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& H : Studies on the Anesthetic Effects of a Mixture of Medetomidine,
Midazolam and Butorphanol, and Antagonism by Atipamezole in Small Rodents

i L E : The combination of ketamine (KET) and xylazine (XYL) has long been a popular
combination as an injectable anesthetic for laboratory animals. However, in Japan,
ketamine has been designated as a narcotic drug due to an abuse problem in 2007.
Therefore, using KET for animal experiments has become burdensome because users have to
register to get a license as a researcher of narcotic drugs. Pentobarbital (PENT) has been
most widely used as an injectable anesthetic for laboratory animals for several decades in
Japan. However, PENT causes severe cardiovascular and respiratory depression and has
poor analgesic activity. Therefore, KET and PENT have been thought to be substituted for
another drugs. Instead of KET or PENT, Kawai et al reported a new injectable anesthetic of
a mixture of medetomidine (MED), midazoram (MID), and butorphanol (BUT) with an effect
in ICR mice equivalent to the combination of KET and XYL. This anesthetic mixture has
been used as an anesthesia for dogs or monkeys for more than 10 years. After Kawai’s study
was published in 2011, many researchers started to use this anesthetic mixture. However,
there was no information for anesthetic effects of the anesthetic mixture in other strains or
different injection routes in small rodents. Then, we decided to study this new anesthetic
mixture in detail using mice and rats. The results could offer a useful information of this
new anesthetic for laboratory animals.

In the first study, we examined the anesthetic effects of the mixture in both male and
female BALB/c and C57BL/6J strain mice. In addition, we examined the effective period of
the mixture after mixing and refrigeration. We used an anesthetic score to assess the
anesthetic effects of the mixture. The total anesthetic score was graded from 0 to 5. The
duration for which a mouse showed a score of 4 or 5 was decided to be the anesthetic duration.
When we compared the anesthetic duration of ICR mice, the data of the BALB/c and
C57BL/6dJ strains were very similar. However, the anesthetic duration was about 10 min
longer than ICR mice. Inbred mice might be more sensitive to the anesthetic mixture. We
showed that there were no significant differences in anesthetic duration between strains and
sexes in BALB/c and C57BL/6J mice. However, C57BL/6J mice showed a tendency for a
longer anesthetic duration compared with BALB/c mice. We also found that there were no
significant differences for anesthetic duration from 8 to 20 weeks of age in males and females

of both strains. The stability of the anesthetic effects of the mixture is important. Our data
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indicated that the mixture of three drugs showed the same efficacy for at least 8 weeks after
mixing.

In the second study, we assessed the anesthetic effects of the anesthetic mixture
administered by subcutaneous (SC) and intravenous (IV) injection compared to
intraperitoneal (IP) administration. Atipamezole (ATI) is a strong antagonist of MED.
After administration of the anesthetic mixture, injection of ATT causes mice a rapid recovery
from anesthesia. However, neither an appropriate dosage nor an optimum injection timing
of ATT after administration of the anesthetic mixture are clear. Then, we examined how the
timing of injection and a dosage of ATI affected recovery from anesthesia in mice after
administration of the anesthetic mixture. We used a pulse oximeter to measure vital signs
such as Oz saturation, heart rate, and respiratory rate of mice during the experiment. We
indicated that there were no significant differences of anesthetic duration among the three
different injection routes, although the IV injection showed a quick increase and decrease of
anesthetic scores after injection. At the same time, IV injection showed a quick decrease and
increase of Oz saturation. A quick decrease of Oz saturation sometimes causes death. SC
injection showed a tendency to produce longer anesthetic duration compared to IP injection.
Compared to IP injection, inspectional failures are easily detected with SC and IV injection.
Then, we recommend SC injection of the anesthetic mixture compared to IP and IV injection,
although there are no significant differences of anesthetic duration among the 3 injection
routes. At 30 min after administration of the anesthetic mixture, injection of ATI at 0.3
mg/kg and 1.5 mg/kg had almost the same rapid recovery time from anesthesia. At 10 min
after the anesthetic mixture, injection of ATI (0.3 mg/kg) needed more time to recover from
anesthesia compared with ATI (1.5 mg/kg).

In the third study, we examined effects of the anesthetic mixture using Wistar (WST),
Sprague-Dawley (SD), and Fischer 344 (F344) rat strains. We examined how the timing of
injection and a dosage of ATI affected recovery from anesthesia. We found that there were no
significant differences in anesthetic duration after administration of the anesthetic mixture
among the 3 rat strains, although the WST had a tendency for a longer anesthetic duration
compared with the other 2 strains. WST showed lower Oz saturation compared with the
other 2 strains during the experiment. After injection of ATI (0.75 mg/kg), we observed rats’
quick recovery from anesthesia. Therefore, we suggest that 0.75 mg/kg is a safe and proper
dosage of ATI for helping rats quickly recover from anesthesia at both 10 and 30 min after
administration of the anesthetic mixture.

In conclusion, the anesthetic mixture of MED, MID, and BUT is a safe and useful drug to
have as a MED antagonist; ATI which helps mice and rats quickly recover from anesthesia.

These results may contribute to the welfare of laboratory animals.
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