


Effects of Graded Levels of Vitamin E Supplementation on Hematology, Biochemical Parameters, and Stress Resilience in Uda Rams

 
Abstract
This study evaluated the effect of graded levels of vitamin E supplementation on hematological, serum biochemical, stress indicators, and oxidative stress biomarkers in Uda rams. Fifteen rams (18–23 kg) were randomly assigned to three treatments: control (no vitamin E), 40 g/kg (Vit.E1), and 60 g/kg (Vit.E2) dry matter supplementation, following a completely randomized design. Hematological analysis revealed significantly higher red blood cell (RBC) counts in Vit.E1 (12.533 ×10⁶/mm³) and Vit.E2 (13.230 ×10⁶/mm³) groups compared to control (8.667 ×10⁶/mm³; p < 0.05), with concurrent reductions in mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH), indicating smaller, more efficient erythrocytes. White blood cell (WBC) counts increased significantly in the Vit.E2 group (12.617 ×10³/mm³), suggesting enhanced immune competence. Serum biochemical analysis showed significant decreases in total cholesterol and increases in HDL levels in supplemented groups (p < 0.05), while liver enzymes and protein profiles remained unchanged, confirming the safety of supplementation. Stress indicators revealed reduced respiratory rates and rectal temperature at higher vitamin E levels, reflecting improved physiological adaptability. Oxidative stress biomarkers, including malondialdehyde (MDA) and superoxide dismutase (SOD), decreased significantly in supplemented groups (p < 0.05), demonstrating enhanced antioxidant defense, while total antioxidant capacity (TAC) exhibited dose-dependent stabilization. Thyroxine (T4) levels decreased significantly with supplementation, indicating modulation of thyroid metabolism. Vitamin E supplementation, particularly at 60 g/kg DM, improved hematological parameters, lipid metabolism, oxidative stress resilience, and stress adaptability in Uda rams.
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Introduction
Vitamin E is a lipid-soluble antioxidant that plays a critical role in maintaining cellular integrity and mitigating oxidative stress in livestock (Traber & Stevens, 2011). In ruminants, oxidative stress is a major physiological challenge affecting growth, immunity, reproduction, and overall productivity, particularly under environmental and metabolic stressors. By scavenging reactive oxygen species (ROS) and preventing lipid peroxidation, vitamin E protects erythrocytes, leukocytes, and other metabolically active tissues from oxidative damage (Yusuf et al., 2024; Niki & Traber, 2012). Its role in enhancing hematological parameters, including red blood cell (RBC) counts and white blood cell (WBC) function, is well-documented, reflecting improved oxygen transport and immune competence (Odukoya, 2016).
Beyond hematological effects, vitamin E influences serum biochemical profiles, particularly lipid metabolism. Supplementation has been associated with decreased total cholesterol and increased high-density lipoprotein (HDL) levels, indicative of improved cardiovascular and metabolic health (Traber & Stevens, 2011). The antioxidant properties of vitamin E also support liver function by mitigating oxidative stress-induced hepatocellular damage, without adversely affecting protein metabolism or liver enzymes (Takami et al. (2018); Soret, 2017).
In addition to biochemical and hematological benefits, vitamin E modulates stress physiology. It influences thermoregulatory and respiratory functions, reduces lipid peroxidation, and stabilizes thyroid hormone metabolism, thereby enhancing adaptability to environmental and metabolic stress (Marai et al., 2017). Malondialdehyde (MDA) and superoxide dismutase (SOD) levels serve as sensitive biomarkers of oxidative stress, and supplementation has been shown to significantly reduce these markers while supporting total antioxidant capacity (TAC) in ruminants.
Given these multifaceted roles, dietary vitamin E supplementation offers a promising strategy to improve physiological performance, antioxidant status, and welfare in small ruminants. The current study investigates the effects of graded levels of vitamin E on hematology, serum biochemistry, stress indicators, and oxidative stress biomarkers in Uda rams, aiming to establish optimal supplementation for enhancing health, productivity, and resilience under production conditions.
Materials and Methods
1. Experimental Site
The study was conducted at the Department of Animal Science, Livestock Teaching and Research Farm, Main Campus, Usmanu Danfodiyo University, Sokoto, Nigeria (latitude N13°06′58″–13°07′24″, longitude E5°15′03″–5°15′38″; altitude 292 m above sea level) (Akinbiyi et al., 2019; Nakakana et al., 2020). The state falls within the Sudan savannah vegetation zone, characterized by alternating short and dry seasons. The hot dry period typically occurs from March to May (sometimes extending to June), while the harmattan season, a short cool and dry period, occurs between October and February (Balarabe et al., 2015). Annual rainfall averages 500 mm, with the rainy season extending from mid-May to September and a prolonged dry season from November to April (Akinbiyi et al., 2019). Maximum temperatures of 41°C are recorded in April, while minimum temperatures of 12°C occur in January (Shiru et al., 2020). Sokoto State is among the largest livestock-producing regions in Nigeria.
2.  Treatments and Experimental Design
The experiment was arranged in a Completely Randomized Design (CRD) with three treatments and four replications, with each ram serving as a replicate. The dietary treatments were:
· Treatment 1 (Control): Basal diet without vitamin E supplementation.
· Treatment 2: Basal diet supplemented with 40 g/kg DM vitamin E (alpha-tocopherol acetate).
· Treatment 3: Basal diet supplemented with 60 g/kg DM vitamin E (alpha-tocopherol acetate).
Vitamin E (alpha-tocopherol acetate) was sourced from a reliable vendor in Kano, Nigeria. The experiment lasted for seven weeks.
Experimental Animals and Management
Fifteen (15) Uda rams, weighing 18–23 kg, were purchased from local markets in Sokoto State. Animals were quarantined for 14 days at the Livestock Teaching and Research Farm to adapt to the new environment. They were dewormed using albendazole (Super 10%) at 5–8 mg/kg body weight. Pens, feed troughs, and water troughs were cleaned daily to maintain hygiene.
3. Composition of Experimental Diets
A single basal diet was formulated using groundnut haulms (30%), soybean meal (12%), cottonseed cake (14%), rice offal (5.5%), wheat offal (24%), cowpea husk (14%), and salt (0.5%). The diet provided 2509 Kcal/kg metabolizable energy, 17.14% crude protein, and 19.46% crude fiber (Table 1). Diets were offered ad libitum, with vitamin E supplementation incorporated according to treatment.
Table 1. Feed composition of experimental diet fed to Uda rams
	Ingredients
	Percentage (%)

	Groundnut haulm
	30

	Soybean meal
	12

	Cottonseed cake
	14

	Rice offal
	5.5

	Wheat offal
	24

	Cowpea husk
	14

	Salt
	0.5

	Total
	100


Calculated chemical composition
· Energy (Kcal/kg ME): 2509
· Crude protein (%): 17.14
· Crude fiber (%): 19.46

Blood Sample Collection
Approximately 10 mL of blood was collected from the jugular vein of each animal. Three milliliters were used for serum preparation, while 7 mL were transferred into sterile EDTA vials (1 mg/mL blood) for hematological analysis. Serum was separated by centrifugation at 3000 rpm for 15 minutes.
Hematological Parameters
Packed cell volume (PCV), red blood cells (RBC), white blood cells (WBC), differential leucocyte counts, and hemoglobin concentration (Hb) were measured following Tadesse et al. (2023). Erythrocyte indices, including mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC), were calculated using standard formulae.
4. Serum Biochemical Analysis
4.1. Total Protein, Albumin, and Globulin
Serum total protein and albumin were determined using the biuret method and Sigma assay kits (Sigma Chemical Co., St. Louis, USA). Globulin was calculated by subtracting albumin from total protein.
4.2. Liver Function Tests
Serum AST, ALT, and ALP were measured using a photoelectric colorimeter. Blood urea nitrogen and creatinine were also determined, along with total cholesterol. 
4.3. Electrolytes
Serum urea was estimated using the diacetylmonoxime method. Cholesterol was measured colorimetrically at 546 nm. Additional biochemical analyses (triglyceride, glucose, albumin, total protein, ALT, AST, ALP, bilirubin) were performed using an automatic biochemical analyzer (Humalyzer-3000, USA) following standard methods.
5. Stress Biomarkers and Adaptability Assessment
To evaluate the physiological stress response and adaptability of Uda rams to dietary supplementation with vitamin E, multiple biomarkers and physiological indices were measured.
Cortisol
Blood samples (10 mL) were collected from the jugular vein into heparinized vacuum tubes immediately before slaughter. Plasma cortisol concentrations were determined using a competitive enzyme immunoassay kit (Radim, Pomezia, Italy), which provides a sensitive measure of hypothalamic-pituitary-adrenal (HPA) axis activity, reflecting stress levels in animals.
Prolactin
Prolactin concentrations were assayed via automated enzyme-linked immunosorbent assay (ELISA) using a commercial kit developed by Demeditec Diagnostics GmbH (Kiel, Germany). Serum prolactin is a neuroendocrine hormone responsive to stress and metabolic status in ruminants.
Thyroid Hormones (T3 and T4)
Serum concentrations of triiodothyronine (T3) and thyroxine (T4) were measured using duplicate determinations with commercial immunoassay kits (Abbott Laboratories, USA) on an IMx-Abbott immunoanalyser. T3 was measured via Microparticle Enzyme Immunoassay (MEIA) and T4 via Fluorescence Polarization Immunoassay (FPIA), with sensitivities of 0.4 nmol/L and 12.8 nmol/L, respectively. Mean recovery rates were 98.6%. Thyroid hormones are key indicators of metabolic rate and stress response.
Antioxidative Activity
Serum antioxidant status was evaluated by measuring total antioxidant capacity (TAC), superoxide dismutase (SOD), and glutathione peroxidase (GPx) using a UV spectrophotometer (T60; PG Instruments, UK) with commercial kits (Sigma-Aldrich, USA). These biomarkers provide insights into the oxidative stress and protective capacity of the animal under different dietary treatments.
Physiological Stress Indicators and Adaptability Coefficient
Stress indicators were monitored twice daily (08:00 and 15:00) on a weekly basis. Measurements included:
· Pulse rate (PR): Measured by placing a stethoscope on the left thoracic cavity and counting beats per minute using a stopwatch. Non-invasive alternatives such as photoplethysmography can also be used (Moll et al., 2019).
· Respiratory rate (RR): Determined by visually counting chest movements per minute. Photoplethysmography can also provide indirect estimates of RR through peripheral blood volume changes (Moll et al., 2019).
· Rectal temperature (RT): Measured using a clinical thermometer inserted gently into the rectum for 2 minutes, with minimal restraint to reduce stress. Infrared thermography can be used as a non-invasive alternative (Passantino et al., 2017).
6. Coefficient of Adaptability (CA)
The adaptability of the rams was quantified using the Benezra equation:

Where:
· CA = Adaptability coefficient
· RT = Rectal temperature (°C)
· RR = Respiratory rate (breaths/min)
· 39.1°C = Normal mean rectal temperature for sheep
· 27 breaths/min = Normal mean respiratory rate for sheep
Values closer to 10 indicate better adaptation to environmental and physiological stressors. This comprehensive approach integrates hormonal, antioxidant, and physiological measurements to assess the overall stress response and adaptability of Uda rams under graded vitamin E supplementation.
7. Data Analysis
All data were subjected to one-way analysis of variance (ANOVA) using the General Linear Model procedure of SAS. Where significant differences existed (P ≤ 0.05), means were separated using Least Significant Difference (LSD).
Results and Discussion
The hematological profile of Uda rams supplemented with graded levels of vitamin E revealed significant enhancements in red and white blood cell parameters. RBC counts increased markedly in rams receiving 40 g/kg (12.533 ×10⁶/mm³) and 60 g/kg (13.230 ×10⁶/mm³) vitamin E compared to the control (8.667 ×10⁶/mm³), indicating improved erythropoiesis (P < 0.05) Table 2)

Table 2. Haematological profile of Uda rams supplemented with vitamin E 

	Parameter
	Control
	Vit. E1 (40 g/kg)
	Vit. E2 (60 g/kg)
	SEM
	Normal Reference Range

	Hb (g/dL)
	9.800
	9.200
	9.500
	0.319
	9–15

	PCV (%)
	26.000
	27.667
	28.667
	1.149
	27–45

	RBC (×10⁶/mm³)
	8.667ᵇ
	12.533ᵃ
	13.230ᵃ
	0.575
	9–15

	MCH (pg)
	10.333ᵃ
	7.340ᵇ
	7.197ᵇ
	1.028
	9–15

	MCV (fL)
	30.667ᵃ
	22.063ᵇ
	21.703ᵇ
	0.541
	28–40

	MCHC (g/dL)
	32.000
	32.257
	33.157
	0.372
	31–34

	WBC (×10³/mm³)
	5.333ᵇ
	8.767ᵇ
	12.617ᵃ
	1.062
	4–12


a, b, Means in the same row with different superscripts are significantly different (P<0.05)

The hematological profile of Uda rams supplemented with graded levels of vitamin E revealed significant effects on red and white blood cell parameters, as well as erythrocyte indices. Specifically, RBC counts were significantly higher (P < 0.05) in rams supplemented with 40 g/kg (Vit.E1: 12.533 ×10⁶/mm³) and 60 g/kg (Vit.E2: 13.230 ×10⁶/mm³) compared to the control group (8.667 ×10⁶/mm³). This enhancement in RBC count suggests that vitamin E improves erythropoiesis, likely by protecting erythrocytes from oxidative stress and enhancing their lifespan (Soret, 2017; Odukoya, 2016). Increased RBC counts improve oxygen transport to tissues, which is critical for metabolism, growth, and performance in ruminants.
Conversely, MCH and MCV values were significantly higher (P < 0.05) in the control group compared to the vitamin E-supplemented groups. The decrease in MCH and MCV in Vit.E1 and Vit.E2 groups indicates a shift towards smaller, more efficient erythrocytes. This adaptation may enhance oxygen delivery without increasing blood viscosity, thereby optimizing metabolic efficiency (Tilki, 2019).
WBC counts were significantly higher (P < 0.05) in the Vit.E2 group (12.617 ×10³/mm³) compared to Vit.E1 (8.767 ×10³/mm³) and control (5.333 ×10³/mm³), suggesting that higher vitamin E supplementation enhances immune function. Increased WBC counts reflect improved leukocyte-mediated immunity, potentially offering better resistance to infections and overall health stability (Soret, 2017; Tilki, 2019).
The mechanisms underlying these hematological effects of vitamin E involve its potent antioxidant properties, which reduce oxidative damage to erythrocytes and support erythropoiesis (Odukoya, 2016). Vitamin E also maintains cell membrane integrity and protects against lipid peroxidation, ensuring both red and white blood cells remain functional and resilient. The findings suggest that dietary supplementation with vitamin E, particularly at 60 g/kg DM, can enhance erythropoietic activity and immune competence in Uda rams, without adversely affecting hemoglobin concentration or packed cell volume. These improvements in blood parameters are consistent with previous studies demonstrating that vitamin E enhances antioxidant status, immune function, and overall physiological performance in sheep (Odukoya, 2016; Tilki, 2019; Soret, 2017).

TABLE 3. Serum Biochemical profile of Uda rams fed with vitamin E 


	Parameter
	Control
	Vit. E1 (40 g/kg)
	Vit. E2 (60 g/kg)
	SEM
	Reference Range

	Albumin (g/dL)
	2.600
	2.733
	2.833
	0.205
	2.0–4.3

	Globulin (g/dL)
	3.767
	3.400
	3.233
	0.254
	2.0–3.5

	Total Protein (g/dL)
	6.367
	6.133
	6.067
	0.107
	6.0–7.9

	Cholesterol (mmol/L)
	1.733ᵃ
	1.100ᵇ
	1.200ᵇ
	0.111
	3.5–5.5

	AST (U/L)
	66.000
	134.000
	183.000
	27.348
	135–145

	ALT (U/L)
	23.333
	26.667
	33.667
	3.581
	30–120

	ALP (U/L)
	82.000
	123.000
	73.000
	15.191
	0–40

	HDL (mg/dL)
	57.667ᵇ
	65.333ᵃ
	61.667ᵃ
	1.537
	150–190

	LDL (mg/dL)
	36.667
	23.833
	33.933
	4.130
	80–160

	Sodium (mmol/L)
	146.333
	145.333
	139.000
	4.799
	45–55

	Potassium (mmol/L)
	4.533
	5.300
	4.800
	0.371
	3.5–5.5


[bookmark: _Hlk218417081]a, b, means in the same row with different superscripts are significantly different (P<0.05)

[bookmark: _Hlk218415872]The serum biochemical profile of Uda rams supplemented with graded levels of vitamin E revealed significant effects on cholesterol and HDL concentrations, while other parameters including albumin, globulin, total protein, liver enzymes (AST, ALT, ALP), LDL, sodium, and potassium were not significantly altered (P > 0.05). Rams in the Vit. E1 (40 g/kg) and Vit. E2 (60 g/kg) groups exhibited significantly lower total cholesterol levels compared to the control group (P < 0.05), indicating a hypocholesterolaemia effect of vitamin E supplementation. This reduction in cholesterol aligns with the findings of Odukoya (2016) and Tilki (2019), who reported that vitamin E enhances lipid metabolism and reduces serum cholesterol in ruminants and other animals. The observed decrease may be attributed to the antioxidant properties of vitamin E, which protect lipids from oxidative damage and modulate lipid synthesis pathways (Jové et al., 2023). 
The present study also observed a significant increase in HDL concentrations in rams supplemented with vitamin E compared to the control (P < 0.05). HDL is known as the “good cholesterol” due to its role in reverse cholesterol transport and cardiovascular protection. The elevation in HDL may result from enhanced enzymatic activity involved in cholesterol metabolism facilitated by vitamin E’s antioxidant effect. Conversely, LDL levels were not significantly different across the treatments, which may suggest that the supplementation primarily enhanced protective HDL fractions rather than lowering LDL directly (Ismail et al., 2025).
Interestingly, other biochemical parameters including total protein, albumin, globulin, liver enzymes (AST, ALT, ALP), and electrolytes (sodium, potassium) remained statistically unchanged (P > 0.05). This indicates that vitamin E supplementation at the doses provided did not adversely affect liver function or protein metabolism. These findings corroborate the work of Meydani et al. (1998) and Singh et al. (2005), who reported that vitamin E does not significantly alter liver enzymes or protein markers, demonstrating its safety and lack of hepatotoxicity. The unchanged liver enzymes further support that vitamin E supplementation enhances antioxidant defense without causing hepatic stress (Soret, 2017).
The collective findings suggest that vitamin E supplementation exerts a beneficial effect on lipid metabolism, particularly by lowering cholesterol and increasing HDL, without negatively affecting liver function or serum protein levels. Such improvements are consistent across various species and physiological conditions (Jové et al., 2023). However, it is important to note that responses may vary depending on dosage, duration of supplementation, and animal species, as higher doses or prolonged supplementation could potentially influence liver enzyme levels, although typically within safe limits (Devaraj et al., 2008). The serum biochemical data indicate that vitamin E supplementation enhances lipid profiles and antioxidant protection in Uda rams, supporting its inclusion as a functional additive for improving metabolic health and welfare in small ruminants (Ali, 2024).
Stress indicators of Uda rams supplemented with vitamin E
The effect of dietary vitamin E supplementation on stress indicators of Uda rams is presented in Table 4. Rectal temperature (RT) and respiratory rate (RR) differed significantly (p < 0.05) among the treatment groups, indicating that vitamin E influenced thermoregulation and respiratory physiology. Rams supplemented with higher levels of vitamin E (40 g/kg and 60 g/kg) exhibited lower rectal temperatures and respiratory rates compared to the control group, suggesting improved physiological adaptation and reduced stress levels.

Table 4. The impact of Dietary vitamin E supplementation on Stress indicators of Uda rams 
	Parameters
	Control
	40 g/kg Vit. E
	60 g/kg Vit. E
	SEM
	Reference Value

	Rectal Temperature (°C)
	39.600ᵇ
	41.290ᵃ
	39.360ᵇ
	0.545
	38.5 – 39.5

	Pulse Rate (bpm)
	66.000
	66.550
	65.600
	0.558
	70 – 90

	Respiratory Rate (bpm)
	42.700ᵃ
	35.980ᵇ
	30.200ᶜ
	0.939
	15 – 30


a, b, means in the same row with different superscripts are significantly different (P<0.05)

The results of stress indicators showed that rams supplemented with 40 g/kg of Vitamin E exhibited a higher rectal temperature (41.29 °C) compared to the control group (39.60 °C) and those supplemented with 60 g/kg (39.36 °C). This increase in rectal temperature at the 40 g/kg supplementation level may suggest enhanced thermoregulatory mechanisms or elevated metabolic activity. Vitamin E, as a potent antioxidant, could improve mitochondrial efficiency, leading to increased heat production as a byproduct of metabolism, which is reflected in the higher body temperature observed in this group. The subsequent decrease in rectal temperature at 60 g/kg may indicate a threshold effect, where higher doses do not further enhance, or may even reduce, thermogenic responses. This observation aligns with findings by Packer et al. (2001), who noted that Vitamin E can influence metabolic activity, though effects vary with dosage and duration of supplementation.
Respiration rate (RR) decreased significantly with increasing levels of Vitamin E (p < 0.05), with the control group exhibiting the highest RR (42.70 bpm) and the 60 g/kg group the lowest (30.20 bpm). This reduction suggests that Vitamin E supplementation improves respiratory efficiency, likely through its antioxidant properties, which mitigate oxidative stress and enhance cellular function in tissues such as the respiratory muscles. Reduced oxidative stress may lower metabolic demands, enabling the animals to maintain efficient oxygen utilization with fewer breaths per minute. Similar outcomes have been reported by Takami et al. (2018), demonstrating that antioxidants, including Vitamin E, can enhance oxygen efficiency and reduce the energy cost of respiration.
[bookmark: _Hlk218416750]Pulse rate (PR) differences between groups were minimal and not statistically significant (p > 0.05), with values ranging from 65.60 bpm (60 g/kg) to 66.55 bpm (40 g/kg). The minor fluctuations in PR may result from individual variability or subtle physiological effects of Vitamin E on cardiovascular function. While Vitamin E has been reported to improve endothelial function and reduce inflammation, it does not consistently alter heart rate under normal conditions (Chauhan et al., 2014). Thus, the observed lack of significant change in pulse rate suggests that the levels of Vitamin E used in this study do not markedly influence cardiovascular activity in Uda rams.
Stress biomarkers of Uda rams supplemented with levels of vitamin E
The effects of Vitamin E supplementation on stress biomarkers and oxidative stress parameters in Uda rams reveal distinct physiological and biochemical modulations, reflecting the role of this fat-soluble antioxidant in enhancing animal resilience and metabolic efficiency.
Table 5. The impact of Dietary vitamin E supplementation on Stress biomarkers and oxidative stress parameters in Uda rams

	Parameter
	Control
	40 g/kg Vitamin E
	60 g/kg Vitamin E
	SEM
	Reference Range

	Cortisol (nmol/L)
	53.333
	48.000
	48.000
	2.269
	5 – 20

	Prolactin (ng/mL)
	36.000
	44.333
	39.000
	2.486
	50 – 150

	Triiodothyronine (T3, ng/dL)
	1.467
	1.600
	1.500
	0.164
	1.5 – 3.0

	Thyroxine (T4, nmol/L)
	84.333ᵃ
	47.000ᵇ
	53.000ᵇ
	4.561
	50 – 130

	Malondialdehyde (MDA, nmol/L)
	2.863ᵃ
	1.570ᵇ
	1.220ᵇ
	0.146
	1.0 – 2.5

	Total Antioxidant Capacity (TAC, mmol/L)
	1.543ᵃ
	1.107ᶜ
	1.367ᵇ
	0.040
	0.8 – 1.5

	Superoxide Dismutase (SOD, u/mL)
	0.680ᵃ
	0.550ᵃ
	0.477ᵇ
	0.038
	100 – 250


The letters (a,b,c.) used in the table must be clarified???

Cortisol, the primary stress hormone, showed a reduction from 53.333 ng/mL in the control group to 48.000 ng/mL in both 40 g/kg and 60 g/kg Vitamin E-supplemented groups, although this decrease was not statistically significant (p > 0.05). This suggests that while Vitamin E may exert some modulatory effects on the hypothalamic-pituitary-adrenal (HPA) axis, the supplementation levels used in this study did not elicit a marked suppression of cortisol. The slight decrease aligns with prior findings indicating that antioxidants like Vitamin E can mitigate oxidative stress-mediated activation of the HPA axis, thereby dampening cortisol secretion (Chauhan et al., 2014).
Prolactin levels increased in the 40 g/kg group (44.333 ng/mL) relative to the control (36.000 ng/mL), with a slight reduction observed in the 60 g/kg group (39.000 ng/mL). Though not significant (p > 0.05), this trend suggests a potential indirect role of Vitamin E in modulating reproductive or stress-responsive endocrine pathways. Prolactin, besides its primary function in lactation, is sensitive to oxidative stress, and antioxidants may influence its secretion via modulation of hypothalamic dopaminergic tone (Marai et al., 2017).
Thyroid hormones exhibited differential responses. Triiodothyronine (T3) remained relatively stable across all groups (p > 0.05), indicating minimal sensitivity to short-term antioxidant supplementation. In contrast, thyroxine (T4) levels decreased significantly (p < 0.05) in the Vitamin E-supplemented groups compared to the control, suggesting a modulation of thyroid metabolism, potentially via enhanced conversion of T4 to T3 or reduced oxidative damage to thyroid tissue . These findings are consistent with studies showing that antioxidants can preserve thyroid tissue integrity and influence hormone homeostasis.
Oxidative stress markers responded markedly to supplementation. Malondialdehyde (MDA), a key indicator of lipid peroxidation, decreased significantly from 2.863 μmol/L in controls to 1.570 μmol/L and 1.220 μmol/L in 40 g/kg and 60 g/kg groups, respectively (p < 0.05). This confirms the efficacy of Vitamin E in reducing oxidative damage to cellular membranes, in line with its established role as a lipid-soluble antioxidant (Traber & Stevens, 2011;). Total antioxidant capacity (TAC) exhibited an initial decrease at 40 g/kg (1.107) followed by a slight recovery at 60 g/kg (1.367), suggesting an adaptive response whereby endogenous antioxidants are initially consumed before stabilization occurs with higher supplementation.
Superoxide dismutase (SOD) levels decreased progressively with Vitamin E supplementation (from 0.680 to 0.477 U/mL, p < 0.05), likely reflecting reduced reliance on endogenous enzymatic defenses due to the direct scavenging activity of exogenous Vitamin E. This phenomenon has been documented in other studies, highlighting the compensatory downregulation of endogenous antioxidants when potent exogenous antioxidants are available.
Collectively, these results demonstrate that Vitamin E supplementation in Uda rams effectively reduces oxidative stress, modulates thyroid function, and potentially improves physiological stress resilience without adversely affecting cortisol or prolactin levels. The dose-dependent reductions in MDA and SOD, alongside the regulation of T4, indicate that Vitamin E not only protects against lipid peroxidation but also optimizes metabolic and hormonal homeostasis. These findings are in agreement with prior research in livestock, where Vitamin E supplementation enhanced antioxidant status, mitigated stress responses, and contributed to improved overall health and adaptability (Sen et al., 2000).
Conclusion
Vitamin E supplementation in Uda rams enhanced erythropoiesis and immune function, improved lipid profiles by lowering cholesterol and increasing HDL, and reduced oxidative stress, indicating improved physiological resilience and metabolic efficiency. Optimal effects were observed at 60 g/kg without adverse impacts on liver function or protein metabolism.
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