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Abstract
Mouse inoculation test (MIT) is a technique widely used for rabies diagnosis and must be liable to refinement 
due to animal welfare. The present study aims to compare five different anesthetic associations to stablish a 
protocol to improve the MIT procedure suitable for animal welfare and safe for a routine of viral isolation in 
newly weaned mice (3 weeks of age). 80 Swiss-Webster mice (Mus musculus) - 40 females and 40 males, 3-week-
old, weight ranging from 11 to 14 grams – were used to conduct all procedures. Five anesthetic associations 
were tested: KX (Ketamine 100 mg/kg and Xylazine 10 mg/kg), KXA (Ketamine 80 mg/kg, Xylazine 5 mg/kg, and 
Acepromazine 1 mg/kg), KXT (Ketamine 80 mg/kg, Xylazine 5 mg/kg, and Tramadol 5 mg/kg), KXAT (Ketamine 
100 mg/kg, Xylazine 10 mg/kg, Acepromazine 2 mg/kg and Tramadol 5 mg/kg) and ATI (Acepromazine 1 mg/kg 
+ Tramadol 5 mg/kg + Isoflurane 5% - 0.5 L/min for induction and 2.5% - 0.5L/min for maintenance). Injectable 
anesthesia was administered intraperitoneally. We monitored the respiratory rate and body temperature. 
Response to anesthesia was evaluated according to the induction, surgical anesthesia, and recovery periods. 
The KXAT and ATI protocols induced surgical anesthesia, with the ATI protocol being the most appropriate and 
safe to perform the MIT procedure with 100% efficiency, absence of mortality, and rapid recovery of respiratory 
rate and temperature in the period after the procedure.
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INTRODUCTION
Laboratory tests for rabies diagnosis must have high sensitivity and specificity. World Health 

Organization recommends direct fluorescent antibody as the gold-standard test and viral isolation 
techniques to confirm the results1,2. Replacing animals used in diagnosis for cell culture is expected, 
which requires a specific laboratory structure and appropriate conservation of samples. On the other 
hand, it has the advantage of being a faster test compared to the mouse inoculation test (MIT). 
However, due to its robustness and high sensitivity, the MIT remains the confirmatory technique in 
most rabies diagnostic laboratories in developing countries3-6.

MIT by the intracerebral inoculation route is used to diagnose rabies6. Brazilian legislation 
(National Council on the Control of Animal Experiments - CONCEA) classifies it as category 3 of 
invasiveness (experiments which cause moderate to severe distress or discomfort), having to occur 
under anesthesia7. In the literature, adult animals are frequently used to evaluate anesthetic protocols 
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for invasive procedures in mice8,9, but 3-week-old mice are used to perform MIT, which requires an 
adjustment on the anesthetic dose to reach surgical anesthesia with safety. However, there is little 
information about anesthetic protocols in young mice.

Mice are commonly anesthetized using the ketamine–xylazine (KX) association, but these 
protocols are found in the literature in adult mice. This combination is considered relatively safe in 
mice and effectively produces analgesia, muscle tone relaxation, and sedation. However, injectable 
anesthetic protocols for experimentation are not still standardized for doses, route of administration, 
and anesthetic drugs for young mice8,10-13.

The use of tramadol as an opioid analgesic and of acepromazine as a tranquilizer associated 
with anesthetics has also been described in adults mice with benefits14. Balanced anesthesia with 
two or more drugs provides an adequate level of anesthesia and minimizes the risks of anesthetic 
overdose while enhancing the desired effects12. However, dosages must be determined correctly, 
as acepromazine causes hypotension and a drop in body temperature and tramadol can cause side 
effects on the cardiovascular system11.

Inhalants (mainly isoflurane and sevoflurane) are becoming increasingly popular in laboratory 
animal anesthesia15. Compared to injectable techniques, inhalation anesthesia is safer, promotes 
rapid recovery, and allows quick adjustments and easy maintenance of a steady anesthetic depth. 
Still, inhalation anesthetics require complex and expensive equipment such as precision vaporizers 
and flowmeters, specific breathing systems, and efficient scavenging systems to prevent pollution13.

We highlight the challenge to establish an adequate anesthetic protocol for laboratory rodents 
due to the problems associated with their small body size: hypothermia, high metabolic rate, and lack 
of reliable clinical signs of respiratory and cardiovascular functions13. Therefore, a proper evaluation 
of protocols is needed to avoid side effects resulting from inappropriate doses. Thus, the present 
study aimed to establish and compare different anesthetic protocols for MIT refinement in 3-week-
old mice to ensure higher safety and animal welfare.

MATERIALS AND METHODS
Animals

Eighty Swiss-Webster mice (Mus musculus), 40 females and 40 males, with 3 weeks of age, from 
a breeding colony housed in a conventional facility in the Pasteur Institute, São Paulo, Brazil, were 
used to conducting the present study. The inclusion criterion was body weight: between 11 and 14 
grams at weaning (around 21 days of age). Animals from different litters were selected randomly after 
weaning, preventing the influence of littermates on results. The animals were housed in individually 
ventilated polycarbonate cages (width: 29 cm; height: 12 cm and depth: 17 cm) in a ventilated system 
(Alesco®, São Paulo, Brazil) with corncob bedding (Bioflakes, SP, Brazil). We controlled environmental 
conditions: room temperature from 22 °C to 26 °C, humidity range from 40% to 60%, and light/dark 
cycle of 12/12h (lights on at 07:00 AM). We provided a commercial irradiated rodent diet (Nuvilab 
CR-1, Quimtia®, PR, Brazil) and filtered and autoclaved water ad libitum. All experimental procedures 
were approved by the Ethics Committee on the Use of Animals of the Pasteur Institute, Brazil (protocol 
02.2019) and experimental procedures report followed the ARRIVE guidelines16.

Anesthetic procedure

Anesthetic agents used in this study were ketamine (Dopalen® - Ceva, 100 mg/mL, SP, Brazil), 
xylazine (Xilazina 10%® - Venco Saúde Animal, 100mg/mL, PR, Brazil), acepromazine (Apromazin 
2mg/ml - Syntec do Brazil, 20 mg/mL, SP, Brazil), tramadol (Cloridrato de Tramadol® - União Química, 
50 mg/mL, SP, Brazil), and isoflurane (Isoflurano® - Instituto Biochimico, 100 mL, RJ, Brazil).

Animals from the same litter were distributed in a way that they were not part of the same group. 
We formed five groups with eight females and eight males each to test five different protocols8,10-13,17.

1. KX: Ketamine 100 mg/kg + Xylazine 10 mg/kg

2. KXA: Ketamine 80 mg/kg + Xylazine 5 mg/kg + Acepromazine 1 mg/kg
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3. KXT: Ketamine 80 mg/kg + Xylazine 5 mg/kg + Tramadol 5 mg/kg

4. KXAT: Ketamine 100 mg/kg + Xylazine 10 mg/kg + Acepromazine 2mg/kg + Tramadol 5 mg/kg

5. ATI: Acepromazine 1 mg/kg + Tramadol 5 mg/kg + Isoflurane 5% - 0.5 L/min for induction and 2.5% - 
0.5L/min for maintenance.

We weighed each animal on an analytical balance to calculate the drug dilution immediately 
before application by intraperitoneal route as previously described18. Injectable drugs were mixed 
in a single application in a total volume between 150 to 250uL.

For the ATI protocol, a mixture of acepromazine and tramadol was applied intraperitoneally 
10-15 minutes before the anesthetic procedures. Digital inhalation anesthesia equipment (Bonther®, 
São Paulo, Brazil) was used, containing a digital flow meter, universal vaporizer, and breathing circuit 
with nose cone and induction box. The animals were placed individually in the induction chamber 
and anesthesia induced with 5% isoflurane delivered with 21% oxygen (room air) at a flow rate of 
0.5 L/min until loss of righting reflex. After anesthesia induction, the mice were transferred to a 
procedure table and anesthesia maintained with 2.5% isoflurane supplied by a nose cone.

Monitoring started immediately after drug administration. After the loss of the righting reflex, 
animals were placed in a dorsal recumbent position on a procedure table to evaluate reflexes and 
other parameters. We evaluated the pedal withdrawal reflex by pressing the hind limbs interdigital 
space with atraumatic forceps, and the tail pinch reflex by a compression of the tail with atraumatic 
forceps19. From this moment on, to identify the anesthetic periods, the following procedures were 
performed and recorded for all protocols:

1. Induction time: the period between anesthetic administration and loss of pedal and tail reflexes;

2. Surgical anesthesia time: the period between losing all reflexes and the return of at least one of them;

3. Recovery time: the period between the return of at least one reflex and the return of righting reflex.

The efficiency rate of each protocol was calculated by dividing the number of animals that 
underwent surgical anesthesia by the total number of animals submitted to the protocol.

The respiratory rate (RR) was measured by counting the respiratory movements per minute 
(RM/m). Body temperature was determined in the abdomen region using the infrared digital laser 
thermometer G-tech® (basal temperature of 34.0 °C). During anesthesia, the mice were kept in a 
heated environment by an electric heater to prevent hypothermia, and lubricating eye drops Vidisic® 
(Bausch & Lomb, Rochester, USA) were used to avoid cornea dryness.

All parameters (reflexes, respiratory rate and temperature) were measured every 5 minutes until 
recovery from anesthesia.

We simulated the intracerebral inoculation procedure in mice injecting a sterile 0.9% saline 
solution using a 26G ½ hypodermic needle. However, only if they achieved surgical anesthesia. The 
site of injection was approximately halfway between the eye and ear and just off the midline18. The 
inoculated volume was 0.03 mL which is the same volume used in the mouse inoculation test.

The application of medications and monitoring of anesthesia were performed by two veterinary 
researchers (JFSC, KAM) without blinding.

Until the complete recovery, animals were maintained in polycarbonate cages with corncob 
bedding (Bioflackes, SP, Brazil), with sterilized water and irradiated rodent diet (Nuvilab CR-1, Quimtia®, 
PR, Brazil) ad libitum in a heated environment. All animals were weighed 24 hours after the anesthetic 
procedure to assess whether anesthesia causes weight loss. Thereafter, we euthanized the mice using 
carbon dioxide9.

Statistical analysis

Sample size was defined according to other similar studies, being larger than what is commonly 
described in the literature20.

For each group, we demonstrated the mean ± standard deviation (SD). The data were analyzed 
using the GraphPad Prism 9 program. We performed, when applied, one-way ANOVA with Tukey’s 
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post hoc or two-way ANOVA with Tukey’s post hoc or nonparametric Student’s t-test. We considered 
p <0.05 as statistically significant.

The ANOVA results were presented by the configuration: F (DFn, DFd) = F ratio (p value), since 
the F ratio is due to the variability between the means of the groups and variability within the groups 
associated with a number of degrees of freedom in the numerator and denominator (DFn, DFd). The 
p-value is calculated from the F ratio. We look for a high F ratio number, which means that the means 
of the groups are not the same and it is possible to reject the null hypothesis.

Data were normalized to assess the influence of the anesthetic procedure on weight. For that, 
the weight percent change was calculated to help address different starting weights.

RESULTS
Table 1 summarizes the results obtained from the records performed during anesthesia. At the 

end of the experiment, 44/80 (55%) mice achieved surgical anesthesia as follows: 8/16 (50%) in the 
KX protocol, 3/16 (18.75%) in the KXA protocol, 3/16 (18.75%) in the KXT protocol, 14/14 (100%) in 
the KXAT protocol and 16/16 (100%) in the ATI protocol.

All male and female mice lost the tail reflex in the KX protocol, but only four males and four 
females also lost the pedal reflexes. Thus, the intracerebral inoculation simulation was performed 
exclusively in those animals (50%) that achieved surgical anesthesia.

The KXA and KXT protocols obtained the lowest efficiency rate, both with 18.75%, resulting 
in surgical anesthesia of 3/16 animals. The mice of the KXT protocol were the ones that had most 
unwanted complications during the process, such as breathing difficulty and abundant salivation. 
The KXAT protocol also caused the death of two male animals: one during anesthetic induction and 
the other in surgical anesthetic.

Table 1. Results of anesthetic efficiency, deaths, loss of reflexes, observations, and anesthetic time (minutes) in 3-week-
old mice according to the anesthetic protocol used

Evaluated parameters
Anesthetic Protocols

KX KXA KXT KXAT ATI

Efficiency rate (%) 50 (8/16) 18,7 (3/16) 18,7 (3/16) 100 (14/14) 100 (16/16)

Death rate (%) 0 (0/16) 0 (0/16) 0 (0/16) 12,5 (2/16) 0 (0/16)

Loss of Reflexes

Loss of righting reflex 16/16 16/16 16/16 16/16 16/16

Loss of pedal reflex 8/16 3/16 3/16 15/16 16/16

Loss of tail reflex 16/16 10/16 4/16 16/16 16/16

Observations

Salivation 1/16 0/16 3/16 2/16 0/16

Breathing difficulty 2/16 0/16 3/16 3/16 0/16

Urination 2/16 0/16 1/16 2/16 0/16

Cyanosis 0/16 0/16 1/16 2/16 0/16

Vocalization 0/16 0/16 2/16 0/16 0/16

Anesthetic times (min±CI)

Induction 20.2±8.5 9.6 ± 5.5 14.3± 2.0 16.7±5.9 2.1±1.3

Surgical anesthesia 14.2±7.9 10.0±1.0 13.6±14.1 35.0±18.5 7.3±1.9

Recovery 50.8±15.9 39.3±15.0 32.6±25.8 29.0±13.6 12.2±5.8

Total time (min) 76.6±10.8 52.8 ±8.2 46.6±12.3 79.3±15.1 36.1± 6.4

KX (Ketamine 100 mg/kg and Xylazine 10 mg/kg); KXA (Ketamine 80 mg/kg, Xylazine 5 mg/kg and Acepromazine 1 mg/kg); KXT 
(Ketamine 80 mg/kg, Xylazine 5 mg/kg and Tramadol 5 mg/kg); KXAT (Ketamine 100 mg/kg, Xylazine 10 mg/kg, Acepromazine 
2 mg/kg and Tramadol 5 mg/kg); ATI (Acepromazine 1 mg/kg and Tramadol 5 mg/kg and Isoflurane 5% - 0.5 L/min for induction/2.5% 
- 0.5L/min for maintenance); CI - confidence interval.
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Concerning induction period (F (4,40) = 21.59; p = 0.0001), the ATI protocol presented the shortest 
induction time (2.18 min ±1.37), and showed significant differences compared to KX (p=0.0001), KXA 
(p = 0.03), KXT (p=0.005) and KXAT (p=0.0001) protocols (Figure 1A).

Figure 1. Representation of the average time with standard deviation in minutes for the times of induction (A), surgical 
anesthesia (B). The protocols and number of animals used in each protocol (those that reached surgical anesthesia) were: 
KX = Ketamine 100 mg/kg + Xylazine 10 mg/kg –  8 mice; KXA = Ketamine 80 mg/kg + Xylazine 5 mg/kg + Acepromazine 
1 mg/kg - 3 mice; KXT = Ketamine 80 mg/kg + Xylazine 5 mg/kg + Tramadol 5 mg/kg - 3 mice; KXAT = Ketamine 
100 mg/kg + Xylazine 10 mg/kg + Acepromazine 2mg/kg + Tramadol 5 mg/kg - 14 mice; ATI = Acepromazine 1 mg/kg 
+ Tramadol 5 mg/kg + Isoflurane 5% - 0.5 L/min for induction and 2.5% - 0.5L/min for maintenance, 16 mice. Note: 
i P <0.005 in relation to KX, KXT and KXAT; s P <0.05 in relation to KX, KXA and KXT; ss P <0.005 in relation to KXAT.

Regarding to surgical anesthesia period (F (4, 39) = 11.31; p = 0.0001), the KXAT protocol showed 
the longest mean duration (35.00 min ± 18.50 min), compared with the other injectable anesthetic 
protocols – KX (p = 0.002); KXA (p = 0.01), KXT (p = 0.04) and AIT (p<0.0001) (Figure 1B). The shortest 
time obtained from KXAT in the surgical anesthesia period was 8 minutes, the longest being 59 minutes. 
The AIT protocol has the shortest surgical anesthesia period observed with 5 to 11 minutes only.

Referring to the recovery period (F (4, 39) = 12,95; p < 0.0001), the KX protocol had the highest 
mean duration (50.88 min ± 15.91 min), followed by the KXA (39.33 min ± 15.04 min), KXT (32.67 
min ± 25.89 min), KXAT (29.00 min ± 13.63 min), and ATI (12.25 min ± 5.83 min) protocols (Figure 2C). 
In the multiple comparisons test, KXAT had a statistically significant decrease compared with KX 
(P = 0.004) and AIT (p =0.008). Also, ATI had a statistically significant reduction compared with KX 
(P<0.001) and KXA (p = 0.01).

Comparing the total time length (F (4, 75) = 16.74) among the protocols, we found that the ATI 
(36.19 min ± 6.45 min) was significantly shorter than the KX (76.69 ±10.85, P<0.0001), KXA (52.8 min 
± 8.2 min, p = 0.0005) and KXAT (79.36 min ± 15.11 min, P < 0.0001) protocols, but not in comparison 
with KXT (46.6min ± 12.3 min) (Figure 2D).

No significant difference was observed according to the nonparametric t-test between males 
and females in the surgical anesthesia period (t(42) = 0.90; p = 0.37) and in the total procedure time 
for each protocol – KX (t (14) = 0.12; p = 0.91); KXA (t(14) = 0.02; p = 0.98); KXT (t (14) = 1.52; p = 0.15); 
KXAT (t (12) = 0.85; p = 0.41) and ATI (t (14) = 0.64; p = 0.52).
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Figure  3 shows the mean body temperature and respiratory rate over 1 hour of anesthetic 
procedures. It is possible to note a drop in the means temperature (°C) values throughout the 
execution of all protocols, not returning to the basal levels during the recovery period (Figure 3A). 
Likewise, all protocols showed a slope in RR (Figure 3B). However, we observe a significantly more 
pronounced decrease in RR at 5 and 10 minutes of anesthesia in the ATI protocol when compared 
to the KX, KXA, KXT, and KXAT protocols.

There was no significant difference in RR and temperature between males and females within 
the same period by two-way ANOVA (P>0.05).

Regarding the evaluation of weight (F (4, 73) = 6,260) by one-way ANOVA with post hoc Tukey 
the KXAT protocol was the only protocol that did not present weight gain and was statically different 
from KX (p = 0.0011) and ATI (p = 0.0002) protocols.

DISCUSSION
Data comparison from the five anesthetic protocols demonstrated that the KX, KXA, and KXT are 

less efficient in achieving surgical anesthesia. Although efficient, we considered the KXAT protocol 
as unsafe because its mortality rate was 12.5%. The only protocol that showed efficacy and security 
was the ATI.

The KX protocol showed an efficiency of 50% since 8 of the 16 mice tested achieved surgical 
anesthesia. Buitrago et al.10 tested the same KX protocol - ketamine (100 mg/kg) and xylazine (10 mg/kg) 
in 6-month-old BALB/c mice and none of these animals reached the surgical anesthesia. Arras et al.8 
using a protocol with the same dose of ketamine (100 mg/kg) and twice as much xylazine (20 mg/kg) 
obtained success for 20-30 minutes with 20 HanIbm:NMR mice between 12 to 16 weeks of age.

Figure 2. Representation of the average time with standard deviation in minutes for the times of induction recovery 
(A) and total (B). The protocols and number of animals used in each protocol (those that reached surgical anesthesia) 
were: KX = Ketamine 100 mg/kg + Xylazine 10 mg/kg – 8 mice; KXA = Ketamine 80 mg/kg + Xylazine 5 mg/kg + 
Acepromazine 1 mg/kg - 3 mice; KXT = Ketamine 80 mg/kg + Xylazine 5 mg/kg + Tramadol 5 mg/kg - 3 mice; KXAT = 
Ketamine 100 mg/kg + Xylazine 10 mg/kg + Acepromazine 2mg/kg + Tramadol 5 mg/kg - 14 mice; ATI = Acepromazine 
1 mg/kg + Tramadol 5 mg/kg + Isoflurane 5% - 0.5 L/min for induction and 2.5% - 0.5L/min for maintenance, 16 mice. 
Note: r P <0.05 in relation to KX; rr P <0.005 in relation to KX and KXAT and t P <0.05 in relation to KX, KXT and KXAT.
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These differences showed the variability of responses that can occur using mice of different ages 
and strains, demonstrating the importance of evaluating anesthetic protocols for laboratory animals, 
small rodents especially. Age influences anesthesia because mice younger than 8 weeks have an 
immature liver enzymatic system and reduced homeostatic response. Thus, they metabolize anesthetics 
less efficiently than adults. With the enzymatic system in animals with more days of life, the result 
may be different, but the risk of hypoglycemia, hypothermia, and hydro electrolyte and acid-base 
imbalances is higher in these animals because they are smaller in size and their thermoregulatory 
centers are immature13.

Green et al.21 describes a dose of ketamine of 80 mg/kg IM or IP combined it to xylazine of 16 
mg/kg. Flecknell et al.11 describes an association of ketamine (80-100 mg/kg IP) with xylazine (10 mg/
kg IP) with acepromazine (3 mg/kg IP), also in his text that brings together the experience of many 
authors, the author comments on postoperative analgesia with tramadol (5 mg/ml SC or IP). He et al.14 
describes an association of ketamine (65 mg/kg IP) with xylazine (13 mg/kg IP) and acepromazine 
(1.5 mg/kg IP). We tested protocols based on these doses of anesthetics and when combined with 
acepromazine we reduced the tranquilizer dose and the xylazine dose (KXA protocol) or only xylazine 
dose (KXT protocol) because the mice in the present study were young (21 days of age). However, the 

Figure 3. Respiratory rate (RM/m) and body temperature (°C) over an hour of procedure. The protocols used were: KX 
- Ketamine 100 mg/kg + Xylazine 10 mg/kg; KXA - Ketamine 80 mg/kg + Xylazine 5 mg/kg + Acepromazine 1 mg/kg; 
KXT - Ketamine 80 mg/kg + Xylazine 5 mg/kg + Tramadol 5 mg/kg; KXAT - Ketamine 100 mg/kg + Xylazine 10 mg/kg 
+ Acepromazine 2mg/kg + Tramadol 5 mg/kg; ATI - Acepromazine 1 mg/kg + Tramadol 5 mg/kg + Isoflurane 5% - 
0.5 L/min for induction and 2.5% - 0.5L/min for maintenance. 
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KXA and KXT protocols proved inadequate to promote general anesthesia and are not recommended 
for this purpose. Green et al.21 with the doses described above identified that the use of ketamine, 
even when associated with a high dose of xylazine, is insufficient to perform surgical interventions in 
mice (age not mentioned). In contrast, the protocol described by He et al.14 was efficient for surgery.

The KXAT combination has not been reported in the literature yet. This study showed 100% 
efficiency in promoting hypnosis, muscle relaxation, loss of autonomic reflexes, and analgesia. However, 
it presented a mortality rate of 12.5% (2/16), both males evaluated at necropsy for the presence 
of internal bleeding or organ damage, not detected in these animals, caused by intraperitoneal 
injection. Therefore, this protocol is more applicable in an environment equipped with an oxygen 
delivery device and intensive monitoring, which does not apply to the present study. Nevertheless, 
dose readjustment may be necessary to increase the safety of the anesthetic protocol.

Comparing the values   of injectable and inhalation anesthetics must be done with caution due to 
the period of surgical anesthesia since the effect of inhalation anesthesia is present while the animal 
is under it. The anesthetic elimination from the body occurs in a new respiratory cycle as soon as the 
inhalation mask is removed. It was required approximately seven minutes after tranquilization and 
analgesia by preanesthetic medication to perform the procedure (Table 1). The KX, KXA, KXT, and 
KXAT protocols have prolonged desirable and collateral effects (breathing difficulty, cyanosis, body 
temperature decrease). They persist even after the end of intracerebral inoculation because most of 
the substances used have no antagonistic drugs available, except for xylazine and tramadol. Therefore, 
we must wait for the injectable anesthetic metabolization. Also, the average recovery and total 
period values reflect the preanesthetic medication administered before induction using isoflurane. 
Its elimination occurs almost immediately after the removal of the inhalation mask. However, until the 
complete metabolization of the preanesthetic, the animal remains tranquilized without the righting 
reflex and low skin temperature11.

Adult females generally require higher drug doses than males. However, there was no significant 
difference between male and female mice at 21 days of age in the present analysis, possibly because 
they have not reached sexual maturity yet (newly weaned animals) - hormones are not an influence 
on drug metabolism13.

The decrease of body temperature was observed in all tested protocols disregarding a 
temperature-controlled environment as described by Arras et al.8. This result was expected as a side 
effect of the drugs, however, the use of an infrared thermometer instead of a rectal thermometer may 
have measured lower temperatures. An abrupt fall in core temperature is frequent in rodents due to 
their large surface area relative to their low body mass11,15. For this reason, anesthetic procedures are 
impossible without heating the mice artificially because anesthetic and preanesthetic medications 
induce hypothermia, aggravated by room temperature22,23. The hypothermic condition causes 
significant physiological effects, including prolonged recovery time from anesthesia, increased 
potency of inhalant anesthetics, and death11,13. Specific equipment like heating pads, preferably devices 
that adjust the blanket temperature according to the animal body temperature, is recommended 
to prevent hypothermia. Following anesthesia, animals should be placed in a suitable incubator to 
maintain body temperature during recovery15.

All protocols depressed the respiratory rate, one of the main side effects of anesthesia causing 
severe hypoxia and hypercapnia8. Isoflurane showed a prominent decrease in respiratory rate as 
described by Tsukamoto et al.24, however side effects such as respiratory distress and cyanosis were 
observed only in the injectable protocols. This may have occurred because in the inhalation protocol 
the animals were under the effect of anesthesia for a shorter period compared to the injectable 
protocols. To improve oxygen saturation, some authors recommend supplying oxygen before and 
during anesthesia25,26, but this is still not a frequent procedure when using the combination of 
injectable anesthesia. Fornari et al.27 demonstrated that using 30-35% oxygen during the anesthesia 
in rats with ketamine and dexmedetomidine resulted in an increased survival rate and a significantly 
reduced post-surgical weight loss. Alemán-Laporte et al.28 demonstrated that administering 100% 
oxygen during injectable anesthetic protocols immediately improved oxygen saturation and recovery 
capability. Blevins et al.29 demonstrated that the use of supplemental oxygen conferred survival value 
to mice anesthetized with injectable anesthesia.
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Although the methods section often does not describe the specific carrier, isoflurane frequently 
is delivered in 100% oxygen. However, Wilding et al.30 suggested that both 100% and 21% oxygen are 
acceptable to give isoflurane to mice. We used 21% oxygen (room air) to deliver isoflurane, considering 
that the intracerebral inoculation procedure requires a short period under anesthesia. Nevertheless, 
the use of oxygen at higher concentrations should be considered to refine the technique. Therefore, 
providing oxygen is recommended in both injectable and inhaled anesthesia30.

Change in body weight 24 hours after the procedure indicates interference in the physiological 
activities related to the medication and dose administered since the largest number of mice that lost 
weight was in the KXAT protocol, represented by the inversion in the graph (Figure 4). Post anesthetic 
distress can lead to loss of body weight in rodents after injectable anesthesia26,31-33. Anesthesia increases 
blood glucose levels in mice34,35, which can also reduce appetite and food intake. Alteration of the 
circadian rhythm can also have an influence on animal weight after anesthesia. Ketamine disturbs 
the circadian rhythm, which may result in reduced food intake36. Additionally, post-surgical pain and 
stress following procedures undertaken during the light phase can suppress feeding and drinking 
because they occur mainly during the dark phase15.

Figure 4. Representation of the average weight gain (percentage) after 24 hours with standard deviation for each 
anesthetic protocol. The protocols used were: KX - Ketamine 100 mg/kg + Xylazine 10 mg/kg; KXA - Ketamine 80 mg/
kg + Xylazine 5 mg/kg + Acepromazine 1 mg/kg; KXT - Ketamine 80 mg/kg + Xylazine 5 mg/kg + Tramadol 5 mg/kg; 
KXAT - Ketamine 100 mg/kg + Xylazine 10 mg/kg + Acepromazine 2mg/kg + Tramadol 5 mg/kg; ATI - Acepromazine 
1 mg/kg + Tramadol 5 mg/kg + Isoflurane 5% - 0.5 L/min for induction and 2.5% - 0.5L/min for maintenance. Note: w 
P <0.05 in relation to KX and ATI. 

The refinement in animal experimentation, searching for pain alleviation and distress reduction, 
is consistent with appropriate ethical conduct, in addition to being a well-established measure in 
legislation15,37. Adopting an effective and safe anesthetic protocol is essential for the welfare of laboratory 
animals used for scientific and diagnostic purposes24. The results suggest that multimodal anesthesia 
combining acepromazine (1 mg/kg), tramadol (5 mg/kg) and isoflurane (5% induction and 2.5% 
maintenance, 0.5 L/min), is the most efficient and safe protocol for intracerebral inoculation, showing 
an absence of mortality, lower drop in temperature and respiratory rate, and faster postanesthetic 
recovery compared to other tested protocols.

LIMITATIONS
The method constructed was satisfactory for the study, however, we can mention as limitations 

the lack of monitoring of some parameters, such as heart rate, oxygen saturation and use of a rectal 
thermometer, which could provide greater details of the influence of drugs on vital parameters.



Establishing an anesthetic protocol for refinement of intracerebral inoculation procedure

10/11Bio M Res & Tech. 2022;2,  e00192021 

ACKNOWLEDGEMENTS
This work was supported by the Instituto Pasteur.

Financial support
This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior - Brasil (CAPES) Finance Code 001.

Data availability
Data generated and analyzed during the current study are available from the corresponding 

author upon reasonable request.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article. 

REFERENCES
1. Cliquet F, Aubert M, Sagné L. Development of a fluorescent antibody virus neutralisation test (FAVN test) for the 

quantitation of rabies-neutralising antibody. J Immunol Methods. 1998;212(1):79-87. http://dx.doi.org/10.1016/
S0022-1759(97)00212-3. PMid:9671155.

2. Hampson K, Coudeville L, Lembo T, et al. Correction: estimating the global burden of endemic canine rabies. PLoS 
Negl Trop Dis. 2015;9(5):e0003786. http://dx.doi.org/10.1371/journal.pntd.0003786. PMid:25961848.

3. Chhabra M, Bhardwaj M, Ichhpujani RL, Lal S. Comparative evaluation of commonly used laboratory tests for 
post-mortem diagnosis of rabies. Indian J Pathol Microbiol. 2005;48(2):190-3. PMid:16758661.

4. Manjunathareddy GB, Sumana K, Yogisharadhya R. Diagnosis of animal rabies: comparison of direct fluores-
cent antibody test (DFAT), reverse transcriptase -PCR and real-time PCR. J Exp Biol Agric Sci. 2016;4(Spl-3-ADP-
CIAD):69-74. http://dx.doi.org/10.18006/2016.4(Spl-3-ADPCIAD).S69.S74.

5. Singh R, Singh KP, Cherian S, et al. Rabies - epidemiology, pathogenesis, public health concerns and advances in 
diagnosis and control: a comprehensive review. Vet Q. 2017;37(1):212-51. http://dx.doi.org/10.1080/01652176.20
17.1343516. PMid:28643547.

6. Rupprecht CE, Fooks AR, Abela-Rider B. Laboratory techniques in rabies. Geneva: WHO; 2018.

7. Brasil. Conselho Nacional de Controle de Experimentação Animal. Resolução normativa n° 30, de 2 de fevereiro de 
2016. Baixa a Diretriz Brasileira para o Cuidadoe a Utilização de Animais em Atividadesde Ensino ou de Pesquisa 
Científica - DBCA. Diário Oficial da União; Brasília; 3 fev 2016.

8. Arras M, Autenried P, Rettich A, Spaeni D, Rülicke T. Optimization of intraperitoneal injection anesthesia in mice: 
drugs, dosages, adverse effects, and anesthesia depth. Comp Med. 2001;51(5):443-56. PMid:11924805.

9. Brasil. Diretriz da Prática de Eutanásia do Conselho Nacional de Controle de Experimentação Animal - CONCEA. 
Brasília; 2018.

10. Buitrago S, Martin TE, Tetens-Woodring J, Belicha-Villanueva A, Wilding GE. Safety and efficacy of various combi-
nations of injectable anesthetics in BALB/c mice. J Am Assoc Lab Anim Sci. 2008;47(1):11-7. PMid:18210992.

11. Flecknell PA. Laboratory animal anaesthesia. 4th ed. United States of America: Academic Press; 2016.

12. Flecknell Pa. Rodent analgesia: assessment and therapeutics. Vet J. 2018;232:70-7. http://dx.doi.org/10.1016/j.
tvjl.2017.12.017. PMid:29428096.

13. Gargiulo S, Greco A, Gramanzini M, et al. Mice anesthesia, analgesia, and care. Part I: anesthetic considerations in 
preclinical research. ILAR J. 2012;53(1):E55-69. http://dx.doi.org/10.1093/ilar.53.1.55. PMid:23382271.

14. He S, Atkinson C, Qiao F, Chen X, Tomlinson S. Ketamine-xylazine-acepromazine compared with isoflurane for 
anesthesia during liver transplantation in rodents. J Am Assoc Lab Anim Sci. 2010;49(1):45-51. PMid:20122316.

15. Flecknell PA, Thomas AA. Comparative anesthesia and analgesia of laboratory animals. In: Grimm KA, Lamont LA, 
Tranquilli WJ, Greene SA, Robertson SA, editors. Veterinary anesthesia and analgesia: the fifth edition of Lumb and 
Jones. 5th ed. New York: Wiley Blackwell; 2015 p. 754-63. http://dx.doi.org/10.1002/9781119421375.ch39.

16. Percie du Sert N, Hurst V, Ahluwalia A, et al. The ARRIVE guidelines 2.0: updated guidelines for reporting animal 

https://doi.org/10.1016/S0022-1759(97)00212-3
https://doi.org/10.1016/S0022-1759(97)00212-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9671155&dopt=Abstract
https://doi.org/10.1371/journal.pntd.0003786
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25961848&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16758661&dopt=Abstract
https://doi.org/10.18006/2016.4(Spl-3-ADPCIAD).S69.S74
https://doi.org/10.1080/01652176.2017.1343516
https://doi.org/10.1080/01652176.2017.1343516
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28643547&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11924805&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18210992&dopt=Abstract
https://doi.org/10.1016/j.tvjl.2017.12.017
https://doi.org/10.1016/j.tvjl.2017.12.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29428096&dopt=Abstract
https://doi.org/10.1093/ilar.53.1.55
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23382271&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20122316&dopt=Abstract


Establishing an anesthetic protocol for refinement of intracerebral inoculation procedure

11/11Bio M Res & Tech. 2022;2,  e00192021 

research. PLoS Biol. 2020;18(7):e3000410. http://dx.doi.org/10.1371/journal.pbio.3000410. PMid:32663219.

17. Bougherara H, Bouaziz O. Effects of the anaesthetic / tranquillizer treatments (Ketamine, Ketamine + Aceproma-
zine, Zoletil) on selected plasma biochemical parameters in laboratory rats. Cent Eur J Exp Biol. 2014;3(2):1-5.

18. Shimizu S. Routes of administration. In: Hedrich HJ, Bullock G, editors. The laboratory mouse. London: Academic 
Press; 2004. p. 527-32. http://dx.doi.org/10.1016/B978-012336425-8/50085-6.

19. Smith W. Responses of laboratory animals to some injectable anaesthetics. Lab Anim. 1993;27(1):30-9. http://
dx.doi.org/10.1258/002367793781082377. PMid:8437433.

20. Cicero L, Fazzotta S, Palumbo VD, Cassata G, Lo Monte AI. Anesthesia protocols in laboratory animals used for 
scientific purposes. Acta Biomed. 2018;89(3):337-42. PMid:30333456.

21. Green CJ, Knight J, Precious S, Simpkin S. Ketamine alone and combined with diazepam or xylazine in laborato-
ry animals: a 10 year experience. Lab Anim. 1981;15(2):163-70. http://dx.doi.org/10.1258/002367781780959107. 
PMid:7278122.

22. Heavner JE. Pharmacology of analgesics. . In: Fish RE, Brown MJ, Danneman PJ, Karas AZ, editors. Anesthesia and 
analgesia in laboratory animals. 2nd ed. Burlington: Elsevier; 2018. p. 17-8.

23. Smith JC, Danneman PJ. Monitoring of anethesia. In: Fish RE, Brown MJ, Danneman PJ, Karas AZ, editors. Anesthe-
sia and analgesia in laboratory animals. 2nd ed. Burlington: Elsevier; 2018. p. 171-82.

24. Tsukamoto A, Serizawa K, Sato R, Yamazaki J, Inomata T. Vital signs monitoring during injectable and inhalant 
anesthesia in mice. Exp Anim. 2015;64(1):57-64. http://dx.doi.org/10.1538/expanim.14-0050. PMid:25312399.

25. Dittmar MS, Fehm NP, Vatankhah B, Horn M. Ketamine/xylazine anesthesia for radiologic imaging of neurolog-
ically impaired rats: dose response, respiratory depression, and management of complications. Comp Med. 
2004;54(6):652-5. PMid:15679263.

26. Hohlbaum K, Bert B, Dietze S, Palme R, Fink H, Thöne-Reineke C. Impact of repeated anesthesia with ketamine 
and xylazine on the well-being of C57BL/6JRj mice. PLoS One. 2018;13(9):e0203559. http://dx.doi.org/10.1371/
journal.pone.0203559. PMid:30231081.

27. Fornari RV, Wichmann R, Atsak P, et al. Rodent stereotaxic surgery and animal welfare outcome improvements for 
behavioral neuroscience. J Vis Exp. 2012;e3528(59):e3528. http://dx.doi.org/10.3791/3528. PMid:22314779.

28. Alemán-Laporte J, Bandini LA, Garcia-Gomes MS, et al. Combination of ketamine and xylazine with opioids and 
acepromazine in rats: physiological changes and their analgesic effect analysed by ultrasonic vocalization. Lab 
Anim. 2020;54(2):171-82. http://dx.doi.org/10.1177/0023677219850211. PMid:31142228.

29. Blevins CE, Celeste NA, Marx JO. Effects of oxygen supplementation on injectable and inhalant anesthesia in 
C57BL/6 mice. J Am Assoc Lab Anim Sci. 2021;60(3):289-97. http://dx.doi.org/10.30802/AALAS-JAALAS-20-000143. 
PMid:33972009.

30. Wilding LA, Hampel JA, Khoury BM,  et  al. Benefits of 21% oxygen compared with 100% oxygen for delivery 
of isoflurane to mice (Mus musculus) and rats (Rattus norvegicus). J Am Assoc Lab Anim Sci. 2017;56(2):148-54. 
PMid:28315643.

31. Albrecht M, Henke J, Tacke S, Markert M, Guth B. Influence of repeated anaesthesia on physiological parame-
ters in male Wistar rats: a telemetric study about isoflurane, ketamine-xylazine and a combination of medeto-
midine, midazolam and fentanyl. BMC Vet Res. 2014;10(1):310. http://dx.doi.org/10.1186/s12917-014-0310-8. 
PMid:25551200.

32. Dholakia U, Clark-Price SC, Keating SCJ, Stern AW. Anesthetic effects and body weight changes associated 
with ketamine-xylazine-lidocaine administered to CD-1 mice. PLoS One. 2017;12(9):e0184911. http://dx.doi.
org/10.1371/journal.pone.0184911. PMid:28910423.

33. Welberg LA, Kinkead B, Thrivikraman K, Huerkamp MJ, Nemeroff CB, Plotsky PM. Ketamine-xylazine-aceproma-
zine anesthesia and postoperative recovery in rats. J Am Assoc Lab Anim Sci. 2006;45(2):13-20. PMid:16542037.

34. Brown E, Umino Y, Loi T, Solessio E, Barlow R. Anesthesia can cause sustained hyperglycemia in C57/BL6J mice. Vis 
Neurosci. 2005;22(5):615-8. http://dx.doi.org/10.1017/S0952523805225105. PMid:16332272.

35. Windeløv JA, Pedersen J, Holst JJ. Use of anesthesia dramatically alters the oral glucose tolerance and insulin 
secretion in C57Bl/6 mice. Physiol Rep. 2016;4(11):1-6. http://dx.doi.org/10.14814/phy2.12824. PMid:27255361.

36. Mihara T, Kikuchi T, Kamiya Y, et al. Day or night administration of ketamine and pentobarbital differentially affect 
circadian rhythms of pineal melatonin secretion and locomotor activity in rats. Anesth Analg. 2012;115(4):805-13. 
http://dx.doi.org/10.1213/ANE.0b013e3182632bcb. PMid:22886841.

37. Turner P, et al. ACLAM position statement on pain and distress in research animals. J Am Assoc Lab Anim Sci. 
2006;55(6):821. PMid:27931324.

https://doi.org/10.1371/journal.pbio.3000410
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663219&dopt=Abstract
https://doi.org/10.1016/B978-012336425-8/50085-6
https://doi.org/10.1258/002367793781082377
https://doi.org/10.1258/002367793781082377
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8437433&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30333456&dopt=Abstract
https://doi.org/10.1258/002367781780959107
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7278122&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7278122&dopt=Abstract
https://doi.org/10.1538/expanim.14-0050
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25312399&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15679263&dopt=Abstract
https://doi.org/10.1371/journal.pone.0203559
https://doi.org/10.1371/journal.pone.0203559
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30231081&dopt=Abstract
https://doi.org/10.3791/3528
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22314779&dopt=Abstract
https://doi.org/10.1177/0023677219850211
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31142228&dopt=Abstract
https://doi.org/10.30802/AALAS-JAALAS-20-000143
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33972009&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33972009&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28315643&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28315643&dopt=Abstract
https://doi.org/10.1186/s12917-014-0310-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25551200&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25551200&dopt=Abstract
https://doi.org/10.1371/journal.pone.0184911
https://doi.org/10.1371/journal.pone.0184911
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28910423&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16542037&dopt=Abstract
https://doi.org/10.1017/S0952523805225105
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16332272&dopt=Abstract
https://doi.org/10.14814/phy2.12824
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27255361&dopt=Abstract
https://doi.org/10.1213/ANE.0b013e3182632bcb
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22886841&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27931324&dopt=Abstract

