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ABSTRACT
PURPOSE: To determine the analgesic, motor, sedation and systemic effects of lumbosacral epidural magnesium sulphate added to 

ketamine in the sheep. 
METHODS: Six healthy adult male mixed-breed sheep; weighing 43 ± 5 kg and aged 20–36 months. Each sheep underwent three 

treatments, at least 2 weeks apart, via epidural injection: (1) ketamine (KE; 2.5 mg/kg), (2) magnesium sulphate (MG; 100 mg), and (3) 

KE + MG (KEMG; 2.5 mg/kg + 100 mg, respectively). Epidural injections were administered through the lumbosacral space. Analgesia, 

motor block, sedation, cardiovascular effects, respiratory rate, skin temperature, and rectal temperature were evaluated before (baseline) 

and after drug administration as needed. 

RESULTS: The duration of analgesia with the lumbosacral epidural KEMG combination was 115 ± 17 min (mean ± SD), that is, more 

than twice that obtained with KE (41 ± 7 min) or MG (29 ± 5 min) alone. KE and KEMG used in this experiment induced severe ataxia. 

The heart rate and arterial blood pressures changes were no statistical difference in these clinically health sheep. 

CONCLUSION: The dose of magnesium sulphate to lumbosacral epidural ketamine in sheep is feasible, and can be used in procedures 

analgesics in sheep. 
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RESUMO
OBJETIVO: Determinar os efeitos analgésicos, motores, sedativos e sistêmicos da adição de sulfato de magnésio na analgesia epidural 

com quetamina em carneiros. 

MÉTODOS: Foram utilizados seis carneiros machos sadios, pesando 43 ± 5 kg, com idade entre 20 a 36 meses. Cada animal recebeu três 

tratamentos, com duas semanas entre experimentos via administração epidural: (1) quetamina (KE; 2,5 mg/kg), (2) sulfato de magnésio 

(MG; 100 mg) e (3) KE + MG (KEMG; 2,5 mg/kg + 100 mg, respectivamente). As administrações epidurais foram administradas no 

espaço lombosacral. Analgesia, bloqueio motor, sedação, efeitos cardiovasculares, freqüência respiratória, temperatura retal e de pele 

foram avaliados antes (basal) e depois da administração dos fármacos até o fim da analgesia. 

RESULTADOS: A duração da analgesia com o tratamento KEMG foi 115 ± 17 min (média ± DP), duas vezes superior ao obtido com 

o tratamento KE (41 ± 7 min) ou tratamento MG (29 ± 5 min) isolados.  Os tratamentos KE e KEMG induziram bloqueio motor severo. 

As pressões arteriais e freqüência cardíaca não foram estatisticamente significantes nestes animais. 

CONCLUSÃO: A adição de sulfato de magnésio a analgesia epidural com quetamina é viável, e pode ser usado para prolongar os 

efeitos analgésicos destes bloqueios em carneiros.

Descritores: Quetamina. Analgesia Epidural. Sulfato de Magnésio. Ovinos.
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Introduction

Epidural anaesthetic blockade is indicated in small 

ruminants for various surgical procedures in the flanks and part 

of the thorax to permit orthopaedic surgery of the hind limbs 

as well as laparotomy. Certain injectable anaesthetics are most 

extensively used for regional anaesthetic blockade, although they 

cause adverse effects such as hypotension, respiratory depression, 

and neurotoxicosis1 when administered in excessive dose or 

accidentally intravascular. Application of a variety of drugs, 

including local anaesthetics, opioids, adrenergic agonists, and 

antagonists of N-methyl-D-aspartate (NMDA), in the region of 

the spinal cord reduces afferent input during surgery and also the 

metabolic stress response.

Ketamine (KE) is a non-competitive antagonist of the 

NMDA receptor and interacts with opioid receptors, monoaminergic 

receptors, muscarinic receptors, and voltage-sensitive Ca++ 

channels2. Epidurally, KE is capable of inducing perineal 

analgesia in humans3, horses4, and cattle5,6 or subarachnoidly in 

goats7 and sheep8.  NMDA receptor antagonists prevent central 

sensitization induced by peripheral nociceptive stimulation and 

abolish hypersensitization once it is established9 by blocking 

dorsal horn NMDA receptor activation induced by excitatory 

amino acid transmitters, such as glutamate and aspartate9-11. The 

NMDA receptor is widely distributed throughout all levels of the 

neuraxis and is intimately associated with physiologic processes 

relating to acute and chronic pain states12.

Magnesium (Mg++; MG), as KE, is a physiological non-

competitive NMDA receptor antagonist that blocks ion channels 

in a voltage-dependent fashion13-15. Studies with different routes 

of MG administration (eg, subarachnoid or epidural) showed 

improved anesthetic and analgesic quality16,17. Activation of 

NMDA receptors leads to calcium and sodium influx into the cell 

with an efflux of potassium and initiation of central sensitization 

and wind-up9,11. KE, a better known synthetic NMDA antagonist, 

not only abolishes peripheral afferent noxious stimulation but can 

also prevent the central sensitization of nociceptors18. However, 

KE and MG inhibit the NMDA system differently14,19. MG blocks 

calcium influx and noncompetitively antagonizes NMDA receptor 

channels13 and KE has a modulatory effect by binding to the NMDA 

receptors. These effects have prompted the investigation of MG as 

an adjuvant for postoperative analgesia17,20. The combination of 

drugs with analgesic/anesthetic effects administered by the epidural 

route seems to present an advantage over the administration 

of these drugs separately. Drugs can also be synergistic, which 

accentuates the analgesic/anesthetic effect. Compared with 

lidocaine administration alone, magnesium sulphate (MgSO
4
) 

added to lidocaine in caudal epidural administration increases the 

duration of the analgesic period in horses21, cattle22, and goats7.

The objective of the present study was to determine 

whether MG added to KE administered by the lumbosacral 

epidural route in sheep produces analgesia of longer duration and 

fewer side effects in term of sedation and ataxia.  

Methods

This experiment was approved by the Ethic Commission 

of Animal Utilization (CEUA) from the Federal University of Mato 

Grosso do Sul and agrees with the ethical principles of the Brazilian 

College of Animal Experimentation. Six adult male mixed-breed 

sheep weighing, 43 ± 5 kg (mean ± SD) and aged 20–36 months, 

were used. Before the experiments began, the sheep underwent 

biochemical examinations, hemograms, and determinations of 

anterior diseases, with an evaluation of their general health. 

Animals were kept at the Faculty of Veterinary Medicine and 

Animal Science facility during the entire experimental period. 

The animals were housed in the facility a few weeks before the 

beginning of the study to become acclimated to the experimental 

conditions. Three treatments were applied to each animal in a 

randomly selected way with a minimum of 2 weeks between them. 

A person who was not involved with the evaluations prepared 

the drugs and the evaluators were blinded to the drugs and doses 

administered in each study. Ambient temperature in the laboratory 

room was around 25ºC during these experiments.

All sheep were maintained in sternal recumbency with 

the hind limbs positioned cranially toward thoracic for localization 

for the lumbosacral epidural space. The lumbosacral region was 

clipped, shaved, and coated with povidone-iodine solution. Skin 

overlying the lumbosacral space was infiltrated with 1 mL of a 2% 

solution of lidocaine hydrochloride. The lumbosacral space was 

identified by the depression between the last lumbar vertebra and 

first sacral vertebra. A small incision (approximately 1 cm) was 

made in the skin and subcutaneous tissue at this site. An 18-gauge, 

12-cm Tuohy epidural needle (Perican, B. Braun, Sao Gonçalo, 

Brazil) was directed at the epidural space along the median plane. 

Correct positioning of the needle was confirmed by the hanging 

drop technique, aspiration of air, and low resistance during 

injection. Treatments were as follows: 5% KE (2.5 mg/kg; mean 

dose 107 mg; Ketamin S (+); Cristália Chemical and Pharmaceutical 

Products, Itapira, Brazil), 10% MG (100 mg-1 mL) (Isofarma, 

Pharmaceutical Products, Eusébio, Brazil), and 5% KE + 1 mL 

10% MG (KEMG; KE 2.5 mg/kg + 100 mg MG). The volume of 
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the drugs was kept constant at 1 mL/7.5 kg body weight by the use 

of 0.9% saline solution (Hipolabor Pharmaceutical, Sabará, Brazil) 

when necessary. All drugs were injected into the lumbosacral 

epidural space of each experimental animal.

Heart rate (HR), arterial pressures (systolic [SAP]; 

diastolic [DAP]; mean [MAP]), respiratory rate (RR), skin 

temperature (ST), rectal temperature (RT), analgesia, sedation, 

and ataxia were assessed before drug administration (baseline) and 

at 5, 10, 15, 30, 45, 60, 75, and 90 minutes and every 30 minutes 

thereafter until a score < 3 was achieved in the pain scoring system 

outlined below. All animals received a standard painful stimulus 

with 23-gauge, 2.5-cm needle inserted into the skin and the 

underlying tissues (deep muscle pricks) at the dorsocaudal ribs, 

upper and lower flanks, upper hind limbs, and perineal and feet 

areas (Figure 1). 

FIGURE 1 - The circle indicates the main areas tested in sheep by 
standard painful stimulus inserted into the skin and the underlying tissues: 
(a) dorsocaudal ribs, (b) upper flank, (c) lower flank, (d) upper hind limb, 
(e) perineum, and (f) feet.

To assess the dermatomal spread of all solutions within 

the epidural space at different time intervals needle pricks were 

made at adjacent dermatomic regions, beginning at the tail 

and proceeding cranially to the thoracic area. ST was used as a 

complementary test for failure or success of the lumbosacral 

epidural blocks. The ST was measured with a noncontact infrared 

thermometer (Minitemp, Raytek, Santa Cruz, CA, USA) at three 

trichotomized points (upper flank, upper hind limb, and foot 

regions; Figure 2). 

FIGURE 2 - Measurement of ST at three trichotomized points: (a) upper 
flank, (b) upper hind limb, and (c) foot regions in sheep.

The noxious stimulus made for measure the analgesic 

score did not made in these regions. The ST was measured for 

60 minutes after the blocks; care was taken to measure distant 

to subcutaneous veins (20–30 cm). Lack of analgesia (a strong 

positive response to a noxious stimulus) was ensured before 

drug administration. Pannicullus response and muscle twitches 

alone were not considered as painful responses to these stimuli. 

Analgesic, sedation, and ataxia were evaluated as presented in 

Table 1 and were assessed before and after each stimulation.

TABLE 1 - Scoring system for analgesic, sedation and 

ataxia.

Femur

Tibia

Metatarsus

c

Thoracic (13) Lumbar (6-7) Sacral (4) Caudal (16-18)

a b
d

e

f

Thoracic Lumbar Sacral Caudal

Ischium

Last rib

Femur

Tibia

Metatarsus

A B

C

Scores Definition of scoring

Analgesic

1 Strong reaction to painful stimulus with vocalization, tail swishing, or struggle

2
Mild analgesia, depressed reaction to a painful stimulus, but restless and turning 
toward site of pinprick

3 Moderate analgesia, no response to a painful stimulus but restless

4 Complete absence of response to a painful stimulus

Sedation

1 No sedative effect

2 Reduced alertness, upper eyelids drooped with no other signs

3 Sedation with drowsiness and slight drop of the head

Ataxia

1 No ataxia

2 Mild ataxia, difficulty in keeping a standing position

3
Moderate ataxia, animal with partial loss of movement of the hind limbs and in lateral 
recumbency

4 Severe ataxia, paralysis of the hind limbs and in lateral recumbent 
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Arterial pressure was measured through a cardiac monitor 

EMAI-RX-300A (Transmai, Hospitalares Medical Equipment, Sao 

Paulo, Brazil) by using an oscillometric non-invasive device, with 

the cuff attached to the proximal third of the radius to measure the 

pressure in the brachial artery. The HR was measured as beats/

min and RR as number of chest movements per minute; RT was 

measured with a digital thermometer. 

All data were analyzed using a general linear model with 

the SAS software package (SAS Institute Inc, Cary, NC, USA). 

Data were grouped and summarized as mean ± standard deviation 

(SD). A randomized block design was used for each drug, with 

time as treatment and each of the six animals as a block. For 

the dependent variables SAP, DAP, MAP, HR, RR, ST, and RT, 

analysis of variance (ANOVA) differed from baseline (time 0). 

For anesthesia, sedation, and ataxia-dependent variables, the 

nonparametric Friedman test was used, followed by multiple data 

comparison. The Dunnett rank test was also applied, with time 0 

being considered as baseline. In each analysis, differences were 

considered significant when p<0.05.

Results

Lumbosacral epidural analgesia was produced in all 

sheep after administration of KE, MG, and KEMG. Time to onset 

of complete analgesia (grade 3 and 4) was significantly prolonged 

(P < 0.05) after MG treatment (17 ± 5 min) in comparison with 

KE (5 ± 3 min) or KEMG treatments (7 ± 4 min). The extent of 

analgesia obtained with the KEMG treatment was similar to that 

obtained with KE treatment, extending to dermatomic region 

T12–13. The KEMG combination produced a longer duration of 

analgesia (115 ± 17 min) than the KE treatment (41 ± 7 min) in the 

regions of the dorsocaudal ribs, upper and lower flanks, upper hind 

limbs, and perineal and feet areas. The MG treatment had a less 

analgesia (29 ± 5 min; grades 2 and 3) and a lower blocked area, 

covering only the upper flank and upper hind limbs (Figure 3). 

FIGURE 3 -  Median analgesic score in response to a standard noxious 
stimulus at dorsocaudal ribs, upper and lower flanks, upper hind limbs, 
and perineal and feet areas after lumbosacral epidural administration of 
KE, MG, or KEMG in six sheep. The values for KEMG (a), KE (b), and 
MG (c) differed significantly (p<0.05) from the respective baseline (time 
0) values.

Temperature changed on the skin areas of the upper 

flank, upper hind limb, and foot regions in all sheep. The time 

until detectable rise of ST (>1ºC) after the lumbosacral epidural 

in these areas was 5–10 minutes (P > 0.05) for the KE, MG, or 

KEMG treatments (Table 2). 

Times (minutes)

Treatments Anatomical site Basal 5 10 15 30 60

KE Upper flank 36.0 ± 0.5 37.4 ± 0.7 37.4 ± 0.3* 37.8 ± 0.4* 38.0 ± 0.7* 37.3 ±1.4

Upper hind limb 36.4 ± 0.8 37.3 ± 0.2* 37.3 ± 0.5* 37.8 ± 0.6* 37.6 ± 1.6 37.5 ± 0.8

Feet 35.1 ± 0.7 36.1 ± 0.6 36.6 ± 0.4* 36.5 ± 0.2* 36.5 ± 0.3* 36.2 ± 0.9

MG Upper flank 36.8 ± 0.5 37.5 ± 0.3 37.9 ± 0.3* 37.8 ± 0.4* 37.5 ± 0.8 36.8 ± 0.7

Upper hind limb 36.8 ± 0.5 37.3 ± 0.7 37.6 ± 0.4* 37.5 ± 0.2* 37.4 ± 0.7 36.6 ± 0.6

Feet 34.6 ± 0.8 35.5 ± 1.3 36.2 ± 0.6* 35.9 ± 0.3* 35.8 ± 0.9 34.8 ± 0.7

KEMG Upper flank 35.3 ± 0.7 36.1 ± 0.3* 36.8 ± 0.5* 37.2 ± 0.5* 37.0 ± 0.6 36.8 ± 0.4

Upper hind limb 36.3 ± 0.7 37.3 ± 0.4* 37.6 ± 0.4* 37.0 ± 1.0 36.7 ± 1.6 36.8 ± 1.3

Feet 33.5 ± 1.4 36.0 ± 0.7* 35.8 ± 0.8* 36.3 ± 1.0* 36.0 ± 1.0* 36.2 ± 1.0

TABLE 2 - Skin temperature of six sheep after lumbosacral epidural administration of ketamine (KE, 2.5 mg/kg), magnesium 

sulphate (MG, 100 mg) or ketamine plus magnesium sulphate (KEMG, 2.5 mg/kg ketamine + 100 mg magnesium sulphate) (mean ± 

SD).

*p <0.05 compared to basal value.
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The ataxic effect was more prolonged P < 0.05) with 

the KEMG treatment (grade 3; 42 ± 18 min) than with the KE 

treatment (grade 4; 26 ±7 min); however, MG treatment had no 

effect on the motor system in any of the sheep (Figure 4). 

FIGURE 4 - Median score for the ataxic effects of lumbosacral epidural 
administration of the KE, MG, or KEMG in sheep. The values for KEMG 
(a), KE (b), or MG (c) differed significantly (p<0.05) from the respective 
baseline (time 0) values.

Only the KE treatment showed a mild sedative 

effect (grade 2). HR, RR, SAP, DAP; MAP, and RT did not 

differ significantly from baseline after lumbosacral epidural 

administration of KE, MG, or KEMG.

 

Discussion

In this study, we demonstrated that the addition of 

epidural MG, a non-competitive NMDA antagonist, to KE 

prolongs epidural analgesia in conscious sheep. The median 

duration of analgesia when 100 mg epidural MG was added to 2.5 

mg/kg KE was prolonged to 115 min compared with 30 min and 45 

min when MG or KE was used alone, respectively. The analgesia 

produced by the MG epidural was less intense and had a shorter 

duration of action. The dose of MG added to the KE epidural was 

based on data from cattle, horse, and sheep models21-23. In these 

studies, 1 mL 10% MG was added to lidocaine, a local anesthetic, 

aiming to prolong the analgesic effect. But none of these studies 

examined the administration of MG alone by the epidural route. 

Noxious stimulation leads to the release of glutamate and aspartate 

neurotransmitters, which bind to various subclasses of excitatory 

amino acid receptors, including the NMDA receptor20. The Mg2+ 

ion blocks NMDA receptor-associated channels in a voltage-

dependent manner14,15. NMDA receptor channels are ligand-

gated ion channels that generate slow excitatory postsynaptic 

currents at glutamatergic synapses16,24. NMDA receptor signalling 

may be important in determining the duration and intensity of 

postoperative pain9. One report indicated that intrathecal MG 

enhances opioid analgesia in an acute incisional model25. Both 

drugs used in this study, KE and MG, block NMDA channels in a 

voltage-dependent way and reduce NMDA-induced currents12,14,15. 

Another study demonstrated that administration of epidural MG 

in humans reduced postoperative fentanyl consumption without 

any side effects17. The combination of a non-competitive NMDA 

antagonist MG with fentanyl, an opioid, and intrathecally 

administered, prolongs the duration of spinal analgesia in humans20. 

A limitation to the parenteral application of MG for modulation 

of antinociception via NMDA channel antagonism is insufficient 

blood–brain barrier penetration to achieve effective cerebrospinal 

fluid concentrations26. MG combined with lidocaine, epidurally 

administered, induces a longer duration of analgesia than lidocaine 

alone in cattle or horses21,22. In the current study, epidural injection 

of MG alone induced a short duration of analgesia with a more 

delayed onset of sensory blockade.

Epidural or subarachnoid injection of KE for perineal 

or flank analgesia in horses4, cattle5,6 and goats7,27 has been 

reported previously. Systemically, KE increases arterial blood 

pressure and stimulates sympathetic activity. This stimulation of 

the sympathetic system increased the ST in the three treatments 

in this study. Epidural local anaesthetics induce a local 

vasodilatation and increase local blood by sympathetic block28 

with a consequent increase in ST in the blockade regions. Also 

MG decreases baseline tension in vascular smooth muscle and 

attenuates the vasoconstrictor response to vasopressor agents29,30. 

As a calcium channel blocker, magnesium sulphate causes a dose-

dependent negative inotropic effect and peripheral vasodilation31. 

Subarachnoid KE combined with lidocaine provides duration 

three times as long as that observed after administration of KE 

alone in goats7. In the study reported here, KE combined with MG 

administered to sheep by the epidural route induced a rapid onset 

with longer duration of the analgesic effect. Epidural injection of 

KE alone in sheep or horses induces a rapid onset but short duration 

of the analgesic effect4,8. These results are similar those obtained in 

our study with the KE treatment. Onset and duration of analgesia 

induced by drugs administered via epidural injection will depend 

on their ability to spread through the meningeal tissue32.

In our study, the sheep receiving KEMG and KE 

treatments presented with ataxia and weakness of the hind limbs. 

However, ataxia did not occur after epidural administration of MG 

alone. Doses of epidural MG used in the present study are within 

the range used in the previous studies with no side effects detected. 

Several studies showed that intrathecally administered MG has a 

good safety profile in animals33,34. MG infused via the intrathecal 

route in rats was safe and induced the same histologic changes as 

did injected lidocaine or physiologic saline33. In a study of spinal 
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cord ischemia in a canine model, none of the dogs that received 

intrathecal MG had neurologic injury or histopathologic changes34. 

Another study described an inadvertent intrathecal injection of 

1000 mg MG that produced a transient motor block followed by 

a complete resolution within 90 min and no neurologic deficit 

at long-term follow-up35. Subarachnoid or epidural injection of 

KE with similar doses used in this study caused severe block of 

the motor fibres in horses4, goats7, and sheep8. The ataxic effects 

observed in our study occurred with both treatments containing 

KE. Even though the investigation of neural injury was not the 

purpose of our study, none of the sheep had signs of neurologic 

disorders.

Epidural anesthesia induces a vasodilatation in the 

blockade areas. Vasoconstriction develops in areas of the body 

above the blockade area to minimize the cardiovascular changes 

resulting from vasodilatation below the level of anesthesia. 

Low-pressure baroreceptors located in the pulmonary vessels, 

right atrium, and left atrium and carotid baroreceptors mediate 

this compensatory increase in vascular tone above the level 

of sympathetic denervation36. Intravenous infusion of MgSO
4
 

slightly decreases arterial blood pressure during epidural 

lidocaine anesthesia in ewes37. In our study, we did not observe 

any significant changes in cardiovascular variables in sheep 

after epidural administration of KE, MG, or KEMG at the doses 

used.  Our results are similar to other studies in humans that 

used intrathecal and epidural MgSO
4
 (50 mg) administration in 

combination with fentanyl or bupivacaine16,17,20. Finally, none 

of the sheep demonstrated adverse reactions to epidural MG at 

any time points assessed. These findings encourage the epidural 

use of MG in sheep. With its low cost and simple changes in 

clinical veterinary anaesthesiology practice, MG could do much 

to decrease pain or stress in the postoperative period.

Conclusion

The combination of ketamine (2.5 mg/kg) and ) 

magnesium sulphate (100 mg) administered epidurally in sheep 

resulted in an increase onset time of analgesia at 7 ± 4 min and 

lengthen analgesia (115 ± 17 min) of the dorsocaudal ribs, upper 

and lower flanks, upper hind limbs, and perineal and feet areas 

compared to KE or MG alone. 
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