
Citation: Kłosok, M.; Gendosz de

Carrillo, D.; Łaszczyca, P.; Płociniczak,
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Abstract: This study conducted a comparative analysis of fatty acids (FAs) concentration derived from
polar (PL) and non-polar (NPL) lipids in the liver and muscle tissues of rats and mice. The objective
was to elucidate species-specific differences in tissue FA distribution. Employing targeted GC/MS-
based methodology, the study aimed to provide insights into conserved and species-specific aspects
of lipid metabolism, thereby enhancing future experimental design, linked with comprehension
of the interactions between diet, metabolism, and health. Results revealed markedly higher levels
of total fatty acids (TFAs) derived from PL in mice skeletal muscle compared to rats and elevated
saturated fatty acids (SFAs) levels in mice. Unsaturated fatty acid levels, mainly monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs), were substantially higher in mice
muscle across all lipid classes, resulting in a higher PUFA/TFA ratio in mice muscle. Detailed analysis
of specific unsaturated fatty acids (C16:1, C18:1n9c, C18:2n6c, C22:6n3) indicated elevated levels in
mice relative to rats. Conversely, rats exhibited higher SFA levels derived from the NPL fraction in
the liver, particularly in myristic (C14:0), stearic (C18:0), and tricosanoic (C23:0) acids. Mice liver
PL fractions displayed significantly elevated unsaturated FA levels, with notably higher MUFAs
and lower PUFAs in NPL fractions compared to rats. Analysis of specific unsaturated FAs revealed
higher levels of palmitoleic acid (C16:1) in mice, while rats exhibited increased linoleic (C18:2n6c) and
linolenic (C18:3n3) acids. In conclusion, significant differences in FAs tissue distribution between rats
and mice underscore the importance of considering species-specific FAs variations when utilizing
these animal models and interpreting experimental results related to FA metabolism.

Keywords: lipids; fatty acids; saturated fatty acids (SFA); unsaturated fatty acids (UFA); monounsat-
urated fatty acids (MUFA); polyunsaturated fatty acids (PUFA)

1. Introduction

Among the myriad of fatty acids (FA), saturated (SFA) and unsaturated (UFA), they
exhibit distinct biochemical properties that can profoundly influence cellular functions and
contribute to the development of metabolic disorders [1]. Despite the vast body of literature
exploring lipid metabolism, there is a notable gap in the understanding of species-specific
variations, particularly in the context of rodents. This paper aims to address this gap
by undertaking a comprehensive analysis of the FAs concentrations derived from polar
(PL) and non-polar (NPL) lipids in the liver and muscle tissues of two commonly studied
rodent models, rats (Rattus norvegicus) and mice (Mus musculus). While these two species
share a substantial genetic homology, emerging evidence suggests existing differences in
their metabolism [2]. Understanding the distinct FAs profiles in rats and mice may offer
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valuable insights into the evolutionarily conserved and species-specific aspects of lipid
metabolism, thereby informing future research endeavors and pointing out the potential
implications for human health. The intricate relationship between diet, metabolism, and
health has been a focal point in biomedical research, with lipids playing a pivotal role in
these interconnections [3].

FAs are essential components of our diet and play an important role in maintaining
human health. These organic molecules are not only crucial for energy storage but also
serve as structural elements in cell membranes (polar lipids) and as precursors for various
bioactive lipid mediators [4–6]. In recent years, there has been growing interest in the
composition, and distribution of different fatty acid classes, particularly SFAs, MUFAs, and
PUFAs, due to their profound impact on human health [7].

SFAs are characterized by the presence of single bonds only in their hydrocarbon
chains, making them relatively stable and solid at room temperature. While SFAs are
necessary for certain physiological functions, excessive consumption has been linked to
adverse health outcomes, including cardiovascular diseases [8]. In contrast, UFAs such as
MUFAs and PUFAs, primarily found in olive oil, avocados, and nuts, are valued for their
potential health benefits, such as improved lipid profiles, anti-inflammatory properties,
and reduced risk of heart disease [9]. The presence of different lipid species within the
pool of fatty acids eligible for integration has been proposed to impact the diversity of
membrane phospholipids. As the ratio of lipids containing MUFAs chains rises compared
to SFAs, more MUFAs are likely assimilated into membrane phospholipids, consequently
altering membrane properties. The presence of a single double bond introduces a degree of
polarity to MUFAs, which can affect their interactions with cellular membranes and various
enzymes [10]. PUFAs are characterized by multiple double bonds in their hydrocarbon
chains and can be further classified into omega-3 (n-3) and omega-6 (n-6) fatty acids. These
essential fatty acids are not synthesized by the human body and must be delivered into
the human body with diet. PUFAs play a critical role in inflammation regulation, brain
development, and cardiovascular health [11]. The optimal balance between n-3 and n-6
PUFAs is essential for organism inflammation status, and their imbalance is associated with
various chronic diseases. The presence of multiple double bonds in PUFAs increases their
polarity, thereby affecting membrane fluidity, cell signaling, and eicosanoid production [11].

Recent findings suggest that while diet, sex, and genotype each contribute to overall
variance in lipidomic profiles, organ identity remains the most defining factor for lipid
composition. This comprehensive lipidomic characterization serves as a valuable reference
for future biomedical research using mouse models [12]. Similarly, lipidomic profiles
across different tissues in rats, underscoring the tissue-specific nature of lipid composition.
The analysis demonstrates distinct lipidomic fingerprints associated with various tissues,
highlighting the unique metabolic functionalities and cellular structures of each tissue
type. The study emphasizes the importance of understanding tissue-specific lipidomics
for interpreting metabolic states and disease mechanisms [13]. The findings derived
from metabolic investigations frequently entail a comparative analysis between rats and
mice, organisms characterized by numerous shared traits, particularly in lipid metabolism.
Nevertheless, notable distinctions between them manifest in certain facets. For both rats
and mice, the liver is the primary site for de novo lipogenesis (DNL), the process of creating
fatty acids from acetyl-CoA, predominantly derived from glucose, but the rate of fatty acid
synthesis in the liver can vary between the two species, influenced by factors such as diet
and hormonal regulation. Mice generally have a higher rate of de novo lipogenesis in the
liver compared to rats [14]. Rodents, including rats and mice, primarily use glucose as the
precursor for fatty acid synthesis, unlike other species that may use acetic acid or other
substrates [15]. Rodent adipocytes, which would include those from rats and mice, are
noted for their broad responsiveness to various endocrine signals, which can significantly
influence lipid metabolism. This includes a wide array of hormonal responses that regulate
anabolic and catabolic processes in lipid metabolism [16].
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Understanding the contribution of these particular fatty acid classes in living organ-
isms is crucial to explaining the intricate connections between dietary intake, metabolic
pathways, and health outcomes. This article aims to present an analysis of the content and
composition of SFA, MUFA, and PUFA in both liver and skeletal muscle tissues of rats
and mice, which are the most common animal models used in lipid metabolism research.
By delineating the lipidomic landscapes of crucial metabolic organs such as the liver on
skeletal muscles, we aim to uncover potential variations that could underpin observed
differences in metabolic phenotypes between rats and mice. Additionally, elucidating the
species-specific lipid signatures may shed light on the adaptability of rodent models to
dietary interventions, pharmacokinetics, and metabolic surgery, providing essential context
for interpreting experimental outcomes and extrapolating findings to human physiology.
The outcomes of this research may have implications for refining experimental design, data
interpretation, and translational relevance, ultimately advancing our understanding of the
intricate interplay between diet, metabolism, and health.

2. Materials and Methods
2.1. Animals

Animal care and handling were performed following the principles of the 3Rs (Re-
placement, Reduction, and Refinement), and all experimental procedures received approval
from the Local Ethical Committee for Experiments on Animals at the Medical University
of Silesia in Katowice (No.149/2019). The animals, mice (Mus musculus, C57BL/6 strain,
n = 6) and rats (Rattus norvegicus, Wistar strain, n = 6), were housed in temperature- and
humidity-controlled quarters with a standard light/dark cycle (12L/12D) and provided
ad libitum access to the same diet (Table 1) and water. The studies used sexually mature
animals with an average body weight, respectively, for rats: 8 weeks, 150–170 g, and for
mice: 6 weeks, 20–30 g. The animals were killed according to The European Directive on the
protection of animals used for scientific purposes (2010/63/EU). Animals were euthanized
through dislocation of the neck, with the prior use of isofluran (dose: 3% isofluran/2 L
O2/min), introduced into the chamber in which the animal was located. Immediately after
euthanasia, a lobe of the liver was removed after opening the abdominal cavity. In the next
step, the soleus muscle was harvested.

Table 1. Regular chow rodent diet. Labofeed (Poland) B standard. Metabolic energy content 11.5 MJ.

Macronutrients Dose Minerals Dose Vitamins Dose Amino Acids Dose

Raw protein 175.0 g Calcium 9.5 g Vitamin A 12,000.0 IU Lysine 9.0 g

Raw fat 2.8 g Total
phosphorus 6.5 g Vitamin D3 800.0 IU Methionine + Cyst. 6.3 g

Crude fiber 70.0 g Magnesium 3.0 g Vitamin E 78.0 mg Tryptophan 2.0 g
Starch 330.0 g Potassium 7.5 g Vitamin K3 2.4 mg Threonine 6.0 g
Ash 57.0 g Sodium 1.9 g Vitamin B1 8.0 mg Isoleucine 6.0 g

Sulfur 1.9 g Vitamin B2 7.0 mg Leucine 12.0 g
Iron 144.0 mg Vitamin B6 11.0 mg Valine 8.0 g

Manganese 50.0 mg Vitamin B12 42.0 mcg Histidine 4.0 g
Zinc 50.0 mg Pantothenic acid 25.0 mg Arginine 10.0 g

Copper 11.0 mg Folic acid 2.0 mg Phenylalanine 7.0 g
Iodine 0.2 mg Biotin 0.3 mg Tyrosine 5.0 g

Selenium 0.4 mg Nicotinic acid 94.0 mg Betaine 17.0 g
Choline 1900.0 mg

2.2. Diet Composition

Both rats and mice were fed the same animal feed, the composition of which is detailed
in Table 1.

2.3. Tissue Sample Preparation

The organs (liver and soleus muscle) weighing 30–55 mg were homogenized in 1 mL
ice-cold extracting mixture (hexane:isopropanol, 3:2 vol./vol.) with butylated hydrox-
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ytoluene (BHT, 50 µg/mL). The volume of extracting buffer was calculated per mg of
wet weight. Tissue samples were homogenized in 2 mL Eppendorf tubes. Homogenates
were shaken using a mechanical shaker (800 osc./min, 20 min) at room temperature, and
subsequently centrifuged at 10,000× g for 5 min. Then supernatant (organic phase) was
transferred to a clean Eppendorf tube. The 0.5 mL of Na2SO4 (0.1 mol/L) was added
to the supernatant, then vigorously shaken, and centrifuged again (10,000× g, 5 min).
Each lipid-containing supernatant was later placed on separate centrifuge microfilters,
and centrifuged at 3000× g for 3 min. Crude lipid samples were dried three times under
a low-pressure nitrogen atmosphere. The yield of lipids after the last drying cycle was
measured gravimetrically (RADWAG WPS 180/C/1 scale) with an accuracy of 0.1 mg. At
this step, the lipid samples were stored at −80 ◦C until further analysis. Before analyses,
the collected lipid samples were dissolved in a hexane/isopropanol mixture (3:2 vol./vol.)
to obtain a final lipid concentration of 20 µg/µL.

2.4. Estimation of Saturated, Monounsaturated and Polyunsaturated Fatty Acid Fractions by
GC-MS Approach

Initially, samples were separated using a solid-phase extraction system on silica gel
(Baker, CA, USA) with subsequent extractions using chloroform, acetone, and
methanol [17,18]. Nitrogen-dried lipid samples were transesterified according to Christie’s
method, which consists of several steps: mixing with methanol, toluene, KOH, and acetic
acid, phase separation (centrifugation), drying and dissolving of separated fractions in
70 µL of hexane [17,18]. Fatty acids were identified by gas chromatography. GC/MS
analysis was performed using an HP 6890(II) gas chromatograph coupled to an HP 5972
mass spectrometer with electron impact ionization (70 eV). An Rt-2560 capillary column
(100 m, 0.25 mm ID, 0.20 µm) (Hewlett-Packard 6890 (Agilent-HP, Santa Clara, CA, USA),
Rt®-2560 biscyanopropyl polysiloxane column (Restek, Centre County, PA, USA)) was used.
The column temperature was programmed to rise from 50 to 240 ◦C at a rate of 5 ◦C min−1.
The carrier gas was helium at a flow rate of 1.2 mL min−1. The split ratio was 60:1. The
scan time and mass range were 1 s and m/z 40–300, respectively. The content of individual
fatty acid fractions was converted into the wet weight of the tissue used for the study.

Nineteen fatty acid species (Sigma-Aldrich, St. Louis, MO, USA) were used as stan-
dards: Caproic Acid (C6:0); Caprylic Acid (C8:0); Undecanoic Acid (C11:0); Lauric Acid
(C12:0); Myristic Acid (C14:0); Pentadecenoic Acid (C15:0); Palmitic Acid (C16:0); Palmi-
toleic Acid (C16:1); Heptadecenoic Acid (C17:0); cis-10-Heptadecenoic Acid (C17:1); Stearic
Acid (C18:0); Oleic Acid (C18:1n9c); Linoleic Acid (C18:2n6c); Arachidic Acid (C20:0);
cis-11-Eicosanoic Acid (C20:1); Linolenic Acid (C18:3n3); cis-8,11,14-Eicosatrienoic Acid
(C20:3n6); Tricosanoic Acid (C23:0); cis-4,7,10,13,16,19-Docosahexaenoic Acid (C22:6n3).

2.5. Statistics

Data were analyzed with GraphPad Prism 9. The normality of distribution was
assessed with the Shapiro–Wilk test. Statistical comparisons were conducted with the
multiple Mann–Whitney test for non-Gaussian distribution data. For each comparison be-
tween groups, the false discovery rate correction (FDR) was performed. All statistical tests
were calculated based on medians with interquartile ranges generated from the number of
animals in each group. Differences at p < 0.05 were considered to be statistically significant.

3. Results
3.1. Comparative Analysis of Fatty Acid Profiles in Skeletal Muscle: Delineating Species-Specific
Differences in Polar and Non-Polar Lipid Fractions between Mice and Rats

Mice exhibit significantly elevated levels of total fatty acids (TFAs) derived from PL
fraction of skeletal muscle when compared to rats (Figure 1A, Table 2). This same pattern
is observed in the PL fraction of saturated fatty acids (SFAs) in mice in comparison to
rats (Figure 1B). However, in the non-polar lipids (NPL) and the combined non-polar and
polar lipids (NPL + PL), there was no significant difference in SFAs levels between the
two species. The analysis of saturated fatty acid levels (particularly: caproic acid—C6:0,
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palmitic acid—C16:0, and stearic acid—C18:0) in the muscle tissues of both mice and rats
did not show any significant difference (Figure 2A). The levels of unsaturated fatty acids
were significantly higher in mice than in rats in all three categories: NPL + PL, NL, and PL
(Figure 1C). The same results were observed for MUFA levels (Figure 1D). PUFAs levels
were higher for the NPL + PL and NPL lipid fractions, but no difference was observed
in the PL fraction (Figure 1E). The ratio of polyunsaturated fatty acids into the total fatty
acids (Table 2. PUFA/TFA) was significantly higher in mice muscle comparing to rats.
The analysis of unsaturated fatty acid levels (particularly: palmitoleic acid—C16:1, oleic
acid—C18:1n9c, linoleic acid—C18:2n6c, cis-4,7,10,13,16,19-docosahexaenoic acid—C22:6n3)
in the muscle tissue samples of both mice and rats showed that mice had generally higher
levels of these unsaturated FAs compared to rats (Figure 2B). The concentrations of 19 fatty
acids from mice and rats skeletal muscle samples selected for statistical analysis are pre-
sented on the heatmap (Figure 2C).
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Figure 1. Comparative analysis of fatty acid profiles in skeletal muscle of mice and rats. Content of
fatty acids (FA) derived from polar (PL) and non-polar (NPL) lipids in skeletal muscle of mice and
rats. All of the values expressed as median interquartile range; multiple Mann–Whitney test; n = 6
per animal group; * p < 0.05.

Table 2. Median (M) and quartile deviation (Q25 and Q75; 25th and 75th percentiles, respectively)
comparison of fatty acid content derived from muscles of mice and rats.

Muscle FA Mice Rat

nmol/mg Q25–Q75 nmol/mg Q25–Q75

TFA 83.5 * 9.9–31.9 51.7 * 2.6–7.7

PL 12.5 * 0.8–1.8 10.7 * 2.1–0.3

NPL 67.8 7.1–33.3 41.0 2.8–7.0
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Table 2. Cont.

Muscle FA Mice Rat

nmol/mg Q25–Q75 nmol/mg Q25–Q75

SFA 46.2 6.6–12.3 40.9 2.8–4.4

UFA 38.5 * 6.7–7.7 11.0 * 0.3–0.2

MUFA 22.3 * 2.6–7.8 4.1 * 0.4–0.4

PUFA 15.3 * 3.2–2.4 6.9 * 0.5–0.5

NL/PL 5.1 1.5–2.0 4.0 0.3–0.3

UFA/TFA 0.46 * 0.03–0.02 0.21 * 0.02–0.02

PUFA/UFA 0.39 0.04–0.05 0.61 0.03–0.04
TFA—total fatty acids; PL—fatty acids derived from polar lipids; NPL—fatty acids derived from non-polar
lipids; SFA—saturated fatty acids; UFA—unsaturated fatty acids; MUFA—monounsaturated fatty acids;
PUFA—polyunsaturated fatty acids; NL/PL—proportion of fatty acids derived from non-polar and polar lipids;
UFA/TFA—ratio of unsaturated fatty acids in the total volume of fatty acids; PUFA/UFA—polyunsaturated fatty
acids in the total volume of unsaturated fatty acids; PUFA/TFA—polyunsaturated fatty acids in the total number
of identified ones; MUFA/UFA—monounsaturated fatty acids in the total volume of unsaturated fatty acids;
Multiple Mann–Whitney test; n = 6 per animal group; * p < 0.05.
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Figure 2. The comparison of selected fatty acids concentrations from mice and rats skeletal muscle
samples. (A,B): All of the values expressed as median interquartile range; * p < 0.05, ** p < 0.01.
Multiple Mann–Whitney test; n = 6 per animal group. (C): Heat map. Fatty acid level expressed
as median interquartile range. Caproic Acid (C6:0); Caprylic Acid (C8:0); Undecanoic Acid (C11:0);
Lauric Acid (C12:0); Myristic Acid (C14:0); Pentadecenoic Acid (C15:0); Palmitic Acid (C16:0); Palmi-
toleic Acid (C16:1); Heptadecenoic Acid (C17:0); cis-10-Heptadecenoic Acid (C17:1); Stearic Acid
(C18:0); Oleic Acid (C18:1n9c); Linoleic Acid (C18:2n6c); Arachidic Acid (C20:0); cis-11-Eicosanoic
Acid (C20:1); Linolenic Acid (C18:3n3); cis-8,11,14-Eicosatrienoic Acid (C20:3n6); Tricosanoic Acid
(C23:0); cis-4,7,10,13,16,19-Docosahexaenoic Acid (C22:6n3).

3.2. Comparative Analysis of Fatty Acid Profiles in Liver: Delineating Species-Specific Differences
in Polar and Non-Polar Lipid Fractions between Mice and Rats

For Total FA, the NPL + PL, NPL, and PL lipids fractions did not show statistically
significant differences between mice and rats (Figure 3A, Table 3). The NPL lipid fraction
levels of Saturated FA were significantly higher in rats’ liver tissue compared to mice
(Figure 3B). Comparison of the selected saturated FA (myristic acid—C14:0, palmitic acid—
C16:0, stearic acid—C18:0, tricosanoic acid—C23:0) in the liver of mice and rats revealed
statistically higher levels of C14:0, C18:0, and C23:0 in rats liver (Figure 4A). There is a
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significant increase in the levels of UFA derived from PL fractions of the liver tissue in mice
compared to rats (Figure 3C). For PL fractions, mice demonstrated significantly higher levels
of MUFAs than rats (Figure 3D). The PUFA content in NPL fractions was two-fold higher
in rats than mice (Figure 3E). The analysis of unsaturated fatty acid levels (particularly:
palmitoleic acid—C16:1, oleic acid—C18:1n9c, linoleic acid—C18:2n6c, linolenic acid—
C18:3n3, cis-4,7,10,13,16,19-docosahexaenoic acid—C22:6n3) in the liver tissues of both
mice and rats showed that rats had higher levels of C18:2n6c and C18:3n3 than mice, and
mice have a higher level of C16:1 compared to rats (Figure 4B).
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Figure 3. Comparative analysis of fatty acid profiles in liver of mice and rats. Content of fatty acids
(FA) derived from polar (PL) and non-polar (NPL) lipids in liver of mice and rats. All of the values
expressed as median with interquartile range; Multiple Mann–Whitney test; n = 6 per animal group;
* p < 0.05, ** p < 0.01.

Table 3. Median (M) and quartile deviation (Q25 and Q75; 25th and 75th percentiles, respectively)
comparison of fatty acid content derived from liver of mice and rats.

Liver FA Mice Rat

nmol/mg Q25–Q75 nmol/mg Q25–Q75

TFA 90.0 10.5–20.5 108.7 20.1–28.6

PL 33.1 4.3–5.0 32.4 8.4–2.1

NPL 55.5 3.9–10.5 80.6 30.0–22.2

SFA 56.4 2.1–9.1 74.6 7.1–16.5

UFA 33.5 8.4–11.4 34.2 13.0–12.1

MUFA 15.8 1.6–6.5 10.6 5.3–2.8

PUFA 16.5 5.6–1.3 22.9 7.1–11. 5
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Table 3. Cont.

Liver FA Mice Rat

nmol/mg Q25–Q75 nmol/mg Q25–Q75

NL/PL 1.45 0.10–1.29 3.16 0.74–0.29

UFA/TFA 0.37 0.06–0.03 0.31 0.07–0.04

PUFA/UFA 0.51 * 0.07–0.05 0.72 * 0.06–0.02
Abbreviations: TFA—total fatty acids; PL—total fatty acids derived from polar lipids; NPL—total
fatty acids derived from non-polar lipids; SFA—saturated fatty acids; UFA—unsaturated fatty acids;
MUFA—monounsaturated fatty acids; PUFA—polyunsaturated fatty acids; NL/PL—proportion of fatty acids
derived from non-polar and polar lipids; UFA/TFA—ratio of unsaturated fatty acids in the total volume
of fatty acids; PUFA/UFA—polyunsaturated fatty acids in the total volume of unsaturated fatty acids;
PUFA/TFA—polyunsaturated fatty acids in the total number of identified ones; MUFA/UFA—monounsaturated
fatty acids in the total volume of unsaturated fatty acids; all of the values expressed as median ± quartile range;
Multiple Mann–Whitney test; n = 6 per animal group; p < 0.05 *—significant differences.
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Figure 4. The comparison of selected fatty acids concentrations from mice and rat liver. (A,B): All
of the values expressed as median ± quartile range; * p < 0.05, ** p < 0.01. Multiple Mann–Whitney
test; n = 6 per animal group. (C): Heat map. Fatty acid level expressed as median interquartile
range. Caproic Acid (C6:0); Caprylic Acid (C8:0); Myristic Acid (C14:0); Pentadecenoic Acid (C15:0);
Palmitic Acid (C16:0); Palmitoleic Acid (C16:1); Heptadecenoic Acid (C17:0); cis-10-Stearic Acid
(C18:0); Oleic Acid (C18:1n9c); Linoleic Acid (C18:2n6c); Arachidic Acid (C20:0); cis-11-Eicosanoic
Acid (C20:1); Linolenic Acid (C18:3n3); cis-8,11,14-Eicosatrienoic Acid (C20:3n6); Tricosanoic Acid
(C23:0); cis-4,7,10,13,16,19-Docosahexaenoic Acid (C22:6n3).

4. Discussion

In our study, the overall quantity of muscle total FAs derived from PL is greater in
mice compared to rats. This distinction is also evident when examining other categories of
fatty acids, including SFAs and UFAs. Particularly within the UFAs derived from PL, only
the skeletal muscles of mice exhibit higher levels of MUFAs in comparison to rats, while
both species exhibit similar levels of PUFAs. Differences between species in the content
of fatty acids derived from PL are also visible at the level of the liver. The total amount of
UFAs was higher in mice; however, statistically significant differences were only observed
for MUFAs.

Polar lipids play a critical role in biological membranes and are essential for various
cellular processes, including maintenance of cell integrity, control of the molecules passage
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in and out of cells, and facilitation of the cell communication [19,20]. Despite the lack of
differences between species in the total PUFAs content in muscle and liver derived from
PL, significant inter-species differences were noted in the concentration of FAs derived
from NPL. One of the primary functions of NPL is to serve as an efficient long-term energy
storage molecule. Lipid droplets serve to prevent the harmful effects of unesterified fatty
acids and offer a lipid reserve that can be readily tapped into to meet cellular demands
in various metabolic and physiological conditions. Precise regulation of lipid droplet
formation and the release of neutral lipids in terms of timing and location is crucial for
directing lipid intermediates to their respective cellular destinations and ensuring cellular
balance is upheld. Recent study suggests that non-polar lipids, particularly certain lipid
species such as ceramides, may play a role in metabolic signaling and regulation [21].
We suggest that this lipid fraction primarily served as the muscle reservoir for analyzed
PUFA and MUFA, the concentrations of which exhibited significant differences among the
examined animal groups. Analysis of selected PUFAs in the muscle tissues of mice and rats
revealed elevated concentrations of docosahexaenoic acid (DHA; C22:6n3), linoleic acid
(LA; 18:2n6), and alfa-linolenic acid (ALA; 18:3n3) in mice. In contrast, the levels of liver
UFAs, specifically those derived from NPL sources, were found to be higher in rats than in
mice, particularly in the case of LA and ALA.

PUFAs n-3 are renowned for their ability to alleviate inflammation and provide ther-
apeutic benefits for conditions marked by persistent inflammation and regulate cellular
function by modulating signaling pathways and membrane proteins [22,23]. ALA, EPA
(eicosapentaenoic acid), and DHA represent the principal dietary sources of n-3 polyun-
saturated fatty acids [24]. ALA is classified as an essential fatty acid due to its inability
to be endogenously synthesized, necessitating its acquisition through dietary intake. Our
research further demonstrated the tendency to a greater presence of ALA in the muscles
of mice as opposed to rats. Given that ALA serves as an exogenous precursor to DHA
and EPA, acquired through dietary intake, and considering that all animals in our ex-
periment were maintained on identical diets, the variances observed could potentially
be attributed to variations in ALA absorption and distribution levels, which could have
contributed to the significantly higher DHA levels recorded in mice. Our findings imply
significant variances in fatty acid metabolism between mice and rats muscle and liver,
potentially encompassing enzymatic activities such as delta-6 desaturase (D6D), elongase,
and delta-5 desaturase (D5D), enzymes which are crucial for omega-3 and omega-6 fatty
acids metabolism [25]. The aforementioned hypothesis finds support in our data showing
elevated levels of LA in mouse muscles relative to rats. This disparity does not persist at
the level of eicosatrienoic acid (DGLA; C20:3n6), a metabolite produced through enzymatic
transformations facilitated by D6D and elongase, this may indicate their different activity
in both tested animals. While our study did not assess the concentrations of EPA and
arachidonic acid (AA), important components in elucidating the interplay between pro-
inflammatory and anti-inflammatory factors, our findings align with existing data. They
substantiate observations derived from comprehensive lipidome analyses of mice and rats
organs, underscoring the discernible dissimilarities among the tested animal cohorts [5].

Likewise, in the case of MUFAs, higher levels of oleic acid (OA; C18:1) were observed
in the muscle tissues of mice in comparison to rats. OA is biosynthesized through dietary
intake as well as endogenous synthesis. Within the human diet, OA stands as the predomi-
nant MUFA [26]. Endogenously, it emerges as the primary monounsaturated omega-9 fatty
acid, synthesized predominantly by stearoyl-CoA desaturase 1 (SCD1). This enzymatic
process involves the conversion of stearic acid (SA; C18:0) to oleic acid through D9 desat-
uration catalyzed by SCD1 [27]. The main function of OA is an energy molecule and an
element of cell membranes. Moreover, since the identification of membrane receptors for
FFAs, new cellular functions have been attributed to it [28]. One of its most characteristic
effects is its antioxidant capacity, because it can directly regulate both the synthesis and
activities of antioxidant enzymes [29]. Considering that the SA levels in mice and rats
maintained on identical dietary regimens remained comparable, disparities observed in OA
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levels, similarly to ALA, could potentially stem from variations in SCD1 activity, and/or
absorption and distribution levels of both SA and OA. This hypothesis may be supported
by the fact that the enzymatic function of SCD1 contributes to the lipogenesis of palmitoleic
acid (PA; C16:1), which exhibited significantly greater levels in mice muscle and liver tissue
compared to rats.

Different levels of FAs in the same organs of the tested animals may significantly
differentiate the results obtained in studies of oxidative processes. An interesting example is
DHA, the most susceptible to peroxidation fatty acid, 320 times more prone to peroxidation
compared to OA and 8 times more susceptible than the LA [4,30]. It is important to note
whether there exists a particular fatty acids content pattern in selected organs, with species-
specific characteristics that render them more susceptible to peroxidation than others. The
mechanisms by which oxidative stress induces lipotoxicity remain incompletely elucidated.
Thus far, the predominant observations regarding lipotoxicity in cells have primarily
implicated apoptosis as the principal mechanism of cell death [31–33]. Nevertheless, a novel
mode of controlled cellular death has been elucidated more recently, termed ferroptosis [34].
This distinctive cellular death process entails the formation of hydroperoxides within the
PUFA side chains of membrane lipids, facilitated by reactive oxygen species (ROS) and
iron dependency [35,36]. This mechanism affects the cellular membranes’ integrity and
eventually executes ferroptosis [37]. Multiple scientific evidence points to the fact that a
higher content of exogenous PUFA increases the sensitivity of cells to ferroptosis, whereas
increased MUFA content acts against the mechanisms triggering ferroptotic cell death [38].

In this study, we showed a significant difference in the proportion of liver SFAs
derived from NL, where in rat liver their levels were significantly higher compared to
mice. In addition, rat liver also exhibited higher concentrations of some SFAs, particularly
myristic acid (C:14), stearic acid (C:18), and tricosanoic acid (C:23), when compared to
mice liver. The results of our study are consistent with others’ studies, that indicate
significant interspecies differences as well as in inter-organ variations in the composition
of fatty acids [4,10,13,39,40]. Significantly higher levels of SFAs derived from NPL in the
liver of rats may indicate a greater susceptibility to induction of lipotoxicity or NAFLD
(non-alcoholic fatty liver disease). Saturated and unsaturated fatty acids exhibit notable
differences in their respective impacts on lipotoxicity. Prior investigations conducted
in Chinese hamster ovary cells, cardiac myocytes, pancreatic β-cells, breast cancer cell
lines, and hematopoietic precursor cell lines collectively propose that the phenomenon of
lipotoxicity, resulting from the buildup of long-chain fatty acids, is either selective to or
exacerbated by saturated fatty acids [41–44].

Our findings are relevant for studies focusing on lipid metabolism and its implications
in diseases such as diabetes and metabolic disorders studied in mice or rats models. The
significant difference between mice and rats in the FAs derived from NPL and PL fractions
of skeletal muscle and liver indicated the species-specific metabolic characteristics. We
suggest that the differences we described in the presented article might affect how skeletal
muscle and liver responds to metabolic stress, exercise, and diet, impacting overall energy
metabolism and possibly disease susceptibility or resilience.

5. Conclusions

There are significant differences between rats and mice in lipid metabolism. This study
highlights the critical need to consider FAs distribution nuances when selecting appro-
priate animal models for research in lipid metabolism and associated diseases, ensuring
the validity and applicability of experimental outcomes in the broader context of health
and disease.
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