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Abstract

Avoidance of novel stimuli (neophobia) affects how wild animals interact with their

environment and may partly determine whether animals persist in human-altered land-

scapes. The neuroendocrine mediators of neophobia are poorly understood, although

past work demonstrated that experimentally reducing circulating corticosterone in

wild-caught house sparrows (Passer domesticus) decreased neophobia toward novel

objects placed near the food dish. In this experiment, we directly tested the role of

one of the two types of corticosterone receptors, the glucocorticoid receptor (GR), in

mediating neophobia in house sparrows by administering a GR antagonist (RU486,

n = 10) or a vehicle control (peanut oil, n = 10) over 5 consecutive days and measur-

ing responses to novel objects both pre- and post-treatment. We also measured base-

line and stress-induced corticosterone in all sparrows on the final day of behavior

trials. To better understand the effects of RU486 on corticosterone over time, in a

separate group of sparrows (n = 12) we administered RU486 or vehicle over 5 days

and took multiple blood samples to assess baseline and stress-induced corticosterone.

Overall, we did not detect an effect of subcutaneous RU486 injections on neophobia

behavior. However, we did find that RU486 injections significantly decreased stress-

induced corticosterone levels starting 1 day post-injection and baseline corticosterone

levels starting 6 days post-injection, compared to vehicle-injected controls. Our results

suggest that GR is not involved in mediating neophobia behavior in house sparrows.

K E YWORD S
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1 | BACKGROUND

Neophobia, aversive behavior towards novel stimuli, affects the ability

of organisms to adapt to human-altered environments and the novel

resources and dangers they contain.1–3 A neophobic individual may

not be able to make use of novel foods and shelters, but it may avoid

potentially harmful novel situations and predators.4–7 As natural envi-

ronments become more urban and suburban, and roads, cell phone

towers, and other human infrastructures crisscross the planet, it has

become critical to understand neophobia in wild populations. Despite
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the importance of this behavior in helping animals adapt to changing

landscapes, the neuroendocrine mechanisms underlying neophobia in

wild animals are not well understood.8,9 Without an understanding of

these mechanisms, our ability to predict the capacity of wildlife to

adapt to the Anthropocene is limited.

One potential mediator of neophobia is the glucocorticoid hormone

corticosterone, which is released in multiple vertebrate taxa, including

birds and rodents, both at baseline and after activation of the

hypothalamic–pituitary–adrenal (HPA) axis in response to stressors.10–13

Corticosterone can affect behavior in various ways, including an increase

in overall activity, aggression, and feeding behaviors.14–16 It has been gen-

erally hypothesized that corticosterone may affect neophobia, and several

studies have found mixed relationships between animals' endogenous

baseline or stress-induced corticosterone concentrations and

neophobia.17–19 Most studies investigating the relationship between glu-

cocorticoids and neophobia in wild animals have typically correlated

endogenous glucocorticoids with behavioral responses to novelty. Some

studies have found positive associations between corticosterone and neo-

phobia e.g., increased stress-induced corticosterone associated with

increased neophobia,17,20 while others have found a negative association

e.g., decreased baseline corticosterone associated with increased neopho-

bia.18,19 Although correlative studies imply a connection between cortico-

sterone and neophobia, they cannot determine the relationship's causality.

Also, these studies do not always clearly distinguish whether neophobia

should be related to baseline corticosterone, which is more homeostatic in

its functions, or to acute corticosterone, released in response to stress.21

The findings of studies that experimentally test the relationship

between corticosterone and neophobia are more limited and appear

somewhat contradictory. For example, when European starlings (Stur-

nus vulgaris) received injections of corticosterone, their response to

novel objects near the food dish did not change.22 However, the same

study showed that exposure to a stressor that increased corticoste-

rone also increased latency to feed in the presence of a novel object,

suggesting a more complicated relationship between neophobia and

corticosterone might exist. Another study gave house sparrows

(Passer domesticus) the drug mitotane, which has been shown to

reduce both circulating baseline and stress-induced corticosterone in

birds23; mitotane also reduced neophobia towards novel objects.24

Although these experimental studies convincingly portray corticoste-

rone as a mediator of neophobia behavior, the mechanism by which

corticosterone elicits this change remains unknown.

Corticosterone can bind to two different populations of

intracellular receptors25,26 that elicit different effects on the body:

lower-affinity glucocorticoid receptors (GR) and higher-affinity miner-

alocorticoid receptors (MR).27,28 Because of these affinity differences,

the MR is occupied at lower plasma glucocorticoid concentrations

(i.e., baseline corticosterone), whereas GR typically requires much

higher stress-induced concentrations for activation.29–31 This makes

studying receptors crucial to understanding the relationship between

corticosterone and neophobia.

In this study, we specifically tested a GR-related hypothesis: if

corticosterone effects on neophobia primarily occur via stress-

induced concentrations binding to GR, then blocking GR with an

antagonist should decrease neophobia. To test this hypothesis, we

used RU486 (also called mifepristone), a GR antagonist26,32 to inhibit

GR activation in wild-caught house sparrows. House sparrows show

wide and repeatable variation in neophobia in the lab, where some

sparrows are reluctant to approach novel objects and eat novel foods,

and others are not.33–35 This makes them an excellent study species

for examining the effects of GR manipulation on neophobia. We

tested neophobia in response to novel objects presented with familiar

food dishes before and after sparrows received doses of RU486 or a

vehicle control. Because RU486 only binds GR, no change in neopho-

bia with exposure to this drug would suggest that corticosterone's

effects on neophobia occur via MR activation. To better understand

the effects of RU486 on corticosterone over time, we also collected

baseline and stress-induced blood samples in a separate group of birds

over 5 days of treatment with either RU486 or a vehicle control.

2 | METHODS

2.1 | Study subjects

House sparrows (RU486 + neophobia study: n = 9 males and n = 11

females, RU486 + corticosterone study: n = 5 males and n = 7

females) with adult plumage were caught in East Baton Rouge and Iber-

ville Parishes using mist nets at baited feeders in February–April 2023

and September 2023 for the neophobia study, and March–April 2024

for the corticosterone study under Louisiana State Scientific Collecting

Permits. Sparrows were solo housed at the Louisiana State University

vivarium, with ad libitum access to water, mixed seeds, grit, and a

vitamin-enriched food supplement (Mazuri Small Bird Diet). Sparrows

could hear but not see other individuals to prevent them from observ-

ing novel objects or conspecific responses to novel objects, as one

sparrow's behavior could be affected by observing the responses of

others.36 Cages (56 cm length � 45 cm width � 33 cm height) were

equipped with multiple perches, a plastic evergreen branch as a hide,

and a sand dish for dustbathing (the latter being removed during novel

object trials). During both studies, sparrows were housed in two sepa-

rate rooms in the animal facility to accommodate blood sampling logis-

tics. Both rooms were kept at light cycles that reflected capture date,

and all individuals given at least 3 weeks to acclimate to captivity

before studies began. Methods of capture, transport, husbandry, injec-

tions, and blood sampling were based on the Ornithological Council's

Guidelines to the Use of Wild Birds in Research,37 and all procedures

were approved by Louisiana State University Institutional Animal Care

and Use Committee, project #56-2022. With blood sampling, in no

case did the total amount of blood drawn exceed 1% of body mass at

any one time point, or 1.5% of body mass over a two-week period. At

the end of this project, sparrows were included in a different experi-

ment, so they were not euthanized as a part of this study.

2.2 | Study design and GR manipulation

The RU486 + neophobia study took place over two consecutive

weeks. The first week involved 5 days of neophobia trials without
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injections (hereafter: pre-injection week) and the second involved

another 5 days of neophobia trials with RU486 (or vehicle control)

injections administered the morning following behavior trials (here-

after: injection week; Figure 1). Behavior trials ended at 0830 AM,

and injections were given at 0900 AM. During the injection week,

n = 10 sparrows received 100 μL subcutaneous injections of RU486

over the pectoralis (M8046, Sigma Aldrich, Burlington, MA) soni-

cated in peanut oil (50 mg/kg), and n = 10 sparrows received

100 μL subcutaneous injections of peanut oil alone as a vehicle con-

trol. Previous studies using this dose of RU486 subcutaneously have

been successfully used in birds to block GR activity in a songbird

and a shorebird.32,38 RU486 is specific to GR and does not bind to

MR in house sparrows.25 While RU486 also acts as a progesterone

receptor antagonist in mammals, little work has been done to con-

firm this in birds. However, radiolabeled progesterone binding to

cytosol from chicken oviduct could not be displaced with excess

RU486, suggesting that RU486 may not be a progesterone receptor

antagonist in birds.39,40

After the final day of neophobia trials each week, blood samples

were taken from all individuals to assess baseline and stress-induced

corticosterone after behavior trials ended. Sparrows were undis-

turbed for at least 3 h, a time shown to allow corticosterone con-

centrations to return to baseline,41 were caught within 3 min of

entering the room, and �60 μL of blood was collected from the alar

vein to assess baseline levels of corticosterone.42 Sparrows were

then restrained in clean, breathable cloth bags for 30 min and

another �60 μL of blood was collected to assess stress-induced cor-

ticosterone levels.43,44

For the RU486 + corticosterone study, another group of spar-

rows received 5 days of either RU486 (n = 6) or vehicle control

(n = 6) injections as described above but did not undergo neophobia

trials, as restraint protocols for sampling stress-induced corticosterone

can affect neophobia behavior in birds.22 Baseline and stress-induced

blood samples of �30 μL were collected 1 week before the first

RU486 injection and at least 3 h post-injection on days one, three,

and five following subcutaneous injections of RU486 or a vehicle at

the doses described above (Figure 2).

2.3 | Corticosterone quantification

Blood samples were stored on ice following collection. Plasma was

separated from red blood cells by centrifuging at 5000 g for 8 min and

then stored at �80�C until assay. The amount of corticosterone in

each sample was quantified using enzyme-linked immunoassays

(ELISAs) that have been validated for house sparrows (Detect-X Corti-

costerone Enzyme Immunoassay Kits, K014-H1, Arbor Assays, Ann

Arbor, MI).24 Cross-reactivity of RU486 with this ELISA was calcu-

lated to be <0.001% following the methods used in Krasowski et al.45

We followed manufacturer instructions, except that 5 μL plasma sam-

ples first underwent triple ethyl-acetate extractions and were left to

evaporate overnight in a fume hood. The remaining corticosterone

was then reconstituted in 125 μL of assay buffer the following morn-

ing, and samples were vortexed before adding the samples, in random

order, to a 96-well assay plate in duplicate. Inter-plate variability was

determined using the coefficient of variation of a standard pool of

house sparrow plasma run on each plate and averaged 10% overall.

Intra-plate variability was determined by calculating the coefficient of

variation for all duplicate samples on each plate; this averaged 7%.

The sensitivity of this assay was 20.9 pg/mL, as determined by the

manufacturer.

2.4 | Neophobia trials

In the RU486 + neophobia study, sparrows underwent five behavior

trials each week, two of which were control trials (i.e., the food dish

alone with no object present) and the other three of which were novel

object trials (i.e., the food dish presented with a novel object;

Figure 1). Novel objects used included a blinking white light clipped

over the dish, a miniature Rubik's cube presented in the dish, a holo-

graphic cover over part of the dish, a lei wristlet around the dish, a

curly bow taped to the front of the dish, and a teal clay cone in the

dish. This variety of objects was chosen to maximize the range of

colors, textures, and shapes of the novel objects.46 All novel objects

were placed on, above, or inside the food dish, and sparrows saw each

F IGURE 1 Schedule for the RU486 + neophobia study, which involved neophobia behavior trials, injections, and blood sampling. The
schedule shown is an example from one individual sparrow, with the order of novel object days (novel objects with food; n = 3 per week) and
control days (food alone; n = 2 per week) randomized each week. Novel objects were placed in, on, around, or over the food dish. All individuals
ultimately saw all six novel objects; the order of objects was also randomized (depiction is an example). Objects were a blinking white light,
holographic cover, curly ribbon, rainbow lei wristlet, mini Rubix cube, and teal clay cone. Control trials are represented by a black box with a “C”.
Red drops indicate days when we collected blood samples to measure baseline and stress-induced corticosterone (2 days before injections and on
the sixth-day post-injection). Syringes indicate days sparrows received RU486 (n = 10) or vehicle (n = 10) injections.
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object only once. The order in which sparrows encountered these

objects and the order of object and control treatments were randomly

determined each week for each individual. All objects had previously

been shown to increase sparrows' latency to feed compared to con-

trol trials.24,34,36,47 Each evening prior to trials, food dishes were

removed from cages 30 min before lights off, and traces of seeds in

the bottom of the cages were removed. This fasting period standard-

ized the motivation of sparrows to approach the food dish to feed

during the trials. The following morning, 30 min after lights were

turned on, researchers entered the room, replaced food dishes with

their individual treatments (object or control), began recording videos

of all sparrows (pole-mounted ZOSI Z18.5.Y.2 security cameras

directed to a DVR), and left the room for 1 h trials. After this hour was

complete, recordings were stopped, and objects were removed from

the food dishes. Sparrows do not eat in the lab once the lights are

out,48 so this represents at most an additional 2 h without food for

birds that do not feed during behavior trials. Videos were scored

for the time it took (latency) for each sparrow to approach and feed

from their food dish by observers blind to treatment. Assessment of

this behavior has been consistent between observers in previous

studies.49

2.5 | Statistical analyses

All statistical analyses were performed in R Studio version 4.3.0.50 To

determine if RU486 injections affected plasma corticosterone concen-

trations during the week of neophobia trials in the RU486

+ neophobia study, we used a linear mixed effects model from the

lmerTest package using the “lmer” function.51 This model included

sparrow ID and ELISA plate as random effects, corticosterone concen-

tration as the dependent variable, and sample type (baseline or stress-

induced), week (pre- or post-injections), and treatment (vehicle or

RU486) as fixed effects. Before the model was run, a Shapiro–Wilk

test was conducted to assess if the data were normally distributed

using the “Shapiro.test” function from v.1.3.0 of the tidyverse pack-

age.52 Because the data were not normal, the “bestNormalize” func-

tion from the bestNormalize package was then used to determine the

appropriate transformation for the dataset.53 An ordered quartile

transformation was used on these plasma corticosterone data before

modeling. Next, the effects of RU486 on plasma corticosterone

concentrations in the RU486 + corticosterone study were analyzed

using a linear mixed effects model that included sparrow ID and ELISA

plate as random effects, sample type (baseline or stress-induced), the

day blood was drawn (pre-injection, and days 1, 3, and 5 post-injec-

tion), and treatment (vehicle or RU486) as fixed effects, and cortico-

sterone concentration as the dependent variable. Because these data

were also not normally distributed, an order of normality transforma-

tion was used on plasma corticosterone data prior to modeling. When

appropriate, Tukey's post-hoc tests were used with both linear mixed

effects models using the “emmeans” function from the emmeans

package.54 Data were visualized using the “ggplot” function from the

ggplot2 package.55

For the RU486 + neophobia study, behavioral responses to neo-

phobia trials were analyzed using Cox proportional hazard models

with the “coxme” function in the coxme package.56 We created five

total Cox proportional hazard models, where effect sizes are reported

as hazard ratios. A hazard ratio >1 indicates that sparrows fed faster

(e.g., during object trials compared to controls). 95% confidence inter-

vals are included for all hazard ratio estimates. All models included

trial number as a covariate to control for the effect of repeated behav-

ior trials e.g., to control for generalization,57 and potential time course

effects of RU486 injections. The first behavioral model confirmed that

the novel objects increased feed latency compared to control trials

and included object type or controls as a fixed effect, trial number as

a covariate, latency to feed as the dependent variable, feed status (fed

vs. did not feed) as a censoring variable, and sparrow ID as a random

effect. The second model assessed whether different novel objects

affected feed latencies differently (i.e. if one object caused higher feed

latencies than another) and included object type as a fixed effect,

feed latency as the dependent variable, feed status as a censoring var-

iable, and individual ID as a random effect. Pairwise comparisons were

performed using the “pairwise_survdiff” command in the survival

package,58 which uses the Benjamini-Hochberg procedure to control

the false discovery rate. The third model assessed whether the

RU486 and vehicle groups had different responses to novel objects

during the pre-injection control week, because the neophobia of indi-

viduals was unknown prior to making treatment groups. Thus, this

third model used novel object trials from week one only and included

treatment (RU486 vs. vehicle) as the fixed effect, trial number as a

covariate, latency to feed as the dependent variable, feed status as

a censoring variable, and sparrow ID as a random effect.

F IGURE 2 Schedule for the RU486 + corticosterone study, which involved RU486 and vehicle injections and blood sampling. Syringes
indicate days sparrows received RU486 (n = 6) or vehicle (n = 6) injections. Red drops indicate days when we collected blood samples to
measure baseline and stress-induced corticosterone (on days 1, 3, and 5 after injections); all blood sampling occurred at least 3 h after injections.
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Fourth, we created a Cox proportional hazard model to directly test

our prediction that blocking GR would affect neophobia. This model

included treatment, week, a treatment � week interaction, and trial

number as fixed effects; individual ID as a random effect; feed status as

a censoring variable; and latency to feed in the presence of novel objects

from both weeks of trials as the dependent variable. This model was

repeated with control trial data (fifth model) to confirm that any effects

of RU486 were specific to novel objects and not related to feeding more

generally. We checked that all data met the assumptions of proportional

hazards59,60 by correlating scaled Schoenfeld residuals with transformed

time using the “cox.zph” function in the coxme package,56 which were

then visualized using the “plot” function. All data met the assumptions

(all X2 < 1.27, all p > .26). Neophobia was visualized with Kaplan–Meier

survival curves using the “survfit” command in the survival package58

and the “ggsurvplot” command in the survminer package.61

3 | RESULTS

3.1 | Corticosterone

In the RU486 + neophobia study, we found a significant three-way

interaction of treatment by corticosterone sample by time (df = 54,

p = .010, F = 7.07, Figure 3). Blocking GR with RU486 reduced base-

line corticosterone concentrations on the sixth day (the only sampling

point, following behaviour trials/only) post-injection compared to the

vehicle control group (df = 68.90, p = .019, t = �3.48; baseline corti-

costerone mean + standard error for RU486 = 0.20 ± 0.06 ng/mL,

vehicle = 4.22 ± 1.42 ng/mL; Figure 3A). Stress-induced corticoste-

rone was also reduced on the sixth day after RU486 injections com-

pared to sparrows that received vehicle injections (df = 69.60,

p < .001, t = �6.17; stress-induced corticosterone mean + standard

error for RU486 = 4.02 ± 1.98 ng/mL, vehicle = 37.58 ± 2.60 ng/mL,

Figure 3B). Within treatment groups, both baseline and stress-induced

corticosterone were decreased on the sixth day after RU486 injec-

tions compared to pre-injection values (baseline: df = 54.4,

p = .0097, t = �3.75; stress-induced: df = 53.1, p < .0001,

t = �9.25, Figure 3A,B), but there was no change in corticosterone

over time in the group that received vehicle injections (baseline:

df = 53.3, p = .99, t = �0.70; stress-induced: df = 53.6,

p = .99, t = �0.79).

In the RU486 + corticosterone study, there were no significant

effects of day (df = 3, p = .06), treatment (df = 1, p = .96), or a

treatment � day interaction (df = 3, p = .25; Figure 4A) on baseline

corticosterone concentrations over the 5 days of injections. For

F IGURE 3 In the RU486 + neophobia study, house sparrows'
baseline (A) and stress-induced (B) corticosterone concentrations
were significantly lower on the sixth day after receiving RU486
(n = 10) but not vehicle (n = 10) injections. Bars represent standard
errors; stars represent significant differences between groups at
p < .05. Circles indicate samples that were >1.5 times the interquartile
range beyond the box. Note that this figure presents raw
corticosterone concentrations, but data had to be transformed to
meet the assumptions of normality for the statistical analysis.

F IGURE 4 Baseline (A) and stress-induced (B) corticosterone
concentrations of house sparrows in the RU486 + corticosterone
study before (pre-injection) and after receiving either vehicle (n = 6)
or RU486 (n = 6) injections for 1, 3, and 5 days. (A) There were no
significant changes in baseline corticosterone concentrations due to
treatment or time. However, (B) the GR antagonist RU486
significantly decreased stress-induced corticosterone concentrations
in house sparrows after 1, 3, and 5 days of injections. Vehicle
injections did not affect stress-induced corticosterone concentrations.

Bars represent standard errors; stars represent significant differences
between groups at p < .05. Circles indicate samples that were >1.5
times the interquartile range beyond the box. Note that this figure
presents raw corticosterone concentrations, but data had to be
transformed to meet the assumptions of normality for statistical
analyses.
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stress-induced corticosterone, there was no overall significant treat-

ment effect (df = 1, p = .080). However, we did find a significant day

effect (df = 3, p < .001) and treatment � day interaction (df = 3,

p = .0006; Figure 4B). RU486 decreased stress-induced corticoste-

rone concentrations after one (p = .001, t = 4.71), three (p = .003,

t = 4.49), and five (p = .0002, t = 5.333) days of injections

(Figure 4B). There were no significant effects of vehicle injections on

stress-induced corticosterone concentrations (all p > .05).

3.2 | Behavior

Compared to control trials with the food dish only, all novel objects

significantly increased sparrows' latency to feed (all z < �4.16, all

p < .01; Table 1A, Figure 5), and feed latencies did not significantly

differ between different objects (Pairwise Log Rank Test, all p > .12).

There were no differences in feeding latencies between the RU486

and vehicle groups during novel object (z = 0.58, p = .57, Table 1B) or

control trials (z = 0.58, p = .57; Table 1C) in the first week of trials;

therefore, we ran between-group comparisons. Overall, we saw no

effect of RU486 on neophobia behavior (Table 1D). There was a sig-

nificant effect of trial number (z = 4.27, p < .0001) and week

(z = �2.97, p = .003) on latency to feed, but no significant effects of

treatment (z = 0.70, p = .48) or a week by treatment interaction

(z = �0.52, p = .60). Sparrows became less neophobic as the experi-

ment progressed, but this decrease in latency to feed was indepen-

dent of treatment (Figure 6). RU486 injections also did not affect

feeding latency during control (food only) trials, as shown by no signif-

icant week by treatment interaction (z = �0.54, p = .59; Table 1E).

4 | CONCLUSION

Our goal in this study was to investigate whether GR in the brain

mediates the previously observed effects of corticosterone on neo-

phobia in house sparrows. Based on this hypothesis, we predicted

TABLE 1 Results of Cox proportional hazard models of house sparrow feeding probability for (A) each novel object type contrasted with
control trials during the first week of trials, (B) the effect of treatment and trial number on feed latency during object and (C) control trials during
the first week of trials, and (D) the effects of treatment, week, trial number, and treatment � week on feeding latency during object and (E)
control trials. Individual (n = 20) was included as a random effect, feed status (fed vs. did not feed) as a censoring variable, and time to feed as the
dependent variable.

Fixed effect β coefficient Hazard ratio (95% confidence interval) z-score p

(A) Novel object and trial number effects (compared to food dish alone)

Curly bow �2.65 0.07 (0.21–0.02) �4.79 <.0001

Holographic cover �2.50 0.08 (0.24–0.03) �4.60 <.0001

Rainbow lei �3.87 0.21 (0.10–0.00) �5.00 <.0001

Rubix cube �3.09 0.05 (0.17–0.01) �4.57 <.0001

Teal cone �1.94 0.14 (0.35–0.06) �4.24 <.0001

White light �1.95 0.14 (0.36–0.06) �4.17 <.0001

Trial Number 0.41 1.50 (1.83–1.24) 4.09 <.0001

(B) Effect of treatment (RU486 vs. vehicle control) and trial number on feeding latency during novel object trials in the pre-injection week

Treatment 0.16 1.17 (1.99–0.69) 0.77 .44

Trial Number 0.19 2.20 (1.43–1.01) 3.36 .0008

(C) Effect of treatment (RU486 vs. vehicle control) and trial number on feeding latency during control (food only) trials in the pre-injection week

Treatment �0.26 0.77 (1.93–0.31) �0.56 .57

Trial Number 0.42 1.52 (2.01–1.14) 2.87 .0041

(D) Effect of treatment (RU486 vs. vehicle control), week (pre-injection vs. injection), trial number, and treatment � week interaction on feeding

latency during novel object trials

Treatment 0.60 1.83 (9.84–0.34) 0.70 .48

Week �1.96 0.14 (0.51–0.04) �2.97 .003

Trial Number 0.47 1.60 (1.98–1.29) 4.27 <.0001

Treatment � Week �0.30 0.74 (2.28–0.24) �0.52 .60

(E) Effect of treatment (RU486 vs. vehicle control), week (pre-injection vs. injection), trial number, and treatment � week interaction on feeding

latency during control (food only) trials

Treatment �0.14 1.15 (4.69–0.15) 0.16 .87

Week 0.13 1.14 (4.06–0.32) 0.20 .84

Trial Number 0.26 1.30 (1.55–1.09) 2.80 .0051

Treatment � Week �0.28 0.76 (2.05–0.28) �0.54 .59
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that blocking GR using daily injections of RU486 would decrease neo-

phobia. Instead, we found no effect of RU486 on sparrows' latency to

feed in the presence of novel objects. These results suggest that the

behavioral response to novel stimuli is not influenced by GR in house

sparrows. This is consistent with a study in European starlings where

corticosterone injections in the stress-induced range (which binds GR)

did not alter responses to novel objects compared to vehicle control

injections.22 Additionally, a previous study in house sparrows found

no correlation between unmanipulated stress-induced corticosterone

and latency to feed in the presence of novel objects,24 further sug-

gesting that stress-induced corticosterone acting via GR does not

mediate neophobia. Our results are also consistent with studies in lab

rodents that show no effects of RU486 on behavioral responses

related to novel stimuli, including responses to novel objects in an

open field62 and hypophagia in a novel spatial environment.63

Instead, it is possible that sparrow neophobia may be mediated

by the effects of higher-affinity MR, which typically shows binding at

baseline corticosterone concentrations. Indeed, some studies have

found significant correlations between baseline corticosterone and

neophobia, although the direction was opposite to what we would

expect (i.e., lower baseline corticosterone in more neophobic individ-

uals).18,19 One rodent study also found effects of MR antagonists on

reactivity to spatial novelty.62 It is also possible that corticosterone's

effects on neophobia may be driven by permissive effects of cortico-

sterone acting via MR on the sympathetic nervous system

(e.g., epinephrine and norepinephrine).64,65 Relationships between

norepinephrine and neophobia have been seen in rodents.66,67 Fur-

ther research is needed to determine if MR affects neophobia in wild

sparrows and birds generally; unfortunately, to our knowledge, no MR

antagonists have been validated for use in songbirds. For example,

RU28318 and canrenoic acid, two compounds that bind to mamma-

lian MR, did not bind the high-affinity MR-like receptor in house

sparrows.68

Other possible explanations for our negative results are that

RU486 did not penetrate the blood–brain barrier sufficiently to affect

brain GR in birds, or that this drug was metabolized too quickly to

impact behavior several hours after injection. However, mammal work

has shown that even though RU486 has low blood–brain barrier pen-

etration, it still enters the brain and blocks GR-mediated changes in

gene transcription.69,70 Although RU486 levels in plasma degrade rap-

idly, on the time scale of 90 min in rats, they persist for much longer

in the brain and are still elevated 3 h post administration.71 In our

study, we measured behavior �22 h after injection to avoid handling

birds before behavior trials; therefore, it is possible that we missed

the window where we would have seen an effect of RU486 on

neophobia.64,65

Although we found no evidence that GR influences neophobia

behavior, RU486 injections did reduce house sparrows' baseline and

stress-induced corticosterone levels on the sixth-day post-injection.

This was an unexpected result given previous studies in songbirds and

F IGURE 5 All novel objects increased house sparrows' average feeding latencies compared to control trials where the normal food dish was
presented (two control trials and three novel object trials were presented to n = 20 sparrows each week for 2 weeks, so n = 80 control trials and
n = 20 trials for each novel object). Kaplan–Meier survival curves of average house sparrow feeding likelihood in the presence of a novel object
(colored solid lines) or the regular food dish as a control (black solid line). Shaded ribbons represent 95% confidence intervals.

HENRY ET AL. 7 of 11

 13652826, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jne.70009 by U

niversity O
f C

alifornia - D
avis, W

iley O
nline L

ibrary on [17/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



shorebirds that did not find effects of RU486 injections on corticoste-

rone.32,38 In fact, we expected circulating corticosterone might

increase as RU486 prevented GR binding in the brain and disrupted

negative feedback. However, there is some evidence that RU486 can

also act as an agonist in the songbird brain,72 which could have

induced negative feedback upon binding and caused the reduced cir-

culating corticosterone levels that we observed. Additionally, rodent

studies have found a suppressive effect of repeated RU486 adminis-

tration on corticosterone.71 This unexpected result led us to conduct

a follow-up study where we examined the time course of RU486

effects on corticosterone 3 h post-injection after 1, 3, and 5 days of

injections. This study clarified that RU486-induced suppression of

stress-induced corticosterone was rapid and long-lasting, while base-

line corticosterone was not significantly impacted over this slightly

shorter time course. A previous study in the lab found that the drug

mitotane decreased neophobia behavior in house sparrows24; mito-

tane reduces both baseline and stress-induced corticosterone within

36 h post-injection in house sparrows.23 In this study, we saw that

F IGURE 6 There was no effect of the GR antagonist RU486 on neophobia in house sparrows. Latency to feed during novel object trials for
the pre-injection (transparent lines) and injection week (bold lines) for sparrows that received (A) a vehicle control (n = 10) or (B) RU486 (n = 10).
Solid lines show the average latency to feed in the presence of a novel object (n = 6 trials/bird; 3 during the pre-injection week, 3 during the
injection week). Shaded regions show 95% confidence intervals.
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RU486 reduced stress-induced corticosterone starting on the first day

of injection, but only reduced baseline corticosterone on the sixth-day

post-injection and did not affect neophobia behavior. These results

suggest that the effects of mitotane on neophobia seen in the previ-

ous Kelly et al.24 study were driven by the reductions of baseline cor-

ticosterone and MR binding, rather than acting via stress-induced

corticosterone and GR binding.

Overall, our results suggest that GR does not influence neopho-

bia behavior in wild-caught house sparrows. Understanding how

baseline and acute concentrations of corticosterone affect neopho-

bia is becoming increasingly important as wild populations not only

experience widespread novelty in their environments but also nov-

elty combined with increased anthropogenic stressors, including

environmental toxicants,73 chronic noise pollution,74 and acidifica-

tion from carbon emissions,75 all of which have been shown to

affect HPA activity. If animals with increased baseline corticosterone

concentrations or increased MR expression also have increased neo-

phobia, this could hinder their ability to take advantage of resources

in novelty-rich environments and ultimately affect population

persistence.
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