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Subcutaneous Compared with Intraperitoneal
Ketamine-Xylazine for Anesthesia of Mice

Maya Levin-Arama,! Lital Abraham,! Trevor Waner,> Alon Harmelin,® David M Steinberg,* Tal Lahav,*
and Mickey Harlev'’

Mice are commonly anesthetized intraperitoneally with a ketamine-xylazine (KX) solution. Although this route of admin-
istration allows rapid uptake of the injected drugs, its disadvantages and potential risks include pain, peritoneal irritation,
and perforation of an abdominal organ; some of the risks depend on the operator’s experience. We compared the efficacy of
intraperitoneal and subcutaneous administration of KX in HSD:ICR, BALB/cOlaHsd, and C57BL/6JOlaHsd mice in terms
of time to onset and duration of surgical anesthesia, procedure safety, and mortality. Male and female mice (n = 20 each sex
and strain) were anesthetized by using the same dose of intraperitoneal or subcutaneous KX. Time to onset and duration
of immobilization and time to onset and duration of surgical anesthesia according to the pedal reflex differed significantly
between strains. Within each strain, the durations of immobilization and surgical anesthesia were comparable between
the routes of administration. The sex of the mouse but not the route of administration influenced whether surgical anes-
thesia was achieved. None of the subcutaneously-injected mice died. After intraperitoneal injections, 30% of the female
mice died, compared with 3% of the male. In addition, fewer female mice achieved surgical anesthesia, suggesting a narrow
therapeutic window for intraperitoneal KX in female mice. In conclusion, surgical anesthesia of mice with subcutaneous KX
(K, 191.25 mg/kg; X, 4.25 mg/kg) seems to be safe, and the subcutaneous route is generally just as effective as the intraperitoneal
route. The variability among mouse strains and between sexes requires further investigation to determine the optimal dosage.

Abbreviation: KX, ketamine-xylazine

Mice are commonly anesthetized by using a ketamine-
xylazine (KX) cocktail.2%9-1217,18203032 Thijs combination is
considered relatively safe in mice and achieves effective anal-
gesia, muscle relaxation, and sedation.?”

Ketamine is a dissociative anesthetic that produces catalepsy,
analgesia, and immobilization characterized by CNS activation
and sympathetic stimulation.?® This drug has a wide safety
margin and a pronounced analgesic effect that prevents spinal
sensitization (‘wind-up’) by inhibiting N-methyl-D-aspartate
receptors.!* Xylazine is an o2-adrenergic agonist that produces
species-dependent dose-related CNS depression and has power-
ful sedative, hypnotic, and analgesic effects.' In rodents, the KX
cocktail is generally administered through the intraperitoneal
route. This injection method enables the operator to handle the
animals relatively easily.

A substance’s absorption, bioavailability, and metabolism
are affected by its chemical and physical properties as well as
by its dose and route of administration.®® In general, the rate
of absorption is the fastest for the intravenous route and then
decreases in the following order: intraperitoneal > intramuscular
> subcutaneous > oral.* Therefore, the intraperitoneal method
of administration is commonly used in small laboratory animals
in which the intravenous route is difficult to use. In addition,
intraperitoneal administration is an alternative for drugs that
might be degraded in the gastrointestinal tract if adminis-
tered orally. Although the intraperitoneal route is considered
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a routine route of administration in rodents, it has several
limitations and potential risks.* These include pain, sensitivity
of the peritoneum to irritating substances and to solutions of
nonphysiologic pH, formation of fibrous tissue with adhesions
within the abdominal cavity, needle perforation of an abdominal
organ, and hemorrhage. In addition, repeated administration
may result in cumulative irritant effects and needle-induced
damage.3® Furthermore, intraperitoneal administration might
result in injection into muscle, subcutaneous tissue, and the
intestine and other organs rather than injection exclusively into
the peritoneal cavity.!3152! All the complications mentioned can
lead to discomfort, pain, and even death. Furthermore, careful
aseptic conditions are needed, as well are operators that are well
trained in the handling and restraint of laboratory animals.?*
Therefore, identifying alternative routes for drug administra-
tion that preserve the drug’s efficacy contributes to maintaining
animal wellbeing.

Subcutaneous administration is easy and rarely painful in
conscious mice;*® however the response to the administration
of anesthesia by the subcutaneous route is considered to be less
predictable than for other routes.!* Subcutaneous ketamine is
occasionally used in humans for pain relief.#?° Drug absorption
through the subcutaneous route is thought to occur due to up-
take by small capillaries, but its exact mechanism is unclear.3?

We hypothesized that achieving surgical anesthesia with KX
by using the subcutaneous route would be comparable to that
after the intraperitoneal route and would therefore constitute
a refinement to the procedure due to the less traumatic and
less stressful injection. To that end, we compared the efficacy
of KX administration by the subcutaneous route with that of
the intraperitoneal route in 3 mice strains: HSD:ICR (CD1),
BALB/cOlaHsd, and C57BL/6]JOlaHsd. The effects of the KX
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administration route on the time to onset of immobilization, time
to onset of surgical anesthesia, duration of surgical anesthesia,
and duration of immobilization, as well as procedure safety
and mortality were compared. The influence of strain and sex
on each of these variables was investigated also.

Materials and Methods

This study was carried out at the Tel Aviv University Animal
Facilities, which work under the Israeli state law for preven-
tion of animal cruelty (animal experimentations) 1994! and a
permit granted by the NIH. All experimental procedures were
approved by the Tel Aviv University IACUC and followed
the National Research Council’s Guide for the Care and Use of
Laboratory Animals'® and the Regulations of the Israeli Council for
Experiments with Animals, 2001.34

Animals and housing conditions. Mice from 3 different
strains—ICR, BALB/c and C57BL/6] (20 males and 20 females
from each strain; age, 8 to 12 wk of age)—and free of viral, bacte-
rial, and parasitic diseases in accordance with the Guidelines of
the Federation of European Laboratory Animal Science Associations
(FELASA)® were purchased from Harlan Laboratories (Jeru-
salem, Israel).

The mice were housed in groups of 5 in open cages and main-
tained on a 12:12-h light:dark cycle. Each cage was provided
with unrestricted access to municipal water and sterilized food
(Rodent Diet 2018¢, Harlan-Teklad, Madison, WI) and sterilized
laboratory animal bedding (Sani-chips 7090, Harlan-Teklad).
All the cages were supplied with cotton balls (Assouta, Petach
Tikva, Israel) as nesting material for enrichment. Room tempera-
ture was maintained under climate-controlled conditions at 21 +
2°C, and the air-change rate was 15 to 20 times hourly. The mice
were acclimated for at least 1 wk before the start of the study.

Experimental procedures. The mice were randomly allocated
into 2 groups according to injection route (subcutaneous or in-
traperitoneal) by using the ‘rand’ function of the Excel program
(Microsoft, Redmond, WA); 10 male and 10 female mice from
each strain were injected by using each route. The study was
performed in a blinded manner: the researcher measuring the
various parameters was unaware of the route of administration
of the KX cocktail.

Anesthetic drugs. The anesthetics used in this study were
ketamine (100 mg/mL, Clorketam, Vetquinol, Lure, France)
and xylazine (20 mg/mL, Sedaxylan Veterinary, Eurovet Animal
Health, Bladel, Netherlands). To establish the most suitable dose
for achieving surgical anesthesia by the intraperitoneal injec-
tion method, a pilot study was performed in 10 male BALB/c
mice per dose. Reported doses of KX for surgical anesthesia in
laboratory mice range from 80 to 200 mg/kg ketamine and 0.5
to 10 mg/kg xylazine.® In the pilot study, we evaluated 4 KX
doses: 80 mg/kg ketamine and 16 mg/kg xylazine; 100 mg/kg
and 4 mg/kg; 100 mg/kg and 10 mg/kg; and 191.25 mg/kg and
4.25 mg/kg. These doses are routinely used by several labora-
tories at our institute. In the preliminary study, intraperitoneal
doses of 80-16 mg/kg and 100-4 mg/kg KX failed to achieve
surgical anesthesia in mice, whereas a dose of 100-10 mg/kg
accomplished partial surgical anesthesia; all mice injected in-
traperitoneally with 191.25-4.25 mg/kg KX achieved surgical
anesthesia. We therefore chose the dose of 191.25-4.25 mg/kg
KX for the main study (data not shown).

The anesthetic solution was freshly prepared at each ex-
perimental time point by diluting 0.1 mL xylazine and 0.9 mL
ketamine in 3 mL sterile saline (0.9% sodium chloride) in a
plastic vial to provide a final volume of 4 mL; this mixture
was used immediately to facilitate accurate dosing. A volume
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of 0.085 mL per 10 g of body weight was injected according to
either the intraperitoneal or subcutaneous route, according to
a randomization scheme. The mice were weighed on a balance
(catalog no. N2B110, Navigator Balance, Ohaus, Néanikon,
Switzerland) that was calibrated annually. The accuracy of the
balance was checked daily by using a 20-g weight.

Injection techniques. Intraperitoneal injection. Mice were
restrained by the scruff. The ventral side of the animal was
exposed, and the head was tilted down at a slight angle. A
sterile 25-gauge needle was placed, bevel up, in the lower right
quadrant of the animal’s abdomen. The needle was inserted at
a 30° angle, to a depth of approximately 0.5 cm. Aspiration was
used to confirm correct needle placement, and the anesthetic
solution was injected.

Subcutaneous injection. The mice were restrained by the scruff
as they stood on the wire lid of the cage. A sterile 25-gauge
needle was placed in a tent of skin over the scruff, bevel up,
parallel to the skin and directed toward the posterior of the
animal. The needle was inserted about 0.5 cm. Aspiration was
used to confirm correct needle placement, and the anesthetic
cocktail was injected.

Induction and monitoring of surgical anesthesia. The time of
injection was recorded, and the mice were immediately replaced
in a cage. Once the righting reflex was lost, the animals were
placed on a heated platform that accurately monitors core body
temperature and automatically adjusts to maintain the correct
body temperature (PhysioSuite, Kent Scientific, Torrington, CT);
sterile lubricant eye drops containing carbomer (2 mg/g, Vis-
cotears, Novartis, Basel, Switzerland) were applied to preserve
eye moisture. The pedal withdrawal reflex® was assessed on the
hindlimbs and measured as the response to pressure from a
modified curved 5-in. Halstead mosquito forceps closed to the
first level. To minimize tissue trauma to the paw and to stand-
ardize the amount of pressure applied, the mosquito forceps
were modified by bending one arm (Figure 1), thus precluding
complete closure of the arms. Pedal withdrawal reflexes were
recorded as fast (score, 1), moderate to low (score, 2), or absent
(score, 3). The stimulus was repeated every 5 min on alternate
legs until the animal displayed spontaneous locomotor activ-
ity (recorded as the recovery time). Mice with scores that did
not meet the criteria (that is, did not achieve a score of 3) were
considered to be in a light plane of anesthesia and thus unsuit-
able for surgery.

The data recorded were injection time, time at loss of righting
reflex, time at loss of the hindlimb pedal reflex, time at which a
moderate or rapid pedal reflex was regained, and time at which
the righting reflex was recovered. The variables analyzed were
calculated from these times as follows: time to onset of immo-
bilization (time from injection until loss of righting reflex), time
to onset of surgical anesthesia (time from injection until loss
of the pedal reflex) duration of surgical anesthesia (time from
the loss of the pedal reflex to the time at which a moderate or
rapid pedal withdrawal reflex was regained), and duration of
immobilization (elapsed time from the loss of to recovery of
the righting reflex).

Histology. To assess whether injection by the subcutaneous
route induces damage to the tissue surrounding the site of
administration, BALB/c mice were injected intraperitoneally
or subcutaneously as described (1 = 4 for each route of admin-
istration). At 48 h after the injection, the mice were euthanized
by CO,, and full-thickness samples (diameter, 1.5 cm) were
excised from the tissue surrounding the site of injection for
histopathology examination. In the mice injected subcutane-
ously, the section included the skin and subcutaneous tissue;
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Figure 1. Modified curved 5-in. Halstead mosquito forceps. Pedal
withdrawal reflexes were measured in the hindlimbs as the response
to curved 5-inch Halstead mosquito forceps closure on the first level.
The mosquito forceps were modified by bending one arm, thus pre-
cluding complete closure of the arms.

in the mice injected intraperitoneally, the section included the
skin, subcutaneous tissue, and abdominal wall.

Statistical analysis. Results were summarized as percentages
(for categorical data) or averages and standard deviations (for
continuous data). The Fisher exact test and Pearson chi-squared
test were used to compare categorical data between injection
methods, sexes, and strains. ANOVA was conducted to compare
the duration of immobilization by injection method, adjusted
for sex and strain, with associated confidence intervals. Data
for time to loss of righting reflex (that is, time to onset of im-
mobilization) and duration of surgical anesthesia were not
normally distributed and therefore were analyzed by using
the Mann-Whitney and Kruskal-Wallis tests, with confidence
intervals calculated by using the bootstrap method. Statistical
analysis was performed by using SPSS 21 (IBM, Armonk, NY)
and R 2.15.2 (www.r-project.org). Logistic regression was used to
assess which factors were related to whether surgical anesthesia
was achieved. Results were considered statistically significant
when P values were 0.05 or less.

Results

Time to onset of immobilization. The time to onset of immo-
bilization ranged from 2.4 + 0.5 min in C57BL/6] female mice
that were injected intraperitoneally with KX to 3.1 £ 0.7 min
in ICR females injected subcutaneously. In males, the time to
onset of immobilization ranged from 2.3 £+ 0.5 min in C57BL/6]
mice injected intraperitoneally to 3.4 + 0.5 min in BALB/c mice
injected intraperitoneally (Table 1). Time to onset of immobiliza-
tion differed (P < 0.001) among the strains, with C57BL/6] mice
(males and females, pooled data) reaching immobilization most
rapidly by both routes of administration (2.4 + 0.5 min for mice
injected intraperitoneally and 2.7 £ 0.5 min for mice injected
subcutaneously) and BALB/c (males and females, pooled data)
reaching immobilization the slowest for both routes of admin-
istration (3.1 £ 0.6 min for mice injected intraperitoneally and
3.0 £ 0.7 min for mice injected subcutaneously), whereas ICR
mice (males and females, pooled data) reached immobiliza-
tion in 2.9 £ 0.5 min when injected intraperitoneally and 2.8 +
0.7 min when injected subcutaneously. Assessment of the time
to onset of immobilization within strains showed that BALB/c
female mice injected intraperitoneally reached immobilization
significantly faster than did BALB/c males injected intraperi-
toneally (2.9 £ 0.6 min compared with 3.4 = 0.6 min, P = 0.04),
and C57BL/6] female mice injected intraperitoneally reached
immobilization faster than did C57Bl/6] females injected subcu-
taneously (2.4 + 0.5 min compared with 2.9 0.3 min, P = 0.03).

No other statistically significant differences within strains were
observed for the time to onset of immobilization, either between
males and females using the same route of administration or
between routes of administration in the same sex (Table 1).

Duration of immobilization. All mice became immobilized.
The average duration of immobilization in female mice ranged
from 46.9 + 6.3 min in ICR females injected intraperitoneally to
72.6 £10.3 min in C57BL/6] females injected intraperitoneally.
In males, the average duration of immobilization ranged from
51.7 £ 5.2 min in ICR males injected intraperitoneally to 74.3 +
16.1 min in BALB/c males injected subcutaneously (Table 1).
The average duration of immobilization differed significantly by
strain (pooled data from all mice of a particular strain injected
by both methods): specifically, ICR mice had a significantly
shorter duration of immobilization than did BALB/c and
C57BL/6] mice (ICR, 53.0 £ 7.5 min; BALB/c, 69.9 £ 13.3 min;
C57BL/6], 71.8 £ 12.5 min, P < 0.001, Figure 2). Within the
C57BL/6] and BALB/c groups, administration of KX by ei-
ther the intraperitoneal or the subcutaneous route resulted in
similar average duration of immobilization, whereas ICR males
injected intraperitoneally had a significantly shorter duration of
immobilization than did those injected subcutaneously (51.7 +
5.2 min compared with 59.1 + 5.5 min, P = 0.006).

The sex of the mice did not affect the average duration of
immobilization within strains, regardless of the route of ad-
ministration.

Achievement of surgical anesthesia. A larger proportion of
pooled male and female data from BALB/c (13 of 14 mice, 93%)
and C57BL/6] (18 of 18 mice, 100%) mice injected by the intra-
peritoneal route achieved surgical anesthesia as compared with
the subcutaneously injected counterparts (16 of 20 mice [80%]
and 14 of 19 mice [74%], respectively). In contrast, more ICR
mice (pooled male and female data) achieved surgical anesthesia
after subcutaneous compared with intraperitoneal injection of
KX (15 of 20 mice [75%] compared with 11 of 18 mice [61%]).

Notably, significantly more male mice in both administration-
route groups achieved surgical anesthesia than did female mice
(52 of 59 males [88%] compared with 35 of 50 females [70%)], P =
0.03). Indeed, analysis by logistic regression showed that mouse
sex—but not mode of administration or mouse strain—affected
whether surgical anesthesia was achieved (P = 0.044).

Time to onset of surgical anesthesia. The average time to onset
of surgical anesthesia in female mice ranged from 6.7 2.6 min
in BALB/c females injected intraperitoneally to 25.0 + 6.7 min
in C57BL/6] females injected subcutaneously. In males, the
average duration of surgical anesthesia ranged from 6.7 + 5.0
min observed in ICR mice injected intraperitoneally to 19.4 +
15.0 min in C57BL/6] males injected subcutaneously (Table 1).

The average time to onset of surgical anesthesia differed
significantly by strain: it was shortest in BALB/c mice (12.8 =
6.3 min, pooled data of all mice of this strain injected by both
methods) and longest in C57BL/6] mice (18.1 + 6.6 min),
whereas it was 13.9 £ 7.8 min in ICR mice (P < 0.0014 for the
difference among the strains). In addition, the average time to
onset of surgical anesthesia differed significantly by injection
method (13.0 + 7.3 min for all mice injected intraperitoneally
compared with 17.0 £ 6.6 min for all mice injected subcutane-
ously, P < 0.0120).

Duration of surgical anesthesia. The average duration of
surgical anesthesia in female mice ranged from 15.0 min in ICR
females injected intraperitoneally (notably, only 2 of the10 ICR
females injected intraperitoneally achieved surgical anesthesia)
to 34.0 + 5.5 min in BALB/c females injected intraperitoneally.
In males, the average duration of surgical anesthesia ranged
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Table 1. Effect of injection route on anesthetic parameters (mean + SEM) in mice

Time to onset Achieved Time to onset Duration of Duration of
of immobilization ~ surgical of surgical surgical immobilization
Sex Route n Weight (g)  Died (min) anesthesia® anesthesia (min) anesthesia (min) (min)
BALB/c
F P 10 20.1+1.1 5 (50) 29+0.6 5/5 (100) 6.7+2.6 340155 67.0+124
SC 10 19.8+1.3 0 28104 8/10 (80) 125+4.6 294+9.0 67.8+12.0
M P 10 248+1.7 1(10) 34+05 8/9 (89) 13.8+4.4 28.8+11.6 68.8 +14.2
SC 10 25.0+1.6 0 3.1£09 8/10 (80) 16.9£8.0 25.0+15.1 743+ 16.1
ICR
F 1P 10 264+19 2 (20) 3.0£0.5 2/8(25) 20.0+10.0 15.0+0.0 469+6.3
SC 10 24.7+3.3 0 3.1+£0.7 6/10 (60) 20.0+7.8 17.5+8.2 53.0+8.0
M P 10 30.1+£1.9 0 2.7+05 9/10 (90) 6.7+5.0 30.0+7.1 51.7+5.2
SC 10 29.8+1.8 0 24105 9/10 (90) 156+64 26.7+12.0 59.1+5.5
C57BL/6]
F 1P 10 18.0+1.2 2 (20) 24105 8/8 (100) 15.0+6.9 25.0+11.0 72.6 £10.3
SCP 9 19.1+1.4 0 29+03 6/9 (67) 25.0+6.7 275+7.6 70.2+19.6
M P 10 204+1.3 0 2.3%0.5 10/10(100) 10.0+7.8 30.5+16.1 70.6 £9.1
SC 10 21.0+1.3 0 25+0.5 8/10 (80) 19.4+15.0 25.6+10.2 73.6+10.4
Total
F P 30 214+39  9(30) 2.8+0.6 15/21 (71) 144+8.1 26.7+10.5 61.5+15.0
SCb 29 214+34 0 29+0.5 20/29 (69) 16.8£6.9 253+9.5 63.5+154
M P 30 251143 1(3) 2.8+0.6 27/29 (93) 123+6.7 29.8+11.9 63.5+13.0
SC 30 253139 0 27+£0.7 25/30 (83) 17.2+6.5 21.5+14.7 69.0+13.2
all P 60 233+45 10(17) 2.8+0.6 42/50 (84) 13.0+7.3 28.0+12.1 62.7+13.8
SC 59 23.4+42 0 2.8%0.6 45/59 (76) 170+ 6.6 25.6+10.9 66.3+14.5

E, female; IP, intraperitoneal; M, male; SC, subcutaneous

Continuous variables are displayed as mean + 1 SD, and categorical variables are displayed as 1 (%).
aMice that died were excluded from analysis. Data are given as no. anesthetized /no. injected (% anesthetized)
"One female C57BL/6] was excluded from the experiment due to low body weight.

100.0 7
90.0 -
80.0 -
70.0
60.0

of i
(minutes)

WBALB/c
50.0
BICR
40.0

Bc578L/6)
30.0 A

20.0 A

< 10.0 A
0.0

JIP J'sC

?sc
Mode of administration and mouse sex

Figure 2. Duration of immobilization among mice after subcutaneous
compared with intraperitoneal administration of KX. Duration of im-
mobilization was measured in 10 male and 10 female mice from each
strain as the time from loss of to recovery of the righting reflex. §, P
<0.001.

from 25.0 £ 15.1 min observed in BALB/c males injected
subcutaneously to 30.5 + 16.1 min in C57BL/6] males injected
intraperitoneally (Table 1). Within the BALB/c and C57BL/6]
groups (pooled data for males and females), the average dura-
tion of surgical anesthesia was similar after administration of
KX by the intraperitoneal and subcutaneous routes (Table 1
and Figure 3). Because only 20% (2 of 10) of ICR female mice
injected intraperitoneally achieved surgical anesthesia, the
average duration of surgical anesthesia of ICR females injected
intraperitoneally could not be compared statistically with that
of the females injected subcutaneously or with that of males
injected intraperitoneally within the same strain.

Mortality. No deaths occurred in the subcutaneous-adminis-
tration groups, whereas 16.7% (10 of 60 mice) of mice injected
intraperitoneally died (P = 0.0007). Significantly more females
died after intraperitoneal injection (9 of 30 mice, 30%) compared
with males (1 of 30 mice, 3%, P = 0.006). Specifically by strain,
50% (5 of 10) of BALB/c females, 10% (1 of 10) of BALB/c males,
20% (2 of 10) of ICR females, and 20% of (2 of 10) C57BL /6] fe-
males died after receiving the anesthetic by the intraperitoneal
injection route (Table 1).

Histology. No abnormal pathology was observed at the site
of injection in the mice injected intraperitoneally. In the mice
injected subcutaneously, mild edema with mixed infiltration of
neutrophils and lymphocytes was present. In one case, mild in-
filtration of inflammatory cells between muscle fibers was noted.

Discussion

The requirement to maintain animal welfare and safety falls
under the ‘Refinement’ category of the ‘3 Rs” and constitutes
an important goal in laboratory animal practice.?® Therefore,
when considering an anesthetic regimen for mice undergoing
a study, the invasiveness of the route and its potential effect on
animal wellbeing should be considered along with other fac-
tors such as bioavailability, depth and duration of anesthesia
desired, drug and equipment availability, the technical skill
of the anesthetist, and the strain and sex of the animals. Any
change in technique that leads to a more refined and less inva-
sive procedure is preferable.

In the current study, we compared the efficacy of intraperi-
toneal administration of KX for inducing surgical anesthesia
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with that of subcutaneous administration of KX in 3 common
laboratory mouse strains. Our results show that after injection
of KX by the intraperitoneal route compared with subcutane-
ous dosing, statistically significant differences among strains
emerged regarding the times to onset and average durations
of immobilization and surgical anesthesia. Within each strain,
however, both methods of administration—intraperitoneal
and subcutaneous—resulted in comparable time to onset of
immobilization. Exceptions were the time to onset of immobi-
lization in BALB/c female mice injected intraperitoneally and
in C57BL/ 6] female mice injected intraperitoneally: these times
were significantly shorter than those of BALB/c males injected
intraperitoneally and of C57Bl/6] females injected subcutane-
ously, respectively. However, these differences in the time to
onset of immobilization are not clinically meaningful.

The durations of immobilization and surgical anesthesia
within each strain were generally comparable between the
routes of administration. An exception was the significantly
shorter duration of immobilization observed for ICR males
injected intraperitoneally compared with males of the same
strain injected subcutaneously. Our findings are in line with
those described in a previous study, which did not find statisti-
cal differences between routes of administration in mice when
comparing the onset and depth of anesthesia and changes in
vital signs after intraperitoneal or subcutaneous administra-
tion of ketamine (75 mg/kg) combined with medetomidine
(1 mg/kg) or dexmedetomidine (0.5 mg/kg).° Importantly, none
of the mice we anesthetized by the subcutaneous route died,
indicating that this administration route might be safer than
intraperitoneal injection when using a dose of 191.25 mg/kg
ketamine and 4.25 mg/kg xylazine.

Subcutaneous injection has many advantages. First, the
animal experiences less trauma because the needle penetrates
only the skin, whereas when the intraperitoneal route of ad-
ministration is used, the needle penetrates the skin, muscle, and
peritoneum and carries the risk of damage to internal organs.?!
Second, in contrast to intraperitoneal injection, subcutaneous
injection does not require turning the mouse on its back and
tilting the head downward, potentially causing increased dis-
tress. Subcutaneous administration requires less technical skill
than does intraperitoneal dosing, it avoids potential damage
to internal organs and peritonitis due to chemical irritancy
or poor technique, and, depending on the dose chosen, may
result in lower mortality. The disadvantages of the subcutane-
ous route include the presence of a tissue reaction at the site of
injection and increased variability in several of the measured

parameters. For example, in the current study, fewer animals
reached a surgical plane of anesthesia with subcutaneous dos-
ing than with intraperitoneal dosing. This difference could be
problematic for investigators wanting to perform surgery in
KX-anesthetized animals.

Sex, strain, and the route of administration can influence the
response to surgical anesthesia induced by KX and its effec-
tiveness. Strain-associated differences regarding the response
to surgical anesthesia can be expected, especially between
inbred strains and between outbred compared with inbred
strains.!%22232631 In our study, sex and strain appeared to in-
fluence the parameters of surgical anesthesia. This effect was
particularly notable as the smaller proportions of ICR females
injected intraperitoneally or subcutaneously that achieved
surgical anesthesia (25% and 60%, respectively), compared with
90% of ICR males injected by either route of administration.
Moreover, the time to onset of surgical anesthesia was relatively
longer in the ICR females who did achieve surgical anesthesia,
whereas the duration of anesthesia was relatively short. Mouse
sex and strain affected mouse mortality after KX injection by
the intraperitoneal route, with BALB/c female mice showing
the highest rate of mortality. The observation that more females
died after intraperitoneal injection than did males injected by
the same route coupled with the observation that fewer female
than male mice achieved surgical anesthesia suggests a narrow
therapeutic window for KX in female mice when administered
intraperitoneally. Strain, body weight, age, and sex contributed
to anesthetic variability in rabbits!® possibly due to differences
in plasma corticosteroids, sex hormones, or hepatic enzymes.!”
The influence of the sex of the animal on anesthetic agents re-
mains poorly researched and understood.” Studies in humans
have shown that women seem to be more sensitive to opioid
receptor agonists than are men and may experience respiratory
depression and other adverse effects when given the same dos-
age as that for males.”?” In addition, women have a 20% to 30%
greater sensitivity to muscle relaxants.”” No definitive evidence
has been found in the laboratory animal literature to support
our finding. The observed differences among strains imply
that further experiments should examine the specific dose for
each mouse strain and sex, given that the ideal dose of KX for
subcutaneous administration may be higher or different doses
of the individual components of the cocktail may be required
compared with those for intraperitoneal administration. It is
important that investigators realize that an animal’s sex and
strain can affect the efficacy of KX anesthesia and account for
these variabilities when planning their studies.

Histology analysis of the injection sites revealed only mild
damage to the surrounding tissues in the mice injected subcu-
taneously. This finding should be further explored to confirm
that subcutaneous can replace intraperitoneal as a route of
administration for inducing surgical anesthesia with KX.
Although the intraperitoneal injection is generally presumed
to not induce damage to the surrounding tissue, it is difficult
to evaluate the site of injection in the peritoneum because the
internal organs change locations, whereas the specific site of
injection after subcutaneous administration is easier to locate.
One group® reported that findings at the intraperitoneal injec-
tion sites of a KX combination consisted of inflammation and
adipose necrosis, which were interpreted as being secondary
to, or extensions of, muscle necrosis.

In conclusion, surgical anesthesia of mice with 191.25 mg/kg
ketamine and 4.25 mg/kg xylazine by using the subcutaneous
route of administration seems to be safe and, in some cases,
just as effective as the intraperitoneal route. Ideal doses for
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inducing surgical anesthesia by using KX injected subcutane-
ously have yet to be determined and may well differ among
various strain—sex combinations. The dose we used in the
current study worked well for BALB/c males by the intra-
peritoneal route but appeared too high for BALB/c females
when given by the intraperitoneal route and too low for ICR
females when given by either the subcutaneous or intraperi-
toneal route.

We presume that the wellbeing of the mice is enhanced with
the subcutaneous route of administration because it may cause
less distress and does not involve turning the animal on its back.
Furthermore, subcutaneous administration avoids the risk of
puncture of abdominal organs. The subcutaneous route may
therefore be interpreted as a potential refinement of the use of
murine models in biomedical research and provide an effective
alternative to intraperitoneal dosing when anesthetizing mice
with KX. Because we noted considerable variability between
mouse strains and between sexes in several of the parameters
measured, further studies should investigate the influence of
variables such as body composition, metabolic parameters,
and hormonal differences on anesthetic parameters after
subcutaneous administration of KX. In addition, safe and ef-
fective KX doses for strain- and sex-specific subgroups should
be determined.
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