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Abstract: Basic research on obesity is becoming more important due to an increasing number of 
obese people. Experiments using obesity-model animals often require surgical interventions, such 
as gastric operation, and proper selection of anesthesia is important. Avertin, an agent mainly 
composed of 2,2,2-Tribromoethanol, has been used as general anesthesia for a long time, without 
the use of narcotic drugs. In the current study, we found that a single injection of avertin can decrease 
body weight (BW) in male and female C57BL/6J and ICR mice with high fat-diet (HFD)-induced 
obesity, but not in standard diet-fed nonobese males and females. Because the BW-reducing effect 
was more prominent in the female mice, we compared the effects of avertin and a mixture of three 
types of anesthetic agents (3MIX), which was developed in 2011, on BW reduction in HFD-induced 
obese female mice. Although both avertin and 3MIX decreased food intake and BW, the effects of 
avertin were significantly more potent than those of 3MIX. C-Fos expression, a neural activation 
marker, was dramatically increased in the brain regions related to the regulation of both food intake 
and the autonomic nervous system after avertin injection, but not after 3MIX injection. This suggests 
that avertin strongly stimulates the center of feeding regulation and the autonomic nervous system 
and therefore decreases BW. The current study suggests the advantages of using 3MIX for surgical 
interventions in mice in obesity research, as it is ideal to prevent anesthesia-induced BW decline.
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Introduction

Obesity has become a global epidemic [17], and elu-
cidation of the mechanisms involved in obesity develop-
ment is important. This has brought rise to an increase 
in basic experimentation using obese animal models.

There are numerous genetic obesity-model animals, 

such as Zucker fatty rats [24], ob/ob mice [23] and db/
db mice [5], which are deficient in leptin or leptin recep-
tors, and OLETF rats, which are deficient in cholecys-
tokinin receptors [16]. However, high-fat diet (HFD)-
induced obese mouse models are frequently used, since 
they can reach obesity easily without genetic mutation 
and their obese state is closer to that of humans, when 
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compared with other models [11].
When performing experiments in HFD-induced obe-

sity mouse models, surgical interventions, such as gastric 
operation and osmotic pump implantation, are often 
required [13, 14]. In such cases, it is important to select 
anesthetics that have less effect on body weight (BW) 
and food intake.

Avertin, which is mainly composed of tribromoetha-
nol, induces depression of the respiratory and cardiovas-
cular center in the central nervous system [15] and is 
commonly used as a general anesthetic, since it is eas-
ily made and is known to rapidly induce short-term 
anesthesia with rapid recovery [6]. Papaioannou and Fox 
[22] reported that tribromoethanol is an agent with a low 
mortality and morbidity rate (<1%), and no significant 
abdominal adhesions or inflammatory responses are ex-
perienced as a result. However, side effects, such as 
peritonitis, intestinal ileus, or serositis of the abdominal 
organs, and deaths are reported in mice [12]. In addition, 
repeated tribromoethanol injections are reported to lead 
to high mortality [15].

In 2011, a mixture of three types of anesthetic agents 
(3MIX) was developed in Japan [7]. 3MIX is composed 
of an α2 adrenaline receptor agonist (medetomidine), 
GABAA receptor agonist (midazolam), and opioid κ 
receptor agonist (butorphanol) [7]. When combined, 
these three agents suppress autonomic reflexes, con-
sciousness, and pain, as well as induce muscle relaxant 
effects [7–9]. 3MIX is easily made, shows a rapid induc-
tion of short-term anesthesia, and also enables induction 
of prompt recovery through application of the antagonist 
of the α2 adrenaline receptor (atipamezole) [8, 9]. In the 
present study, we aimed to compare the effects of avertin 
and 3MIX on BW and food intake in an obese mouse 
model. We also aimed to identify the advantages of the 
use of 3MIX for experiments in obesity models with 
surgical intervention.

Materials and Methods

Animals
Male and female C57BL/6J and ICR mice aged six 

weeks were purchased from Japan SLC (Hamamatsu, 
Japan).

All animals in this study were housed in individual 
cages and were maintained on a 12-hour light/dark cycle 
with lights on at 7 AM. The mice were fed a HFD 
(HFD32, CLEA Japan, Osaka, Japan) or standard diet 

(CE7, CLEA Japan), which served as the control, for 
eight (males) or 12 weeks (females). Thus, 14-week-old 
male mice and 18-week-old female mice were used for 
the experiment, and the effects of avertin were compared.

For comparison of the effects of avertin and 3MIX, 
female C57BL/6J mice, aged six weeks, were purchased 
from Japan SLC and fed HFD for 14 weeks. Thus, 
20-week-old female mice were used for this experiment. 
All animals in this study were housed in individual 
cages. All experimental procedures and animal care were 
carried out according to the relevant guidelines and 
regulations and were approved by the Fukushima Med-
ical University Institute of Animal Care and Use Com-
mittee.

Preparing anesthetic agents
Avertin: 2,2,2-Tribromoethanol (2%, Sigma-Aldrich, 

St. Louis, MO, USA), 100% ethanol (8%, Wako Pure 
Chemical Industries Osaka, Japan), and 2-Methyl-2-bu-
tanol (1.2%, Wako Pure Chemical Industries) were dis-
solved in 0.9% sterile NaCl.

3MIX: Medetomidine (0.003%, Domitor, Nippon Ze-
nyaku Kogyo Co., Ltd., Koriyama, Japan), midazolam 
(0.04%, Dormicum, Astellas Pharma Inc., Tokyo, Japan), 
and butorphanol tartrate (0.05%, Vetorphale, Meiji 
Seika Pharma Co., Ltd., Tokyo, Japan) were dissolved 
in 0.9% sterile NaCl.

Comparison of the effect of avertin on blood glucose, 
rectal temperature, food intake, and BW in male and 
female mice

HFD-fed and standard diet-fed male and female mice 
(C57BL/6J and ICR) were anesthetized by intraperito-
neal (IP) injection of sterile avertin (tribromoethanol: 
200 mg/10 ml/kg) at 13:00. This was the lowest cutoff 
dose of tribromoethanol, as reported in previous studies 
(200–250 mg/kg) [2, 10, 20, 21]. Blood glucose level 
and rectal temperature were measured at 0, 15, 30, 60, 
120, and 180 min after avertin injection (room tempera-
ture was 21–21.5°C). The animals were fasted during 
the measurement period, and both BW and food intake 
were measured daily at 17:00 for seven days. The fol-
lowing formula was used to evaluate food efficiency: 
(BW change for 7 days) / (total amount of food intake 
for 7 days).
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Comparison between the effects of avertin and 3MIX on 
rectal temperature, blood glucose, BW, and food intake

The BW of the HFD-fed female C57BL/6J mice was 
measured, and either saline, avertin (tribromoethanol: 
200 mg/10 ml/kg), or 3MIX (10 ml/kg) was IP injected. 
Blood glucose and rectal temperature were measured at 
0, 15, 30, 60, 120, 180, 240, and 300 min after avertin 
or 3MIX injection (room temperature was 22.5°C). The 
animals were fasted during the measurement period, and 
both BW and food intake were measured daily after IP 
injection at 17:00 for seven days. In order to determine 
the effect of 3MIX, we did not use the α2 adrenaline 
receptor antagonist for recovery.

Comparison between neural activity after avertin and 
3MIX injection

Standard diet-fed male C57BL/6J mice (16 weeks old) 
were used for this experiment. On the day of the ex-
periment, food was removed 4 h before avertin or 3MIX 
injection. At 13:00, avertin (tribromoethanol: 200 mg/10 
ml/kg) or 3MIX (10 ml/kg) was IP injected. Two hours 
later, the mice were perfused with 4% paraformaldehyde 
and 0.2% picric acid under anesthesia. Then, the brain 
was removed, and brain sections 40-µm thick were cut 
using a freezing microtome. The sections at 160 µm 
intervals between −1.3 and −2.0 mm from the bregma 
were used for immunostaining. The brain sections were 
washed in PBS (0.01 M, pH7.4) and incubated for 20 
min with 0.3% H2O2. After incubation for 1 h in block-
ing solution comprising 0.3% Triton X-100, 2% bovine 
serum albumin, and 2% normal goat serum, the sections 
were incubated with rabbit anti-c-Fos antibody (sc-52, 
1:1,000, Santa Cruz Biotechnology, Dallas, TX, USA) 
in a blocking solution overnight at 4°C. Next, the sec-
tions were incubated with biotinylated goat anti-rabbit 
IgG (diluted to 1:500, Vector Laboratories, Burlingame, 
CA, USA) for 30 min, followed by incubation with an 
avidin-biotin-peroxidase complex (Vectastain Elite ABC 
Kit, Vector Laboratories, Burlingame, CA, USA) for 60 
min. Immunoreactions were visualized by incubation in 
0.02% diaminobenzidine solution containing 0.3% 
nickel ammonium and 0.015% H2O2 for 5 min. After 
color development, the sections were mounted on glass 
slides and covered.

The number of c-Fos-immunoreactive (IR) cells in 
each section was counted manually under a microscope. 
An average cell count per section was then obtained in 
each investigated nucleus of each animal.

Statistical analysis
All data are presented as the mean ± SEM. The inter-

actions between time and treatment factors in rectal 
temperature, blood glucose level, change of blood glu-
cose, BW, and food intake measurements over seven 
days between the control and HFD groups were analyzed 
by two-way ANOVA followed by Tukey’s multiple range 
test. The differences in percentage of BW change and 
food efficiency after injection of saline, avertin, or 3MIX 
among the three groups were analyzed by one-way 
ANOVA followed by Tukey’s multiple range test. Stu-
dent’s t-test was used for two-group comparisons. P<0.05 
was considered statistically significant.

Results

Effect of avertin on blood glucose and rectal temperature 
in male and female C57BL/6J mice

In the male C57BL/6J mice (14 weeks old), the initial 
BW was 26.32 ± 0.55 g for the standard diet group (n=5) 
and 34.88 ± 2.1 g for the HFD group (n=5). The mean 
rectal temperature was decreased after injection of 
avertin in both groups. There were no significant differ-
ences in the mean rectal temperature at any time point 
between the two groups (F5, 40=0.62, P>0.05; Fig. 1A). 
The mean blood glucose level was significantly lower at 
15 and 30 min and significantly higher at 120 and 180 
min in the HFD group (F5, 40=8.37; P<0.01; Fig. 1B). 
The mean change in blood glucose level was also sig-
nificantly lower at 15 and 30 min and significantly 
higher at 120 and 180 min in the HFD group (F5, 

40=20.07, P<0.01; Fig. 1C).
In the female C57BL/6J mice (18 weeks old), the ini-

tial BW was 22.18 ± 0.38 g for the standard diet group 
(n=5) and 32.04 ± 1.07 g for the HFD groups (n=5). As 
with the male mice, the mean rectal temperature was 
decreased in both groups after injection of avertin (Fig. 
1D). However, the mean rectal temperature in the HFD 
group was significantly lower (F5, 40=5.27; P<0.01) at 
30, 60 and 120 min (Fig. 1D). The mean blood glucose 
level was slightly increased in both groups; however, the 
mean blood glucose level in the HFD group was sig-
nificantly higher (F5, 40=4.68; P<0.01) at 120 and 180 
min (Fig. 1E). In the analyses of the mean change in 
blood glucose level, the HFD group showed a signifi-
cantly higher increase at 120 and 180 min (F5, 40=4.68; 
P<0.01) (Fig. 1F).



Y. MAEJIMA, ET AL.60

Effect of avertin on blood glucose and rectal temperature 
in male and female ICR mice

We measured the same parameters in a different mouse 
strain, ICR mice. In the male ICR mice (14 weeks old), 
the initial BW was 44.04 ± 1.01 g for the standard diet 
group (n=5) and 67.84 ± 3.18 g for the HFD group (n=5). 

As with the male C57BL/6J mice, the mean rectal tem-
perature was decreased in both groups after avertin injec-
tion (Fig. 2A). The mean rectal temperature in the HFD 
group was significantly higher at 15 min and signifi-
cantly lower at 180 min (F5, 40=3.32; P<0.05) (Fig. 2A). 
The mean blood glucose level was increased in both 

Fig. 1.	 Effects of avertin on blood glucose and rectal temperature in male and female C57BL/6J mice. Changes in 
rectal temperature (A), blood glucose (B), and blood glucose change (C) after avertin injection in standard 
diet- and high fat diet (HFD)-fed male C57BL/6J mice (n=5 in both groups). Changes in rectal temperature 
(D), blood glucose (E), and blood glucose change (F) after avertin injection in standard diet- and HFD-fed 
female C57BL/6J mice (n=5 in both groups). *P<0.05, two-way ANOVA followed by Tukey’s multiple 
range test. **P<0.01, two-way ANOVA followed byTukey’s multiple range test.
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groups. However, the mean blood glucose level in the 
HFD group was significantly higher (F5, 40=2.88; P<0.05) 
at all time points including 0 min (Fig. 2B). On the 
other hand, in the analysis of mean change in blood glu-
cose level, the HFD group showed a significantly high-
er increase at 120 min (F5, 40=2.88; P<0.05) (Fig. 2C).

In the female ICR mice (18 weeks old), the initial BW 
was 38.10 ± 1.34 g for the standard diet group (n=5) and 
60.64 ± 1.50 g for the HFD group (n=5). The mean rec-
tal temperature was decreased in both groups after 
avertin injection. In comparison with the control group, 
the mean rectal temperature in the HFD group was sig-

Fig. 2.	 Effects of avertin on blood glucose and rectal temperature in male and female ICR mice. Changes in rectal 
temperature (A), blood glucose (B), and blood glucose change (C) after avertin injection in standard diet- 
and HFD-fed male ICR mice (n=5 in both groups). Changes in rectal temperature (D), blood glucose (E), 
and blood glucose change (F) after avertin injection in standard diet- and HFD-fed female ICR mice (n=5 
in both groups). *P<0.05, two-way ANOVA followed by Tukey’s multiple range test. **P<0.01, two-way 
ANOVA followed by Tukey’s multiple range test.
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nificantly lower (F5, 40=8.23; P<0.01) at 60, 120, and 180 
min (Fig. 2D). The mean blood glucose level was slight-
ly increased in both groups (Fig. 2E), although that in 
the HFD group was significantly higher (F5, 40=10.38; 
P<0.01) at 0, 60, 120, and 180 min (Fig. 2E). In the 
analysis of mean change in blood glucose level, the HFD 
group showed a significantly higher increase at 120 min 
(F5, 40=10.38; P<0.01) (Fig. 2F).

Effect of avertin on BW and food intake in male and 
female C57BL/6J mice

In the HFD-fed male mice (14 weeks old), avertin 
injection slightly decreased BW gain, but it was not sig-
nificantly different (F7, 56=1.50; P>0.05) when compared 
with the control mice (Fig. 3A). At Day 7, the percentage 
of BW change in the control group revealed a 4% in-
crease in BW from the initial BW (Fig. 3C), while that 
in the HFD group revealed a 1% increase in BW. No 
significant differences were found between the two 
groups. Food intake was significantly decreased at Day 
2 (F7, 56=4.56; P<0.01) in the HFD group (Fig. 3B). 
There were no significant differences in food efficiency 
between the groups (Fig. 3D).

In the HFD-fed female mice (18 weeks old), BW dra-
matically decreased (F7, 56=10.31; P<0.01) from the Day 
1 level after avertin injection compared with the control 
mice, and it did not recover throughout the experimental 
period (Fig. 3E). The percentage of BW change in the 
control group revealed a 2% increase in BW (Fig. 3G). 
However, the percentage of BW change revealed a 3% 
decrease in BW in the HFD group, which was a signifi-
cant decrease compared with the control group (Fig. 3G). 
Food intake was also significantly decreased (F7, 56=2.84; 
P<0.05) at Days 1, 2, and 5 (Fig. 3F), and food effi-
ciency was significantly decreased in the HFD group 
compared with the control group (Fig. 3H).

Effect of avertin on BW and food intake in male and 
female ICR mice

In the HFD-fed male mice (14 weeks old), one of the 
five mice used in this study died at Day 3 after avertin 
injection. Thus, details of the deceased mouse were re-
moved from the data for food intake and BW. The BW 
change in the HFD group was significantly decreased 
(F7, 49=2.92; P<0.05) compared with the control group 
(Fig. 4A). At Day 7, the percentage of BW change in the 
control group revealed a 1.5% increase in BW relative 
to the initial BW (Fig. 4C), while that in the HFD group 

revealed a 3% decrease (Fig. 4C). However, there was 
no significant difference in the percentage of BW change 
between the two groups (Fig. 4C). Food intake was sig-
nificantly lower (F7, 49=7.49; P<0.05) between Days 0 
and 4 in the HFD-fed mice (Fig. 4B). There was no sig-
nificant difference between the two groups in terms of 
food efficiency (Fig. 4D).

In the HFD-fed female mice (18 weeks old), the BW 
change after avertin injection showed a significant de-
crease (F7, 56=9.95; P<0.01) from Day 2 compared with 
the control mice and did not recover thereafter (Fig. 4E). 
The percentage of BW change in the control group was 
−0.3% (Fig. 4G). However, the percentage of BW change 
in the HFD group was −5%, which was significantly 
larger compared with the control group (Fig. 4G). There 
were no significant differences in food intake between 
the two groups (F7, 56=0.74; P>0.05) (Fig. 4F). Food 
efficiency dramatically decreased in the HFD group 
compared with the control group (Fig. 4H).

Comparison between the effects of avertin and 3MIX on 
rectal temperature, blood glucose, BW, and food intake 
in obese female C57BL/6J mice

Because BW and food intake in obese female 
C57BL/6J mice were largely affected by avertin injec-
tion, we used them (20 weeks old) to compare the effects 
of avertin and 3MIX on rectal temperature, blood glu-
cose, BW, and food intake. The initial BW was 33.68 ± 
1.1 g for the saline-injected control group (n=5), 35.74 
± 1.67 g for the avertin group (n=5), and 36.8 ± 1.57 g 
for the 3MIX-injected group (n=4).

The mean rectal temperature in both the avertin and 
3MIX groups was significantly decreased (F14, 77=268.66; 
P<0.01) (Fig. 5A). The mean rectal temperature in the 
3MIX group continued to decrease during the measure-
ment period and was significantly lower between 30 and 
300 min than in the avertin group. The mean blood glu-
cose level in both the avertin and 3MIX groups was 
increased compared with the control group (F14, 77=44.77; 
P<0.01) (Fig. 5B). However, the increase in blood glu-
cose level was greater in the 3MIX group, and it did not 
recover during the measurement period (Fig. 5B).

The BW changes in both the avertin and 3MIX groups 
were significantly decreased compared with that in the 
control group (F14, 77=3.46; P<0.01) (Fig. 5C). The BW 
decline was larger in the avertin group than in the 3MIX 
group (Fig. 5C). The BW in the 3MIX group was almost 
recovered at Day 7. The percentages of BW change from 
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the initial BW were −0.08%, −6.5%, and −2.3% for the 
control, avertin, and 3MIX groups, respectively, with a 
significant difference observed between the control and 
avertin groups (Fig. 5E). Food intake in the avertin and 
3MIX groups was similarly significantly decreased (F14, 

77=1.85; P<0.05) compared with control group at Days 
1 and 2. Food efficiency was significantly lower in the 

avertin group than in the control group (Fig. 5F).

The distribution of c-Fos in the brain after avertin and 
3MIX administration

In order to clarify the effects of avertin and 3MIX on 
brain regions related to the regulation of feeding, body 
temperature, and energy expenditure, c-Fos expression 

Fig. 3.	 Effects of avertin on body weight (BW) and food intake in male and female C57BL/6J mice. Changes in 
BW (A), food intake (kcal) (B), and percentage of BW change from initial BW (Day 0) (C) and food effi-
ciency (BW change (g)/total calorie intake for seven days) (D) after avertin injection in standard diet- and 
HFD-fed male C57BL/6J mice (n=5 in both groups). Changes in BW (E), food intake (kcal) (F), percentage 
of BW change from the initial BW (Day 0) (G), and food efficiency (H) after avertin injection in standard 
diet- and HFD-fed female C57BL/6J mice (n=5 in both groups). A, B, E, F: *P<0.05, two-way ANOVA 
followed by Tukey’s multiple range test; **P<0.01, two-way ANOVA followed by Tukey’s multiple range 
test. C, D, G, H: *P<0.05, unpaired t-test; **P<0.01, unpaired t-test.
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after either avertin or 3MIX injection was examined in 
standard diet-fed nonobese male C57BL/6J mice (16 
weeks old).

IP injection of avertin significantly increased c-Fos 
expression in various regions related to the regulation 
of feeding and energy expenditure, including the preop-

tic area (POA), supraoptic nucleus (SON), paraven-
tricular nucleus (PVN), ventromedial hypothalamic 
nucleus (VMH), arcuate nucleus (ARC), and dorsome-
dial hypothalamic nucleus (DMH) (Figs. 6A–P). How-
ever, in the 3MIX group, almost no c-Fos expression was 
found in these brain regions (Figs. 6A–P).

Fig. 4.	 Effects of avertin on body weight (BW) and food intake in male and female ICR mice. Changes in BW (A), 
food intake (kcal) (B), and percentage of BW change from the initial BW (Day 0) (C), and food efficiency 
(BW change (g)/total calorie intake for seven days) (D) after avertin injection in standard diet- (n=5) and 
HFD-fed ICR male mice (n=4). Changes in BW (E), food intake (kcal) (F), percentage of BW change from 
the initial BW (Day 0) (G), and food efficiency (H) after avertin injection in standard diet- and HFD-fed 
female ICR mice (n=5 in both groups). A, B, E, F: *P<0.05, two-way ANOVA followed by Tukey’s mul-
tiple range test; **P<0.01, two-way ANOVA followed by Tukey’s multiple range test. C, D, G, H: *P<0.05, 
unpaired t-test; **P<0.01, unpaired t-test.
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Discussion

The present study showed that avertin injection de-
creased food intake and BW in all mice (both male and 
female C57BL/6J and ICR) fed a HFD compared with 

control mice fed a standard diet. The effects of avertin 
on BW and feeding were larger in the ICR mice than in 
the C57BL/6J mice. This difference may be due to the 
difference in obesity levels.

The BWs of the HFD-fed ICR mice of both sexes were 

Fig. 5.	 Comparison between the effects of avertin and 3MIX on rectal temperature, blood glucose, body weight 
(BW), and food intake in HFD-fed female C57BL/6J mice. Changes in rectal temperature (A), blood glucose 
(B), BW change (C), and food intake (kcal) (D), percentage of BW changes from initial BW (Day 0) (E), 
and food efficiency (BW change (g)/total calorie intake for seven days) (F) after injection of saline (n=5), 
avertin (n=5), or 3MIX (n=4). A–D: Two-way ANOVA followed by Tukey’s multiple range test. *P<0.05, 
compared with the control group; **P<0.01, compared with the control group; #P<0.05, compared with the 
avertin-injected group; ##P<0.01, compared with the avertin-injected group. E, F: *P<0.05, one-way ANO-
VA followed by Tukey’s multiple range test.
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approximately twice those of the HFD-fed C57BL/6J 
mice in the present study. This result indicates that body 
fat accumulates more easily in ICR mice fed a HFD than 
in C57BL/6J mice. It is known that alcohols, as compo-
nents (tribromoethanol, ethanol, and amyl alcohol) of 
avertin, are distributed to the white adipose tissue and 
affect the physiological properties of the adipocyte [25]. 
Adipose tissue secretes more than 50 adipokines, includ-
ing leptin, which are related to glucose, lipid, energy 
metabolism, and appetite regulation [1, 25, 26]. Although 
there is no evidence indicating that a component of 
avertin affects the secretion or production of these adi-
pokines, leading to alteration of energy metabolism, it 
could be considered that the avertin is prone to causing 
an adverse effect in individuals with a larger fat mass. 
The differences in BW and food intake between 
C57BL/6J and ICR mice observed in the present study 
might be related to the degree of fat accumulation.

As shown by the c-Fos expression, avertin injection 
strongly activated the hypothalamic brain regions re-
lated to feeding and energy expenditure. A HFD is known 
to induce dynamic metabolic changes such as chronic 
inflammation in the central nervous system, as well as 
in peripheral organs [29]. We examined the distribution 
of Iba1, which is an inflammation marker [29], in the 
hypothalamus of the 8-week standard diet- and HFD-fed 
C57BL/6J mice. We found that Iba1 was remarkably 
increased in the hypothalamus, including the VMH and 
DMH, of the HFD-fed mice, indicating central inflam-
mation induction (data not shown). HFD consumption 
is also known to induce cytokine production, neuronal 
stress, and leptin/insulin resistance, which promote food 
intake and obesity development [3]. In addition, dysfunc-
tion of the autonomic neural circuits which regulate body 
temperature and blood glucose can occur in cases of 
obesity [19].

Therefore, the cause of changes in BW and food intake 
observed after avertin injections in HFD-induced obese 
mice, but not in standard diet-fed nonobese mice, may 
be related to neural vulnerability induced by inflamma-
tion of the feeding center and dysfunction of the auto-

nomic neural circuit induced by HFD consumption. 
However, we found no evidence to suggest that HFD 
consumption induces neural vulnerability; thus, further 
studies are required.

The BW decline was larger in the females than in the 
males in both C57BL/6J and ICR mice fed a HFD after 
avertin injection. Although BW decline was observed in 
the male C57BL/6J and ICR mice fed a HFD, there were 
no significant differences in the percentage of BW change 
at seven days after avertin injection. One of the causes 
of BW decline in the female HFD-fed mice was consid-
ered to be a significant decrease in their food efficiency 
compared with the control female mice. Thus it was 
considered that the BW decline after avertin injection in 
the HFD-fed female mice was induced by enhancement 
of energy expenditure, as well as decline in food intake.

Because food efficiency is more prominent in obese 
female mice than in obese male mice, contributions of 
sex differences and pharmacokinetics under a HFD 
should be taken into account when considering the 
mechanisms for BW decline when using anesthesia. The 
factors that affect the pharmacokinetics of tribromo-
ethanol remain unknown. Generally, hepatic drug-me-
tabolizing enzymes are known to play an important role 
in drug metabolism [30]; however, thousands of genes 
with sexual dimorphism exist in the mouse liver [31]; 
therefore substantial sex differences exist in its meta-
bolic function [30]. In addition, HFD feeding itself also 
alters the expression levels of hepatic drug-metabolizing 
enzymes in mice [18]. Although there are no reports on 
the effects of avertin on the hepatic drug-metabolizing 
enzymes, the major effect of avertin on the HFD-fed 
female mice in the present study may have been due to 
the sex difference of the drug metabolizing enzymes as 
well the changes of expression levels of said enzymes 
induced by HFD feeding. However, further studies are 
required to confirm this.

When considering the effects of avertin regarding the 
different strains of mice, only rectal temperature was 
different between the C57BL/6J and ICR mice after 
injection. As shown in Figs. 1A, D and 2A, D, the rectal 

Fig. 6.	 Distribution of c-Fos expression in the central nervous systems after saline, avertin, or 3MIX injection. Photomicrographs of 
c-Fos expression in the preoptic area (POA) (A–C), supraoptic nucleus (SON) (D–E), paraventricular nucleus (PVN) (G–H), 
arcuate (ARC)/ ventromedial hypothalamic nucleus (VMH)/ dorsomedial hypothalamic nucleus (DMH) (J–L), and nucleus 
tractus solitaries (NTS)/ dorsal motor nucleus of the vagus (DMNV) (M–O). The right, middle, and left columns indicate saline, 
avertin, and 3MIX injection, respectively. All scale bars in these photomicrographs indicate 100 µm. The number of c-Fos 
positive neurons in the brain regions related food intake/energy expenditure (P). *P<0.05, one-way ANOVA followed by Tukey’s 
multiple range test. **P<0.01, one-way ANOVA followed by Tukey’s multiple range test.
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temperature of the C57BL/6J mice showed U-shaped 
changes, whereas that of ICR mice showed V-shaped 
changes. This difference may be due to the difference in 
their processes of decline and recovery of rectal tem-
perature. The rectal temperature of the C57BL/6J mice 
was acutely decreased after avertin injection, and it re-
covered slowly. On the other hand, the rectal temperature 
of the ICR mice was slowly decreased after avertin injec-
tion, and it rapidly recovered. Furthermore, at 30 min 
after avertin injection in the present study, 20% (4/20) 
of the C57BL/6J mice woke from the avertin anesthesia 
compared with 55% (11/20) of the ICR mice. The dif-
ference in drug clearance speed may be due to the dif-
ferent strains.

When comparing the effects of avertin and 3MIX in 
the HFD-induced obese female mice, both anesthetic 
agents decreased food intake and BW compared with the 
saline control group. However, the decline in BW and 
food intake was significantly larger in the avertin group 
than in the 3MIX group. In addition, BW in the 3MIX 
group was almost recovered at seven days after injection. 
Surprisingly, even after complete recovery of food in-
take, BW remained low at seven days after injection in 
the avertin group compared with the control and 3MIX 
groups. Taking the results for rectal temperature and 
blood glucose after injection of avertin and 3MIX into 
consideration, it is estimated that the cause of decline in 
food intake and BW after administration is independent 
from the cause of changes in blood glucose and rectal 
temperature. Although BW and food intake were almost 
recovered at Day 7, larger changes in rectal temperature 
and blood glucose were observed in the 3MIX group 
compared with those in the avertin group.

As shown in Fig. 5E, avertin injection decreased BW 
by 6.5% in the female C57BL/6J mice fed a HFD; how-
ever, Fig. 3G shows that avertin decreased BW by only 
3% in the same mice. The details of the mechanism un-
derlying this difference are unclear. It is possible that 
there is a large variation in the effect of avertin on the 
BW in HFD-fed female mice.

We have shown that avertin injection dramatically 
induced c-Fos expression in the POA, PVN, VMH, ARC, 
and DMH, which are regulation centers for feeding, the 
autonomic nervous system, and energy expenditure [4, 
27, 28]. Although the avertin mechanism that induces 
depression of the respiratory and cardiovascular centers 
in the central nervous system remains unknown [15], our 
present data revealed for the first time that avertin re-

markably activates the brain regions related to the regu-
lation of feeding and energy expenditure. On the other 
hand, the mechanisms of all three components in 3MIX 
have been known to involve an α2 adrenaline receptor 
agonist (medetomidine), GABAA receptor agonist (mid-
azolam), and opioid κ receptor agonist (butorphanol) [7]. 
Regarding c-Fos expression in the brain after 3MIX 
injection, no changes between the control and 3MIX 
groups were observed. As for the decline in BW change, 
food intake, food efficiency, and strong c-Fos expression 
in the hypothalamus after avertin injection, avertin may 
stimulate the feeding center, autonomic nervous system, 
and energy expenditure and decrease food intake as well 
as decrease food efficiency for long durations in obese 
mice.

In conclusion, this study indicates that 3MIX is a use-
ful anesthetic for HFD-induced obese mice and clearly 
shows the advantage of using 3MIX in obesity research. 
However, when we injected 3MIX into even more obese 
male C57BL/6J mice (fed a HFD for 15 weeks, aged 21 
weeks old; 47.7 ± 0.5 g, n=12), one of 12 failed to re-
cover from anesthesia and died at Day 2 after injection. 
It is therefore necessary to use 3MIX with caution for 
obese mice fed a HFD.
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