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pfidel@Isuhsc.edu In rodent models, tail vein injections are important methods for intravenous
administration of experimental agents. Tail vein injections typically involve warming

Citation of the animal to promote vasodilation, which aids in both the identification of the

Yano, J., Lilly, E.A., Noverr, M.C., blood vessels and positioning of the needle into the vessel lumen while securely

Fidel, P.L. A Contemporary Warming/
Restraining Device for Efficient Tail Vein restraining the animal. Although tail vein injections are common procedures in many
Injections in a Murine Fungal Sepsis
Model. J. Vis. Exp. (165), €61961,

doi:10.3791/61961 (2020). consistent injections are crucial to obtain reproducible results and minimize variability.

protocols and are not considered highly technical if performed correctly, accurate and

Conventional methods for inducing vasodilation prior to tail vein injections generally

Date Published depend on the use of a heat source such as a heat lamp, electrical/rechargeable heat

November 6, 2020 pads, or pre-heated water at 37 °C. Despite being readily accessible in a standard
Dol laboratory setting, these tools evidently suffer from poor/limited thermo-regulatory
capacity. Similarly, although various forms of restraining devices are commercially
10.3791/61961
available, they must be used carefully to avoid trauma to the animals. These limitations
URL of the current methods create unnecessary variables in experiments or result in varying

jove.comvideo/61961 outcomes between experiments and/or laboratories.

In this article, we demonstrate an improved protocol using an innovative device that
combines an independent, thermally regulated, warming device with an adjustable
restraining unit into one system for efficient streamlined tail vein injection. The example
we use is an intravenous model of fungal bloodstream infection that results in sepsis.
The warming apparatus consists of a heat-reflective acrylic box installed with an
adjustable automatic thermostat to maintain the internal temperature at a pre-set
threshold. Likewise, the width and height of the cone restraining apparatus can be
adjusted to safely accommodate various rodent sizes. With the advanced and versatile
features of the device, the technique shown here could become a useful tool across

a range of research areas involving rodent models that employ tail vein injections.
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Introduction

The use of animal models involving rodents has been a
staple of biomedical research. Numerous inbred and outbred
strains, as well as genetically modified lines, are available
and routinely used in laboratories worldwide. Tail vein
injection is one of the essential methods in rodent models
requiring intravenous (i.v.) administration of experimental
agents. Generally, i.v. injections have major advantages over
other routes of administration such as high absorbance rates
by bypassing local tissues and the digestive tract and high
tolerance to solutions of a wide range of concentrations or
non-physiological pH1 2,3.4, Among other viable i.v. routes
(e.g., saphenous veins, retro-orbital venous sinus), tail veins
are considered the safest and most readily accessible blood

2,3.5.6 Hence, tail vein injection has been

vessel in rodents
widely employed in an array of rodent models including
infectious disease models7'8'9, transplantation of biological

10,11 12,13

materials , evaluation of preclinical therapeutics

and toxicological analyses'#1°.

Consistency and accuracy of dosing are a critical requirement
in successful tail vein injections. Surprisingly, quantitative and
qualitative evaluation of tail vein injections in the literature
implicates frequent mis-injections16’17. A study reported that
twelve out of thirty injections performed by trained injectors
left more than 10% of injected doses within the tail®. In
addition, the safety and comfort of the animal receiving
tail vein injections should be a primary concern during the
procedure. Improper restraint can lead to injuries and a range
of stress-related pathologies (e.g., weight loss, impaired
immune responses) that could introduce substantial variables

in sample quality19’20. These errors can cause increased

variability in data and poor reproducibility, thus negatively

affecting study outcomes.

Induction of vascular dilation in the animal is often necessary
when performing tail vein injections due to the small diameter
of the vessel, estimated to be 300 pm in mice?". Vasodilation
enhances the visibility of tail veins and aids in achieving
optimal needle-vein alignment within the venous lumen. A
variety of methods have been reported by laboratories such
as immersing the tail in warm water?2, applying heat to

the tail using a warm drape, lamp, or hair dryer23'24,

or
placing the animal in a warm environment using a heating
pad, incubator, or box combined with one of these heat
sources?®. The devices can be either self-made for specific
purposes or available from commercial suppliers. However,
many lack thermoregulatory capabilities and if any, the
device temperature is poorly maintained and often subject
to variations in room temperature. Similarly, the use of a
restraining device is necessary for tail vein injections as
the use of anesthesia is not recommended?6-27. Several
types of laboratory-specific or commercial restraining devices
have been developed. Typically, the animal is placed in a
disposable 50 ml conical tube*, slotted plexiglass walls, a
tunnel, or cone?8, all of which allow ample exposure of
the tail while restricting movements of the animal. However,
most restrainers have size limitations due to the rigidity of
the materials. Furthermore, modern high-complexity devices,
despite the practical and sophisticated designs, do not
appear to be feasible for injections involving large groups of

animals?2.

Mouse models of bloodstream infection and associated

sepsis are a prime example of situations requiring the
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use of this technique. Among all microbial etiology of
severe clinical sepsis, fungal sepsis is often a fatal
condition with mortality rates of >40% despite antifungal
therapy??. In fact, infection by Candida albicans has been
reported as the fourth leading cause of hospital-acquired

30.31 |5 intra-abdominal

bloodstream infection (candidemia)
candidiasis, microorganisms in the gastrointestinal tract can
disseminate via the bloodstream and cause polymicrobial
sepsis with an even greater mortality32’33'34. As most
nosocomial candidemia cases emerge from contaminated
central line catheters or indwelling medical devices35:36 jv.
inoculation with C. albicans by tail vein injection can closely
mirror human sepsis development and has been a staple
method in a mouse model of hematogenously disseminated
candidiasis®” 38 In this model, mortality that occurs in days
can be extended or shortened by adjusting the C. albicansi.v.

inoculum39:40.41,

Recently, our laboratory has developed an innovative
protocol for an optimally streamlined tail vein injection
using an innovative device equipped with a thermoregulated
warming unit, paired with an adjustable restraining unit, in
one convenient system. This protocol allows researchers to
perform tail vein injections in an accurate and timely manner,
while animals can be safely conditioned and restrained
for the procedure with minimal distress. The techniques
demonstrated here, with the use of the advanced warming

and restraining device, could serve as a useful tool in various

research areas employing rodent models.

Protocol

All animal protocols involving tail vein injections and use of
the warming/restraining device were reviewed and approved

by the local Institutional Animal Care Committee (IACUC).

1. Preparation

1. Acclimate animals in the housing environment for at least
1 week, and allow food and water ad libitum.
NOTE: For most new users of this injection technique,
animal strains with white or light-colored fur may be
preferable as the tail veins are readily visible through
the skin. Dark-colored strains of mice (e.g., C57BL/6) or
rats (e.g., Brown Norway) have deeply pigmented tails,
resulting in a weak color contrast against the vein. It is
highly recommended that new users receive adequate

training until proficiency is attained.
2. Agents for tail vein injection

1. Prepare all test agents and solutions aseptically.
When administering organisms or cellular materials,
take precautions during all steps of processing to

maintain pyrogen-free conditions.

2. Use only normal saline (0.9% w/v sodium chloride) or
balanced salt solutions such as phosphate-buffered
saline (PBS) as vehicles for tail vein injection.
CAUTION: Never use water, oil, or viscous solutions
owing to the potential risk of vascular damage. A
wide range of pH (4.5-8.0) is tolerable because of
the buffering effect of blood and fast blood flow
rates in rodents. However, highly acidic or alkaline
solutions can result in unnecessary tissue damage at

the injection site and should be avoided.

3. Limit the volume and frequency of injection to a
minimum. Use the recommended volumes for mice
and rats (=200 pL and <500 pL, respectively) at body

temperature before injection to minimize stress to the

animal®.
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4. Ensure that each preparation of the syringe and

needle is free from air bubbles in the solution;
if bubbles are present, purge them completely to
prevent the risk for embolism.

NOTE: Typically, 1 mL syringes with 27 G, -in

needles are adequate for most tail vein injections.

Use appropriate personal protective equipment (PPE)
required by local IACUC with the minimum of
disposable or dedicated gowns and latex or nitrile
gloves. Use of safety glasses is highly recommended

when performing tail vein injection.

3. The warming and restraint device

1.

Carefully inspect all components before use to ensure

that the device is free of any defects (Figure 1).
Warming device initialization (Figure 2A)

1. Place the warming unit on a clean flat benchtop,

and power the device on. Ensure that the
thermostat power indicator lamp is lit green. Place
bedding materials inside the warming chamber to

keep the area dry and retain heat.
Restraint device setup (Figure 2B)

1. Place the restraint unit alongside the warming
unit, and determine the appropriate cone sizes for
the animal. If necessary, manually adjust the base
widths of the pliable aluminum cone to provide
adequate restraint for the animal. Alternatively,
replace the cone with custom-fitted models to

accommodate mice or rats of varying body sizes.

2. Tail vein injection

1.

Apparatus adjustments

1.

Setting the internal temperature

1. Using the control dial, set the thermostat at
the desired temperature. Ensure that the heater
indicator is lit red, and that the light bulb
illuminates. Monitor the internal temperature

display carefully while the bulb is illuminated

(heating). The thermostat inactivates the bulb

automatically once a target temperature has

reached, approximately in 10—-15 min.

NOTE: Setting a temperature higher than the

ambient temperature activates the heater. In

general, the recommended housing temperature
in standard vivarium conditions vary, ranging from

20 to 26 °C, while the neutral (i.e., comfortable)

temperature for laboratory mice is considered to

be between 30 and 32 °C*2. Therefore, it is
recommended that the internal temperature of
the warming chamber be elevated slightly higher
than thermoneutrality, approximately at 32-36
°C. Never set the thermostat above the body

temperature.

2. Positioning the restraint platform

1. Using the height adjustment knob, adjust the cone

height to the optimal level for the user.

2. Heat treatment (Figure 3A)

1.

Once the target temperature has been reached (32—
36 °C), gently transfer the animals from the housing
cage into the warming chamber.

NOTE: Heat treatment for 5-10 min is sufficient
to induce vasodilation and enhance the visibility of
tail veins. However, animals can be safely held in
the thermoregulated chamber for the duration of

the procedure (typically 20-30 min with no sign
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3.

of hyperthermia). The warming chamber can safely

contain 4—6 mice or one rat.

Monitor the animal for any signs of acute heat stress
(e.g., rapid respiration, lethargy, jumping escape
behavior).

CAUTION: Animals exhibiting signs of hyperthermia
should be returned to their cage and monitored until
they resume normal activity prior to reuse. If this is
because of the internal temperature exceeding the
optimal range, ensure that the warming device is

turned off.

Injection steps

1.

2.

Lift the animal by the base of the tail, and remove it
from the warming chamber. Introduce the animal onto
the cone opening of the restraining unit.

CAUTION: Never lift mice from the tail end; this
can result in serious injuries. Alternative methods

of handling should be used for obese or pregnant

mice?8.

As the animal grasps on the far edge of the cone with
its forelegs, gently pull the tail backward and pass
the tail through the open slit. Secure the hind end
of the animal at the base of the cone with one hind
leg protruding out from the cone so the lateral vein is
shown at a position of 12 o’clock. Either hind leg can
be protruded as there are two lateral veins, one on

each side (Figure 3B).

Grasp the tail at the mid- to two-thirds-length with
the non-dominant hand between the thumb and
forefinger, putting slight tension on the lateral vein to

maintain the tail positioning and vasodilation.

NOTE: Enhanced visibility of the dilated veins by heat
treatment enables the user to quickly determine an

injection site for the best results (Figure 4).

Wipe the skin of the injection site with a gauze sponge
or pad moistened with 70% alcohol. Clean as gently
and quickly as possible to avoid irritation to the tail.
NOTE: This procedure can be omitted at the
discretion of the institutional IACUC.

Hold the syringe with the dominant hand, and position
the needle parallel to the tail. Insert the needle toward
the direction of the blood flow, bevel up at a 10-15°
angle (Figure 5A-B), and advance further into the
lumen of the vein by penetrating 2—4 mm (Figure 5C—
D). Slowly inject the solution.

NOTE: If the injection is successful, no resistance on
the plunger should be felt, and the fluid can be seen
moving through the vein. In case of resistance or white
blisters above the injection site, remove the needle
and attempt a second injection at a site above the
original needle placement. Do not attempt to inject
below the initial injection site as the fluid will release
through the initial site. If injection of one lateral vein
is unsuccessful, reposition the animal to the opposite
side and make more attempts on the contralateral
vein. The maximum number of attempts will depend
on where one starts the attempted injection along
the vein and the swelling that may occur with missed
attempts. Consult the institutional IACUC regulations

for mis-injections and associated injuries.

Remove the needle, and press firmly with the thumb
to prevent backflow of the injected solution and/or
blood. Continue to apply gentle compression with a
clean gauze/wipe or tissue until bleeding has stopped

(Figure 6).
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3. A murine model of fungal bloodstream infection

7. Return the animal to its cage, and monitor for at least

5 min. Ensure that the animal resumes normal activity

without further bleeding.

and sepsis

1.

Mouse strains

1.

Acclimate female Swiss Webster outbred mice at
6 weeks of age per institutionally recommended
guidelines. Alternatively, use inbred/genetically
modified strains (e.g., C57BL/6 background) for this
protocol with modified inocula (see NOTE).

NOTE (see Discussion for detail): Tail veins of
mice with dark fur are often less visible than those
with lighter fur due to the deeply pigmented tail
(Figure 4). There is varying susceptibility to fungal
sepsis/lethality among different mouse strains. Use of
mouse strains other than Swiss Webster may require
additional protocol optimization by considering
relevant factors (e.g., genetic background, age, sex,
body size) that could influence host immune status.
For example, a lethal challenge in C57BL/6 mice
typically requires higher inocula (up to 10x) to achieve

the level of mortality seen in Swiss Webster mice.

2. Microorganisms

3.

1.

For a lethal challenge (sepsis), streak frozen stocks of
Candida albicans strain DAY 185 (or strains of choice)
onto Sabouraud dextrose agar and incubate at 30 °C

for 2 days.

Transfer a single colony into 10 mL yeast extract-
peptone-dextrose broth, and culture to the stationary

phase of growth for 18 h at 30 °C with shaking.

Inoculum solutions

On the day of a lethal challenge, collect the broth
culture, and wash the pellet 3 times by centrifugation

(800 x g) in sterile PBS.

Identify viable yeast cells by trypan blue dye

exclusion, and enumerate using a hemocytometer.

Adjust the cell concentration to 1 x 108 cells/mL in
sterile PBS at room temperature.

NOTE: Each animal will receive 100 yL of the
inoculum solution. Prepare an excess volume of
the inoculum (>500 pL) to allow for potential loss

during the injection procedure. The final inoculum

is 1 x 10° cells per mouse. The inoculum volume
can be increased up to 200 pL by adjusting the cell
concentration accordingly.

CAUTION: The fungal inoculum solution must be kept
at room temperature prior to injection. Warming the
inoculum solution to body temperature may induce
a morphological change from yeast cells to hyphae.
Contrarily, bolus i.v administration of cold solutions
can rapidly lower body temperature of the animal and

should be avoided.

4. Intravenous inoculation

1.

2.

Warm the animals, and induce vasodilation by

following the procedures in section 2.

Inject 100 pL of the inoculum solution into the tail vein

using a 1 mL syringe with a 27 G, %%-in needle.

5. Post-inoculation monitoring

1.

Monitor the animals for the following signs of sepsis-
induced morbidity: i) fur aspect (e.g., smooth, ruffled),
ii) activity (e.g., moving freely, nonresponsive), iii)
posture (e.g., hunched, stiff), iv) behavior (e.g.,

slow, no relocation), v) chest movements (e.g.,
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normal breathing, dyspnea), vi) eyelids (e.g., open,

closed)43.
6. Sepsis scoring

1. Score the observed morbidity according to a modified
Mouse Clinical Assessment Score for Sepsis (M-
CASS) in a four-point grading scale from 0 to 3 in each

category: 0, normal; 1, mild; 2, moderate; 3, severe®3.

7. Optional protocol: Vaccination against fungal sepsis

1. Fourteen days prior to a lethal challenge, inoculate
mice with Candida dubliniensis strain W284 or

attenuated C. albicans strains, such as Aefg1/Acph1

mutant (1x105 cells per mouse), as described in

sections 3.2-3.4 in lieu of C. albicans DAY 185.

2. Conduct a lethal challenge in the vaccinated mice,
as described in sections 3.2-3.4, and monitor for
the signs of sepsis-induced morbidity described in

sections 3.5-3.6.

Representative Results

The temperature inside the warming chamber is continuously
detected by the internal sensor and auto-regulated by the
thermostat. First, the control dial of the thermostat was
positioned at 78, 85, 90, or 95 °F (26, 29, 32, or 95 °C) to select
set temperatures. Once the heater was activated (Figure 7,
yellow dots), heat emission by the light bulb rapidly raised the
internal temperature during the first 5-15 min, depending on

the set temperature. The heater inactivated the light bulb if the

detected internal temperature exceeded the set temperature
(gray dots). The initial peak temperatures should rise to 5—
7 °C above the set temperatures in all groups to offset the
temperature loss during animal transfer. Subsequently, the
device continues to repeat the heat cycle automatically and

maintains the warming chamber at the set temperature.

An example of experimental data obtained by successful tail
vein injections using the current protocol is shown in Figure
8. In a mouse model of bloodstream candidiasis resulting
in sepsis, an i.v. challenge with Candida albicans (1 x 10
cells per mouse) in Swiss Webster mice caused a rapid onset
of sepsis and dissemination of the organisms, leading to
high mortality within 3—-4 days (open dots) (Figure 8A). In
contrast, animals could be protected from sepsis by prior i.v.
pre-immunization/vaccination with an avirulent yeast strain,
Candida dubliniensis, achieving >95% survival following the
lethal i.v. challenge with virulent C. albicans (solid dots).
These results in progressive mortality vs. vaccine-mediated
protection were obtained reproducibly in four independent
experiments (Supplemental Figure 1). Similar protection
could be achieved using other avirulent yeast strains such
as attenuated C. albicans mutants (Aefg1/Acph1) (data not
shown). Sepsis could be monitored as well and correlated to
mortality; the unvaccinated animals with lethal infection had a
significant increase in sepsis-induced morbidity, whereas the
vaccinated group exhibited minimal symptoms following the

lethal challenge (Figure 8B).
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Figure 1: Description of the rodent warming and restraining device. (A) shows the exterior view of the warming device,

which consists of:

1.

7.

Thermostat cover — lift upward by the handle to expose

the thermostat
Electrical enclosure — sealed permanently for protection
Chamber lid — lift upward during animal transfer to/from

Warming chamber — removable, cover the floor with

bedding before use

Restraint apparatus — stowable with the heating device

while not in use

Power switch — inline rocker switch for main on/off

functions

Power cord — voltage/current: 120V/10A

(B) shows the interior of the warming device:

1.

Incandescent light bulb — light output at 100 Watts

2. Light bulb protective shield — removable for bulb

replacement
3. Temperature sensor probe — located inside the chamber

4. Internal temperature thermometer — place inside the
chamber for monitoring temperature

(C) shows components of the warming device thermostat:

1. Internal temperature thermometer
2. Thermostat — auto-regulates the heater

3. Setpoint control lever — minimum/maximum: 78 °F/108 °F

(25 °C/42 °C)

4. Thermostat power indicator — green light indicates normal

operation

5. Thermostat heater indicator — lit red during heating cycle
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(D) shows components of the restraining device: 4. Height adjustment knob — designed for manual height

adjustment
1. Cone - pliable aluminum sheet designed for rodent
restraint 5. Scissor jack — height range from 45—-140 mm (1.77-5.52")

2. Tail channel — shaped to permit smooth positioning of the 6. Support plate — installed with rubber feet to provide

tail stability Please click here to view a larger version of this

figure.

3. Cone lift platform — provides sturdy lift of the cone base

Figure 2: The rodent warming and restraining device. (A) Prior to use, the two parts of the device are placed side by
side on a clean bench top. (B) Once the warming device is powered on, the thermostat activates the heater. The light bulb
remains lit and emits heat until the warming chamber has reached the set temperature. The warming device automatically

repeats the heat cycle to maintain the internal temperature. Please click here to view a larger version of this figure.
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Figure 3: Mice (C57BL/6) placed in the warming and restraining device. (A) Mice receiving heat treatment for
vasodilation. The animals (4—6 mice per treatment) are transferred from their housing cage into the warming chamber

of the device and heat-treated for a minimum of 5—10 min. (B) A mouse restrained for tail vein injection. The mouse is
transferred from the warming chamber into the cone opening of the restraining device with its tail passing through the open
slit. The mouse is gently pulled backward to the far edge of the cone until the base of the tail reaches the tip of the cone. As
the animal is drawn toward the base of the cone with a gentle lateral rotation, one hind leg is positioned upward so that it
protrudes out from the open slit allowing the lateral tail vein to be positioned at 12 o’clock. Please click here to view a larger

version of this figure.
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Figure 4: Identification of the lateral tail veins in mice. (A) The tail of an untreated Swiss Webster mouse. The mouse is
placed in the restraining device without prior heat treatment for vasodilation. The lateral tail vein can be identified as a thin
dark vessel that courses under the skin. (B) The tail of a Swiss Webster mouse treated with the warming device for 10 min.
The heat-treated mouse is restrained for tail vein injection. The lateral tail vein is readily visible through the skin due to the
enlarged vessel diameter induced by vasodilation. (C) The tail of a C57BL/6 mouse treated with the warming device for 10
min and restrained for tail vein injection. Vasodilation enhances visibility of the tail vein through the deeply pigmented skin
although the vein is not as readily visible as in the light-colored Swiss Webster mice due to a weak color contrast against the

vein. Red arrows denote the location of the lateral tail vein. Please click here to view a larger version of this figure.
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Mouse 1

Mouse 2

Figure 5: Tail vein injection performed in heat-treated mice (Swiss Webster). (A—B) Needle insertion into the lateral

tail vein at the injection site. The needle (27 G, 4-in) is positioned parallel to the tail vein with the bevel up and pointed
toward the blood flow and inserted. (C-D) Needle placement in the tail vein and injection. The tip of the needle is further
advanced 2—4 mm into the lumen of the vein. The thumb is positioned on the plunger of the syringe, and the desired volume
is dispensed with slow and steady pressure. Oval circles indicate injection sites. Please click here to view a larger version of

this figure.
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Figure 6: Post-injection procedure. (A) A bleeding area at the injection site. Bleeding and backflow of the injected solution
occur immediately after needle removal. This can be minimized by applying firm compression on the injection site with the
thumb. (B) Blood clot formation at the injection site. Gentle compression with a clean gauze/wipe facilitates blood clotting on

the injection wound. Arrows denote injection sites. Please click here to view a larger version of this figure.

set temperature
—— 95 °F (35.0 °C)
——90 °F (32.2°C)

Chamber internal temperature

—— 85 °F (29.4 °C)
—8— 78 °F (25.6 °C)
optimal heat cycle
heat range = L
< heater on
@ heater off
50

time (min)

Figure 7: The internal temperature of the warming chamber during use. The warming device was activated for warming
at the designated set temperatures. The warming chamber of the device was monitored for the internal air temperature
and heat cycles (light bulb on/yellow dots, off/gray dots) were recorded over 45 min. The orange area indicates the optimal

temperature range for induction of vasodilation in rodents. Please click here to view a larger version of this figure.
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Figure 8: Sepsis mortality vs. vaccine-mediated protection following a lethal challenge with Candida albicans. Mice

(8 week-old Swiss Webster females) were vaccinated intravenously with avirulent live Candida dubliniensis Wi284 (Cd),

followed by a lethal intravenous challenge with wild-type C. albicans DAY 185 (1 x 10° cells per mouse) 14 days later.

(A) Mortality was assessed over 10 days following the lethal challenge. (B) Animals were monitored for sepsis morbidity

and scored according to a modified Mouse Clinical Assessment Score for Sepsis (M-CASS)43. Data are cumulative of 4

independent experiments with 10 mice per group and analyzed using the Mantel-Cox log-rank test. **** p < 0.0001. SEM,

standard error of the mean. Please click here to view a larger version of this figure.

Supplemental Figure 1: Reproducibility of sepsis

mortality and vaccine-mediated survival from a
bloodstream Candida albicans challenge. Each panel
represents data from four independent experiments included
in a cumulative result shown in Figure 8A. Each experiment
was conducted using 10 mice per group and analyzed using

the Mantel-Cox log-rank test. Ca, Candida albicans. Cd,

Candida dubliniensis. **** p < 0.0001. *** p < 0.01. Please

click here to download this figure.

Discussion

Consistent and accurate dosing are key requirements for
experimental reliability in animal models. This is especially
important in cases of i.v. administration where systemic
bioavailability of injected agents is considerably higher/faster

than with other administration routes®. Thus, errors in tail vein

Copyright © 2020 JoVE Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
License

jove.com

November 2020+ 165+ €61961 - Page 14 of 21


https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/61961/61961fig08large.jpg
https://cloudflare.jove.com/files/ftp_upload/61961/supfig01.jpg
https://cloudflare.jove.com/files/ftp_upload/61961/supfig01.jpg

jove

injection could have a detrimental impact on study outcomes.
Historically, intraperitoneal (i.p.) injection, rather than i.v.,
has been the most common method for systemic access
in rodents due to technical simplicity and convenience.
However, administration routes become more crucial when
translating preclinical readouts from animals into clinical
settings. Hence, there is a need for continuous improvement
in rodent protocols that could facilitate successful tail vein

injection.

The key advancement in the present protocol is the innovative
thermoregulated warming device that enables effective
induction of vasodilation in rodents, which dramatically
improves the visibility of tail veins and needle alignment.
Heating methods that are poorly thermoregulated (e.g.,
lamps), topical vasodilators or skin irritants (e.g., xylenes)
are not only unreliable, but are also unsafe for the animal
and should be avoided**. Contrary to other conventional
methods, such as immersing the tail in warm water,
the autoregulation capability of this device can safely
condition multiple animals simultaneously. In addition, this
protocol is strengthened further by using the optimally
designed restraining device and allowing fast and secure
immobilization of the animal in a position that best displays

the lateral tail vein.

The transparent tubal formats seen in many current
restrainers, though practically well-designed, require more
handling time with each animal, thus prolonging the
restraining process45. This can be more problematic in
rodent strains with aggressive traits that offer limited

46,47 the semi-enclosed cone

cooperation In contrast,
structure of the restraining device permits quick positioning
of the animal and aids in minimizing the duration of restraint.

Together, the streamlined protocol using the innovative,

highly optimized warming/restraining system accelerates the
injection procedure, allowing for quick and effective dosing
of large groups of animals. In our laboratory, we typically
complete an entire injection procedure of 30 mice from heat
treatment to post-injection monitoring within 1 h using this

protocol.

Despite the advanced features, this device has some
apparent disadvantages: the first is the cost of the device
and routine light bulb replacement in the warming chamber.
However, in addition to the efficiency and speed of injections,
the device is durable for repeated use and compatible with
most common disinfectants, permitting thorough cleaning of
the device between uses. Together, this offsets the initial
investment. Second, in situations with limited workspace,
a drawback to this protocol may be the requirement for
a dedicated bench area large enough to place the two
units, side by side, while performing the injection. However,
because the device can be utilized broadly across several
rodent protocols involving i.v. injections, it is possible that
the device could serve as a core instrument similar to other
communal vivarium equipment such as isoflurane vaporizers.
Regardless, the two units are easily portable and can be

bundled and stowed while not in use.

The i.v. lethal challenge model of murine fungal sepsis
described in this protocol closely mimics C. albicans
bloodstream infections in humans and has been extensively
used to study fungal virulence, test efficacy of antifungal
therapies, and characterize host immune responses to
infection37:39:48  To achieve a reproducible infection, i.v.
inoculation via tail vein injection is the most vital step of the
protocol to ensure accurate delivery of the organisms into

the bloodstream. In fact, animals respond very differently to

varying levels of Candidai.v. challenges; administration of too
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low amounts of inoculum will result in unwanted spontaneous
recoveries, whereas animals receiving too high doses will
succumb prematurely. The specific window of inoculum sizes
for a given organism to induce a consistent level of sepsis/
mortality largely depends on both fungal strains and mouse

strains.

The current protocol using Swiss Webster mice at the
inoculum of 1 x 10° wild-type C. albicans reproducibly
induced the onset of sepsis morbidity within 1 day, followed
by progressive mortality resulting in 100% lethality by 5—
7 days. In contrast, inocula higher than 1 x 10 typically
lead to accelerated deaths (i.e., 1-2 days at 1 x 108, 34
days at 5 x 105), and those lower than 1 x 10° are sub-
lethal. In line with numerous reports in the literature, the
use of non-albicans Candida species in lieu of C. albicans
results in significantly diminished Iethality40’49. Additionally,
the choice of mouse strains, or even the origin of colonies,
can have a considerable impact on infection outcomes due to
varying susceptibilities between mouse strains, as reported
by otherg39:40.41,50,51,52,53,54,55 Hence, both should be

taken into consideration when designing experiments.

Following a lethal i.v. challenge, fungal cells spread rapidly
through the bloodstream and begin to invade multiple organs,
among which the most affected are the kidneys*'. Other
organs affected are the brain, spleen, and bone marrow48:96
Regardless, acute sepsis is the ultimate cause of death
at the early time points37. As shown in the representative
results, sepsis severity can be quantitatively assessed by
the Mouse Clinical Assessment Score for Sepsis (M-CASS)
based on exhibited signs of a sepsis condition in challenged

animals*3-57. Among the several surrogate markers of

lethal sepsis, hypothermia has been suggested as a critical

predictor for imminent death in both clinical and experimental

sepsis3.58.59

Although no formal studies have been conducted to directly
compare inbred vs. outbred mice in this model, data obtained
from the current protocol using outbred Swiss Webster mice
are exceptionally reproducible in various sepsis parameters,
despite the presumed genetic heterogeneity. Generally, a
pattern of mortality that falls within 3—5 days is a firm model
of acute sepsis, as evidenced by rapid elevation in sepsis
morbidity and levels of inflammatory markers within hours of

post-lethal challengeso'51

. For longer survival times (7-10
days), mortality is likely the result of microbial burden leading
to lethal tissue damage in target organs and the central
nervous system. The choice of sepsis or microbial burden
can be applied as necessary for evaluating immune functions

or responses to anti-inflammatory regimens or antifungal

therapies/vaccines, as determined by the inoculum used.

In addition to the i.v. lethal challenge model, intra-abdominal
infection with C. albicans in mice via an i.p. challenge
can also lead to disseminated candidiasis and subsequent
sepsis, although co-inoculation with the bacterial pathogen,
Staphylococcus aureus, synergistically enhances mortality

51,60,61 |n the

compared to C. albicans mono-infection
i.p. lethal challenge model, substantially higher microbial
inocula (1.75 x 107 C. albicans/8 x 107 S. aureus per
mouse) are required to cause polymicrobial peritonitis and
dissemination of the organisms from the abdominal cavity
into the bloodstream. Similarly, gastrointestinal infection with
C. albicans in mice treated with immunosuppressive and/
or mucosal-damaging agents leads to translocation of the
fungal cells into the bloodstream and results in fungal

sepsis62'63. Despite the distinctive inoculation routes, the

mechanism of ensuing fungal sepsis is largely analogous
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between the three disease models, involving an uncontrolled
systemic proinflammatory response to Candida that leads

to organ failure3751,61

. Similarly, in humans, it is this
process of the host response, not simply candidemia,
that causes the high morbidity/mortality associated with
hematogenously disseminated candidiasis acquired in health

care settings®4:°.

Using the current fungal sepsis model, we demonstrate
here that protection against lethal C. albicans infection can
be achieved by i.v. pre-immunization/vaccination with C.
dubliniensis (avirulent) or attenuated C. albicans mutants,
concomitant with significant reduction in sepsis morbidity.

The protection is mediated by innate Gr-1*

myeloid-derived
suppressor cells that appear to be induced in the bone
marrow as a form of trained innate immunity66’67. Efforts
are underway to extend the understanding of this novel form
of innate immune-mediated protection against C. albicans

bloodstream infections.

In conclusion, the innovative rodent warming/restraining
device has been instrumental in advancing our ability to
perform i.v. injections of large-scale multi-group animal
studies in an efficient and effective manner. As such, we
have coined the term, Mouse a Minute, for the device. The
device specifications are available from the corresponding
author upon request for procurement of a similar device. The
techniques demonstrated here could serve as a useful tool in
rodent models employing tail vein injections across a broad

range of research areas.
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