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ABSTRACT 
	[bookmark: _Hlk217300608]Aims: The present study aimed to evaluate and compare the physiological and haematological responses of goats premedicated with xylazine–butorphanol or dexmedetomidine–butorphanol and induced with tiletamine–zolazepam, under total intravenous anaesthesia (TIVA) and partial intravenous anaesthesia (PIVA) protocols, to assess their clinical safety and suitability for routine surgical procedures.
Study Design: Randomised, prospective clinical experimental study.
Place and Duration of Study: The study was conducted at the Teaching Veterinary Clinical Complex, Mannuthy and the University Veterinary Hospital, Kokkalai, Thrissur, Kerala Veterinary and Animal Sciences University, India, between 2020 to 2023. 
Methodology: Twenty-four clinically healthy goats of either sex were randomly allocated into four groups (n = 6). Groups I and III received xylazine–butorphanol, while Groups II and IV received dexmedetomidine–butorphanol as premedication. Anaesthesia was induced using tiletamine–zolazepam in all animals. Anaesthetic maintenance was achieved through TIVA using constant rate infusion in Groups I and II, and through PIVA with isoflurane in oxygen in Groups III and IV. Physiological parameters, including heart rate, respiratory rate, rectal temperature, capillary refill time and peripheral oxygen saturation were recorded at baseline, post-induction, during maintenance and recovery. Haematological parameters such as total erythrocyte count, haemoglobin concentration, packed cell volume and total leucocyte count were also evaluated. Data were analysed using appropriate parametric statistical tests with significance set at P < 0.05.
Results: A significant decrease in respiratory rate and rectal temperature, along with a mild increase in capillary refill time, was observed following induction in all groups (P < 0.05). Peripheral oxygen saturation remained within normal physiological limits throughout the anaesthetic period, with comparatively higher values in PIVA groups. Haematological parameters showed transient but statistically significant changes in some groups after induction; however, all values remained within normal physiological ranges. Serum biochemical parameters remained within normal physiological limits in all groups. No clinically significant adverse effects were observed, and recovery was smooth in all animals.
Conclusion: Both xylazine-butorphanol and dexmedetomidine-butorphanol premedication, combined with tiletamine–zolazepam induction and maintenance under TIVA or PIVA, provided effective and clinically safe anaesthesia in goats. The protocols can be reliably employed for routine surgical procedures in both field and referral clinical settings.
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1. INTRODUCTION 

Goats play a vital role in livestock production systems worldwide, particularly in developing countries, owing to their adaptability, low input requirements, and contribution to food security and rural livelihoods. In veterinary clinical practice, goats frequently require anaesthesia for a variety of elective and emergency surgical procedures. However, providing safe and effective general anaesthesia in small ruminants remains challenging due to their heightened sensitivity to stress, variable cardiopulmonary responses, and species-specific physiological characteristics.
Balanced anaesthetic techniques that combine sedatives, analgesics, and induction agents are widely employed to improve anaesthetic safety and quality while minimising drug-related adverse effects. Among sedative agents, α₂-adrenergic agonists such as xylazine and dexmedetomidine are commonly used in goats because of their reliable sedative and analgesic properties. When combined with opioids like butorphanol, these agents provide enhanced sedation, analgesia, and muscle relaxation, facilitating smoother induction and maintenance of anaesthesia. Comparative studies in goats show that different α₂-adrenergic agonists produce distinct sedative and physiological profiles, necessitating protocol-specific evaluation when combined with opioids and induction agents (Nahvi et al., 2022; Salarpour et al., 2022). 
Tiletamine–zolazepam provides rapid and reliable induction with acceptable cardiovascular stability in goats and has been used historically as a primary induction agent in small ruminant anaesthesia (Carroll et al., 1997). Anaesthetic maintenance can be achieved either through total intravenous anaesthesia (TIVA) using constant rate infusions or through partial intravenous anaesthesia (PIVA), where injectable agents are combined with inhalational anaesthetics such as isoflurane. Both techniques offer distinct clinical advantages: TIVA is particularly useful in field and resource-limited settings, whereas PIVA allows precise control of anaesthetic depth and improved oxygenation in referral facilities (Velazquez-Delgado et al., 2021).
While several studies have evaluated individual components of these protocols such as electrocardiographic changes, dose-sparing effects, or anaesthetic depth, comprehensive assessments integrating physiological, haematological, and biochemical responses under different maintenance techniques remain limited in goats. Understanding these systemic responses is essential for assessing anaesthetic safety, predicting potential complications, and guiding evidence-based protocol selection in clinical practice.
Therefore, the present study was undertaken to evaluate and compare the physiological and haematological responses of goats premedicated with xylazine-butorphanol or dexmedetomidine-butorphanol, induced with tiletamine-zolazepam, and maintained under total intravenous anaesthesia (TIVA) or partial intravenous anaesthesia (PIVA). By providing a holistic assessment of systemic responses under these commonly employed anaesthetic protocols, the study aims to generate clinically relevant data to support safe anaesthetic decision-making in both field and referral veterinary settings. 

2. material and methods 

2.1. Animals and Experimental Design
Even though it was a study on clinical cases, the experimental protocol was conducted in accordance with institutional and national guidelines for the care and use of animals in research. Prior informed consent was obtained from the owners of all animals before inclusion in the study.
The study was conducted on 24 client-owned goats of either sex, aged above six months, presented for various elective surgical procedures at the Teaching Veterinary Clinical Complex, Mannuthy and the University Veterinary Hospital, Kokkalai, Thrissur, Kerala, India. All animals underwent detailed signalment recording, anamnesis, and clinical examination on the day of presentation. Only clinically healthy animals, based on physical examination and baseline laboratory evaluations, were included. The goats were randomly allocated into four experimental groups (n=6 per group). All animals were fasted for 18 hours and water was withheld for 8 hours before anaesthesia.
Physiological, haematological, biochemical, blood gas, electrolyte, non-invasive blood pressure, and electrocardiographic parameters were recorded at predefined intervals before premedication (baseline), after induction, during maintenance of anaesthesia, and after complete recovery.

2.2. Anaesthetic Protocols
Animals in Groups I and III were premedicated using Xylazine at 0.02 mg/kg BW, and Butorphanol at 0.05 mg/kg BW, intravenously as a single mixed injection. Animals in Groups II and IV were premedicated using Dexmedetomidine at 2.5 µg/kg BW, and Butorphanol at 0.05 mg/kg BW, intravenously as a single mixed injection. The onset time and quality of sedation were observed and recorded. 
Anaesthesia was induced in all goats using tiletamine–zolazepam at a dose of 2.5 mg/kg BW intravenously. Once adequate muscle relaxation was achieved, in Groups III and IV, hand-guided blind endotracheal intubation was performed with goats positioned in lateral recumbency. Correct placement was confirmed by airflow detection and external palpation, following which the cuff was inflated and the tube secured. Animals in Groups I and II were not intubated as anaesthesia was maintained using total intravenous techniques.
In TIVA (Groups I & II), Anaesthesia was maintained using a constant rate infusion (CRI) of tiletamine-zolazepam at 0.04 mg/kg BW/min, diluted in 100 mL normal saline and delivered at 5 mL/kg BW/h using a volumetric infusion pump (Ibrahim, 2017). Additional bolus supplementation (1 mg/kg BW) was administered when required. In PIVA (Groups III & IV), Small animal inhalant Pheobus anaesthetic machine with a semi-closed Bain’s circuit system and calibrated agent-specific precision vaporiser for isoflurane was used throughout the study, and the anaesthesia was maintained using isoflurane in oxygen (100%). Isoflurane concentration was adjusted between 0.2-3% to maintain an adequate surgical plane. Fresh gas flow was initially set at 3 L/min and later reduced to 1-2 L/min.

Table 1. Experimental design and anaesthetic protocols used in goats

	Group
	Premedication
	Induction agent
	Maintenance technique
	Number of animals (n)

	I
	Xylazine@0.02mg/kg BW -Butorphanol @
0.05 mg/kg BW
intravenously
	Tiletamine and
zolazepam@ 2.5 mg/kg BW intravenously
	Tiletamine and
zolazepam@
0.04 mg/kgBW/min
CRI
	6

	II
	Dexmedetomidine
@ 2.5µg/kg BW and butorphanol
0.05mg/kg BW
intravenously
	Tiletamine and
zolazepam@ 2.5 mg/kg BW intravenously
	Tiletamine and
zolazepam@
0.04 mg/kgBW/min
CRI
	6

	III
	Xylazine@0.02mg/kg BW -Butorphanol @
0.05 mg/kg BW
intravenously
	Tiletamine and
zolazepam@ 2.5 mg/kg BW intravenously
	Isoflurane
inhalation
	6

	IV
	Dexmedetomidine
@ 2.5µg/kg BW and butorphanol
0.05mg/kg BW
intravenously
	Tiletamine and zolazepam@ 2.5 mg/kg BW intravenously
	Isoflurane
inhalation
	6


Footnote: TIVA – Total intravenous anaesthesia; PIVA – Partial intravenous anaesthesia.

2.3. Physiological Parameters Monitored
The Physiological parameters, namely Heart rate (HR), Respiratory rate (RR), Pulse rate (PR), Rectal temperature (T), Capillary Refill Time (CRT), Colour of visible mucous membranes and Peripheral oxygen saturation (SpO₂) were recorded by measurements taken at baseline, 10 minutes post-induction, at 15-minute intervals during maintenance, and during recovery. Anaesthetic depth was assessed using the palpebral reflex, the pedal reflex, the pin-prick reflex, the jaw relaxation, and the eyeball position.

2.4. Blood Sampling and Laboratory Analysis
Venous blood samples were collected into EDTA vials at baseline, 10 minutes post-induction, and post-recovery for estimation of Total Erythrocyte Count (TEC), Total Leucocyte Count (TLC), Total Platelet Count (TPC), Haemoglobin (Hb), Packed Cell Volume (VPRC), and Differential Leukocyte Count (DLC) using an automated haematology analyser.
Blood samples collected into non-EDTA vials were analysed for Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Blood Urea Nitrogen (BUN), Serum Creatinine (Cr), Serum Glucose level and total protein (TP), using standard commercial kits and a semi-automatic biochemistry analyser.
Heparinised venous blood samples were analysed using a blood gas analyser, for the blood pH, partial pressure of carbon dioxide (PvCO2) (mm Hg), partial pressure of oxygen (PvO2) (mm Hg), bicarbonates (mmol/L), base excess (BE) (mmol/L), blood sodium (mmol/L), potassium (mmol/L) and chloride (mmol/L) concentration (Praveen, 2021). 

2.5. Statistical Analysis
Data were analysed using SPSS version 24.0. Intergroup comparisons were performed using one-way ANOVA followed by Duncan’s multiple range test. Intragroup comparisons across time points were analysed using repeated-measures ANOVA, followed by the least significant difference (LSD) test. A value of P < 0.05 was considered statistically significant. 


3. RESULTS AND DISCUSSION

3.1. Animals and Baseline Characteristics
Twenty-four goats of either sex, aged above six months, presented for various surgical procedures were included in the study. Animals were randomly allocated into four groups (Group I–IV; n = 6 per group) based on the anaesthetic protocol followed. There were no statistically significant differences among the groups with respect to age or body weight (P > 0.05), indicating baseline comparability. All animals were clinically healthy with normal physiological, haematological, biochemical, blood gas and electrocardiographic values prior to anaesthesia.

3.2. Physiological Parameters
A reduction in respiratory rate was observed following induction of anaesthesia in all groups which was consistent with the known central nervous system depressant effects of α₂-adrenergic agonists and opioid combinations (Plumb et al., 2008; Singh et al., 2013). In Groups I, II and III, the decrease was statistically significant at specific time points compared to baseline (P < 0.01), whereas Group IV showed a non-significant decline. Despite statistically significant reductions in some groups, respiratory rates remained within physiological limits throughout the anaesthetic period, indicating adequate respiratory safety. Similar findings have been reported following xylazine- and dexmedetomidine-based protocols in goats and other species (Abalos et al., 2016; Aghamiri et al., 2022; Ragab et al., 2022).
Pulse rate and heart rate showed mild, non-significant reductions following induction in all groups without clinically relevant bradycardia.These parameters remained stable and within physiological limits during maintenance and recovery phases. No statistically significant differences were observed either within or between groups at any recorded interval (P > 0.05). This observation aligns with reports that tiletamine-zolazepam exerts sympathomimetic effects that counterbalance α₂-agonist-induced cardiovascular depression (Ratnu et al., 2021). The stability of heart rate throughout maintenance and recovery suggests effective cardiovascular compensation, as previously reported in goats and dogs administered similar drug combinations (Stegmann, 1999; Hopster et al., 2014).
Rectal temperature decreased significantly following induction of anaesthesia in all groups (P < 0.01). The decline was evident as early as 10 minutes post-induction in Groups I, II and IV, whereas Group III showed a significant reduction at 25 minutes post-induction. Lower rectal temperatures persisted into the recovery phase, particularly in Groups III and IV. However, no significant differences were detected between groups at corresponding time points. Rectal temperature decline can be likely due to depression of the thermoregulatory centre, reduced metabolic rate and muscle relaxation associated with general anaesthesia (Rajankutty, 1995; Ratnu et al., 2021). The observed hypothermia remained within tolerable limits and was comparable to findings reported with both xylazine and dexmedetomidine-based anaesthetic protocols in goats (Kumar et al., 2018; Ragab et al., 2022).
Capillary refill time increased significantly after induction in all groups (P < 0.01) and remained elevated during maintenance and recovery, but remained within normal physiological limits. This increase may be attributed to peripheral vasoconstriction induced by α₂-adrenergic agonists (McSweeney et al., 2012; Aghamiri et al., 2022; Salarpour et al., 2022).  The consistently pale pink mucous membranes observed throughout the study indicated satisfactory peripheral perfusion.
Peripheral oxygen saturation values remained within normal limits throughout the study in all groups. Groups II and III demonstrated a significant increase in SpO₂ at later time points, particularly during recovery (P < 0.01), whereas Groups I and IV showed no significant variation. A significant intergroup difference was observed only at the time of induction; thereafter, values were comparable among groups. These changes are comparable to earlier reports in goats and dogs administered α₂-agonist-based protocols (Abouelfetouh et al., 2021; Salve et al., 2022). The higher SpO₂ values observed in intubated PIVA groups may be attributed to the administration of 100% oxygen during isoflurane maintenance (Hampton et al., 2019). PIVA allowed improved oxygenation compared with TIVA (Velazquez-Delgado et al., 2021).

Table 2. Changes in physiological parameters (mean ± SE) in goats under different anaesthetic protocols

	Parameter
	Time point
	Group I
	Group II
	Group III
	Group IV

	Heart rate (beats/min)
	Baseline
	90.67 ± 7.17
	93 ± 6.35
	83.17 ± 5.49
	87.67±11.86

	
	Post-induction
	76.00 ± 2.90
	84.5± 5.35
	83.33 ± 6.56
	77 ± 9.14

	
	Maintenance
	77.67 ± 2.54
	83.33± 7.77
	80.50 ± 40
	85.33± 9.97

	
	Recovery
	86.33 ± 7.83
	77.6± 6.83
	78.5± 5.46
	88.17± 10.66

	Respiratory rate (breaths/
min)
	Baseline
	32.67±4.57a
	33.67±2.16a
	31.83 ±2.17a
	33.00±2.11

	
	Post-induction
	26.33±2.95ab
	25.67±2.79b
	22.67±3.98ab
	24.83±3.18

	
	Maintenance
	20.67± 3.01ab
	24.17±3.36b
	21.17 ± 1.97b
	25.50±3.62

	
	Recovery
	21.00 ±2.66b
	22.17±2.34b
	21.83±0.91b
	23.17±3.48

	Rectal temperature (°C)
	Baseline
	38.98 ± 0.22a
	38.88± 0.26a
	39.11	± 0.20a
	38.78± 0.20a

	
	Post-induction
	38.00 ± 0.12b
	38.17± 0.29b
	38.13	± 0.34a
	37.70± 0.26b

	
	Maintenance
	37.65 ± 0.16c
	37.92±0.29c
	37.68± 0.40b
	37.14± 0.32c

	
	Recovery
	37.64 ± 0.22c
	37.32± 0.29d
	36.81± 0.58c
	36.43± 0.29c

	Capillary refill time(s)
	Baseline
	1.00±0 Abb
	1.17± 0.07ABb
	1.12± 0.05Ab
	1.00 ±0 Abb 

	
	Post-induction
	1.80± 0.06Aa
	1.65± 0.07Aa
	1.70± 0.11Aa
	1.35± 0.10Ba

	
	Maintenance
	1.85± 0.08Aa
	1.78± 0.05Aa
	1.78± 0.11Aa
	1.35± 0.10Ba

	
	Recovery
	1.80± 0.06Aa
	1.78± 0.09Aa
	1.82± 0.12Aa
	1.40± 0.04Ba

	SpO₂ (%)
	Baseline
	95.00±0.45C
	96.67±0.56bB
	95.67±0.49bBC
	98.67±0.61A

	
	Post-induction
	95.67± 0.99
	96.00± 0.82b
	96.17± 0.40b
	98.5± 0.76

	
	Maintenance
	96.00± 1.00
	98.17± 0.65a
	96.67± 0.42b
	98.33± 1.09

	
	Recovery
	98.17±0.79
	98.67± 0.61a
	99.33± 0.33a
	99.17± 0.48


Footnotes: Values expressed as mean ± SE.
Superscripts (a, b, c) within a column indicate significant intragroup differences (P < 0.05).
Symbols (*, #) indicate significant intergroup differences (P < 0.05).

The total leucocyte count decreased significantly after induction in Groups I, III and IV (P < 0.05), while Group II exhibited a non-significant reduction. This finding attributed to the redistribution of leukocytes into splenic and marginal pools secondary to reduced sympathetic activity during anaesthesia (Singh et al., 2013; Jiang et al., 2014). Despite statistical significance, all values remained within physiological ranges, indicating no clinical immunosuppression.
A significant decrease in TEC was observed after induction in Groups I and IV (P < 0.01), while Groups II and III showed non-significant reductions. TEC values remained stable thereafter and within physiological limits. Haemoglobin concentration decreased significantly following induction in all groups (P < 0.05) and remained lower during recovery. No significant differences were detected between groups at corresponding time points. Packed cell volume declined after induction in all groups. The reduction was statistically significant in Groups II and IV (P < 0.05), whereas Groups I and III exhibited non-significant decreases. PCV values remained within normal physiological limits. These changes are commonly attributed to splenic sequestration of erythrocytes and haemodilution during anaesthesia (Jiang et al., 2014; Kumar et al., 2018). Importantly, all haematological values remained within normal physiological limits. No adverse clinical events were observed in any group, and recovery was smooth across all protocols. Faster recovery observed in PIVA groups can be attributed to the low blood–gas solubility and minimal hepatic metabolism of isoflurane (Onmaz et al., 2009; Lin et al., 2012). Similarly, rapid recovery following cessation of CRI in TIVA groups supports earlier reports that continuous infusion allows predictable decline in plasma drug concentration (Ibrahim, 2017). 

Table 3. Haematological parameters (mean ± SE) in goats under different anaesthetic protocols

	Parameter
	Time point
	Group I
	Group II
	Group III
	Group IV

	Total erythrocyte count (×10⁶/µL)
	Baseline
	15.66±1.00a
	17.09±0.81
	17.46±1.18
	16.73±1.82a

	
	Post-induction
	13.29±1.31b
	15.33± 0.58
	15.24± 1.9
	14.53±1.21b

	
	Recovery
	13.83± 1.27b
	13.98± 1.5
	15.99± 1.72
	14.08± 1.92b

	Haemoglobin (g/dL)
	Baseline
	10.33± 0.26a
	11.18± .74a
	10.62±0.92a
	9.95± 0.45a

	
	Post-induction
	8.85± 0.29b
	9.87± 0.96b
	9.15± 1.31b
	8.15± 0.43b

	
	Recovery
	8.32± 0.11b
	9.73± 1.15b
	9.73± 1.15ab
	8.28± 0.17b

	Packed cell volume (%)
	Baseline
	30.12± 2.36
	31.37±2.97a
	31.10± 3.09
	32.70± 4.1a

	
	Post-induction
	26.90± 2.22
	28.25±2.96b
	27.08± 4.4b
	27.78± 3.32b

	
	Recovery
	25.58± 1.94
	26.62± 2.83b
	28.38±4.09b
	27.82± 4.28b

	Total leucocyte count (×10³/µL)
	Baseline
	8.88±1.25a
	9.22±1.54
	8.37±1.28a
	10.02±0.74a

	
	Post-induction
	6.62±0.81b
	7.23±0.99
	6.73±0.99b
	8.18± 0.98b

	
	Recovery
	6.73±1.23ab
	7.28±1.20
	6.87±1.19b
	6.45±1.18b




Lymphocytes shown a mild, non-significant decrease was observed after induction in all groups, with values returning towards baseline during recovery. The transient decrease in lymphocyte count observed across groups may reflect stress-related corticosteroid release, as reported earlier in goats and dogs administered α₂-agonists (Zlateva and Merinov, 2015; Kumar et al., 2018). Monocytes in Group I showed a transient but significant increase at 10 minutes post-induction (P < 0.05), which normalised during recovery. The temporary increase in monocyte count in the xylazine-butorphanol group is consistent with α-adrenergic stimulation described by Rajankutty (1995). Other groups exhibited non-significant variations. A non-significant increase in Granulocytes was noted following induction across all groups, with no intergroup differences.

Table 4. Differential leucocyte count (mean ± SE) in goats under different anaesthetic protocols

	Parameter
	Time point
	Group I
	Group II
	Group III
	Group IV

	Lymphocytes (%)
	Baseline
	68.12±2.89
	68.8±4.61
	70.00±1.90
	67.65±3.34

	
	Post-induction
	63.12± 3.85
	64.27±4.93
	63.12± 2.03
	66.23± 6.61

	
	Recovery
	65.73± 3.82
	68.17± 3.41
	66.67± 2.34
	67.27± 4.75

	Monocytes (%)
	Baseline
	3.87±0.13ab
	4.38± 0.64
	3.4±0.76
	3.55± 0.68

	
	Post-induction
	3.98± 0.11a
	4.77± 0.84
	3.98± 0.65
	3.77± 0.92

	
	Recovery
	3.78± 0.12b
	3.7±0.66
	3.43± 0.7
	3.27± 0.63

	Granulocytes (%)
	Baseline
	28.18± 2.96
	26.82±4.12
	26.6 ± 1.55
	28.8± 3.12

	
	Post-induction
	32.90± 3.88
	31.13 ± 4.5
	32.9 ± 2.60
	30±5.92

	
	Recovery
	30.48± 3.82
	28.3 ± 3.3
	29.9 ± 2.47
	29.47±4.28



3.3. Serum biochemical Parameters

Evaluation of serum biochemical parameters provides valuable insight into the systemic safety of anaesthetic protocols, particularly with respect to hepatic and renal function. In the present study, serum creatinine and blood urea nitrogen levels did not show any statistically significant variation within or between the groups at different time points, and all observed values remained within normal physiological limits. These findings indicate that neither total intravenous anaesthesia nor partial intravenous anaesthesia adversely affected renal perfusion or function in goats. Similar non-significant changes in serum creatinine and blood urea nitrogen have been reported following administration of xylazine-, dexmedetomidine- and tiletamine–zolazepam-based anaesthetic protocols in dogs, goats, sheep and rabbits (Rajankutty, 1995; Samsuddi, 2014; Anitha et al., 2018; Ragab et al., 2022). The absence of significant alterations in these parameters suggests that the evaluated protocols do not induce renal insufficiency, as also noted by Ragab et al. (2022).
Hepatic enzyme activities, including alanine aminotransferase and aspartate aminotransferase, did not differ significantly either within or between groups throughout the anaesthetic and recovery periods. Although mild, non-significant fluctuations were observed, all enzyme values remained within the normal physiological range. These observations are consistent with earlier reports indicating minimal hepatic stress following administration of xylazine, dexmedetomidine, tiletamine-zolazepam and isoflurane in various species (Rajankutty, 1995; Samsuddi, 2014; Anitha et al., 2018; Koli et al., 2021; Ragab et al., 2022). The absence of significant elevation in hepatic enzymes suggests that the anaesthetic combinations used did not exert deleterious effects on liver metabolism, as also reported by Verma et al. (2018).
Total protein values showed a mild, non-significant decrease after induction of anaesthesia in all groups, with values returning towards baseline during recovery. Similar transient reductions in serum total protein have been attributed to haemodilution, redistribution of body fluids, increased glucocorticoid release and altered protein metabolism during anaesthesia (Rajankutty, 1995; Verma et al., 2018; Koli et al., 2021). However, as all values remained within normal physiological limits, these changes were considered clinically insignificant.
Blood glucose concentration increased significantly following induction of anaesthesia in all four groups, with higher values recorded during recovery compared to baseline. Hyperglycaemia observed in the present study is consistent with previous reports in goats, buffaloes, calves and dogs receiving α₂-adrenergic agonists and dissociative anaesthetic agents (Eichner et al., 1979; Singh et al., 2013; Kumar et al., 2014; Shah et al., 2016; Ragab et al., 2018). Xylazine and dexmedetomidine are known to reduce insulin secretion from pancreatic β-cells and increase glucagon release from α-cells, leading to elevated blood glucose levels (Anitha et al., 2018). Additionally, stress-related catecholamine release, impaired glucose utilisation and reduced metabolic demand due to muscle relaxation during anaesthesia may contribute to transient hyperglycaemia (Shah et al., 2016). Despite these changes, the observed glucose values were within acceptable physiological limits and did not indicate clinically relevant metabolic derangement.
Overall, the biochemical findings of the present study demonstrate that premedication with xylazine–butorphanol or dexmedetomidine–butorphanol, followed by tiletamine–zolazepam induction and maintenance under either TIVA or PIVA, does not produce clinically significant alterations in renal or hepatic biochemical parameters in goats. The transient changes observed were reversible and within physiological limits, supporting the systemic safety of these anaesthetic protocols for routine surgical procedures.

Table 5. Serum biochemical parameters (mean ± SE) in goats under different anaesthetic protocols

	Parameter
	Time point
	Group I
	Group II
	Group III
	Group IV

	ALT (U/L)
	Baseline
	23.48±1.64
	24.89± 3.45
	35.51± 5.04
	26.58± 4.95

	
	Post-induction
	25.43± 2.81
	23.75± 4.00
	36.67± 4.43
	26.43± 6.76

	
	Recovery
	28.03± 2.91
	24.14± 3.75
	38.24± 5.02
	25.83± 5.89

	AST (U/L)
	Baseline
	40.82± 4.09
	66.88± 7.75
	77.49± 13
	69.42± 14.77

	
	Post-induction
	41.65± 5.16
	67.85± 6.73
	78.13± 12.12
	71.37± 14.13

	
	Recovery
	41.45± 4.11
	68.03± 7.85
	78.41± 11.05
	71.59± 13.08

	Blood urea nitrogen (mg/dL)
	Baseline
	12.22± 0.25
	14.87± 1.30
	14.15± 0.58
	13.56± 1.61

	
	Post-induction
	13.42± 0.94
	13.89± 0.77
	14.79± 0.64
	13.73± 0.71

	
	Recovery
	13.55± 0.85
	14.50± 0.79
	14.11± 0.57
	14.07± 0.48

	Creatinine (mg/dL)
	Baseline
	0.998±0.101
	0.948±0.088
	0.899±0.112
	1.023±0.097

	
	Post-induction
	0.963±0.100
	0.882±0.083
	0.807±0.135
	0.967±0.087

	
	Recovery
	1.023±0.109
	0.963±0.121
	0.747±0.154
	1.003±0.085

	Glucose (mg/dL)
	Baseline
	73.28±10.02b
	71.06±12.76b
	56.00±8.20b
	78.67± 21.11b

	
	Post-induction
	120.96±7.56a
	130.5± 14.17a
	131.33±14.9a
	120.37±10.10ab

	
	Recovery
	115.77±5.77a
	133.79±12.97a
	131.17±15.12a
	125.44±6.86a

	Total protein (g/dL)
	Baseline
	7.25 ± 0.49
	7.74 ± 0.15
	7.32 ± 0.38
	6.77 ± 0.26

	
	Post-induction
	6.73±0.50AB
	7.51± 0.24A
	7.26± 0.36A
	6.02	±0.27B

	
	Recovery
	7.05 ± 0.35
	7.88 ± 0.22
	7.19 ± 0.20
	6.68 ± 0.65



The findings of the present study indicate that both xylazine-butorphanol and dexmedetomidine–butorphanol premedication, combined with tiletamine–zolazepam induction, provide effective and clinically safe anaesthesia in goats under both TIVA and PIVA techniques. The observed physiological and haematological changes were transient, reversible and within acceptable limits, confirming the suitability of these protocols for routine surgical procedures in goats.

Table 6. Summary of statistically significant changes observed during anaesthesia

	Parameter
	Group(s) affected
	Direction of change
	Time point
	Clinical relevance

	Respiratory rate
	Groups I, II, III
	Decrease
	Post-induction and maintenance
	No

	Rectal temperature
	Groups I, II, III, IV
	Decrease
	Post-induction, maintenance, recovery
	No

	Capillary refill time
	Groups I, II, III, IV
	Increase
	Post-induction and maintenance
	No

	Peripheral oxygen saturation (SpO₂)
	Groups II, III
	Increase
	Late maintenance / recovery
	No

	Total leucocyte count (TLC)
	Groups I, III, IV
	Decrease
	Post-induction
	No

	Monocyte count
	Group I
	Increase
	Post-induction
	No

	Total erythrocyte count (TEC)
	Groups I, IV
	Decrease
	Post-induction
	No

	Haemoglobin concentration
	Groups I, II, III, IV
	Decrease
	Post-induction and recovery
	No

	Packed cell volume (PCV)
	Groups II, IV
	Decrease
	Post-induction
	No




The present study was conducted on a relatively limited number of goats, which may restrict the generalisability of the findings across different breeds, age groups, and physiological statuses. In addition, the evaluation was confined to clinically healthy animals undergoing elective surgical procedures; therefore, the physiological and haematological responses observed may differ in animals with systemic illness or compromised organ function. Advanced cardiopulmonary monitoring techniques such as invasive arterial blood pressure measurement and cardiac output estimation were not employed, which could have provided more detailed insights into cardiovascular dynamics during anaesthesia. 

5. Conclusion

The present study demonstrates that premedication with xylazine-butorphanol or dexmedetomidine-butorphanol, followed by tiletamine-zolazepam induction and maintenance under total intravenous anaesthesia (TIVA) or partial intravenous anaesthesia (PIVA), provides effective and clinically safe anaesthesia in goats. The observed changes in physiological and haematological parameters were transient, reversible, and remained within acceptable physiological limits across all protocols. Both TIVA and PIVA techniques ensured stable cardiopulmonary function, adequate oxygenation, and smooth recovery, with no clinically significant adverse effects. The integration of inhalational isoflurane in PIVA protocols offered advantages in terms of controlled anaesthetic depth and recovery quality, while TIVA protocols provided a practical alternative where inhalational facilities are unavailable. Overall, the findings support the use of α₂-agonist-opioid combinations with tiletamine-zolazepam as reliable and versatile anaesthetic protocols for routine surgical procedures in goats, offering flexibility for both field and referral clinical settings. Future studies involving larger sample sizes and inclusion of animals with varying health statuses would help further validate the safety and applicability of these anaesthetic protocols. Incorporation of advanced haemodynamic monitoring and assessment of stress-related biomarkers may provide deeper understanding of the systemic effects of α₂-agonist–opioid combinations under different maintenance techniques. Additionally, evaluating these protocols in field conditions and under prolonged surgical durations could enhance their translational relevance and guide evidence-based anaesthetic decision-making in small ruminant practice. 
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