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Finding\ conc 1&' e,icosapentaenoic acid (EPA), docosahexaenoic acid (DHA) as well as omega-3 (n-3FA) effects
on lipid and biomarkers of atherosclerosis progression are still highly debated. The current study was designed
to evaluate and compare the effect of EPA, DHA, and their combination in the form of n-3FA on serum non-high-
density lipoprotein (NHC), oxidized-low-density lipoprotein (Ox-LDL), Lipoprotein(a) Lp(a), and other lipid profile
parameters levels in rats with high-fat diet model. Based on the diet and supplementation model, six groups (n = 6 per
group) of male Westar rats were distributed as follows: standard diet (SD), high-fat diet (FD); FD + atorvastatin (ATV),
FD + omega-3 (n-3FA), FD + EPA (EPA), and FD + DHA (DHA). The results have shown a significant higher mean
NHC levels in the DHA and n-3FA groups than in the EPA group (27.52 + 2.92 vs. 43.23 + 8.98 and 45.65 + 5.08 mg/
dl, respectively, p < 0.001). In addition, the mean levels of total cholesterol and Lp(a) levels were significantly higher
in DHA than in EPA (35.8 £2.04 vs. 51.8 £ 6.33 mg/dl, 2.42 £ 0.71 vs. 4.41 = 1.14 ng/dl, p <0.001). Significant higher
mean Ox-LDL levels were observed in n-3FA than in DHA (p < 0.001) or EPA (p < 0.05). No significant in mean
Ox-LDL levels was observed between EPA and DHA study groups (¢ = 3.62, p = 0.1387). The current study findings
revealed the potential advantages of EPA supplements but not DHA supplements alone or their combination with EPA
in the common form known as omega-3 for preventing or treating hyperlipidemia.

INTRODUCTION

Atherosclerosis is a multistep progressive vascular
condition that includes lipid buildup due to hyperlipidemia
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and inflammation that may lead to lethal consequences [1-2].
Linked to that, the anti-hypercholesterolemic effect of omega-3
polyunsaturated fatty acids (n-3FAs) has been reported as one
of the potential advantages of the supplement in the prevention
of cardiovascular disease (CVD) [3—4]. However, this may
be accomplished by medical treatment including healthful
dietary components in daily routine. It is well known that
n-3FA supplements contain eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) in various ratios. These
two dietary supplements alone or in their combination form
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n-3FA are endorsed as efficient supplements in the prevention
of CVD through modulation of blood lipids and lipoproteins
[5—-6]. Nevertheless, their anti-lipidemic effects as a secondary
prevention of CAD are still mixed [7-8]. Likewise, the results
of prior studies concerning the effect of n-3FA supplementation
on serum triglycerides (TGs) and low-density lipoprotein (LDL)
levels are still controversial. Hence, this discrepancy in lipidemic
outcomes has directed studies to resolve that throughout non-
high-density lipoprotein cholesterol (NHC) levels [9-10].

The lack of n-3FA benefit has been attributed to the
low ratio of EPA to DHA [11-12]. Therefore, the supplements
of n-3FA (EPA and DHA), which do not produce a synergistic
effect when combined should not be generalized [13].
Concerning Lipoprotein(a) Lp(a) levels which are causally
linked to an increased CVD risk through a variety of pathways
[14—15]. It has been reported that a high dose of n-3FA decreased
Lp (a) and stable CAD via, a direct arterial effect of EPA [16].
Furthermore, dyslipidemia was observed to be more heightened
in diabetic patients supplemented with DHA, and therefore, it
seems that the n-3FA ratio modulates atherogenic biomarkers
[17]. Nevertheless, no comparative studies between the anti-
hyperlipidemic effect of EPA and DHA have been conducted
yet in a controlled animal model.

On the other hand, despite the relevance of oxidized-
low-density lipoprotein (Ox-LDL) levels in relationship
to cardiovascular events has not been proven yet, it has
been suggested that Ox-LDL is a promising purpose for

future studies that illuminate the mysterious events in ‘%

progression of atherosclerosis [2]. The reduction ia t
of Ox-LDL recorded was partially like some ear SX S Virat

indicated a decrease in Ox-LDL levels in re 3FA

supplementation [18]. However, it ha bed that EPA
differs from DHA in modifying me structure and
antioxidant properties [19-20]. Hence mparlson between

the effect of n-3FA mixture supplementatlon may clarify
mysterious points resulting from the potential changes in serum
non-HDL and Ox-LDL-C levels.

Despite the widespread use of n-3FA supplements among
Jordanians, there are no prior studies that assessed or compared the
combined effect of n-3FA mixture (EPA and DHA) on serum Ox-
LDL-C levels in high diet fat models in experimental rats. To date,
this is the first experimental study that investigates the combined
effect of n-3FAs (EPA and DHA) on serum Ox-LDL-C levels in a
high-diet fat model in experimental rats.

MATERIALS AND METHODS
Study design
Ethical approval

All procedures were performed in accordance with
the international regulations for the care and use of laboratory
animals. Ethical approval on the study was obtained by
the Institutional Review Board at Applied Science Private
University, Amman, Jordan, (Approval ID# 2022-PHA-35).

Animals setting groups

Male Wistar rats (n = 48, 190-220 g) were kept
in metabolic cages and maintained under standard housing

conditions (21°C—22°C and 12 hours light/dark cycles) for 7
days before starting the experiment. All study animals were
equally provided with diet and water. In this experiment, based
on the daily diet for 6 weeks, animals were distributed into six
(6) groups (6 rats/group). In addition to Group 1: SD, negative
control rats fed with a standard diet (SD) of 150 g/kg/day, five
animal groups were exposed to the high-fat diet (FD) for 6
weeks and categorized as follows:

Group 2: FD, high fat-fed control group, and did not
receive any treatment.

Group 3: atorvastatin (ATV), FD fed, were daily
administered 2.5 mg/kg ATV for 4 weeks.

Group 4: n-3FA, FD fed, were daily administrated
with omega-3 (Wild Salmon and Fish oil complex 1,000 mg;
contains 180 mg as EPA and 120 mg as DHA)for 4 weeks.

Group 5: FD fed EPA: were daily administrated with
Eicosatetraenoic acid (EPA), (1,000 mg/kg) for 4 weeks.

Group 6: FD fed DHA: were daily administrated with
DHA, (1,000 mg/kg) for 4 weeks.

At baseline and final (at the end of week 6), the blood
samples were collected by heart puncture for determination of
Ox-LDL, Lp(a), TC, LDL, high-density lipoprotein (HDL),
TG, asparta ransferase (AST), and alanine transferase (ALT).

were calculated using the following equation:

Non HD%
& HDL = TC-HDL).

ductlon of FD model in Wistar rats

To induce hyperlipidemia, animals were fed with FD;
a mixture of lamb fat with an SD as conducted in a similar
study design [21] for 14 days to elevate TC levels. The rats
were confirmed to have higher serum TC levels than in the SD
control group (TC =50 £ 5 vs. 30 = 5 mg/dl).

Supplements dosing

Animal equivalent dose (AED) for n-3FA has initially
been calculated based on the following equation [22]:

HED (daily dose /kg) = 1,000 mg /60 (IU/kg) x 6.17
(converting factor for rodents )
=102.8 mg /kg.

However, based on the preliminary experiments,
the mentioned calculated dose was not effective. Because the
design of the supplementation duration was relatively short, the
dose was increased several times to be consistent with previous
related studies [23-24]. Therefore, a high dose (1,000 mg/kg )
was recognized and used in the current study.

Dietary supplements

Eicosapentaenoic acid (EPA®), Garlson, USA.
Each capsule (volume = 1.5 ml) contains 1,000 mg of EPA.
Docosahexaenoic acid (DHA®), California Gold nutrition. Each
capsule (volume = 1 ml) contains 1,000 mg of DHA. n-3FAs
(Jamieson Laboratories, Canada N8W 585). Each soft gel
capsule contains Wild Salmon and Fish oil complex 1,000 mg
(n-3FAs = 300 mg) providing 180 mg as EPA and 120 mg as
DHA.
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Biochemical analysis

The biochemical analysis was undertaken in a quality
control registered at the laboratories of Applied Science
Private University-Faculty of Pharmacy. OX-LDL levels were
determined by serum with an ELISA kit (MyBiosource, San
Diego, CA, USA). Lp(a), TC, LDL, HDL, TGs, AST, and ALT
levels were assayed using the HumaStar 200 (Germany).

Statistical analysis

The sample size calculation was done by using a
crude method based on the law of diminishing return with
the equation of E=total number of animals-total number of
groups. After the calculation with (6 groups X 6 rats/group)—
(6 groups)=30, suggesting the sample size for this study
was adequate and 6 rats were used for each group [25]. The
statistical analysis was performed using a Statistical Package
for the Social Sciences, version 27.0 for Windows (Chicago,
IL, USA). P-value for two independent sample ¢-tests at
baseline. To evaluate if there are any significant differences
in the mean values between the study groups, at the end of
the experiment ANOVA test was used. The post-hoc multiple
comparisons by Dunnett’s test were used to find out any
significant differences in each mean parameter between EPA
or DHA supplemented and other study groups, a p-value
< 0.05 is statistically significant.

Table 1. Baseline (day 14) means of the

RESULTS

Baseline assessment of body weight and lipid profile in SD
and FD diet animals

The BW and lipid profile in control SD and FD groups
are represented in Table 1. All lipid profile parameters were
significantly elevated after 14 days of hyperlipidemia induction
by daily high-fat diet feeding (p < 0.05).

Assessment of final changes in body weight and lipid
profile parameters

Changes in body weight

A significant lower in the mean BW was observed
between study groups as shown in Table 2. There were
significantly higher mean BW in EPA and DHA-supplemented
groups than in the SD group (p < 0.05) whereas, compared with
FD, a higher mean BW was noted in the DHA as well as EPA-
supplemented groups (p < 0.05) as presented in Figure 1.

Changes in total cholesterol levels

At the end of the experiment, there were significant
differences between the mean TC levels in all study groups
(F=40.15, 001) The post-hoc multiple comparisons by
Dunnett presented in Figure 2, indicated that mean

@ s1gn1ﬁcantly lower in the EPA group than in all

ipid profile in SD and FD study groups.

SD
Parameter Mean =S \ Mean = STD T p-value*
BW (g) 223.43+6.3 —5.557 0.00012
TC (mg/dl) 51.67+3.61 -3.333 0.00378
TG (mg/dl) 128.17 £5.29 —2.7905 0.00955
LDL (mg/dl) 7.1+£237 11.31 +£2.06 -3.03 0.0062
HDL (mg/dl) 283+ 1.44 34.3+£5.86 —3.47 0.003

* p-value for two independent sample #-tests at baseline, 7-value: the ratio of the estimated value of a parameter from its hypothesized value, STD: Standard Deviation.
Abbreviations: SD: healthy control rats, FD: high-fat diet induced rats, BW: body weight, TC: total cholesterol, TG: triglycerides, LDL: low-density lipoprotein; HDL:

high-density lipoprotein.

Table 2. The mean differences of BW and lipid profile parameters at the end of the experiment (day 28).

Parameter BW TC TG HDL LDL
Group Mean + STD Means Mean + STD Mean +STD Mean = STD
SD 196.6 + 13.29 46.3+£595 106.5 + 16.5 32.3+5.44 8.983 £ 1.22
FD 265.3 £20.97 76.7 +4.58 147+ 14.73 40.3+7.86 12.71 £ 1.06
ATV 218.1 £24.75 58.6+2.42 89.33+16.5 26.9+6.61 11.96 £2.56
n-3FA 225.5+10.80 53.6 +10.63 52.8+10.2 8.31+1,27 1545+ 1.81
EPA 236.1 £23.57 35.8+2.04 64.8+9.74 10.4+2.31 11.7+2.44
DHA 215.8 £ 11.58 51.8+6.33 56.8 +£2.32 7.85+0.93 13.82+£2.11
F 5.551 40.15 4491 68.26 7.492
p-value <0.0001 <0.001 <0.001 <0.001 0.00012

Abbreviations: SD: SDHF fed rats (negative control), FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n-3FA: omega-3 administrated rats, EPA: eicosatetraenoic
acid administrated rats, DHA: docosahexaenoic acid administrated rats, BW: body weight, TC: total cholesterol, TG: triglycerides, LDL: low density lipoprotein, HDL:
high density lipoprotein, STD: Standard Deviation, F: variation between sample means/variation of study groups for ANOVA test at the end of experiment.
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Figure 1. The final mean body weight at the end of the experiment (day 28).
*p <0.05, **p < 0.01, and ***p < 0.001 when compared with the EPA; ¢ep <
0.05, esp < 0.01, and *esp < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: SD: SDHF fed rats (negative control), FD: SDHF fed rats,
ATV: Atorvastatin administrated rats, n-3FA: omega-3 administrated rats,
EPA: eicosatetraenoic acid administrated rats, DHA: docosahexaenoic acid
administrated rats.

F: variation between sample means/variation of study groups for ANOVA test
at the end of experiment, results are represented as Mean + STD (n = 6 for each

group).

Mean Sernm TC Levels

. \
; O

iD FD ATV n3FA EPA DHA
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Figure 2. The final mean TC levels at the end of the experiment (day 28).

*p < 0.05, **p < 0.01, and ***p < 0.001 when compared with the EPA; *p <
0.05, *sp < 0.01, and ** p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: TC: total cholesterol, SD: SDHF fed rats (negative control),
FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n3FA: omega-3
administrated rats, EPA: eicosatetraenoic acid administrated rats, DHA:
docosahexaenoic acid administrated rats.

F: variation between sample means/variation of study groups for ANOVA test
at the end of experiment. Results are represented as Mean + STD (n = 6 for
each group).

FD-study groups. The mean TC levels were significantly higher
in the DHA group than in EPA (p < 0.001). In addition, lower
mean TC levels were noted in the EPA group than in the n-3FA
group (p <0.01).

Mean Serum TG Levels

300
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% 150
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SD FD ATV n3FA EPA DHA
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Figure 3. The final mean TG levels at the end of the experiment (day 28).

*p < 0.05, **p < 0.01, and ***p < 0.00lwhen compared with the EPA; «p <
0.05, **p < 0.01, and <** p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: TG: triglycerides, SD: SDHF fed rats (negative control),
FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n3FA: omega-3
administrated rats, EPA: eicosatetraenoic acid administrated rats, DHA:

docosahexaenojc acid administrated rats.

F: variation %:ample means/variation of study groups for ANOVA test

at the ¢ iment. Results are represented as Mean + STD (n = 6 for
C )

anges in Triglyceride levels

There was a significant difference in the mean TG
levels between study groups (£ =44.91, p <0.001). The post-
hoc multiple comparisons test showed lower means TG levels
in the EPA and DHA, p < 0.001 as well as in n-3FA and ATV-
treated group than in the FD control group. No significant
difference was observed in the mean levels of TG between EPA,
DHA, and n-3FA study groups (Fig. 3).

Changes in HDL level

There was no significant difference in the mean HDL
levels between EPA and DHA groups (1 = —0.953, p = 0.983).
The post-hoc multiple comparisons by the Tukey test indicated
that the mean HDL levels for the control (FD) group were
significantly higher than other groups (EPA, DHA, and 3-nFA)

(Fig. 4).

Changes in LDL level

As shown in Table 2 and Figure 5, the mean serum
LDL levels were significantly higher in the DHA than in the SD
control group (13.82 £ 2.11 vs. 8.983 + 1.22 mg/dl, 7= 6.07,
p <0.05). Compared with the SD group, the mean serum LDL
levels were significantly higher in the n-3FA group (15.45 +
1.81vs. 8.983 + 1.22 mg/dl, T=8.121, p <0.001). The post-hoc
multiple comparisons also, indicated that the mean LDL levels
for the n-3FA group were significantly higher than in EPA and
ATV groups (p < 0.05).

Changes in selected atherogenesis progression predictors

As presented in Table 3, using ANOVA analysis
significant differences were detected in the mean levels of
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Mean Serum HDL Levels Table 3. The assessment of non-HDL, lipoprotein A, and oxidized
" LDL levels at the end of experiment of all study groups.
Parameter
50 NHC Lp (a) Ox-LDL
Group Mean £+ STD Mean = STD Mean + STD
. SD 14.7+£3.47 1.25+0.11 7.31+0.14
%30 FD 3036 +8.71 1.79 £0.51 531+0.53
E ATV 31.7+7.95 2.75+0.76 3.95+1.08
20 n-3FA 45.65+5.08 3.02+0.57 8.98 +0.49
EPA 27.52+£2.92 242+0.71 6.62 +0.49
10 DHA 4323 +8.98 441+1.14 7.69+0.79
0 F 21.33 14.14 43.96
5D FD ATV n3FA EPA DHA p-value <0.001 <0.001 0.0003
Groups

Abbreviations: SD: SDHF fed rats (negative control), FD:SDHF fed rats;
ATV: Atorvastatin administrated rats, n-3FA: omega-3 administrated rats,
EPA: eicosatetraenoic acid administrated rats, DHA: docosahexaenoic acid
administrated rats, NHC: non-HDL, Lp (a): lipoprotein A, OX-LDL: oxidized
LDL, STD: Standard Deviation, F: variation between sample means/variation
of study groups for ANOVA test at the end of experiment.

Figure 4. The final mean HDL levels at the end of the experiment (day 28).

*p < 0.05, **p < 0.01, and ***p < 0.001when compared with the EPA; +p <
0.05, **p < 0.01, and ** p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: HDL: high-density lipoprotein total cholesterol, SD: SDHF fed
rats (negative control), FD: SDHF fed rats, ATV: Atorvastatin administrated rats,
n3FA: omega-3 administrated rats, EPA: eicosatetraenoic acid administrated
rats, DHA: docosahexaenoic acid administrated rats.

F: variation between sample means/variation of study groups for ANOVA test at the

-HDL (NHC) levels

end of experiment. Results are represented as Mean + STD (n = 6 for each group). ¢ e end of the experiment, there was a significant
di t'g in mean NHC levels (¥ = 21.62, p < 0.001) among
e control and treatment groups as represented in Table 3.

Mean Serum LDL Levels e post-hoc multiple comparisons test showed a significantly
20 = higher mean level in DHA and n-3FA, compared with EPA-
i \\' supplemented rats (27.52 + 2.92 vs. 43.23 + 8.98 and 45.65 +
5.08, respectively, p < 0.001) as shown in Figure 6. A higher
1 mean NHC level was observed in n-3FA than in AT V-treated

14 rats (£ =5.6103, p <0.05).

% iz Changes in Lipoprotein (A) levels
E As shown in Table 3, there was a significant difference
. in mean Lp (a) level between study groups (F = 12.68, p <
6 0.001). Based on the post-hoc multiple comparisons tests,
A there was significantly lower mean Lp(a) levels in EPA than in
the DHA group (2.42 + 0.71 vs. 4.41 + 1.14 ng/dl, p < 0.001).
C Compared with other study groups, the DHA group has shown
0 also higher mean Lp(a) levels (Fig. 7).
sD FD ATV a3FA EPA DHA
Groups Changes in Ox-LDL level

Figure 5. The final mean LDL levels at the end of the experiment (day 28). Table 3 showed a SIgnlﬁcant difference in the mean
*p < 0.05, **p < 0.01, and ***p < 0.001when compared with the EPA; »p < Ox-LDL levels (p < 0.001) between study groups. These

0.05, *sp < 0.01, and *e* p < 0.001 when compared with the DHA (Dunnett’s differences are shown by the post-hoc multiple comparisons
Multiple Comparisons Test). test. Higher mean Ox-LDL levels in n-3FA than EPA or DHA-
Abbreviations: LDL: low-density lipoprotein total cholesterol, SD: SDHF fed supplemented groups (Fig. 8). The most significant lower mean

rats (negative control), FD: SDHF fed rats, ATV: Atorvastatin administrated rats,
n3FA: omega-3 administrated rats, EPA: eicosatetraenoic acid administrated
rats, DHA: docosahexaenoic acid administrated rats.

F: variation between sample means/variation of study groups for ANOVA test at the
end of experiment. Results are represented as Mean + STD (n = 6 for each group).

Ox-LDL was shown in the ATV group. No significance in mean
Ox-LDL levels was observed between EPA and DHA study
groups (¢ =3.62, p =0.1387).

The assessment of liver function tests

Table 4 demonstrated that there was a significant difference
selected thermogenesis progression predictors (NHCL, Lp in the mean levels of AST (p < 0.001) between study groups. No
(a), and Ox-LDL) between supplemented and other groups significant differences in the mean levels of both AST and ALT were
(» <0.001). observed between DHA and EPA-supplemented groups (1= 0.9431,
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Mean Serum NHC Levels
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Figure 6. The final mean NHC levels at the end of the experiment (day 28).

*p < 0.05, **p < 0.01, and ***p < 0.001 when compared with the EPA; *p <
0.05, *sp < 0.01, and =+ p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: NHC: non-HDL, SD: SDHF fed rats (negative control),
FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n3FA: omega-3
administrated rats, EPA: eicosatetraecnoic acid administrated rats, DHA:
docosahexaenoic acid administrated rats.

F: variation between sample means/variation of study groups for ANOVA test
at the end of experiment. Results are represented as Mean + STD (n = 6 for
each group).

Mean Serum Lipoprotein (a) Leve

5D FD ATV n3FA EPA DHA
Groups

Figure 7. The final mean Lp (a) levels at the end of the experiment (day 28).
*p < 0.05, **p < 0.01, and ***p < 0.001 when compared with the EPA; *p <
0.05, *p < 0.01, and ** p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: Lp (a): lipoprotein A, SD: SDHF fed rats (negative control),
FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n3FA: omega-3
administrated rats, EPA: eicosatetraenoic acid administrated rats, DHA:
docosahexaenoic acid administrated rats.

F: variation between sample means/variation of study groups for ANOVA test
at the end of experiment. Results are represented as Mean = STD (n = 6 for
each group).

1.6989, p = 0.9843, 0.8327, respectively). Compared with EPA, a
remarkable elevation in the mean ALT levels was observed in the
n-3FA supplemented group (= 5.53, p = 0.006).

Mean Serum Ox-LDL Levels

ng/ml

SD FD ATV n3FA EPA DHA
Groups

Figure 8. The changes in mean Ox-LDL levels at the end of the experiment
(day 28).

*p < 0.05, **p < 0.01, and ***p < 0.001 when compared with the EPA; *p <
0.05, **p < 0.01, and ¢** p < 0.001 when compared with the DHA (Dunnett’s
Multiple Comparisons Test).

Abbreviations: Ox-LDL: oxidized-LDL, SD: SDHF fed rats (negative control),
FD: SDHF fed rats, ATV: Atorvastatin administrated rats, n3FA: omega-3
administrated @EPA: eicosatetraenoic acid administrated rats, DHA:

e

docosahex: iGacid administrated rats.
F:®vari sample means/variation of study groups for ANOVA test

of%experiment. Results are represented as Mean + STD (n = 6 for

Table 4. The assessment of liver function test at the end of
experiment of all study groups.

Parameter AST ALT
Group Mean + STD Mean = STD
SD 65.93£7.97 30.23 £5.49
FD 150.3 £25.02 65.3+22.4
ATV 188.8 £ 17.46 91.33+12.8
n-3FA 91.2+6.29 84 +10.1
EPA 85.8 £ 6.08 58.7+3.5
DHA 96.2 +4.16 66.83£9.7
F 72.40 19.03
p-value®** <0.0001 <0.0001

*p <0.05, **p <0.01, and *** p <0.001 by one-way ANOVA with Dunnett’s
test. Abbreviations: SD: SDHF fed rats (negative control), FD: SDHF fed rats,
ATV: Atorvastatin administrated rats, n-3FA; omega-3 administrated rats,
EPA: eicosatetraenoic acid administrated rats, DHA: docosahexaenoic acid
administrated rats, AST: aspartate transferase, ALT: alanine transferase, STD:
Standard Deviation, F: variation between sample means/variation of study
groups for ANOVA test at the end of experiment.

DISCUSSION

The current study was designed to assess whether high
doses of EPA, DHA, and their combination n-3FA induce any
negative consequences on lipid profile and some atherogenic
biomarkers in a hyperlipidemic-induced animal model. It
showed significantly higher mean TC, non-HDL, and Lp (a) in
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the DHA-supplemented group than in the EPA-supplemented
group. These findings were consistent with prior studies that
revealed the n-3FA ratio modulates serum levels of atherogenic
biomarkers [9,17].

Omega-3 supplementation has been reported to improve
lipid profile, particularly TG levels [25-26]. In this study,
except for LDL, all lipid profile parameters were significantly
lower in the n-3FA-supplemented group than in the FD control
group. Regardless of treatment protocol, these observations
were consistent with previous studies. For example, elevated
LDL levels have been noted with a significant reduction in TC
and TG levels in response to 2 g/day of n-3FAs for 8 weeks in
hyperlipidemic subjects [7]. A significant increase in TC, HDL,
and LDL levels was also seen in diabetic men after using 3 g/
day of n-3FAs for 8 weeks [27]. It seems that the TG-lowering
effect of high-dose n-3FA is accompanied by elevated LDL
levels. Nevertheless, inconsistency in lipidemic outcomes about
omega-3 supplementation has directed studies to resolve that
throughout NHC levels. Based on this, except in the DHA group,
the current study showed that the mean NHC levels in n-3FA
were significantly higher than in other study groups. Overall,
the intake of high doses of n-3FA in a formulation (EPA 180:
DHA 120) might be not effective to counteract dyslipidemia
consequences which was consistent with our results [28].

Accordingly, these findings are consistent with the
data revealing DHA supplements have been shown to cause
a negative impact on atherogenic biomarkers as noted in the

that, EPA and DHA molecules had a detrimental imp
elevating LDL levels. Similar findings were foundyin

current study. Furthermore, Allaire et al. [27] demonstrat%

investigation which indicated that EPA did notWra

levels and the DHA group had a high @v L [29].
Furthermore, high-dose DHA has mq¢ % 0 effects on
LDL-related features than high-dose E ]. In a systematic
review examined, the effect of DHA among 485 healthy
individuals, DHA in an average dose of 1.68 g/day may reduce
TG levels and increase HDL and LDL levels [30]. Furthermore,
in an important related clinical trial for 1-year follow-up, high
doses of EPA (4 g/day) alone significantly decreased non-HDL
levels [31]. Similarly, elevated LDL levels have been observed
only in DHA-supplemented men with no change in their peer-
supplemented with EPA [27]. Linked to elevated LDL levels
in the DHA-supplemented group, similar observations for Lp
(a) levels which is known as a form of LDL, were noted in
the current study. These findings confirmed Nicholls ez al. [28]
claim who have hypothesized that the lack of cardiovascular
benefit with (omega-3 CA) could reflect adverse effects from
coadministration of DHA. Nevertheless, Nevertheless, the two
predictors are not proportionally related where statin therapy
lowers actual LDL but not Lp (a) [14—15]. Likewise, the present
study has shown no significant in the mean difference of LDL
levels between EPA and DHA groups whereas the mean Lp (a)
levels were significantly higher in DHA than in APA groups.
A potential negative lipidemic effect of DHA supplementation
might be more obvious when it is linked to NHC changes which
were more consistent with Lp than LDL changes. It has been
reported that a high dose of n-3FA decreased Lp (a) and stable
CAD via a direct arterial effect of EPA [16]. Furthermore,

dyslipidemia was observed to be more heightened in diabetic
patients supplemented with DHA, and therefore, the n-3FA
ratio is responsible for the inconsistency in the changes of
atherogenic biomarkers [17].

Our findings are consistent with these results, where
an equal dose of EPA when compared to DHA, has shown
better laboratory findings concerning selected lipidemic
and atherogenic biomarkers. Results of a previous study
demonstrated that pretreatment with EPA had pleiotropic
effects on rapid pacing-induced atrial remodeling, including
improving anticoagulant activity [32]. It has shown that the
intake of omega-3 formulation EPA:DHA 6:1 by rats for 2
weeks improved endothelium-dependent relaxations [33]. In
addition, EPA supplementation has been shown to alter the
progression of thrombosis via a potential mechanism related to
the lipid metabolic pathway [34]. On the other hand, the risk of
high doses of n-3FA in terms of the dyslipidemic effect observed
in this study may be related to the potential thrombotic risk of
n-3FA supplementation for patients with COVID-19 [35].

Studies on animal models have demonstrated that
n-3FA inhibits fatty acid synthesis and stimulates fatty acid
oxidation in the liver, which would reduce the availability of
fatty acids for TG synthesis [36,37]. The increase in fatty acid
oxidation j %Nto omega-3 fatty acids activating peroxisome
prelift % ivated receptors alpha, which stimulates fatty
a id@gt n in the liver and other tissues [38,39]. This way

y petentially be in accordance with our results concerning

vated ox-LDL in the omega-3 supplemented group. The
elevation of Ox-LDL levels in the omega-3 group might be
correlated as a possible consequence of high doses of the
supplement. Linked to that, elevated serum liver enzyme was
observed in the DHA and EPA groups of the current study which
have been previously reported in animal models that received
high doses of omega-3 [40]. Furthermore, elevated serum
liver enzyme levels have been associated with liver injury that
is accompanied by an increase in DHA and EPA levels [41].
Consistent with our findings, elevated AST and ALT levels with
significant depletion in hepatic glutathione were induced by
high doses of EPA in dyslipidemic patients [42].

Several lines of evidence led researchers to
hypothesize that EPA differs from DHA in modifying
membrane lipid structure and antioxidant properties. It
interferes with lipid oxidation and several pathways leading to
endothelial dysfunction [5]. According to a recent systematic
review, only EPA, at a pharmacologic dosage equal to 4 g/
day, can interfere with atherosclerosis mechanisms. It reduced
TG and Ox-LDL-C levels in subjects with normal LDL levels
[19]. Nevertheless, elevated serum Ox-LDL-C levels are still a
disagreement point among researchers, whether it is considered
an advantage or disadvantage for atherogenesis. Previous
studies have demonstrated that the sex-dependent differences
in the metabolism of omega-3 polyunsaturated fatty acids in
both humans and animals explain the differential regulation of
hemostasis in men and women [43—46]. Therefore, the current
study just focused on males, excluding females, due to the
potential gender-related confounders that might be responsible
for the inconsistency of the results seen in the prior related
studies. Nevertheless, the current study model was based on
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male rats only, and the duration of the experiment was relatively
short. These factors were considered as the experiment’
limitations. Besides these limitations, the measurement of HDL
subfractions in both genders and whether these factors are
correlated to the effects of EPA and DHA should be taken into
consideration as a part of the future research scope.

CONCLUSION

The effect of equal doses of EPA and DHA on serum
NHC and LP(a) levels was inconsistent. While the DHA
supplementation has shown a dyslipidemic effect, but the EPA
supplement does not ameliorate the risk of atherosclerosis. Our
findings do not recommend the intake of high doses of DHA
supplements alone, or in n-3FA formulation (EPA 180:DHA
120) to prevent or treat dyslipidemia or adverse CAD risk.
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