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Effect of Three Types of Mixed Anesthetic Agents 
Alternate to Ketamine in Mice
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Abstract:  Ketamine is usually used for murine anesthesia in animal experiments with other 
anesthetics for its sedation and analgesic effects.  However, ketamine was categorized as 
a narcotic drug in Japan on January 1, 2007.  After this act came into effect, a narcotic 
handling license became necessary for using and possessing ketamine.  Pentobarbital 
sodium, which is also used for laboratory animal experiments as Nembutal, is no longer being 
manufactured.  For these reasons, other anesthetic agents that can be used without a license 
are needed.  In this paper, we examined the use of anesthetics other than ketamine and 
pentobarbital sodium.  A combination anesthetic (M/M/B: 0.3/4/5) was prepared with 0.3 mg/
kg of medetomidine, 4.0 mg/kg of midazolam, and 5.0 mg/kg of butorphanol.  The anesthetics 
were administered to male ICR mice by intraperitoneal injection.  In order to assess anesthetic 
depth and duration, we stimulated the mice directly after loss of righting reflexes to recovery 
of these same reflexes and then recorded four parameters—a tail pinch reflex, a pedal 
withdrawal reflex in the forelimbs, a pedal withdrawal reflex in the hindlimbs, and corneal 
reflex.  Each parameter was scored, and the anesthetic depth, expressed by the total score, 
was summed.  The surgical anesthesia duration of M/M/B: 0.3/4/5 mg/kg was almost identical 
to the surgical anesthetic duration with a ketamine and xylazine mixture (80–8 mg/kg).  These 
data suggested that mice can be anesthetized by M/M/B: 0.3/4/5 as an alternate to ketamine.  
We thus can recommend M/M/B: 0.3/4/5 for murine surgical anesthesia.
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Introduction

Ketamine has generally been used for murine anes-
thesia in animal experiments because it has both sedative 
and analgesic effects [16].  It has been used with a 
sedatives such as xylazine [1, 4, 5, 7–10, 12, 14, 16, 21, 
25].  However, ketamine was categorized as a narcotic 
drug in Japan on January 1, 2007.  After enforcement of 

the act, a narcotic handling license became necessary for 
use of ketamine.  Additionally, there are strict rules for 
its purchasing, handling, storage and procedures of re-
cord keeping.

In regard to alternatives, pentobarbital sodium cannot 
be purchased, except for Somnopentyl, because manu-
facture of Nembutal, which is a type of pentobarbital 
sodium very commonly used for animal experiments, 
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has been discontinued.  Nembutal is no longer available 
in the market.  However, Somnopentyl is an agent au-
thorized as an animal drug, and it has been categorized 
as a prescription medicine.  Therefore, a prescription 
from a veterinarian is required to use Somnopentyl for 
animals.

For these reasons, other anesthetic agents that can be 
used without a license and without involving compli-
cated procedures are needed.  In this paper, we examined 
different anesthetic combinations as substitutes for ket-
amine and pentobarbital sodium.

Materials and Methods

Animals and housing conditions
We purchased male specific pathogen-free ICR strain 

mice at 6 weeks of age from Charles River Laboratories 
Japan Inc. (Yokohama, Japan).  Animals were accli-
mated for at least 7 days before experimental use.  Mice 
7–9 weeks of age were used for the experiment, and their 
weights ranged from 32.1–37.9 g (average 33.8 g).  All 
of the animal procedures were conducted in accordance 
with the guidelines under the Regulations on Animal 
Experimentation at Osaka University.  The animals were 
housed in stable groups of three mice each in polycar-
bonate cages with autoclaved bedding (ALPHA-dri, 
Shepherd Specialty Papers, Watertown, TN, USA).  Each 
cage was provided with reverse-osmosis water delivered 
by an automatic water supply system and supplied with 
sterilized food (MF, Oriental Yeast Co., Ltd., Tokyo, 
Japan).  Room temperature was controlled by reheating 
units inside rooms and was maintained at 23 ± 2℃.  The 
humidity was maintained at 30 to 70%.  Animals were 
maintained on a 12:12-h light:dark cycle (lights on, 8 
a.m. to 8 p.m.).

Anesthetic agents
The following anesthetics were evaluated: medetomi-

dine hydrochloride (Domitol, Meiji Seika Pharma Co., 
Ltd., Tokyo, Japan), which is an alpha 2 adrenoceptor 
agonist; midazolam (Dormicum, Astellas Pharma Inc., 
Tokyo, Japan), which is a benzodiazepine derivative; 
butorphanol (Vetorphale, Meiji Seika Pharma Co., Ltd.); 
ketamine hydrochloride (Ketalar, Sankyo Lifetech Co., 
Ltd., Tokyo, Japan); xylazine (Celactar, Bayer, Ltd., 

Tokyo, Japan) [19]; and two types of pentobarbital so-
dium (Nembutal, Dainippon Sumitomo Pharma Co., 
Ltd., Osaka, Japan; Somnopentyl, Kyoritsu Seiyaku Co., 
Ltd., Tokyo Japan), both of which are barbiturates.  These 
anesthetics were kept at room temperature.

Preparation of the anesthetics
Five combinations of anesthetics were examined, and 

the combinations and doses are listed in Table 1.  All 
agents were diluted in sterilized water.  In addition, they 
were filtered by 0.2-um filters (S-2502, Kurabo Indus-
tries Ltd., Bio-Medical Department, Osaka, Japan) and 
stored at 4℃ in a dark refrigerator.  K/X: 80/8 was pre-
pared with ketamine hydrochloride at a dose of 80.0 mg/
kg and xylazine at a dose of 8.0 mg/kg [1, 4, 5, 7–10, 
12, 14, 16, 21, 25].  Shortly afterwards, 1.60 ml of ket-
amine hydrochloride was added to 0.40 ml of xylazine 
resulting in up to a volume 10.00 ml with sterilized wa-
ter.  K/X: 60/6 was prepared with ketamine hydrochlo-
ride at a dose of 60.0 mg/kg and xylazine at a dose of 
6.0 mg/kg.  Briefly, 1.20 ml of ketamine hydrochloride 
was added to 0.30 ml of xylazine, resulting in up to a 
volume 10.00 ml with sterilized water.  PA: 50 was pre-
pared with pentobarbital sodium A (Nembutal) at a dose 
of 50.0 mg/kg, and PB: 50 was prepared with pentobar-
bital sodium B (Somnopentyl) at a dose of 50.0 mg/kg 
[1, 15, 25].  Practically, 1.00 ml of Nembutal was pre-
pared to a volume 10.00 ml with sterilized water, and 
0.77 ml of Somnopentyl was prepared to a volume 10.00 
ml with sterilized water.  M/M/B: 0.3/4/5 was prepared 
with medetomidine hydrochloride at a dose of 0.3 mg/
kg, midazolam at a dose of 4.0 mg/kg and butorphanol 
at a dose of 5.0 mg/kg.  Concretely, 0.30 ml of medeto-
midine hydrochloride was mixed with 0.80 ml of mida-
zolam and 1.00 ml of butorphanol and adjusted to a 
volume of 10.00 ml with sterilized water.  The dosage 
of the combination of M/M/B was constructed as re-
ported in consideration of doses for animal species [2, 
6, 8, 13, 17, 18, 20, 24, 26].  The concentration ratio of 
M/M/B (0.3/4/5 mg/kg) was determined by preliminary 
experiments.  The prepared anesthetic agents were ad-
ministered to mice at a volume of 0.01 ml/g of body 
weight.
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Administration of anesthetics and animal handling
Each experimental group of 15 mice were separated 

into 5 sets with each set consisting of 3 randomly chosen 
mice.  All manipulations were carried out in the experi-
mental room after transfer from the animal holding room.  
After weighing the animals, the appropriate volumes of 
anesthetic agents were administered by intraperitoneal 
injection in the lower left quadrant of each mouse under 
manual restraint [3].  Each animal was placed back in 
its home cage until it lost its righting reflex.  After loss 
of righting reflex, the animals were lied on their back on 
a Micro-Temp II 747 heated platform (40–42℃, Cincin-
nati Sub-Zero Products, Inc., Cincinati, OH, USA) and 
laid in dorsal recumbency without fixation.  Each animal 
breathed room air for the duration of the experiment and 
was returned to its home cage at recovery of righting 
reflex.  After that, all animals were observed for at least 
one additional hour to record any abnormal behavior.  
Recovery of righting reflex was defined as the time when 
the animals first righted themselves and began to walk 
two or three steps.

Parameters of anesthesia
To assess the depth and duration of anesthesia, four 

parameters were used, i.e., the tail pinch reflex, pedal 
withdrawal reflex in forelimbs, pedal withdrawal reflex 
in hindlimbs and corneal reflex.  For the tail pinch reflex, 
excluding the vein, 6 locations of the proximal tail were 
slightly pinched using atraumatic forceps.  For the 

pedal withdrawal reflex, the interdigital webbing of both 
side limbs were slightly pinched using atraumatic forceps 
and pulled.  The pedal withdrawal reflex was assessed 
in both forelimbs and hindlimbs.  For the corneal reflex, 
air was blown at the animal’s cornea using a Pasteur 
pipette (IK-PAS-9P, Iwaki glass, Funabashi, Japan; AgC 
TECHNO gLASS Co., Ltd., Funabashi, Japan) with a 
2-ml silicone nipple (6-356-02, AS ONE Corporation, 
Osaka, Japan).

Tests and observations
A series of observations, simple tests, and reflex mea-

surements were carried out on each individual mouse to 
evaluate the depth and duration of anesthesia.  To reduce 
sources of variation in response to the stimuli, all reflex 
tests were carried out and assessed by the same operator.  
The stimulation was repeated every 5 min after admin-
istration of an anesthetic agent.  The stimulation was 
repeated from loss of righting reflex to recovery of right-
ing reflex.  When a reflex reaction to stimulation was 
observed, the score was 0.  When a reflex reaction to 
stimulation was not observed, the score was 1.  Each 
parameter was scored, and the anesthetic depth was ex-
pressed by total score calculated for each mouse.  A score 
of 3 or more was defined as surgical anesthesia.  Fur-
thermore, the time of loss of righting reflex and the time 
of recovery of righting reflex were recorded.

Table 1. Concentrations and doses of anesthetics that were used in this study

  Product  Agent  Administered  Volume in 10-ml 
Agent Product concentration dose volume water solution
  (mg/ml) (mg/kg) (ml/kg) (ml)

M/M/B: 0.3/4/5 Medetomidine   1.0   0.3 0.30 0.30
 Midazolam   5.0   4.0 0.80 0.80
 Butorphanol   5.0   5.0 1.00 1.00
K/X: 80/8 Ketamine 50.0 80.0 1.60 1.60
 Xylazine 20.0   8.0 0.40 0.40
K/X: 60/6 Ketamine 50.0 60.0 1.20 1.20
 Xylazine 20.0   6.0 0.30 0.30
PA: 50 Pentobarbital A 50.0 50.0 1.00 1.00
PB: 50 Pentobarbital B 64.8 50.0 0.77 0.77

Abbreviations: M/M/B: 0.3/4/5 = medetomidine 0.3 mg/kg : midazolam 4.0 mg/kg : butorphanol 5.0 mg/kg.  K/X: 
80/8 = ketamine 80 mg/kg : xylazine 8 mg/kg.  K/X: 60/6 = ketamine 60 mg/kg : xylazine 6 mg/kg.  PA: 50 = 
pentobarbital sodium A (Nembutal) 50 mg/kg.  PB: 50 = pentobarbital sodium B (Somnopentyl) 50 mg/kg.
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Time-related parameters of anesthesia (Fig. 1)
Immobilization time (time during which the animals 

made no movements) was defined as the time span be-
tween loss of righting reflex and recovery of righting 
reflex.  Induction time was considered to be the time 
from loss of righting reflex to start of surgical anesthesia.  
Duration of anesthesia was the time span of surgical 
anesthesia.  Emergence time was considered to be the 
time from the end of surgical anesthesia to recovery of 
righting reflex.

Data analysis
All experimental data were analyzed using Excel (Mi-

crosoft, Tokyo, Japan).

Results

K/X (ketamine/xylazine) mixed agents
The loss of righting reflex times of K/X: 80/8 and K/X: 

60/6 were both less than 5 min (Table 2).  Therefore, 
observation of the four parameters was possible after 5 
min of administration.  The induction times of K/X: 80/8 
and K/X: 60/6 were the same (Table 2).  Furthermore, 
the emergence time of K/X: 80/8 was similar to that of 
K/X: 60/6 (Table 2).  The anesthesia time of K/X: 60/6 
was less than 10 min, whereas the anesthesia time of 
K/X: 80/8 was more than 20 min (Table 3).

PA and PB (pentobarbital sodium)
The loss of righting reflex times of PA: 50 and PB: 50 

were both less than 5 min (Table 2).  Therefore, observa-
tion of the four parameters was possible from 5 min of 

Table 2. The commencement and end of surgical anesthesia and the induction and emergence of anesthesia

 Loss of Commencement of End of surgical Recovery of Induction  Emergence 
Agent righting reflex surgical anesthesia anesthesia righting reflex time time
 (min) (min) (min) (min) (min) (min)

M/M/B:0.3/4/5 2.67 ± 0.58 8.33 ± 2.89 35.00 ± 13.23 54.67 ± 15.01 5.67 ± 2.31 11.33 ± 0.58
K/X: 80/8 2.50 ± 1.10 6.67 ± 2.89 25.00 ± 10.00 43.33 ± 2.52 4.17 ± 2.95 11.67 ± 10.07
K/X: 60/6 2.58 ± 1.21 8.33 ± 2.89 10.00 ± 5.00 29.33 ± 5.77 5.75 ± 1.88 11.00 ± 5.00
PA: 50 3.25 ± 0.43 – – 46.67 ± 11.50 – –
PB: 50 2.67 ± 2.67 – – 25.67 ± 2.08 – –

The commencement of surgical anesthesia was the end of the induction time.  The end of surgical anesthesia was defined as the end 
of the anesthesia time.  The induction time was defined as the duration between the loss of righting reflex and the commencement 
of surgical anesthesia.  The emergence time was defined as the duration between the end of surgical anesthesia and the recovery of 
righting reflex.  Time courses are expressed in minutes and presented as means ± SD (n=3).  See Table 1 for abbreviations.

Table 3. Duration of immobilization and anesthesia

 Duration of  Duration of 
   Agent immobilization anesthesia
 (min) (min)

M/M/B:0.3/4/5 52.00 ± 14.73 40.00 ± 13.23
K/X: 80/8 40.83 ± 3.00 28.33 ± 7.64
K/X: 60/6 26.75 ± 6.88 15.00 ± 5.00
PA: 50 43.42 ± 11.14 –
PB: 50 23.00 ± 3.38 –

The immobilization time was defined as the duration between 
the loss of righting reflex and recovery of righting reflex.  The 
anesthesia time was defined as the duration between the com-
mencement of surgical anesthesia and the end of surgical anes-
thesia.  Time courses are expressed in minutes and presented as 
means ± SD (n=3).  See Table 1 for abbreviations.

Fig. 1. Time-related parameters for the anesthesia re-
corded in this study.
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administration.  However, surgical anesthesia was not 
achieved because the score did not reach 3 (Fig. 2).

Alternative anesthetic agent
The data for K/X: 80/8 were used as evaluation crite-

ria of an alternative anesthetic agent because K/X: 80/8 
has an anesthetic time of more than 20 min and has both 
a short induction time and short emergence time.  M/M/B: 
0.3/4/5 was comparable with K/X: 80/8 (Fig. 3).  The 
induction time of M/M/B: 0.3/4/5 was identical to the 
induction time of K/X: 80/8 (5.67 ± 2.31, 4.17 ± 2.95; 
Table 2).  The emergence time of M/M/B: 0.3/4/5 was 
the similar to the emergence time of K/X: 80/8 (11.33 ± 
0.58, 11.67 ± 10.07; Table 2).  The anesthesia time of 
M/M/B: 0.3/4/5, however, was longer than the anes-
thetic time of K/X: 80/8 (40.00 ± 13.23, 28.33 ± 7.64; 
Table 2, Fig. 3).

Discussion

Midazolam is a water-soluble benzodiazepine [16].  
Benzodiazepines can produce marked sedation in ro-
dents, pigs, and primates; however, they are not analge-
sic and do not produce a true general anesthetic state 
[16].  In veterinary medicine, midazolam is used in a 
combination with other agents for anesthesia or anes-
thetic induction [16].  Medetomidine is an imidazole 
derivative more potent than xylazine, with higher alpha2-
adrenoceptor selectivity [16].  It has been used with 

ketamine for laboratory rodents [6, 10, 16].  This com-
bination produces moderate surgical anesthesia in mice 
[6, 10, 16].  Butorphanol, a synthetic opioid agonist-
antagonist, is used as an analgesic drug in veterinary 
medicine [11].  The combination of medetomidine, mi-
dazolam, and butorphanol has been reported as a safe 
and reliable anesthetic drug in the dog [13, 26], sea lion 
[24] and red fox [2].  However, there are no reports in 
rodents.  In this study, combinations of injectable anes-
thetic agents (M/M/B) were examined as alternative 
agents for ketamine in mice.

The combination of ketamine and xylazine was used 
as a comparison standard for comparison with an inject-
able agent.  This combination was decided based on 
studies in mice [1, 4, 5, 7–10, 12, 14, 16, 21, 25].  The 
anesthesia time of K/X: 80/8 was more than 20 min, but 
the anesthesia time of K/X: 60/6 was less than 20 min.  
It has been reported that the effect of combinations of 
ketamine and xylazine depends on the quantities of ket-
amine and xylazine [1, 4].  On the other hand, the com-
bination injectable agent (M/M/B) was determined by 
reports that were examined concerning other animal spe-
cies [2, 13, 24, 26], and the concentration of M/M/B 
(0.3/4/5 mg/kg) was determined by a preliminary ex-
periment.  The induction time of K/X: 80/8 was less than 
5 min, and that of M/M/B: 0.3/4/5 was also less than 5 
min.  Furthermore, the emergence time of K/X: 80/8 was 
less than 15 min, and that of M/M/B: 0.3/4/5 was also 
less than 15 min.  Consequently, the induction and emer-

Fig. 2. The anesthetic scores for the four kinds of 
agents.  Solid circle ( ): K/X: 80/8.  Open 
circle ( ): K/X: 60/6.  Solid triangle ( ): 
PA: 50.  Open triangle ( ): PB: 50.  Data 
represent means ± SD of 3 mice.  A score 
of more than 3 was defined as surgical an-
esthesia.  See Table 1 for abbreviations.

Fig. 3. The anesthetic scores for M/M/B: 0.3/4/5 
and K/X: 80/8.  Solid circle ( ): K/X: 
80/8.  Solid diamond ( ): M/M/B: 
0.3/4/5.  All values represent the means ± 
SD of 3 mice.  A score of more than 3 was 
defined as surgical anesthesia.  See Table 
1 for abbreviations.
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gence times of M/M/B: 0.3/4/5 and K/X: 80/8 were both 
equivalent.  Furthermore, postsurgical management 
seemed to be easier to be controlled for M/M/B: 0.3/4/5 
than for K/X: 80/8 because the SD of K/X: 80/8 was 
larger than that of M/M/B: 0.3/4/5.  However, the anes-
thetic time of M/M/B: 0.3/4/5 was 40 min, while the 
anesthetic time of K/X: 80/8 was 28 min.  M/M/B: 
0.3/4/5 had a longer anesthetic time than K/X: 80/8.  
Therefore, it is preferable to use M/M/B: 0.3/4/5 as an 
anesthetic instead of ketamine when mice are anesthe-
tized for a short time.

Furthermore, we examined two kinds of pentobarbital 
sodium (PA: 50 and PB: 50).  The reflex parameters were 
continuously observed after the righting reflex disap-
peared.  The average score did not reach 2.  It became 
clear that anesthesia with PA: 50 and PB: 50 did not reach 
the depth of surgical anesthesia.  Since this was the case, 
intraperitoneal injection of 50 mg/kg pentobarbital so-
dium was inadequate for surgical operation.  In previous 
reports, it was also reported that 50 mg/kg pentobarbital 
sodium did not induce adequate anesthetic depth in ro-
dents [7, 21, 25].  Therefore, we recommend M/M/B: 
0.3/4/5 for murine surgical anesthesia.

In previous reports [7, 21, 25], changes in the time 
course of anesthetic depth were unclear.  In our method, 
in contrast, the change of anesthetic depth was expressed 
definitely.  This was the case because, for determination 
of anesthetic effect, the reflex reaction was scored every 
5 min, and then the anesthetic depth was expressed as the 
total score.  We recommend usage of the total score of 
four different reflexes as a marker of anesthetic depth.

In addition, the effects of anesthetic agents vary by 
murine strain [22, 23].  Therefore, further study is neces-
sary to determine the anesthetic effect of M/M/B: 0.3/4/5 
in other strains of mice, transgenic mice and knockout 
mice.

References

  1. Arras, M., Autenried, P., Rettich, A., Spaeni, D., and Rulicke, 
T. 2001. Optimization of intraperitoneal injection anesthesia 
in mice: drugs, dosages, adverse effects, and anesthesia 
depth. Comp. Med. 51: 443–456.

  2. Bertelsen, M.F. and Villadsen, L. 2009. A comparison of the 
efficacy and cardiorespiratory effects of four medetomidine-
based anaesthetic protocols in the red fox (Vulpes vulpes). 
Vet. Anaesth. Analg. 36: 328–333.

  3. Borchard, R.E., Barnes, C.D., and Eltherington, L.g. 1990. 
Drug Dosage in Laboratory Animals: A Handbook, Telford 
Press, Inc., New Jersey.

  4. Buitrago, S., Martin, T.E., Tetens-Woodring, J., Belicha-
Villanueva, A., and Wilding, g.E. 2008. Safety and efficacy 
of various combinations of injectable anesthetics in BALB/c 
mice. J. Am. Assoc. Lab. Anim. Sci. 47: 11–17.

  5. Chaves, A.A., Weinstein, D.M., and Bauer, J.A. 2001. Non-
invasive echocardiographic studies in mice: influence of 
anesthetic regimen. Life Sci. 69: 213–222.

  6. Cruz, J.I., Loste, J.M., and Burzaco, O.H. 1998. Observations 
on the use of medetomidine/ketamine and its reversal with 
atipamezole for chemical restraint in the mouse. Lab. Anim. 
32: 18–22.

  7. Erhardt, W., Hebestedt, A., Aschenbrenner, g., Pichotka, B., 
and Blumel, g. 1984. A comparative study with various 
anesthetics in mice (pentobarbitone, ketamine-xylazine, 
carfentanyl-etomidate). Res. Exp. Med. 184: 159–169.

  8. Flecknell, P. 2009. Anaesthesia of common laboratory 
species: special considerations. p. 181. In: Laboratory 
Animal Anaesthesia, 3rd ed. (Flecknell, P. ed.), Academic 
Press, London.

  9. Flecknell, P.A., Richardson, C.A., and Popovoc, A. 2007. 
Laboratory animals. pp. 765–776. In: Lumb and Jones’ 
Veterinary Anesthesia and Analgesia, 4th ed. (Tranquilli, W. 
J., Thurmon, J.C., and grimm, K.A. eds.), Blackwell 
Publishing, Iowa.

10. gaertner, D.J., Hallman, T.M., Hankenson, F.C., and 
Batcheder, M.A. 2008. Anesthesia and analgesia for 
laboratory rodents. pp. 240–297. In: Anesthesia and 
Analgesia in Laboratory Animals, 2nd ed. (Fish, R.E., 
Brown, M.J., Danneman, P.J., and Karas, A.Z. eds.), 
Academic Press, NY.

11. Heavner, J.E. and Cooper, D.M. 2008. Pharmacology of 
analgesics. pp. 98–123. In: Anesthesia and Analgesia in 
Laboratory Animals, 2nd ed. (Fish, R.E., Brown, M.J., 
Danneman, P.J., and Karas, A.Z. eds.), Academic Press, 
NY.

12. Ishizaka, S., Sievers, R.E., Zhu, B.Q., Rodrigo, M.C., Joho, 
S., Foster, E., Simpson, P.C., and grossman, W. 2004. New 
technique for measurement of left ventricular pressure in 
conscious mice. Am. J. Physiol. Heart Circ. Physiol. 286: 
1208–1215.

13. Itamoto, K., Hikasa, Y., Sakonjyu, I., Itoh, H., Kakuta, T., 
and Takase, K. 2000. Anaesthetic and cardiopulmonary 
effects of balanced anaesthesia with medetomidine-
midazolam and butorphanol in dogs. J. Vet. Med. A, Physiol. 
Pathol. Clin. Med. 47: 411–420.

14. Kawahara, Y., Tanonaka, K., Daicho, T., Nawa, M., Oikawa, 
R., Nasa, Y., and Takeo, S. 2005. Preferable anesthetic 
conditions for echocardiographic determination of murine 
cardiac function. J. Pharmacol. Sci. 99: 95–104.

15. Maeshima, K. and Kasai, N. 1998. Animal experiment 
technology. Anesthetizing and euthanasia. pp. 146–147. In: 
The latest laboratory animal study, Asakurashoten, Tokyo, 
Japan (in Japeanese).

16. Meyer, R.E. and Fish, R.E. 2008. Pharmacology of injectable 
anesthetics, sedatives, and tranquilizers. pp. 28–83. In: 



487EFFECT OF THREE KINDS OF MIXED ANESTHETIC AgENTS

Anesthesia and Analgesia in Laboratory Animals, 2nd ed. 
(Fish, R.E., Brown, M.J., Danneman, P.J., and Karas, A.Z. 
eds.), Academic Press, NY.

17. Nishimura, R., Kim, H.Y., Matsunaga, S., Hayashi, K., 
Tamura, H., Sasaki, N., and Takeuchi, A. 1994. 
Cardiopulmonary effects of medetomidine-midazolam and 
medetomidine-midazolam- atipamezole in laboratory pigs. 
J. Vet. Med. Sci. 56: 359–363.

18. Nishimura, R., Sakaguchi, M., Mochizuki, M., Sasaki, N., 
Takahashi, H., Tamura, H., and Takeuchi, A. 1992. A 
balanced anesthesia with a combination of xylazine, 
ketamine and butorphanol and its antagonism by yohimbine 
in pigs. J. Vet. Med. Sci. 54: 615–620.

19. Sakaguchi, M., Kobayashi, C., Inouye, S., Saito, S., Hirahara, 
K., Shiraishi, A., Konaka, A., Yamada, T., and Nigi, H. 1999. 
The incidence of Japanese cedar pollinosis and sensitization 
to the pollen allergens among Japanese monkeys in a troop. 
Immunology 97: 522–525.

20. Sakaguchi, M., Nishimura, R., Sasaki, N., Ishiguro, T., 
Tamura, H., and Takeuchi, A. 1992. Enhancing effect of 
butorphanol on medetomidine-induced sedation in pigs. J. 

Vet. Med. Sci. 54: 1183–1185.
21. Smith, W. 1993. Responses of laboratory animals to some 

injectable anaesthetics. Lab. Anim. 27: 30–39.
22. Sonner, J.M., Gong, D., and Eger II, E.I. 2000. Naturally 

occurring variability in anesthetic potency among inbred 
mouse strains. Anesth. Analg. 91: 720–726.

23. Sonner, J.M., gong, D., Li, J., Eger II, E.I., and Laster, M.J. 
1999. Mouse strain modestly influences minimum alveolar 
anesthetic concentration and convulsivity of inhaled 
compounds. Anesth. Analg. 89: 1030–1034.

24. Spelman, L.H. 2004. Reversible anesthesia of captive 
California sea lions (Zalophus californianus) with 
medetomidine, midazolam, butorphanol, and isoflurane. J. 
Zoo Wildl. Med. 35: 65–69.

25. Spikes, S.E., Hoogstratwn-Miller, S.L., and Miller, g.F. 
1996. Comparison of five anesthetic agents administered 
intraperitoneally in the laboratory rat. J. Am. Assoc. Lab. 
Anim. Sci. 35: 53–56.

26. Verstegen, J. and Petcho, A. 1993. Medetomidine-
butorphanol-midazolam for anaesthesia in dogs and its 
reversal by atipamezole. Vet. Rec. 132: 353–357.


