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Evaluation of Mice Undergoing Serial Oral
Gavage While Awake or Anesthetized

Carissa P Jones,” Kelli L Boyd, and Jeanne M Wallace

Although oral gavage is the most straightforward approach to achieve precise enteric administration in rodents, it is as-
sociated with potential adverse consequences. Here we compare the effects of serial oral gavage in awake compared with
anesthetized mice. Female C57BL/6] mice (1 = 20 per group) were assigned to 1 of 3 treatment groups (control, awake gavage,
or anesthetized gavage) and gavaged daily with 0.2 mL of saline (with no manipulation on weekends) for a total of 18 treat-
ment days. Body weight and clinical appearance were monitored throughout the treatment period, after which mice were
euthanized and necropsied. Endpoints evaluated included adrenal gland weight, plasma corticosterone, lymphocyte:neutrophil
ratio, and esophageal histopathology. Mean body weight did not differ between groups. Compared with other groups, the
awake gavage group had more mice removed (3 of 20) prior to study completion due to body weight loss greater than 10%,
with corresponding gross and histopathologic lesions attributed to the gavage procedure. Mice gavaged when awake had
an over 20-fold higher incidence of incomplete retention of the administered saline than did anesthetized mice. Of the mice
that completed the study, esophageal inflammation was not apparent at necropsy regardless of treatment, with the exception
of a single mouse in the awake gavage group. Although WBC and lymphocyte counts were lower in mice in the anesthe-
tized gavage group compared with other groups, none of the endpoints measured to evaluate stress (adrenal gland weight,
neutrophil:lymphocyte ratio, plasma corticosterone) differed. These findings support the use of brief isoflurane anesthesia

when performing serial oral gavage in mice.

A common experimental technique performed on rodents
is dosing by means of oral gavage, which involves passing a
feeding needle through the mouth and into the esophagus. Oral
gavage is the most straightforward approach to achieve precise
enteric administration in rodents.'” However, the technique is
associated with potential adverse consequences, including (but
not limited to) esophageal trauma, aspiration pneumonia, and
weight loss.#10152327 In addition, stress has been associated with
oral gavage performed in awake rodents, potentially confound-
ing experimental endpoints.>®313 Restraint of awake rats®81232
and mice'® for oral gavage reportedly is stressful, and handling
alone is a well-established stressor for mice.> However, other
studies concluded that rats were not unduly stressed after 28
consecutive days of oral gavage® or 6 consecutive weeks of
awake oral gavage.* Several potential refinements and alter-
natives to oral gavage have been examined, including coating
the gavage needle tip in palatable solutions,'8 using a flexible
catheter in place of a rigid gavage needle,® and offering the
dose in a flavored formulation that is voluntarily consumed
by the rodent.!/16:3840

To ameliorate the potential consequences of oral gavage,
brief inhalant anesthesia has been proposed as a potential re-
finement compared with performing the procedure in awake
animals.?” However, information is limited and in some cases
conflicting regarding whether anesthetizing rodents for oral
gavage results in reduced morbidity and mortality.!?>?733 To
our knowledge, the effect of oral gavage dosing on anesthe-
tized mice had not been studied previously. We performed
the current study to assess the effects of serial oral gavage in
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awake compared with anesthetized mice. Our hypothesis was
that histopathology would not differ between the groups but
that daily anesthesia would result in increased stress (reflected
by higher plasma corticosterone levels, adrenal gland weights,
or neutrophil:lymphocyte ratios, or any combination of these
effects) or reduced weight gain or both.

Materials and Methods

Animals. All animal procedures performed in this study were
approved by the Vanderbilt University IACUC. Animals were
housed in an AAALAC-accredited facility in accordance with
the National Research Council’s Guide for the Care and Use of Labo-
ratory Animals'® and the Public Health Service Policy on Humane
Care and Use of Laboratory Animals.?’ On receipt from The
Jackson Laboratory (Bar Harbor, ME), mice were maintained in
a facility screened for and found free of the following pathogens:
mouse hepatitis virus, mouse parvovirus, minute virus of mice,
lymphocytic choriomeningitis virus, Sendai virus, pneumonia
virus of mice, epizootic diarrhea of infant mice, Theiler mouse
encephalomyelitis virus, mouse poxvirus, mouse adenovirus,
mouse reovirus, mouse norovirus, Mycoplasma pulmonis, Heli-
cobacter spp., endoparasites (Syphacia spp. and Aspicularis spp.),
and ectoparasites (Myobia musculi, Radfordia afffinis, Mycoptes
musculinus, and Psorergates simplex). Throughout the study, mice
were maintained on a 12:12-h light:dark cycle and group-housed
in autoclaved IVC with unrestricted access to both autoclaved
water and PicoLab Irradiated Diet 5053 (LabDiet, St Louis, MO).

Oral gavage. Female C57BL/6] mice (age, 6 wk; n = 60)
were acclimated for 2 wk after receipt without any handling.
Because study goals did not include examining sex-associated
differences, only female mice were used here to minimize stress
associated with intracage fighting. At 8 wk of age, mice were
randomly assigned by body weight to 1 of 3 daily treatment
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groups (1 = 20 per group): control (brief [less than 30 s] manual
restraint), awake gavage (brief manual restraint and oral gav-
age), or anesthetized gavage (2% isoflurane for less than 5 min
and oral gavage). A single experimenter (CPJ) with more than
2y of experience in oral gavage of mice administered all treat-
ments once daily between 0730 and 0900, with no manipulation
on weekends, for a total of 18 treatment days. Body weights were
measured twice each week. Mice were observed for at least 15
min immediately after oral gavage of 0.2 mL sterile 0.9% saline
by using a reusable, straight, 20-gauge stainless steel feeding
needle with a 2.25-mm ball (SouthPointe Surgical Supply, Coral
Springs, FL). To ensure that the ball tip of the gavage needle
passed the entire length of the esophagus, the gavage needle
used was 3 in. long. The gavage needle was never forcibly
advanced nor advanced further than the premeasured length
from nose tip to costal margin (1.75 in. [4.5 cm]).

Clinical outcome. Criteria for early removal from study in-
cluded signs of labored breathing, hunched posture, lethargy,
and greater than 10% loss of body weight. Clinical notes were
made when any mouse’s appearance or behavior immediately
after dosing was abnormal. Each dose was scored for abnormal
clinical outcome as none, gasping, or incomplete retention of
the administered saline. Incomplete retention was defined as
the appearance of saline in the mouth immediately after admin-
istration of the gavage dose.

Necropsy and histopathology. Approximately 24 h after ad-
ministration of the last gavage dose, mice were euthanized by
carbon dioxide overdose in accordance with the AVMA Guide-
lines for the Euthanasia of Animals (2013 edition).? Whole blood
was collected from the caudal vena cava and preserved with
EDTA for hematology analysis and corticosterone measurement.
All blood samples were obtained between 0840 and 0945. Mice
were randomized at necropsy, and 2 prosectors blinded to group
composition performed all necropsies and dissections. Both
adrenal glands were dissected and weighed as a pair for each
mouse. The mouth, neck, thoracic cavity, and stomach were as-
sessed for gross pathologic changes. The 3 mice removed early
from study were evaluated grossly and microscopically but were
excluded from analyses of adrenal gland weight, hematologic
parameters, and plasma corticosterone.

Whole plucks (tongue, pharynx, trachea, lung, heart, and
esophagus extending to and including the gastric cardia)
were stretched on cardstock and fixed in 10% neutral buffer
formalin. Once fixed, each esophagus was removed from the
pluck, processed routinely, embedded in paraffin, sectioned
longitudinally at 5 pm, and stained with hematoxylin and
eosin. Sections were evaluated by an experienced veterinary
pathologist (KLB) who was blinded to the composition of the
study groups. Microscopic evidence of pathology was scored
as present or absent for each animal.

Hematology and corticosterone assays. CBC counts were
performed on an automated analyzer (Forcyte Hematology
Analyzer, Oxford Science, Oxford, CT). EDTA-preserved whole
blood was spun down, and plasma submitted to the Vanderbilt
University Medical Center Hormone Assay and Analytical
Services Core for corticosterone measurement by using an
ImmuChem '®I-corticosterone double-antibody radioimmu-
noassay (MP Biomedicals, Orangeburg, NY).

Statistical analyses. Body weights over time were evaluated
by linear regression, and one-way ANOVA was used to iden-
tify differences in final body weights, adrenal gland weights,
hematologic parameters, and plasma corticosterone levels
between groups. All values analyzed by one-way ANOVA
were checked for Gaussian distributions and equal variances.

One-way ANOVA analyses that resulted in significant differ-
ences between group means were further analyzed by using
posthoc Tukey multiple-comparison tests. When possible given
the data parameters, the Fisher exact test was the preferred
contingency test. Clinical outcome per dose between groups
was evaluated by using Fisher exact tests, and the incidence of
histopathology (including animals removed early from study)
was evaluated by using %2 analysis. Statistical analyses were
performed by using Prism 6 software (version 6.07, GraphPad,
San Diego, CA).

Results

Body weight. After randomization, the mean body weight for
all 3 groups of mice was 18 g initially. Neither the rate of gain
nor body weight at the end of the study differed between any
of the groups (P = 0.9312, Figure 1, and F, , = 0.3391, P = 0.67,
respectively).

Clinical outcome. Nearly 7% of awake gavage doses (22 of
324 doses) were associated with incomplete saline retention, a
significantly greater incidence than the 0.3% of anesthetized
gavage doses (1 of 360 doses; P < 0.0001; Figure 2). In addition,
gasping (1 or 2 gasps followed by recovery) occurred in 1.9%
of awake gavage doses (6 of 324) compared with none in the
anesthetized gavage group (P = 0.0110; Figure 2). When the
total number of doses per group was considered, fewer than
1% of awake gavage doses (3 of 324 doses) were associated
with adverse consequences resulting in early removal from
study; this incidence did not differ significantly from that for
anesthetized gavage doses (0 of 360 doses; P = 0.1058). This
comparison assumes that the administration of a single dose
resulted in the observed adverse consequence rather than the
cumulative effect of multiple doses, an assumption supported
by the acute loss (rather than a gradual decline) of body weight
in individual mice (data not shown). When the total number
of mice per group was considered, significantly more animals
were lost over time from the awake gavage group (3 of 20 mice
[15%]) compared with the anesthetized gavage group (0 of
20 mice; P = 0.0425).

None of the mice in the control or anesthetized gavage groups
exhibited criteria for early removal from study, whereas 3 mice
in the awake gavage group were euthanized within the first 9
doses due to weight loss of greater than 10%. Of the 3 animals
euthanized early, none was identified due to abnormal clinical
signs during or immediately after gavage. For these individual
animals, early removal from study did not correlate with previ-
ous clinical outcome per dose (that is, gasping and incomplete
saline retention). At the time of early removal from study, one
mouse was mildly hunched, another had a rough coat and was
less active, and the remaining animal displayed no other sign
but weight loss. None of the mice in any group met the criteria
for early removal after study day 10.

Necropsy. Of the 3 mice removed early from study, the 2 mice
that displayed clinical signs both had complete esophageal tears
with unilateral fibrinopleuritis. The mouse with only weight
loss had a compressive salivary gland hematoma with a dilated,
aerophagic esophagus. Other than those in the animals removed
early from study, the only gross lesion observed during necropsy
was mild esophageal dilation (esophagectasia) at the heart base
(2 affected animals, one each from the awake and anesthetized
oral gavage groups).

Histopathology. There was no corresponding abnormal
histopathology for the 2 cases of esophagectasia (one from
each gavage group) observed on gross necropsy. None of the
animals that completed the study had abnormal histopathology,
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Figure 1. Body weight (mean + SEM [error bars]) over time. Neither
rate of weight gain nor final weight differed between groups (P = 0.93

and F, = 0.3391, P = 0.67, respectively).
6.9% § 0.003%
1.9%  x  (0%)
Awake Anesthetized
Gavage 3 None Gavage
Total doses = 320 Incomplete Vehicle Total doses = 360
Retention
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Figure 2. Abnormal clinical outcome per gavage dose. Compared with
the anesthetized group, mice in the awake gavage group experienced
increased incidences of incomplete vehicle retention (§, P < 0.0001;
defined as the appearance of vehicle in the mouth immediately after
administration) and gasping (x, P = 0.0110).

with the exception of one mouse in the awake gavage group
that was found to have periesophagitis consistent with a par-
tial esophageal tear (Figure 3) despite a lack of clinical signs
throughout the treatment period and no gross findings at nec-
ropsy. All mice removed early from study had corresponding
abnormal histopathology. Specifically, the 2 mice with complete
esophageal tears had acute, unilateral, fibrinous pleuritis with
exogenous vegetal material present and an acute, fibrinous
inflammation of esophageal connective tissue, whereas the
mouse with the compressive salivary gland hematoma had
interstitial hemorrhage and congested blood vessels within the
gland. Significantly more animals in the awake gavage group
had histologic lesions associated with the procedure when com-
pared with the anesthetized gavage group (4 of 20 compared
with 0 of 20, respectively; P = 0.0138; Table 1). Aside from these
findings, there was no evidence of esophageal inflammation for
any other mice in any of the 3 groups (Figure 4).

Measures of stress. None of the endpoints measured to evaluate
stress differed significantly between groups, including adrenal
gland weight (F, ;, =0.9386, P = 0.0719), neutrophil:lymphocyte
ratio (F,;, = 0.3361, P = 0.4802), and plasma corticosterone (1—"2 5
=2.956, P = 0.0556). However, one-way ANOVA indicated sig-
nificantly different means between groups for both total WBC
(Fz,54 =0.08944, P = 0.0170) and lymphocyte (1-"2,54 =0.03715,P =
0.0172) counts, and posthoc Tukey analyses revealed that mice
in the anesthetized group had lower total WBC and lymphocyte
counts on average when compared with either the control group
or the awake gavage group (Table 2).

Evaluation of mice undergoing oral gavage

Flgure 3. Esophageal histopathology of a mouse in the awake gavage
group, with marked periesophagitis within the esophageal wall (ar-
row) suggestive of a healed, partial esophageal tear. Hematoxylin and
eosin stain; magnification, 10x.

Table 1. Necropsy results

Awake  Anesthetized
Control ~ gavage gavage
Mild gross esophagectasia 0 1 1
Histopathology 0 42 0
Esophageal tear 0 30 0
Salivary gland hematoma 0 1 0

Data are given as the number of mice affected (1 = 20 per group)
aSignificantly (P < 0.05) different from values for control and anesthe-
tized gavage groups

PIncludes one partial esophageal tear

Flgure 4. Representatlve esophageal l'ustology from (A) control
(B) awake gavage, and (C) anesthetized gavage treatment groups. He-
matoxylin and eosin stain; magnification, 20x.
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Table 2. Hematologic parameters, plasma corticosterone concentrations, and adrenal gland weights of mice

Control Awake gavage Anesthetized gavage
WBC (x10%/uL) 6.40 £ 0.63 6.42 £0.57 5.38 £ 0.59°
Neutrophils (x10%/uL) 1.17+0.12 1.13+0.12 1.01+£0.12
Lymphocytes (x103/uL) 4.68 £ 0.49 4.79 £047 3.93£0.46%
Neutrophil:lymphocyte ratio 0.25+0.02 0.24 +0.03 0.26 £0.03
Plasma corticosterone concentration (ng/mL) 284.86 £ 50.20 370.57 £129.10 381.13 £85.50
Adrenal gland weight (mg) 9.35+1.00 10.65 £1.96 11.65+1.53

Data are given as mean + SEM (1 = 20 per group)

3Significantly different (P < 0.05) compared with values for control and awake gavage groups

Discussion

Support for the use of brief anesthesia as an oral gavage
refinement includes the observation that stress has been associ-
ated with the technique in awake rodents.>*%1% In addition, a
higher rate of adverse consequences when performing gavage in
awake compared with anesthetized rats was seen previously.?
The AALAS Learning Library lesson entitled “Working with the
Laboratory Mouse”! advises considering anesthesia for oral gav-
age to reduce the risk of esophageal trauma (citing reference?®)
and then contradicts the use of anesthesia by describing that
an awake mouse will facilitate administration by swallowing
the feeding needle.!"® Letters to the editor in response to the
previous study?® reported lower morbidity and mortality in
awake rats and mice and suggested that the results might reflect
insufficient training,?>3® although the authors’ response (pub-
lished alongside the letters to the editor) defended personnel
experience, training, and technique and proposed that the true
incidence of adverse consequences associated with oral gavage
is underreported.?” Arguments for performing oral gavage in
awake animals include published neuronal effects of long-term
(greater than 2 h) isoflurane anesthesia,”?44142 potential drug
interactions,?® and a higher incidence of incomplete saline
retention in rats when anesthetized for the procedure.”® We
performed the current study to assess the effects of serial oral
gavage performed on awake compared with anesthetized mice.

In our study, the mean body weight of neither gavage treat-
ment group (awake nor anesthetized) differed significantly
from that of the control group over the 4-wk course of daily
gavage treatment. The most consistent criterion that resulted
in early removal from study was loss of more than 10% of body
weight. Although other clinical signs were seen variably in
affected mice, signs were mild and nonspecific, emphasizing
the importance of recording individual body weight over time
when monitoring the health of animals undergoing oral gavage.
Given that adverse consequences were not readily apparent
after the associated dose administration, definitively attribut-
ing animal loss to the oral gavage procedure itself would have
been difficult without necropsy. This observation supports the
hypothesis that adverse consequences secondary to awake oral
gavage are potentially underrecognized and underreported,?”
particularly when concurrent with other study manipulations.

Esophageal tear was the most common adverse consequence
associated with gavage dosing, exclusively found here among
mice undergoing awake gavage. In addition, we found 2 cases
of esophagectasia, one from each gavage group (awake and
anesthetized). These cases were mild and subclinical and had
no corresponding histopathology, but esophagectasia associ-
ated with oral gavage might be a factor to consider in a subset
of scientific studies for its potential effect on mouse physiology
(for example, gastrointestinal transit time). One case of sali-
vary gland hematoma occurred (in the awake gavage group).

Although granulomatous inflammation of the salivary gland
occurred in a gavage-dosed control animal,* to our knowledge
salivary gland hemorrhage secondary to oral gavage has not
been reported previously. This unexpected adverse consequence
is likely very rare and of much less concern than is the risk of
esophageal tear when performing oral gavage in mice. Although
we initially intended to score esophageal inflammation on a
scale of 0 to 4, other than animals that were removed early due to
adverse consequences and one mouse with mild periesophagitis
discovered histologically (all within the awake gavage group),
esophageal inflammation was not apparent (score, 0) in mice
dosed by oral gavage—awake or anesthetized. When all doses
were assessed collectively, adverse consequences were not
significantly different in awake or anesthetized mice. How-
ever, cumulative loss of mice dosed serially was significantly
higher in those that were gavaged when awake compared with
anesthetized.

Several factors might have influenced our findings, and
results are likely multifactorial. First, the size of the gavage
needle we chose for this study (20-gauge with a 2.25-mm ball)
was one size larger than that AALAS recommends for mice
weighing 18 g (the average initial body weight).! However,
we based our choice of needle size on other oral gavage stud-
ies, which used the same size feeding needle on mice of the
same strain and age or younger without reported morbidity or
mortality.!%!18 In addition, the Kent Scientific product catalog
lists a gavage needle with an even larger tip (2.4 mm) for mice
weighing 15 to 20 g.?? Furthermore, the same gavage needle
was used for all gavage dose administrations for both awake
and anesthetized dosing. If gavage needle size was the only
reason for injury, adverse consequences would be expected to
occur in both awake and anesthetized animals. Second, as we
described in the introduction section, training and retraining
of rodent oral gavage technique is an important component of
personnel competency.2>33 Although the person that performed
all gavage procedures for this study has more than 2 y of experi-
ence dosing more than 60 mice daily in a preclinical setting, this
person had not recently performed daily oral gavage of mice
prior to the start of this study. All early removals due to adverse
consequences took place in the first 2 wk of the study, so it is
possible that the experimenter became more proficient in oral
dosing by the third week of study. However, this person had
performed oral gavage regularly prior to beginning this study,
and no appreciable change in technique was observed over the
4-wk study period. Last, overall, we did not find histopathologic
changes in mice esophaguses at the end of our 4-wk study pe-
riod. However, another study found a similar pattern of adverse
consequences when performing awake gavage in mice, with
15% mortality within the first 2 of 6 wk of daily gavage dosing;*
and another study reported altered immunotolerance after 14
d of consecutive gavage.?® These findings suggest that, within
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the first 2 wk, 1) a physical change may occur in the esophageal
epithelium and/or 2) mice become behaviorally acclimated to
the awake gavage procedure. Regardless of putative contribut-
ing factors, the highest risk of adverse consequence secondary
to gavage appears to be within the first 2 wk of daily awake
oral gavage.

Because one of the arguments for performing this procedure
in anesthetized animals is the associated stress of handling and
restraint of awake rodents, we measured several endpoints to
evaluate stress in the treatment groups studied. These measures
included adrenal gland weight,'® plasma corticosterone,?® and
neutrophil:lymphocyte ratio. None of the measures differed
significantly from the control group results (Table 1), indicating
that within the study period we evaluated (approximately 4 wk),
mice may become acclimated to the stress associated with daily
oral gavage and daily brief anesthesia. Because the concentra-
tion of circulating glucocorticoids is not generally a sensitive
indicator of stress, due to interanimal variability and normal di-
urnal cycles of glucocorticoid production, we measured adrenal
gland weight as an anatomic pathology biomarker of subacute to
chronic stress.!® In addition, the neutrophil:lymphocyte ratio has
been suggested as a potentially sensitive biomarker of chronic
stress in rodents.® Although the neutrophil:lymphocyte ratios
did not differ between our treatment groups, mice undergoing
daily brief anesthesia for oral gavage on average had sig-
nificantly fewer WBC and lymphocytes. Although lymphocyte
counts in mice can decrease with handling or other stressors, 3134
several studies suggest that anesthetics (including isoflurane
in mice) have immunomodulatory effects>'4?Y and isoflurane
anesthesia has been associated with altered WBC counts in small
mammals. One study found decreased total WBC and neutro-
phil counts in mice 2 d after more than 30 min of isoflurane
anesthesia,?’ and decreased lymphocytes have been observed
inisland flying foxes (Pteropus hypomelanus) after brief restraint
and isoflurane anesthesia.” The decreased lymphocyte counts
observed here for mice anesthetized daily might be indicators
of mildly increased stress, but none of the measures of stress
we assessed indicated significantly increased stress for any
particular group evaluated.

The incidence of incomplete saline retention was more than
20 times higher in mice gavaged when awake than in those
gavaged when anesthetized with isoflurane, in contrast to the
opposite trend in rats anesthetized with halothane for gavage.®
Incomplete retention of the administered substance is undesir-
able and can lead to numerous confounders for experimental
procedures because the precise dose is not delivered.

Oral gavage provides precise control of dose volume and
timing?"® which are critical factors in many studies. Refine-
ments and alternatives to oral gavage (for example, voluntary
oral consumption, flexible catheters) should be considered
when selecting materials and methods for any study requiring
oral dosing. In addition, training and retraining of personnel
is important to minimize the risk of adverse consequences
during rodent oral gavage. In the current study, awake gav-
age was associated with both a higher incidence of incomplete
saline retention and more frequent esophageal trauma, re-
sulting in removal of animals from the study. In addition, as
compared with other groups, we found no evidence of greater
stress after anesthesia, as reflected by corticosterone levels,
neutrophil:lymphocyte ratio, and adrenal weight. Finally, we
found that body weight was not affected by 18 d of daily brief
anesthesia for gavage. In conclusion, our findings support the
use of brief isoflurane anesthesia when performing serial oral
gavage in mice.

Evaluation of mice undergoing oral gavage
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