


EVALUATION OF HAEMATOLOGY, SERUM BOCHEMISTRY AND STRESS BIOMAKERS OF UDA RAMS SUPPLEMENTED WITH GRADED LEVELS OF SELENIUM


Abstract
This study investigated the effects of graded selenium supplementation on hematology, serum biochemistry, and stress biomarkers in Uda rams. Fifteen yearling rams were randomly assigned to three groups: control (0 mg/kg), 12 mg/kg, and 15 mg/kg sodium selenite, in a completely randomized design. Blood samples were collected to evaluate hematological indices, serum biochemical parameters, and hormonal stress markers, while physiological stress indicators, including pulse rate, respiratory rate, and rectal temperature, were monitored. Selenium supplementation significantly (p<0.05) enhanced hemoglobin concentration, packed cell volume, red blood cell count, and serum globulin levels, while modulating lipid profiles and oxidative stress markers. Rams receiving 15 mg/kg selenium exhibited the lowest cortisol and malondialdehyde levels, indicating improved stress resilience and antioxidant protection. No adverse effects were observed on liver enzymes, albumin, total protein, or electrolyte balance. Additionally, selenium influenced thyroid hormones and prolactin in a dose-dependent manner. The findings suggest that dietary selenium at 12–15 mg/kg optimally improves hematological health, immune function, and stress adaptability in Uda rams, supporting its use as a dietary supplement to enhance productivity and welfare in semi-arid environments.
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Introduction
Selenium (Se) is an essential trace element that plays a pivotal role in antioxidant defense, immune function, and metabolic regulation in animals. Inadequate selenium intake can lead to oxidative stress, impaired immunity, reduced growth, and reproductive challenges, while excessive supplementation poses toxicity risks (Surai, 2006; Kumar et al., 2020). Ruminants are particularly sensitive to selenium status due to variations in soil content, forage quality, and environmental stressors.
The Uda sheep, a major breed in Nigeria’s Sudan savannah zone, represents an important source of meat and income for smallholder farmers. These animals are frequently exposed to extreme temperatures, prolonged dry periods, and poor-quality feed, which can induce physiological stress and compromise health and productivity. Stress responses involve hormonal changes, including elevated cortisol and altered thyroid and prolactin levels, which can disrupt metabolism, immunity, and growth (Moberg, 2000).
Selenium supplementation has been reported to improve hematological indices, enhance antioxidant defense systems, and modulate stress biomarkers in livestock (Weiss, 2002; Ahmed et al., 2018). Despite its recognized benefits, the optimal dosage of selenium for Uda rams under semi-arid conditions remains unclear. Understanding the dose-dependent effects of selenium on blood, biochemical, and stress parameters is critical for improving animal welfare and productivity.
This study aimed to evaluate the effects of graded levels of selenium supplementation on hematological, serum biochemical, and stress-related parameters in Uda rams. The findings provide insights into the role of selenium in enhancing health, stress resilience, and overall productivity in sheep reared under semi-arid conditions.
MATERIALS AND METHODS
[bookmark: _Toc184812059]Experimental Site
The study was carried out at the Department of Animal Science Livestock Teaching and Research Farm, Main Campus, Usmanu Danfodiyo University, Sokoto, located within latitude N13°06′58″ and 13°07′24″ and longitude 5°15′03″ and 5°15′38″ in the nNorthern part of Nigeria (Akinbiyi et al., 2019) and altitude of 292 m above sea level (Nakakana et al., 2020). The Sstate falls within the Sudan savannah vegetation zone with alternating short and dry seasons. The hot dry spell extends from March to May and sometimes to June in the extreme northern part. A short, cool, dry period (harmattan) occurs between October and February (Balarabe et al., 2015). The annual rainfall is about 500mm and raining season extending from mid-May to September while the dry season lasts for more than 7 months starting in November all through until April of the following year (Akinbiyi et al., 2019). Maximum temperature of 41oC has been reported in April and minimum of 12oC in January (Shiru et al., 2020). The sState is one of the largest livestock producing area in Nigeria.
[bookmark: _Toc184812060]Treatments and Experimental Design
The experiment was conducted in a Completely Randomized Design (CRD) with three treatments and three replications. Each animal served as a replicate. Test ingredient ;(Selenium- in form of Sodium Selenite). 
Treatment 1: served as control and was without supplementation	Comment by Dr. O.  G. SODIPE: I expected you to have explained the reason behind the selected inclusion rate in the introduction
Treatment 2: contained 12mg/Kg of sodium selenite as treatment
Treatment 3: contained 15mg/Kg of sodium selenite as treatment
[bookmark: _Toc184812061]Experimental Animals and their Management 
Fifteen (15) yearling rams were used in this experiment, the animals were purchased from local markets in Sokoto State. The apparently healthy sheep were quarantined at the Livestock Teaching and Research Farm for 14 days for adaptation to new environment. The animals were dewormed using albendazole super 10% (5 – 8 mg of their body weight). The pens were cleaned regularly so also the feed and water troughs every morning before feeding. The gross composition of the experimental feed is presented in Table 1.
[bookmark: _Toc184812062]Composition of Experimental Diets
A single experimental diet was formulated as presented in Table 1 using groundnut haulms, soyabean meal, cottonseed cake, rice offal, cowpea husk, wheat offal, and salt at 30, 12, 14, 5.5, 14, 24 and 0.5% respectively which gave 2509 Kcal/kg metabolizable energy, 17.14% Crude Protein and 19.46% Crude Fibre. The basal diet was offered ad-libitum after feeding the experimental supplementations (Table 1).  






Table 1: Feed composition of experimental diet fed to Uda rams 
	Ingredients
	Percentage (%)

	Groundnut haulm 
	30

	Soyabean 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 Metabolizable Energy)  
	2509 

	Crude Protein (%)                           
	17.14 

	Crude Fibre (%)                           
	19.46 



[bookmark: _Toc184812063]Blood Sample Collection
Approximately 10 mL of blood samples was collected from the jugular vein of each animal, and from there, 7 mL was transferred to a sterile vial containing ethylene diamine tetra-acetic acid- (EDTA),  (1 mg/mL of blood) for hematological parameters using the method described previously by Shaikat et al., (2013), and rest of 3 mL was transferred to vacutainer for serum preparation. Centrifugation was done at 3000 rpm for 15 min for serum separation.
[bookmark: _Toc184812064]Hematological Parameters
Packed cell volume (PCV), red blood cells (RBC) count, white blood cells (WBC) counts, Leucocytes differential counts and haemoglobin concentration (HB) was determined in accordance with the methods outlined by Tadesse et al. (2023).	Comment by Dr. O.  G. SODIPE: Which of the methods are you rally using 
Erythrocyte indices which include the mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) was computed in accordance with the standard formulae of Ware (2020) as shown below:



[bookmark: _Toc184812065] Serum Biochemical Analysis
[bookmark: _Toc184812066]Total protein, albumin and globulin
The serum protein and albumin were determined by the method of Baker and Silverston (1985); globulin would also be estimated by subtracting albumin value from total protein value (Baker and Silverston 1985). The total protein, albumin and globulin in the serum was analyzed with sigma assay kits (Sigma chemical co. St. Louis, Missouri, USA).  The total serum protein and serum albumin was determined by biuret method (Bush, 1991). The total serum protein would first be estimated and then performing fractionation on further volume of the sample to precipitate and remove globulins; this leaves only albumin in solution (Bush, 1991).
[bookmark: _Toc184812067]Liver function test
The serum enzyme that depicts the health of the liver, Aspertate aminotransferase (AST), Alanin aminotransferase (ALT) and Alkaline phosphatase (ALP) was determined using a photoelectric colorimeter. Blood urea, nitrogen and creatinine levels was determined using photoelectric colorimeter as described by Gbore et al. (2006). Total cholesterol was also evaluated as described by Baker et al. (2007).
[bookmark: _Toc184812068]Electrolytes
[bookmark: _Toc184812069]Sodium (Na+) 
Sodium was determined by The Ion-Selective Electrode (ISE) method which measures the concentration of sodium ions in serum by using a selective membrane that responds to the activity of sodium ions. The membrane potential generated is proportional to the logarithm of the sodium ion activity in the sample.
[bookmark: _Toc184812070]Potassium K+
Potassuum was determined using Ion-Selective Electrode (ISE) method which measures the concentration of potassium ions in serum by using a selective membrane that is responsive to the activity of potassium ions. The potential difference generated by the interaction of potassium ions with the membrane is proportion. The Ion-Selective Electrode (ISE) method measures the concentration of potassium ions in serum by using a selective membrane that is responsive to the activity of potassium ions. The potential difference generated by the interaction of potassium ions with the membrane is proportional to the logarithm of the ion activity in the sample.
Serum Biochemistry
Using automatic biochemical analyzer (Humalyzer-3000, USA) serum samples was used to estimate urea, triglyceride, cholesterol, albumin, glucose, total protein (TP), alanine aminotransferase (ALT), and aspartate transaminase (AST). while globulin concentration was determined by difference between TP and albumin. Albumin/globulin ratio was calculated by dividing albumin by the calculated globulin values. Alkaline phosphatase (ALP) activities was determined using spectrophotometric method, as described by Ni et al., (2019). Total bilirubin was determined using techniques described by Kundrapu & Noguez (2018). Electrolyte determination was done by methods described by Injeti et al. (2021). 
STRESS BIOMARKERS
Cortisol
Blood samples (10 mL) were collected in heparinized vacuum tubes from the jugular vein immediately before the slaughter to determine plasma cortisol concentrations. Hormone concentration was determined by a competitive enzyme immunoassay kit for cortisol detperminationdetermination (Radim, Pomezia, Italy). 
Prolactin
Prolactin concentrations were assayed by automated immunoassay methodology (Saleem et al., 2018). The prolactin ELISA kit that was used in this study is an enzyme immunoassay for the detection of ovine prolactin in serum developed by Demeditec Diagnostic GmbH (Kiel, Germany).
Thyroid hormones triiodothyronine (T3) and thyroxine (T4)
Concentrations of total T3 and T4 in blood serum were determined by means of duplicate determinations using commercial kits for clinical use in humans (Abbott Laboratories, USA) by lmx-Abbott immunoanalyser. The methods for determination of T3 and T4 was MEIA (Microparticle Enzyme Immunoassay) and FPIA (Fluorescence Polarization Immunoassay). Sensitivity of the assay was less than 0.4 nmol/L (T3) and 12.8 nmol/L (T4). Mean recovery rates, 98.6%. 
Antioxidative Activity
Total antioxidant capacity (TAC), superoxide dismutase (SOD) and glutathione peroxidase (GPx) in serum were determined using a UV spectrophotometer (T60; PG Instruments, Lutterworth, Leicestershire, UK) with commercially available kits (Sigma-Aldrich, St. Louis, MO, USA).
Determination of stress indicators 
The stress indicators are statistical measure used to evaluate the adaptability of an animal to different environmental conditions.  Here's a step-by-step guide i used to determine the Stress indicator characteristics which were measured twice a day (8am and 3pm) on weekly basis:
Pulse Rate 
To determine this, I placed a stethoscope at the left thoracic cavity of the animal and counted the number of heart beats for one minute using a stop watch. According to Moll et al. (2019), heart rate can also be assessed using non-invasive methods such as photoplethysmography. Photoplethysmography measures changes in blood volume is peripheral tissues, such a as the ear or paw, which correspond to t the cardiac cycle.
Respiratory Rate
This was determined by distant physical examination and counting of the contraction and relaxation of the body of the animal during the exchange of gases with its environment. That is the movement of the chest of the animal was noticed and counted by setting a stop watch for one minute. According to Moll et al. (2019), heart rate can also be assessed using non-invasive methods such as photoplethysmography. Photoplethysmography measures changes in blood volume in peripheral tissues, such as the ear or paw, which correspond to the cardiac cycle. 
Rectal Temperature
This was determined with the aid of a clinical thermometer. The animal was restrained to a minimum level of stress; the clinical thermometer was inserted gently into the rectum of the animal for two minutes before I record the temperature of the animal. According to Passantino et al. (2017), rectal temperature can also be measured using infrared thermography. Infrared thermography provides a non-invasive estimate of rectal temperature based on the surface temperature of the animal's skin around the anus.
Adaptability Coefficient will be calculated using Benezra equation
AC = RT/39.1 + RR/27
Where: AC = adaptability coefficient
RT = rectal temperature 
RR = respiratory rate per minute
39.1°C = normal mean rectal temperature for sheep
27 beats per minute = normal mean respiratory rate for sheep.
Value closer to 10 indicates a better adapted animal.

Data Analysis
Data collected from the haematological and serum parameters were analyzed using analysis of variance (ANOVA). Treatment means were separated using Duncan multiple range test (DMRT), (1985), at (p 0.05) level of significance. 
[bookmark: _Toc184812072]
RESULTS AND DISCUSSION
Haematological Profile of Uda Rams Supplemented levels of Selenium  
The results showed significant difference (p<0.05) in hemoglobin, PCV (packed cell volume), RBC (red blood cell count) while MCH, MCV, MCHC, WBC, monocytes and lymphocytes have no variation (p>0.05) across the treatment. Rams supplemented with (15mg/kg) of selenium had significantly higher Hb levels compared to rams in control and those supplemented with (12mg/kg) of selenium. Hb values obtained from rams supplemented with selenium were within the normal range while that of control fell slightly below. This can be attributed to protein deficiency.
Table 2 shows the results of hematological parameters of Uda rams supplemented levels of selenium – (sodium selenite).
	Parameters
	Control
	SE1 (12 mg/kg)
	SE2 (15 mg/kg)
	SEM
	Normal Reference Value (NRV)

	PCV (%)
	24.667ᶜ
	28.00ᵇ
	29.567ᵃ
	0.435
	27–45

	RBC (×10⁶/µL)
	8.667ᵇ
	11.000ᵃ
	9.900ᵃᵇ
	0.337
	9–15

	MCH (pg)
	10.333
	8.667
	9.667
	0.516
	9–15

	MCV (fL)
	30.667
	30.867
	32.000
	0.749
	28–40

	MCHC (g/dL)
	32.000
	31.267
	30.667
	0.805
	31–34

	WBC (×10⁶/L)
	5.333
	5.333
	6.333
	0.516
	4–12

	Monocytes (×10⁹/L)
	0.667
	0.600
	0.767
	0.147
	0–0.8

	Lymphocytes (×10⁹/L)
	1.333
	2.333
	1.500
	0.306
	2–9

	Eosinophils (×10⁹/L)
	0.833
	0.667
	1.033
	0.185
	0–1


Values in a row having different superscript(abc) differ significantly at (p 0.05) level. Elmhurst et al  (2002), PCV = Packed Cell Volume, RBC = Red Blood Cell Count, MCH = Mean Corpuscular Haemoglobin, MCV = Mean Corpuscular Volume, MCHC = Mean Corpuscular Haemoglobin Concentration, WBC = White Blood Cell Count, NRV = Normal Range Value, SE = Selenium. 
The efficacy of selenium supplementation is dose-dependent. Both insufficient and excessive selenium can lead to adverse effects. Optimal dosing ensures maximal benefits for protein bioavailability and overall health. In dairy cattle, Weiss (2002) found that selenium supplementation improved health indicators and milk production, likely due to better protein metabolism and utilization. The study highlighted the role of selenium in enhancing immune function and protecting against oxidative stress, similar to findings in rams. Insufficient dietary protein can lead to reduced haemoglobin synthesis (Tizard, 2023). 
Rams supplemented with (15mg/kg) exhibited higher PCV value than control and those supplemented with (12mg/kg) of selenium. PCV levels increased with increasing levels of Selenium. PCV values obtained from rams supplemented with selenium were within the normal range while that of control fell slightly below. This is linked to vitamin B12 deficiency. The form and dosage of selenium supplementation can influence its effectiveness. Organic selenium forms are generally more bioavailable and might provide better support for overall health, indirectly benefiting Vitamin B12 status. Sheep studies, such as those by Grace et al. (1986), showed that cobalt deficiency leading to Vitamin B12 deficiency resulted in similar symptoms to those observed in rams. Selenium supplementation improved general health and immune responses but did not directly mitigate Vitamin B12 deficiency unless cobalt was supplemented concurrently. Vitamin B12 deficiency impairs red blood cell production, affects erythropoiesis and hematopoiesis (Radosfits et al., 2017)
Rams supplemented with, (12mg/kg) had higher RBC values compared to control and those supplemented with (15mg/kg) of selenium. The values in control fell below the normal range while those of (12mg/kg) and (15mg/kg) were within the normal range. This can be attributed to poor nutrition and management, inadequate nutrition, watering and shelter contribute (Suttle, 2010). The effectiveness of selenium supplementation depends on the appropriate dosage and duration. Both selenium deficiency and excess can adversely affect RBC health. Optimal supplementation ensures maximal benefits without toxicity. Research on sheep has shown that selenium deficiency can lead to anemia and other RBC abnormalities. Supplementing sheep with selenium improves RBC parameters, similar to findings in rams. Studies by Gunter et al. (2003) highlight that selenium supports RBC health by enhancing antioxidant defense and reducing hemolysis.
The MCH, MCV and WBC count did not differ significantly (p>0.05) among the treatment group. Additionally, the monocytes values remained consistent across all groups. These findings indicate that selenium supplementation did not adversely affect these hematological parameters (Kumar et al., 2020). However, some parameters showed slightly variations. The MCHC values for the (15mg/kg) group slightly below the normal range, which may be attributed to variations in selenium bioavailability (Suttle, 2010). Furthermore, the lymphocytes values for the control and 15mg/kg groups were slightly below the normal people. This deviation suggests a potential immunological compromise, likely attributed to suboptimal nutritional factors such as; insufficient feed intake, poor quality feed, environmental or physiological stress. Reduced feed intake decreases lymphocytes count and increases susceptibility to diseases (Jennings et al., 2020).
In contrast, the eosinophils values for (15mg/kg) were slightly higher than the normal range, potentially indicating an allergic response (Weiss, 2016). Despite these minor variations, the overall hematological profile of the Uda rams remained within normal range across all treatment groups. This suggests that selenium supplementation, regardless of dosage, did not have any detrimental effects on the hematological health of the animals (Howard et al., 2017).
Serum parameters of Uda rams supplemented levels of selenium (Sodium selenite).  
The results showed significant difference (P<0.05) in globulin and LDL while albumin, total protein, sodium, potassium, ALP, AST, ALT and HDL have no variations (p>0.05) across the treatments (Table 3). 
A significant difference (p<0.05) was observed in globulin values across treatment groups. Notably, rams supplemented with (15mg/kg) exhibited higher globulin levels than the normal range, whereas those of that received control and (12mg/kg) of selenium supplements had values within the normal range.
Table 3: Serum Parameters of Uda Rams Supplemented Levels of Selenium (Sodium Selenite). 
	SERUM PARAMETERS
	CONTROL
	SE1 (12mg/kg)
	SE2 
(15mg/kg)
	SEM
	NRV

	Albumin (g/dL)
	2.600
	2.767
	3.200
	0.232
	2.0 - 4.3

	Globulin (g/dL)
	3.767b
	3.900a
	4.033ab
	0.139
	2.0 – 3.5

	Total protein (g/dL)
	6.367
	6.667
	7.233
	0.540
	6.0 – 7.9

	Sodium (mmo/L)
	82.000
	90.000
	89.333
	3.098
	135 – 145

	Potassium (mmo/L)
	4.533
	4.433
	5.733
	0.225
	3.5 – 5.5

	ALP (u/L)
	66.000
	65.000
	68.333
	2.119
	30 – 120

	AST (u/L)
	23.333
	25.000
	22.667
	2.304
	0-40

	ALT (u/L)
	146.333
	147.667
	142.000
	0.901
	150 – 190

	HDL (mmo/L)
	57.667
	47.333
	54.333
	3.424
	80 – 160

	LDL (mmo/L)
	36.667a
	28.500b
	31.567b
	1.104
	45 – 55 


Values in a row having different superscript(abc) differ significantly at (p 0.05) level Elmhurst et al  (2002), ALP = Alkaline Phosphatase, ALT = Alanine amino transperase, AST = Aspartate amino transferase, HDL = High Density Lipoprotein, LDL = Low Density Lipoprotein, SE = Selenium., SEM= Standard error mean, NRV= Normal reference value.
This finding suggests that high level selenium supplementation (15mg/kg) may stimulate immune response, leading to elevated globulin levels. This is in consistent with studies demonstrating that selenium supplementation can enhance immune function in livestock (Kumar et al, 2020).
The results showed that albumin values across all treatment groups (control, SE1, and SE 2,) did not differ significantly (p>0.05), indicating similar effects on albumin values for all treatment groups fell within the normal range. Total protein values also showed no significant difference (p>0.05) across treatment groups, with all values within the normal range. Selenium supplementation does not adversely affect protein metabolism in livestock (Kumar et al., 2020).
Alkaline phosphatase (ALP) values did not differ significantly (p>0.05) treatment groups, with all values within the normal range. Similarly, AST, ALT values showed no significant difference (p>0.05), indicating no adverse effects on liver function. These results align with studies showing that selenium supplementation does not impair liver function in rams (Ahmed et al., 2018). 
Sodium values did not differ significantly (p>0.05) among treatment groups, with all values within the normal range. Potassium also showed no significant difference (p>0.05). Although, the (12mg/kg) levels had slightly higher values. This is in consistent with research demonstrating that selenium supplementation does not disrupt electrolyte balance in livestock (Banchereau  et al., 2012). HDL values did not differ significantly (p>0.05) among treatment groups, with all values within the normal range. LDL values obtained from rams supplemented with selenium were statistically similar indicating no significant difference between the two selenium levels (p>0.05). Notably, LDL values for control differed significantly (p>0.05) from those of selenium supplemented groups. This indicates that selenium supplementation can modulate lipid profiles (Ahmed et al., 2018). Studies on sheep show that selenium supplementation improves serum antioxidant enzyme activities, liver function, and immune markers. 
Stress Indicators of Uda Rams Supplemented with Levels of Selenium 
The Table 4 showed the stress indicators of uda Rams. The results showed significant difference (p<0.05) in pulse rate and respiration rate, while rectal temperature was similar (p>0.5) between the treatment groups, the values obtained were within the normal reference range for pulse rate and rectal temperature while for respiration rate all the treatment were above normal. 
Table 4 shows the results of stress indicators on Uda rams supplemented with Selenium in two forms
	Parameters
	Control
	12 mg/kg SE
	15 mg/kg SE
	SEM
	Reference Value

	Rectal Temperature (°C)
	39.60
	39.01
	39.39
	0.222
	38.5–40

	Pulse Rate (bpm)
	66.00ᶜ
	78.80ᵃ
	72.17ᵇ
	0.711
	70–90

	Respiratory Rate (bpm)
	42.70ᵃ
	35.53ᶜ
	40.33ᵇ
	0.593
	20–30


a,b,c means different superscript in same row were significantly different (p < 0.05). * source = Kaneko et al., (2008).
The pulse rate was highest for rams supplemented with 12g/kg SE at compared to those in control and rams supplemented with 15g/kg SE. Rams supplemented with 15g/kg SE have higher (P<0.05) pulse rate than Rams in control group. The increased pulse rate in the selenium-supplemented groups may indicate a stimulatory effect of selenium on the cardiovascular system. The increased pulse rate in the selenium-supplemented groups may indicate a stimulatory effect of selenium on the cardiovascular system as mentioned in the study by Pugh (2012).  
Respiratory rate was highest in control there were significant differences among the groups (p < 0.05), followed by rams supplemented with 15g/kg SE, and rams supplemented with 12g/kg SE. The decreased respiratory rate in the selenium-supplemented groups may suggest a relaxing effect of selenium on the respiratory system. The selenium-supplemented groups exhibited lower respiratory rates, with rams receiving 12g/kg SE displaying the lowest rate. 

Stress biomarkers of Uda rams supplemented with levels of Selenium
Table 5 shows the adaptability coefficient of Uda rams supplemented with Selenium in two forms, 12g/kg SE and 15g/kg SE compared to control. The results showed significant difference (p<0.05) in cortisol, prolactin, T4, MDA, TAC and SOD while T3 was similar between 12g/kg SE, 15g/kg SE and control groups. 
Table 5 shows the results of stress biomarkers on Uda rams supplemented with Selenium in two forms 
	Parameters
	Control
	12 mg/kg SE
	15 mg/kg SE
	SEM
	Reference Value

	Cortisol (ng/mL)
	55.33ᵃ
	48.00ᵇ
	44.67ᶜ
	2.372
	20–80

	Prolactin (ng/mL)
	36.00ᵇ
	56.67ᵃ
	40.33ᵇ
	2.623
	10–100

	Triiodothyronine, (ng/dL)
	1.467
	1.800
	1.400
	0.116
	1.5–3.0

	Thyroxine, (nmol/L)
	84.33ᵃ
	62.67ᵇ
	64.33ᵇ
	4.413
	50–130

	Malondialdehyde (nmol/L)
	2.863ᵃ
	2.470ᵇ
	2.233ᵇ
	0.081
	1.0–3.5

	Total Antioxidant Capacity (mmol/L)
	1.543ᵃ
	1.400ᵃ
	1.157ᵇ
	0.057
	0.8–2.5

	Superoxide Dismutase (u/mL)
	0.680ᵃ
	0.663ᵃ
	0.423ᵇ
	0.034
	0.35–1.5



a,b,c means different superscript in same row were significantly different (p < 0.05). * source = Kaneko et al., (2008).
Selenium supplementation demonstrated a dose-dependent modulation of stress and oxidative biomarkers in Uda rams. Increasing selenium levels significantly reduced cortisol concentrations, with the 15 mg/kg group showing the lowest values, indicating an effective mitigation of stress responses. This aligns with prior studies highlighting selenium’s role in lowering cortisol through its antioxidant properties, thereby improving animal welfare and productivity (Surai, 2006; Moberg, 2000).
Prolactin levels were significantly elevated in rams supplemented with 12 mg/kg selenium, suggesting a stimulatory effect on the hypothalamic-pituitary-adrenal axis at this dose, whereas the higher 15 mg/kg dose did not elicit the same response. This indicates a dose-specific modulation of pituitary function by selenium (Moghaddam et al., 2013; McDowell, 2003).
Thyroid hormone analysis revealed no significant changes in triiodothyronine (T3), while thyroxine (T4) levels decreased numerically in selenium-supplemented groups. The reduction in T4 may reflect selenium’s regulatory effect on thyroid metabolism, potentially contributing to improved metabolic homeostasis without adverse effects (Arthur et al., 2003; Kaneko et al., 2008).
Markers of oxidative stress were also favorably affected. Malondialdehyde (MDA) levels decreased significantly with higher selenium supplementation, indicating reduced lipid peroxidation and cellular oxidative damage. Similarly, total antioxidant capacity (TAC) and superoxide dismutase (SOD) levels were lower in the 15 mg/kg group, suggesting that selenium’s antioxidant properties reduced the demand for endogenous antioxidant enzyme activity. These findings corroborate previous reports that selenium enhances antioxidant defense and mitigates oxidative stress in livestock (Surai, 2006; Kumar et al., 2017).

Conclusion
The findings of this study demonstrate that selenium supplementation at graded levels positively influences the hematological, biochemical, and stress-related parameters of Uda rams. Supplementation at 12–15 mg/kg sodium selenite improved hemoglobin concentration, packed cell volume, red blood cell count, and serum globulin levels, indicating enhanced erythropoiesis and immune function. Additionally, selenium modulated lipid profiles and reduced oxidative stress, as evidenced by lower malondialdehyde levels and improved antioxidant status, without adversely affecting liver enzymes, protein metabolism, or electrolyte balance. Stress biomarkers, including cortisol, prolactin, and thyroid hormones, were favorably influenced, suggesting that selenium enhances adaptability and resilience under semi-arid environmental conditions.
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