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Repeated Administration of Tribromoethanol in
C57BL/6NHsd Mice
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We evaluated the effect of repeated intraperitoneal administration of tribromoethanol on various parameters in C57BL/6NHsd
mice. Mice (n = 68) were randomly assigned to 1 of 7 groups to receive tribromoethanol (500 mg/kg IP) on day 0 or days
0 and 8; vehicle (tert-amyl alcohol in sterile water) only on day 0 or days 0 and 8; sterile water injection on day 0 or days 0 and
8; or no treatment. A single dose of tribromoethanol failed to produce loss of pedal reflex and had no effect on median food
and water consumption but altered median body weight on days 1 through 4 when compared with that in mice that received
vehicle only or no treatment. Median body weight did not differ between mice that received a single dose of tribromoetha-
nol and those that received an injection of water. Among mice given 2 doses of tribromoethanol, induction time, anesthetic
duration, and recovery time varied widely. Repeated administration of tribromoethanol had no effect on median food and
water consumption or body weight compared with those in controls. Median liver weight was significantly greater in mice
that received 2 doses compared with a single dose of tribromoethanol. Median liver weight did not differ between untreated
mice and those that received tribromoethanol. No significant organ or tissue pathology was observed in any study animal.
Although tribromoethanol did not produce morbidity, mortality, or pathologic changes in treated animals, we urge caution

in use of tribromoethanol in C57BL/6NHsd mice due to its variable anesthetic effectiveness.

Tribromoethanol, a nonpharmaceutical-grade anesthetic,
has been used extensively for various manipulations in labo-
ratory rodents due to its ready availability, lack of state and
federal drug regulations associated with its use, and rapid
anesthetic induction and recovery times.!? Tribromoethanol is
commercially available as a white crystalline powder that, when
reconstituted and administered, produces generalized CNS
depression, including depression of respiratory and cardio-
vascular centers.!! Despite routine use, tribromoethanol use
in rodents remains controversial due to contradictory reports
regarding the compound’s efficacy and associated pathology
and mortality.31314151620 Morbidities reported with tribro-
moethanol use in mice include intestinal ileus, peritonitis,
muscle necrosis, serositis of abdominal organs, and death 31620
In an attempt to balance animal welfare concerns and inves-
tigator needs, many IACUC have developed guidelines for
tribromoethanol use, including prohibiting its repeated use in
individual animals. A single study published in 1979 described
high mortality after repeated tribromoethanol injection,® and
although no experimental details were provided, the report
likely has influenced institutional policies.

In the current study, we determined the effect of repeated
tribromoethanol administration on induction time, anesthetic
duration, recovery time, food and water consumption, body
weight, morbidity, mortality, and pathology in C57BL/6NHsd
mice. To our knowledge, this study is the first to thoroughly
evaluate the safety and efficacy of repeated tribromoethanol
administration.
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Materials and Methods

Animals. Female C57BL/6NHsd mice (1 = 68; age, 38 to 45 d)
were obtained from Harlan Laboratories (Haslett, MI). Mice
were singly housed in static, polysulfone, microisolation caging
on corncob and cellulose bedding (Harlan Teklad, Madison,
WI) and maintained on a 12:12-h light:dark cycle. Mice were
provided tap water and standard, pelleted, rodent chow
(Harlan Teklad) ad libitum. Caging, food, and water bottles were
changed weekly by using aseptic technique within a laminar
flow transfer station (Nuaire, Plymouth, MN). Mice were used
pursuant to an JACUC-approved protocol and were housed
and cared for in compliance with the Guide for the Care and Use
of Laboratory Animals® in an AAALAC-accredited program.

Group allocation. Mice were acclimated for 5 d prior to
experimental use. After acclimation, mice were randomly as-
signed to 1 of 7 groups to receive tribromoethanol (500 mg/kg IP)
on day O or days 0 and 8; vehicle (tert-amyl alcohol in sterile
water) intraperitoneally on day 0 or days 0 and 8; sterile water
intraperitoneally on day 0 or days 0 and 8; or no treatment. All
groups contained 10 mice each, except for the no-treatment
group (n = 8).

Tribromoethanol. The tribromoethanol dose (500 mg/kg IP)
used in this study followed the preparation and dosing recom-
mendations outlined by our IACUC." Briefly, a 1.61-g/mL
stock solution was prepared by adding 6.2 mL tert-amyl alcohol
(Sigma-Aldrich, St Louis, MO) to 10 g 2,2,2-tribromoethanol
(99%; lot number A0278709, Acros Organics, Geel, Belgium). A
25-mg/mL working solution was prepared by adding 0.78 mL
of the tribromoethanol stock solution to 49.2 mL tissue-grade
double-distilled H,0 (Fisher Scientific, Pittsburgh, PA); the
working solution was filtered through a 0.2-mm syringe filter
(Fisher Scientific) prior to injection in mice. The stock solution
was made 1 d prior to injection and allowed to stir overnight at
room temperature; the working solution was made immediately
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prior to injection. The pH of the working solution was not de-
termined. Tribromoethanol powder from the same bottle and
lot number was used throughout this study. The vehicle-only
solution contained the same ratio of tert-amyl alcohol and sterile
water as that in the tribromoethanol working solution.

Tribromoethanol efficacy and safety. Intraperitoneal injections
were performed according to group allocation and current
body weight and by a single investigator (JT). All mice (except
the untreated group) received injection volumes of 0.31 to 0.44
mL. After tribromoethanol injection, mice were maintained on
a circulating-water heating pad (Gaymar Industries, Orchard
Park, NY) and monitored for anesthetic induction time, du-
ration of anesthesia, and recovery time. Induction time was
defined as the time from tribromoethanol administration to
loss of the pedal reflex. Anesthetic duration was defined as
the time between the loss and return of pedal reflex. Recovery
time was defined as the time between return of the pedal reflex
to movement around the primary enclosure. According to a
previously described procedure? we assessed the pedal reflex
by using a Touch-Test Sensory Evaluator (North Coast Medi-
cal, Gilroy, CA) with a target force of 300 g (Figure 1); a single
investigator (CC) performed all assessments. Presence of the
pedal reflex was defined as withdrawal of the limb on contact
by the sensory evaluator. Body weight and food and water
intake were measured daily by using a digital laboratory scale
(Denver Instrument, Arvada, CO). Daily intake was quantified
by determining the remaining mass of offered food and water.

Pathologic evaluation. Mice that received injections only on
day 0 were euthanized on day 4; those injected on days 0 and
8 were euthanized on day 11. Untreated mice were euthanized
onday 4 (n =3) or 11 (n = 5). All mice were euthanized via cer-
vical dislocation under CO, anesthesia. After euthanasia, each
mouse was necropsied, and gastrointestinal tract, spleen, and
liver were harvested and immediately weighed. The stomach,
small intestine, cecum, colon, liver, spleen, and a sample of
the body wall were collected for histopathologic evaluation.
Tissues were fixed in 10% formalin, stained with hematoxylin
and eosin, and evaluated by a single veterinary pathologist
(KN) blinded to treatment group. By using a previously pub-
lished algorithm for evaluation of tribromoethanol-induced
changes,? histopathologic lesions were scored on a scale of
0 to 4 reflecting the severity of inflammation and percentage
of organ affected.

Statistical analysis. All statistical analyses were performed by
using SAS version 9.2 (SAS Institute, Cary, NC). Mixed-model
ANOVA (PROC MIXED) was used to evaluate food and water
consumption and change in body weight over time until day
4 for all groups (that is, 1- and 2-injection mice were combined
into a single group, thus yielding 4 groups for analysis) and
during days 5 through 11 for untreated mice and those that
received injections on days 0 and 8. The model included mouse
ID, treatment, and day as class variables. Treatment, day, and the
interaction of treatment and day were included as independent
variables; day was treated as a repeated measure with mouse ID
within treatment as subject. Mouse ID was treated as a random
factor in the model. A second mixed-model ANOVA was used to
assess the effect of treatment (1 or 2 doses) on liver and gastroin-
testinal tract weights at necropsy. In this model mouse ID and
treatment were included as class variables, and treatment and
mouse body weight at necropsy were included as independent
variables. The fit of both models to the data was evaluated by
comparing the residuals from the model to a normal distribu-
tion by using the test statistic of Shapiro-Wilk. When necessary,
to meet the assumption of a normal distribution or residuals
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Figure 1. Equipment used to evaluate the pedal reflex after tribro-
moethanol administration.

from the model, data were rank-transformed. The procedure of
Bonferroni was used to adjust for multiple comparisons among
treatment groups. Induction time, anesthetic duration, and
recovery time were summarized for group 2 using the median
and range. Data, whether transformation was necessary for the
purposes of statistical analysis, are presented as raw means and
range for each treatment group over the stated time period, for
the purpose of consistency. A P value of less than or equal to 0.05
was used to determine statistical significance in all tests.

Results

All mice (n = 20) that received tribromoethanol became
recumbent yet retained pedal reflex after a single dose of tri-
bromoethanol administration; 9 of the 10 mice that received
a second dose 8 d after the first lost the pedal reflex after the
repeated administration. In these 9 mice, induction time ranged
from 2.0 to 7.0 min (median, 3.0 min), anesthetic duration
ranged from 5.0 to 16.0 min (median, 12.0 min), and recovery
time ranged from 17.0 to 32.0 min (median, 26.00 min; Figure 2).
Tribromoethanol administration decreased (P < 0.05) median
body weight on days 1 through 4 when compared with that of
mice that received vehicle or no treatment but not sterile water
(Table 1). Values for food consumption, water consumption,
and body weight on days 5 through 11 are shown in Table 2.
Median liver weight was significantly (P < 0.05) greater in mice
that received tribromoethanol on days 0 and 8 than in those
given tribromoethanol on day 0 only but did not differ between
tribromoethanol-treated and untreated mice (Table 3). Splenic
weights were 0.00 g for all mice. No gross or microscopic organ
or tissue pathology was observed in any study animal, and a
histopathologic score of 0 was assigned to all tissues analyzed.

Discussion

In veterinary practice, tribromoethanol has been used in
cats, dogs, other mammals, reptiles, and birds.'? Although
pharmaceutical-grade tribromoethanol is no longer commer-
cially available, the anesthetic is still widely used for various
manipulations in laboratory rodents including production
of transgenic animals. The use of nonpharmaceutical-grade
compounds has been discouraged by the USDA and Office
of Laboratory Animal Welfare unless such use has been ap-
proved by the IACUC and is scientifically justified and when
no acceptable veterinary or human pharmaceutical-grade com-
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Figure 2. Anesthesia times (min) for 9 mice that reached a surgical
anesthetic plane after repeated administration of tribromoethanol
(500 mg/kg on days 0 and 8). Induction time was defined as the time
between anesthetic administration to loss of pedal reflex. Anesthetic
duration was defined as time between loss and return of pedal re-
flex. Recovery time was defined as time from return of pedal reflex to
movement around the primary enclosure. Each symbol represents an
individual mouse, and the horizontal bars represent the mean time +
95% confidence interval.

pound exists.!”!® Given the extensive use of C57BL/6 mice in
transgenic studies and the widespread use of tribromoethanol
in the production of transgenic mice, this strain was ideal for
the present study. The 500-mg/kg dose of tribromoethanol that
was used in the current study followed the dosing recommen-
dation of our IACUC." Although doses of 240 and 400 mg/kg
have been reported to be effective,® the 500-mg/kg dose has
been used routinely by investigators at our institution without
incidence of morbidity or mortality. The 8-d interval between
tribromoethanol injections was selected because it is the shortest
interval commonly used for repeated tribromoethanol injection
in vaccine-challenge studies.

At the dose provided, a single injection of tribromoetha-
nol did not reliably produce a surgical anesthetic plane in
C57BL/6NHsd mice. All mice became recumbent yet retained
the pedal reflex after tribromoethanol administration, and anes-
thetic times varied widely, as has been reported previously.!47#
All of the stock and working tribromoethanol solutions we
used were prepared according to same method and by a single
investigator (TS), and a single investigator (JT) administered all of
the injections, thereby decreasing the likelihood of variability.
The tribromoethanol powder we used was stored in the manu-
facturer’s bottle at room temperature. Some researchers have
hypothesized that changes may occur in tribromoethanol pow-
der when the bottle is opened, exposed to air, and then stored.’
Such conditions existed between preparations of the 2 stock
solutions used in our study and may be responsible for the
observed differences. Otherwise, we are unable to explain why
mice failed to lose pedal reflexes after a single tribromoethanol
administration whereas 9 of 10 mice lost pedal reflexes after the
second injection. Additional studies are warranted to determine
whether these results are reproducible.

The tribromoethanol preparation used in this study appeared
to be safe for use in C57BL/6NHsd mice, given that no mor-
bidity, mortality, or pathologic changes were observed at the
administered dose and frequencies. In a previous study, 10 of
47 female ICR mice were found dead or moribund after the ad-

Table 1. Food and water consumption and body weight (g) in mice
over days 1 through 4 after a single dose of tribromoethanol, vehicle,

or sterile water

Parameter Treatment Median (range)
Food intake Tribromoethanol 3.45 (2.40—6.60)2
Vehicle 3.85 (2.40—7.00)2
Water 4.10 (2.80—6.30)2
Untreated 4.25 (0.00—7.60)2
Water intake Tribromoethanol 9.45 (4.20—12.60)>P
Vehicle 10.10 (4.20—15.30)P
Water 9.60 (6.20—20.50)?
Untreated 8.55 (3.60—12.90)aP
Body weight ~ Tribromoethanol 17.30 (15.30—19.70)¢
Vehicle 18.00 (16.10—19.80)>P
Water 18.05 (15.40—21.70)P<
Untreated 19.45 (17.50—21.80)2

Treatment groups contained 20 mice each, except for the untreated
controls (n = 8).

Within each parameter, values with different superscript letters are
significantly (P < 0.05) different.

Table 2. Food and water consumption and body weight (g) for mice
over days 5 through 11 after repeated administration (that is, 2 doses)
of tribromoethanol, vehicle, or sterile water

Parameter Treatment* Median(range)
Food Tribromoethanol 4.45 (2.20—23.10)a>
Vehicle 3.85 (2.00—5.90)°
Water 4.55 (2.60—26.20)2
Untreated 4.60 (2.80—13.60)a>
Water Tribromoethanol 8.80 (4.10—12.30)2
Vehicle 8.75 (5.80—13.30)?
Water 8.70 (6.30—38.00)?
Untreated 8.45 (6.40—12.40)2
Body weight  Tribromoethanol 19.40 (14.10—22.00)2
Vehicle 20.40 (17.40—22.10)2
Water 18.70 (15.50—23.30)2
Untreated 20.35 (19.20—22.50)2

Treatment groups contained 10 mice each, except for the untreated
controls (n = 5).

Within each parameter, values with different superscript letters are
significantly (P < 0.05) different.

ministration of 400 mg/kg of freshly prepared tribromoethanol.?
The lethal dose of tribromoethanol may vary by mouse strain.
Moreover, tribromoethanol purity may vary by supplier, lot
number, and bottle and thus affect lethality. We noted no organ
or tissue pathology in any study animal. Prior reports have
described abdominal muscle necrosis, fluid distension of the
stomach and small intestine, peritonitis, splenic serositis, and
fibrinous visceral adhesions and tribromoethanol administra-
tion in ICR, CD-1, OF-1, NMRI, and (NCR) nu/nu mice.?8%
The tribromoethanol concentration and dose administered in
these cited studies ranged from 12 to 25 mg/mL and 240 to 500
mg/kg, respectively, and included stored and freshly prepared
preparations. Endpoints in the cited studies ranged from 24 h to
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Table 3. Weights (g) of liver and gastrointestinal tract after 1 or 2 doses
of tribromoethanol, vehicle, or sterile water

Parameter Treatment* n Median(range)
Liver 1Tribromoethanol 10 0.85 (0.70—1.00)®
2Tribromoethanol 10 1.10 (0.80—1.40)2
1Vehicle 10 0.90 (0.90—1.20)>
2Vehicle 10 1.15 (1.00—1.40)>P
1Water 10 1.05 (0.90—1.20)2
2Water 10 1.20 (0.90—1.30)2
1Untreated 3 1.20 (0.90—1.30)>P
2Untreated 5 1.20 (1.10—1.40)2b
Gastrointestinal ~ 1Tribromoethanol 10 2.15 (2.00—2.60)¢
tract 2Tribromoethanol 10 2.60 (2.00—3.10)P<
1Vehicle 10 2.40 (2.20—2.70)b<
2Vehicle 10 2.75(2.60—3.30)P¢
1Water 10 2.75(2.30—3.20)2P
2Water 10 3.00 (2.50—22.2)
1Untreated 3 2.80(2.40—2.90)>P<
2Untreated 5 3.00 (2.50—3.40)>b<

Mice in that each received a single dose of tribromoethanol (or control)
were euthanized on day 4; those that received 2 doses were euthanized
on day 11.

Within each parameter, values with different superscript letters are
significantly (P < 0.05) different.

6 wk after tribromoethanol administration. In our current study,
mice were euthanized 3 and 4 d after tribromoethanol adminis-
tration. As a result, histopathologic changes associated with an
acute inflammatory response would not have been observed.
The absence of morbidity and mortality in the C57BL/6NHsd
mice used in our study suggests that tribromoethanol toxicity
may be strain-related.

On the basis of our current findings, tribromoethanol appears
to be safe for repeated administration in C57BL/6NHsd mice.
However we urge caution regarding the use of this anesthetic
in this strain due to variable effectiveness.
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