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analgesia (9.8 £ 1.1 Min) than the butorphanol- bupivacaine combination (12.8 +

0.84 Min) and bupivacaine (16.6 + 0.55). Butorphanol-bupivacaine combination

provoked significant ((P < 0.05) prolonged intense analgesia (208 + 8.36 Min)

compared to either bupivacaine (112 + 8.37) or butorphanol (166 + 5.48 Min).

Ataxia accompanied administration of bupivacaine either alone or in combination

with butorphanol, while sedation was observed in animals received butorphanol

alone or combined with bupivacaine. No significant changes were observed in heart

rate, respiratory rate or rectal temperature. The epidural administration of
butorphanol-bupivacaine combination promoted longer-lasting analgesia in goats

without motor disturbances compared to bupivacaine alone. This combination might

prove useful clinically to provide analgesia in goats for long-duration perineal

obstetrical or surgical procedures.
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1. Introduction

Pain management strategies in veterinary medicine
are continued to improve together with the growing
societal concern about the moral and ethical
treatment of animals (Rollin, 2004). Besides
improving animal welfare standards, anesthesia and
analgesia are essential for easier procedures and
improved safety of both animal and personnel
(Anderson and Muir, 2005). Pain perception
involves a transduction of chemical signals into
electrical signals at the site of injury, followed by
transmission of such signals through nerve fibers up
to the spinothalamic tracts where modulation may
occur in the dorsal horn or continued to the brain for
perception (Muir and Woolf, 2001). Pain due to
surgery involves an immediate incisional response
and a latent response due to inflammation and tissue
damage (Kissin, 2000). The purpose of pre-surgical
analgesia is to alleviate the incisional and
inflammatory responses involved in the pain
process. This could be achieved through multimodal
analgesic strategies such as a combination of local
anesthetic and sedative analgesic agents (opioids) in
order to act on different receptor targets along the
nociceptive pathway resulting into improved
perioperative analgesia (Muir and Woolf, 2001).

Loco-regional anesthesia is favored in small
ruminants over general anesthesia due to less
equipment needed and to avoid the risk of bloating
and regurgitation associated with placing the animal
in recumbency (Galatos, 2011). Epidural anesthesia
is @ common loco-regional anesthetic technique in
small ruminant surgery owing to feasibility, low
cost, specific regional blockade and rapid recovery
(Abrahamsen, 2008). Lidocaine, mepivacaine and
bupivacaine are local anesthetic agents commonly
used for epidural analgesia in small ruminants.
Lidocaine and mepivacaine are short acting
anesthetics and re-administration might be necessary
during the procedure (Lomax et al., 2009).
Bupivacaine is a long acting local anesthetic
characterized by prolonged analgesia and motor
disturbances (DeRossi et al., 2012). Epidural
analgesia through injection of an opioid is a widely
used technique in veterinary practice to overcome
the motor blockade caused by the local anesthetic
agents (Abrahamsen, 2008). Butorphanol is a
synthetic opioid that possesses about 5 times
analgesic potency as morphine and fewer negative

effects on the gastrointestinal and respiratory tracts
compared with morphine (Carroll et al., 2001).

Combination of local anesthetics and opioids aims to
provide better analgesia and reduce the undesirable
side effects. Epidural analgesia using combinations
of tramadol-lignocaine (Ajadi et al., 2012; Dehkordi
et al.,, 2012), lidocaine-butraphanol (Turi et al.,
2018) and bupivacaine-methadone (DeRossi et al.,
2015) have been reported in goats; however,
epidural butorphanol or butorphanol-bupivacaine
combination were not used in goats. Therefore, the
objective of the present study was to evaluate the
analgesic  effect of lumbosacral epidural
administration of bupivacaine, butorphanol and
butorphanol-bupivacaine combination in goats.

2. Materials and methods

Fifteen adult non-pregnant female goats, aged
between 2 - 5 years (mean 3 + 0.95 years) and
weighing 28 - 40 kg (mean 33.27 + 3.52 kg), were
enrolled in this study. Animals were subjected to
thorough clinical, blood and parasitic examinations
according to Radostits et al. (2000) and Soulsby
(1968) respectively, and selected goats were
approved to be apparently healthy and free from
infectious diseases as well as external and internal
parasites. Fresh clean tap water was available ad
libitum along the day before undergoing epidural
anesthesia and food was withheld for 12 hrs. prior to
the experiment. Animals were randomly divided into
three equal groups (A, B and C) consisting of 5
animals. Animals of group A were administered
epidural bupivacaine HCL 0.5 % (Markyrene®
Sigma-Tec pharmaceutical Indust.Co) in a dose rate
of 0.5 mg/kg bodyweight. In group B, butorphanol
tartrate 1 % (Torbugesic® Zoetis Australia Pty Ltd)
was epidurally administered in a dose rate of 0.08
mg/kg bodyweight and bupivacaine HCL 0.5 % in a
dose rate of 0.25 mg/kg bodyweight. Butorphanol
tartrate 1 % in a dose rate of 0.04 mg/kg bodyweight
was epidurally injected in group C.

For each trial, the lumbosacral region was clipped
and prepared for aseptic epidural puncture. An 18-
gauge needle was inserted into the lumbosacral
epidural space at the intervertebral depression
between the last lumbar and first sacral vertebrae.
Correct needle placement into the epidural space was
confirmed by hanging drop test and/or absence of
resistance during injection. The calculated dose for
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each animal in each group was equalized to 5 mL
using sterile water and slowly injected. Animals
were kept in a clam quiet place provided with soft
straw bedding during the study.

Analgesia, sedation, and motor effects were assessed
according to Singh et al., (2007) by an observer who
was blind to the injected drug (Table 1).

Table (1): Description of analgesia, degree of

ataxia and sedation scores.

Analgesia Degree of Sedation
Score .
score ataxia score
No Normal gait Standing
analgesia alert
M'Id. S“gh.t Standing but
analgesia stumbling - .
tired with
1 weak or and able to . .
. slight ptosis
depressed continue of evelids
response walking Y
Moderate Standin
analgesia Marked . ng
. with wide
no stumbling,
2 . stance and
response to  walking but .
o . lowering of
superficial ~ very ataxic
AR head
skin pricks
aalgesia Anima
g attained
(no
Sternal recumbency
3 response to :
recumbency  but could sit
deep ;
without
muscle support
pricks) PP
4 Lateral Lateral
recumbency  recumbency

The onset (time elapsed from injection to loss of
sensation), duration (time between loss and
reappearance of response), and anatomic distribution
(tail, perineum, and inguinal region) of analgesia
were recorded for all groups. The onset of analgesia
was recorded by pinprick method (Aithal et al.,
1996) at the perineal region every minute interval
until a response was observed then at 10 minutes
intervals until a response reoccurred. Positive
responses to the stimuli were defined as purposeful
avoidance movement of head, neck, trunk, limbs,
tail; contracture of the anus, and/or turning of the
head toward the stimulation site. The degree of
ataxia and sedation scores was evaluated every 10
minutes till the end of the study.

Physiological parameters including heart rate,
respiratory rate, and rectal temperature were
assessed at baseline (time 0) and at 15-minute
interval after injection till the end of the study
according to Radostits et al. (2000).

Statistical analysis

Data were analyzed using SPSS program (SPSS for
windows Version 16, SPSS Inc., Chicago, USA).
Kolmogorov—-Smirnov test was used to assure the
normal distribution of the obtained data. Statistically
significant  differences between groups were
determined by analysis of variance (ANOVA).
When the differences were significant, Duncan’s
multiple range test was performed. Mean values
were considered significantly different at (P < 0.05).
Data are expressed as (mean values + SD).

3. Results

Epidural administration of various agents was safely
performed  without complications and the
bupivacaine and butorphanol solutions were
miscible. When positive results for the hanging drop
technique were not evident or there was resistance to
injection, the needle was withdrawn and
reintroduced. Prior injection, aspiration was
performed and blood was never withdrawn from the
epidural needle.

The onset of analgesia was significantly (P < 0.05)
earlier in the butorphanol group (9.8 + 1.1 Min) than
the butorphanol-bupivacaine group (12.8 = 0.84
Min) and bupivacaine group (16.6 = 0.55 Min). The
duration of analgesia was significantly (P < 0.05)
longer in the Butorphanol-bupivacaine group (208.4
* 8.36 Min) than the butorphanol (166 + 5.48 Min)
and bupivacaine (112 + 8.37 Min) groups (Table 2).

Table (2): Onset and duration of analgesia:

Group  Onset Duration

(A) 16.60+0.55° 112.00+8.37°
(B) 9.80+1.10° 166.00+5.48"
(®) 12.80+0.84" 208.00+8.37°
F 79.18 204.35
P-value < 0.001** < 0.001**

Means with different superscript letters are
statistically different at P < 0.05

In figure (1), it was clear that animals in all groups
received an analgesia score of 0 (no analgesia) at

baseline with an intense response and fast reaction to
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the noxious stimulus (pin prick). Distribution of
analgesia in the tail, perineum and inguinal regions
was similar in all groups. However, butorphanol-
bupivacaine  combination  produced profound
analgesia (no response to deep muscular pricks) that
was evident by higher long lasting (from the 30™ to
the 170" Min) analgesia scores compared to the
bupivacaine and butorphanol groups.

The degree of ataxia was illustrated in Fig. 2.The
bupivacaine group showed mild degree of ataxia
(score = 1) up to 30 minutes, then animals showed
sternal recumbency (score = 3) from the 50™ to 80"
minute post epidural administration. After almost
one and half hour post anesthetic administration,
animals started to exhibit lower scores (1) of ataxia.
In the bupivacaine-butorphanol group three goats
received an ataxia score of 1. The other two goats
had a score of 0 for 30 minutes, and then at the 40"
minute they had an ataxia score of 1. Goats had
difficulty moving but managed to remain standing
without help. Sternal recumbency was not
encountered in the bupivacaine-butorphanol group.
Goats of the butorphanol group presented an ataxia
score of O throughout the study showing no motor
disturbances.

Twenty minutes post-epidural administration of
butorphanol, goats (4/5) exhibited signs of sedation
(score = 1) then at the 30™ minute all animals (5/5)
showed signs of sedation that was evidenced by
slight dropping of the upper eyelid. Moderate
sedation with lowering of the head was seen in the
butorphanol group from the 60" to the 100™ minute
then sedation scores decreased. In the butorphanol-
bupivacaine group, two animals showed signs of
mild sedation at the 30" minute post-epidural
injection. At the 40™ minute, all animals in the group
became mildly sedated (score = 1) up to the 170"
minute, then sedation scores decreased. None of the
butorphanol-bupivacaine group showed moderate
sedation scores (2). Animals of the bupivacaine
group were alert during the experiment with a
sedation score of 0 and signs of sedation were not
observed (Fig. 3).

Assessment of the physiological parameters revealed
significant increase in heart rate in the butorphanol
and butorphanol-bupivacine groups compared to
base line, although it was within normal limit. The
respiratory rate and rectal temperature showed no
significant differences in relation to any of the
parameters when compared to baseline, or between
each other (Table 3).

Analgesia scoring of epidurally administered Bupivacaine (A),
Butorphanol (B) and Butorphanol-bupivacaine (C)
3.50
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Fig. 1. Analgesia scoring of epidurally administered Bupivacaine (A), Butorphanol (B) and Butorphanol-
bupivacaine (C) groups over the duration.
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Ataxia scoring of epidurally administered Bupivacaine (A),Butorphanol
(B) and Butorphanol-bupivacaine (C)
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Fig. 2. Ataxia scoring of epidurally administered Bupivacaine (A), Butorphanol (B) and Butorphanol-
bupivacaine (C) groups over the duration.

Sedation scoring of epidurally administered Bupivacaine (A),
Butorphanol (B) and Butorphanol-bupivacaine (C)
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Fig. 3. Sedation scoring of epidurally administered Bupivacaine (A), Butorphanol (B) and Butorphanol-
bupivacaine (C) groups over the duration.
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Table 3: Mean values + standard deviation of heart rate (HR), respiratory rate (RR), and rectal
temperature (RT) of Bupivacaine (A), Butorphanol (B) and Butorphanol-bupivacaine (C) groups over the

Respiratory Rate

Time Heart Rate (beat/min) (breath/min)

Rectal Temperature (°C)

M= ® © ®» ® © ® ® ©

0 7400 7640 80.80 1840 1880 2120 39.30 39.32  39.32
+2.45%  +261° +3.35° 4261 4335 4228 024 +0.22  +0.22

;5 8320 7880 8560 2240 1920 2440 3918 3922 3932
+3.90° 228 +261° +4.77 +3.03 +167 011 015 +0.22

g BL60 7680 8360 2200 1840 2320 39.12 3920 3918
+456  +3.03° +2.97° +3.16° +2.61° +1.10° +0.11 +0.12  +0.16

45 7960 7480 8160 2120 1800 2080 3910 3918 39.12
+4.10°  +3.35% +2.19° 4363 4245 +1.10 +0.22 +0.11  +0.15

s /680 7640 8000 2000 1760 2040 3910 3916 39.10
+4.15  +6.54 +245 +3.16 +261 +0.89 022 +0.11  #0.12

e 7640 7160 7840 1840 1640 1960 3910 3918 3912
+3.29°  +0.89% +1.67° +2.61* +0.89* +0.89° +0.22 +0.13  +0.15

o0 7480 7160 7760 1840 1640 1840 3910 3920 39.10
+3.03° +0.89° +2.19° 4261 +0.89 +0.89 +0.22 +0.12  +0.12

105 74.40b 7080 7560 1840 1640 16.80 39.10 39.18  39.10
+2.19°  +1.10° +1.67° +2.61 +0.89 +1.10 022 +0.11 +0.11

190 74.00b 7040 7520 1840 1640 16.80 39.22 39.16  39.18
+2.45°  +0.89° +1.79° 261 +0.89 +1.10 030 +0.15 +0.16

g5 7690 7200 7400 1820 1800 1600 3940 39.00 3912
+2.15 +1.60 +1.41 +341 +245 +0.89 +0.14 +0.11  +0.15

5o 7640 7400 7400 2210 1800 1680 3918 39.20 3912
+1.29 +1.41 +141 #477 +245 +1.10 011 +0.12  #0.15

5 7660 7520 7400 1840 1800 1880 3915 3918 39.12
+356 +2.28 +141 +251 +245 +1.10 +0.11 +0.13  #0.15

g0 7960 7600 7280 1950 1800 2040 3911 3920 3912
+210 +2.00 +2.68 +151 +245 +261 +021 +0.12  +0.15

1o 7680 7630 7280 2200 1760 2080 3912 3917 39.32
+3.15 +3.21 +2.68 +261 +2.61 +228 +025 +0.14 +0.22

,ig 7960+ 7740 7280 2030 1740 2080 3918 3918 39.32

2.56 +2.61 2.68 +3.61 +0.79 +228 +0.11 +0.15 +0.22

Means with different superscripts letters in the same column are significantly different at p < 0.05
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4. Discussion

The present study is the first to investigate the
effects of epidural administration of butorphanol
alone or in combination with bupivacaine in goats.
Epidural administration of butorphanol-lidocaine
combination was recorded in goats (Turi et al.,
2018); however, the use of butorphanol alone or in
combination with bupivacaine for epidural analgesia
in goat has not been reported. The recommended
dose of butorphanol in our study was extrapolated
from previous studies in goat (Turi et al., 2018) and
horse (Natalini and Robinson, 2000). The dose of
bupivacaine was selected according to a previous
study in goat (Singh et al., 2007). Bupivacaine is a
highly lipophilic local anesthetic agent, has a
potency of four times as lidocaine and longer
duration (Butterworth, 2009). Combination of
bupivacaine and opioids has demonstrated
satisfactory results in small ruminants (DeRossi et
al., 2012; DeRossi et al., 2015). Similar findings
were observed in our study, where epidural injection
of  butorphanol-bupivacaine  combination  has
provided better perioperative analgesia characterized
by faster pain relief (than bupivacaine), longer
duration and improved quality (than bupivacaine or
butorphanol) and eliminates the adverse motor
effects of bupivacaine.

Butorphanol is a synthetic, lipid-soluble opioid with
a strong kappa-receptor agonist activity. Kappa-
receptors are involved in the somatic and visceral
pain modulation, so it is useful in reducing
postoperative pain (Waterman et al., 1991). The
analgesic effects of epidural administration of
opioids are due to diffusion of the drug through
meninges to the spinal cord then binds to opioid
receptors in the dorsal horn that are involved in the
signal processing of nociception. This results into
segmental spinal analgesia of long duration without
motor paralysis (Smith and Yu JK, 2001). This is
consistent with our results, where the duration of
butorphanol alone or in combination with
bupivacaine was longer than the duration of
bupivacaine. Similar findings were reported in
human (Bharti and Chari, 2009) and horse (Natalini
and Robinson, 2000). The rapid onset of analgesia in
the butorphanol group and butorphanol-bupivacaine
group compared to the bupivacaine group may be
attributed to the high lipid solubility, molecular size

and faster penetration of butorphanol into the spinal
canal (Smith and Yu JK, 2001).

In the current study, combination of butorphanol and
bupivacaine improved the quality of analgesia
compared to the use of either bupivacaine or
butorphanol alone. This may be attributed to the
mechanism of action of each agent in blocking nerve
impulses. Butorphanol inhibits the synaptic pain-
impulse transmission through inhibition of substance
P release from the primary afferent neurons and on
postsynaptic opioid receptors to hyperpolarize the
transmission cells. Bupivacaine acts primarily by
inhibition of action potentials via sodium channel
blockade (Saxena and Arava, 2004). These
compounds may act synergistically and are therefore
increasingly co-administered.

The locomotor disturbances observed in the
bupivacaine group and mild ataxia in the
bupivacaine-butorphanol group could be due to the
sensory and motor block produced by bupivacaine
(Day and Skarda, 1991). Sedation observed in the
butorphanol and bupivacaine—butorphanol
combination groups may be due to systemic effects
of the absorbed butorphanol to blood stream.

The main advantage of butorphanol is its fewer side
effects. High lipid solubility and high affinity for
opioid receptors are additional factors that contribute
to the paucity of side effects with butorphanol. High
lipid solubility increases diffusion in the spinal cord
and limits the amount of drugs remaining in the
cerebrospinal fluid capable of reaching the
brainstem, where side effects occur
(thermoregulatory, cardiac and respiratory centers).
In the present study, heart rate was significantly (P <
0.05) increased from base line in the butorphanol
and butorphanol-bupivacine groups; however, it was
within normal limit. Similar increase in heart rate
was reported following epidural administration of
opioids and may be attributed to serotonin syndrome
which causes increase of heart rate and blood
pressure (Cossman and Wilsmann, 1987). The
respiratory rate and rectal temperature were not
changed significantly from base line in all groups.
Similar findings were recorded in human (Bharti and
Chari, 2009) and goats (dos Santos Silva et al.,
2017).
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In conclusion, butorphanol alone produces analgesia
of long duration but of slow onset. The combination
of bupivacaine—butorphanol administered epidurally
in goat resulted into rapid onset and prolonged
duration of analgesia. The obtained results suggest
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