EFFECTS OF HEXANE EXTRACT OF ATTALEA PHALERATA MART. EX SPRENG. ON BIOCHEMICAL AND OXIDATIVE PARAMETERS OF SWISS MICE.
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ABSTRACT

Attalea phalerata Mart. ex Spreng it is a palm tree typical of the Pantanal region of Mato Grosso, whose pulp oil is rich in carotenoids, mainly β-carotene, as well as fatty acids. The study evaluated the effect of administering hexane extract (oil) of A. phalerata on the metabolic and oxidative profile of animals. Twenty-one-day-old Swiss mice (n=31) were divided into three groups: Control group (C) received a diet for rodents AIN 93G; Vitamin-A Deficient group (VAD) received a diet AIN 93G without Vitamin A; and the A. phalerata oil group (AO) received a diet AIN 93G without vitamin A, and soybean oil was replaced by A. phalerata oil. At the end of 45 days, blood and tissues were collected for biochemical, metabolic, and oxidative analyses. The final body weight did not alter in mice. Blood glucose levels and the lipid profile were reduced in the VAD group and increased in the AO group versus the C group. On the other hand, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and the AST/ALT ratio were higher both in the VAD and AO groups. There was also a 23% reduction in perirenal adipose tissue in the VAD group compared to the C group. Hepatic glycogen levels were higher in the AO group than in the C and VAD groups. There was an increase greater than 100% in the carbonylated protein levels in the liver of the AO group versus the C and the VAD groups. The changes observed in the VAD group were attributed to vitamin A deficiency. The presence of A. phalerata oil in the diet altered biochemical parameters related to carbohydrate and lipid metabolism, resulting in increased serum glucose, lipid levels, and hepatic glycogen. The increased levels of carbonylated proteins in the liver indicate an increase in oxidative damage.
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1. INTRODUCTION 
Humans have a long-standing relationship with palm trees due to the vast array of products that can be derived from these plants, particularly those related to their fruits and seeds (Medeiros et al., 2021). Attalea phalerata Mart. ex Spreng is a species of palm tree characteristic of the Pantanal in Mato Grosso, known by the local population as acuri, bacuri, or uricuri, and has high economic potential, given the diversity of its popular uses. Its ripe fruits are bright orange in color and have a sweet flavor. The fruits ripen and fall from April to October, and their pulp is a vital food source for the local fauna (Negrelle, 2015; Bastos et al., 2024).
The oil extracted from the pulp is rich in carotenoids, especially β-carotene (Freitas et al., 2018; Souza et al., 2020), which is composed of approximately 78% unsaturated fatty acids, with a predominance of oleic acid (58%) and linoleic acid (20%) (Spada et al., 2025; Souza et al., 2020). Furthermore, the oil obtained from the pulp of Attalea phalerata demonstrated oxidative stability (Spada et al., 2024). Its low toxicity (Lima et al., 2017) and the chemical composition of the fruit (Bastos et. al., 2024) have aroused interest in the scientific community.
Studies have shown that β-carotene, found in large proportions in the pulp of the Attalea phalerata fruit (Freitas et al., 2018; Spada et al., 2025) as well as in other fruits (Siqueira et al., 2024), has the highest provitamin A activity (Siqueira et al., 2024). The conversion of β-carotene into vitamin A derivatives occurs in the intestine. After cleavage of β-carotene by β-carotene 15,15'-dioxygenase, the retinal molecules formed can be oxidized to retinoic acid, which is released directly into the portal circulation bound to albumin, or reduced to retinol, which is re-esterified to retinyl esters and transported in chylomicrons via the lymphatic pathway (O'Byrne, Blaner, 2013; Li et al., 2014).
Carotenoid bioavailability is influenced by several factors, which limit the absorption of between 5% and 30% of the total ingested amount. (Xavier and Mercadante, 2019). However, studies indicate that the β-carotene molecule, when associated with a lipid matrix, can increase the bioavailability of vitamin A in the body (Kotake-Nara et al., 2022). Thus, we believe that the intake of β-carotene associated with a lipid matrix may be a good source of provitamin A in situations of deficiency (Haskell et al., 2012).
Our research group has been studying the effects of vitamin A deficiency on the metabolism of animals (rats) (Spada et al., 2022), as well as the action of Attalea phalerata oil in the recovery of animals with a deficiency of this vitamin (Spada et al., 2025). Vitamin A-deficient animals exhibited reductions in body weight, liver mass, and glycemia, accompanied by hepatic lipid and glyceride-fatty acid accumulation, resulting in hypolipidemia (Spada et al., 2022).
When these animals were treated with Attalea phalerata oil for 30 days (Spada et al., 2025), all physiological parameters showed improvement, returning to control levels. However, the intake of Attalea phalerata oil during the evaluated period was not sufficient to reduce the oxidative damage caused by 45 days of nutritional insult in rats (Spada et al., 2025). We believe that the previous nutritional insult (45 days), the animal species used (rats), and the life stage of the recovered animal (adult) are fundamental to the recovery of the nutritional status in the experimental model. Therefore, we propose in this work to evaluate the effects of administering Attalea phalerata oil, as the sole source of vitamin A (from β-carotene), in Swiss mice starting immediately after weaning, on blood biochemical parameters, metabolic function, and oxidative metabolism.

2. MATERIAL AND METHODS
2.1. Obtaining oil from the pulp of Attalea phalerata Mart. ex Spreng.
The fruits used in the oil extraction were collected in Cuiabá/MT, in the state of Mato Grosso (-15°609'611" S and -56°061'972" W GS84). The exsiccata was deposited in the UFMT Herbarium (no. 47727). After collecting the fruits, they were washed, peeled, frozen, and pulped. The pulp was dried in an oven by air circulation at 45ºC, and the oil was obtained by solid-liquid extraction with hexane, in a ratio of one part pulp to three parts solvent 1:3 (w/v), under continuous stirring (4.7g) for 7 days, as described by Spada et al. (2024). The final product was filtered and then rotated and evaporated under reduced pressure to remove the solvent. The oil obtained was stored in an amber flask under refrigeration.



2.2. General Parameters
The biological tests performed followed the standards of the National Council for the Control of Animal Experimentation (CONCEA), and were approved by the CEUA-UFMT ethics committee under no. 23108.024802/2024-98.

2.2.1. Animal Models and Treatment
The Swiss mice species, aged 21 days, weighing between 13 and 14g, were divided into 3 experimental groups: Control group (C; n=10) received a diet for rodents AIN 93G (Reeves, 1993); Vitamin A Deficient group (VAD; n=10) received a diet for rodents based on AIN 93G without Vitamin A; and the Attalea phalerata Mart. ex. Spreng. The oil group (AO; n = 11) received a diet for rodents (AIN 93G) lacking vitamin A, and soybean oil was replaced with Attalea phalerata oil. The β-carotene analysis of the oil was previously determined by Dr. Carla Grazieli Azevedo da Silva using the methodology listed in Spada et al. (2025), with a result of 195.8 µg/mL (± 0.10). In 73mL of oil, this corresponds to 14,400 µg/kg of β-carotene. Thus, to provide the same amount of retinol equivalents in the group with Attalea phalerata oil compared to the Control and VAD diets, it was necessary to add 73mL of Attalea phalerata oil per kg of diet (Table 1). The total caloric value of the diets offered was calculated considering the energy (kcal) equivalent to the amounts in grams of carbohydrates (4 kcal), proteins (4 kcal), and lipids (9 kcal) (Atwater & Wood, 1896). For details on the composition and calories of the diet, see Table 1. The animals were kept under controlled conditions of light (a 12-hour light and dark cycle), temperature (22 °C ± 1 °C), and humidity (47% ± 1%), and the experimental protocol lasted 45 days. After the experimental period, the animals were anesthetized with ketamine and xylazine at doses of 70mg/kg and 30mg/kg, respectively, for blood collection by cardiac puncture in heparinized syringes and euthanized for tissue removal.

2.2.1. Biochemical Parameters
To determine capillary blood glucose, the mice were immobilized in a restraint box. After cleaning and massaging, an incision was made at the tip of the tail with a scalpel, and capillary glucose was determined using a portable Accu-Chek glucometer (Roche Diagnostics). Biochemical parameters were determined in plasma, with blood collection performed by cardiac puncture after a 12-h fast and anesthesia with ketamine (80-100mg/kg) and xylazine (5-10mg/kg) solutions. Colorimetric methods were used to analyze the biochemical parameters using Labtest® kits specific for each analysis. The following parameters were analyzed: glucose (Ref. 133); total cholesterol (Ref. 76); triglycerides (Ref. 87); HDL cholesterol (Ref. 13); AST - aspartate aminotransferase (Ref. 108); ALT - alanine aminotransferase (Ref. 109). To obtain the non-HDL cholesterol results, a calculation was performed in which the HDL cholesterol value was subtracted from the total cholesterol value (Virani, 2011). The AST/ALT ratio was used for the diagnosis of Non-Alcoholic Fatty Liver Disease.

2.3 Determination of glycogen and lipids
The hepatic and muscular glycogen content was determined according to the method described by Sjögren (1938). A glucose standard curve was used as a reference to determine the glucose content in the samples, and the results were expressed in mg/g of tissue. To determine the hepatic lipid content, the Folch method (Folch, 1957) was employed. The amount of lipids was determined gravimetrically and expressed in g/g of tissue. 

2.2.  Malondialdehyde (MDA)
Hepatic lipid peroxidation was quantified by the reactive substances present in the thiobarbituric acid (TBARS) method, as adapted by Percário et al. (1994). Consists of the reaction of the aldehydes formed, the primary representative of which is malondialdehyde (MDA), producing a yellow compound that was read in a UV-Vis spectrophotometer. The results were expressed in µmol/g (Percário et al., 1994).









Table 1: Composition of the AIN-93G diet used in the experimental period
	Ingredients
	Control diet (1200 RE) 
	Vitamin A Deficient diet
	A. phalerata diet (1200 RE from A. phalerata oil)

	Casein (92% protein)
	184.8
	184.8
	184.8

	Starch
	406.20
	406.20
	406.20

	Dextrin
	135.40
	135.40
	135.40

	Sugar
	103.15
	103.15
	103.15

	Soybean oil (ml)
	70
	70
	-----

	Attalea phalerata oil (ml)*
	-----
	-----
	73

	Fiber
	50
	50
	50

	**Salt Mix
	35
	35
	35

	**Vitamin Mix 
	10
	-----
	-----

	Vit. Mix without Vitamin A
	-----
	10
	10

	L-Cystine
	3
	3
	3

	Choline Bitartrate
	2.5
	2.5
	2.5


* The volume of Attalea phalerata oil was added to the equivalent amount of retinol in the Control diet. The β -carotene analysis of the oil was previously determined by Dr. Carla Grazieli Azevedo da Silva by the methodology listed in the Reference Spada et al., (2025): In 195.8µg/mL (± 0.10); in 73mL of oil, we have 14,400µg/kg of β -carotene.** for details on the composition of the mixture of salts and vitamins, see Reeves (Reeves, 1993).
2.3. Carbonylated Proteins
The formation of carbonyl proteins resulting from metal-catalyzed oxidative deamination was determined by the method proposed by Odetti et al. (1996). The result was obtained by calculation using the molar extinction coefficient of 22,000 M-1 cm-1, and expressed in mmol/mg ptn (Odetti et al., 1996).

2.4. Catalase 
To determine catalase enzyme activity, the methodology developed by Aebi (1984) was employed, and the results were expressed in units (U) per milligram (mg) of protein. Proteins were measured in all homogenates using the Bradford method (1976). The results were expressed in U/mg of protein/² (Aebi, 1984).

2.5. Superoxide dismutase enzyme activity (SOD)
The methodology was carried out according to Bannister (1987), in which the oxidation of epinephrine occurs by the catalytic action of superoxide dismutase, promoting the removal of superoxide before it can oxidize epinephrine. The result was expressed in U.min-1.mg of protein-1 (Bannister, 1987)

2.6. Glutathione reductase enzyme activity
The reaction is based on the reduction of oxidized glutathione (GSSG), as described by Sedlack and Lindsay (1968), in liver samples. The results were obtained by calculating the difference between the ΔL2 and ΔL1 readings and using the molar extinction coefficient of NADPH, with results expressed in U · min · mg of protein (Sedlack & Lindsay, 1968).

2.7. Statistical analysis
Statistical analyses of the data were performed using the GraphPad Prism 8.0 for Windows program (San Diego, California, USA). The results were expressed as mean ± standard error of the mean (SEM). Statistical comparisons were performed using One-way analysis of variance (ANOVA), followed by Tukey's post hoc test. The differences found were considered statistically significant for a "P" equal to or less than 0.05.


3. RESULTS

3.1. Body mass and food intake
When analyzing general parameters, such as weight gain, food and water intake, energy intake, and nasoanal length at the end of treatment, there was no statistically significant difference between the groups (Table 2). A reduction in daily water intake was observed in the VAD group, although total water intake remained unchanged (Table 2).
3.2. [bookmark: _heading=h.3valx9cthqp6]Tissue Weight
Liver mass in the VAD group was 22% lower when compared to the Control group (Table 3). In the AO group, liver weight was greater (37%) than in the VAD group and was equal to that of the Control. Perineal adipose tissue mass was 23% lower in the VAD group when compared to the controls. In the AO group, the perirenal adipose tissue mass was 23% higher compared to the VAD group and equal to that of the Control. The other tissues evaluated did not differ between the groups (Table 3)
3.1.   Biochemical parameters
The results of the biochemical analyses are presented in Table 4. Basal glucose was 11% lower in the VAD group and 17% higher in the AO group when compared to the Control (C) group. Total cholesterol was 18% lower in the VAD group, and the AO group was 75% higher compared to the Control (C) group. Triglyceride levels were 32% lower in the VAD group, while the AO group was 44% higher compared to the Control (C) group. HDL cholesterol was 14% lower in the VAD group, while the AO group was 14% higher compared to the Control (C) group. When evaluating non-HDL cholesterol, we observed that its levels were 28% lower in the VAD group, while the AO group was 329% higher compared to the Control (C) group. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) showed an increase in both the VAD group (127% and 50%, respectively) and in the AO group (95% and 58%, respectively) when compared to the Control group (C). When calculating the AST/ALT ratio, we observed that it was 57% higher in the VAD group and 22% higher in the AO group compared to the Control group (C).




3.4.	Total Lipid and Glycogen Analysis
Hepatic glycogen was higher in the group treated with oil from the pulp of Attalea phalerata Mart. ex. Spreng. (AO) compared to the Control group (23%) and VAD (17%) (Table 5). Regarding the content of total lipids in perirenal adipose tissue, it was 11% lower in VAD and 8% lower in AO than in the Control (C).  






	

	Parameters
	Control
(10)
	Vit. A deficiency
(10)
	Attalea phalerata oil
(11)
	P value

	Initial mass(g)
	13.6 ± 0.2
	13.4 ± 0.2
	13.5 ± 0.1
	0.1207

	Final mass (g)
	48.5 ± 2.1
	48.4 ± 2.0
	49.4 ± 1.5
	0.9034

	Mass gain (g)
	34.9 ± 2.2
	34.9 ± 2.1
	35.9 ± 1.5
	0.9029

	Final naso-anal length (mm)
	139.4 ± 2.1
	140.6 ± 2.8
	130.7 ± 6.2
	0.7984

	Food intake (g/day)
	5.9 ± 0.2
	5.7 ± 0.3
	5.7 ± 0.1
	0.3247

	Total food intake (g)
	285.4 ± 7.9
	274.1 ± 3.8
	274.2 ± 5.5
	0.3247

	Total energy (kcal)
	1112.9 ± 30.7
	1068.9 ± 14.6
	1069.33 ± 21.61
	0.3246

	Water intake (mL/day)
	12.0 ± 0.1a
	10.5 ± 0.1b
	12.5 ± 0.2a
	<0.0001*

	Total water intake (mL)
	574.4 ± 7.1
	570.0 ± 8.2
	598.2 ± 9.3
	0.1406


Table 2: Body mass, mass gain, naso-anal length, and food, energy, and water intake of animals in the Control, Vitamin A Deficiency, and Attalea phalerata groups after 45 days of treatment 

Results are presented as mean and standard error of the mean of the number of animals indicated in parentheses. Means with different superscript letters are significantly different by one-way ANOVA followed by Tukey's test.




Table 3: Tissue mass calculated in g/100g of body weight for the animals in the Control, Vitamin A Deficient, and Attalea phalerata oil groups after 45 days of treatment 
	Tissues (g/100g)
	Control
(10)
	Vit. A deficiency
(10)
	Attalea phalerata oil
(11)
	P value

	Brain
	0.82 ± 0.03
	0.74 ± 0.04
	0.74 ± 0.04
	0.2922

	Heart
	0.42 ± 0.02
	0.40 ± 0.02
	0.38 ± 0.03
	0.5931

	Kidney
	1.06 ± 0.05
	1.00 ± 0.04
	1.02 ± 0.07
	0.7130

	Liver
	4.77 ± 0.28 a
	3.73 ± 0.16 b
	5.10 ± 0.3 a
	0.0069*

	Lung
	0.60 ± 0.08
	0.57 ± 0.05
	0.67 ± 0.04
	0.4382

	Spleen
	0.39 ± 0.03
	0.35 ± 0.03
	0.37 ± 0.02
	0.3732

	Intestine
	5.03 ± 0.34
	4.91 ± 0.27
	4.65 ± 0.36
	0.6967

	Testicle
	0.51 ± 0.06
	0.44 ± 0.05
	0.40 ± 0.04
	0.2947

	Brown adipose tissue
	0.84 ± 0.08
	1.06 ± 0.14
	0.93 ± 0.08
	0.3051

	Epididymal adipose tissue
	4.27 ± 0.26
	4.36 ± 0.36
	3.91 ± 0.23
	0.4947

	Perirenal adipose tissue
	2.42 ± 0.12 a
	1.85 ± 0.14 b
	2.28± 0.11 a
	0.0107*

	Soleus muscles
	0.54 ± 0.03
	0.52 ± 0.03
	0.54 ± 0.03
	0.8506

	EDL muscles
	0.18 ± 0.02
	0.13 ± 0.01
	0.15 ± 0.01
	0.2428

















Results are presented as mean and standard error of the mean of the number of animals indicated in parentheses. Means with different superscript letters are significantly different by one-way ANOVA followed by Tukey's test.


Table 4: Biochemical analyses performed on serum or plasma of the animals in the Control, Vitamin A Deficient, and Attalea phalerata oil groups after 45 days of treatment.
	Biochemical analysis
	Control
(10)
	Vit. A deficiency
(10)
	Attalea phalerata oil
(11)
	P value

	Capillary glucose (via caudal) (mg/dL)
	160 ± 6.0
	152 ± 8.0
	164± 5.7
	0.4105

	Basal glucose (mg/dL)
	107 ± 0.83b
	95 ± 1.23c
	125 ± 1.41a
	< 0.0001*

	Total cholesterol (mg/dL)
	101 ± 2.13b
	83 ± 2.25c
	177 ± 2.92 a
	< 0.0001*

	Triglycerides (mg/dL)
	161 ± 4.17b
	109 ± 2.69 c
	232 ± 6.92a
	< 0.0001*

	HDL cholesterol (mg/dL)
	79 ± 2.3 b
	68 ± 1.2 c
	90 ± 0.5a
	< 0.0001*

	Non-HDL cholesterol (mg/dL)
	21 ± 3.2b
	15 ± 2.3c
	90 ± 3.8a
	< 0.0001*

	AST (aspartate aminotransferase – U/L)
	22 ± 0.6c
	50 ± 0.6 a
	43 ± 1.1b
	< 0.0001*

	ALT (alanine aminotransferase – U/L)
	38 ± 1.3b 
	57 ± 1.9 a
	60 ± 1.9a
	< 0.0001*

	AST to ALT ratio (U/L)
	0.57 ± 0.03c
	0.88 ± 0.03a
	0.70 ± 0.03b
	< 0.0001*


[bookmark: _heading=h.lkxxpce78f5k]Results are presented as mean and standard error of the mean of the number of animals indicated in parentheses. Means with different superscript letters are significantly different by one-way ANOVA followed by Tukey's test.







Table 5: Hepatic and muscular glycogen content and total lipid content in white and brown adipose tissue of animals in the Control, Vitamin A Deficient, and Attalea phalerata Oil groups after 45 days of treatment.
	Parameters 
	Control
(10)
	Vit. A deficiency
(10)
	Attalea phalerata oil
(11)
	P value

	Glycogen content
	
	
	
	

	Liver (µg/tissue)
	11.9 ± 0.3b
	12.5 ± 0.4b
	14.6 ± 0.6a
	0.0015*

	EDL (µg/tissue)
	0.17 ± 0.008
	0.18 ± 0.01
	0.18 ± 0.01
	0.7771

	Soleus (µg/tissue)
	1.0 ± 0.09
	0.8 ± 0.04
	0.09 ± 0.08
	0.14282

	Total lipid content
	
	
	
	

	Liver (g/tissue)
	21.7 ± 3.1
	20.7 ± 1.8
	19.7 ± 1.0
	0.2602

	Brown adipose tissue (g/tissue)
	5.6 ± 0.2
	5.5 ± 0.1
	5.7 ± 0.1
	0.5777

	Perirenal adipose tissue (g/tissue)
	6.5 ± 0.1a
	5.8 ± 0.5b
	6.0 ± 0.2b
	0.0045*

	Epididymal adipose tissue (g/tissue)
	1.1 ± 0.1
	0.6 ± 0.1
	0.6 ± 0.2
	0.0380



Extensor digitorum longus (EDL). Results are presented as mean and standard error of the mean of the number of animals indicated in parentheses. Means with different superscript letters are significantly different by one-way ANOVA followed by Tukey's test.





3.5. Oxidative Profile
The activity of the enzyme glutathione reductase in the liver was approximately 80% lower in both the VAD and AO groups when compared to controls (Figure 1). The level of carbonylated proteins was altered in the liver, being higher in the AO group than in the C (171%) and VAD (310%) groups. The other parameters evaluated remained unchanged.  				
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Figure 1: Evaluation of antioxidant activity and oxidative damage to the liver of animals in the Control (n=7), Vitamin A Deficient (n=7 ), and Attalea phalerata Oil (n=7) groups after 45 days of treatment. Catalase activity (A); Superoxide dismutase activity (B); Glutathione reductase activity (C); Carbonylated proteins levels (D); Malondialdehyde levels (E). Results are presented as mean and standard error of the mean. Means with different superscript letters are significantly different by one-way ANOVA followed by Tukey's test.

3. DISCUSSION
Previous studies conducted by our research group have shown that the use of oil obtained from the pulp of Attalea phalerata Mart. ex Spreng. in the state of Mato Grosso can be considered an effective source of β-carotene, since it contains higher amounts of this component compared to fruits of the same species harvested in other regions of the country (Spada et al., 2025). The study evaluated whether a diet based on hexane extract (oil) obtained from the pulp of Attalea phalerata Mart. ex Spreng., administered in Swiss mice, is effective as the sole source of provitamin A. To this end, we verified the effects on murinometric, biochemical, and oxidative parameters in animals.
The experimental diet administered to the animals was standardized according to AIN-93G (Reeves et al., 1993), and vitamin A (retinyl palmitate) was removed of the vitamin mix as described by Spada et al. (2022). The calculation of the β-carotene content was based on the bioconversion equivalence, considering 1 µg of Retinol Equivalent (RE) to be equivalent to 12 µg of β-carotene. The diet proposed by AIN 93G recommends a vitamin A content of 1,200 RE (or 14,400 μg of β-carotene). Considering the concentration of β-carotene found in Attalea phalerata used in this study was 195.8µg, it was necessary to add 73mL of oil of Attalea phalerata for each kg of diet [see Table 1]. Thus, soybean oil, as recommended by AIN93G, was replaced by Attalea phalerata oil. As a result, the volume of oil in the AO group was 3mL (73mL of Attalea phalerata oil per kg of diet, compared to 70mL of soybean oil per kg for the Control and VAD diets), which was superior to the Control and VAD groups. This difference in the volume of Attalea phalerata oil, compared to the other diets, did not substantially change the calorie content (16.3 kcal for the Control diet and VAD, and 16.4 kcal for the AO diet, with a value equivalent to 3.9kcal for all diets). 
The animals showed no changes in body weight and weight gain at the end of the experiment. The non-change in total dietary intake and total energy intake contributed to the maintenance of weight gain and body weight at the end of the experiment. The lower daily water intake in the VAD group was reflected in a lower total water intake (in terms of absolute values), although there was no statistical difference. These results differ from those found in rats with vitamin A deficiency for 45 days, which presented lower weight gain and final body weight, with no change in daily diet intake (Spada et al., 2022). 
The liver is a central organ in metabolism, which can be used in clinical evaluation related to the toxicity of substances (Adane et al., 2023). In addition, one of the signs of toxicity can be observed through abnormal liver function tests (Dasgupta, 2011). In the present study, the liver mass of animals in the VAD group was lower than that of the control group. This result is consistent with signs of vitamin A deficiency also observed by Spada et al. (2022) in rats. However, the liver mass of the AO group was greater than that of animals in the VAD group and equal to that of the controls, demonstrating a sign of maintenance of liver functions.
On the other hand, animals in both the VAD group and the AO group had higher levels of ALT compared to controls. Although an increase in AST levels may not necessarily indicate liver damage (Han et al., 2022), the animals in this study exhibited elevated serum AST levels in both groups (VAD and AO), with the highest values observed in the VAD group. These results differ from those observed in the VAD model developed by Spada et al. (2022), in which rats did not exhibit changes in plasma levels of ALT and AST. Epidemiological studies (Song & Jiang, 2023) have associated low levels of vitamin A with chronic liver disease, particularly liver fibrosis (Vallet-Pichard, 2007). This is a possible response to the altered levels of transaminases observed in group com vitamin A deficiency. The absence of these vitamins may have induced liver damage in the VAD group. The reduction in liver mass and increase in liver enzymes observed in this group of animals corroborate this hypothesis. On the other hand, the presence of A. phalerata oil in the diet may be related to the elevation of serum transaminases observed in this group, as well as in the lipid fractions, which would require further investigation. 
The liver is considered the primary organ responsible for the storage and metabolism of retinoids (Blaner, 2019). However, adipose tissue plays an important role in the homeostasis and metabolism of retinoids (Blaner, 2019; Kiefer et al., 2012). This tissue participates by capturing circulating retinol, storing it as retinyl esters, converting it into retinoic acid, and mobilizing retinol stores when needed (Kiefer et al., 2012). Thus, vitamin A deficiency can directly impact the reduction of adipose tissue mass. In our study, animals in the VAD group had lower perirenal adipose tissue mass. This result corroborates the information reported in the literature about retinol metabolism and adipose tissue (Kiefer et al., 2012).
Regarding the lipid profile, the vitamin A-deficient diet induced hypolipidemia in mice. The same effect was observed in other studies with rats that received the same diet during this period (Spada et al., 2022) and for more extended periods (Oliveros et al., 2007). The administration of Attalea phalerata oil increased all parameters related to the lipid profile to values higher than those observed in the Control group and in the VAD group. The increase in parameters related to the lipid profile may be attributed to the composition of the oil from the pulp of Attalea phalerata, which predominantly contains unsaturated fatty acids (64%), with monounsaturated oleic acid being the most abundant (approximately 48%) (Spada et al., 2025). 
Animals in the VAD group had lower blood glucose levels, but no changes in liver glycogen. Similar results were also observed by Spada et al. (2022) in the rat model of VAD. On the other hand, animals in the AO group had higher basal blood glucose levels and higher liver glycogen levels. This physiological response, characterized by an increase in basal blood glucose levels and hepatic glycogen levels, may indicate a potential change in insulin action, which warrants further investigation (Kubota et al., 2025).
Vitamin A is recognized as a non-enzymatic, lipophilic antioxidant, utilized as a dietary supplement to mitigate oxidative stress (Didier et al., 2023). These molecules act by inhibiting lipid peroxidation, preventing oxidative damage. Furthermore, retinoic acid (a vitamin A derivative) may indirectly regulate cellular antioxidant genes (Didier et al., 2023). We observed a reduction in glutathione reductase (GR) activity in the VAD and AO groups. This reduction in GR activity may indicate a compromised antioxidant defense system, since GR is essential in the cellular antioxidant system by regenerating reduced glutathione (GSH) from its oxidized form (GSSG) using NADPH as a reducing cofactor (Kalinina et al., 2014). The increase in the levels of carbonylated proteins, a marker of oxidative damage, in the AO group, reflects the state of oxidative stress induced by the oil. This requires further investigation.


4. CONCLUSION 
[bookmark: _heading=h.zcmqqir91awm]
Based on the results obtained, we conclude that vitamin A deficiency induced hypolipidemia in Swiss mice. The presence of A. phalerata oil in the diet altered biochemical parameters related to carbohydrate and lipid metabolism, resulting in increased serum glucose and lipid levels, as well as elevated hepatic glycogen levels. The increased levels of carbonylated proteins in the liver, combined with the reduction in glutathione reductase activity, indicate oxidative stress. Furthermore, investigations into the possible insulin action induced by A. phalerata oil would be interesting for future research.
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