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ABSTRACT	Comment by Dell: Rewrite and Improve abstract!
The present This study was designed to evaluate the effect on various haematological and biochemical parameters following administration of ketamine anaesthesia along with glycopyrrolate-diazepam, glycopyrrolate-butorphanol and glycopyrrolate-xylazine as preanaesthetics in buffalo 50 calves. Eighteen male surti or murrah or which breed, mention the breed??? buffalo calves were taken selected for the study and six calves were housed in a shed with two replications and marked A, B and C. divided into three groups (A, B and C) with six animals in each. Ten minutes prior to the anaesthetic administration, all All the buffalo calves were administrated glycopyrrolate @ 0.01 mg/ kg body.weight. through intramuscularly route prior to anaesthetic administration . Then the calves in all group A, B and C were animals of group A, B and C were premedicated intravenously with administered diazepam @ 0.5 mg/ kg body .weight., butorphanol @ 0.075 mg/ kg body .weight. and xylazine @ 0.16 mg/ kg body .weightt. respectively through intravenous route. Further, General anaesthesia was induced with ketamine @ 4 mg/ kg body.weight. intravenously. Haematological parameters vizsuch as . Hb, PCV, TEC, TLC and DLC and biochemical parameters viz.such as serum glucose, serum total protein, serum urea nitrogen and serum creatinine were also estimated before sedation (0) and at 30, 60,120 minute. and 6 hours post ketamine anaesthesia. Haematological studies revealed a non-significant decrease in Hb, PCV, TEC TLC and DLC following ketamine anaesthesia in all the groups. Hyperglycemia was noted in animals of all the groups after ketamine anaesthesia. Other biochemical parameters like serum total protein, serum urea nitrogen, and serum creatinine values showed non-significant changes at various time intervals but remained within normal physiological range. Therefore, it can be concluded that glycopyrrolate-diazepam-ketamine,glycopyrrolate-butorphanol-ketamine and glycopyrrolate-xylazine-ketamine combinations does not produce any deleterious effect on vital organs and changes remained within physiological limits, thus ketamine can be safely and effectively used as induction agent  in buffalo calves for general anaesthesia. 	Comment by Dell: Write exact sample size……..	Comment by Dell: Need to be careful with dose rate???? Silly mistakes	Comment by Dell: Name the drugs?????????????	Comment by Dell: Write estimated values for all parameters before sedation	Comment by Dell: Write full form and abbreviation in bracket	Comment by Dell: Mention p-value for all???????	Comment by Dell: No need to write procedure in abstract, just write the results.	Comment by Dell: Mention p-value for all parameters
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1. INTRODUCTION
General anaesthesia in large ruminants is very challenging due to high risk of regurgitation, tympany, cardiopulmonary depression and excessive salivation (citation, who said this?). Subsequently, to mitigate the challenges To avoid these complications, adult animals should beare fasted for 18-24 hours and deprived of water for 12-18 hours and calves should beare fasted 12-18 hours general and deprived of water for 8-12 hours prior to anaesthesia as per which decreases the likelihood of tympany and regurgitation (Singh et al., 2013). Intravenous general anaesthesia in large ruminants is simple and easy to administer requires no sophisticated instruments like inhalation anaesthesia but is associated with prolonged recovery and recumbency. As to minimize the undesirable effects of general anaesthesia, the search of drug combinations with appropriate pharmacokinetic and pharmacodynamic profiles for use in large ruminants is ongoing and there is need for an ideal anaesthetic agent in order to produce desired analgesia, sedation, relaxation, safety and comfort for body’s vital system, should be economical and easy to apply (Pemayun and Sudisma, 2020). Therefore, balanced anaesthesia is induced by a combination of drugs from different pharmacological groups which helps in rapid and smooth induction, adequate hypnosis, proper analgesia for surgical intervention, minimal suppression of vital organ functions, rapid, uncomplicated and complete recovery (Thurmon et al., 1996). 	Comment by Dell: Name the drugs??????
Drugs such as Ketamine is an N-methyl-D-aspartate receptor antagonist and induces a state called as dissociative anaesthesia and produces profound analgesia without muscle relaxation that is characterized by catatonic and amnesia with or without actual loss of consciousness (Hall and Clarke, 1991). So, ketamine may not be suitable alone for general anaesthesia owing to increased muscle tone and insufficient analgesia for surgical procedure (Riebold, 2007). Therefore, ketamine is primarily used for the induction and maintenance of general anaesthesia, usually in combination with other sedative drugs such as xylazine (Eze et al., 2004), butorphanol (Lin, 1996; Bodh et al., 2015; Maidanskaia et al., 2023) and diazepam (Pawde et el., 2000; Nain et al., 2010) which nullify the potential hypertensive caused by ketamine and providing muscle relaxation. Subsequently,  pPremedication results in easier handling of the patient, decreases salivary and mucosal secretions and minimizes the total dose of anaesthetics to produce the desired level of anaesthesia(citation, wgo said???). Further, Glycopyrrolate is anti-cholinergic drug which is quaternary ammonium salt and can be administered @ 0.01 mg/kg IM in buffalo calves that blocks cardiac vagus and thereby inhibit cardiac inhibitory effects along with alternation in haemodynamic parameters induced by xylazine in buffalo calves ( Potliya et al., 2015). 
Similarly, Diazepam is a benzodiazepine derivative and possesses anxiolytic, anticonvulsant, hypnotic, sedative, skeletal muscle relaxant and amnestic properties (Ragab et al., 2022). Additionally, Butorphanol tartrate is an opioid agonist- antagonist with good analgesic, antitussive and sedative properties which is known to induce only mild sedation and has minimum adverse effects to cardiovascular system in buffalo calves (Bodh et al., 2015).  Conversely, Xylazine is a thiazine derivates and very popular sedative, analgesic and muscle relaxant used in almost all species of small and large animals. Cattle and buffaloes are highly sensitive to xylazine and produces deep sedation even at low doses. Mostly large animal becomes recumbent with xylazine at dose of 0.05 to 0.1 mg/kg intravenously and the dose is generally doubled for intramuscular administration (Seddighi and Doherty, 2016). Surgical conditions requiring general anaesthesia are frequently encountered in buffaloes and scarcity oflimited literatures are is available on the systemic use of ketamine as induction agent in buffalo calves. Therefore, the presentthis study was carried out to evaluate the safety and effects of ketamine induction along with glycopyrrolate-diazepam, glycopyrrolate-butorphanol and glycopyrrolate-xylazine as premedicants in buffalo calves on various haematological and biochemical parameters. The undesirable systemic effects of these combinations in various organs can be revealed by studying the changes in haematological and biochemical parameters	Comment by Dell: Really?	Comment by Dell: Name few?	Comment by Dell: Which large animal??????????	Comment by Dell: ???
2. MATERIALS AND METHODS
2.1 Study site
The present work was This study was carried out in confinement of Department of Veterinary Surgery and Radiology at College of Veterinary Science and A.H., Anjora, Durg (C.G.)in India during January 2024 to June 2025. The study was undertaken after approval of Institutional Animal Ethical Committee (IAEC). 	Comment by Dell: Describe the study site, geo-cordinate, temperature, rainfall, agro-climatic condition.



Anaesthetic protocol2.2 Sampling 
The study was conducted on eighteen healthy male buffalo calves having body weight 80-100 kg and randomly divided into three groups A, B and C comprising six animals in each. The buffalo calves were dewormed with Tab Fenbendazole 150 mg @ 5 mg/kg body weight orally one month prior to the start of anaesthetic study. Ten minutes prior to the anaesthetic administration, all the buffalo calves were administrated glycopyrrolate @ 0.01 mg kg b.wt. intramuscularly. The animals of group A, B and C were premedicated intravenously with diazepam @ 0.5 mg kg b.wt., butorphanol @ 0.075 mg kg b.wt. and xylazine @ 0.16 mg kg b.wt. respectively. General anaesthesia was induced with ketamine @ 4 mg kg b.wt. intravenously. 	Comment by Dell: Mention average weight and SD
2.3 Data collection
Evaluation of Haematological parameters
The haemotological parameters estimated were haemoglobin (Hb), packed cell volume (PCV), total erythrocyte count (TEC), total leucocyte count (TLC), differential leucocyte count (DLC) for which 1 ml blood sample was collected from the jugular vein of each animal in vacutainer containing EDTA before premedication (0) and at 15, 30, 60, and 120 minutes post ketamine anaesthesia and accordingly it was recorded. These parameters were estimated by standard procedures using automatic haematological analyzer (H31 Benesphera).
Evaluation of biochemical parameters
Further, Ffor estimation of biochemical parameters, 2 ml blood was collected from jugular vein of each animal in vacutainers containing clot activator. Blood samples were collected from the animals before premedication (0) and at 15, 30, 60 and 120 minutes post induction with ketamine anaesthesia. The vials were kept in tilted position for one hour and serum was separated and collected in Eppendorf tubes for estimation of biochemical parameters. The following biochemical parameters were estimated vizs., namely Serum Glucose, Serum Total Protein, Serum Urea Nitrogen (SUN) and Serum Creatinine by standard procedures using semi-automated biochemical analyzer (Microlab 300) and accordingly recorded. 
2.4 Statistical analysis 
The data collected were entered in Microsoft Excel Sheet version 2010 and then exported to IBM SPSS version 20 and then the normality of the data was also checked using shapiro-wilk test and further, statistically analyzed using Analysis of variance (ANOVA) and Duncan’s Multiple range tests (DMRT). by SPSS v20 statistic software program and all All the data were expressed as with descriptive and inferential statistics. mean±Standard Error.  Statistically significant differences were considered at 5 percent level (5%).A p-value <0.05 was considered significant.
3. RESULTS AND DISCUSSIONS
3.1 Haematological parameters
The alternation in haematological parameters following induction with ketamine in buffalo calves at various time intervals in different groups is depicted in Table 1 and later on, these values gradually returned to normalcy at 120 min. of the observation period which remained within normal physiological range. A non-significant decrease in the haemoglobin and PCV (%) value was recorded at 15 min. interval in animals of group A and C, following diazepam-ketamine and xylazine-ketamine anaesthesia respectively. While group B showednon significantly decreased in haemoglobin and PCV (%) value up to 30 min interval after administration of butorphanol-ketamine anaesthesia. In the present study,The decrease in Hb and PCV was noted in all the three groups after induction with ketamine anaesthesia might be due to pooling of circulating blood cells in the spleen and other reservoirs secondary to decreased sympathetic activity (Kilic, 2008). Similar findings were also documented by Kumar et al. (2014 a) and (2014 b) in buffalo calves after diazepam-ketamine and midazolam-ketamine anaesthesia respectively. Canpolat et al. (2016) also reported non-significant decrease in haemoglobin but significant (P<0.05) decrease in PCV (%) value showed after medetomidine- ketamine anaesthesia in goats. The above findings are in concurrent with Pal et al. (2016) following aceprozamine-ketamine anaesthesia in buffalo calves. A similar decrease in haemoglobin, PCV level was also recorded by Ragab et al. (2022) after intravenous administration of dexmedetomidine-ketamine-propofol anaesthesia in goats. Singh et al. (2023) also observed a highly significant (P<0.05) decrease in Hb and PCV after xylazine-fentanyl in buffaloes. (Bubalus bubalis), because of an accumulation of blood cells in circulation triggered by sympathetic activity in the spleen or other reservoirs. While Ismail et al. (2010) reported decrease in haemoglobin but increase PCV value after xylazine-ketamine-anaesthesia in goats and sheep. On the contrary to our study, Verma et al. (2018) observed non-significant increase in Hb, PCV after administration of ketamine alone, dexmedetomidine-ketamine and butorphanol-ketamine in atropinized dogs and documented that increase in Hb and PCV might be due to stressful condition of anaesthesia as research was carried out in summer season. The decreased haemoglobin and PCV valuesin the present study might be attributed to sequestration of erythrocyte into spleen and extravascular compartment or haemodilution caused by water shift (Kumar et al., 2014 a). 
A non-significant decrease in TEC level was noted at 15 min. in group A (diazepam-ketamine) and B (butorphanol-ketamine), while animals of group C (xylazine-ketamine) also showed a non-significant decrease in TEC level up to 30min. post ketamine anaestheisa. The decrease in Total Erythrocyte Count might be due to increase in plasma volume during anaesthesia on account of vasodilatation resulting in vascular pooling (Pandey, 2017). Likewise, Umar and Wakil, (2013) also documented non significant decrease in Total Erythrocyte Count after medetomidine-ketamine administration in Sahel goats. The results are in agreement with earlier worker like Kilic (2008) in cattle, Abou-ahmad (2013) in goats and Venkantgiri et al. (2017) in cattle. In contrast to above study, Trimmel et al. (2022), reported a significant (P<0.05) fall in total erythrocyte count after administration of ketamine-midazolam-propofol in sheep.	Comment by Dell: Mention p-value?	Comment by Dell: p-value?	Comment by Dell: p-value?	Comment by Dell: Write all “p” value in italic and lower case!
There was significant decrease in Total Leucocyte Count (TLC) values up to 30 min in groups A, B and C respectively. Similar findings was recorded by Akter et al. (2020) after atropine-diazepam-ketamine anaesthesia in sheep and documented that, the pooling of circulating blood cells in the spleen and other reservoirs secondary to decreased sympathetic activity could be the reason for a decrease TLC following ketamine anaesthesia. In concurrent to our study, Gill (2013) found significant (P<0.05) decrease in total leucocyte count (TLC) values after administration of midazolam-butorphanol-ketamine-isoflurane anaesthesia in bovine. Rahman et al. (2021) also noted significant (P<0.05) decrease in total leucocyte count (TLC) values after atropine-xylazine-ketamine anaesthesia in sheep. Contrast to our study, Umar and Wakil, (2013) observed no significant difference in total leucocyte count (TLC) values after medetomidine-ketamine anaesthesia in Sahel goats. Ismail et al. (2010) reported that, both total WBC and differential leucocytes were increased in a study involving small ruminants using xylazine-ketamine-diazepam anaesthesia. In contrast to our study, Venkantgiri et al. (2017) reported non-significant increase in TLC after xylazine-ketamine induction in cattle. 	Comment by Dell: Search literature regarding buffalo and discuss it!!!
There was significant (Pp<0.05) increase in neutrophils corresponding significant (Pp<0.05) decrease in lymphocytes after the diazepam-ketamine anaesthesia in group A. Later on these values returned to normalcy at 120 min. of the observation period. Neutrophils count showed a significant (Pp<0.05) increase up to 30 min whereas lymphocyte count also showed significant (Pp<0.05) decrease upto 30 min. following diazepam-ketamine in group A and xylazine-ketamine anaesthesia in group C. While animals calves of group B exhibited similar pattern of non-significant increase of neutrophils and non-significant decrease up to 15 min after butorphanol-ketamine anaesthesia. There were non-significant changes in monocyte, eosinophil and basophil counts after ketamine anaesthesia in all the three groups of animals. In the present study, increased neutrophils count and corresponding decreased lymphocytes count might be due to the result of the stress caused by the pre-anaesthetic and anaesthetic drugs and subsequent stimulation of adrenal glands (Singh et al., 2013 and Venkantgiri et al., 2017). 	Comment by Dell: p-value?
These findings aligns with collaborate with Akhare et al. (2007) in goats after diazepam-ketamine anaesthesia and Gill (2013) in bovine following midazolam-butorphanol-ketamine-isoflurane anaesthesia. Contrast to our study, Umar and Wakil, (2013) and Verma et al. (2018) documented decrease in neutrophils count and corresponding increase in lymphocytes count, after medetomidine-ketamine anaesthesia in Sahel goats and dexmedetomidine-ketamine and butorphanol-ketamine anaesthesia in dogs respectively, which might be due to pooling of circulating blood cells in the spleen and other reservoirs secondary to decreased sympathetic activity. Similarly, Jaykrishnan (2022) also documented non significant decrease and increase in granulocytes and lymphocytes respectively, after dexmedetomidine-butorphanol-ketamine-midazolam-isoflurane-lignocaine anaesthesia in cattle. There was non-significant difference in monocytes, eosinophils and basophils in all the groups following ketamine anaesthesia at various time interval of the observation period. The present findings are in concurrent with Gill (2013) in bovine, Umar and Wakil (2013) in Sahel goats and Verma et al. (2018) in dogs after ketamine anaesthesia. In the present study, all the haematological parameters showed transient changes which were within the physiological limits and returned to base value at 120 min after ketamine anaesthesia, so there is no possibility of liver and kidney damage.	Comment by Dell: Search for cattle literature!!!!!!!!!
Table 1: Effect on Haematological Parameters following induction with ketamine in buffalo calves at various time interval in different groups (Mean±S.E.)
	Parameters
	Groups
(n=6)
	0 (min)
	15 (min)
	30 (min)
	60 (min)
	120 (min)

	
Hb (gm/dl)
	A
	11.29±0.22Ba
	10.75±0.19 Ba
	10.78±0.21Ba
	10.86±0.23Ba
	11.20±0.22 Ba

	
	B
	11.09±0.27Ba
	10.83±0.25Ba
	10.76±0.24Ba
	10.93±0.25Ba
	11.04±0.26 Ba

	
	C
	10.32±0.08Aa
	10.17±0.07 Aa
	9.72±0.11Ab
	10.09±0.10Aa
	10.29±0.21 Aa

	
PCV %
	A
	32.50±0.62 Aa
	31.50±0.67ABa
	32.00±0.36 Aa
	32.17±0.31 Aa
	32.67±0.42 Aa

	
	B
	33.00±0.73 Aa
	32.67±0.42Ba
	31.50±0.43 Aa
	32.00±0.57 Aa
	32.50±0.67 Aa

	
	C
	32.67±0.42Ac
	30.17±0.54 Aa
	30.50±0.62Aab
	30.83±0.65Aab
	32.00±0.57Abc

	TEC
(x 106/μL)
	A
	6.71±0.02Ca
	6.66±0.04 Ca
	6.68±0.03 Ca
	6.69±0.02Ca
	6.70±0.03 Ca

	
	B
	6.31±0.06 Ba
	6.20±0.07 Ba
	6.21±0.04 Ba
	6.24±0.06Ba
	6.27±0.05 Ba

	
	C
	5.6 0±0.01Aa
	5.56±0.03 Aa
	5.54±0.02 Aa
	5.58±0.02Aa
	5.60±0.01 Aa

	TLC
 (x 103/μL)
	A
	8.21±0.16Ab
	6.84±0.14 Aa
	6.72±0.10Aa
	7.86±0.09Ab
	8.17±0.07 Ab

	
	B
	7.97±0.18 Ab
	6.93±0.13 Aa
	6.75±0.20 Aa
	7.71±0.24Ab
	7.83±0.25 Ab

	
	C
	7.85±0.11Ab
	6.75±0.12 Aa
	6.55±0.08 Aa
	7.68±0.09Ab
	7.82±0.10 Ab

	 (DLC)

	
N (%)
	A
	30.50±0.50Aa
	32.33±0.42 Bb
	32.67±0.21Bb
	32.17±0.31Bb
	30.17±0.48Aa

	
	B
	30.17±0.60Aa
	30.83±0.30 Aa
	29.83±0.40Aa
	30.67±0.95ABa
	30.33±0.92Aa

	
	C
	30.67±0.21Aa
	29.83±0.31 Aa
	29.67±0.67Aa
	30.00±0.36Aa
	30.83±0.40Aa

	
L (%)
	A
	62.17±1.40Ab
	58.50±0.22 Aa
	58.16±0.30Aa
	58.83±0.31Aa
	62.00±0.68Ab

	
	B
	61.83±1.14Aa
	61.33±0.56 Ba
	62.00±0.51Ba
	61.50±0.99Ba
	61.67±0.21Aa

	
	C
	65.17±0.91Aa
	66.33±0.55 Ca
	66.83±0.40Ca
	66.17±0.60Ca
	65.50±0.22Ba

	
M (%)
	A
	4.67±0.21Ba
	5.00±0.00 Ba
	4.83±0.17Ba
	5.00±0.00 Ba
	4.66±0.21Ba

	
	B
	3.83±0.30Aa
	4.50±0.34ABa
	4.33±0.21ABa
	3.83±0.31Aa
	4.17±0.17ABa

	
	C
	3.17±0.16Aa
	3.83±0.47 Aa
	4.00±0.36Aa
	4.17±0.30Aa
	3.67±0.33Aa

	
E (%)
	A
	3.33±0.42Aa
	2.67±0.33Aa
	2.83±0.17Aa
	2.67±0.33Aa
	3.33±0.21Aa

	
	B
	3.17±0.47Aa
	2.83±0.30Aa
	2.67±0.33Aa
	2.83±0.17Aa
	3.17±0.48Aa

	
	C
	2.83±0.31Aa
	2.17±0.16 Aa
	2.50±0.34Aa
	2.33±0.21Aa
	2.67±0.33Aa

	
B (%)
	A
	0.66±0.21Aa
	0.83±0.16Aa
	0.33±0.21Aa
	0.50±0.22Aa
	0.67±0.21Aa

	
	B
	0.67±0.21Aa
	0.83±0.17 Aa
	0.50±0.22Aa
	0.33±0.21Aa
	0.83±0.17Aa

	
	C
	0.33±0.20Aa
	0.66±0.21 Aa
	0.17±0.17Aa
	0.33±0.21Aa
	0.50±0.22Aa


abc- value bearing different superscript vary significantly (P<0.05) within groups
ABC- value bearing different superscript vary significantly (P<0.05) among groups

3.2 Biochemical parameters	Comment by Dell: Make a table to represent parameters!!!!!!!!
There was significant (P<0.05) increase in Serum Glucose (mg/dl) value in group A and C at 30 min and 60 min from 88.77±3.16 to 106.82±1.06 and 87.34±1.88 to 115.61±5.74 mg/dl, after diazepam-ketamine and xylazine-ketamine anaesthesia respectively, while in group B, there was non-significant increase in Serum Glucose value at 15 min from 88.01±2.55 to 93.34±1.97 mg/dl, after butorphanol-ketamine anaesthesia which, further trends to decrease non significantly and returned to normalcy at 120 min of the observation period (Fig. 1). However, Serum Glucose value decreased non-significantly and returned to normalcy which remained within normal physiological range in all three groups. In the present study, hyperglycemia was recorded in all the three groups after ketamine anaesthesiamight be attributed due to increased circulatory catecholamines after ketamine anaesthesia to meet the increasing metabolic demand. The increase in glucose is the indication of stress during anaesthesia, moreover during the period of anaesthesia, there is decrease in BMR of animal and muscular activity is negligible, so utilization of glucose by muscle also decreased probably causing slight increase in glucose concentration (Abouelfetouh et al., 2022). However, hyperglycemia produced was transient in nature and within the normal physiological limit, a clinical significance cannot be fixed. Ketamine has been reported to cause sympathetic stimulation which causes release of catecholamines and glucose; however benzodiazepines, opioid and α-2 agonists administration as pre-anaesthetic agents might also have contributed to increase glucose level. Our findings are homogenously related with More et al. (1993) in cow calves, Kumar et al. (2014 a, b) and Pal et al. (2016) in buffalo calvesafter ketamine anaesthesia. Similarly, Verma et al. (2018) also documented a highly significant increase in serum glucose level after butorphanol-ketamine anaesthesia in dogs. Hyperglycemia after xylazine-ketamine administration in group C might be due to decrease in insulin release by the inhibitory effect of α-2 agonist. Similarly, hyperglycemia was confirmed by Singh et al. (2013) and Ninu et al. (2015) in buffaloes after administration of xylazine. In previous study, xylazine has been shown hyperglycemia and hyperinsulinaemia in cattle (Fayed et al.,1989). Hyperglycemia following xylazine was probably due to reduction in insulin release from the β cells in the pancreas and or increase in glucagon release from the α- cells and also due to the traumatic stress or increased muscular activity and sympathetic stimulation caused by restraining the animals resulting into increased secretion of adrenocortical hormones, which in turn mobilized glycogen from liver during anaesthesia. Similar findings were also documented by Singh et al. (2006) in buffalo calves after xylazine-ketamine anaesthesia, Kilic (2008) in cow calves after detomidine-midazolam-ketamine anaesthesia, Kinjavdekar et al. (2000) in goats after xylazine-medetomidine administration, Kumar et al. (2014 c) in uremaic goats following dexmedetomidine-ketamine and Sengar et al. (2020) in goats after medetomidine-ketofol anaesthesia.	Comment by Dell: Suggested to make a table for better understanding. And write concise result and discussion. Need to relook into it!
There was non-significant decrease in total serum protein value in group A, B and C, at 30, 15 and 60 min from 8.04±0.09 to 7.88±0.02, 7.98±0.18 to 7.58±0.06 and 8.05±0.18 to 7.68±0.12 gm/dl value following diazepam-ketamine, butorphanol-ketamine and xylazine-ketamine anaesthesia, which trends to increase gradually and returned to normalcy at 120 min of the observation period (Fig.2). However, total serum protein (gm/dl) remained within normal physiological range in all three groups. In the present study, non-significant decrease in total protein might be attributed to haemodilution resulting from the administration of intravenous fluids increase plasma volume, thereby lowering the concentration of plasma proteins. Additionally, the redistribution of fluids from the extravascular to the intravascular compartments can further dilute serum protein concentrations. Similar findings have been documented by Akhare et al. (2007) in goats, Yadav (2002); Kilic (2008) in cow calves, Fararh et al. (2011);  Kumar et al. (2014 b); Abou-Gahnema et al. (2014) in buffalo calves, Akter et al. (2020); Rahman et al. (2021) in sheep and Bayan et al. (2021) in dogs after ketamine anaesthesia.Contrary to our study, Kumar et al. (2014 a) and Sharma et al. (2015) reported non-significant increase in total serum protein after diazepam-ketamine anaesthesia and glycopyrrolate-xylazine-butorphanol-ketamine in buffalo calves respectively, which may be attributed to fluid redistribution within the body, leading to a reduction in arterial pressure. This fluid shift can concentrate plasma proteins, thereby increasing their measured levels. Additionally, heightened glucocorticoid levels stimulate adrenal activity, which in turn enhances the synthesis of plasma proteins by the liver (Pandey, 2017). Gill (2013) observed significant (P<0.05) fall in plasma protein after midazolam-butorphanol-ketamine-halothane anaesthesia in bovine.Following administration of xylazine-ketamine, group C showed non-significant decrease in total serum protein. Similarly, Singh et al. (2006) and Verma et al. (2018) reported a non significant decrease in serum total protein after xylazine-ketamine anaesthesia in buffalo calves and dexmedetomidine-ketamine anaesthesia in dogs respectively, which might be due to increased level of glucocorticoids, increased adrenal activity and increased protein turnover resulting in decreased plasma protein and albumin. The finding is in contrast with the results of Pawde et al. (2000) and Nirmale et al. (2024) in buffalo calves following detomidine-diazepam-ketamine anaesthesia and xylazine-ketamine-guaifenesin anaesthesia respectively.  
There was non-significant increase in Serum urea nitrogen (SUN) mg/dl level in group A and B at 30 and 15 min from 25.33±0.21 to 26.17±0.30 and 24.50±0.34 to 25.67±0.42 mg/dl value following diazepam-ketamine and butorphanol-ketamine anaesthesia respectively, while group C showed significant (P<0.05) increase in SUN value at 60 min from 24.33±0.33 to 28.33±0.34 gm/dl after xylazine-ketamine anaesthesia (Fig.3). Similarly, serum creatinine (mg/dl) value also exhibited non-significant increase at 30 and 15 min in group A and B from 0.94±0.21 to 1.17±0.16 and 1.12±0.05 to 1.31±0.09 mg/dl value following diazepam-ketamine and butorphanol-ketamine anaesthesia respectively, whereas, group C revealed significant (P<0.05) increase in serum creatinine (mg/dl) value at 60 min after xylazine-ketamine anaesthesia from 1.24±0.03 to 1.75±0.04 gm/dl level (Fig.4). All these valuestrend to decrease and returned to normalcy at 120 min of the observation period. However, SUN and serum creatinine value remained within normal physiological range in all three groups. The increase in serum urea nitrogen  and serum creatinine values in the present study might be attributed to the temporarily inhibitory effects of preanaesthetics like diazepam, butorphanol, xylazine and anaesthetic drugs like ketamine on the renal blood flow, which in turn might have caused a rise in these values (Kinjavdekar et al. 2000). As ketamine can reduce renal cortical blood flow by constricting the blood vessels during anaesthesia and urine output and hence, decreases glomerular filtration rate and increases SUN and serum creatinine levels (Okwudili et al., 2014).  The increased hepatic urea production from amino acid degradation could also account for the observed increase in blood urea values during the maximum depth of anaesthesia (Eichner et al., 1979). Similar findings were reported by Kilic (2008) in cow calves and Malik (2011 a); Sharma et al. (2015); Abou-Ghanema et al. (2014) in buffaloes and Verma et al. (2018) in dogs after ketamine anaesthesia. The above findings are also concurrent to Kumar et al. (2014 a) and Kumar et al. (2016) after diazepam-ketamine and lorazepam in buffalo calves respectively. On the contrary, Choudhary et al. (2022) documented significant (P<0.05) increase in creatinine level after midazolam-ketamine anaesthesia in goats. The increase in the value of serum urea nitrogen and serum creatinine in group C may be due to the fact that α-2 agonists continuously supply blood to vital organs, like brain, heart and kidney at the expense of organs like skin and pancreas and this distribution is not affected by type of anaesthesia (Lawrence et al., 1996). This effect of α-2 agonists might have been responsible for maintaining plasma urea nitrogen and creatinine values near baseline. In addition to present study, Singh et al. (2006), Okwudili et al. (2014) and Rahman et al. (2021) also revealed similar findings after xylazine-ketamine anaesthesia in buffalo calves, dexmedetomidine-ketamine anaesthesia in goats and atropine-xylazine-ketamine anaesthesia in sheep respectively. While Kumar et al. (2014 c) reported non-significant increase in plasma urea nitrogen and non significant fluctuation in plasma creatinine value after dexmedetomidine-ketamine anaesthesia in uremic goats. Contrarily, Sengar et al. (2020) and Ragab et al. (2022) documented non-significant difference in SUN and serum creatinine values after medetomidine-ketofol and dexmedetomidine-ketamine anaesthesia in goats respectively. However, in the present study, it is difficult to ascribe the possible renal damage, because all the reported values are within normal physiological limits. These haemato-biochemical changes were transient and did not lead to any notable deleterious effects in the buffalo calves after ketamine anaesthesia.
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Figure 1: Effect on  Serum Glucose (mg/dl) following induction with ketamine in buffalo calves at various time interval in different groups

Figure 2: Effect on Total Serum Protein (gm/dl)following induction with ketamine in buffalo calves at various time interval in different groups

Figure 3: Effect on  Serum Urea Nitrogen (SUN) mg/dl following induction with ketamine in buffalo calves at various time interval in different groups

Figure 4: Effect on  Serum Creatinine (mg/dl ) following induction with ketamine in buffalo calves at various time interval in different groups




	

	

	

	

	

	

	



CONCLUSION AND RECOMMENDATIONS
In persuasion to present study, it can be concluded that glycopyrrolate-diazepam-ketamine,glycopyrrolate-butorphanol-ketamine and glycopyrrolate-xylazine-ketamine combinations are reliable and does not exhibit any deleterious effects on function of various body vital organs asdifferent haemato-biochemical parameters showed marginal variations and remained within physiological limits throughout the study period.Thus, ketamine can be safely and effectively used as induction agent alongwith premedicants for obtaining balanced general anaesthesia in buffalo calves. 
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ABSTRACT


 


This 


study was designed to evaluate the effect on various haematological and biochemical 


parameters following administration of ketamine anaesthesia 


along


 


with glycopyrrolate


-


diazepam, 


glycopyrrolate


-


butorphanol and glycopyrrolate


-


xylazine


 


as preanaesthetics in 


buffalo 


50


 


calves. 


Eighteen male 


surti or murrah or which breed, mention the breed??? 


buffalo calves were 


selected


 


for 


the study and 


six calves were housed in a shed with two


 


replications


 


and marked A, B and C
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All


 


the 
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the calves 
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and xylazine @


 


0.16 
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respectively


 


through intravenous route
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Further, 


General anaesthesia 


was induced 


with ketamine @ 4 mg


/


kg b


ody


w


eigh
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intravenously. 


Haematological parameters 


such as 


 


Hb, PCV, 


TEC, TLC and DLC 


and biochemical parameters 
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serum glucose, s


erum total protein, serum 
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rea nitrogen and serum creatinine 
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. and 
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rs post 


ketamine


 


anaesthesia. 


Haematological studies revealed a 
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significant 


decrease in 


Hb, PCV, TEC TLC and DLC f


ollowing 


ketamine


 


anaesthesia in all the groups. 


Hyperglycemia 


was noted


 


in animals of all the groups after 


ketamine


 


anaesthesia. 


Other biochemical parameters like 


serum total protein, serum urea nitrogen, 


and 


serum creatinine values showed 


non


-


significan
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changes 


at various time intervals but remained within normal physiological range. 


Therefore, it can be 


concluded that 


glycopyrrolate
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diazepam


-


ketamine,


glycopyrrolate


-


butorphanol


-


ketamine and 


glycopyrrolate


-


xylazine


-


ketamine


 


combination


s


 


does not produce


 


any deleterious effect on vital 


organs and changes remained within physiological limits, thus 
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can be safely 


and effectively 


used as induction agent  i
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buffalo calves


 


for general anaesthesia
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1.


 


INTRODUCTION


 


G


eneral anaesthesia


 


in large ruminants


 


is very 


challenging due to high risk of regurgitation, 


tympany, cardiopulmonary depression and excessive salivation


 


(citation, who said this?)


.


 


Subsequently, to mitigate the challenges 


adult


 


animals 


are


 


fasted for 18


-


24 hours and deprived of 


water for 12


-


18 hours and calves 


are


 


fasted 12


-


18 hours general and deprived of water for 8


-


12 hours 


prior to anaesthesia 


as per 


(Singh 


et 


al


.,


 


2013).


 


 


Dr


ugs such as 


Ketamine is an N


-


methyl


-


D


-


aspartate receptor 


antagonist


 


and i


nduces a state 


called as d


issociative anaesthesia and produces 


profound analgesia without muscle relaxation that is 


characterized by catatonic and amnesia with or without actual loss of consciousness (Hal


l


 


and Clarke, 


1991). 


So, ketamine may not be suitabl


e alone for general anaesthesia owing to increased muscle tone 


and insufficient analgesia for surgical procedure (Riebold, 


2007


). Therefore, k


etamine is primarily 


used for the induction and maintenance of general anaesthesia, 


usually


 


in combination with ot


her 


sedative drugs such as 


xylazine (Eze 


et al


., 2004), butorphanol (Lin, 1996; Bodh 


et al


., 2015; 


Maidanskaia


 


et al


., 2023) and diazepam (Pawde


 


et el


., 2000; Nain 


et al


., 2010) which nullify the 


potential hypertensive caused by ketamine and providing musc


le relaxation.


 


Subsequently, 


 


p


remedication results in easier handling of the patient, decreases salivary and mucosal secretions and 


minimizes the total dose of anaesthetics to produce the desired level of anaesthesia


(


citation, wgo 


said???)


. 


Further, 


Glycopyrrolate is anti


-


cholinergic drug which is qua


ternary ammonium salt and can 




    Evaluation o n choice of combin ed   a naesthe tic drugs  for   buffalo calves     ----------------------------------------------------------------------------------------------------------------- ----   ABSTRACT   This  study was designed to evaluate the effect on various haematological and biochemical  parameters following administration of ketamine anaesthesia  along   with glycopyrrolate - diazepam,  glycopyrrolate - butorphanol and glycopyrrolate - xylazine   as preanaesthetics in  buffalo  50   calves.  Eighteen male  surti or murrah or which breed, mention the breed???  buffalo calves were  selected   for  the study and  six calves were housed in a shed with two   replications   and marked A, B and C .  ,  All   the  calves were administrated glycopyrrolate @ 0.01 mg /   kg b ody w eig h t   through  intramuscular   route  prior to   anaesthetic admin istration   . The n   the calves  in all group A, B and C  were  administered  diazepam @ 0.5 mg / kg b ody  w eigh t , butorphanol @ 0.075  mg / kg b ody  w eigh t   and xylazine @   0.16  mg / kg b ody  w eight   respectively   through intravenous route .  Further,  General anaesthesia  was induced  with ketamine @ 4 mg / kg b ody w eigh t intravenously.  Haematological parameters  such as    Hb, PCV,  TEC, TLC and DLC  and biochemical parameters  such as   serum glucose, s erum total protein, serum  u rea nitrogen and serum creatinine  were   also   estimated before sedation (0)  at 30, 60,120 min ute . and  6 h ou rs post  ketamine   anaesthesia.  Haematological studies revealed a  non - significant  decrease in  Hb, PCV, TEC TLC and DLC f ollowing  ketamine   anaesthesia in all the groups.  Hyperglycemia  was noted   in animals of all the groups after  ketamine   anaesthesia.  Other biochemical parameters like  serum total protein, serum urea nitrogen,  and  serum creatinine values showed  non - significan t  changes  at various time intervals but remained within normal physiological range.  Therefore, it can be  concluded that  glycopyrrolate - diazepam - ketamine, glycopyrrolate - butorphanol - ketamine and  glycopyrrolate - xylazine - ketamine   combination s   does not produce   any deleterious effect on vital  organs and changes remained within physiological limits, thus  ketamine   can be safely  and effectively  used as induction agent  i n  buffalo calves   for general anaesthesia .    Keywords:   Buffalo,  Butorphanol,  Diazepam , Glycop yrrol ate, Ketamine , Xylazine   1.   INTRODUCTION   G eneral anaesthesia   in large ruminants   is very  challenging due to high risk of regurgitation,  tympany, cardiopulmonary depression and excessive salivation   (citation, who said this?) .   Subsequently, to mitigate the challenges  adult   animals  are   fasted for 18 - 24 hours and deprived of  water for 12 - 18 hours and calves  are   fasted 12 - 18 hours general and deprived of water for 8 - 12 hours  prior to anaesthesia  as per  (Singh  et  al .,   2013).     Dr ugs such as  Ketamine is an N - methyl - D - aspartate receptor  antagonist   and i nduces a state  called as d issociative anaesthesia and produces  profound analgesia without muscle relaxation that is  characterized by catatonic and amnesia with or without actual loss of consciousness (Hal l   and Clarke,  1991).  So, ketamine may not be suitabl e alone for general anaesthesia owing to increased muscle tone  and insufficient analgesia for surgical procedure (Riebold,  2007 ). Therefore, k etamine is primarily  used for the induction and maintenance of general anaesthesia,  usually   in combination with ot her  sedative drugs such as  xylazine (Eze  et al ., 2004), butorphanol (Lin, 1996; Bodh  et al ., 2015;  Maidanskaia   et al ., 2023) and diazepam (Pawde   et el ., 2000; Nain  et al ., 2010) which nullify the  potential hypertensive caused by ketamine and providing musc le relaxation.   Subsequently,    p remedication results in easier handling of the patient, decreases salivary and mucosal secretions and  minimizes the total dose of anaesthetics to produce the desired level of anaesthesia ( citation, wgo  said???) .  Further,  Glycopyrrolate is anti - cholinergic drug which is qua ternary ammonium salt and can 

