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Kawai et al. (2011) recently introduced a mixture of three anesthetic agents (here called MMB) that 
has an effect similar to ketamine/xylazine in mice, which might allow more effective reaction to 
changes in the animal condition, as an antagonist is available, and which can be used without 
license for handling narcotic drugs. Using Kawai’s study as a baseline, we tested whether this 
anesthesia and its antagonist can also be used in avian studies. In the present study, we used two 
species, the zebra finch and the Bengalese finch, of the avian family Estrildidae. In zebra finches, 
anesthesia effects similar to the use of ketamine/xylazine and to those obtained in mice can be 
reached by the use of MMB if a higher dose is applied. MMB leads to more variable anesthesia, but 
has the advantage of a longer time window of deep anesthesia. An antagonist to one component of 
MMB reduced the awaking time, but was not as effective as in mice. For Bengalese finches, MMB 
cannot be generally recommended because of difficult handling and high mortality rate when used 
without antagonist, but could be used for perfusions instead of pentobarbital.

Key words: medetomidine, midazolam, butorphanol, M/M/B, ketamine/xylazine, Taeniopygia guttata, 
Lonchura striata

INTRODUCTION

To use appropriate kinds of anesthesia in animal experi-
mentation is important for several reasons, e.g., to reduce 
pain for the experimental animals, to guarantee a steady 
narcosis over the experimental time course, and to prevent 
interaction with other drugs used during the experiment. 
Pentobarbital sodium has been one of the broadly used 
anesthetics for animal experimentations including perfu-
sions. However, this anesthetic is not the best choice for sur-
gery and perfusion because it does not have an analgesic 
effect. It is also not easy to keep the appropriate anesthetic 
depth because the necessary dose for reliable anesthesia is 
very close to the lethal one (Flecknell, 2010). Recently, a 
ketamine/xylazine mixture anesthetic is often used for ani-
mal experimentation because it has both sedative and anal-
gesic effects and it produces a relatively safe and reliable 
anesthesia (Coles, 2007; Doneley, 2011; Fish et al., 2008; 
Grimm et al., 2015). Ketamine, however, was denoted as a 
narcotic drug in Japan in 2007, so that a narcotic handling 
license is necessary for its use. Kawai et al. (2011) sug-
gested a mixture of three anesthetic agents (here called 
MMB) that have an effect similar to ketamine/xylazine in 
mice and other mammals (Konno et al., 2012; Nakatsukasa 
et al., 2015). This mixture may also facilitate a faster reaction 

to worsened animal conditions, as an antagonist is avail-
able.

Medetomidine is an α2-adrenergic receptor agonist, 
Midazolam a GABAA receptor agonist, and Butorphanol a 
k-opioid receptor agonist. A mixture of these components, 
which have different modes of action, is able to keep the 
animal under anesthesia for a limited period of time (Coles, 
2007; Flecknell, 2010; Kawai et al., 2011). One of the compo-
nents, medetomidine, can be antagonized by atipamezole. 
Injection of this antagonist is said to shorten the awaking 
time in mice to about 5–10 minutes, which makes the three-
component mixture attractive for experiments in which the 
animals have to survive after the treatment under anesthe-
sia (Kawai et al., 2011; Konno et al., 2012).

The present publication examines whether MMB can be 
used for avian studies. We examined the effect of the drug 
mixture in two species of finches (Estrildidae), zebra finches 
(Taeniopygia guttata castanotis) and Bengalese finches 
(Lonchura striata var. domestica), the first one established 
as a model species for early learning (Griffith and Buchanan, 
2010), the second one known as a well-examined example 
for song learning in birds (Okanoya, 2004a, b). To make the 
effects as well as the dose comparable to those obtained in 
the mouse studies, we used the composition of the drugs 
recommended by Kawai et al. (2011) for mice as the basis of 
our experiments. We developed a classification scale, based 
on behavioral cues, which characterizes the different depth 
levels of the anesthesia, similar to a scale developed by 
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Guedel (1937) for ether anesthesia. We also compared the 
efficiency of MMB with that of ketamine/xylazine. Finally, we 
tested the effect of the antagonist atipazemole, which to our 
knowledge has not been used as yet in avian research.

MATERIALS AND METHODS

Animals
The original research reported herein was performed under 

guidelines established by the animal experimentation committee of 
RIKEN. (Permission H28-2-212(2) from the RIKEN Safety Manage-
ment Division, Bio Safety and Ethics Section, Sep. 5, 2016).

Thirty-nine adult zebra finches (♂17, ♀22, weight: 14.6 ±  1.86 
g (AV ±  SD)) and 52 Bengalese finches (♂25, ♀27, weight: 15.3 ± 
1.64 g (AV ±  SD)) were used for this study. The birds were kept in 
bird cages (37 ×  42 ×  44 cm (l/h/d)) housing on average 8 birds at 
the RIKEN research center under a 15/9 hour light/dark cycle, a 
temperature 25°C, and around 50% humidity. Birds had ad libitum 
access to food (grass seeds, greens, minerals) and water.

Preparation of anesthetics and antagonist
The mixture of the three anesthetics (here called MMB) was 

composed of Medetomidine (Domitol, Nippon Zenyaku Kogyo Co., 
Ltd., Fukushima, Japan), Midazolam (Dormicum, Astellas Pharma 
Inc., Tokyo, Japan), and Butorphanol (Vetorphale, Meiji Seika 
Pharma Co., Tokyo, Japan). The Ketamine and Xylazine (K/X) mix-
ture was composed of Ketalar® (Daiichi Sankyo Co., Ltd., Tokyo, 
Japan) and Celactal® (Bayer Yakuhin Co., Ltd., Osaka, Japan). Ati-
pamezole (Antisedan, Nippon Zenyaku Kogyo Co., Ltd.) was used 
as a medetomidine antagonist. All original drugs were stored at 
room temperature.

The proportion of the single components of the MMB mixture 
(0.3/4/5) was chosen in accordance with information from previous 
studies (Kawai et al., 2011). To prepare the injection, we combined 
0.3 ml of medetomidine (original concentration: 1 mg/ml), 0.8 ml of 
midozolam (original concentration: 5 mg/ml) and 1 ml of butophar-
mol (original concentration: 5 mg/ml), then added saline (0.9% NaCl 
in distilled water) to a final volume of 5 ml. To reach the proposed 
MMB dose (0.3/4/5 mg/kg) as used in the mouse study, the total 
injection volume was 0.05 ml/10 g. We used this dose (named here 
“1.0* MMB”) as a basis for the doses used in our experiments, to 
make them comparable to the mouse studies. The 1.2* MMB, for 
example, stands for the 1.2 fold of the mouse dose, or 1.5* MMB for 
the 1.5 fold of the mouse dose.

The composition of the ketamine/xylazine mixture in zebra 
finches (K/X, 1.67/33.3 mg/kg) and in Bengalese finches (K/X, 
1.25/25 mg/kg) followed a protocol developed in our laboratory. We 
combined 0.1 ml of ketamine (original concentration 50 mg/ml) and 
0.5 ml of xylazine (original concentration 20 mg/ml) and filled up 
with saline to 1.0 ml injection solution. For anesthesia, we used 
0.033 ml/10 g for zebra finches, and 0.025 ml/10 g for Bengalese 
finches.

The antagonist (0.06 ml, original concentration 5 mg/ml) was 
filled up to 5 ml with saline. From this stock, we used 0.05 ml/10 g, 
a dose comparable to that of the mouse study (Kawai et al., 2011), 
as basis for the amounts which were injected into the zebra finches 
and the Bengalese finches, therefore tagged as “1* ”, for the mouse 
dose equivalent, “5* ” for the 5 fold of the mouse dose, etc.

Injection procedure and observations
The experimental birds were chosen at random from the col-

ony, weighed and transferred from the home cage to smaller exper-
imental cages (16 ×  30 ×  22 cm (l/h/d)). The birds were then 
assigned to one of the experimental groups and the anesthetic to 
be tested was injected into the pectoral muscle, which is most com-
monly used for intramuscular injections in birds (Doneley, 2011) 
because it is the biggest muscle.

When we injected an antagonist, it was applied to the pectoral 
muscle of the opposite body side. Terumo™ Tuberculin syringes 
and 27G needles (R·B (regular bevel, 12°)), length: 25 or 38 mm) 
were used for injection. The finest scaling of the syringe was 0.01 
ml, and because it was possible to adjust the injection volume also 
quite precisely to the middle between the two bars, the calculated 
injection volumes were corrected to the nearest 0.005 ml step.

After injection, the birds were transferred to the experimental 
cage and an infrared lamp was attached for warming. We checked 
the birds’ condition after 2, 5, 10, 15, 30, 45, 60, 75, 90 min and 
every 30 min after 90 min until the birds woke up. The same sched-
ule, truncated after 60 min, was used in shorter experiments. The 
exact number and gender of the birds assigned to the different sub-
groups of the experiment are depicted in Table 1.

At each check, we evaluated the depth and duration of the 
anesthesia by observing the behavior of the birds and tested the 
foot withdrawal reflex by pinching the toes with help of thumb and 
forefinger.

We scored the depth of anesthesia by these behavioral obser-
vations, as shown in Table 2, which is inspired by a classification of 
the effects of ether anesthesia suggested by Guedel (1937) and 
extended by criteria used by Kawai (2011). We also controlled the 
birds’ breathing and other bodily conditions while and after we 
injected anesthetics or the antagonist. Birds are not able to sit on a 
perch when they are anaesthetized, but can do it in normal sleep 
(e.g., Galton and Shepherd, 2012). Thus, when we noticed that the 
birds started to wake up, we tried whether they were able to sit on 
the perch and if so, this was taken as the time for being awake 
(Score 1 at Table 2).

Experimental schedules
We did three experiments using zebra finches and three similar 

ones with Bengalese finches. First, we tested the efficiency of the 
anesthetic. Second, we sought to find the appropriate antagonist 
doses. Third, we examined the interaction of the anesthetic dose 
and the timing of the antagonist injection. Although this schedule 
was principally the same for both species, we describe it separately 
for both species because there were some differences according to 
details (Table 1).

Efficiency of the anesthetics (Exp 1.1, Exp. 2.1, Table 1)
Fifteen zebra finches were used to test the efficiency of the 

anesthetics. The MMB doses tested were the 1.2* and the 1.5* of 
the mice dose. The dose used was 0.033 ml/10 g (K/X: 1.67/33.3). 
These doses were selected on the basis of our previous experience 
concerning the different effects of anesthetics, for example nembu-
tal and ketamine/xylazine, in mice, zebra finches and Bengalese 
finches.

Thirteen Bengalese finches were tested using the identical 
time schedule time schedule. The dose used for the Bengalese 
finches was 0.025 ml/10 g (K/X: 1.25/25). We injected 3 birds each 
with 1.0* and 0.7*, 2 birds with 0.8* the MMB mouse dose, and 5 
birds with K/X.

Anesthetic–antagonist interaction (Exp 1.2, 2.2, Table 1)
To test how the antagonist atipamezole altered the anesthesia 

pattern induced by the anesthetic mixture, 9 zebra finches received 
a dose of MMB 1.5* of that used in mice. From these, 3 birds each 
got an injection of the antagonist after 60 minutes into the opposite 
pectoralis muscle of a 1-, 5-, and 10* dose of that used for mouse.

Nine Bengalese finches were injected with 1.0* MMB mouse 
dose. Three birds each got an injection of the antagonist after 60 
minutes into the opposite pectoralis muscle of a 1-, 5-, and 10* dose 
of that used for mouse.
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Table 1. Experiments performed with zebra finches (1.1–1.3) and Bengalese finches (2.1–2.3). For each experiment, the anesthetic used 
and the number of birds is depicted. Further explanation see text. The results of experiments 1.2 and 2.2. are compared also with those of 
the corresponding groups of experiments 1.3 and 2.3, respectively (*1 and *2). “a”: The results of these groups are used for a comparison 
between awaking times with and without antagonists.

Zebra Finches Bengalese Finches

Exp.1.1 Anaesthetic 
Dosage

Antagonist 
Dosage

Antagonist 
Inj.-Time (min)

♂+♀ ♂ ♀ Exp. 2.1 Anaesthetic 
Dosage

Antagonist 
Dosage

Antagonist 
Inj.-Time

♂+♀ ♂ ♀

a *1.5 MMB  5  3  2 *1 MMB  3  1  2

a *1.2 MMB  5  2  3 *0.8 MMB  2  0  2

a K-X  5  2  3 *0.7 MMB  3  2  1

Total 1.1 15  7  8 K-X  5  3  2

Total 2.1 13  6  7

Exp 1.2 Anaesthetic
Dosage

Antagonist
Dosage

Antagonist
Inj.-Time (min)

♂+♀ ♂ ♀

Exp.2. 2 Anaesthetic
Dosage

Antagonist
Dosage

Antagonist
Inj.-Time (min)

♂+♀ ♂ ♀

*1.5 MMB *1  60  3  1  2

*5  60  3  1  2 *1 MMB *1  60  3  1  2

✻1 *10  60  3  1  2 *5  60  3  2  1

Total 1.2  9  3  6 ✻2 *10  60  3  2  1

Total 2.2  9  5  4

Exp 1.3 Anaesthetic
Dosage

Antagonist
Dosage

Antagonist
Inj.-Time (min)

♂+♀ ♂ ♀

Exp. 2.3 Anaesthetic
Dosage

Antagonist
Dosage

Antagonist
Inj.-Time (min)

♂+♀ ♂ ♀

a *1.5 MMB *10  60  3  1  2

a  90  3  2  1 *1.2 MMB *10  60  3  1  2

a 120  3  1  2  90  3  1  2

✻1 a *1.2 MMB *10  60  3  2  1 120  3  3  0

a  90  3  1  2 ✻2 *1.0 MMB *10  60  3  2  1

a 120  3  1  2  90  3  1  2

Total 1.3 15  7  8 120  3  1  2

180  3  1  2

240  3  2  1

*0.8 MMB *10  60  3  1  2

 90  3  2  1

120  3  1  2

Total 2.3 30 14 16

♂+♀ ♂ ♀ ♂+♀ ♂ ♀

Totals 1, 1 - 3 39 17 22 Totals 2, 1 - 3 52 25 27

Interaction of anesthetic dose and delay time between anesthetic 
and antagonist injection (Exp 1.3, 2.3, Table 1)

Nine zebra finches received an injection of 1.2*MMB, another 
9 birds were injected with a 1.5*MMB. After these injections, 3 birds 
of each anesthetic dose got an injection of the antagonist (10* con-
centration) after 60 min, 3 birds after 90 min, and 3 birds after 120 
min.

Nine Bengalese finches were injected with 0.8* MMB, 15 oth-
ers were injected the 1.0* MMB and 9 others were injected the 1.2* 
MMB dose. Subsequently, 3 birds of each MMB dose group were 
injected the antagonist 10* mouse dose after 60, 90, and 120 min, 
respectively, after anesthesia injection. The 1.0* group was 
extended by two antagonist injection times, 180 and 240 min, again 
3 birds per group. These additional groups were introduced later 
because the experiments with the lower delay times indicated that 
a longer delay would be more appropriate for Bengalese finches.

Data analysis
Data were analyzed using the Excel statistics for Windows 

(BellCurve for Excel, Social Survey Research Information Co. Ltd., 

Table 2. Classification of anesthesia depth based on a scale 
developed by Guedel (1937). Surgery is possible at stages 5 and 6, 
at stage 7, the survival of the bird is endangered. After injection, 
birds quickly go from score 1 to the final score (5–7). When waking 
up, they slowly go from the highest score back to score 1.

Score Description Status

1 Bird is able to stay on perch fully awake

2 open eyes, but can’t stay on perch drowsy

3 eyes open on touching but then  
close immediately

light anaesthesia

4 pinching toes: opens eyes and  
leg retraction

leaving full anaesthesia

5 pinching toes: leg retraction,  
eyes not opening

anaesthesia gets lower

6 pinching toes: feathers moving,  
no leg retraction

deep anaesthesia

7 pinching toes: no reaction anaesthesia too deep
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Japan).
For zebra finches, we compared the scores from each anes-

thesia condition (factor 1) and time from injection (factor 2) using 
2-way ANOVA, followed by determination of the simple main effect 
of condition and with Bonferroni correction for multiple comparison 
tests. We also tested the difference of the waking up time between 
birds injected with anesthetic only, and birds that received both, 
anesthetic and antagonist, using ANOVA followed by Bonferroni 
correction for multiple comparison tests.

For Bengalese finches, we did not make statistical tests for 
experiment 1 because most of the birds died in the course of the 
experiment irrespective of the doses they received. We used the 
same statistics as described above for experiment 3 and parts of 
experiment 2.

RESULTS

Zebra finches
General reactions to anesthetic and/or antagonist injection

In seven of 34 zebra finches, MMB injections caused 
breath changes indicating health problems. These changes 
included breathing with beak clapping, production of sound 
with breathing, and also a change of the beak color. Some of 
the birds showed this at an early stage of the experiment, 
around 2–5 min from injection, others later, between 45 and 
90 min from injection. We also observed vomiting in very 
rare cases, but this did not worsen the condition of the bird if 
the vomit was immediately cleared from the beak. In many 
cases, the body temperature of the birds decreased after 
some time, although heat was provided by the heating lamp, 
so that it was advisable to at least check the bird’s tempera-
ture manually and to increase the heating. Such a decrease 
of the body temperature was also observed with K/X injec-
tions after some time, but in contrast to the MMB cases, we 
did not observe breath and beak color changes.

In addition to the immediate reduction of the anesthesia 
depth and shortening of the awaking time, the antagonist 
injections elicited in all birds some strong behavioral reac-
tions. Two to 5 minutes after injection, the birds started to 
breathe much more deeply, so that the breathing move-
ments included the whole body. The birds returned to nor-
mal breath 10 to 90 minutes later. Eleven of 24 the birds 
exhibited strong wing vibrations and/or foot movements 
similar to running from about 2–5 min up to 30 minutes after 
antagonist injection. Fourteen of 24 birds even appeared as 
trying to hop around the floor with open or closed eyes start-
ing 45 min and ending up to 120 min after the injection. Such 
behaviors were not observed in birds after MMB and K/X 
anesthesia.

Efficiency of the anesthetics (Exp 1.1, Table 1)
Figure 1 shows that with all anesthetics and concentra-

tions tested, the anesthesia level increased very fast, the 
peak of the anesthesia score was reached latest after 15 
minutes. The highest score of 7 (deepest anesthesia) was 
observed in two birds of the 1.5* MMB dose group and one 
of the 1.2* group. The mean initial scores of both groups 
were comparable with those of the K/X group. Thereafter, 
there was a short drop from the peak values in both MMB 
groups at about 30–45 minutes, not in the K/X group. After 
reaching the peak values again, the downward slope of the 
curves, that means the duration of the anesthesia and the 
awaking time, was very different between the three groups.

Fig. 1. Time course of the anesthesia of zebra finches induced by 
two dosages of MMB (1.2* and 1.5* of the mouse dose) and K/X, 
respectively (Exp. 1.1., means and Std. deviations.). After a fast 
increase of anesthesia depth to about score 6, the time course of 
the reduction of anesthetic depth is slowest in the 1.5* MMB group, 
followed by the 1.2* group and the K/X group.

On average, the birds of the 1.5* group retained an 
anesthesia level over 5 for about three hours, those of the 
1.2* group and of the K/X group for about 60–90 and 60–75 
minutes, respectively. Score 1, fully awake, was reached in 
the 1.5* group as late as 492 ±  40 min (mean ±  SD) after 
initiation of the anesthesia.

In the 1.2* group, birds were on average awake around 
390 ±  52 min from injection. The average awaking time of 
the K/X group was 324 ±  25 min from injection. Statistical 
treatment of the data: see Supplementary Text S1.

K/X anesthesia also reached an anesthetic depth 
between 5 and 6. Four of 5 birds kept a score 5 until 150 to 
210 min after induction of the anesthesia. One of the 5 birds 
showed a score of 3 already at 90 minutes.

Anesthetic–antagonist interaction (Exp 1.2, Table 1)
Figure 2 shows the changes of the anesthesia level (1.5* 

MMB) over time for zebra finches with a 10*, 5*, and 1* 
mouse dose of the antagonist, injected 60 minutes after the 
anesthetic. The 10* group showed a quick (2–10 min) reduc-
tion of the anesthesia to the score of 3 after injection. There-
after, this level was kept for about 3 hours and the birds 
needed a long time, on average 220 ±  35 min after antago-
nist injection (average 280 min after anesthetic injection) 
until waking up. This was, however, earlier than without 
antagonist (492 ±  40 min).

The anesthesia curves of the 5* and the 1* antagonist 
group also looked quite smooth but there were some indi-
vidual differences in the 5* and even more in the 1* group. 
The birds that received the 5* antagonist dose exhibited a 
score of 3 at 5 min from injection. However, one of them 
showed a score of 4 five minutes later and then scored 
between 3 and 4 until 150 min after injection. The average 
waking up time of the 5* group was 400 ±  92 min, that of the 
1* group could not be determined because one bird was 
saved from death by an additional dose of antagonist. Statis-
tical treatment of the data: see Supplementary Text S1.
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Interaction of anesthetic dose and delay time from anes-
thetic to antagonist injection (Exp. 1.3, Table 1)

The interaction between anesthetic dose and delay time 
was tested in two groups, one with 1.2*, the other with 1.5* 
MMB doses (Fig. 3). The antagonist was the 10* mouse 
dose in both cases. The birds of both groups scored around 
5 before antagonist injection, and showed a reduction to 
score 3, 5 min after antagonist injection, regardless of anes-
thesia doses and antagonist injection timing. Thereafter, 
they kept scores of 3 or 2 until around 220 min, but there was 
a large individual variation in the course of anesthesia depth.

Concerning the waking up times, there were no signifi-

cant differences between any of the groups (2way-ANOVA, 
factor1: anesthetic doses, factor2: delay of antagonist injec-
tion, F11,12 =  0.078, P =  0.784, F22,12 =  0.490, P =  0.0624, 
F1 ×  F22,12 =  0.726, P =  0.504).

Comparison of awaking times with and without antagonists 
(Exp 1.1 and 1.3, Table 1)

Figure 4 shows a comparison of the time for waking up 
of birds from experiment1 that received only the anesthetic 
(MMB 1.5* and 1.2*, and K/X, each group n =  5), with those 
from experiment 3, injected with anesthetic (each group n = 
9, MMB 1.5* and 1.2*) and antagonist (10*). We tested in 
each case the time span between injection of the anesthetic 
and waking up (score 1).

The 1.5* MMB group needed significantly longest for 
waking up (ANOVA, F4,28 =  13.395, P <  0.001, multiple 
comparison test 1.5* vs. 1.5*a (plus antagonist), 1.5* vs. 
1.2*a and 1.5* vs. K/X; P <  0.001, 1.5* vs. 1.2*: P =  0.045, 
others; n. s., Fig. 4). Injection of the antagonist did not, as 
observed in mammals, lead to immediate waking up. How-
ever, the birds woke up significantly earlier than without 
antagonist, about 2–3 hours earlier in the 1.5* MMB group 
and 1 hour earlier in the 1.2* MMB group.

Summary of zebra finch results
Side effects like beak clapping, breathing with sound, or 

movements occurred more frequently with MMB injections 
and application of antagonist compared with K/X. However, 
the 1.2* MMB mouse dose was generally appropriate for a 
quite long surgery period of up to 90 minutes. The risk to 
overdose was lower than with the 1.5* dose, but there was a 
higher risk for stronger fluctuation of the anesthetic depth, 
which rarely even lead to short episodes of awakening. The 
1.5* MMB anesthesia has a longer duration compared with 
K/X, this may be advantageous in cases of complicated sur-
gery and is in any case appropriate for perfusions. The time 
window for surgery with K/X was quite variable, but there 
were no obvious differences to MMB injections in the behav-
ior of the birds during anesthesia and after waking up. Both, 
the 5* and the 10* antagonist dosages led to a fast reduction 

Fig. 3. Interaction of anesthetic dose and delay time from anes-
thetic to antagonist injection in zebra finches. For 60 minutes, there 
was no difference between treatments concerning anesthesia 
scores. Thereafter, variation between groups increased strongly 
with time.

Fig. 2. Changes of the anesthesia level (1.5* MMB) over time for 
zebra finches with a 10*, 5*, and 1* mouse dose of the antagonist, 
injected 60 minutes after the anesthetic. The scores drop within 10 
minutes from scores 5–6 to around 3 in the 5* and the 10* group 
and remains there. In the 1* group, the anesthesia level goes below 
4 after 10 minutes, but then increases to 4–5.

Fig. 4. Comparison of awaking time of zebra finches after anes-
thesia with and without antagonists. The antagonist reduced the 
awaking time to levels also observed with K/X anesthesia.
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of the anesthesia to around score three. However, only the 
10* dose of antagonist shortens the awaking time of MMB 
reduced anesthesia substantially. It can thus be recom-
mended for use with MMB anesthesia in zebra finches. But, 
the shortening is not comparable with that observed in mice 
(10–15 minutes). The antagonist can be applied at any time 
of the experiment. Its efficiency is not dependent on the time 
delay between anesthetic and antagonist injection. Time of 
awaking exhibits large interindividual differences.

Bengalese finches
General reactions to anesthetic and/or antagonist injection

The Bengalese finch behavioral reactions to MMB injec-
tion were very similar to those observed in zebra finches. 
Breathing changes were observed in five of 52 Bengalese 
finches after MMB injection, including breathing with beak 
clapping (three birds), production of sound with breathing 
(three birds), and also a change of the beak color (one bird). 
Some birds showed this at an early stage of the experiment, 
starting around 2 min from injection, others as late as 45 min 
and 510 min from injection. In many cases, the body tem-
perature of the birds was decreasing over time, so that the 
heating had to be increased, and it was advisable to check 
the bird´s temperature manually.

Birds with K/X anesthesia also showed decreasing body 
temperature, but we did not observe breathing and beak 
color changes.

In addition to an immediate reduction of the anesthesia 
depth and shortening of the awaking time, antagonist injec-
tions elicited some strong behavioral reactions in all birds. 
From 2–5 minutes after injection, all birds but four started to 
breathe much deeper, so that the breathing movements 
appeared to affect the whole body. In four birds, these 
changes began 10–15 min after antagonist injection. The 
birds returned to normal breath 10–120 min after antagonist 
application, mostly after 30–45 min. A few birds showed 
breathing with beak clapping, production of sound, and one 
exhibited also a change of the beak color. We also observed 
vomiting in two birds, but this did not worsen the condition of 
the bird if the vomit was cleared from the beak. Twenty-nine 
of 39 birds with the antagonist exhibited strong wing vibra-
tions and/or foot movements similar to running. These 
behaviors started 2–5 min after antagonist injection and 
stopped 30 to 90 min later. Five of 39 birds even looked as if 
they were attempting to hop around the floor with open or 
closed eyes for short periods of time.

Efficiency of the anesthetics (Exp 2.1, Table 1)
The progression of the MMB anesthesia in Bengalese 

finches was very different from that in zebra finches, and 
also from K/X anesthesia (Fig. 5).

The 0.7* MMB group reached a score of 5 after 10 min-
utes. Thereafter, two of them showed the score below 5 and 
they kept this score for a moment, then went even higher, to 
score 5. Eventually, they showed the score below 5, again. 
One of them remained at a level of 5 after injection and died 
without awaking from the anesthesia. The birds of the 0.8* 
and 1.0* groups scored 5 after ten minutes. Then, the score 
was gradually reduced to 4 within 60 minutes. Thereafter, 
with some short fluctuations reaching scores of 3 (starting to 
wake up), the birds remained at a level of 5 after injection 

and died without awaking from the anesthesia.
Finally, only two of eight birds woke up completely, one 

with a 1.0* dose, one with a 0.7* dose. Another one with a 
0.7* dose also woke up completely around 10 hours after 
injection, but died another seven hours later.

When we recognized that there was no sign of waking 
up in most of the birds even after 10 to 15 hours, we injected 
a 10* dose of the antagonist to rescue their lifes. This in most 
cases reduced the anesthesia level to 3, but did not prevent 
the birds from dying. There was no change of breathing or 
other behavioral reaction before the birds died.

Birds with K/X anesthesia expressed scores over 5 after 
10 min from anesthetic injection. Seventy-five min after 
injection, peak scores were 5–6, and after 120 min, three of 
the five birds showed scores from 3 to 4, the other two birds 
scored 3. All birds woke up between 210 and 360 min 
(mean ±  SD: 274 ±  58 min) after injection.

Anesthetic-antagonist interaction (Exp 2.2, Table 1)
Figure 6 shows the changes of the anesthesia level (1.0* 

MMB) over time for Bengalese finches with a 10*, 5*, and 1* 
mouse dose of the antagonist, injected 60 minutes after the 
anesthetic. Birds with an injection of a 1* dose of the antago-
nist 60 minutes after application of 1.0* MMB showed scores 
of 3–4, 15 minutes later. One of these birds returned to score 
5 after 45 min, and then remained at this score. The two 
other birds of this group kept a score of 3, but the eye open-
ing that characterizes this score was incomplete and the 
birds appeared to return to higher anesthesia levels over 
time. To prevent these birds from dying, we made a second 
antagonist injection between 90 to 210 min after the first 
one. All three birds then woke up completely after 360 min.

Birds with a 5* dose of antagonist showed scores of 3 to 
4, 15 minutes after injection. One bird of this group woke up 
completely 330 minutes later. The two others returned to a 
higher score of 4, 30 minutes after injection and then went 

Fig. 5. Bengalese finch anesthesia scores over time after anes-
thetic injections of different concentrations. Anesthesia levels of 
5–6 were reached after less than 5 minutes. Birds with 1.0* and 0.8* 
MMB did not recover, 0.7* MMB did not induce reliable anesthesia. 
K/X initiated a reliable anesthesia for 60 minutes.

Downloaded From: https://bioone.org/journals/Zoological-Science on 20 Apr 2021
Terms of Use: https://bioone.org/terms-of-use	Access provided by University of Tokyo



165Anesthetic mix test in two bird species

even higher, to score 5 after 90–120 min. As in the previous 
group, we injected more antagonist 120 min after the 1st 
antagonist injection to rescue the life of these birds. They 
woke up completely, one 540 min, the other 780 min after 
the 1st antagonist injection.

The birds of the 10* antagonist group showed a score of 
3 after 2 to 5 min from antagonist injection. These birds kept 
this condition for several hours and woke up 350 ±  34.6 min 
later without additional antagonist injection.

Interaction of anesthetic dose and delay time from anes-
thetic to antagonist injection (Exp 2.3, Table 1)

The relation between MMB dosage and timing of the 
antagonist injection was tested with three MMB doses 0.8*, 
1.0* and 1.2*. The antagonist (10* mouse dose) was injected 
60, 90 and 120 min after application of the anesthetic. Due 
to the results of these tests, we added two delay times of 180 
and 240 minutes to this experiment.

An ANOVA did not reveal significant differences of 
awaking times due to concentration of anesthetic and of time 
span between anesthetic and antagonist injection. There 
were, however, some tendencies: birds of the 0.8* anes-
thetic group woke up earlier (320 ±  132 min) than those of 
the 1.0* and the 1.2* group (383 ±  76 min and 457 ±  104 
min). Within the 1.0* group (Fig. 7), the awaking time after 
antagonist injection increased from 60 min to 240 min delay 
between anesthetic and antagonist injection. Likewise, the 
standard deviation increased (delay time 60 min: 350 ±  34 
min, 90 min: 340 ±  63 min, 120 min: 460 ±  69 min, 180 min: 
370 ±  151 min, 240 min: 585 ±  276 min).

One of the birds with antagonist injection group of 240 
min died after 120 min from injection without waking up. 
Another one was not in a good health condition for a while 
after this experiment and needed care for one week.

Summary of Bengalese finch results
While the K/X anesthesia lead to a reliable and stable 

anesthesia with a score of 5 for at least 60 minutes, Anes-
thesia with 0.7* MMB had a very irregular time course, and 
the birds with higher dosages did not recover properly and 
died some time after the experiment, if no antagonist was 
used. Both, the 1* and the 5* antagonist doses were too low 
to give reliable effects. A 10* dose of the antagonist was 
necessary in Bengalese finches for surviving the MMB 
anesthesia. It was possible to inject additional antagonist if 
the condition of the bird appeared to become critical. As 
seen in the zebra finches, the efficiency of the antagonist 
was not much affected by differences of the anesthetic dos-
age and the delay between anesthetic and antagonist injec-
tion. Unexpectedly, the awaking times did not become 
shorter with longer delays of antagonist injection. There was 
even a tendency for a prolongation of awaking time with lon-
ger delays, and the effect of the antagonist was more vari-
able.

DISCUSSION

Compared with the results of the use of MMB in mice, 
zebra finches needed generally a higher dose of the anes-
thetic, and the concentration of the antagonist had to be 
5–10-fold higher than that used in mice to be effective. The 
best results were obtained with the 1.5* mouse dose, which 
gave an anesthesia deep enough for surgery for up to 3.5 
hours, much longer than the average deep anesthesia of 
one hour obtained with K/X. The very long time for waking 
up (up to nine hours) could be shortened substantially by 
injection of the 10* antagonist. The birds did not wake up in 
a few minutes as is observed in mice, but the anesthesia 
depth dropped from 5 to the less dangerous level of three 
within about 10 minutes, and the awaking time also was 
substantially shortened. Thus, a 1.5* dose of MMB in combi-
nation with the antagonist has advantages over the K/X 
anesthesia if a surgery window of more than one hour is 
needed.

Fig. 6. Injections of antagonist 60 minutes after anesthesia induc-
tion (1.0* MMB) in Bengalese finches. The birds of all groups return 
to a level between 2 and 4 after about 15 minutes, but do not awake 
or awake much later (see text).

Fig. 7. Awaking times (score 1) of Bengalese finches after injec-
tion of the 10* antagonist at different time delays from application of 
1.0* MMB. Striped part of columns, time from anesthetic injection to 
antagonist application. Blank part, time from antagonist injection 
until awaking. Note that the awaking times from antagonist injection 
also increased with increasing time span between anesthetic and 
antagonist injection, and also note the increase of the standard 
deviation.
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For Bengalese finches, the dosage leading to anesthe-
sia was even lower than that used in mice, but the anesthe-
sia was not reliable independent of the dosage. In contrast 
to zebra finches, there was a significant drop of anesthesia 
depth, after reaching a peak score within 2–10 minutes, and 
a more steady higher level was attained not earlier than 
about 30–45 minutes. Finally, almost all birds did not survive 
the anesthesia unless the antagonist was given in a dose 10 
times higher than that used in mice. Even with the antago-
nist, it was sometimes necessary to inject the birds a second 
time with antagonist to prevent them from death.

Given the fact that MMB as anesthetic caused very 
unpredictable effects in the Bengalese finches and the ten-
fold dose of the antagonist (sometimes given more than 
once) was mandatory to keep the birds alive, this drug com-
position cannot be recommended as anesthetic for this spe-
cies. The 1.0* mouse dose may be applied for sacrificing the 
Bengalese finches or to perform perfusions because the 
initial anesthesia is deep enough for such treatment, but not 
for longer lasting surgery because of the high risk of 
unwanted death.

Why the metabolism of zebra finches and Bengalese 
finches reacts so different to the application of MMB and 
also of the antagonist Atipamezole is not known. We also do 
not know why the effects of K/X are very similar in the two 
species, in contrast to those of MMB. To our knowledge, 
there are no studies on the effect of narcotic drugs in small 
birds like finches (Murphy and Fialkowski, 2001). A study 
with medetomidine and midozolam anesthesia in the much 
bigger pigeon (Columba livia) (300–400 g) reports results 
similar to those we obtained in the zebra finches and also 
stresses that the drug effects are somewhat variable and 
unpredictable (Pollock et al., 2001).

Given the results in pigeons, weight is thus probably not 
the reason for the unforeseen reactions in the Bengalese 
finches. These are slightly bigger than zebra finches, but 
slightly lower doses of MMB and K/X are necessary for 
anesthesia. Also, both species are closely related, belong-
ing to the same family (Estrildidae) of the avian order Pas-
seriformes. Thus, there might be subtle differences in the 
metabolism of the two species which cause the differential 
effects in the anesthetic action of the drugs used.

We propose that the differences between K/X and MMB 
anesthesia may be related to the retention time of the drugs 
within the body and the mechanisms of drug clearance. Xyl-
azine has a half life of 1–6 min, ketamine of 45 minutes. The 
half life of medetomidin is also short, about 30 minutes, but 
midazolam has a half life of 1.5–2.5 h, and butorphanol of 
4–6 hours. This may already explain why K/X gives much 
shorter periods of deep anaesthesia, and the short half life 
may also suggest that K/X is not as stressful as MMB for the 
organism.

Longer retention times also may indicate that the clear-
ance of the drugs may be different in the two species. The 
main organ for drug metabolization is the liver (Salonen, 
1989), and at least in mammals, Medetomidine is contraindi-
cated in animals with cardiovascular, respiratory, liver, or 
renal dysfunction (Sinclair, 2003).

We therefore believe that a reduced liver function could 
be the reason for the problems arising in Bengalese finches. 
Due to own observations, this species and its wild ancestor, 

the white-rumped munia (Lonchura striata), very often 
develop a fatty liver, and this may lead to a reduction of the 
decomposition of drugs. The longer retention time of the 
drug within the body may explain why the Bengalese finches 
were not fully recovering from the anesthesia. One has to 
take into account that the lack of nutrition and water supply 
may become dangerous for the small birds. The stress 
caused by the lack of these supplies may have added to the 
damaging effect of the anesthetic drugs. This may explain 
why with too long survival times even the injection of the 
antagonist did not show an effect.

Another, not mutually exclusive explanation for the 
observed effects may be due to an ecological adaptation of 
the zebra finches. Dehydration as described above, leads to 
a reduction of efflux of urine from the kidney and may thus 
also contribute to a reduction of drug degradation. Zebra 
finches, in comparison to Bengalese finches, suffer less 
from dehydration because of their adaptation to arid climates 
(Sossinka, 1972), and may thus be more resistant against 
the effects of dehydration by long lasting anesthesia.

We also do not have an explanation at present for the 
difference in effectiveness of the antagonist atipamezole 
between mice and birds. Although we applied up to the 
10-fold dose of the antagonist, the awaking time was not 
shortened to the same extent as it was observed in mice. In 
Bengalese finches, we found that it prevents the MMB 
injected anesthetic from being sacrificed by the drug, in 
zebra finches, the awaking time was significantly reduced, 
but never to a few minutes as observed in mice (Kawai et al., 
2011). As stated above, medetomidine has a quite short half 
life, and therefore the antagonist may also be more effective 
if the anesthesia periods are short. At the times when we 
applied the antagonist, medetomidine might not contribute 
much to the overall anesthetic effect in birds, and thus a 
reduction of this component does not promote awaking as 
much as in mice. To confirm these ideas, however, the 
effects of timing of the injections have to be examined more 
closely.

To summarize, compared with the ketamine/xylazine 
mixture that we have been using for years, the use of MMB 
in combination with the antagonist has advantages in the 
zebra finches because it allows longer surgeries. However, 
the use of MMB demands more careful control of every 
parameter, because more often than with K/X anesthesia 
because unforeseen, sometimes critical, incidents may 
occur. With longer anesthesia times, one has to keep in 
mind that nutrition and water loss has to be taken into 
account. For Bengalese finches, our results clearly show 
that anesthesia with MMB is not the method of choice. In this 
species, the negative effects by far outnumber the positive 
ones. MMB may be used for perfusions, but even in this 
case the fluctuations of anesthesia with MMB suggest to use 
K/X instead.
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