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Highlights

Dexmedetomidine produced deeper sedation than midazolam in guinea pigs.

Dexmedetomidine administration associated with a significant decrease in heart rate.

Partial flumazenil antagonism shortened the anesthesia recovery period.

Abstract

The increasing popularity of guinea pigs as pets and their high reproductive capacity have heightened 

demand for orchiectomy procedures. This study aimed to evaluate the effects of different anesthetic 

drug combinations on this species. Eighteen male Cavia porcellus (641 ± 135 g) were randomly assigned 

to three groups (n = 6) after baseline blood glucose measurement: ketamine (15 mg kg-1) combined with 

midazolam (1 mg kg-1) (M), dexmedetomidine (10 µg kg-1) (D), or half-doses of each (0.5 mg kg-1 midazolam 

and 5 µg kg-1 dexmedetomidine) (DM). After intramuscular administration, sedation was scored using 

two systems that assessed posture, response to stimuli, and muscle relaxation. Orchiectomy was 

then performed under aseptic conditions, with all animals receiving standardized supportive care, 

including thermal support via a heating mattress and continuous monitoring of vital parameters. A single 

veterinarian performed all surgeries to ensure consistency. Anesthesia was maintained with isoflurane (1 

1	 PhD Students, Postgraduate Degree in Veterinary Medicine, Universidade Federal de Pelotas, UFPEL, Pelotas, RS, 
Brazil. E-mail: medvetboff@gmail.com; apmvet@gmail.com

2	 M.e Student, Postgraduate Degree in Veterinary Medicine, UFPEL, Pelotas, RS, Brazil. E-mail: iepsen.lua@gmail.com
3	 Self-employed Veterinarian, Florianopolis, SC, Brazil. E-mail: mical.ciprianofelipe@gmail.com
4	 Self-employed Veterinarian, Porto Alegre, RS, Brazil. E-mail: priscilavogt25@gmail.com
5	 Profs. Drs., Undergraduate Degree in Veterinary Medicine, UFPEL, Pelotas, RS, Brazil. E-mail: fabianegrecco18@

gmail.com; martielogehrcke@gmail.com
*	 Author for correspondence

1327Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

DOI: 10.5433/1679-0359.2025v46n5p1327

Received: July 14, 2025 Approved: Sept. 05, 2025

ARTICLES / ARTIGOS



Boff, G. A. et al.

1328 Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

vol%) via face mask, adjusted by ± 0.25 vol% in response to manipulation and vital signs. Postoperatively, 

blood glucose was re-measured, and three animals from each group received antagonists: flumazenil 

(0.1 mg kg-1) in group M, atipamezole (50 µg kg-1) in group D, or half-doses of both drugs in group DM. 

Recovery was assessed using the blink reflex, time to ventral recumbency, and time to ambulation, with 

blood glucose levels measured again at the end of recovery. On one sedation scale, group D (score 19, 

range 18–19) exhibited significantly deeper sedation than group M (14.5, range 7–18), while group DM 

(18, range 9–19) did not differ significantly from either. Mean heart rate was highest in group M (249 ± 29) 

compared with groups D (184 ± 16) and DM (180 ± 21). Isoflurane concentration was lowest in group D 

(0.8 ± 0.2 vol%) compared with groups M (1.5 ± 0.4 vol%) and DM (1.4 ± 0.4 vol%). Antagonists reduced 

recovery time by 66% in group M, 30% in group D, and 48% in group DM, with significantly shorter times 

to ambulation observed in groups M and DM. Blood glucose levels did not differ significantly across 

groups. In conclusion, ketamine combined with dexmedetomidine provided deeper sedation, reduced 

isoflurane requirements, and, in the groups receiving dexmedetomidine, lowered heart rate compared 

with midazolam, whereas antagonist administration accelerated recovery in protocols containing 

midazolam.

Key words: Glucose. Heart rate. Post-anesthetic recovery. Respiratory rate. Sedation.

Resumo

A crescente popularidade dos porquinhos-da-índia como animais de companhia aumentou a demanda 

por orquiectomias, dada a sua elevada taxa reprodutiva. Assim, este estudo avaliou os efeitos de fármacos 

anestésicos nessa espécie. Dezoito machos de Cavia porcellus (641 ± 135 g) foram distribuídos em três 

grupos (n = 6) após mensuração inicial da glicemia: cetamina (15 mg kg-1) associada a midazolam (1 mg 

kg-1) (M), dexmedetomidina (10 µg kg-1) (D) ou meias doses de cada fármaco (0.5 mg kg-1 de midazolam e 5 

µg kg-1 de dexmedetomidina) (DM). Após administração intramuscular, a sedação foi pontuada por duas 

escalas que avaliam postura, resposta a estímulos e relaxamento muscular. Em seguida, foi realizada uma 

orquiectomia sob condições assépticas, e todos os animais receberam cuidados de suporte padrão, 

incluindo aquecimento com colchão térmico e monitorização dos sinais vitais. Todos os procedimentos 

cirúrgicos foram executados por um único médico-veterinário para garantir consistência. Em seguida, 

os animais foram anestesiados com isoflurano (1 vol %) por máscara facial, ajustado em ± 0.25 vol 

% com base na resposta à manipulação e nos sinais vitais. Após a cirurgia, a glicemia foi mensurada 

novamente e metade dos animais de cada grupo (n = 3) recebeu antagonistas: flumazenil (0.1 mg kg-1) 

para M, atipamezol (50 µg kg-1) para D e metade dessa dose para DM. A recuperação foi avaliada pelos 

tempos de retorno do reflexo de piscar, decúbito esternal e deambulação, enquanto os níveis de glicose 

no sangue foram mensurados ao final da recuperação. Em uma das escalas de sedação, D (pontuação 

19, intervalo 18–19) promoveu sedação mais profunda que M (14,5, intervalo 7–18), embora nenhum 

dos dois diferisse de DM (18, intervalo 9–19). A frequência cardíaca média foi maior em M (249 ± 29) 

que em D (184 ± 16) ou DM (180 ± 21). A concentração de isoflurano foi menor em D (0.8 ± 0.2) em 

comparação com M (1.5 ± 0.4) ou DM (1.4 ± 0.4). Os antagonistas reduziram os tempos de recuperação 

em 66 % em M, 30 % em D e 48 % em DM, com um tempo de retorno à deambulação mais curto nos 

grupos M e DM. Em conclusão, a combinação de cetamina e dexmedetomidina proporcionou sedação 

mais profunda, reduziu a necessidade de isoflurano e, nos grupos que receberam dexmedetomidina, 
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diminuiu a frequência cardíaca em comparação ao midazolam, enquanto o uso de antagonistas acelerou 

a recuperação nos protocolos com midazolam. 

Palavras-chave: Frequência cardíaca. Frequência respiratória. Glicose. Recuperação pós-anestésica. 

Sedação.

Introduction

Among non-traditional companion 
animals, guinea pigs (Cavia porcellus) are 
increasingly presented to veterinary clinics 
and hospitals for a variety of procedures 
(Zimmerman et al., 2015; Gasparik-Küls et 
al., 2023). This species is highly prolific, and 
surgical sterilization is a common method 
for population control (Shomer et al., 2015). 
Castration is often preferred in males, 
since it is less invasive than ovariectomy or 
ovariohysterectomy in females (Kaiser et al., 
2023). However, despite being a relatively 
simple and quick procedure, male castration 
still requires deep sedation with a local 
anesthetic block, dissociative anesthesia, 
or general anesthesia (Isaza & Isaza, 2020). 
Different combinations of techniques and 
drugs have been reported (Allweiler, 2016; 
Schmitz et al., 2017; Sixtus et al., 2021; 
Scarabelli & Nardini, 2019, 2020; Bennett & 
Lewis, 2022; Gasparik-Küls et al., 2023).

Dissociative anesthetics are 
commonly combined with benzodiazepines, 
alpha-2 agonists, and opioids, for anesthesia 
in guinea pigs and other rodents (Schmitz et 
al., 2016a,b, 2017; Sixtus et al., 2021; Bennett 
& Lewis, 2022). Drugs such as midazolam 
and dexmedetomidine offer the advantage 
of reversibility with specific antagonists, 
which shortens anesthetic recovery and 
accelerates the return to normal physiological 
functions. This is particularly important for 
guinea pigs, whose metabolism is faster 
than that of many other species (Bennett & 

Lewis, 2022). In rats, for example, reversal of 
dissociative anesthesia using ketamine and 
medetomidine with atipamezole significantly 
reduced recovery time (Cruz et al., 1998). To 
date, however, no guinea pig–specific studies 
have directly compared ketamine combined 
with midazolam, dexmedetomidine, or both, 
supplemented with isoflurane, or evaluated 
the reversal of part of the anesthetic protocol 
in a clinical setting.

Previous studies have described 
anesthetic protocols in guinea pigs using 
dexmedetomidine (0.005–0.25 mg kg-1) and 
midazolam (0.5–2 mg kg-1), in combination 
with alfaxalone, dissociative anesthetics, and 
opioids (Doerning et al., 2018; Ríos Álvarez 
et al., 2022; Avelino et al., 2024; Serighelli et 
al., 2024). Ketamine, in particular, is frequently 
administered alongside these adjuvant agents 
during guinea-pig anesthesia. Reported high 
doses include 75 mg kg-1 ketamine combined 
with 15 mg kg-1 xylazine (Schmitz et al., 2016b), 
while lower-dose combinations include 30 mg 
kg-1 ketamine with 2 mg kg-1 midazolam, 40 mg 
kg-1 ketamine with 4 mg kg-1 xylazine, and 15 
mg kg-1 ketamine with 0.5 mg kg-1 midazolam 
(Sixtus et al., 2021; Wharton et al., 2024).

The present study evaluated sedation 
depth, isoflurane consumption, key vital 
parameters during orchiectomy, and recovery 
times in guinea pigs anesthetized with 
ketamine combined with dexmedetomidine, 
midazolam, or both, and examined the 
feasibility of partial antagonization of these 
anesthetic protocols.
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Materials and Methods

Animals

The study was approved by the 
Ethics Committee on Animal Use of the 
Federal University of Pelotas (protocol 
no. 23110.014102/2022-84). Eighteen 
male Abyssinian-strain guinea pigs (Cavia 
porcellus), sharing a common genetic 
background due to being donated and bred 
in isolation from other colonies, underwent 
orchiectomy. This convenience sample 
included all available adult males. The 
animals weighed 641 ± 135 g (mean ± SD) and 
ranged between six months and two years 
old. They were housed on a rural property 
in an open-air pen (~10 m²) beneath a tree, 
with natural lighting and wooden shelters 
with lateral circular openings. The diet 
included commercial feed, tubers, and leafy 
vegetables, and all animals were clinically 
healthy.

Experimental protocols

Animals were randomly assigned to 
three groups of six animals each,  as follows: 
M group (612 ± 134 g), receiving ketamine 
(100 mg mL-1) at 15 mg kg-1 combined 
with midazolam (5 mg mL-1) at 1 mg kg-1; D 
group (587 ± 150 g), receiving  ketamine 
(100 mg mL-1) at 15 mg kg-1 combined with 
dexmedetomidine (500 µg mL-1) at 10 µg 
kg-1; and DM group (723 ± 94 g), receiving a 
combination of  ketamine (100 mg mL-1) at 15 
mg kg-1, dexmedetomidine (500 µg mL-1) at 5 
µg kg-1, and midazolam at  0.5 mg kg-1 ( 5mg 
mL-1). There was no statistically significant 
difference in body weight among the groups. 

Dexmedetomidine was diluted with sterile 
water at a ratio of 1:10 for injection using 
a 1 mL syringe. For each protocol, the 
agents were mixed in the same syringe and 
administered intramuscularly into the left or 
right semitendinosus and semimembranosus 
muscles, with a maximum volume of 0.3 mL 
per animal. Blood glucose was measured 
immediately before drug administration 
using a drop of blood from the tip of the ear 
(27G, 13x0.45 mm needle) and a glucometer 
(Accu-Chek® Active). Monitoring glycemia 
was important due to the guinea pigs’ high 
metabolic rate and the potential effects of 
the administered drugs on this parameter.

Sedation assessment

Sedation was evaluated 10 minutes 
after agent administration using two scoring 
systems: one previously validated in guinea 
pigs (P scale; Table 1) and another developed 
for laboratory animals, specifically rats 
(Rattus norvegicus; R scale; Table 2). The P 
scale included five criteria: movement and 
body tone (0-5), and reaction to handling, 
posture, and righting reflex (0-3 each) (Sixtus 
et al., 2021). The R scale consisted of six 
criteria: spontaneous activity/position, blink 
reflex, resistance to mouth opening, response 
to noise, general appearance/attitude, and 
resistance to lateral recumbency, all scored 
from 0 to 3, except resistance to lateral 
recumbency (0-4) (Rondeau et al., 2020). Both 
scales range from 0 to 19, where 0 indicates 
an awake, alert, and coordinated animal, 
and 19 a deeply sedated, atonic animal 
unresponsive to stimuli. All evaluations were 
performed by a single observer blinded to 
the treatment protocol.
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Table 1
Guinea‑pig sedation scale (P Scale)

Score Movement Body tone
Reaction to 

handling
Posture Righting reflex

0
Normal 

coordinated 
movement

Rigid, hunched, 
waking tone

Normal reaction Normal
Regains sternal 

recumbency 
immediately

1
Coordinated 
movement

Relaxed but 
upright, muscle 

tone present

Decreased 
response (flinch/
movement/noise)

Head up, 
sitting

Regains sternal 
recumbency 
within 5–10 s

2
Uncoordinated 

movement
Drowsy, 

recumbent, floppy

Minimal response 
(slight flinch/
movement)

Head down, 
sternal 

recumbency

Attempts 
but fails to 

regain sternal 
recumbency

3
Infrequent 

uncoordinated 
movement

Sedate, atonic No response
Lateral 

recumbency

Does not 
attempt to 
reposition

4
Infrequent weak 
uncoordinated 

movement

Dorsal 
recumbency, 
responsive to 

stimuli

— — —

5 No movement
Dorsal 

recumbency, 
unresponsive

— — —

Adapted from Sixtus et al. (2021).
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Table 2
Rat sedation scale (R Scale)

Score
Spontaneous 

activity / 
Position

Resistance 
to lateral 

recumbency
Blink reflex

Resistance 
to mouth 
opening

Response to 
noise

General 
appearance / 

Attitude

0
Standing ± 

spontaneous 
exploration

Cannot be 
placed in 

lateral
Brisk

Normal 
response 

(bites wood 
or moves 

head)

Startle 
reaction 

(head + body 
twitch)

Awake, 
behaving 
normally

1
Ataxic / stagger 

when moving

Placed in 
lateral; returns 

≤ 5 s

Slow, full 
corneal 
sweep

Reduced 
response 

(jaw moves)

Reduced 
startle 

reaction

Awake, 
behaving 

abnormally 
(e.g., 

hyperactivity)

2
Lying on belly + 

crawling

Remains in 
lateral > 5 s 

with tone

Slow, partial 
corneal 
sweep

Much 
reduced 
(no jaw 

movement; 
tongue stays)

Minimal 
startle (head 

twitch)

Tranquil, no 
movement

3
Lying down, no 

movement

Remains in 
lateral > 5 s 

without tone
Absent

Loss of 
response 

(tongue can 
be extended)

No response
Stupors, no 
movement

4 —
Loss of 

righting reflex 
> 5 s

— — — —

Adapted from Rondeau et al. (2020).

Anesthesia and monitoring

Following sedation assessment, 
animals were placed in dorsal recumbency 
on a thermal mattress maintained at 38 ± 
1 ºC and fitted with a face mask delivering 
100% oxygen with isoflurane at 1 L/min in 
a non-rebreathing circuit. Isoflurane was 
initially administered at 1% using a calibrated 
electronic vaporizer (1415 Pinomatic, 
Takaoka Medical), and the expired fraction 
was monitored with a gas analyzer (Vamos 
Plus®, Dräger). Subsequently, the animals 
were connected to electrocardiogram (ECG) 

leads to record heart rate (HR) and rhythm 
(INcardio®, INpulse animal health), and 
to a pulse oximeter on a paw to measure 
oxygen saturation (SpO2) (R40VET®, RZ 
Vet). Respiratory rate (RR) was measured by 
direct observation of thoracic movements. 
Isoflurane concentration was adjusted 
according to the anesthetic plan until loss of 
the blink reflex, allowing proper placement of 
monitoring leads and subcutaneous scrotal 
and intratesticular administration of 2 mg kg-1 
lidocaine diluted in 1 mL lactated Ringer’s 
solution.
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Intraoperative evaluation

From the onset of anesthesia, HR, 
SpO2, and RR were monitored through 
specific surgical stages: placement of 
surgical drapes (M1), skin incision (M2), 
traction, clamping, and ligation of the first 
testis (M3), ligation of the second testis 
(M4), and subcutaneous closure (M5). The 
evaluator responsible for recording these 
parameters during anesthesia was blinded to 
the treatment protocol. An anesthetic plane 
was classified as superficial when animals 
responded to surgical manipulation with 
movement or when HR or RR increased by 
more than 30% compared with the preceding 
measurement; in these cases, the isoflurane 
concentration was increased by 0.25%. 
Conversely, if a deep anesthetic plane was 
indicated by reduced cardiorespiratory 
values compared with the previous 
measurement, isoflurane concentration was 
decreased by 0.25%.

Reversal and postoperative evaluations

At the end of surgery, isoflurane 
administration was discontinued and 
blood glucose levels were measured. 
Subsequently, three animals in each group 
received intramuscular antagonists to 
dexmedetomidine, midazolam, or both. 
The M group received flumazenil (0.1 mg 
mL-1 0.1 mg kg-1), the D group atipamezole 
(5000 µg mL-1, 50 µg kg-1), and the DM 
group received half of the individual doses 
administered to the M and D groups. From 
this point onward, recovery was monitored 

by recording the time (in minutes) to return 
of the blink reflex, maintenance of ventral 
recumbency, and initiation of ambulation, 
even if ataxic or uncoordinated. Blood 
glucose was reassessed after ambulation 
began. Postoperative analgesia consisted 
of orally administered meloxicam (0.5 mg/kg) 
and dipyrone (500 mg per mL), at a dosage 
of one drop (25 mg) every 8 hours for 3 days.

Statistical analysis

Statistical analyses were performed 
using GraphPad Prism 8.0 software (San 
Diego, California, USA). Data distribution was 
tested with the Shapiro-Wilk test. Normally 
distributed data were analyzed by one-way 
ANOVA with Tukey’s post hoc test to compare 
groups at each time point, while non-normal 
data were evaluated with the Kruskal-Wallis 
test followed by Dunn’s post hoc test. 
Recovery times were compared with either 
an unpaired t-test (non-parametric data) or 
the Mann-Whitney test (parametric data). 
Differences were considered statistically 
significant at p < 0.05.

Results and Discussion

Sedation was assessed using two 
scoring systems. On the guinea pig-specific 
scale (P scale), no statistically significant 
intergroup differences were observed. 
However, on the rat-specific scale (R scale), 
sedation scores were significantly higher in 
group D than in group M (p = 0.007) (Figure 1).
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were evaluated with the Kruskal-Wallis test followed by Dunn's post hoc test. Recovery times were compared 

with either an unpaired t-test (non-parametric data) or the Mann-Whitney test (parametric data). Differences 

were considered statistically significant at p < 0.05. 

 

Results and Discussion 

Sedation was assessed using two scoring systems. On the guinea pig-specific scale (P scale), no 

statistically significant intergroup differences were observed. However, on the rat-specific scale (R scale), 

sedation scores were significantly higher in group D than in group M (p = 0.007) (Figure 1). 

 

 
 
Figure 1. Sedation scores in guinea pigs following administration of ketamine with 
midazolam (M), ketamine with dexmedetomidine (D), or ketamine with 
dexmedetomidine and midazolam (DM). The R scale corresponds to the sedation 
scale described for rats, whereas the P scale corresponds to the sedation scale 
developed specifically for guinea pigs (Rondeau et al., 2020; Sixtus et al., 2021). 
Statistically significant intergroup differences are indicated by (†, P ≤ 0.01). 
Scale R e Scale P = R scale e P Scale. 

 

During anesthesia, HR values in groups D and DM were comparable but significantly lower than in 

group M at most surgical stages (M2-M5) (P < 0.05) (Table 3). At M1, there was no significant difference 

between groups M and D (p = 0.09), but group DM differed from group M (p = 0.03). At this stage (M1), 

isoflurane concentration was lowest in group D (0.8 ± 0.2 vol%) and highest in group DM (1.8 ± 0.2 vol%) (p 

= 0.0002). At the end of surgery (M4 and M5), isoflurane concentrations were significantly higher in group M 

(1.5 ± 0.4 and 1.6 ± 0.3 vol%) compared with group D (0.7 ± 0.3 and 0.8 ± 0.2 vol%) (p = 0.007 and 0.01, 

respectively), but did not differ significantly from group DM. When mean isoflurane requirements (vol%) 

were calculated, group D required significantly less isoflurane (0.8 ± 0.2 vol%) than both groups M (1.4 ± 0.4 

vol%) and DM (1.3 ± 0.4 vol%) (p = 0.0004 and 0.001, respectively). 

 

Figure 1. Sedation scores in guinea pigs following administration of ketamine with midazolam (M), 
ketamine with dexmedetomidine (D), or ketamine with dexmedetomidine and midazolam (DM). The 
R scale corresponds to the sedation scale described for rats, whereas the P scale corresponds to 
the sedation scale developed specifically for guinea pigs (Rondeau et al., 2020; Sixtus et al., 2021). 
Statistically significant intergroup differences are indicated by (†, P ≤ 0.01).
Scale R e Scale P = R scale e P Scale.

During anesthesia, HR values in groups 
D and DM were comparable but significantly 
lower than in group M at most surgical stages 
(M2-M5) (P < 0.05) (Table 3). At M1, there was 
no significant difference between groups 
M and D (p = 0.09), but group DM differed 
from group M (p = 0.03). At this stage (M1), 
isoflurane concentration was lowest in group 
D (0.8 ± 0.2 vol%) and highest in group DM (1.8 
± 0.2 vol%) (p = 0.0002). At the end of surgery 
(M4 and M5), isoflurane concentrations were 

significantly higher in group M (1.5 ± 0.4 and 
1.6 ± 0.3 vol%) compared with group D (0.7 ± 
0.3 and 0.8 ± 0.2 vol%) (p = 0.007 and 0.01, 
respectively), but did not differ significantly 
from group DM. When mean isoflurane 
requirements (vol%) were calculated, group 
D required significantly less isoflurane (0.8 
± 0.2 vol%) than both groups M (1.4 ± 0.4 
vol%) and DM (1.3 ± 0.4 vol%) (p = 0.0004 and 
0.001, respectively).
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In the recovery phase, administration 
of antagonists to dexmedetomidine, 
midazolam, or both, did not significantly alter 
the time to return of the blink reflex between 
reversed and non-reversed animals, although 
numerical variation was observed (Figure 2). 
However, time to ventral recumbency was 
shorter in animals reversed with midazolam 
alone (M) or dexmedetomidine (D) (p = 0.01 

Table 3
Cardiorespiratory parameters - heart rate (HR, beats/min), respiratory rate (RR, breaths/min), peripheral 
oxygen saturation (SpO2, %), and isoflurane concentration (vol%, as delivered by a calibrated vaporizer 
with a face mask). Parameters were measured in guinea pigs anesthetized with isoflurane following 
administration of ketamine and midazolam (M), ketamine and dexmedetomidine (D), or ketamine, 
midazolam, and dexmedetomidine (DM), during orchiectomy

Parameters Group M1 M2 M3 M4 M5

HR
(RPM)

M 234 ± 35a 247 ± 34a 248 ± 30a 263 ± 26a 250 ± 17a

D 190 ± 22ab 185 ± 15b 184 ± 13b 184 ± 14b 177 ± 16b

DM 185 ± 30b 171 ± 8b 178 ± 22b 179 ± 21b 188 ± 22b

RR
(BPM)

M 53 ± 24 50 ± 25 36 ± 5 45 ± 17 51 ± 19

D 46 ± 14 46 ± 21 36 ± 10 48 ± 23 41 ± 14

DM 28 ± 15 30 ± 7 24 ± 7 34 ± 8 34 ± 11

SpO2

(%)

M 99 ± 1 98 ± 2 99 ± 1 98 ± 3 98 ± 3

D 98 ± 2 99 ± 1 99 ± 1 99 ± 1 98 ± 2

DM 100 100 99 ± 1 99 ± 1 100

Isoflurane
(%)

M 1.3 ± 0.4ab 1.5 ± 0.4 1.2 ± 0.3 1.5 ± 0.4a 1.6 ± 0.3a

D 0.8 ± 0.2a 0.8 ± 0.2 0.7 ± 0.2 0.7 ± 0.3b 0.8 ± 0.2b

DM 1.8 ± 0.2b 1.4 ± 0.3 1.4 ± 0.3 1.2 ± 0.5ab 0.9 ± 0.3ab

Values sharing identical letters, or lacking letters, do not differ significantly (P > 0.05).
Different letters indicate significant differences (P ≤ 0.05).

and 0.04, respectively). Similarly, ambulation, 
even when ataxic, occurred sooner in animals 
reversed with midazolam alone (M) and with 
the combined antagonists atipamezole 
and flumazenil (DM) (p = 0.01 and 0.04, 
respectively). By contrast, animals subjected 
to dexmedetomidine reversal (group D) 
showed only a non-significant trend towards 
faster ambulation (p = 0.09).
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Figure 2. Recovery times (minutes) for the return of the blink reflex, maintenance of sternal 
recumbency, and onset of ambulation in guinea pigs anesthetized with ketamine and midazolam, 
ketamine and dexmedetomidine, or a combination of both. After inhalational anesthesia with 
isoflurane and orchiectomy, half of the animals in each group received flumazenil, atipamezole, or 
both for drug reversal. Statistically significant intergroup differences are indicated by (*, P ≤ 0.05; 
†, P ≤ 0.01).
Midazolam group without reversal (M)
Midazolam group with reversal (MR)
Dexmedetomidine group without reversal (D)
Dexmedetomidine group with reversal (DR)
Dexmedetomidine and Midazolam group without reversal (DM)
Dexmedetomidine and Midazolam group with reversal (DMR).
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Blood glucose was measured at three 
time points: pre-anesthesia, post-anesthesia, 
and at the end of recovery. No statistically 
significant differences were observed 

between or within groups. However, blood 
glucose values in groups D and M exhibited a 
non-significant trend following recovery (p = 
0.07) (Table 4).
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The present study used relatively 
low doses of ketamine, dexmedetomidine, 
and midazolam, consistent with previously 
reported protocols (Fox et al., 2016; Schmitz 
et al., 2017; Serighelli et al., 2024; Wharton 
et al., 2024). The exact ages of the animals 
could not be determined because they were 
housed in mixed-sex enclosures containing 
both juveniles and adults. Despite this 
variation, mean body weight did not differ 
significantly between groups, and none of 
the animals displayed clinical signs such as 
reduced food intake, poor coat condition, or 
lethargy, either before or after the procedure. 
All recovered uneventfully from anesthesia 
and surgery, with successful wound closure 
and without requiring postoperative 
antibiotics or additional interventions.

Assessment of sedation depth 
highlighted differences between the scales 
applied. The R scale proved more sensitive, 
since it incorporated parameters such as 
spontaneous activity, posture, righting reflex, 
blink reflex, response to mouth manipulation, 
response to noise, and general condition 
and behavior (Rondeau et al., 2020). By 
contrast, the P scale evaluated movement, 
body tone, reaction to handling, posture, 

Table 4
Blood glucose levels (mg/dL) in guinea pigs anesthetized with ketamine and midazolam (M), ketamine 
and dexmedetomidine (D), or ketamine, midazolam, and dexmedetomidine (DM), following isoflurane 
inhalational anesthesia and orchiectomy. Measurements were taken at three time points: pre-
anesthesia, post-anesthesia, and post-recovery

Group Pre-anesthesia Post-anesthesia Post-recovery

M 101 ± 17 133 ± 29 125 ± 27

D 98 ± 8 126 ± 37 85 ± 16

DM 95 ± 13 113 ± 19 99 ± 25

No significant differences were detected among groups (P > 0.05).

and righting reflex (Sixtus et al., 2021). 
The greater sensitivity of the R scale likely 
reflects its evaluation of mouth movement 
and tongue manipulation. Moreover, previous 
studies of guinea pigs anesthetized with 
xylazine or dexmedetomidine combined 
with esketamine and morphine reported 
persistence of the blink reflex (Serighelli et 
al., 2024), whereas in the present study this 
reflex was consistently reduced or absent, 
probably due to differences in drug choice 
and dosing.

The design of the scales themselves 
also helps explain these results. The P 
scale was originally applied following the 
administration of single drugs, whereas the 
R scale was tested after drug combinations 
(Rondeau et al., 2020; Sixtus et al., 2021). In 
those studies, ketamine alone achieved the 
highest peak cumulative sedative-depth 
score (16.7 ± 0.6 out of 19), followed by 
alfaxalone (13.9 ± 2.2), with diazepam (9.3 
± 2.1) and midazolam (7.6 ± 2.7) producing 
lower scores respectively (Sixtus et al., 
2021). Rondeau et al. (2020), also showed 
that alfaxalone + hydromorphone and 
ketamine + midazolam + hydromorphone 
yielded comparable  median total sedation 
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scores at 5 minutes (10.9 [8.09–13.70] 
versus 7.9 [5.13–10.60]) and 15 minutes (9.1 
[6.26–11.90] versus 11.3 [8.59–14.00]), but 
only the ketamine combination maintained a 
high score at 20 minutes (11.8 [9.05–14.50]), 
whereas the alfaxalone combination declined 
to 7.2 [4.34–9.99], reflecting the shorter 
duration of alfaxalone. In the present study, 
dexmedetomidine consistently produced 
deeper sedation, both quantitatively and 
clinically, reinforcing findings in dogs and 
cats that alpha-2 agonists are more effective 
sedatives than benzodiazepines (Murrell & 
Hellebrekers, 2005).

Conversely, in rodents, especially 
guinea pigs, this distinction is less 
consistently reported, partly because of the 
limited number of studies evaluating the 
sedative efficacy of benzodiazepines and 
alpha-2 agonists in these species, as well 
as the heterogeneity of dosing regimens 
and assessment methods (Avelino et al., 
2024). This variability was also observed 
in the present study, where one scale 
detected differences in sedation depth, 
whereas the other did not. Nevertheless, 
additional evidence supports this finding. For 
example, nasal administration of butorphanol 
combined with either dexmedetomidine 
or midazolam in rabbits produced greater 
sedation with dexmedetomidine (Okur et al., 
2023).

Rodents generally require higher 
anesthetic dosages than other species. 
In guinea pigs, this is largely due to their 
increased metabolic rate compared to other 
mammals (Shomer et al., 2015). Required 
doses also depend on the anesthetic 
protocol used and the invasiveness of the 
procedure, with more invasive interventions 
demanding higher dosages, broader drug 

combinations, and more complex techniques 
(Allweiler, 2016; Scarabelli & Nardini, 2019, 
2020; Bennett & Lewis, 2022). For instance, 
Sixtus et al. (2021) reported that midazolam, 
when administered alone, produced the 
lowest total sedation scores in guinea pigs 
when compared with diazepam, alfaxalone, 
or ketamine, although their study did not 
assess alpha-2 agonists.

In a study aimed at achieving a surgical 
plane of anesthesia in guinea pigs, there was 
no significant difference in sedation between 
midazolam and dexmedetomidine when 
each was combined with alfaxalone and 
fentanyl. However, during the pilot phase, 
where dexmedetomidine or midazolam was 
combined with the same dose of alfaxalone 
but without fentanyl, dexmedetomidine 
resulted in deeper sedation than midazolam 
(Avelino et al., 2024). These findings, 
consistent with those of the present study, 
align with reports in rats and rabbits showing 
superior sedative efficacy of alpha-2 
agonists over benzodiazepines (Boehm et al., 
2010; Bellini et al., 2014; Kawano et al., 2015).

Another aspect that warrants 
discussion is the freezing response exhibited 
by guinea pigs. In the present study, this 
behavior was unlikely to have influenced the 
results. The dissociative effects of ketamine 
rendered the animals unresponsive to 
environmental stimuli, as reflected by the 
medium-to-high sedation scores recorded 
across all groups. Although the R scale has 
not been formally validated in guinea pigs, 
rats and guinea pigs share several behavioral 
patterns, and the parameters assessed 
capture the same core indicators of sedation. 
Consequently, the R scale proved more 
sensitive in detecting subtle differences in 
sedation depth.
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Heart rate decreased with 
dexmedetomidine administration, consistent 
with previous findings in guinea pigs 
anesthetized with alfaxalone and fentanyl 
combined with either midazolam or 
dexmedetomidine (Avelino et al., 2024).  This 
effect is likely due to dexmedetomidine’s 
direct suppression of sympathetic activity and 
indirect elevation of blood pressure through 
peripheral vasoconstriction, which triggers 
a reflex increase in parasympathetic activity 
(Bennett & Lewis, 2022). Despite the HR 
reduction observed with dexmedetomidine 
in the present study, no arrhythmias occurred 
during the procedure. By contrast, midazolam 
and other benzodiazepines generally do not 
significantly affect cardiovascular function at 
recommended doses (Allweiler, 2016).

Blood pressure measurements 
obtained via the oscillometric method 
were deemed unreliable when compared 
with validated invasive and non-invasive 
techniques in conscious and anesthetized 
guinea pigs (Schmitz et al., 2016a,b, 2017; 
Sixtus et al., 2021; Avelino et al., 2024). 
Challenges in accurately measuring blood 
pressure in this species arise due to their limb 
morphology, smaller body size relative to dogs 
and cats, and the lack of species-adapted 
equipment. Nonetheless, dexmedetomidine 
likely exerts a vasopressor effect in guinea 
pigs, similar to its actions in other mammals.

Respiratory rate and SpO₂ did not 
differ significantly among groups and 
remained within reference ranges for the 
species, with no apnea episodes and SpO₂ 
consistently above 96%. Nevertheless, 
hypercapnia and respiratory depression 
cannot be entirely ruled out. Oral secretions 
accumulated in some animals across all 
groups, consistent with previous reports 

(Cantwell, 2001; Lennox & Capello, 2008), 
and were promptly removed using Halstead 
mosquito hemostatic forceps wrapped in 
gauze. This buildup likely from brief pre-
anesthetic fasting, since food and water 
were withheld for only a short period before 
the procedure, combined with ketamine and 
isoflurane effects on mucous membranes 
(Schmitz et al., 2016b; Serighelli et al., 2024).

When evaluating the effects 
of anesthetic protocols on isoflurane 
requirements, it is plausible that the 
higher dexmedetomidine dosage may 
have contributed to the reduced isoflane 
concentrations observed in this study. 
Similar findings have been reported in rabbit 
castration, where ketamine combined with 
medetomidine, a racemic mixture containing 
dexmedetomidine, significantly decreased 
the isoflurane requirement from 2.1 ± 0.6 % 
to 1.2 ± 0.8 % compared to ketamine with 
midazolam (Grint & Murison, 2008). Notably, 
in this study, isoflurane was delivered via a 
face mask covering the nasal and oral planes 
rather than intubation, and inspired isoflurane 
concentrations for each animal were titrated 
to maintain adequate anesthetic depth 
for stable surgical positioning and sensor 
placement.

Atipamezole and flumazenil doses 
were based on previous studies and the 
clinical experience of the investigators. In the 
DM group, each antagonist was administered 
at half the standard dose to match the 
reduced dexmedetomidine and midazolam 
doses, avoiding potential overdosing. 
Sedation duration did not differ with or without 
reversal, consistent with pharmacokinetic 
data from dogs, which showed similar plasma 
clearance rates for intramuscular midazolam 
(0.2 mg kg-1) and dexmedetomidine (10 µg 
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kg-1) (Schwartz et al., 2013; Aarnes et al., 
2023). A similar observation was made in 
rabbits, where pharmacokinetic studies 
on dexmedetomidine (20 µg kg-1 IV) found 
an elimination half-life of 80 minutes, 
comparable to the 97-minute half-life of 
1-hydroxymidazolam, the active metabolite 
of midazolam (1.2 mg kg-1 IV) (Bailey et al., 
2017; Rousseau-Blass et al., 2021).

A pharmacokinetic study in guinea 
pigs (Wang et al., 2021) examined oral 
doses of midazolam (5, 10, and 25 mg kg-1), 
measuring plasma concentrations of the 
drug and 1-hydroxymidazolam, its active 
metabolite. The authors reported that the 
average elimination half-life of midazolam 
and its active metabolite were 72 and 144 
minutes; 84 and 216 minutes; and 174 and 
330 minutes, respectively, for the escalating 
doses. However, no comparable data exist 
for dexmedetomidine in guinea pigs.

Pharmacodynamic studies in rabbits 
demonstrated that intravenous midazolam at 
0.35 mg kg-1 produced a 40-minute duration 
of action, whereas dexmedetomidine at a 
dose of 35 µg kg-1 yielded a shorter 30-minute 
effect (Bienert et al., 2014). Conversely, 
combining butorphanol (0.4 mg kg-1) with 
dexmedetomidine (0.1 mg kg-1) produced 
deeper sedation than butorphanol with 
midazolam (2 mg kg-1), even though sedation 
lasted longer with midazolam (Okur et al., 
2023). This prolonged effect is likely related 
to residual 1-hydroxymidazolam. However, in 
the present study, the use of multiple agents 
and the length of surgery likely masked the 
extended sedative action of midazolam.

No significant difference in the 
blink reflex was observed between animals 
receiving reversal drugs and those that 

did not. This outcome likely reflects high 
interindividual variability, which increased 
standard deviations and reduced statistical 
power, compounded by the small sample 
size in this study, which may have limited 
the ability to detect differences between 
the two groups. The timing of blink reflex 
return may depend more on recovery from 
isoflurane anesthesia than on the reversal 
and clearance of injectable drugs. Moreover, 
the blink reflex in guinea pigs is subtler than 
in larger species, complicating its accurate 
assessment. While it may indicate that the 
animal has regained consciousness, it should 
not be interpreted in isolation.

Recovery of the righting reflex 
differed between animals that received 
antagonists and those that did not, reflecting 
residual effects of injectable drugs. Although 
antagonists were only administered after 
isoflurane was discontinued, the cumulative 
time from sedative administration through 
preparation and surgery likely influenced 
recovery. In the DM group, no significant 
difference was observed, likely due to high 
variability among animals without antagonism. 
Conversely, time to regain ambulation 
declined by 66.67% in the M group, 30.49% 
in the D group, and 48.68% in the DM group. 
These results indicate that pharmacological 
antagonism of dexmedetomidine and 
midazolam is clinically relevant for facilitating 
rapid recovery from anesthesia, particularly 
in shorter procedures.

While no previous studies have 
used an identical experimental model, 
considering variations in dosage, procedural 
length, parameters, and species, the results 
observed have clear clinical relevance. 
Recovery was consistently faster both with 
complete antagonism of administered drugs 
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and with partial antagonism of the anesthetic 
protocol. In this study, partial antagonism 
reduced mean ambulation times to 25 ± 18 
minutes in the M group, 57 ± 11 minutes in the 
D group, and 39 ± 8 minutes in the DM group, 
compared with 75 ± 18 minutes, 82 ± 18 
minutes, and 76 ± 17 minutes, respectively, in 
animals without antagonists.

Other studies in guinea pigs have 
highlighted the benefits of antagonizing 
anesthetic drugs (Schmitz et al., 2016a,b, 
2017). For instance, Schmitz et al. (2016b) 
compared complete antagonism of 
medetomidine (0.2 mg kg-1), midazolam 
(1 mg kg-1), and fentanyl (0.025 mg kg-1), 
using atipamezole (1 mg kg-1), flumazenil 
(0.1 mg kg-1), and naloxone (0.03 mg kg-1), 
with the selective reversal of ketamine (75 
mg kg-1) and xylazine (15 mg kg-1), using 
only atipamezole (0.15 mg kg-1). Complete 
antagonism provided a faster recovery 
(7 minutes), whereas selective reversal 
prolonged sedation (59 minutes) (Schmitz et 
al., 2016b). This effect was attributed to the 
high ketamine dose, which has no antagonist 
and was five times higher than that used in 
the present study.

An additional consideration is that 
dexmedetomidine, unlike midazolam, 
also has analgesic properties (Allweiler, 
2016). Consequently, administration of 
an antagonist reverses both its sedative 
and analgesic effects. This raises ethical 
concerns when antagonists are used after 
invasive procedures, as reported in clinical 
case studies of total intravenous anesthesia 
with propofol in guinea pigs (Gasparik-Küls et 
al., 2023). Thus, during invasive procedures, 
it may be preferable not to antagonize 
dexmedetomidine in order to preserve 
analgesia. However, because midazolam has 

no analgesic effect, its antagonism can safely 
reverse anesthetic adjuvant and muscle 
relaxant properties without compromising 
analgesia. Evidence in rats also suggests that 
midazolam enhances dexmedetomidine-
induced analgesia (Boehm et al., 2010). Thus, 
antagonizing midazolam in combination 
protocols with dexmedetomidine may 
inadvertently reduce overall analgesic 
effects during more invasive procedures.

In this study, blood glucose 
concentrations were not significantly 
affected, likely due to the relatively low 
dosages compared with those typically 
reported for rodents. Physiological ranges 
for guinea pigs vary widely across studies 
(80–110 mg dL-1, 89–297 mg dL-1, and 
83–352 mg dL), reflecting methodological 
and equipment differences (Rabe, 2011; 
Shomer et al., 2015; Schmitz et al., 2016b). 
Despite these variations, mean blood 
glucose concentrations in the present study 
remained within published ranges. However, 
after recovery of ambulation, animals in the 
D group (dexmedetomidine) exhibited mean 
values at or below the lower limit of some 
reference ranges, indicating a late decline in 
blood glucose concentration.

Hyperglycemia following administration 
of alpha-2 agonists has been previously 
described in guinea pigs (Schmitz et al., 
2016b, 2017; Kint et al., 2020). The biphasic 
glucose response in the D group may 
reflect a counter-regulatory mechanism: 
dexmedetomidine initially suppresses 
insulin secretion, increasing blood glucose, 
followed by a compensatory rise in insulin as 
the drug’s effect on the pancreas diminishes, 
promoting cellular glucose uptake. This same 
effect was observed in rats anesthetized with 
ketamine and medetomidine (Connell et al., 
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2022). By contrast, the M group (midazolam) 
maintained stable blood glucose levels, 
likely due to ketamine’s sympathomimetic 
metabolic effect, which increases blood 
glucose. Midazolam has also been associated 
with hyperglycemia in rabbits (Atalan et al., 
2019).

The main limitation of this study 
was the small sample size, since animals 
were obtained from a non-governmental 
organization and all available individuals 
underwent castration. Additionally, 
accurately measuring blood pressure non-
invasively posed a significant challenge. 
The absence of validated, species-specific 
equipment for guinea pigs further required 
the use of monitors designed for dogs and 
cats, which were unsuitable for the small 
body size of the animals weighing less than 
one kilogram. Moreover, the inability to 
perform endotracheal intubation prevented 
more accurate monitoring of respiration and 
end-tidal carbon dioxide pressure. Therefore, 
access to guinea pig-specific non-invasive 
blood pressure measurement devices and 
endotracheal intubation equipment could 
strengthen physiological monitoring and 
provide a more comprehensive evaluation of 
anesthetic effects.

Conclusions

Under the conditions of the present 
study, dexmedetomidine combined with 
ketamine produced deeper sedation 
than midazolam combined with ketamine. 
Moreover, dexmedetomidine administration 
decreased HR. Antagonists appeared 
beneficial only in midazolam-treated 
groups or in short-duration procedures. 

The combination of dexmedetomidine and 
midazolam provided no clinical benefit at the 
tested doses.

Acknowledgements

The authors thank CAPES (Finance 
Code 001) for financial support and the 
Postgraduate Program in Veterinary 
Medicine at the Federal University of Pelotas 
for granting the doctoral position.

References

Aarnes, T. K., Dent, B. T., Lakritz, J., 
Kukanich, B., Wavreille, V. A., Lerche, 
P., Ricco Pereira, C. H., & Bednarski, 
R. M. (2023). Pharmacokinetics and 
pharmacodynamics of intramuscular 
dexmedetomidine in dogs. American 
Journal of Veterinary Research, 84(4), 1-5. 
doi: 10.2460/ajvr.22.10.0184

Allweiler, S. I. (2016). How to improve anesthesia 
and analgesia in small mammals. 
Veterinary Clinics of North America: 
Exotic Animal Practice, 19(2), 361-377. 
doi: 10.1016/j.cvex.2016.01.012

Atalan, G., Erol, H., Atasever, A., Doğan, Z., 
Güneş, V., Yönez, M. K., & Keleş, I. (2019). 
Comparison of systemic effects of 
midazolam, ketamine and isoflurane 
anaesthesia in rabbits. Journal of 
Veterinary Research, 63(3), 275-283. doi: 
10.2478/jvetres-2019-0035

Avelino, J. A., Walsh, C. A., Wharton, K. N., 
Ekanayake, D., & Ekanayake-Alper, D. 
(2024). A comparison of three anesthetic 
drug combinations for inducing surgical 
anesthesia in female guinea pigs (Cavia 



Dissociative anesthesia using ketamine combined with midazolam, dexmedetomidine, or both...

1343Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

porcellus). Journal of the American 
Association for Laboratory Animal 
Science, 63(2), 182-189. doi: 10.30802/
AALAS-JAALAS-23-000064

Bailey, R. S., Barter, L. S., Pypendop, B. H., & 
Wilson, R. P. (2017). Pharmacokinetics 
of dexmedetomidine in isoflurane-
anesthetized New Zealand White 
rabbits. Veterinary Anaesthesia and 
Analgesia, 44(6), 876-882. doi: 10.1016/j.
vaa.2017.01.003

Bellini, L., Banzato, T., Contiero, B., & Zotti, A. 
(2014). Evaluation of sedation and clinical 
effects of midazolam with ketamine 
or dexmedetomidine in pet rabbits. 
Veterinary Record, 175(15), 372. doi: 
10.1136/vr.102595

Bennett, K., & Lewis, K. (2022). Sedation 
and anesthesia in rodents. Veterinary 
Clinics of North America: Exotic Animal 
Practice, 25(2), 211-255. doi: 10.1016/j.
cvex.2021.08.013

Bienert, A., Płotek, W., Wiczling, P., Warzybok, J., 
Borowska, K., Buda, K., Kulińska, K., Billert, 
H., Kaliszan, R., & Grześkowiak, E. (2014). 
The influence of age and dosage on the 
pharmacodynamics of dexmedetomidine 
in rabbits. Journal of Medical Science, 
83(2), 108-115. doi: 10.20883/medical.
e53

Boehm, C. A., Carney, E. L., Tallarida, R. 
J., & Wilson, R. P. (2010). Midazolam 
enhances the analgesic properties 
of dexmedetomidine in the rat. 
Veterinary Anaesthesia and Analgesia, 
37(6), 550-556. doi: 10.1111/j.1467-
2995.2010.00565.x

Cantwell, S. L. (2001). Ferret, rabbit, and 
rodent anesthesia. Veterinary Clinics of 

North America: Exotic Animal Practice, 
4(1), 169-191. doi: 10.1016/S1094-9194 
(17)30056-7

Connell, A. R., Hookham, M. B., Fu, D., Brazil, D. P., 
Lyons, T. J., & Yu, J. Y. (2022). Comparisons 
of α₂-adrenergic agents, medetomidine 
and xylazine, with pentobarbital for 
anesthesia: important pitfalls in diabetic 
and nondiabetic rats. Journal of Ocular 
Pharmacology and Therapeutics, 38(2), 
156-166. doi: 10.1089/jop.2021.0084

Cruz, J. I., Loste, J. M., & Burzaco, O. H. 
(1998). Observations on the use of 
medetomidine/ketamine and its reversal 
with atipamezole for chemical restraint in 
the mouse. Laboratory Animals, 32(1), 18-
22. doi: 10.1258/0023677987805593

Doerning, C. M., Bradley, M. P., Lester, P. 
A., & Nowland, M. H. (2018). Effects of 
subcutaneous alfaxalone alone and in 
combination with dexmedetomidine 
and buprenorphine in guinea pigs (Cavia 
porcellus). Veterinary Anaesthesia and 
Analgesia, 45(5), 658-666. doi: 10.1016/j.
vaa.2018.06.004

Fox, L., Snyder, L. B. C., & Mans, C. (2016). 
Comparison of dexmedetomidine-
ketamine with isoflurane for anesthesia of 
chinchillas (Chinchilla lanigera). Journal of 
the American Association for Laboratory 
Animal Science, 55(3), 312-316. PMID: 
27177565

Gasparik-Küls, N., Larenza, M. P., & Rocchi, 
A. (2023). Use of a propofol infusion 
for anaesthetic maintenance in guinea 
pigs (Cavia porcellus): a retrospective 
case series. Veterinary Anaesthesia and 
Analgesia, 50(4), 498-501. doi: 10.1016/j.
vaa.2023.06.005



Boff, G. A. et al.

1344 Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

Grint, N. J., & Murison, P. J. (2008). A 
comparison of ketamine-midazolam and 
ketamine-medetomidine combinations 
for induction of anaesthesia in rabbits. 
Veterinary Anaesthesia and Analgesia, 
35(2), 113-121. doi: 10.1111/j.1467-29 
95.2007.00362.x

Isaza, N. M., & Isaza, R. (2020). Neutering 
procedures and considerations in rabbits 
and other small mammals. In S. White 
(Ed.), High-quality, high-volume spay 
and neuter and other shelter surgeries 
(vol. 1, pp. 295-323). Hoboken. doi: 
10.1002/9781119646006

Kaiser, S., Korte, A., Wistuba, J., Baldy, M., 
Wissmann, A., Dubičanac, M., Richter, 
S. H., & Sachser, N. (2023). Effects of 
castration and sterilization on baseline 
and response levels of cortisol A case 
study in male guinea pigs. Frontiers in 
Veterinary Science, 9(6), 1093157. doi: 
10.3389/fvets.2022.1093157

Kawano, T., Takahashi, T., Kaminaga, S., 
Kadono, T., Yamanaka, D., Iwata, H., Eguchi, 
S., & Yokoyama, M. (2015). A comparison 
of midazolam and dexmedetomidine for 
recovery of serotonin syndrome in rats. 
Journal of Anesthesia, 29(5), 631-634. 
doi: 10.1007/s00540-014-1973-9

Kint, L. T., Seewoo, B. J., Hyndman, T. H., 
Clarke, M. W., Edwards, S. H., Rodger, 
J., Feindel, K. W., & Musk, G. C. (2020). 
The pharmacokinetics of medetomidine 
administered subcutaneously during 
isoflurane anesthesia in Sprague-Dawley 
rats. Animals, 10(6), 1050. doi: 10.3390/
ani10061050

Lennox, A. M., & Capello, V. (2008). Tracheal 
intubation in exotic companion mammals. 

Journal of Exotic Pet Medicine, 17(3), 221-
227. doi: 10.1053/j.jepm.2008.05.009

Murrell, J. C., & Hellebrekers, L. J. (2005). 
Medetomidine and dexmedetomidine: 
a review of cardiovascular effects and 
antinociceptive properties in the dog. 
Veterinary Anaesthesia and Analgesia, 
32(3), 117-127. doi: 10.1111/j.1467-
2995.2005.00233.x

Okur, S., Yanmaz, L. E., Golgeli, A., Senocak, M. 
G., Ersoz, U., Orhun, O. T., & Gumurcinler, 
B. (2023). Sedative and cardiopulmonary 
effects of intranasal butorphanol with 
midazolam or dexmedetomidine in New 
Zealand White rabbits. Veterinary Record, 
193(1), e2999. doi: 10.1002/vetr.2999

Rabe, H. (2011). Reference ranges for 
biochemical parameters in guinea pigs 
for the Vettest® 8008 blood analyzer. 
Tierärztliche Praxis Ausgabe K: Kleintiere/
Heimtiere, 39(3), 170-175. PMID: 2214 
3626

Ríos Álvarez, E., Vilalta Solé, L., & García de 
Carellán Mateo, A. (2022). Comparison of 
subcutaneous sedation with alfaxalone or 
alfaxalone-midazolam in pet guinea pigs 
(Cavia porcellus) of three different age 
groups. Journal of the American Veterinary 
Medical Association, 260(9), 1024-1030. 
doi: 10.2460/javma.21.02.0104

Rondeau, A., Langlois, I., Pang, D. S., & 
Leung, V. S. Y. (2020). Development 
of a sedation assessment scale 
for comparing the sedative effects 
of alfaxalone-hydromorphone and 
ketamine-midazolam-hydromorphone 
for intravenous catheterization in the 
domestic rat (Rattus norvegicus). Journal 
of Exotic Pet Medicine, 35(2), 117-122. 
doi: 10.1053/j.jepm.2020.09.004



Dissociative anesthesia using ketamine combined with midazolam, dexmedetomidine, or both...

1345Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

Rousseau-Blass, F., Cribb, A. E., Beaudry, F., & 
Pang, D. S. J. (2021). A pharmacokinetic-
pharmacodynamic study of intravenous 
midazolam and flumazenil in adult 
New Zealand White Californian rabbits 
(Oryctolagus cuniculus). Journal of the 
American Association for Laboratory 
Animal Science, 60(3), 319-328. doi: 
10.30802/AALAS-JAALAS-20-000084

Scarabelli, S., & Nardini, G. (2019). Basic 
principles of anaesthesia of small 
mammals: Part 1. Companion Animal, 
24(5), 271-276. doi: 10.12968/coan.  
2019.24.5.271

Scarabelli, S., & Nardini, G. (2020). Basic 
principles of anaesthesia of small 
mammals: Part 2. Companion Animal, 
25(1), 1-8. doi: 10.12968/coan.2019.0064

Schmitz, S., Henke, J., Tacke, S., & Guth, B. (2016a). 
Successful implantation of an abdominal 
aortic blood pressure transducer and 
radio-telemetry transmitter in guinea 
pigs Anaesthesia, analgesic management 
and surgical methods, and their influence 
on hemodynamic parameters and body 
temperature. Journal of Pharmacological 
and Toxicological Methods, 80(1), 9-18. 
doi: 10.1016/j.vascn.2016.03.003

Schmitz, S., Tacke, S., Guth, B., & Henke, J. 
(2016b). Comparison of physiological 
parameters and anaesthesia-specific 
observations during isoflurane, ketamine-
xylazine or medetomidine-midazolam-
fentanyl anaesthesia in male guinea pigs. 
PLoS One, 11(8), e0161258. doi: 10.1371/
journal.pone.0161258

Schmitz, S., Tacke, S., Guth, B., & Henke, 
J. (2017). Repeated anaesthesia with 
isoflurane and medetomidine-midazolam-
fentanyl in guinea pigs and its influence 

on physiological parameters. PLoS One, 
12(4), e0174423. doi: 10.1371/journal.
pone.0174423

Schwartz, M., Muñana, K. R., Nettifee-Osborne, 
J. A., Messenger, K. M., & Papich, 
M. G. (2013). The pharmacokinetics 
of midazolam after intravenous, 
intramuscular and rectal administration 
in healthy dogs. Journal of Veterinary 
Pharmacology and Therapeutics, 36(5), 
471-477. doi: 10.1111/jvp.12032

Serighelli, G., Jr., Comassetto, F., Stiehl, M. 
Z., & Oleskovicz, N. (2024). Evaluation of 
two protocols for chemical restraint in 
guinea pigs (Cavia porcellus). Archives 
of Veterinary Science, 29(3), e96398. doi: 
10.5380/avs.v29i3.96398

Shomer, N. H., Holcombe, H., & Harkness, 
J. E. (2015). Biology and diseases of 
guinea pigs. In J. G. Fox, L. C. Anderson, 
G. M. Otto, K. R. Pritchett-Corning, & M. T. 
Whary (Eds.), Laboratory animal medicine 
(3nd ed., pp. 247-283). Amsterdam. doi: 
10.1016/B978-0-12-409527-4.00006-7

Sixtus, R. P., Pacharinsak, C., Gray, C. L., Berry, 
M. J., & Dyson, R. M. (2021). Differential 
effects of four intramuscular sedatives 
on cardiorespiratory stability in juvenile 
guinea pigs (Cavia porcellus). PLoS One, 
16(12), e0259559. doi: 10.1371/journal.
pone.0259559

Wang, X., Xiang, P., Drummer, O. H., Ji, J., 
Zhuo, Y., Duan, G., & Shen, M. (2021). 
Pharmacokinetic study of midazolam 
and α-hydroxymidazolam in guinea pig 
blood and hair roots after a single dose 
of midazolam. Journal of Pharmaceutical 
and Biomedical Analysis, 195, 113890. 
doi: 10.1016/j.jpba.2021.113890



Boff, G. A. et al.

1346 Semina: Ciênc. Agrár. Londrina, v. 46, n. 5, p. 1327-1346, set./out. 2025

Wharton, K. N., Walsh, C. A., Haulter, M., 
Ekanayake, D., & Ekanayake-Alper, D. 
(2024). Sedation efficacy of midazolam in 
conjunction with ketamine and alfaxalone 
in female laboratory guinea pigs (Cavia 
porcellus). Journal of the American 
Association for Laboratory Animal 
Science, 63(5), 572-580. doi: 10.30802/
AALAS-JAALAS-24-000028

Zimmerman, K., Moore, D. M., & Smith, S. 
A. (2015). Hematological assessment 
in pet guinea pigs (Cavia porcellus): 
blood sample collection and blood cell 
identification. Veterinary Clinics of North 
America: Exotic Animal Practice, 18(1), 
33-40. doi: 10.1016/j.cvex.2014.09.002


