatosis in animals
was composed of 50% of the ground diet and 50% of lipids from
thermolyzed animal fat (lard), adapted from Leonardi et al.,?’ in
which it was submitted to heating at 130° for 30 min, adapted from
De Assis et al.?! The hyperlipidic group with coconut oil (HL+CO)
received a diet composed of 50% of the ground feed, 25% of the
same thermolyzed animal fat (lard) that was carried out in the HL
group, and 25% of virgin CO, purchased in local stores. The CO
information is reported by the manufacturer at https://www.copra.
com.br/en/nossosprodutos/extra-virgin-coconut-oil/.

Animals

Thirty male Wistar rats, with an average weight of 60 g, from the
vivarium of the Faculty of Medicine of Ribeirdo Preto - Univer-
sity of Sao Paulo were used in this study. The rats were housed in
cages (3 animals/cage) and kept at a temperature of 25 °C under a
12-h light-dark cycle. Weighing the animals and cleaning the cages
were carried out weekly, since the diets were weighed and replaced
three times a week. The animals were separated into three groups
and received water and diet ad libitum for 60 days. All animals
were handled according to the Brazilian College of Animal Ex-
perimentation recommendations, and all procedures, which were
based on the Animal Research: Reporting of in-vivo experiments
(ARRIVE), were approved by the CEUA — Ethics Committee of
Animals Use of FMRP/USP (protocol no. 012/2009).

The control group (n = 10) received the standard diet through-
out the experiment. The adaptation of the diet occurred during the
first three days. The HL (n = 10) and HL+CO (n = 10) groups
received the high-fat diet with animal fat for 30 days. The animal
adaptation to the diet occurred during the first five days; initially,
the animals were supplied with the experimental diets added to the
control diet in a proportion of 2:1 (control: experimental), and lat-
er, in a proportion of 1:1, with the high-fat diet consisting of 50%.
The HL+CO group started to receive a diet with animal fat added
with CO. It was added progressively, with the first three days being
ata 2:1 ratio (animal fat: CO), and then 1:1, reaching the total diet
ratio of 25% animal fat, 25% CO, and 50% ground feed), similar
to that reported by Leonardi.?? Each group received their specific
diet for an additional 20 days.
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At the end of the experiment, the animals were euthanized by
beheading. The blood, liver, and adipose tissue of the rats were
collected for biochemical analyses. The blood was promptly cen-
trifuged at 3,500 rpm at 4 °C for 15 min to obtain the serum. The
liver and the epididymal and retroperitoneal adipose tissue were
removed, weighed, and promptly frozen in liquid nitrogen. The
samples were stored at —80 °C for further biochemical analysis.

Biochemical analysis

Determination of total liver fat

The determination of total liver fat was performed according to the
method proposed by Bligh and Dyer.2?

Determination of total cholesterol and hepatic and serum
triglycerides

The lipid fractions from the liver were measured after the extrac-
tion of total fat by the method of Bligh and Dyer?? and later deter-
mined by commercial kits used for analysis in serum, as described
below.

Determination of total cholesterol

The total cholesterol content was determined by the enzymatic
colorimetric method using commercial kits from Labtest (Labtest
Diagnéstica SA, Brazil).

Determination of triglycerides

The determination of hepatic triglycerides was also carried out by
enzymatic colorimetric methodology using commercial kits from
Labtest (Labtest Diagnostica SA, Brazil).

Determination of serum and hepatic protein

The determination of serum and liver protein was carried out using
commercial kits, using the Biuret method (Labtest Diagnostica,
Lagoa Santa, MG, Brazil).

Determination of blood glucose

Glycemia in the animals was determined from the serum, using a
LiquiformLabtest ® Glucose PAP dosing kit.

Determination of high-density lipoprotein (HDL) cholesterol

For the determination of HDL blood cholesterol through the se-
lective precipitation of low- and very-low-density lipoproteins, a
combination of two kits was used: the HDL Cholesterol Labtest
and Cholesterol LiquiformLabtest.

Determination of serum concentrations of aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)

Serum aminotransferase concentrations were assessed using com-
mercial Labtest kits.

Determination of serum and liver lipid peroxidation

This analysis was performed according to the reaction of 1-methyl-
2-phenylindole with malondialdehyde (MDA) and 4-hydroxyalk-
enals,?*?5 with some adaptations. For the measurement of MDA
in serum, 200 pL of sample was used. The determination of MDA
in the liver was performed with a 200-uL aliquot taken from the
liver homogenate (200 mg of tissue in 1 L of phosphate buffer), in
which both 650 puL of a 10 mM solution of 1-methyl-phenylindole
in acetonitrile and methanol (2:1, v/v) and 150 pL of 37% hydro-
chloric acid were added. Soon after, the samples were vortexed and
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incubated for 40 min in a water bath at 45 °C. Next, the samples
were cooled on ice, and then the Eppendorf tubes were centrifuged
at 4,000 rpm for 10 min. The absorbance of the supernatant was
read at a wavelength of 586 nm. The MDA concentration was cal-
culated using a standard curve.

Determination of hepatic and serum reduced glutathione
(GSH)

The measurement of GSH was carried out in the liver tissue ac-
cording to the method described by Sedlak and Lindsay.?® Ap-
proximately 100 mg of the tissue sample was homogenized with
4.0 mL of ethylenediamine tetraacetic acid (EDTA) buffer (0.02
M), on ice. A 2.5-mL aliquot of this homogenate was removed
and mixed with 2.0 mL of deionized water and 0.5 mL of 50%
trichloroacetic acid. The reaction lasted about 15 min, and then
the sample was centrifuged at 4,000 rpm and room temperature
for 15 min. After centrifugation, 1.0 mL of the supernatant was re-
moved, and 2.0 mL of TRIS buffer (0.4 M, pH 8.9) and 0.05 mL of
dithionitrobenzoic acid (DTNB; 0.01 M in methanol) were added.
At 5 min after the addition of DTNB, the absorbance was read at
a wavelength of 412 nm, against a blank with EDTA (0.02 M) in
place of the supernatant.

The absorbance of GSH was measured using an aliquot of 25
uL of serum with the addition of 1 mL of the Tris-EDTA buffer
to perform the first reading at a wavelength of 412 nm, obtaining
Al. Subsequently, 25 pL of DTNB was added to this solution, and
after 15 min of reacting at room temperature, the second reading
was performed, obtaining A2, against a DTNB blank. After sub-
tracting the values (A2—A1), the concentration in the sample was
calculated using a standard curve of GSH, expressed in mmol/L,
according to a method described previously.?’

Determination of serum retinol and serum vitamin E and oils
and fats from experimental diets

Liver analyses of vitamin E (a-tocopherol) and vitamin A retinol
were performed by high-performance liquid chromatography, ac-
cording to an adapted method.?®? For the analyses, a Shimadzu
chromatograph model LC-20AT was used, with column type C-18
(150 x 4.6 mm — 5 um), UV-visible detector model SPD-20A, a
mobile phase composed of 7:2:1 acetonitrile: dichloromethane:
methanol, a flow rate of 1.0 mL/min, and detection at 292 nm and
352 nm for a-tocopherol and retinol, respectively. The concentra-
tions were determined by using an external standard, and the re-
sults were expressed in pmol/L of serum/plasma.

About 200 mg of oil/fat or 200 uL of serum were mixed with
400 pL of absolute ethanol. Subsequently, 400 pL of n-hexane was
added for extraction. The samples were vortexed for 1 min and
subsequently centrifuged at 3,000 rpm for 10 min. The supernatant
(about 200 pL) was removed and dried under a flow of nitrogen.
The dry residue was resuspended in 200 pL of the mobile phase,
and a 20-pL aliquot was injected into the chromatograph.

Calculations

Calculation of the ratio between serum triglycerides and HDL
cholesterol

The triglyceride/HDL cholesterol ratio was calculated as a predic-
tor of insulin resistance.%-3!

Calculation of the ratio between vitamin E and cholesterol

The vitamin E/cholesterol ratio was calculated as described by
Ford et al.3?
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Table 1. Changes in body weight on a weekly basis (g)

Gene Expr

Control HL HL+CO
Start 69 £ 6.83 67.5+5.32 66.4 +3.06
Week 1 126.7 +20.00 126.7 +10.77 128.1 + 10.03
Week 2 192.6 +19.13 166.7 +24.322 162.4 +17.84°
Week 3 251.1+15.77 201.2 +39.35P 197.7 + 35.82°
Week 4 312.6 £21.77 240.1 + 34.96¢ 223.1+42.23¢
Week 5 363.5 + 40.50 281.11 + 42.61° 282 +61°
Week 6 386.88 + 62.44 314.33 £ 41.24° 310.3£57.59°
Week 7 416.29 + 62.32 346.33 £ 42.12° 299 + 49.54¢
Week 8 439 +83.01 379.22 +48.10 345.33 +34.81°
Week 9 402.57 + 74.47 378.56 + 43.46 348.22 +31.46

The results are expressed as the mean * standard deviation. Statistical analysis: a indicates p < 0.05 vs. control; b indicates p < 0.01 vs. control; c indicates p < 0.001 vs. control. HL,

hyperlipidic group; HL+CO, hyperlipidic group with coconut oil.

Statistical analysis

The comparison between the experimental groups was performed
by one-way analysis of variance with Tukey’s post-test, consider-
ing p <0.05, p <0.01, and p < 0.001 as the levels of significance.
The variables are presented as the mean + standard deviation.

Results

As for the weekly weight gain, a lower weight gain was observed
in the groups that were fed high-fat diets after the second week,
compared to the control group. In the sixth week, when CO was
included in the diet of the HL+CO group, it was possible to ob-
serve a lower weight gain in the HL group, but without statistical
significance, as shown in Table 1.

The animal diet intake results are shown on a weekly basis due
to the fact that it took an average of 3 days to consume their food.
The results are shown in Table 2. After the first week of the experi-
ment, some reduction in food intake by the animals that received
the high-fat diets was observed. From the first week until the end
of the experiment, the HL and HL+CO groups presented a similar
consumption, despite the introduction of CO in the sixth week.

However, compared to the control group, both the HL and HL+CO
groups showed a significant difference in consumption, with the
control group consuming more than the other two groups.

As shown in Table 3, we observed that the hepatic weight did
not present a statistically significant difference among the groups,
but the liver/body weight ratio revealed an increase in liver weight
in relation to the body weight in the HL and HL+CO groups, com-
pared to the control group. The HL group revealed an increase in
epididymal adipose tissue and the ratio of epididymal/retroperito-
neal adipose tissue compared to the control and HL+CO groups.
The HL and HL+CO groups showed a significant increase in retro-
peritoneal adipose tissue compared to the control group.

As shown in Table 4, total liver fat, percentage liver fat, and
hepatic triglycerides were significantly greater in the groups that
received a high-fat diet, with the triglyceride level in the HL+CO
group also being significantly greater than that in the HL group.
The total hepatic cholesterol level showed a significant difference
between the HL group and the control and HL+CO groups. The to-
tal liver protein level was significantly less in the HL and HL+CO
groups compared to that in the control group.

The serum changes did not match the liver changes found. Only

Table 2. Food intake (g) of animals throughout the experimental period on a weekly basis

Control HL HL+CO
Start 14.77 +4.78 18.2 +3.05 17.7+4.6
Week 1 2435 +6.91 17.3+3.29° 19.08 +2.76°
Week 2 25.55+3.22 15.83 + 2.62¢ 14.45 + 2.97¢
Week 3 25.85 £ 3.67 15.10 + 3.19¢ 14.33 +4.02¢
Week 4 31.78 £5.53 15.25 +4.70¢ 15.6 £6.32¢
Week 5 35.35+9.84 15.63 +3.51¢ 15.35+4.91°
Week 6 41.5+6.85 15.22 +2.53¢ 15.22 + 3.54¢
Week 7 38.31+6.85 14.67 +3.21° 12.58 + 4.23¢
Week 8 29.53+17.10 15.42 + 3.75P 17.22 +4.37°
Week 9 24.42 +13.97 16.12 +2.11 16.59 +2.25

The results are expressed as the mean * standard deviation. Statistical analysis: a indicates p < 0.05 vs. control; b indicates p < 0.01 vs. control; c indicates p < 0.001 vs. control; d

indicates p < 0.05 vs. lard, e indicates p < 0.5 vs. lard. HL, hyperlipidic group; HL+CO, hyperlipidic group with coconut oil.
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Table 3. Liver weight (g), liver/body weight ratio (%), epididymal adipose tissue (g), retroperitoneal adipose tissue (g), and ratio of epididymal adipose

tissue weight to body weight (%)

Control HL HL+CO
Liver weight (g) 9.41+1.99 14.05 £ 3.22 15.81 +3.54
Liver/body weight ratio (%) 2.33+0.11 3.76 £0.5° 4.47 +1.04°
Epididymal adipose tissue (g) 4.47 +1.63 7.9 £2.462 5.51+1.27
Retroperitoneal adipose tissue (g) 3.82+1.88 9.91 +2.69° 9.76 +1.18°
Weight ratio epididymal adipose tissue/body (%) 1.12+0.44 2.09 +0.452 1.54+0.28

The results are expressed as the mean + standard deviation. Statistical analysis: a indicates p < 0.05 vs. control; b indicates p < 0.01 vs. control. HL, hyperlipidic group; HL+CO,

hyperlipidic group with coconut oil.

Table 4. Total liver fat, percentage of liver fat, total hepatic cholesterol, hepatic triglycerides, and total hepatic protein

Control HL HL+CO
Total liver fat (mg/gT) 0.05 +0.01 0.21 £ 0.062 0.24 £ 0.06°
Percentage of liver fat (%) 99+1.71 40.85 + 14.19° 45.85 + 13.31°
Total hepatic cholesterol (Ug/gT) 36.69 + 3.47 69.86 +23.31° 40.20 + 0.97¢
Hepatic triglycerides (Ug/gT) 3.36£1.65 74.42+ 29.93¢ 132.87 +71.1924
Total hepatic protein (g/mL) 0.023 £ 0.005 0.019 £0.002¢ 0.017 £ 0.0032

The results are expressed as the mean * standard deviation. Statistical analysis: a indicates p < 0.05 vs. control; b indicates p < 0.01 vs. control; c indicates p < 0.001 vs. control; d
indicates p < 0.05 vs. lard, e indicates p < 0.5 vs. lard. HL, hyperlipidic group; HL+CO, hyperlipidic group with coconut oil.

serum triglycerides showed a significant difference between the
HL+CO group and the HL group, with the latter group having
higher values. The values of glucose, total protein, total choles-
terol, HDL cholesterol, and the triglyceride/HDL cholesterol ratio
did not show significant differences, as shown in Table 5.

We observed that the serum concentrations of ALT, AST, and
the AST/ALT ratio were not significantly different, despite the fact
that all of these parameters were greater in the HL+CO group in
relation to the other groups (Table 6).

The parameters of the serum and liver antioxidant system are
shown in Table 7. Although the serum GSH concentrations of
the HL group did not present significant differences, there was a
significant decrease between the HL+CO group in relation to the
control group, and a significant increase in hepatic GSH in the
groups that received a high-fat diet compared to the control group.
The serum vitamin E and retinol levels as well as the vitamin E/
cholesterol ratio were significantly different between the groups
receiving a high-fat diet and the control group, with higher retinol

Table 5. Serum values of glucose, total protein, triglyceride, total cholesterol, HDL cholesterol, and triglyceride/HDL cholesterol ratio

Control HL HL+CO
Blood glucose (mg/dL) 75.78 + 8.25 89.31+17.97 82.14 +12.83
Total protein (g/mL) 0.08 +0.01 0.07 £0.01 0.07 £ 0.008
Triglycerides (mg/dL) 61.03+11 80.26 £ 19.31 57.33 £13.332
Total cholesterol (mg/dL) 67.35+18.81 81.26+11.2 90.09 +22.2
HDL cholesterol (mg/dL) 45.44 + 8.77 51.46 £9.06 46.85+11.34
Triglyceride/HDL cholesterol ratio 1.56 £ 0.36 1.56 £0.29 1.27 £0.36

The results are expressed as the mean + standard deviation. Statistical analysis: a indicates p < 0.05 vs. control. HDL, high-density lipoprotein; HL, hyperlipidic group; HL+CO,

hyperlipidic group with coconut oil.

Table 6. Serum concentrations of AST and ALT and the AST/ALT ratio

Control HL HL+CO
AST (U/L) 77.8 £18.88 66 +8.72 82.6 +13.32
ALT (U/L) 30.57 £18.17 24.5 +6.09 32.69 £ 6.09
AST/ALT 242 +1.18 2.84+0.99 2.61+0.62

The results are expressed as the mean * standard deviation. Data are not significantly different among the experimental groups. ALT, alanine aminotransferase; AST, aspartate

aminotransferase; HL, hyperlipidic group; HL+CO, hyperlipidic group with coconut oil.
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Table 7. Serum and hepatic GSH, serum vitamin E and retinol, vitamin E/choleterol ratio, serum and hepatic MDA

Control HL HL+CO
Serum GSH (umol/gP) 4.03+1.44 5.7+1.69 3.71+1.01¢
Hepatic GSH (umol/gP) 395.32 + 90.42 533.59 + 81.422 560.24 + 98.15°
Serum vitamin E (umol/L) 5.24+2.04 1.77 £0.7° 1.21 £ 0.84°
Vitamin E/cholesterol ratio 0.79+0.16 0.17 +0.13 0.1+0.08°
Serum retinol (umol/L) 0.36 £0.08 0.96 +0.41° 0.85+0.43°¢
Serum MDA (nmol/gP) 85.80 £ 24.16 104.23 £ 29.19 62.03 £ 24.81°¢
Hepatic MDA (umol/gP) 11.46 + 1.83 50.92 +20.12° 31.13 + 6,74%4

The results are expressed as the mean * standard deviation. Statistical analysis: a indicates p < 0.05 vs. control; b indicates p < 0.01 vs. control; c indicates p < 0.001 vs. control;
dindicates p < 0.05 vs. lard, e indicates p < 0.5 vs. lard. HL, hyperlipidic group; HL+CO, hyperlipidic group with coconut oil; MDA, malondialdehyde; GSH, reduced glutathione.

values, lower vitamin E values, and a lower vitamin E/cholesterol
ratio in the high-fat groups compared to the control group. The
serum MDA values were significant only in the HL+CO group.

Discussion

The data from the present experiment confirmed the induction of
steatosis through the high-fat diet, compared to the control diet,
which is a traditional model of steatosis induction.?? The use of CO
as a partial substitute for lard was not able to prevent or modulate
hepatic steatosis; these data were corroborated with the increase in
liver fat levels, 45% of fat. One recent study has described that in
overweight males, a saturated-fat-enriched diet was more harm-
ful for elevating the intrahepatic triglyceride content than a diet
enriched in free sugars.3*

In the second week of the experiment, we observed that the
groups that received a high-fat diet showed less weight gain com-
pared to the control group, and, in the sixth week, the HL+CO
group had a lower weight gain than the HL group. In a comparison
of different oils, when a diet with 40% CO was offered, it showed
less weight gain than the group receiving 36% CO and 4% soy
0il.3 In a study of male Wistar rats fed high-fat diets containing
triacylglycerols composed of medium- or long-chain fatty acids
for 4 weeks on isocaloric diets, the long-chain fatty acids worsened
insulin sensitivity and lipid metabolism, without influencing the
body weight. However, medium-chain fatty acids appeared to pro-
tect the rats from lipotoxicity and subsequent insulin resistance.3®

When analyzing liver weight, in the present study, it was pos-
sible to observe that although there was no statistically signifi-
cant difference among groups, when we analyzed the liver/body
weight ratio, there was an increase in liver weight in relation to
body weight in the HL and HL+CO groups compared to the control
group. Likewise, in a study by Wang ez al.,37 a significant increase
was observed between animal weight and liver weight as well as
in the liver/body weight ratio in the group that received a high-fat
diet.

A greater weight of retroperitoneal fat in the groups that re-
ceived a high-fat diet was observed, compared with the control,
and only the HL group presented a greater weight of epididymal
fat compared to the control group. In a study by De Castro et al.,38
which used a hyperlipidic diet with 40% fat including lard, young
rats showed some increase in the weight of retroperitoneal and
epididymal fat compared to the control rats.

We observed that the hepatic cholesterol level was significantly
higher in the HL group than in the control group. In relation to the
triglyceride levels, the HL+CO group showed a significant differ-
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ence compared to the other groups. In another study, the animals
that received high or low doses of CO did not show a significant
difference in liver cholesterol among groups, whereas the triglyc-
eride levels were significantly different compared to the control
group.?® In addition, rats fed virgin CO on a diet for 5 weeks had a
beneficial effect on the lipid profile, kidney status, hepatic antioxi-
dant defense system, and cardiovascular risk indexes, in contrast
with the diet without CO.4

In a study by Narayanankutty et al.,?® the groups that received a
low or high dose of CO showed higher GSH levels compared to the
control group. Analysis of virgin CO polyphenols has documented
the presence of gallic acid, ferulic acid, quercetin, and other phe-
nols, which protect cells from pro-oxidant insults and modulate the
cellular antioxidant status, making it a potential functional food.*!
In this scenario, CO act as an antioxidant oil.

As for the hepatic GSH, the values were higher in the groups
that received a high-fat diet, compared to the control; although
there was no significant difference, the values of the HL+CO
group were higher. The increase in GSH values might have been
a physiological adaptation due to lower levels of vitamin E, in ac-
cordance with the fact that vitamin E deficiency may be compen-
sated by the increase in hepatic GSH.*? In another study, our group
has demonstrated that a high-fat diet increases oxidative stress, as
shown by reduced concentrations of hepatic vitamin E.?’ The low
levels of liver tocopherol influence the serum tocopherol levels
and other parameters, such as GSH and MDA.

When analyzing serum triglycerides, a significant difference
was only observed between the groups that received a high-fat
diet, with the HL+CO group having a lower value. In a study by
Panchal, Carnahan, and Brow,*? the rats that received a diet rich
in carbohydrates and CO had a higher concentration of plasma tri-
glycerides compared to the control group.

Other strategies can be used for mitigation of oxidative stress
and a fatty liver provoked by a high-fat diet, for example, the n-3
polyunsaturated fatty acid docosahexaenoic acid modulates lipid
metabolism and the antioxidant hydroxytyrosol diminishes oxida-
tive stress underlying a fatty liver.** One recent review discusses
various aspects of steatosis, with the roles of glucotoxicity and
lipotoxicity, and it was proposed that metabolic (dysfunction)-
associated fatty liver disease is a more appropriate term.*5 More-
over, the comparison of high-fat diets enriched with lauric acid,
the main fatty acid of CO, with a palmitic acid-supplemented diet
demonstrated that both diets increased adipose tissue inflamma-
tion, systemic insulin resistance, and liver injury, but with a lesser
extent of metabolic derangements caused by lauric acid compared
to palmitic acid.*®
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In another experimental study, the consumption of CO modu-
lated the serum lipid profile in a dose-dependent manner as well
as the tissue incorporation of saturated fatty acids, inflammation
in adipose tissue, and antioxidant effects. The authors did not es-
tablish the best dosage of CO because, in higher doses, there was
a greater incorporation of saturated fatty acids in the liver and adi-
pose tissues.*” Furthermore, according to a recent study, rats fed a
high-fat diet and supplemented with virgin CO had high levels of
plasma lipid peroxidation and liver damage, as evidenced by rising
aminotransferase activity, and they also had an increased weight of
liver tissue and a higher content of liver cholesterol and triglycer-
ides.*® In the current study, we found similar results in the hepatic
triglyceride levels and percentage of liver fat in the HL+CO group,
besides being significantly greater than those in the HL group, but
the aminotransferase level did not show any significant difference.

The novel formulation with virgin CO and phosphatidylcholine,
which is named as Phoscoliv, has demonstrated hepatoprotective
effects in a model using paracetamol in Wistar rats by enhancing
the antioxidant status.*’ Vasconcelos has shown that in obese rats
that received 3,000 mg/kg of E-virgin CO via gavage, E-virgin CO
reduced the body mass and adiposity index as well as improved
hormonal parameters compared with those of the nontreated ani-
mals.5" Similar to the current study, another study has demonstrat-
ed that virgin CO can be useful for the treatment of a fatty liver by
reducing lipid levels and increasing antioxidant levels.>! Moreo-
ver, an interesting study with high-fat diet-induced obesity in mice
has revealed that CO enhanced the expression of thermogenesis
markers in brown adipose tissue, which was consistent with the
increased brown adipose tissue activity.5? Finally, a recent review
by Sanches ef al.53 has shown a relationship among excessive CO
consumption and consequences on metabolic syndrome and nonal-
coholic steatohepatitis. This study agrees with the perspective that
new clinical studies are necessary to verify the efficacy and safety
of different doses of CO on hepatic and lipid metabolism.

Conclusion

In conclusion, CO used in the animal model was not able to pre-
vent or improve the status of hepatic steatosis compared to the
group that received only animal fat. Furthermore, there was a bet-
ter hepatic antioxidant response in the group that received CO,
especially compared to the group that received only animal fat.
These results indicate a possible role of CO in relieving oxidative
stress caused by a high-fat diet.
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