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Table S1. Composition of standard rat chaw diet (Industrial Expansion Development Co Behparvar) 

Constituents Dry weight basis 

Crude protein 23% 

Metabilisable energy (Kcal/Kg) 2900 

Humidity (maximum) 10  

Salt 0.5 

Calcium 1% 

phosphorus 0.65% 

Tryptophan 0.25% 

Methionine 0.33% 

Lysine 1.15% 

Threonine 0.7% 

Crude fat (minimum) 4% 

Crude fiber (maximum) 4% 

Components: corn (maize), wheat, soybean meal, starch, vegetable oil, essential vitamins and minerals, 
methionine, lysine, threonine, Gluten, Choline, Sodium chloride, Sodium bicarbonate, Monocalcium 
phosphate, Calcium carbonate, Bentonite 

 

Diet information regarding composition 

The main components of the diets of captive Persian squirrels and rats were largely similar, consisting 
primarily of corn, wheat, and soybeans, as outlined in Table S1. The fatty acid composition of these 
grains was dominated by linoleic acid (18:2n-6, 51–57%) and oleic acid (18:1n-9, 20–32%), resulting 
in a higher proportion of polyunsaturated fatty acids (PUFAs) compared to monounsaturated fatty acids 
(MUFAs). Although lipids are present in only small amounts (2–4%) in these cereal grains, they mainly 
exist as triacylglycerols or storage lipids, with fatty acids comprising an important fraction. 

Protein content in these grains (20–23%) was similar for both species, but the carbohydrate content 
differed, with squirrels having a higher carbohydrate percentage (around 70%) compared to rats (about 
50%). While starch carbohydrates, which are metabolically active, were comparable between the two 
species, non-starch carbohydrates—primarily fibers that do not contribute to metabolism—were more 
abundant in squirrels. 

Hulbert et al. [1] demonstrated that membrane composition remains relatively stable in terms of 
saturated fatty acids (SFA) and MUFA levels despite dietary variations. However, the composition of 
membranes was more strongly influenced by dietary levels of n-6 and n-3 PUFAs, with the greatest 
sensitivity observed for n-3 PUFAs and the n-3/n-6 ratio.  
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Table S2. Formulas for calculation lipid indices. 

Lipid nutritional Calculation Formula 

PUFA 

Ʃ% (PUFA n–3 + PUFA n–6), where PUFA n–3 = Ʃ% 

(18:3+20:5+22:5+22:6) and PUFA n–6 = Ʃ% (18:2+20:3+20:4+22:4). 

MUFA Ʃ% (16:1+17:1+18:1) 

UFA Ʃ% (MUFA+PUFA) 

SFA Ʃ% (14:0115:0+16:0117:0118:0) 

MUFA/SFA ƩMUFA/SFA 

PUFA/SFA Ʃ%PUFA/SFA 

UFA/SFA Ʃ(MUFA+PUFA)/SFA 

Unsaturation index (UI) 1*(% monoenoics) + 2*(% dienoics) + 3*(% trienoics) + 4*(% tetraenoics) 

+ 5*(% pentaenoics) + 6*(% hexaenoics) 

Peroxidability index 

(PI) 

(Monoenoic acid × 0.025)+(dienoic acid×1.0)+(trienoic 

acid×2.0)+(tetraenoic acid×4.0)+(pentaenoic acid×6.0)+(hexaenoic 

Arachidonic /Linoleic 

Acid Ratio  

20:4n6/18:2n6 ratio 

(A:L ratio) 

Ratio 20:4/18:2 represents the arachidonic acid/linoleic acid ratio 
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Table S3. Lipid principal component analyses loadings for fatty acid composition. Loadings of each 
variable on the first five principal components (PC1, PC2, PC3, PC4, PC5), where positive and 
negative loadings indicate the direction of association with each principal component. A value for a 
variable above 0.5 or below -0.5 is considered a strong effect. 

Variable PC1 PC2 PC3 PC4 PC5 

Caproic_Acid 0.676761 0.435360 0.235597 0.338915 0.183653 

Caprylic_Acid 0.399018 0.387250 0.073519 -0.437294 0.482649 

Capric_Acid 0.559934 0.033892 0.197893 0.641301 0.104933 

Lauric_Acid -0.138913 -0.165162 -0.639141 0.047910 -
0.288978 

Myristic_Acid -0.212658 0.610960 -0.339703 0.113324 -
0.274428 

Pentadecanoic_Acid -0.316093 -0.305161 -0.439679 0.363030 0.336591 

Palmitoleic_Acid -0.322281 0.569329 -0.173306 -0.305286 0.124784 

Palmitic_Acid -0.459406 0.749402 -0.144415 0.008132 -
0.102699 

Margaric_Acid -0.212407 -0.381393 -0.600422 0.264727 0.296701 

Linoleic_Acid 0.249991 -0.697363 0.091543 -0.509207 -
0.044744 

Oleic_Acid 0.828720 -0.015519 -0.356034 0.136770 -
0.087929 

Vaccenic_Acid -0.362103 0.064224 -0.052053 0.000836 0.703339 

Stearic_Acid -0.510100 -0.030809 0.482751 0.448963 -
0.111585 

Arachidonic_Acid -0.746165 -0.246432 0.468732 0.085245 0.040027 
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Table S4. Principal component analysis loadings for the antioxidant, oxidative, nitrosative and lipid 
indices. Loadings of each variable on the first three principal components (PC1, PC2, PC3). Positive 
and negative loadings indicate the direction of association with each principal component. A value for 
a variable above 0.5 or below -0.5 is considered a strong effect. 

Variable PC1 PC2 PC3
NOX 0.872 -0.195 0.270
SOD 0.820 -0.243 0.217 
CAT 0.880 -0.184 0.133
GPX 0.835 0.145 0.222 
GST 0.445 0.593 0.100
NOS 0.909 -0.057 0.130 
Superoxide 0.898 -0.198 0.058 
H2O2 0.933 0.033 0.083 
NO 0.903 -0.064 0.089 
MDA 0.404 -0.640 -0.194 
HNE 0.381 -0.695 -0.184 
TAC 0.822 0.203 0.138
UI -0.408 -0.744 0.467 
PI -0.281 -0.891 0.152
UFA/SFA -0.390 0.234 0.860 
MUFA/SFA -0.213 0.660 0.547
PUFA/SFA -0.410 -0.292 0.825 
MUFA/PUFA 0.228 0.817 -0.266 
A/L -0.162 -0.809 -0.197 

NOX = NADPH oxidase; SOD = Superoxide dismutase; CAT = Catalase; GPX = Glutathione 
peroxidase; GST = Glutathione S-transferase; NOS = Nitric oxide synthase; MDA = Malondialdehyde; 
HNE = 4-Hydroxynonenal; TAC = Total antioxidant capacity; UI = Unsaturation index; PI = 
Peroxidisability index; UFA/SFA = Unsaturated fatty acids/Saturated fatty acids ratio; MUFA/SFA = 
Monounsaturated fatty acids/Saturated fatty acids ratio; PUFA/SFA = Polyunsaturated fatty 
acids/Saturated fatty acids ratio; MUFA/PUFA = Monounsaturated fatty acids/Polyunsaturated fatty 
acids ratio; A/L = Arachidonic acid/Linoleic acid ratio. 

 

The principal component analyses for lipid chain length, fatty acid composition and fatty acid 

distribution 

The PC1 accounted for 22.52% (eigenvalue = 1.7756), PC2 for 17.27% (eigenvalue = 1.5549), PC3 for 
13.00% (eigenvalue = 1.3490), PC4 for 10.82% (eigenvalue = 1.2306) and PC5 for 8.44% (eigenvalue  
= 1.08730) of the total variance. PC1 and PC2 accounted for 39.79% of the cumulative variance, while 
PC3, PC4, and PC5 increased the cumulative variance to 52.78%, 63.60%, and 72.05%, respectively. 

 

The principal component analyses for oxidative, antioxidant, nitrosative and lipid indices 

The PC1 accounted for 42.6% (eigenvalue = 2.845), PC2 for 24.89% (eigenvalue = 2.1747) and PC3 
for 12.59% (eigenvalue = 1.5468) of the total variance. PC1 and PC2 accounted for 67.5% of the 
cumulative variance, and including PC3 increased the cumulative variance to 80.09%. 
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Fig S1. The principal component analyses (PCA) illustrating the relationships between PC1 and PC2 
containing specific fatty acids caproic C6:0, caprylic C8:0, capric C10:0, myristic C14:0, palmitoleic 
C16:1n9, palmitic C16:0, linoleic C18:2n6, oleic C18:1n9, vaccenic C18:1n11, stearic C18:0 and 
arachidonic C20:4n6 in the Persian squirrel (n=10) and the Wistar rat (n=10) between the different 
tissues (spleen, skin, liver, kidney, lung, muscle: n=5 for each tissue) between 5 young (squirrel = blue, 
rat = orange) and 5 old (squirrel = purple, rat = red) individuals. The direction of the arrows represents 
the loadings or eigenvectors of the variables within a PC. 
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Fig S2. The principal component analyses (PCA) illustrating the relationships between PC1 and PC3 
containing specific fatty acids caproic C6:0, caprylic C8:0, capric C10:0, myristic C14:0, palmitoleic 
C16:1n9, palmitic C16:0, linoleic C18:2n6, oleic C18:1n9, vaccenic C18:1n11, stearic C18:0 and 
arachidonic C20:4n6 in the Persian squirrel (n=10) and the Wistar rat (n=10) between the different 
tissues (spleen, skin, liver, kidney, lung, muscle: n=5 for each tissue) between 5 young (squirrel = blue, 
rat = orange) and 5 old (squirrel = purple, rat = red) individuals. The direction of the arrows represents 
the loadings or eigenvectors of the variables within a PC. 
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Fig S3. The principal component analyses (PCA) illustrating the relationships between PC2 and PC3 
containing specific fatty acids caproic C6:0, caprylic C8:0, capric C10:0, myristic C14:0, palmitoleic 
C16:1n9, palmitic C16:0, linoleic C18:2n6, oleic C18:1n9, vaccenic C18:1n11, stearic C18:0 and 
arachidonic C20:4n6 in the Persian squirrel (n=10) and the Wistar rat (n=10) between the different 
tissues (spleen, skin, liver, kidney, lung, muscle: n=5 for each tissue) between 5 young (squirrel = blue, 
rat = orange) and 5 old (squirrel = purple, rat = red) individuals. The direction of the arrows represents 
the loadings or eigenvectors of the variables within a PC. 
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Fig S4. Principal component analysis illustrating the relationships between PC1 and PC3 for oxidative 
status markers such as NADPH oxidase (NOX), superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPX), glutathione S-transferase (GST) and nitric oxide synthase (NOS), the 
level of reactive free radical markers superoxide, hydrogen peroxide (H2O2), Nitric Oxide (NO), lipid 
peroxidation markers malondialdehyde (MDA) and 4-Hydroxynonenal (HNE), total antioxidant 
capacity (TAC) and lipid indices such as MUFA/SFA, PUFA/SFA, MUFA/PUFA and UFA/SFA ratios, 
unsaturation index (UI), peroxidation index (PI) and arachidonic /linoleic acid 20:4/18:2 ratio (A/L 
ratio) in the Persian squirrel (n=10) and the Wistar rat (n=10) between the different tissues (spleen, skin, 
liver, kidney, lung, muscle: n=5 for each tissue) between 5 young (squirrel = blue, rat = orange) and 5 
old (squirrel = purple, rat = red) individuals. The direction of the arrows represents the loadings or 
eigenvectors of the variables within a PC. 
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Fig S5. Principal component analysis illustrating the relationships between PC2 and PC3 for oxidative 
status markers such as NADPH oxidase (NOX), superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPX), glutathione S-transferase (GST) and nitric oxide synthase (NOS), the 
level of reactive free radical markers superoxide, hydrogen peroxide (H2O2), Nitric Oxide (NO), lipid 
peroxidation markers malondialdehyde (MDA) and 4-Hydroxynonenal (HNE), total antioxidant 
capacity (TAC) and lipid indices such as MUFA/SFA, PUFA/SFA, MUFA/PUFA and UFA/SFA ratios, 
unsaturation index (UI), peroxidation index (PI) and arachidonic /linoleic acid 20:4/18:2 ratio (A/L) in 
the Persian squirrel (n=10) and the Wistar rat (n=10) between the different tissues (spleen, skin, liver, 
kidney, lung, muscle: n=5 for each tissue) between 5 young (squirrel = blue, rat = orange) and 5 old 
(squirrel = purple, rat = red) individuals. The direction of the arrows represents the loadings or 
eigenvectors of the variables within a PC. 
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