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Abstract
Background—While adverse rearing is thought to alter threat responding, the effects on
appetitive behavior remains minimally explored. This study examines the effects that early-life
emotional adversity has on response to both threatening and appetitive stimuli in juvenile rhesus
monkeys.

Methods—Twenty-four, two year old monkeys with differential rearing histories were tested for
fear-potentiated startle responding and consumption of an artificially sweetened solution.

Results—Relative to monkeys reared under typical conditions, monkeys removed from their
mothers at birth and reared with peers demonstrated both increases in reward responding, as
evidenced by greater consumption of a palatable solution in a free choice test, and increased threat
responding, as evidenced by enhanced fear potentiated startle responding.

Conclusions—Findings suggest that early rearing impacts juvenile manifestations of both
appetitive and aversive emotional systems. Results are discussed in the context of development,
anxiety, depression and substance abuse.
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Adverse early-life emotional experiences heighten risk for adult mood disorders [1]. Animal
models suggest that these associations reflect the effects of early environment on
organization of threat related brain circuits [2,3]. Although there is some indication of
changes in reward related neurobiology as well [1,4], relatively few studies have focused on
the relationship between early adversity and response to reward, and among those that have
conflicting data emerge [4–10]. This is an important issue as developmental organization of
both appetitive and aversive emotional systems likely contribute to the pathophysiology of
mood disorders. In the present study we examined responses to threatening and rewarding
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stimuli in juvenile rhesus monkeys who underwent peer (PR) or mother (MR) rearing in
early life.

Materials and Methods
Subjects and Rearing

All procedures were approved by the NIH Animal Care and Use Committee. Twenty-four
male monkeys from three annual birth cohorts were randomly assigned to Peer (PR) or
Mother (MR) rearing conditions at birth. These procedures have been detailed elsewhere
(see supplements 1 and 2 for rationale and details). Briefly PR monkeys were removed from
their mothers at birth, cared for by humans for several weeks and then housed with peers
until they were approximately 8 months old. In contrast MR monkeys remained in an
indoor-outdoor semi-natural environment with multiple generations of other monkeys. Both
groups were then housed together in a large pen for several months and then moved to
indoor pair housing with a like reared cage-mate in a room with other pair housed monkeys.
Animals received standard laboratory care which included ad libitum access to water and
daily feeding.

Aspartame Testing
Aspartame preference testing began when animals were between 18-24 months of age.
Testing was conducted over 3–4 consecutive days in the early to mid afternoon. On the day
of testing water bottles were removed from the home cage 1 hour prior to testing. Monkey
pairs were then separated from their cage-mates with the insertion of an opaque divider and
each monkey had two bottles attached to their side of the home cage. One bottle contained
800 ml of 0.37% aspartame (w:w). The other bottle was a standard water bottle and
contained 800 ml tap water and was attached on the opposite side of the cage. After 60
minutes experimenters returned and measured amount of each solution consumed. Although
we attempted to get three consecutive days of testing on all animals technical problems
resulted in the need for an additional day of testing in some animals. In addition one PR
subject repeatedly knocked both bottles off the cage. We were not able to obtain reliable
data for this subject.

Startle Testing
The startle protocol has been described in detail previously [11,12]. All startle was measured
inside a sound attenuating, lightproof chamber, equipped with a primate chair, an
accelerometer connected to an amplifier (Endevco, San Juan Capistrano, CA). Fear
potentiated startle (FPS) was assessed in two daily sessions consisting of 40 startle probes of
three intensities (95dB, 105dB, and 115dB) delivered through audio speakers. Startle
sessions were initiated in a darkened startle chamber and half of the probes occurred in the
dark. The other half occurred after overhead lights inside the chamber were illuminated (CS
+). On the first and last trials, and two other randomly determined trials overhead light
illumination inside the chamber terminated in the delivery of a 500 ms burst of compressed
air to the face. Thus four of the lights-on startle trials were learning trials and the remaining
36 of the startle probes occurred in the absence of the aversive air blasts.

Results
Aspartame Consumption

A repeated measures ANOVA revealed a significant rearing-group-by-choice interaction, F
(1, 21) = 5.33, p <.05, indicating a greater preference for the aspartame solution than water
in the PR group (see Fig One). Main effects for solution choice F (1, 21) = 13.08, p <.01,
and for test day F (2, 42) = 6.94, p <.01, indicated greater consumption of aspartame
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solution than water and more overall consumption across test days in both groups,
respectively. The three-way group by choice by test day interaction was not significant
indicating group differences in solution choice did not vary significantly across the testing
days.

Follow-up ANOVAs were conducted on the aspartame and water consumption
separately.The aspartame ANOVA revealed a significant main effect for rearing group F (1,
21) = 5.27, p <.05 and a significant effect of test day F (2, 42) = 4.34, p<.05. Analysis of
water consumption revealed no significant differences.

Fear Potentiated Startle
Previous work with this protocol found an amygdala-dependent fear potentiation of startle
develops across testing/conditioning days and varies with startle probe intensity [11,12].
Accordingly, startle was measured over two testing days and employed three probe
intensities.

All startle responses were subject to a four factor repeated-measures ANOVA with rearing
group, illumination condition, probe intensity, and test day as factors. This analysis revealed
the hypothesized four-way interaction F (2, 21) = 5.75, p =.01 (see Fig Two). Post-hoc
testing revealed that the four way interaction reflected group-by light-interactions for each
of the two highest intensity stimuli on the second test day: 105dB F (1, 22) = 4.82, p<.05;
115db; F (1, 22) = 6.86, p <.05. This result suggests that PR animals, relative to their MR
counterparts, acquire a greater startle response when tested in a threatening environment, at
relatively strong startle-elicitation intensities. A significant group-by-stimulus intensity-by-
light interaction was also found across both test days F (2, 21) = 5.83, p <.01 indicating a
greater FPS response in the PR group across testing days, again, at strong intensities; and an
overall effect of group (PR>MR) collapsed across day, stimulus intensity and light
condition, F (1, 22) = 4.81, p <.05 was found, indicating overall higher startle responses in
the PR group.

Discussion
Results demonstrate that an adverse rearing environment may increase responding to both
threatening and rewarding stimuli. The FPS finding is consistent with many studies linking
early adversity to enhanced threat responding; while the aspartame findings indicate that the
same manipulation created an enhanced response to an appetitive stimulus. It is unclear at
this point whether the enhanced reward consumption is a reflection of increased “wanting”
or increased “liking” in the traditional conception of reward, although the enhanced
consumption suggests it is not limited to “wanting” alone.

At a mechanistic level the reward-aversion relationship likely indicates altered processes in
structures such as amygdala or striatum that have overlapping functional roles in appetitive
and aversive responding [13,14]. Alternatively a heightened response to rewarding stimuli
may not represent any functional alteration in reward circuitry per se but may be a
behavioral palliative for the negative emotions that are experienced to a greater degree in
adversely reared animals [15].

The reward interpretation should be viewed somewhat cautiously because it is the response
to a single stimulus and is contradicted by some [4,8,9,16], but not all [5–7], similar studies.
Moreover, between-group differences in nutrition or various aspects of sensory processing
also could influence the observed patterns of responding. However, while we do not know
the extent to which the potentiated consumption extends to other sensory modalities, it is
unlikely to merely reflect unique responding to aspartame as we have tested a subset of these
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same monkeys with a sucrose solution and found a similar response profile (see supplement
3). Interestingly, these data are also consistent with three recently published human studies
in anxious or behaviorally-inhibited adolescents that displayed an enhanced neuronal
response to positive affective stimuli [17–19].

Variable results across prior nonhuman primate studies might reflect study-related
differences in developmental state at testing. Risk factors such as early life adversity or
inhibited temperament may produce early, non-specific hyper-emotionality, which becomes
increasingly valence-specific with maturity. It is noteworthy in the present context that a
previously published study reported a reduction in sucrose consumption in adult monkeys
who had undergone early life adverse rearing [8]. Taken together, current and prior work
suggests that the early developmental period may be a sensitive period for the initial
organization of affective systems, which then may be further shaped by experiences across
development. For example, several reports have found that exposure to substances of abuse
or to stressful stimuli in immature individuals can have profoundly different long-term
effects than exposure of those same stimuli in maturity [20].

In sum, early developmental experience clearly influences the behavioral response to
negatively-valenced stimuli. Under some conditions it also appears to influence the response
to positively-valenced stimuli. Understanding the manner in which positive affect, negative
affect and development interact emerges as one of the important challenges for
understanding mood disorders.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure One.
Figure One depicts the mean (+S.E.M.) milliliters of water (gray bars) and an aspartame
sweetened solution (black bars) consumed by mother reared (MR) and peer reared (PR)
monkeys across three one-hour tests in the home cage.
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Figure Two.
Figure Two depicts the mean (+S.E.M.) startle response of mother reared and peer reared
monkeys across two testing days. Data are displayed for three startle intensities presented in
either a darkened (black) or illuminated (gray) chamber. Overhead lights were associated
with an aversive blast of compressed air. Significantly greater startle responses occurred in
the light than in the dark for the PR than the MR monkeys at the two highest probe
intensities on the second test day.
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