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Comparison of Two Different Alfaxalone
Concentrations Combined with Midazolam to
Anesthetize Cynomolgus Macaques (Macaca
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Plethysmography is employed in nonhuman primates (NHPs) to calculate respiratory minute volume and determine
the exposure time required to deliver an aerosol at the target dose. Anesthetic drugs can impact breathing parameters like
steady-state minute volume (SSMYV) central to aerosol dosing. Alfaxalone-midazolam mixtures (AM) provide superior pa-
rameters for plethysmography in cynomolgus macaques. An obstacle to the use of AM is the volume required to anesthetize
via intramuscular injection. A more concentrated formulation of alfaxalone will reduce injection volumes and refine AM
protocols. The purpose of this study was to compare AM using the Indexed 10-mg/mL (AM10) formulation compared with
an investigational 40-mg/mL (AM40) formulation for IM administration in cynomolgus macaques undergoing plethysmogra-
phy. We hypothesized that AM10 and AM40 would show no difference in quality of anesthesia (QA), duration of anesthesia,
SSMYV, accumulated minute volume (AMV), and side effects. We also hypothesized that female macaques would have alonger
duration of anesthesia compared with males using both formulations. The study used 15 cynomolgus macaques comprised
of 8 females and 7 males. NHPs were compared between 2 separate and randomized anesthetic events no less than one week
apart. Each animal served as its own control and animals were randomized by random number generation. Anesthetized
NHPs were placed in a sealed plethysmography chamber, and minute volume measurements were calculated every 10s to
determine SSMV. Once SSMV was achieved for 20min, the trial ended. There were no statistically significant differences
between AM10 and AM40 for duration of anesthesia, SSMV, AMYV, side effects, or QA. AM40 had a significantly smaller
injection volume. Females did not show a significantly longer median duration of anesthesia using either of the alfaxalone
formulations. Overall, AM40 offers a more humane anesthetic than AM10 for plethysmography in cynomolgus macaques.

Abbreviations and Acronyms: AM, alfaxalone (5 mg/kg)-midazolam (0.3 mg/kg) combination anesthetic protocol; AM10, 10
mg/mL alfaxalone combined with midazolam; AM40, 40 mg/mL alfaxalone combined with midazolam; AMV, accumulated

minute volume; QA, quality of anesthesia; SSMV, steady-state minute volume
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Introduction

At the United States Army Medical Research Institute of Infec-
tious Diseases (USAMRIID) the primary mission is to protect
military personnel from biologic threats. For many infectious
biologic agents, inhalation is a common route of exposure (either
natural or experimental), and nonhuman primates (NHPs) pro-
vide reasonable models for many infectious disease processes
in humans. This route of exposure is important for Venezuelan
equine encephalitis virus, pneumonic plague (Yersinia pestis),
anthrax (Bacillus anthracis), and monkeypox virus in cynomolgus
macaques (Macaca fascicularis).>710.18:192325262930 ¢ jg critical for
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military and civilian researchers to have the ability to model
aerosolized agents to produce effective countermeasures. In the
study of infectious diseases using animal models, it is crucial to
simulate exposure as naturally as possible to produce the most
accurate and useful results.

To simulate the aerosol route of exposure in NHPs, inocula-
tion of infectious agents is often performed in a system where the
NHP’s head is placed in an aerosol chamber, and an aerosolized
agent is delivered directly to the chamber at a controlled rate.!®
To ensure that an accurate dose is delivered, it is necessary
to have an accurate measurement of the animal’s respiratory
parameters, which is often done by whole-body or head-out
plethysmography.® During head-out plethysmography, the
NHP’s chest movements are measured by a pressure transducer
for a defined amount of time and the computer software uses
this information to measure respiratory parameters such as tidal
volume (TV) and frequency (F) to calculate minute volume (MV)
(TV x F = MV). The average MV is used in the calculation to
determine the aerosol duration needed to present a target dose.
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Once an NHP is transferred to the head-only aerosol exposure
system, the MV cannot be measured or adjusted. Because the
MYV cannot be adjusted, consistent anesthesia is essential to
sustain a steady MV for the correct dosing of inhaled agents.>!>

There are a variety of anesthetics available for NHP anes-
thesia, each with varying effects on physiologic parameters
as well as varying duration of action. Ideal characteristics for
NHP plethysmography anesthesia protocols include the follow-
ing: subcutaneous or intramuscular administration to permit
cage-side anesthesia, a minimum 45-min duration of action,
and rapid steady-state minute volume (SSMV) achievement
(defined as no more than a +10% change) with a greater accu-
mulated minute volume (AMYV), thus decreasing the amount
of time required in the aerosol chamber.>!® A recent 5-mo study
performed at USAMRIID found that an alfaxalone-midazolam
(AM) combination outperformed tiletamine-zolazepam and
ketamine-acepromazine, the most common anesthetics cur-
rently used in NHPs for plethysmography.!! Although AM
provided a superior quality of anesthesia, the major drawback
was the large injection volumes required to achieve anesthesia.!!
To limit intramuscular injections to no more than 3mL per
site, NHPs weighing greater than 5.35kg required 2 separate
injections to receive a full dose. This was unavoidable due to
only a single concentration of alfaxalone being available as a
Center for Veterinary Medicine (CVM)/FDA Indexed product
for NHPs. Recently, the opportunity became available to test
a more concentrated formulation of alfaxalone. This investi-
gational formulation contains 4 times as much alfaxalone and
cyclodextrin (vehicle) but is adjusted to the same pH of 7. Both
the Indexed commercial 10-mg/mL formulation (AM10) and the
investigational 40-mg/mL formulation (AM40) have the same
preservative system. The investigational formulation is also a
ready-to-use solution but is more viscous than the AM10 coun-
terpart. By using the more concentrated solution of alfaxalone,
smaller injection volumes can be administered resulting in less
pain and distress to the animal, while providing the same level
of anesthesia. Currently, the concentrated version of alfaxalone
has been tested in combination with other drugs in both bighorn
sheep and elk and found to be an efficacious anesthetic drug %16

Since the concentrated version of alfaxalone has not yet been
tested in cynomolgus macaques, it is reasonable to compare
the 2 formulations (AM10 compared with AM40) to ensure
the drug acts as expected and maintains the level of anesthesia
required for plethysmography studies. If found to be equivalent
to the currently Indexed product, this study would confirm
the efficacy of AM40 for future plethysmography studies, thus
enhancing animal welfare while maintaining scientific integrity.
We compared AM at a 5 and 0.3mg/kg dose using 2 separate
concentrations of alfaxalone, the Indexed 10-mg/mL concentra-
tion and the investigational 40-mg/mL concentration. Quality
of anesthesia, respiratory parameters, duration of anesthesia,
and side effects were examined and compared between the 2
sedative protocols in cynomolgus macaques. In addition, injec-
tion sites were monitored for local reactions at 24h, 7 d, and 14
to 21 d postinjection. Each syringe containing an AM mixture
was observed for miscibility before anesthetic administration
to an NHP. Miscibility of both alfaxalone formulations with
the same formulation of midazolam was observed for each
anesthetic episode to observe for mixing reactions. Differences
in anesthetic parameters between sexes were explored, as sex
differences in clearance of alfaxalone, duration of anesthesia,
and blood pressure have been shown to exist in rats but have
not yet been explored for cynomolgus macaques.?”/?

The primary purpose of our study was to compare the re-
quired injection volumes, duration of anesthesia, anesthetic
quality (QA), AMV, SSMV, and observable side effects based
on the safety of the animal and disruption to the study of
2 different alfaxalone formulations when mixed with the same
midazolam formulation (AM10 and AM40) to determine if a
more concentrated product (40 mg/mL alfaxalone) can be used
for NHPs undergoing aerosol exposure studies. Using a more
concentrated formulation of alfaxalone will result in a lower
injection volume to achieve the same dosage, thereby resulting
in improved welfare for NHPs. We hypothesized that the 2 dif-
ferent alfaxalone formulations, when used at the same dosage,
in combination with midazolam, would show no difference in
QA, duration of anesthesia, SSMV, AMYV, and side effects. Based
on previously published studies in rats, we formed a secondary
hypothesis that female macaques would experience a longer
duration of anesthesia as compared with male macaques at the
same anesthetic dose.

Materials and Methods

Animals. The animal research conducted for this study was
performed under the oversight of the USAMRIID IACUC fol-
lowing a comprehensive protocol review and approval process.
All animals were handled in accordance with the AALAS Po-
sition Statement on the Humane Care and Use of Laboratory
Animals, the Animal Welfare Act, Public Health Service Policy,
and other Federal statutes and regulations concerning the care of
animals used in experimental research. Animals were housed in
AAALAC International-accredited facilities that strictly adhere
to the standards of the Guide for the Care and Use of Laboratory
Animals, National Research Council, 2011. The study group
consisted of 15 cynomolgus macaques (Macaca fascicularis) with
mixed Cambodian (11 total, 6 females, and 5 males) and Chinese
(4 total, 2 females, and 2 males) origins. Animals were selected
from USAMRIID’s NHP colony based on availability and evenly
distributed across the weight and sex of the animals as closely
as possible. At the beginning of the study, the average age of
female NHPs was 6y (range: 5.2 to 7y) and the average age of
male NHPs was 9.7y (range: 5.4 to 18.3y). The average female
body weight throughout the trial was 4.79kg (range: 3.53 to
6.57kg), and the average male body weight was 8.39kg (6.15 to
10.09kg). The authors expected that males would be larger than
females on average due to sexual dimorphism in cynomolgus
macaques. The body condition score (BCS) ranged from 2 to
5 (lean to underweight) to 5 to 5 (overweight). No significant
health issues or immunologic impairments were identified on
preassignment physical examinations, recent lab work, and
health record reviews of the animals. No animals were the
product of genetic modification or alterations of any type. All
anesthetic events were performed in ABSL2 laboratory space.
Animals assigned to the study were fed twice daily (Teklad 2050;
Envigo, Madison, WI). Animals were observed at least twice
daily. Dietary enrichment and manipulanda were provided for
each animal daily. All animals were housed in modular primate
caging appropriate for their size (Lab Products, Seaford, DE) and
were fully, or partially, paired for social interaction in accord-
ance with standards set forth in the Guide for the Care and Use
of Laboratory Animals and the Animal Welfare Act. NHPs were
housed in ABSL2 rooms at 64 to 84 °F (17.8 to 28.9°C), 30% to
70% relative humidity, and 12:12-h light/dark cycle. All animals
used for the study had acclimated within the NHP colony at
the institute for more than 90 d.
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Anesthesia and monitoring. Each NHP assigned to the study
underwent 2 separate anesthetic events, once with 10mg/mL
alfaxalone (Alfaxan Multidose; Jurox [a part of Zoetis], North
Kansas City, MO) and 5mg/mL midazolam (Heritage Phar-
maceuticals, East Brunswick, NJ) and once with 40mg/mL
alfaxalone investigational formulation, Jurox [a part of Zoetis],
Rutherford, NSW, Australia) and midazolam 5mg/mL. The
dose of the alfaxalone-midazolam combinations was the same in
each trial at 5mg/kg alfaxalone and 0.3 mg/kg midazolam. The
only difference was the formulation of alfaxalone administered,
with the anesthetic events using the 10mg/mL concentration
designated as the control group. All anesthetic combinations
were administered IM with no single injection exceeding 3.0mL.
The total injection volumes varied between 0.45 and 5.3mL.
For total volumes exceeding 3.0mL, 2 separate injection sites
were administered in rapid succession, and injection sites were
documented. Upon loss of consciousness, the injection sites were
clipper shaved, marked, and photodocumented. The injection
sites were then monitored for reactions at 24h, 7 d, and 14 to
21 d. Throughout each anesthetic event, all vital signs were
collected via a veterinary patient monitor (Bionet, Tustin, CA)
and a detached pulse oximetry monitor (Edan, San Diego, CA).
NHP heart rates, respiratory rates, oxygen saturation of hemo-
globin (Sp0O,), and body temperature via esophageal probe were
monitored. Parameters were set to measure potential anesthetic
side effects and were defined as follows: tachycardia was a heart
rate greater than or equal to 200 beats per minute (bpm) last-
ing for 5min or more'4; hypothermia was a body temperature
less than 94 °F (34.4°C)*?* that was unresponsive to warming
efforts for 15min; hypoxia was a pulse oximetry reading (SpO,)
of less than 85% lasting for 5min or more;>!® and apnea was an
observed cessation in breathing for more than 30s.% Anesthetic
monitoring equipment was placed on the animal before sealing
the chamber for plethysmography. Anesthetized animals were
sealed in the plethysmograph chamber in a supine or lateral
supine position. Animals exceeding 6.5kg in weight with a
BCS of 3/5 or more were rotated into a 45° right lateral supine
orientation to prevent apnea and reduce respiratory depres-
sion in overweight animals. This adjustment was made based
on previous studies documenting apnea with alfaxalone use
in cynomolgus macaques, research in monkeys as a model for
sleep apnea, and the decreased severity of apnea in overweight
human patients when placed in lateral recumbency.!!!17.2
Vital signs were recorded every 5min on standardized forms.
Adverse events during anesthesia were addressed with ap-
propriate interventions and recorded on standard forms then
tabulated as side effects data for the study. Body temperatures

In-life Phase

were measured approximately every 15min in accordance
with USAMRIID standard operating procedures (SOPs) via an
esophageal thermometer. If esophageal core body temperature
dropped below 94 °F for more than 15min, external warming
was implemented. If after another 15min the temperature did
not rise above 94 °F, the trial was immediately terminated, and
the animal recovered from anesthesia. At the completion of each
anesthetic episode, the NHP was returned to its home cage for
recovery and observation. An NHP was considered recovered
when it regained a righting reflex and could maintain an up-
right position. Anesthetic events took place on 6 different days
with 5 animals anesthetized on each of those days. For each of
the 15 NHPs, the order of the anesthetic event and formulation
administered was randomized into 2 iterations consisting of
AM10 dosing and AM40 dosing. There was at least one week
between anesthetic events for each animal. The shortest interval
between anesthetic events for an individual animal was 10 d
and the longest was 35 d.

Miscibility of alfaxalone formulations. Immediately prior
to the start of anesthetic events on each of the 6 study days,
the AM10 or AM40 drug mixtures were prepared in syringes
before injection. Once prepared, the syringes were labeled and
placed in brown paper bags to protect them from light prior to
administration. Video of the preparation was recorded and used
to observe the miscibility of each mixture. A general description
of any reactions or changes in the physical properties of the
respective AM10 and AM40 mixtures within each syringe was
recorded on a study-specific form created to document obser-
vations on AM mixing. The purpose of this description was to
document any physical or chemical changes upon mixing the
solutions for injection, such as particulate formation. Formation
of a “cloudy” mixture occurred in 10 out of 15 of the AM10 mix-
tures during the in-life phase of the study. In-life phase refers
to the phase of the experiment following administration of the
test agents in live animals (Figure 1). The mixing of the same
drug combinations was repeated in a separate study after the
in-life phase of the study was completed. During this separate
study, the mixtures were observed in each syringe under a run-
ning clock with seconds as the unit of measurement. The values
for time intervals for the disappearance of the visual changes
and the volumes of midazolam and alfaxalone in each of the
respective syringes were recorded in a spreadsheet (Microsoft
Excel 2023, Redmond, WA). The mean, median, and range of
times to dissolution were calculated in the spreadsheet for all
syringes that had visual signs of separation.

Plethysmography. Once NHPs were safely anesthetized, they
were taken from their home cages and placed into a head-out

NHP
Randomization
Assi ¢ Repeat of Drug
ssignmen . Lo .
Physicals I— —l rlteratlon 2-| Last Injection Miscibility Testing
Site and End of Study
D.1 D.2 D.3 Observation
I | I | | I | | |
Day 0 Day 30 Day 60 Day 90 Day 140

Figure 1. Timeline for the study by day with visual representation of data iterations and the in-life phase. NHP randomization broke the study
population into 2 trial iterations where each NHP received AM40 or AM10. On the following iteration, each NHP received the alternate AM
formulation. Randomization also allocated 5 NHPs to 3 plethysmography data collection days (D.1 to D.3) within each iteration. The end of the

study is marked by the end of the repeat of drug miscibility testing.
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plethysmography system. Two sizes of plethysmography cham-
bers (large coffin type: width at shoulders (WS) = 10.75 in, width
at feet (WF) = 6.75in., L = 33in., and H = 8in.; extralarge coffin
type: WS =14.75in.,, WF =10.75in., L=36in., and H = 8in.) were
employed throughout the study. The extralarge chamber was
used for animals weighing greater than 8kg. Both chambers
were calibrated daily, using a calibrated syringe (model 5510;
Hans Rudolph, Shawnee, KS), with a predetermined volume of
air in accordance with the plethysmography software manual
and USAMRIID SOPs. In both chamber types, the NHP’s torso
and extremities were contained inside the plethysmography
chamber and the head extended through a hole in the chamber
oriented toward the anesthesia monitoring equipment. A piece
of dental dam with a hole cut in the center was used to seal the
chamber by going over the animal’s head and fitting tightly
around the neck. Next, a closed-cell silicone rubber dam (mouse-
pad with a hole cutin the center), foam, and an acrylic faceplate
were secured around the animal’s neck and latched into place to
form the final seal on the chamber. The NHP’s respirations were
checked for excess upper airway noise to ensure the seal was not
too tight, and a folded towel was provided to support the head
in a manner that maintained the animal’s airway. Movement
of the NHP’s chest created a pressure differential within the
chamber that was measured by a pressure transducer (TRD 5700;
Data Sciences International [DSI], St. Paul, MN). The transducer
was connected to a preamplifier (QT digital preamplifier; Data
Sciences International [DSI]), which was connected to the com-
puter with the plethysmography software (FinePointe v2.3.1.6;
Data Sciences International [DSI]) that measured respiratory
parameters including TV and E. The plethysmography system
generated a calculated MV reading every 10s. These readings
were transcribed real time into an Excel spreadsheet (Microsoft)
on a separate laptop computer that calculated the average of
6 MYV readings recorded over each minute of the trial. Percent
change in MV was calculated between each minute in succession
using the programmed spreadsheet. The NHP was determined
to have reached SSMV when the percent change between min-
utes did not vary by +10% for 5min. After the NHP attained 20
consecutive minutes of SSMV, the trial was completed. If the
change between minutes varied by more than +10% before the
completion of 20min, then the streak of SSMV was broken. A
second consecutive attempt was then made with the NHP in
the chamber to achieve SSMV for 20 min. If the second attempt
failed, the trial was completed. If the NHP showed signs of re-
covery, such as voluntary movement, or the total length of the
trial reached 60 min, the trial was ended. Upon completion or
termination of the trial, NHPs were transported to their respec-
tive home cages and monitored until recovered.

Data and statistical analysis. Head-to-head comparison of
anesthetic drug protocols included examination of the follow-
ing parameters: total anesthetic injection volume, SSMV, AMV,
duration of anesthesia, duration of anesthesia for each sex,
QA, and side effects. Additional variables that were analyzed
included the following: miscibility of the drug mixtures, time to
start of anesthesia, and BCS. The values for injection volumes
were the total volume of both midazolam and the respective
alfaxalone formulation for each anesthetic event. For AM10,
several of the volumes were administered as 2 injections due to
limitations on single-site injection volumes under USAMRIID
SOPs. The value for SSMV was calculated as the average MV
between all periods qualifying as SSMV during a trial. AMV
was defined as the summation of all MV averages throughout
periods qualifying as SSMV for a given trial. The value for the
duration of anesthesia was the number of minutes between

the injection of the respective anesthetic protocol and the time
to NHP recovery in its home cage. Time to start was measured
as the time from injection of the anesthetic protocol to the
recording of the first set of vital signs to start the trial in the
plethysmography chamber. QA was scored based on categori-
cal criteria from 1 to 4, with 4 being the highest or best quality.
A score of 1 was assigned if the NHP did not reach SSMV at all
during the trial. A score of 2 was assigned if the NHP reached
SSMV during the first attempt but failed to maintain it for a
minimum of 20min and did not reach SSMV again during the
second attempt. A score of 3 was assigned if the NHP reached
SSMV twice. A score of 4 was assigned if the NHP reached
SSMV once and maintained it for 20 consecutive minutes. Side
effects were scored on a categorical 4-point scale. A score of 0
indicated that there were no side effects noted throughout the
anesthetic period. A score of 1 consisted of tremors or muscle
fasciculations with no disruption to data collection. A score of
2 consisted of variation in vital signs prompting intervention
and patient manipulation without disrupting the trial (limited
tachycardia, hypothermia, hypoxemia). A score of 3 required
the postponement of data collection and immediate interven-
tion (apnea, prolonged and severe physiologic disturbance).
This study was designed for a sample size of 15 total NHPs,
and all NHPs were randomized to receive either the AM10 or
AM40 anesthetic protocol in the first iteration. After a washout
period of no less than 7 d, each NHP underwent trials in the
second iteration with the alternate AM formulation used in
the first iteration. In this way, each NHP served as their own
control. The number of NHPs required for the experiment was
based on a combination of the observed performance of AM10
in NHPs in a previous study to form the null hypothesis and
a reasonable alternative hypothesis for improved performance
by AM40 via a smaller injection volume.!! Statistical power was
developed using measurements for anesthetic events with an
estimated correlation between observed and hypothesized an-
esthesia quality results of 0.829, achieving approximately 96.5%
power to detect a difference of 0.02 between the null hypothesis
median difference of 0.0 and an actual median difference of
0.02 at the 0.05 significance level (a) using a 2-sided Wilcoxon
signed-rank test. These results were based on 2,000 simulated
samples from the null distribution of multinomial distribution
(6.67%,0%, 13.33%, and 80%) and the alternative distribution of
multinomial (0%, 0%, 13.33%, and 86.67%). Randomization was
used to allocate animals and provide a time order for animals
within experimental and control groups and the order of anes-
thetic events within groups. The randomization of experimental
and control groups was completed in SAS/STAT version 9.4 (TS
1MS5; SAS Institute, Cary, NC) per the scheme below.? NHPs
were randomized by iteration with one anesthesia episode per
NHP. Five NHPs were assigned to be tested each day. NHPs
were divided as close as mathematically possible to being even
between sexes. For the first iteration, approximately equal num-
bers of NHPs received anesthesia at each of the AM mixtures.
To obtain comparable measurements for each NHP, the AM
mixtures provided to each NHP in the second iteration were
the alternative to the AM mixture received in the first iteration.
With the same constraints as the first iteration, the NHPs were
randomized to different days and a different order within the
day for the second iteration. A timeline for the study with a
depiction of data iterations is included in Figure 1. The research
team was not blinded as it would have required a separate team
of another veterinarian and a veterinary technician to prepare
drug mixtures. Furthermore, the 40-mg/mlL alfaxalone formula-
tion is investigational, and little information was available on
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potential safety issues with the formulation. The veterinary staff
supporting the study remained aware when the investigational
40mg/mL formulation was in use.

Upon completion of data collection, results were analyzed
using SAS/STAT version 9.4. The 2-sided signed-rank test for
analysis of paired nonparametric data was used to test for statis-
tically significant differences between AM mixtures concerning
total injection volume, SSMV, duration of anesthesia, and AMV.?
The 2-sided signed-rank test was used to analyze side effects and
QA paired data for statistically significant differences between
AM mixtures. A Hahn and Meeker 95% confidence interval
was used to summarize data further for all the aforementioned
variables (Table 1).12 In addition, since no one-sided test was
available for the signed-rank test, this confidence interval was
used in conjunction with the signed-rank test to determine the
appropriate P value. Since both sides of the confidence interval
are below zero, we know that the confidence interval indicates
that the total injection volume for AM40 is less than AM10
(AM40 — AM10 < 0). Since we also know that the signed-rank
tests have a 2-sided P value less than 0.0001, the P value for
AM40 less than AM10 is P less than or equal to 0.0001(lower P
values are rounded to this number). Differences between AM
mixtures and sexes for quality (2-sided) and duration of anes-
thesia (one-sided) were analyzed using the Wilcoxon exact rank
sum test. These comparisons were described further using a
Hodges-Lehman 95% confidence interval (Table 2).12 In all cases,
P values less than or equal to 0.05 were statistically significant.

Statistically significant differences between drug mixtures
occurred when P values were less than or equal to 0.05 for total
volume of AM mixture injected, or when both the upper and
lower bounds of the Hahn and Meeker 2-sided 95% confidence
interval were less than or greater than zero. Medians were used
in place of mean values due to relatively small sample sizes
and the unknown probability distributions of the data sets.

There was no loss of information if any of these data followed
the normal distribution. for the normal distribution, the ob-
served mean and the median are approximately equal.

Results

The total injection volumes were compared between AM40
and AM10 mixtures (Table 1, Figure 2A) demonstrating that
AM40 required a smaller injection volume than AMI10 for the
study (P < 0.0001). The Hahn and Meeker 2-sided 95% con-
fidence interval for the difference in injection volume had a
median of —2.25mL (95% CI: —3.08 to —1.77mL). Since both sides
of the confidence limit are negative numbers and the 2-sided
signed-rank test has P < 0.0001, the AM40 < AM10 difference in
injection volume is statistically significant. AM40 had a median
injection volume of 1.12mL compared with a median volume
of 3.34mL for AM10 for an overall decrease in injection volume
of 66.47% across the study (Table 3). For AM40, the reduction in
volume allowed for all 15 NHPs to be dosed with a single IM
injection compared with only 8 out of 15 NHPs dosed with a
single AM10 injection. AM40 dosing had a standard deviation
of 0.4297 mL compared with 1.362mL for AM10.

QA was compared between AM10 and AM40 (Table 1 and
Figure 2B), and no statistically significant difference was de-
tected (P = 0.4531) between AM mixtures. QA was compared
between sexes and respective AM mixtures under the assump-
tion that female quality scores would be equivalent to males
with both mixtures (Table 2). For AM10 and AM40, no statisti-
cally significant difference was found between sexes (AM10:
P =0.6280 and AM40: P = 0.5692). For both sexes and mixtures,
all had median and maximum scores of 4 with the majority of
animals reaching and maintaining SSMV for 20 min on the first
attempt (Table 4). The minimum AM40 score of 3 was attained
for both sexes with AM40 animals reaching SSMV twice dur-
ing the trials. For AM10, the female minimum score was 1 with

Table 1. Key variables for comparison of alfaxalone-midazolam 10- and 40-mg/mL mixtures with variation in differences displayed

by confidence intervals

Median and Hans and Meeker 2-sided 95% CI

Variable Test type P value LCL Median UCL
Total volume injected (mL) Sign rank <0.0001 -3.08 -2.25 -1.77
Quality (quality score) Sign 0.4531 0 0 1
SSMV (mL/min) Sign rank 0.5416 -50.24 —-4.005 36.33
AMV (mL) Sign rank 1.0000 -1,000 160 2,100
Side effects Sign 0.2891 -1 0 0
Duration of anesthesia (min) Sign rank 0.3998 -33 -10 26

The use of bold formatting is meant to highlight that the P value for total volume injected was statistically significant. LCL, lower

confidence limit; UCL, upper confidence limit.

Table 2. P values listed for quality scoring describe significant differences between sexes for respective alfaxalone-midazolam 10-mg/

mL (AM10) and 40-mg/mL (AM40) protocols

Alternative Hodges-Lehman 2-sided 95% confidence interval
Variable P value hypothesis LCL Median UCL
Quality score AM10 0.6280 F=+M -2 -0.5 1
Quality score AM40 0.5692 F+M
Duration of anesthesia AM10 (min) 0.1043 F>M -64 -6 52
Duration of anesthesia AM40 (min) * F>M -65 -35.5 -6

The P values for duration of anesthesia describe the probability that females have a longer duration of anesthesia than males.
Confidence intervals are provided for reference and the summary data is depicted in Table 4. LCL, lower confidence limit; UCL,

upper confidence limit.

*P value could not be calculated as the data suggested that females have a shorter duration of anesthesia using AM40.
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Figure 2. Paired comparison box plots for alfaxalone-midazolam (AM) mixtures by (A) injection volume; (B) distribution of quality scoring; (C)
steady-state minute volume averages (SSMV); (D) accumulated minute volume (AMV); (E) side effects scores; (F) duration of anesthesia; (G)
time to start after administering anesthesia. Symbols in the box plots are a line across the middle indicating the median value and a diamond
representing the mean; upper and lower ends of the box are 25th and 75th percentiles, respectively; upper and lower whiskers represent the
highest and lowest expectation for observed values; and circles represent extreme values greater than expectation.??

Table 3. Summary statistics for paired test results comparing alfaxalone-midazolam mixtures across key variables and covariables

Differences between

AM mixtures AM40 AM10
Variable Min  Median Max SD Min Median  Max SD Min Median Max SD
Total volume injected (mL) —4.05 -225 -1.31 0.94087 0.64 1.12 1.89 04297 195 3.34 5.94 1.362
Quality score -1 0 3 1.19 3 4 4 0.414 1 4 4 1.11
SSMV (mL/min) -334  -4.005 160 126.18 217 476.5 835 156.06 373 528.8 840  133.21
Duration of SSMV (min) -15.5 0 11.5 6.854 45 20 20 49917 8.5 20 20 3.7228
AMV (mL) —-9,000 160 3,000 3,970 2,000 9500 20,000 3,880 8,000 11,000 20,000 2,850
Side effects score -2 0 1 0.91 0 1 2 0.845 0 1 3 0.986
Duration of anesthesia (min) -97 -10 52 38.596 46 88 147 29.28 52 94 179 39.846
Time to start (min) -50 -3 20 17.7 3 11 30 5.84 1 10 60 15.1

Min, minimum; Max, maximum; AM10, alfaxalone-midazolam 10 mg/mL; AM40, alfaxalone-midazolam 40 mg/mL; SSMV, steady-state
minute volume; AMYV, accumulated minute volume.

AM40 SSMV (476.5mL/min) remained relatively close to the
median AM10 SSMV (528.8 mL/min) with a median difference
in SSMV between mixtures of —4.005mL/min throughout the
entire study (Table 3). SSMV values are broken down by sex and
mixture (Table 4). Median values for SSMV remained relatively
consistent, with AM10 males having the highest median SSMV
(594.9mL/min) and AM40 females having the lowest median
SSMV (473.6 mL/min) with a difference of only 121.3mL/min
throughout the trial. Male NHPs in both mixture groups

the NHP failing to reach SSMV during the trial while the male
minimum score of 2 indicates that SSMV was reached once and
broken. The female AM10 group had the highest standard devia-
tion in QA (1.36) compared with the lowest standard deviation
in female AM40 NHPs (0.354) with a range in variability in QA
of 1.01 across the entire study.

SSMV was compared between AM mixtures (Table 1 and
Figure 2C). There was no statistically significant difference
(P = 0.5416) between AM10 and AM40 mixtures. The median
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Table 4. Summary statistics by variable, alfaxalone-midazolam mixture, and sex

AM10 AM40

Variable Sex Min Median Max SD Min Median Max SD
Total volume injected (mL) F 1.95 2.72 3.84 0.69557 0.64 0.835 1.23 0.21461
M 2.99 4.65 5.94 1.0551 1.12 1.57 1.89 0.30569

Quality score F 1 4 4 1.36 3 4 4 0.354
M 2 4 4 0.787 3 4 4 0.488
SSMV (mL/min) F 393 508.3 580 74.34 217 473.6 530 100.24
M 373 594.9 840 159.14 410 532.3 835 179.23

AMV (mL) F 7,620 7,886 11,600 1,663.5 1,520 9,471 10,600 2,940
M 8,240 1,320 16,800 2,795.3 3,690 10,650 16,700 4,545

Side effects score F 0 1 2 0.926 0 1 2 0.835

M 1 2 3 0.9 0 1 2 0.9
Duration of anesthesia (min) F 52 71 179 50.951 46 66.5 124 25.854
M 81 107 157 26.456 84 102 147 23.155

Time to start (min) F 1 9 60 19.1 7 9.5 20 3.29
M 5 11 40 11.2 3 12 30 8.06

AM10, alfaxalone-midazolam 10mg/mL; AM40, alfaxalone-midazolam 40mg/mL; AMV, accumulated minute volume; Max, maximum;
Min, minimum; SSMV, steady-state minute volume.
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Figure 3. Outcome parameters by sex and alfaxalone-midazolam (AM) mixtures: (A) steady-state minute volume (SSMV); (B) accumulated
minute volume (AMV) by sex and alfaxalone-midazolam (AM) mixture; (C) side effects scores and body condition scores (BCS); (D) Duration of
anesthesia. Scatter plot values have been displaced slightly or “jittered” to make the entries more visible to the reader.

achieved maximum SSMV values over 800 mL/min compared AMYV was compared between AM10 and AM40 groups

with SSMV values below 600 mL /min for female NHPs across  (Table 1 and Figure 2D), and no statistically significant differ-
both mixtures (Figure 3A). ence (P = 1.000) was found between AM mixtures. The AMV
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median values for AM40 (9,500mL) and AM10 (11,000mL) were
relatively close with a difference of 1,500 between the listed
median values and a median difference of only 160mL for the
entire study (Table 3). AM40 had a standard deviation (3,880mL)
that was 36.14% higher than AM10 (2,850mL). The maximum
AMYV values for AM10 and AM40 were the same (20,000mL),
with a maximum difference of 3,000 mL across the data set for
the entire study. Table 4 demonstrates that AMV minimum
values for AM40 males (3,960 mL) and females (1,520 mL) differ
from AM10 males (8,240mL) and females (7,620 mL) by 4,280 mL
and 6,100mL, respectively. The standard deviation for AM40
(3,880mL) was 136.1% that of the AM10 standard deviation
(2,850mL) for the entire study. Across sexes and mixtures, AM40
males had the highest standard deviation (4,545 mL) compared
with the AM10 females with the lowest standard deviation
(1,663.5mL) for a range in variability of 2,881.5mL. The height-
ened variability for AM40 is due to a male and female NHP
that had AMV values far below the median within the group.
Both animals had QA scores of 3 denoting 2 entries into SSMV
for their respective trials. The female had a mean duration of
SSMV that was only 4.5min and an average SSMV value of
217.05mL/min. The male had an average SSMV duration that
lasted only 10 min reducing his total AMYV value far below the
median for the group. Figure 3B shows the distribution of AMV
values by AM mixture and sex for the entire study.

Side effects scoring was also compared between the AM40
and AM10 anesthetic groupings (Table 1 and Figure 2E). There
was no statistically significant difference (P = 0.2891) in side ef-
fects between the 2 anesthetic groups. Both mixture groups had
a median side effects score of 1 (Table 3). The AM10 maximum
side effects score rose to 3 while the maximum side effects score
for the AM40 group was 2. The standard deviation in side effects
scores was 16.7% higher for the AM10 group (0.986) compared
with AM40 (0.845). Side effects scores by sex and mixture are
shown in Table 4. AM10 males were the only anesthetic group
to reach a maximum side effects score of 3 while all other anes-
thetic groupings had maximum side effects scores of 2. AM10
females had the highest variability in side effects scoring with
a standard deviation of 0.926.

Side effects are further broken down by type of side effect
and score by individual animal (Table 5). Side effects scores
for each animal under respective AM mixtures were assigned

Table 5. Side effects scoring by scoring interval and side effect
type compared between the alfaxalone-midazolam 10- and 40-mg/
mL mixtures

Side effects score Side effect type AM10 AM40

Score 0: no None 3 5

side effects

Score 1: no impact Tremors/ 8 6

on data collection fasciculations

Score 2: adjustments Hypothermia 1 1

to supportive care Hypoxemia 3 2
Tachycardia 3 2
Stertor /stridor 4 3
Bronchospasms 2 0

Score 3: disruption Apnea 2 0

to data collection

Side effects scores were assigned to an animal based on the
highest-ranked side effect. Many animals displayed multiple side
effects across score levels depicted below. AMI0,
alfaxalone-midazolam 10mg/mL; AM40, alfaxalone-midazolam
40mg/mL.

based on the highest ranked side effect noted for each animal
per trial. No side effects were observed among 33.3% of NHPs
in the AM40 groupings and 20% of NHPs in the AM10 group.
Side effects scoring was applied per the discussion in Data and
Analysis in Materials and Methods. The only noted side effects
in score category one were tremors and muscle fasciculations
(46.67%). This side effect was observed in 40% of NHPs receiving
AM40 and 53.3% receiving AM10. Across all anesthetic trials,
33.3% of animals overall and in the AM40 and AM10 groups,
respectively, were assigned a score of 2. In this category, the
most common side effect was stertor or stridor (AM40 20%;
AM10 26.6%). The second most frequent was a split between
hypoxemia (SpO, less than 85%; AM40: 13.3%; AM10: 20%)
and tachycardia (> 200 bpm; AM40: 13.3%; AM10: 20%). In
the AM10 groupings, 13.3% of animals had bronchospasms
(defined by coughing under anesthesia) and 6.7% of animals
developed transient hypothermia (< 34 °C [94 °F]). In the AM40
groupings, hypothermia was also observed in 6.7% of animals,
but no animals were observed with bronchospasms.

The only side effect noted in category 3 was apnea (cessa-
tion in respirations for greater than 30s). AM10 males were the
only group represented in this category with 28.6% of animals
experiencing apnea during positioning in the plethysmography
chamber. Note that apnea occurred before the attachment of
anesthetic monitoring devices and the start of the trials prevent-
ing the measurement of other concurrent side effects such as
hypoxemia, tachycardia, and hypothermia during the apneic
episode. Since BCS was taken into consideration for the risk
of apnea, the side effects data is displayed for the entire study
with AM mixture, side effects scores, and BCS (Figure 3C). Note
that both NHPs with a side effect score of 3 were males under
AM10 with a BCS of 4/5 and 5/5, respectively.

Duration of anesthesia was compared between AM mixtures
(Table 1 and Figure 2F). There was no statistically significant dif-
ference (P = 0.3998) in duration of anesthesia between the AM40
and AM10 groups. The AM10 group had a median duration of
anesthesia (94 min) 6.8% higher than the AM40 group (88 min),
and the median difference between mixtures showed that AM40
trials were 10min shorter in duration overall. AM10 also had
a standard deviation in duration of anesthesia (39.846 min)
that was 36.09% higher than the standard deviation for AM40
(29.28 min) (Table 4).

Duration of anesthesia was compared based on the assump-
tion that females would have longer anesthetic trials than males
when administered AM mixtures (Table 2 and Figure 3D). No
statistically significant increase in duration of anesthesia was
detected for females (P = 0.1043) in the AM10 group. A P value
could not be produced for the sex comparisons within the
AM40 group; however, the data suggested that females in this
group had a shorter duration of anesthesia. A Hodges-Lehman
2-sided confidence interval is included for the sex comparisons
within the AM40 group with a median of 35.5min (95% CI:
—65 to —6min). For AM40, females had a median duration of
anesthesia (66.5min) that was 34.8% shorter in duration than
males (102 min). For AM10, females had a median duration of
anesthesia (71 min) that was 33.6% shorter than males (107 min).
The longest anesthetic trial was an AM10 female at 179 min
compared with the shortest anesthetic trial of 46 min in an AM40
female with a range in anesthetic duration of 133 min across the
entire study. AM10 females had the greatest standard deviation
in duration of anesthesia (50.951 min) compared with the AM40
males who had the shortest (23.155min).

Time to start was also compared between the AM40 and AM10
mixtures to provide information about the onset of anesthesia
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and consistency of the timing of anesthetic procedures (Table 3
and Figure 2G). Median time-to-start values for AM10 (10min)
and AM40 (11min) differed by a small amount. The median
difference showed that AMA40 trials started 3min sooner than
AM10. The standard deviation for time to start under AM10
(15.1 min) was 258.6% more than AM40 (5.84 min). Table 4
shows sex comparisons in time to start between AM mixtures.
While the median values remain relatively consistent across
all groups, the standard deviation for AM10 females (19.1 min)
had the greatest variability compared with the lowest standard
deviation in AM40 females (3.29 min) with a range of variability
of 15.81 min across the entire study.

During the original mixing of AM10 mixtures, 10 out of the 15
AM10 doses prepared had noted separation of the midazolam
and alfaxalone forming 2 layers in the syringe before admin-
istration. The separations were resolved before administration
during the study. Following completion of the in-life study, an
additional in vitro mixing study was performed assessing the
optical changes to each of the drug mixtures (that is, AM10 and
AM40) when mixed in a syringe. Upon the second iteration of
mixing of the AM10 reactors during the in-life phase of the study,
9 of the original 10 AM10 reactors displayed the 2-phase separa-
tion reaction. The range of time to dissolution was 22 to 1,448 s
(mean: 343.9s; median: 248.5s). None of the NHPs administered
the AM10 or the AM40 injections had injection site reactions at
any of the rechecks indicating that the syringes with separation
reactions did not cause adverse events in the animals.

The following items are documented exceptions from data
collection. On the first day of iteration one, the plethysmography
computer malfunctioned, and a lapse in data collection for an
NHP under AM40 occurred during the fifth minute of SSMV.
To adjust for this complication, the time trial was extended an
additional minute to obtain another MV reading. The impact
of this additional measurement was included in the calculated
20min of SSMV for this entry. During the third day of iteration
1 of data collection, the plethysmography computer malfunc-
tioned and a lapse in data collection for an NHP under AM40
occurred during 20s of the 18th minute of SSMV. To adjust for
this complication, the 20s immediately following the malfunc-
tion was recorded in place of the missing data. The impact of
this additional measurement was included in the calculated
20min of SSMYV for this entry. On the third day of iteration 2, a
female NHP under AM10 failed to achieve the loss of voluntary
movement. No anesthetic measurements could be taken as the
NHP could not be safely removed from her enclosure. The NHP
was monitored until fully recovered without complication. The
AM10 event was incorporated into data for QA, side effects, and
total volume injected as these values could still be observed.
QA was assessed with a score of 1 unit since the NHP did not
attain anesthesia and therefore failed to reach SSMV. The AM10
event was omitted from AMYV, duration of anesthesia, and SSMV
data as none of the measurements used to calculate these values
could be safely and accurately obtained.

Discussion

This study compared a novel AM40 anesthetic drug protocol
against the AM10 protocol already established as a superior op-
tion for cynomolgus macaques undergoing plethysmography.!
The AM40 protocol uses a significantly smaller injection volume
than AM10. The primary purpose of the study was to establish
whether this higher concentration investigational alfaxalone
formulation could improve the ease of drug administration and
animal welfare via a smaller intramuscular injection volume.
We hypothesized that the AM40 drug mixture would show no

significant differences in duration of anesthesia, SSMV, AMYV,
side effects, and QA when compared with AM10. The results
of the study were consistent with the primary hypothesis and
there was no statistically significant difference between the
AM anesthetic drug mixtures for duration of anesthesia, SSMV,
AMYV, side effects, and QA. Furthermore, we formed a second-
ary hypothesis that females would have a longer duration of
anesthesia across AM mixtures than males. The secondary
hypothesis was not supported by the results of the study, and
there was no statistically significant difference in duration of
anesthesia for females for both AM10 and AM40 anesthetic
drug mixtures.

While none of the studied variables other than injection
volume had statistically significant differences between AM
mixtures, it is arguably more practical to compare the 2 mixtures
in terms of the ideal injectable anesthetic for plethysmography.
As noted earlier, the ideal injectable anesthetic drug protocol
would meet the following criteria: be administered as a single
IM injection, have an anesthetic duration of at least 45min, rap-
idly achieve an anesthetic plane and maintain SSMV, maintain
a consistent AMV, and produce minimal side effects influenc-
ing patient safety and data collection during the study. As we
mentioned previously, AM40 mixtures produced a significantly
smaller injection volume than AM10, but more importantly, all
AM40 doses were able to be administered as a single IM injection
with a median injection volume of 1.12mL, which is 66.47% less
than AM10 (Table 3 and Figure 2A). Furthermore, none of the
AM40 dose mixtures had an observed phase separation reac-
tion compared with 60% of the AM10 doses that had separation
reactions with an average time to dissolution of 5.73 min. The
cause of the separations in AM10 on mixing is unclear as both
the 10- and 40-mg/mL alfaxalone formulations have the same
alfaxalone: cyclodextrin ratio (weight:weight) and identical
preservative systems. More research is required to understand
the reason(s) for the differences in the time to mix. However,
this point is likely inconsequential since the AM10 mixtures
had no significant difference from AM40 mixtures outside
of injection volume. In addition, the AM10 mixture, like the
AM40 mixture, did not cause any injection site reactions in the
NHPs. When assessing the benchmark of anesthetic duration
of at least 45min, both minimum values for AM10 and AM40
achieved this criterion (Table 3 and Figure 2F). While achiev-
ing a minimum duration of 45min allows for adequate dosing
with aerosol agents under plethysmography, longer anesthetic
durations can also cause problems with prolonged recoveries
within biocontainment spaces.

When assessing the rapidity of onset and the quality of SSMYV,
we examined the values for time to start and quality scoring.
Both drug protocols had near equivalent median time-to-start
values (AM10:10 min, AM40:11 min), but the standard deviation
in time to start was 258.6% greater in the AM10 group compared
with the AM40 group (Table 3 and Figure 2G). This increased
variability in onset of anesthesia in AM10 affected the flow of
the experiment and caused increased waiting times between
AMIO trials within study day groupings. The median quality
score for SSMV for both mixtures was 4 denoting a full 20 min
of SSMV on the first attempt; however, there was an AM10
female who failed to achieve anesthesia (QA score = 1) while
every animal under AM40 attained SSMV at least twice (QA
score = 3). While the standard deviation in quality scoring for
the AM10 group was 384% higher than the AM40 group, the
standard deviation was skewed due to the small sample size
and the score of 1 for the single female AM10 NHP that failed
to lose consciousness after injection (Table 4 and Figure 2B).
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Average SSMV values were also examined and remained rela-
tively consistent between AM mixture groups with a median
difference of only —4.005 mL/min across the study (Table 3 and
Figure 2C). Average SSMV is a primary variable in the calcu-
lation to determine the aerosol duration required to present
a target dose. For this reason, it is ideal to have a predictable
and consistent average SSMV.

Alarge AMYV relies on the input of 2 variables, the duration
an animal remains in SSMV and the average volume of SSMV
throughout the trial. Due to the correlation of AMV to SSMV du-
ration and volume, the direct comparison of AMV for AM10 and
AM40 is useful in verifying the similarities in SSMV between the
2 anesthetic mixtures. The AMV median values for AM40 and
AM10 were relatively close with a difference of 1,500mL and a
median difference of only 160mL for the entire study (Table 3
and Figure 2D). AM40 had an AMYV standard deviation that
was 36.14% higher than AM10. This increased AMYV variability
for AMA40 is likely due to the 2 data point outliers depicted in
Figures 2D and 3D. A single AM40 female had a reduced AMV
due to a low SSMV value of 217.05mL/min and a reduced
average SSMV duration of 4.5min, despite having a QA score
of 3. An AM40 male had only a 10-min average duration of
SSMYV, despite having a QA score of 3, lowering his total AMV
value for the trial. It is also noteworthy that one of the AM10
females did not lose consciousness after AM10 administration
and so AMV could not be calculated for that animal and that
data point is not considered in the data for AMV for the study.
When these outliers are accounted for, the overall AMV between
AM mixtures is similar.

Finally, the ideal anesthetic drug protocol would have mini-
mal side effects that threaten harm to the animal or disruption
to data collection. A scoring system, seen in Table 5, was applied
to the data following the completion of anesthetic trials based
on the possibility of an adverse anesthetic event and the threat
to disrupt data collection during the study. Side effects scores
were assigned based on the highest-ranked-side effects observed
for a trial. AM40 had 33.33% of animals listed as having no side
effects or adverse events with a side effects score of 0 compared
with AM10 which only had 20% of animals within this category.
The most observed side effects across the study were tremors
and muscle fasciculations. This side effect was observed as a
single side effect in 46.67% of animals across the study. This
was the only side effect qualifying as a score category of 1 for
the trial. Both AM40 and AM10 had 33.33% of animals with a
side effects score of 1 with fasciculations and tremors scored
as the highest-ranked side effect. A score of 2 was assigned for
episodes of transient hypothermia, tachycardia, hypoxemia,
upper airway stertor or stridor, bronchospasms (coughing un-
der anesthesia), or any combination of these side effects. Both
mixtures had 33.33% of animals assigned a side effects score of 2.
The most common side effect was stertor or stridor. The second
most frequent was a split between hypoxemia and tachycardia.
For AM10, 13.3% of animals had bronchospasms and 6.7% had
transient hypothermia (<34 °C [94 °F]). For AM40, hypothermia
was also observed in 6.7% of animals, but no animals were
observed as having bronchospasms (Table 5).

The only observed side effect that qualified as a score of 3 was
positional apnea in 2 AM10 males, which represents 28.86% of
that group. Both NHPs experienced a cessation in breathing
lasting more than 30s during placement and positioning into
the plethysmography chamber. No monitoring equipment had
been connected at the time of the observed apnea. These male
NHPs were perceived to be at a higher risk due to their larger
size and BCS assignments in the overweight categories of 4/4

and 5/5 (Figure 3C). Both cases of apnea resolved with minimal
intervention in the form of chest compressions and rotation
into a 45° right lateral supine position, but both cases resulted
in delays to the start of trials lasting 2 to 10 min. Overall, AM40
had fewer total side effects for scores 1 to 3, had no animals
receive a side effects score of 3, and had more animals score 0
(no side effects) than the AM10 group.

The primary limitation to the study is the small population
size of 15 NHPs. The authors recommend a reassessment for the
study measures with a larger sample evaluated for statistical
significance for the chosen study values. Another limitation in
this study was that evaluators and study participants were not
blinded to the AM mixtures administered for each anesthetic
event, primarily due to staffing limitations and NHP safety in
anesthetic dosing. Lack of blinding may have contributed to
bias in the assessment of more subjective study measures such
as observed side effects. Based on the results of this study, the
authors suggest the blinding of future studies using investiga-
tional 40-mg/mL alfaxalone in cynomolgus macaques as the
drug appears to be safe and efficacious. Another potential area
of bias is our application of side effects scoring measures and
the determination of side effects scoring measures following the
completion of anesthetic trials. Ideally, predetermined values
and criteria for assessing side effects would be established before
the start of the study. For our study, we assigned these measures
following anesthetic trials, except for the hypothermia criterion
(<94 °F) which was assigned before the start of the study. Pa-
tients meeting body weight and BCS criteria were rotated into
lateral positioning for both trials. There were no controls estab-
lished for data comparison in relation to patient positioning to
avoid apnea. The data underwent systematic reviews between
the authors and the USAMRIID internal review process to
minimize potential bias within the data and analysis. Another
area for consideration is the effect of additional anesthetic ad-
ministration on the duration and quality of anesthesia. Often,
researchers and veterinarians may need to extend an anesthetic
event to provide care to an animal or complete an additional
procedure. Additional data on the efficacy of a second dose of
AM mixtures could provide useful clinical insights. Also worth
consideration is the adjustment of the total anesthetic dose
to match the purpose and duration of anesthesia. Finally, the
authors recommend a study assessing the effective concentra-
tion of alfaxalone in the blood stream producing anesthesia
in cynomolgus macaques. Body composition may or may not
affect the effective concentration. This type of study is beyond
the scope of this manuscript.

Overall, this study supports the use of AM40 to replace
AM10 as an anesthetic protocol to perform plethysmography
in cynomolgus macaques. Values for QA, AMYV, side effects,
duration of anesthesia, and SSMV were not statistically different
between the AM40 and AM10 anesthetic protocol groups. AM40
also has the advantage of a much smaller injection volume than
the AM10 protocol. Females cynomolgus macaques did not
demonstrate significantly longer anesthetic durations on AM
protocols. AM40 may present many additional advantages over
AMI10 as a primary anesthetic protocol for plethysmography,
but more data with larger sample sizes is needed to make that
determination. Further research in pharmacokinetic studies,
and broad applications of AM10 and AM40 protocols are rec-
ommended by the authors.
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