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Effects of Extended-Release Injectable Naltrexone
on Self-Injurious Behavior in Rhesus Macaques
(Macaca mulatta)

Doty J Kempf,' Kate C Baker,"" Margaret H Gilbert,' James L Blanchard,’
Reginald L Dean,? Daniel R Deaver,” and Rudolf P Bohm Jr!

Self-injurious behavior (SIB) is a spontaneous behavior that threatens the health and wellbeing of multiple species. In humans,
the opioid antagonist naltrexone hydrochloride has been used successfully to modulate the endogenous opioid system and reduce
the occurrence of SIB. This study is the first to assess the efficacy of extended-release naltrexone in the pharmacologic treatment of
SIB in rhesus macaques (Macaca mulatta). In an acute pharmacokinetic study of 4 macaques, we determined the mean naltrexone
plasma concentration was maintained above the therapeutic level (2 ng/mL) after administration of a single dose (20 mg/kg) of 28-d
extended-release naltrexone throughout the release period. For a subsequent treatment study, we selected 8 singly housed macaques
known to engage in SIB. The study comprised a 4-wk baseline phase; an 8-wk treatment phase, during which each macaque received
2 doses of extended-release naltrexone 28 d apart; and a 4-wk posttreatment phase. Plasma samples were collected and analyzed
weekly for naltrexone concentrations throughout the treatment and posttreatment phases. In addition, total of 6 h of video was
analyzed per animal per phase of the study. Compared with baseline phases, both the frequency and the percentage of time spent
displaying SIB decreased during the treatment phase, and the percentage of time remained decreased during the posttreatment
phase. In contrast, extended-release naltrexone did not alter the expression of other abnormal, anxiety-related, or agonistic behaviors
nor were levels of inactivity affected. The present study supports the use of naltrexone in the treatment of SIB in rhesus macaques.

Abbreviation: SIB, self-injurious behavior.

Self-injurious behavior (SIB), a multifactorial abnormal behav-
ior with a poorly understood etiology, is defined as any behavior
involving potentially damaging manipulation of or deliberate
infliction of direct physical harm to one’s own body without sui-
cidal intent.>??> In humans, the condition often is associated with
neurodevelopmental disorders, including mental retardation,
autism, borderline personality disorder, and Lesch-Nyhan syn-
drome, with expression in 4% to 20% of persons who are affected
by these disorders." SIB also is expressed by approximately 4%
of persons who are not affected by neurodevelopmental disor-
ders.'*>% SIB is not a uniquely human phenomenon; the disorder
also affects many captive nonhuman primate species. To date, the
most widely studied species is the rhesus macaque, with 5% to
13% of the caged population spontaneously demonstrating SIB
in the form of self-biting. 54*% Self-biting often appears severe to
an observer but typically does not result in trauma to the skin.
However, some macaques engage in a more extreme form of self-
injury and inflict wounds that require veterinary intervention.
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Although no proposed cause of SIB has been accepted
widely,* serotonergic, dopaminergic, and opioidergic organ-
ic mechanisms have been implicated in the development and
maintenance of the behavior in both human and nonhuman pri-
mates.”1#24240473553665 [ imited evidence suggests that altered or
reduced serotonin function plays a role,'**® and therapeutic in-
tervention with serotonin reuptake inhibitors such as fluoxetine,
buspirone, and the serotonin precursor L-tryptophan have had
mixed success in reducing the incidence of SIB.*#46% However,
other studies have been unsuccessful in definitively identifying
direct evidence that either decreased synthesis or function of
the neurotransmitter likely results in SIB.**% Similar mixed find-
ings were described with respect to the dopamine system,**6+¢”
and, as with serotonin, there is little direct evidence of its role in
spontaneous SIB*#

More recently, there has been a concerted focus on disturbances
in the endogenous opioid system. #5256 A prevailing hypoth-
esis is that at least a subpopulation of subjects engages in SIB as
a means to stimulate the release of endogenous opioids, result-
ing in a euphoric state that seeds an addictive mechanism for
maintenance of the behavior once it is established. In addition,
SIB in humans shares features of addiction including compulsive
and ritualistic (or stereotypic) patterns that either comprise or
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surround the self-injuring acts.®® In rhesus macaques, there is a
similar association between stereotypic floating limb and self-
biting behaviors.”

In humans, SIB often is coexpressed with stereotypy, anxiety,
aggressive, and obsessive— compulsive behaviors in a variety of
neurodevelopmental disorders.>!20343962 In addition, although
there have been limited investigations into the relationship be-
tween anxiety and the incidence of SIB,** physiologic evidence
of anxiety attenuation in the form of reductions in heart rate and
blood pressure after SIB bouts has been reported to occur in both
human and nonhuman primates.®***> Treatment with the anxi-
olytic drug diazepam successfully reduced self-biting behavior
in a subset of rhesus macaques known to engage in this behavior.
However, some subjects responded with a significant increase in
self-biting.®

While there are currently no widely accepted treatments
available for SIB,the nonselective opioid antagonist naltrexone
hydrochloride,” used to treat alcoholism and opioid dependence,
may be effective in reducing SIB in humans®*** and nonhuman
primates.®® The proposed mechanism of action for attenuation of
SIB by naltrexone is the competitive blockade of opioid receptors,
which limits the euphoria or analgesia that results from an SIB
episode.® It is theorized that reduction of positive feedback mech-
anisms removes the motivation for maintenance of the behavior,
thereby reducing the incidence.®* A review of studies in the hu-
man literature reported that 80% of developmentally disabled
patients responded positively to treatment with oral naltrexone,
and 47% showed reductions of 50% or greater in the expression
of the target behavior.®' Similar effects were noted at the Tulane
National Primate Research Center, where 85% of nonhuman pri-
mate subjects exhibiting self-wounding prior to pharmacologic
intervention had decreased SIB after initiating oral naltrexone
therapy. Of the animals that responded positively, 38% showed a
reduction in the frequency of SIB behavior of at least 50%.%

Although the aforementioned results are positive, inherent dif-
ficulties complicate definitive assessment of the efficacy of naltrex-
one given orally. The drug has a short half-life, and direct drug
effects may be obscured when an animal occasionally refuses daily
oral administration. In this scenario, plasma concentrations cannot
be maintained above the putative therapeutic level of 2 to 5 ng/
mL.% Therefore, we extended the investigation of the use of nal-
trexone to include an extended-release, parenteral formulation.

To our knowledge, a pharmacokinetic study of extended-release
naltrexone by intramuscular administration in rhesus macaques
has not been described in the literature. The first goal of the pres-
ent study was to determine that a therapeutic plasma concentra-
tion of naltrexone could be maintained for 28 d by using a single
20-mg/kg dosage of an extended-release formulation. Once that
goal was achieved, we pursued our primary objective of examin-
ing the efficacy of extended-release naltrexone in the treatment of
self-biting behavior in rhesus macaques. We also evaluated the
drug’s effects on other abnormal, anxiety-related, and agonistic
behaviors, which are often associated or coexpressed with SIB in
humans.

Materials and Methods
Subjects. Rhesus macaques (Macaca mulatta) of either Indian or
Chinese origin were obtained from the AAALAC-accredited Tu-
lane National Primate Research Center conventional and SPF
(antibody- and virus-negative for simian retrovirus and seronegative
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for simian T-lymphotrophic virus 1, SIV, and Macacine herpesvirus
1) breeding colonies as well as from AAALAC-accredited vendor
sources. Macaques were housed in accordance with the standards
set forth by the Public Health Service policy as outlined in the
Guide for the Care and Use of Laboratory Animals** and the US De-
partment of Agriculture’s Animal Welfare Regulations.! Animal
rooms were maintained on a 12:12-h light:dark cycle with a rela-
tive humidity of 30% to 70% and an ambient temperature of 64 to
72 °F (17.8 to 22.2 °C). Macaques weighing less than 10 kg were
individually housed in cages measuring 36 in. (91.4 cm) in height
with 4.3 ft? (0.4 m?) of floor space, whereas subjects weighing 10
kg or more were housed in cages with floor space measuring 8.6
ft? (0.8 m?) and a height of 36 in (91.4 cm). Macaques were fed
a commercial nonhuman primate diet (Purina Lab Fiber-Plus
Monkey Diet, Richmond, IN) twice daily and fresh produce or
foraging mix at least once daily 5 times each week, with access to
water ad libitum. All macaques were housed with visual access
to several conspecifics at all times. Each cage contained 2 perches
and a toy. In addition, a mirror and an additional toy were hung
on the outside of each cage. All study procedures and methods
were preapproved by the Tulane University IACUC.

Acute pharmacokinetic study. Extended-release naltrexone
(Vivitrol, Alkermes, Waltham, MA) is naltrexone incorporated
into 75:25 biodegradable poly(p,L-lactide-cogycolide) micro-
spheres at a concentration of 337 mg of naltrexone per gram of
microspheres. The microspheres are suspended in a diluent com-
posed of carboxymethylcellulose sodium salt, polysorbate 20,
sodium chloride, and water prior to injection. A dosage of 20 mg/
kg (naltrexone) was selected on the basis of a published recom-
mendation.” The authors previously determined that the plasma
concentration of naltrexone remained above the putative thera-
peutic threshold of 2 ng/mL® throughout the 28-d release phase
after subcutaneous administration of extended-release naltrexone
in rhesus macaques.*®

The current study included 4 healthy, adult male rhesus ma-
caques of Indian origin ranging in age from 5 to 10 y (mean + 1 SD,
7.5+ 2.4 y). Subjects had not previously been inoculated with in-
fectious agents and had never been observed to engage in self-
biting or abnormal behaviors. All procedures were performed
while macaques were anesthetized with ketamine hydrochloride
(10 mg/kg). Prior to enrollment in the pharmacokinetic study;,
macaques were weighed, a physical examination was performed,
and blood was collected for CBC and serum biochemistry analy-
sis. On the first day of the pharmacokinetic study, the dose of ex-
tended-release naltrexone was administered and divided equally
into 2 intramuscular injections, 1 each into the left and right quad-
riceps muscles. Blood samples for pharmacokinetic analysis were
collected into EDTA anticoagulant containing tubes and obtained
at0,2,and8hand1,2,5,7,10, 14,17, 21, 25, and 28 d after injec-
tion. At each time point, macaques were weighed and examined.
Blood samples were placed on wet ice and processed within 30
min to separate plasma by spinning the samples in a centrifuge
(Allegra 6R, Beckman Coulter, Fullerton, CA) at 2600 g for 10 min
at 2 to 5 °C. The resulting plasma was split into 2 approximately
equal aliquots (A [primary samples] and B [back-up]), transferred
to individual polypropylene tubes in a 96-well plate format, and
stored at approximately —80 °C until shipment for analysis. Plas-
ma concentrations of naltrexone were determined by using liquid
chromatography—tandem mass spectrometry.”” Disposition and
metabolism of naltrexone were not examined.



Naltrexone study. Three male and 5 female rhesus macaques
of either Chinese or Indian origin, ranging in age from 3 to 10y
(mean+1SD, 6.5+2.8y), were selected as subjects on the basis of
their high frequency of self-biting (more than 4 bouts per hour).
Each animal was singly housed and served as its own control.
As part of ongoing infectious disease studies at our institution,
5 of the subjects had previously been inoculated with SHIV-RT
virus and one subject with STVmac239 virus. One of these subjects
began to show clinical signs of illness associated with SHIV-RT
disease status prior to the completion of the study. Subsequently,
data from this animal were excluded from statistical analysis.
The remaining 2 subjects had not been inoculated with infectious
agents. Prior to study assignment, macaques were anesthetized,
weighed, and given physical examinations, and blood was col-
lected for CBC and serum biochemical analysis. After confirma-
tion of normal health status, macaques were enrolled in the 4-wk
baseline phase, during which behavioral data were collected (see
below). This phase was followed by an 8-wk treatment phase,
during which macaques each received 2 extended-release nal-
trexone injections as described earlier, on the first days of weeks 5
and 9 of the study (Figure 1). Collection of behavioral data began
no sooner than 5 d after the initial injection of extended-release
naltrexone. This pause in data collection allowed subjects to ad-
just to the blockade of endogenous opioids by extended-release
naltrexone. Physical examinations were performed, weights were
obtained, and blood was collected for naltrexone plasma con-
centration analysis once weekly. Analysis of naltrexone plasma
concentration was performed to ensure that subjects were main-
tained above the putative therapeutic threshold for naltrexone
(2ng/mL)*® and to compare the naltrexone plasma concentration
with the response to treatment. The third phase consisted of a
4-wk posttreatment phase, during which behavioral data were
collected, blood was sampled, body weights were obtained, and
physical exams were performed in the same manner as during
the treatment phase. In this phase, naltrexone plasma concentra-
tion was analyzed to confirm that detectable drug levels were no
longer present.

Subsequently, we followed and evaluated the long-term post-
treatment effects of naltrexone in 5 subjects for a 2-wk period that
began 110 to 200 d after the final injection of extended-release
naltrexone. Behavioral data were collected as described below.
On day 7 of this 2-wk long-term follow-up time period, macaques
were given a physical examination and weighed, and a single
blood sample was collected for analysis of naltrexone plasma
concentration as previously described. Because only 5 of the 7
subjects were followed during this period, the long-term extend-
ed-release naltrexone effects observed were not included in the
statistical analysis of the data but are described.

Behavioral data. During each study phase, a total of 6 h of fo-
cal animal sampling per subject was obtained via videotaping.
Personnel at our institution use video cameras frequently and
most indoor-housed animals are acclimated to their presence.
Video-recording sessions were scheduled between the hours of
1100 to 1300 and 1400 to 1600 to reduce variability and avoid pos-
sible confounds that may have been introduced by interactions
between animals and staff during routine husbandry, daily feed-
ings, and research-associated procedures. Each session varied
from 30 to 120 min in length, as dictated by the timing of these
procedures, but achieved the same mean (+ SE) during all phases
(baseline phase: 87.5 +21.9 min; treatment phase: 87.3 £20.1 min;

Effects of extended-release naltrexone in rhesus macaques

Weeks 14

6 h of video collection per
subject

Physical exam, weight,
CBC, and serum
biochemical analysis
prior to video collection

Baseline phase 7 macaques

Weeks 5-12

Injection given on first
days of weeks 5 and 9

6 h of video collection per
subject

Physical exam, weight,
and naltrexone plasma
concentration measured
weekly

Treatment phase 7 macaques

Weeks 13-16

6 h of video collection per
subject

Physical exam, weight,
and naltrexone plasma
concentration measured
weekly

Posttreatment phase 7 macaques

Long-term follow-up ~ 5macaques  2-wk period, beginning
110-200 d after final
naltrexone injection

6 h of video collection per
subject

Physical exam, weight,
and naltrexone plasma
concentration measured

once

Figure 1. Naltrexone study design.

posttreatment phase: 84.5 £ 15.8 min; long-term follow-up period:
90.0 £ 1.27 min). Behavioral observations collected during the
long-term follow-up period were obtained 1 wk prior to and 1 wk
after the single blood sample collection.

Data were coded and quantified by a single observer (DJK) us-
ing Observer XT 10.0 software (Noldus Information Technology,
Leesburg, VA). An exhaustive, mutually exclusive ethogram that
included a total of 77 behaviors was used. Behaviors of interest
were categorized into 7 behavioral categories for analysis: self-
biting, floating limb, abnormal locomotor, abnormal nonloco-
motor, anxiety-related, agonistic, and inactive (see Figure 2 for
operational definitions). Levels of inactivity were measured for
the purpose of evaluating whether effects of extended-release
naltrexone were due to antagonism of the endogenous opioid
system or were secondary to sedation. All behaviors excluding
inactivity were sampled continuously. Instances of self-biting be-
havior were recorded and calculated as frequency per hour as
well as percentage of time animals were observed performing the
behavior. By analyzing both frequency and percentage, we were
able to assess how many times the animals performed self-biting
episodes and the total percentage of time that the subjects dedi-
cated to the behavior. In addition, abnormal and anxiety-related
behavior levels were calculated as percentages of time that sub-
jects spent performing the behaviors. Agonistic behaviors were
quantified as frequency per hour, owing to the brief duration of
these behaviors. Levels of inactivity were quantified by using in-
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Self-biting behavior

Any vigorous biting of the animal directed towards its own body

Floating limb behavior

Limb raised in air, appearing as if animal is not in control of the limb

Abnormal locomotor behavior
Flip: repetitive somersaulting movements
Jump: repetitive jumping in same location

Pace: repetitive locomotion involving at least two repetitions of the same path

Spin: repetitive 360 degree locomotion in the same spot

Rock: any rhythmic motions of the body from a stationary position; animal remains sitting or standing while the upper torso sways

back and forth

Other Stereotypy: any repetitive ritualized behavior pattern that is idiosyncratic, serves no obvious function (that is, is not a part of
play, sex, grooming), and meets no other definitions in the category of stereotyped behavior

Abnormal nonlocomotor behavior

Bizarre Posture: holding seemingly uncomfortable or unnatural posture

Eye Poke: gentle pressing of digit in or around ocular orbit

Hair-Plucking: deliberate plucking of hair using hands or teeth

Self-Clasp: clutching of the body with hand(s) and/or feet

Anxiety-related behavior

Self-Groom: any picking, stroking and/or licking (>1 motion); includes biting or chewing nails and licking or touching any part of

the body other than the genitals
Scratch: vigorous strokes of the hair (>1 motion)

Vigilant Scanning: animal is alert, avoids eye contact, and eyes dart back and forth scanning social environment; monkey may

appear scared or nervous

Agonistic behavior

Stare: visual fixation in an aggressive context; the animal’s head is thrown forward and the body appears more rigid than when

passive visually

Open-Mouth Stare: visual fixation in an aggressive context; ears flatten against head, brow retracts, mouth rounds, teeth are
partially exposed, body is often held stiff and erect; often accompanied by pilo-erection.
Ear Flick: quick flattening of ears against scalp and/or scalp retracted to expose eyelids

Inactivity

Inactive and passive visually; 1 or no steps taken, includes sitting, lying down or sleeping, standing and postural adjustments,

includes passively looking out into room

Figure 2. Operational definitions of abnormal behavior.

stantaneous sampling collected at 30-s intersample intervals. The
total number of samples during which inactivity was recorded
was divided by the total number of samples recorded during the
phase.

Behavioral and physiologic data analysis. Statistical analyses
were performed by using 2-tailed Wilcoxon matched-pairs tests
with Bonferroni correction (Statistica, Statsoft, Tulsa, OK)
to compare baseline values with treatment and posttreatment
values. Tests were conducted by using data from 7 subjects and
excluded the animal that became clinically ill during the study
period. All analyses were completed with the o level set to 0.025
to control for multiple comparisons. Data derived from the long-
term follow-up period were not tested for statistical significance,
because only 5 subjects could be studied during this period. As
such, the findings from the long-term follow-up period are pre-
sented only descriptively.
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We calculated the percentage reduction in self-biting behavior
after treatment with extended-release naltrexone and analyzed
these data for correlation with the naltrexone plasma concentra-
tions by using a Spearman rank-order test with an a. level of 0.05.

Results

Acute pharmacokinetic study. Plasma concentrations of naltrex-
one remained pharmacologically relevant (greater than 2 ng/mL)
for the duration of the 28-d study (Figure 3), with the exception of
a single measurement from one macaque on day 21 (1.5 ng/mL)
and a single measurement from a different macaque on day 28
(1.3 ng/mL). A mean peak plasma concentration of 31.0 ng/mL
was reached on day 2. A small secondary peak of 11.7 ng/mL was
observed on day 25 as the polymeric microspheres encapsulating
extended-release naltrexone degraded.

Extended-release naltrexone was well tolerated by macaques,
with neither injection site reactions nor adverse drug effects being
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Figure 3. Acute pharmacokinetic study: mean naltrexone plasma con-
centrations (bar, 1 SD) over the 28-d study period. The horizontal black
line represents the therapeutic level (2 ng/mL) of naltrexone.

observed. Body weights remained stable over the course of the
study, with a mean (+ SE) animal weight of 12.6 + 1.9 kg at com-
mencement of the study and 11.9 + 1.7 kg at the end of the study.

Naltrexone study. Descriptively, 7 of the 8 macaques responded
positively to treatment with extended-release naltrexone as mea-
sured by reductions in either frequency of or percentage of time
spent self-biting (Table 1). For the subjects included in the analysis
(macaques 1 through 7), the mean reduction was significant both
in respect to frequency (Wilcoxon ranked-pairs test; P < 0.025,
Figure 4) and percentage of time (P < 0.025, Figure 4). Naltrex-
one plasma concentration remained greater than the therapeutic
level of 2 ng/mL for all subjects during the treatment phase. In
the posttreatment phase, the reduction in frequency of self-biting
compared with baseline was not significant, but the percentage of
time remained so (P < 0.025, Figure 4). Values during long-term
follow-up were not tested for significance but are provided in
Table 1.

Among the 7 subjects included in the analysis, self-biting
frequency was attenuated in 86% of subjects. Of those that re-
sponded positively, half showed a reduction of 50% or greater.
Overall, a significant (P < 0.025, Figure 4) mean frequency reduc-
tion of 49% was observed during the treatment phase compared
with baseline values. A trend (P < 0.05) toward maintenance of
this positive response persisted after complete naltrexone me-
tabolism, with a frequency reduction of 36% in the posttreatment
phase as compared with the baseline phase. The percentage of
time that the macaques engaged in self-biting behavior was sig-
nificantly reduced by 54% and 60% (P < 0.25, Figure 4) during the
treatment and posttreatment phases as compared with the base-
line phase, respectively. Descriptively, the eighth subject, which
was excluded from the statistical analysis, not only reduced the
frequency of self-biting by 75% but also reduced the percentage
of time engaged in self-biting behavior by 85% in the treatment
phase as compared with the baseline phase. Data from this ma-
caque were not available for the posttreatment phase.

We investigated the relationship between response to extend-
ed-release naltrexone treatment for self-biting behavior and nal-
trexone plasma concentrations during the treatment phase. A
correlation between naltrexone plasma concentrations and reduc-
tions in the frequency of or percentage of time spent self-biting
was not observed.

Effects of extended-release naltrexone in rhesus macaques

Table 1. Responses (% reduction in frequency and duration [time] SIB)
of individual macaques to extended-release naltrexone

Long-term

Treatment Posttreatment follow-up

Frequency = Time  Frequency Time  Frequency  Time

1 3% 57% +17%b 39% 33" 46"
2 55% 37% 30% 22% 58" 43"
3 90% 977 76" 87% 90% 97%
4 35% 447 48" 5% 52% 55%
5 8 1 Yoa 94%3 8%3 49%a 19% 61%
6 44%a 56%a 44%a 7 %a . .
7 4"/na 4“na 59“«1 49%a J— J—
8 77% 89% — — — —

Reductions are relative to baseline values; macaques 1 through 6 were
considered to be responders. Data from macaque 8 were excluded from
statistical analysis due to clinical illness.

P < 0.025 compared with baseline value.

This value represents an increase in the frequency of SIB.

The long-term follow-up period included 5 of the 7 subjects
that responded to extended-release naltrexone treatment. The
positive effects of naltrexone therapy appeared to persist well
beyond the posttreatment phase (Table 1). The percentage of time
that the macaques engaged in self-biting behavior over the 6 h of
video collected per phase was reduced by 66% during the treat-
ment phase, 50% in the posttreatment phase, and 60% during the
long-term follow-up period as compared with baseline levels. Al-
though not as dramatic, reductions in self-biting frequency were
present also. The frequency of self-biting was reduced by 60% in
the treatment phase, 30% during the posttreatment phase, and
37% in the long-term follow-up period as compared with base-
line, after 2 subjects did not exhibit long-term effects of naltrexone
on self-biting during the posttreatment phase or the long-term
follow-up period.

Significant changes were not detected in the frequency of ago-
nistic behavior or in the levels of expression of floating limb, ab-
normal locomotor, abnormal nonlocomotor, and anxiety-related
behaviors between the baseline and treatment phases. Levels of
inactivity did not change from baseline levels throughout the
study. As in the acute pharmacokinetic study, animal weights did
not change significantly. The mean weight (+ SE) of the 7 subjects
was 6.9 * 2.4 kg on the first day of the study, 7.1 + 2.4 kg on the
last day of the treatment phase, and 7.0 + 2.6 kg on the last day of
the posttreatment phase. The remaining subject, which was not
included in the statistical analysis, began with a weight of 7.8 kg
and weighed 7.6 kg on the final day of the treatment phase be-
fore it began showing signs of clinical illness. The mean weights
obtained from the subset of 5 subjects included in the long-term
follow-up period similarly did not change significantly and were
7.6 +2.5 kg on the first day of the study and 8.0 + 2.6 kg during
the follow-up period.

Discussion
In the current study, the hypothesized opioid-driven main-
tenance of self-biting behavior was pharmacologically targeted
with naltrexone, a nonselective opioid antagonist. We elected to
evaluate both the frequency of and percentage of time spent ex-
pressing self-biting behavior among our macaque subjects, be-
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Figure 4. Self-biting behavior presented as frequency per hour (mean * SE) and percentage of time spent performing the behavior (mean + SE). 1, P <

0.025; *, P < 0.05.

cause bout length can vary greatly between individual subjects as
well as by each self-biting event expressed by a subject. Therefore,
to better evaluate drug efficacy, it was crucial to measure how fre-
quently subjects engaged in the behavior and what percentage of
time was spent expressing the behavior. In the current study, ex-
tended-release naltrexone was effective in producing a significant
mean reduction in the percentage of time that macaques dedicat-
ed to self-biting during the treatment and posttreatment phases as
compared with the baseline phase, represented by reductions of
54% and 60% (Figure 4), respectively. The response significantly
persisted in the absence of detectable naltrexone plasma concen-
trations during the posttreatment phase. In addition, a significant
reduction of 49% (Figure 4) in frequency was achieved during
the treatment phase compared with baseline, and a trend toward
maintenance of this positive response was observed during the
posttreatment phase, when frequency remained 36% below the
level expressed during the baseline phase.

The results of this study and the previous oral naltrexone study
in nonhuman primates conducted at our institution® parallel
those reported in a quantitative synthesis of peer-reviewed pub-
lished literature describing naltrexone effects on self-injurious
behavior in humans.® In that review, the authors reported 80%
of human subjects improved relative to baseline and that of those
who improved, 47% showed reductions in SIB of 50% or greater.®!
In the previous study from our institution, 85% of nonhuman
primate subjects decreased their frequency of self-biting after
treatment with oral naltrexone. Of those subjects that responded,
38% had decreases in frequency of 50% or greater.” Similarly, in
the current study, 86% of subjects reduced self-biting frequency,
and of those subjects that responded positively, 50% showed re-
ductions in frequency of 50% or greater.

Descriptively, reductions of self-biting persisted into the long-
term follow-up period for a subset of 5 subjects (Table 1). Simi-
lar persistent positive effects of naltrexone on SIB were seen in
a subset of human patients one year after acute exposure and
complete metabolism of the drug.®? In our study, only 5 subjects
were included in the follow-up period, and a larger sample size
may have been more effective in demonstrating meaningful re-
sponse by providing more statistical power. However, these sub-
jects were moved to new primary enclosures in different rooms
and, in some cases, different buildings, 2 to 6 times during the
period between the posttreatment phase and follow-up period.
The expression of self-biting in animals known to engage in SIB
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can increase after relocations.'” That the reductions in levels of
self-biting appeared to persist even under these conditions un-
derscores the potential for naltrexone not only to have long-term
positive effects but to have the potential to exert a robust effect
even in the face of environmental perturbations that can exacer-
bate expression of the behavior. Nonetheless, additional studies
are needed to test long-term positive effects and investigate the
potential of pulse or intermittent acute-dosing regimens of nal-
trexone in nonhuman primates.

Body weight and levels of inactivity were not significantly
altered across phases. These findings indicate that the action of
extended-release naltrexone was not due to sedation and that ad-
verse effects could not be detected. Rather, our results support the
hypothesis that mechanisms associated with self-injury engage
the endogenous opioid system in nonhuman primates.

We also investigated the effects of extended-release naltrex-
one on behaviors that may be coexpressed with SIB in rhesus
macaques. Floating limb, abnormal locomotor, abnormal non-
locomotor, anxiety-related, and agonistic behaviors can be co-
expressed with SIB in rhesus macaques.>”'** However, they
were not influenced by extended-release naltrexone, suggest-
ing that their expression may relate to mechanisms other than
the endogenous opioid system. Another consideration is that
only a single dosage of extended-release naltrexone (20 mg/kg)
was evaluated in this study. The therapeutic dosage of naltrex-
one is well-accepted to result in essentially complete blockade
of the y-opioid receptor®’? and less-than-complete blockade of
the &- and k-opioid receptors.®*”°”2 In addition, the antagonism
of k-opioid receptors by naltrexone occurs in a dose- and time-
dependent manner,” such that as the dosage and treatment dura-
tion increase, x-opioid receptors become antagonized.””* Given
that x-opioid receptors are associated with dysphoria,* anxiety,”
and depressive-like behavioral signals,'** studies investigating
the effects of increased naltrexone dosages on these behaviors
may be indicated.

The hypothalamic—pituitary—adrenocortical axis has partic-
ular relevance for self-injurious and associated behaviors. This
neuroendocrine system plays a vital role in the regulation and
control of stress mechanisms in the body and is dysregulated in
human and nonhuman primates displaying SIB.174833636466 In g
normally functioning axis, corticotrophin-releasing hormone is
synthesized in the hypothalamus and released into the pituitary
gland, where the hormone activates the cleavage of proopiomel-



anocortin, a stress-associated molecule, into the endogenous opi-
oid B-endorphin and ACTH. Typically, B-endorphin is coreleased
with ACTH in a highly correlated relationship. In a subgroup of
humans exhibiting SIB, plasma levels of f-endorphin are elevated
and are dissociated from ACTH after a SIB episode. Elevated B-
endorphin concentration with a dampened ACTH level in this
population was highly predictive of a positive response to nal-
trexone.* A study of longtailed and pigtailed macaques similarly
reported that subjects displaying high rates of abnormal behavior
including SIB also had elevated levels of B-endorphin. However,
ACTH did not vary significantly by abnormal behavior.”

In previous studies with nonhuman primates, drugs affecting
the serotonergic system, such as fluoxetine and buspirone, re-
duced stereotypic and self-biting behaviors.”* This finding is not
surprising, given that serotonin neurotransmission is involved in
the HPA axis and is increased in response to stressful stimuli.”
Recently, investigators described the long-term consequences on
the serotonin system in adult rhesus macaques after early adverse
experience.**' Early adverse experiences in rhesus macaques are
considered to increase the likelihood of abnormal and self-injuri-
ous behavior in adult rhesus macaques.”*** Additional studies
investigating dysregulation of the hypothalamic—pituitary—adre-
nocortical axis and the opioidergic and serotonergic systems may
provide insight into their complex relationship in the pathogen-
esis of abnormal behaviors, including self-injurious behavior.

In this study, we showed that naltrexone is an effective thera-
peutic intervention for self-biting behavior in rhesus macaques.
In addition, our previous and current findings indicate that use
of either oral naltrexone or extended-release naltrexone are ap-
propriate options in the treatment of SIB. The advantage of the
extended-release formulation is that animals require only once-
monthly treatment, thereby greatly increasing the treatment in-
terval. In addition, concerns regarding possible noncompliance
by animals are resolved. However, a disadvantage of any opioid
antagonist is that narcotic analgesics, such buprenorphine, are
rendered much less effective at conventional or prescribed doses.
Oral naltrexone has a short half-life, and the disadvantage regard-
ing naltrexone’s effects on narcotics might easily be overcome
by discontinuing the drug for the period of time that narcotic
analgesia is desired. Alternatively, nonnarcotic analgesic strate-
gies might be developed in advance when narcotic antagonists
are used to treat SIB in nonhuman primates and implemented as
needed. Another point of consideration is that once administered
by either route, naltrexone cannot be reversed. Although adverse
effects associated with the use of extended-release naltrexone
were not evident in the current study, if an animal does experi-
ence adverse events, those events cannot be mitigated completely
until the drug has been metabolized.

In summary, self-injurious behavior is a serious, aberrant,
treatment-refractory problem. Despite treatment challenges, we
here have demonstrated that naltrexone is an effective tool in the
management of this behavior in rhesus macaques. Our results
also indicate that naltrexone may have long-term positive effects,
but future studies are required to provide a more comprehensive
understanding of potential long-term effects of this drug.
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