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Abstract

Background: Total intravenous anesthesia (TIVA) is a well-documented anesthetic concept for some animal species,
including dogs and horses; however, information about TIVA protocols in goats is currently inadequate. Therefore, this
study aimed to compare the clinicophysiological and hematobiochemical effects of dexmedetomidine (DEX) and
diazepam premedication with ketamine and propofol.

Result: The DEX-treated group showed a significantly decreased heart rate compared with the diazepam-treated
group. Onset of anesthesia and sedation in group | was significantly faster than that in group Il (0.33+0.08 and
0.25£0.08 min vs. 3.33 £ 1.53 and 2.0+ 1.0 min, respectively). Duration of anesthesia and sedation in group | was
significantly longer than that in group Il (66.67 £7.64 and 161.3£43.3 min vs. 37.0£5.19 and 60.33+7.57 min,
respectively). The total recovery period in group Il was significantly shorter than that in group | (47.0£7.21 vs.
98.33 £ 15.27 min).

Smooth induction and recovery occurred in all goats in group I, whereas most goats in group Il exhibited slightly pro-
longed induction with mild excitation and presence of swallowing reflex and prolonged struggling during recovery.

Conclusion: InTIVA, premedication with DEX produces excellent quality anesthesia, analgesia, sedation, and muscle
relaxation. Furthermore, it produces a longer duration of anesthesia, sedation, and analgesia than premedication with

diazepam. For these reasons, DEX is more suitable for long surgical procedures, whereas diazepam can be used in
minor surgical procedures in goats. Both drug combinations produce hemodynamic stability.
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1 Background

Perfect anesthesia is necessary for a successful surgery
to produce relaxation, immobilization, and unconscious-
ness. Despite the availability of new anesthetic and
analgesic drugs, none of them achieves the qualities of
an ideal anesthetic and analgesic agent. Therefore, the
combination of sedatives and anesthetic agents has been
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broadly used in animal practice to achieve optimum
analgesia, hypnosis, and muscle relaxation [1]. Although
ruminants commonly endure several surgical interfer-
ences under physical restraint, sedation, and local or
regional anesthesia, general anesthesia could be favored
over other procedures, particularly during complex and
prolonged surgical interferences that require complete
control of movement and pain during surgery. Several
types of anesthetic drugs are used in small ruminant
anesthesia; however, precautions are observed during
anesthesia, and balanced anesthesia is typically applied to
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diminish complications. The balanced anesthetic proto-
col comprises a combination of drugs that produce gen-
eral anesthetic effects with minimal adverse effects on
cardiopulmonary function compared with the use of one
drug alone [2]. Surgical management of animals needs
safe pre-anesthetics and ideal anesthetic agents that pro-
duce deep sleep, analgesia, amnesia, and muscle relaxa-
tion. A suitable pre-anesthetic treatment may produce
cardiovascular stability, good sedation, excellent analge-
sia, and better recovery from anesthesia. Pre-anesthetic
treatment directly affects the dose of anesthetic agents
that may result in least complication due to low anes-
thesia intake. Different sedatives (xylazine, detomidine,
DEX, diazepam, midazolam, and butorphanol) are being
used nowadays as pre-anesthetic agents [3].

DEX is a highly selective alpha 2 (a2)-adrenoceptor
agonist with powerful analgesic and sedative properties.
DEX is commonly used in small animals as premedica-
tion in balanced anesthesia. It provides sedative proper-
ties resembling natural sleep, with minimal respiratory
depression. Furthermore, it has a significant influence
on requirements of anesthesia, including a sparing effect
on the minimal alveolar concentration during inhala-
tion anesthesia. DEX is commonly used with opioids to
achieve a synergistic effect that leads to a decreased dose
of the combinations [4]. In previous literature, a total
intravenous (IV) anesthetic protocol containing propo-
fol, ketamine, and DEX was found to provide stable car-
diovascular conditions and excellent antinociception in
healthy pigs; these advantages are important in anesthe-
sia during invasive surgical procedures in experimental
animals [5].

Diazepam is a benzodiazepine derivative. It has anxio-
lytic, skeletal muscle relaxation, hypnotic, anticonvulsant,
and sedative properties. A combination of diazepam and
ketamine with or without xylazine is widely used to pro-
duce general anesthesia in small ruminants [6]. Despite
the usefulness of diazepam/ketamine combination, this,
when used in goats, produced short duration anesthesia
and inadequate analgesia [7].

To the best of our knowledge, the combination of DEX
with ketamine and propofol in one regimen has not been
applied before in goats; therefore, this study aimed to
investigate the clinicophysiological and hematobiochemi-
cal effects of DEX, ketamine, and propofol combination
and compare the results with that of customary diaze-
pam, ketamine, and propofol regimen.

2 Methods

This study was conducted in the Surgery, Anesthesiology,
and Radiology Department, Faculty of Veterinary Medi-
cine, Beni-Suef University, Beni-Suef, Egypt.
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2.1 Drugs

« Atropine sulfate 1% solution 2 mL (Atropine®; Sigma
Tec Pharmaceuticals)

+ Diazepam 10 mg (Neuril®; Memphis Pharmaceuti-
cals and Chemical Industries)

+ DEX hydrochloride 200 pg/2 mL (Precedex; Hospira,
NC, USA)

+ Ketamine 50 mg/mL (Ketamine®; Sigma Tec Phar-
maceuticals)

« Propofol 10 mg/mL (Lipuro® B. Braun Melsungen
AG, Melsungen, Germany)

2.2 Animals
Six native, female nonpregnant goats were used. Their
body weight ranged from 22 to 30 kg, and their age
ranged between 2 and 3 years. The animals were treated
with broad-spectrum antiparasitic drugs 3 weeks before
commencing the experiments. All goats were housed
under the same husbandry as well as similar nutri-
tional and management conditions in a group pen. The
goats were fed daily with a constant mixture containing
mainly alfalfa hay and corn, supplemented with miner-
als. Freshwater was also provided. Before the beginning
of the experiment, feed and water were withdrawn for
12 and 8 h, respectively. At each experiment day, the
skin over the left jugular vein was clipped and scrubbed
with povidone-iodine for IV anesthesia administration
using a 20-gauge catheter that was introduced percuta-
neously into the jugular vein of each goat. All goats were
apparently healthy based on clinical examination before
anesthesia.

The goats received atropine at a dose of 0.05 mg/kg of
body weight intramuscularly.

2.3 Experimental design
The goats were divided into two groups consisting of
three animals each.

Group I: DEX (3 pg/kg of body weight) was injected
over 2 min following dilution with 0.9% sodium chloride
solution to achieve a 4-pg/mL concentration prior to
administration.

Group II: diazepam was administered at a dose of
0.5 mg/kg of body weight.

After 10 min, anesthesia was achieved by ketamine
(6 mg/kg of body weight) and maintained by propofol
administration (5 mg/kg of body weight) in both groups.
All drugs were administered by slow IV injection.

2.4 Assessment of anesthesia
The anesthetic effect was assessed depending on physi-
ological, clinical, and hematobiochemical parameters.
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2.4.1 Clinical parameters

The onset and duration of anesthesia and sedation, total
recovery period, and quality of induction and recov-
ery were recorded. Moreover, jaw relaxation, pedal and
palpebral reflexes, and sedation scoring were evaluated
according to the scoring systems presented in Tables 1
and 2, respectively.

Onset of anesthesia was defined as the time interval
between the injection of drug and absence of reflexes,
whereas duration of anesthesia was defined as the time
interval from the absence of reflexes to the return of
reflexes. The total recovery period was calculated as
the time interval from the absence of reflexes to animal
standing. Muscular relaxation and absence of swallow-
ing reflexes were used to determine the onset of anesthe-
sia. Pinching the skin and underlying tissue with sterile
needle and hemostatic forceps were performed to check
anesthesia depth. The anesthetized animals were then
positioned on the right side. Their heads were elevated to
allow free drainage of saliva [6].

2.4.1.1 Induction quality Good: induction was smooth,
rapidly returned to the recumbent position, and absence
of any excitement.

Fair: induction was slightly prolonged, excitation was
mild, and swallowing reflex was present.

Poor: excitement was obvious, animal jumped or
attempted to stand after recumbency, and full swallowing
reflex was present.

2.4.1.2 Recovery quality Good: recovery was smooth,
the animal easily returned to alertness, sternal position
recurred, stood up within a short time, and walked with
less ataxia.

Fair: transient excitation or movement of the whole
body, some struggling was observed, excessive response
that disappeared as soon as animal stood up unaided, and
with moderate ataxia.

Poor: stereotype behavior as circular movement, pre-
mature trials to stand, and struggling was prolonged.

Table 1 Numeric scoring system applied to estimate several reflexes
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Table 2 Five-Point Sedation Scale

Score Description

1 No sedation (goat appears unchanged from initial attitude)

2 Low head carriage, “droopy eyelid, ptyalism, and decreased
reaction to external stimuli

3 Head lowers toward the ground and swaying of hind legs
Attempts to lie down but aroused with stimulation

5 Recumbency and unresponsive to external stimuli

2.4.2 Physiological parameters

The heart rate (HR, beats/min) was determined by
counting the heartbeats over the cardiac area using a
stethoscope. The respiratory rate (RR, breaths/min) was
measured by placing a stethoscope on the trachea. Rectal
temperature (RT, °C) was recorded by a digital thermom-
eter at 0 min (baseline) and subsequently after premedi-
cation, induction, and at 5, 10, 15, 20, 30, 45, 60, and
120 min after drug administration.

2.4.3 Hematobiochemical parameters

Blood samples were drawn from the jugular vein at 0,
15, 30, 60, 120, and 240 min from drug administration.
EDTA, heparin (for blood gases analysis), and sodium
fluoride (for glucose) were used to obtain plasma.

2.4.3.1 Analysis Hemoglobin (Hb) levels were deter-
mined using Sahli’s method, and values were expressed
in gm% [8]. Packed cell volume (PCV) was evaluated
using the microhematocrit method [9], and values were
expressed as percentages. Red blood cell count (RBC)
was measured using the procedure described by Jain
[10], and values were expressed in million cells per
microliter. Blood urea nitrogen (BUN) (mg/dL) was esti-
mated using the enzymatic colorimetric method [11].
Serum alanine aminotransferase (ALT)/serum glutamic
pyruvic transaminase was estimated using the alanine
aminotransferase-liquizyme, and values were expressed
in U/L [12]. Serum aspartate aminotransferase (AST)/

Clinical parameter Score

0 1

2 3

Jaw relaxation Not permitting jaw opening

Palpebral reflex Intact and robust (rapid blink)

Pedal reflex Intact and powerful (potent

withdrawal) slowly)

The animal resists opening and
closes its jaw rapidly

Intact but weak (slow response)

Intact but weak (@animal response

There is no resistance
and the jaw still
opens

Abolished

The animal has less resistance
to opening its jaw and wraps it
slowly

Intact but very light (slow and
occasionally response)

Intact but very light (slow and
occasional response)

Abolished completely
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serum glutamic oxaloacetic transaminase was estimated
using the aspartate aminotransferase IFCC method, and
values were expressed in U/L. Serum glucose level (mg/
dL) was estimated using the enzymatic colorimetric
method (GOD-POD) according to the manufacturer’s
instructions. Creatinine was measured, and values were
expressed in mg/dL. Cortisol concentration (pg/dL) was
estimated using Cortisol ELISA kits (Immunospec Cor-
poration, CA, USA). For blood gases, samples of central
venous blood were carefully withdrawn into airtight 3-mL
heparinized plastic syringes. They were kept on ice until
analyzed within 10 min using a blood gas analyzer (model
178; Corning Medical and Scientific, Medfield, MA, USA).

2.5 Statistical analysis

Data were analyzed using different statistical methods.
Biochemical and physiological parameters were ana-
lyzed using two-way mixed design analysis of variance
(ANOVA), wherein the effect of treatment was fitted as
the between-subjects factor, and the effect of time was
fitted as the within-subjects factor of repeated measures.
Additionally, the interaction between the treatment and
time intervals was considered. All biochemical and physi-
ological parameters in the form of means= standard
deviations (SDs) along with significance indices are pre-
sented in tables. Clinical parameters were analyzed using
nonparametric approaches, such as Kruskal-Wallis and
Freidman’s tests of ANOVA, followed by confirmatory
parametric ANOVA procedures. Clinical parameters are
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demonstrated in tables as means and mean ranks instead
of SD. Graphical presentation of all studied parameters
was applied using line and bar charts, assuming the time
intervals as the horizontal axis. Furthermore, qualita-
tive data were analyzed using the Chi-square test of cat-
egorical data. Statistical analyses were conducted using
SPSS, SAS, and MSTAT-C software. Qualitative data
that revealed no statistical importance are presented in
the tables in the form of category description for stud-
ied groups. Results were considered significant for every
probability <0.05 (P <0.05).

3 Results

3.1 Hematobiochemical parameters

PH gradually decreased; however, it remained signifi-
cantly lower than the baseline value after anesthesia
induction up to 30 min of the observation period in
both groups (p<0.05). Subsequently, PH significantly
increased compared with the baseline value at 120 min in
group I (p<0.05). Thereafter, a comparison between both
groups revealed that the mean PH was significantly lower
at 15 min and onward up to 120 min in group II (» <0.05)
(Table 3). Partial pressure of carbon dioxide (pCO,) sig-
nificantly increased at 30 min in both groups (p<0.05),
significantly decreased at 120 min in group I (p<0.05),
and did not significantly increase at the rest of time inter-
vals in both groups (p >0.05) (Table 3). Partial pressure of
oxygen significantly increased at 15, 60, and 240 min in
group I and 240 min in group II (»p<0.05) (Table 3). The

Table 3 Mean =+ standard deviation (SD) of hematobiochemical parameters at different time intervals

Parameter Time (min)
Baseline 15 30 60 120 240
PH Group I 742°° 4001 7374001 7.2894001 741°€£0.01 74724001 7404001
Group II 742°4001 7337 £001 7.34"£001 74094001 7.38%€+£0,01 743°40.03
PCO, (mmHg) Group 1 42804315 49774360 5491°+£404  4430°+£325 349094255 44104325
Group II 4204439 45734479 5057 +£529 44134459  4320°°+449 42.80°°4393
PO, (mmHg) Group I 346794321 51.67°+493 38889 +341 62.67°+5.85 31.0°+£264 47.49° 4441
Group II 39674551 43.97°946.11 4717°°+£655  3860°°+£539  48.67°°+6.75 536704723
HCO; (mmol/L) Group 1 26.03%° 41,05 29.27%41.20 26.74%° 4108 2873115 27174215 28722+1.16
Group II 250°42.10 26504220 24.93°+2.10 25.10°+2.10 28.70°+£2.40 27.0°°420
SO, (%) Group I 6646/ +922 81807 +1134 5838°+8.11 87.73°+£1215 6486%4+895 76049105
Group II 7516%9+602 85607 +6.87 69.93°% 4561  6333%°+£508  87.07°+6.98 85.93%+6.98
Glucose (mg/dL) Group 1 89.33°+17.09 17634336 2343743911  1950°+£3740 137.0°426.1 87.0°+15.72
Group I 1137545701 11834595 15234765 14834745  1093%+550 88.7°+£44.95
BUN (mg/dL) Group I 340°+264 350°+264 39.0% +£360 40.0°°£3.60 33004264 400430
Group II 406 +£1504 44241634 59042170 55342056 667242458  59.0™+2170
Creatinine (mg/dL)  Group I 1.17°+£0.56 103740235 0.83°+0.40 0.93*+042 10374051 1307£0.62
Group IT 0.83*+0.15 0.83*+0.15 0.83°+0.15 0.83*+0.15 0.93*+0.15 0.73°+0.15

Within each comparison, means with different superscripts are statistically significant at a 0.05 level of significance (P<0.05). Small letters represent the interaction
effects of both treatment and time. Capital letters represent the overall significance (main effect of treatment and main effect of time)
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bicarbonate (HCO,) value did not significantly increase
up to the end of the observation period in both groups;
however, it significantly increased at 120 min in group
II (p<0.05) (Table 3). Oxygen saturation did not signifi-
cantly differ in both groups, except at 60 min wherein it
significantly increased in group I (p <0.05) (Table 3).

Glucose significantly increased at 30 and 120 min in
group I (p<0.05), whereas no significant change was
observed in group II. Comparison among the groups
did not reveal any significant difference in plasma glu-
cose values at different time intervals (Table 3). Urea
and creatinine did not significantly differ in both groups
(p>0.05) (Table 3). AST did not demonstrate significant
changes in both groups. A significant increase in ALT at
30 and 60 min was noted in group II (p<0.05), whereas
no significant difference was noted in group I (p>0.05)
(Table 4). Hb values did not significantly decrease until
60 min in both groups (p<0.05); however, they sig-
nificantly decreased at 120 min in group I, whereas the
reduction continued significantly to 240 min in group
II. A gradual reduction in PCV in both groups was
observed, which became significant at 120 min in group
I and until 240 min in group II (p<0.05). RBC values did
not show a significant decrease in both groups. Corti-
sol values did not show a significant change in group II,
whereas a significant increase was observed in group I at
30 and 60 min (p<0.05) (Table 4). Normal range values
are provided in Additional file 1: Table S1.

3.2 Physiological parameters

RT did not significantly decrease after DEX premedica-
tion (p<0.05). However, after anesthesia induction, RT
significantly decreased until the end of the observation
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period in group I, whereas a nonsignificant decrease in
temperature that remained at most intervals until the
end of the observation period in group II was observed
(p<0.05). RR did not significantly change in both groups
until the end of the observation period (p>0.05). HR
significantly decreased after DEX premedication and
after anesthesia induction at 20 and 30 min in group I
(p<0.05), whereas HR values did not significantly change
until the end of the experiment in group II (p>0.05)
(Table 5). Normal range values are provided in Addi-
tional file 1: Table S1.

3.3 Clinical parameters

The anesthetic effects of IV DEX, ketamine, and
propofol combination (group I) after ketamine IV
injection revealed that the mean=+ SD values of onset
of anesthesia, duration of anesthesia, onset of seda-
tion, and duration of sedation were 0.33£0.08,
66.67 +7.64, 0.25£0.08, and 161.3 £43.3 min, respec-
tively, whereas that for the total recovery period was
98.33 +15.27 min. The anesthetic effects of IV injec-
tion of diazepam, ketamine, and propofol combination
(group II) revealed that the mean &= SD values of onset
of anesthesia, duration of anesthesia, onset of sedation,
and duration of sedation were 3.33+1.53, 37.0£5.19,
2.0+ 1.0, and 60.33+7.57 min, respectively, whereas
that for the total recovery period was 47.0£7.21 min.
The results suggested that group I showed significantly
rapid onset of anesthesia and sedation and longer
duration of anesthesia and sedation (p <0.05, p<0.01,
and p <0.05, respectively) than group II. Following the
administration of anesthetics, smooth induction was
observed in all animals of group I, whereas most goats

Table 4 Mean =+ standard deviation (SD) of hematobiochemical parameters at different time intervals

Parameter Group Time (min)
Baseline 15 30 60 120 240
AST (U/L) Group I 68.67°°°+£17.55 5567 +7.09 5533°°£1096  5067°+945 8433242159 69.67°°°+£1855
Group II 840741153 8767741209  7767°°£1040 7667°°+£1040  6867°°+945  66.33%°°+£9,07
ALT (U/L) Group I 21,09 42 64 27.33%¢ 4321 2433%94404  17.679°£208 14334208 203394152
Group II 2267°%+£568 2109 4+ 556 31334776 336724832 16.33%+4.16 15.064+3.60
Hb (gm%) Group I 1040% £ 1.31 9.96*+1.26 930 +149 86794159 7.23°4+1.06 91304117
Group II 1063°+1.50 8707121 89774127 9.60%°+1.38 6439+£0.89 660 £0.95
PCV (%) Group I 29.67%°+ 524 26879444 26539448 222094326 200794271 3030°°+£3.14
Group II 343674503 27409440 27569 +4.1 2836*+4.16 2236994329 2320094357
RBCs (10%/uL) Group I 20.26*+2.15 150724092 17354+ 1.12 16,154+ 1.03 181524145 21.28%+243
Group 11 218474832 149174568 17.17°+ 654 1747°+6.66 153474582 1492° 4568
Cortisol (ug/dL) ~ Group I 28894191 46294155 8424113 72704112 3.709+£246 29394195
Group I 6.58%%°4+0.39 6.17°°4+0.35 6.90°% 4 0.40 7134045 8.73°+0.50 8.73°+061

Within each comparison, means with different superscripts are statistically significant at a 0.05 level of significance (P<0.05). Small letters represent the interaction
effects of both treatment and time. Capital letters represent the overall significance (main effect of treatment and main effect of time)
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Table 5 Mean =+ standard deviation (SD) of physiological parameters at different time intervals

Parameter Time interval Treatment

G1 G2

Rectal temperature (°C) Baseline 3930%°+0.17 39.47°4+0.50
Premedication 38.96%°°4+0.29 39.20%°°+0.30
Induction 38672094012 39.20%° 4034
5 min 38439¢f10.12 39.10%°°4+0.20
10 min 38.17%94£0.32 3890794030
15 min 37.969+042 38.80°°940.30
20 min 37.76'94£0.40 38.530<def1 0 58
30 min 374694051 38.73%cde 4 051
60 min 374394061 39.17%¢ 4047
120 min 374694105 39.33%40.15

Respiratory rate (breaths/min) Baseline 2867°+£11.71 37.33%4+3.05
Premedication 19.332+£461 29.33?4+7.02
Induction 4067°+2858 47.0°+3567
5 min 4133742101 493342928
10 min 400741743 373324305
15 min 3867°+2386 4333241404
20 min 38.0°+23.06 4233741801
30 min 40.0°+17.43 36.07420.88
60 min 2667°+4.16 5233242421
120 min 1533°+£3.05 4033°+251

Heart rate (beats/min) Baseline 98.0%cde 721 105.33%°¢ 4+ 4.16
Premedication 7267°£10.26 114.0° £ 1249
Induction 76675+ 1527 1123341123
5min 72041311 99.33%°¢¢ 410,01
10 min 79.33% £ 2386 92.67°°9 £ 945
15 min 80.0%+10.0 103.0%°¢ 412,52
20 min 74074872 92,67°9¢f £ 1101
30 min 740/ +£8.72 105.33%°° 4 14.18
60 min 77.33%+£7.02 105.33%°+6.11
120 min 8533+ 1361 116.36°+5.77

Within each comparison, means with different superscripts are statistically significant at a 0.05 level of significance (P <0.05). Small letters represent the interaction
effects of both treatment and time. Capital letters represent the overall significance (main effect of treatment and main effect of time)

in group II showed fair induction and others good
induction. The goats in group I rapidly assumed lat-
eral recumbent position, and no forms of excitement
were observed, whereas most goats in group II exhib-
ited slight excitement, slightly prolonged induction,
and presence of swallowing reflex. Recovery in group I
was significantly longer than that in group II (» <0.01).
All goats in group I exhibited smooth recovery and
transited from lateral recumbency to standing posi-
tion without excitement, whereas most goats in group
II exhibited poor recovery, prolonged struggling, pre-
mature attempts to stand, and ataxia (Table 6). In
group I, a significantly depressed palpebral reflex was
recorded after premedication up to 60 min, followed

by moderately and mildly depressed at 75 and 90 min,
respectively, whereas mild depression after premedi-
cation (diazepam), followed by excellent depression
after induction until 45 min, was observed in group
II (Fig. 1). Figure 2 reveals a mild depression in pedal
reflex after DEX and diazepam premedication; how-
ever, excellent depression was observed after anes-
thesia induction in both groups up to the end of the
anesthetic period. In group I, jaw relaxation was mod-
erate in all animals after premedication with DEX and
induction with ketamine, followed by excellent relaxa-
tion after maintenance with propofol, whereas mod-
erate jaw relaxation after diazepam injection and jaw
relaxed mildly after ketamine administration, followed
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Table 6 Mean =+ standard deviation (SD) of clinical parameters between the two groups

Parameter Statistics Group 1 Group 2 P-value
Onset of anesthesia (min) Mean £ SD 0.33°+008 333%+1.53 0.019* (T test)
Minimum 0.25 2
Maximum 042 5
Duration of anesthesia (min) Mean£SD 66.67°+7.64 37.0°45.19 0.005%* (T test)
Minimum 60 31
Maximum 75 40
Total recovery period (min) Mean£SD 98.33%4+15.27 47.0°+£721 0.006%* (T test)
Minimum 85 41
Maximum 115 55
Quality of induction Fair (n, %) 0 (0%) 2 (66.7%) 0.001**
Good (n, %) 3(100%) 1(33.3%)
Chi-square test was applied
Quiality of recovery Poor (n, %) 0 (0%) 2 (66.7%) 0.007**
Fair (n, %) 0 (0%) 1(33.3%)
Good (n, %) 3 (100%) 0 (0%)
Chi-square test was applied
Onset of sedation (min) Mean £ SD 0.2540.08° 20°+£10 0.026% (T test)
Minimum 0.17 1
Maximum 033 3
Duration of sedation (min) Mean £+ SD 161374433 60334757 0.016* (T test)
Minimum 127 55
Maximum 210 69

*Significant at 0.05 level (P<0.05)
**Significant at 0.01 level (P<0.01)

Treatment

*** GROUP1
= GROUP 2

300

Estimated Marginal Means
2

50

Time intervals
Fig. 1 Line chart shows the means of palpebral reflex for the two groups at different time intervals
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Fig. 2 Line chart shows the means of pedal reflex for the two groups at different time intervals

Treatment

*** GROUP 1
== GROUP 2

by moderate to excellent relaxation after propofol 4 Discussion

injection, were noted in group II. Jaw relaxation was  This study analyzed the effects of anesthesia with
more significantly pronounced in group I at 45, 60, 75, DEX-ketamine—propofol and diazepam-ketamine and
and 90 min (Fig. 3). The sedation score in group I was  propofol combinations on the physiological, hematobio-
significantly higher than that in group II at 10, 60, 90, chemical, and clinical parameters of goats. The goats in

and 120 min (Fig. 4).

both groups showed mild respiratory acidosis. Acid—base

300

150

1.00

Estimated Marginal Means

50

00

o) S 7 Z 2 ., V% &
S, (7 S N7 (7] ) 0,
R 2% 2 2 2

Time intervals
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changes observed in this study reflected mild respira-
tory acidosis associated with induction and maintenance
of anesthesia. A significant decrease in pH was detected
after induction of anesthesia with tiletamine—zolazepam
and propofol. However, these changes were not clini-
cally relevant, and they were consistent with the effects
after IV tiletamine—zolazepam administration to nonse-
dated dogs [13]. Respiratory acidosis was observed in
goats anesthetized with propofol or isoflurane anesthesia
maintenance combined with a fentanyl-lidocaine—keta-
mine constant-rate infusion due to an increase in pCO,
[14]. In a study performed in dogs, it was determined
that propofol administration for the induction of anes-
thesia did not alter pH, PaCO,, and HCOj levels in com-
parison with the initial values despite increased arterial
oxygen saturation, arterial partial pressure of oxygen, and
PvO, levels [15]. An increased value of plasma glucose
was observed in both groups, of which group I showed
a significant increase compared with that at baseline;
this result may be due to decreased membrane trans-
port of glucose, decreased glucose utilization, impaired
insulin activity, and increased blood concentration of
adrenocortical hormones. Ketamine has been reported
to cause sympathetic stimulation leading to the release of
catecholamines and increased glucose concentration in
plasma. It was reported that there was a nonsignificant
increase in the glucose concentration after butorphanol—
DEX-ketamine administration [16]. It was found that the
increase in the glucose level occurred after the admin-
istration of diazepam and/or xylazine dosage injection
that started within 20 min of diazepam and/or xylazine

dosage injection in mice [17]. BUN and serum creati-
nine levels did not significantly fluctuate until the end
of the observation period in both groups, indicating the
absence of renal insufficiency. This finding is consistent
with those of Saini et al. and GH et al. [6, 18]. Nonsignifi-
cant fluctuations were noted in ALT/AST levels in group
I, resembling the fluctuations found after DEX and keta-
mine administration in dogs [18]. A significant increase
in ALT was observed in group II at 30 and 60 min; this
increase may be due to the increased permeability that
may permit enzyme leakage from the cells with intact
membrane. When there is stress or any damage to the
liver cells, the enzyme escapes into the blood, thereby
increasing the ALT enzymatic activity [19]. The reduction
in RBC, PCV, and Hb levels in this study may be credited
to the merging of blood cells in the spleen, caused by the
adrenolytic property of a2-adrenoceptor drugs and dis-
sociative anesthetic drugs. However, it was recorded that
the reduction in these parameters was ephemeral and
refunded near the baseline values at 24-h intervals. This
result resembled that found after ketamine—DEX-sevo-
flurane anesthesia in dogs [20] and also reported during
the clinical evaluation of IV propofol alone or in combi-
nation with diazepam, ketamine, and thiopental sodium
to induce general anesthesia in dogs [21]. The increase in
the cortisol level was consistent with the findings of Bisht
et al. [20] who recorded an increase in the cortisol level
in dogs administered with DEX with ketamine. Another
study revealed a consistent response of the corticoadre-
nal gland with respect to glucocorticoid secretion after
the induction of anesthesia with ketamine and propofol.
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However, serum glucocorticoid concentrations did not
significantly change after DEX-propofol anesthesia.
Some studies have reported that glucocorticoid levels
increase after propofol anesthesia in rats. Recent results
suggest that propofol has a stimulatory effect on serum
cortisol concentration in rabbits [22].

The decrease in RT may be due to the decreased mus-
cular activities and effect of a2-adrenoceptor agonism
by DEX, which is consistent with the results reported
by Verma et al. [23]. The decrease in RT has been pre-
viously attributed to the depression of the hypothalamic
thermoregulatory center, which is consistent with the
results of anesthesia with diazepam, lidocaine, and their
combination in Red Sokoto goats [24]. The current study
revealed no significant influence on RR in both groups,
suggesting a minimal effect of diazepam and DEX on
RR; such finding is consistent with that obtained by Wu
et al. [25] who found no significant effect on RR during
the combination of DEX with midazolam nasal drops in
children. Conversely, a previous study revealed that res-
piratory depression was positively correlated with the
dose of midazolam, and it was reported that DEX could
provide appropriate sedation for children without affect-
ing hemodynamics or causing respiratory depression. A
previous study performed on cats to evaluate the seda-
tive effects of DEX, DEX-pethidine, and DEX-butor-
phanol revealed that the RR was significantly decreased
although remained similar to the baseline in another
study [26]. The decrease in HR in group I might be due
to the effect of DEX since it is believed to produce brady-
cardia in animals. DEX initially causes vasoconstriction
in the pulmonary and systemic circulations, subsequently
causing a decrease in HR and cardiac output [27]. Group
I showed more rapid onset and longer duration of anes-
thesia and sedation with higher sedation scores than
group II. These results are consistent with that reported
by Azizkhani et al. [28] who reported that DEX was
superior to midazolam owing to higher sedation, lower
emergence delirium, and faster starting effect of sedation.
The faster onset of anesthesia in group I may be due to
the effect of DEX, which produced an adequate degree
of sedation preceding induction. DEX has a rapid onset
of action owing to its lipophilic properties. Moreover, it
was reported that potent sedation enabling minor clini-
cal procedures in dogs was achieved with intramuscu-
lar administration of DEX at 10 pg/kg. Additionally, it
was reported that butorphanol and DEX combination
achieves high sedation in dogs [27]. In a study performed
on dogs, the induction time in the group anesthetized
with etomidate—-DEX was significantly less than that
anesthetized with etomidate—midazolam (P<0.05). In
our study, the quality of anesthesia was excellent in DEX-
premedicated animals than diazepam-premedicated
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ones. Moreover, the duration of anesthesia in group I was
longer than that in group II, which is consistent with the
results obtained during the comparison between DEX—
etomidate and midazolam—etomidate anesthesia in dogs,
wherein the anesthesia duration was 48.37 +0.81 min in
the midazolam-premedicated group and 77.25 £ 1.84 min
in the DEX-premedicated group. The quality of anesthe-
sia was excellent in the DEX-premedicated group [29].

The quality of induction and recovery in group I,
which was premedicated with DEX, was better than that
in group II, which was premedicated with diazepam.
This study revealed that the DEX-premedicated group
had smooth and excellent induction and recovery with-
out excitement of any animals. The results were similar
to those obtained during the combination of DEX and
ketamine in monkeys, which resulted in good quality of
anesthesia accompanied by smooth induction and recov-
ery [30]. However, in diazepam-premedicated animals,
some exhibited ataxia, excitement, and struggling with
a shorter recovery period, which is consistent with the
results reported by Shaaban et al. [21] who recorded that
convulsions and urination were observed during recov-
ery in dogs administered with propofol and diazepam.
The recovery period in group I premedicated with DEX
was higher than that in group II premedicated with diaz-
epam. The results are consistent with that reported by
Bisht et al. [20] who suggested that standing and sternal
recumbency times increased and decreased, respectively,
according to the DEX dosage. The sedative effect of DEX
led to longer anesthesia and recovery time. Furthermore,
Kamble et al. [29] reported that the standing time and
complete recovery period were significantly longer in
DEX-premedicated animals than in midazolam-premed-
icated ones in total IV anesthesia of etomidate in dogs
(»<0.05).

Good muscle relaxation was recorded in detomidine—
propofol, midazolam-propofol, and midazolam—keta-
mine combinations, whereas excellent muscle relaxation
was noted with detomidine-midazolam—ketamine and
propofol combinations in goats [3]. Saini et al. [31] also
reported that DEX produced excellent analgesia and
muscle relaxation, making it a suitable anesthetic com-
bination for surgical procedures with longer duration
in dogs. Mild pedal reflex depression was noticed after
DEX premedication, followed by excellent depression
after induction of anesthesia with ketamine or propofol
[32]. In the present study, complete abolition of palpe-
bral reflexes after DEX administration was noted, which
was consistent with the findings of Swamy [33] who
revealed that the reflexes were absent during general
anesthesia with romifidine—guaifenesin—ketamine and
DEX-guaifenesin—ketamine combinations in cattle at
30 and 60 min. At 2 h, all the reflexes were regained in
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both groups. It was reported that buffaloes showed com-
plete abolition of palpebral reflexes and mild response
to corneal reflex after DEX and fentanyl premedication,
which was completely abolished after induction of anes-
thesia with thiopentone and isoflurane. In group II, an
adequate degree of muscle relaxation was observed after
the maintenance period, with mild depression in palpe-
bral and pedal reflexes after diazepam injection, which
became moderately to completely depressed after the
induction and maintenance of anesthesia. These find-
ings are consistent with that reported by Bodh et al. [34]
who reported that a better degree of muscle relaxation
was achieved by midazolam—butorphanol combination,
which was attributed to the synergistic effect of both
drugs. Mild palpebral and corneal reflex depression was
seen after premedication. Complete/moderate palpebral
and corneal reflex abolition after anesthetic induction
and throughout the maintenance period was noted.

5 Conclusions

In TIVA, premedication with DEX produces pronounced
hypothermia and bradycardia compared with premedica-
tion with diazepam. Both treatments are associated with
hemodynamic stability. Premedication with DEX pro-
duces excellent quality of anesthesia and muscle relaxa-
tion with prolonged duration of anesthesia, analgesia,
and sedation; therefore, it is more suitable than premedi-
cation with diazepam for major surgical procedures with
long duration in goats.
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