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Abstract

As one of the first rodent models designed to investigate the effects of early-life experiences, the 

neonatal handling paradigm has helped us better understand how subtle changes in the infant 

environment can powerfully drive neurodevelopment of the immature brain in typical or atypical 

trajectories. Here, we review data from more than 50 years demonstrating the compelling effects 

of neonatal handling on behavior, physiology, and neural function across the lifespan. Moreover, 

we present data that challenge the classical view of neonatal handling as an animal model that 

results only in positive/beneficial outcomes. Indeed, the overall goal of this review is to offer the 

suggestion that the effects of early-life experiences—including neonatal handling—are nuanced 

rather than unidirectional. Both beneficial and negative outcomes may occur, depending on the 

parameters of testing, sex of the subject, and neurobehavioral system analyzed.
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One of the major questions driving the field of developmental psychobiology is “How do we 

become who we are?” This question is one of the most intriguing, and incidentally, one of 

the most complicated to address. Part of the complication arises from the fact that each 

individual encounters unique experiences throughout his or her life course that can have 

profound impacts on the brain and, consequently, behavior. Additionally, windows of 

vulnerability exist during different periods of development, when the environment can exert 

particular influence in modulating the development of brain structure and function 

(Andersen & Teicher, 2008; Fox, Levitt, & Nelson, 2010; Knudsen, 2004). One such 

window of vulnerability occurs during the early postnatal period, a time of considerable 

brain plasticity, when the brain can undergo long-term programming (Cirulli, Berry, & 

Alleva, 2003; Davidson & McEwen, 2012; Roth & Sweatt, 2011). Early-life experiences 
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play a critical role in steering the development of the immature brain in normal or 

pathological directions. Indeed, negative experiences during this time are highly associated 

with increased vulnerability to stressors and compromised physical and mental health later 

in life (Andersen & Teicher, 2008; Bale et al., 2010; Davidson & McEwen, 2012; Heim & 

Binder, 2012; McEwen, 2008; Raineki, Rincón-Cortés, Belnoue, & Sullivan, 2012), whereas 

positive early-life experiences are associated with resilience in the face of later-life 

challenges and good physical and mental health (Baldini et al., 2013; Bowlby, 1969).

As one of the pioneers in the field of developmental psychobiology, Seymour Levine 

developed one of the first rodent models to evaluate the long-lasting effects of early-life 

trauma (Levine, Chevalier, & Korchin, 1956). Levine’s model was influenced by Sigmund 

Freud’s theory that traumatic experiences during infancy can contribute to the development 

of later-life psychopathologies (Freud, 1936). Accordingly, Levine utilized daily, 3-min 

sessions of mild shock from postnatal day (PN) 1 until PN20 as a model of early-life trauma. 

Controls included placing animals in the shock chamber for the same daily 3-min sessions 

without shock, the “neonatal handled” group; and leaving animals undisturbed until PN20, 

the “non-handled” group. When tested in adulthood, the results revealed, surprisingly, that 

both mild shock and neonatal handling resulted in a “more adaptive” animal (Levine, 1956, 

1962; Levine et al., 1956). Contrary to predictions, mild shock had positive rather than 

negative effects on development, and handling, meant to be the control for mild shock, was 

actually an experimental treatment in itself, with beneficial effects similar to those of mild 

shock. Moreover, the non-handled group, meant to be a positive control group, showed 

adverse outcomes. Thus, mild stimulation in infancy, whether through mild shock or simple 

handling, resulted in more adaptive development and responsiveness, whereas rearing in 

relatively unstimulated conditions appeared to have negative effects on behavioral and 

physiological development. Since these initial experiments, the effects of early-life 

experiences have been a major focus in developmental neuroscience.

The current review will provide an overview of the impact of neonatal handling on 

neurobehavioral development, describe the outcomes of the different neonatal handling 

protocols used over the years, and present data that challenge the classical view of neonatal 

handling as an animal model resulting only in positive outcomes. We ultimately hope to 

stimulate discussion around how best to interpret results from different models of early-life 

experience, and in particular, how these models induce beneficial and/or harmful effects 

depending on the parameters of the test situation, sex of the subject, and neurobehavioral 

system analyzed. In the case of the neonatal handling model, protective benefits in some 

neurobehavioral systems, but adverse effects on other neurobehavioral systems may be 

observed. Our review will focus primarily on studies employing rat models without 

accounting for different strains.

NEONATAL HANDLING

Neonatal handling, also known as early or postnatal handling, is an experimental paradigm 

in which pups are briefly separated from the mother and exposed to a new environment. The 

classical neonatal handling procedure consists of removing the mother from the home cage 

to a holding cage, and then placing pups individually in small compartments for 3 min. This 
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procedure is repeated daily from PN1–20 (Levine, 1956, 1962). However, parameters of this 

model vary among laboratories. First, pups may spend from 1 to 15 min out of the home 

cage (for 1 min: Padoin, Cadore, Gomes, Barros, & Lucion, 2001; for 3 min: Denenberg & 

Karas, 1959; Levine et al., 1956; Weinberg, Smotherman, & Levine, 1978b; for 15 min: 

Fenoglio et al., 2005; Meaney, Aitken, Bodnoff, Iny, & Sapolsky, 1985; Plotsky & Meaney, 

1993; Pryce, Bettschen, & Feldon, 2001). Second, the handling procedure may be repeated 

from 10 to 21 days (for 10 days: Padoin et al., 2001; for 15 days: Meaney, Aitken, Bodnoff, 

Iny, & Sapolsky, 1985, Weinberg et al., 1978b; for 21 days: Levine et al., 1956; Núñez et al., 

1995; Pryce et al., 2001). Finally, pups can be handled individually (Levine, 1956; Meaney, 

Aitken, Bodnoff, Iny, & Sapolsky, 1985; Weinberg et al., 1978b) or as a litter (Fenoglio et 

al., 2005; Ladd, Thrivikraman, Huot, & Plotsky, 2005; Padoin et al., 2001). Despite these 

variations, the classical effects of neonatal handling—including reduced anxiety-like 

behaviors (also interpreted as reduced emotionality) and reduced stress responses—are 

robust and have been replicated across laboratories. However, divergent outcomes are not 

uncommon in the literature, making comparisons among results challenging, and limit the 

ability to generalize conclusions. Conversely, the use of different neonatal handling 

protocols has helped us appreciate the importance of how each variable within the model can 

differentially impact the infant’s development.

CONTROL GROUP FOR THE NEONATAL HANDING PARADIGM

Establishing an appropriate control for the neonatal handled group has been a matter of 

debate in the field (Pryce & Feldon, 2003; Macrì & Würbel, 2006). A common protocol is 

the non-handled condition, which consists of leaving animals completely undisturbed, 

including no routine cage changing over the days that neonatal handling occurs. Leaving the 

non-handled animals completely unstimulated during infancy may in itself have effects on 

development. An alternative control is the use of the standard animal facility rearing 
condition, in which animals undergo standard cage changing and other routine husbandry. 

However, this control presents its own set of challenges due to variation in standard 

procedures among facilities. For a more extensive discussion of this topic please see Pryce & 

Feldon (2003) and Macrì& Würbel (2006).

NEONATAL HANDLING AND THE STRESS RESPONSE

When confronted with a stressor (real or perceived), a series of neuroendocrine events 

begins to unfold in order to direct energy reserves to vital tissues, focus attention and 

memory, and suppress reproductive and immune functions in order to promote immediate 

survival and subsequent reinstatement of homeostasis. This is achieved by the activation of 

multiple interacting processes, involving behavioral, autonomic, endocrine, and immune 

systems, which produces a stress response (de Kloet, Vreugdenhil, Oitzl, & Joëls, 1998; 

Herman, 2013). Abnormal function of any of these systems may result in altered responses 

to stress that, if persistent, can increase vulnerability to later-life health problems. Indeed, 

either chronically high or chronically low levels of the stress hormones can impair 

physiological and behavioral functions, leading to pathology (Gold & Chrousos, 2007). The 

major endocrine system underlying the stress response is the hypothalamic–pituitary–

adrenal (HPA) axis, which involves sequential secretion of corticotropin-releasing hormone 
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(CRH) and arginine vasopressin (AVP) from the hypothalamus, adrenocorticotropic 

hormone (ACTH) from the anterior pituitary, and glucocorticoids (corticosterone in most 

rodents, cortisol in humans) from the adrenals (de Kloet et al., 1998, Herman, 2013). 

Importantly, the HPA axis belongs to a larger system that maintains homeostasis even in the 

absence of a potent stressor (Sapolsky, Romero, & Munck, 2000).

Following birth, basal glucocorticoid levels rapidly decline and neonates enter a stress 

hyporesponsive period (SHRP), characterized by low basal glucocorticoid levels and a 

reduced response to stressors (Levine, 1994; Sapolsky & Meaney, 1986; Walker, Perrin, 

Vale, & Rivier, 1986). The SHRP, which in rats lasts from ~PN4 until PN14, represents a 

period during which the organism goes through rapid development that is dependent on 

consistent, low levels of glucocorticoids (Bohn, 1980; Erkine, Geller, & Yuwiler, 1979; 

Sapolsky & Meaney, 1986). Nevertheless, the neonate can show age-specific stress 

responses following maternal deprivation (Kuhn, Pauk, & Schanberg, 1990; Stanton, 

Gutierrez, & Levine, 1988; Suchecki, Nelson, van Oers, & Levine, 1995). Maternal 

behaviors such as nursing, contact, and tactile stimulation perform the dual functions of both 

inhibiting and suppressing HPA function in the neonate to maintain the characteristically 

low levels of glucocorticoids during the SHRP. Specifically, feeding seems to maintain 

adrenal insensitivity to ACTH, while tactile stimulation appears to alter the upstream neural 

ACTH secretagogues (Suchecki, Rosenfeld, & Levine, 1993).

Not surprisingly, altered mother–pup interactions during the SHRP can have a significant 

impact on the development of systems that regulate stress responses (Cirulli et al., 2003; 

Meaney et al., 1993). In general, although handled and non-handled animals do not differ in 

basal hormone levels (Hess, Denenberg, Zarrow, & Pfeifer, 1969; Liu, Caldji, Sharma, 

Plostky, & Meaney, 2000), handled animals secrete less ACTH and corticosterone and show 

a faster return to basal levels following a wide variety of stressors, including restraint, open 

field, active avoidance learning, ether exposure, and re-exposure to a fear-conditioning 

chamber (Hess et al., 1969; Levine, Halrmeyer, Karas, & Denenberg, 1967; Liu et al., 2000; 

Meerlo, Horvath, Nagy, Bohus, & Koolhaas, 1999; Plotsky & Meaney, 1993; Weinberg & 

Levine, 1977). On the other hand, handled animals may secrete more corticosterone in 

response to more noxious stressors such as shock (Levine, 1962) but still show a faster 

recovery towards basal levels (Haltmeyer, Denenberg, & Zarrow, 1967). These findings 

suggest that neonatal handled rats show a “more appropriate” or better-modulated response 

to stress.

Central mechanisms that regulate stress responses are altered by neonatal handling in a 

manner consistent with better modulation of HPA activity. Studies have reported that 

handled animals have reduced CRH in the PVN, locus coeruleus (LC), central nucleus of the 

amygdala, and median eminence; with reduced CRH release from the median eminence 

following stress (Francis, Caldji, Champagne, Plotsky, & Meaney, 1999; Plotsky & Meaney, 

1993; Plotsky et al., 2005; Viau, Sharma, Plotsky, & Meaney, 1993). Additionally, the LC of 

handled animals is less responsive to CRH (Swinny et al., 2010), which may be related to 

the decrease in total CRH binding (Plotsky et al., 2005), decreased dendritic length and 

branching in LC neurons (Swinny et al., 2010), and a reduction in the number of LC neurons 

(Lucion, Pereira, Winkelman, Sanvitto, & Anselmo-Franci, 2003).
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Neonatal handling increases glucocorticoid receptor density and receptor binding in the 

hippocampus (Avishai-Eliner, Eghabal-Ahmadi, Tabachnik, Brunson, & Baram, 2001; 

Meaney & Aitken, 1985; Meaney, Aitken, Bodnoff, Iny, & Sapolsky, 1985; Meaney, Aitken, 

Bodnoff, Iny, Tatarewicz, et al., 1985, Meaney, Aitken, van Berkel, Bhatnagar, & Sapolsky, 

1988, Meaney, Aitken, Viau, Sharma, & Sarrieau, 1989), which may be associated with the 

increase in neuronal density in the pyramidal cell layer of the hippocampus (Winkelmann-

Duarte et al., 2011). Overall, the hippocampus has an inhibitory effect on the HPA (Myers, 

McKkveen, & Herman, 2012), and such structural and functional changes following 

neonatal handling seem to potentiate the efficacy of the negative feedback, reducing the 

ACTH and corticosterone response to stress (Meaney et al., 1993). The mPFC also has a 

predominantly inhibitory role on the HPA (Myers et al., 2012) and, similar to the 

hippocampus, handling increases glucocorticoid receptor density in the PFC (Meaney, 

Aitken, Bodnoff, Iny, Tatarewicz, et al., 1985), which may contribute to the increased HPA 

negative feedback efficacy observed in handled offspring. In contrast, the amygdala provides 

excitatory inputs to the HPA axis (Myers et al., 2012). Not surprisingly, rats handled during 

infancy show a reduction in glucocorticoid receptor expression in the central nucleus of the 

amygdala (Fenoglio, Brunson, Avishai-Eliner, Chen, & Baram, 2004). Additionally, 

neonatal handling also increases amygdala expression of benzodiazepine receptors (Caldji, 

Francis, Sharma, Plotsky, & Meaney, 2000), and decreases levels of serotonin, dopamine, 

and noradrenaline (Arbroelius & Eklund, 2007). Moreover, unpublished results from 

Lucion’s laboratory suggest that neonatal handling reduces the number of neurons in the 

medial nucleus of the amygdala. All of these neonatal handling-related changes in amygdala 

structure and function can influence how the amygdala responds to stress and, most 

importantly, highlights the amygdala’s vulnerability to early-life environmental experiences.

NEONATAL HANDLING AND ANXIETY-LIKE BEHAVIOR

One of the most well-characterized effects of neonatal handling is a reduction in anxiety-like 

behavior—commonly interpreted as reduced emotionality (Kosten, Kim, & Lee, 2012; 

Levine et al., 1967; Meerlo et al., 1999; Núñez et al., 1995; Severino et al., 2004). Neonatal 

handled rats show increased exploration of the open field, including more time in the center 

(Caldji et al., 2000; Levine et al., 1967; Madruga, Xavier, Achaval, Sanvitto, & Lucion, 

2006; Padoin et al., 2001), and spend more time in the open arm of the elevated plus maze 

(Kiosterakis, Stamatakis, Diamantopoulou, Fameli, & Stylianopoulou, 2009; Meerlo et al., 

1999; Núñez et al., 1995; Severino et al., 2004; Vallée et al., 1997). These results suggest 

that neonatal handled animals show decreased fear and/or anxiety, and possibly, an enhanced 

ability to cope with stressful events due to better adaptation to the environment (Chapillon, 

Patin, Roy, Vincent, & Caston, 2002; Levine, 1956). Nevertheless, reductions in anxiety-like 

behavior are not always observed (Silveira, Portella, Clemente, Gamaro, & Dalmaz, 2005; 

Stevenson, Meredith, Spicer, Mason, & Marsden, 2009). Neonatal handling also 

differentially affects anxiety-like behavior in males and females (Weinberg, Krahn, & 

Levine, 1978a). In a hole-board apparatus, handled females showed greater head-dipping 

than non-handled females when no objects were present under the holes; however, when 

objects were placed under the holes, differences between handled and non-handled animals 

were eliminated. For males, non-handled and handled rats were similar in exploratory 
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behavior when no objects were present, but when objects were placed under the holes, 

handled males explored more than non-handled males.

NEONATAL HANDLING AND LEARNING AND MEMORY

Early-life environmental manipulations such as neonatal handling have been shown to 

induce long-lasting alterations in learning and memory; however, these effects appear to be 

task-dependent. Neonatal handling enhances spatial learning/memory but impairs aversive 

learning/memory, with the former seen as a positive effect and the latter as a negative effect 

(Kosten et al., 2012).

The majority of studies on spatial learning indicate that neonatal handled animals show 

improved performance in the Morris water maze and other spatial memory tasks, such as the 

radial arm maze (Vallée et al., 1999) and T-maze (Wong & Judd, 1973). In the Morris water 

maze, handling decreases latency to reach the platform and reduces distance traveled to 

reach the platform (Escorihuela, Tobeña, & Fernández-Teruel, 1995; Fenoglio et al., 2005; 

Lehmann et al., 2002; Pryce, Bettschen, Nanz-Bahr, & Feldon, 2003; Stamatakis et al., 

2008). Additionally, handled animals spend more time in the quadrant where the platform 

was located during the acquisition phase (Garoflos et al., 2005; Stamatakis et al., 2008). 

Importantly, the beneficial effects of neonatal handling are even more evident when the 

animal reaches old age, as the memory deficits that emerged with age in the non-handled 

rats are almost absent in the handled rats (Meaney et al., 1988), suggesting that neonatal 

handling may attenuate the decline in learning and memory that typically occurs with aging.

With regards to aversive learning, neonatal handling has been shown to impair the 

expression (Guijarro et al., 2007; Kosten, Lee, & Kim, 2006; Madruga et al., 2006; Meerlo 

et al., 1999) and extinction (Madruga et al., 2006; Wilber, Southwood, & Wellman, 2009) of 

conditioned fear responses in both cue and context learning, without altering sensitivity to 

footshock (Kosten et al., 2006). Furthermore, neonatal handling impairs learning in other 

aversive conditioning tasks, such as inhibitory avoidance (Kosten, Kim, & Lee, 2007), 

eyeblink conditioning (Wilber et al., 2007), and conditioned taste aversion (Weinberg et al., 

1978b). Interestingly, in avoidance learning tasks, handling was shown to have a greater 

impact on males than on females (Weinberg & Levine, 1977). Females, regardless of 

neonatal handling treatment, showed lower or better modulated HPA responsiveness, 

whereas only handled males showed such adaptive responses.

CAN NEONATAL HANDLING RESCUE PREVIOUS INSULT?

Because of its behavioral and physiological effects, neonatal handling has been suggested as 

a candidate for use as a potential intervention for ameliorating the adverse effects of earlier 

insults, such as prenatal alcohol exposure, prenatal stress, and perinatal malnutrition.

Prenatal Alcohol Exposure

Exposure to alcohol during gestation is associated with a wide range of neural, behavioral, 

hormonal, and cognitive deficits in the offspring (Hellemans, Sliwowska, Verma, & 

Weinberg, 2010; Riley, Infante, & Warren, 2011). Neonatal handling is able to rescue 
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deficits in growth and to abolish hypothermic responses to alcohol challenge induced by 

prenatal alcohol exposure (Weinberg, Kim, & Yu, 1995). However, handling is ineffective at 

attenuating HPA hyperresponsiveness to restraint stress (Gabriel, Yu, Ellis, & Weinberg, 

2000; Ogilvie & Rivier, 1997) or improving performance on a conditioned taste aversion 

task (Gabriel & Weinberg, 2001). Moreover, prenatal alcohol-induced deficits in the T-maze 

reversal task are completely eliminated in handled rats (Lee & Rabe, 1999). However, 

handling does not ameliorate spatial learning deficits on the Morris water maze (Gabriel, 

Johnston, & Weinberg, 2002), but rather, handling reveals or enhances differences in spatial 

navigation following prenatal alcohol exposure. Thus, while neonatal handling can 

ameliorate some deficits resulting from prenatal alcohol exposure, the effects of handling are 

limited and vary by task parameters (Hannigan, O’Leary-Moore, & Berman, 2007), and may 

be negative rather than positive in some instances.

How do we explain such paradoxical results of neonatal handling? One possibility is that the 

effects of handling may be dependent on numerous variables including pup ultrasonic 

vocalizations and level of maternal care (Bell, Nitschke, Gorry, & Zachma, 1971; Liu et al., 

1997). Thus, neonatal handling might exert differential effects on pups whose 

responsiveness or behavior has already been altered by prenatal alcohol exposure. For 

example, because prenatal alcohol exposure decreases pup ultrasonic vocalizations (Kehoe 

& Shoemaker, 1991), alcohol-exposed pups may fail to elicit the increased licking and 

grooming by the dam associated with neonatal handling, and which may, at least in part, 

mediate handling effects. It is also possible that maternal behaviors may be affected by 

exposure to ethanol during pregnancy, although it appears that altered mother-infant 

interactions are due primarily to deficits in pups rather than deficits in maternal behavior 

(Chen, Driscoll, & Riley, 1982).

Prenatal Stress

Unlike the effects of neonatal handling on pups prenatally exposed to alcohol, handling has 

been shown to reverse the behavioral deficits induced by prenatal stress, including reduced 

activity in the open field and decreased time in the open arm of the elevated plus maze 

(Bogoch, Biala, Linial, & Weinstock, 2007; Wakshlak & Weinstock, 1990; Weinstock, 

2008), as well as the deleterious effects of prenatal stress on hippocampal neurogenesis 

(Lemaire, Lamarque, Le Moal, Piazza, & Abrous, 2006). Moreover, ~30% of the 

hippocampal genes involved in synaptic function and suppressed in prenatally stressed rats 

are restored by neonatal handling (Bogoch et al., 2007).

Perinatal Malnutrition

Only a few studies have investigated the influence of neonatal handling on anxiety in rats 

raised under malnourished conditions. Two studies showed that handling was effective in 

rescuing the decreased open field exploratory activity of malnourished rats to levels 

observed in controls (Cines & Winick, 1979; Franková, 1968). Surprisingly, non-handled 

malnourished animals also showed more open field activity than their well-nourished 

counterparts, and neonatal handling abolished this difference by reducing malnourished 

animals’ activity and increasing the activity of the well-nourished animals (Levitsky & 

Barnes, 1972). Despite these somewhat contradictory effects of perinatal malnutrition on 
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open field behavior, neonatal handling was able to eliminate behavioral differences between 

malnourished and well-nourished animals. However, neonatal handling did not change the 

increased reactivity to footshock (Rocha & Vendite, 1990) or the accelerated development 

and increased responsiveness of the stress system (Wiener & Levine, 1978) observed in 

malnourished rats. Conversely, non-handled malnourished pups exhibited normal basal 

corticosterone levels, whereas handled malnourished pups exhibited elevated basal 

corticosterone levels. Thus, neonatal handling appears to interact with perinatal malnutrition 

to alter the development of the HPA axis, and, similar to its effects on rats prenatally 

exposed to alcohol, neonatal handling ameliorated some but not all deficits resulting from 

perinatal malnutrition.

NEONATAL HANDLING AND SOCIAL BEHAVIOR

The quality of environmental experiences during infancy can modulate the development of 

social behavior and its neurocircuitry (Veenema, 2012). In rats, neonatal handling negatively 

affects the neurocircuitry that supports social behavior, leading to pervasive deficits in social 

behavior throughout the lifespan. These negative effects can be observed as early as PN7, 

with handled females, but not males, showing reduced preference for the maternal odor, 

indicating a possible deficit in the mother–pup relationship (Raineki et al., 2009; Raineki, 

Lutz, Sebben, Ribeiro, & Lucion, 2013). Peripubertal rats handled during infancy also show 

a reduction in play behavior with littermates in the home cage (Karkow & Lucion, 2013), 

but exhibit more play behavior than non-handled controls when tested following a period of 

social isolation (Aguilar, Caramés, & Espinet, 2009; Siviy & Harrison, 2008). Furthermore, 

handled rats show reduced play behavior and increased risk assessment behavior in the 

presence of a predator odor. However, when returned to the same environment where the 

predator odor had been experienced, handled rats are less likely to exhibit a conditioned 

suppression of play (Siviy & Harrison, 2008).

Adult rats handled during the neonatal period show reduced social investigation during the 

learning phase of a social learning test, although they are still able to differentiate between a 

novel and familiar social stimulus (Todeschin et al., 2009). Handling also decreases 

affiliative social behavior (e.g., allogrooming, sniffing) and increases non-affiliative behavior 

(e.g., aggression) during a social interaction test (Todeschin et al., 2009). Moreover, 

lactating rats that were handled in infancy show increases in aggressive behaviors against a 

male intruder (Giovenardi et al., 2005; Padoin et al., 2001), although not all studies reveal 

these changes (Boccia & Pedersen, 2001). Overall, these findings highlight the importance 

of the early-life environment for the development of behavioral systems that can modulate 

the way animals cope with social demands and opportunities.

The neuropeptides oxytocin and AVP have been widely implicated in the regulation of 

several features of social behavior, including social motivation (Lim & Young, 2006), social 

recognition (Engelmann, Ludwig, & Landgraft, 1994), maternal nurturing behavior (Ross & 

Young, 2009), and aggression (Gobrogge, Liu, Young, & Wang, 2009). Importantly, the 

development of the oxytocin and AVP systems can be altered by the early-life environment, 

including neonatal handling (Veenema, 2012). Neonatal handling appears to reduce the 

number of oxytocin-positive neurons in the PVN (Todeschin et al., 2009; Winkelmann-
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Duarte et al., 2007) and amygdala (Oreland, Gustafsson-Ericson, & Nylander, 2010), but 

increases AVP-positive neurons in the PVN (Todeschin et al., 2009). Decreases in oxytocin 

neurons in the PVN and amygdala may explain, at least in part, some of the deficits in social 

behavior induced by neonatal handling, while increases in AVP neurons in the PVN may be 

associated with the increased aggression observed in neonatal handled rats. However, more 

studies are needed to determine whether causal relationships exist between these peptide 

hormone systems and deficits in social behavior associated with neonatal handling and to 

uncover mechanisms that support pathological forms of social behavior.

NEONATAL HANDLING AND REPRODUCTION

Environmental factors that influence early development can exert downstream effects on 

reproductive strategies and success, as well as on the growth and subsequent reproductive 

success of offspring (Bateson et al., 2004). Indeed, individuals exposed to adverse 

environmental experiences early in life may develop mechanisms to overcome the 

immediate threat; however, the cost of these alternative strategies can be later reproductive 

success. Even mild environmental experiences during infancy can negatively affect multiple 

aspects of the male and female reproductive systems in rats.

In females, the first sign of reproductive dysfunction following neonatal handling is delayed 

pubertal onset, as measured by vaginal opening (Sieck & Ramaley, 1975). In adulthood, 

neonatal handled rats show a reduction in the number of oocytes, despite exhibiting regular 

estrous cycles (Gomes, Frantz, Sanvitto, Anselmo-Franci, & Lucion, 1999; Raineki et al., 

2008). Neuroendocrine regulation of ovulation requires a dynamic coordination of all 

elements of the hypothalamic–pituitary–gonadal (HPG) axis (Freeman, 2006). Specifically, 

the key neuroendocrine events necessary for ovulation involve the sequential surge of 

gonadotropin-releasing hormone (GnRH) from the hypothalamus, luteinizing hormone 

(LH), and follicle-stimulating hormone (FSH) from the pituitary, and estradiol and 

progesterone from the gonads in the preovulatory period (Freeman, 2006). Neonatal 

handling disrupts many of these neuroendocrine processes: handled females show increased 

content of GnRH in the medial preoptic area on the afternoon of proestrus, followed by a 

reduction in plasma concentrations of LH, FSH, and estradiol (Gomes et al., 2005). 

Additionally, neonatal handling results in reductions in the size and number of neurons in 

the medial preoptic area (Cammozzato et al., 2009). Neonatal handling also reduces sexual 

behavior in female rats (Gomes et al., 2006; Raineki et al., 2008). Moreover, the 

progesterone surge following sexual behavior, which is necessary for blastocyst implantation 

and successful pregnancy (Adler, Resko, & Goy, 1970), is reduced in neonatal handled 

females (Gomes et al., 2006), presumably due to reduced copulatory behavior. Overall, these 

neuroendocrine changes may partially explain changes in sexual behavior and ovulation 

observed in neonatal handled female rats.

In males, neonatal handling also reduces sexual behavior, including a significant decrease in 

the frequency of mounts with intromission (Padoin et al., 2001), as well as deficits in the 

motivational aspects of sexual behavior, such as reduced time spent investigating the sexual 

partner (Raineki et al., 2013). Neonatal handling also induces morphophysiological changes 

in the male reproductive system, such as reduced testicular weight, smaller seminiferous 
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tubule diameter and decreased germinal epithelium thickness, all of which contribute to 

reductions in daily sperm production (Mazaro & Lamano-Carvalho, 2006).

NEONATAL HANDLING AND FOOD CONSUMPTION

Clinical and preclinical studies have demonstrated that early-life adversity can increase 

vulnerability to eating disorders and dysfunctional feeding behavior (Groleau et al., 2012). 

Despite being a mild early-life experience with many positive effects on behavioral and 

physiological function, neonatal handling can significantly alter feeding behavior in rats 

(McIntosh, Anisman, & Merali, 1999; Silveira et al., 2008). Animals handled early in life 

show increased consumption of palatable food, such as sweet and savory snacks (McIntosh 

et al., 1999; Silveira et al., 2008; Weinberg et al., 1978b), without alteration in standard lab 

chow ingestion (Silveira et al., 2004). Importantly, this handling-induced increase in 

consumption of sweet foods emerges only after puberty and is independent of satiety 

(Silveira et al., 2004, 2008). This ontogenetic pattern corroborates the clinical literature, 

which suggests that eating disorders like anorexia nervosa and bulimia emerge after puberty 

(Fairburn & Harrison, 2003). Furthermore, neonatal handling seems to affect only a few 

metabolic parameters: plasma levels of ghrelin and triglycerides are decreased, but there is 

no change in insulin, leptin, glucose, or cholesterol levels (Benetti et al., 2007; Silveria et al., 

2006). These studies indicate that the neonatal handling model provides an approach for 

understanding mechanisms underlying the enduring consequences of early experience on the 

individual’s responses to food.

NEONATAL HANDLING AND RENAL FUNCTION

Intriguingly, neonatal handled animals show decreased kidney function and altered 

hydroelectrolytic regulatory mechanisms. For example, neonatal handling appears to reduce 

kidney weight in the absence of morphological changes, reduces urinary volume, water 

intake, creatinine clearance, aldosterone and angiotensin II plasma concentrations, and 

increases sodium fraction excretion (Donadio et al., 2009). The renin–angiotensin system 

plays a critical role in the development of normal renal function (Guron & Friberg, 2000), 

and neonatal handling appears to increase mRNA expression of renin and angiotensin 

receptor type 2, and decrease mRNA expression of angiotensin receptor type 1 in the kidney 

(Rodriguez et al., 2012). Together, these results indicate that even mild manipulations like 

neonatal handling can have long-lasting, negative consequences for renal function.

SUMMARY AND CONCLUSIONS

The neonatal handling model has been extremely valuable for enhancing our understanding 

of the effects of early-life environmental experiences on developmental processes. Moreover, 

the data reviewed here question the general belief that handling during the early postnatal 

period has only beneficial consequences for the animal. While studies measuring 

emotionality, stress-related hormonal reactivity, and learning and memory suggest that 

handling enhances the ability to cope with stress, improves adaptation to the environment, 

and results in a more emotionally stable organism, studies evaluating other behavioral, 

physiological, and neural systems or using neonatal handling as a potential intervention 
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indicate that handling may not always be beneficial. Indeed, dysfunctional reproductive and 

renal function, altered social and feeding behavior, and deficits in aversive memories have 

been reported in animals handled during the early postnatal period. Even some of the 

presumably beneficial effects of neonatal handling require more nuanced interpretations. For 

example, the idea that neonatal handling results in an animal that is better adapted 

emotionally arise from studies demonstrating that handled rats show increased exploratory 

behavior in the open field, including more time in the center. However, as rodents are a prey 

species, an appropriate response to the open field would be to stay out of the center and stick 

to the periphery of the apparatus. In the words of Martin Daly, “It should be obvious that any 

small rodent who unhesitatingly enters a brightly lit novel environment is pathologically 

fearless” (1973). This “pathological fearlessness” becomes even more apparent in light of 

the observation that neonatal handled rats do not inhibit this increased exploratory behavior 

in the open field even in the presence of a predator such as a cat (Padoin et al., 2001).

This review highlights the importance of using caution when interpreting results from 

animal models of early-life experience as beneficial or negative. Indeed, our interpretations 

of the effects of neonatal handling presented here are by no means meant to be conclusive. 

Nevertheless, this model has provided us with a unique opportunity to understand how even 

small variations in the infant’s environment can have significant and enduring effects on 

neurobiological/-behavioral development.
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