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Use of a Low-calorie Flavored Gel to Facilitate
Oral Self-administration of Analgesics in Mice

Dayna L Riddell,’* Timothy H Hyndman,?® Ross S Bowden,* and Gabrielle C Musk!

The goals of this study were to determine whether mice would adapt to a low-calorie flavored water gel as their sole source
of hydration and whether the addition of acetaminophen, tramadol, meloxicam, or buprenorphine to the gel would affect
their intake. Water and gel intakes were measured during a 4-phase study, each of which lasted 1 wk: phase 1, standard water
bottle only; phase 2, standard water bottle and a separate tube containing water gel; phase 3, water gel only; and phase 4,
water gel containing an analgesic drug. Water consumption, corrected for body mass, was not different between male and
female mice when water was available (phases 1 and 2). However, the total consumption of water and water gel was higher
for females than males during phase 2, and female mice consumed more gel than males during phase 3. When male and
female data were combined, total corrected water intake was not different among the first 3 phases of the study. Gel intake
did not change significantly after the addition of acetaminophen, meloxicam, buprenorphine or tramadol as compared with
untreated water gel. These data suggest that drugs presented in the low-calorie flavored water gel may be a viable alternative

to injection or gavage for the administration of analgesic drugs.
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Introduction

Safe and efficacious administration of analgesia to research
rodents, especially mice, is an aspect of laboratory animal
medicine and management that has scope for refinement. An-
algesia regimens often involve the injection of analgesic drugs
via intraperitoneal, subcutaneous, or intramuscular routes.'%?*
Not only does the injection itself lessen wellbeing in terms of
pain, but the associated handling and restraint also can cause an
avoidable stress response that may negatively affect the animal
welfare and both behavior and physiology.>!! Nevertheless, the
ethical acceptability of using animals in research requires the
use of appropriate analgesia when warranted.

The use of oral analgesic therapies could mitigate these issues
and avoid the need for repeated injections of analgesic drugs. An
issue that frequently arises with oral administration of drugs in
all species, including mice, is taste. Some drugs are extremely
bitter and therefore unpalatable.? Therefore taste is a major
limitation to animal self-administration of drugs by ingestion.
While oral self-administration avoids stress and pain associated
with injection or gavage of drugs, it relies on the animals will-
ingly and consistently consuming the substance containing the
drug. Oral self-administration can be used as an alternative to
injections if drug administration is required for more than a few
days if the gastrointestinal bioavailability of the drug is known.

MediGel Sucralose (Clear H,O, Westbrook, ME) is a flavored
water gel designed to facilitate oral administration of medication
to research animals.’ It contains 99% purified water and so is
virtually equivalent in weight to water. To improve palatability,
this water gel contains sucralose as a sweetener. This product
was designed specifically for research animals and is marketed
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as a suitable sole source of water and as a mask for the flavor
of medications.

The aims of this study were to determine whether mice would
adapt to flavored water gel as their sole source of hydration and
whether the addition of acetaminophen, tramadol, meloxicam,
or buprenorphine would affect the intake of the gel.

Materials and Methods

This study was approved by the Animal Ethics Committee
of University of Western Australia (WA) (approval number:
RA/3/100/1735) and conducted in accordance with the Austral-
ian code of practice for the care and use of animals for scientific
purposes (2013)* and Guidelines to promote the wellbeing of
animals used for scientific purposes (2008).%

Animals. Arc:Arc(S) mice (an outbred albino stock; Mus
musculus; 20 males and 20 nonpregnant females; age. 6 wk)
were acquired from the Animal Resources Centre (Murdoch,
Western Australia, Australia). These mice had not been ge-
netically modified. The supplying facility was free from the
following agents: mouse hepatitis virus, minute virus of mice,
mouse parvovirus, murine rotavirus, mouse norovirus, Theiler
murine encephalomyelitis virus, pneumonia virus of mice,
murine cytomegalovirus, Sendai virus, mouse adenovirus
type 1 and 2, lymphocytic choriomeningitis virus, Hantaan
(Korean hemorrhagic fever) virus, ectromelia (mousepox)
virus, reovirus, polyoma virus, K virus, lactate dehydrogenase
elevating virus, mouse thymic virus, cilia-associated respiratory
bacillus, Clostridium piliforme, Mycoplasma pulmonis, Helicobacter
spp., Streptococcus pneumoniae, Pasteurella pneumotropica, Salmo-
nella spp., Bordetella bronchiseptica, Corynebacterium kutscheri,
Streptobacillus moniliformis, Pneumocystis murina, and endo- and
ectoparasites.

Housing. The mice were housed in a Physical Containment
Level 2 zone within an AAALAC-accredited animal facility.
Mice were housed in same-sex pairs in IVC ( cage floor area,
19.5 x 28 cm; Maxi-Miser Positive Individually Ventilated
System, Thoren Caging Systems, Hazleton, PA) that supplied
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HEPA-filtered air. Bedding material was course aspen chips
(ABEDD SIA; Kalnciems, Latvia). Environmental enrichment
included aspen gnawing blocks (Tapvei, Paekna, Estonia), pa-
per towels (Kleenex, Tantanoola, South Australia, Australia),
facial tissues (Kleenex), and cotton squares (Nestlets, Ancare,
Bellmore, NY). Lighting intensity ranged from 150 to 9501x on a
schedule of 12h white light, 2h red light, and 10h off automated
via a programmable lighting system (Controlsoft, Cirencester,
Gloucestershire, United Kingdom). Room temperature was
maintained between 18 °C and 24 °C, and the ambient building
humidity ranged from 30% to 70%. All mice were provided
with ad libitum access to a commercially supplied diet (Meat
Free Rat and Mouse Diet, Specialty Feeds; Glen Forrest, West-
ern Australia, Australia) that was steam sterilized. Mice were
transferred to new cages with fresh bedding and enrichment
items every 2 wk.

Data collection. The mice were introduced into the facility
6 d before beginning the 5-wk experiment. The 40 mice were
randomly allocated to 20 cages in same-sex pairs (20 males
in 10 cages and 20 females in 10 cages). Four additional cages
were set up without mice and contained the same source of
water (water bottles or MediGel Sucralose) as the animal
cages during the different phases of the study. These cages
were used to measure losses caused by handling, leakage,
and evaporation. Cages were allocated to each treatment in
sequence, that is: cage 1, acetaminophen; cage 2, tramadol;
cage 3, meloxicam; and cage 4, buprenorphine. This order was
repeated for the remaining 16 cages. Mice were weighed twice
weekly. Water and MediGel Sucralosewater gel were weighed
on Mondays, Tuesdays, Wednesdays, Thursdays, and Fridays,
as well as on Saturday and Sunday when the drugs were
added to the gel. Animal wellbeing was evaluated at least
3 times each week by observation of activity, body posture,
gait, social behavior, coat quality and skin condition, body
condition, facial expression, and hydration. Each parameter
was scored as 0 (normal), 1 (slightly abnormal), or 2 (mod-
erately abnormal). These scores were summed, and planned
interventions were used when the score was greater than 0;
a score of 5 required immediate euthanasia. If a mouse lost
more than 10% of its body weight during a particular phase
of the study, monitoring was performed daily. If 15% was lost,
the mouse was removed from the study.

Mice were transitioned from water to medicated water gel
over 4 phases. Each phase lasted for 7 d (Figure 1).

Phase 1
1 week
n=20

Acclimatisation

6 days

n=20

Phase 2
1 week
n=20

Phase 1: measurement of water intake). All mice had ad
libitum access to acidified drinking water (HCL; pH 2.5 to 3)
in 550-mL bottles suspended in a wire rack from the top of the
cage. The bottles were weighed daily from Monday through
Friday. During the fortnightly cage change, care was taken to
disturb water bottles as little as possible to minimize water
loss from handling. The amount of water that was lost when
the bottle was inverted (for placement in the wire rack) was
recorded for each bottle.

Phase 2: measurement of water and gel intake. Flavored
water gel (MediGel Sucralose, ClearH,0, Westbrook, ME) was
purchased from an Australian distributor; neither the manu-
facturer or distributor funded the study in any way. The gel
was provided in a hard plastic tube with two 4 x4-mm holes
drilled into the side at the base to allow the mice access to the
gel (Figure 2). The tubes were hung from the rack at the top of
the cage with galvanized steel wire (Figure 3). Each cage had
one tube containing 20 to 30 g of the gel. Each tube was weighed
daily from Monday through Friday. Each morning, the tubes
were gently shaken and the holes at the bottom were cleared
of any congealed gel that might prevent access for the mice.

All cages contained a water bottle and a tube of water gel in
its custom-made apparatus. The gel was mixed with green food
coloring (Rainbow Food Colors, Queen Fine Foods, Alderley,
Queensland, Australia) before being given to the mice. The
coloring, while serving no experimental purpose during this
phase, was included from the first introduction of the gel to
accustom the mice to the gel and so prevent neophobic avoid-
ance when the colored drug mixtures were added to the gel in
phase 4. Water bottles and gel tubes were weighed daily from
Monday to Friday.

Phase 3: measurement of gel intake. The water bottles were
removed, leaving the gel as the sole source of hydration for the
mice. The gel tubes were weighed daily from Monday through
Friday

Phase 4: measurement of drug-containing gel. Various drugs
were mixed with the gel. To allow visual assessment of homog-
enous distribution of drug in the gel, each drug was mixed
with green food coloring prior to combining it with the gel. The
desired final concentration of each drug in the water gel was
calculated. Acetaminophen (100mg/mL, Panadol Children 1
Month to 1 Year Baby Drops, GlaxoSmithKline, Ermington, New
South Wales, Australia) was administered at 1.125mg/g gel.
Tramadol (100mg/mL, Tramal Oral Drops, Seqirus, Parkville,

—eee
Phase 4
1 week Acetaminophen
n=5
S
oy
Phase 4
1 week Tramadol
n=5
 W—
Phase 4
1 week Meloxicam
n=5
-
e
Phase 4
1 week Buprenorphine
n=5

Figure 1. Overview of the project timeline. 17, number of cages (cage 1 had one mouse; data from cages 2A and 2B, each with one mouse, were

summed into a single cage; and all other cages had 2 mice each).
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Figure 2. Gel tube apparatus, side view (left), front view (middle), and back view (right) of the tube in use.

Figure 3. Cage rack configuration. Placement of water bottle (top) and
the custom-made tube apparatus (bottom).

Victoria, Australia) was administered at 0.1125mg/g. Meloxi-
cam (1.5mg/mL, Apex Meloxicam Oral Suspension for Dogs,
Dechra Veterinary Products, Somersby, New South Wales,
Australia) was administered at 0.017mg/g. Buprenorphine
(0.2mg, Temgesic Sublingual Tablets, Indivior, Macquarie Park,
New South Wales, Australia) was administered at 0.0005mg/g.

Preparation of medicated gel. The concentration of each drug
in gel for phase 4 of the experiment was calculated based on
the weight of mice and the average gel intake during Phase 3,
such that a mouse of average weight and gel intake of either

sex would consume a therapeutic dose. The concentration of
the medicated gel was the same in the male and female cages
to maintain the same palatability. Due to uncertainty regarding
whether the addition of the drugs would affect gel consumption,
conservative concentrations were chosen to minimize the risk
that smaller mice would consume more than recommended
and thus experience adverse side effects. Drugs were chosen
based on common usage for rodents in research settings and
documented efficacy when administered orally in mice. The
measured intake of gel during phase 3 was used to determine
the final concentration of each drug. Each of the four drug-gel
mixtures were prepared in 200 g batches to ensure accuracy of
the drug concentrations. The batches were refrigerated for 1 to
2 d and were then discarded and new batches prepared.

Fate of the mice at the end of the study. At the end of the
study, all mice were euthanized via CO, inhalation overdose.
Mice were placed in a 10-L chamber and slowly introduced to
100% CO, at an initial rate of 3L/min, which was increased to
5L/min after the mice were confirmed to be unconscious by
lack of righting reflex.

Statistical analysis. Independent ¢ tests were used to compare
the effect of sex on water and gel intake. Paired ¢ tests were
used to compare the intake of water (or gel or both) between
the first 3 phases of the study and to assess the effect of adding
analgesics to the gel (phase 3 compared with phase 4). Data are
expressed as daily intake (mean + SE) in milliliters per gram of
body weight. Samples sizes (n) refer to the number of mouse
cages in each statistical comparison. The inclusion of 20 cages in
this study, a clinically meaningful reduction in water-equivalent
intake of 10%, and an assumed standard deviation of 0.027mL/g
daily represented a power of 74%. Stata (version 16.1, StataCorp,
College Station, TX) was used for all analyses. A P value of less
than 0.05 was defined as statistically significant.

Results
One of the male mice from cage 1 died of unknown causes
before the start of data collection, but this cage was still
counted as one of the 20 cages. Two male mice allocated to
cage 2 were separated on day 2 of the study due to fighting
(boxes 2A and 2B). The measurements from these 2 boxes were
summed and then included as a single cage. Otherwise, animal
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Figure 4. Body weight (g; mean + SE [bars]) of male and female mice at 2- to 5-d intervals. Days 1-7, phase 1; days 8-14, phase 2; days 16-21,

phase 2; days 22-28, phase 3; and days 28-32, phase 4.

Table 1. Comparison of corrected consumption of water or gel or
both between male and female mice during phases 1 through 3

Daily consumption (mL/ g)
of water + flavored water
gel according to sex P

0.654

Phase 1: Standard
water bottle

Water
Males, 0.144 + 0.006
Females, 0.148 + 0.006

Phase 2: Standard Water 0.230
water bottle and a Males 0.071 + 0.002 water
separate tube
containing water gel Females 0.084 + 0.009 water
Gel 0.085
Males 0.050 + 0.008 gel
Females 0.083 = 0.016 gel
Water + gel 0.0042
Males, 0.121 + 0.007
Females, 0.166 + 0.011
Phase 3: Water gel Gel 0.036%

in a tube Males, 0.139 + 0.009

Females, 0.163 + 0.006

Each phase comprised 20 cages housing same-sex pairs.
2Consumption differed significantly (P < 0.05) between sexes.

wellbeing was acceptable during the study, with no adverse
reactions to the gel or drugs, and a planned intervention was
not needed.

In phase 2, water gel initially was placed on the floor of each
cage in the plastic cup in which it was supplied. Within 24h
of introduction of the gel, we noted that mice filled the cups
with bedding and feces, thus precluding accurate measure-
ment of gel intake. Therefore, we fabricated tubes to use as the
vessels for gel administration (Figure 2). The data for this first
week were not included in the analysis, because we could not
collect a complete data set; phase 2 data collection began the
following week.

Throughout phases 2 through 4, many of the mice chewed
around the lids of the gel tubes. Each new, unchewed lid was
approximately 2g, and the removal of this small amount of
material was deemed negligible to the overall measurements.

Each empty tube weighed approximately 13g, including the
lid and the wire.

To convert the weights of water and gel to a volume, we
assumed that because the gel was 99% purified water,’ 1 g of
water was equivalent to 1mL; 1mL of gel was weighed and
confirmed to weigh 1g.

At the end of phase 3, the male mice weighed (mean + SE)
was 44 +3¢g and female mice weighed 31+2g. The mean daily
gel intake was 7.4+ 1.4 g for male mice and 5.6 +0.7 g for female
mice. Mice gained weight throughout the study (Figure 4).

The equivalent water consumption divided by the animals’
body weights (hereafter, ‘corrected” values) was analyzed. This
approach reflects the industry standard in similar veterinary
studies.2#! The data showed no correlation between the weight
of the mice from the same cage and consumption by each
sex. However, male weighed more and consumed more than
female mice. Therefore, before analysis, we normalized weekly
consumption by dividing it by the average weight for each sex
rather than by the weight for each pair.

When water was available (phases 1 and 2), corrected water
consumption did not differ between males and females (phase 1,
P =0.654; phase 2, P = 0.230). However, combined consumption
of water and gel during phase 2 was higher for female than for
male mice (P =0.004), and female mice consumed more gel than
males in phase 3 (P = 0.036; Table 1).

When data from male and female mice were combined, total
corrected water intake did not differ between the first 3 phases
of the study (Table 2).

With male and female data combined and compared with
that of untreated gel, corrected gel intake did not differ
after the addition of acetaminophen (P = 0.218), meloxicam
(P = 0.138), buprenorphine (P = 0.248; Table 3 and Figure 5)
or tramadol (P = 0.082). The intakes of medicated gel during
phase 4 met that the mean daily recommended doses of aceta-
minophen and tramadol but meloxicam or buprenorphine
did not (Table 4).

Discussion
The primary aims of this study were to determine whether
mice would adapt to a flavored water gel as their sole source
of hydration and maintain this intake after therapeutic doses of
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acetaminophen, tramadol, meloxicam, or buprenorphine were
added to the gel. Corrected total water intake did not differ
between the first 3 phases of the study, so the mice success-
fully adapted to the water gel as their sole source of hydration.
Furthermore, the addition of an analgesic drug did not change
significantly change the corrected water intake. However, the
results of this study should be viewed conservatively due to
its small size.

The gel introduced in phase 2 was mixed with green food
coloring, and later in Phase 4, the drugs were mixed with the

Table 2. Combined data from male and female mice for total
corrected daily consumption (mL/g; mean + SE) during phases
1 through 3

Corrected daily

consumption P
Phase 1: Standard 0.146 + 0.004
water bottle
Phase 2: Standard 0.144 + 0.008 0.690 (phase 1
water bottle and a compared with
separate tube phase 2)
containing flavored
water gel
Phase 3: Flavored 0.151 + 0.006 0.311 (phase 1

water gel in a tube compared with
phase 3)

0.215 (phase 2

compared with

phase 3)

Each phase comprised 20 cages housing same-sex pairs.

Table 3. Daily consumption (ml/g; mean + SE) of untreated or
medicated water gel

Daily intake of
untreated water

Daily intake of
medicated water

gel in phase 3 gel in phase 4 p
Acetaminophen 0.144 + 0.014 0.155 + 0.020 0.218
Tramadol 0.166 = 0.010 0.133 + 0.005 0.082
Meloxicam 0.158 = 0.012 0.142 + 0.015 0.138
Buprenorphine 0.135 + 0009 0.152 + 0.021 0.248

Each drug involved 5 cages, each housing one same-sex pair of mice.
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food coloring before being given to the mice. The purpose of
phase 2 was to allow the mice time to familiarize themselves
with the gel as a source of hydration before the water bottles
were removed, given that mice are notoriously neophobic. The
color green was used based on the assumption that mice have
dichromatic vision®!® and would not have an aversion to the
color green because they cannot perceive it.

After correction for mean body weight, the daily intake of
water did not differ (P = 0.654) between sexes. The mean daily
water intake that we observed—0.146 mL/g—is comparable to
values found in the literature, although findings vary between
sources. For example, the British Small Animal Veterinary As-
sociation? states that the average daily water consumption for
adult mice is 15mL per100 g body weight (0.15mL/g), where
another source? reported that the average water intake across
28 different mouse strains was 7.7 + 0.3 mL per 30 g body weight
(0.26mL/g).

The flavored water gel that we evaluated (MediGel Sucralose,
ClearH,0) is advertised as able to provide the sole hydration
source. The results we obtained here support this claim, given
that the intake of water during phase 1 (0.146 mL/g daily) was
comparable to the intake of gel during phase 3 (0.151mL/g
daily, P = 0.311).

Few current studies focus on the palatability of medications
in veterinary species, but the human literature contains an
abundance of reports. The administration of and adherence to
prescribed medications for children has issues similar to those
of veterinary species. However, animals generally do not experi-
ence the same taste sensation or range as humans. For example,
cats (Felis catus) cannot detect sweetness,?” and carnivorous
mammals have few taste buds compared with herbivorous
and omnivorous species.!®2¢ Even closely related species like
mice (Mus musculus) and rats (Rattus norvegicus) differ in their
taste detection.??

The drugs used in this study were chosen as analgesic drugs
that are commonly used in veterinary practice and laboratory
animal medicine. They have varying degrees of palatability, and
we expected this feature to have some effect on the consumption
of the medicated gel. Tramadol is reported to have a very bitter
taste to various species, 33538 and buprenorphine reportedly is
bitter to rats'®*" whereas meloxicam is generally regarded as
having acceptable palatability.!>?>

Meloxicam Buprenorphine
P=0.138 P=0.248

0.224 0.22

0.204 0.20
= 0.18 % = 0.184
o m
- h-]
o o
3 3
E 016 \ E o018
] T
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i b
2 B
T 014 S 014
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@« @
g g

0.10 0.10

0.084 0.08

T T
No Drug With Drug No Drug With Drug

Figure 5. Corrected daily consumption of medicated water gel. Lines connect data points from the same mouse cage. The P values refer to the
null hypothesis that the intake of water gel did not differ between before and after the addition of drug.
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Table 4. Daily intake (mg/kg; mean + SE) of drug in medicated water
gel compared with recommended doses

Suggested daily oral
dose (mg/kg)

Daily intake (mg/kg)
in phase 4

Acetaminophen 110-305 (reference 4) 174.375 = 22.500

Tramadol 1.25-100 (references 28 14.963 = 0.563
and 42)

Meloxicam 5 (reference 8) 2414 = 0.255

Buprenorphine 0.4 (reference 22) 0.076 = 0.011

The acceptability of drug preparations is affected by ex-
cipients such as artificial sweeteners, The acetaminophen
used in this study was a children’s preparation that already
contained an artificial sweetener (saccharin sodium). Aceta-
minophen is known to be generally unpalatable regardless of
the preparation;'340 however the additional sweetener in the
preparation could have enhanced the palatability of the aceta-
minophen gel and resulted in greater consumption than if no
additional sweetener was present. Postoperative water intake
is higher in mice and rats if the water contains therapeutic
concentrations of an acetaminophen preparation registered
for children.”3 It is not only the presence of a sweetener that
can alter the intake of medicated water, but the effect of the
drug itself should also be considered. It is also possible that
the analgesic effects of the drugs consumed influenced the
intake of medicated water."1%1! For the analgesic tramadol,
the dose administered influences the intake of both water
and food. Mice given high doses of tramadol in drinking
water had significantly lower food and water intakes and
lost weight, compared with mice in the low-dose group, yet
developed no additional analgesia.!® That study also showed
that buprenorphine and low-dose tramadol in the drinking
water were comparable with one another in their effects on
food consumption and body weight. Several studies have sug-
gested that buprenorphine ingested voluntarily via drinking
water may be a useful way to provide adequate analgesia to
mice and rats undergoing painful stimuli, although results
were better when treated drinking water was used in conjunc-
tion with injectable administration.!719.2039

Several studies have investigated the use of highly palatable
sweet nut pastes, such as Nutella (Ferrero, Alba, Italy) and Me-
digel Hazelnut (ClearH,0) as an aid in oral self-administration
of various drugs, with promising results.”162122 However,
sweet nut pastes contain high quantities of sugar and fats that
may be undesirable in some studies. Using water with highly
palatable additives, such as sweet nut pastes, or pre-sweetened
drug preparations (e.g., children’s acetaminophen) creates the
risk of drug overdose. Studies using Nutella generally pro-
vide a measured amount of the paste-drug mixture that will
provide the desired dose while remaining palatable. Similarly,
buprenorphine-medicated pellets are well accepted by mice
and can be used to provide adequate analgesia.* The flavored
water gel we used contains the artificial sweetener sucralose
instead of sugar and so may present a viable alternative that
avoids consumption of additional sugar or fats.

Our data indicate that the intake of flavored water gel is
maintained after the addition of acetaminophen, meloxicam,
buprenorphine and tramadol. All groups remained clinically
well and sufficiently hydrated.

Several limitations of this study should be considered when
interpreting the results. The study focused solely on the effects
of 4 analgesic drugs on the intake of a low-calorie flavored

water gel. Analgesic efficacy of the drugs was not evaluated,
although the observed daily drug intakes can still be compared
with published doses (Table 4). This comparison showed that
the observed daily intake of meloxicam and buprenorphine
was below published ranges. One group!* used the same gel
we evaluated to show that mice will consume buprenorphine
at concentrations of 5 and 15ug/mL achieving serum concen-
trations in a range considered to be analgesic.?? Future studies
should evaluate intake of water gel with higher concentrations
of meloxicam. The safety of the drugs in the present study was
evaluated only through observational assessment of behavior
and activity. In addition, study numbers were relatively small,
resulting in relatively low power to detect clinically significant
differences between phases of the study.

This study has a number of potential future applications. One
possibility is the provision of preemptive analgesia. Although
we did not compare the rates at which mice acclimated to the
water gel, our results provide a starting point for transitioning
mice to the product. If mice require but do not receive acclima-
tion to water gel, they might not consume therapeutic doses
of analgesia. Once mice successfully transitioned to water gel,
the provision of analgesics before painful procedures could
minimize the stress associated with repeated handling and
restraint as well as the pain of injectable analgesia. Our study
does not provide any information regarding the intake of Medi-
Gel Sucralose after a painful procedure. Naturally, if the intake
of water gel decreased postoperatively, then analgesic intake
would decrease also.

References

1. Abelson KSP, Jacobsen KR, Sundbom R, Kalliokoski O, Hau J.
2012. Voluntary ingestion of nut paste for administration of
buprenorphine in rats and mice. Lab Anim 46:349-351. https://
doi.org/10.1258/1a.2012.012028.

2. Bachmanov AA, Reed DR, Beauchamp GK, Tordoff MG. 2002.
Food intake, water intake, and drinking spout side preference of
28 mouse strains. Behav Genet 32:435-443. https:/ /doi.org/10.1
023/A:1020884312053.

3. Balcombe JP, Barnard ND, Sandusky C. 2004. Laboratory routines
cause animal stress. Contemp Top Lab Anim Sci 43:42-51.

4. Christy AC, Byrnes KR, Settle TL. 2014. Evaluation of medicated
gel as a supplement to providing acetaminophen in the drinking
water of C57BL/6 mice after surgery. ] Am Assoc Lab Anim Sci
53:180-184.

5. ClearH,O. [Internet]. 2021. MediGel Sucralose. [Cited 8 January
2021]. Available at: https://www.clearh20.com/wp-content/
uploads/2018/02/MediGel-Sucralose-Sheet.pdf?x21150.

6. Conway BR. 2007. Color vision: Mice see hue too. Curr Biol
17:R457-R460. https:/ /doi.org/10.1016/j.cub.2007.04.017.

7. Diogo LN, Faustino IV, Afonso RA, Pereira SA, Monteiro EC,
Santos Al 2015. Voluntary oral administration of losartan in rats.
J Am Assoc Lab Anim Sci 54:549-556.

8. Flecknell P. 2016. Laboratory animal anaesthesia, 4th ed. Oxford,
United Kingdom: Elsevier.

9. Fleischmann T, Arras M, Sauer M, Saleh L, Riilicke T, Jirkof P.
2017. Voluntary intake of paracetamol-enriched drinking water
and its influence on the success of embryo transfer in mice. Res
Vet Sci 111:85-92. https:/ /doi.org/10.1016/j.rvsc.2016.12.005.

10. Foley PL, Kendall LV, Turner PV. 2019. Clinical management of
pain in rodents. Comp Med 69:468-489. https:/ /doi.org/10.30802/
AALAS-CM-19-000048.

11. Gouveia K, Hurst J. 2013. Reducing mouse anxiety during
handling: Effect of experience with handling tunnels. PLoS One
8:e66401. https:/ /doi.org/10.1371/journal. pone.0066401.

12. Gunew MN, Menrath VH, Marshall RD. 2008. Long-term safety,
efficacy, and palatability of oral meloxicam at 0.01-0.03 mg/kg
for treatment of osteoarthritic pain in cats. ] Feline Med Surg
10:235-241. https:/ /doi.org/10.1016/j.jfms.2007.10.007.

168


http://www.ingentaconnect.com/content/external-references?article=1532-0820()69L.468[aid=11404253]
http://www.ingentaconnect.com/content/external-references?article=1060-0558()43L.42[aid=7643330]
http://www.ingentaconnect.com/content/external-references?article=0001-8244()32L.435[aid=8695896]
http://www.clearh2o.com/wp-content/

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Herd D, Salehi B. 2006. Palatability of 2 forms of paracetamol
(acetaminophen) suspension: A randomised trial. Paediatr Perinat
Drug Ther 7:189-193. https:/ /doi.org/10.1185/146300906X167737.
Hovard AMB, Teilmann AC, Hau J, Abelson KSP. 2015. The
applicability of a gel delivery system for self-administration of
buprenorphine to laboratory mice. Lab Anim 49:40-45. https://
doi.org/10.1177 /0023677214551108.

Jacobs GH, Williams GA, Cahill H, Nathans J. 2007. Emergence
of novel color vision in mice engineered to express a human cone
photopigment. Science 315:1723-1725. https://doi.org/10.1126/
science.1138838.

Jacobsen K, Kalliokoski O, Hau ], Abelson K. 2011. Voluntary
ingestion of buprenorphine in mice. Anim Welf 20:591-596.
Jessen L, Christensen S, Bjerrum O. 2007. The antinocic-
eptive efficacy of buprenorphine administered through the
drinking water of rats. Lab Anim 41:185-196. https://doi.
org/10.1258/002367707780378131.

Jiang P, Josue J, Li X, Glaser D, Li W, Brand J, Margolskee R,
Reed D, Beauchamp G. 2012. Major taste loss in carnivorous
mammals. Proc Natl Acad Sci USA 109:4956-4961. https://doi.
org/10.1073/pnas.1118360109.

Jirkof P, Durst M, Klopfleisch R, Palme R, Thone-Reineke C,
Buttgereit F, Schmidt-Bleek K, Lang A. 2019. Administration of
tramadol or buprenorphine via the drinking water for postop-
erative analgesia in a mouse osteotomy model. Sci Rep 9:10749.
https://doi.org/10.1038/s41598-019-47186-5.

Jirkof P, Tourvieille A, Cinelli P, Arras M. 2015. Buprenor-
phine for pain relief in mice: Repeated injections vs sustained-
release depot formulation. Lab Anim 49:177-187. https:/ /doi.
org/10.1177/0023677214562849.

Kalliokoski O, Abelson KS, Koch J, Boschian A, Thormose SF,
Fauerby N, Rasmussen RS, Johansen FE, Hau J. 2010. The effect of
voluntarily ingested buprenorphine on rats subjected to surgically
induced global cerebral ischaemia. In Vivo 24:641-646.
Kalliokoski O, Jacobsen K, Hau J, Abelson K. 2011. Serum
concentrations of buprenorphine after oral and parenteral admin-
istration in male mice. Vet ] 187:251-254. https:/ /doi.org/10.1016/
j-tvj1.2009.11.013.

Keeble E. 2009. Rodents: Biology and husbandry, p 1-17. In: Keeble
E, Meredith A, editors. BSAVA Manual of Rodents and Ferrets.
Gloucester, UK: British Small Animal Veterinary Association.
Kohn DE Martin TE, Foley PL, Morris TH, Swindle MM, Vogler
GA, Wixson SK. 2007. Guidelines for the assessment and man-
agement of pain in rodents and rabbits. ] Am Assoc Lab Anim Sci
46:97-108.

Lascelles BD, Henderson AJ, Hackett IJ. 2001. Evaluation of
the clinical efficacy of meloxicam in cats with painful locomo-
tor disorders. ] Small Anim Pract 42:587-593. https://doi.
org/10.1111/j.1748-5827.2001.tb06034.x.

Lei W, Ravoninjohary A, Li X, Margolskee R, Reed D, Beauchamp
G, Jiang P, Behrens M. 2015. Functional analyses of bitter taste
receptors in domestic cats (Felis catus). PLoS One 10:e0139670.
https://doi.org/10.1371/journal.pone.0139670.

Li X, Li W, Wang H, Bayley D, Cao ], Reed D, Bachmanov A,
Huang L, Legrand-Defretin V, Beauchamp G, Brand J. 2006. Cats
lack a sweet taste receptor. ] Nutr 136:19325-1934S. https://doi.
org/10.1093/jn/136.7.1932S.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Using a flavored gel for oral administration of analgesics in mice

Lopopolo M, Affaitati G, Fabrizio A, Massimini F, Lapenna D,
Giamberardino M, Costantini R. 2014. Effects of tramadol on
viscerovisceral hyperalgesia in a rat model of endometriosis plus
ureteral calculosis. Fundam Clin Pharmacol 28:331-341. https://
doi.org/10.1111/fcp.12038.

MaH, Yang R, Thomas SM, Kinnamon JC. 2007. Qualitative and
quantitative differences between taste buds of the rat and mouse.
BMC Neurosci 8:5. https://doi.org/10.1186/1471-2202-8-5.
Madgulkar AR, Bhalekar MR, Padalkar RR. 2009. Formulation
design and optimization of novel taste masked mouth-dissolving
tablets of tramadol having adequate mechanical strength. AAPS
PharmSciTech 10:574-581. https:/ /doi.org/10.1208 /s12249-009-
9237-y.

Martin LB, Thompson AC, Martin T, Kristal MB. 2001. Analgesic
efficacy of orally administered buprenorphine in rats. Comp Med
51:43-48.

Mennella JA, Spector AC, Reed DR, Coldwell SE. 2013. The
bad taste of medicines: Overview of basic research on bitter taste.
Clin Ther 35:1225-1246. https://doi.org/10.1016/j.clinthera.
2013.06.007.

Mickley GA, Hoxha Z, Biada JM, Kenmuir CL, Bacik SE. 2006.
Acetaminophen self-administered in the drinking water increases
the pain threshold of rats (Rattus norvegicus). ] Am Assoc Lab Anim
Sci 45:48-54.

Molina-Cimadevila M]J, Segura S, Merino C, Ruiz-Reig N,
Andrés B, de Madaria E. 2014. Oral self-administration of bu-
prenorphine in the diet for analgesia in mice. Lab Anim 48:216-224.
https:/ /doi.org/10.1177 /0023677214532454.

Monteiro BP, Klinck MP, Moreau M, Guillot M, Steagall PVM,
Pelletier J, Martel-Pelletier J, Gauvin D, Del Castillo JER,
Troncy E. 2017. Analgesic efficacy of tramadol in cats with natu-
rally occurring osteoarthritis. PLoS One 12:e0175565. https:/ /doi.
org/10.1371/journal.pone.0175565.

National Health and Medical Research Council (NHMRC). 2008.
Guidelines to promote the wellbeing of animals used for scientific
purposes. Canberra, Australia: NHMRC.

37 National Health and Medical Research Council NHMRC). 2013.

38.

39.

40.

41.

42.

Australian code of practice for the care and use of animals for
scientific purposes, 8th ed. Canberra, Australia: NHMRC.

Patil MG, Kakade SM, Pathade SG. 2011. Formulation and
evaluation of orally disintegrating tablet containing tramadol
hydrochloride by mass extrusion technique. ] Appl Pharm Sci
1:178-181.

Sauer M, Fleischmann T, Lipiski M, Arras M, Jirkof P. 2016.
Buprenorphine via drinking water and combined oral-injection
protocols for pain relief in mice. Appl Anim Behav Sci 185:103-112.
https:/ /doi.org/10.1016/j.applanim.2016.09.009.

Smith CJ, Sammons HM, Fakis A, Conroy S. 2013. A prospec-
tive study to assess the palatability of analgesic medicines in
children. ] Adv Nurs 69:655-663. https:/ /doi.org/10.1111/j.1365-
2648.2012.06050.x.

Tordoff MG, Bachmanov AA, Reed DR. 2007. Forty mouse-strain
survey of water and sodium intake. Physiol Behav 91:620-631.
https://doi.org/10.1016/j.physbeh.2007.03.025.

Wolfe AM, Kennedy LH, Na JJ, Nemzek-Hamlin JA. 2015.
Efficacy of tramadol as a sole analgesic for postoperative pain in
male and female mice. ] Am Assoc Lab Anim Sci 54:411.

169


http://www.ingentaconnect.com/content/external-references?article=1532-0820()51L.43[aid=7745035]
http://www.ingentaconnect.com/content/external-references?article=1532-0820()51L.43[aid=7745035]
http://www.ingentaconnect.com/content/external-references?article=0022-4510()42L.587[aid=5861154]
http://www.ingentaconnect.com/content/external-references?article=0962-7286()20L.591[aid=10353126]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()315L.1723[aid=8545908]

