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Abstract 

HIS study compared the anesthetic efficacy and safety of three α₂ -adrenergic agonists, xylazine, 

medetomidine, and dexmedetomidine, each combined with ketamine. The objective was to 

identify an optimal anesthetic protocol that ensures animal welfare and reliability in laboratory 

research. Forty male rats were separated into four groups: a control group (CO) given saline, and 

three treatment groups receiving ketamine 50 mg/kg combined with either 0.1 mg/kg 

dexmedetomidine (DK), 0.5 mg/kg medetomidine (MK), or 5 mg/kg xylazine (XK) via 

intraperitoneal injection. The study evaluated anesthesia profiles and physiological parameters during 

the procedure, while biochemical, renal, and hepatic biomarkers were evaluated after 14 consecutive 

days. The XK group showed a significantly longer induction time compared to the MK and DK. 

Correspondingly, maintenance of anesthesia was prolonged in the XK and MK groups compared to 

the DK group. Physiological assessments revealed significant cardiorespiratory depression in the XK 

group, marked by pronounced reductions in heart rate, respiratory rate, SpO2, and body temperature. 

In contrast, the MK and DK groups maintained more stable physiological parameters. Biochemical 

analysis showed minimal hepatic and renal disturbances in the DK group, with the lowest levels of 

liver enzymes (ALT, AST, and GGT). The XK group exhibited significantly elevated bile acids, 

creatine kinase, and electrolyte imbalances. Renal profiles highlighted superior clearance in the DK 

group. In conclusion, the DK protocol provided rapid induction, stable cardiorespiratory function, and 

minimal metabolic and organ disturbances. This exceptional safety profile and physiological stability 

make it an ideal anesthetic regimen for both laboratory and veterinary applications. 

Keywords: Xylazine, Medetomidine, Dexmedetomidine, Hepatic Function, Renal biomarker. 

 

Introduction  

Anesthesia and analgesia are major components of 

many interventional studies on laboratory animals. 

However, many studies have shown improper 

reporting or use of anesthetics or analgesics in 

research proposals and published articles. An ideal 

anesthetic regimen should balance analgesia, muscle 

relaxation, minimal physiological disturbance, and 

adequate sedation [1]. Dissociative agents such as 

ketamine are commonly used due to their quick 

onset, reasonable safety profile, capacity to maintain 

respiratory and cardiovascular functions, and 

multiple administration routes. However, despite its 

excellent analgesic activity, its tendency to induce 

muscle rigidity means sedatives must be 

administered together to produce a balanced 

anesthetic state as well as muscular relaxation [2]. 

The α₂ -adrenergic agonist agents (xylazine, 

medetomidine, and dexmedetomidine) are often 

used with ketamine, a common anesthetic, for the 

induction of anesthesia. The central and peripheral 

nervous systems' presynaptic norepinephrine 

release can be inhibited, producing hypnotic or 

sedative effects [3]. The most often used α₂ -

adrenergic agent in veterinary practice is xylazine, 

despite the high frequency of side effects, such as 

bradycardia and hypotension [4,5].  At lower 

doses, medetomidine, a more selective drug, is 

well known for its potent sedative effects. Even 

more receptor selectivity and fewer adverse effects 
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are offered by its pharmacologically active 

enantiomer, dexmedetomidine [6,7]. 

As research protocols are improved to prioritize 

animal welfare, researchers are investigating 

anesthetic regimens that ensure reliability in depth of 

anesthesia, reduce variability caused by stress, and 

rapid recovery times [8]. The selection of a balanced 

anesthesia is influenced by several factors, such as 

the nature of the procedure, the physiological 

condition of the animal, cost, availability, and the 

minimization of side effects; however, ketamine and 

α₂ -adrenergic are commonly used together in 

rodents [9]. In contrast to xylazine and ketamine 

(XK), some research has shown that ketamine-

dexmedetomidine (DK) produces better 

cardiovascular stability and more seamless recovery 

phases [10]. Other research suggests that 

medetomidine- and ketamine- (MK) combinations 

provide a good balance between safety and 

effectiveness [11,12]. Several studies have 

investigated some physiological vital parameters 

comparing DK to XK protocols and found that DK 

maintained better oxygen saturation and body 

temperature homeostasis during prolonged 

operations [13]. 

Additionally, there is increasing evidence that 

anesthetic combinations may have varying effects on 

biochemical and physiological markers. The hepatic 

and renal tissues were affected by oxidative stress 

when specific combinations were administered 

repeatedly. Due to changes in pharmacodynamic 

action and modification in α2-adrenergic dosages in 

diabetic animal models [12,14]. 

In the present investigation, three α₂ -

adrenergic agonists, xylazine, medetomidine, and 

dexmedetomidine, in combination with ketamine, 

will be extensively compared in male rats. It assesses 

their effects on physiological parameters: heart rate 

(HR), respiratory rate (RR), body temperature (BT), 

and oxygen saturation (SpO2). Additionally, 

anesthesia time protocols (induction time, anesthetic 

depth or duration, and recovery quality) as well as 

effects on renal and hepatic biomarkers will be 

examined. By carrying out this, the study aims to 

determine the safest and most effective combination 

to apply in general anesthesia-dependent laboratory 

research protocols. The findings will support the 3Rs 

(replacement, reduction, and refinement) framework 

for ethical anesthetic agent selection, ensure 

procedural consistency, and maximize animal 

welfare. 

Material and Methods 

Experimental Design 

This controlled laboratory study was conducted 

on 40 adults male Wistar rats, each weighing 

between 250–330 grams, aged estimated 8 to 12 

weeks. The animals were housed under standard 

laboratory conditions (12-hour light/dark cycle, 

ambient temperature 22 ± 2 °C, and ad libitum access 

to food and water) for at least one week before the 

experiment for acclimatization [15,16]. Ethical 

approval for all procedures was approved (approval 

no: VET0282) from Committee of the University of 

Sulaimani College of Veterinary Medicine (UOS-

CVM). 

The animals were randomly assigned to four 

experimental groups (n = 10 per group): 

▪ Control (CO): No anesthetic agent administered 

received physiological saline (0.9% NaCl). 

▪ Xylazine and ketamine (XK): Treated with an 

anesthetic combination of 5 mg/kg of Xylazine 

and 50 mg/kg of ketamine. 

▪ Medetomidine and ketamine (MK): Treated with an 

anesthetic protocol of 0.5 mg/kg of medetomidine 

and 50 mg/kg of ketamine. 

▪ Dexmedetomidine and ketamine (DK): Treated 

with anesthetic protocol 0.1 mg/kg 

dexmedetomidine and 50 mg/kg ketamine. 

Each group was subjected to the same monitoring 

and evaluation protocols to ensure consistency and 

reproducibility. Anesthetic protocols were 

administered intraperitoneally (IP). The duration of 

the following anesthetic phases was recorded. 

 Assessment of Physiological parameters 

Induction time is the measured interval between 

anesthetic administration and loss of righting reflex. 

For maintenance time the Period during which the 

animal remained unresponsive and immobile was 

assessed. Finally, Recovery time was evaluated from 

the first voluntary movement until complete 

restoration of postural reflexes after administering 

atipamizol (AT). All physiological parameters were 

recorded at three-time intervals post-induction: 5, 10, 

and 15 minutes. The parameters included: Heart rate 

(bpm), Respiratory rate (breaths/min), Core body 

temperature (°C), Peripheral oxygen saturation 

(SpO₂ , %), and Perfusion index (%). 

Monitoring was performed using a veterinary 

physiological monitoring suite and multi-parameter 

patient monitors designed for small animals [17]. 

Core temperature was measured rectally, and SpO₂  

and perfusion index were assessed using a paw-clip 

pulse oximeter. (Fig. 1) 

  Blood Collection and Biochemical Assessment 

Animals were injected with XK, MK, and DK, 

once daily via the intraperitoneal (IP) route for 14 

consecutive days. The control group (CO) received 
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an equivalent volume of physiological saline (0.9% 

NaCl) following the same schedule. Treatments 

started on Day 0 and continued through Day 14, 

constituting a two-week exposure period. 

Throughout the treatment duration, animals were 

housed under standard laboratory conditions, with 

ad libitum access to food and water, and were 

checked daily for general health and any signs of 

adverse effects. 

At the end of the 14-day treatment period, 

animals were fasted overnight and anesthetized with 

the same group's treatment. Blood samples were 

collected via cardiac puncture (exceptional for the 

CO group collected via lateral tail vein) and 

transferred into plain tubes for serum separation [18]. 

Serum was obtained by centrifugation at 3,000 rpm 

for 10 minutes at 4 °C and stored at 80 °C until 

biochemical analysis. 

Liver function tests were assessed by measuring 

serum levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), and albumin using an automated 

biochemical analyzer (Cobas) according to the 

manufacturer’s protocols. Renal function was 

evaluated by analyzing serum urea, creatinine 

kinase (CK), and blood urea nitrogen (BUN) levels. 

All assays were performed using standard 

colorimetric methods or commercially available 

diagnostic kits validated for rat serum [19] . 

Statistical Analysis 

All data statistically analyzed using IBM SPSS 

Statistics (version 29). Descriptive statistics are 

reported as mean ± standard deviation (SD). One-

way analysis of variance was employed to compare 

induction, maintenance, and recovery times among 

groups and the interaction between treatment group 

and time point for physiological parameters (HR, 

RR, BT, SpO₂ , and PI) and biomedical markers. A 

p-value of <0.05 was considered indicative of 

statistical significance. Graphical representations 

were generated using GraphPad Prism (version 

10.5.0) for data visualization. 

Results 

The time for induction, maintenance, and 

recovery phases were compared among the three 

treatment groups. Results are presented as mean ± 

standard deviation, and a One-Way ANOVA was 

used to assess statistical significance among groups 

(Table 1). 

The DK group showed the rapid induction time, 

in comparison with the MK group, while the XK 

group had the longest induction time, the difference 

was statistically significant (p < 0.001). 

The DK group also had the shortest maintenance 

time, suggesting a shorter anesthetic duration in 

comparison to the MK group. XK had the longest 

maintenance time after administration of 

atipamezole. The differences were statistically 

significant (p < 0.05). 

Although DK showed the shortest mean recovery 

time, the differences across groups were not 

statistically significant (p > 0.05). The variability in 

recovery responses may be due to individual 

differences or inconsistent depth of anesthesia before 

recovery. 

Physiological parameters were recorded in four 

groups (CO, XK, MK, DK) at different time intervals 

(0, 5, 10, and 15 minutes). The measured parameters 

included heart rate (HR), respiratory rate (RR), body 

temperature, arterial oxygen saturation (SpO₂ ), and 

perfusion index (PT). Results are expressed as a line 

graph and error bars. (Fig. 2). 

The CO group at baseline (0 min) showed the 

highest heart rate (315.8 ± 17.4 bpm). A substantial 

decrease in HR was seen in the XK group at 10 min 

(186.6 ± 45.4 bpm), followed by partial recovery at 

15 min (272.1 ± 41.5 bpm). Both MK and DK groups 

showed moderate decreases over time, with MK 

more stable (223 bpm) and DK (235.8 bpm) by 15 

minutes  

RR was initially highest in the CO group (85.5 ± 

5.6). In the XK group, RR dropped significantly at 5 

min (42.0 ± 25.7), then increased at 10 and 15 min, 

showing possible anesthetic recovery or 

compensation. The MK and DK groups kept elevated 

RR, particularly MK at 15 min (67.0 ± 15.3), 

showing higher respiratory stimulation or stress 

response. 

BT declined slightly in all groups over time. BT 

profoundly decreased in the XK group from (35.45 ± 

1.03 at 5 min to 32.2 ± 1.02 at 15 min), However, 

MK and DK groups kept stable temperatures, 

suggesting better thermoregulation or less 

suppression or hypothermia. 

SpO₂  was highest in the normal untreated 

animals abbreviated as the CO group (95.5 ± 1.87) 

and significantly dropped in the XK group, reaching 

a minimum at 10 min (75.9 ± 7.86), while in the DK 

group and MK groups moderate and consistent with 

minimal reductions, indicating more stable 

cardiorespiratory function in comparison. 

PI (peripheral blood flow) decreased in the XK 

group initially (0.35 ± 0.14), then slightly increased 

over time (At 15 min) the MK and DK groups 

showed increasing trends toward 15 min (0.57 and 

0.68, respectively), suggesting a gradual 
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improvement in peripheral circulation. The Ne group 

had moderate perfusion at baseline (0.53 ± 0.14). 

Globulin (GLO), albumin (ALB), and total 

protein (TP) did not significantly change. However, 

under alpha-2 agonist-based anesthesia, ALB levels 

were higher in the MK and DK groups (p = 0.01), 

indicating either increased protein synthesis or 

decreased albumin turnover. For the untreated rats in 

the CO group, all values (TP: 64.14 ± 5.11 g/L; 

ALB: 35.10 ± 3.2 g/L) stayed within the normal 

physiological range, suggesting no hepatic 

dysfunction (Table 2). 

ALT and AST, key markers of hepatocellular 

injury, showed significant variations. ALT was 

lowest in DK (28.00 ± 6.78U/L) and highest in MK 

(44.30 U/L) (p < 0.001). AST peaked in MK (184.60 

U/L), with the lowest in DK (131.40 U/L) (p = 0.01). 

GGT, another hepatic enzyme, showed a significant 

reduction in DK (p < 0.001), reflecting minimal 

biliary or hepatic stress. Despite these statistical 

differences, all enzyme values remained within 

normal ranges. 

TBA (Total Bile Acids) were elevated in all 

groups, with XK reaching 39.00 µmol/L, much 

above the CO range (5 ± 3 µmol/L). Although non-

significant (p = 0.09), this increase might suggest 

mild cholestatic stress, particularly in xylazine-

treated animals. 

Creatine Kinase (CK) and Amylase (AMY) were 

significantly different across groups. CK was highest 

in XK (596.80 U/L), and the difference was 

significant (P value <0.05). In addition, AMY was 

significantly lower in XK, while MK and DK 

showed normal values (p < 0.001), potentially 

reflecting lower stress levels or sympathetic 

suppression in the future. 

Cholesterol (CHOL) levels were significantly 

higher in XK and MK (p < 0.001), all exceeding 

the rat norm of 1.8 ± 0.4 mmol/L, meanwhile in 

DX close to the CO group. In MK, glucose (GLU) 

peaked at 12.64 mmol/L, which was significantly 

higher than in XK and DK (p < 0.001). Significant 

differences between the groups were found in 

creatinine and blood urea nitrogen (BUN) (p < 

0.001). The DK group had the lowest BUN (1.79 

mmol/L), which may show increased renal 

clearance or hemodilution. BUN/CRE ratio 

reduced significantly in DK (p = 0.04), indicating 

better renal filtration efficiency compared to XK 

and MK. tCO₂  (total CO₂ ) levels were 

significantly lower than the reference (23 ± 3 

mmol/L), especially in XK (p < 0.001), pointing 

toward mild metabolic acidosis in all groups. 

Calcium (Ca) was slightly elevated in all groups. 

Phosphate (PO4
3
) showed a significant elevation in 

MK (p < 0.001), due to renal phosphate retention or 

stress-related shifts. Mg (magnesium) was 

significantly elevated in XK (p < 0.001), while MK 

and DK were within the normal range. Ca/PO4
3
 

ratio, an indicator of vascular calcification was 

markedly high in the medetomidine-based protocol 

(99.70 mg/dL). 

Discussion 

The analytical comparison means ± SD of 

anesthetic efficacy between three treatment groups 

XK, MK, and DK based on induction, maintenance, 

and recovery times presented in Table 2. The 

statistical differences (as presented by F- and p-

values) have important consequences for anesthetic 

procedure selection in laboratory settings. 

The induction time was assessed from anesthetic 

administration until loss of consciousness, 

demonstrating statistically significant variations 

throughout groups (p = 0.00046). The DK group 

demonstrated the shortest induction time, showing a 

quick onset, suited for time-sensitive treatments [20]. 

Observed the same results, that combinations 

containing dexmedetomidine and ketamine enhanced 

more rapid induction in Inbred Laboratory Mouse 

Strain (BALB/c mice) when compared to other 

protocols [20]. 

Significant differences were also seen in 

maintenance time between groups (p = 0.0246), 

The DK group had the shortest maintenance time, 

indicating that it induced anesthesia more rapidly. 

This is consistent with dexmedetomidine's 

pharmacokinetic profile, which has a 

comparatively short duration when mixed with 

longer-acting agents [21]. 

Recovery time was not different between 

groups (F = 2.68, p = 0.101), however, the DK 

group recovered the fastest quantitatively. This 

agrees with the findings that dexmedetomidine-

containing mixtures enable rapid recovery due to 

their reversible effect via atipamezole [22]. These 

results reveal that the DK procedure is efficient for 

rapid onset and recovery in the presence of AT 

(atipamizol), which is ideal for short-term 

treatments. However, XK and MK procedures may 

be more appropriate for prolonged operations due 

to their extended maintenance durations, as 

reported by investigations are important for 

experimental animals and welfare [23,24]. 

HR reduced dramatically in the XK group at 5 

and 10 min indicating a profound bradycardia, due to 

xylazine binding with a2-adrenergic agonist 
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receptors, which causes parasympathetic control[25]. 

The MK and DK groups had more stable HR values, 

with DK maintaining the highest hemodynamic 

stability at 15-minute time interval. This is consistent 

with recent findings that observed cardiovascular 

depression during sevoflurane anesthesia [26]. 

Furthermore, dexmedetomidine has a better sedative 

activity than xylazine, with less cardiovascular 

suppression when administered with ketamine [27]. 

XK showed a significant decrease in RR at 5 

minutes (42 bpm), which improved slightly over time 

but remained lower than baseline. In contrast, the 

MK and DK procedures maintained respiratory rates 

closer to normal physiology. The greater RR in MK 

at 5 minutes reflects less respiratory [28]. 

The XK group had a decline in BT as low as 

32.0°C in 10 minutes, inducing hypothermia, a 

typical result in small rodents under anesthesia due to 

their high surface area-to-volume ratio and 

vasodilation [29]. MK and DK maintained preserved 

body temperatures in comparison with XK, 

indicating improved thermoregulatory function. 

Anesthesia-induced hypothermia correlates with 

recovery durations and increases the rate of mortality 

during anesthesia in small mammals, especially with 

xylazine-based regimens [21]. 

SpO₂  dropped dramatically in XK, reaching an 

essential point of 75.9% at 10 minutes, which is 

below acceptable standards and indicates poor 

ventilation-perfusion balance. Both MK and DK 

groups sustained acceptable oxygen levels indicating 

better respiratory function. This is consistent with the 

results of a previous study, which evaluated 

inhalational and injectable anesthetics and found that 

dexmedetomidine combinations enhanced respiratory 

efficiency [30]. 

The PI, a measure of peripheral blood flow and 

vasomotor tone, remained lower in XK and steadily 

increased in the DK group by 15 minutes. This 

improvement under DK reflects vasodilation 

recovery and improved tissue perfusion, which are 

critical for avoiding organ ischemia during extended 

anesthesia. The DK combination is adequate in 

microvascular perfusion, recommending it for 

imaging and surgical procedures due to its balanced 

anesthetic depth with minimum perfusion 

compromise [31]. 

The hepatic assessment tests revealed that the DK 

group had reduced levels of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), and 

gamma-glutamyl transferase (GGT), which are all 

conventional indicators of hepatocellular function 

and biliary function. These findings are consistent 

with previous research showing that 

dexmedetomidine may reduce oxidative stress and 

inflammation in hepatocytes [32,33].  Although all 

groups had normal ALT and AST levels, the DK 

group had much lower levels, indicating reduced 

hepatic stress, due to dexmedetomidine's increased 

α2-adrenoceptor selectivity [34]. 

Albumin (ALB) levels were higher in the MK and 

DK groups compared to the XK. Increases within 

normal limits may indicate increased hepatic synthetic 

activity or an anti-catabolic profile with better α2-

adrenoceptor agonist selectivity to receptor binding 

sites (26). Total protein (TP) and globulin (GLO) 

concentrations were not different between groups, 

indicating the absence of abnormalities in protein 

catabolism or immune globulin production [35]. 

Renal biomarkers showed significant variability, 

particularly the blood urea nitrogen (BUN) and 

BUN/Creatinine ratios. The DK group showed 

lower BUN levels while maintaining stable CRE 

concentrations. That revealed increased renal 

excretion or decreased protein catabolism, due to 

dexmedetomidine's hemodynamic stabilizing 

effects, which numerous studies investigated to 

preserve renal function from kidney ischemia 

[33,36,37]. The DX group had a lower BUN/CRE 

ratio than the XK and MK groups, which supports 

the renoprotective concept. In contrast, greater 

BUN, and CK levels in the XK group are indicative 

of enhanced muscular breakdown and inadequate 

renal excretion or perfusion. These findings are 

consistent with earlier observations that xylazine 

induced minor renal vasoconstriction and decreased 

filtration efficiency [37]. 

Creatine Kinase (CK), an extremely sensitive 

indicator of muscle breakdown or metabolic stress, 

was higher in the XK group, in contrast, the CK 

levels in MK and DK were closer to physiological 

values and /or the CO group. This is relevant in 

situations that involve neuromuscular circumstances, 

such as imaging or electrophysiological research, 

where muscle damage is indicative of validation of 

this data analysis [38].  

Amylase (AMY) levels were also considerably 

lower in XK, implying stress-induced inhibition of 

exocrine pancreatic function or increased 

sympathetic tone. Ketamine and α2-agonists may 

affect hepatic lipid binding or break down as shown 

by elevated CHO (cholesterol) levels in all groups, 

particularly in XK and MK. Although the exact 

mechanism is unknown, there may be a correlation 

with stress-induced endocrine alterations that may be 

potential contributors [39]. Glucose (GLU) increased 

potentially in all groups of treatments; this is 
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indicative of a2-agonists induced hyperglycemia, due 

to decreased insulin and increased hepatic glucose 

output [40]. 

Carbon dioxide (tCO₂ ) levels were significantly 

lower in all groups than their normal values, with the 

XK group experiencing the greatest drop. This may 

involve two causes, firstly is metabolic acidosis, and 

secondly is respiratory depression, which is a well-

documented xylazine side effect [41]. DK-treated 

animals' tCO₂  levels were closer to the normal 

threshold, showing improved respiratory balance. 

Electrolyte abnormalities have been seen in MK 

treatment groups, including calcium (Ca
++

), 

phosphate (PO4
3
), and magnesium (Mg) values. MK 

animals had hyperphosphatemia and the highest 

calcium-phosphate, which is concerning given the 

link between high Ca/PO4
3
 values and soft tissue 

calcification risks [42]. Additionally, Mg levels in 

XK were greatest, which could be attributed to 

muscle injury or decreased renal excretion [43]. 

Limitations and Future Directions 

This study is limited by its small sample size (10 

per group), use of only male rats, reliance on non-

invasive monitoring for physiological parameters, 

and short evaluation period, which may restrict 

clinical relevance. Future studies should include 

larger, more diverse populations, apply invasive 

monitoring, assess long-term outcomes, and compare 

protocols across species to support reliability and 

animal welfare. 

Conclusion 

Dexmedetomidine–ketamine (DK) is a highly 

effective and stable anesthetic protocol suitable for 

both experimental and clinical use. Its rapid 

induction, shorter maintenance phase, and superior 

cardiovascular and respiratory stability make it 

suitable for both laboratory and veterinary medicine. 

The DK protocol has minimal hepatic and renal 

disturbances, reduced muscle enzyme leakage, and 

keeps a consistent glucose profile, acid-base balance, 

and electrolyte levels within physiological ranges. 

XK, on the other hand, has notable physiological 

alterations, such as elevated creatine kinase, 

increased blood urea nitrogen, and reduced total 

CO₂  levels. These changes may reflect less 

favorable cardiovascular and sedative properties, 

particularly in sensitive or prolonged procedures. 

Medetomidine–ketamine (MK) has an improved 

safety profile over XK but may also cause adverse 

metabolic responses, such as significant elevations in 

glucose and phosphorus levels. Despite these 

alterations, the DK protocol offers a high margin of 

safety with minimal organ toxicity, making it a 

valuable possibility in both laboratory and veterinary 

medicine. 
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TABLE 1. is the duration of anesthesia seen following the administration of various anesthetic protocols, allowing for 

comparison of induction, maintenance, and recovery times associated with each treatment regimen 

Parameter Group XK 

(min) 

Group MK 

(min) 

Group DK 

(min) 

F-value p-value* 

Induction Time 7.49 ± 2.60 a 3.76 ± 0.83 b 2.58 ± 0.40 b 13.41 0.00046 

Maintenance Time 8.25 ± 1.71 a 7.42 ± 1.06 a 3.28 ± 0.47 b 4.79 0.0246 

Recovery Time (after 

AT administration) 

7.80 ± 3.68 a 4.38 ± 3.45 a 2.95 ± 1.15 a 2.68 0.101 
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Values are presented as mean ± standard deviation. Different superscript letters within the same row indicate statistically 

significant differences between groups (P < 0.05). CO = control; XK = xylazine + ketamine combination group; MK = 

medetomidine + combination group; DK = dexmedetomidine + ketamine combination AT = atipamezole.  
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TABLE 2. Comparative analysis of Hepatic, Renal and General Biochemical Biomarkers in Wistar Rats Following 

Administration of Different Anesthetic Protocols. 

Parameter (Unit) CO XK MK DK P-value* 

TP (g/L) 64.14 ± 5.11ᵃ 68.10 ± 8.61ᵃ 71.00 ± 4.85ᵃ 68.44 ± 4.45ᵃ 0.40 

ALB (g/L) 35.10 ± 3.2ᵃᵇ 33.38 ± 1.18ᵃ 38.08 ± 1.98ᵇ 38.62 ± 2.40ᵇ 0.01 

ALT (U/L) 40.20 ± 15.7ᵃᵇ 37.00 ± 4.12ᵃᵇ 44.30 ± 18.15ᵃ 28.00 ± 6.78ᵇ 0.00 

AST (U/L) 120.00 ± 40ᵃ 152.00 ± 6.32ᵇ 184.60 ± 22.36ᶜ 131.40 ± 18.66ᵃᵇ 0.01 

ALP (U/L) 115.80 ± 55.74ᵃ 151.7 ±89.49ᵃ 138.20 ± 20.54ᵃ 113.40 ± 15.09ᵃ 0.00 

TBA (µmol/L) 21.44 ± 8.53ᵃ 39.00 ± 22.37ᵃ 25.20 ± 6.03ᵃ 24.94 ± 6.95ᵃ 0.12 

TBIL (μmol/L) 5.41 ± 0.21ᵃ 5.43 ± 2.34ᵃ 7.13 ± 2.64ᵃ 6.06 ± 2.24ᵃ 0.25 

GLO (g/L) 28.33 ± 3.22ᵃ 34.72 ± 7.46ᵃ 32.92 ± 4.38ᵃ 29.82 ± 2.29ᵃ 0.15 

GGT (U/L) 2.00 ± 1.13ᵃ 1.05 ± 0.50ᵇ 1.29 ± 0.07ᵇ 0.70 ± 0.64ᵇ 0.00 

CK (U/L) 300.19 ± 100.05ᵃ 596.80 ± 83.46ᶜ 429.10 ± 103.08ᵇ 342.20 ± 102.09ᵃᵇ 0.00 

AMY (U/L) 400.10±100.22ᵃᵇ 290.20 ± 7.05ᵃ 428.80 ± 23.84ᵇ 441.20 ± 99.46ᵇ 0.00 

TG (mmol/L) 1.12 ± 0.33ᵃ 1.00 ± 0.23ᵃ 0.91 ± 0.16ᵃ 0.85 ± 0.21ᵃ 0.35 

CHOL (mmol/L) 1.80 ± 0.4ᵃ 2.28 ± 0.15ᵇ 2.27 ± 0.17ᵇ 1.94 ± 0.16ᵃ 0.00 

GLU (mmol/L) 7.00 ± 1.50ᵃ 7.19 ± 2.16ᵃ 12.64 ± 2.80ᶜ 8.38 ± 1.48ᵇ 0.00 

BUN (mmol/L) 4.02 ± 1.00ᵇ 5.28 ± 0.28ᵃ 3.22 ± 0.43ᶜ 1.79 ± 0.30ᵈ 0.00 

BUN/CRE 15.02 ± 5.10ᵃᵇ 20.90 ± 3.68ᵃ 19.90 ± 7.81ᵃ 12.70 ± 5.02ᵇ 0.04 

tCO₂  (mmol/L) 23.21 ± 3.14ᵃ 15.50 ± 0.79ᵈ 17.30 ± 1.08ᶜ 20.00 ± 1.58ᵇ 0.00 

Ca++ (mmol/L) 2.53 ± 0.22ᵇ 2.72 ± 0.09ᵃ 2.77 ± 0.15ᵃ 2.61 ± 0.03ᵃᵇ 0.04 

PO43(mmol/L) 2.04 ± 0.30ᵇ 1.95 ± 0.22ᵇ 2.87 ± 0.54ᵃ 1.72 ± 0.20ᵇ 0.00 

Ca /PO43 (mg/dL) 50.15 ± 10.11ᶜ 65.70 ± 5.31ᵇ 99.70 ± 23.75ᵃ 56.20 ± 6.98ᵇᶜ 0.00 

Mg (mmol/L) 1.01 ± 0.18ᵇ 1.31 ± 0.27ᵃ 1.14 ± 0.22ᵃᵇ 0.84 ± 0.09ᶜ 0.00 

Values are presented as mean ± standard deviation. Different superscript letters within the same row show statistically 

significant differences between groups (P < 0.05). TP = Total Protein; ALB = Albumin; ALT = Alanine Aminotransferase; 

AST = Aspartate Aminotransferase; ALP = Alkaline Phosphatase; TBA = Total Bile Acids; TBIL = Total Bilirubin; GLO = 

Globulin; GGT = Gamma-Glutamyl Transferase; CK = Creatine Kinase; AMY = Amylase; TG = Triglycerides; CHOL = 

Cholesterol; GLU = Glucose; BUN = Blood Urea Nitrogen; BUN/CRE = Blood Urea Nitrogen to Creatinine Ratio; tCO₂  = 

Total Carbon Dioxide (Bicarbonate); Ca++ = Calcium; P = Phosphorus (Inorganic Phosphate); Ca/PO43 = Calcium-

Phosphorus Product; Mg = Magnesium; CO = control group; XK = xylazine + ketamine combination group; MK = 

medetomidine + ketamine combination group; DK = dexmedetomidine + ketamine combination group. 

 

 

 

Fig. 1. Physiological monitoring of key vital parameters (heart rate, respiratory rate, oxygen saturation, body 

temperature, and perfusion index) using the PhysioSuite system in Wistar rats following administration of 

different anesthetic protocols.  
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Fig. 2. Line graphs presented a comparative analysis of different anesthesia protocols at different time points, 

illustrating temporal change in key physiological parameters. CO = Control group (no anesthetic 

administered); XK = Xylazine + Ketamine combination group; MK = Medetomidine + Ketamine combination 

group; DK = Dexmedetomidine + Ketamine combination group. 
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 تحليل مقبرن بيه زيلازيه والميذيتوميذيه وللذيكسميذيتوميذيه مع الكيتبميه

 في الفئران

ببفيل عمر قبدر، ديكبن علی رظب*، شبهبمبوذ سروان مصطفي، ويبز کبوە أميه، كبلي 

 جحفر حسيه، بيشواز م. حولا، لاويب ووري عبذولله

 سهًٍاٍَت، بخخٍاسي، انسهًٍاٍَت، انعشاق.لسى انجشاحت ٔعهى انٕساثت، كهٍت انطب انبٍطشي، جايعت ان

  

 الملخص

ًْٔ انضٌلاصٌٍ ٔانًٍذٌخٕيٍذٌٍ  adrnergic -2aلاسَج ْزِ انذساست فعانٍت انخخذٌش ٔسلايخّ نثلاثت يُبٓاث يسخمبلاث

ٔانذٌكسًٍذٌخٕيٍذٌٍ، كم يُٓا يمخشٌ بانكٍخايٍٍ. كاٌ انٓذف ْٕ ححذٌذ بشٔحٕكٕل انخخذٌش الأيثم انزي ٌعًٍ سفاٍْت 

( OCانحٍٕاَاث ٔيٕثٕلٍت الأبحاد انًخخبشٌت. حى حمسٍى أسبعٍٍ جشراً ركشاً إنى أسبع يجًٕعاث: يجًٕعت يشالبت )

يجى/كجى يٍ  5.0يجى/كجى يٍ انكٍخايٍٍ يمخشَت إيا بـ  05، ٔثلاد يجًٕعاث علاجٍت أعطٍج أعطٍج يحهٕل يهحً

( عٍ غشٌك KDيجى/كجى يٍ صٌلاصٌٍ ) 0( أٔ KDيجى/كجى يٍ يٍذٌخٕيٍذٌٍ ) 5.0( أٔ KDدٌكسًٍذٌخٕيٍذٌٍ )

، بًٍُا حى حمٍٍى انًؤششاث انحمٍ داخم انصفاق. لًٍج انذساست يلايح انخخذٌش ٔانًعهًاث انفسٍٕنٕجٍت أثُاء الإجشاء

ٔلج ححشٌط أغٕل بشكم  KDأظٓشث يجًٕعت ٌٕيًا يخخانٍاً.  01انحٌٍٕت انكًٍٍائٍت انحٌٍٕت ٔانكهٌٕت ٔانكبذٌت بعذ 

 KD ٔMK. ٔبانًمابم، حى إغانت فخشة انحفاظ عهى انخخذٌش فً يجًٕعخً KD  ٔKDيهحٕظ يماسَت بًجًٕعخً 

انفسٍٕنٕجٍت عٍ اَخفاض كبٍش فً ٔظائف انمهب ٔانجٓاص انخُفسً فً يجًٕعت  . كشفج انخمًٍٍاثKDيماسَت بًجًٕعت 

KDٔ حًثم فً اَخفاض يهحٕظ فً يعذل ظشباث انمهب ٔيعذل انخُفس ،SpO2  ،ٔدسجت حشاسة انجسى. فً انًمابم

اباث عهى يعهًاث فسٍٕنٕجٍت أكثش اسخمشاسًا. أظٓش انخحهٍم انكًٍٍائً انحٍٕي اظطش KD ٔDKحافظج يجًٕعخً 

(. أظٓشث TLA ٔAST ٔGGT، يع اَخفاض يسخٌٕاث إَضًٌاث انكبذ )KDكبذٌت ٔكهٌٕت غفٍفت فً يجًٕعت 

اسحفاعًا يهحٕظًا فً الأحًاض انصفشأٌت ٔانكشٌاحٍٍ كٍُاص ٔاخخلالاث فً انخٕاصٌ انكٓشبائً. أبشصث  KDيجًٕعت 

ًُا فً انخصفٍت فً يجًٕعت  ححفٍضًا سشٌعاً ٔٔظٍفت لهبٍت  KDفش بشٔحٕكٕل . فً انخخاو، KDٔانًلايح انكهٌٕت ححس

حُفسٍت يسخمشة ٔاظطشاباث اسخملابٍت ٔععٌٕت غفٍفت. ْزا انًهف الأيًُ انًخفٕق ٔالاسخمشاس انفسٍٕنٕجً ٌجعهّ َظايًا 

 يثانٍاً نهخخذٌش فً كم يٍ انخطبٍماث انًخخبشٌت ٔانبٍطشٌت.

 .خايٍٍ، ٔظٍفت انكبذ، ٔظٍفت انكهىٌٍ، كٍ: صٌلاصٌٍ، يٍذحٕيٍذٌٍ، دٌكسًٍذحٕيٍذالكلمبت الذالة

 

 

 


