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Abstract 
Ivermectin (IVM) is a widely used antiparasitic agent in veterinary medicine, but repeated 
administration has been associated with oxidative stress and hepatotoxicity through excessive reactive 
oxygen species (ROS) generation and suppression of endogenous antioxidant enzymes. This study 
investigated the protective role of folic acid (FA) supplementation on antioxidant, haematological, and 
serum biochemical parameters in female rabbits treated with IVM. Nine rabbits were divided into three 
groups: control, IVM only, and IVM + FA. Antioxidant indices revealed that IVM significantly 
reduced superoxide dismutase (SOD), catalase (CAT), and total antioxidant capacity (TAC), while 
elevating malondialdehyde (MDA).  The FA supplementation restored SOD, CAT, and TAC activities 
and reduced MDA levels (p < 0.05), indicating improved redox balance. Haematological analysis 
showed altered white blood cell counts and haematocrit in IVM-treated rabbits, which were partially 
normalized by FA. Serum biochemistry revealed elevated triglycerides and liver enzymes (AST, ALT) 
in IVM-treated rabbits, while FA supplementation significantly reduced these markers, suggesting 
hepatoprotection. It was concluded that FA supplementation ameliorates IVM-induced oxidative stress 
and physiological disturbances in female rabbits, highlighting its potential as a nutritional adjunct to 
improve therapeutic safety and reproductive health under antiparasitic treatment. 
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INTRODUCTION 
Oxidative stress is a critical physiological challenge in female reproduction, impairing ovarian 
function, oocyte quality, and embryonic survival when ROS production exceeds antioxidant 
defences (Vašková et al., 2023; Dhiman & Saini, 2025). Enzymatic antioxidants such as SOD, 
CAT, and glutathione peroxidase (GPx) are central to maintaining redox homeostasis, while 
non-enzymatic antioxidants including vitamins A, C, E, and folic acid provide complementary 
protection (Birben et al., 2012; Vašková et al., 2023). 
 
Ivermectin, a macrocyclic lactone derived from Streptomyces avermitilis, is widely used in 
rabbits for controlling nematodes and ectoparasites. However, recent evidence shows that 
IVM induces mitochondrial dysfunction, elevates ROS, and suppresses antioxidant enzyme 
activity, leading to oxidative damage in hepatic and reproductive tissues (Gu et al., 2025; Ali 
et al., 2025). Elevated lipid peroxidation and altered haematological indices have been 
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reported in animals exposed to prolonged IVM treatment, raising concerns about its safety in 
breeding females (Ali et al., 2025). 
 
Folic acid (vitamin B9) is essential for DNA synthesis, amino acid metabolism, and 
haematopoiesis. Beyond these classical roles, FA exhibits antioxidant properties by 
scavenging free radicals, enhancing glutathione synthesis, and reducing lipid peroxidation 
(Asbaghi et al., 2021). Clinical and experimental studies confirm that FA supplementation 
increases TAC and GSH while lowering MDA, thereby improving oxidative resilience 
(Asbaghi et al., 2021; Vašková et al., 2023). In reproductive physiology, FA supports ovarian 
function and protects against oxidative damage, making it particularly relevant for female 
animals under pharmacological stress (Dhiman & Saini, 2025). 
 
Given the dual challenge of parasitic control and oxidative safety, this study evaluates the 
effect of FA supplementation on antioxidant, haematological, and serum biochemical 
parameters in female rabbits treated with IVM. By integrating physiological indices with 
biochemical markers, the work aims to clarify FA’s protective role in mitigating IVM-induced 
oxidative stress and preserving reproductive health. 
 
MATERIALS AND METHODS 
 
Experimental Site 
The study was conducted at the Rabbit Unit of the Livestock Teaching and Research Farm of 
Federal University Wukari in Taraba State, Nigeria. Wukari is located at roughly 07° 50´ 38´´ 
N latitude and 09° 46´ 44´´ E longitude. This area has a tropical climate, typical of the guinea 
savannah vegetation, with distinct dry and rainy seasons. The dry season lasts from late 
October to March, and the rainy season is from March to October. Average yearly rainfall is 
between 1000 and 1500 mm, and average temperature varies between 30 and 38 °C (NiMet, 
2021). 
 
Animals, Housing and Husbandry 
Nine (9) clinically healthy adult female New Zealand white rabbits were used and randomly 
allocated to three treatment groups (n = 3 per group). Rabbits were individually housed in 
stainless-steel cages fitted with wood-shaving bedding and provided with ad libitum access 
to a standard rabbit grower diet and clean water. Animals were acclimatized to the facility for 
seven days prior to the start of the experiment. All rabbits were fed a formulated basal diet 
(Table 1) prepared according to the NRC (1994) recommended guidelines for growing rabbits.  
Daily monitoring included clinical observations, feed and water consumption, and recording 
of any adverse events. All handling and sampling procedures were performed to minimize 
stress and in accordance with institutional animal welfare guidelines. The experimental trial 
lasted a period of four weeks, during which all treatments were administered and 
observations were made. 
 
Experimental Design and Treatments 
A completely randomized design was used and consisted of three treatments: Control, IVM 
(ivermectin only), and IVM + FA (ivermectin plus folic acid supplementation). Ivermectin was 
administered to rabbits once a week at a dose of 0.1 mg/kg body weight via the subcutaneous 
route, in accordance with standard veterinary recommendations. Folic acid was administered 
orally to rabbits at a dose of 10 mg/kg body weight for the period of 21 days. Rabbits in the 
control group did not receive any drug nor supplement. 
 
 



Folic Acid Mitigates Ivermectin-Induced Oxidative and Physiological Disturbances in Female Rabbits 

Ademu L.A. et al, DUJOPAS 12 (3a): 294-301, 2026                                                                                       296   

 

Physiological Measurements 
Rectal body temperature was measured using a calibrated digital thermometer and recorded 
to the nearest 0.1 °C. Ear temperature was obtained with a contact infrared ear thermometer 
following manufacturer instructions. Respiratory rate was determined by counting flank 
movements for 60 seconds while the animal was at rest. All physiological measurements were 
taken by the same trained technician to reduce inter-observer variability and were recorded 
on standardized data sheets. 
 
Blood Analyses 
Blood samples were collected from the marginal ear vein (as it offers less stress and handling) 
using sterile syringes and needles. Two aliquots were drawn per animal: one into EDTA tubes 
for haematology and one into plain tubes for serum biochemistry and antioxidant assays. 
Volumes were kept within safe limits (2-4 mL per sampling) and sampling times were 
staggered to minimize stress. Plain tubes were allowed to clot at room temperature for 30 
minutes, centrifuged at 3,000 × g for 10 minutes, and serum was aliquoted into labelled 
microtubes and stored at in the refrigerator until analysis. EDTA blood was gently inverted, 
kept at 4 °C, until analysed. 
 
Table 1: Nutritional composition of Growing Rabbit diet 

Ingredient Quantity (kg) 

Maize 55.00 

Soybean Meal 18.00 

Wheat Offal 10.00 

Groundnut Cake 8.00 

Fish Meal 3.00 

Bone Meal 2.50 

Limestone 2.00 

Vitamin-Mineral Premix 0.25 

Salt 0.25 

Methionine 0.10 

Lysine 0.10 

Total 100.00 

 
Haematological parameters measured included White Blood Cell (WBC), Red Blood Cell 
(RBC), Haemoglobin (HGB), Haematocrit (HCT), Mean Corpuscular Volume (MCV), Mean 
Corpuscular Haemoglobin (MCH), Mean Corpuscular Haemoglobin Concentration (MCHC), 
and differential leukocyte counts (lymphocytes, granulocytes). An automated haematology 
analyser calibrated for rabbit blood was used; otherwise, manual haemocytometer counts and 
microhematocrit methods were applied. Differential counts were performed on stained 
smears under light microscopy. Serum biochemical assays included Aspartate 
Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), total 
cholesterol, triglycerides, High Density Lipoprotein (HDL) and Low-Density Lipoprotein 
(LDL), performed using validated commercial enzymatic colorimetric kits and a calibrated 
spectrophotometer following manufacturer protocols.  
 
Antioxidant indices measured were superoxide dismutase (SOD), catalase (CAT), total 
antioxidant capacity (TAC), and malondialdehyde (MDA). All assays were performed in 
duplicate using validated commercial kits and standard operating procedures.  
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Statistical Analysis 
All data generated were subjected to Analysis of Variance (ANOVA) according to JMP (2012). 
To compare the means across all groups, a Tukey HSD post-hoc test for multiple comparisons 
was used where the means showed statistical significance. 
 
RESULTS AND DISCUSSION 
Body temperature, ear temperature, and respiratory rate (Table 2) remained statistically 
similar (P > 0.05) among treatment groups, with values remaining within expected 
physiological ranges for rabbits. Maintenance of stable thermoregulatory indices despite 
ivermectin administration and environmental variation represents an important physiological 
finding. Rabbits possess relatively limited capacity for evaporative heat loss and rely 
predominantly on peripheral vasomotor responses, respiratory adjustment, and conductive 
heat exchange for maintenance of thermal equilibrium (Marai et al., 2008; Cunningham & 
Klein, 2021). 
 
Table 2: Effect of Folic Acid on Thermoregulatory Parameters of Female Rabbits treated 
with Ivermectin  

Parameter Control IVM IVM+FA SEM P-value 

Body Temp (°C) 35.00 34.18 35.36 0.36 0.0639 
Ear Temp (°C) 33.46 33.82 33.46 0.35 0.7034 
Respiratory Rate (breath/min) 99.50 99.22 99.61 2.92 0.9953 

IVM=Ivermectin; FA=Folic Acid; SEM=Standard Error of Means 

 
The absence of significant differences in body temperature suggests that ivermectin 
administration at the applied dose did not impair central thermoregulatory control 
mechanisms. Thermoregulation is coordinated through hypothalamic integration of 
peripheral and central thermal signals and is generally resistant to moderate pharmacological 
challenge unless accompanied by substantial metabolic or neurological disturbance (Harkness 
et al., 2010; Guyton & Hall, 2021). Previous veterinary reports similarly indicate that 
therapeutic ivermectin administration rarely alters core temperature regulation directly, and 
any observed thermal disturbances are more frequently secondary to inflammatory 
activation, metabolic overload, or systemic toxicity (Hadi et al., 2023). 
 
Effect of Folic Acid on Antioxidant Defence and Oxidative Stress Responses 
The effects of folic acid supplementation on antioxidant status in female rabbits administered 
ivermectin are presented in Table 3. Significant differences (P < 0.05) were observed in 
superoxide dismutase (SOD), catalase (CAT), total antioxidant capacity (TAC) and 
malondialdehyde (MDA) among treatments. Rabbits administered ivermectin alone showed 
lower SOD, CAT and TAC compared with the control and folic acid supplemented groups, 
while MDA concentration increased, indicating elevated oxidative stress. Folic acid 
supplementation restored antioxidant activity, increasing SOD, CAT and TAC and reducing 
MDA concentration. 
 
The reduction in SOD and CAT following ivermectin administration suggests suppression of 
enzymatic antioxidant defence. SOD functions as the first line of protection against superoxide 
radicals (Sies et al., 2017), while CAT prevents hydrogen peroxide accumulation and 
subsequent oxidative injury (Halliwell & Gutteridge, 2015). Similar reductions in antioxidant 
enzyme activity following pharmacological stress have been reported in experimental animal 
models (El-Shobokshy et al., 2023). 
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Table 3: Effect of Folic Acid on Antioxidant Parameters of Female Rabbits Treated with 
Ivermectin 

Parameters Control IVM IVM + FA P-value 

Superoxide Dismutase (U/ml) 57.52 ± 1.1ᵃ 35.50 ± 2.1ᵇ 89.62 ± 2.6ᵃ 0.001* 

Catalase (ng/ml) 130.6 ± 1.6ᵃ 79.97 ± 3.4ᵇ 160.2 ± 3.83ᵃ 0.0003* 

TAC (µmol/ml) 39.65 ± 1.6ᵃ 29.61 ± 1.3ᵇ 44.55 ± 2.2ᵃ 0.0012* 

Malonaldehyde (nmol/ml) 7.21 ± 0.3ᵇ 18.02 ± 1.5ᵃ 9.95 ± 0.7ᵇ 0.0011* 
a,bMeans with different superscripts differ significantly (P < 0.05); IVM=Ivermectin; FA=Folic Acid; Values 
are expressed as Mean ± SE.  

 
The increase in TAC following folic acid supplementation indicated improved overall 
antioxidant reserve rather than isolated enzyme activation. Folic acid has been shown to 
support antioxidant regulation through glutathione metabolism, mitochondrial stabilization, 
and maintenance of cellular redox balance (Chen et al., 2021). 
 
Malondialdehyde is a widely accepted indicator of lipid peroxidation and oxidative 
membrane damage (Sies et al., 2017). The elevated MDA concentration observed in the 
ivermectin group therefore supports the occurrence of oxidative stress, whereas the reduction 
following folic acid supplementation suggests attenuation of oxidative injury. Comparable 
decreases in lipid peroxidation following antioxidant supplementation have been reported in 
rabbits and other animal models exposed to physiological stress (Montesinos-Cruz et al., 2023; 
Jimoh et al., 2024). 
 
Effect of Folic Acid on Haematological Responses of Female Rabbits treated with 
Ivermectin 
The effects of folic acid supplementation on haematological indices of female rabbits 
administered ivermectin are presented in Table 4. Most haematological indices including red 
blood cell count (RBC), haemoglobin concentration (Hb), mean corpuscular volume (MCV), 
and mean corpuscular haemoglobin (MCH) were not significantly affected by treatment (P > 
0.05), indicating preservation of erythrocyte production and oxygen carrying capacity across 
groups. However, significant differences (P < 0.05) were observed in white blood cell count 
(WBC), haematocrit (HCT), and mean corpuscular haemoglobin concentration (MCHC). 
Rabbits receiving ivermectin alone exhibited reduced WBC values relative to the control, 
while folic acid supplementation improved WBC counts and increased HCT and MCHC 
values. 
 
The stability of RBC and haemoglobin values suggests that ivermectin administration at the 
applied dose did not induce severe erythrocytic damage or impair oxygen transport. 
Maintenance of erythrocytic indices under moderate physiological challenge has been 
reported previously in rabbits and reflects preservation of haematopoietic regulation 
(Campbell, 2015; Harkness et al., 2010). 
 
The reduction in WBC observed following ivermectin administration may indicate transient 
suppression of immune-associated cellular activity or altered leukocyte turnover during 
pharmacological stress. Oxidative imbalance has been linked to impaired leukocyte function 
and altered haematological responses in experimental animals (Sies et al., 2017; Hadi et al., 
2023). Restoration of WBC following folic acid supplementation suggested improved 
physiological resilience and preservation of cellular defence mechanisms. 
 
Haematocrit reflects the proportion of circulating erythrocytes and is commonly used as an 
indicator of blood volume regulation and physiological adaptation (Campbell, 2015). The 
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increased HCT observed in the folic acid supplemented group may suggest improved 
maintenance of circulatory function and erythropoietic efficiency.  
 
Table 4: Effect of Folic Acid on Haematological Parameters of Female Rabbits treated 

with Ivermectin 
Parameters Control IVM IVM+FA SEM P-Value 

White Blood Cells (109/L) 4.25a 2.85ab 1.80b 0.49 0.0338 

Red Blood Cells (1012/L) 4.45 4.55 3.59 0.24 0.0605 
Lymphocytes (%) 44.25 72.35 81.40 8.85 0.0572 

Granulocytes (%) 40.50 16.95 5.60 8.24 0.0598 

Haemoglobin (g/dL) 8.85 9.70 7.70 0.58 0.1244 

Haematocrit (%) 30.80a 32.15a 24.90b 1.70 0.0497 
MCV (fL) 69.40 70.65 69.60 0.39 0.1305 
MCH (pg) 19.95 21.30 21.50 0.38 0.0522 

MCHC (g/L) 287.50b 301.00ab 309.00a 3.67 0.0166 
a,b Means with different superscript within a row are statistically significant (P<0.05); IVM= Ivermectin; FA= Folic 
Acid  

 
Similarly, increased MCHC indicates improved haemoglobin concentration within 
erythrocytes and may reflect preservation of red cell quality rather than increased erythrocyte 
production (Thrall et al., 2022). Folic acid plays an essential role in nucleotide synthesis, DNA 
replication, and erythropoiesis and has been associated with maintenance of haematological 
integrity during physiological and oxidative challenge (Lucock, 2000; Chen et al., 2021). 
Improvements observed in WBC, HCT, and MCHC therefore support a protective effect of 
folic acid on blood homeostasis during ivermectin exposure. 
 
Effect of Folic Acid on Serum Biochemical Responses and Metabolic Homeostasis 
The effects of folic acid supplementation on serum biochemical indices of female rabbits 
administered ivermectin are presented in Table 5. Most serum biochemical parameters 
including total protein, albumin, globulin, cholesterol, urea, and creatinine did not differ 
significantly among treatments (P>0.05), suggesting preservation of general protein 
metabolism and renal function across experimental groups. However, significant differences 
(P < 0.05) were observed in triglycerides, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT). Rabbits administered ivermectin alone showed increased 
triglyceride concentration and elevated AST and ALT activities, whereas folic acid 
supplementation reduced these values toward control levels. 
 
TABLE 4.1: Effect of folic acid on serum parameters of female rabbits treated with 
ivermectin 

Parameters Control IVM IVM + FA SEM P-value 

Triglyceride (mmol/L) 4.67ᵇ 12.88ᵃ 0.47ᵇ 0.99 0.0003 

Total cholesterol (mmol/L) 24.33 12.32 13.35 7.54 0.5005 

AST (µ/L) 113.40ᵃ 113.95ᵃ 21.75ᵇ 2.84 <0.001 

ALT (µ/L) 57.95ᵃ 88.70ᵃ 16.25ᵇ 7.40 0.0014 

ALP (U/L) 115.95 109.00 81.00 19.23 0.4462 

HDL (mmol/L) 0.20 4.15 0.16 1.07 0.0627 

LDL (mmol/L) 22.01 2.32 12.04 7.23 0.2362 

a,b Means having different superscripts within a row are statistically different (P < 0.05). IVM = ivermectin, FA = 
folic acid, SEM: Standard Error of Mean 

 



Folic Acid Mitigates Ivermectin-Induced Oxidative and Physiological Disturbances in Female Rabbits 

Ademu L.A. et al, DUJOPAS 12 (3a): 294-301, 2026                                                                                       300   

 

The increase in AST and ALT following ivermectin administration suggests mild disruption 
of hepatic metabolic activity. AST and ALT are widely used indicators of hepatocellular 
integrity because increases in circulating activity are associated with altered membrane 
permeability and cellular leakage during metabolic or oxidative stress (Stockham & Scott, 
2013; Thrall et al., 2022). Similar increases in liver enzyme activity following pharmacological 
exposure have been reported in experimental animals and are frequently associated with 
oxidative injury and impaired redox regulation (Abdel-Daim et al., 2020; Hadi et al., 2023). 
The reduction in AST and ALT observed following folic acid supplementation indicates 
improved preservation of hepatic function. Folic acid has been associated with reduced 
oxidative burden, improved mitochondrial stability, and maintenance of hepatocellular 
metabolism under physiological stress conditions (Chen et al., 2021). 
 
Elevated triglycerides in the ivermectin group may reflect altered lipid metabolism and 
metabolic adaptation during oxidative challenge. Oxidative stress has been shown to 
influence hepatic lipid turnover and energy partitioning, resulting in changes in circulating 
lipid fractions (Sies et al., 2017; Montesinos-Cruz et al., 2023). The reduction following folic 
acid supplementation suggests improved metabolic regulation and preservation of lipid 
homeostasis. 
 
CONCLUSION 
The present study demonstrated that folic acid supplementation attenuated physiological 
disturbances associated with ivermectin administration in female rabbits. Although 
thermoregulatory responses remained stable despite variation in environmental thermal 
conditions, significant alterations were observed in antioxidant status, selected 
haematological indices, and serum biochemical parameters. Ivermectin administration 
reduced endogenous antioxidant defence and increased oxidative burden, while folic acid 
supplementation restored antioxidant activity and improved metabolic responses. Overall, 
folic acid may represent a useful nutritional adjunct capable of improving physiological 
resilience during antiparasitic administration and reducing oxidative and metabolic 
disturbances associated with pharmacological stress in rabbits. 
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