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ABSTRACT 

Intravenous anesthesia is only the option to maintain general anesthesia under field conditions. 

Anesthesia can be induced and maintained more effectively by first administering the bolus infusion 

followed by continuous infusion of any anesthetic agent. This study was planned with two objectives; one 

was to investigate the sedatives and dose sparing effects of different doses of detomidine and midazolam 

and second was to develop a suitable total intravenous anesthesia (TIVA) technique by comparative 

efficacy of propofol and ketamine anesthesia using constant rate infusion in premedicated goats during 

pain management. The study was completed in two phases. During phase-1, three experiments were 

conducted to investigate sedative and dose sparing effects of three different doses of detomidine and 

midazolam. In the first experiment of phase-1, in total of twelve (12) healthy female goats were randomly 

divided into six treatment groups (A1, B1, C1, D1, E1 and F1) comprising two animals each. Group (A1) 

was treated as a control group that after premedication with normal saline @ 0.2 ml/kg, received propofol 

@ 4.20±0.10 mg/kg body weight. Group B1 and C1 animals after sedation with detomidine @ 15 µg/kg 

body weight, received different doses of propofol and ketamine respectively. Similarly, Group D1 and E1 

animals after sedation with midazolam @ 0.25 mg/kg body weight, received different doses of propofol 

and ketamine respectively. While, Group F1 animals after premedication with a combination of 

detomidine+ midazolam @ 7 µg/kg+ 0.12 mg/kg body weight, received different doses of combination of 

propofol-ketamine to produce a level of anesthesia required for placing an endotracheal tube. During 

experiment-2, in total of twelve (12) healthy female goats were randomly divided into six treatment 

groups (A2, B2, C2, D2, E2 and F2) comprising two animals each. Group A2 animals were treated as a 

control group that premedicated with normal saline @ 0.2 ml/kg body weight, followed fifteen minute 

later by induction with ketamine @ 4.15±0.05 mg/kg body weight. Group B2 and C2 animals after 

premedication with detomidine @ 20 µg/kg body weight, received different doses of propofol and 

ketamine respectively. Similarly, Group D2 and E2 animals after sedation with midazolam @ 0.30 mg/kg 

body weight, received different doses of propofol and ketamine respectively. While, Group F2 animals 

after premedication with a combination of detomidine + midazolam @ 10 µg/kg+ 0.15 mg/kg body 

weight, received different doses of a combination of propofol-ketamine to produce a level of anesthesia 

required for placing an endotracheal tube. Similarly, during experiment-3, in a total of twelve (12) 

healthy female goats were randomly divided into six treatment groups (A3, B3, C3, D3, E3 and F3) 

comprising two animals each. Group A3 animals were treated as a control group that after premedication 

with normal saline @ 0.2 ml/kg body weight, received a combination of propofol-ketamine @ 2 mg/kg 

for each. Group B3 and C3 animals after premedication with detomidine @ 25 µg/kg body weight, 

received different doses of propofol and ketamine respectively. Similarly, Group D3 and E3 animals after 

premedication with midazolam @ 0.40 mg/kg body weight, received different doses of propofol and 

ketamine respectively. While, Group F3 animals after premedication with a combination of detomidine + 

midazolam @ 12 µg/kg + 0.20 mg/kg body weight, received different doses of combination of propofol-

ketamine to produce a level of anesthesia needed for placing an endotracheal tube. In all three 

experiments, the degree of sedation, analgesia, induction dose, % age reduction in induction dose, 

anesthesia quality and clinico-physiological parameters were evaluated before sedation, after sedation, 

during anesthesia to till recovery. All sedation regimens tested in this study caused sedation and 

reduction in induction dose. However, significant deep sedation, maximum % age reduction in induction 

dose and a better quality anesthesia with a maximum increase in duration and minimum negative impact 

on cardiopulmonary function was observed in the group treated with a combination of detomidine-

midazolam-propofol-ketamine at all three doses. During experiment- 4, the comparative efficacy of 

propofol and ketamine anesthesia was evaluated to develop a suitable total intravenous anesthesia 

(TIVA) technique using constant rate infusion in pre-medicated goats during pain management. For this 

purpose, in total of eighteen (18) healthy female goats were randomly divided into three treatment groups 

(A, B and C) comprising six animals each. Group A animals were first sedated with detomidine @ 2.5 

µg/kg followed by induction with propofol @ 4 mg/kg body weight and maintenance with constant rate 

infusion of (detomidine 2.5µg/kg/hr+ propofol 9.6 mg/kg/hr). While in group B, after sedation with 

midazolam @ 0.25 mg/kg body weight, induction was done with ketamine @ 4 mg/kg body weight and 

maintenance with constant rate infusion of (midazolam 0.25 mg/kg/hr + ketamine 2.4 mg/kg/hr). 
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Similarly in group C, after sedation with a combination of (detomidine @ 1.2 µg/kg + midazolam 0.12 

mg/kg) body weight, induction was done with a combination of (propofol 1 mg/kg+ ketamine 1mg/kg) 

and maintenance with constant rate infusion of combination of all (detomidine 1.2 µg/kg/hr +midazolam 

0.12 mg/kg/hr + propofol 4.5 mg/kg/hr + ketamine 1.2 mg/kg/hr) respectively using a volumetric syringe-

driving pump. Anesthesia was maintained for sixty (60) minutes in all groups and rumenotomy was 

performed. Anesthetic, clinico-physiological and haematobiochemical parameters were evaluated at 

different time intervals during anesthesia. The overall observation on clinico-physiological and 

haematobiochemical parameters showed that both anesthesia and surgical stress induced some alterations 

in their values but, these alterations were found temporary in nature without any clinical significance. 

Moreover, total intravenous anesthesia maintained with a combination of detomidine-midazolam-

propofol-ketamine was proved to be the best drug combinations taking into account the anesthetic, 

clinico-physiological and haematobiochemical parameters. 

Keywords: Pain management, total intravenous anesthesia, constant rate infusion, rumenotomy, goat. 
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CHAPTER 1 

INTRODUCTION 

Ruminants are classically considered farm animals and are often intended for the production of food. The 

small ruminants are playing a vital role to the socio-economic wellbeing of people in developing 

countries, including Pakistan. Goat domestication by the man had been reported in excavations of 

Neolithic sites at Jericho dating from 7000 B.C. (Alan, 1988). About, 90% of goats had been reported in 

Asia and Africa. Goats had always been played an important economic and cultural role in the most 

communal parts of Africa (Selebi and McCrindle 2003). Some unique qualities of goats such as high 

fertility rate, short kidding interval and good quality mutton, milk and hair production had made its 

particular importance in livestock.  

Research using goats includes such diverse fields as orthopedics, reproduction, infectious disease, 

genetics and endocrinology (McMillen, 2001; Valverde and Doherty 2008). Due to hike in prices of 

animals and animal products, owners want to get their animals to be treated surgically where the surgical 

intervention was required. Goats were often presented to the veterinary clinics either for routine surgical 

operations like disbudding, dehorning and castration or sometimes for laparotomy, laparoscopy, 

cesarean-section, rumenotomy, fracture repair and different types of abdominal, umbilical and scrotal 

hernias that were usually performed under general anesthesia (Al-Sobayil and Ahmad 2007). General 

anesthesia could be obtained by administering either inhalant or injectable anesthetic agents. 

Traditionally, intravenous anesthetic agents were only preferred as induction agents while inhalant agents 

were being used to maintain the anesthesia during more invasive procedures (Hofer et al. 2003; Auer et 

al. 2010). Inhalation anesthesia is still lagging behind in developing countries, including Pakistan. It 

usually needed more expensive equipment such as an anesthetic machine that was too much difficult to 

manage under field conditions (Dzikiti, 2013). The veterinary surgeons preferred to use total intravenous 

anesthesia to avoid the personnel occupational health hazards and atmospheric pollution arising after 

exposure to anesthetic machine (Hasei et al. 2003). Hence, intravenous anesthesia is the only option to 

maintain general anesthesia in all those situations where the use of inhalation anaesthesia is impractical 

(Mannarino et al. 2012; Hofer et al. 2003; Dzikiti, 2013). Ideal anesthesia must be preferred for surgical 

management of animals that fully ensured analgesia, hypnosis, muscle relaxation and amnesia for the 

well-being of the patient (Ve dpathak et al. 2009). Such characteristics could be difficult to be present in 

a sole agent. That‘s why, the combination of different drugs had been preferred (Thurmon and Short 

2007). The administration of several drugs at lower doses to minimize the complications of each drug is 

termed as a balanced anesthesia technique (Toner, 2005; Solano et al. 2006). Two techniques were 

mostly preferred for administering the intravenous anesthetic agents namely multiple bolus technique and 

continuous infusion technique (Waelbers et al. 2009; Mani and Morton 2010). However, constant 

infusion technique was preferred over the repeat bolus technique (Wiese et al. 2010; Seliskar et al. 2007; 

Dahi et al. 2015; Chui et al. 2014). In fact, the development of sophisticated delivery systems and the 

recent advancement in pharmacokinetic and pharmacodynamics properties of modern drugs had 

propelled research into total intravenous anesthesia (McKenzi, 2008; Dzikiti, 2013). Total intravenous 

anaesthetic techniques have been developed to a greater degree in some species like dogs and horses 

(Nolan, 2004). However, very little information are available to support the use of most of total 

intravenous anesthetic drugs in goats (Carroll et al. 1998). Intravenous anesthetic agents that had been 

previously found suitable and preferred for constant rate infusions in dogs include opioids, α2-adrenergic 

agonists, benzodiazepines, ketamine, propofol and lidocaine (Hellyer et al. 2001; Muir et al. 2003; 

Pascoe et al. 2006; Solano et al. 2006; Steagall et al. 2006; Bufalari et al. 2007; Intelisano et al. 2008). 

Ketamine, thiopental and propofol were reported as the most commonly used injectable anesthetic drugs 

in sheep and goat (Malik et al. 2011; Galatos, 2011; AlwanIn, 2017). Among the sedatives, the use of 

detomidine and xylazine was found to be harmless in goats in hospitals as well as in field conditions 

(Shah et al. 2013). Detomidine was found a better option due to its good sedative, strong analgesic and 

less cardiorespiratory effects than xylazine (Khan et al. 2004; Hall et al. 2001). Similarly, midazolam 

was found a better option than diazepam due to its fast-acting, short elimination half-life and mild 

cardiopulmonary effects than daizepam (Cao et al. 2002; Lemke, 2007). 
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Midazolam produced dose-dependent and anesthetic sparing effects in different animal species with mild 

cardiopulmonary changes (Stegmann and Bester 2001; Taira et al. 2000; Hendrickx et al. 2008). Propofol 

had been reported as one of the most suitable agents to achieve total intravenous anesthesia in humans 

and some animal species (Bettschart-Wolfensberger et al. 2001). Propofol following sedation with 

detomidine (Gupta, 2010) and midazolam (Rafee, 2013) provided a satisfactory anesthesia in dogs. The 

ketamine has recently gained an increasing interest due to its wide margin of safety and role in pain 

management (Viser and Schug 2006; Krauss and Green 2000; McCarthy et al. 2000; Priestley et al. 

2001). Ketamine had been documented to possess the analgesic property and caused cardiovascular 

stimulation (Muir et al. 2000; Hall et al. 2001). Anesthetic management in goat is challenging in the 

sense that regurgitation resulted in aspiration pneumonia that may cause the death of animals (Hall et al. 

2001). Total intravenous anaesthesia is becoming an emerging field in general anesthesia and has been 

developed and used in some species, notably dogs and horses. However, very limited studies have been 

conducted all over the world regarding total intravenous anesthesia (TIVA) protocol and its delivery by 

constant rate infusion in small ruminants (Hall et al. 2011; Dzikiti, 2013).     
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1.  Pain 

Pain is a complex phenomenon based on pathophysiological and psychological components that often 

difficult to recognize and interpret in the animals. Now a days, more emphasis has been given to the 

matter of pain in different animals due to increasing awareness of animal welfare. That’s why, it became 

compulsory for the veterinarians to identify whether an animal was suffering from pain or not. The 

symptoms of pain in animals were usually recognized by indirect markers that included behavioral, 

physiological and ultimately clinical responses (Landa, 2012). Current approaches to animal welfare had 

made it easy to manage pain in livestock. Local, regional and general anesthetic agents in combination 

with some analgesics had been recommended and being administered even to perform minor surgical 

procedures (George, 2003). 

2.2.  The History of Intravenous Anaesthesia 

Intravenous injection was first time introduced by Sir Christopher Wren at Oxford University in 1656 

after administration of opium in the blood circulation of dogs (Glass et al. 1991). In 1853, opiates were 

administered intravenously to the patient by Alexander Wood (Glass et al. 1991; Miller, 1994). Later on, 

in 1874, the first effort was made to induce anesthesia by using intravenous anesthetic agents. Pierre-

Cyprien Ore was the first person who anaesthetized the patients by administering chloral hydrate. But 

with the passage of time, its use was prohibited in human beings due to low safety margin (Glass et al. 

1991). After this, the concept of balanced anaesthesia was introduced in 1926 by Crile of Ohio. Later on, 

in 1952, Gray and Rees had proposed the concept of “Triad of Anaesthesia” that could be achieved by 

combining different drugs. In 1957, Woodbridge introduced the concept of “Tetrad of anesthesia” after 

including the termination of autonomic reflexes to the triad (Van Hemelrijck and Kissin 1997). Although, 

these new ideas were supportive in introducing the concept of intravenous anaesthesia but advancement 

was not very rapid in this field due to deficiency of drugs with sufficient pharmacokinetics or 

pharmacodynamics profiles and lack of specific delivery systems. A main driving force that propelled the 

world towards total intravenous anesthesia was perhaps the recognition of unpleasant effects on the 

health of theatre personnel when exposed to volatile anaesthetic components (Morgan, 1983). From the 

start of the 1970s and so on, the infusion techniques and tools were developed very rapidly due to 

advancement in new technologies and software. 

2.3.  Total intravenous anesthesia (TIVA) 

Anesthesia was considered a base line for carrying out many surgical and diagnostic procedures. 

Anesthesia had assumed to produce reversible unconsciousness, amnesia/ analgesia, muscle relaxation 

and immobility with minimum negative impact (Bajwa et al. 2010; Hemming, 2010). Most of field 

surgeries are being performed under general anesthesia. General anesthesia can be obtained by 

administering injectable or inhalant anesthetic agents. Traditionally, intravenous agents were 

administered as induction agents to support the endotracheal intubation. While, the administration of 

inhalant agents had made the basis for the maintenance anesthesia (Auer et al. 2010). Inhalation 

anaesthesia was associated with increased atmospheric contamination and improper handling of 

anesthetic machine may cause notable occupation health risks to medical personnel (Dzikiti, 2013). 

Dose-dependent respiratory and cardiovascular effects were reported following inhalation anesthesia 

(Clarke et al. 2014; Dzikiti, 2013). Inhalation anaesthesia required heavy, large-sized, advanced and 

costly apparatus such as anaesthetic machine that might be possible only under hospital conditions. 

While, the intravenous anaesthesia needed only intravenous anesthetic agents and a conventional syringe 

to maintain a sufficient depth of anaesthesia (Dzikiti, 2013). As, the intravenous anesthesia as compared 

to inhalation anesthesia required less equipment for the maintenance so, it is the only option to maintain 

general anesthesia during field surgeries. 
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The administration of induction agents as sole agents were found unsatisfactory. These induction agents 

therefore, were recommended to administer in combination with some analgesics, sedatives or centrally 

acting muscle relaxants to produce the satisfactory surgical anesthesia (Bettschart-Wolfensberger et al. 

2005; Brosnan et al. 2011; Flaherty et al. 1998; Keith, 2007; Ohta et al. 2004; Umar et al. 2006, 2007). 

The satisfactory surgical anesthesia could be achieved possibly only by a balanced anaesthesia technique. 

The main concept in balanced anaesthesia was combining two or more than two anaesthetic drugs for 

achievement of targeted components of general anaesthesia with minimum negative impact on 

cardiorespiratory function (Mama, 2000). The balanced anesthetic technique had resulted in satisfactory 

anesthesia along with the non-appearance of disadvantages of inhalant anesthetics (Matthews, 2007). The 

administration of combinations of intravenous infusions of anesthetic and analgesics drugs for 

maintenance of anesthesia was referred as total intravenous anesthesia (TIVA). This technique involved 

the use of only injectable anesthetics for the induction and maintenance of an adequate depth of 

anesthesia (Dzikiti, 2013).  

2.3.1.  Advantages of total intravenous anesthesia (TIVA) 

There were situations when total intravenous anesthesia was found only the possible means of achieving 

general anaesthesia in goats e.g. when performing surgical procedures on the farm or in remote settings 

(Carroll et al. 1997), or when performing specific diagnostic procedures like magnetic resonance imaging 

(Larenza et al. 2005). Furthermore, the use of total intravenous anesthesia has several other advantages 

over inhalation anesthesia like low cost and elimination of the risks of occupational health and 

atmospheric pollution (Nolan, 2004). The major drawback noticed during the use of injectable 

anaesthetic agents was found the high likelihood of hypoxaemia (Carroll et al. 1997; Hall et al. 2001).  

The total intravenous anesthesia (TIVA) was reported as an appropriate and safer technique that could be 

used by veterinary doctors with minimum possible facilities (Wagner and Hellyer 2002; Johnston et al. 

2002). It had been reported as a useful method of anesthesia in the field, as it did not require any 

specialized equipment or an oxygen delivery system (Bennett, 2006). The most of advantages of total 

intravenous anaesthesia had been reported especially if, the drugs were injected as constant infusion. 

These included rapid onset, don’t need any particular oxygen delivery system, minimum adverse effects, 

provision of continual analgesia, easy availability of low-cost syringe with needle and minimum risks of 

occupational health and atmospheric pollution (Mani and Morton 2010; Waelbers et al. 2009). Currently, 

the total intravenous anaesthesia has gained its importance as the most acceptable technique among the 

human anesthetists for two basic points: First, unlike intravenous substances of the past, the 

pharmacokinetic and pharmacodynamic features of advanced drugs such as propofol and opioids had 

made them very appropriate for injecting them by continual infusion. Secondly, the new ideas in 

pharmacokinetic modeling and development in computer technology have permitted to introduce modern 

delivery systems and the ideas of so-called target-controlled infusion (TCI). So, it had become an 

important technique for general anesthesia and a stable anesthetic model for some species of animals 

especially dogs (Doherty and Valverde 2006), horses (Ortega and Cruz 2011), sheep (Vesal and Oloumi 

1998), and recently in goats (Dzikiti, 2013). Research on total intravenous anesthesia (TIVA) in goats has 

gaining a popularity day by day over the past few years (Ghurashi et al. 2009; Dzikiti et al. 2010; Dzikiti, 

2013; Ndawana et al. 2015).  

2.3.2. Techniques for total intravenous anaesthesia (TIVA) 

Two techniques were mostly preferred to maintain anesthesia with the intravenous agents named as 

multiple bolus technique or continuous infusion technique (Smith and White 1998). For longer periods of 

anesthesia, intravenous anesthetics may be given by intermittent injections or by continuous infusion. 

The multiple bolus injection techniques had been found very simple with complications of long recovery 

(Beths, 2008; Joubert, 2009). The intermittent bolus administration could have resulted in elevated 

plasma levels and an excessive depth of anesthesia changing with periods of insufficient anesthesia 

(Beths, 2008; Joubert, 2009). The administration of intravenous substances via multiple bolus injections 

had been found very simple but associated with the complications of using high doses and prolonged 

recovery (Miller, 1994; Smith and White 1998c; Padfield, 2000b). Moreover, the grade of the anaesthesia 

remained substandard due to the non-compatibility of drug plasma level (Smith and White 1998c). The 
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complications of multiple bolus technique can be eliminated by replacing it with continuous infusion 

technique that ensured a better quality anesthesia and low usage of total drug dose (Wiese et al. 2010).  

The administration of intravenous agents via repeat bolus technique had become an older technique that 

was successfully replaced with constant rate infusion technique, as indicated by the trend in recent 

researches (Seliskar et al. 2007; Chui et al. 2014; Dahi et al. 2015). Anesthesia could be induced and 

maintained more effectively by first administering bolus infusion followed by continuous infusion of any 

anesthetic agent (Malik   et al. 2011; Beths, 2008; Waelbers et al. 2009). The constant rate infusion 

technique provided a continuous steady-state concentration of the drug, producing a more stable plane of 

anesthesia (Hall et al. 2001; Macintire and Tefend 2004; Musk et al. 2005). The constant rate infusion 

technique was found better and safer than the repeat bolus infusion technique (Njoku, 2015). Although, 

total intravenous anesthesia could be attained by administering intravenous agents via multiple bolus 

technique but the constant rate infusion technique ensured a better quality anesthesia, minimum usage of 

the total drug and a superior control of anesthetic depth (Picavet et al. 2004). The idea of constant rate 

infusion was derived from minimum alveolar concentration. The administration of minimum dose rate of 

an anesthetic substance at which 50 % of patients become insensitive to surgical stimulant was referred as 

minimum infusion rate (Joubert, 2009). The anaesthetic agents could be administered by using fluid bags, 

buretrol, infusion pump, conventional syringe controlled by syringe driver/syringe pump or more 

advanced computer controlled pumps (Beths, 2008; Waelbers et al. 2009). If intravenous agents were 

preferred to administer via drug-spiked fluid bags, then the flow rate was measured drops/second and 

regulated over time to attain a required effect of anaesthesia. However, a constant rate infusion technique 

was reported as a more sophisticated way to deliver intravenous anaesthetic drugs by syringe driven 

pump. Saline infusion bags or conventional syringe driven by volumetric pump were recommended for 

the continuous administration of the anesthetic agent (Beths, 2008; Waelbers et al.  2009). The 

anaesthetic agents with qualities of water-soluble, lipid-soluble, the capacity of rapid and smooth 

induction, rapid clearance from body and capability of smooth and predictable recovery from anaesthesia 

with a minimal negative impact on the cardiorespiratory system had been preferred and recommended for 

attaining a prolonged anesthesia (Joubert, 2009; McKenzi, 2008; Beths, 2008; Dzikiti et al. 2010). 

2.4.  Anesthesia in small ruminants  

Sheep & Goat were found one of the most widely used reproductive animals for human’s life and also for 

biomedical research. Ruminants had been found ten times more sensitive to xylazine as compared to 

horses. On the other hand, detomidine was dosed same in both species (Abrahamsen, 2013). Hence, 

sufficient knowledge regarding anesthesia and analgesia was essential for the proper management of 

sheep & goat. The most suitable anesthetic and analgesic drugs and its delivery techniques should be 

preferred that ensured a minimal stress and rapid clearance from the body. The presence of excess drug 

residues in meat or milk was a health issue that could be minimized by selecting intravenous agents with 

short half-lives (Fajt, 2011). Ketamine, thiopental and propofol were reported as most commonly used 

injectable anesthetic drugs in sheep and goat (Malik et al. 2011; Galatos, 2011; AlwanIn, 2017). Propofol 

was reported suitable agent to maintain the anaesthesia after administration by multiple bolus technique 

or constant rate infusion technique (Malik et al. 2011). Propofol had been recommended in goats due to 

its rapid onset, short duration and rapid clearance from the tissues (Grossherr  et al. 2006; Larenza et al. 

2005; Hall et al. 2001; Lemke, 2007; Riebold,  2007; Barash et al. 2009; Radostits et al. 2007). 

Preanesthetic treatment with some sedatives, analgesics or muscle relaxants before administering the 

induction agents had been highly appreciated and recommended in veterinary practice (Bednarski et al. 

2011; Dzikiti et al. 2009). It has been suggested to pre-medicate the goats before administering the 

induction agents (Galatos, 2011). Pre-anesthetic treatment had been recommended not only to decrease 

the amount of inhalant or injectable anesthetic agents but also preferred to avoid the drug-related 

antagonistic effects (Kojima et al. 2002; Lemke, 2007; Sano et al. 2003; Bednarski, 2007; Waelbers et al. 

2009). Pre-anesthetic treatment directly affected the dose of anesthesia that results in the least 

complication due to low anesthesia intake (Kästner, 2007; Bednarski et al. 2011; Sano et al. 2003). The 

selection of suitable premedication drugs not only help in smooth induction but also resulted in maximum 

reduction in induction dose during maintenance (Laredo, 2015). Preanesthetic treatment with alpha-2 
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agonists, benzodiazepines and opioids had been recommended due to its positive impact on the outcome 

of the general anaesthesia (Shah et al. 2014; Dzikitia et al. 2009; Kalhoro et al. 2010; Riebold, 2007).  

 

2.5.  Literature on drugs used in the study 

2.5.1. Detomidine 

Alpha-2 agonists have been documented as sedative and analgesic drugs (Mckelvey and Hollingshead 

2003). Alex (2010) reported that clonidine and romifidine were clinically licensed only for human while, 

detomidine, medetomidine and dexmedetomidine had been recommended for animals. The α-2 agonists 

were generally preferred in large and small animals due to rapid onset, reliable and potent effect, 

reversibility and analgesia (Mckelvey and Hollingshead 2003). The α-2 agonists not only restrained the 

animals but also caused a reduction in the induction dose of intravenous and inhalant anesthetic agents 

(Adams, 2001). They induced sedation by activating the alpha-2-adrenergic receptor that resulted in the 

reduction of norepinephrine release necessary for arousal. The blockage of norepinephrine resulted in 

sedation (Vaisanen et al. 2002).  Alpha (α) adrenoreceptors had been recognized in the brain, spinal cord 

and tissues of peripheral nervous system which later on categorized into two subtype’s α1 and α2. The α1 

adrenoreceptors were located chiefly post synaptically. On the other hand, α2 adrenoreceptors were 

commonly found pre-synaptically. The α2-adrenoreceptor were further categorized into α2A, α2B, α2C 

and α2D. The sensitivity of ruminants towards alpha-2 agonists was found mainly due to the presence of 

α2D adrenergic receptor. The activation of α-2 adrenoreceptors agonists mainly produced the inhibitory 

functions (Sinclair, 2003). The α-2 agonists were metabolized in the liver and expelled through urine and 

feces (Gross and Booth 2001). The administration of α-2 agonists resulted in sedation, analgesia and 

muscle relaxation. Each α-2 agonists had been found to show different physiologic effects like excessive 

saliva, reduction in heart rate, blood pressure, respiratory rate and rectal temperature, reduction in 

ruminal and intestinal motility and an increase in blood glucose level and urination frequency (Shah et al. 

2014). Fortunately, the safety margin of α-2 agonists have increased after the discovery of particular 

antagonists resulting in an increasing interest of using α-2 agonists in ruminants (Haerdi-Landrer et al. 

2005). Alpha-2 agonists did not stimulate any serious changes in physiological and haematobiochemical 

values and could be safely utilized in goats (Kinjavdekar et al. 2000). The profound muscle relaxation 

was observed after administration of combination of alpha-2 agonists and opioids (Pratap et al. 2000; 

Ahmad et al. 2011; Singh, 2011). Among α-2 adrenoreceptors agonists, detomidine was found a better 

option than xylazine due to its better sedative, analgesic and less cardiorespiratory effects (Khan et al. 

2004). Detomidine produced dose-dependent sedation in sheep and goat (Moolchand et al. 2014; Tunio 

et al. 2003; Tunio et al. 2016). Detomidine when administered at lower doses resulted in mild sedation 

and analgesia in goat (Maravi et al. 2018), sheep (Malhi, 2006), buffalo calves (Ribeiro et al. 2012; 

Pawde et al. 2000) and quails (Durrani et al. 2005). Deep sedation and strong analgesia was noticed after 

administration of a high dose of detomidine in goats (EL-Kammar et al. 2014; Shah et al. 2013; Tunio et 

al. 2003), sheep (Malhi, 2006), bovines (Ribeiro et al. 2012) and horses (Grimsrud et al. 2009; Mama et 

al. 2009). Dose-dependent sedation after medetomidine had also been noticed in goats (Kalhoro and 

Memon 2011), buffalo calves (Kalhoro et al. 2000), cattle calves (Kalhoro et al. 2010; Tariq et al. 2011; 

Kilic, 2008) and dogs (Kuusela et al. 2000). The premedication with α-2 agonists significantly reduced 

the induction dose of injectable and inhalant agents. The reduction in induction dose was related with the 

binding of drugs with α-2 adrenoreceptors (Vainio, 1997). England et al. (1996) reported that induction 

dose of propofol had reduced upto 60% after premedication with romifidine @ 20 μg/kg. The reduction 

in induction dose of propofol was observed upto 38% after injecting medetomidine @ 1 μg/kg body 

weight (Ko et al. 2006). A significant reduction in propofol induction dose was also found in goats 

premedicated with xylazine (Amarpal et al. 2002). Srivastava et al. (2006) found that ketamine in 

conjunction with propofol had resulted in significant reduction in the induction dose of propofol needed 

for intubation. Raszplewicz (2013) reported that premedication with dexmedetomidine or medetomidine 

did not show any significant reduction in induction dose of propofol in dogs. Propofol when administered 

alone produced a short duration of anesthesia. However, prolonged anesthesia was observed when 

propofol was administered in combination with medetomidine in dogs (Bufalari et al. 1998). Maravi et 

al. (2018) found that sedation with detomidine followed by induction with propofol provided a prolonged 
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anesthesia in goats with a significant reduction in heart rate, respiratory rate and a non-significant 

reduction in rectal temperature. Guzel et al. (2006) found that intravenous administration of a 

combination of diazepam-propofol-etomidate produced a good quality anesthesia with minimum negative 

impact on the cardiopulmonary function in dogs.  

Similarly, Canpolat et al. (2016) observed that administration of a combination of ketamine-

medetomidine produced an adequate anaesthesia for about 50 min for surgical procedures in goats. Hall 

et al. (2001) reported that combination of ketamine-medetomidine resulted in satisfactory anesthesia in a 

wide range of animal species. Ketamine-xylazine combination had been found more suitable anesthetic 

combination than ketamine-diazepam in sheep (Afshar et al. 2005). Abid (2004) reported that the 

administration of a combination of xylazine-ketamine produced a good quality anesthesia with a minimal 

negative impact on the cardiorespiratory system in sheep. Pawde et al. (2000) reported that 

administration of detomidine-diazepam provided a good anesthesia for 15 min with minimum changes in 

cardiopulmonary function in buffalo’s calves. Seo et al. (2015) reported that premedication with 

combination of butorphanol and midazolam followed by induction with alfaxalone produced excellent 

quality anaesthesia with rapid onset and smooth recovery along-with minimal cardiopulmonary effects in 

beagle dogs. The premedication with alpha-2 agonists followed by induction with propofol produced a 

good quality anesthesia in dogs (Thurmon et al. 1994; Kim and Jang 1999), horses (Matthews et al. 

1999), sheep (Lin et al. 1994) and goats (Carroll et al. 1998; Amarpal et al. 2002). The sedation with 

medetomidine followed by induction with propofol produced a satisfactory anesthesia in dogs 

(Hellebrekers et al. 1998), goats (Carroll et al. 1998; Amarpal et al. 2002) and ponies (Bettschart-

Wolfensberger et al. 2001a). Similarly, premedication with detomidine followed by induction with 

propofol resulted in good quality anesthesia with minimum changes in cardiorespiratory system in horses 

(Matthews et al. 1999; Aguiar et al. 1993). The combination of xylazine- propofol produced a good 

surgical anaesthesia in dogs (Kim and Jang 1999; Cullen and Reynoldson 1997), sheep (Lin et al. 1994) 

and goats (Amarpal et al. 2002). Hellebrekers et al. (1998) reported that premedication with 

medetomidine followed by induction with propofol or ketamine produced an effective general 

anaesthesia in dogs. Dose-dependent duration of anaesthesia and recovery time was observed in dogs 

sedated with xylazine followed by induction with propofol (Kim and Jang 1999). Mandagiri et al. (2015) 

reported that continuous infusion of propofol provided a better surgical anesthesia in calves after 

premedication with medetomidine-pentazocine. It has also been documented that anesthesia could be 

induced and maintained in more effective way by continuous infusion of propofol after premedication 

with dexmedetomidine in uremic calves (Khattri et al. 2013). Ghurashi et al. (2016) reported that 

premedication with detomidine followed by induction and maintenance with ketamine produced a 

satisfactory anesthesia in donkey with the least cardiopulmonary depression. Oku et al. (2011) reported 

that premedication with medetomidine followed by induction and maintenance with constant rate 

infusion of medetomidine-propofol produced an excellent anesthesia with little respiratory depression in 

horses. Ishizuka et al. (2013) reported that sedation with medetomidine and butorphanol followed by 

induction with propofol and maintenance with infusion of propofol-medetomidine-lidocaine-butorphanol 

provided a good quality anesthesia in horses with a minimum negative impact on the cardiovascular 

function. Jena et al. (2014) reported that sedation with xylazine/dexmedetomidine followed by induction 

and maintenance with propofol resulted in adequate immobilization still, dexmedetomidine-propofol 

combination needed a low dose of propofol for induction and maintenance of anaesthesia in comparison 

with xylazine-propofol in dogs. Martin-Mateos et al. (2013) reported that low dose of propofol was 

utilized using constant rate infusion technique as compared to the bolus technique in women undergoing 

vaginal termination of pregnancy. Auer et al. (2010) reported that infusion of midazolam-ketamine-

detomidine was found feasible in deer to perform prolonged procedures under field conditions. Umar et 

al. (2006) reported that maintenance of anesthesia via ketamine-midazolam-propofol (KMP-TIVA) was 

found more satisfactory than that achieved via propofol (P- TIVA) in horses. Kilic (2008) reported that 

the administration of detomidine-midazolam-ketamine resulted in prolonged anaesthesia in calves with a 

significant reduction in heart rate, respiration rate and rectal temperature. Ali (2013) reported that a 

combination of detomidine-midazolam-ketamine (DMK) provided a good general anesthesia for 12±2 

minutes with rapid induction and good muscles relaxation than detomidine-daizepam-ketamine (DMK) in 
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equines. Shah et al. (2014) reported that physiology related changes caused by α-2 agonists completely 

depended on its dosage and route. The reduction in heart rate after injecting alpha-2 agonists had been 

observed in sheep (Talke et al. 2000a), calves (Singh et al. 1991), dogs (Cullen, 1996) and horse 

(Freeman and England 2000).  

 

MacDonald and Virtanen (1992) reported that alpha-2-adrenoceptor agonist induced reduction in heart 

via four mechanism, i.e. suppression of sympathetic tone from the CNS, hampering of noradrenaline 

from sympathetic nerve endings, triggering of vagal in the result of vasoconstriction and direct elevation 

in acetylcholine concentration from terminal of parasympathetic nerves in the heart. The administration 

of detomidine @ 15 μg/kg, 20 μg/kg and 25 μg/kg resulted in salivation, reduction in pulse rate, 

respiratory rate, rectal temperature and increased glucose level in goats (Singh et al. 1991). Tunio et al. 

(2016) reported that goats treated with detomidine caused significant reduction in heart rate and 

respiratory rate and a non-significant reduction in rectal temperature. Tariq et al. (2011) also reported that 

administration of medetomidine caused bradycardia and reduction in respiratory rate and body 

temperature in cattle calves. Sinclair (2003) reported that premedication with α-2 agonist’s induced 

respiratory stress secondary to the central nervous system stress. Kuusela et al. (2000, 2001) found that 

respiratory rate depressed dose-dependently in dogs sedated with dexmedetomidine. Okwudili et al. 

(2014) found that administration of ketamine-xylazine, propofol-xylazine and propofol-ketamine-

xylazine resulted in significant reduction in heart and respiratory rates in goats. Canpolat et al. (2016) 

found that the administration of ketamine-medetomidine caused a significant reduction in heart & 

respiratory rates and a non-significant reduction in rectal temperature in goats. Afshar et al. (2005) 

reported that administration of ketamine-xylazine resulted in hypotension, bradycardia & hypothermia 

and increased partial pressure of carbon dioxide during anaesthesia. A decrease in body temperature was 

reported as a salient feature of alpha-2 agonist (Olsson and Phalen 2013). The reduction in rectal 

temperature had been considered secondary to CNS depression and decreased muscular activity (EL-

Kammar et al. 2014). Kilic (2008) reported that reduction in rectal temperature could have resulted due to 

decreased basal metabolic rate, decreased muscular activity and thermoregulatory centre depression. 

Hypothermia was observed in the animals treated with detomidine or xylazine (Khan et al. 2004). 

Biobaku et al. (2016) reported that bucks treated with different doses of xylazine showed non-significant 

changes in rectal temperature. Okwudili et al. (2014) also reported that the administration of propofol-

ketamine-xylazine showed a non-significant reduction in rectal temperature in goat. The significant 

reduction in heart rate, rectal temperature and blood pressure was observed in the goats treated with 

medetomidine-ketamine (Umar and Irefin 2013). Similarly, a significant reduction in heart rate and rectal 

temperature and a non-significant decrease in respiratory rate was also found in the goats treated with 

combination of xylazine-ketamine (Afshar et al. 2005). A significant reduction in heart rate and a non-

significant reduction in body temperature was observed in dogs following xylazine-ketamine (Kul et al. 

2000). Similarly, a significant decrease in heart rate and a non- significant decrease in respiratory rate and 

rectal temperature was found after administration of ketamine-xylazine in goats (Singh et al. 2007). 

Fereidoon et al. (2005) also reported that goats treated with ketamine-xylazine induced non-significant 

changes in cardiovascular function. Ali (2013) reported that a significant reduction in heart & respiratory 

rates was observed in donkeys treated with detomidine-midazolam-ketamine (DMK) and detomidine-

diazepam-ketamine (DDK). EL-Kammar et al. (2014) reported that detomidine in combination with 

butorphenol produced mild, transient changes in clinico-physiological and haematobiochemical 

parameters which remained within a physiological limits. Kumar et al. (2014) reported that 

dexmedetomidine-ketamine based TIVA provided a better hemodynamic stability compared to 

dexmedetomidine-propofol TIVA in goats. Joubert et al. (2004) reported that target controlled infusion of 

propofol-morphine and propofol-alfentanil resulted in hemodynamic stability in dogs undergoing 

neurosurgical procedures. Schoffmann et al. (2009) reported that combined administration of propofol-

fentanyl showed a hemodynamic stability in animals used for cardiovascular research. Hall et al. (2001) 

reported that the administration of ketamine produced a profound analgesia and hemodynamic stability. 

Singh et al. (2003) reported that acute pain resulted either from injury to superficial nerve terminals or 

any strain in patient body such as fever, traumatic condition, a surgical operation or travelling that caused 
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activation of pain mediators resulting in increased cortisol release from the adrenal cortex. Surgery had 

been reported as the most potent activator of hypothalamic pituitary adrenal axis which induced cortisol 

secretion from the adrenal cortex (Desborough, 2000). Gerard et al. (1996) reported that cortisol release 

was mainly influenced by the severity of surgical and the anaesthetic stress. 

 

 

2.5.2. Midazolam 

Benzodiazepines are becoming increasingly popular in veterinary anaesthesia because of their mild 

cardiovascular and respiratory effects (Caulkett, 2003). Benzodiazepines were reported as a centrally 

acting muscle relaxants with sedative effects (Abrahamsen, 2013). Sedative and anticonvulsant activity of 

benzodiazepines were mediated by the activation of gamma amino butyric acid (GABA) present within 

cerebral cortex and motor centers (Young et al. 2005). It is metabolized and excreted as glucuronides into 

the urine (Bauer et al. 1995). Midazolam had been documented as a water-soluble benzodiazepine with 

fast action and short elimination half-life (Cao et al. 2002; Lemke, 2007). The sedative and 

anticonvulsant activity of midazolam was resulted due to potentiation of neural inhibition by gamma 

amino butyric acid (Olkkola and Ahonen 2008). Administration of midazolam was reported both by 

intramuscular and intravenous route (Cao et al. 2002; Gangl et al. 2001). Midazolam produced dose-

dependent sedation in sheep (Badawy and Ghanem 2010; Upton et al. 2009) and goats (Dzikiti et al. 

2015; Stegmann and Bester 2001). Dzikiti et al. (2009) reported that sedative and hypnotic effects of 

midazolam were not only dependent on the dose but also the route of drug administration. Reves (2000) 

reported that the administration of midazolam did not induce dose-dependent sedative-hypnotic effects in 

dogs and cats, as observed in humans. Bodh et al. (2015) found that midazolam @ 0.2 mg/kg induced 

mild to moderate sedation in water buffalo. Kyles et al. (1995) reported that midazolam when 

intravenously administered @ 0.3 mg/kg induced moderate sedation by causing sternal recumbency in 

sheep. Stegmann (1998) reported that midazolam induced dose-dependent sedation in goats. Aarnes et al. 

(2010) reported that the administration of midazolam produced deep and moderate levels of sedation in 

alpacas. The premedication with midazolam had been reported to overcome the adverse effects that were 

encountered when an anaesthetic agent administered without such premedication (Morse et al. 2001). 

Premedication with midazolam followed by induction and maintenance with propofol resulted in 

satisfactory anesthesia in dogs (Gupta, 2010; Rafee, 2013). Midazolam has been documented as a more 

hypnotic, anticonvulsant and muscle relaxant than other benzodiazepines (Mohamed, 2000; Galatos, 

2011; Lemke, 2007; Stegmann and Bester 2001). The premedication with midazolam resulted in a 

significant reduction in the induction dose of injectable and inhalant anesthetic agents in humans and 

different animal species (Taira et al. 2000; Hendrickx et al. 2008; Dzikiti et al. 2011; Dzikiti et al. 2009; 

Ndawana et al. 2015). Dzikiti et al. (2014) reported that premedication with midazolam caused a 

significant decrease in alfaxalone induction dose in goats. Dzikiti et al. (2009) reported that the 

administration of midazolam alone and with combination of acepromazine-butorphenol and midazolam-

butorphenol resulted in a significant decrease in propofol induction dose with a minimum negative 

impact on the cardiorespiratory function in goats. Dzikiti et al. (2011) reported that midazolam when 

administered intravenously @ 0.1 mg/kg, 0.3 mg/kg and 0.9 mg/kg body weight, caused an obvious 

reduction in isoflurane requirements to 16.8 (12.7–19.1%), 35.1 (29.9–40.4%) and 54.7 (48.6–56.3%) 

respectively with minimum changes in cardiopulmonary function in goats. Dzikiti et al. (2014) also 

reported that the intravenous administration of midazolam @ 0.1 mg/kg, @ 0.3 mg/kg and @ 0.9 mg/kg 

significantly reduced the alfaxalone requirements in goats. Premedication with midazolam followed by 

induction with alfaxalone resulted in dose-dependent reduction in induction dose in goats (Dzikiti et al. 

2015). The dose-dependent reduction in the induction dose of alfaxalone was also noticed in fentanyl 

premedicated goats (Dzikiti et al. 2016).)  The goats sedated with midazolam resulted in reduction in 

propofol induction dose upto 37% (Dzikiti et al. 2009). Badawy and Ghanem (2010) also reported that 

propofol induction dose had also been reduced upto 39.7% in goats sedated with midazolam.  

The sedation with midazolam followed by induction with propofol caused a significant reduction in 

propofol induction dose in dogs (Hopkins et al. 2014; Minghella et al. 2016; Stegmann & Bester 2001).  
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Hopkins et al.  (2014) reported that propofol induction dose had reduced upto 34% in midazolam 

premedicated dogs that was also supported by Stegmann & Bester (2001).  Robinson and Borer-Weir 

(2015) reported that the administration of low dose of diazepam did not cause any significant reduction in 

the induction dose of propofol. However, the administration of midazolam at high doses significantly 

reduced the propofol requirements in cats. Robinson and Borer-Weir (2015) also reported that the 

administration of different doses of midazolam resulted in a significant reduction in the induction dose of 

propofol in cats. Liao et al. (2017) reported that dogs sedated with fentanyl resulted in a significant 

reduction in alfaxalone induction dose.  

Ndawana et al. (2015) reported that premedication with midazolam caused dose-dependent reduction in 

isoflurane requirements in goats. The premedication with or without midazolam followed by induction 

with propofol caused non-significant reduction in propofol induction dose in dogs (Covey-Crump & 

Murison 2008). Zapata et al. (2018) reported that a significant reduction in the induction dose of 

alfaxalone was found in midazolam premedicated dogs. The premedication with midazolam or diazepam 

both resulted in a significant reduction in the induction dose of alfaxalone in dogs (Italiano and Robinson 

2018). Muñoz et al. (2017) and Liao et al. (2017) found that premedication with midazolam resulted in 

dose-dependent reduction in the induction dose of alfaxalone in healthy dogs. Braun et al. (2007) 

reported that premedication with diazepam or lidocaine did not cause any significant reduction in the 

induction dose of propofol in healthy dogs. Bley et al. (2007) reported that premedication with 

midazolam resulted in 26% reduction in propofol induction dose in cats. Sanchez et al. (2013) reported 

that the administration of benzodiazepine resulted in the reduction in propofol induction dose in dogs. 

Oxorn et al. (1997) reported that sedation with midazolam did not induce any significant reduction in 

propofol requirement.  Midazolam and propofol had been thought to act on gamma‑amino butyric acid 

receptors (GABA-A receptor) and a synergistic interaction enhanced their clinical effects (Löw et al. 

2000; McKernan et al. 2000). Kinjavdekar et al. (2013) found that xylazine/medetomidine in comparison 

with xylazine-butorphanol provided a better quality anaesthesia with maximum reduction in the induction 

dose of propofol in canine. Kumari et al. (2018) reported that dexmedetomidine provided the most 

intense sedation along with maximum sparing of propofol dose compared to midazolam in minor 

gynecological day care surgeries. Ko et al. (2006) and Braun et al. (2007) reported that sedation with 

diazepam resulted in reduction in propofol induction dose in dogs. Adachi et al. (2001) and Wilder-Smith 

et al. (2001) reported that the administration of midazolam followed by induction with propofol resulted 

in a significant reduction in propofol induction dose. Dose-dependent reduction in the induction dose of 

propofol was also noticed after premedication with medetomidine and dexmedetomidine in dogs 

(Gómez‐Villamandos et al. 2006). Kojima et al. (2002) reported that sedation with combination of 

medetomidine-midazolam showed a significant dose sparing effects on the induction doses of thiopental 

and propofol in beagles’ dog. Morris et al. (2005) reported that pre-medication with clonidine showed 

propofol-sparing effects in patients facing vascular surgery. Hubbell (1999) reported that the addition of 

diazepam improved the quality and increased the duration of anaesthesia without compromising the 

cardio-respiratory system. Badawy and Ghanem (2010) reported that combination of midazolam and 

propofol provided a good quality anesthesia with increased duration in sheep. Morse et al. (2001) and 

Radostits et al. (2007) reported that, a short recovery time was observed after the administration of 

propofol in comparison with thiopental or ketamine. Stegmann (1998) reported that sedation with 

midazolam followed by induction with ketamine resulted in light plane of surgical anaesthesia with a 

significant increase in heart rate and respiratory rate. Swindle et al. (2002) and Abakar et al. (2014) found 

that daizepam-ketamine produced a good analgesia with smooth induction and excellent muscle 

relaxation that was also reported in some earlier studies (Matthews and Van Dijk 2004; Koshy et al. 

2003). The administration of midazolam as a preanesthetic showed a minimum adverse effects in 

different animal species (Dzikiti et al. 2011; Ndawana et al. 2015; Dzikiti et al. 2009; Ghurashi et al. 

2009; Dzikiti et al. 2014). The popularity of the benzodiazepines as anaesthetic adjuncts have been 

increased as a result of their mild cardiovascular effects (Gray, 1986). The premedication with 

midazolam had greatly led to overcome the occurrence of many adverse effects that encountered when an 

anaesthetic administered without such medication (Morse et al. 2001). Bodh et al. (2015) reported that a 
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combination of midazolam and thiopentone sodium showed an obvious effects on heart rate, respiratory 

rate and rectal temperature in water buffalo. 

2.5.3. Propofol 

Propofol is a phenolic compound that was firstly developed in Europe in 1970 and was gradually utilized 

by anesthesiologists in the United State over the next two decades (Arora et al. 2007). It was first time 

evaluated in clinical trials in 1983 and 1984 in Europe and the United States respectively. Astra Zeneca 

was the first person who introduced it into clinical practice in 1986 under the trade name diprivan 

(Külling et al. 2003). After this, it was first time instigated in veterinary medicine in the 1990’s (Tsai et 

al. 2007). Propofol after binding to GABA-A receptors caused depression of the CNS by maximizing the 

inhibitory effects of γ-amino butyric-acid (Riviere and Papich 2009; Lerche et al. 2000; Seliskar et al. 

2007).  

The activation of GABA-A receptors resulted in hyperpolarization of neuron which in turn, caused a 

reduction in action potential transmission. The liver’s cytochrome P-450 system had been involved in the 

metabolism of propofol that first converted it into glucuronides conjugates which later on excreted from 

the body through urine (Clarke et al. 2014). Propofol had been documented as the most suitable drug for 

the maintenance of anesthesia due to its rapid onset, short duration of action and smooth recovery (Musk 

et al. 2005).  Adetunji et al. (2002) also reported that propofol caused rapid & smooth onset due to its 

high lipid solubility. Grimm and Lamont (2007) reported that propofol resulted in rapid and smooth 

recovery in most species even following the prolonged infusions. Propofol has been recommended as the 

most suitable agent to achieve the total intravenous anesthesia in humans and animals (Bettschart-

Wolfensberger et al. 2001; Sano et al. 2003; Larenza et al. 2005). Propofol has been reported as a good 

intravenous anesthetic agent for the painful procedure in goats (Carroll et al. 1998), rams (Monsang, 

2011), bucks (Amarpal et al. 2002), calves (Cagnardi et al. 2009), buffaloes (Malik   et al. 2011), dogs 

(Jiménez et al. 2012) and equines (Brosnan et al. 2011). Propofol had successfully maintained anesthesia 

in several domestic species including goats (Dzikiti et al. 2009; Dzikiti et al. 2010). Anesthesia was also 

successfully maintained after the administration of propofol in lions (Epstein et al. 2002). Propofol was 

reported as a more suitable induction agent in sheep and goats (AlwanIn, 2017). Propofol had been 

recommended in goats due to its rapid and smooth onset and rapid clearance from the tissues (Grossherr 

et al. 2006; Larenza et al. 2005; Hall et al. 2001; Lemke, 2007; Riebold, 2007). Propofol had been 

documented as a good induction agent for painful procedure in rams (Monsang, 2011), bucks (Amarpal et 

al. 2002), sheep and goats (AlwanIn, 2017), calves (Cagnardi et al. 2009), buffaloes (Malik   et al. 2011), 

dogs (Jime´nez et al. 2012) and equines (Brosnan et al. 2011). Propofol when administered alone 

(Martin-Mateos et al. 2013; Caines et al. 2014; Chui et al. 2014; Dahi et al. 2015) or in combination with 

other drugs  (Andaluz et al. 2003; Andreoni and Hughes 2009; Meierhenrich et al. 2010; Junior et al. 

2015) proved to be a good anesthetic agent for the maintenance of anesthesia in most of the species. 

Propofol had been reported as a good anesthetic agent for the induction and maintenance of anesthesia for 

a longer duration without compromising the cardiopulmonary function (Jena et al. 2014). The 

administration of higher doses of propofol resulted in adverse cardiorespiratory effects (Franks, 2006). 

The required dose of propofol had been reduced with the addition of adjuvants (Fabbri et al. 2012). 

Propofol has been found a preferred anesthetic agent in comparison with thiopentone in dogs (Redondo et 

al. 2000). The administration of propofol alone or mixing with other drugs had been reported in dogs, 

cats, cattle, horse, ponies, and goats (Mama, 2000; Lerche et al. 2000; Hall et al. 2001; Steffey et al. 

2007). It was recommended to administer the propofol in combination with some analgesic to overcome 

its analgesic property (Kürüm et al. 2013; Prassinos et al. 2005). The premedication with alpha-2 

agonists, benzodiazepines or opioids may help in evolving the ideal anesthetic combinations (Singh et al. 

2003a). Propofol had documented as a good induction agent after premedication with detomidine (Gupta, 

2010) and midazolam (Rafee, 2013) in dogs. The administration of propofol in combination with 

ketamine had produced a satisfactory anesthesia in goats (Udegbunam and Adetunji 2007). Anesthesia 

had been successfully maintained after the administration of target-controlled propofol infusion in dogs 

(Beths et al. 2001; Musk et al. 2005). Anesthesia was also induced and maintained after a manual 

infusion of propofol in dogs (Seliskar et al. 2007). Propofol in combination with sedatives, analgesics 

and centrally acting muscle relaxants had induced a satisfactory surgical anesthesia in horses (Bettschart-
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Wolfensberger et al. 2005; Brosnan et al. 2011; Flaherty et al. 1998; Keith, 2007; Ohta et al. 2004; Umar 

et al. 2006, 2007). It has also been reported in the previous studies that an adequate depth of anesthesia 

was achieved by injecting initial bolus of propofol @ 3-5 mg/kg in goats (Reid et al. 1993; Carroll et al. 

1998). Grossherr et al. (2006) and Pablo et al. (1997) reported that propofol injected @ 4-7 mg/kg 

resulted in a sufficient anaesthesia for the endotracheal intubation in unpremeditated sheep and goats 

respectively. While, propofol injected @ 3 mg/kg was proved sufficient in premedicated goats (Dzikiti et 

al. 2009). Reid et al. (1997) found that the administration of propofol @ 4 mg/kg body weight had 

produced a rapid and smooth induction, good intubating conditions and rapid and smooth recovery in 

goat. The administration of propofol @ 5-7 mg/kg body weight resulted in satisfactory anesthesia in 

goats (Dzikiti et al. 2010).  Zama et al. (2003b) reported that a satisfactory anesthesia can be induced by 

administering propofol @ 5 mg/kg in unpremeditated sheep that was slightly higher than that 

recommended in unpremedicated goats.  

Many studies have been done using adjuvants with continuous infusion of propofol, realizing need to 

reduce its dosage (Johansen, 2006). Pablo et al. (1997) reported that propofol @ 3.80 mg/kg provided 

some difficulty in intubating goat while intubation was attained easily after injecting propofol @ 5 mg/kg 

body weight. Thurmon et al. (1994) reported that intubation was done easily in medetomidine 

premedicated dogs as compared to propofol alone. The minimum infusion rate (MIR) of propofol was 

found @ 0.33 and 0.45 mg/kg/min using a syringe driver pump for more invasive surgical and 

endoscopic procedures (Ferreira et al. 2015). The infusion rates of propofol @ 0.2 and 0.3 mg/kg/min 

was reported to produce a satisfactory anesthesia in goats (Dzikiti et al. 2011; Larenza et al. 2005). The 

total maintenance dose of any drug given by constant rate infusion was found significantly higher than 

the bolus injection (Martin-Mateos et al. 2013). Anesthesia was successfully maintained by injecting 

propofol infusion @ 0.165 mg/kg/min in medetomidine-premedicated dogs (Thurmon et al. 1994). 

Propofol when administered alone had produced a satisfactory anaesthesia in different animals (Carroll et 

al. 1998; Bayan et al. 2002; Zama et al. 2003b; 2005). Administration of propofol in combination with 

detomidine (Matthews et al. 1999), medetomidine (Amarpal et al. 2002), diazepam (Kelawala et al. 

1993), ketamine (Epstein et al. 2002), isoflurane (Funkquist et al. 1997) and halothane (Bufalari et al. 

1998) had been resulted in a satisfactory anesthesia in different animals. Propofol in combination with 

benzodiazepines had also produced effective anesthesia in dogs (Kim and Jang 1999; Stegmann and 

Bester 2001), cats (Weaver and Raptopoulos 1990), goats (Kelawala et al. 1991, 1993) and camels 

(Fahmy et al. 1995). Propofol when administered alone resulted in rapid and smooth induction in sheep 

(Zama et al. 2003b; Singh et al. 2003), goats (Reid et al. 1993), calves (Zama et al. 2005) and dogs 

(Bayan et al. 2002). Propofol had induced a satisfactory anesthesia when mixed with diazepam-xylazine 

in camels (Fahmy et al. 1995), medetomidine in ponies (Bettschart-Wolfensberger et al. 2001a) and with 

diazepam-etomidate in dogs (Guzel et al. 2006). Hodgkinson and Dawson (2007) reported that propofol 

produced dose-dependent effects on clinico-physiological parameters that could be minimized by 

introducing the corrective measures. The lower the dose of propofol, the lesser would be propofol related 

side effects (Srivastava et al. 2006). The most common adverse effects observed with the use of propofol 

was pain on injection, respiratory depression and excitatory effects. The pain induced during 

administration of propofol can be minimized by combining propofol with some opioids or α-2 agonists 

(Sano et al. 2003; Branson, 2011). Prassinos et al. (2005) reported that propofol induced superior 

anesthesia than thiopental or ketamine in goats with least anaesthetic risk. The dogs treated with propofol 

showed reduction in arterial blood pressure and respiratory rate (Clarke et al. 2014). Bayan et al. (2002) 

found that dogs treated with propofol showed first increase in heart rate then followed by gradual 

decrease. Propofol when administered alone or mixed with tiletamine –zolazepam showed significant 

increase in heart rate in dogs (Kim and Jang 1999; Cullen and Reynoldson 1997). The reduction in 

respiratory minute volume and tidal volume was found after injecting propofol in dogs (Bayan et al. 

2002). The administration of propofol alone (Muir and Gadawski 2002) or mixing it with diazepam-

etomidate (Guzel et al. 2006) resulted in an apnea as a major adverse effect in dogs. The reduction in 

rectal temperature following propofol anaesthesia was reported in goats (Carroll et al. 1998; Amarpal et 

al. 2002) and sheep (Zama et al. 2003b). 

2.5.4. Ketamine 
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Ketamine is 2-(O-chlorophenyl)-2-(methylamine)-cyclohexanone chloride that produced a dissociative 

state of anesthesia (Mama et al. 2005). Calvin Stevens was the first person who synthesized ketamine in 

1962 as an alternative option to phencyclidine. Corssen and Domino first time trialed it in humans in 

1965.  

The anaesthetic, amnesic, neuroprotective and psychomimetic effects of ketamine was thought to be 

antagonism of N-methyl-D-aspartate receptors (Kästner, 2007; Ersek, 2004). Ketamine after binding with 

N-methyl- D-aspartate receptor caused depression in thalamocortical and limbic system activity (Riviere 

and Papich 2009; Lerche et al. 2000; Seliskar et al. 2000). Ketamine produced cataleptic, analgesic and 

anaesthetic effects without any hypnosis by disrupting the transmission between parts of brain through 

the depression of thalamocortical and limbic system activity (Clarke et al. 2014). The prolonged 

anaesthetic effects associated with ketamine was mainly due to its nor-ketamine metabolite (Grimm & 

Lamont 2007). Abnormal behaviors had been reported as a major side effects of ketamine which can be 

minimized by combining ketamine with some sedatives or muscle relaxants (Kästner, 2007).  

Reves et al. (2010) reported that ketamine produced analgesia and immobility with or without actual loss 

of consciousness along-with longer duration of effect. The induction dose of ketamine was documented 

@ 4.4 mg/kg along with diazepam @ 0.1 mg/kg in goat (Riebold, 1996). Larenza et al. (2005) and 

Doherty et al. (2007) found that ketamine was administered @ 0.03 mg/kg/min to 0.05 mg/kg/min (1.8 

mg/kg/h – 3.0 mg/kg/h) for the maintenance of anesthesia in goats. The ketamine has recently gained 

increasing interest due to its wide margin of safety and role in pain management (Viser and Schug 2006; 

Krauss and Green 2000; McCarthy et al. 2000; Priestley et al. 2001). The administration of ketamine 

alone or in combination with other drugs had been reported in different animal species for sedation, 

induction and maintenance of anesthesia and in some species as postoperative analgesia (Ozkan et al. 

2010; Malik et al. 2011). Ketamine had been reported as a short-acting dissociative anesthetic agent for 

chemical restraint and surgical anesthesia in domestic and non-domestic animals (De Lucas et al. 2007). 

The poor muscle relaxation property of ketamine produced abnormal behavior as a side effect (Hall et al. 

2001; Afshar et al. 2005). Recovery from ketamine anesthesia was often linked with hyper-excitability 

(Hall et al. 2001; Kastner, 2007). The recovery quality and muscle-relaxant limiting property of ketamine 

can be improved by combining it with some sedatives and muscle relaxants (Barletta et al. 2011; Afshar 

et al. 2005). Ketamine being a cardiovascular stimulant caused an increase in heart rate, cardiac output 

and blood pressure (Haas and Herper 1992; Bergman, 1999). Ketamine in comparison with propofol 

induced less apnea and mild respiratory depression in goats (Prassinos et al. 2005). Craven and Alkhafaji 

(2006) recommended the use of ketamine in low oxygen areas due to its bronchodilator activity. The 

preservation of respiratory muscle tone was noticed after the administration of ketamine (Pavlidou et al. 

2008). The stimulatory effect of ketamine on the sympathetic nervous system counteracted the depressant 

effects of other drugs resulting in stability in haematobiochemical parameters. The combination of 

propofol and ketamine has been successfully used in settings including emergency department sedation 

(Willman et al. 2007), in sedation for burns dressings (Tosun et al. 2008), interventional radiology 

(Aydin Erden et al. 2009) and oncology procedures (Aouad et al. 2008) in pediatric patients. Ketamine in 

combination with propofol resulted in increased hypnosis, stability in hemodynamics parameters and 

reduced adverse effects (Sakai et al. 1999; Badrinath et al. 1997; Kochs et al. 1996). 

2.6.  Statement of the problem 
Total intravenous anaesthesia is becoming an emerging field in general anesthesia and has been 

developed and used in some species, notably dogs and horses. Still, the information regarding the 

development of total intravenous anesthesia (TIVA) protocol and its efficacy in ruminants is very scarce 

at the moment for which a comprehensive study is the need of time. So, keeping in view the 

pharmacokinetics and pharmacodynamics properties of recently available drugs and their safety margin 

in different species, this study was planned with two objectives; one was to evaluate the sedative and 

dose sparing effects of different doses of detomidine and midazolam and second was to develop a 

suitable total intravenous anesthesia (TIVA) technique by comparative efficacy of propofol and ketamine 

anesthesia administered alone or combined, using constant rate infusion in premedicated goats during 

rumenotomy. Our intent was to test the hypothesis that, compared with propofol and ketamine alone, 

total intravenous anesthesia with a combination of propofol-ketamine may maintain adequate general 
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anesthesia, stable cardiopulmonary and haematobiochemical function in premedicated goats during 

rumenotomy. 

  



 

15 
 

REFERENCES 

Aarnes TK, Fry PR, Hubbell JA, Bednarski RM, Lerche P, Chen W, Bei D, Liu Z, Lakritz J. 2010. 

Pharmacokinetics and pharmacodynamics of midazolam after intravenous and intramuscular 

administration in alpacas. Am J Vet Res. 74: 294–299. 

Abakar JA, Ghurashi MA, Seri HI. 2014. Evaluation of some anaesthetic protocols for induction of 

anaesthesia in donkeys (Equus asinus) in Sudan. IOSR-JAVS. 15(1): 1-5. 

Abid TA. 2004. Evaluation of I/M administration of xylazine- Ketamine mixture (in one injection) as a 

general anesthetic in sheep. Al-Qadisiya J Vet Med Sci. 3(1): 82-85. 

Abrahamsen EJ. 2013. Chemical restraint and injectable anesthesia of ruminants. Vet Clin Food Anim. 

29(1): 209–227. 

Adachi YU, Watanabe K, Higuchi H, Satoh T. 2001. A small dose of midazolam decreases the time to 

achieve hypnosis without delaying emergence during short-term propofol anesthesia. J Clin 

Anesth. 13(4): 277–280. 

Adams HR. 2001. Veterinary Pharmacology and Therapeutics. 8th ed. Iowa State University Press Ames, 

USA. pp. 16-18. 

Adetunji A, Ajadi RA, Adewoye CO, Oyemakinde BO. 2002. Total intravenous anesthesia with 

propofol: repeat bolus versus continuous propofol infusion technique in xylazine-premedicated 

dogs. Isr J Vet Med. 57(4): 139-144. 

Afshar FS, Baniadam A, Marashipour SP. 2005. Effect of xylazine ketamine on arterial blood pressure, 

arterial blood pH, bloodgases, rectal temperature, heart and respiratory rates in goats. Bull Vet 

Inst Pulawy. 49(4): 481-484. 

Aguiar AJ, Hussni CA, Luna SP, Castro GB, Massone F, Alves AL. 1993. Propofol compared with 

propofol guaiphenesin after detornidine premedication for equine surgery. Vet Anaesth 

Analg. 20(1): 26-28.  

Ahmad RA, Amarpal KP, Aithal HP, Pawde AM, Kumar D. 2011. Effects of midazolam or midazolam-

fentanyl on sedation and analgesia produced by intramuscular dexmedetomidine in dogs. Asia J 

Anim Sci. 5(5): 302-316. 

Alan M. 1988. In: Goat Farming, Farming Press Book, Ipswich, U.K. pp. 1-2. 

Alex D. 2010. Veterinary Anesthesia Principles to Practice. John Wiley & Sons Ltd, Atrium, Southern 

Gate, Chichester, West Sussex, PO19 8SQ, United Kingdom. 

Ali AF. 2013. Clinical and renal function assessments of two total intravenous anesthesia protocols in 

laparoscopic surgery. Am J Res Commun. 1(7): 33-42. 

Al-Sobayil FA, Ahmed AF. 2007. Surgical treatment for different forms of hernias in sheep and goats. J 

Vet Sci. 8(2): 185-191. 

AlwanIn AAJ. 2017. Injectable general anesthesia. In: small ruminant. Ministry of Higher Education and 

Scientific Research, University of Al-Qadisiyah, College of Veterinary Medicine. pp. 1438. 

Andaluz A, Tusell J, Trasserres O, Cristofol C, Capece B, Arboix M, Garcia F. 2003. Tran’s placental 

transfer of propofol in pregnant ewes. The Vet J. 166(2): 198-204. 

Andreoni V, Hughes JL. 2009. Propofol and fentanyl infusions in dogs of various breeds undergoing 

surgery. Vet Anesth Analg. 36(6): 523-531. 

Aouad MT, Moussa AR, Dagher CM, Muwakkit SA, Jabbour‐Khoury SI, Zbeidy RA, Abboud MR, 

Kanazi GE. 2008. Addition of ketamine to propofol for initiation of procedural anesthesia in 

children reduces propofol consumption and preserves hemodynamic stability. Acta Anaesthesiol 

Scand. 52(4): 561–565. 

Arora S, Gleed FS, Loh MD. 2007. Combining ketamine and propofol (ketofol) for Emergency 

Department procedural. West J Emerg Med. 9(1): 20-23.  

Auer U, Wenger S, Beigelböck C, Zenker W, Mosing M. 2010. Total intravenous anesthesia with 

midazolam, ketamine, and xylazine or detomidine following induction with tiletamine, 

zolazepam, and xylazine in red deer (Cervus elaphus hippelaphus) undergoing surgery. J Wildlife 

Dis. 46(4): 1196-1203. 



REFERENCES 

16 
 

Aydin Erden I, Gulsun Pamuk A, Akinci SB, Koseoglu A, Aypar U. 2009. Comparison of propofol–

fentanyl with propofol–fentnayl–ketamine combination in pediatric patients undergoing 

interventional radiology procedures. Pediatr Anesth. 19(5): 500–506. 

Badawy AM, Ghanem MM. 2010. Combined intravenous anaesthesia with midazolam and propofol for 

performing abdominal surgery in sheep. 

Badrinath S, Avramov MN, Shadrick M, Ivankovich AD. 1997. Use of ketamine– propofol admixture 

during monitored anesthesia care. Anesthesiology. 87(3): A10. 

Bajwa SJ, Bajwa SK, Kaur J. 2010. Comparison of two drugs combination in total intravenous 

anaesthetics: propofol ketamine and propofol-Fentanyl. Saudi J Anaesth. 4(2): 72–79. 

Barash PG, Cullen BF, Stoelting RK, Paul FW, Matthew RE. 2009. Intravenous Anesthetics: Clinical 

anesthesia. 5th ed. Lippincott Williams & Wilkins, Philadelphia, USA.  

Barletta M, Austin BR, KO JC, Payton ME, Weil AB, Inoue T. 2011. Evaluation of dexmedetomidine 

and ketamine in combination with opioids as injectable anaesthesia for castration in dogs. J Am 

Vet Med Assoc. 238(9): 1159-1167. 

Bauer TM, Ritz R, Haberthur C, Ha HR, Hunkeler W, Sleight AJ, Scollo-Lavizzari G, Haefeli WE. 1995. 

Prolonged sedation due to accumulation of conjugated metabolites of midazolam. The Lancet. 

346(8968): 145-147. 

Bayan H, Sarma KK, Chakravarty P. 2002. Biochemical and haematological changes during propofol 

anaesthesia in canine. Indian J Vet Surg. 23(2): 95-96. 

Bednarski R, Grimm K, Harvey R, Lukasik VM, Penn WS, Sargent B, Spelts K. 2011. AAHA anesthesia 

guidelines for dogs and cats. J Am Anim Hosp Assoc. 47(6): 377-385. 

Bednarski RM. 2007. Anesthesia, analgesia and immobilization of Dogs and Cats. In: Tranquilli WJ, 

Thurmon JC, Grimm KA, (editors). Lumb & Jones’ Vet Anaesth Analg. 4th ed. Blackwell 

Publishing Ltd, Oxford. pp. 705-715. 

Bennett RC. 2006. Comparison of TIVA and inhalation anesthesia in practice. Proccedings. The Brit 

Small Anim Vet Cong. 

Bergman SA. 1999. Ketamine: Review of its pharmacology and its use in pediatric anesthesia. Anesth 

Prog. 46(1): 10-20. 

Beths T, Reid J, Monteiro AM, Nolan AM, Glen JB. 2001. Evaluation and optimization of a target-

controlled infusion system for administering propofol to dogs as part of a total intravenous 

anaesthetic technique during dental surgery. The Vet Rec. 148(7): 198-203. 

Beths T. 2008. Total intravenous anaesthesia in dogs: development of a target controlled infusion (TCI) 

scheme for propofol. M. Phil Thesis, Uni Glasgow. 

Bettschart-Wolfensberger R, Bowen MI, Freeman SL, Feller R, Bettschart RW, Nolan A, Clarke KW. 

2001. Cardiopulmonary effects of prolonged anesthesia via propofol-medetomidine infusion in 

ponies. Am J Vet Res. 62(9): 1428-1435. 

Bettschart-Wolfensberger R, Kalchofner K, Neges K, Kästner S, Fürst A. 2005. Total intravenous 

anaesthesia in horses using medetomidine and propofol. Vet Anaesth Analg. 32(6): 348–354. 

Biobaku KT, Agaie BM, Onifade KI, Odetokun IA, Okediran BS, Ameen SA, Ismaila MS, Adam M, 

Raji LO. 2016. Effects of xylazine on physiological and biochemical parameters of Sahel bucks 

exposed to twenty-eight hours road transportation. Sokoto J Vet Sci. SJVS. 14(2): 43-52. 

Bley CR, Roos M, Price J, Ruess-Melzer K, Buchholz J, Poirier V, Kaser-Hotz B. 2007. Clinical 

assessment of repeated propofol-associated anesthesia in cats. J Am Vet Med Assoc. 231(9): 

1347-1353. 

Bodh D, Singh K, Mohindroo J, Mahajan Sk, Anand A, Saini NS. 2015. Sedative, Analgesic and 

Cardiopulmonary Effects of Midazolam butorphanol Premedication in Water Buffaloes 

(BUBALUS BUBALIS). Buffalo Bull. 34(1): 29-40. 

Braun C, Hofmeister EH, Lockwood AA, Parfitt SL. 2007. Effects of Diazepam or Lidocaine 

Premedication on Propofol Induction and Cardiovascular Parameters in Dogs. J Am Anim Hosp 

Assoc. 43(1): 8-12. 

Brosnan RJ, Steffey EP, Escobar A, Palazoglu M, Fiehn O. 2011. Anesthetic induction with guaifenesin 

and propofol in adult horses. American J Vet Res. 72(12): 1569-1575.  



REFERENCES 

17 
 

Bufalari A, Di Meo A, Nannarone S, Padua S, Adami C, Turin L, Tribbioli G, Invernizzi P, Grati FR, 

Crema S, Laible G. 2007. Fentanyl or Sufentanil Continuous Infusion during Isoflurane 

Anaesthesia in Dogs: Clinical Experiences. Vet Res Commun. 31(1): 277-280. 

Bufalari A, Miller SM, Short CE, Giannoni C. 1998. Evaluating the compatibility of propofol and various 

preanesthetic agents in dogs. Vet Med. 93(3): 255-261. 

Cagnardi P, Zonca A, Gallo M, Pravettoni D, Morandi N, Villa R, Carli S. 2009. Pharmacokinetics of 

propofol in calves undergoing abdominal surgery. Vet Res Communic. 33(1): 177-179. 

Caines D, Sinclair M, Valverde A, Dyson D, Gaitero L, Wood D. 2014. Comparison of isoflurane and 

propofol for maintenance of anesthesia in dogs with intracranial disease undergoing magnetic 

resonance imaging. Vet Anaesth Analg. 41(5): 468-479.   

Canpolat İ, Karabulut E, Çakır S. 2016. Effects of ketamine-medetomidine and ketamine-medetomidine-

morphine anaesthesia on haematological and clinical parameters in goats. Inter J Vet Sci. 5(3): 

176-180. 

Cao JL, Ding HL, Zhang LC, Duan SM, Zeng YM. 2002. Pretreatment with midazolam suppresses 

morphine withdrawal response in mice and rats. Acta Pharm Sinica. 23(8): 685-690. 

Carroll GL, Hartsfield SM, Hambleton R. 1997. Anesthetic effects of tiletamine-zolazepam, alone or in 

combination with butorphanol, in goats. J Am Vet Med Assoc. 211: 593-597. 

Carroll GL, Hooper R, Slater MR, Hartsfield SM, Matthews NS. 1998. Detomidine‐Butorphanol‐
Propofol for carotid artery translocation and castration or ovariectomy in goats. Vet Surg. 27(1): 

75-82. 

Caulkett N, Read M, Fowler D, Waldner C. 2003. A comparison of the analgesic effects of butorphanol 

with those of meloxicam after elective ovariohysterectomy in dogs. Can Vet J. 44(7): 565. 

Chui J, Mariappan R, Mehta J, Manninen P, Venkatraghavan L. 2014. Comparison of propofol and 

volatile agents for maintenance of anesthesia during elective craniotomy procedures: systematic 

review and meta-analysis. Canad J Anesthes. 61(4): 347-356. 

Clarke KW, Trim CM, Hall LW. 2014. Vet Anaesth. 11th ed. WB. Saunders, Oxford, USA. pp. 80-148. 

Covey-Crump GL, Murison PJ. 2008. Fentanyl or midazolam for co-induction of anaesthesia with 

propofol in dogs. Vet Anaesth Analg. 35(6): 463–472. 

Craven R, Alkhafaji R. 2006. Ketamine in Anaesthetic Practice. World Anesthesia Tutorial of the Week. 

Cullen LK, Reynoldson JA. 1997. Effects of tiletamine/zolazepam premedication on propofol anaesthesia 

in dogs. Vet Rec. 140(14): 363-366. 

Cullen LK. 1996. Medetomidine sedation in dogs and cats: a review of its pharmacology, antagonism and 

dose. Brit Vet J. 152(5): 519-535. 

Dahi M, Pourdanesh F, Samieirad S, Morad G, Khojasteh A. 2015. Blood biomarkers alterations with 

administration of propofol for anaesthesia maintenance during long term oral and maxillofacial 

surgeries. Shahid Beheshti Uni Dental J. 33(1): 19-27. 

De Lucas JJ, Rodriguez C, Marin M, González F, Ballesteros C, San Andrés MI. 2007. Pharmacokinetics 

of intramuscular ketamine in young ostriches premedicated with romifidine. J Vet Med. 54(1): 

48-50.  

Desborough JP. 2000. The stress response to trauma and surgery. Brit j Anaesth. 85(1): 109-117. 

Doherty T, Redua MA, Queiroz‐Castro P, Egger C, Cox SK, Rohrbach BW. 2007. Effect of intravenous 

lidocaine and ketamine on the minimum alveolar concentration of isoflurane in goats. Vet 

Anaesth Analg. 34(2): 125-131. 

Doherty T, Valverde A. 2006. Epidural analgesia and anesthesia. In: Manual of Equine Anesthesia and 

Analgesia. John Wiley and Sons Ltd, Chicester, United Kingdom. pp. 275-281. 

Durrani UF, Ashraf M, Khalid A. 2005. Comparative efficacy of detomidine and detomidine - ketamine 

cocktail in quails. Pak Vet J. 25(4): 197-199. 

Dzikiti BT, Ndawana PS, Zeiler Z, Ferreira JP, Dzikiti LN. 2016. Determination of the minimum 

infusion rate of alfaxalone during its co-administration with fentanyl at three different doses by 

constant rate infusion intravenously in goats. Vet Anaesth Analg. 43: 316–325.  



REFERENCES 

18 
 

Dzikiti BT, Stegmann FG, Dzikiti LN, Hellebrekers LJ. 2010. Total intravenous anaesthesia (TIVA) with 

propofol-fentanyl and propofol-midazolam combinations in spontaneously breathing goats. Vet 

Anaesth Analg. 37(6): 519–525. 

Dzikiti TB, Ndawana PS, Zeiler G, Bester L, Dzikiti LN. 2015. Determination of the minimum infusion 

rate of alfaxalone during its co-administration with midazolam in goats. Vet Rec Open. 2(1):65. 

Dzikiti TB, Stegmann GF, Dzikiti LN, Hellebrekers LJ. 2011. Effects of midazolam on isoflurane 

minimum alveolar concentration in goats. Small Rumin Res. 97(1-3): 104-109. 

Dzikiti TB, Stegmann GF, Hellebrekers LJ, Auer RE, Dzikiti LN. 2009. Sedative and cardiopulmonary 

effects of acepromazine, midazolam, butorphanol, acepromazine-butorphanol and midazolam-

butorphanol on propofol anaesthesia in goats. J S Afr Vet Assoc. 80(1): 10-16. 

Dzikiti TB, Zeiler GE, Dzikiti LN, Garcia ER. 2014. The effects of midazolam and butorphanol, 

administered alone or combined, on the dose and quality of anesthetic induction with alfaxalone 

in goats. J S African Vet Assoc. 85(1): 1047.  

Dzikiti TB. 2013. Intravenous anaesthesia in goats: a review. J S African Vet Assoc. 84(1): 1-8. 

El-Kammar MH, Gad SB, Korittum AS. 2014. Evaluation of the Sedative, Analgesic, Physiological and 

Haematological Effects of Intravenous Detomidine, Detomidine-Butorphanol, Romifidine and 

Romifidine-Butorphanol in Baladi Goats. Glob. Vet. 12(1): 36-44. 

England GCW, Andrews F, Hammond RA. 1996. Romifidine as a premedicants to propofol induction 

and infusion anesthesia in the dog. J Small Anim Pract. 37(2): 79-83. 

Epstein A, White R, Horowtiz IH, Kass PH, Ofri R. 2002. Effects of propofol as an anaesthetic agent in 

adult lions (Panthera leo): a comparison with two established protocols. Res Vet Sci. 72(2): 137-

140. 

Ersek RA. 2004. Dissociative anesthesia for safety's sake: Ketamine and diazepam—a 35-year personal 

experience. Plast Reconstr Surg. 113(7): 1955-1959. 

Fabbri LP, Nucera M, Marsili M, Al Malyan M, Becchi C. 2012. Ketamine, propofol and low dose 

remifentanil versus propofol and remifentanil for ERCP outside the operating room: Is ketamine 

not only a “rescue drug”? Med Sci Monit: Int Med J Exp Clin Res. 18(9): 575‑580. 

Fahmy LS, Farag KA, Mostafa MB, Hegazy AA. 1995. Propofol anaesthesia with xylazine and diazepam 

premedication in camels. J Camel Pract Res. 2: 111-114. 

Fajt VR. 2011. Drug laws and regulations for sheep and goats. Vet Clinics: Food Anim Pract. 27(1): 1-

21. 

Fereidoon SA, Ali B, Seyed PM. 2005. Effects of xylazine Ketamine on Arterial blood pressure, Arterial 

blood pH, blood gases, rectal temperature, heart and respiratory rates in goats. B Vet I Pulawy. 

49(4): 481-484. 

Ferreira JP, Ndawana PS, Dzikiti LN, Dzikiti TB. 2015. Determination of the minimum infusion rate 

(MIR) of propofol required to prevent purposeful movement of the extremities in response to a 

standardized noxious stimulus in goats. Vet Anaesth Analg. 42(5): 42. 

Flaherty D, Reid J, Nolan A, Monteiro AM. 1998. The pharmacokinetics of ketamine after a continuous 

infusion under halothane anaesthesia in horses. J vet Anaesth. 25(1): 31-36. 

Franks NP. 2006. Molecular targets underlying general anaesthesia. Br J Pharmacol. 147(Suppl-1): 72‑
81. 

Freeman SL, England GC. 2000. Investigation of romifidine and detomidine for the clinical sedation of 

horses. Vet Rec. 147(18): 507-511. 

Funkquist PM, Nyman GC, Löfgren AJ, Fahlbrink EM. 1997. Use of propofol-isoflurane as an anesthetic 

regimen for cesarean section in dogs. J Am Vet Med Assoc. 211(3): 313-317. 

Galatos AD. 2011. Anesthesia and analgesia in sheep and goats. Vet Clinics: Food Anim Pract. 27(1): 

47-59.  

Gangl M, Grulke S, Caudron I, Serteyn D, Detilleux J. 2001. Comparision of thiopentone / guaifenesin, 

ketamine / guaifenesin and ketamine / midazolam for the induction of horses to be anaesthetized 

with isoflurane. Vet Rec. 149(5): 147-151. 

George LW. 2003. Pain control in food animals. International Veterinary Information Service 

(www.Ivis.org) Ithaca, New York, USA. 



REFERENCES 

19 
 

Gerard H, Sensky PL, Broom DM, Perremans S, Geers R. 1996. Influences of type of anaesthesia on 

cortisol, β-endorphin and heart rate in pigs. Vet Res. 27: 219–226. 

Ghurashi MAH, Seri HI, Bakheit AH, Ashwag EAM, Abakar JA. 2009. Evaluation of 

ketamine/diazepam anaesthesia for performing surgery in desert goats under field conditions. 

Aust J Basic Appl Sci. 3(2): 455-459. 

Ghurashi MAH, Seri HI, Mohamed GE, Buldan AGA. 2016. Maintenance of total intravenous 

anaesthesia in donkeys using continuous infusion with detomidine and ketamine. Sudan J Sci 

Tech. 17(2): 12-27.  

Glass PS, Doherty D, Jacobs JR, Quill TJ. 1991. "Pharmacokinetic basis of intravenous drug delivery". 

Baill Clin Anaesth. 5(3): 735-775. 

Gómez‐Villamandos R, Palacios C, Benitez A, Granados MM, Domínguez JM, López I, Ruiz I, Aguilera 

E, Santisteban JM. 2006. Dexmedetomidine or medetomidine premedication before propofol–

desflurane anaesthesia in dogs. J Vet Pharmacol Therap. 29(3): 157-163. 

Gray PR, McDonnell WN. 1986. Anesthesia in goats and sheep. Part 2. General-anesthesia. Compend 

Contin Educ Vet. 8(3): 127-135. 

Grimm KA, Lamont LA. 2007. Clinical Pharmacology. In: Zoo Animal and Wildlife Immobilization and 

Anesthesia. 1st ed. Blackwell Publishing, Ames, Iowa, USA. pp. 33-36. 

Grimsrud KN, Mama KR, Thomasy SM, Stanley SD. 2009. Pharmacokinetics of detomidine and its 

metabolites following intravenous and intramuscular administration in horses. Equine Vet J. 41 

(4): 361-365. 

Gross EM, Booth HN. 2001. Alpha2- adrenergic agonists and related agents. In: Adams RH. Vet 

Pharmacol Ther. 8th ed. lowa State Uni Press, USA. pp. 388. 

Grossherr M, Hengsternberg A, Meier T, Dibbelt L, Gerlach K, Gerhring H. 2006. Discontinuous 

monitoring of propofol concentrations in expired alveolar gas and in arterial and venous plasma 

during artificial ventilation. Anesthesiology. 104(4): 786–790. 

Gupta AN. 2010. Evaluation of medetomidine and dexmedetomidine with propofol for TIVA and 

tramadol and fentanyl for analgesic management of canine orthopedic patients (Doctoral 

dissertation, IVRI, Izatnagar). 

Guzel O, Perk EC, Devecioglu Y. 2006. Electrocardiographic and oxygen saturation studies during 

propofol and etomidate anaesthesia in dogs. Indian J Vet Surg. 83(3): 288-289. 

Haerdi-Landrer M, Schlegel U, Neiger-Aeschbacher G. 2005. The analgesic effect of intrathecal xylazine 

and detomidine in sheep and their anta-gonism with systemic antipamizole. Vet Anaesth Analg. 

32(5): 297-307. 

Hall LW, Clarke KW, Trim CM. 2001. Anesthesia of sheep, goats and other herbivores. In: Vet Anesth. 

10th ed. Saunders Ltd, Harcourt Publishers Ltd, England. pp. 341-366. 

Hasei M, Hirata T, Nishihara H, Tanigami H, Takashina M, Mori T. 2003. Occupational exposure of 

operating room staff to anesthetic gases during inhaled induction-a comparison with intravenous 

anesthesia induction. Masui. 52(4): 394-398.  

Hellebrekers LJ, Van Herpen H, Hird JF, Rosenhagen CU, Sap R, Vainio O. 1998. Clinical efficacy and 

safety of propofol or ketamine anaesthesia in dogs premedicated with medetomidine. Vet Rec. 

142(23): 631-634. 

Hellyer PW, Mama KR, Stafford HL, Wagner AE, Kollias-Baker C. 2001. Effects of diazepam and 

flumazenil on minimum alveolar concentrations for dog’s anesthetized with isoflurane or 

combination of isoflurane and fentanyl. Am Vet Res. 62(4): 555-560. 

Hemming HC. 2010. The pharmacology of intravenous anesthetic induction agents: a primer. 

Anesthesiology news special ed. Pra-ib.  

Hendrickx JFA, Eger IIEI, Sonner JM, Schafer SL. 2008. Is synergy the rule: a review of anaesthetic 

interactions producing hypnosis and immobility? Anesth Analg. 107(2): 494–506. 

Hodgkinson O, Dawson L. 2007. Practical anaesthesia and analgesia in sheep, goats and calves. In 

practice. 29(10): 596-603. 



REFERENCES 

20 
 

Hofer C, Zollinger A, Bu S, Klaghofer R, Serafino D, Buddeberg C, Pasch T, Spahn D. 2003. Patient 

well-being after general anaesthesia: a prospective, randomized, controlled multi-centre trial 

comparing intravenous and inhalation anaesthesia. Brit J Anaesth. 91(5): 631-637.  

Hopkins A, Giuffrida M, Larenza MP. 2014. Midazolam, as a co-induction agent, has propofol sparing 

effects but also decreases systolic blood pressure in healthy dogs. Vet Anaesth Analg. 41(1): 64-

72. 

Hubbell JA. 1999. Options for Field anesthesia in the horse. In: Proceedings of Annual Convention of 

American Association of Equine practioner, AAEP. Lexington, Kentucky. 45: 120-121. 

Intelisano TR, Kitahara FR, Otsuki DA, Fantoni DT, Auler Jr JO, Cortopassi SR. 2008. Total intravenous 

anaesthesia with propofol-racemic ketamine and propofol-S-ketamine: a comparative study and 

haemodynamic evaluation in dogs undergoing ovariohysterectomy. Pesq Vet Bras. 28(4): 216-

222. 

Ishizuka T, Itami T, Tamura J, Saitoh Y, Saitoh M, Umar MA, Miyoshi K, Yamashita K, Muir WW. 

2013. Anesthetic and Cardiorespiratory Effects of Propofol, Medetomidine, Lidocaine and 

Butorphanol Total Intravenous Anesthesia in Horses. J Vet Med Sci. 75(2): 165–172.  

Italiano M, Robinson. 2018. Effect of benzodiazepines on the dose of alfaxalone needed for endotracheal 

intubation in healthy dogs. Vet Anaesth Analg. 45(6): 720-728. 

Jena B, Das J, Nath I, Sardar KK, Sahoo A, Beura SS, Painuli A. 2014. Clinical evaluation of TIVA 

using xylazine or dexmedetomidine with propofol in surgical management of canine patients. Vet 

World. 7(9): 671-680. 

Jiménez CP, Mathis A, Mora SS, Brodbelt D, Alibhai H. 2012. Evaluation of the quality of the recovery 

after administration of propofol or alfaxalone for induction of anaesthesia in dogs anaesthetized 

for magnetic resonance imaging. Vet Anaesth Analg. 39(2): 151-159.  

Johansen JW. 2006. Update on bispectral index monitoring. Best Pract Res Clin Anaesth. 20(1): 81‑99.  

Johnston GM, Eastment JK, Wood JL, Taylor PM. 2002. The confidential enquiry into perioperative 

equine fatalities (CEPEF): mortality results of Phases 1 and 2. Vet Anaesth Analg. 29(4):159-

170. 

Joubert KE, Keller N, Du Plessis CJ. 2004. A retrospective case series of computer-controlled total 

intravenous anaesthesia in dogs presented for neurosurgery. J S Afr Vet Assoc. 75(2): 85-89. 

Joubert KE. 2009. Computer simulations of propofol infusions for total intravenous anaesthesia in dogs. J 

S African Vet Assoc. 80(1): 2-9. 

Junior EM, Minervino MHH, Junior RAB, Rodrigues FAML, Araujo GASC, Ortolani EL, Cartopassi 

SRG. 2015. High doses of lidocaine as constant rate infusion in propofol/fentanyl anaesthetized 

sheep: cardiopulmonary effects. Semina: Ciências Agrárias. 34(1): 323-334.   

Kalhoro A, Tariq M, Kachiwal A, Rind R, Kalhoro D, Kalhoro S. 2010. Use of medetomidine 

hydrochloride as sedative in cattle calves. Pak J Agri Agril Eng Vet Sci. 26(2): 87-99.  

Kalhoro AB, Memon AQ. 2011. Sedative/analgesic efficacy of medetomidine in goats. Pak Vet J. 31: 

257-259. 

Kalhoro AB, Shahani SK, Kachiwal AB, Kathio IH, Memon AQ, Soomro SA. 2000. Physiological 

effects of medetomidine in buffalo calves. In: Proc 3rd Asia Buff Conf, Kandy, Sri Lanka. pp. 

283-289. 

Kästner SBR. 2007. Intravenous Anaesthetics. In: The BSAVA Manual of Canine and Feline 

Anaesthesia and Analgesia. 2nd ed. Seymour C, Duke-Novakovski T. BSAVA, Cheltenham, UK. 

pp. 133-149. 

Keith RB. 2007. Injectable and alternative anesthetic techniques. In: Lumb and Jones, Vet Anesth Analg. 

4th ed. (Tranquilli WJ, Thurmon JC and Grim KA. eds.), Blackwell Publishing, Iowa. pp. 291–

292. 

Kelawala NH, Parsania RR, Patil DB. 1991. Hematological and biochemical studies on ketamine, 

propofol and propofol-ketamine as general anesthesia in diazepam premedicated goats (Capra 

hircus). Indian J Vet Surg. 12: 17-20. 

Kelawala NH, Parsania RR, Patil DB. 1993. Clinical evaluation of propofol-ketamine anaesthesia in 

diazepam premedicated goats (Capra hircus). Indian Vet J. 14: 83-85. 



REFERENCES 

21 
 

Khan MA, Ashraf M, Pervez K, Rashid HB, Mahmood AK, Chaudhry M. 2004. Comparative effects of 

detomidine and xylazine as sedative and analgesic agents in small ruminants. Pak Vet J. 24(2): 

62-69. 

Khattri S, Kinjavdekar P, Amarpal, Aithal HP, Pawde AM, Kumar R, Singh J. 2013. Dexmedetomidine 

with butorphanol and propofol for total intravenous anaesthesia in uraemic buffalo calves. Adv 

Anim Vet Sci. 1(2): 15–23. 

Kilic N. 2008. Cardiopulmonary, biochemical and haematological changes after detomidine-midazolam-

ketamine anaesthesia in calves. Bull Vet Inst Pulawy. 52(3): 453-456. 

Kim J, Jang IH. 1999. The effects of xylazine premedication on propofol anaesthesia in the dog. Korean J 

Vet Clin Med. 16(1): 86-94. 

Kinjavdekar P, Aithal HP, Pawde AM, Pratap K. 2002. Analgesic, sedative and haemodynamic effects of 

spinally administered romifidine in female goats. J. Vet. Med. 49(1): 3-8. 

Kinjavdekar P, Amarpal GS, Aithal HP, Pawde AM. 2000. Physiologic and biochemical effects of 

subarachnoidally administered xylazine and medetomidine in goats. Small Rumin Res. 38(3): 

217-228. 

Kinjavdekar P, Tyagi SK, Amarpal HP, Pawde AM, Malik V, Sharma R, Pathak MC. 2013. Evaluation 

of continuous propofol infusion in xylazine/medetomidine and butorphanol premedicated canine 

orthopedic patients. Indian J Canine Prac. 5(1): 147-153. 

Ko JC, Payton ME, White AG, Galloway DS, Inoue T. 2006. Effect of intravenous diazepam or micro 

dose medetomidine on propofol-induced sedation in dogs. J Am Anim Hosp Assoc. 42 (1): 18-27.

  

Kochs E, Scharein E, Mollenberg O, Bromm B, Esch JS. 1996. Analgesic efficacy of low dose ketamine. 

Somatosensory-evoked responses in relation to subjective pain ratings. Anesthesiology. 85(2): 

304–314. 

Kojima K, Nishimura R, Mutoh T, Hong SH, Mochizuki M, Sasaki N. 2002. Effects of medetomidine-

midazolam, acepromazine-butorphanol, and midazolam-butorphanol on induction dose of 

thiopental and propofol and on cardiopulmonary changes in dogs. American J Vet Res. 63(12): 

1671-1679. 

Koshy TA, Mahabala TH, Srikantu J, Sanmathi S. 2003. Thiopentone midazolam mixture as an induction 

agent for general anesthesia on ‘in-patients’. Ind J Anesth. 47(2): 129-133. 

Krauss B, Green SM. 2000. Sedation and analgesia for procedures in children. N Eng J Med. 342(13): 

938–945. 

Kul M, Koc Y, Alkan F, Ogurtan Z. 2000. The effects of xylazine-ketamine and diazepam-ketamine on 

arterial blood pressure and blood gases in dogs. J Vet Res. 4: 123-132. 

Külling D, Rothenbühler R, Inauen W. 2003. Safety of no anesthetist sedation with propofol for 

outpatient colonoscopy and esophagogastroduodenoscopy. Endoscopy. 35(08): 679-682. 

Kumar R, Kinjavdekar P, Amarpal, Aithal HP, Pawde AM, Kumar A, Singh J, Khattri S, Madhu DN. 

2014. Clinicophysiological, haematobiochemical and haemodynamic effect of propofol and 

ketamine with dexmedetomidine in urolithic goats. Vet World. 7(8): 566-573.  

Kumari A, Singh AP, Vidhan J, Gupta R, Dhawan J, Kaur J. 2018. The sedative and propofol-sparing 

effect of dexmedetomidine and midazolam as premedicants in minor gynecological day care 

surgeries: A randomized placebo-controlled study. Anesth Essays Res. 12(2): 423-427. 

Kürüm B, Pekcan Z, Kalender H, Kumandaş A, Can Mutan O, Elma E. 2013. Comparison of propofol- 

remifentanil and propofol-fentanyl anaesthesia during ovariohysterectomy in dogs. Kafkas Üniv 

Vet Fak Derg. 19: 33-40. 

Kuusela E, Raekallio M, Anttila M, Falck I, Mo¨lsa S, Vainio O. 2000. Clinical effects and 

pharmacokinetics of medetomidine and its enantiomers in dogs. J Vet Pharm Ther. 23(1): 15–20. 

Kuusela E, Raekallio M, Väisänen M, Mykkänen K, Ropponen H, Vainio O. 2001. Comparison of 

medetomidine and dexmedetomidine as premedicants in dogs undergoing propofol-isoflurane 

anesthesia. Amer J Vet Res. 62(7): 1073–1080. 

Kyles AE, Waterman AE, Livingston A. 1995. Anti-nociceptive activity of midazolam in 

sheep. J Vet Pharmacol Ther. 18(1): 54–60. 



REFERENCES 

22 
 

Landa L. 2012. Pain in domestic animals and how to assess it: a review. Vet Med. 57 (4): 185–192. 

Laredo F. 2015. Injectable anaesthetics. Clinician’s brief march. 27-32. 

 

Larenza MP, Bergadano A, Iff I, Doherr MG, Schatzmann U. 2005. Comparison of the cardiopulmonary 

effects of anesthesia maintained by continuous infusion of ketamine and propofol with anesthesia 

maintained by inhalation of sevoflurane in goats undergoing magnetic resonance imaging. 

American J Vet Res. 66(12): 2135-2141. 

Lemke KA. 2007. Anticholinergics and sedatives. In: Lumb & Jones’ Vet Anesth Analg. 4th ed. 

Blackwell Publishers, Ames, IA, USA. pp. 208-209. 

Lerche P, Nolan AM, Reid J. 2000. Comparative study of propofol or propofol and ketamine for the 

induction of anaesthesia in dogs. Vet Rec. 146(20): 571–574. 

Liao P, Sinclair M, Valverde A, Mosley C, Chalmers H, Mackenzie S, Hanna B. 2017. Induction dose 

and recovery quality of propofol and alfaxalone with or without midazolam co-induction 

followed by total intravenous anesthesia in dogs. Vet Anaesth Analg. 44(5): 1016-1026. 

Lin HC, Wallace SS, Tyler JW, Robbins RL, Thurmon JC, Wolfe DF. 1994. Comparison of tiletamine-

zolazepam-ketamine and tiletamine zolazepam- ketamine-xylazine anesthesia in sheep. Austral 

Vet J. 71(8): 239-242.   

Löw K, Crestani F, Keist R, Benke D, Brünig I, Benson JA, Fritschy JM, Rülicke T, Bluethmann H, 

Möhler H, Rudolph U. 2000. Molecular and neuronal substrate for the selective attenuation of 

anxiety. Science. 290(5489): 131‑134. 

MacDonald E, Virtanen R. 1992. Review of the pharmacology of medetomidine and detomidine: Two 

chemically similar alpha-2 adrenoceptor agonists used as veterinary sedative. In: Short CE, 

Poznak AV (Eds): Animal Pain. Churchill Livingstone, New York. pp. 181-191. 

Macintire DK, Tefend M. 2004. Constant rate infusions: Practical use. NAVC Clinician’s Brief. 1: 25-28.  

Malhi M. 2006. Comparision of sedative and analgesic effects of xylazine, detomidine and medetomidine 

in sheep. M.Sc. Thesis, Sindh Agri Uni, Tandojam. 

Malik V, Kinjavdekar P, Amarpal, Aithal H, Pawde A, Surbhi. 2011. Sedative, analgesic, 

cardiopulmonary and haemodynamic effects of medetomidine-butorphanol and midazolam-

butorphanol on thiopental-propofol anaesthesia in water buffaloes (Bubalus bubalis). J Appl 

Anim Res. 39(3): 284-287. 

Mama KR, Grimsrud K, Snell T, Stanley S. 2009. Plasma concentrations, behavioural and physiological 

effects following intravenous and intramuscular detomidine in horses. Equine Vet J. 41(8): 772-

777. 

Mama KR, Wagner AE,  Steffey EP,  Kollias-Baker C,  Hellyer PW, Golden AE, Brevard LF. 2005. 

Evaluation of xylazine and ketamine for total intravenous anesthesia in horses. Am J Vet Res. 

66(6): 1002-1007.  

Mama KR. 2000. “Anaesthetic management of the horse: intravenous Anaesthesia,” Int Vet Service, 

mhttp://www.ivis.org/. 

Mandagiri S, Podarala V, Nekkanti DL, Katam VB. 2015. Evaluation of propofol anaesthesia in 

medetomidine-pentazocine and midazolampentazocine premedicated buffalo calves. J Anim Res. 

5(1): 143-148. 

Mani V, Morton NS. 2010. Overview of total intravenous anesthesia in children. Pediat Anesth. 20(3): 

211-222. 

Mannarino R, Luna SP, Monteiro ER, Beier SL, Castro VB. 2012. Minimum infusion rate and 

hemodynamic effects of propofol, propofol‐lidocaine and propofol‐lidocaine‐ketamine in dogs. 

Vet Anaesth Analg. 39(2): 160-173. 

Maravi MS, Dewangan R, Tiwari SK, Sharda R, Kalim MO. 2018.  Clinico-Physiological Response to 

Detomidine-Propofol Anaesthesia in Atropinized Goats. Int J Curr Microbiol App Sci. 7(2): 

2978-2983. 

Martın-Mateos I, Perez JAM, Reboso JA, Leon A. 2013. Modelling propofol pharmacodynamics using 

BIS guided anaesthesia. Anaesth. 68(11): 1132-1140. 



REFERENCES 

23 
 

Matthews NS, Hartsfield SM, Hague B, Carroll GL, Short CE. 1999. Detomidine propofol anesthesia for 

abdominal surgery in horses. Vet Surg. 28(3): 192- 201. 

Matthews NS, Van Dijk P. 2004. Anesthesia and Analgesia for Donkeys (www.ivis.org). Ithaca: Int Vet 

Info Service, New York, USA. 

Matthews NS. 2007. Inhalant anaesthetics. In: Seymour C., Duke-Novakovski T. (editors). BSAVA 

Manual of Canine and Feline Anaesthesia and Analgesia. 2nd ed. BSAVA, Gloucester. pp. 150-

155. 

McCarthy EC, Mencio GA, Walker LA. 2000. Ketamine sedation for the reduction of children’s fractures 

in the emergency department. J Bone Joint Surg Am. 82(7): 912–918. 

Mckelvey D, Hollingshead KW. 2003. Veterinary Anesthesia and Analgesia. 3rd ed. Mosby Inc. St. 

Louis, Missouri, U.S.A. pp. 36-39. 

McKenzi G. 2008. Total intravenous anesthesia- TIVA. Iranian J Vet Surg. 2: 108-117. 

McKernan RM, Rosahl TW, Reynolds DS, Sur C, Wafford KA, Atack JR, Farrar S, Myers J, Cook G, 

Ferris P, Garrett L. 2000. Sedative but not anxiolytic properties of benzodiazepines are mediated 

by the GABA (A) receptor alpha1 subtype. Nat Neurosci. 3(6): 587‑592. 

McMillen C. 2001. The sheep – an ideal model for biomedical research? Anzccart: Humane science. 14: 

1–4. 

Meierhenrich R, Gauss A, Mühling B, Bracht H, Radermacher P, Georgieff M, Wagner F. 2010. The 

effect of propofol and desflurane anaesthesia on human hepatic blood flow: a pilot study. 

Anaesth. 65(11): 1085-1093. 

Miller DR. 1994. "Intravenous infusion anaesthesia and delivery devices". Can J Anaesth. 41(7): 639-

651. 

Minghella E, Auckburally A, Pawson P, Scott ME, Flaherty D. 2016. Clinical effects of midazolam or 

lidocaine co-induction with a propofol target-controlled infusion (TCI) in dogs. Vet Anaesth 

Analg. 43(5): 472-481. 

Mohamed MA. 2000. Clinical efficacies of some anaesthetic agents in sheep and goats. Ph.D. thesis, pp. 

45-49. 

Monsang SW. 2011. Comparison of medetomidine and dexmedetomidine with and without butorphanol 

and midazolam as preanaesthetic to propofol anaesthesia in sheep. Ph.D. Thesis, Indian Vet Res 

Inst, Izatnagar (UP), India. 

Moolchand M, Kachiwal AB, Soomro SA, Bhutto ZA. 2014. Comparison of sedative an analgesic effects 

of xylazine, detomidine, and medetomidine in sheep. Egypt J Sheep & Goat Sci. 9(2): 43- 48.  

Morgan M. 1983. Total intravenous anaesthesia. Anaesthesia. 38(S1): 1-9. 

Morris J, Acheson M, Reeves M, Myles PS. 2005. Effect of clonidine pre-medication on propofol 

requirements during lower extremity vascular surgery: a randomized controlled trial. Brit J 

Anaesth. 95(2): 183–188.  

Morse Z, Sano K, Kanri T. 2001. Decreased intraoral secretions during sedation-analgesia with propofol-

ketamine and midazolam ketamine combinations. J Anesth. 15(4): 197–200.  

Muir III WW, Gadawski JE. 2002. Cardiovascular effects of a high dose of romifidine in propofol-

anesthetized cats. Am J Vet Res. 63(9): 1241-1246. 

Muir WWIII, Wiese AJ, March PA. 2003. Effects of morphine, lidocaine, ketamine and morphine-

lidocaine-ketamine drug combination on minimum alveolar concentration in dogs anesthetized 

with isoflurane. Am J Vet Res. 64(9): 1155-1160.   

Muir WW, Hubbell JA, Skarda RT, Bednarski RM. 2000. Handbook of Veterinary Anesthesia. 3rd ed. 

Mosby, Inc. Saint Louis, Missouri, USA. pp. 57-72. 

Muñoz KA, Robertson SA, Wilson DV. 2017. Alfaxalone alone or combined with midazolam or 

ketamine in dogs: intubation dose and select physiologic effects. Vet Anaesth Analg. 44(4): 766-

774. 

Musk GC, Pang DS, Beths T, Flaherty DA. 2005. Target-controlled infusion of propofol in dogs–

evaluation of four targets for induction of anaesthesia. Vet Record. 157(24): 766-770.  



REFERENCES 

24 
 

Ndawana PS, Dzikiti BT, Zeiler G, Dzikiti LN. 2015. Determination of the Minimum Infusion Rate 

(MIR) of alfaxalone required to prevent purposeful movement of the extremities in response to a 

standardized noxious stimulus in goats. Vet Anaesth Analg. 42(1): 65-71. 

Njoku NU. 2015. Effects of maintenance of propofol-ketamine anesthesia with repeat bolus and constant 

rate infusion of propofol on physiological, biochemical, anesthetic and analgesic indices in dogs. 

J Adv Vet Anim Res. 2(4): 427-434.  

Nolan A. 2004. Total intravenous anaesthesia in dogs. In: Proceedings of the 29th World Cong World 

Small Anim Vet Assoc, Rhodes, Greece. 

Ohta M, Oku K, Mukai K, Akiyama K, Mizuno Y. 2004. Propofol-ketamine anesthesia for internal 

fixation of fractures in racehorses. J Vet Med Sci. 66(11): 1433–1436. 

Oku K, Kakizaki M, Ono K, Ohta M. 2011. Clinical evaluation of total intravenous anesthesia using a 

combination of propofol and medetomidine following anesthesia induction with medetomidine, 

guaifenesin and propofol for castration in thoroughbred horses. J Vet Med Sci. 73(12): 1639-

1643. 

Okwudili CU, Chinedu AE, Anayo JO. 2014. Biochemical effects of xylazine, propofol, and ketamine in 

West African dwarf goats. J Vet Med. 1-4. 

Olkkola KT, Ahonen J. 2008. Midazolam and other benzodiazepines. In Modern Anesthetics – Handbook 

of Experimental Pharmacology. Springer, Berlin, Heidelberg. 182: 335-360. 

Olsson A, Phalen D. 2013. The effects of decreased body temperature on the onset, duration and action of 

medetomidine and its antagonist atipamezole in juvenile farmed estuarine crocodiles (Crocodylus 

porosus). Vet Anaesth Analg. 40(3): 272-279. 

Ortega M, Cruz I. 2011. Evaluation of a constant rate infusion of lidocaine for balanced anesthesia in 

dogs undergoing surgery. Can Vet J. 52(8): 856–860. 

Oxorn DC, Ferris LE, Harrington E, Orser BA. 1997. The effects of midazolam on propofol- induced 

anesthesia: propofol dose requirements, mood profiles, and perioperative dreams. Anesth Analg. 

85(3): 553-559. 

Ozkan F, Cakır-Ozkan N, Eyibilen A, Yener T, Erkorkmaz U. 2010. Comparison of ketamine-diazepam 

with ketamine xylazine anesthetic combinations in sheep spontaneously breathing and 

undergoing maxillofacial surgery. Bosnian J Basic Med. 10 (4): 297-302. 

Pablo LS, Bailey JE, Ko JCH. 1997. Median effective dose of propofol required for induction of 

anaesthesia in goats. J Am Vet Med Assoc. 211(1): 86–88. 

Padfield NL. 2000. Administration of intravenous anaesthesia/total intravenous anaesthesia. Total 

Intravenous Anaesthesia. pp. 66-86. 

Pascoe PJ, Raekallio M, Kuusela E, McKusick B, Granholm M. 2006. Changes in the minimum alveolar 

concentration of isoflurane and some cardiopulmonary measurements during three continuous 

infusion rates of dexmedetomidine in dogs. Vet Anaesth Analg. 33(2): 97-103. 

Pavlidou K, Savvas I, Moens YP, Vasilakos D, Raptopoulos D. 2013. The effect of four anaesthetic 

protocols for maintenance of anaesthesia on trans-diaphragmatic pressure in dogs. PloS one. 

8(10): 1-7. 

Pawde AM, Kinjavdekar P, Aithal HP, Pratap K, Bisht GS. 2000. Detomidine-diazepam-ketamine 

anaesthesia in buffalo (Bubalus bubalis) calves. J Vet Med A. 47(3): 175-179. 

Picavet MT, Gasthuys FM, Laevens HH, Watts SA. 2004. Cardiopulmonary effects of combined 

xylazine–guaiphenesin–ketamine infusion and extradural (inter-coccygeal lidocaine) anaesthesia 

in calves. Vet Anaesth Analg. 31(1): 11–19. 

Prassinos NN, Galatos AD, Raptopoulos D. 2005. A comparison of propofol, thiopental or ketamine as 

induction agents in goats. Vet Anaesth Analg. 32(5): 289-296. 

Pratap K, Amarpal, Kinjavdekar P, Singh GR. 2000. Effects of medetomidine alone or in combination 

with ketamine on analgesia, physiological parameters and blood values of buffalo calves 

(Bubalus bubalis). Phillip. J. Vet. Med. 37(1): 38–40. 

Priestley SJ, Taylor J, McAdam CM, Francis P. 2001. Ketamine sedation for children in the emergency 

department. Emerg Med. 13(1): 82–90.  



REFERENCES 

25 
 

Radostits OM, Gay CC, Hinchcliff KW, Constable PD. 2007. Veterinary Medicine. In: A textbook of the 

diseases of cattle, sheep, pigs, goats and horses. 10th ed. Saunders Ltd, London. pp. 2065.  

Rafee M. 2013. Evaluation of midazolam and ketamine anaesthesia for ovariohysterectomy in 

dexmedetomidine with or without butorphanol/pentazocine premedicated dogs. MSc.  Thesis, 

Deemed Uni, Indian Vet Res Inst, Izatnagar, (UP), India. 

Raszplewicz R, MacFarlane P, West E. 2013. Comparison of sedation scores and propofol induction 

doses in dogs after intramuscular premedication with butorphanol and either dexmedetomidine or 

medetomidine. Vet Anaesth Analg. 40: 584–589. 

Redondo JI, Gómez-Villamandos RJ, Domínguez JM, Santisteban JM. 2000. Propofol or thiopentone as 

induction agents in romifidine-sedated and halothane–N2O-anesthetized dogs: a preliminary 

study. Can Vet J. 64(4): 249–253. 

Reid J, Flaherty D, Welsh E, Monteiro AM, Lerche P, Nolan A. 1997. A pharmacodynamic study of 

propofol or propofol and ketamine infusions in ponies undergoing surgery. Res vet sci. 62(2): 

179-184. 

Reid J, Nolan AM, Welsh E. 1993. Propofol as an induction agent in the goat: a pharmacokinetic study. J 

Vet Pharmacol Ther. 16(4): 488-493. 

Reves JG, Glass PS, Lubarsky DA, McEvoy MD, Ruiz RM. 2010. Intravenous anaesthetics. In: Miller’s 

Anaesthesia. Miller RD. 7th ed. Churchill Livingstone, USA. pp. 719–771. 

Reves JG, Glass PSA, Lubarsky DA. 2000. Non- barbiturate intravenous anesthetics. In: Miller R D (ed.) 

Anesth. 5th ed. Churchill Livingston, USA. pp. 228–376. 

Ribeiro G, Dória RGS, Nunes TC, Gomes AL, Pereira WAB, Queiroz FF, Vasconcelos AB. 2012. 

Effects of intravenous detomidine and xylazine on basal parameters and behavioral responses in 

bovine. Arq Bras Med Vet Zootec. 64(6): 1411-1417. 

Riebold TW. 1996. Ruminants. In Thurman JC, Tranquilli WJ, Benson G J (eds) Lumb & Jones’ 

Veterinary Anesthesia. Williams &Wilkens, Baltimore. pp. 610–626. 

Riebold TW. 2007. Ruminants .In: Tranquilli WJ, Thurmon JC, Grimm KA. Lumb and Jones’s. 

Veterinary Anaesthesia and Analgesia .Blackwell Publishing, Iowa. pp. 731–746.  

Riviere JE, Papich MG. 2009. Veterinary pharmacology and therapeutics. 9th ed. Ames (IA): Blackwell 

Publishing, New Jersey, United States. pp. 275-278. 

Riviere JE, Papich MG. 2009. Veterinary pharmacology and therapeutics. 9th ed. Ames (IA): Blackwell 

Publishing Ltd, Oxford, USA. pp. 275-284. 

Robinson R, Borer-Weir K. 2015. The effects of diazepam or midazolam on the dose of propofol 

required to induce anaesthesia in cats. Vet Anaesth Analg. 42(5): 493–501. 

Sakai T, Singh H, Mi WD, Kudo T, Matsuki A. 1999. The effect of ketamine on clinical endpoints of 

hypnosis and EEG variables during propofol infusion. Acta Anaesthesiol Scand. 43(2): 212–216. 

Sánchez A, Belda E, Escobar M, Agut A, Soler M, Laredo FG. 2013. Effects of altering the sequence of 

midazolam and propofol during co-induction of anaesthesia. Vet Anaesth Analg. 40(4): 359-366.  

Sano T, Nishimura R, Mochizuki M, Hara Y, Tagawa M, Sasaki N. 2003. Clinical usefulness of propofol 

as an anesthetic induction agent in dogs and cats. J Vet Med Sci. 65(5): 641-643.  

Sano T, Nishimura R, Mochizuki M, Sasaki N. 2003. Effects of midazolam-butorphanol, acepromazine-

butorphanol and medetomidine on an induction dose of propofol and their compatibility in dogs. J 

Vet Med Sci. 65(10): 1141-1143.  

Schoffmann G, Winter P, Palme R, Pollak A, Trittenwein G, Golej J. 2009. Haemodynamic changes and 

stress responses of piglets to surgery during total intravenous anaesthesia with propofol and 

fentanyl. Lab Anim. 43(3): 243–248. 

Selebi PJ, McCrindle CME. 2003. Economic analysis of a small - scale goat production system on 

communal grazing. In: Proceedings of The Faculty Day Scientific Programme of the University 

of Pretoria’s Faculty of Veterinary Sciences. pp. 40. 

Seliskar A, Flach EJ, Luna SP, Eatwood R. 2000. Isoflurane anaesthesia in an Indian rhinoceros 

(Rhinoceros unicornis). In: Proceedings of the 7th World Cong Vet Anaesth Bern. pp. 20-23. 



REFERENCES 

26 
 

Seliskar A, Nemec A, Roskar T, Butinar J. 2007. Total intravenous anaesthesia with propofol or 

propofol/ketamine in spontaneously breathing dogs premedicated with medetomidine. The Vet 

Record. 160(3): 85-91. 

Seo JI, Han SH, Choi R, Han J, Lee L, Hyun C. 2015. Cardiopulmonary and anesthetic effects of the 

combination of butorphanol, midazolam and alfaxalone in Beagle dogs. Vet Anaesth Analg. 

42(3): 304-308. 

Shah Z, Ding MX, Hu ML. 2014. A review on the current use of alpha-2 agonists in small ruminants. 

Kafkas Univ Vet Fak Derg. 20(4): 633-639. 

Shah Z, Kalhore A, Kachiwal A, Ahmad I, Sattar H, Khan M, Rehman Z, Khan F, Hussain T, Ullah H. 

2013. Comparative studies on sedative and analgesic effects of xylazine and detomidine in goats. 

J Anim Plant Sci. 23(Supp-1): 39-42.  

Shah Z, Kalhore AB, Kachiwal AB, Ahmad I, Sattar H, Khan MA. 2013. Comparative studies on 

sedative and analgesic effects of xylazine and detomidine in goats. J Anim Plant Sci. 21(1): 1019-

1023.  

Sinclair MD. 2003. A review of the physiological effects of α2-agonists related to the clinical use of 

medetomidine in small animal practice. Can Vet J. 44(11): 885-897. 

Singh AP, Peshin PK, Singh J, Sharifi D, Patil DB. 1991. Evaluation of detomidine as a sedative in goats. 

Acta Vet Hung. 39(3-4): 103-114.  

Singh GD. 2011. Comparative evaluation of halothane and isoflurane inhalation anaesthesia in buffaloes. 

Ph.D. Thesis, Indian Vet Res Inst, Izatnagar (U.P.), India. 

Singh K, Kinjavdekar P, Aithal HP, Gopinathan A, Singh GR, Pawde AM, Pratap K. 2007. Effects of 

epidural ketamine–xylazine combination on the clinico-physiological and haematobiochemical 

parameters of uraemic and healthy goats. Vet Res Commun. 31(2): 133-142. 

Singh NK, Pandey RP, Singh B. 2003. A note on propofol anaesthesia in sheep. Indian J Vet Surg. 24(2): 

106. 

Smith I, White PF. 1998. "Intravenous anaesthesia delivery and monitoring systems". In: Total 

Intravenous Anaesthesia. 1st ed. Hahn CEW and Adams AP, BMJ Books, London. pp. 98-127. 

Solano AM, Pypendop BH, Boscan PL, Ilkiw JE. 2006.  Effect of intravenous administration of ketamine 

on the minimum alveolar concentration of isoflurane in anesthetized dogs.  Am J Vet Res. 67(1): 

21-25. 

Srivastava U, Sharma N, Kumar A, Saxena S. 2006. Small dose propofol or ketamine as an alternative to 

midazolam co-induction to propofol. Indian J Anaesth. 50(2): 112-114. 

Steagall PVM, Teixeira Neto FJ, Minto BW. 2006. Evaluation of the isoflurane-sparing effects of 

lidocaine and fentanyl during surgery in dogs. J Am Med Assoc. 229(4): 522-527. 

Steffey EP, Mama KR. 2007. Inhalation anesthetics. In: Lumb & Jones’. Veterinary Anesthesia and 

Analgesia. Blackwell Publishing Ltd, Oxford, USA. pp. 355-393. 

Stegmann GF, Bester L. 2001. Sedative-hypnotic effects of midazolam in goats after intravenous and 

intramuscular administration. Vet Anaesth Analg. 28(1): 49-55. 

Stegmann GF, Bester L. 2001. Some cardiopulmonary effects of midazolam premedication in 

clenbuterol-treated bitches during surgical endoscopic examination of the uterus and 

ovariohysterectomy. J S Afr Vet Assoc. 72(1): 33–36. 

Stegmann GF. 1998. Observations on the use of midazolam for sedation, and induction of anaesthesia 

with midazolam in combination with ketamine in the goat. J S Afr Vet Assoc. 69(3): 89-92. 

Swindle MM, Vogler GA, Fulton LK, Marini RP, Popilskis S. 2002. Preanesthesia, anesthesia, analgesia 

and euthanasia. In: Lab Anim Med. 2nd ed. Academic Press, California, U.S.A. pp. 956-1003. 

Taira Y, Nakakimura K, Matsumoto M, Sakabe T. 2000. Spinal and supraspinal midazolam potentiates 

antinociceptive effects of isoflurane. Br. J Anaesth. 85(6): 881–886. 

Talke PO, Traber DL, Richardson CA, Harper DD, Traber LD. 2000. The effect of α-2 agonist-induced 

sedation and its reversal with an α-2 antagonist on organ blood flow in sheep. Anesth Analg. 

90(5): 1060-1066. 

Tariq M, Kalhoro AB, Kachiwal AB, Akhtar A, Niamatullah M. 2011. Sedative effects of medetomidine 

on pulse rate, respiratory rate and body temperature in cattle calves. Pak J Sci. 63(2):111-114. 



REFERENCES 

27 
 

Thurmon J, Ko J, Benson G, Tranquilli W, Olson W. 1994. Hemodynamic and analgesic effects of 

propofol infusion in medetomidine-premedicated dogs. American J Vet Res. 55(3): 363-367. 

Thurmon JC, Short CE. 2007. History and overview of veterinary anaesthesia. In: Tranquilli WJ, 

Thurmon, JC and Grimm KA, editors. Lumb & Jones. Veterinary Anaesthesia and Analgesia. 4th 

ed. Blackwell Publishing Ltd, Oxford. pp. 3-6. 

Toner PH. 2005. Balanced anaesthesia today. Best Prac Res Clin Anaesth. 19: 475-484. 

Tosun Z, Esmaoglu A, Coruh A. 2008. Propofol-ketamine VS propofol– fentanyl combinations for deep 

sedation and analgesia in pediatric patients undergoing burn dressing changes. Pediatr Anesth. 

18(1): 43–47.   

Tsai YC, Wang LY, Yeh LS. 2007. Clinical comparison of recovery from total intravenous anesthesia 

with propofol and inhalation anesthesia with isoflurane in dogs. J Vet Med Sci. 69(11): 1179-

1182. 

Tunio A, Bughio S, Sahito JK, Shah MG, Ebrahimi M, Tunio SP. 2016. Observation of physiological 

changes after detomidine administration in Pateri Goat. Mac Vet Rev. 39(1): 77-81. 

Tunio AN, Kalhoro AB, Kathio IH. 2003. Sedative and analgesic effects of detomidine in goats. Pak Vet 

J. 23 (3): 143-149.  

Udegbunam RI, Adetunji A. 2007. Comparison of three ketamine drug combination for short term 

Anaesthesia in West Africa Dwarf goats. J Agr Educ Ext. 6(2): 66–71. 

Umar MA, Irefin KE. 2013. Evaluation of the effects of intravenous anaesthesia using a combination of 

ketamine-medetomidine in Sahel goats. Sokoto J Vet Sci. 11(2): 63-66. 

Umar MA, Yamashita K, Kushiro T, Muir III WW. 2006. Evaluation of total Intravenous anesthesia with 

propofol or ketamine-medetomidine-propofol combination in horses. J Am Vet Med Assoc. 

228(8): 1221-1227. 

Umar MA, Yamashita K, Kushiro T, Muir III WW. 2007. "Evaluation of cardiovascular effects of total 

intravenous anesthesia with propofol or a combination of ketamine medetomidine- propofol in 

horses". Am J Vet Res. 68(2): 121-127.  

Upton RN, Martinez AM, Grant C. 2009. Comparison of the sedative properties of CNS 7056, 

midazolam, and propofol in sheep. Brit J Anaesth. 103(6): 848–857. 

Vainio O. 1997. Alpha-2 adrenergic agonists and antagonists. 6th Int Cong Vet Anaesth. Proceeding. pp. 

75-77. 

Vaisanen M, Raekallio M, Kuusela E, Huttunen P, Leppaluoto J, Kirves P, Vanio O. 2002. Evaluation of 

the perioperative stress response in dogs administered medetomidine or acepromazine as part of 

the preanesthetic medication. Am J Vet Res. 63(7): 969-975. 

Valverde A, Doherty TJ. 2008. Anesthesia and analgesia of ruminants. In: Anesth Analg in Lab Anim. 

2nd ed. Elsevier. pp. 385-411. 

Van Hemelrijck J, Kissin I. 1997. "History of Intravenous Anesthesia," In Textbook of Intravenous 

Anesthesia, 1st ed. P.F. White, edr, Williams and Wilkins, Baltimore. pp. 1-9. 

Ve dpathak HS, Tank PH, Karle AS, Mahida HK, Joshi DO, Dhami MA. 2009. Pain Management in 

Veterinary Patients. Vet World. 2(9).  

Vesal N, Oloumi MM. 1998. A preliminary comparison of epidural lidocaine and xylazine during total 

intravenous anaesthesia in Iranian fat‐tailed sheep.  J Vet Med. 45(1‐10): 353-360. 

Viser E, Schug SA. 2006. The role of ketamine in pain management. Bio. Pharm. 60(7): 341-348. 

Waelbers T, Vermoere P, Polis I. 2009. Total intravenous anesthesia in dogs. Vlaams Diergeneeskundig 

Tijdschrift. 78(3): 160-169. 

Wagner AE, Walton JA, Hellyer PW, Gaynor JS, Mama KR. 2002. Use of low doses of ketamine 

administered by constant rate infusion as an adjunct for postoperative analgesia in dogs. J Am 

Vet. Med Assoc. 221(1): 72–75. 

Weaver BM, Raptopoulos D. 1990. Induction of anaesthesia in dogs and cats with propofol. The Vet 

Rec. 126(25): 617-620. 

Wiese AJ, Lerche P, Cleale RM, Muir WW. 2010. Investigation of escalating and large bolus doses of a 

novel, nano‐droplet, aqueous 1% propofol formulation in cats. Vet Anaesth Analg. 37(3): 250-

257.  



REFERENCES 

28 
 

Wilder-Smith OH, Ravussin PA, Decosterd LA, Despland PA, Bissonnette B. 2001. Midazolam 

premedication reduces propofol dose requirements for multiple anesthetic endpoints. Can J 

Anaesth. 48(5): 439–445. 

Willman EV, Andolfatto GA. 2007. Prospective evaluation of ‘‘Ketofol’’ (ketamine ⁄ propofol 

combination) for procedural sedation and analgesia in the emergency department. Ann Emerg 

Med. 49(1): 23-30. 

Young C, Jevtovic -Torovic V, Qin YQ, Tenkova T, Wang H, Labruyere J, Olney JW. 2005. Potential of 

ketamine and midazolam, individually or in combination, to induce apoptotic neurodegeneration 

in the infant mouse brain. Brit J Pharm. 146(2): 189–197. 

Zama MM, Harbans L, Gupta AK, Bhadwal MS. 2005. Blood gas and electrolyte changes during 

propofol anaesthesia in buffalo calves. In: 29th Annual Congress of Ind. Soc. Vet. Surg. IVRI, 

Izatnagar, UP. 

Zama MM, Singh NK, Gupta AK, Kumar S, Kalita A. 2003. Propofol anaesthesia in adult sheep: 

Clinical, Haematological and Biochemical studies. In: 27th Annual Congress of Indian Soc Vet 

Surg. 

Zapata A, Laredo FG, Escobar M, Agut A, Soler M, Belda E. 2018. Effects of midazolam before or after 

alfaxalone for co-induction of anaesthesia in healthy dogs. Vet Anaesth Analg. 45(5): 609-617. 



 

29 
 

CHAPTER 3 

EXPERIMENT NO. 1 

Effects of detomidine and midazolam administered alone or combined, on induction dose and 

quality of propofol and ketamine anesthesia in goats   

3.1. ABSTRACT 

3.1.1. Background 

Pre-anesthetic treatment directly affects the dose of induction agents that may result in least complication 

due to low anesthesia intake. 

3.1.2. Aims 

The study was aimed to investigate the effects of detomidine and midazolam administered alone or 

combined, on induction dose and quality of propofol and ketamine anesthesia in goats. 

3.1.3. Methods 

In total, twelve (12) female goats were randomly divided into six treatment groups comprising two 

animals each. Group A1 animals were treated as control group that after premedication with normal 

saline @ 0.2 ml/kg, received propofol @ 4.20±0.10 mg/kg body weight. While, group B1 animals 

received (detomidine @ 15 µg/kg + propofol), C1 received (detomidine @ 15 µg/kg + ketamine), D1 

received (midazolam @ 0.25 mg/kg + propofol), E1 received (midazolam @ 0.25 mg/kg+ ketamine) and 

group F1 animals received a combination of all (detomidine @ 7 µg/kg+ midazolam @ 0.12 mg/kg + 

propofol l+ ketamine) to produce a level of anesthesia required for placing an endotracheal tube. The 

degree of sedation and analgesia, induction dose, % age reduction in the induction dose, anesthesia 

quality and clinico-physiological parameters were evaluated.  

3.1.4. Results 

Premedication with a combination of detomidine-midazolam followed by induction with combination of 

propofol-ketamine caused a deep sedation, strong analgesia, maximum % age reduction in the induction 

dose and a maximum increase in duration of anesthesia that showed a significant difference (p≤0.05) 

from the control and other treatment groups. However, detomidine and midazolam when administered 

alone, followed by induction with propofol and ketamine caused mild analgesia, mild sedation, marked % 

age reduction in induction dose and increased duration of anesthesia that differed non significantly 

(p>0.05) from each other. The significant (p≤0.05) changes in heart & respiratory rates and non-

significant (p>0.05) changes in rectal temperature were observed among or within all groups. 

3.1.5. Conclusions 

It was concluded that the combination of detomidine-midazolam-propofol-ketamine was proved to be 

safe and economical drug combination for minor surgical procedures in goat with the least complications.  

Keywords: Detomidine, midazolam, sedatives, propofol, ketamine, anesthetics, goat. 

3.2. INTRODUCTION 

Surgical management of animals needed safe pre-anesthetics and ideal anesthetic (Zeedan et al. 2014). 

Sedatives as preanesthetic had been recommended in veterinary practice to produce a good quality 

anesthesia (Shah et al. 2013). A suitable pre-anesthetic treatment may help in cardiovascular stability, 

good sedation & analgesia and a better recovery from anesthesia (Waelbers et al. 2009). Pre-anesthetic 

treatment directly affects the dose of anesthetic agents that may result in the least complications due to 

low anesthesia intake (Bednarski et al. 2011). Pre-anesthetic treatment has been recommended in goats 

before administering the induction agents (Galatos, 2011). Different sedatives (xylazine, detomidine, 

dexmedetomidine, daizepam, midazolam and butorphenol) are being used now a days as a pre-anesthetic 

agents to restraint the animals (Brighton, 2013; Shah et al. 2013). Detomidine produced dose-dependent 

analgesia and sedation in ruminants (Tunio et al. 2016; EL-Kammar et al. 2014). Detomidine was found 

a better option due to its good sedative, strong analgesic and less cardiorespiratory effects than xylazine 

(Khan et al. 2004). Midazolam has more hypnotic, anticonvulsant, muscle relaxing and amnesic effects 

than other benzodiazepines (Mohamed, 2000). Midazolam produced dose-dependent sedative and 

hypnotic effects in goat (Stegmann and Bester 2001). Pre-anesthetic treatment with midazolam have been 

found to cause a reduction in the amount of inhalant or injectable anesthetic agents both in man and 

different animal species (Hendrickx et al. 2008; Dzikiti et al. 2011).
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Pre-anesthetic treatment with midazolam was found to be associated with a minimal cardiovascular 

adverse effects (Dzikiti et al. 2011). Propofol (2,6-di-isopropylphenol) is a phenolic compound 

commonly used in veterinary and human anesthetic practice that has the capacity to induce smooth 

anesthesia and also permit fast and uneventful recovery (Hall et al. 2001; Bodh et al. 2013). Propofol 

when administered alone or combined had been proved a good anesthetic agent to induce and maintain 

the anesthesia in different animal species (Mattos et al. 2013; Chui et al. 2014; Dahi et al. 2015). 

Propofol should be administered with some analgesics and muscle relaxants (Kürüm et al. 2013). 

Ketamine is 2-(O-chlorophenyl)-2-(methylamine)-cyclohexane chloride that produced a dissociative state 

of anesthesia (Mama et al. 2005). Ketamine had analgesic, anesthetic and cataleptic effects without 

producing deep sleep (Clarke et al. 2014). Ketamine was reported as an effective bronchodilator (Ozkan 

et al. 2010). The muscle relaxant limiting property of ketamine can be improved by mixing it with 

benzodiazepines (Barletta et al. 2011). 

To the knowledge of the author, recently very little scientific findings have been reported regarding dose 

sparing effects of different sedatives on recently available induction agents and also their impact on the 

quality of general anesthesia in goats. The present study was aimed to evaluate the effects of detomidine 

and midazolam administered alone or combined, on induction dose and quality of propofol and ketamine 

anesthesia in goats. This research was initiated to answer if, detomidine and midazolam were 

administered alone or combined as pre-anesthetic, could reduce the dose of propofol and ketamine in 

goats. Moreover, if, a reduction in dose was achieved, an additional aim was to determine if, it would 

also impact on the quality of general anesthesia and ameliorate the potential negative cardio-pulmonary 

effects of these induction agents. 

3.3. MATERIALS AND METHODS 

The study was approved by the Ethical Review Committee, the University of Veterinary & Animal 

Sciences (UVAS) Lahore (No. DR/551). The experimental trial was conducted on twelve (12) healthy 

female goats aged between 08-12 months with an average body weight of 24-30 kg. The experimental 

animals were procured from local market. They were kept at the Institute of Continuing Education & 

Extension (ICE & E, UVAS Ravi Campus, Pattoki, Pakistan) for twenty-one (21) days as an adaptation 

period. During this period, they were served with feed and water. Deworming was done with albendazole 

@ 10 mg/kg body weight. Clinico-physiological parameters were also monitored regularly throughout 

the period of acclimatization. A day before the experimental trial, the animals were shifted to Surgery 

Section, A-block Ravi Campus Pattoki. Feeding was withheld 12 hours prior to the experiment. 

However, the animals were allowed to drink water ad- libitum (Adetunji et al. 2002). The animals were 

weighed 30 minutes before the experiment using an electronic scale (Jadever® Richter Scale, Jadever, 

Scale Co. Ltd, Taipei, Taiwan). The left jugular vein site was prepared aseptically for the administration 

of drugs. The controlled dose used for the induction of anesthesia was chosen based on a previous study 

(Prassinos et al. 2005). The goats were randomly divided into six treatment groups (A1, B1, C1, D1, E1 

and F1) comprising two animals each. Group A1 animals were treated as a control group that after 

premedication with normal saline @ 0.2 ml/kg body weight, received propofol @ 4.20±0.10 mg/kg body 

weight. Group B1 and C1 animals after premedication with detomidine (Domosedan injection, Orion 

Corporation, Finland) @ 15 µg/kg body weight, were treated with different doses of propofol (Fresofol 1 

% injection, Fresenius Kabi, Austria) and ketamine (Ketalite injection, Elice Pharma, Pakistan) 

respectively. Similarly, Group D1 and E1 animals after premedication with midazolam (Dormicum, 

Fontenay-sous-Bois, France) @ 0.25 mg/kg body weight, were also treated with different doses of 

propofol and ketamine respectively. While, Group F1 animals after premedication with a combination of 

detomidine-midazolam @ 7 µg/kg + 0.12 mg/kg body weight, received different doses of combination of 

propofol-ketamine to produce a level of anesthesia necessary for placing an endotracheal tube. Sedative, 

analgesic, dose sparing, anesthetic and clinico-physiological parameters were evaluated before sedation, 

after sedation and during anesthesia to the total recovery period. Table 3.1 presents an overview of pre-

anesthetic and anesthetic medication in goats. 
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Table 3.1. Pre-anesthetic and Anesthetic Medication in Goats 

Groups Pre-anesthetic medication Induction 

Group A1 Normal saline @ 0.2 ml/kg b. wt. Propofol @ 4.20±0.10 mg/kg b. wt. 

Group B1 Detomidine     @ 15 µg/kg  b. wt.               Different doses of Propofol 

Group C1 Detomidine     @ 15 µg/kg  b. wt. Different doses of Ketamine 

Group D1      Midazolam    @ 0.25 mg/kg b. wt.               Different doses of Propofol 

Group E1    Midazolam     @ 0.25 mg/kg b. wt. Different doses of Ketamine 

Group F1 Combination of detomidine+ midazolam 

@ 7 µg/kg+ 0.12 mg/kg b. wt. 

Different doses of combination of  

Propofol+ Ketamine 

3.4. Parameter evaluated 

3.4.1. Quality of Sedation 

The degree of sedation was noted by observing behavioral changes fifteen minutes after pre-anesthetic 

treatment and was graded by following Kalhoro et al. (2000).  

1 = no sedation (animal alert with all reflexes present) 

2 = mild sedation (animal dull with minimum reduction in reflexes) 

3 = moderate sedation (animal calm with weak reflexes and partially closure of eyelids) 

4 = deep sedation (animal recumbent with very weak reflexes and complete closure of eyelids) 

3.4.2. Quality of analgesia 

The degree of analgesia was noted by observing the animal’s response to deep pin prick fifteen minutes 

after pre-anesthetic treatment and was graded as by following Kalhoro et al. (2000). 

1 used for no analgesia that indicated strong response to pin prick 

2 used for mild analgesia that indicated weak response to pin prick  

3 used for moderate analgesia that indicated occasional response to pin prick  

4 used for excellent analgesia that indicated no response to pin prick 

3.4.3. Anesthetic parameters 

Anesthesia parameters including (induction quality, muscle relaxation quality, recovery quality, induction 

time, induction dose, % age reduction in induction dose and duration of anesthesia) were recorded post-

induction to throughout the observation period.  Induction, muscle relaxation and recovery qualities were 

evaluated subjectively during anesthesia by using a score card shown in Table 3.2. 
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Table 3.2. A score card used for the assessment of quality of different anesthetic parameters 

Criteria of scoring induction quality 

Score Quality Characteristic 

1 Smooth Gradual falling to the ground with no paddling and no stiffness of limbs 

2 Fair Gradual falling to the ground with mild paddling and no stiffness of limbs 

3 Rough Gradual falling with vigorous paddling and strong stiffness of limbs 

(Ghurashi et al. 2009) 

Criteria of scoring analgesia quality 

Score Quality Characteristic 

1 Excellent Response is absent 

2 Fair Mild response, with mild muscle fasciculation 

3 Poor very responsive, with moderate to severe muscle fasciculation 

(Ghurashi et al. 2009) 

Criteria of scoring muscle relaxation quality 

Score Quality Characteristic 

 

1 

Excellent Jaws, neck, abdomen and limbs muscles fully relaxed 

 

2 

Good Relaxation of neck, abdomen and limbs 

3 Poor Jaws, neck, abdomen and limbs muscles fully rigid 

(Ghurashi et al. 2009) 

Criteria of scoring recovery quality 

Score Quality Characteristic 

1 Smooth Standing at first attempt -mild ataxia 

2 Fair Needed two or three attempts to stand clear 

3 Poor Animal remained calm but assisted to stand 

4 Very Poor Showing signs of excitement during recovery 

(Ghurashi et al. 2009) 

 

3.4.4. Clinico-physiological parameters 

The physiological parameters were recorded at 0 min before sedation, 15 min after sedation, 1 min after 

anesthetic induction and then every 5 minutes during anesthesia to the total recovery period. The heart 

rate (beats/minute) was measured with a Littman stethoscope (Littman Classic II, USA). The respiratory 

rate (breaths/minute) was measured by observing the thoraco-abdominal movements. The rectal 

temperature (°F) was noted using Medicare Digital Thermometer (distributed by MANA & Co, 

Pakistan). 

3.4.5. Statistical Analysis 
The collected data were arranged for dependent variables such as sedation & analgesia quality, induction 

quality, muscle relaxation quality and recovery quality. Treatment groups were considered as 

independent variables. Anesthetic and clinico-physiological parameters are much dependent on post-

medication time intervals. To rule out such effects, data were also arranged for time effects in a single 

treatment group. Further, the analysis was performed using one-way Analysis of Variance (ANOVA) 

technique in Statistical Analysis Software (SAS) 9.1 version at (p≤0.05). Significant means at different 

time intervals were compared through Duncan’s Multiple Range test, keeping (p≤0.05).  
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3.5.  RESULTS 

The statistical analysis showed significant differences (p≤0.05) among the treatment groups for sedation, 

analgesia, induction dose, % age reduction in induction dose, induction time, duration of anesthesia, 

induction, muscle relaxation and recovery scores (Table 3.3). 

3.5.1. Sedation and Analgesia 

The higher sedation score was found in group F1 (4.00±0.00), indicating deep sedation that showed a 

significant difference (p≤0.05) from the control and other treatment groups. The mean values of sedation 

score in groups B1, C1, D1 and E1 were found (2.00±0.00) for each, indicating mild sedation that 

differed non-significantly (p>0.05) from each other. Similarly, the higher analgesia score was observed in 

group F1 (4.00±0.00), indicating strong analgesia that differed significantly (p≤0.05) than the control 

group and other treatment groups. The mean values of analgesia score in groups B1, C1, D1 and E1 were 

found (2.00±0.00) for each, indicating mild analgesia that showed a non-significant difference (p>0.05) 

from each other. 

3.5.2. Anesthetic parameters 

The mean value of induction dose was found significantly (p≤0.05) lower in group F1 (2.70 ±0.00 

mg/kg) than the control and other treatment groups. While, the mean values of induction dose in groups 

B1 and C1 were found (3.25±0.05 mg/kg) and (3.40±0.00 mg/kg) respectively that differed non-

significantly (p>0.05) from each other. Similarly, the mean values of induction dose required in groups 

D1 and E1 were found (3.50±0.00 mg/kg) and (3.60 ±0.00 mg/kg) respectively that also showed a non-

significant difference (p>0.05) from each other. The maximum % age reduction in induction dose was 

noticed in group F1 (35.68±1.53%) that differed significantly (p≤0.05) than the control group and other 

treatment groups. Whereas, the mean values of % age reduction in induction dose in groups B1 and C1 

were found (22.60±0.65%) and (19.00±1.93%) respectively that showed a non-significant difference 

(p>0.05) from each other. Similarly, the mean values of % age reduction in induction dose in groups D1 

and E1 were found (16.62±1.99%) and (14.24±2.04%) respectively that also showed a non-significant 

difference (p>0.05) from each other.  

The induction scores in groups A1, B1, D1, E1 and F1 were found (1.00±0.00) for each that differed non-

significantly (p>0.05) from each other but showed a significant difference (p≤0.05) from group C1 with 

an average score of (3.00±0.00). The muscle relaxation scores in groups A1, B1, D1 and E1 were found 

(2.00±0.00) for each that differed non-significantly (p>0.05) from each other but showed a significant 

difference (p≤0.05) from group F1 and C1 with an average scores of (1.00±0.00) and (3.00±0.00) 

respectively. The recovery score in groups A1, B1, E1 and F1 was found (1.00±0.00) for each that 

differed non-significantly (p>0.05) from each other but showed a significant difference (p≤0.05) from 

groups D1 and C1 with an average scores of (2.00±0.00) and (3.00±0.00) respectively. The minimum 

induction time was observed in group F1 (19.00 ±1.00 sec) that differed significantly (p≤0.05) than the 

control group and other treatment groups. The average induction time in groups C1 and D1 were found 

(55.00±4.00 sec) and (52.00±2.00 sec) respectively that differed non-significantly (p>0.05) from each 

other. The maximum duration of anesthesia was produced in group F1 (9.22±0.09 min) that differed 

significantly (p≤0.05) from the control group and other treatment groups. The average duration of 

anesthesia in groups B1 and C1 were found (5.76±0.64 min) and (6.42±0.90 min) respectively that 

differed non-significantly (p>0.05) from each other. Similarly, the average duration of anesthesia in 

groups D1 and E1 were found (6.89±0.33 min) and (5.77±0.44 min) respectively that also differed non-

significantly (p>0.05) from each other.
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Table 3.3. Sedative, analgesic, dose sparing and anesthetic assessment of normal saline @ 0.2 ml/kg b. wt., detomidine @ 15 µg/kg, midazolam 

@ 0.25 mg/kg and combination of detomidine and midazolam @ 7 µg/kg + 0.12 mg/kg, on induction doses of propofol and ketamine in goat 

Treatment  Groups 
Sed.  

Score 

Anal. 

Score 

I.D 

(mg/kg) 

(%) Red in 

I.D 

I.Q  

Score 

M.R.Q 

Score 

I.T  

(Sec) 

D. o. A 

(min) 

Rec. Q 

Score 

A1 
N.S + Prop 1.00±0.00c 1.00±0.00c 4.20±0.10a 0.00±0.00d 1.00±0.00b 2.00±0.00b 24.00±1.00d 2.31±0.24c 1.00±0.00c 

B1 Det + Prop 2.00±0.00b 2.00±0.00b 3.25±0.05d 22.60±0.65b 1.00±0.00b 2.00±0.00b 42.00±4.00c 5.76±0.64b 1.00±0.00c 

C1 Det + Ket 2.00±0.00b 2.00±0.00b 3.40±0.00cd 19.00±1.93bc 3.00±0.00a 3.00±0.00a 55.00±4.00b 6.42±0.90b 3.00±0.00a 

D1 Mid + Prop 2.00±0.00b 2.00±0.00b 3.50±0.00bc 16.62±1.99c 1.00±0.00b 2.00±0.00b 52.00±2.00b 6.89±0.33b 2.00±0.00b 

E1 Mid + Ket 2.00±0.00b 2.00±0.00b 3.60±0.00b 14.24±2.04c 1.00±0.00b 2.00±0.00b 74.00±2.00a 5.77±0.44b 1.00±0.00c 

F1 
Det+Mid 

+ 

Prop+Ket 

4.00±0.00a 4.00±0.00a 2.70±0.00e 35.68±1.53a 1.00±0.00b 1.00±0.00c 19.00±1.00d 9.22±0.09a 1.00±0.00c 

p-value <.0001 <.0001 <.0001 <.0001 0.0001 <.0001 <.0001 0.0013 <.0001 

 N.S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; Sed. is sedation; Anal. is analgesia; I.D is induction dose; % Red in I.D is % 
age reduction in induction dose; I.Q is induction quality; M.R.Q is muscle relaxation quality; I.T is induction time; D.o.A is duration of anesthesia; Rec. Q is recovery quality 
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Figure 3.1. Sedative, analgesic and dose sparing assessment of normal saline @ 0.2 ml/kg b. wt.,  detomidine @ 15 µg/kg, midazolam @ 

0.25mg/kg and combination of detomidine and midazolam @ 7 µg/kg + 0.12 mg/kg, on induction doses of propofol and ketamine in goat 
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Figure 3.2. Pictorial representation of experimental goats following treatment till recovery
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3. 5.3. Clinico-physiological parameters 

Of the clinico-physiological parameters assessed, the statistical analysis revealed significant (p≤0.05) 

differences among or within all groups for heart rate, respiratory rate and non-significant (p>0.05) 

differences for rectal temperature (Tables 3.4, 3.5 and 3.6). These parameters returned to normal values 

after recovery.  

The heart rate increased significantly (p≤0.05) from base value upto the end of the observation period 

within groups A1 (59.00±1.00 to 106.00±1.00 beats/min), D1 (62.00±2.00 to 92.00±0.00 beats/min) and 

E1 (59.00 ±1.00 to 80.00±1.00 beats/min) with a peak increase at 25, 40 and 25 min respectively. 

However, a significant (p≤0.05) reduction in heart rate was observed within groups B1 (63.00±1.00 to 

52.50 ±1.50 beats/min), C1 (61.00±1.00 to 48.00±0.00 beats/min) and F1 (64.00± 0.00 to 46.00±1.00 

beats/min) with a peak decrease at 25, 40 and 25 min respectively. The comparison among the treatment 

groups showed that the heart rate differed non-significantly (p>0.05) at 0 minute before sedation then 

differed significantly (p≤0.05) at 15 minutes after sedation and 1 minute after induction to onwards till 

the recovery in all groups (Table 3.4).  

The significant (p≤0.05) reduction in respiratory rate was found from base value upto the end of 

observation period within groups A1 (17.00±1.00 to 12.00± 0.00 breaths/min), B1 (17.00± 1.00 to 11.00± 

0.00 breaths/min), C1 (16.50± 0.50 to 11.00± 0.00 breaths/min), D1 (17.00±1.00 to 11.00± 0.00 

breaths/min) and F1 (14.00±0.00 to 12.00± 0.00 breaths/min) with a peak decrease at 25, 25, 40, 40 and 

15 min respectively. However, the respiratory rate increased significantly (p≤0.05) within group E1 

(15.00±1.00 to 20.50±0.50 breaths/min) with a peak increase at 25 min. The comparison among the 

treatment groups revealed that respiratory rate differed non-significantly (p>0.05) at 0 minute before 

sedation then differed significantly (p≤0.05) at 15 minutes after sedation and 1 minute after induction to 

onwards till recovery in all groups (Table 3.5).  

The rectal temperature also decreased non-significantly (p>0.05) from base value upto the end of the 

observation period within groups A1 (102.50±0.05 to 101.85±0.05 °F), B1 (102.10±0.00 to 101.80±0.10 

°F), C1 (102.50±0.05 to 101.85±0.05 °F), D1 (102.15 ±0.05 to 101.80±0.10 °F), E1 (102.10±0.00 to 

101.80± 0.10 °F) and F1 (102.10± 0.00 to 101.80±0.00 °F) with a peak decrease at 20, 25, 10, 30, 15 and 

10 min respectively. The comparison among the treatment groups indicated that the rectal temperature 

differed non-significantly (p>0.05) at 0 minute before sedation, 15 minutes after sedation and 1 minute 

after induction to onwards till recovery in all groups (Table 3.6).  
3.6.  Adverse effects 

Mild and moderate salivation was observed in groups A1 and B1 respectively. While, mild salivation 

along-with snoring, regurgitation, ataxia and incoordination were observed in groups C1 and D1. 

Urination and mild ataxia was observed in group E1. However, no adverse effects were noticed in group 

F1. 
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Table 3.4. Mean value (±S.E.) of heart rate (beats/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 15 µg/kg, midazolam @ 0.25 mg/kg and 

combination of detomidine and midazolam @ 7 µg/kg+0.12 mg/kg and induction with different doses of propofol and ketamine in goat 

N.S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; min is minute 

Different superscripts within a column showed significant differences (p≤0.05) among treatment groups 

Different superscripts within a row showed significant differences (p≤0.05) at different time intervals 

  

Treatment 

groups 

Post-sedation Post-induction 

p-value 

0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 

A1 N.S + Prop 59.00±1.00eA 60.00±1.00eB 83.00±3.00dA 97.00±1.00cA 101.50±0.50bcA 107.00±1.00aA 103.00±1.00abA 106.00±1.00abA    <.0001 

B1 Det + Prop 63.00±1.00aAB 55.00±2.00bcC 56.50±0.50bcC 57.50±0.50bC 53.50±1.50bcC 55.00±1.00bcD 53.50±0.50bcD 52.5±1.50cD    0.0046 

C1 Det + Ket 61.00±1.00aAB 46.00±1.00eD 54.00±1.00bC 51.00±1.00bcdD 52.00±1.00bcC 50.50±2.50bcdDE 51.00±0.00bcdD 52.0±0.00bcD 49.00±0.00cdeB 48.50±0.50cdeB 48.0±0.00deB <.0001 

D1 Mid +Prop 62.00±2.00fAB 67.00±1.00eA 70.00±1.00eB 77.00±1.00dB 80.00±1.00cdB 83.00±1.00cB 87.00±1.00bB 87.0±1.00bB 93.00±1.00aA 92.00±0.00aA 92.0±0.00aA <.0001 

E1 Mid + Ket 59.00±1.00eB 66.00±2.00dA 71.00±1.00cB 74.00±1.00bcB 76.00±2.00abB 76.00 ±1.00aC 79.00±1.00aC 80.00±1.00aC    <.0001 

F1 
Det+Mid 

+ 

Prop+Ket 

64.00±0.00aA 54.50±0.50cC 58.00±0.00bC 54.00±1.00cD 53.00±1.00cC 48.00±0.00dE 46.00 ±0.00dF 46.00±1.00dE    <.0001 

p-value 0.0946 0.0003 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0005 0.0001 <.0001  
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Table 3.5. Mean value (±S.E.) of respiration rate (breaths/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 15 µg/kg, midazolam @ 0.25 mg/kg 

and combination of detomidine and midazolam @ 7 µg/kg + 0.12 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment  

Groups 

Post-sedation Post-induction p-value 

0 min 15 min 1 min 5 min 10 min 15 min 20min 25 min 30 min 35 min 40 

min 

A1 N.S +Prop 17.00±1.00aA 16.00±0.00aAB 13.50±0.50bB 13.50 ±0.50bB 12.50±0.50bB 12.50±0.50bB 12.00±0.00bB 12.00±0.00bB    0.0006 

B1 Det + Prop 17.00±1.00aA 14.00±0.00bC 13.00±0.00bcB 12.50±0.50cdBC 12.00±0.00cdB 12.00±0.00cdB 11.50±0.50cdB 11.00±0.00dB    0.0002 

C1  Det + Ket 16.50±0.50aA 13.50±0.50bC 12.50±0.50bcBC 12.50±0.50bcBC 12.00±0.00cdB 11.50±0.50cdB 11.50±0.50cdB 11.50±0.50cdB 11.00± 

0.00d 

11.00±

0.00d 

11.00

±0.00d 

<.0001 

D1 Mid+Prop 17.00±1.00aA 14.50±0.50bBC 13.50±0.50bcB 12.50±0.50cdBC 12.00±0.00cdB 11.50±0.50dB 11.50±0.50dB 11.00±0.00dB 11.50± 
0.50d 

11.00±
0.00d 

11.00
±0.00d 

<.0001 

E1  Mid + Ket 15.00±1.00dA 17.00±1.00cA 18.00±0.00bcA 19.50±0.50abA 19.50±0.50abA 20.00±0.00abA 20.50±0.50aA 20.50±0.50aA    0.0020 

F1 Det+Mid 

+ 

Prop+Ket 

14.00±0.00aA 11.00±0.00cD 11.50±0.50bcC 

  

11.50±0.50bcC 12.00±0.00bcB 12.50±0.50bB 11.50±0.50bcB 12.00±0.00bcB    0.0072 

p-value 0.1677 0.0016 0.0003 0.0002 <.0001 <.0001 <.0001 <.0001     

N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket is ketamine; min is minute 

Different superscripts within a column showed significant differences (p≤0.05) among treatment groups 

Different superscripts within a row showed significant differences (p≤0.05) at different time intervals 
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Table 3.6. Mean value (±S.E.) of rectal temperature (°F) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 15 µg/kg, midazolam @ 0.25 mg/kg and 

combination of detomidine and midazolam @ 7 µg/kg + 0.12 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment  

Groups 

Post-sedation Post-induction p-value 

0 min 15 min 1 min 5 min 10 min 15 min 20min 25 min 30 min 35 min 40 min 

A1 N.S+Prop 102.50±0.05 102.05±0.05 101.90±0.00 101.85±0.05 101.80±0.10 101.80 ±0.10 101.80±0.00 101.85±0.05    0.0733 

B1 Det+Prop 102.10±0.00 101.95±0.05 101.85±0.05 101.75±0.05 101.75±0.05 101.80±0.10 101.85±0.05 101.80±0.10    0.0562 

C1  Det+Ket 102.50±0.05 101.85±0.05 101.80±0.00 101.60±0.10 101.70±0.10 101.75±0.05 101.75±0.15 101.65±0.05 101.75±0.05 101.80±0.10 101.85±0.05 0.0928 

D1 Mid+Prop 102.15±0.05 101.80±0.00 101.75±0.05 101.65±0.05 101.65±0.05 101.70 ±0.10 101.70±0.10 101.70±0.20 101.60±0.10 101.70±0.10 101.80±0.10 0.0845 

E1  Mid+Ket 102.10±0.00 101.95±0.05 101.85±0.05 101.75±0.05 101.80±0.10 101.75±0.05 101.85±0.05 101.80±0.10    0.0572 

F1 Det+Mid 

+ 

Prop+Ket 

102.10±0.00 101.85±0.05 101.75±0.05 101.75±0.05 101.75±0.05 101.75±0.15 101.80±0.10 101.80±0.00    0.0953 

p-value 0.4339 0.0595 0.1825 0.2013 0.7379 0.9733 0.8127 0.7531 0.3118 0.5528 0.6985  

N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket is ketamine; min is minute 

Different superscripts within a column showed significant differences (p≤0.05) among treatment groups 

Different superscripts within a row showed significant differences (p≤0.05) at different time intervals 
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Figure 3.3. Heart rate (beats/min), respiration rate (breaths/min) and rectal temperature (°F) of experimental goats following 

premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 15µg/kg, midazolam @ 0.25 mg/kg and combination of 

detomidine and midazolam @ 7µg/kg+0.12 mg/kg and induction with different doses of propofol and ketamine  
 

35

45

55

65

75

85

95

105

115

0 15 1 5 10 15 20 25 30 35 40

H
e
a
r
t 

r
a
te

 (
b

e
a
ts

/m
in

)

Time interval (min)

Heart rate (beats/min)

A1

B1

C1

D1

E1

F1

10

12

14

16

18

20

22

0 15 1 5 10 15 20 25 30 35 40

R
e
sp

ir
a

to
r
y

 r
a

te
 (

b
r
e
a

th
s/

m
in

)

Time interval (min)

Respiration rate (breaths/min)

A1

B1

C1

D1

E1

F1

101.4

101.6

101.8

102

102.2

102.4

102.6

102.8

0 15 1 5 10 15 20 25 30 35 40

R
e
c
ta

l 
T

e
m

p
e
r
a

tu
r
e
 (
°F

)

Time interval (min)

Rectal Temperature (°F)

A1

B1

C1

D1

E1

F1



EXPERIMENT NO. 1 

42 
 

3.7.  DISCUSSION 

In the present study, detomidine and midazolam when administered combined caused deep sedation and strong 

analgesia than other treatment groups including control group. A deep level of sedation and strong analgesia 

could be probably attributable through a synergistic action between detomidine and midazolam. The 

administration of midazolam with any other sedatives showed a synergistic activity (Cwiek et al. 2009). The 

synergism between dexmedetomidine and midazolam was also reported by Bol et al. (2000). The sedative drugs 

when administered combined, reinforced the sedative and analgesic actions of the single drug (Itamoto et al. 

2000). The deep sedation and strong analgesia observed in the present study were also confirmed by earlier 

studies after premedication of medetomidine-midazolam in dogs (Kojima et al. 2002; Le-Chevallier et al. 2019). 

Detomidine produced sedative effects by activating the α-2 adrenergic receptor (Vaisanen et al. 2002). Whereas, 

detomidine produced analgesic effects by activating receptors present within the brain and spinal cord (Sinclair, 

2003).  

The premedication with a combination of detomidine-midazolam resulted in maximum % age reduction in the 

induction dose of a combination of propofol-ketamine than other treatment groups. The reduction in the 

induction dose may be due to decreased neuronal activity and the enhancement of vagal activity by combination 

of detomidine-midazolam as reported by Dutta et al. (2001) and Ngwenyama et al. (2008). The maximum % age 

reduction in induction dose was obtained probably due to a synergistic action of detomidine-midazolam with 

propofol-ketamine. However, the exact mechanism of action is unknown. The combination of sedatives and 

anesthetic agents with different mechanisms of action have the benefit of using low doses of individual agents 

(Ukwueze et al. 2014). These results are also in agreement with findings of Kojima et al. (2002) who found 

maximum reduction in the induction dose of thiopental and propofol after sedation with medetomidine-

midazolam in dogs.  

In the present study, the combination of detomidine-midazolam-propofol-ketamine provided comparatively a 

satisfactory anesthesia with rapid & smooth induction, prolonged duration and uneventful smooth recovery than 

other treatment groups. The rapid & smooth induction could have resulted due to combined muscle-relaxing 

effects of detomidine, midazolam and propofol whereas, the smooth recovery might be due to noncumulative 

effect of midazolam and propofol as that of reported in some earlier studies (Dzikiti et al. 2009; Grossherr et al. 

2006). The increase in duration of anesthesia may be due to the combined sedative effects of detomidine-

midazolam with propofol-ketamine. The rapid induction, excellent muscle relaxation and smooth recovery with a 

maximum increase in duration may be probably attributable through a synergistic action between detomidine-

midazolam and propofol-ketamine. The synergistic interaction between detomidine-daizepam (Salonen et al. 

1992) and propofol-ketamine (Hui et al. 1995) had also been reported in earlier studies. The administration of 

combination of sedative and anesthetic agents resulted in a satisfactory anesthesia with smooth induction, 

prolonged duration and rapid recovery (Potliya et al. 2015). These results are also in line with the findings of Lin 

et al. (1994) who reported that a combination of ketamine-diazepam-xylazine resulted in prolonged duration of 

anaesthesia than ketamine-diazepam in sheep. These findings are also similar to that reported in calves (Pawde et 

al. 2000), dogs (Guzel et al. 2006) and equines (Ali, 2013).  

The premedication with detomidine and midazolam administered alone or combined, followed by induction with 

propofol and ketamine resulted in significant (p≤0.05) changes in heart rate and respiratory rate and non-

significant (p>0.05) changes in rectal temperature among or within all groups. However, the combination of 

detomidine-midazolam-propofol-ketamine showed a minimal negative impact on the cardiopulmonary function 

than other treatment groups. This is partly attributable to the fact that the potential adverse effects are mainly 

dose-dependent and when these drugs were administered in combination, the dose of each drug can be reduced, 

resulting in minimum adverse effects. The reduction in heart rate in the present study could have resulted due to 

the suppressive cardiovascular effects of detomidine compared to propofol and ketamine. This is partly 

attributable to the fact that, the cardiovascular stimulatory effects of propofol and ketamine are antagonized with 

detomidine. So, tachycardia induced by ketamine and propofol was mainly masked by detomidine leading to net 

bradycardia as that of reported by Hopster et al. (2014). The reduction in respiratory rate was probably obtained 

due to suppressive actions of detomidine and propofol on the respiratory centre. The reduction in rectal 

temperature could have resulted due to the suppressive action of drugs on the thermoregulatory set point or might 

be due to less muscular activity during anesthesia as reported by EL-Kammar et al. (2014).  
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Similar results were also recorded by Okwudili et al. (2014) who reported that administration of propofol-

ketamine-xylazine resulted in a significant reduction in pulse & respiratory rates and a non-significant reduction 

in rectal temperature in goat. Bradycardia is a common cardiovascular effect of detomidine (Tunio et al. 2016; 

Freeman and England 2000) and midazolam (Mehlisch, 2002). The decrease in respiratory rate had been 

documented as a common complication of xylazine (Clarke and Trim 2014), propofol (Wiese et al. 2010) and 

ketamine (Clarke and Trim 2014). Hypothermia is a common classical complication of detomidine (Maravi et al. 

2018), midazolam (Bodh et al. 2013) and propofol (Thurmon et al. 1996). 

Of the adverse effects observed; mild and moderate salivation were noticed in animals treated with normal 

saline-propofol and detomidine-propofol respectively. While, mild salivation along-with snoring, regurgitation, 

ataxia and incoordination were observed in animals treated with detomidine-ketamine and midazolam-propofol. 

Urination and mild ataxia were observed in animals treated with midazolam-ketamine. However, no adverse 

effects were observed in the animals treated with a combination of detomidine-midazolam-propofol-ketamine. 

3.8.  CONCLUSION 

It was concluded that the combination of detomidine-midazolam-propofol-ketamine was found to be safe and 

economical for various surgical and diagnostic procedures in goats with a minimal negative impact on 

cardiopulmonary function. 
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CHAPTER 4 

EXPERIMENT NO. 2 

Sedative, dose sparing, anesthetic and clinico-physiological effects of detomidine and midazolam 

administered alone or combined, on propofol and ketamine induced anesthesia in goats 

Running Head: Pre-anesthetic and Anesthetic Medication in Goats 

4.1. ABSTRACT 

4.1.1. Background: Pre-anesthetic treatment referred to the administration of a small amount of sedatives that 

had the capacity to decrease the dose of induction agents.  

4.1.2. Objectives: The study was aimed to evaluate the sedative, dose sparing, anesthetic and clinico-

physiological effects of detomidine and midazolam administered alone or combined, on propofol and ketamine-

induced anesthesia in goats.  

4.1.3. Methods: In total, twelve (12) female goats were randomly divided into six treatment groups comprising 

two animals each. Group A2 animals were treated as a control group that after premedication with normal saline 

@ 0.2 ml/kg, received ketamine @ 4.15±0.05 mg/kg body weight. Group B2 animals were treated with 

(detomidine @ 20 µg/kg + propofol), C2 with (detomidine @ 20 µg/kg + ketamine), D2 with (midazolam @ 0.30 

mg/kg + propofol) and E2 with (midazolam @ 0.30 mg/kg + ketamine). Whereas, Group F2 animals were treated 

with a combination of (detomidine @ 10 µg/kg + midazolam 0.15 mg/kg + propofol+ ketamine). The degree of 

sedation, analgesia, reduction in the induction dose, % age reduction in induction dose, anesthesia quality and 

clinico-physiological parameters were evaluated. 

4.1.4. Results: The administration of detomidine and midazolam alone or combined, followed by induction with 

propofol and ketamine resulted in a significant (p≤0.05) sedation, analgesia, % age reduction in induction dose 

and increased duration of anesthesia than the control group. However, deep sedation, strong analgesia, a 

maximum % age reduction in induction dose and a better quality anesthesia with a maximum increase in duration 

and least complications were noticed in the group treated with a combination of detomidine-midazolam-

propofol-ketamine as compared to the control and other treatment groups. The significant changes (p≤0.05) in 

heart rate and respiratory rate were observed among or within all groups except respiratory rate within the control 

and combined group. The rectal temperature however, showed non-significant differences (p>0.05) among or 

within all groups.  

4.1.5. Conclusion: It was concluded that the combination of detomidine-midazolam-propofol-ketamine produced 

a better quality anaesthesia with maximum dose sparing effects and the least complications. 

Keywords: Dose sparing, sedatives, induction agents, goat. 

4.2. INTRODUCTION 

The concept of pre-anesthetic medication before the induction of anesthetic agent is well acknowledged in 

veterinary practice. Sedatives are usually administered before injecting the induction agents (Bednarski et al. 

2011). Sedatives as a pre-anesthetic directly affects the dose of induction agents that may result in the least 

complications due to low anaesthesia intake (Bednarski et al. 2011). Sedatives have been recommended to 

improve the quality of anaesthesia by minimizing the drug-related adverse effects (Kojima et al. 2002). A 

suitable pre-anesthetic treatment may help in cardiovascular stability, adequate sedation & analgesia and better 

recovery from anaesthesia (Waelbers et al. 2009). Currently, different sedatives (xylazine, detomidine, 

medetomidine, dexmedetomidine, daizepam, midazolam and butorphenol) are being used as a preanesthetic to 

restraint the animals (Brighton, 2013; Shah et al. 2013). The use of α-2 agonists in ruminants is not only helpful 

to restraint the animals but also resulted in reduction in induction dose with a greater safety margin (Adams, 

2001). Among α-2 agonist, detomidine was found a better option due to its good sedative, strong analgesic and 

less cardiorespiratory effects than xylazine (Hall et al. 2001). Benzodiazepines had been recommended due to 

their rapid onset, muscle relaxing and anticonvulsant properties (Olkkola & Ahonen 2008). Midazolam was 

found to be a better option due to its fast-action, short elimination half-life and mild cardiopulmonary effects than 

daizepam (Lemke, 2007). Hendrickx et al. (2008) found that sedation with midazolam reduced the dose of 

volatile or injectable anesthetic agents in different animal species. The administration of midazolam in small 

ruminants had greatly led to overcoming and preventing the occurrence of many adverse effects that encountered 

when an anesthetic agent administered without such premedication (Morse et al. 2001). Propofol being an ultra-

short acting injectable anaesthetic agent had the capacity to induce a good quality anesthesia and usually 

preferred in veterinary and human anesthetic practice (Bodh et al. 2013). Propofol has been recommended in 

goats due to its rapid & smooth onset and rapid clearance from the tissues (Grossherr et al. 2006; Larenza et al. 
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2005; Hall et al. 2001; Lemke, 2007; Thurmon et al. 2007). The induction dose of propofol can be reduced with 

the inclusion of adjuvants (Fabbri et al. 2012).  

Ketamine being a dissociative general anesthetic had the capacity to produce analgesia, amnesia without 

hypnosis and cataleptic effects for prolonged duration (Gao et al. 2016). The muscle-relaxant limiting property of 

ketamine can be improved by mixing it with benzodiazepines (Barletta et al. 2011). 

A most suitable sedative and anesthetic combination is need of all time to conduct a successful surgery in any 

specie. To the knowledge of the author, very little scientific findings have been reported regarding the assessment 

of recently available sedatives on primary induction agents in goats. Keeping in view the pharmacokinetics, 

pharmacodynamics and safety margin in different species, the present study was planned to evaluate the sedative, 

dose sparing, anesthetic and clinico-physiological effects of detomidine and midazolam administered alone or 

combined, on propofol and ketamine anesthesia in goats. This research was initiated to answer if, detomidine and 

midazolam were administered alone or combined as a preanaesthetic agents, could reduce the dose of propofol 

and ketamine in goats. Furthermore if, a reduction in dose was achieved, an additional aim was to determine if, it 

would also impact on the quality of general anesthesia and ameliorate the potential negative cardio-pulmonary 

effects of induction agents. Hence, six different combinations of these drugs were made. Although, five 

combinations included in the present study had already been trialed in canines, equines and bovines but very few 

in caprines. However, the sixth combination a novelty (detomidine+midazolam+propofol+ketamine) is first ever 

being trialed in goats. 

4.3. MATERIALS AND METHODS 

The protocol for this study was approved by the Ethical Review Committee of the University of Veterinary & 

Animal Sciences Lahore (No. DR/551). The experimental trial was conducted on twelve (12) healthy female 

goats aged between 08-12 months with an average body weight of 24-30 kg. The controlled dose used for the 

induction of anesthesia was chosen based on a previous study (Stegmann, 1998). The animals were randomly 

divided into six treatment groups (A2, B2, C2, D2, E2 and F2) comprising two animals each. Group A2 animals 

were treated as a control group that after premedication with normal saline @ 0.2 ml/kg body weight, received 

ketamine @ 4.15±0.05 mg/kg body weight. Group B2 and C2 animals after premedication with detomidine 

(Domosedan injection, Orion Corporation, Finland) @ 20 µg/kg body weight, were treated with different doses 

of propofol (Fresofol 1 % injection, Fresenius Kabi, Austria) and ketamine (Ketalite injection, Elice Pharma, 

Pakistan) respectively. Similarly, Group D2 and E2 animals after premedication with midazolam (Dormicum, 

Fontenay-sous-Bois, France) @ 0.30 mg/kg body weight, were also treated with different doses of propofol and 

ketamine respectively. While, Group F2 animals after premedication with a combination of detomidine-

midazolam @ 10 µg/kg + 0.15 mg/kg body weight, received different doses of combination of propofol-ketamine 

to produce a level of anesthesia required for placing an endotracheal tube. Sedative, analgesic, dose sparing, 

anesthetic and clinico-physiological parameters were evaluated before sedation, after sedation and during 

anesthesia to the total recovery period. Table 4.1 presents an overview of pre-anesthetic and anesthetic 

medication in goat. 

Table 4.1. Pre-anesthetic & Anesthetic Medication in Goat 

Groups Pre-anesthetic medication Induction 

Group A2 Normal Saline @ 0.2 ml/kg b. wt. ketamine @ 4.15±0.05 mg/kg b. wt. 

Group B2                  Detomidine     @ 20 µg/kg b. wt. Different doses of Propofol 

Group C2                  Detomidine     @ 20 µg/kg b. wt. Different doses of Ketamine 

Group D2     Midazolam    @ 0.30 mg/kg b. wt. Different doses of Propofol 

Group E2      Midazolam     @ 0.30 mg/kg b. wt. Different doses of Ketamine 

Group F2 Combination of detomidine+ midazolam  

@ 10 µg/kg+ 0.15 mg/kg b. wt. 

Different doses of combination of 

Propofol+ Ketamine 

4.4. Parameter evaluated 

4.4.1. Quality of Sedation 

The degree of sedation was noted by observing behavioral changes fifteen minutes after pre-anesthetic treatment 

and was graded by following Kalhoro et al. (2000). 

4.4.2. Quality of analgesia 

The degree of analgesia was noted by observing the animal’s response to deep pin prick fifteen minutes after pre-

anesthetic treatment and was graded by following Kalhoro et al. (2000). 
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4.4.3. Anesthetic parameters 

Anesthesia parameters including (induction time, reduction in induction dose, % age reduction in induction dose, 

induction quality, muscle relaxation quality, recovery quality and duration of anesthesia) were recorded post-

induction to throughout the observation period. Induction, muscle relaxation and recovery qualities were 

evaluated subjectively during anesthesia by using a score card shown in Table 3.2. 

4.4.4. Clinico-physiological parameters 

The clinico-physiological parameters were recorded at 0 min before sedation, 15 min after sedation, 1 min after 

anesthetic induction and then every 5 minutes during anesthesia to the total recovery period. The heart rate 

(beats/minute) was measured with a Littman stethoscope (Littman Classic II, USA), respiratory rate 

(breaths/minute) by counting the thoraco abdominal movements and rectal temperature (°F) was measured by 

using Medicare Digital Thermometer (distributed by MANA & Co, Pakistan). 

4.4.5. Statistical Analysis  

The collected data were arranged for dependent variables such as sedation & analgesia quality, induction quality, 

muscle relaxation and recovery quality. Treatment groups were considered as independent variables. Anesthetic 

and clinico-physiological parameters are much dependent on post-medication time interval. To rule out such 

effects, data were also arranged for time effects in a single treatment group. Further, the analysis was performed 

using one-way Analysis of Variance (ANOVA) technique in Statistical Analysis Software (SAS) 9.1 version at 

(p≤0.05). Significant means at different time intervals were compared through Duncan’s Multiple Range test. 

4.5. RESULTS 

The statistical analysis showed significant differences (p≤0.05) among the treatment groups for sedation, 

analgesia, induction dose, % age reduction in induction dose, induction time, duration of anesthesia, induction 

score, muscle relaxation score and recovery score (Table 4.2).  

4.5.1. Sedation and Analgesia 

The higher sedation and analgesia scores were observed in goats received the treatment F2 that showed 

significant difference (p≤0.05) than those received the treatments A2, B2, C2, D2 and E2. The sedation scores in 

groups B2, C2, D2 and E2 showed non-significant difference (p>0.05) from each other.  

4.5.2. Anesthetic parameters 

The minimum induction dose was required in goats received the treatment F2 that showed significant difference 

(p≤0.05) from those received the treatments A2, B2, C2, D2 and E2.  Similarly, the maximum % age reduction in 

the induction dose was noticed in goats received the treatment F2 that also showed significant difference 

(p≤0.05) from those received the treatments A2, B2, C2, D2 and E2. The goats received the treatments A2, B2, 

D2, E2 and F2 showed smooth induction than those received the treatment C2. The excellent muscle relaxation 

was observed in goats received the treatment A2 and F2 than those received the treatments B2, C2, D2 and E2. 

The goats received the treatments B2, D2, E2 and F2 showed smooth recovery than those received the treatments 

A2 and C2. The minimum induction time was noticed in goats received the treatment F2 that showed significant 

difference (p≤0.05) from those received the treatments A2, B2, C2, D2 and E2. Similarly, the maximum duration 

of anesthesia was produced in goats received the group F2 that differed significantly (p≤0.05) than those received 

the treatments A2, B2, C2, D2 and E2. 
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Table. 4.2. Sedative, analgesic, dose sparing and anesthetic assessment of normal saline @ 0.2 ml/kg b. wt., detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and 

combination of detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg, on induction doses of propofol and ketamine in goat 

Treatment groups Sed.  

Score 

Anal.  

Score 

I.D  

(mg/kg) 

(%) Red in 

I.D 

I.Q  

Score 

M.R.Q 

Score 

I.T  

(Sec) 

D.o.A 

 (min) 

Rec. Q 

Score 

A2 N.S+ Ket 1.00±0.00c 1.00±0.00d 4.15±0.05a 0.00±0.00d 1.00±0.00b 3.00±0.00a 23.00±1.00b 3.83±0.72c 3.00±0.00a 

B2 Det + Prop 2.00±0.00b 3.00±0.00b 2.65±0.05b 36.12±1.97b 1.00±0.00b 2.00±0.00b 36.00±2.00a 8.13±0.03b 1.00±0.00c 

C2 Det + Ket 2.00±0.00b 3.00±0.00b 2.75±0.05b 33.74±0.41bc 2.00±0.00a 2.00±0.00b 23.50±1.50b 7.67±0.65b 2.00±0.00b 

D2 Mid + Prop 2.00±0.00b 2.00±0.00c 2.75±0.05b 33.74±0.41bc 1.00±0.00b 2.00±0.00b 27.00±1.00b 9.16±1.15b 1.00±0.00c 

E2 Mid + Ket 2.00±0.00b 2.00±0.00c 2.85±0.05b 31.33±0.38c 1.00±0.00b 2.00±0.00b 36.00±2.00a 7.69±0.43b 1.00±0.00c 

F2 Det+Mid+Prop+Ket 4.00±0.00a 4.00±0.00a 2.40±0.10c 42.19±1.71a 1.00±0.00b 1.00±0.00c 11.00±1.00c 12.94±0.63a 1.00±0.00c 

p-value <.0001  <.0001 <.0001 <.0001 <.0001 <.0001 0.0002 0.0015 <.0001 

N.S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; Sed. is sedation; Anal. is analgesia; I.D is induction dose; % Red in I.D is % age reduction in induction dose; I.Q is induction quality; M.R.Q is 

muscle relaxation quality; I.T is induction time; D.o.A is duration of anesthesia; Rec. Q is recovery quality; Sec is second; min is minute. 
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Figure 4.1. Sedative, analgesic and dose sparing assessment of normal saline @ 0.2 ml/kg,  detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and combination of 

detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg, on induction doses of propofol and ketamine in goat    
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Figure 4.2.  Pictorial representation of experimental goats following treatment till recovery
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4.5.3. Clinico-physiological parameters 

Of the clinico-physiological parameters assessed, the statistical analysis showed significant (p≤0.05) differences 

for heart rate and respiratory rate among or within all groups except respiratory rate within control and combined 

groups (Tables 4.3 and 4.4). However, the statistical analysis revealed non-significant (p>0.05) differences 

among or within all groups for rectal temperature (Table 4.5). These parameters returned to normal values after 

recovery. 

The heart rate increased significantly (p≤0.05) from base value upto the end of the observation period within 

groups A2 (64.50±0.50 to 91.50±0.50 beats/min), D2 (61.00±1.00 to 99.00±0.00 beats/min) and E2 (64.00±2.00 

to 92.00±0.00 beats/min) with a peak increase at 25, 25 and 25 min respectively. However, the heart rate 

decreased significantly (p≤0.05) within groups B2 (65.00±1.00 to 46.00±0.00 beats/min), C2 (65.00±1.00 to 

42.00±0.00 beats/min) and F2 (63.00±1.00 to 40.00±0.00 beats/min) with a peak decrease at 40, 55 and 55 min 

respectively. The comparison among the treatment groups showed that the heart rate differed non-significantly 

(p>0.05) at 0 minute before sedation then differed significantly (p≤0.05) at 15 minutes after sedation and 1 

minute after induction to onwards till the recovery in all groups (Table 4.3).  

The respiratory rate decreased non-significantly (p>0.05) from base value upto end of the observation period 

within groups A2 (15.50± 0.50 to 14.00± 0.00 breaths/min) and F2 (14.50±0.50 to 13.00±0.00 breaths/min) with 

a peak decrease at 25 and 55 min respectively. While, the respiratory rate decreased significantly (p≤0.05) within 

groups B2 (16.50 ±0.50 to 11.00± 0.00 breaths/min), C2 (17.00 ± 1.00 to 10.50± 0.50 breaths/min) and D2 

(15.50±0.50 to 10.50± 0.50 breaths/min) with a peak decrease at 40, 55 and 25 min respectively. However, the 

respiratory rate increased significantly (p≤0.05) within group E2 (15.00±1.00 to 23.00±0.00 breaths/min) with a 

peak increase at 25 min. The comparison among the treatment groups indicated that the respiratory rate differed 

non-significantly (p>0.05) at 0 minute before sedation then differed significantly (p≤0.05) at 15 minutes after 

sedation and 1 minute after induction to onwards till the recovery in all groups (Table 4.4). The rectal 

temperature also decreased non-significantly (p>0.05) from base value upto the end of the observation period 

within groups A2 (102.000±.00 to 101.80±0.10 °F), B2 (101.95±0.05 to 101.85 ±0.05 °F), C2 (102.0± 0.00 to 

101.80±0.00 °F), D2 (102.00±0.10 to 101.75±0.05 °F), E2 (101.95± 0.05 to 101.75± 0.05 °F) and F2 (102.10± 

0.10 to 101.80±0.00 °F) with a peak decrease  at 20, 25, 1, 10, 25, and 35 min respectively. The comparison 

among the treatment groups showed that the rectal temperature differed non-significantly (p>0.05) at 0 minute 

before sedation, 15 minutes after sedation and 1 minute after induction to onwards till the recovery in all groups 

(Table 4.5).  

4.6. Adverse Effects 

Mild ataxia in group A2, moderate salivation in group B2, urination in group E2, while continuous mild 

salivation along-with ataxia, incoordination and urination were observed in groups C2 and D2. However, no 

adverse effects were noticed in group F2. 
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Table 4.3. Mean value (±S.E.) of heart rate (beats/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and 

combination of detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment 

groups 

Post-sedation Post-induction p-

valu

e 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 

A

2 

N.S +  

Ket 

64.50± 

0.50dA 

62.00± 

1.00dB 

86.00± 

1.00cB 

91.50± 

0.50abA 

93.50± 

0.50abA 

91.00± 

1.00bB 

94.00± 

1.00aB 

91.50± 

0.50abB       
<.00

01 

B

2 

Det + 

Prop 

65.00± 

1.00aA 

47.00± 

1.00efD 

56.50± 

0.50bD 

53.50± 

0.50cC 

51.50± 

0.50cdC 

51.50± 

1.50cdC 

49.50± 

1.50deD 

49.00± 

0.00deC 

48.00± 

0.00efA 

47.50± 

0.50fA 

46.00± 

0.00fA 
   

<.00

01 

C

2 

De t + 

Ket 

65.00± 

1.00aA 

51.50± 

0.50bC 

53.00± 

1.00bDE 

48.50± 

0.50cC 

45.00± 

1.00dD 

45.50± 

0.50dD 

44.50± 

0.50deE 

44.00± 

0.00deD 

43.00± 

0.00efC 

43.00± 

0.00deB 

42.00± 

0.00fgC 

42.00± 

0.00fgB 

42.00± 

0.00fgB 

42.00± 

0.00fgA 

<.00

01 

D

2 

Mid + 

Prop 

61.00± 

1.00Ea 

71.00± 

1.00dA 

93.50± 

2.50bcA 

91.00± 

1.00cA 

92.00± 

1.00cA 

96.00± 

0.00abA 

98.00± 

0.00aA 

99.00± 

0.00aA 
      

<.00

01 

E

2 

Mid + 

Ket 

64.00± 

2.00eA 

70.00± 

1.00dA 

76.00± 

1.00cC 

83.00± 

3.00bB 

83.00± 

1.00bB 

89.00± 

1.00aB 

89.00± 

1.00aC 

92.00± 

0.00aB 
      

<.00

01 

F

2 

Det+Mid 

+ 

Prop+Ke

t 

63.00± 

1.00aA 

42.00± 

0.00efE 

49.00± 

1.00bE 

49.00± 

1.00bC 

50.00± 

0.00bC 

48.00± 

1.0bcD 

45.50± 

0.50cdE 

45.00± 

1.00cdeD 

46.00± 

1.00cdB 

46.00± 

1.00cdeA 

43.00± 

0.00deB 

44.00± 

0.00deA 

44.00± 

0.00deA 

40.0± 

0.00fB 

<.00

01 

p- value 0.2618 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0198 0.0347 <.0001 <.0001 <.0001 <.0001  
N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket is ketamine; min is minute 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Table 4.4. Mean value (±S.E.) of respiration rate (breaths/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and combination of 
detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment 

groups 

Post-sedation Post-induction p-

val

ue 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 

A

2 

N.S + Ket 15.50± 

0.50aA 

15.50± 

0.50aAB 

15.00± 

0.00abB 

15.00± 

0.00abB 

14.50± 

0.50abB 

14.50± 

0.50abB 

14.00± 

0.00bB 

14.00± 

0.00bB 

      0.08

23 

B

2 

Det + Prop 16.50± 

0.50aA 

13.50± 

0.50bB 

13.50± 

0.50bBC 

12.50± 

0.50bcCD 

12.50± 

0.50bcC 

12.50± 

0.50bcCD 

11.50± 

0.50cC 

11.50± 

0.50cD 

11.50± 

0.50cB 

11.00± 

0.00cB 

11.00± 

0.00cB 

   0.00

01 

C

2 

Det + Ket 17.00± 

1.00aA 

13.50± 

0.50bB 

12.50± 

0.50bcC 

12.00± 

0.00bcdD 

12.00± 

0.00bcdC 

11.50± 

0.50cdD 

11.00± 

0.00cdC 

11.00± 

0.00cdD 

10.50± 

0.50dB 

10.50± 

0.50dB 

10.50± 

0.50dB 

10.50± 

0.50dB 

10.50±    

0.50dB 

10.50± 

0.50dB 

0.00

01 

D

2 

 Mid +Prop 15.50± 

0.50bA 

17.50± 

0.50aA 

14.00± 

0.00cBC 

13.00± 

0.00cdCD 

12.50± 

0.50deC 

11.50± 

0.50efD 

10.50± 

0.50fC 

10.50± 

0.50fD 

      <.0

001 
 

E

2 

 Mid+Ket 15.00± 

1.00eA 

17.00± 

1.00deA 

19.00± 

1.00cdA 

20.50± 

0.50bcA 

21.50± 

0.50abA 

22.50± 

0.50abD 

23.00± 

0.00aA 

23.00± 

0.00Aa 

      <.0

002 

F

2 

Det+Mid+ 

Prop+Ket 

14.50± 

0.50aA 

14.00± 

0.00abB 

13.50± 

0.50abBC 

13.50± 

0.50abC 

14.00± 

0.00abB 

13.50± 

0.50abBC 

13.50± 

0.50abB 

13.00± 

0.00bC 

14.00± 

0.00abA 

13.00± 

0.00bA 

13.50± 

0.50abA 

13.00± 

0.00bA 

13.00± 

0.00bA 

13.00± 

0.00bA 

0.17

33 

p- value 0.2606 0.0081 0.0014 <.0001 <.0001 <.0001 <.0001 <.0001 0.0191 0.0172 0.0262 0.0377 0.0377 0.0377  
N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket s ketamine; min is minute 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Table 4.5. Mean value (±S.E.) of rectal temperature (°F) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and combination of 
detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment groups Post-sedation Post-induction p-

valu

e 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 

A2 N.S+ Ket 102.00±

0.00 

101.90±

0.00 

101.85±

0.05 

101.75±

0.05 

101.85±

0.05 

101.80±

0.10 

101.75±

0.05 

101.80±

0.10 

      0.20

22 

B2 Det + Prop 101.95± 

0.05 

101.90±

0.00 

101.75±

0.05 

101.80±

0.00 

101.75±

0.05 

101.75±

0.05 

101.80±

0.10 

101.75±

0.05 

101.85±

0.05 

101.75±

0.05 

101.85±

0.05 

   0.17

45 

C2 Det + Ket 102.0± 

0.00 

101.85±

0.05 

101.70±

0.00 

101.75±

0.05 

101.80±

0.10 

101.75±

0.05 

101.75±

0.05 

101.75±

0.05 

101.80±

0.10 

101.75±

0.05 

101.80±

0.00 

101.75±

0.05 

101.80±

0.10 

101.80±

0.00 

0.23

28 

D2 Mid + Prop 102.00±

0.10 

101.85±

0.05 

101.75±

0.05 

101.80±

0.00 

101.65±

0.05 

101.85±

0.05 

101.75±

0.05 

101.75±

0.05 

      0.05

27 

E2 Mid + Ket 101.95±
0.05 

101.85±
0.05 

101.80±
0.00 

101.80±
0.10 

101.80±
0.00 

101.75±
0.05 

101.75±
0.05 

101.75±
0.05 

      0.25
25 

F2 Det+Mid 

+ 

Prop+Ket 

102.10±

0.10 

102.00±

0.10 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.80±

0.00 

101.80±

0.00 

101.80±

0.10 

101.85±

0.05 

101.75±

0.05 

101.80±

0.10 

101.85±

0.05 

101.80±

0.10 

101.80±

0.00 

0.13

91 

 p- value 0.6322 0.4194 0.1825 0.7773 0.2676 0.7680 0.9510 0.9785 0.8538 1.0000 0.8288 0.2929 1.0000   

N. S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; min is minute. 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Figure 4.3 Heart rate, respiration rate and rectal temperature of experimental goats following premedication with 

normal saline @ 0.2 ml/kg b. wt., detomidine @ 20 µg/kg, midazolam @ 0.30 mg/kg and combination of 
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detomidine and midazolam @ 10 µg/kg + 0.15 mg/kg and induction with different doses of propofol and 

ketamine 
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4.7. DISCUSSION 

In the present study, the administration of a combination of detomidine-midazolam resulted in deep sedation and 

strong analgesia than other treatment groups including control group. The deep sedation and strong analgesia was 

obtained probably due to synergism between detomidine and midazolam. The synergistic interaction between 

dexmedetomidine-midazolam was also reported by Bol et al. (2000). Administration of midazolam alone had a 

mild sedative effect but, it showed a synergistic interaction when injected in combination with other sedatives 

(Cwiek et al. 2009). The different sedatives when injected combined, reinforced the sedative and analgesic 

actions of the single drug (Rauser and Lexmaulova 2002). Similar findings were also confirmed in dogs 

premedicated with medetomidine-midazolam (Le-Chevallier et al. 2019). Detomidine produced sedative effects 

by activating the α-2 adrenergic receptor and analgesia was induced due to stimulation of receptors present 

within the brain and spinal cord (Vaisanen et al. 2002; Sinclair, 2003). 

The premedication with a combination of detomidine-midazolam in the present study resulted in a maximum % 

age reduction in the induction dose of combination of propofol-ketamine than other treatment groups. The 

reduction in induction dose could have resulted due to decreased neuronal activity and the enhancement of vagal 

activity by combination of detomidine-midazolam that caused activation of α-2 receptors and the receptors 

present within the brain and spinal cord as that of reported by Dutta et al. (2001) and Ngwenyama et al. (2008). 

The maximum % age reduction in induction dose was obtained probably due to the additive activity of 

detomidine-midazolam with propofol-ketamine. However, the synergic mechanism of action of detomidine-

midazolam with propofol-ketamine is unknown. The combination of sedatives and anesthetic agents with 

different mechanisms of action have the benefit of using low doses of individual agents (Ukwueze et al. 2014). 

Similar findings were also previously recorded by Dzikiti et al. (2009) who reported that premedication with 

combination of midazolam-butorphanol caused a maximum reduction in the induction dose of propofol in goat. 

These findings are also similar to Srivastava et al. (2006) who found that ketamine when combined with propofol 

caused reduction in induction dose of propofol.  

The combination of detomidine-midazolam-propofol-ketamine also produced comparatively a rapid & smooth 

induction, excellent muscle relaxation and smooth recovery with maximum increase in duration of anesthesia 

than other treatment groups. The rapid and smooth induction could have resulted due to the combined muscle 

relaxing-effects of detomidine, midazolam and propofol while the smooth recovery may be attributed to 

noncumulative quality of propofol and midazolam as reported in some earlier studies (Barash et al. 2009; 

Doherty and Greene 2002; Amin and Najim 2011). The maximum increase in duration of anesthesia may be 

attributed to the combined sedative effects of detomidine-midazolam with propofol-ketamine. The rapid 

induction, excellent muscle relaxation and smooth recovery with maximum increase in duration may be probably 

attributable through a synergistic action between detomidine-midazolam and propofol-ketamine but, the exact 

mechanism of action is unknown. The synergistic interaction between detomidine-daizepam (Salonen et al. 

1992), midazolam-propofol (Löw et al. 2000; McKernan et al. 2000) and propofol-ketamine (Hui et al. 1995) 

had also been reported in earlier studies. The combination of different preanesthetic improved the anesthesia 

quality with increased duration (Potliya et al. 2015). Similar findings were also recorded in goats (Okwudili et al. 

2014), calves (Kilic, 2008), dogs (Seo et al. 2015) and equines (Umar et al. 2006) who reported that combined 

administration of  different preanaesthetic and induction agents caused a maximum increase in duration along-

with better quality anesthesia. 

In the present study, the administration of detomidine and midazolam alone or combined, followed by induction 

with propofol and ketamine resulted in significant (p≤0.05) changes in heart rate and respiratory rate and non-

significant (p>0.05) changes in rectal temperature among or within all groups except respiratory rate within 

control and combined group. However, the combination of detomidine-midazolam-propofol-ketamine showed a 

minimal changes in cardiopulmonary function than other treatment groups. This is partly attributable to the fact 

that the potential adverse effects are mainly dose-dependent and when these drugs were administered in 

combination, the dose of each drug can be reduced, resulting in minimum adverse effects.  

The reduction in heart rate in the present study could have resulted due to the suppressive cardiovascular effects 

of detomidine compared to propofol and ketamine. This is partly attributable to the fact that cardiovascular 

stimulatory effects of propofol and ketamine are antagonized with detomidine. So, tachycardia induced by 

ketamine and propofol was mainly masked by detomidine leading to net bradycardia as reported by Hopster et al. 

(2014). The decrease in respiratory rate was obtained probably due to the suppressive activity of detomidine, 

propofol and ketamine on the brain and in particular respiratory centre. However, a non-significant reduction 
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might be due to the fact that ketamine being bronchodilator and midazolam with respiratory stimulant activity 

minimized the respiratory depressant effects of detomidine and propofol.  
The reduction in rectal temperature was obtained probably due to the depressant activity of drugs on the brain 

and in particular hypothalamic thermoregulatory center as reported by Kandpal et al. (2005). Similar findings 

were also recorded by Kilic (2008) who reported that combined therapy with detomidine-midazolam-ketamine 

resulted in a significant reduction in heart rate and a non-significant reduction in respiratory rate in calves. 

Bradycardia is a common cardiovascular effect of detomidine (Tunio et al. 2016) and midazolam (Mehlisch, 

2002). However, tachycardia induced by ketamine was masked by detomidine as reported by Hopster et al. 

(2014). Respiratory suppressive activity had been documented as a common complication of xylazine (Clarke 

and Trim 2014) and propofol (Wiese et al. 2010). Hypothermia is a common classical complication of 

detomidine (Maravi et al. 2018), midazolam (Bodh et al. 2013) and propofol (Zama et al. 2003b). 

Of the adverse effects observed; Ataxia and incoordination were noticed in animals received normal saline-

ketamine. Moderate salivation was observed in animals treated with propofol-detomidine. The continuous mild 

salivation along-with ataxia, incoordination and urination was noticed in animals treated with detomidine-

ketamine and midazolam-propofol. Urination and mild ataxia were found in animals receiving midazolam-

ketamine. However, no adverse effects were noticed in the animals treated with a combination of detomidine-

midazolam-propofol-ketamine. 

4.8. CONCLUSIONS 

It was concluded that the combination of detomidine-midazolam-propofol-ketamine was found to be safe and 

economical for more invasive surgical procedures in goats, as it resulted in deep sedation, strong analgesia, 

maximum % age reduction in induction dose and good quality anesthesia with less cardiopulmonary depression 

and least complications. 
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CHAPTER 5 

EXPERIMENT NO. 3 

Assessment of detomidine and midazolam administered alone or combined, as a premedicants to propofol 

and ketamine anesthesia in goats  
Running Head: Pre-anesthetic and Anesthetic Medication in Goats 

5.1. ABSTRACT 

5.1.1. Background: Premedication referred to the administration of a small dose of sedatives before 

administering the induction agents. 

5.1.2. Objectives: The study was aimed to assess detomidine and midazolam administered alone or combined, as 

a premedicants to propofol and ketamine anesthesia in goats.  

5.1.3. Methods: In a total of twelve female goats were randomly divided into six treatment groups comprising 

two animals each. Control group A3 received (Normal saline @ 0.2 ml/kg+ propofol 2 mg/kg + ketamine 2 

mg/kg). Group B3 animals received (detomidine @ 25 µg/kg+ propofol), C3 received (detomidine @ 25 µg/kg+ 

ketamine), D3 received (midazolam @ 0.40 mg/kg+ propofol), E3 received (midazolam @ 0.40 mg/kg+ 

ketamine). While, Group F3 animals received (detomidine @ 12.5 µg/kg + midazolam 0.20 mg/kg + propofol + 

ketamine). The degree of sedation, analgesia, reduction in induction dose, % age reduction in induction dose, 

anesthesia quality and clinico-physiological parameters were evaluated.  

5.1.4. Results: The administration of detomidine and midazolam alone or combined, followed by induction with 

propofol and ketamine resulted in significant (p≤0.05) sedation, analgesia, reduction in the induction dose, % age 

reduction in induction dose and increased duration of anesthesia than the control group. However, deep sedation 

& strong analgesia, maximum % age reduction in the induction dose and a good quality anesthesia with 

maximum increase in duration and least complications were observed in the group received the combination of 

detomidine-midazolam-propofol-ketamine than the control and other treatment groups. The significant changes 

(p≤0.05) in heart rate and respiratory rate and a non-significant changes (p>0.05) in rectal temperature were 

observed among or within all groups.  

5.1.5. Conclusions: It was concluded that the combination of detomidine-midazolam-propofol-ketamine was 

proved to be safe and economical with a minimal negative impact on the cardiopulmonary function in goats.  

Keywords: Sedatives, induction agents, dose sparing, anesthesia quality, goat. 

5.2. INTRODUCTION  
Sedatives as a preanesthetic were routinely administered due to its positive impact on the outcomes of the general 

anaesthesia. A suitable premedication agent may help in good sedation & analgesia, reduction in induction dose 

and better recovery from anesthesia (Waelbers et al. 2009). Sedatives had been recommended not only to 

decrease the amount of injectable or inhalant anesthetic agents but also preferred to avoid the drug related 

antagonistic effects (Kojima et al. 2002). Different sedatives (xylazine, detomidine, daizepam, midazolam and 

butorphanol) are being used as a preanesthetic for calming the small ruminants (Shah et al. 2013). Among these, 

detomidine was found a better option due to its good sedative, strong analgesic and less cardiorespiratory effects 

than xylazine (Khan et al. 2004). Benzodiazepine agonists’ act dose dependently and induced sedative, hypnotic, 

anxiolytic, muscle-relaxant and anticonvulsant effects (Abrahamsen, 2013). Midazolam was found to be a better 

option than diazepam due to its fast acting, short elimination half-life and mild cardiopulmonary effects (Lemke, 

2007). Premedication with midazolam was found to be associated with a minimal adverse cardiovascular effects 

(Ndawana et al. 2015). Propofol is an ultra-short acting, non-dissociative and non-cumulative injectable 

anaesthetic agent that has the capacity to induce good quality anesthesia (Bodh et al. 2013). Propofol has not 

only been reported as a more suitable anesthetic drug for induction anesthesia in dogs and cats, but can also be 

used in other species (Umar et al. 2007). Propofol has been used in combination with ketamine in goat 

(Udegbunam & Adetunji 2007). The different pre-anaesthetic in combination with propofol produced a 

satisfactory anesthesia with increased duration and rapid recovery (Potliya et al. 2015b). Ketamine has a wide 

margin of safety that made cardiovascular stimulation and preserved the respiratory muscle tone (Pavlidou et al. 

2013). Ketamine was routinely employed in combination with some muscle relaxants to improve the anesthesia 

quality (Barletta et al. 2011). 
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A most suitable sedative and anesthetic combination is need of all time to conduct a successful surgery in any 

specie. To the knowledge of the author, very little scientific findings have been reported regarding the assessment 

of recently available sedatives on primary induction agents in goats. Keeping in view the pharmacokinetics, 

pharmacodynamics and safety margin in different species, the present study was aimed to assess detomidine and 

midazolam administered alone or combined, as a premedicants to propofol and ketamine anesthesia in goats. 

This research was initiated to answer if, detomidine and midazolam were administered alone or combined as a 

preanesthetic agents, could reduce the dose of propofol and ketamine in goats. Furthermore, if a reduction in dose 

was achieved, an additional aim was to determine if, it would also impact on the quality of general anesthesia and 

ameliorate the potential negative cardio-pulmonary effects of induction agents. 

5.3. MATERIALS AND METHODS 

The protocol for this study was approved by the Ethical Review Committee of the University of Veterinary & 

Animal Sciences Lahore (No. DR/551). The experimental study was conducted on twelve (12) healthy female 

goats aged between 08-12 months with an average body weight of 24-30 kg. The animals were kept at Institute of 

Continuing Education & Extension (ICE & E, UVAS Ravi Campus, Pattoki, Pakistan) for twenty-one (21) days 

as an adaptation period. During this period, they were served with feed and water. Deworming was done with 

albendazole @ 10 mg/kg body weight. Clinico-physiological parameters were monitored regularly throughout 

the observation period. The animals were fasted twelve hour prior to treatment (Adetunji et al. 2002). They were 

weighed 30 minutes before the experiment using an electronic scale (Jadever® Richter Scale, Jadever, Scale Co. 

Ltd, Taipei, Taiwan). The controlled dose used for the induction of anesthesia was chosen based on previous 

studies (Zonca et al. 2012; Henao-Guerrero and Riccó 2014).  

A total of twelve (12) healthy female goats were divided into six treatment groups (A3, B3, C3, D3, E3 and F3) 

comprising two animals each. Group A3 animals were treated as a control group that after premedication with 

normal saline @ 0.2 ml/kg body weight, received a combination of propofol-ketamine @ 2 mg/kg body weight 

for each. Group B3 and C3 animals after premedication with detomidine (Domosedan injection, Orion 

Corporation, Finland) @ 25 µg/kg body weight, were treated with different doses of propofol (Fresofol 1 % 

injection, Fresenius Kabi, Austria) and ketamine (Ketalite injection, Elice Pharma, Pakistan) respectively. 

Similarly, Group D3 and E3 animals after premedication with midazolam (Dormicum, Fontenay-sous-Bois, 

France) @ 0.40 mg/kg body weight, were also treated with different doses of propofol and ketamine respectively. 

While, Group F3 animals after premedication with a combination of detomidine-midazolam @ 12.5 µg/kg + 0.20 

mg/kg body weight, received different doses of combination of propofol-ketamine to produce a level of 

anesthesia required for placing an endotracheal tube. Sedative, analgesic, dose sparing, anesthetic and clinico-

physiological parameters were evaluated throughout the observation period. Table 5.1 presents an overview of 

pre-anesthetic and anesthetic medication in goats. 

Table 5.1. Pre-anesthetic & Anesthetic Medication in Goats 

Groups Pre-anesthetic medication Induction 

Group A3 Normal Saline@ 0.2 ml/kg b. wt. Propofol @ 2 mg/kg + Ketamine 2 mg/kg 

Group B3 Detomidine @ 25 µg/kg b. wt. Different doses of Propofol 

Group C3 Detomidine @ 25 µg/kg b. wt. Different doses of Ketamine 

Group D3            Midazolam      @ 0.40 mg/kg b. wt. Different doses of Propofol 

Group E3 Midazolam      @ 0.40 mg/kg b. wt. Different doses of Ketamine 

Group F3 Combination of detomidine+ midazolam 

 @ 12.5 µg/kg+ 0.20 mg/kg b. wt. 

Different doses of combination of 

 Propofol+ Ketamine 

 

5.4. Parameters studied 

5.4.1. Quality of Sedation 

The degree of sedation was noted by observing behavioral changes 15 minutes after pre-anesthetic treatment and 

was graded by following Kalhoro et al. (2000). 

5.4.2. Quality of Analgesia 

The degree of analgesia was noted by observing the animal’s response to deep pin prick 15 minutes after pre-

anesthetic treatment and was graded by following Kalhoro et al. (2000). 
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5.4.3. Anesthetic parameters 

Anesthesia parameters (induction time, induction dose, % age reduction in induction dose, induction quality, 

muscle relaxation quality, recovery quality and duration of anesthesia) were observed and recorded post-

induction to throughout the observation period. Induction, muscle relaxation and recovery qualities were 

evaluated subjectively during anesthesia by using a score card shown in Table 3.2. 

5.4.4. Clinico-physiological parameters 

The clinico-physiological parameters were measured at 0 min before sedation, 15 min after sedation, 1 min after 

anesthetic induction and then every 5 minutes during anesthesia to the total recovery period. The heart rate 

(beats/minute) was measured with a Littman stethoscope (Littman Classic II, USA), respiratory rate 

(breaths/minute) by counting the thoraco abdominal movements and rectal temperature (°F) was noted using 

Medicare Digital Thermometer (distributed by MANA & Co, Pakistan). 

5.4.5. Statistical Analysis 

The collected data were arranged for dependent variables such as sedation & analgesia quality, induction quality, 

muscle relaxation and recovery quality. Treatment groups were considered as independent variables. Anesthetic 

and clinico-physiological parameters are much dependent on post-medication time interval. To rule out such 

effects, data were also arranged for time effects in a single treatment group. Further, the analysis was performed 

using one-way Analysis of Variance (ANOVA) technique in Statistical Analysis Software (SAS) 9.1 version at 

(p≤0.05). Significant means at different time intervals were compared through Duncan’s Multiple Range test. 

5.5. RESULTS  
The statistical analysis showed significant differences (p≤0.05) among the treatment groups for sedation, 

analgesia, induction dose, % age reduction in induction dose, induction time, duration of anesthesia, induction 

score, muscle relaxation score and recovery score (Table 5.2).  

5.5.1. Sedation and Analgesia 

The higher sedation score was observed in group F3 (4.00±0.00), indicating deep sedation that differed 

significantly (p≤0.05) from all groups including control group. The sedation scores in groups B3, C3, D3 and E3 

were found (3.00±0.00) for each, that showed a non-significant difference (p>0.05) from each other. Similarly, 

the higher analgesia score was found in group F3 (4.00±0.00), indicating strong analgesia that differed 

significantly (p≤0.05) than control group and other treatment groups. The analgesia scores in groups B3, C3, D3 

and E3 were found (3.00±0.00) for each, that showed a non-significant difference (p>0.05) from each other. 

5.5.2. Anesthetic parameters 

The minimum induction dose was required in group F3 (1.95±0.05 mg/kg), that differed significantly (p≤0.05) 

than the control group and other treatment groups. While, the mean values of induction doses required in groups 

B3, C3 and D3 were found (2.55±0.05 mg/kg), (2.65±0.05 mg/kg) and (2.55±0.05 mg/kg) respectively that 

showed a non-significant difference (p>0.05) from each other. The maximum % age reduction in the induction 

dose was noticed in group F3 (52.99 ±1.77%) that showed a significant difference (p≤0.05) from the control 

group and other treatment groups. The mean values of % age reduction in induction doses in groups B3, C3 and 

D3 were found (38.53±1.95%), (36.15 ±0.44%) and (38.53±1.95%) respectively that showed a non-significant 

difference (p>0.05) from each other. The mean values of induction scores in groups A3, B3, C3, D3, E3 and F3 

were found (1.00±0.00) for each, indicating smooth induction that showed a non-significant difference (p>0.05) 

from each other. The muscle relaxation scores in groups A3, C3, D3 and E3 were found (2.00±0.00) for each that 

differed non-significantly (p>0.05) from each other but, showed a significant difference (p≤0.05) from the groups 

B3 and F3 with an average score of (1.00±0.00) for each. The recovery scores in groups A3, B3, D3, E3 and F3 

were found (1.00±0.00) for each that differed non-significantly (p>0.05) from each other but, showed a 

significant difference (p≤0.05) from the group C3 with an average score of (2.00±0.00). The minimum induction 

time was observed in group F3 (8.50±0.50 sec) that differed significantly (p≤0.05) than the control group and 

other treatment groups. The average induction time in groups A3 and B3 were found (23.50±1.50 sec) and 

(24.00±2.00 sec) respectively that showed a non-significant difference (p>0.05) from each other. Similarly, the 

average induction time in groups C3 and E3 were found (25.50±2.50 sec) and (29.00±1.00 sec) respectively that 

also showed a non-significant difference (p>0.05) from each other. The maximum duration of anesthesia was 

noticed in group F3 (15.82±0.51 min) that differed significantly (p≤0.05) than the control group and other 

treatment groups. The average duration of anesthesia in groups B3, C3 and E3 were found (9.74 ±0.58 min), 

(10.95±0.37 min) and (9.35±0.02 min) respectively that showed a non-significant difference (p>0.05) from each 

other (Table 5.2).
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Table. 5.2. Sedative, analgesic, dose sparing and anesthetic assessment of normal saline @ 0.2 ml/kg b. wt., detomidine @ 25 µg/kg, midazolam @ 0.40 mg/kg and 

combination of detomidine and midazolam @ 12.5 µg/kg + 0.20 mg/kg, on induction doses of propofol and ketamine in goat 

Treatment groups 
Sed.  

Score 

Anal.  

Score 

I.D  

(mg/kg) 

(%) Red in 

I.D 

I.Q  

Score 

M.R.Q 

Score 

I.T  

(Sec) 

D.o.A 

 (min) 

Rec. Q 

Score 

A3 N.S +Prop +Ket 1.00±0.00c 1.00±0.00c 4.15±0.05a 0.00±0.00d 1.00±0.00a 2.00±0.00a 23.50±1.50ab 5.31±0.21e 1.00±0.00b 

B3 Det + Prop 3.00±0.00b 3.00±0.00b 2.55±0.05c 38.53±1.95b 1.00±0.00a 1.00±0.00b 24.00±2.00ab 9.74±0.58cd 1.00±0.00b 

C3 Det +Ket 3.00±0.00b 3.00±0.00b 2.65±0.05c 36.15±0.44b 1.00±0.00a 2.00±0.00a 25.50±2.50a 10.95±0.37c 2.00±0.00a 

D3 Mid +Prop 3.00±0.00b 3.00±0.00b 2.55±0.05c 38.53±1.95b 1.00±0.00a 2.00±0.00
a
 19.00±1.00b 13.35±0.04b 1.00±0.00b 

E3 Mid+ Ket 3.00±0.00b 3.00±0.00b 2.85±0.05b 31.33±0.38c 1.00±0.00a 2.00±0.00a 29.00±1.00a 9.35±0.02d 1.00±0.00b 

F3 

Det+Mid 

+ 

Prop+Ket 

4.00±0.00a 4.00±0.00a 1.95±0.05d 52.99±1.77a 1.00±0.00a 1.00±0.00b 8.50±0.50c 15.82±0.51a 1.00±0.00b 

p-value <.0001 <.0001 <.0001 <.0001 0.0701 <.0001 0.0010 <.0001 <.0001 
N.S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; Sed. is sedation; Anal. is analgesia; I.D is induction dose; % Red in I.D is % age reduction in 

induction dose; I.Q is induction quality; M.R.Q is muscle relaxation quality; I.T is induction time; D.o.A is duration of anesthesia; Rec. Q is recovery quality. Sec is second; min is minute 
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Figure 5.1 Sedative, analgesic and dose sparing effect of normal saline @ 0.2 ml/kg,  detomidine @ 25 µg/kg, midazolam @ 0.40 mg/kg and combination of detomidine and midazolam @ 

12.5 µg/kg + 0.20 mg/kg, on induction doses of propofol and ketamine in goat 
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Figure 5.2. Pictorial representation of experimental goats following treatment till recovery 
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5.5.3. Clinico-physiological parameters 

Of the clinico-physiological parameters assessed, the statistical analysis showed significant (p≤0.05) differences 
among or within all groups for heart rate and respiratory rate and non-significant (p>0.05) differences for rectal 

temperature (Tables 5.3, 5.4 and 5.5). These parameters returned to normal values after recovery.  

A significant (p≤0.05) increase in heart rate was found within groups A3 (62.00±0.00 to 115.50±0.50 beats/min), 

D3 (58.00±2.00 to 110.00±2.00 beats/min) and E3 (61.00±1.00 to 103.00±1.00 beats/min) with a peak increase at 

10, 25 and 25 min respectively. While, a significant (p≤0.05) decrease in heart rate was found within groups B3 

(62.00±2.00 to 43.50±0.50 beats/min), C3 (62.50±1.50 to 38.00±0.00 beats/min) and F3 (64.00±0.00 to 

40.00±0.00 beats/min) with a peak decrease at 40, 55 and 40 min respectively. The comparison among the 

treatment groups showed that heart rate differed non-significantly (p>0.05) at 0 minute before sedation then 

differed significantly (p≤0.05) at 15 minutes after sedation and 1 minute after induction to onwards till the 

recovery in all groups (Table 5.3). Similarly, a significant (p≤0.05) decrease in respiratory rate was found within 

groups A3 (16.50 ±0.50 to 11.50 ± 0.50 breaths/min), B3 (17.00 ±1.00 to 10.00± 0.00 breaths/min), C3 (16.00± 

0.00 to 10.00± 0.00 breaths/min), D3 (16.00± 0.00 to 9.50± 0.50 breaths/min) and F3 (15.50 ± 0.50 to 10.00± 

0.00 breaths/min) with a peak decrease at 25, 30, 55, 30 and 40 min respectively. Whereas, a statistically 

significant increase in respiration rate was observed within groups E3 (14.50 ± 0.50 to 25.50 ± 0.50 breaths/min) 

with a peak increase at 30 min. The comparison among the treatment groups revealed that the respiratory rate 

differed non-significantly (p>0.05) at 0 minute before sedation then differed significantly (p≤0.05) at 15 minutes 

after sedation and 1 minute after induction to onwards till the recovery in all groups (Table 5.4).  

The rectal temperature decreased non-significantly (p>0.05) from base value upto the end of observation period 

within groups A3 (101.95±0.05 to 101.85±0.05 °F), B3 (101.95±0.05 to 101.85±0.05 °F), C3 (102.50±0.05 to 

101.85±0.05 °F), D3 (101.95±0.05 to 101.75±0.05 °F), E3 (101.95± 0.05 to 101.85±0.05 °F) and F3 

(102.00±0.00 to 101.85±0.05 °F) with a peak decrease at 20, 25, 1, 30, 25 and 30 min respectively. The 

comparison among the treatment groups revealed that rectal temperature differed non-significantly (p>0.05) at 0 

minute before sedation, 15 minutes after sedation and 1 minute after induction to onwards till the recovery (Table 

5.5).  

5.6. Adverse effects 

Mild ataxia in group A3, severe salivation in group B3, urination in group E3, while continuous moderate 

salivation along-with ataxia, incoordination and urination were observed in groups C3 and D3. However, no 

adverse effects were noticed in group F3. 
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Table 5.3. Mean value (±S.E.) of heart rate (beats/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 25 µg/kg, midazolam @ 0.40 mg/kg and 

combination of detomidine and midazolam @ 12.5 µg/kg + 0.20 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment 

groups 

Post-sedation Post-induction p-

valu

e 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 

50 

min 

55 min 

A3 
N.S+ Prop 

+Ket 

62.00± 
0.00abD 

62.00± 
1.00dB 

95.00± 
1.00cA 

113.00± 
1.00abA 

115.50±
0.50aA 

111.00±1
.00bA 

111.50± 
1.50bA 

113.50± 
1.50abA 

112.00± 
1.00abA 

     
<.00
01 

B3 Det +Prop 
62.00± 

2.00aAB 

51.00± 

3.00bcC 

55.00± 

2.00bC 

46.50± 

1.50cdD 

41.00± 

1.00eE 

43.50± 

0.50deE 

43.00± 

1.00deE 

44.50± 

0.50deD 

45.00± 

1.00deC 

43.50± 

0.50deA 

43.50± 

0.50deA    
<.00

01 

C3 Det + Ket 
62.50± 

1.50aAB 

48.00± 

1.00cCD 

54.50± 

0.50bC 

44.50± 

0.50dD 

42.50± 

0.50defE 

41.00± 

1.00fgE 

42.00± 

1.00efgE 

43.50± 

0.50deD 

43.00± 

1.00defC 

41.00± 

0.00fgB 

41.00± 

0.00fgB 

40.00± 

0.00gh 

38.5±0

.50h 

38.00±

0.00h 

<.00

01 

D3 Mid+Prop 
58.00± 

2.00gB 

77.50± 

0.50fA 

88.00± 

0.00eB 

93.00± 

1.00dB 

99.00± 

1.00cB 

103.50±0

.50bB 

107.00± 

1.00abB 

109.00± 

1.00aB 

110.00± 

2.00aA 
     

<.00

01 

E3 Mid + Ket 
61.00± 

1.00fAB 

78.50± 

1.50eA 

86.50± 

1.50dB 

92.00± 

2.00cB 

92.50± 

0.50cC 

97.00± 

1.00bC 

101.00± 

1.00aC 

103.00± 

1.00aC 

102.00± 

1.00aB 
     

<.00

01 

F3 

Det+Mid 

+ 

Prop+Ket 

64.00± 

0.00aA 

45.00± 

1.00fD 

54.00± 

1.00bC 

52.00± 

0.00cC 

50.50± 

0.50dcD 

48.50± 

0.50deD 

48.50± 

0.50deD 

46.50± 

0.50efD 

44.50± 

0.50fC 

40.00± 

0.00gC 

40.00± 

0.00gB 
   

<.00

01 

p- value 0.1885 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0071 0.0071     
N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket is ketamine; min is minute. 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Table 5.4. Mean value (±S.E.) of respiration rate (breaths/minute) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 25 µg/kg, midazolam @ 0.40 mg/kg 

and combination of detomidine and midazolam @ 12.5 µg/kg+0.20 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatments 

groups 

Post-sedation Post-induction p-

valu

e 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 

A3 

N.S+Prop 

+Ket 

16.50± 
0.50aA 

16.00± 
0.00aB 

14.00± 
0.00bB 

13.50± 
0.50bcB 

13.00± 
0.00bcB 

12.50± 
0.50cdB 

12.50± 
0.50cdB 

11.50± 
0.50dB 

11.50± 
0.50dB 

     
<.00
01 

B3 
Det+Prop 

17.00± 
1.00aA 

12.50± 
0.50bC 

12.00± 
0.00bcC 

12.00± 
0.00bcC 

11.50± 
0.50bcdC 

11.50± 
0.50bcdBC 

11.50± 
0.50bcdBC 

11.00± 
0.00bcdBC 

10.00± 
0.00dBC 

10.50± 
0.50cdA 

10.50± 
0.50cdA 

   
<.00
01 

C3 
Det+Ket 

16.00± 
0.00aAB 

11.50± 
0.50bC 

11.50± 
0.50bC 

11.50± 
0.50bC 

11.50± 
0.50bC 

11.00± 
0.00bcC 

11.00± 
0.00bcCD 

10.50± 
0.50bcBC 

10.50± 
0.50bcBC 

10.50± 
0.50bcA 

10.00± 
0.00cA 

10.00±
0.00c 

11.00± 
0.00bc 

10.00±
0.00c 

<.00
01 

D3 
Mid+Prop 

16.00± 
0.00aAB 

17.00± 
0.00aB 

12.50± 
0.50bC 

12.00± 
0.00bcC 

11.50± 
0.50bcC 

11.50± 
0.50bcBC 

11.00± 
0.00cdCD 

10.00± 
0.00deC 

9.50± 
0.50eC 

     
<.00
01 

E3 
Mid+Ket 

14.50± 
0.50dB 

21.00± 
1.00cA 

22.50± 
0.50bcA 

22.50± 
0.50bcA 

24.00± 
0.00abA 

24.00± 
0.00abA 

25.50± 
0.50aA 

25.00± 
0.00aA 

25.50± 
0.50aA 

     
<.00
01 

F3 

Det+Mid 

+ 

Prop+Ket 

15.50± 

0.50aAB 

12.00± 

0.00bC 

11.50± 

0.50bcC 

11.00± 

0.00bcdC 

10.50± 

0.50cdC 

11.00± 

0.00bcdC 

10.00± 

0.00dD 

10.50± 

0.50cdBC 

10.50± 

0.50cdBC 

10.50± 

0.50cdA 

10.00± 

0.00dA 
   

<.00

01 

 
p- value 0.1435 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 1.0000     

N. S is normal saline; Det is detomidine; Mid is midazolam; prop is propofol; Ket is ketamine; min is minute. 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Table 5.5. Mean value (±S.E.) of rectal temperature (°F) following premedication with normal saline @ 0.2 ml/kg b. wt., detomidine @ 25 µg/kg, midazolam @ 0.40 mg/kg and combination of 
detomidine and midazolam @ 12.5 µg/kg+0.20 mg/kg and induction with different doses of propofol and ketamine in goat 

Treatment groups 

Post-sedation Post-induction p-

valu

e 
0 min 15 min 1 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 

A3 N.S+ Prop + 

Ket 

101.95±

0.05 

101.95±

0.05 

101.90±

0.00 

101.90±

0.00 

101.90±

0.00 

101.85±

0.05 

101.80±

0.00 

101.85±

0.05 

101.85±

0.05 
     

0.19

96 

B3 
Det + Prop 

101.95±

0.05 

101.90±

0.00 

101.85±

0.05 

101.85±

0.05 

101.80±

0.00 

101.80±

0.00 

101.75±

0.05 

101.75±

0.05 

101.85±

0.05 

101.80±

0.00 

101.85±

0.05 
   

0.09

56 

C3 
Det + Ket 

102.05±

0.05 

101.85±

0.05 

101.90±

0.00 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.90±

0.00 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

101.85±

0.05 

0.27

65 

D3 
Mid + Prop 

101.95±

0.05 

101.85±

0.05 

101.80±

0.00 

101.85±

0.05 

101.75±

0.05 

101.75±

0.05 

101.80±

0.10 

101.80±

0.10 
101.75±

0.05 
     

0.44

65 

E3 
Mid + Ket 

101.95±
0.05 

101.90±
0.00 

101.85±
0.05 

101.80±
0.10 

101.80±
0.00 

101.75±
0.05 

101.85±
0.05 

101.75±
0.05 

101.85±
0.05 

     
0.25
60 

F3 
Det+Mid 

+ 

Prop+Ket 

102.00±

0.00 

101.90±

0.00 

101.90±

0.00 

101.90±

0.00 

101.85±

0.00 

101.85±

0.05 

101.80±

0.00 

101.80±

0.10 

101.75±

0.05 

101.80±

0.10 

101.85 ±  

0.05 
   

0.19

01 

p- value 0.7042 0.4089 0.2117 0.6634 0.0946 0.4089 0.8333 0.8908 0.4237 1.0000 0.6495     
N. S is normal saline; Det is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; min is minute. 

Different superscripts within a column show significant differences (p≤0.05) among treatment groups 

Different superscripts within a row show significant differences (p≤0.05) at different time intervals 
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Figure 5.3. Heart rate (beats/min), respiration rate (breaths/min) and rectal temperature (°F) of experimental goats following 

premedication with normal saline @ 0.2 ml/kg, detomidine @ 25µg/kg, midazolam @ 0.40 mg/kg and combination of detomidine 

and midazolam @ 12.5 µg/kg+0.20 mg/kg and induction with different doses of propofol and Ketamine 
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5.7. DISCUSSION 

In the present study, detomidine and midazolam when administered combined resulted in deep sedation and 

strong analgesia as compared to other treatment groups. Deep sedation and strong analgesia were obtained 

probably due to synergism between detomidine-midazolam. The synergistic interaction between 

dexmedetomidine-midazolam was also reported by Bol et al. (2000). The addition of midazolam or diazepam 

had been reported to provide a better sedation and muscle relaxation (Matthews and Van Dijk 2004). 

Administration of midazolam alone produced a mild sedation but, it showed an additive action when combined 

with other sedatives (Cwiek et al. 2009). The combination of sedative drugs reinforced the sedative and analgesic 

actions of the single drug (Raušer and Lexmaulova 2002). Similar findings were also confirmed in dogs after 

premedication with dexmedetomidine-midazolam (Ahmad et al. 2011). Detomidine produced sedative effects by 

activating the α-2 adrenergic receptor and analgesic effects were induced due to stimulation of receptors present 

within the brain and spinal cord (Vaisanen et al. 2002; Sinclair, 2003). 

The premedication with a combination of detomidine-midazolam in the present study resulted in maximum % 

age reduction in the induction dose of combination of propofol-ketamine than other treatment groups. The 

reduction in induction dose might be attributed to the reduction of neuronal activity and enhancement of vagal 

activity by combination of detomidine-midazolam that in turn, resulted in activation of α-2 receptors and the 

receptors present within the brain and spinal cord as confirmed by Dutta et al. (2001) and Ngwenyama et al. 

(2008). The maximum % age reduction in the induction dose was obtained probably due to synergism between 

detomidine-midazolam and propofol-ketamine. However, the exact synergic mechanism of action of detomidine-

midazolam with propofol-ketamine is unknown. The combination of sedatives and anesthetic agents with 

different mechanisms of action have the benefit of using low doses of individual agents (Ukwueze et al. 2014). 

Similar findings were also previously recorded by Kojima et al. (2002) who reported that sedation with 

medetomidine-midazolam followed by induction with propofol and thiopental showed maximum dose sparing 

effects in dogs.  

In the present study, the combination of detomidine-midazolam-propofol-ketamine produced comparatively a 

rapid and smooth induction, excellent muscle relaxation and smooth recovery with maximum increase in 

duration than other treatment groups. The rapid and smooth induction could have resulted due to the combined 

muscle relaxing effects of detomidine, midazolam and propofol whereas, the smooth recovery might be produced 

due to noncumulative effect of midazolam and propofol as that of reported in some earlier studies (Radostits et 

al. 2007; Doherty and Greene 2002; Amin and Najim 2011). The increase in duration of anesthesia could have 

resulted due to the combined sedative effects of detomidine-midazolam with propofol-ketamine. The rapid 

induction, excellent muscle relaxation and smooth recovery with maximum increase in duration may be probably 

attributable through a synergistic action between detomidine-midazolam and propofol-ketamine but the 

mechanism of action is unknown. The synergistic interaction between detomidine-daizepam (Salonen et al. 

1992) and propofol-ketamine (Hui et al. 1995) have also been reported in earlier studies. Similar findings were 

also confirmed in small ruminants (Lin and Pugh 2002; Ceylan et al. 2007), calves (Kilic, 2008) and dogs (Sahoo 

et al. 2018). These findings are also in agreement with earlier studies recorded in wild cattle by Michela et al. 

(2013) who reported that combination of tiletamine–zolazepam-ketamine-detomidine provided a satisfactory 

anesthesia with prolonged duration.  

In the present study, the premedication with detomidine and midazolam administered alone or combined 

followed by induction with propofol and ketamine resulted in significant (p≤0.05) changes in heart rate and 

respiratory rate and non-significant (p>0.05) changes in rectal temperature among or within all groups. However, 

the combination of detomidine-midazolam-propofol-ketamine showed a minimal negative impact on the 

cardiopulmonary function than other treatment groups. This is partly attributable to the fact that the potential 

adverse effects are mainly dose-dependent and when used in combination, the dose of each drug can be reduced, 

resulted in minimum adverse effects. The reduction in heart rate in the present study could have resulted due to 

the suppressive cardiovascular effects of detomidine compared to propofol and ketamine. This is partly 

attributable to the fact that the cardiovascular stimulatory effects of propofol and ketamine are antagonized with 

detomidine. So, tachycardia induced by ketamine and propofol was mainly masked by detomidine leading to net 

bradycardia as reported by Hopster et al. (2014). The decrease in respiratory rate and rectal temperature was 

obtained probably due to the direct depressant actions of detomidine and propofol on central nervous system in 

general and in particular, the respiratory and thermoregulatory centre. The decrease in rectal temperature may be 

considered secondary to central nervous system depression and reduction in the muscular activity as reported by 

EL-Kammar et al. (2014). A similar finding was also recorded by Ali (2013) who reported that a combination of 
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detomidine-midazolam-ketamine (DMK) and detomidine-diazepam-ketamine (DDK) resulted in a significant 

reduction in heart and respiratory rates in donkeys.  

Bradycardia is a common cardiovascular effect of detomidine (Tunio et al. 2016; Freeman and England 2000) 

and midazolam (Mehlisch, 2002). Respiratory depression was documented following xylazine (Clarke and Trim 

2014), propofol (Wiese et al. 2010) and ketamine (Clarke and Trim 2014). Hypothermia is a common classical 

complication of detomidine (Maravi et al. 2018), midazolam (Bodh et al. 2013) and propofol (Thurmon et al. 

1994). 

Of the adverse effects observed; Mild Ataxia was noticed in animals treated with normal saline-propofol-

ketamine. Severe salivation was found in animals receiving propofol-detomidine. The continuous moderate 

salivation along-with ataxia, incoordination and urination were noticed in animals receiving detomidine-ketamine 

and midazolam-propofol. Urination was observed in animals receiving midazolam-ketamine. However, no 

adverse effects were noticed in the animals treated with a combination of detomidine-midazolam-propofol-

ketamine. 

5.8. CONCLUSION 

It was concluded that the combination of detomidine-midazolam-propofol-ketamine was found to be safe and 

economical for various surgical and diagnostic procedures in goats with less cardiopulmonary depression and 

other deleterious effects. 
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CHAPTER 6 

EXPERIMENT NO. 4 

Comparative efficacy of propofol and ketamine administered alone or combined, using constant rate 

infusion in premedicated goats during pain management 

6.1. ABSTRACT 

6.1.1. Background: Intravenous anesthesia is the only option to maintain general anesthesia under field 

conditions. 

6.1.2. Objectives: The study was aimed to develop a suitable total intravenous anesthesia protocol by 

comparative efficacy of three different combinations of detomidine, midazolam, propofol and ketamine using 

constant rate infusion in goats undergoing rumenotomy. 

6.1.3. Materials and Methods: In total, eighteen (18) female goats were divided into three treatment groups A, 

B and C comprising six animals each. In Group A, after sedation with detomidine @ 2.5 µg/kg body weight, 

induction was achieved with propofol @ 4 mg/kg and maintenance with constant rate infusion of (detomidine 2.5 

µg/kg/hr+ propofol 9.6 mg/kg/hr). In group- B, following sedation with midazolam @ 0.25 mg/kg body weight, 

induction was done with ketamine @ 4 mg/kg and maintenance with infusion of (midazolam 0.25 mg/kg/hr + 

ketamine 2.4 mg/kg/hr). Whereas, in group C, after sedation with (detomidine1.2 µg/kg + midazolam 0.12 

mg/kg), induction was done with a combination of (propofol 1 mg/kg+ ketamine 1 mg/kg) and maintenance with 

constant rate infusion of (detomidine 1.2 µg/kg/hr + midazolam 0.12 mg/kg/hr + propofol 4.5 mg/kg/hr + 

ketamine 1.2 mg/kg/hr) using a volumetric syringe-driving pump. Anesthesia was maintained for sixty minutes in 

all groups and rumenotomy was performed. Anesthetic, clinico-physiological and haematobiochemical 

parameters were evaluated before treatment (baseline) and during anesthesia.  

6.1.4. Results: The total intravenous anesthesia maintained with a combination of detomidine-midazolam-

propofol-ketamine resulted in a better quality anesthesia with maximum increase in duration and comparatively 

rapid and smooth induction, excellent muscle relaxation and smooth recovery than other treatment groups. The 

significant changes (p<0.05) in heart rate, respiratory rate, diastolic blood pressure, the partial pressure of oxygen 

and oxygen hemoglobin saturation were observed among or within all groups except within group C. Similarly, 

the statistical analysis showed significant differences (p<0.05) among or within all groups for systolic arterial 

pressure, mean arterial pressure and the partial pressure of carbon dioxide whereas, the non-significant 

differences (p>0.05) were observed among or within all groups for rectal temperature. The minimum changes 

however, were observed in group C than group A and B for all parameters. The significant changes (p<0.05) in 

glucose and cortisol level and non-significant (p>0.05) changes in packed cell volume, total erythrocyte count, 

total plasma protein, alanine aminotransferase, aspartate aminotransferase, alanine phosphatase, blood urea 

nitrogen and creatinine were observed among or within all groups with a minimal negative impact in group C.  

6.1.5. Conclusion: It was concluded that the total intravenous anesthesia maintained with a combination of 

detomidine-midazolam-propofol-ketamine proved to be the best drug combinations taking into account the 

anesthetic, clinico-physiological and haematobiochemical parameters during pain management. 

Keywords: Pain, total intravenous anesthesia, constant rate infusion, goat. 

6.2. INTRODUCTION 

Intravenous anesthesia is the only option to maintain general anesthesia during field surgeries. Anesthesia can be 

induced and maintained more effectively by first administering bolus infusion followed by continuous infusion of 

any anesthetic agent (Malik   et al. 2011; Beths, 2008; Waelbers et al. 2009). The administration of intermittent 

bolus could have resulted in peak plasma levels and an excessive depth of anesthesia whereas, the infusion 

technique provided a continuous steady-state concentration of the drug by producing a more stable plane of 

anesthesia (Hall et al. 2001; Macintire and Tefend 2004; Musk et al. 2005). The α-2 agonists being potent 

sedatives had been generally recommended in both large and small animals (Mckelvey and Hollingshead 2003). 

Benzodiazepines had been preferred in production animals for its rapid onset, anticonvulsant properties and a 

minimal negative impact on the cardiovascular system (Olkkola and Ahonen 2008; Carroll and Hartsfield 1996). 

Midazolam has been reported to contribute to total intravenous anesthesia through sedation and muscle-

relaxation (Brighton, 2013). The administration of propofol either by multiple bolus infusion or constant rate 

infusion had been reported as the most suitable agent to induce and maintain the general anaesthesia (Malik et al. 

2011). The administration of bolus infusion of propofol followed by constant rate infusion had resulted in 

satisfactory anaesthesia in sheep and goats (Zama et al. 2003b; Hall et al. 2001; Prassinos et al. 2005; Khan, 
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2006). Continuous infusion of propofol provided a better surgical anesthesia in calves after premedication with 

medetomidine-pentazocine (Mandagiri et al. 2015).  

 

Propofol alone or in combination with other induction agents had been proved a good anesthetic agent to induce 

and maintain the general anesthesia in different species (Caines et al. 2014; Dahi et al. 2015; Meierhenrich et al. 

2010; Mattos et al. 2013). Ketamine had been found a good choice for continuous intravenous infusion but in 

comparison with propofol, it was reported as more cumulative (Hodgkinson and Dawson 2007). Anesthesia was 

induced and maintained more effectively by first administering bolus infusion of ketamine followed by constant 

rate infusion (Malik et al. 2011). Ketamine produced not only an excellent analgesia but also caused a 

cardiovascular stimulation (Muir et al. 2000; Hall et al. 2001).  
Two techniques had been preferred to induce and maintain anesthesia named as, multiple bolus technique and 

constant rate infusion technique. Recently, intravenous anesthetic agents are being administered through 

conventional bolus technique that may not cause only the death of animals but also posed a big challenge for the 

surgeons. However, this challenge can be accomplished more effectively by introducing the concept of total 

intravenous anesthesia (TIVA) by using constant rate infusion technique. As limited studies have been conducted 

all over the world regarding total intravenous anesthesia (TIVA) protocol and its delivery by constant rate 

infusion in small ruminant. So, anesthesia of the small ruminant is challenging and still a far-fetched wish that 

can be accomplished safely by keeping in view the new advancement in pharmacokinetic and pharmacodynamics 

properties of modern drugs and its sophisticated delivery systems. Hence, the present project was aimed to 

evaluate the comparative efficacy of propofol and ketamine administered alone or combined using constant rate 

infusion in premedicated goats during pain management.  

6.3. MATERIALS AND METHODS 

The protocol for this study was approved by the Ethical Review Committee of the University of Veterinary & 

Animal Sciences Lahore (No. DR/551). The experimental study was conducted on eighteen (18) healthy female 

goats aged between 08-12 months with an average body weight of 24-30 kg. The animals were kept at the 

Institute of Continuing Education & Extension (ICE & E, UVAS Ravi Campus, Pattoki, Pakistan) for twenty-one 

(21) days as an adaptation period. During this period, they were served with balanced feed and water. 

Deworming was done with albendazole @ 10 mg/kg body weight. Clinico-physiological parameters were 

monitored regularly throughout the observation period. A day before the experimental trial, the animals were 

shifted to the Surgery Section, A-block Ravi Campus Pattoki. Feeding was withheld 12 hours prior to the 

experiment. The animals however, were allowed to drink water ad- libitum (Adetunji et al. 2002). An electronic 

scale was used to weigh the animals 30 min before the experiment. The induction doses of propofol, ketamine 

and combination of propofol and ketamine were chosen based on previous studies (Prassinos et al. 2005; 

Stegmann, 1998; Zonca et al. 2012; Henao-Guerrero and Riccó 2014). In a total of eighteen (18) female goats 

were randomly divided into three treatment groups (A, B and C) comprising six animals each. In Group A after 

sedation with detomidine @ 2.5 µg/kg body weight (Domosedan injection, Orion Corporation, Finland), 

induction was done by administering propofol @ 4 mg/kg body weight (Fresofol 1 % injection, Fresenius Kabi, 

Austria). Once the goats became recumbent, a constant rate infusion of (detomidine 2.5 µg/kg/hr + propofol 9.6 

mg/kg/hr) was started using a volumetric syringe-driving pump to maintain the anesthesia for 60 min. After 

anesthetizing the animals, rumenotomy was performed. For rumenotomy, skin on paralumber fossa ventral to 

lumber vertebrae was first prepared aseptically. After clipping and shaving, the scrubbing of the operative site 

was done in circular fashion from the centre towards the periphery to make the area free from microbes. After 

aseptic preparation of the operative site, an approximately 10 cm long vertical skin incision was given on left mid 

flank starting just ventral to lumber vertebrae. The subcutaneous tissue, external & internal abdominal oblique 

muscle, transverses abdominis muscle, deep iliac fascia and the parietal layer of peritoneum were incised along 

the same line. The rumen was exteriorized and packed off with sterilized gauze. A vertical incision 

approximately 10 centimeter in length was given over the least vascular portion of greater curvature of rumen. 

After this, the rumen was explored to remove the foreign materials like plastic bags if present.  

The rumenotomy incision was closed using vicryle # 2 with a double layer Cushing pattern. The laparotomy 

incision was sutured in three layers. The peritoneum along with muscles were closed using vicryle # 2 in a simple 

continuous fashion. Similarly, the subcutaneous tissue were sutured in the second layer, using vicryle # 2 in 

simple continuous fashion. The skin was sutured using silk # 2 in a simple interrupted fashion. In Group B, after 

sedation with midazolam @ 0.25 mg/kg body weight (Dormicum, Fontenay-sous-Bois, France), induction was 

done with ketamine @ 4 mg/kg body weight (Ketalite injection, Elice Pharma, Pakistan) and maintenance with 
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constant rate infusion of (midazolam @ 0.25 mg/kg/hr + ketamine 2.4 mg/kg/hr) using a volumetric syringe-

driving pump for 60 min and rumenotomy was performed with same surgical protocol and technique as 

mentioned in group A.  

Similarly, Group C animals first sedated with combination of (detomidine 1.2 µg/kg+ midazolam 0.12 mg/kg), 

followed by induction with a combination of (propofol 1 mg/kg+ ketamine 1 mg/kg) and maintenance with 

constant rate infusion of combination of all (detomidine 1.2 µg/kg/hr + midazolam 0.12 mg/kg/hr + propofol 4.5 

mg/kg/hr + ketamine 1.2 mg/kg/hr) using a volumetric syringe-driving pump. Anesthesia was maintained for 60 

min and rumenotomy was performed. During rumenotomy, same surgical protocol and surgical technique was 

adopted as mentioned in group A.  

6.4. Parameter evaluated 

6.4.1. Anesthesia parameters 

Anesthetic parameters including (induction quality, analgesia quality, muscle relaxation quality, recovery quality, 

induction time, duration of anesthesia, duration of lateral, sternal and total recumbency and total recovery times 

were monitored post-induction to throughout the observation period. Quality of analgesia, induction, muscle 

relaxation and quality of recovery were evaluated subjectively during anesthesia by using a score card shown in 

Table 3.2. 

6.4.2. Clinico-physiological parameters 

Heart rate, respiratory rate, arterial blood pressure, (SAP, DAP, MAP), the partial pressure of oxygen and carbon 

dioxide, oxygen haemoglobin saturation and rectal temperature were monitored at 0 min (baseline) before 

treatment, 1 min after induction and thereafter, every 10-minutes intervals during the maintenance of anesthesia. 

The heart rate (beats/min) was monitored by using a Littman stethoscope (Littman Classic II, USA), respiratory 

rate (breaths/min) by counting thoraco abdominal movements and rectal temperature (°F) was recorded using 

Medicare Digital Thermometer (distributed by MANA & Co, Pakistan). A pediatric non-invasive blood pressure 

monitor (Surgivet; Smith Medical PM, Inc., Waukesha, USA) was placed around the antebrachium of the left 

forelimb of each goat to measure the systolic, diastolic and mean arterial pressure. Similarly, the pulse oxymeter 

(Nonin Medical Inc., Minneapolis, USA) was placed around the tongue to measure the haemoglobin oxygen 

saturation. Arterial blood samples were collected anaerobically into 2 ml heparinized syringes by inserting 20-

gauge catheter in the left auricular artery and blood gas analyzer was used for the measurement of the partial 

pressure of oxygen and carbon dioxide.   

6.4.3. Haematobiochemical parameters 

Blood samples (Approx. 5 ml) were collected in plain tubes via jugular vein puncturing with 23-G needle at 0, 

15, 30 and 60 min during the observation period. After collection, the blood was centrifuged to harvest the serum 

and stored at -20 °C. Samples, thereafter, were delivered to quality operation laboratory (WTO, UVAS) for 

hematological and biochemical analysis. The packed cell volume (%), total erythrocyte & leukocyte count and 

hemoglobin concentration (g/dl) were evaluated using automatic hematology analyzer. Serum glucose level 

(mg/dl), total plasma protein (g/dl), alanine aminotransferase (U/L), aspartate aminotransferase (U/L), alanine 

phosphatase (U/L), blood urea nitrogen (mg/dl) and creatinine level (mg/dl) were evaluated by using biochemical 

analyzer. The cortisol level was measured by extracting 0.5 ml of plasma sample in 5 mL diethyl ether. The ether 

phase was evaporated and dissolved in 0.5 ml assay buffer. Thereafter, the cortisol concentration in an aliquot 

was measured using an enzyme-immunoassay technique. 
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Figure 6.1. Drugs, volumetric syringe driver and apparatus used for Haemato-biochemical analysis during the 

experiment 

 

 

6.4.4. Statistical Analysis 

The data were analyzed by using the one-way Analysis of Variance (ANOVA) technique in the Statistical 

Analysis Software (SAS) 9.1 version at (p<0.05). Significant means at different time intervals were compared 

through Duncan’s Multiple Range Test. While, significant means among treatment groups were compared using 

Fisher’s Least  Significant Difference test at a probability level of 0.05. 

6.5. RESULTS 

6.5.1. Anesthetic Parameters 

The statistical analysis showed significant differences (p<0.05) among the treatment groups for sedation, 

analgesia, induction, muscle relaxation & recovery scores, induction time, duration of anesthesia, duration of 

lateral, sternal, & total recumbency and total recovery time (Table 6.1).  

6.5.1.1.  Sedation and Analgesia Quality 

The higher sedation scores were observed in goats received the treatments A and C than those received the 

treatment B. Similarly, the goats receiving the treatment C showed an excellent analgesia quality than those 

received the treatments A and B. 

6.5.1.2.  Induction, Muscle relaxation and Recovery Quality 

The excellent muscle relaxation quality was noticed in goats received the treatment C that showed significant 

difference (p<0.05) than those received the treatments A and B. Similarly, smooth induction and smooth 

recovery scores were found in goats received the treatments A and C compared to those received the treatment B. 

6.5.1.3.  Induction time, duration of anesthesia, duration of lateral, sternal & total recumbency and total 

recovery time 

The minimum induction time was observed in group C (16.33±1.12 sec) that differed significantly (p<0.05) from 

group A (25.33±1.20 sec) and group B (35.00±1.15 sec). The maximum duration of anesthesia was produced in 

group C (70.50±0.62 min) that differed significantly (p<0.05) from group A (66.33±0.42 min) and group B 

(63.50±0.43 min). The mean value of duration of lateral recumbency was found significantly (p<0.05) longer in 

animals of group C (97.52±1.41 min) and shorter in group B (70.40±0.56 min). The mean value of duration of 

sternal recumbency was found significantly (p<0.05) longer in animals of group B (5.42±0.46 min) and shorter in 

group C (0.23±0.03 min). The maximum duration of total recumbency was observed in group C (98.02±1.41 

min) that differed significantly (p<0.05) from group A (82.11±0.53 min) and group B (75.89±0.74 min). The 

total recovery time was found significantly (p<0.05) longer in animals of group C (98.49±1.38 min) and shorter 

in group B (78.08±0.87 min). 
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Table 6.1. Mean (±S.E.) values of various anesthetic parameters after the administration of detomidine, midazolam, propofol and ketamine using constant 

rate infusion in goats undergoing rumenotomy 

Treatment groups Sed. 

Score 

Anal. 

Score 

Ind. 

Score 

M. Relax 

Score 

Recov. 

Score 

I.T 

(Sec) 

D. o. A 

(min) 

D.L.R 

(min) 

D.S.R. 

(min) 

D.T.R 

(min) 

T.R.T 

(min) 
A Deto + Prop 4.00±0.00a 2.00±0.00a 1.00±0.00b 2.00±0.00b 1.00±0.00b 25.33±1.20b 66.33±0.42b 81.54±0.50b 0.37±0.05b 82.11±0.53b 83.12±0.51b 

B Mid + Ket 3.00±0.00b 2.00±0.00a 2.00±0.00a 3.00±0.00a 2.00±0.00a 35.00±1.15a 63.50±0.43c 70.40±0.56c 5.42±0.46a 75.89±0.74c 78.08±0.87c 

C 

Det+Mid 

+ 

      Prop+ Ket 

4.00±0.00a 1.00±0.00b 1.00±0.00b 1.00±0.00c 1.00±0.00b 16.33±1.12c 70.50±0.62a 97.52±1.41a 0.23±0.03b 98.02±1.41a 98.49±1.38a 

p-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Deto is detomidine; Mid is midazolam; Prop is propofol; Ket is ketamine; Sed. is sedation; Anal. is analgesia; Ind. is induction; M. Relax is muscle relaxation; I.T is induction time; Recov is 

recovery; D.o.A is duration of anesthesia; D.L.R is duration of lateral recumbency; D.S.R is duration of sternal recumbency; D.T.R is duration of total recumbency and T.R.T is total recovery 

time; Sec is second; min is minute.
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6.5.2. Evaluation of Physiological parameters 

6.5.2.1.  Heart rate (beats/min) 

The comparison among treatment groups revealed that heart rate showed significant difference (p<0.05) at 

different time intervals after treatment. The minimum deviation from the normal values were observed in goats 

received the treatment C as compared to those received the treatments A and B (Table 6.2). At 1 minute after 

induction, the highest heart rate was observed in group B (67.00±0.37 beats/min) followed by group C 

(61.33±0.56 beats/min) and group A (57.00±0.37 beats/min). Similarly at 10 minutes after maintenance of 

anesthesia, the highest heart rate was observed in group B (69.00±0.37 beats/min) as compared to group C 

(61.33±0.56 beats/min) and group A (56.00±0.37 beats/min). Furthermore at 20 minutes, the highest heart rate 

was also observed in group B (69.00±0.37 beats/min) followed by group C (61.33±0.37 beats/min) and group A 

(56.00±0.37 beats/min). Similarly at 30 minutes, the highest heart rate was observed in group B (69.00±0.37 

beats/min) followed by group C (61.33±0.37 beats/min) and group A (56.00±0.37 beats/min). While at 40 

minutes, the highest heart rate was found in group B (73.00±0.37 beats/min) followed by group C (60.50±0.43 

beats/min) and A (53.00±0.37 beats/min). The highest heart rate was also noticed in group B (73.00±0.37 

beats/min) followed by group C (60.17±0.31 beats/min) and group A (52.00±0.37 beats/min) and) at 50 minutes 

after the maintenance of anesthesia. While at 60 minutes, the highest heart rate was observed in group B 

(74.00±0.37 beats/min) than group C (60.00±0.26 beats/min) and group A (51.00±0.37 beats/min). The statistical 

analysis indicated a significant (p<0.05) decreasing trend of heart rate within group A (61.00±0.37 to 51.00±0.37 

beats/min) and a non-significant (p>0.05) decreasing trend within group C (62.00±0.73 to 60.00±0.26 beats/min) 

with a peak decrease at 60 min. However, a significant (p<0.05) increasing trend was observed within group B 

(62.00±0.37 to 74.00±0.37 beats/min) with a peak increase at 60 min (Table 6.2). 

6.5.2.2.  Respiratory rate (breaths/min)  

The respiratory rate differed significantly (p<0.05) among treatment groups at different time intervals during the 

observation period. The minimum deviation from baseline values were observed in group C than group A and B 

(Table 6.2). At 1 minute after induction, the highest respiratory rate that is close to normal value was observed in 

group B (17.00±0.37 breaths/min) followed by group C (14.00±0.37 breaths/min) and group A (13.00±0.37 

breaths/min). While at 10 minutes after maintenance of anesthesia, the highest respiratory rate was also found in 

group B (18.00±0.37 breaths/min) than group C (14.33±0.33 breaths/min) and group A (12.00±0.37 

breaths/min). Moreover at 20 minutes, the highest respiratory rate was noticed in group B (18.00±0.37 

breaths/min) followed by group C (14.17±0.31 breaths/min) and group A (12.00±0.37 breaths/min). Similarly at 

40 minutes, the highest respiratory rate was observed in group B (20.00±0.37 breaths/min) than that of group C 

(13.83±0.31 breaths/min) and group A (11.00±0.37 breaths/min). Furthermore, the highest respiratory rate was 

found in group B (21.00±0.37 breaths/min) followed by group C (13.67±0.33 breaths/min) and group A 

(10.00±0.37 breaths/min) at 50 minutes after maintenance of anesthesia.  At 60 minutes, the highest respiratory 

rate was observed in group B (22.00±0.37 breaths/min) as compared to group C (13.50±0.22 breaths/min) and 

group A (10.00±0.37 breaths/min). A statistically significant (p<0.05) decreasing trend of respiratory rate was 

observed within group A (15.00±0.37 to 10.00±0.37 breaths/min) and a non-significant (p>0.05) decreasing trend 

within group C (15.00±0.37 to 13.50±0.22 breaths/min) with a peak decrease at 60 min. However, a significant 

(p<0.05) increasing trend was observed within group B (15.00±0.37 to 22.00±0.37 breaths/min) with a peak 

increase at 60 min (Table 6.2). 

6.5.2.3.  Rectal temperature (°F) 

The rectal temperature differed non-significantly (p>0.05) among or within all groups at different time intervals 

during the observation period. The minimum deviation from baseline values were observed in group C as 

compared to group A and B (Table 6.2). At 1 minute after induction of anesthesia, the highest rectal temperature 

was observed in groups B and C (102.00±0.00 °F) that is close to normal value  as compared to group A 

(101.95±0.02 °F). While at 10 minutes after maintenance, the highest rectal temperature was noticed in group C 

(102.00±0.04 °F) followed by group B (101.98±0.02 °F) and group A (101.95±0.02 °F). Furthermore at 20 

minutes, the highest rectal temperature was found in group C (101.98±0.00 °F) as compared to group B 

(101.95±0.02 °F) and group A (101.93±0.06 °F). Similarly at 30 minutes, the highest rectal temperature was 

observed in group C (101.97±0.02 °F) than group B (101.95±0.02 °F) and group A (101.93±0.06 °F). While at 

40 minutes, the highest rectal temperature was observed in group C (101.97±0.02 °F) followed by group B 

(101.93±0.03 °F) and group A (101.90±0.04 °F). The highest rectal temperature was also found in group C 

(101.95±0.02 °F) as compared to group B (101.93±0.03 °F) and A (101.90±0.09 °F) at 50 and 60 minutes. A 

non-significant (p>0.05) decreasing trend of rectal temperature was observed within groups A (102.05±0.02 to 
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101.90±0.04 °F), B (102.05±0.02 to 101.93±0.02 °F) and C (102.05±0.02 to °101.95±0.02 °F) with a peak 

decrease at 50 and 60 min (Table 6.2).   

Table 6.2. Mean (±S.E.) values of heart rate (beats/min), respiratory rate (breaths/min) and rectal 

temperature (°F) after administration of detomidine, midazolam, propofol and ketamine using constant 

rate infusion in goats undergoing rumenotomy 

 

The upper case superscripts indicate differences (p<0.05) among treatment groups  
The lower case superscripts indicate differences (p<0.05) within treatment groups       

Parameter Time 
Treatment Groups 

p-value 
A B C 

Heart rate 

(beats/min) 

0 min 61.00±0.37aA 62.00±0.37eA 62.00±0.73aA 0.3147 

1 min 57.00±0.37bC 67.00±0.37dA 61.33±0.56abB <.0001 

10 min 56.00±0.37bcC 69.00±0.37cA 61.00±0.37abB <.0001 

20 min 55.00±0.37cdC 70.00±0.37cA 61.00±0.37abB <.0001 

30 min 54.00±0.37deC 72.00±0.37bA 61.00±0.37abB <.0001 

40 min 53.00±0.37efC 73.00±0.37abA 60.50±0.43bB <.0001 

50 min 52.00±0.37fgC 73.00±0.37abA 60.17±0.31bB <.0001 

60 min 51.00±0.37gC 74.00±0.37aA 60.00±0.26bB <.0001 

p-value <.0001 <.0001 0.0649  

Respiration Rate 

(breaths/min) 

0 min 15.00±0.37aA 15.00±0.37fA 15.00±0.37aA 1.0000 

1 min 13.00±0.37bB 17.00±0.37eA 14.00±0.37bB <.0001 

10 min 12.00±0.37bcC 18.00±0.37deA 14.33±0.33abB <.0001 

20 min 12.00±0.37bcC 18.00±0.37deA 14.17±0.31abB <.0001 

30 min 11.00±0.37cdC 19.00±0.37cdA 14.00±0.26bB <.0001 

40 min 11.00±0.37cdC 20.00±0.37bcA 13.83±0.31bB <.0001 

50 min 10.00±0.37dC 21.00±0.37abA 13.67±0.33bB <.0001 

60 min 10.00±0.37dC 22.00±0.37aA 13.50±0.22bB <.0001 

p-value <.0001 <.0001 0.0597  

Rectal 

Temperature (°F) 

0 min 102.05±0.02 102.05±0.02 102.05±0.02 1.0000 

1 min 101.95±0.02 102.00±0.04 102.00±0.00 0.3911 

10 min 101.95±0.02 101.98±0.02 102.00±0.04 0.5121 

20 min 101.93±0.06 101.95±0.02 101.98±0.02 0.6603 

30 min 101.93±0.06 101.95±0.02 101.97±0.02 0.8399 

40 min 101.90±0.04 101.93±0.03 101.97±0.02 0.4134 

50 min 101.90±0.09 101.93±0.03 101.95±0.02 0.8190 

60 min 101.90±0.04 101.93±0.02 101.95±0.02 0.5310 

p-value 0.4921 0.0581 0.0943  
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Figure 6.2. Effects of various anesthetic protocols on heart rate, respiration rate and rectal temperature using 

constant rate infusion in goats undergoing rumenotomy. 

6.5.3. Evaluation of blood pressure  

The statistical analysis indicated significant (p<0.05) differences for systolic, diastolic and mean arterial pressure 

(mm Hg) among or within all treatment groups except the diastolic blood pressure within group C.  
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6.5.3.1.  Systolic arterial pressure (mm Hg) 

The systolic arterial pressure differed significantly (p<0.05) among treatment groups at different time intervals 

during the observation period. The minimum changes were observed in goats received the treatment C compared 

to those received the treatments A and B (Table 6.3). At 1 minute after induction of anesthesia, the highest 

systolic arterial pressure was observed in group C (118.00±1.15 mm Hg) followed by group A (113.00±1.15 mm 

Hg) and group B (112.00±1.65 mm Hg). While at 10 minutes after maintenance, the highest systolic arterial 

pressure was observed in group C (117.00±1.15 mm Hg) as compared to group A (111.00±1.15 mm Hg) and 

group B (110.00±1.65 mm Hg). Moreover, the highest systolic arterial pressure was also observed in group C 

(117.00±1.15 mm Hg) followed by group A (110.00±1.15 mm Hg) and group B (109.00±1.65 mm Hg) at 20 

minutes after maintenance of anesthesia. While at 30 minutes, the highest systolic arterial pressure was observed 

in group C (116.00±1.15 mm Hg) than group A (108.00±1.15 mm Hg) and group B (107.00±1.65 mm Hg). 

Similarly at 50 and 60 minutes, the highest systolic arterial pressure was observed in group C (115.00±1.15 mm 

Hg) followed by group A (106.00±1.15 mm Hg) and group B (105.00±1.65 mm Hg). A statistically significant 

(p<0.05) decreasing trend of systolic arterial pressure was observed within group A (120.00±1.15 to 106.00±1.15 

mm Hg), group B (118.00±1.65 to 105.00±1.65 mm Hg) and group C (121.00±1.15 to 115.00±1.15 mm Hg) with 

a peak decrease at 50 and 60 minutes (Table 6.3).  

 

6.5.3.2.  Diastolic arterial pressure (mm Hg) 

The statistical analysis indicated significant differences (p<0.05) among the treatment groups for the diastolic 

arterial pressure at different time intervals during observation period. The minimum changes were observed in 

goats received the treatment C than those received the treatments A and B (Table 6.3). At 1 minute after 

induction of anesthesia, the highest value of diastolic arterial pressure was observed in group C (78.00±1.65 mm 

Hg) followed by group A (73.00±1.71 mm Hg) and group B (72.00±1.39 mm Hg). While, at 10 minutes after 

maintenance, the highest value was also observed in group C (77.00±1.65 mm Hg) followed by group A 

(71.00±1.71 mm Hg) and B (70.00±1.39 mm Hg). Similarly at 20 minutes, the highest value was found in group 

C (77.00±1.65 mm Hg) than that of group A (70.00±1.71 mm Hg) and B (69.00±1.39 mm Hg). While at 30 

minutes, the highest value was observed in group C (76.00±1.65 mm Hg) than group A (68.00±1.71 mm Hg) and 

B (67.00±1.39 mm Hg). Moreover at 40 minutes, the highest value was found in group C (76.00±1.65 mm Hg) 

followed by group A (67.00±1.71 mm Hg) and B (66.00±1.39 mm Hg). While at 50 and 60 minutes, the highest 

value of diastolic arterial pressure was observed in group C (75.00±1.65mm Hg) than that of group A 

(66.00±1.71 mm Hg) and group B (65.00±1.39 mm Hg). A statistically significant (p<0.05) decreasing trend of 

diastolic arterial pressure was observed within groups A (80.00±1.71 to 66.00±1.71 mm Hg) and B (78.00±1.39 

to 65.00±1.39 mm Hg). While a non-significant (p>0.05) decreasing trend was observed within group C 

(81.00±1.65 to 75.00±1.65 to mm Hg) with a peak decrease at 50 and 60 minutes (Table 6.3).  

6.5.3.3.  Mean arterial pressure (mm Hg) 

The mean arterial pressure differed significantly (p<0.05) among or within groups at different time intervals 

during the observation period. The minimum changes were observed in group C as compared to group A and B 

(Table 6.3). At 1 minute after induction of anesthesia, the highest value that is close to normal value was 

observed in group C (91.33±1.18 mm Hg) followed by group A (86.33±0.93 mm Hg) and B (85.33±1.01 mm 

Hg). While at 10 minutes after maintenance, the highest value was also noticed in group C (90.33±1.18 mm Hg) 

followed by group A (84.33±0.93 mm Hg) and B (83.33±1.01 mm Hg). Similarly, the highest value of mean 

arterial pressure was found in group C (90.33±1.18 mm Hg) than that of group A (83.33±0.93 mm Hg) and B 

(82.33±1.01 mm Hg) at 20 minutes after maintenance of anesthesia. While at 30 minutes, the highest value was 

observed in group C (90.33±1.18 mm Hg) as compared to group A (83.33±0.93 mm Hg) and B (82.33±1.01 mm 

Hg). Moreover, the highest value was found in group C (89.33±1.18 mm Hg) followed by group A (80.33±0.93 

mm Hg) and B (79.33±1.01 mm Hg) at 40 minutes. While at 50 and 60 minutes, the highest value was also 

observed in group C (88.33±1.18 mm Hg) followed by group A (79.33±0.93 mm Hg) and B (78.33±1.01 mm 

Hg). A significant (p<0.05) decreasing trend of mean arterial pressure was observed within group A (93.33±0.93 

to 79.33±0.93 mm Hg), group B (91.33±1.01 to 78.33±1.01 mm Hg) and group C (94.33±1.18 to 88.33±1.18 mm 

Hg) with a peak decrease at 50 and 60 minutes (Table 6.3). 
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Table 6.3. Mean (±S.E.) values of systolic, diastolic and mean arterial pressure (mm Hg) after 

administration of detomidine, midazolam, propofol and ketamine using constant rate infusion in goats 

during rumenotomy 

The upper case superscripts indicate differences (p<0.05) among treatment groups  

The lower case superscripts indicate differences (p<0.05) within treatment groups       

 

  

Parameter Time 
Treatment Groups 

p-value 
A B C 

Systolic arterial 

pressure 

(mm Hg) 

0 min 120.00±1.15aA 118.00±1.65aA 121.00±1.15aA 0.3025 

1 min 113.00±1.15bB 112.00±1.65bB 118.00±1.15abA 0.0141 

10 min 111.00±1.15bcB 110.00±1.65bcB 117.00±1.15bA 0.0044 

20 min 110.00±1.15bcdB 109.00±1.65bcB 117.00±1.15bA 0.0014 

30 min 108.00±1.15cdeB 107.00±1.65bcB 116.00±1.15bA 0.0004 

40 min 107.00±1.15deB 106.00±1.65cB 116.00±1.15bA 0.0001 

50 min 106.00±1.15eB 105.00±1.65cB 115.00±1.15bA 0.0001 

60 min 106.00±1.15eB 105.00±1.65cB 115.00±1.15bA 0.0001 

p-value <.0001 <.0001 0.0156  

Diastolic arterial 

pressure 

(mm Hg) 

0 min 80.00±1.71aA 78.00±1.39aA 81.00±1.65aA 0.4195 

1 min 73.00±1.71bB 72.00±1.39bB 78.00±1.65abA 0.0385 

10 min 71.00±1.71bcB 70.00±1.39bcB 77.00±1.65abA 0.0148 

20 min 70.00±1.71bcB 69.00±1.39bcdB 77.00±1.65abA 0.0055 

30 min 68.00±1.71bcB 67.00±1.39cdB 76.00±1.65abA 0.0021 

40 min 67.00±1.71cB 66.00±1.39cdB 76.00±1.65abA 0.0008 

50 min 66.00±1.71cB 65.00±1.39dB 75.00±1.65bA 0.0008 

60 min 66.00±1.71cB 65.00±1.39dB 75.00±1.65bA 0.0008 

p-value <.0001 <.0001 0.2304  

Mean arterial 

pressure 

(mm Hg) 

0 min 93.33±0.93aA 91.33±1.01aA 94.33±1.18aA 0.1520 

1 min 86.33±0.93bB 85.33±1.01bB 91.33±1.18abA 0.0022 

10 min 84.33±0.93bcB 83.33±1.01bcB 90.33±1.18bA 0.0005 

20 min 83.33±0.93cdB 82.33±1.01bcdB 90.33±1.18bA 0.0001 

30 min 81.33±0.93deB 80.33±1.01cdeB 89.33±1.18bA <.0001 

40 min 80.33±0.93eB 79.33±1.01deB 89.33±1.18bA <.0001 

50 min 79.33±0.93eB 78.33±1.01eB 88.33±1.18bA <.0001 

60 min 79.33±0.93eB 78.33±1.01eB 88.33±1.18bA <.0001 

p-value <.0001 <.0001 0.0196  
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Figure 6.3. Effects of various anesthetic protocols on systolic, diastolic and mean arterial pressure (mm Hg) using 

constant rate infusion in goats undergoing rumenotomy. 
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6.5.4. Evaluation of the partial pressure of oxygen (PaO2), carbon dioxide (PaCO2) and oxygen 

hemoglobin saturation (SpO2) 

6.5.4.1.  Partial pressure of oxygen (PaO2) 

The comparison among the treatment groups revealed that the partial pressure of oxygen (PaO2) differed non-

significantly (p>0.05) at 0, 1 and 10 minutes then differed significantly (p<0.05) throughout the observation 

period. The minimum changes were observed in group C than group A and B (Table 6.4). At 1 minute after 

induction, the highest value of the partial pressure of oxygen was found in group C (78.83±1.05 mm Hg) 

followed by group A (77.17±0.60 mm Hg) and B (77.00±1.10 mm Hg). While at 10 minutes after maintenance, 

the highest value was observed in group C (78.17±1.01 mm Hg) followed by group B (76.00±1.10 mm Hg) and 

A (74.50±0.76 mm Hg). Similarly, at 20 minutes, the highest value was found in group C (78.17±1.01 mm Hg) 

as compared to group B (76.00±1.10 mm Hg) and A (73.50±0.76 mm Hg). While at 30 minutes, the highest 

value was noticed in group C (78.00±0.93 mm Hg) than that of group B (75.00±1.10 mm Hg) and A (73.67±0.67 

mm Hg). Moreover, at 40 minutes, the highest value was observed in group C (77.83±0.83 mm Hg) followed by 

group B (75.00±1.10 mm Hg) and group A (72.83±0.65 mm Hg). The highest value of partial pressure of oxygen 

was also found in group C (77.67±0.76 mm Hg) as compared to group B (74.00±1.10 mm Hg) and A 

(72.00±0.73 mm Hg) at 50 minutes after the maintenance of anesthesia. While at 60 minutes, the highest value 

was observed in group C (77.33±0.61 mm Hg) than group B (74.00±1.10 mm Hg) and A (72.00±0.73 mm Hg). 

A statistically significant (p<0.05) decreasing trend of the partial pressure of oxygen was observed within groups 

A (82.00±0.73 to 72.00±0.73 mm Hg) and B (81.00±0.93 to 74.00±1.10 mm Hg) with a peak decrease at 50 and 

60 min. While, a non-significant decreasing trend was observed within group C (80.00±1.10 to 77.33±0.61 mm 

Hg) with a peak decrease at 60 min (Table 6.4). 

6.5.4.2.  Partial pressure of carbon dioxide (PaCO2) 

The partial pressure of carbon dioxide (PaCO2) differed significantly (p<0.05) among or within all groups at 

different time intervals during the observation period. The minimum changes were observed in group C than 

group A and B (Table 6.4). At 1 minute after induction, the highest value of the partial pressure of carbon 

dioxide was observed in group A (43.67±0.84 mm Hg) followed by group B (41.50±0.76 mm Hg) and C 

(35.67±0.67 mm Hg). While at 10 minutes after maintenance, the highest value was also found in group A 

(49.33±0.67 mm Hg) followed by group B (45.67±0.88 mm Hg) and C (35.83±0.70 mm Hg). Similarly, at 20 

minutes, the highest value was noticed in group A (53.67±0.67 mm Hg) than that of group B (50.50±0.76 mm 

Hg) and C (36.50±0.7 mm Hg). While at 30 minutes, the highest value was observed in group A (54.00±0.86) as 

compared to group B (51.00±0.58 mm Hg) and C (37.17±0.87 mm Hg). Moreover at 40 minutes, the highest 

value was found in group A (56.00±0.86 mm Hg) followed by group B (53.67±0.71 mm Hg) and group C 

(37.83±0.95 mm Hg). The highest value was also observed in group A (57.33±0.84 mm Hg) than group B 

(54.50±0.7 mm Hg) and C (38.17±0.79 mm Hg) at 50 minutes after the maintenance of anesthesia. While at 60 

minutes, the highest value was found in group A (58.50±0.76) followed by group B (55.83±0.95 mm Hg) and C 

(39.17±0.79 mm Hg). A statistically significant (p<0.05) increasing trend of the partial pressure of carbon 

dioxide was observed within group A (34.00±0.73 to 58.50±0.76 mm Hg), group B (33.00±0.73 to 55.83±0.95 

mm Hg) and group C (32.00±0.63 to 39.17±0.79 mm Hg) with a peak increase at 60 min (Table 6.4). 

6.5.4.3.  Oxygen hemoglobin saturation (SpO2 % )  

The comparison among the treatment groups revealed that oxygen hemoglobin saturation differed significantly 

(p<0.05) at different time intervals after treatment. The minimum changes were observed in group C than group 

A and B (Table 6.4). At 1 minute after induction, the highest value of oxygen hemoglobin saturation was 

observed in group C (90.83±0.48%) followed by group B (87.33±0.84%) and A (86.67±0.99%). While, at 10 

minutes after maintenance, the highest value was also noticed in group C (90.50±0.62%) than group B 

(86.50±0.67%) and A (86.00±0.73%). Similarly, at 20 minutes, the highest value was found in group C 

(90.50±0.62%) as compared to group B (86.33±0.99%) and A (85.67±0.71%). Moreover at 30 minutes, the 

highest value was observed in group C (90.00±0.63%) than group A (85.17±1.08%) and B (85.17±0.83%). While 

at 40 minutes, the highest value was found in group C (89.83±0.60%) as compared to group A (84.67±0.92%) 

and B (84.67±0.67%). The highest value of oxygen hemoglobin saturation was also observed in group C 

(89.67±0.49%) than that of group A (84.17±0.70%) and B (84.17±0.83%) at 50 minutes after maintenance of 

anesthesia. At 60 minutes, the highest value was also found in group C (89.50±0.62%) than group A 

(83.00±0.52%) and B (83.83±0.87%). The statistical analysis indicated a significant (p<0.05) decreasing trend of 

oxygen hemoglobin saturation within groups A (91.00±0.86 to 83.00±0.52%) and B (90.00±0.73 to 
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83.83±0.87%) and a non-significant (p>0.05) decreasing trend within group C (92.00±0.52 to 89.50±0.62%) with 

a peak decrease at 60 min (Table 6.4). 

 

Table 6.4. Mean (±S.E.) values of the partial pressure of oxygen (PaO2), carbon dioxide (PaCO2) and 

oxygen hemoglobin saturation (SpO2) after administration of detomidine, midazolam, propofol and 

ketamine using constant rate infusion in goats during rumenotomy 

The upper case superscripts indicate differences (p<0.05) among treatment groups  

The lower case superscripts indicate differences (p<0.05) within treatment groups 

  

Parameter Time 
Treatment Groups 

p-value 
A B C 

Partial pressure 

of oxygen  

(mm Hg) 

0 min 82.00±0.73aA 81.00±0.93aA 80.00±1.10aA 0.3419 

1 min 77.17±0.60bA 77.00±1.10bA 78.83±1.05aA 0.3398 

10 min 74.50±0.76cB 76.00±1.10bAB 78.17±1.01aA 0.0519 

20 min 73.50±0.76cdB 76.00±1.10bAB 78.17±1.01aA 0.0135 

30 min 73.67±0.67cdB 75.00±1.10bB 78.00±0.93aA 0.0130 

40 min 72.83±0.65cdB 75.00±1.10bB 77.83±0.83aA 0.0041 

50 min 72.00±0.73dB 74.00±1.10bB 77.67±0.76aA 0.0013 

60 min 72.00±0.73dB 74.00±1.10bB 77.33±0.61aA 0.0015 

p-value <.0001 0.0010 0.5886  

Partial pressure 

of carbon dioxide 

(mm Hg) 

0 min 34.00±0.73fA 33.00±0.73eA 32.00±0.63cA 0.1639 

1 min 43.67±0.84eA 41.50±0.76dA 35.67±0.67bC <.0001 

10 min 49.33±0.67dA 45.67±0.88cB 35.83±0.70bC <.0001 

20 min 53.67±0.67cA 50.50±0.76bB 36.50±0.76bC <.0001 

30 min 54.00±0.86cA 51.00±0.58bB 37.17±0.87abC <.0001 

40 min 56.00±0.86bcA 53.67±0.71aA 37.83±0.95abB <.0001 

50 min 57.33±0.84abA 54.50±0.76aB 38.17±0.79abC <.0001 

60 min 58.50±0.76aA 55.83±0.95aB 39.17±0.79aC <.0001 

p-value <.0001 <.0001 <.0001  

Oxygen 

haemoglobin 

Saturation 

 (%) 

0 min 91.00±0.86aA 90.00±0.73aA 92.00±0.52aA 0.1758 

1 min 86.67±0.99bB 87.33±0.84bB 90.83±0.48abA 0.0047 

10 min 86.00±0.73bB 86.50±0.67bcB 90.50±0.62abA 0.0005 

20 min 85.67±0.71bB 86.33±0.99bcdB 90.50±0.62abA 0.0011 

30 min 85.17±1.08bcB 85.17±0.83bcdB 90.00±0.63bA 0.0015 

40 min 84.67±0.92bcB 84.67±0.67cdB 89.83±0.60bA 0.0002 

50 min 84.17±0.70bcB 84.17±0.83cdB 89.67±0.49bA <.0001 

60 min 83.00±0.52cB 83.83±0.87dB 89.50±0.62bA <.0001 

p-value <.0001 <.0001 0.0829  



EXPERIMENT NO. 4 

90 
 

 
 

 
 

 
 

Figure 6.4. Effects of various anesthetic protocols on partial pressure of oxygen, carbon dioxide and oxygen 

haemoglobin saturation using constant rate infusion in goats undergoing rumenotomy  

  

70

75

80

85

0 min 1 min 10 min 20 min 30 min 40 min 50 min 60 min

P
a
O

2
 (

m
m

 H
g
)

Treatment groups

Partial pressure of oxygen (mm Hg)

A B C

20

25

30

35

40

45

50

55

60

65

0 min 1 min 10 min 20 min 30 min 40 min 50 min 60 min

P
a

C
O

2
 (

m
m

H
g
)

Treatment groups

Partial pressure of carbon dioxide (mm Hg)

A B C

80

82

84

86

88

90

92

94

0 min 1 min 10 min 20 min 30 min 40 min 50 min 60 min

S
p

O
2

  
(%

)

Treatment groups

Oxygen Haemoglobin Saturation (%)

A B C



EXPERIMENT NO. 4 

91 
 

6.5.5. Evaluation of haematological parameters 

6.5.5.1.  Packed cell volume (%) 

The packed cell volume (%) differed non-significantly (p>0.05) among or within all groups at different time 

intervals during the observation period. The minimum reduction in packed cell volume was observed in group C 

as compared to group A and B (Table 6.5). At 15 minutes after induction and maintenance of anesthesia, the 

highest value of packed cell volume was observed in group C (28.16±0.24%) than that of group B (28.13±0.28%) 

and A (27.62±0.30%). While at 30 minutes, the highest value was found in group C (27.99±0.25%) followed by 

group B (27.89±0.22%) and A (27.34±0.15%). Similarly, at 60 minutes, the highest value was also found in 

group C (27.78±0.25%) followed by group B (27.69±0.09%) and A (27.38±0.15%). The statistical analysis 

showed a non-significant (p>0.05) decreasing trend of packed cell volume within groups A (28.15±0.33 to 

27.38±0.15%), B (28.68±0.36 to 27.69±0.09%) and C (28.45±0.31 to 27.78±0.25%) with a peak decrease at 60 

min (Table 6.5).  

6.5.5.2.  Hemoglobin Concentration (g/dl) 

The comparison among treatment groups revealed that hemoglobin concentration differed non-significantly 

(p>0.05) at 15 minutes after treatment then differed significantly (p<0.05) throughout the observation period. The 

minimum changes were observed in group C than group A and B (Table 6.5). At 15 minutes after treatment, the 

highest value of hemoglobin concentration was observed in group B (8.27±0.06 g/dl) followed by group A 

(8.15±0.04 g/dl) and C (8.11±0.05 g/dl).While at 30 minutes, the highest value was found in group B (8.39±0.06 

g/dl) than that of group C (8.07±0.05 g/dl) and A (8.06±0.03 g/dl). Similarly, at 60 minutes, the highest value 

was observed in group B (8.42±0.06 g/dl) than group C (8.04±0.05 g/dl) and group A (8.03±0.02 g/dl). A 

statistically significant (p<0.05) decreasing trend of hemoglobin concentration was observed within group A 

(8.24±0.08 to 8.03±0.02 g/dl) and a non-significant (p>0.05) decreasing trend within group C (8.17±0.06 to 

8.04±0.05 g/dl) with a peak decrease at 60 min. However, a non-significant (p>0.05) increasing trend was found 

within group B (8.20±0.06 to 8.42±0.06 g/dl) with a peak increase at 60 min (Table 6.5). 

6.5.5.3.  Total erythrocyte count (1012/l) 

The mean value of total erythrocyte count differed non-significantly (p>0.05) among or within all groups at 

different time intervals during the observation period. The minimum changes were observed in group C as 

compared to group A and B (Table 6.5). At 15 minutes after treatment, the highest value of total erythrocyte 

count was found in group B (13.46±0.25) followed by group C (13.29±0.17) and A (12.91±0.17). Similarly, at 30 

minutes, the highest value was observed in group B (13.25±0.31) than group C (13.21±0.17) and A (12.84±0.17). 

While at 60 minutes, the highest value was found in groups B (13.19±0.28) and C (13.19±0.17) as compared to 

group A (12.77±0.17). The statistical analysis showed a non-significant (p>0.05) decreasing trend of total 

erythrocyte count within groups A (13.25±0.05 to 12.77±0.17), B (13.78±0.20 to 13.19±0.28) and C (13.55±0.17 

to 13.19±0.17) with a peak decrease at 60 min (Table 6.5). 

6.5.5.4.  Total leukocyte count (109/l) 

The total leukocyte count differed non-significantly (p>0.05) among groups and significantly (p<0.05) within 

groups at different time intervals during the observation period (Table 6.5). At 15 minutes after treatment, the 

highest total leukocyte count was found in group B (11.19±0.16) followed by group A (11.16±0.12) and C 

(11.02±0.18). Similarly, at 30 minutes, the highest total leukocyte count was observed in group B (11.59±0.18) 

than that of group A (11.56±0.13) and C (11.10±0.17). The highest total leukocyte count was also observed in 

group B (12.33±0.18) followed by group A (12.12±0.09) and C (12.04±0.16). A statistically significant (p<0.05) 

increasing trend of total leukocyte count was found within groups A (10.73±0.07 to 12.12±0.09), B (10.76±0.07 

to 12.33±0.18) and C (10.74±0.09 to 12.04±0.16) with a peak increase at 60 min. 
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Table 6.5. Mean (±S.E.) values of packed cell volume (%), hemoglobin (g/dl), total erythrocyte count 

(1012/l) and total leukocyte count (109/l) after administration of detomidine, midazolam, propofol and 

ketamine using constant rate infusion in goats during rumenotomy 

The upper case superscripts indicate differences (p<0.05) among treatment groups  

The lower case superscripts indicate differences (p<0.05) within treatment groups       
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Parameter Time 
Treatment Groups 

p-value 
A B C 

Packed cell 

volume (%) 

0 min 28.15±0.33aA 28.68±0.36aA 28.45±0.31aA 0.5349 

15 min 27.62±0.30abA 28.13±0.28abA 28.16±0.24aA 0.3263 

30 min 27.34±0.15bB 27.89±0.22bAB 27.99±0.25aA 0.0912 

60 min 27.38±0.15bA 27.69±0.09bA 27.78±0.25aA 0.2649 

p-value 0.1116 0.0637 0.3462  

Hemoglobin (g/dl) 

0 min 8.24±0.08aA 8.20±0.06bA 8.17±0.06aA 0.7550 

15 min 8.15±0.04abA 8.27±0.06abA 8.11±0.05aA 0.1501 

30 min 8.06±0.03bB 8.39±0.06aA 8.07±0.05aB 0.0003 

60 min 8.03±0.02bB 8.42±0.06aA 8.04±0.05aB <.0001 

p-value 0.0246 0.0590 0.4068  

Total erythrocyte 

count (1012/l) 

0 min 13.25±0.05aB 13.78±0.20aA 13.55±0.17aAB 0.0833 

15 min 12.91±0.17aA 13.46±0.25aA 13.29±0.17aA 0.1764 

30 min 12.84±0.17aA 13.25±0.31aA 13.21±0.17aA 0.3824 

60 min 12.77±0.17aA 13.19±0.28aA 13.19±0.17aA 0.3085 

p-value 0.1477 0.3973 0.4403  

Total leukocyte 

count (109/l) 

0 min 10.73±0.07dA 10.76±0.07cA 10.74±0.09bA 0.9432 

15 min 11.16±0.12cA 11.19±0.16bcA 11.02±0.18bA 0.7072 

30 min 11.56±0.13bAB 11.59±0.18bA 11.10±0.17bB 0.0800 

60 min 12.12±0.09aA 12.33±0.18aA 12.04±0.16aA 0.3962 

p-value <.0001 <.0001 <.0001  
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Figure 6.5. Effects of various anesthetic protocols on hemoglobin, total erythrocyte and total leukocyte count 

using constant rate infusion in goats undergoing rumenotomy 
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6.5.6. Evaluation of biochemical parameters 

6.5.6.1. Serum glucose (mg/dl) 

The serum glucose level differed significantly (p<0.05) among or within all groups during the observation period 

(Table 6.6). The maximum increase in serum glucose level was found in group A than group B and C. At 15 

minutes after treatment, the highest value of serum glucose was found in group A (73.33±1.82 mg/dl) followed 

by group B (65.67±1.71 mg/dl) and C (64.67±0.67 mg/dl). Similarly, at 30 minutes, the highest value was also 

observed in group A (74.67±1.38 mg/dl) followed by group B (70.83±1.87 mg/dl) and C (68.67±0.67 mg/dl). 

Moreover at 60 minutes, the highest value was also found in group A (75.83±0.91 mg/dl) as compared to group 

B (72.50±1.48 mg/dl) and C (70.33±0.80 mg/dl). The statistical analysis indicated a significant (p<0.05) 

increasing trend of serum glucose within groups A (49.33±1.28 to 75.83±0.91 mg/dl), B (50.83±1.17 to 

72.50±1.48 mg/dl) and C (47.17±1.08 to 70.33±0.80 mg/dl) with a peak increase at 60 min (Table 6.6). 

6.5.6.2. Total plasma protein (g/dl) 

The total plasma protein value differed non-significantly (p>0.05) among or within all groups before and after 

treatment (Table 6.6). The minimum changes were observed in groups C and A as compared to group B at 

different time intervals during the observation period. At 15 minutes after treatment, the highest total plasma 

protein values were observed in groups C (6.27±0.01 g/dl) and B (6.27±0.00 g/dl) than that of group A 

(6.26±0.00 g/dl).  While, at 30 and 60 minutes, the highest value was found in group C (6.27±0.00 g/dl) followed 

by groups A and B (6.26±0.00 g/dl) for each. The statistical analysis indicated a non-significant (p>0.05) 

decreasing trend of total plasma protein within group A (6.27±0.01to 6.26±0.00 g/dl), group B (6.29±0.01 to 

6.26±0.00 g/dl) and group C (6.28±0.01 to 6.27±0.00 g/dl) with a peak decrease at 30 and 60 min (Table 6.6). 

6.5.6.3. Cortisol level (ng/ml) 
The cortisol level differed significantly (p<0.05) among or within all groups after treatment (Table 6.6). The 

minimum changes were observed in group C followed by group A and B at different time intervals during the 

observation period. At 15 minutes after treatment, the highest cortisol level was observed in group B (29.68±0.52 

ng/ml) followed by group A (28.22±0.57 ng/ml) and C (19.74±0.40 ng/ml). Similarly, at 30 minutes, the highest 

cortisol level was found in group B (35.96±0.57 ng/ml) than that of group A (34.47±0.62 ng/ml) and C 

(21.75±0.57 ng/ml). The highest cortisol level was also observed in group B (39.46±0.69 ng/ml) followed by 

group A (37.47±0.60 ng/ml) and C (22.62±0.63 ng/ml) at 60 minutes after treatment. A statistically significant 

(p<0.05) increasing trend of cortisol level was observed within groups A (15.01±0.16 to 37.47±0.60 ng/ml), B 

(15.32±0.10 to 39.46±0.69 ng/ml) and group C (15.19±0.06 to 22.62±0.63 ng/ml) with a peak increase at 60 min 

(Table 6.6). 

6.5.6.4. Alanine aminotransferase (ALT, U/L) 

The alanine aminotransferase values differed non-significantly (p>0.05) among or within all groups before and 

after treatment (Table 6.6). The minimum changes were observed in group C followed by group A and B at 

different time intervals during the observation period. At 15 minutes after treatment, the highest alanine 

aminotransferase values were observed in groups C (12.50±0.22 U/L) and B (12.50±0.43 U/L) as compared to 

group A (11.83±0.31 U/L). While at 30 minutes, the highest alanine aminotransferase value was found in group 

B (13.17±0.48 U/L) followed by group C (12.83±0.31 U/L) and A (12.33±0.42 U/L). Similarly at 60 minutes, the 

highest alanine aminotransferase value was also found in group B (13.17±0.48 U/L) followed by group C 

(13.00±0.26 U/L) and A (12.83±0.40 U/L). The statistical analysis revealed a non-significant (p>0.05) increasing 

trend of alanine aminotransferase within group A (11.33±0.42 to 12.83±0.40 U/L), group B (11.67±0.42 to 

13.50±0.56 U/L) and group C (12.00±0.37 to 13.00±0.26 U/L) with a peak increase at 60 min (Table 6.6).  

6.5.6.5. Aspartate aminotransferase (AST, U/L) 

The aspartate aminotransferase values differed non-significantly (p>0.05) among or within all groups before and 

after treatment (Table 6.6). The minimum changes were observed in group C followed by group B and A at 

different time intervals during the observation period. At 15 minutes after treatment, the highest aspartate 

aminotransferase value was observed in group C (21.67±0.21 U/L) followed by group B (21.33±0.33 U/L) and A 

(21.17±0.31 U/L). While at 30 minute, the highest value was found in group B (21.83±0.31 U/L) than group C 

(21.67±0.21 U/L) and A (21.50±0.22 U/L). Similarly at 60 minutes, the highest value was also observed in group 

B (22.00±0.26 U/L) as compared to groups A and C (21.83±0.31 U/L) for each. A statistically non-significant 

(p>0.05) increasing trend of aspartate aminotransferase was observed within groups A (20.67±0.33 to 21.83±0.31 
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U/L), B (21.00±0.26 to 22.00±0.26 U/L) and group C (21.33±0.21 to 21.83±0.31 U/L) with a peak increase at 60 

min (Table 6.6).  

 

 

6.5.6.6. Alanine phosphatase (ALP, U/L) 

The alanine phosphatase values differed non-significantly (p>0.05) among or within all groups before and after 

treatment (Table 6.6). The minimum changes were observed in group C followed by group B and A at different 

time intervals during the observation period. At 15 minutes after treatment, the highest alanine phosphatase value 

was observed in group C (300.83±0.40 U/L) followed by group B (300.50±0.34 U/L) and A (299.50±0.67 U/L). 

While at 30 minutes, the highest value was found in group B (301.33±0.33 U/L) followed by group C 

(301.00±0.37 U/L) and A (300.00±0.58 U/L). Similarly, at 60 minutes, the highest value was observed in group 

B (301.67±0.42 U/L) followed by group C (301.17±0.31 U/L) and group A (300.67±0.56 U/L). The statistical 

analysis indicated a non-significant (p>0.05) increasing trend within group A (298.17±0.79 to 300.67±0.56 U/L), 

group B (299.83±0.79 to 301.67±0.42 U/L) and group C (300.33±0.67 to 301.17±0.31U/L) with a peak increase 

at 60 min (Table 6.6).  

6.5.6.7. Blood urea nitrogen (BUN mg/dl) 

The blood urea nitrogen values differed non-significantly (p>0.05) among or within all groups before and after 

treatment (Table 6.6). The minimum changes were observed in group C followed by group A and B at different 

time intervals during the observation period. At 15 minutes after treatment, the highest blood urea nitrogen value 

was observed in group C (15.83±0.31 mg/dl) followed by group A (15.33±0.21 mg/dl) and B (15.00±0.37 mg/dl). 

Similarly at 30 minutes, the highest value was also observed in group C (16.00±0.26 mg/dl) followed by group A 

(15.83±0.31 mg/dl) and B (15.33±0.21 mg/dl).  Moreover at 60 minutes, the highest value was found in group A 

(16.17±0.17 mg/dl) and C (16.17±0.31 mg/dl) than group B (15.83±0.31 mg/dl). A non-significant (p>0.05) 

increasing trend of blood urea nitrogen was observed within group A (15.00±0.37 to 16.17±0.31 mg/dl), group B 

(14.50±0.43 to 15.83±0.31 mg/dl) and group C (15.50±0.22 16.17±0.17 mg/dl) with a peak increase at 60 min 

(Table 6.6). 

6.5.6.8. Creatinine (mg/dl) 

The creatinine values differed non-significantly (p>0.05) among or within all groups before and after treatment 

(Table 6.6). The minimum changes were observed in group C than group A and B at different time intervals 

during the observation period. At 15 and 30 minutes after treatment, the highest creatinine value was observed in 

group B (1.56±0.00 mg/dl) than groups A and C (1.55±0.00 mg/dl) for each. Similarly at 60 minutes, the highest 

value was found in group B (1.57±0.01 mg/dl) than groups A and C (1.56±0.00 mg/dl) for each. The statistical 

analysis showed a non-significant (p>0.05) increasing trend for creatinine within group A (1.54±0.01 to 

1.56±0.00mg/dl), group B (1.55±0.01 to 1.57±0.01 mg/dl) and group C (1.55±0.00 to 1.56±0.00 mg/dl) with a 

peak increase at 60 min (Table 6.6).  
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Table 6.6. Mean (±S.E.) values of glucose (mg/dl), total plasma protein (g/dl), cortisol level (ng/ml), alanine 

aminotransferase (U/L), aspartate aminotransferase (U/L), alanine phosphatase (U/L), blood urea nitrogen 

(mg/dl) and creatinine (mg/dl) after administration of detomidine, midazolam, propofol and ketamine 

using constant rate infusion in goats during rumenotomy 

The upper case superscripts indicate differences (p<0.05) among treatment groups  

The lower case superscripts indicate differences (p<0.05) within treatment groups 

  

Parameter Time 
Treatment Groups 

p-value 
A B C 

Glucose 

(mg/dl) 

0 min 49.33±1.28bAB 50.83±1.17cA 47.17±1.08cB 0.1203 

15 min 73.33±1.82aA 65.67±1.71bB 64.67±0.67bB 0.0017 

30 min 74.67±1.38aA 70.83±1.87aAB 68.67±0.67aB 0.0255 

60 min 75.83±0.91aA 72.50±1.48aB 70.33±0.80aB 0.0103 

p-value <.0001 <.0001 <.0001  

Total plasma 

protein  

(g/dl) 

0 min 6.27±0.01aA 6.29±0.01aA 6.28±0.01aA 0.2956 

15 min 6.26±0.00aA 6.27±0.00abA 6.27±0.01aA 0.1657 

30 min 6.26±0.00aB 6.26±0.00bAB 6.27±0.00aA 0.0698 

60 min 6.26±0.00aB 6.26±0.00bAB 6.27±0.00aA 0.0814 

p-value 0.1144 0.0653 0.4026  

Cortisol level 

(ng/ml) 

0 min 15.01±0.16dA 15.32±0.10dA 15.19±0.06dA 0.1947 

15 min 28.22±0.57cA 29.68±0.52cA 19.74±0.40cB <.0001 

30 min 34.47±0.62bA 35.96±0.57bA 21.75±0.57bB <.0001 

60 min 37.47±0.60aB 39.46±0.69aA 22.62±0.63aC <.0001 

p-value <.0001 <.0001 <.0001  

Alanine 

aminotransferase 

(U/L) 

0 min 11.33±0.42bA 11.67±0.42bA 12.00±0.37bA 0.5207 

15 min 11.83±0.31abA 12.50±0.43abA 12.50±0.22abA 0.2875 

30 min 12.33±0.42abA 13.17±0.48aA 12.83±0.31abA 0.3187 

60 min 12.83±0.40aA 13.50±0.56aA 13.00±0.26aA 0.5296 

p-value 0.0712 0.0607 0.1129  

Aspartate 

aminotransferase 

(U/L) 

0 min 20.67±0.33bA 21.00±0.26bA 21.33±0.21aA 0.2548 

15 min 21.17±0.31abA 21.33±0.33abA 21.67±0.21aA 0.4771 

30 min 21.50±0.22abA 21.83±0.31abA 21.67±0.21aA 0.6514 

60 min 21.83±0.31aA 22.00±0.26aA 21.83±0.31aA 0.8977 

p-value 0.0645 0.0900 0.5230  

Alanine 

phosphatase 

(U/L) 

0 min 298.17±0.79bA 299.83±0.79bA 300.33±0.67aA 0.1375 

15 min 299.50±0.67abA 300.50±0.34abA 300.83±0.40aA 0.1719 

30 min 300.00±0.58abB 301.33±0.33abA 301.00±0.37aAB 0.1156 

60 min 300.67±0.56aA 301.67±0.42aA 301.17±0.31aA 0.3052 

p-value 0.0804 0.0766 0.6089  

Blood urea 

nitrogen  

(mg/dl) 

0 min 15.00±0.37bA 14.50±0.43bA 15.50±0.22aA 0.1639 

15 min 15.33±0.21abA 15.00±0.37abA 15.83±0.31aA 0.1783 

30 min 15.83±0.31abA 15.33±0.21abA 16.00±0.26aA 0.2063 

60 min 16.17±0.31aA 15.83±0.31aA 16.17±0.17aA 0.6089 

Creatinine 

(mg/dl) 

p-value 0.0587 0.0687 0.2846  

0 min 1.54±0.01bA 1.55±0.01aA 1.55±0.00aA 0.1495 

15 min 1.55±0.00abB 1.56±0.00aA 1.55±0.00aAB 0.1244 

30 min 1.55±0.00abA 1.56±0.00aA 1.55±0.00aA 0.5546 

60 min 1.56±0.00aA 1.57±0.01aA 1.56±0.00aA 0.1232 

p-value 0.0782 0.1596 0.4575  
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Figure 6.6. Effects of various anesthetic protocols on glucose, total plasma protein and cortisol level using 

constant rate infusion in goats undergoing rumenotomy 
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Figure 6.7. Effects of various anesthetic protocols on alanine aminotransferase, aspartate aminotransferase and 

alanine phosphatase using constant rate infusion in goats undergoing rumenotomy 
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Figure 6.8. Effects of various anesthetic protocols on blood urea nitrogen and creatinine using constant rate 

infusion in goats undergoing rumenotomy 

6.6. DISCUSSION 

The present study was planned to evaluate the comparative efficacy of propofol and ketamine administered alone 

or combined, using constant rate infusion in premedicated goats during pain management. The total intravenous 

anesthesia maintained with detomidine-midazolam-propofol-ketamine produced comparatively deep sedation and 

excellent analgesia than detomidine-propofol and midazolam ketamine. The deep sedation and excellent 

analgesia remained consistent throughout the maintenance period. The deep sedation may be attributed to the 

combined sedative effects of detomidine, propofol and ketamine while, excellent analgesia could have resulted 

due to the combined analgesic effects of detomidine, ketamine and midazolam. The excellent analgesia and deep 

sedation might be obtained due to synergism between detomidine-midazolam and propofol-ketamine. However, 

the synergic mechanism of action is unknown. The synergistic interaction between detomidine-daizepam 

(Salonen et al. 1992) and propofol-ketamine (Arora, 2008) have also been reported in some earlier studies. 

Propofol and ketamine when administered combined resulted in excessive depth of sedation and excellent 

analgesia (Loh and Dalen 2007; Arora, 2008). The combination of sedative or anesthetic drugs reinforced the 

sedative and analgesic actions of the single drug (Raušer and Lexmaulova 2002). In the present study, the total 

intravenous anesthesia maintained with detomidine-midazolam-propofol-ketamine resulted in comparatively a 

rapid and smooth induction, excellent muscle relaxation and smooth recovery than other treatment groups.  
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The smooth induction could have resulted due to the combined muscle relaxing effects of detomidine, midazolam 

and propofol that was also reported in some earlier studies (Matthews et al. 1993; Amin and Najim 2011). The 

smooth recovery might be due to the noncumulative effect of propofol and midazolam as that of reported by 

Dzikiti et al. (2009) and Doherty and Greene (2002). The smooth induction, excellent muscle relaxation along 

with smooth and uneventful recovery could be probably attributable through a synergistic interaction among 

detomidine, midazolam, propofol and ketamine. These results are in agreement with findings of Larenza et al. 

(2005) who reported that the maintenance of anesthesia with combination of propofol-ketamine showed an 

excellent recovery in goats. The infusion of propofol plus ketamine had resulted in satisfactory anaesthesia with 

rapid onset and smooth recovery (Zonca et al. 2012). The combination of detomidine-midazolam-propofol-

ketamine provided comparatively a reliable maintenance of anaesthesia along-with maximum increase in 

duration than other treatment groups. The increase in duration of anesthesia in the present study could have 

resulted due to combined sedative effects of detomidine, midazolam, propofol and ketamine. While, the 

maximum increase in duration may be due to synergism effects between detomidine-midazolam and propofol-

ketamine. Administration of a combination of different anesthetic and preanesthetic had produced satisfactory 

anesthesia with prolonged duration (Potliya et al. 2015). Similar findings were also recorded in impala (Buck et 

al. 2017), calves (Mandagiri et al. 2015), donkey (Ghurashi et al. 2016), horses (Ishizuka et al. 2013; Umar et al. 

2006) and deer (Auer et al. 2010).  

In the present study, the total intravenous anesthesia maintained with detomidine-midazolam-propofol-ketamine 

showed a minimal negative impact on the cardiovascular function based on cardiovascular findings and 

maintained comparatively a more stable cardiovascular function than other treatment groups. It could have 

resulted from the fact that combination of various drugs resulted in fewer adverse effects compared with either 

drug alone. This is partly attributable to the fact that the potential adverse effects are mainly dose-dependent and 

when used in combination, the dose of each drug can be reduced, resulting in minimum adverse effects. The 

reduction in heart rate in the present study could have resulted due to the suppressive cardiovascular effects of 

detomidine compared to propofol and ketamine. This is partly attributable to the fact that the cardiovascular 

stimulatory effects of propofol and ketamine are antagonized with detomidine. So, tachycardia induced by 

ketamine and propofol was mainly masked by detomidine leading to net bradycardia as that of reported by 

Hopster et al. (2014). A non-significant reduction in heart rate noticed in the present study might be due to the 

inclusion of propofol which probably along-with ketamine counteracted the bradycardia action of detomidine to a 

greater extent. Bradycardia had been reported as a common cardiovascular effect of detomidine (Tunio et al. 

2016). Similar findings were also recorded in calves by Pawde (2000) who reported that detomidine-daizepam-

ketamine combination caused a non-significant reduction in heart rate. However, these findings are contrary to 

that recorded by Ali (2013) who reported that administration of detomidine-midazolam-ketamine caused a 

significant reduction in heart rate.  

In the present study, the total intravenous anesthesia maintained with detomidine-midazolam-propofol-ketamine 

resulted in comparatively less reduction in systolic, diastolic and mean arterial pressure than detomidine-propofol 

and midazolam-ketamine. This is partly attributable to the fact that the potential adverse effects are mainly dose-

dependent when used in combination, the dose of each drug can be reduced that resulted in minimum adverse 

effects. Secondly, it might be due to the fact that, the combined administration of propofol and ketamine showed 

antagonistic effects on arterial blood pressure resulting in improved cardiovascular stability. A decrease in blood 

pressure after administration of propofol (Dzikiti et al. 2010; Clarke et al. 2014; Sooryadas et al. 2011; Muir and 

Gadawski 2002; Leite et al. 2008) and an increase after administration of ketamine (Ilkiw et al. 1992) had been 

reported in earlier studies. Midazolam has been documented to maintain blood pressure (Mehlisch, 2002; Dzikiti 

et al. 2011).  

The combined administration of detomidine-midazolam-propofol-ketamine in the present study was found to 

maintain a more stable pulmonary function than detomidine-propofol and midazolam-ketamine. This might be 

due to the fact that the potential adverse effects are mainly dose-dependent, when used in combination the dose 

of each drug could be reduced, that lead to minimum adverse effects. This may be partly attributable to the fact 

that midazolam included in this protocol has respiratory stimulant activity and ketamine has bronchodilator 

activity, both helped to maintain a more stable pulmonary function by minimizing overall respiratory depressant 

effects of detomidine and propofol. The suppression of respiratory rate had been documented as a common 

adverse effect of xylazine (Clarke and Trim 2014) and propofol (Wiese et al. 2010). The reduction in rectal 

temperature in the present study was obtained probably due to direct depressant effect of drugs on brain in 

general and in particular hypothalamic thermoregulatory center. The rectal temperature may be reduced due to 
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low basal metabolic activity or suppressed muscle activity during anesthesia. Hypothermia had also been 

reported as common classical complication of detomidine (Maravi et al. 2018), midazolam (Al- Redah, 2011) 

and propofol (Bodh et al. 2013).  

In the present study, the combined administration of detomidine-midazolam-propofol-ketamine resulted in a 

minimum reduction in the partial pressure of oxygen (PaO2) and oxygen haemoglobin saturation (SpO2) than 

detomidine-propofol and midazolam-ketamine. This reduction could have resulted due to vasoconstriction or 

respiratory depressant activity of detomidine and propofol as that of reported in earlier studies (Kuusela et al. 

2000; Suarez et al. 2012; Maney et al. 2013; Mair et al. 2009). It may be due to the fact that the potential adverse 

effects are mainly dose-dependent when used in combination, the dose of each drug can be reduced, resulting in 

minimum adverse effects. The combined administration of detomidine-midazolam-propofol-ketamine also 

resulted in comparatively less increase in the partial pressure of carbon dioxide (PaCO2) than other treatment 

groups. As, no respiratory cessation and a better oxygen saturation was observed in the group maintained with 

combination of detomidine-midazolam-propofol-ketamine. So, it may be preferred in cases with compromised 

cardiovascular and respiratory function. These results are similar to that recorded by Guzel et al. (2006) who 

reported that propofol-diazepam when combined with etomidate resulted in a better oxygen saturation than 

propofol -diazepam alone in dogs. These results are also in line with findings of Umar et al. (2006) who found 

that horses treated with ketamine-medetomidine-propofol resulted in a significant increase in the partial pressure 

of carbon dioxide. The decrease in oxygen hemoglobin saturation had been documented as a common 

complication of medetomidine (Malik, 2008).  

In the present study, the minimum deviation in hematological parameters were found in the group maintained 

with a combination of detomidine-midazolam-propofol-ketamine than detomidine-propofol and midazolam-

ketamine. It could be obtained probably due to opposing hemodynamic effects of propofol and ketamine that 

ultimately lead to minimum adverse effects. The opposing hemodynamics effects of propofol and ketamine had 

also been reported in some earlier studies (Arora, 2008; Aouad et al. 2008; Sakai et al. 1999; Mair et al. 2009; 

Furuya et al. 2001; Srivastava et al. 2006). The minimum changes in hematological parameters might be due to 

the fact that combination of various drugs resulted in fewer adverse effects compared with either drug alone. This 

is partly attributable to the fact that the potential adverse effects are mainly dose-dependent when used in 

combination, the dose of each drug can be reduced, resulting in minimum adverse effects. The reduction in 

hemoglobin concentration, total erythrocyte count and packed cell volume in the present study might be 

attributed to the sequestration of red blood cells in the spleen that had also been reported in some earlier studies 

(Kinjavdekar et al. 2010; Singh et al. 2013; Al-Redah, 2011). It has been observed that both anesthetic and 

surgical stress induced some changes in normal hematological values but, these changes were temporary in 

nature and not of any clinical importance. These results are also similar to those recorded by Tandia (2010) who 

reported that midazolam-propofol-thiopentone sodium combination resulted in non-significant reduction in 

packed cell volume, total erythrocyte count and hemoglobin concentration in calves. These results were also in 

line with findings of Kelawala et al. (1991) who reported that propofol-ketamine-daizepam resulted in a non-

significant reduction in packed cell volume, total erythrocyte count and hemoglobin concentration in goats. In the 

present study, a significant increase in total leukocyte count was also observed in all groups. Similar findings 

were also reported in dogs (Sharma et al. 2010) and sheep & goats (Ismail et al. 2010).  

In the present study, the minimal changes in blood glucose level, total plasma protein, cortisol level, alanine 

aminotransferase, aspartate aminotransferase, alanine phosphatase, blood urea nitrogen and creatinine were 

observed in the group maintained with a combination of detomidine-midazolam-propofol-ketamine than 

detomidine-propofol and midazolam-ketamine. It could have resulted from the fact that combination of various 

drugs resulted in fewer adverse effects compared with either drug alone. This is partly attributable to the fact that 

the potential adverse effects are mainly dose dependent when used in combination, the dose of each drug can be 

reduced resulting in minimum adverse effects. The increase in blood glucose level from baseline value was 

observed in all groups with a minimum increase in the group maintained with a combination of detomidine-

midazolam-propofol-ketamine. It may be as a result of hyperglycemic effect of ketamine, detomidine and 

propofol that was also reported in earlier studies (Saha et al 2005; Sharif and Abouazra 2009; Khan, 2006). The 

increased level of glucose might be obtained due to surgical stress during rumenotomy as reported in earlier 

studies (Udegbunam et al. 2012; Njoku, 2015). This is partly attributable to the fact that tissue damage during 

rumenotomy may activate the pain mediators. The activation of pain mediators forced the autonomic and central 

nervous systems to secrete the stress hormones which caused a delay in metabolism, utilization and synthesis of 

glucose or degradation of lipids which in return, increased the blood glucose level as reported by Singh et al. 
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(2003). The increased level of glucose noticed in the present study could have resulted due to suppression of 

insulin release from beta cells of pancreas or stimulation of glucagon release. This might be due to the fact that 

during period of anaesthesia and rumenotomy, there was a decrease in basal metabolic rate with negligible 

muscular activity that lead to decreased utilization of glucose.  

Similar findings were also reported in goats (Okwudili et al. 2014) and calves (Tandia, 2010). These findings are 

also similar to that recorded by Ismail et al. (2010) who reported that combination of xylazine-ketamine-

daizepam resulted in significant increase in blood glucose level in goat. The combined administration of 

detomidine-midazolam-propofol-ketamine resulted in comparatively less reduction in total plasma protein than 

detomidine-propofol and midazolam-ketamine. Similar findings were also reported in earlier studies (Montane et 

al. 2003; Sharma et al. 2001; Baishya, 2010; Rina et al. 2018). These results are also similar to that recorded by 

Tandia (2010) who reported that administration of midazolam-propofol-thiopentone sodium resulted in non-

significant reduction in total plasma protein in calves. These results are in agreement with the findings of Ismail 

et al. (2010) who reported non-significant increase in total plasma protein after administration of combination of 

xylazine-ketamine-daizepam in sheep and goat.  

In the present study, the combined administration of detomidine-midazolam-propofol-ketamine resulted in 

comparatively less increase in alanine aminotransferase, aspartate aminotransferase and alanine phosphatase than 

detomidine-propofol and midazolam-ketamine. This might be due to the fact that, combination of various drugs 

resulted in fewer adverse effects compared with either drug alone. The increase in liver enzymes in the present 

study might be obtained due to the depressant effects of drugs on hepatic blood flow that may cause mild 

depression of liver. Similar results were also recorded by Ismail et al. (2010) who reported a non-significant 

increase in alanine aminotransferase and aspartate aminotransferase after administration of xylazine-ketamine-

daizepam in sheep and goat. The combined administration of detomidine-midazolam-propofol-ketamine also 

resulted in a comparatively less increase in blood urea nitrogen and creatinine level as compared to detomidine- 

propofol and midazolam-ketamine. It could have resulted from the fact that combination of various drugs 

resulted in fewer adverse effects compared with either drug alone. The increase in blood urea nitrogen and 

creatinine level in the present study might be due to cessation of renal blood flow that may cause mild depression 

of kidney resulting in accumulation of nitrogenous substances in the blood. Similar findings were also reported in 

some earlier studies (Montane et al. 2003; Malik et al. 2011; Rina et al. 2018; Shah, 2008; Baisya, 2010). These 

results are also in line with the findings of Ismail et al. (2010) who found a non-significant increase in blood urea 

nitrogen and creatinine level after using xylazine-ketamine-daizepam in sheep and goat.  

In the present study, cortisol responses indicated that the combined administration of detomidine-midazolam-

propofol-ketamine induced less stress than detomidine-propofol and midazolam-ketamine during rumenotomy. 

Hence, a preferred anesthesia. The increase in cortisol level was observed in all treatment groups. It could have 

resulted probably due to nociceptive stimulation caused by severe surgical stress during rumenotomy that caused 

activation of adrenocorticotropic hormone secretion which in turn, increased cortisol release from the adrenal 

cortex as that of reported by Martín et al. (2001). In the present study, the stress response to surgical stimulation 

was more effectively suppressed by a combination of detomidine-midazolam-propofol-ketamine as compared to 

detomidine-propofol and midazolam-ketamine. This could be probably attributable through the strong analgesic 

action of combination of detomidine, midazolam and ketamine which are complementary to each other resulting 

in potentiating the analgesia which in turn, decreased the cortisol release. The stress response induced during 

superficial soft-tissue surgery was also attenuated by the use of propofol-fentanyl anesthesia in piglets as 

reported by Schöffmann et al. (2009). The suppression of cortisol release using combination of propofol-

midazolam had also been reported in patients undergoing goitre surgery (Misiolek et al. 2000). It might be due to 

the suppressive action of detomidine, midazolam and propofol on the adrenal steroidogenesis which in turn, 

decreased the cortisol secretion from the adrenal cortex. The suppressive action of propofol and alpha-2 agonists 

on the adrenal steroidogenesis was also reported by Sharif and Abouazra (2009) and Rizk (2012). The overall 

observation indicated that, although anesthetic and surgical stress induced changes in normal clinico-

physiological and haematobiochemical values but, these changes were transient in nature without any clinical 

importance.  

6.7. CONCLUSION 

It was concluded that total intravenous anesthesia achieved by a combination of detomidine-midazolam-

propofol-ketamine produced a satisfactory anaesthesia with a mild, transient changes in clinico-physiological and 

haematobiochemical parameters which remained within physiological limits.  
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CHAPTER 7 

SUMMARY 

Intravenous anesthesia is only the option to maintain general anesthesia during field surgeries. Two techniques 

were mostly preferred to maintain anesthesia with intravenous agents namely, multiple bolus technique and 

continuous infusion technique. Recently, intravenous anesthetic agents are being administered through 

conventional bolus technique that may not cause only the death of animal but also posed a big challenge for the 

surgeons. However, this challenge can be accomplished more effectively by introducing the concept of total 

intravenous anesthesia (TIVA) by using constant rate infusion technique. Total intravenous anaesthesia had 

become an emerging field in general anesthesia and had been developed and used in some species notably, dogs 

and horses but information regarding the development of total intravenous anesthesia (TIVA) protocol and its 

efficacy in ruminants is very scarce at the moment for which a comprehensive study was the need of time. So, 

keeping in view the new advancement in pharmacokinetics and pharmacodynamics properties of modern drugs, 

its sophisticated delivery systems and their safety margin in different species, this study was planned with two 

objectives; one was to evaluate the sedative and dose sparing effects of different doses of detomidine and 

midazolam and second was to develop a suitable total intravenous anesthesia (TIVA) technique by comparative 

efficacy of propofol and ketamine anesthesia using constant rate infusion in premedicated goats during pain 

management. The study was completed in two phases. During phase-1, three experiments were conducted to 

investigate sedative and dose sparing effects of three different doses of detomidine and midazolam. While during 

phase-2, experiment-4 was conducted to evaluate the comparative efficacy of propofol and ketamine anesthesia 

using constant rate infusion in pre-medicated goats during pain management. 

In the first experiment of phase-1, a total of twelve (12) healthy female goats were randomly divided into six 

treatment groups (A1, B1, C1, D1, E1 and F1) comprising two animals each. Group A1 animals were treated as a 

control group that after premedication with normal saline @ 0.2 ml/kg, received propofol @ 4.20±0.10 mg/kg 

body weight. Group B1 and C1 animals after premedication with detomidine @ 15 µg/kg body weight, received 

different doses of propofol and ketamine respectively. Similarly, Group D1 and E1 animals after sedation with 

midazolam @ 0.25 mg/kg body weight, received different doses of propofol and ketamine respectively. 

However, group F1 animals after premedication with a combination of detomidine+ midazolam @ 7 µg/kg+ 0.12 

mg/kg body weight, received different doses of a combination of propofol-ketamine to produce a level of 

anesthesia required for placing an endotracheal tube. During the experiment-2, in a total of twelve healthy female 

goats, were randomly divided into six treatment groups (A2, B2, C2, D2, E2 and F2) comprising two animals 

each. Group A2 animals were treated as a control group that premedicated with normal saline @ 0.2 ml/kg body 

weight followed fifteen minutes later by induction with ketamine @ 4.15±0.05 mg/kg body weight. Group B2 

and C2 animals after premedication with detomidine @ 20 µg/kg body weight were treated with different doses 

of propofol and ketamine respectively. Similarly, Group D2 and E2 animals after premedication with midazolam 

@ 0.30 mg/kg body were also treated with different doses of propofol and ketamine respectively. However, 

Group F 2 animals after premedication with combination of detomidine + midazolam @ 10 µg/kg + 0.15 mg/kg 

body weight, received different doses of combination of propofol-ketamine to produce a level of anesthesia 

necessary for placing an endotracheal tube. During experiment-3, in a total of twelve healthy female goats were 

randomly divided into six treatment groups (A3, B3, C3, D3, E3 and F3) comprising two animals each. Group 

A3 animals were treated as a control group, that premedicated with normal saline @ 0.2 ml/kg body weight 

followed fifteen minutes later by induction with combination of propofol + ketamine @ 2 mg/kg for each. Group 

B3 and C3 animals after premedication with detomidine @ 25 µg/kg body weight, received different doses of 

propofol and ketamine respectively. Similarly, Group D3 and E3 animals after sedation with midazolam @ 0.40 

mg/kg body weight, received different doses of propofol and ketamine respectively. However, group F3 animals 

after premedication with a combination of detomidine + midazolam @ 12 µg/kg+ 0.20 mg/kg body weight, 

received different doses of a combination of propofol-ketamine to produce a level of anesthesia required for 

placing an endotracheal tube. In all three experiments, the degree of sedation, analgesia, induction dose, % age 

reduction in induction dose, anesthesia quality and clinico-physiological parameters were evaluated throughout 

the observation period. All sedation regimens tested in this study caused sedation and reduction in induction 

dose. However, a significant deep sedation and analgesia, maximum % age reduction in induction dose and a 

better quality anesthesia with minimum negative impact on cardiopulmonary function were observed in the group 

treated with a combination of detomidine-midazolam-propofol-ketamine at all three doses.  
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During experiment-4, in total of eighteen (18) healthy female goats were randomly divided into three treatment 

groups (A, B and C) comprising six animals each. Group A animals were first sedated with detomidine @ 2.5 

µg/kg, followed by induction with propofol @ 4 mg/kg body weight and maintenance with constant rate infusion 

of (detomidine 2.5 µg/kg/hr + propofol 9.6 mg/kg/hr). While, in Group- B after sedation with midazolam @ 0.25 

mg/kg body weight, induction was done with ketamine @ 4 mg/kg body weight and maintenance with constant 

rate infusion of (midazolam @ 0.25 mg/kg/hr + ketamine 2.4 mg/kg/hr). Similarly, in Group C after 

premedication with combination of detomidine+ midazolam @ 1.2 µg/kg+ 0.12 mg/kg body weight, induction 

was done with combination of propofol + ketamine @ 1 mg/kg + 1 mg/kg body weight and maintenance with 

constant rate infusion of (detomidine 1.2 µg/kg/hr + midazolam 0.12 mg/kg/hr + propofol 4.5 mg/kg/hr + 

ketamine 1.2 mg/kg/hr) using a volumetric syringe-driving pump. Anesthesia was maintained for 60 minutes and 

rumenotomy was performed. Anesthetic, clinico-physiological and haematobiochemical parameters were 

evaluated. The overall observation on clinico-physiological and haematobiochemical parameters revealed that 

both anesthesia and surgical stress induced some alterations in their values but, these alterations were found 

temporary in nature without any clinical importance. However, the total intravenous anesthesia maintained with a 

combination of detomidine-midazolam-propofol-ketamine was proved to be the best drug combinations taking 

into account the anesthetic, clinico-physiological and haematobiochemical parameters. 


