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ABSTRACT

The current study aims to evaluate the analgesic and anaesthetic properties of
epidurally administered mepivacaine HCl 3%, xylazine HCl 2%, and a combination
of both in donkeys. Nine healthy donkeys were treated with three different
regimens: mepivacaine HCl 3% alone, xylazine HCl 2% alone, and a combination
of mepivacaine HCl and xylazine HCL. The injections were easily administered into
the sacrococcygeal space. Amorphometric analysis of this region can enhance the
epidural anaesthesia technique by offering precise data on needle insertion depth,
angle, and key anatomical landmarks. Analgesia was evaluated using superficial
and deep muscle pin-prick tests to determine its onset, duration, and affected
area. The degree of analgesia was assessed before drug administration (T0) and
thereafter at T5, T10, T15, T30, T60 and T720. Additionally, respiratory rate, heart
rate, and rectal temperature (°C) were recorded at 0, 5-, 15-, 30-, and 60-min post-
injection. The findings of this study demonstrated that the optimal epidural doses
for mepivacaine HCl 3% (M), xylazine HCLl 2% (X), and their combination (M/X) in
donkeys were 70 ml, 6 ml, and 5+3 ml, respectively. The mepivacaine HCl and
xylazine HCl combination induced rapid anaesthesia within 7.5-2.25 min, without
excitement, providing a prolonged duration of anaesthesia (7256 min). Post-
injection, heart rate remained stable with a slight, non-significant increase, while
body temperature insignificantly increased following injection, reaching 37.5 C°.
The respiratory rate remained within normal limits across all study groups.
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INTRODUCTION

The epiduralinjection oflocalanaestheticagentsin

equine clinical practice was first attempted in Germany
more than a century ago to avoid the costs and risks
associated with general anaesthesia and recumbency
(Hall,
veterinary technique employed to facilitate diagnostic,

1971). The caudal epidural analgesia is a

surgical, and obstetric procedures in the perineal
region, as well as surgical interventions involving the
tail, pelvic organs, and urinary tract in horses, all while
the animal remains standing (Dhoble et al., 1990;
Fatone et al., 1993; Chen et al., 2004; Skarda et al.,
2005; Campoy L. et al., 2015; Babiker et al., 2023).
In donkeys, caudal epidural anaesthesia is utilized
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for similar indications (Skarda et al., 2005), achieved
by injecting local anaesthetic drugs into the first and
second intercoccygeal space (Hall, 1971; Burnham,
2002). Conversely, numerous authors (Robinson &
Natalini, 2002; Lyon, 2006; Natalini, 2010; Love, 2012;
Barton & Sandow, 2020; Hamed et al., 2025)
successfully utilized the sacrococcygeal space for

have

epidural injection. Furthermore, various combinations
and adjuvant medications have been employed to
extend the duration of action in donkeys (Walker et al.,
2002; Natalini, 2010).

Concerning the anaesthetic drugs used for
epidural anaesthesia in equines, Mepivacaine
HCL 3% (Carbocaine™) is a local anaesthetic
drug widely used in epidural anaesthesia in
equines (Harkins et al., 1999; Katzung, 2007;
Natalini & Driessen, 2007). Mepivacaine exerts its
effect by reducing the influx of sodium ions into
cells, thereby decreasing the neuron's ability to
depolarize and transmit nerve impulses (Bidwell
et al., 2004). Xylazine is a nhon-narcotic compound
utilized for sedation, pain relief, and muscle
relaxation in veterinary medicine (Nunez et al.,
2021). Furthermore, the latter authors found that
Xylazine has a highly lipophilic nature; it directly
stimulates central a2-adrenergic receptors as
well as peripheral a-adrenergic receptorsin a
variety of tissues. It also decreases the release of
neurotransmitters norepinephrine and dopamine
in the central nervous system, contributing to its
analgesic and anaesthetic effects (Ruiz-Colon
et al., 2014). Xylazine HCL 2% (xyla-ject) is also
employed for epidural analgesia in equines
(Schwinn et al., 1991; Chevalier et al., 2004;
Alkattan etal., 2012). The latter provides prolonged
analgesia and sedation, making it suitable for
routine surgical procedures, with only minor ataxia
due to its mild effect on the hind limbs (England &
Clarke, 1996; Ismail et al., 2018).

This study aimed to assess the effectiveness of
epidural anaesthesia in donkeys by evaluating and
identifying the most suitable anaesthetic drugs for

epidural administration based on their analgesic

efficacy. Furthermore, it sought to determine the
optimal injection sites for epidural analgesia and
monitor in vital

associated changes parameters

following its administration in donkeys.

MATERIALS AND METHODS
All

the guidelines and approval of the Animal Ethical

experiments were conducted following
Committee, Faculty of Veterinary Medicine, South

Valley University (SVU), Qena, Egypt. Animals

This study utilized nine healthy local breed
donkeys, aged 5-8 years, with a mean weight of 95 *
8 kg, and both sexes. The animals were housed at the
Faculty of Veterinary Medicine, South Valley University,
during the study.

The donkeys were kept under standardized
management and nutritional conditions, and fasting
protocols were implemented with food withheld for at
least 12 hrs and water for at least 2 hrs before induction

of epidural anaesthesia.

Posterior epidural injection of local
anaesthetic drugs

The donkeys were randomly assigned to one of
three treatment groups as follows:
(M):
(Mepecaine 3%¢,

3%
Alexandria Company for

1. Group | Received Mepivacaine
HCl
Pharmaceuticals) at a dose of 3 mg/kg, administered

in a 10 ml volume.

2. Group Il (X): Received 2% Xylazine HCL (Xyla-
ject® ADWIA Co., 10th of Ramadan City, Egypt) in a 6
ml dose.

3. Group Ill (MX): Received a combination of 3%
Mepivacaine HCl and 2% Xylazine HCI, administered
in a 5+3 ml volume.

The sacrococcygeal area (injection site) was
prepared by clipping, shaving, and aseptic cleaning
with povidone-iodine. The donkeys were restrained in a
standing position. A single injection was administered
through an 18-gauge needle inserted into the
sacrococcygeal space at a 45° angle. The needle was
then removed, and the site was monitored for any
signs of complications. Furthermore, the animals were
monitored for 60 min post-injection for any adverse

reactions.
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Clinical evaluation
Post-epidural the

monitored to describe the signs, onset and duration of

injection, donkeys were
analgesia along with limb status and the desensitized
area. Respiratory rate (breaths/min), heart rate (beats/
min), and rectal temperature (c°) were recorded at
0,5,15-, 30- and 60-min post-injection which d was
evaluated by observation the reflex of anus, perineal
region, thigh, and medial-lateral sides of the proximal
and distal regions of the hind limbs using superficial

and deep muscle pin-prick

The reflexes were noticed closely and reported
immediately according to the previously mentioned
(Abdel-Hady et al., 2017) and represented as follows:

+++ Normal reflex

++- Sluggish reflex

+-- Very sluggish reflex
--- Abolished reflex

Scoring of analgesia for Mepivacaine, Xylazine,
and Mepivacaine-Xylazine combination was shown in
Table 2.

Gross anatomy and morphometric
analysis

A month after induction of epidural anaesthesia,
all
magnesium sulphate |/V and the sacrococcygealregion

donkeys were euthanized with xylazine and

was carefully separated from the body and dissected
with a scalpel and forceps. After dissection, the region
was cut sagittally using a manual saw (Madkour &
Abdelsabour-Khalaf, 2021). Moreover, the photographs

were taken via a Samsung Phone camera (Samsung
Galaxy A52s5G/SM-528BZWOMEA).

The gross morphological measurements were
obtained using Imagel software (available at http://
Fiji.sc/Fiji). These measurements are described and
presented in Table 3.

STATISTICAL ANALYSIS

All data were analyzed by ANOVA (analysis of
variance) and Duncan’s test using SPSS software.
For data analysis, all values were calculated and
expressed as the mean + standard deviation (SD) using
the Statistical Package for Social Sciences (SPSS)
software, version 17.0.

RESULTS

Evaluation of epidural anaesthesia of
the selected drugs

The onset of anaesthesia was significantly faster
with mepivacaine HCl 3% alone and the mepivacaine
HCl 3% - xylazine HCl 2% combination compared
to xylazine HCl 2% alone. Conversely, the longest
duration of anaesthesia was measured with the
mepivacaine-xylazine combination, surpassing that of

both mepivacaine and xylazine alone.

The onset and duration of anaesthesia varied
among the three groups as shown in Figure 1.
Mepivacaine alone induced anaesthesia within
1.25-2.5 minutes,

had a slower onset (3.5-5.5 minutes) but a longer

lasting 65+8 minutes. Xylazine

duration (103 = 4 minutes). The mepivacaine-xylazine
combination provided a rapid onset of anaesthesia
(1.5 = 2.25 minutes) with the longest duration (125 + 6
minutes) .

%k %k %k ns
A I | B I I
%k %k * k% % %k
1507 || I & ! Figure 1: Evaluation of the
— duration and the onset of the
E 100 L < 4- anaesthesia for Mepivacaine
H ;f; HCL, Xylazine HCL, and
® 50- 2 Mepivacaine HCL Xylazine
a ° HCL injected by a dose of
10 ml, 6 ml, and 5 ml + 3 ml
0- K 0- 0- T (combo)
\ﬁf ﬁq&“ ﬁ@@“ ooé’




SVU-JVS-8(2); 4-9

Table 1: Physiological parameters: mean (+ SD) respiratory rate, heart rate, and rectal
temperature in donkeys after administration of Group I (3% Mepivacaine HCI), Group Il 2%
Xylazine HCI), and a combination of Mepivacaine and Xylazine

Time point Group Respiratory rate Heart rate ?:;t:elratures
Group | 15.06 =1 451 37.01 £0.01
Zero Group Il | 15 1 | 45+0.3 | 37.03+0.02
Group | | 16+ 1 |  46.05+05c | 37.01x0.01
Group | | 15+ 1 | 45+ 0.3 | 37.01 +0.01
5 Group I | 15+ 1 | 44 + 1 | 37.03 £0.02*
Group lll | 1e05+05+ |  aex05 |  37%0.01
Group | | 131 | 45+ 0.3 | 37.01 +0.01
15 Group Il | 151 | 4505205+ | 37.02%0.01
Group | | 16+ 1 | 4505:05 | 37.02+0.02
Group | | 17 £1 | 45+ 0.3 | 37.02+0.01
30 Group Il | 1505:15 | 45+ 1 | 37.02+0.01
Group Il | 14.05 = 0.5* | 45 + 1 | 37.01+0.02
Group | | 1405:05 | 45+0.3 | 37
60 Group Il | 14+ 1 | 45 = 1 | 37.0120.02
Group Il | 14 | 45 * 1 | 37.03+0.02
Group | | 1305205 | 44 | 37
After Group II | 1405:05 | 44.03 | 37
recovery
Group Il | 13.05 + 0.5 | 44.05 * 0.05 | 37.01 £0.01
Both  Xylazine, and Mepivacaine-Xylazine The epidural administration of local analgesic

combination cause loss of tail muscle tone, anal
sphincter relaxation, and complete loss of response
to pinprick stimulation in the tail, anus, perineal region
up to the second lumbar vertebrae, thigh, and hind
limbs up to the hock joint. In contrast, Mepivacaine
anaesthesia anaesthetized the tail, anus, perineal
region up to the third lumbar vertebrae, and thigh.
Throughout the study, all donkeys remained standing
from the onset of analgesia to full recovery without

experiencing any adverse reactions.

The heart rate exhibited a slight, insignificant
increase after injection, stabilizing until the end of
the experiment (60 minutes post-injection) across
all groups. Respiratory rate and rectal temperature
remained unchanged, showing no significant variations
throughout the study (Table 1).

Gross anatomy and morphometric
analysis

drugs was easily injected in the sacrococcygeal space
in all donkeys by monitoring a negative pressure and
minimal resistance to injection.

A morphometric study of the sacrococcygeal
region in donkeys provides vital anatomical data that
can help surgeons improve the safety and efficacy
of procedures like epidural anaesthesia, surgical
interventions, and diagnostic imaging. The study's
findings can be used to refine the technique for
epidural anaesthesia by providing more accurate data
on needle insertion depth, angle, and safe anatomical
landmarks. The sacrococcygeal space is suitable for
epidural anaesthesia, as the space between the fifth
sacral and first caudal vertebral spines is wide (Figure
2A, B), allowing the anaesthetic to be injected easily.
As shown in Table 3 at this site, a larger diameter of the
vertebral canalis observed (Figure 2C, D). In addition to
the aforementioned, the tail muscles are fewer, and the

spines of the sacral and coccygeal vertebrae are more
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Table 2: Analgesia scores (0-3; means * SD) in donkeys administered different

drugs epidurally

Observation
TX?T;‘;?:?:;HC[ Xylazine Hcl2% Mepivacaine HCL 3% times (min)

0 0 0 TO
0.75 | 1.2 | 1.8 | T5
1.7 | 1.4%.1 | 2.5+.2% | 110
2.1% | 2.5%.2% | 2.8+.1* | 715

3 | 3 | 3 | T30

3 | 3 | 2.9+.1 | T60

3 | 3 | 0 | T120

*Indicates significance at P < 0.05 when compared to TO within the same treatment group.

Table 3: Morphometric measurements of the vertebral canal within the

sacrococcygeal region

Items Mean SD
Length from last sacral vertebra
to 3rd caudal vertebrae 62.08 mm 1.49
Diameter of vertebral canal at level of:
-Sacrococcygeal space 1.81 mm 0.25
-Ist Intercoccygeal space

1.13 mm 0.18

Figure 2: Dorsolateral view of the sacrococcygeal region (A, B) and sagittal section view of the
sacrococcygealregion(C, D)indonkeyshowing:sacrum(SC), spines of3rdsacral(S3),4th sacral
(S4), 5thsacral (S5), istcaudal(Ca1),2nd caudal(Ca2), 3rd caudal(Ca3)vertebrae, cauda equine
(arrowhead), supraspinous (SSL), interspinous (ISL) ligaments, epidural space (short arrow),

vertebral canal (VC).
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easily palpated in donkeys, making the sacrococcygeal

space suitable for the procedure (Figure 2 A-d).

DISCUSSION

The primary objective of this study is to investigate
and compare the efficacy of various analgesic drugs
in achieving optimal anaesthesia while minimizing
postoperative adverse effects, with consideration
for economic viability. Additionally, this study aims
to determine the ideal site of injection for caudal
epidural anaesthesia in donkeys. In the present work,
the sacrococcygeal space was more convenient
and efficient compared with the first inter-coccygeal
space for epidural injection in donkeys. A fact agreed
with many authors (Dhoble et al., 1990; Robinson
& Natalini, 2002; De Rossi et al., 2003; Lyon, 2006;
DeRossi et al., 2010; Natalini, 2010; Love, 2012; Barton
& Sandow, 2020; Hamed et al., 2025) mentioned that
the injection through sacrococcygeal can reduce the
risk of inadvertent injection in the subarachnoid space
as well as the risk of motor blockade of the pelvic lim
bs.

HCl
recommended epidural

Mepivacaine (Carbocaine-V) is a

anaesthetic for donkeys,
which is in agreement with previous reports that
have demonstrated its efficacy and safety in this
species (Zoetis, 2019). The results obtained with
Mepivacaine HCl showed a rapid onset of anaesthesia,
accompanied by effective muscle relaxation, which is
in line with findings reported by several other authors
(Skarda & Muir, 1983; Skarda et al., 1984; Suzuki et al.,
2019), who also reported that the Mepivacaine HCL

gave a long duration of action.

The findings in Group | (mepivacaine HCL), where
the heart rate exhibited an insignificant increase, align
with Roman T. Skarda (2009). This minor fluctuation
in heart rate is expected with mepivacaine, as it is
primarily a local anaesthetic with minimal systemic
cardiovascular effects. The stability of heart rate after
injection suggests that mepivacaine did not induce
significant autonomic or hemodynamic alterations.
On the other hand, the administration of xylazine HCl
in Group Il resulted in a long duration of anaesthesia,
consistent with Makady et al. (1991), Skarda & Muir
(1996), and Abid (2002). This prolonged effect can

be attributed to xylazine’s a2-adrenergic agonist

properties, which lead to central nervous system

depression, analgesia, and muscle relaxation.
Xylazine’s ability to extend the duration of anaesthesia
is particularly beneficial in surgical and obstetrical
procedures as observed in previous studies (Abid,
2002). Our observations, along with those of the latter
author, confirm that the effect of xylazine HCl extended
to the second lumbar vertebrae. This finding aligns with
previous research, suggesting that xylazine's epidural
administration leads to a widespread analgesic effect,
which is sufficient to make obstetrical and surgical

innervations.

Furthermore, anaesthesia with xylazine led to an
insignificant increase in heart rate, which remained
stable at 60 minutes post-injection, while the
respiratory rate remained within normal limits. These
findings are consistent with the results reported by
Alkattan et al. (2012) and Khalil et al. (2022), reinforcing
the safety and stability of xylazine-induced anaesthesia
in donkeys. The low molecular weight of xylazine
facilitates meningeal penetration when administered
epidurally, enhancing its sedative, anaesthetic, and
cardiorespiratory depressant effects. This mechanism,
as described by several scholars (Robinson & Natalini,
2002; Alkattan et al., 2012), contributes to its effective
and prolonged analgesic action, making it a reliable
choice for epidural anaesthesia in large animals.
In Group lll, the available literature presents limited
studies on the combination of mepivacaine HCl and
xylazine HCL for epidural anaesthesia. However, the
present study in donkeys demonstrated complete
epidural analgesia, characterized by loss of tail muscle
tone, relaxation of the anal sphincter, and absence
of response to pinprick stimulation in the tail, anus,
perineal region, thigh, and hind limbs up to the hock
joint. These findings align with previous reports in which
the mepivacaine-xylazine combination was effectively
used to facilitate surgical procedures, including the
removal of a descended testis, highlighting its efficacy
and broad anaesthetic coverage.

CONCLUSION

This study demonstrates that the sacrococcygeal
space is a more practical and safer site for epidural
injectionindonkeyscomparedtothefirstintercoccygeal

space. Our findings indicate that the combination
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of Mepivacaine HCl 3% and Xylazine HCl 2% (Group
Ill) provides optimal analgesia, making it the most
effective choice for various surgical interventions in
donkeys. This combination ensures a smooth recovery
and minimal impact on vital parameters. Xylazine HCl
alone is a suitable alternative, while Mepivacaine HCl
3% is the least favourable option for epidural analgesia
in donkeys. All drugs are safe for donkeys.
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