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 Introduction: 
 
 The incidence of health problems resulting from an imbalance between energy 

intake and expenditure - like obesity and anorexia nervosa - is growing and has become one 

of the main causes of death in industrialized societies (1). To enable effective treatment of 

these disorders, a better understanding is required of how these imbalances may develop. 

The concept of energy balance was initially introduced in the 1950s by Kennedy (2) who 

recognized that the amount of energy consumed over time almost precisely matched the 

amount of energy utilized, and that a factor related to the amount of fat stored in the body 

interacting with central neuronal networks may be key in this regulation (2).  

 Energy balance was thought to be controlled by two brain regions. Experiments in 

mid twentieth century already had shown that electrolytic lesioning of the ventromedial 

hypothalamus augmented food intake and this brain area was therefore considered to be the 

satiety center in the brain. In contrast, lesioning of the lateral hypothalamus induced 

anorexia, and this brain region was considered to be the brain’s hunger center (3). Over the 

next decades, the number of pathways found to be involved in the regulation of energy 

balance expanded dramatically (i.e., due to the advent of molecular biological techniques), 

and has led to the notion of complex neuronal networks spanning hypothalamic, brainstem, 

limbic, and cortical circuitry interacting with peripheral neuro-hormonal and metabolic signals 

that regulate body weight, fuel fluxes, and energy balance (4;5).  

 

 Although many people are still able to maintain their body weight (and thus energy 

balance) within a range that is considered to be healthy (1), the number of individuals 

developing obesity and the severity hereof is ever increasing (1). The cause of the obesity 

epidemic probably originates from the abundance of palatable high energy foods combined 

with a sedentary way of life, but not every individual is equally susceptible for weight gain 

under these conditions. The origins of the differences in susceptibility for obesity probably 

resides in genetic factors predisposing an individual to weight gain. For those who are 

predisposed to weight gain, the internal “settling-point” of body weight might be higher than 

those resistant to weight gain, making it more difficult for the obesity-prone individuals to 

avoid weight gain in the face of the environment of plenty.  

 In fact, eating less may have repercussions for energy expenditure that opposes 

weight loss. This is very-well illustrated by a case study of an obese woman who followed a 

strict diet for 15 weeks limiting her caloric intake by 35%.  However, after finishing the 15 

weeks of diet intervention, her body weight was higher than it was before starting dieting. It 

turned out that a reduction in her resting metabolic rate from 1479 kcal/24h at baseline to 
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927 kcal/24h at the end of the intervention had entirely compensated the reduction in caloric 

intake (6).  

 

The most extreme forms of obesity are usually caused by single gene mutations (7-

10). In addition, several polymorphisms were identified that may explain more moderate 

versions of this condition (11-15). However, evidence is accumulating that genetic mutations 

are not the main cause of the rapid and dramatic increase in the incidence in obesity and 

type 2 diabetes in Western society in the last decades (16-18). Generational accumulation of 

environmental influences appear to add another layer to the interactions between genetic, 

neuronal/hormonal and metabolic factors that may be key in understanding individual 

differences in the development of obesity and metabolic disease.  

 

 The way humans perceive and interact with the environment is, for a large part, 

determined by personality. The personality can be defined as a set of behavioral responses 

that are imbedded (by nature and/or nurture) within an individual. These behavioral 

strategies are employed throughout life to guide the individual’s interaction with the 

environment. The most well known methodology to assess one’s personality is by using the 

big five model (19;20). This model describes five traits,(i.e., neuroticism, extraversion, 

conscientiousness, agreeableness and openness to experience), each of which individuals 

may express differently relative to the population average (20). Although there is some 

debate on the details of each of these five personality traits, there is consensus that this five 

factor model describes ones personality optimally (reviewed by 21). Already in 1934, 

Thurstone (22) identified that these aforementioned traits could account for the variation 

found in personality ratings in 1300 test subjects using 60 personality adjectives. The five 

identified personality traits remain relatively stable throughout development from infancy to 

adulthood and are not affected by major live events (20).  

 This classification of  the personality has been used to asses risk factors for several 

psycho-social disorders, like depression, anxiety disorder and addiction (23;24).  

Additionally, one’s personality has been found to influence the course and development of 

several physical illnesses, like cancer, immune disease and cardiovascular disease (25-29).  

Another, perhaps more objective characterization of personality in humans may be found in 

the so-called Type A and Type B personalities. This distinction in personality types was 

predominantly based on the physiological responses to changes in the environment (30). 

The Type A personality is characterized by high catecholamine responses to environmental 

stressor and, additionally, these personalities are more aggressive, impatient and 
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competitive (31-34). Type B personalities, on the other hand, are characterized by elevated 

cortisol release during stress, and display a more passive behavioral strategy when faced 

with stressors (35).   

 Little is understood about the interaction between the personality and regulation of 

energy balance and fuel homeostasis, and disorders thereof. Data from human studies 

investigating the relationship between personality and metabolic disorders are contradictiory 

(36). Most studies investigating personality differences use a self-rated personality scale, 

such as ”the big five”.  Conclusions from those studies are probably confounded, because 

the personality itself may influence the rating process. In studying interactions between the 

neurobiology of personality and regulation of energy balance and fuel homeostasis (and  

their disregulations), the use of the Type A and Type B personalities may be more useful.  

Moreover, in rodents (but also in many other species) two distinct personality types can be 

identified which are highly homologous to the human Type A and Type B personalities; the 

proactive coping style and the passive coping style, respectively.  The proactive coping style 

is based on the so-called fight/flight response (37). Rodents with a proactive coping style are 

characterized by a proactive response to stressors, higher levels of aggression, impulsivity, 

and they are more prone to develop routines (38;39). The passive (or reactive) coping style 

originates from a conservation/withdrawal response. Individuals with a passive coping style 

are characterized by passive responses to stressors, a low aggressive nature, low levels of 

cue dependency and high levels of behavioral flexibility (38-40).  

 

 This thesis aims to study the relations between personality and the neurobiology of 

energy balance and fuel homeostasis. The thesis focuses on those behavioral and 

physiological parameters that impact body weight, energy balance, and fuel homeostasis 

and associated derangements that lead to pathologies relevant to humans disease. The 

following questions will be addressed: 

 

1) Are proactive and passive individuals different with respect to  regulation of energy 

balance and fuel homeostasis? 

2) If so, do these metabolic differences between the coping styles pertain to 

differences in susceptibility to develop related pathologies, such as insulin 

resistance and or Anorexia Nervosa? 

3) Do differences between  coping styles in rats have a) implications for the success 

of treatment of  metabolic disorders and b) face-validity for human disease and 

treatment? 
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 Part one of this thesis describes the (patho)physiological and behavioral 

characterization of energy balance in rats that differ in coping style. In Chapter 2, a 

characterization of behavioral and physiological strategies of energy balance regulation 

is described for the Roman and the Wild Type Groningen rat. Energy balance in these 

passive and proactive individuals is described in terms of differences in body weight, 

body composition, food intake patterns, energy expenditure, cardiovascular functioning 

and plasma hormone levels. In Chapter 3 the potential susceptibility for developing 

hyperinsulinemia and visceral obesity (which are hallmarks of the insulin resistance 

syndrome) and the underlying mechanisms are investigated in passive Roman Low 

Avoidance (RLA) and proactive Roman High Avoidance (RHA) rats. Chapter 4 

continues on this theme and describes the interaction between diet and coping style in 

relation to the risk for the development of metabolic disorders.  

Part two of this thesis is focused on the treatment of metabolic risk factors, in 

particular insulin resistance. In this section we aim at elucidating possible differences in 

treatment success between proactive and passive individuals. In Chapter 5 we mainly 

concentrate on pharmacological interventions by treating proactive and passive 

individuals with the PPARγ-agonist Rosiglitazone and the glucocorticoid receptor 

antagonist RU486. The following chapters focus on  physical activity as treatment for 

insulin resistance and visceral obesity. In Chapter 6, the potential beneficial effects of 

voluntary wheel running behavior are investigated in proactive and passive rats with  

particular emphasis on the potential differences  between voluntary and forced wheel 

running behavior. This topic is continued in Chapter 7, that focuses on voluntary wheel 

running activity in relation to diet interventions and the effects on glucose and insulin 

homeostasis. In Chapter 8, the face validity of the animal studies is tested in humans, 

in a study in which the success of an exercise-based and a diet-and-activity-based life 

style intervention program is studied in passive and proactive overweight human 

volunteers.  

 The final part of the thesis focuses on the potential importance of personality in the 

development of hyperactivity in Anorexia Nervosa. Chapter 9 provides a theoretical 

framework for the role of the dopaminergic reward system in development of anorexia 

nervosa, supported by data from an animal model. Chapter 10 further elaborates on 

this and shows that passive individuals are particularly sensitive for the development of 

anorexia nervosa.  

Finally, the data presented in this thesis will be summarized and discussed in 

Chapter 11.  
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Abstract:  

There are large individual differences in the susceptibility for metabolic disorders such as 

obesity, the metabolic syndrome and type 2 diabetes. Unfortunately, most animal studies in 

this field ignore the importance of individual variation which limits the face validity of these 

studies for translation to the human situation. We have performed a series of studies that 

were particularly focused on the individual differences in the (patho)physiology of energy 

balance. The studies were performed with passive and proactive individuals of two different 

rats strains: the Roman High and Low Avoidance rat and the Wild type Groningen rat. The 

data reveal that passive and proactive individuals differ significantly on several parameters, 

i.e. body composition, Hypothalamic-Pituitary-Adrenal (HPA) axis activity, plasma levels of 

insulin and leptin, intestinal transit time, systolic blood pressure and meal patterns. We also 

found that the selection line of the Roman Low Avoidance rat may be considered as a non-

obese animal model for the metabolic syndrome, since these rats display, under sedentary 

conditions, many of the related symptoms such as hypertension, visceral adiposity and 

insulin resistance during an intravenous glucose tolerance test. These symptoms 

disappeared when the animals were allowed to exercise voluntarily in a running wheel. We 

conclude that experiments with passive and proactive individuals are highly relevant for 

studying the (patho)physiology and behavior of energy balance and the related metabolic 

disorders. 
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1. Personality and energy balance 

 In humans, there are large individual differences in the susceptibility for metabolic 

disorders such as obesity, the metabolic syndrome and type 2 diabetes. Unfortunately, most 

animal studies in the field ignore the importance of individual variation and use standard 

models such as the Wistar and the Sprague-Dawley rat. This limits the face validity of rat 

studies in energy balance and metabolism for translation to the human situation.  

 Variation in the susceptibility of metabolic disorders between individuals is, in part, 

caused by psychosocial factors such as differences in levels of education, low sense of 

coherence, work stress and lack of sleep (1-3). Personality plays a role as well, as indicated 

by observations in children (4) and adults (5) that a type A personality has a higher risk to 

develop the metabolic syndrome. The following paragraphs are therefore particularly 

focused on our studies on the role of an individual’s personality in the (patho)physiology of 

energy balance. 

  

2. Personality and coping style 

Personality is defined as a set of behavioral and physiological responses that 

characterize an individual. Most of the current theories on personality are based on the 

behavioral disposition model proposed by Allport in 1937 (6). This theory states that a 

personality characterizes individuals in terms of a set of stable dispositions (traits) that are 

distinctive for the individual and determine a wide range of behavioral responses. A 

personality is thus a set of behavioral responses that are genetically imbedded within a 

individual and these behavioral strategies are employed throughout life to interact with the 

environment. Even though the theoretical framework of the behavioral disposition model is 

well accepted, scientific descriptions of personality are mostly methodology based; the 

methods used to assess personality (Bortner scale, Big Five, Jenkins Activity Survey) also 

determine the definition of personality (7-9). 

This makes it difficult to investigate the physiological and neuronal mechanisms 

underlying the behavioral differences between individuals. The use of an objective and 

unbiased animal model might be useful for this since most described personality traits in 

humans are identifiable in animal models as well (10-12). However, the animal literature 

prefers the term coping style when describing individual differences in physiology and 

behavior. Coping style is defined as a coherent set of behavioral and physiological stress 

responses that are consistent over time and that characterize a certain group of individuals 

(13). Although the definitions of personality and coping style show overlap, coping style may 
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be preferred for translational studies since it is based on an objective observation of 

behavior and physiology. 

 

3. Proactive and passive coping styles 

The development of a coping style is aimed at controlling the environment 

successfully to increase survival (14). In most animal species, including humans, two major 

coping strategies (proactive and passive coping) are distinguished (reviewed in (13)). The 

proactive coping style is characterized by the fight/flight response, a stress response 

primarily mediated through activation of the sympathetic nervous system (reflected by 

increased catecholamine release (15)). As a consequence, heart rate, blood pressure and 

blood flow to the muscles are increased allowing the animal to escape or fight the threat 

(16). Individuals with a proactive coping style display higher levels of aggression, impulsivity 

and they are more prone to routine formation (17;18).  Proactive individuals are also 

characterized by low hypothalamus-pituitary-adrenal (HPA) axis reactivity (19-21). 

The passive (or reactive) coping style originates from a conservation/withdrawal 

response. This response, originally described by Engel et.al (22), is characterized by 

freezing behavior, activation of the HPA-axis (leading to elevated corticosterone / cortisol 

levels), increased parasympathetic and reduced sympathetic reactivity (19-21). The freezing 

response minimizes the chance of being attacked and thereby lowers the risk of being 

harmed by the threat. Individuals with a passive coping style are characterized by a low 

aggressive nature, low levels of cue dependency and high levels of behavioral flexibility 

(17;18;23).  

In wild populations of animals, the coping strategies of the individuals within a 

population display a bimodal distribution, mainly because individuals with an extreme coping 

style have by definition a higher fitness (14;24;25). The evidence for this is derived from 

studies in wild populations of the great tit (parus major) and the mouse (mus musculus 

domesticus) (17;26). Individuals with a intermediate coping style are generally not present in 

a population in the wild since they have a lower fitness in both a stable, territorial 

environment as well as in a variable migratory setting. In contrast, in laboratory or domestic 

settings there is no environmental pressure pushing the population into a bimodal 

distribution. This means that in domesticated populations, like domesticated pigs and most 

laboratory rat strains, a normal distribution in coping strategies is observed (24). 
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4. Proactive and passive rat models 

 Studies in our laboratory focus on the individual differences in the 

(patho)physiology and behavior of energy balance and its impact on the development of 

metabolic disorders, such as obesity and insulin resistance. In these studies we use two rat 

models with extreme coping styles: 1) Roman High and Low Avoidance rats and 2) proactive 

and passive Wild Type Groningen rats.  

The Roman High and Low Avoidance rat selection lines were founded in 1965 by 

Bignami (27) and populations of these rat lines have been maintained ever since. The rats 

originated from a Wistar stock and have been selectively bred on the basis of their 

performance in a two way active avoidance test. During this test the rats are placed in a 

shuttle box with two compartments and trained to associate a light stimulus with a mild foot 

shock. This shock can be avoided by moving to the other compartment of the box (27). The 

initial acquisition of avoidance behavior is strongly dependent on emotional reactivity, 

anxiety and coping strategy (28;29). The Roman High Avoidance (RHA) rats were 

selectively bred on the basis of rapid learning to avoid the shock, while the Roman Low 

Avoidance (RLA) rats were selectively bred based on non-acquisition of avoidance behavior. 

RLA and RHA rats are extensively studied in the field of aggression, anxiety and depression 

and several excellent reviews are available that provide information on the behavioral, 

hormonal and neuro-chemical characteristics of these passive and proactive selection lines 

(30-32) .  

The Wild Type Groningen (WTG) rat population is originally derived from the  

University of Wageningen in the Netherlands and is bred in our Department under 

conventional conditions. This outbred rat population is characterized by display of a wide 

variety of behavior and the bimodal distribution of passive and proactive individuals, as 

observed in the wild populations, is still present in the WTG rat  (for a review, see (33)). 
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Figure 1: Distribution of bury behavior within the Roman, Wild Type Groningen (WTG) and Wistar rat 

populations. The z-axis presents the three rat populations tested. On the x-axis the percentage time 

spent burying during a defensive bury test is categorized. On the y-axis the percentage rats of each 

population in each category is presented. The defensive bury test was performed using methods 

described in (49). 

 

In our laboratory we use the so-called defensive bury test, developed by Pinel and Treit (34), 

to select proactive and passive individuals within the WTG rat population. Rats that display 

less than 10% (in time) burying behavior are categorized as passive, individuals that spend 

more than 20% of the time burying are categorized as proactive. Figure 1 shows the 

distribution of proactive and passive coping behavior in the defensive bury test for 

individuals from the Roman selection lines, the WTG rats and a standard Wistar population. 

It is evident that the bimodal distribution in coping style is still present in both WTG rats and 

the Roman lines. This is not the case in the standard Wistar rat line in which most of the 

animals can be characterized as passive or intermediate individuals, an observation that 

confirms previous findings in the so-called resident-intruder aggression test (35).  

Figure 2 shows the distribution in bury behavior of the Roman selection lines and the WTG 

rats that were used in our studies. It is clear that, in comparison with the WTG rats, the  RHA 

rats are more extreme in their proactive behavior, which confirms our previous findings. 

Likewise, passive RHA rats tended to bury less that passive WTG rats, This difference did, 

however, not reach statistical significance (36).  
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Figure 2: Distribution of bury behavior in Roman Low Avoidance (RLA), Roman High Avoidance (RHA), 

passive Wilde Type  Groningen (WTGp) and proactive Wild Type Groningen (WTGa) rats. The z-axis 

presents the four rat strains tested. On the x-axis the percentage time spent burying during a defensive 

bury test is categorized. On the y-axis the percentage rats of each population in each category is 

presented. The defensive bury test was performed using methods described in (49). 

  

Table 1 provides the results of a series of additional behavioral tests in both rat strains to 

confirm the passive and proactive nature of the rats that were used in our experiments. In 

both rats strains, the passive personalities may be characterized as non-active and non-

aggressive with relative high levels of anxiety while proactive animals are much more active 

and aggressive with low levels of anxiety. The data confirm previous studies from others 

(13;28;29;35). 



Chapter 2 

26 

Table 1: Behavioral characteristics of passive and proactive rats from the Roman and the Wild Type 

Groningen strain. The defensive bury test was performed using methods described in (49). The 

Elevated plus maze test was performed according to the methods described in (82). The open field test 

was performed using methods described in (83). The Novel object recognition task was performed using 

methods described in (84). Differences between the proactive and passive rats within each strain were 

assessed with a one-way ANOVA (coping style = between subjects factor). * indicates a significant 

differences between the passive and proactive rats within the same strain (p<0.05). 

 RLA RHA WTGp WTGa 

proactive behavior 

defensive bury test (% immobile) 65.0± 9.9 1.5± 1.0*     75.0± 9.1 13.2± 4.7* 

defensive bury test (% bury prod) 1.5± 0.9 63.7± 7.8 * 0.8± 0.8 38.7± 7.9* 

defensive bury test (% explore cage) 8.0± 3.2 16.1± 6.2 15.7± 6.1 25.6± 3.8 

defensive bury test (% explore prod) 12.7± 10.2 13.3± 4.1 6.4± 2.6 10.2± 3.3 

defensive bury test (% grooming) 12.4± 4.0 9.0± 4.0 6.6± 2.7 12.2± 4.9 

anxiety 

elevated plus maze test (% open arms) 6.2 ± 3.5 12.1  ± 2.1* 10.5  ± 2.3 11.2  ± 1.5 

open field test (% inner zone) 10.2  ± 4.5 12.4  ± 1.3 11.7  ± 1.9 14.2  ± 1.5 

learning and memory 

novel object recognition (% new object) 69.5 ± 3.2 68.9 ± 2.6 no data no data 

aggression 

resident intruder test (attack latency in 

sec) 
432.2± 75.2 124 ± 43.87* 497.2± 55.2 76.6 ± 38.0* 

 

5. Coping style and energy balance 

 So what is the influence of the coping style of an individual on the 

(patho)physiology of energy balance? Tables 2 and 3 summarize some of the data obtained. 

Under baseline conditions (ad lib standard lab chow, resting state) there were no differences 

between passive and proactive animals with respect to body weight, 24 hour food intake, 

energy expenditure and blood glucose levels. There were, however, significant differences 

in body composition: passive rats had more fat in the visceral fat depot in comparison with 

proactive rats (37). These changes in body composition were accompanied with related 

changes in the regulatory hormones: both plasma insulin, leptin and corticosterone levels 

were higher and sympathetic outflow (reflected by plasma noradrenalin levels) was lower in 

the passive individuals (36). The differences between passive and active animals were all 

highly significant in the Romans selections lines and less pronounced in the WTGs. The 

observed effects on plasma noradrenalin and corticosterone confirm the idea that the 

proactive coping style is characterized by increased activation of the sympathetic nervous 
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system in combination with low hypothalamus-pituitary-adrenal (HPA) axis (re)activity and 

that passive individuals are characterized by increased activation of the HPA-axis and 

reduced sympathetic (re)activity (13;19-21). 

 

Table 2: Metabolic characterization of a coping style. An arrow indicates a significant difference from 

controls, “ns” no differences to controls. 

 

 RLA RHA WTGp WTGa 

body weight  (g) ns ns ns ns 

food intake (kcal) ns ns ns ns 

resting energy expenditure ns ns ns ns 

fat mass (%) ns ns ns ns 

fat free mass (%) ns ns ns ns 

epididymal fat (g) ↑ ↓ ↑ ↓ 

retroperitoneal  fat (g) ↓ ↑ ↓ ↑ 

subcutaneous fat (g) ns ns ns ns 

 

Table 3: Levels of regulatory hormones in passive and proactive Roman rats. Hormone levels were 

measured in blood samples taken from indwelling jugular vein catheters. The samples were taken in the 

middle of the light phase (CT4 –CT6) from animals that were fasted for at least 4 hours. Differences 

between the RLA and RHA rats were assessed with a one-way ANOVA.  * indicates a significant 

difference between RLA and RHA rats (p<0.05)(derived from 17 and  49). 

 

 RLA RHA 

blood glucose (mmol) 6.07± 0.30 6.56 ± 0.32 

plasma insulin (ng/ml) 2.76 ± 0.56 * 2.06 ± 0.25 

plasma leptin (ng/ml) 4.46 ± 0.65* 3.19 ± 0.76 

plasma corticosterone (ng/ml) 364.4 ± 42.1* 228.5 ± 30.9 

plasma noradrenalin (pg/ml) 78.1± 25.6 * 178.7±11.9 

 

 One of the most striking findings was the difference in baseline plasma insulin 

levels between RHAs and RLAs. Passive individuals have high insulin levels and proactive 

animals have relative low levels of plasma insulin under baseline conditions. Figure 3 shows 

the distribution of plasma insulin levels over the Wistar and Roman rat population. There is a 

clear bimodal distribution within the Roman rat population which is remarkably different from 

the normal distribution in the standard laboratory Wistar rat strain. This suggest that plasma 

insulin levels are strongly linked to the coping strategy of an individual. 
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Figure 3: Distribution of insulin levels within a Roman and a Wistar rat population. The z-axis presents 

the two rat populations tested. The x-axis expresses baseline insulin levels at the middle of the light 

phase, the y-axis the percentage rats of each population in each category. Insulin levels were measured 

in blood samples taken from indwelling jugular vein catheters. The samples were taken in the middle of 

the light phase (CT4 –CT6) from animals that were fasted for at least 4 hours. 

  

 We further investigated this by subjecting passive and proactive individuals from 

both strains to a series of intravenous glucose tolerance tests (IVGTT). Figure 4 shows that 

passive RLA animals are not only characterized by increased baseline insulin levels but also 

by an elevated insulin response during an IVGTT, suggesting that these animals are insulin 

resistant, even on standard chow diet (37). This development of insulin resistance was, as 

mentioned before, accompanied with an elevation in baseline plasma leptin levels and 

increased epididymal fat deposition (visceral obesity). The passive WTG rats had also an 

increased insulin response to an IVGTT, but unfortunately this did not reach significance. 

That is, when the animals were fed a standard chow diet. But when we placed them on a 

palatable high fat diet, the passive individuals clearly developed insulin resistance (reflected 

by an elevated insulin response to an IVGTT) and visceral obesity (36).  A passive 

personality may therefore be considered as a risk factor for developing insulin resistance. In 

contrast, proactive individuals of both strains were always resistant to the development of 
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insulin resistance and visceral obesity, even when they were overfeeding on a palatable 

high fat diet.  

 

 

Figure 4 : Blood glucose and plasma insulin levels during to a 30 minutes intravenous glucose infusion 

(15mg/ml) in Roman Low Avoidance (RLA, n=8), Roman High Avoidance (RHA, n=8), passive Wilde 

Type Groningen (WTGp, n=8) and proactive Wild Type Groningen (WTGa, n=8) rats. All rats were fed a 

standard lab chow diet and housed under sedentary conditions. Differences between the four 

experimental groups were assessed by calculating the area under the response curve followed by 

ANOVA statistical analysis (experimental group = between subjects factor). * indicates a significant 

difference between RLA and RHA, WTGa, WTGp rats (ANOVA F(3,28) = 9.368 p<0.01). Data from 

Boersma 2010 (49). 
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6. Coping style and cardiovascular activity 

 In a subset of experiments, passive and proactive animals from the Roman 

selection lines were equipped with the Dataset telemetry devices (15) for chronic on-line 

measurements of blood pressure and heart rate. The data under resting conditions are 

presented  in Table 4.  

 Systolic blood pressure is dramatically increased in RLA rats and the increased 

pulse pressure indicates that this, in part, may be caused by increased arterial stiffness. 

From these data, one may conclude that the passive RLA rat, who is already characterized 

by insulin resistance and visceral obesity, is also hypertensive. This means that the RLA rat 

develops several characteristics of the metabolic syndrome, already under baseline chow 

conditions. Since there are no differences in food intake and body weight between RLAs and 

RHAs (Table 2), one may argue that the RLA rat may serve as an ideal animal model for the 

metabolic syndrome in non-obese animals.  

 The underlying mechanism that may explain the increased blood pressure in the 

passive animals is still unknown. In a previous study (37) we found that Table 2 also reveals 

that RLAs are characterized by elevated daily water intake. The combination of increased 

blood pressure and elevated water intake points to a possible role for vasopressin in this 

(38;39). Indeed, Aubry and colleagues showed already in 1995 that vasopressin levels at 

the level of the paraventricular nucleus of the hypothalamus are increased under basal 

conditions in the passive RLAs (40).  
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Table 4: Cardiovascular parameters in passive and proactive Roman rats. Before the start of the 

experiment, the rats in this study were equipped with a transmitter (PA-C40, Data science, St. Paul, 

MN) to allow cardiovascular measurements. During the whole study the cages of the rats were place on 

an antenna board (RA1010, Data sciences) to allow constant measurements of cardiovascular 

parameters. The data were collected and analyses using Dataquest IV (Data sciences) software. 

Cardiovascular parameters were measured once every 5 minutes for 10 seconds. The cardiovascular 

parameters of the rats were measured for one week (day 0-7) under the standard sedentary conditions 

in rats fed either a chow or a high fat diet. For statistical analysis an average per week was calculated 

for each rat. Differences between RLA and RHA rats were assessed with a multivariate ANOVA (strain 

= between subjects factor).  * indicates a significant difference between RLA and RHA rats (p<0.05) 

(62). 

 

 RLA RHA 

 chow  

heart rate (bpm) 285 ± 5.1 291 ± 6.4 

systolic pressure (Hg/mm)  120 ± 3.5 109 ± 1.3* 

diastolic pressure (Hg/mm) 83 ± 2.9 78 ± 2.4 

pulse pressure (Hg/mm) 36.9 ± 1.7 31.0 ± 2.7 * 

heart rate variability  4.9 ± 0.3 5.1 ± 0.5 

 high fat diet  

heart rate (bpm) 289 ± 5.1 290 ± 6.5 

systolic pressure (Hg/mm)  126 ± 2.4 113 ± 3.6* 

diastolic pressure (Hg/mm) 86 ± 1.7 86 ± 5.0 

pulse pressure (Hg/mm) 39.9 ± 1.6 29.2 ± 6.5 * 

heart rate variability  5.2 ± 0.2 5.1 ± 0.3 

 

7. Coping style and eating behavior 

Data from literature suggest that there are marked differences in the eating 

behavior of passive and proactive personalities, in humans as well as in experimental 

animals (41;42). Rossi et al studied different aspects of eating behavior of the Roman rat 

strains and found that the passive and proactive individuals are different with respect to 

meal size, eating rate (the number of kcal/min consumed within a defined meal) and 

distribution of meals over the day (41).  They also found that RLAs eat more frequent meals 

with a smaller meal size and a low eating rate, with relatively more meals in the inactive light 

period. In our studies we confirmed Rossi’s findings in the Romans and, in part, in the WTGs 

(Table 5). 
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 One may argue that the nature of the personalities by itself may explain the 

differences in eating behavior. Passive animals are more anxious and more sensitive to 

environmental cues (29)and are therefore more easily distracted when eating. Distraction 

and anxiety leads to a lower eating rate and smaller meals and, consequently, to an 

increased number of meals per day. The observation that RLAs but not RHAs eat less in a 

novel environment strengthens this idea. Likewise, the higher eating rate and, to a lesser 

extent, the larger meals in the RHA and active WTGs fits with the rigid nature of proactive 

animals. 

 Physiological differences, in particular at the level of the gut hormones, are known 

to influence meal patterns and many aspects of eating behavior. Unfortunately, data on the 

individual variation of the actions and alterations of gut hormones such as CCK and Ghrelin 

are not available in literature. We measured the intestinal transit time in RLA and RHA rats 

and obtained indirect evidence that gut factors might be different between proactive and 

passive individuals. In short, a sucrose solution with a dye (carmine red – E120) was given 

to the animals, they were sacrificed 30 minutes later and the concentration of the dye was 

measured by photo-spectrometry in the different segments of the gut (43). Figure 5 reveals 

that intestinal transit time was significantly shorter in the passive RLAs when compared with 

the proactive RHAs. Although this is contradictory to what should be expected on the basis 

of lower eating rate and smaller meal size in passive animals, the striking differences in 

meal patterns and intestinal transit time between passive and proactive individuals make it 

worthwhile to perform future studies on individual differences in gut physiology.  

 

Table 5: Coping styles and meal pattern analysis. Meal patterns were assessed using the TSE drinking 

and feeding monitor system (TSE, Bad Homburg). The meal size was measured with 0.1 gram 

precision. Meal duration was measured with 30 seconds precision. An arrow indicates a significant 

difference from controls, “ns” no differences to controls (unpublished data from the experiment 

described in 17). 

 

 RLA RHA WTGp WTGa 

meal size (kcal/meal) ↓ ns ns ns 

meal number ↑ ns ns ns 

eating rate (kcal/min) ↓ ↑ ↓ ↑ 

time with food (min) ns ns ns ns 

intake in a novel environment ↓ ns no data no data 
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Figure 5: Intestinal transit time of RLA and RHA rats. Transit of a red dye (carmine red) 25 mg/100 ml 

diluted in 10% glucose solution was measured 30 minutes after ingestion. The small intestine (including 

stomach and ceacum) was dissected directly after sacrifice. First, the stomach was isolated by placing 

ligatures at the end of the esophagus and the pylorus. Here after the duodenum was isolated and 

divided into two equal parts. Next the Jejunum was isolated and divided with ligatures into two parts. 

Hereafter the Ilium was isolated and divided into four parts. Finally, the ceacum was isolated.  The 

intestinal content of the 10 isolated parts was saved in separate files. Intestinal content was centrifuged 

(2600 rpm for 20 minutes) and dye concentration in 75 µl  of the supernatant + 1 ml 0,1 M NaOH was 

measured in a photo-spectrometer (E580). White bars represent RLA rats, Black bars represent RHA 

rats. From the data the percentage of the total fraction found in each part was calculated. Differences 

between the RLA and the RHA rats were assessed by repeated measures ANOVA (strain = between 

subjects factor and the part of the intestine = within subjects factor), followed by multivariate ANOVA 

post-hoc analysis for the separate intestinal parts.  * indicates a significant difference between RLA and 

RHA rats (RM-ANOVA F(23,137) = 5.623 p<0.05). 
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 In their study in 1997, Rossi et al (41) observed that there were differences 

between RLAs and RHAs with respect to the distribution of meals over the day. This seems 

to be caused by differences in the biological clock since Rivest and colleagues found that 

the pineal of the RHAs was twice the size of the glands of the RLA rats (44). This difference 

at the level of the pineal gland leads to increased secretion of melatonin in the RHA rats (45) 

and significant changes in sleep patterns and the organization of sleep (46). We also looked 

at the circadian rhythmicity meal patterns, in both the Roman and the WTG strain (Figure 6) 

and confirmed Rossi’s findings in the Roman rat strain, but failed to find differences in 

circadian eating patterns in the WTGs. It is therefore not yet clear whether the differences in 

the biological clock in the passive and proactive Romans might be a result of a genetic co-

selection within the strain rather than being secondary to differences in coping style.   

 

 

Figure 6: Cumulative food intake in passive and proactive individuals of the Roman and the Wild Type 

Groningen rat strains. Food intake was measured continuously for 3 weeks using the TSE drinking and 

feeding monitor system (TSE, Bad Homburg). The figure displays the average intake per day during 

these three weeks. White symbols represent RLA rats (n=8), Light grey symbols represent passive 

WTG rats (n=8), dark grey symbols represent proactive WTG rats (n=8), and black symbols indicate 

RHA rats (n=8). Differences between the experimental groups were calculated using repeated 

measures ANOVA ( experimental group = between subjects factor and the time of day = within subjects 

factor). The RM-ANOVA was followed by a multivariate ANOVA post-hoc analysis to allow comparison 

at the different time points * indicates a significant difference between RHA rats and all other tested rats 

(p<0.01) (unpublished data from the experiment described in 17). 



Personality and energy balance 

35 

8. Coping style and (spontaneous) physical activity 

 It is well known that there are marked differences in locomotor activity between 

proactive and passive animals (reviewed by (17)). By definition, proactive animals are active 

and passive animals are inactive, particularly in threatening or potential stressful 

environments. This is of course the case for the defensive bury test, the selection procedure 

that is used in our lab to distinguish between passive and proactive individuals of the WTG 

strain. But proactive animals are also more active in behavioral tests such as the open field 

test, the Porsolt forced swim procedure and the elevated plus maze test (47-49).  

 We tried to replicate these findings and placed passive and proactive Romans in a 

novel cage with a running wheel and scored their wheel running activity and their home cage 

ambulatory activity (measured with infra red activity sensors). As expected, proactive rats 

showed more exploratory behavior and wheel running in the first hours after the animals 

were moved into the new environment (unpublished data). However, after the rats became 

habituated to their environment, the passive individuals dramatically increased their running 

wheel activity to a level that was significantly higher than that of the proactive animals (50). 

We found that, after a while, both daily running wheel activity and home cage activity are 

significantly elevated in the rats with a passive coping style. We also found that, when 

placed on a palatable high fat diet, only passive but not proactive individuals from both rat 

strains increase their running activity to counteract the increased energy intake (data not 

shown). 

 

 The most interesting findings, however, are presented in Figure 7 and table 6. 

Figure 7 gives the blood glucose and plasma insulin profiles during an IVGTT in both 

sedentary and running RHAs and RLAs. As mentioned before, the passive Roman Low 

Avoidance rat is, under baseline conditions, characterized by insulin resistance and 

increased visceral adiposity. But the RLA rat increases its spontaneous home cage activity 

and wheel running  when it is allowed to run voluntarily in a wheel. All this leads to a 

normalization of the plasma insulin responses to control (RHA) levels. This phenomenon, 

increased spontaneous wheel running activity in animals that are normally obese and insulin 

resistant under sedentary conditions has been observed before in overweight animals 

models such as the Oleft rats (51) and MC4 knockout mice (52). But not only insulin levels 

improved in the RLA rat, the increased spontaneous activity also normalized visceral 

adiposity and the elevated systolic and diastolic blood pressure in the resting state (table 6). 

Finally, the increased spontaneous activity significantly increased heart rate variability, an 

indication of increased physical fitness (53) in the RLAs.  
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 To summarize, in a previous paragraph we concluded that the RLA rat could be 

considered as a non-obese animal model for the metabolic syndrome. The data above 

reveal that all the symptoms of the metabolic syndrome (insulin resistance, hypertension, 

and visceral adiposity) in the RLA disappear when the animals are allowed to run voluntarily 

in a wheel.  One should note that the so-called passive RLA rat ran even significantly more 

than their active counterparts when allowed to run. This suggests that the RLAs used a 

behavioral strategy (increased physical activity) to compensate for their pathological 

characteristics in the sedentary state.  One may also argue that the standard sedentary 

state is in fact a pathological condition for laboratory animals (54), particularly those with a 

passive personality since they are highly influenced by the environmental conditions (13).        

     

Table 6: Cardiovascular parameters in rest and body composition in sedentary and exercising passive 

and proactive Roman rats. Before the start of the experiment, the rats in this study were equipped with a 

transmitter (PA-C40, Data science, St. Paul, MN) to allow cardiovascular measurements. During the 

whole study the cages of the rats were place on an antenna board (RA1010, Data sciences) to allow 

constant measurements of cardiovascular parameters. The data were collected and analyses using 

Dataquest IV (Data sciences) software. Cardiovascular parameters were measured once every 5 

minutes for 10 seconds. The cardiovascular parameters of the rats were measured for one week (day 0-

7) under the standard sedentary conditions. Then the rats were switched to a cage with a running wheel 

and left to habituate for three weeks. After habituation, cardiovascular parameters were again measured 

for one week (day 28-35). Differences between the RLA and RHA rats under the difference conditions 

were assessed with repeated measures ANOVA (Strain and condition were between subjects factors).  

# Indicates significance between the running and sedentary condition in the same animals (RM- 

ANOVA; p<0.05). * Indicates a significant difference between the RHAs and RLAs within the same 

condition (p<0.05). (62)    

 

 RLA RHA RLA RHA 

 sedentary sedentary  running running  

heart rate (bpm) 285 ± 5.1 291 ± 6.4 282 ± 2.6 285 ± 3.1 

systolic pressure (Hg/mm) 120 ± 3.5 109 ± 1.3 * 115 ± 3.5 # 112 ± 5.9 

diastolic pressure (Hg/mm) 83 ± 2.9 78 ± 2.4 79 ± 2.0 # 78 ± 2.3 

heart rate variability 4.9 ± 0.3 5.1 ± 0.5 5.9 ± 0.4 # 5.2 ± 0.9 

% visceral fat  37 ± 2.2 33 ± 1.6 * 34 ± 1.8 # 31 ± 2.6 



Personality and energy balance 

37 

 

Figure 7: Glucose and insulin responses to an intravenous glucose tolerance test (IVGTT) in sedentary 

and running rats of the Roman stain on a chow diet. A: The glucose response to a 30 minutes glucose 

infusion (15mg/ml) in RLA rats (n=8) on a chow diet. B: The glucose response to a glucose infusion in 

RHA rats (n=8) on a chow diet C: The insulin response to a glucose infusion in RLA rats (n=8) on a 

chow diet. D: The insulin response to a glucose infusion in RHA rats (n=8) on a chow diet. Black 

symbols represent baseline sedentary conditions, white symbols represent voluntary running conditions. 

Differences between the RLA and RHA rats were assessed by calculating the area under the response 

curve followed by repeated measures ANOVA analysis (strain = between subjects factor, condition = 

within subjects factor). The RM-ANOVA was followed by a multivariate ANOVA post-hoc analysis to 

allow comparison at the different time points. * indicates a significant difference between the running 

and the sedentary condition (F(1, 28) = 5.435, p<0.05). (62) 

9. Personality and metabolism: relevance for humans application 

 The present studies revealed that there are significant behavioral and 

(patho)physiological differences between rats with passive or proactive coping styles. The 

crucial question is: what is the relevance for the human population? Can we simply translate 

our data to humans with a proactive or passive personality?  Unfortunately, available data in 

humans on the interactions between personality and the metabolic syndrome or the risk to 

develop insulin resistance are scarce and confusing. This confusion may be partly due to the 

fact that in most human studies, individuals differences in behavior are categorized by 

means of self rate personality scales. Unfortunately, these scales are subjective because 
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the personality itself may influence the rating process. The differences in methodology of 

personality/coping style assessment makes a direct translation of the data in rodents to the 

human complex, however, using the physiological and behavioral parameters characteristic 

of the different personality types could prove helpful. Most studies using physiological and 

behavioral parameters to identify different personalities found that the typical characteristics 

of a passive personality, such as increased HPA-axis activity (55;56) and increased anxiety 

traits (57;58), are indeed associated with an increased risk to develop of insulin resistance. 

This was confirmed in a few studies using questionnaires to identify the personality of an 

individual (4;5). However, there are also several questionnaire studies that report the 

opposite: an increased risk for the proactive personality (59-61). It should be mentioned that, 

although questionnaire studies are the most abundant in the personality literature, they 

might not be the most objective for a pathophysiological characterization of patients at risk.  

 Available data in the human literature suggest that particularly the proactive 

personality has an increased risk in cardiac infarction (62-64). This is hypothesized to be the 

result of an interaction between the increased sympathetic stress response and increased 

exposure to interpersonal stressors in these individuals (65;66). Consisted with the human 

data, rats used for hypertension research such as the Spontaneous Hypertensive Rat, were 

found to be more aggressive and more explorative in anxiety tests compared to less 

proactive normotensive Wistar control rats (67;68). Although this is seemingly in contrast 

with our current findings in the Roman rat strain, one should realize that there are several 

cardiovascular pathologies in humans, such as arteriosclerosis and stroke, that are certainly 

not correlated with a proactive personality (reviewed in (65)). Most of these pathologies are 

directly associated with increased adiposity which may indicate that, when studying the 

relation between personality and cardiovascular risk factors, one should dissociate these 

risk factors in a group that are related to increased sympathetic activity and a group that are 

the result of increased adiposity. A proactive personality may be more prone to the first 

group of pathologies, whereas the passive personalities might be particularly sensitive to the 

latter group.  

 In our studies, all symptoms of the metabolic syndrome (insulin resistance, 

hypertension, and visceral adiposity) disappeared when the RLAs were allowed to run 

voluntarily in a wheel. We also found that only the passive but not the proactive individuals 

from both rat strains increase their running activity when they were fed a palatable high fat 

diet. This means that in particular passive rats are sensitive for potential environmental 

cues. Human data are more or less similar. Passive personalities are more sensitive to 

external motivation and external motivation improves performance only in passive but not in 
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proactive personalities (69). This is an important issue because this differential response to 

external motivation may be crucial for the development of tailor-made treatment programs. 

We speculate that particularly the passive personality might be successful in following a 

lifestyle intervention program, for example for the prevention or treatment of overweight and 

type 2 Diabetes. Proactive personalities, who are much less sensitive to external cues, will 

probably fail in a lifestyle intervention program and should focus on more intrinsic methods 

such as pharmacological treatment. Preliminary data from our current studies seem to 

confirm this.  
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Abstract 

 

 The aim of the study was develop to an animal model that links coping style to 

insulin resistance. We hypothesized that the psychogenetically selected Roman Low 

Avoidance (RLA) rats may serve as such a model. To test this hypothesis, we submitted 

both RLA and Roman High avoidance (RHA) rats to a series of intravenous glucose 

tolerance tests (IVGTT). These IVGTT were followed by post mortem metabolic 

characterization of the selection lines. It was found that plasma insulin levels are markedly 

elevated in the passively coping RLA rat, both in baseline conditions and during the 

intravenous glucose tolerance tests. The elevation in plasma insulin was accompanied with 

increased levels of plasma corticosterone, FFA, leptin and triglycerides but not by changes 

in body weight. We conclude that the passive, highly emotional RLA rat is metabolically 

different from both the RHA rat and the standard control Wistar rat and may serve as a 

nonobese animal model for insulin resistance. 

 

Keywords: Coping style, Visceral adiposity, Intravenous glucose tolerance test 
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1. Introduction 

 Most animal models for the metabolic syndrome, insulin resistance, and type 2 

diabetes are based upon an obese phenotype. This is consistent with the idea that obesity is 

one of the major risk factors for the development of these metabolic disorders. A significant 

proportion of type 2 diabetes patients, however, never suffered from overt overweight during 

the development of the disease. Psychosocial stress factors, such as a low level of 

education, a low sense of coherence, work stress and sleep disorders are also associated 

with the development of the metabolic syndrome and insulin resistance [1]. Personality plays 

a role as well, as indicated by the observation in children [2] and adults [3] that a type A 

personality has a lower risk to develop the metabolic syndrome. However, animal studies on 

this topic are scarce. To our knowledge, there is no animal study that links psychosocial 

factors or personality to the development of insulin resistance or the metabolic syndrome. In 

human studies, patterns of individual characteristics have been generally grouped into 

types, temperaments or personalities. In rat studies, we use the term coping style to refer to 

a similar distribution.  

 Studies with the Roman Low and High Avoidance rat selection lines may fill in this 

gap. Roman Low and High Avoidance rats (RLA and RHA, respectively) were originally 

selected and bred (from a Wistar stock) for rapid versus poor acquisition of a two-way, 

active avoidance response in the shuttle-box. The poor performance of the RLA rats was 

later shown to be due to their increased emotional responsiveness, in particular their innate 

tendency to freeze when confronted with a challenging situation [4]. The behavioral and 

physiological characteristics of these selection lines are well documented (for a review, see 

[4]). In short, Roman Low Avoidance and Roman High Avoidance rats differ in emotional 

reactivity and coping style. RLA rats are highly emotional individuals with a passive coping 

style, whereas RHA rats behave as active individuals with low emotional reactivity. 

Experimentally, emotionality can be defined as a reaction to environmental changes 

characterized by at least two of the following behavioral parameters: decrease exploratory 

activity in a novel environment, increased duration of the freezing response, shorter latency 

to selfgrooming, or increased defecation [4]. These behavioral responses are also 

associated with enhanced HPA-axis reactivity, e.g. corticosterone secretion [5]. RHA rats 

are impulsive and show high levels of novelty seeking behavior [6]. Furthermore, they 

display rigid behavioral patterns and they have a greater preference for rewarding 

substances as compared to the RLAs [7]. These differences in coping style are 

accompanied with differences in several neuroendocrine and metabolic parameters. Most 

studies focus on neurotransmitters such as dopamine, serotonin and vasopressin [8,9]. But 



Chapter 3                                       

50 

is was also found that the RLA rat is characterized by an increased sensitivity of the 

hypothalamus-pituitary-adrenal (HPA) axis, leading to increased corticosterone and 

corticotrophin (ACTH) secretion [5,10,11].Furthermore, it was reported that the RLA rat 

gained more weight on a high fat diet than the RHA rat and that there were differences in 

meal patterns between the selection lines [12].  

 Increased HPA-axis activity and enhanced weight gain on a high fat diet generally 

correlate with changes insulin sensitivity [13–18]. We therefore hypothesized that the 

Roman Low and High selection lines might also be metabolically different, particularly in the 

regulation of insulin release and glucose homeostasis. To test this hypothesis, we submitted 

both RLA and RHA rats to a series of in vivo intravenous glucose tolerance tests (IVGTT) to 

study the glucose and insulin responses. These IVGTT were followed by a post mortem 

metabolic characterization of the selection lines. The data revealed that the passive, high 

emotional RLA rat is metabolically different from both the RHA rat and the standard control 

Wistar rat and may serve as a (non-obese) animal model for insulin resistance. 
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2. Materials and methods 

2.1. Animals 

 Male Roman High Avoidance rats and Roman Low Avoidance rats, weighing 250–

300 g at the beginning of the study, were used. The animals were obtained from a breeding 

colony at the Clinical Psychopharmacology Unit (APSI), University of Geneva, Switzerland. 

Before the experiments started rats were given sufficient time (at least 3 weeks) for 

acclimatization. The animals were individually housed in standard cages (24×24×36 cm), lab 

chow (Hope Farms, RMH-B knaagdier korrel, Arie Block Diervoeding, Woerden, NL) and 

water was available ad lib. The room was controlled for temperature and humidity (T=20±2 

°C, humidity 60%) and was kept on a 12–12 h light–dark cycle (lights on=CT0, lights 

off=CT12). All animal experiments were approved by the local animal care committee. 

 

2.2. Experimental design 

 The study consisted of a series of experiments, which started with a defensive bury 

test to define the coping style of the individual rats. Then the rats underwent surgery to place  

indwelling jugular vein catheters allowing continuous blood sampling in freely moving 

animals. After recovery, baseline measurements of food and water intake and body weight 

were taken for four weeks. Thereafter two intravenous glucose tolerance tests (IVGTT) with 

different doses of glucose were performed at a two weeks interval. The animals were 

sacrificed for post mortem carcass and hormone analysis two weeks after the last IVGTT. 

 

2.3. Defensive burying test 

 A defensive bury test was performed to verify the coping style of the rats. The 

defensive burying test is a coping style test that is independent of the active avoidance 

selection  paradigm. The procedure was first described by Pinel and Treit [17]. The 

experimental animals were housed in specialized defensive burying cages (24×24×36 cm) 

with a hole of approximately 1 cm diameter. Through this hole an electric prod can be 

inserted (shock of 20 mA). After a habituation period of at least a week the animals were 

tested in the middle of the light phase (CT4–CT10). The electric prod is inserted into the 

cage and after the first shock the behavior of the rat was monitored for 10 min (Eline 

software program). The time spent on exploration of the cage, self-grooming, exploration of 

the prod, burying the prod and immobile (freezing) behavior was scored. 
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2.4. Surgery 

 All animals were equipped with a double jugular vein catheter. Rats were sedated 

using an isoflurane-O2/N2O gas anesthesia. A silicon heart catheter (0.95 mm OD, 0.50 mm 

ID, and 0.64 mm OD, 0.28 ID) was inserted into the right jugular vein and kept in place with 

a  ligament. The catheter was pulled under the skin towards the skull where it was 

connected to a metal bow. This metal bow was fixed to the skull with dental cement and 4 

small screws. The same procedure was repeated on the left side. The animals were given  

0.1 ml Finadine s.c. for analgesia and 0.25 ml penicillin s.c. to prevent infection. After 

surgery the rats were allowed to recover for at least 7 days. During blood sampling or 

infusions a piece of tubing could be attached to the metal bow, hereby samples could be 

taken from conscious rats. In between experiments, the catheter was filled with a 

PVP/heparin solution preventing blood clot formation in the catheter [19]. 

 

2.5. Intravenous glucose tolerance test 

 Rats were accustomed to the infusion and blood sample procedure before the 

actual onset of the experiments following a standard procedure described by Steffens [20]. 

Then, two intravenous glucose tolerance tests (IVGTT) were performed. During the first 

IVGTT, the rats were infused with 10 mg/min glucose for 20 min through the catheter in the 

left jugular vein, which is a physiological dose that mimics the glucose response after a meal 

[21]. The rats were denied access to their food from the beginning of the light phase until the 

end of the IVGTT; food was removed at CT0. The experiments were performed in the middle 

of the light phase, between CT4 and CT6. Two baseline blood samples were taken before 

the start of the infusion (t=−15 and t=−5). During and after infusion (from t=0 to t=20 min) 

blood samples of 0.2 ml were take at 1, 3, 5, 7,10,15, 20, 23, 26, 30 and 40 min. A total 

volume of 2.8 ml blood was taken and the loss of volume was substituted by saline infusion. 

During the second IVGTT the rats were infused with 16 mg/ml glucose for 30 min, which is a 

higher dose to evoke a larger insulin response, but the levels still remain within a 

physiological range [22]. In this experiment, blood samples were taken at baseline and at 5, 

10, 15, 20, 25, 30, 35, 40, and 50 min after the start of the infusion.  

 Blood samples were kept on ice and stored in tubes with 10 µl EDTA (0.09 g/ml). 

For glucose determination 50 µl of blood with 450 µl heparin solution (2%) was stored at −20 

°C. The remaining blood was centrifuged for 15 min and plasma was stored for insulin 

determination. 
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2.6. Post mortem analysis 

 The rats were sacrificed two weeks after the last IVGTT. Three hours before lights 

off, blood samples were taken directly from the heart under isoflurane-O2/N2O gas 

anesthesia for determination of blood glucose, plasma insulin, and leptin levels. Animals 

were hereafter sacrificed using an overdose of pentobarbital. Epididymal and retroperitoneal 

fat pads and the liver were taken out and weighed. Hereafter, biopsies were taken from the 

liver (left ventral lobe) for further analysis. The skin with the subcutaneous fat was removed 

from the carcass. The liver, skin, and carcasses were dried at 80 °C for 5 days. The fat 

content was determined by extracting the fat from the tissue using a petroleum based Soxlet 

fat extractor. After fat extraction the tissue was dried for 5 days again. The relation between 

dry tissue weight before and after fat extraction provides information on the fat content of the 

tissue. 

 

2.7. Plasma fuel and hormone analysis  

 Plasma levels of insulin and leptin were measured using commercial 

radioimmunoassay (RIA) kits (Linco Research). Plasma corticosterone level were 

determined with a commercial RIA kit (MP Biomedicals). Plasma non-esterified fatty acids, 

plasma cholesterol levels, and liver triglyceride levels were measured using commercial kits 

(Astra Zeneca). Blood glucose levels were determined using the ferry-cyanide method 

(Hoffman,1937) in an auto analyzer (Technicon). 

 

2.8. Statistical analysis 

 The data are expressed as averages with standard error of the mean. Differences 

in food and water intake, body weight, the defensive burying test, and baseline plasma 

levels between selection lines were determined using a one-way ANOVA. The selection line 

was the between subjects factor. Differences in insulin and glucose levels before, during, 

and after the IVGTT were examined using a repeated measures ANOVA. The selection line 

was the between subjects factor. The area under the curves of both glucose and insulin 

responses were 

calculated and reported as the average area under the curve (AUC) with the standard error 

of the mean. The differences between the selection lines were determined using a one-way 

ANOVA. A confidence interval of 5% was used. 
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3. Results 

3.1. Defensive burying test 

 Fig. 1 shows the behavior of the rats in the defensive burying test during the first 10 

min after receiving a shock. RHA rats spent significantly more time burying the prod 

(F1,15=50.276, P<0.01) and displayed significantly less immobility behavior than RLA rats 

(F1,15=47.266, P<0.01) (Fig. 1). There were no differences in other behaviors than burying 

and immobility (Table 1). 

 

Figure 1: A: Percentage time spent burying for RLA (n = 10, white bars) and RHA (n = 10, black bars) 

rats in the defensive bury test (F1,15 = 50.276 , P<0.01). B: Percentage time spent immobile for RLA and 

RHA rats in the defensive bury test (F1,15 = 47.266 , P<0.01). * indicates a significant difference from 

RLA .  

 

Table 1: Percentage time spent on other behaviors than burying or immobility during the defensive 

burying test of RLA and RHA rats (n=16). * indicates a significant difference from RLA rats p<0.01. 

 

 RLA RHA 

Immobile 65.0± 9.9 1.5± 1.0    * 

Bury prod 1.5± 0.9 63.7± 7.8  * 

Explore cage 8.0± 3.2 16.1± 6.2 

Explore Prod 12.7± 10.2 13.3± 4.1 

Grooming 12.4± 4.0 9.0± 4.0 
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3.2. Body weight, food intake, and water intake 

 Table 2 displays the body weight, the food intake, and water intake during the four 

weeks baseline measurements. There were no differences in body weight or weight gain 

between RLAs and RHAs in the four week baseline period. Food intake was not different 

between the two selection lines. Water intake was significantly higher in RLAs compared 

with RHAs  (F1,15=6.307, P<0.05). 

 

Table 2:  Baseline body weight, food intake and water intake of RLA and RHA rats.  * indicates a 

significant difference from the RLA rats (p<0.01) (n=12). 

 

 RLA RHA 

Body weight (g) 410.5 ± 12.5 391.8 ± 9.6 

Food intake (kcal/day) 70.8 ± 4.3 67.9 ± 3.4 

Water intake (g/day) 40.7 ± 1.49 33.6 ± 1.52 * 

 

3.3. IVGTT 

 Figs. 2A and 3A reveal the blood glucose levels during the 10 and 16 mg/min 

IVGTT respectively. Blood glucose levels started at a baseline of approximately 5 mM in 

both conditions and increased to a maximum of 7.8 mM (10 mg/min) and 9.6 mM (16 

mg/min) during infusion. After termination of the infusion, blood glucose levels returned 

towards baseline levels within 10 min. In both experiments there were no significant 

differences between RLA and RHA rats.  Figs. 2B and 3B display the plasma insulin 

levels during the 10 and 16 mg/min IVGTT respectively. In both experiments, baseline 

plasma insulin levels were significantly higher in RLAs in comparison to the RHAs. This 

difference in insulin levels between the RLAs and RHAs remained significant throughout 

both IVGTT (P<0.01). 

 Glucose and insulin responses were also calculated as area under the curve 

(AUC), which are presented in Table 3. The AUCs for glucose were not different between 

the RLAs and the RHAs. The AUC for insulin was significantly higher in the RLAs compared 

to the RHAs 

during the 16 mg/min glucose infusion (F1,19=9.402, P<0.01), the differences in insulin 

response during the 10 mg/min infusion just failed to reach significance (P=0.06). 
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Figure 2: A: Glucose response of RLA (n = 12, open symbols) and RHA (n = 12, closed symbol) rats 

during an intravenous glucose tolerance test on a chow diet. B: Insulin response of RLA and RHA rats 

during an intravenous glucose tolerance test on a chow diet. Grey bar indicates infusion of a 10 mg/min 

glucose (F1,15 = 3.062, P<0.1). 
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Figure 3: A: Glucose response of RLA (n = 10, open symbols) and RHA (n = 10, closed symbol rats 

during an intravenous glucose tolerance test on a chow diet. B: Insulin response of RLA and RHA rats 

during an intravenous glucose tolerance test on a chow diet. Grey bar indicates infusion of a 16 mg/min 

glucose (F1,15 = 3.973, P<0.01). * indicates a significant difference from the RLA rats. 
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Table 3: Area under the curve during an IVGTT in RLA and RHA rats corrected for baseline values 

(AUCgr, AUCir). * indicates a significant difference from the RLA rats. (p<0.01).  

 

 RLA RHA 

10% Glucose 130.4 ± 14.0 119.4 ± 5.0 

10%  Insulin 123.5± 25.9 101.4 ± 22.3 

16%  Glucose 197.1 ± 16.6 196.3 ± 18.8 

16%  Insulin 344.5 ± 36.6 289.3 ± 27.7* 

 

3.4. Post mortem analysis  

 Table 4 displays the post mortem plasma levels of corticosterone, leptin, non-

esterified fatty acids (NEFA), total cholesterol, triglycerides, and the body composition of the 

RLA and RHA rats. Plasma levels of corticosterone (F1,13=6.989, P<0.01), leptin 

(F1,13=3.156, P<0.05) total cholesterol (F3,11=2.552, P<0.05), and levels of triglyceride in 

the liver (F3,11=3.214, P<0.01) were significantly higher in RLA rats than in their RHA 

counterparts. No significant differences were found in NEFA levels.  

 Table 5 presents the fat distribution as determined by carcass analysis. The RLA 

rats had a significantly higher epididymal fat weight than RHA rats (F1,13=7.564, P<0.05). 

There were no significant differences in lean body mass, total fat percentage and 

retroperitoneal and subcutaneous fat weight. The results remained the same when the data 

were corrected for lean body mass or total fat mass. 
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Table 4:  Baseline values of blood parameters of RLA and RHA rats. * indicates a significant difference 

from the RLA rats. (p<0.01) (n=8). 

 

 RLA RHA 

Corticosteron (ng/ml) 364.4 ± 42.1 228.5 ± 30.9* 

Leptin (ng/ml) 4.46 ± 0.64 3.19 ± 0.76 * 

Non-esterified fatty acids (mM) 0.23 ± 0.04 0.19 ± 0.3      

Liver triglycerides (g/100g tissue) 3.5 ± 0.3 2.3 ± 0.3 * 

Total cholesterol (mM) 1.54 ± 0.17 1.11 ± 0.12 * 

 

Table 5: carcass analysis of RLA and RHA rats. The table displays wet fat mass. Total body fat was 

calculated as a percentage of the total body mass at sacrifice. * indicates a significant difference from 

the RLA rats. (p<0.01) (n=8). 

 RLA RHA 

Body mass 435 ± 14 401 ± 16 

Epididymal fat (g) 4.95 ± 0.24 4.10 ± 0.34* 

Retroperitoneal  fat (g) 7.85 ± 1.42 9.79 ± 1.37 

Subcutaneous fat (g) 36.92 ± 1.95 37.66 ± 0.87 

Total body fat (%) 11.56 ± 0.55 13.09 ± 1.54 

Lean carcass weight (g) 306.2 ± 0.4 293.4 ± 11.6 

Ratio epididymal/retroperitoneal 0.64 ± 0.03 0.47 ± 0.03* 
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4. Discussion 

 In this study we characterized the metabolic profiles of Roman High and Low 

Avoidance selection lines. RHA and RLA rats were originally selected and bred for a rapid 

versus poor acquisition of the active avoidance response. They differ in emotional reactivity 

and coping style. RLA rats are highly emotional individuals with a passive coping style, 

whereas RHA rats behave as active individuals with low emotional reactivity.We 

hypothesized that due to the increased HPAaxis activity displayed in the RLA rats these 

animals could be prone for the development of the metabolic syndrome.  

 We found that indeed the passive RLA coping style was associated with insulin 

resistance and elevated levels of plasma leptin, FFAs, liver triglycerides, and an increased 

visceral fat content. The pro-active RHA rat revealed no signs of adiposity or insulin 

resistance. In fact, the glucose and insulin profiles in RHA rats were remarkably similar to 

those that were found in numerous previous studies in Wistar rats in our laboratory 

throughout the years [21,23,24]. Taken together this suggests that in particular the highly 

emotional individual with a passive coping style might have an increased risk for the 

development of metabolic diseases as insulin resistance and the metabolic syndrome. This 

means that the Roman Low Avoidance rat may be considered as a non-obese rat model for 

insulin resistance.  

 Plasma corticosterone levels were significantly elevated in the RLA rats. This 

confirms previous findings in the literature, in which it was shown that RLA rats have an 

increased sensitivity of the hypothalamus-pituitary-adrenal (HPA) axis, leading to increased 

corticosterone and corticotrophin (ACTH) secretion [10,11].   

 Increased HPA-axis activity has been reported to be a potent mediator of insulin 

resistance [16,25-27]. Patients with Cushing's syndrome, with an excess of corticosteroids, 

commonly express severe insulin resistance [28]. Moreover, humans [29] as well as animals 

[16,30] treated with (synthetic)  Glucocorticoïds develop insulin resistance. One should note 

that the phenotype of dexamethasone induced insulin resistant rats does not involve an 

increase in body mass [31] which is similar to what we observed in the present study.  

 The mechanism behind glucocorticoïd-induced insulin resistance has not been fully 

elucidated, however glucocorticoïd-induced insulin resistance is generally associated with 

an impairment of insulin's actions to suppress hepatic glucose production and to stimulate 

glucose utilization [28,32]. Additionally, glucocorticoïds seem to have a direct inhibitory 

effect on glucose-induced insulin release in the β- cells. Corticosteroids have been 

suggested to induce insulin resistance via an increase in circulating FFAs. However, 

dexamethasone-induced impairment in skeletal muscle glucose transport is not reversed by 
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inhibition of FFA oxidation [33],  indicating that corticosteroids may have a direct effect on 

insulin sensitivity. This is confirmed in an animal model for high fat feeding-induced insulin 

resistance in skeletal muscle, where treatment with the anti-glucocorticoïd RU-486 resulted 

in an amelioration of insulin resistance [34].  

 The RLA rats display a differential fat distribution, favoring visceral fat. Carcass 

analysis showed a small but significant difference in body composition: epididymal adiposity 

was higher in RLA rats than in RHA rats. There are numerous studies that suggest that 

there is a direct relation between the amount of visceral adiposity and the severity of insulin 

resistance (reviewed in [13]). Likewise, removal of visceral fat in obese hepatic insulin 

resistant rats reverses insulin resistance [25]. The observed increased epididymal fat mass 

might therefore have influenced the insulin levels in the RLA rats (or vice versa). The 

underlying mechanism remains under debate, however, there is evidence that increased 

HPA-axis activity plays a part.  

 Olefsky et al. [35] have shown that the visceral adiposites display higher densities 

of glucocorticoïd receptors than adiposites from the subcutaneous depots. This has lead to 

the hypothesis that a fat distribution favoring visceral adiposites in combination with elevated 

levels glucocorticoïds may have exacerbate the shift of lipids to the skeletal muscles [36]. In 

turn, elevated lipids levels in the skeletal muscles are associated with increased insulin 

resistance [37]. Interestingly, increased portal venous supply of long-chain fatty acids from 

the visceral fat depots to the liver induces HPA-axis activation, thus amplifying this process 

[26]. Based on these data, we might conclude that in the RLA rats the increased epididymal 

fat depot in interplay with high levels of glucocorticoïds may have led to the observed 

increased in baseline insulin levels and increased insulin resistance.  

 Plasma levels of leptin were also elevated in the RLA rats, consistent with the 

differences in insulin but inconsistent with the finding that are no major differences in fat 

mass between RLAs and RHAs. This is surprising, and might be explained by a direct effect 

of elevated insulin levels on leptin production [38,39].  

 In summary, this study showed that the coping style of an individual is clearly 

associated with particular metabolic and (patho)physiological characteristics. The highly 

emotional, passively coping Roman Low Avoidance rats show insulin resistance already at 

normal weight. The RLA rat may therefore be considered as a (nonobese) animal model for 

insulin resistance under standard chow conditions. These standard chow conditions are 

important since Rossi et al. [12] have already shown that RLA rats are highly susceptible for 

weight gain on a high fat diet. Our future studies will therefore primarily focus on the effect of 

the interaction between a passive coping style and changing dietary conditions on the 
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susceptibility for diseases like insulin resistance, type 2 diabetes mellitus, and the metabolic 

syndrome. 
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Abstract 

 

 The aim of this study was to explore interactions between coping style and diet as 

risk factors for developing insulin resistance in rats. We hypothesized that rats characterized 

by a passive coping strategy are more susceptible for developing insulin resistance and 

visceral obesity than proactively coping rats, particularly on a high (45%) fat diet. This 

hypothesis was tested by comparing 1) insulin and glucose responses to an intravenous 

glucose tolerance test (IVGTT), and 2) body fat distribution, in two rat models for passive 

and proactive coping styles. We found that the most extremely passive rats  are 

characterized by elevated insulin levels during a IVGTT, even on chow. Moderately passive 

rats display normal insulin responses under chow conditions, but develop insulin resistance 

on a high fat diet. Proactive rats are remarkably resistant to insulin resistance and visceral 

obesity, even when overfeeding on a high fat diet. Carcass analysis revealed that passive 

rats are characterized by increased epididymal fat deposition, which is in line with the 

observed  differences in insulin resistance.  We conclude that a passive personality is prone 

to develop insulin resistance and visceral obesity on a palatable fat diet and a the proactive 

personality might  protected against the development of diet-induced insulin resistance. 

 

Keywords: insulin, glucose, personality, visceral obesity 
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1. Introduction 

The incidence of insulin resistance and type 2 diabetes is rapidly growing. Insulin 

resistance is characterized by a reduction in the sensitivity of the insulin receptor or post-

receptor signaling cascades, which presents itself by increased insulin levels in normo- or 

hyperglycemic individuals (1). An energy-dense diet is one of the risk factors for 

development of insulin resistance. Rats fed a high fat (HF) diet usually weigh more than 

standard laboratory chow (high-fibered carbohydrate-rich) fed rats. HF-feeding rats develop 

more adipose tissue and acquire insulin resistance (2). But ingestion of a HF diet may also 

increase fat stores at the expense of fat-free mass and leave body weight unaltered (3). 

Increases in body fat, especially viscerally stored fat, is associated with insulin resistance, 

and, additionally, basal plasma insulin levels are directly correlated with the degree of 

adiposity (4). 

 Not only the diet of an individual is involved in the development of insulin 

resistance. Psychosocial factors have been implicated as well. Several studies have shown 

correlations between certain personality traits of the individual and the incidence of insulin 

resistance (5;6). Although some discrepancy exists in the literature, individuals with the type 

B personality may have a higher risk for the development of insulin resistance (7;8). This 

seems to be in line with our recent data that a rat strain selected for a so-called passive 

coping style (i.e., which is homologous to the type B personality in humans) is characterized 

by elevated insulin levels and increased adiposity (9). 

 In the present study we further explored the interactions between coping style and 

diet as risk-factors for the development of insulin resistance in rats. We hypothesize that 1) 

rats with a passive coping style are prone to develop insulin resistance on a diet with a high 

(saturated) fat content and 2) that animals with a proactive coping style are resistant to 

develop diet-induced insulin resistance. To study this, we selected passive and proactive 

individuals from two different rat strains and subjected them either to standard laboratory 

chow or a highly palatable high fat diet. In all animals, glucose tolerance and insulin 

responses were assessed with an intravenous glucose tolerance test, and fat storage 

patterns were measured. The data revealed that passive coping rats are indeed susceptible 

for developing marked hyperinsulinemia and visceral obesity (determined by epididymal fat 

deposition) on a palatable fat diet and that the proactive rats are protected against these 

derangements. 
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2. Materials and methods 

The experiments were based on the following aims: 1) to replicate our previous 

finding (9) that the extremely passive coping style in the selected Roman Low Avoidance 

(RLA) rat strain is associated with elevated baseline and IVGTT insulin levels, 2) to 

investigate whether this is also true for passive individuals from a standard rat population 

(Wild Type Groningen), 3) to study the interaction between personality and diet on risk 

factors for Diabetes. The experimental groups are given in table 1, the different procedures 

are explained below. 

 

Table 1: Experimental groups. RLA = Roman Low Avoidance rat, RHA = Roman High Avoidance rat, 

WTGp = passive Wild Type Groningen rat, WTGa = proactive Wild Type Groningen rat. 

strain n diet IVGTT 

RLA 8 Chow 10mg/ml and 15mg/ml 

RHA 8 Chow 10mg/ml and 15mg/ml 

WTG p 8 Chow 10mg/ml 

WTG a 8 Chow 10mg/ml 

WTG p 8 High fat 10mg/ml 

WTG p 8 High fat 10mg/ml 

RLA 8 High fat 15mg/ml 

RHA 8 High fat 15mg/ml 

 

2.1. Animals and housing 

The studies were performed with male rats from two different strains. Roman High 

and Low Avoidance rats (16 of each strain, 418 ± 8.5 gram at the onset of the experiments) 

were obtained from a breeding colony at the Clinical Psychopharmacology Unit (APSI), 

University of Geneva, Switzerland. The Roman High and Low avoidance rats (RHA and 

RLA, respectively) were originally selected by Bignami (10) for their performance in a two-

way active avoidance test, and a breeding colony of these rats is maintained at the 

University of Geneva. RHA rats, are characterized by high levels of aggression, rigid 

behavioral patterns and a proactive approach towards stressors. The RLA  rats, are 

characterized by low aggression levels, flexible behavioral patterns and a passive stress 

responses(10) . Wild type Groningen rats (n=20, 468 ± 11.8 gram at the onset of the 

experiments) were derived from the colony at the University of Groningen, the Netherlands. 

This rat population is characterized by large intra-strain variation in coping behavior, and is 

originally derived from the Agricultural University of Wageningen, the Netherlands and is 

currently bred in Groningen under conventional conditions.  
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All animals were individually housed in standard cages (24x24x36 cm) with a food 

hopper on the side. The rats were fed either a high fat diet (Hope Farms, RMH-B knaagdier 

korrel, Arie Block Diervoeding, Woerden, NL; 4.8 kcal/g, 45 % fat), or a standard lab chow 

diet (Hope Farms, RMH-B knaagdier korrel, Arie Block Diervoeding, Woerden, NL; 3.7 

kcal/g, 14 % fat ). Food and water was available ad libitum. The room was controlled for 

temperature and humidity (T=20°C, humidity 60%) and kept on a 12/12 hours light/dark 

cycle (Lights on =(CT0), lights off = CT12) All experiments were approved by the local 

animal care committee (Dier Experimenten Commissie, Groningen, the Netherlands) 

 

2.2. Surgery: 

All animals were equipped with two indwelling jugular vein catheters to allow stress 

free glucose infusion and frequent blood sampling during the intravenous glucose tolerance 

test (IVGTT). During surgery, the rats were sedated using an isoflurane- O2/N2O gas 

anesthesia. The jugular vein catheters were placed according to the methods described by 

Steffens (11). The animals were given 0.1 ml Finadine s.c. for analgesia and 0.25 ml 

penicillin subcutaneously to prevent infection. After surgery the animals were given at least 7 

days to recover. Rats were accustomed to the infusion and the blood sample procedure 

before the actual onset of the experiments (12). 

 

2.3. Defensive bury test: 

Two weeks after surgery, the coping style or personality of each animal was 

assessed with the defensive bury test (first described by Pinel and Treit(13)). In short, the 

animals were housed in special defensive burying cages (standard rat cages of 24x24x36 

cm with a hole of approximately 1 cm diameter). After a habituation period of at least a week 

the animals were tested. The rats were tested in the middle of the light phase. The electric 

prod was inserted through the hole in the cage and when the rats touched the prod they 

received a mild shock (20 mA). After the shock, the behavior of the rat was monitored for 10 

minutes (Eline software program). The following behaviors were scored: immobility, 

exploration of the prod, exploration of the cage and burying of the prod. The percentage time 

spent burying the prod was the main criterion for the coping style: animals burying 10 or less 

percent of the time were characterized as passive (WTGp), rats burying 20 or more percent 

of the time were characterized as proactive, (WTGa) and rats that were between the cut-off 

criteria (10-20% burying) were excluded from the study (n=4). 
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2.4. Experiments: 

 The experimental groups are described in table 1. The animals were fed either 

chow or the palatable high fat diet for three weeks. The start of the diet was designated day 

0. Body weight and food intake was measured daily around CT 4.  At day 24-26 an 

intravenous glucose tolerance test (IVGTT) was performed and blood samples were taken 

for measurement of blood glucose and plasma insulin levels. An IVGTT consisted of either a 

20 minutes intravenous infusion of 10 mg glucose in 0.1 ml saline per minute (total 200 mg 

glucose in 2 ml saline) or a 30 minutes infusion of 15 mg in 0.1 ml saline per minute (total 

450 mg in 3 ml, a relatively high dose of glucose that still remained within the physiological 

range, (14)). 

The protocol for the IVGTT was the following. On the experimental day the rats 

were denied access to their food from the beginning of the light phase until the end of the 

IVGTT; food was removed at CT0. The experiments were performed in the middle of the 

light phase, between CT4 and CT6. During IVGTT1 the rats were infused with 10 mg/min 

glucose over a 20 minutes period. Before the onset of the infusion, two baseline samples 

were taken at time points t = -11 and -1 minutes. After the start of the infusion at t = 0 

minutes, blood samples were taken at time points t =  5, 10, 15 , 20, 25, 30, and 40 minutes. 

During IVGTT2 the rats were infused with 15 mg/min glucose over a 30 minutes period. 

Again, two baseline samples were taken at time points t = -11 and -1 minutes. After the start 

of the infusion (t=0 min) samples were taken at time points t =  5, 10, 15 , 20, 25, 30, 35, 40, 

and 50 minutes. 

Blood samples were kept on ice and stored in files with EDTA (0.09g/ml). For 

glucose determination 50 µl of full blood with 450 µl Heparin solution (2%) was stored at -

20°C until analysis. Blood glucose levels were determined using the ferry-cyanide method 

(Hoffman, 1937(15)) in a Techinicon auto analyzer. The remaining blood was centrifuged for 

15 minutes and plasma was stored further analysis. Plasma levels of insulin were measured 

using commercial radioimmunoassay (RIA) kits (Linco Research).  

 

2.5. Post mortem analysis: 

One week after the last IVGTT the rats were sacrificed by decapitation under a light CO2 

anesthesia (day 31-33). After decapitation trunk blood was captured for analysis and all 

organs were taken out. Epididymal fat pads, retroperitoneal fat pads, and the liver were 

weighed. Hereafter skin and subcutaneous fat pads were removed from the carcass and 

were weighed,  dried at 80 °C for 5 days, and weighed again. Then  the dry tissue was 

wrapped in paper bags, and the fat content was determined by extracting the fat from the 
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tissue using a petroleum based Soxlet fat extractor. After fat extraction the paper bags were 

dried for 5 days and than weighed. The ratio dry weight before/after fat extraction gives an 

indication of the fat content. Plasma levels of leptin were measured in trunk blood using 

commercial radioimmunoassay (RIA) kits (Linco Research). Intra- and inter-assay 

coefficients of variation of reference plasma analyzed in duplicate for the leptin, insulin and 

corticosteron assays ranged between 6.5-11.3% and 10.3-16.8%, respectively.”  

 

2.6. Data analysis: 

All data are displayed as an average of the strain with the standard error of the 

mean. One animal was omitted from the IVGTT based data, because of technical problems 

during the glucose infusion. Differences in food intake, body weight, water intake and the 

defensive bury test between the two strains were determined for each diet using a 

multivariate ANOVA with the diet and the strain as between subjects factors. With this test 

an interaction effect of diet and strain could also be determined. Differences between the 

strains and the diets in the insulin and glucose response before, during and after a glucose 

infusion were tested with a repeated measures ANOVA with strain and diet as between 

subjects factors. The area under the curves of the both glucose and insulin responses were 

calculated and reported as the average area under the curve (AUC) with the standard error 

of the mean. The difference between the strains was determined using a one-way ANOVA. 

Strain differences in blood and plasma parameters (glucose, leptin, Insulin) were statistically 

tested using a one-way ANOVA. Diet-strain interactions were further assessed using Tukey 

post-hoc analysis. A linear backward regression analysis was performed to analyze the 

relative contribution of the several measured parameters on the insulin response. In this 

analysis the area under the insulin curve was used as the dependent factor. Coping style, 

diet, plasma leptin level, body weight, total fat mass, total fat free mass, retroperitoneal fat 

mass, subcutaneous fat mass and epididymal fat mass were used as the independent 

factors. In all statistical tests a confidence interval of 5% was used.  
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3. Results 

3.1. Defensive bury test 

Figure 1 shows the burying behavior of the rats in the defensive bury test during 

the first 10 minutes after receiving a shock. Proactive coping rats, both RHA and WTGa, 

spent significantly more time burying the prod (F(3,27) = 50.276, P<0.01) and were less 

immobile (F(3,27) = 47.266, P<0.01) than their passive coping counterparts. Proactive RHA 

rats spent also more time burying than proactive WTG rats (p<0.05). On chow, the passive 

RLA rats tended to bury less than passive WTG rats, this tendency did however not reach 

statistical significance (p = 0.085). There were no significant differences in the time spent on 

other behaviors than burying and immobility. The diet of the rats did not an effect on the 

amount of time spent burying, immobility or on any other behaviors between experimental 

groups. 

 

Figure 1: Percentage time spent on bury behavior in a defensive bury test by passive WTG (WTGp) , 

proactive WTG (WTGa), RLA and RHA rats fed either chow or medium fat diet. Light grey bars 

represent WTGp rats, dark grey bars represent WTGa rats, white bars represent RLA rats, and black 

bars represent RHA rats. ** indicates a significant difference with all other experimental groups (p<0.01) 

on the same diet. # indicates a significant difference with RHA and WTGa rats (p<0.01) and a trend for 

a difference with RLA rats (p<0.1). 

 

3.2. Body weight and food intake at baseline 

 Table 2 summarizes the body weight and food intake data. On chow there were no 

differences between the groups. Both body weight gain and food intake were significantly 

higher on medium fat diet than on chow (F(3,27) = 17.246 p<0.05 and F3,27 = 91.375 

p<0.001, respectively). On the high fat diet there were also differences between passive and 
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pro-active personalities: average daily food intake of passive personalities (RLA and WTGp) 

was significantly higher than that in pro-active rats (RHA and WTGa) (F(1,30) = 9.305 

p<0.01). The differences in weight gain between the coping styles within the RLA/RHA or 

WTGp/WTGa strains almost reached significance (p= 0.073 and p = 0.094 respectively). 

 

Table 2: Food intake and body weight data of WTG passive, WTG proactive, RLA and RHA rats. Body 

weight was measured before the start of the diet intervention. Body weight gain is expressed as % 

increase per day over a three week period, daily food intake is expressed as average 24 hour food 

intake over a three week period. * indicates a significant difference from chow fed rats. 
B
 indicates a 

significant difference between passive and pro-active individuals within the same strain. 

 RLA RHA WTG passive WTG proactive 

Body weight gain on the diet (%) 

Chow 2.59 ± 0.36 2.41 ± 0.31 2.80 ± 0.57 2.37 ± 0.58 

High fat 4.44 ± 0.57* 4.44 ± 0.41* 3.81 ± 0.67* 3.81 ± 0.81* 

Daily food intake (Kcal) 

Chow 70.8 ± 4.3 67.9 ± 3.4 72.9 ± 2.8 74.7 ± 3.3 

High fat 118.8 ± 4.0*
B
 109.1 ± 7.3* 116.3 ± 6.2* 106.3 ± 4.7* 

 

3.3. IVGTTs 

 Figure 2 depicts the glucose and insulin levels before, during and after the IVGTT 

of all groups on chow (10 mg IVGTT). The glucose levels were not different. The RLA rats 

displayed a significantly higher insulin level during the IVGTT. The area under the curve for 

insulin was significantly higher in the RLA rats when compared to those in all other 

experimental groups (F(3,28) = 9,368  p<0.01) (Table 3).  

 Figure 3 shows the plasma glucose and insulin responses of RLA and RHA rats on 

both chow and high fat diet (15 mg IVGTT). Glucose responses were not different. The area 

under the curve for insulin responses was significantly higher in the RLAs in comparison to 

the RHAs, both on chow as well as on high fat (F(3,25)= 6.609, p<0.01) (Table 4). Insulin 

was also higher in the RLA rats on high fat diet (p<0.01) when compared with RLAs on 

chow. The areas under the curve for insulin in the RHA rats on chow and high fat were 

remarkably similar (Table 4). 

 Figure 4 shows the curves for the glucose and insulin level during an IVGTT of 

passive and proactive WTG rats on both chow and high fat diet (10 mg IVGTT). Glucose 

responses were not different. The area under the curve for insulin was significantly higher in 

the passive WTG rats on the high fat diet when compared to the other WTG groups (F(1,12) 

= 8.691, p<0.05) (Table 3). 
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Figure 2: A: Glucose levels before, during and after a 20 minutes glucose infusion for passive WTG 

(WTGp) , proactive WTG (WTGa), RLA and RHA rats on chow. B: Insulin levels before, during and after 

a 20 minutes glucose infusion for passive WTG (WTGp), proactive WTG (WTGa), RLA and RHA rats on 

chow. Light grey triangles represent passive WTG rats, dark grey triangles represent RHA rats, white 

circles represent RLA rats, and black circles represent RHA rats. * indicates a significant difference from 

WTG passive , WTG proactive and RHA rats (p<0.01). 

 

Table 3: Area under the curve for the glucose response and insulin to a 20 minutes glucose infusion for 

passive WTG (WTGp) , proactive WTG (WTGa), RLA and RHA rats on either a chow or a high fat diet 

chow. * indicates a significant difference from chow fed rats. 
A 

indicates a significant difference between 

RLA rats and all other experimental groups. 
B
 indicates a significant difference between passive and 

pro-active individuals within the same strain. 

 RLA RHA WTG passive WTG active 

Plasma insulin (area under curve) 

Chow 289.5 ± 31.9
A
 196.3 ± 17.5 213.5 ± 9.3 230.2 ± 16.8 

High fat   317.6 ± 38.3*
B
 234.6 ± 15.8 

Blood glucose (area under curve) 

Chow 297.5 ± 11.6 298.8 ± 4.9 298.3 ± 14.8 298.5 ± 9.8 

High fat   301.3 ± 10.4 298.2 ± 14.6 
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Figure 3: A: Glucose levels before, during and after a 30 minutes glucose infusion in Roman high and 

low avoidance rats fed a chow diet. B: Insulin levels before, during, and after a 30 minutes glucose 

infusion in roman high and low avoidance rats fed a chow diet. C: Glucose levels before, during and 

after a 30 minutes glucose infusion in Roman high and low avoidance rats fed a high fat diet. D: Insulin 

levels before, during, and after a 30 minutes glucose infusion in roman high and low avoidance rats fed 

a high fat diet. White circles represent RLA rats, black circles represent RHA rats. * indicates a 

significant difference between RLA and RHA rats (p<0.01).  

 

Table 4: Area under the curve for the glucose response and insulin to a 30 minutes glucose infusion 

RLA and RHA rats on either a chow or a high fat diet chow. * indicates a significant difference from 

chow fed rats. 
B
 indicates a significant difference between RLA and RHA rats. 

 RLA RHA 

Plasma insulin (area under curve) 

Chow 409.3 ± 36.8
 B

 304.9 ± 24.4 

High fat 501.1 ± 50.3*
B
 300.2 ± 45.2 

Blood glucose (area under curve) 

Chow 313.6 ± 11.6 312.3 ± 16.5 

High fat 330.5 ± 14.7 344.7 ± 41.1 
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Figure 4: A:  Glucose levels before, during and after a 20 minutes glucose infusion in passive and 

proactive WTG rats fed a chow diet. B: Insulin levels before, during, and after a 20 minutes glucose 

infusion in passive and proactive WTG rats fed a chow diet. C: Glucose levels before, during and after a 

20 minutes glucose infusion in passive and proactive WTG rats fed a high fat diet. D: Insulin levels 

before, during, and after a 20 minutes glucose infusion in passive and proactive WTG rats fed a high fat 

diet. Light grey triangles represent passive WTG rats, dark grey triangles represent RHA rats. * 

indicates a significant difference between  WTG passive and proactive WTG rats (p<0.01). 

 

3.4. Carcass analysis 

 The data from the carcass analysis are summarized in table 5. The high fat diet 

significantly increased all body fat measurements in all groups (F(7,61)= 7.319 p<0.001). 

The increased fat content was accompanied by an increase in plasma leptin levels (F(1,56)= 

5.554 p<0.05). There were also differences in fat distribution between passive and proactive 

rats: passive rats have more central visceral fat, reflected by the higher ratio of epididymal 

and retroperitoneal fat in the RLAs in comparison to the RHAs (F(3,33)= 8,203 p<0.001). 

Finally, we found differences between the Romans (originally bred from a Wistar laboratory 

rat strain) and the Wild type Groningen rats: the Wild type rats had a significantly lower body 

fat % and a higher fat free mass (F(1.53)= 5.278 p<0.05). 

 Backward regression analysis showed that a model including the coping style, diet, 

strain, and the epididymal fat mass best predicted the magnitude of the insulin response 

during the IVGTT (F(4,73)= 5.234 p<0.01). Further analysis of this interaction showed that 

the correlation curve of the RLAs has a steeper slope as compared to the curve of the 
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RHAs. (RHA: R=0.931 B=406.83; RLA: R=0.931 B= 031.23). Passive WTG rats fed the high 

fat diet display a significant correlation between the percentage epididymal fat and the 

insulin response. The slope of this correlation curve is similar to the slope of the correlation 

curve of the proactive roman rats (R=0.598 B=367.43). In the proactive WTG rats no 

statistical relevant correlation between the insulin response and the amount of epididymal fat 

was observed.  

 

Table 5: Carcass analysis of RLA, RHA, WTG passive and WTG proactive rats fed standard lab chow 

or medium fat diet. Fat pads are expressed as grams dry weight. Fat mass and fat free mass are 

percentage as a percentage of the total carcass weight. Plasma leptin levels were measured in trunk 

blood. * indicates a significant difference from chow fed rats of the same strain.
 a 

indicates a significant 

difference between the Roman and the WTG strain for either passive or pro-active individuals. 
B
 

indicates a significant difference between passive and pro-active individuals within the same strain. 

 RLA RHA WTG passive WTG proactive 

Epididymal fat (g) 

Chow 4.94 ± 0.32 4.53 ± 0.54 5.20 ± 0.55 5.45 ± 1.26 

High fat 6.47 ± 0.62*
 B

 5.02 ± 0.26* 6.80 ± 1.06* 6.04 ± 0.62* 

Retroperitoneal  fat (g) 

Chow 7.77 ± 0.54
 B

 9.71 ± 0.89 7.58 ± 1.33 10.58 ± 1.86 

High fat 11.89 ± 0.64* 10.61 ± 1.02* 11.75 ± 1.57* 13.75 ± 2.14* 

Subcutaneous fat (g) 

Chow 36.92 ± 1.95 37.66 ± 0.87 31.33 ± 5.33 32.24 ± 2.41 

High fat 43.39 ± 1.44* 40.46 ± 1.03* 35.64 ± 3.94* 33.56 ± 2.87 

Fat mass (%) 

Chow 13.95± 0.55 15.03 ± 0.54 10.97± 0.51
 a
 10.76 ± 0.42

 a
 

High fat 16.48± 0.62* 16.54 ± 0.67* 13.00± 0.51*
 a
 12.70± 0.42*

 a
 

Fat free mass (%) 

Chow 86.05± 2.92 84.97± 3.36 89.03 ± 5.30
 a
 89.24± 5.39

 a
 

High fat 83.52 ± 3.83 83.46± 3.66 87.00 ± 5.46
 a
 87.30 ± 5.68

 a
 

Plasma leptin (ng/ml) 

Chow 4.46 ± 0.65 3.19 ± 0.76 3.89 ± 0.69 4.05 ± 0.72 

High fat 5.46 ± 1.04* 3.64 ± 0.26* 5.42 ± 1.20* 5.62 ± 1.45* 
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4. Discussion 

 The present study investigated the interactions between coping style and diet as 

risk factors for the development of the insulin resistance syndrome. Analogous to findings in 

humans, we hypothesized that 1) rats with a passive coping strategy are prone to develop 

insulin resistance, particularly on a diet with an elevated fat content, 2) that rats with a 

proactive coping style are resistant to develop diet-induced insulin resistance. The results of 

the present study are largely supportive of these hypotheses.  

 The first part of the study primarily focused on the influence of personality on the 

insulin response to an IVGTT. We replicated our previous finding that RLA rats from a strain 

selectively bred for a  passive coping style, were insulin resistant, even on a normal chow 

diet (9). The present study revealed that providing a high fat diet to RLA rats led to a further 

increase in the plasma insulin response to an IVGTT. Insulin resistance was less 

pronounced in  passive WTG rats, which are  passively coping animals from an unselected 

rat strain characterized by a high variation in behavior. These rats had normal glucose 

tolerance and insulin responses on a chow diet, but increased insulin levels on a medium fat 

diet. Therefore, we conclude that rats characterized by a passive coping style indeed have 

an increased susceptibility for developing insulin resistance and that this increased 

susceptibility is primarily associated with differences in personality rather than being the 

consequence of unspecific genetic selection or drift associated with selective breeding. 

 The palatable high fat diet led to a significant increase in food intake, body weight, 

body adiposity and the ratio fat / fat free mass in all groups, irrespective of coping style. To 

test our hypothesis that rats with a proactive coping style might be resistant to the 

development of diet-induced insulin resistance we infused a pharmacologically high dose of 

glucose in both the RLA and RHA rats on both diets. The results were clear. The insulin 

responses to an IVGTT remained unchanged in the proactive rats, despite a significant 

increase in food intake and body weight on the high fat diet. 

 Taken together, we may conclude that passively coping rats are prone to develop 

insulin resistance, especially in an environment rich in dietary fat and that proactively coping 

rats are remarkably resistant to diet-induced insulin resistance. The underlying mechanism 

is, however, still unknown. Differences in the balance of the autonomic nervous system may 

be an important factor involved. A proactive coping style is strongly associated with high 

sympathetic and low parasympathetic reactivity while passive coping individuals are 

characterized by low sympathetic reactivity and high HPA-axis reactivity reflected by high 

plasma corticosteron responses (16). Since elevated sympathetic outflow directly leads to 

lowered insulin release (17), one may conclude that the increased sympathetic outflow may 



Coping style predicts insulin resistance on high fat diet 

81 

have prevented the elevation of plasma insulin levels in the proactive individuals on the high 

fat diet. Indeed, we also found, in a separate study, that RHA rats had an increased 

sympathetic outflow expressed by significantly higher plasma noradrenalin levels than their 

RLA counterparts (178.1± 25.6 pg/ml in RHA versus 78.7±11.9 pg/ml in RLA (F(1,13)= 

13.146 p<0.01). Similar data were obtained in WTG rats (18), in which elevated noradrenalin 

outflow was associated with increased sensitivity of presynaptic β2-adrenoceptors in 

proactive rats. 

 These differences in autonomic and hormonal outflow between passive and 

proactive individuals may be secondary to differences in the central nervous system, for 

example at the level of the serotonergic and dopaminergic modulatory systems in the brain. 

When compared to passive individuals, proactive rats are characterized by increased 

serotonergic release and sensitivity (19), and enhanced dopaminergic activity (20). Elevated 

serotonergic and dopaminergic activity is, in turn,(in)directly associated with increased 

sympathoadrenal outflow (21-24). Data on the actions and alterations of these systems in 

proactive versus passive individuals are scarce.  It is, however, likely that many other 

systems (particularly hypothalamic neuropeptides such as NPY and the melanocortins) 

might be involved as well. 

 There were remarkable differences in fat storage in rats of the different coping 

styles. When only considering the weight of epididymal fat pads, it appeared that the 

passively coping RLA rats, and to a some extent also the WTGp rats, increased their 

epididymal fat depots when subjected to a high fat diet. This was not the case in the 

proactive animals. In rodents, epididymal fat deposition has been suggested to be a better 

predictor for the metabolic syndrome than retroperitoneal, the latter is believed to represent 

total body fat. Indeed, backward regression analysis in the present study showed that a 

model including epididymal fat mass, rat strain, diet and coping style best predicted the 

response to the IVGTT. The insulin response correlated strongly with the epididymal fat 

content in all rats of the Roman rat strain. The correlation curve of the passive RLAs was 

skewed towards the left and had a steeper incline as compared to the curve of the proactive 

RHAs, indicating a strong coping style effect. WTG passive rats fed the high fat diet 

displayed a similar correlation as observed in the Roman rats strains, whereas in the high fat 

diet fed WTG proactive rats no significant correlation between the insulin response and the 

amount of epididymal fat was observed, which suggest that a diet-coping style interaction is 

important in the WTG rats. Overall, we conclude that the risk factors coping style, diet, and 

body fat distribution interact to influence glucose homeostasis and insulin sensitivity. An 

effect that seems independent of body weight or body weight gain. 
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 In conclusion, we observed that passive coping rats were prone to develop insulin 

resistance, especially in an environment rich in dietary fat. Proactively coping rats were 

remarkably resistant to diet-induced insulin resistance. Translating this to humans, one 

might conclude that the passive, type B-like, personality is more susceptible for developing 

insulin resistance on a palatable fat diet and that the proactive, type A-like, personality 

seems to be protected against the development of diet-induced insulin resistance. Indeed, 

data from literature confirm that several of the physiological and behavioral characteristics 

associated with a passive personality, like increased HPA-axis activity (25;26) and increased 

anxiety traits (27;28), are risk factors for the development of insulin resistance. 

Unfortunately, evidence in literature for an interaction between personality and the risk to 

develop insulin resistance is less clear. In fact, the studies on risk factors for type 2 Diabetes 

using questionnaires to assess personality are conflicting (5;29-31), but one may argue that 

particularly questionnaire-based studies are less suited for a physiological characterization 

of patients at risk.  However, this paper may be viewed as a useful starting point to 

investigate interactions between personality and metabolic diseases in humans. 
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Abstract 

 

 Passive and proactive coping styles are associated with marked differences in 

behavioral and neuroendocrine responses. Previous studies revealed that the passive 

individuals are more prone to hyperinsulineamia. Likewise, we hypothesize that different 

coping styles may require different drugs to treat this. We tested this by treating passive and 

proactive rats (Roman Low Avoidance and Roman High Avoidance rats respectively) with 

either Rosiglitazone or with RU486. After eight days of treatment we performed and 

intravenous glucose tolerance test (IVGTT) and we compared the insulin and glucose levels 

with those measured during the IVGTT at baseline. Rosiglitazone improved insulin levels 

during an IVGTT in both passive and proactive coping styles. RU486, however, lowered 

insulin levels only in rats with a passive coping style. This study suggests that insight in the 

neuroendocrine differences between passive and proactive coping styles may provide an 

extra impulse to improve treatment of insulin resistance, since it allows the application of 

drugs targeted at the individual. 

 

Keywords: Rosiglitazone, RU486, glucocorticoids, PPARγ agonist, intravenous glucose 

tolerance test 
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1 Introduction: 

 The significance of personality, stress coping and other psychosocial factors for the 

development of insulin resistance and type 2 diabetes has become more evident in recent 

years (1-4). The mechanisms underlying the interaction between psychosocial factors and 

metabolic pathologies, however, remain to be elucidated. One approach is to study these 

mechanisms in rodent lines with divergent stress coping and personality profiles. In our 

previous studies we have shown that rats selected for a passive strategy to cope with stress, 

the so-called Roman Low avoidance rats (RLA), have a higher sensitivity to develop signs 

indicative of the metabolic syndrome than proactively coping animals, the Roman High 

avoidance rats (5).  We confirmed these findings in passive and pro-active littermates from 

an outbred wild-type Groningen (WTG) rat population. These WTG rats display a more 

moderate dispersion of coping styles and in these rats we again showed that more passive 

individuals had consistently higher proneness to develop hyperinsulineamia than pro-active 

individuals (6).  

Taken together, these studies indicate that the coping style of an individual plays 

an important role in the development of metabolic derangements. Likewise one may argue 

that different coping styles may also respond differently to different treatments for metabolic 

disorders such as type 2 diabetes and the metabolic syndrome. We should therefore focus 

on custom made treatments for passive and proactive coping styles for treatment of 

hyperinsulineamia. To this end, we decided to test the potential beneficial effects of two 

different drug treatments for hyperinsulineamia, Rosiglitazone and RU486, in both passively 

and proactively coping rats of the Roman selection lines.  

 In our first set of experiments focused on the effects of Rosiglitazone, a peroxisome 

proliferator-activated receptor gamma agonist, known to directly induce translocation of the 

GLUT4 transporter to the membrane (7;8), and thereby increasing insulin sensitivity of the 

insulin receptor. This oral anti-diabetic agent is a commonly used treatment strategy for the 

metabolic syndrome and it has a good succes rate in patients with type 2 diabetes (reviewed 

in (9)). Since Rosiglitazone directly improves the insulin signaling cascade circumventing 

possible differences in insulin receptor sensitivity, we assume that treatment with this drug 

will be equally effective in passive and proactive individuals.  

 The second drug, RU486, is specifically targeted at treating the hyperinsulineamic 

passive coping style (5). RU486 is a glucocorticoid receptor antagonist predominantly used 

in the treatment of diabetes associated with Cushing syndrome and glucocorticoid secreting 

tumors (10). This therapeutic agent may be interesting since passively coping rats are 

characterized by moderate elevated glucocorticoid levels (5;11-14). Elevated glucocorticoid 
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levels, in turn, are associated with an increase susceptability for insulin resistance. If 

elevated GR stimulation indeed play a role in the presumed insulin resistance in RLA rats, 

we expect that blocking the glucocorticoid action with a GR antagonist, RU486, would 

obliterate differences in glucose homeostasis among RHA and RLA rats. Treatment with 

RU486 would therefore specifically improve insulin signaling in the RLA rats.  

 In summary, in the present study we hypothesize that different coping styles may 

require different drugs for treatment of hyperinsulineamia. To this end, we treated proactive 

and passive rats with two different drugs and measured glucose and insulin responses to an 

intravenous glucose tolerance test before and after treatment. We hypothesize that 

Rosiglitazone will increase insulin sensitivity in both coping styles and that RU486 will only 

be effective in the passive coping style.



Coping style and pharmacological treatments  

91 

2. Materials and methods 

2.1 Animals: 

 Adult male Roman High (n=16) and Roman Low Avoidance rats (n=16) with body 

weights between 300-400 grams were used. The rats were obtained from a breeding colony 

at the Clinical Psychopharmacology Unit (APSI), University of Geneva, Switzerland. The 

Roman High and Low Avoidance rats (RHA and RLA, respectively) were originally selected 

by Bignami (15)on the basis of their performance in a two-way active avoidance test. Rats 

with the most extreme coping styles were identified and selectively bred for many 

generations. This resulted in two sub-strains: Roman Low Avoidance rats with an extremely 

passive coping style and Roman High Avoidance rats with a proactive coping strategies(16). 

The passive coping RLA is characterized by low aggression levels, flexible behavioral 

patterns and a passive stress response, whereas the proactive RHA is characterized by high 

levels of aggression, rigid behavioral patterns and a proactive strategy towards stressors 

(17).  

  All rats were housed individually in standard cages (24x24x36 cm), lab chow 

(Hope Farms, RMH-B knaagdier korrel, Arie Blok Diervoeding, Woerden, NL) and water 

were available ad lib. The room was controlled for temperature and humidity (T=20 ± 2°C, 

humidity 60%) and was kept at a 12-12 hours light-dark cycle (lights on = CT0). All animal 

experiments were approved by the local animal care committee. 

 

2.2 Surgery 

The rats underwent surgery to place two indwelling jugular vein catheters allowing 

continuous blood sampling in freely moving animals. Rats were sedated using an isoflurane-

O2/N2O gas anesthesia. A silicon heart catheter (0.95mm OD, 0.50 mm ID and 0.64 mm OD, 

0.28 ID) was inserted into the right jugular vein and kept in place with a ligament. The 

catheter was pulled under the skin towards the skull where it was connected to a metal bow. 

This metal bow was fixed to the skull with dental cement and 4 small screws. The same 

procedure was repeated on the left side. During blood sampling or infusions a piece of 

tubing could be attached to the metal bow, hereby samples could be taken from conscious 

rats. In between experiments, the catheter was filled with a PVP/heparin solution preventing 

blood cloth formation in the catheter (18). The animals were given 0.1 ml Finadine s.c. for 

analgesia and 0.25 ml penicillin s.c. to prevent infection. After surgery the rats were allowed 

to recover for at least 7 days 
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2.3 Intravenous glucose tolerance test  

After recovery from surgery, the rats were accustomed to the infusion and blood 

sampling procedure before the actual onset of the experiments (19). Then, an intravenous 

glucose tolerance test (IVGTT) was performed to measure the baseline responses in each 

individual animal. After the baseline IVGTT, the animals were treated with either 

Rosiglitazone or RU486 for eight days. A second IVGTT was performed at day 8, the last 

day of treatment. This within subject experimental set-up allowed us to use each individual 

rat as its own control. During the intravenous glucose tolerance test (IVGTT) an infusion of 

15 mg/min glucose was given in 3 ml saline solution over a 30 minutes period. This is a 

physiological dose that mimics the glucose response after a large meal (20).  

The experiments were performed in the middle of the light phase, between CT4 

and CT6. Rats were denied access to their food from the beginning of the light phase until 

the end of the IVGTT; food was removed at CT0. Two baseline blood samples were taken 

before the start of the infusion (t=-15 and t=-5 minutes). The glucose infusion was given 

between t=0 and 30 min, during and after infusion blood samples were taken at time points 

5, 10, 15 , 20, 25, 30, 35, 40, and 50 minutes. A total volume of 2.8 ml blood was taken and 

the loss of volume was substituted by saline infusion. Blood samples were kept on ice and 

stored in files with 10 µl EDTA (0.09g/ml). For glucose determination 50 µl of full blood with 

450 µl heparin solution (2%) was stored at -20°C. The remaining blood was centrifuged for 

15 minutes and plasma was stored for insulin determination.  

 

2.4 Rosiglitazone treatment:  

 Eight RHA and eight RLA rats were treated with a dose of 4 mg/kg/day (21) 

Rosiglitazone (AstraZenica, Mölndal, Sweden) for 8 consecutive days. Rosiglitazone was 

administered in the drinking water. The water intake of the rats was monitored for a week 

before the start of the experiment, and the concentration of Rosiglitazone was adjusted 

accordingly. Since RLA rats drink generally more than the RHA rats (Boersma 2009 and 

table 1), the actual concentration of Rosiglitazone was calculated on the basis of baseline 

water intake of each individual rat. On average, the RLA rats received 50 ± 3 mg/L and RHA 

rats 57 ± 2 mg/L Rosiglitazone solution. During treatment water intake of the rats did not 

change, which means that that each individual rat received 4 mg/kg/day of Rosiglitazone. 

 

2.5 RU486 treatment: 

 Eight RHA and eight RLA rats were treated with 20 mg/ kg/day (22) RU486 

(mifepristone, Sigma-Aldrich Chemie, Zwijndrecht) for 8 consecutive days. RU486 was given 
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subcutaneously at CT2 and CT14, both injections contained 10 mg/kg RU486 in 0.5 ml 

saline. Before the start of the treatment the rats were accustomed to the subcutaneous 

injections procedure; they received a single saline injection (0.5 ml/kg) for 4 consecutive 

days). The efficiency of the RU486 treatment was assessed by measuring corticosteron 

levels in the baseline plasma samples prior to the IVGTT.  

 

2.6 Post mortem analysis 

The rats were sacrificed after 8 days of treatment, one day after the last IVGTT. 

Three hours before lights off, blood samples were taken directly from the heart under 

isoflurane-O2/N2O gas anesthesia for determination of blood glucose, plasma insulin and 

leptin levels. Animals were hereafter sacrificed using an overdose of pentobarbital. 

Epididymal and retroperitoneal fat pads and the liver were taken out and weighed. The skin 

with the subcutaneous fat was removed from the carcass. Liver, skin, and carcasses were 

dried at 80 °C for 5 days. Fat content was determined by extracting the fat from tissue using 

a petroleum based Soxlet fat extractor. After fat extraction the tissue was dried for 5 days 

again. The relation between dry tissue weight before and after fat extraction provides 

information on the fat content of the tissue. 

 

2.7 Chemical analyses: 

Plasma levels of insulin and leptin were measured using commercial 

radioimmunoassay (RIA) kits (Linco Research). Blood glucose levels were determined using 

the ferry-cyanide method in a Technicon auto analyzer. Plasma corticosteron levels were 

measured using a commercial radioimmunoassay (RIA) (Biomedics). 

 

2.8 Statistical analysis 

Data are expressed as averages with standard error of the mean. Differences in 

food and water intake, body weight and baseline plasma levels between strains were 

determined using one-way ANOVA using strain as the between subjects factor. Differences 

in insulin and glucose levels before, during and after the IVGTT were examined using 

repeated measures ANOVA, again using strain as the between subjects factor. The area 

under the curves of both glucose and insulin responses (t= 0 till t = 30 minutes) were 

calculated and reported as the average area under the curve (AUC) with the standard error 

of the mean. The differences between the strains were determined using one-way ANOVA. 

The statistical differences between the strains in corticosteron levels before and after the 

treatment were assessed using a repeated measures ANOVA, with the strain as the 
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between subjects factor, and time as the within subjects factor. A confidence interval of 5% 

was used. 
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3. Results 

3.1 Body weight and food intake:  

Table 1 displays body weights and food intake of RLA and RHA rats during the 

baseline period and after treatment with either Rosiglitazone and RU486. At the start of the 

experiments, the RLA rats were somewhat but not significantly heavier than the RHA rats (p 

= 0.072). Both Rosiglitazone and RU486 treatment reduced body weights in RLA and RHA 

rats (for Rosiglitazone RM-ANOVA F3,21 = 7,258; RLA p =0.021; RHA p = 0.007, and for  

RU486 RM-ANOVA F3,21 = 11,362 RLA p =0.012; RHA p = 0.001). There were no 

differences in food intake between RLA and RHA rats under baseline conditions. Treatment 

with RU486 significantly reduced food intake in both strains (RM-ANOVA F1,21 = 12,232, p = 

0.016). Treatment with Rosiglitazone had no effect on the food intake. There were no 

differences between the strains in the effects of either Rosiglitazone or RU486 on both body 

weight and food intake. At baseline water intake was significantly higher in the RLA rats 

compared to RHA rats (F3,21 = 9.234 p<0.01). Treatment with either RU486 or Rosiglitazone 

did not effect water intake. 

 

Table 1: Body weight (BW), food intake (FI) and water intake (WI) of RLA and RHA rats before 

treatment and after treatment with either Rosiglitazone or RU486.
 a
 Indicates a significant difference with 

RLA rats (within treatment) p<0.05 
b
 Indicates a significant difference with baseline condition (within a 

strain) p<0.05. 

 

 Rosiglitazone RU486 

 RLA RHA RLA RHA 

Baseline BW (g) 435.3± 6.7 401.7 ± 9.9 433.3± 7.3 399.8 ± 10.0 

Change in BW (g) 43.5 ± 6.3
 b

 47.5 ± 5.4
 b

 40.6 ± 6.9
 b

 53.2 ± 7.3
 b

 

Baseline FI (kcal/day)) 97.48 ± 3.87 96.45 ± 3.21 96.81 ± 3.51 97.32 ± 4.02 

Treatment FI (kcal/day) 98.70 ± 4.44 97.17 ± 2.50 90.10 ± 2.17
 b
 89.73 ± 2.52

 b
 

Baseline WI (ml/day) 41.78 ± 2.11 34.80 ± 1.11
 a
 40.62 ± 2.05 34.32 ± 1.86

 a
 

Treatment WI (ml/day) 41.28 ± 2.28 35.86 ± 2.31
 a
 40.73 ± 2.62 33.58 ± 4.06

 a
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3.2 Intravenous glucose tolerance test: 

 Figures 1 and 2 display the glucose and insulin responses to an IVGTT in chow fed 

RLA and RHA rats at baseline and after treatment with RU486 or Rosiglitazone. Figure 3 

provides the areas under the curve (AUC) of the insulin response.  

There were no differences in glucose levels between RLA and RHA rats under any 

of the tested conditions, nor did either treatment affect glucose levels. Baseline plasma 

insulin levels were significantly higher in RLA rats in comparison to RHA rats (F1,21 = 11.095 

p = 0.003). Treatment with Rosiglitazone significantly reduced the insulin response to an 

IVGTT in both RLA and RHA rats (at time points t = 5,10,20, 25 and 30 min, p<0.05). Also 

the AUC for the insulin response was significantly reduced after Rosiglitazone treatment in 

both strains (F1,21 = 5,242 p<0.05). 

 

 

 

Figure 1: Glucose and insulin levels before, during and after an intravenous glucose tolerance test in 

RLA and RHA rats under baseline conditions and after treatment with Rosiglitazone. A: Glucose 

response in RLA rats. B: Glucose response in RHA rats. C: Insulin response in RLA rats. D: Insulin 

response in RHA rats. Black symbols represent baseline samples, white symbols represent samples 

after Rosiglitazone treatment. * Indicates a significant difference (p<0.05). 
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Treatment with RU486 significantly lowered the insulin response to an IVGTT in the 

RLAs but not in the RHAs. The reduction in the RLAs was significant at time points t = 

5,10,20, 25 and 30 min (fig 2c)(ANOVA F1,5 = 8.210 p<0.05). Also the AUC for insulin was 

significantly lower in RLA rats after treatment with RU486 (F1,21 = 4,356 p<0.05).  

 

 

 

Figure 2: Glucose and insulin levels before, during and after an intravenous glucose tolerance test in 

RLA and RHA rats under baseline conditions and after treatment with RU486. A: Glucose response in 

RLA rats. B: Glucose response in RHA rats. C: Insulin response in RLA rats. D: Insulin response in 

RHA rats. Black symbols represent baseline samples, White symbols represent samples after RU486 

treatment. * indicates a significant difference (p<0.05). 

 

 To compare the effect of the treatments between the strains we calculated the 

differences in the area under the curve before and after treatment (day 0 versus day 8) for 

each individual rat. The differences between the RLAs and the RHA with respect to the 

effect of RU486 was significant (reduction in the AUC for insulin in RLAs: -41.6 ± 16.6, in 

RHAs: -3.9 ± 8.3 ng/ml insulin* 30 min, ANOVA F1,11 = 5.654 p<0.05). There were no 

significant differences between the strains with respect to the effect of Rosiglitazone 

(reduction in the AUC for insulin for RHAs: -33.6 ± 15.6 and for RLAs: -51.4 ± 21.3 ng/ml 

insulin* 30 min) (ANOVA F1,11 = 2.238 p = 0.089).  
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Figure 3: The area under the curve of the insulin responses (t =0 until t=30) during a 30 minute infusion 

of glucose (15 mg/min) under baseline and treated conditions. RLA and RHA rats  A: The response in 

rats under baseline and Rosiglitazone treated conditions. B: The response in rats under baseline and 

RU486 treated conditions. Black bars represent baseline conditions, White bars represent treated 

conditions. * indicates a significant difference (p<0.05). 

 

3.3 Corticosterone levels : 

Figure 4 displays the plasma corticosteron levels at baseline and after treatment 

with RU486 or Rosiglitazone. Baseline corticosteron was significantly elevated in the RLA 

rats when compared to the RHA rats (F3,21 = 5,242 p<0.01). Treatment with RU486 

significantly lowered plasma corticosteron levels in both RLA and RHA rats (F3,21 = 3,842 

p<0.01). The reduction in corticosteron levels after treatment was significantly larger in the 

RLA rats compared to the RHA rats (ANOVA F1,11 = 6.342 p<0.05). After treatment with 
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RU486 there were no differences between the strains in corticosteron levels. Rosiglitazone 

treatment did not change corticosteron levels in either strain. 

 

Figure 4: Corticosteron levels in RLA and RHA before and after treatment with either Rosiglitazone or 

RU486. Black bars represent untreated baseline conditions, white bars represent treatment conditions.  

* Indicates a significant difference (p<0.05) 

 

3.4 Body composition: 

 Body composition was determined at the last day of treatment; the results of the 

analysis are summarized in table 2.The body weights of the RLA rats were significantly 

higher compared to the RHA rats in both treatment groups (F3,25 = 2.925 p ,0.05). Total fat 

mass of RLA rats was higher that the fat mass of RHA after both treatments (F3,25 = 3.052 p 

=0.032). RU486-treated RLA rats had more adipose tissue distributed in their epididymal 

compartment when compared to RU486 treated RHA rats (F3,25 = 4.851  p =0.009). There 

was no difference in the amount of retroperitoneal fat mass between RLA and RHA rats 

treated with RU486. After treatment with Rosiglitazone the RLA rats had more fat distributed 

in their epididymal compartment than RHA rats (F3,25 = 3.899 p= 0.018). The amount of 

retroperitoneal adipose tissue after Rosiglitazone treatment was not different between RLA 

and RHA rats. Within each strain, there were no differences in the body composition of rats 

treated with Rosiglitazone compared to those treated with RU486. 
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Table 2: Body fat distribution of RLA and RHA rats treated with either Rosiglitazone or RU486.* 

Indicates a significant difference with RLAs (within treatment) p<0.05.  

 

 Rosiglitazone RU486 

 RLA RHA RLA RHA 

Body weight (g) 391 ± 8.9 354 ± 9.6* 392 ± 8.2 344 ± 9.7* 

Lean body mass (g) 186 ± 4.1 177 ± 6.3 187 ± 3.6 171 ± 4.0 

Total body fat (%) 11.7 ± 1.77 9.5 ± 0.76* 11.1 ± 0.77 9.5 ± 0.77* 

Epidydimal fat (g) 5.1 ± 0.62 3.3 ± 0.16* 4.5 ± 0.23 3.3 ± 0.24* 

Retroperitoneal fat (g) 6.7 ± 1.16 6.3 ± 0.67 6.6 ± 0.57 6.2 ± 0.57 

Subcutaneous fat (g) 25.4 ± 4.9 18.3 ± 4.2 23.7 ± 2.3 19.6 ± 2.25 

Liver weight (g) 17.6 ± 1.3 16.9 ± 1.5 18.4 ± 1.6 16.5 ±1.8 

Leptin (ng/ml) 4.0 ± 0.42 3.5 ± 0.58 3.9 ± 0.45 3.8 ±0.66 
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4. Discussion 
 The present study investigated the effectiveness of two different drugs for treating 

hyperinsulineamia in rat strains that were selected for either a passive or a proactive coping 

style. It was found that RU486 was only effective in reducing plasma insulin levels in 

passively coping rats whereas the effect of Rosiglitazone on insulin was similar in both rat 

strains.  

For the general anti-diabetic agent, Rosiglitazone, we expected a comparable 

effect in passive and proactive individuals. Our study confirmed this: treatment with 

Rosiglitazone reduced the insulin response to an IVGTT in both RLAs and RHAs. As 

mentioned before, passive individuals are characterized by a hyperinsulineamic response to 

an IVGTT(5). Therefore, the effect of Rosiglitazone on plasma insulin seemed somewhat 

larger in the passive RLA rats. Treatment with Rosiglitazone was very effective in reducing 

the insulin response in the RLA rats to a level that was similar to that of the RHA rats. 

Treatment with Rosiglitazone was very effective in reducing the insulin response in the RLA 

rats to a level that was similar to that of the RHAs. It was not surprising that Rosiglitazone 

improved insulin responses in both the passive and proactive individuals in the present 

study. Thiazolidinediones, like Rosiglitazone, are thought to increase insulin sensitivity by 

activation of PPAR gamma, which in turn leads to an increased translocation of the glucose 

transporter 4 (GLUT4). This increased availability of GLUT 4 then facilitates glucose 

transport into the cell. Several studies have shown the beneficial effects of Rosiglitazone 

(23) although the exact mechanism by which the drug may increase GLUT4 translocation in 

skeletal muscle cell remains to be elucidated. It seems that Rosiglitazone affects the insulin 

receptor cascade directly and may circumvent most of the differences in origin of 

hyperinsulineamia.  

 The second drug that was tested in the present study is RU486, commonly used for 

treating insulin resistance in patients in which type 2 diabetes is secondary to chronically 

increased glucocorticoid levels, such as Cushing syndrome (10). Evidence in literature 

suggests that there are moderate differences between passive and proactive individuals in 

HPA-axis activity and baseline glucocorticoid levels (14). Therefore, we hypothesized that 

treatment with RU496 might be particularly effective in lowering plasma insulin levels in the 

passively coping RLA rats. The data obtained in the present study supported this 

hypothesis. Treatment with RU486 significantly lowered the insulin response to an IVGTT in 

the passively coping RLA rats and had no effect in proactive RHAs.  

 Since RU486 was effective in attenuating hyperinsulineamia in the passively coping 

rat one may assume that the effect was secondary to the effect of RU486 on circulating 

glucocorticoid levels. Indeed, the data of the present study revealed that: 1) corticosterone 
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levels are increased in untreated RLA’s and 2) that treatment of RLAs with RU486 

normalized corticosterone (and insulin) to a level comparable to the proactive RHAs. The 

data also suggest that moderately increased corticosterone levels may serve as an useful 

treatment strategy for hyperinsulineamia in passive coping individuals. The underlying 

mechanisms are not well understood. Glucocorticoids are thought to induce insulin 

resistance through several pathways. First, glucocorticoids decrease the sensitivity of 

muscle glucose uptake to insulin by decreasing translocation of GLUT4 transporters to the 

membrane. Second, glucocorticoids can inhibit the rate of glucose phosphorylation (24). 

Finally, glucocorticoids affect insulin sensitivity indirectly by stimulation of distribution of 

adipose tissue in the visceral compartment (reviewed in (25)).  

 Even though,  the average body weight of the rats from the two strains did not differ 

in a statistically significant manner, RLA were heavier, and this is consistent with previous 

observations (6;26). Treatment with both RU486 and Rosiglitazone significantly lowered 

body weight in both the RHA and RLA rats but the difference between the strains remained 

unchanged throughout the experimental period. The decrease in body weight after RU486 

can, in part, be explained by the concomitant decrease in food intake during treatment (27). 

In contrast, Rosiglitazone treatment did not affect daily food intake suggesting that the 

reduction in body weight is secondary to increased energy expenditure rather than being 

caused by reduced energy intake.  

Total and epidydimal fat mass were significantly different between RHA and RLA 

rats after both treatment with RU486 and Rosiglitazone. Due to the within-subject design of 

the present study, we have no data on the body composition in untreated animals. However, 

in a previous study with (untreated) RLAs and RHAs of similar age (5;6), we already 

observed that total and epidydimal fat mass are significantly higher in RLAs in comparison 

with RHAs. This means that the observed differences in body fat distribution in the present 

study are presumably not caused by direct effects of either RU486 or Rosiglitazone. 

 In conclusion, the data of the present study reveal that Rosiglitazone improves the 

insulin response to an IVGTT independent of the coping style of the individual. In contrast, 

RU486, improves hyperinsulineamia solely in the passive coping style, by targeting the 

specific hormonal characteristics of this coping style. We conclude that insight in the 

neuroendocrine differences between different personalities may provide an extra and 

important impulse to improve treatment of insulin resistance. 
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Abstract: 
 
 
 There are large individual differences in the succes rat of exercise intervention 

programs aimed at the prevention and treatment of obesity related disorders. In the present 

study we tested the hypothesis that differences in personality may have repercussion for the 

success rats of these intervention programs. To this end we tested the insulin signaling 

before and after voluntary wheel running, via intravenous glucose tolerance tests (IVGTT), in 

both passive (insulin resistant) Roman Low Avoidance (RLA) and proactive (insulin 

sensitive) Roman High Avoidance (RHA) rats. To control for the potential difference between 

voluntary and forced exercise, we also included RLA and RHA rats that were subjected to 

forced running. We found that 1) when given the opportunity to run voluntarily in a running 

wheel passive RLAs run more than proactive RHAs, 2) voluntary exercise lead to a 

normalization of the insulin response during an IVGTT in the RLA rats, and 3) there were no 

behavioral and physiological differences in efficacy between voluntary and forced running. 

We may thus conclude that exercise, either forced or voluntary, is a successful lifestyle 

intervention for the treatment of hyperinsulineamia in, especially, rats with a passive coping 

style. 
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1: Introduction:  

 
 There is hope that successful life style intervention can halt the ever increasing 

prevalence of metabolic disorders such as obesity, the metabolic syndrome and type 2 

diabetes (1;2). Exercise-based intervention programs are particularly successful ((3;4), for a 

recent review see (5)). Exercise reduces body adiposity, improves glucose tolerance and 

increases insulin sensitivity (6-11). There are, however, large individual differences in the 

success rate of exercise intervention programs (12), which may be unrelated to the large 

individual differences by which subjects are susceptible to attract metabolic disorders in the 

first place (reviewed in (13)). There are nevertheless indications that both susceptibility to 

attract metabolic derangements as well as the efficacy of – and/or compliance to - exercise 

programs of the individual is associated to the personality type (14-16). 

 Differences in personality are a wide-spread phenomenon in the animal kingdom 

(17;18). This is, however, largely ignored in animal studies modeling the development of 

type 2 Diabetes, insulin resistance or the metabolic syndrome. In our most recent studies, 

we have filled in this gap using the Roman High and Low Avoidance rat selection lines (19-

21). Rats from these selection lines differ in emotional reactivity and coping style (animal 

personality). Roman Low Avoidance (RLA) rats are highly emotional individuals with a 

passive coping style, Roman High Avoidance (RHA) rats are (pro)active rats with low 

emotional reactivity. They are also different at the level of several neuroendocrine, 

cardiovascular and metabolic parameters (20;22;23). In addition, the passive animals 

display, already at normal weight, several characteristics of the metabolic syndrome, such 

as hyperinsulineamia, visceral adiposity and hypertension (19-21). We have extended and 

confirmed these findings in outbred wild-type Groningen rats, in which personality type 

appeared to predict changes in metabolic profiles analogous to those observed in the 

RHA/RLA rats (19;21). 

 In the present study, we tested the hypothesis that differences in personality may 

have repercussions for the success rate of exercise interventions programs to normalize 

metabolic disorders such as type 2 Diabetes and the metabolic syndrome. Here we focus on 

the importance of differences in personality on the potential beneficial effect of exercise on 

hyperinsulineamia (and visceral adiposity) which clearly develop in the emotional reactive 

RLA rats. To this end, we performed a series of experiments in which the insulin response 

during an intravenous glucose tolerance test (IVGTT) was measured in both passive (insulin 

resistant) RLA and proactive (insulin sensitive) RHA rats. These IVGTTs were performed 

both under sedentary conditions and after 18 days of voluntary exercise in a running wheel.  

In most animal studies, exercise consist of voluntary running in a wheel. One should note, 
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however, that in humans, most exercise programs are not voluntary since they require 

motivated compliance of the individual. These compulsory exercise programs are, at least 

by a part of the participants, perceived as unpleasant, stressful and/or aversive. This means 

that there is a discrepancy between voluntary exercise in the rat model and forced exercise 

in the human. Therefore, to control for the potential difference between forced and voluntary 

exercise, we also included two groups of RHA and RLA that were subjected to 18 days of 

forced running. 
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2: Materials and methods 

 

Animals: 

 The experiments were approved and checked by the local animal experimental 

welfare and care committee (DEC, Groningen, the Netherlands). Roman High (RHA) and 

Low (RLA) Avoidance rats, obtained from a breeding colony at the Clinical 

Psychopharmacology Unit (APSI) of the University of Geneva, were housed in a room 

controlled for temperature and humidity (20 ± 2 °C; 60%). The room was kept at a 12-12 

hours light-dark cycle (lights on = CT0 at 01:00 hrs, lights off = CT12 at 13:00 hrs ). The rats 

were fed a standard lab chow diet (Hope Farms, RMH-B knaagdier korrel, Arie Block 

Diervoeding, Woerden, NL; 3.7 kcal/g, 14 % fat). Food and water was available ad libitum. 

 

Experimental design 

 The following experiments were performed: 1) Experiment 1 in which both RHA 

and RLA rats were submitted to an intravenous glucose tolerance test (IVGTT) at baseline 

and after 18 days of voluntary wheel running and 2) Experiment 2 in which both RHA and 

RLA rats were submitted to IVGTTs at baseline and after 18 days of forced wheel running. 

For both studies, the rats underwent surgery to place two indwelling jugular vein catheters 

for infusion and blood sampling (24). Rats were accustomed to the infusion and blood 

sample procedures before the onset of the experiments (25). The experiments started two 

weeks after surgery. Body weights and food take was measured daily throughout the 

experiment. The experimental design is summarized in figure 1. 

 

 

Figure 1: Experimental design. Top and bottom panels shows the experimental design for experiment 

1, and experiment 2, respectively. 

habituation voluntary running  

training forced running  

0 -14 8 12 

IVGTT 1 IVGTT 2 

IVGTT 1 IVGTT 2 
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Experiment 1: 

 Twelve rats (6 RHA and 6 RLA) were housed in standard cages (24x24x32 cm). 

Two weeks after surgery,  at day -14, a baseline IVGTT was performed. At day -10,  the rats 

were transferred to standard running wheel cages (Nalgene polycarbonate running wheel 

cages [50-27-36 cm]) with free access to a running wheel (diameter 27cm, Mini Mitter, 

Oregon, USA). The rats were allowed to habituate to the wheel running for 10 days. During 

this habituation period running activity typically increases after which it stabilizes (Alfonso 

VM 2003). After habituation, the rats were allowed to run voluntary for 12 days (intervention 

period: day 0 until day 12). A second IVGTT was performed on day 8. Four days later, the 

rats were sacrificed for carcass analysis. 

 

Experiment 2: 

 Sixteen rats (8 RLA and 8 RHA) were housed in standard cages (24x24x32 cm). A 

baseline IVGTT was performed at day -14. At day -10, the rats were transferred to forced 

activity cages (TSE, Bad Homburg). These cages contain running wheels with a diameter of 

25 centimeter that  force the animal to run. Both running speed and time spent on running 

are controlled. All animals were forced to run in a schedule that mimicked the voluntary 

running activity patterns of the pro-active RHA rats that participated in Experiment 1 (see 

Figure 3B). Since we observed that rats are running in bouts of circa 5 minutes, we decided 

to force the animals to run in a schedule of 5 minutes running and 5 minutes rest. The speed 

(max 20 m/min) was adjusted so that the total distance per hour was similar to that of the 

RHA rats. The rats were accustomed to the forced running paradigm for 10 days (day -10 

until day 0). Intensity and duration was slowly build up, in parallel to the increasing running 

in the habituation period in the voluntary running animals in Experiment 1. During the 

intervention the rats were forced to run 5000 m/day. The forced activity  intervention period 

lasted from day 0 until day 12. A second IVGTT was performed on day 8. Four days later, 

the rats were sacrificed for carcass analysis. 

 

Intravenous glucose tolerance test: 

 At the day of an IVGTT, food was removed at  the beginning of the light phase at 

CT 0. The IVGTTs were performed in the light phase, between CT 4 and CT 6. An IVGTT 

consisted of 30 minutes infusion of 15 mg glucose in 0.1 ml saline per minute (total 450 mg 

in 3 ml). Before the onset of the infusion, two baseline samples (0.2 ml) were taken at time 

points t = -11 and 1 minutes. The infusion of glucose was started at time point t = 0 minutes. 

Additional blood samples were taken at time points t =  5, 10, 15 , 20, 25, 30, 35, 40, and 50 
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minutes. A total blood volume of 2.2 ml was taken. Blood samples were kept on ice and 

stored in files with 10 µl EDTA (0.09g/ml). For glucose determination 50 µl of full blood with 

450 µl Heparin solution (2%) was stored at -20°C until analysis. Blood glucose levels were 

determined using the ferry-cyanide method (26) in a Technicon auto analyzer. The 

remaining blood was centrifuged for 15 minutes and plasma was stored for insulin and 

corticosterone determination. Plasma levels of insulin and corticosterone were measured 

with commercial radioimmunoassay (RIA) kits (Linco Research and.M P Biomedicals). 

 

Carcass analysis: 

 The rats were sacrificed four days after the last IVGTT. Three hours before lights 

off, rats were sacrificed using an overdose of pentobarbital. Epididymal and retroperitoneal 

fat pads and the liver were taken out and weighed. The skin with the subcutaneous fat was 

removed from the carcass. The liver, skin, and carcasses were dried at 80 °C for 5 days. 

The fat content was determined by extracting the fat from the tissue using a petroleum 

based Soxlet fat extractor. After fat extraction the tissue was dried for 5 days again. The 

relation between dry tissue weight before and after fat extraction provides information on the 

fat content of the tissue. 

 

Data analysis: 

 Food intake and body weight data are presented as daily averages with standard 

error of mean (sem). Average running wheel activity was calculated as averages from day 0 

until day 12 for each individual animal. Glucose and insulin levels are presented in group 

averages with standard error of mean. Statistical differences between groups were 

determined with repeated measures ANOVA followed by Tukey post-hoc test using coping 

style and type of intervention as between subjects factors and time of measurement as 

within subjects factor. The area under the curves (AUC) of the insulin responses were 

calculated and averaged. Percentage fat mass was calculated by dividing total dry fat mass 

by total dry lean body mass and multiplying this with 100%. Fat mass and weight of the 

different fat pads are presented as group averages with standard error of the mean. 

Differences in the area under the insulin response curve, and body composition were 

statistically tested with one-way ANOVA followed by Tukey post hoc analysis using coping 

style and type of intervention as the between subject factors. All statistical analysis used a 

5% confidence interval. 
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3: Results: 

 Figure 2 displays body weight gain and food intake of the different groups during 

the intervention period from day 0-12. There were no differences in neither food intake nor 

body weight gain between any of the groups. In all groups, food intake was on average 

higher during the intervention period when compared to the intake during the baseline period 

(baseline: 101 ± 4.8 kcal/day; intervention: 120 ± 5.6 kcal/day; F(1, 28) = 4.562  p<0.05). 

Figure 3A displays the running activity of all groups. In Experiment 1, RLA rats ran 

significantly more than RHA rats (F(1,15) = 9.332) p< 0.01) .   

 Blood glucose and plasma insulin levels are presented in Figure 4. There were no 

significant differences in blood glucose levels between the groups. Insulin responses were 

significantly different (F(5,39) = 6.294, p<0.01): 1) at baseline, since RLAs have much higher 

levels than RHAs (p<0.01).  2) in the RLAs, when the higher baseline levels are compared to 

the much lower levels of insulin after 18 days of both voluntary and forced exercise 

(voluntary running p<0.01; forced running p<0.01) 3) in the RHAs when baseline levels are 

compared with the somewhat lower insulin levels after 18 days of voluntary but not forced 

exercise (voluntary running p<0.05; forced running p = 0,103). There were no differences in 

plasma insulin levels when the responses in the voluntary runners were compared with 

those of the forced runners, both under baseline conditions and after 18 days of exercise  

 Peak circadian corticosterone levels were not different between the forced and 

voluntary running rats under any circumstances (RLA baseline: 250 ± 35.3 ng/ml; RHA 

baseline: 225 ± 29.3 ng/ml; RLA voluntary running: 242 ± 29.7 ng/ml; RHA voluntary 

running: 226 ± 25.3 ng/ml ; RLA forced running:  263 ± 29.7 ng/ml; RHA forced running : 233 

± 25.26 ng/ml). Baseline levels of corticosterone at circadian peak level tended to be higher 

in the passive RLAs when compared to the proactive RHAs but this difference did not reach 

statistical relevance.  

 Carcass analysis showed there were no differences in the percentage of body fat at 

the end of the study (RLA voluntary running: 35.9 ± 0.47 %; RHA voluntary running: 34.9 ± 

0.54 %; RLA forced running:  33.3 ± 0.56 %; RHA forced running: 33.1 ± 0. 62 %). The 

distribution of body fat was however different between the groups: passive RLAs have 

relatively more fat in the epididymal depot in comparison to proactive RHAs (RLA voluntary 

running:  4.42± 0.24 g; RHA voluntary running: 3.91 ± 0.21 g; RLA forced running:  5.8 ± 

0.49 g; RHA forced running: 3.6 ± 0.26 g;  (F (3,25) = 6.426 p<0.05)). There were no 

differences between RLAs and RHAs in the amount of fat distributed in the retroperitoneal 

fat depot (RLA voluntary running:  7.7 ± 0.77 g; RHA voluntary running: 7.1 ± 0.69 g; RLA 

forced running:  8.1 ± 0.76 g; RHA forced running: 7.6 ± 0.84g). 
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Figure 2: Body weight gain and food intake of passive and proactive rats that ran voluntarily or forced. 

Black circles  = proactive forced runners (n=8), white circles = passive forced runners (n=8), black 

triangles = proactive voluntary runners (n=6), white triangles = passive forced runners (n=6).   

 

 

 

Figure 3: Running activity in experiments 1 and 2 rats. White symbols = voluntary running RLA rats, 

Black symbols = voluntary running RHA rats, Grey symbols = forced running rats of both strains * 

indicates a significant difference between voluntary running RLAs and RHAs.  
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Figure 4: Glucose (A and B) and insulin (C and D) levels before, during and after an IVGTT at baseline 

and after 18 days voluntary or forced running in both RLAs (A and C) and RHAs (B and D). Baseline 

values in experiment 1 and 2 are combined in one graph. Black triangles = baseline, light grey circles =  

voluntary runners, dark grey squares= forced runners. Area under the insulin curve at baseline and after 

18 days of running in voluntary and forced running RLA (E) and RHA (F) rats. Black bars = baseline 

voluntary runners, medium grey bars = 18 days voluntary running, dark grey bars = baseline forced 

runners, light grey bars = 18 days forced running. vr = voluntary running, fr = forced running 

  * indicates a significant difference between baseline conditions and both voluntary running and forced 

running conditions.  
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4. Discussion 

 The aim of the current study was to investigate the interaction between personality 

and exercise in relation to the treatment hyperinsulineamia. The major findings of this study 

were that 1) when given the opportunity to run voluntarily in a running wheel passive RLAs 

run more than proactive RHAs, 2) voluntary exercise lead to a normalization of the insulin 

response during an IVGTT in the insulin resistant RLA rats, and 3) there are no behavioral 

and physiological differences between voluntary and forced running. Consistent with our 

previous studies, passive RLA rats displayed a much higher insulin response to an 

intravenous glucose tolerance test than found in the RHA rats (20). Exercise completely 

normalized this elevated insulin to control levels indicating that exercise is indeed a 

successful life style intervention for the treatment of hyperinsulineamia, in particular in 

insulin-resistant rats with a passive coping style.   

 The most interesting finding is the increased running activity in the passive RLA 

rats when they were allowed to run voluntary. This is remarkable since the so-called passive 

rats were, in other behavioral conditions, characterized as having lower locomotor activity, 

for example in behavioral tests such as the open field test, the Porsolt forced swim 

procedure and the elevated plus maze test (27-29). However, these tests are all short term 

responses to unfamiliar conditions, whereas in our study we monitor the internal motivation 

to be active in a familiar environment. 

 The increased running in the RLAs resulted in the normalization of the insulin 

response during an IVGTT, which is a strong indication of improvement of insulin sensitivity. 

Such a phenomenon, i.e. increased spontaneous wheel running activity in metabolically 

deranged rodents has been reported before, among others in overweight animal models 

such as the Oleft rat (30) and the MC4 knockout mouse (31). Both the Oleft and the MC4 

knockouts have an obese and insulin-resistant phenotype under sedentary conditions, but 

compensate for this by increased activity when allowed to run spontaneously in wheels, 

leading to normalization of their body weight. In the present study, we observe that 

presumably insulin resistant rats show increased running to normalize their insulin 

sensitivity. Therefore it is tempting to speculate that the increased running may be 

considered as a behavioral strategy to compensate for the reduced insulin sensitivity in the 

sedentary state. Like insulin, muscular contractile activity causes glut-4 translocation and 

increases glucose uptake (32), hence exercise would benefit RLA rats more than RHA rats. 

Along these lines, it may be speculated that exercise has a larger impact on glucose 

availability to neuronal circuitry (33) in RLA rats than in RHA rats, which might be a 

mechanisms by which to RLA rats sustain a higher level of running wheel activity than RHA 
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rats. Another implication of these results is that the sedentary state, at least in rodents, 

should not be considered as a the proper control condition because physical activity and 

health are inevitably linked (34). A point that is illustrated by the healthy insulin profiles in the 

voluntary running RLA rats.   

 We argued in the introduction section that the translational value of a voluntary 

exercising animals might be limited, because humans subjected to exercise-based 

interventions can perceive it as a stressful workload. Our second study therefore 

investigated difference in the efficacy of forced and voluntary exercises in the RLA rats. We 

showed that both forced and voluntary running resulted in “normalized” insulin responses to 

an IVGTT in the RLA rats. This suggests that the exercise itself rather than the voluntary or 

forced nature of the running determines the beneficial effects of the wheel running on insulin 

sensitivity. In the current study, the amount of forced running was based on the average 

voluntary running activity of proactive RHA rats. Proactive rats were shown to run less 

voluntarily than passive rats. Since this forced running improved insulin signaling in the RLA 

rats one may argue that the amount of running might not be crucial for the attenuation of 

hyperinsulineamia in the RLAs. One should, however, be somewhat cautious in comparing 

the effects of voluntary and forced activity, since a higher demand on contractile activity and 

gate coordination can not be ruled out in animals subjected to forced running. 

 The current set-up was chosen to minimize the stress of the forced running 

paradigm, especially since it might be perceived differently in RLA and RHA rats. A 

difference in perception of the workload imposed on them might, however, prove important 

when studying exercise based lifestyle interventions. In humans it is argued that individuals 

with proactive personality traits have a lower perception of exertion and endure higher 

amounts of exercise than individuals with passive personality traits (Hassmen, Stahl & Borg 

1993). Nevertheless, the observation that there are no behavioral and physiological 

differences between voluntary and forced running animals, strengthens the face validity of 

the voluntary rat model for translation to human studies.    
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Abstract: 

 

 Running wheel activity was shown to attenuate the development of 

hyperinsulineamia in the extremely passive coping RLA rats (1). In the current study, we 

studied  the effects of voluntary activity on body weight,  glucose homeostasis and insulin 

sensitivity in animals with more moderate passive and proactive personalities on either a 

standard chow or an obesity promoting high fat diet. Passive and proactive rats from the 

Roman (extreme) and the WTG (moderate), were given voluntary access to treadmills for 

three weeks. Glucose and insulin profiles were assessed during an intravenous glucose 

tolerance test (IVGTT) before and after wheel running. In a second experiment all groups of 

rats initially had treadmill access on control diet, but after 20 days were switched to the high 

fat diet. This study revealed  that 1) voluntary running in beneficial for extreme and 

moderate passive rat characterized by hyperinsulineamia, and 2) that passive coping rats 

increase voluntary running activity in response to a switch in diet, whereas proactive rats do 

not. The results of this study indicate that passive rats are vulnerable for the development of 

hyperinsulineamia under sedentary conditions, but that these rats adapt their physical 

activity level to changes in dietary conditions and are thus benefit from availability of 

physical activity opportunities. Proactive rats, on the other hand are less susceptible to 

develop hyperinsulineamia, however, these rats do not display alterations in physical activity 

levels in response to overeating and may therefore benefit less from physical activity when 

hyperinsulineamia does occur.    
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Introduction:  

 Obesity is one of the most important risk factors for cardiovascular disease and 

metabolic disorders such as type 2 diabetes. In western societies, obesity is mainly caused 

by a combination of increased availability of palatable energy rich food and a sedentary life 

style. Treatment of obesity is predominantly focused on life style intervention, focusing on 

diet and physical exercise (2;3). Generally, exercise-based intervention programs are 

relatively successful in decreasing the risk for diabetes and cardiovascular diseases (4;5). 

There are, however, large individual differences in the success rate of most life style 

interventions programs (6). Several factors have been identified that play a role. The type of 

exercise, intensity, duration and frequency will influence the success of an exercise program 

(7;8). The degree of supervision is a factor too; highly supervised subjects do better than 

less supervised individuals (8). Psychosocial factors and the personality of an individual, 

seem to play an important role as well: less successful participants in a life style intervention 

program are characterized by higher amounts of body dissatisfaction, higher perceived 

impact of weight on work and lower self motivation (6;9;10). 

 The personality of the individual may serve as a risk factor for metabolic diseases 

such as obesity and type 2 Diabetes. In humans, it was found that a type B personality, 

characterized by introversion and a passive response to stress, has an increased risk to 

develop the metabolic syndrome (11;12). This is supported by our own studies in 

experimental rats in which we found that individuals with a passive personality (or coping 

style), characterized by a high behavioral flexibility, would overeat and become insulin 

resistant on a highly palatable high fat diet. Proactive personalities, characterized by rigid 

behavioral patterns were remarkable resistant to the aversive effects of the high fat diet (13). 

Based on these data, we concluded that a passive (or re-active) personality may serve as a 

significant risk factor for weight gain and development of hyperinsulineamia, especially in an 

environment rich in dietary fat (13;14).  

 Based on these observations, one could hypothesize that the personality of the 

individual could also serve as a crucial factor determining the success of life style 

interventions, in particular exercise, in the treatment or the prevention of metabolic diseases 

such as obesity, type 2 Diabetes and the metabolic syndrome. Evidence for this in human 

literature is conflicting. Some argue that individuals with proactive personality traits would be 

more successful since they are more competitive, have a lower perception of exertion and 

endure higher amounts of exercise than individuals with passive personality traits (15). 

However, others claim that passive personalities might perform better in a life style 
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intervention program since they are the first to improve their performance when externally 

motivated, whereas proactive personalities are not susceptible to external motivation (16). 

 We therefore decided to test the hypothesis that personality determines the 

success of lifestyle intervention on metabolic parameters in a series of studies in 

experimental animals with different coping styles. The experiments were performed with 

passive and proactive individuals from two different rat strains: the Roman Low and High 

Avoidance rat strain and the Wild Type Groningen (WTG) rat strain. Roman High and Low 

avoidance rats (RHA and RLA, respectively) are selection lines, originally selected for their 

performance in a two-way active avoidance test, and a breeding colony of these rats is 

maintained for more than 30 generations (17). RHA rats are characterized by high levels of 

aggression, rigid behavioral patterns and a proactive approach towards stressors, RLA rats 

are characterized by low aggression levels, flexible behavioral patterns and a passive stress 

responses (18). Passive and proactive Wild type Groningen (WTGp, and WTGa, resp.) 

show the same behavioral characteristics as the Romans, but are both derived from the 

same population that is characterized by a large intra-strain variation in coping behavior 

(19). Since the passive and proactive WTGs are selected from the same litters, the 

difference between individuals is less pronounced when compared with the Roman strains.  

 In a previous study, running wheel activity was shown to attenuate the 

development of hyperinsulineamia in the extremely passive coping RLA rats (1). The first set 

of experiments was set up to confirm the effects of voluntary activity on body weight, 

glucose homeostasis and insulin sensitivity in animals with more moderate passive and 

proactive personalities. To this end, passive and proactive personalities from the Roman 

(extreme coping style ) and the WTG (moderate coping style) strains, were given voluntary 

access to treadmills for three weeks. Food intake and body weight were measured 

continuously and glucose and insulin profiles were assessed during an intravenous glucose 

tolerance test (IVGTT) before and after exercise. In the second set of experiments, we 

added a risk factor for metabolic diseases, dietary fat, to the experimental design. Rats were 

fed a highly palatable high fat diet for several weeks before allowing them access to the 

treadmills. Again, food intake and body weight were measured continuously and glucose 

and insulin profiles were assessed during an intravenous glucose tolerance test (IVGTT) 

before and after three weeks of physical activity. Finally, we performed a third study in which 

all groups of rats initially had treadmill access on control diet, but were switched to the highly 

palatable high fat diet after 20 days. Food intake, body weight and running activity was daily 

measured.    
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Materials and methods: 

Animals: 

 Studies were performed with male rats from two different rat strains, the Roman 

High and Low Avoidance strain and the Wild Type Groningen (WTG) strain. Roman rats 

(n=32) were obtained from a breeding colony at the Clinical Psychopharmacology Unit 

(APSI), University of Geneva, Switzerland. Wild type Groningen rats (n=32) were derived 

from our own breeding colony at the University of Groningen, the Netherlands. The rats 

were housed in a room controlled for temperature and humidity (20 ± 2 °C; 60%) and the 

room was kept at a 12-12 hours light-dark cycle (Light on = CT0, lights off = CT12). The rats 

were fed either a standard lab chow diet (Hope Farms, RMH-B knaagdier korrel, Arie Block 

Diervoeding, Woerden, NL; 3.7 kcal/g, 14 % fat ), or a high fat diet (Hope Farms, RMH-B 

knaagdier korrel, Arie Block Diervoeding, Woerden, NL; 4.8 kcal/g, 45 % fat). Food and 

water was available ad libitum. In the initial phase of the study, all animals were individually 

housed in standard cages (24x24x36 cm) with a food hopper on the side. When submitted 

to exercise, the rats were housed in Nalgene polycarbonate running wheel cages (50-27-36) 

with free access to the running wheel (diameter 27cm, mini mitter, Oregon, USA). The 

experiments were approved by the local animal welfare committee (DEC, Groningen, the 

Netherlands). 

 

Defensive bury test: 

 We performed a  defensive bury test to characterize the coping style of the WTG 

rats. During this test, the animals were housed in specialized cages (standard rat cages of 

24x24x36 cm with a hole of approximately 1 cm diameter). Through the hole, an electric 

prod could be inserted. After a habituation period of at least a week the animals were tested. 

The rats were tested in the middle of the light phase. The electric prod was inserted into 

their cage and when the rats touched the prod they received a mild shock (200 µA). After 

the first shock was given, the behavior of the rat was monitored for 10 minutes (Eline 

software program). The following behaviors were scored: immobility, exploration of the prod, 

exploration of the cage and burying of the prod. The percentage time spent burying the prod 

was the main criterion for the coping style: animals burying 10 or less percent of the time 

were characterized as passive, rats burying 20 or more percent of the time were 

characterized as proactive. Rats that were between the cut-off criteria (10-20% burying) 

were not included in the study. Previous studies from our lab have shown that rats from the 

Roman strain display a more extreme coping style than the rats derived from the WTG 

population (13).  
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Experimental set-up: 

Experiments 1 and 2:  

 In the current study, we studies whether coping style and physical activity interact 

in the susceptibility to hyperinsulineamia. To this end, we used rats with an extreme coping 

style, the Roman High/Low avoidance rats and rats with an intermediate coping style, the 

proactive and passive WTG rats. We subjected the extreme copers from the Roman stain to 

an IVGTT with a relatively high dose (15%, a of glucose that still remained within the 

physiological range, (20)) under baseline and running conditions. The more moderate WTG 

rats were subjected to a lower dose IVGTT (10 %).These doses were chosen based on 

previous studies with the two strains in our lab (Boersma 2010). The rats were equipped 

with two indwelling jugular vein catheters, to allow for stress free blood sampling and 

glucose infusion. The rats were given 2 weeks to recover from surgery. Baseline 

measurement of food intake and water intake were made for 1 week, hereafter a baseline 

intravenous glucose tolerance test (IVGTT) was performed in all animals (day 0). 

 

Experiment 1: Chow diet 

 The rats in this study had ad lib access to a standard chow diet. After the baseline 

IVGTT, the rats were given access to the running wheel. During the first 10 days the rats 

were left to adapt to the running wheel, hereafter food intake, body weights and running 

activity were monitored for 20 days. After having access to a running wheel for 30 days, a 

second IVGTT was performed (day 31). The rats were given one week to recover (running 

wheel remained accessible), where after they were sacrificed to allow post-mortem analysis 

(day 38). 

 

Experiment 2: High fat diet 

 The rats in this study had ad lib access to a highly palatable high fat diet. The rats 

were habituated to this diet for 21 days before the first IVGTT. After this baseline IVGTT, the 

rats were given access to the running wheel. During the first 10 days the rats were left to 

adapt to the running wheel, hereafter food intake, body weights and running activity were 

monitored for 20 days. After having access to a running wheel for 30 days, a second IVGTT 

was performed (day 31). The rats were given one week to recover (running wheel remained 

accessible), where after they were sacrificed to allow post-mortem analysis (day 38). 

 

 



Coping style and physical activity 

127 

 

Experiment 3: Switch in diets 

 In the third experiment we investigated the response in voluntary running activity to 

a change in the diet. In this study both the Roman High/Low avoidance and the WTG strain 

were used. First, all rats had ad lib access to  standard chow  and access to the running 

wheel. The rats were habituated to the running wheel for 10 days. 10 days later, the rats 

were switched from chow to the high fat diet (ad lib). Their running wheel activity was 

monitored for the entire period, allowing a detailed analysis of running behavior. Food intake 

and body weights were measured daily. 

 

IVGTT: 

Rats were accustomed to the infusion and blood sample procedure before the 

onset of the experiments (21). On the experimental day the rats were denied access to their 

food from the beginning of the light phase until the end of the IVGTT; food was removed at 

CT0. Experiments were performed in the middle of the light phase, between CT4 and CT6. 

The blood samples were kept on ice and stored in files with 10 µl EDTA (0.09g/ml). For 

glucose determination 50 µl of full blood with 450 µl heparin solution (2%) was stored at -

20°C until analysis. Blood glucose levels were determined using the ferry-cyanide method 

(22) in a Technicon auto analyzer. The remaining blood was centrifuged for 15 minutes and 

plasma was stored for insulin determination. Plasma levels of insulin were measured using 

commercial radioimmunoassay (RIA) kits (Linco Research).  

For the Roman rats the IVGTT consisted of a 30 minutes infusion of 15 mg in 0.1 

ml saline per minute (total 450 mg in 3 ml). Before the onset of the infusion, two baseline 

samples (0.2 ml) were taken at time points t = -11 and 1 minutes. The infusion of glucose 

was started at t = 0 minutes. Additional blood samples (0.2 ml) were taken at time points t =  

5, 10, 15 , 20, 25, 30, 35, 40, and 50 minutes. A total blood volume of 2.2 ml was taken and 

blood loss was substituted with saline. 

For the WTG rats the IVGTT consisted of a 20 minutes intravenous infusion of 10 

mg glucose in 0.1 ml saline per minute (total 200 mg glucose in 2 ml saline). Before the 

onset of the infusion, two baseline samples (0.2 ml) were taken at time points t = -11 and 1 

minutes. The infusion of glucose was started at t = 0 minutes. During the 10 mg/min glucose 

IVGTT blood samples (0.2 ml) were taken at time points t = 3, 5, 7, 10, 15 , 20, 25, 30, and 

40 minutes. A total blood volume of 2.2 ml was taken and blood loss was substituted with 

saline. 
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Post mortem analysis: 

After the IVGTT, the rats had one week to recover before they were sacrificed (day 

38). Animals were sedated using isoflurane anesthesia. 5 ml blood was removed through 

heart puncture (left ventricle), hereafter the rats were sacrificed with an overdose 

Pentobarbital (1 ml pentobarbital-sodium 6%). Epididymal fat pads, retroperitoneal fat pads, 

and the liver were removed weight. In the plasma, leptin levels were measured using 

commercial radioimmunoassay (RIA) kits (Linco Research).    

 

Data Analysis: 

All data are displayed as an average of the strain with the standard error of the 

mean. Differences in food intake, body weight, running activity and body fat distribution 

between the different experimental groups were determined with a one-way ANOVA with the 

dietary conditions as the within subjects factor, and the strain as the between subject factor. 

With this test an interaction between diet and strain could also be determined. A tukey post-

hoc test was performed to analyze the different diet-strain interactions. Differences between 

the strains, the diets and the different coping styles in the insulin and glucose responses 

were assessed with a repeated measures ANOVA with the diet as the within subjects factor 

and the strain as the between subjects factor. With this test interactions between diet and 

strain were assess as well. Post hoc analysis (Tukey) was performed to asses diet-strain 

interactions. In all statistical tests a confidence interval of 5% was used. 

 

Results: 

Experiment 1: chow diet 

Sedentary conditions:  

Body weights and food intake of the rats are displayed in table 1. There were no 

differences in body weight between proactive and passive individual of the WTG (WTGa and 

WTGp, resp.) strain on either diet. The rats of the WTG strain weighed significantly more 

than rats of the Roman strain (F(1, 63) = 4.516 p<0.05). Figure 1 displays the glucose and 

insulin response of WTG rats during an IVGTT. On chow there were no differences between 

the WTGa and WTGp rats in the insulin levels during the IVGTT.  
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Table 1: Body weight and food intake of RLA, RHA, WTG passive (WTGp) and WTG proactive (WTGa) 

rats under sedentary and voluntary running conditions fed either chow or high fat diet. Food intake is 

expressed as average daily intake in kcal. Body weights were measured after 21 days exposure to the 

diet. * indicates a significant difference with sedentary rats of the same strain (p<0.05). 
a
 indicates a 

difference from chow fed rat of the same strain and under the same environmental conditions. 

 

 RLA RHA WTG p WTGa 

Body weight (g) 

Baseline chow 415 ± 14 390 ± 9 405.± 9 386 ± 14 

Running chow 409  ± 13 386 ± 8 399. ± 19 375 ± 18 

Running high fat 436 ± 15 412 ± 9
 a
 487 ± 15

 a
 458 ± 22

 a
 

Food intake (kcal /day) 

Baseline chow 91.2 ± 3.6 92.7 ± 3.9 88.2 ± 4.8 90.6 ± 3.6 

Running chow 107.4  ± 2.5* 104.2 ± 2.6* 94.4 ± 3.4 92.2 ± 2.9 

Running high fat 118.4 ± 4.3
 a
 108.2 ± 3.3

 a
 115.8 ± 3.9

 a
 116.4 ± 4.2

 a
 

 

Under baseline conditions there were no significant differences between RLA and 

RHA rats. Rats, of either coping style, weighed significantly more when fed a high fat diet in 

comparison with chow fed rats (F(1,28) = 6.888 p<0.05). There were no significant 

differences between the coping styles under baseline, chow fed conditions. Figure 2 

displays the insulin and glucose responses to an IVGTT in proactive and passive rats of the 

Roman rat strain. There were no differences in the glucose response between the 

experimental groups. Under sedentary, chow fed conditions the insulin response of 

sedentary RLA rats was significantly higher than the response in the RHA rats (F (3,20) = 

5.168, p<0.01).  
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Figure 1: Glucose and insulin responses to an intravenous glucose tolerance test (IVGTT, 20 minutes 

glucose infusion at 10mg/ml) in sedentary and running Wild Type Groningen rats on chow. A: glucose 

levels in WTGp rats. B: glucose levels in WTGa rats  C:  insulin levels in WTGp rats on . D: insulin 

levels  in WTGa rats. E: area under the insulin response curve (AUC) in WTGp rats F: area under the 

insulin response curve (AUC) in WTGa rats . Black symbols represent baseline sedentary conditions, 

white symbols represent voluntary running conditions. * indicates a significant difference p<0.05. 
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Figure 2: Glucose and insulin responses to an intravenous glucose tolerance test (IVGTT, 30 minutes 

glucose infusion at 15mg/ml) in sedentary and running rats of the Roman strain on chow. A: glucose 

levels in RLA ratst. B: glucose levels in RHA rats C: insulin levels in RLA rats. D: insulin levels  in RHA 

rats E: area under the insulin response curve (AUC) in RLA rats. F: area under the insulin response 

curve (AUC) in RHA rats. Black symbols represent baseline sedentary conditions, white symbols 

represent voluntary running conditions. * indicates a significant difference p<0.05. 
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After running: 

 When a running wheel was available, there were no significant differences in body 

weight or food intake between WTGa and WTGp rats. During access to a running wheel, 

food intake increased significantly in chow fed rats independent of their coping style (F(1,15) 

= 5.456 p<0.05). On chow there were no differences in the distance ran between WTGa and 

WTGp rats. Figure 1 displays the glucose and insulin levels during the IVGTT. Under 

running conditions there were no differences between WTGa and WTGp rats in glucose 

levels during the IVGTT. The insulin responses of rats with access to a running wheel and 

fed the chow diet were not significantly different from their responses during baseline in 

either coping style. The daily running activity of the WTG rats is displayed in figure 3A. 

There were no differences between passive and proactive WTG rats in running activity on a 

chow diet.  

 Access to the running did not induce a difference in body weight or food intake 

between the RLA and RHA rats. When chow fed rats were given access to a running wheel 

their food intake increased significantly, this effect was not determined by the coping style of 

the rats (F(3,28) = 5.456 p<0.05). Figure 3B displays the distance ran daily in the running 

wheel by proactive and passive rats of the Roman strains. The RLA ran significantly more 

than the RHA rats (Chow: F(1,15) = 9.332). Figure 2 displays the glucose and insulin levels 

during the IVGTT. Under running conditions there were no differences between RLA and 

RHA rats in glucose levels during the IVGTT. When a running wheel was available, passive 

coping chow fed rats significantly lowered their insulin response to an IVGTT in comparison 

to sedentary rats (p<0.01). 

 

Figure 3: Daily running activity of the rats on chow. A: running activity of rats of the Roman rat strain. 

White bars = RLA, black bars = RHA. B: running activity of rats of the WTG rat strain; white bars = WTG 

passive, black bars = WTG proactive. * indicates a significant difference (p<0.01). 
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Experiment 2: High fat diet 

Sedentary conditions: 

 Under sedentary conditions all WTG rats ate and weighed significantly more when 

fed a high fat diet  when compared to chow fed WTG rats (F (1,31) = 4.587 p<0.05 and 

F(1,31) = 5.678 p<0.05, respectively).). Figure 4 displays the glucose and insulin response 

of WTG rats on the high fat diet during an IVGTT. Neither diet nor coping style influenced 

the glucose response to an IVGTT. The insulin levels of the passive WTG rats on a high fat 

diet were significantly increased as compared to chow fed passive WTG rats and proactive 

WTG rats on either diet (F (3,28) = 5.176 p<0.05). On the high fat diet, the passive WTG 

rats displayed increased insulin levels compared to proactive rats (WTGa) (F(1, 15) = 3.465, 

p<0.05). 

 Under baseline conditions there were no significant differences between RLA and 

RHA rats. Rats, of either coping style, weighed significantly more when fed a high fat diet as 

compared to chow fed rats (F1,28 = 6.888 p<0.05). Figure 5 displays the insulin and glucose 

responses to an intravenous glucose tolerance test in proactive and passive rats of the 

Roman strain on the high fat diet. There were no differences in the glucose response 

between the experimental groups. The diet did not alter the glucose response to an IVGTT. 

Passive RLA rats on the high fat diet displayed higher insulin levels as compared to RHA 

rats and chow fed RLA rats (F(3, 20) =3.425 p<0.05). 

 

After running: 

 Figure 4 displays the glucose and insulin levels during the IVGTT. Under running 

conditions there were no differences between passive and proactive WTG rats in glucose 

levels during the IVGTT. On the high fat diet, availability of a running wheel resulted in a 

significantly lower insulin response to an IVGTT in the passive rats (F (1,15) = 5.341 p 

<0.05). In the proactive rats, no differences in the insulin response were observed between 

baseline and running conditions. On the high fat diet, the passive WTG rats ran significantly 

more than the proactive WTGa rats (figure 6A)(p<0.01). Passive WTG rats on a high fat diet 

ran significantly more compared to chow fed passive WTG rats (F (1,15) = 8,529 p<0.01). 

High fat diet fed and chow fed proactive WTG rats showed similar running activity. 
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Figure 4: Glucose and insulin responses to an intravenous glucose tolerance test (IVGTT, 20 minutes 

glucose infusion at 10mg/ml) in sedentary and running Wild Type Groningen rats on the high fat diet. A: 

glucose levels  in WTGp rats. B: glucose levels  in WTGa rats C: insulin levels in WTGp rats. D: insulin 

levels in WTGa rats. E: area under the insulin response curve (AUC) in WTGp rats. F: area under the 

insulin response curve (AUC) in WTGa rats. Black symbols represent baseline sedentary conditions, 

white symbols represent voluntary running conditions. * indicates a significant difference p<0.05. 
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Figure 5: Glucose and insulin responses to an intravenous glucose tolerance test (IVGTT, 30 minutes 

glucose infusion at15mg/ml) in sedentary and running rats of the Roman strain on a high fat diet. A: The 

glucose levels  in RLA rats. B: glucose levels in RHA rats C:  insulin levels in RLA rats . D: insulin levels  

in RHA rats. E:  area under the insulin response curve (AUC) in RLA rats. F: area under the insulin 

response curve (AUC) in RHA rats. Black symbols represent baseline sedentary conditions, white 

symbols represent voluntary running conditions. * indicates a significant difference p<0.05. 

 

 No significant differences in body weight or food intake between RLA and RHA rats 

on either diet were observed in the period that the animals had access to the running wheel. 

Figure 5 displays the glucose and insulin levels during the IVGTT. Under running conditions 

there were no differences between RLA and RHA rats in glucose levels during the IVGTT. 

When a running wheel was available, passive coping high fat fed rats significantly lowered 

their insulin response to an IVGTT compared to baseline conditions (F1,28 = 5.435 p<0.05). 
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Figure 6B displays daily running activity. The passive RLA ran significantly more than the 

RHA rats (F(1,15) = 9.941 p<0.01). RLAs showed significantly higher activity when fed a 

high fat diet as compared to chow fed condition (F (1,15) = 10.919 p<0.01). High fat diet fed 

RHAs and chow fed RHAs were not different in running activity.  

 

 

Figure 6: Daily running activity of the rats on a high fat diet. A: running activity of rats of the Roman rat 

strain. White bars = RLA, black bars = RHA. B: running activity of rats of the WTG rat strain white bars 

= WTG passive, Black grey bars = WTG proactive. * indicates a significant difference (p<0.01). 

 

Experiment 3: dietary switch 

 In figure 7, daily food intake on both chow and the high fat diet is displayed. All rats 

increased food intake when they were switched to the medium fat diet (RM-ANOVA; diet 

F(3, 30) = 5.289 p<0.05). The increase was significantly higher in  the passive animals when 

compared to the proactive counterparts (p<0.05). Figure 8 displays the body weight gain 

during the experimental period. There were no significant differences in body weight gain 

between the experimental groups. 

Figure 9A displays the running activity of the WTG rats. Under chow fed conditions, 

there were no difference between the proactive and passive rats of this strain in running 

activity. When switched to the high fat diet, passive individual significantly increased running 

activity, while the running activity of the proactive rats remained unchanged (RM-ANOVA; 

F(3, 29) = 4.659 p<0.01). 

Figure 9B displays the running wheel activity of rats of the Roman rats before and 

after the switch in diets. Already on the chow diet, the RLA ran significantly more the RHA 

rats (F(1,15) = 9.332 p<0.01). When switched to the high fat diet, the RLA rats further 

increased their running activity (RM-ANOVA; diet*coping F(3, 30) = 3.459 p<0.05). The RHA 

rats did not change their running activity when they changed to the high fat diet.  
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Figure 7: Body weight  in percentage of baseline at day -14  of rats that switch from chow to a high fat 

diet at day 7. A: body weight gain in RLA and RHA rats. White symbols = RLA, black symbols = RHA. 

B: body weight gain in WTG passive andproactive rats. White symbols = WTG passive, black symbols 

= WTG proactive rats. 
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Figure 8: Daily food intake in kcal/day when of rats that switch from chow to a high fat diet at day 7. A: 

Food intake of RLA and RHA rats. White symbols = RLA, black symbols = RHA. B: Food intake of WTG 

passive and WTG proactive rats. White symbols = WTG passive, black symbols = WTG proactive. * 

indicates a significant difference (p<0.01). 
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Figure 9: Daily running activity in wheel revolution/day of rats that switch from chow to a high fat diet at 

day 7. A: Running activity of RLA and RHA rats. White symbols = RLA, black symbols = RHA. B: 

Running activity of WTG passive and WTG proactive rats. White symbols = WTG passive, black 

symbols = WTG proactive. * indicates a significant difference (p<0.01). 
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Table 2: Body fat distribution RLA, RHA, WTG passive and WTG proactive rats under voluntary running 

conditions fed either chow or high fat diet. 
 a 

indicates a significant difference between chow fed and 

high fat diet fed rats within a strain. 

 RLA RHA WTGp WTGa 

Epididymal fat (g) 

Chow (run) 4.07 ± 0.21 4.53 ± 0.24 5.2 ± 0.55 5.45 ± 1.26 

High fat(run) 5.24 ± 0.59
 a
 4.12 ± 0.24 5.10 ± 1.40 5.31 ± 0.92 

Retroperitoneal  fat (g) 

Chow(run) 7.65 ± 0.8 7.22 ± 0.7 7.58 ± 0.43 10.58 ± 1.39 

High fat(run) 7.66 ± 0.80 7.23 ± 0.70 9.12 ± 1.42 10.23 ± 1.33 

Subcutaneous fat (g) 

Chow(run) 33.50 ± 1.19 32.99 ± 1.34 29.13 ± 4.13 27.37 ± 2.45 

High fat(run) 37.52 ± 0.91 33.79 ± 1.42 33.27± 3.27 31.24 ± 4.12 

Fat mass (%) 

Chow(run) 14.28± 0.30 13.93  ± 0.37 11.38± 1.77 11.72± 0.93 

High fat(run) 14.31± 0.16 13.55 ± 0.41 10.51± 1.33 10.28 ± 1.76 

Fat free mass (%) 

Chow(run) 86.49 ± 4.03 86.07 ± 3.93 88.62± 3.66 88.28 ± 4.62 

High fat(run) 85.69 ± 4.03 86.45± 3.93 89.492 ± 4.65 89.72 ± 4.56 

 

Table 3: Leptin levels of RLA, RHA, WTG passive and WTG proactive rats under sedentary and 

voluntary running conditions on either a chow or a high fat diet. * indicates a significant difference with 

sedentary rats of the same strain (p<0.05).  

 RLA RHA WTGp WTGa 

Chow baseline leptin (ng/ml) 8.09 ± 1.76 3.80 ± 0.76 10.51 ± 4.69 5.25 ± 2.53 

Chow running leptin  (ng./ml) 4.95  ± 0.95* 3.86 ± 0.75* 6.09 ± 0.82 4.86 ± 0.75 

High fat baseline leptin (ng/ml) 9.32 ± 2.31 6.53 ± 1.42 8.67 ± 3.64 7.25 ± 3.25 

High fat running leptin  (ng./ml) 5.63  ± 1.34* 4.23 ± 0.89* 5.89 ± 1.45 5.83 ± 2.46 
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Discussion: 

 The current study investigated the potential beneficial effect of voluntary physical 

activity on hyperinsulineamia in rats characterized by a passive or proactive coping style. In 

the present study, voluntary wheel running indeed resulted in increased insulin sensitivity. 

This occurred in all experimental groups on all diets, although the effects of wheel running 

were significantly more pronounced in the passive individuals of both strains.  

In the present study, we confirmed our previous observation that the extremely 

passive RLA rats are hyperinsulineamic, even when fed a standard chow diet (14). 

Voluntary wheel running completely normalized insulin responses of the RLAs. A similar 

phenomenon was observed in the moderately passive WTG rat on a high fat diet: their 

elevated insulin levels under sedentary conditions returned to normal when a running wheel 

was accessible. 

But the most striking finding was the spontaneous increase in wheel running 

behavior that occurred in all passive, but none of the active individuals when the diet 

changed from chow to high fat. This increase in running paralleled the increased energy 

intake on the high fat diet which was, again, significantly higher in the passive individuals. In 

fact, the data of the present study suggest that passive animals may spontaneously 

increase their voluntary physical activity to compensate for an increased metabolic risk, in 

particular on the high fat diet. The following lines of evidence support this assumption: 1) on 

chow, sedentary RLAs are hyperinsulineamic (14), but when a running wheel is available 

they run more than their proactive counterparts and insulin levels turn back to normal, 2) on 

a high fat diet, sedentary RLAs are even more hyperinsulineamic than on chow (13), when a 

running wheel is available they run even more than on chow, 3) both passive and proactive 

sedentary WTGs are normo-insulinemic on chow (13), when allowed to run there is no 

difference in wheel running behavior, 4) passive WTGs are hyperinsulineamic on a high fat 

diet (13), when allowed to run they suddenly run much more than the proactive WTGs on a 

high fat diet, 5) both passive RLA and WTG rats immediately increase their spontaneous 

wheel running behavior when their diet is switched from chow to high fat and 6) sedentary 

proactive RHA and WTGa rats are insulin sensitive both on chow and on a high fat diet (so 

they are not metabolically at risk) and they do not change their spontaneous wheel running 

behavior when the diet is changed. 

We may speculate that differences in behavioral flexibility may lay at the origin of 

the observed difference in running activity in response to the dietary switch. Passive 

individuals seem more sensitive to environmental cues (19), which may translate to the 

adaptive increase in voluntary running when energy intake is increased. In future studies, 
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this hypothesis should be tested by exposing individuals clearly differing in the level of 

behavioral flexibility to shifting dietary conditions, in which their behavioral responses to 

compensate for dietary intake are challenged more through roughly. This study shows that 

the passive coping individual, evolutionary primed for varying environmental conditions, are 

insulin sensitive under running conditions. These individuals only seem to have a problem 

when their environmental conditions do not match the migratory conditions they are 

evolutionary prime for. It thus seems that we may be studying a mismatch phenomenon, 

instead of the mechanism of the disorder. 

 Most of the studies in literature that focus on the regulation of the energy balance 

use standard laboratory rats housed under sedentary conditions. This in itself is not a 

problem, since that might exactly mimic the present obesogenic environment of the 

overweight human in the Western world. As previously argued by Booth et al (23), the 

standard control group in human experimentation has switched from a lean physically active 

individual to a sedentary, moderately overweight person over the course of years, without a 

change in the interpretation of these ‘control’ data. This may lead to misinterpretation of 

experimental data in human studies. Likewise, the results from the present study emphasize 

that we should be aware of the environmental conditions of our experimental animals and 

adapt our line of reasoning accordingly. 

 The differences in spontaneous running activity between proactive and passive rats 

under high fat diet conditions is very intriguing. It suggest that running should be considered 

as a behavioral adaptation to poor metabolic control. This finding is not completely new: rats 

have been known to adapt their activity levels to match the nutritional levels; rats fed a high 

energy diet may increase activity levels (24). Likewise, there are reports in literature that 

experimental animals that are characterized by an obese phenotype under sedentary 

conditions such as Oleft rats and MC4 knockout mice will (almost) return to normal body 

weight when they are allowed to exercise, they indeed show increased levels of wheel 

running in comparison to the lean controls (25;26). However, we are not aware of studies in 

normal weight animals and a direct relationship between insulin profiles and the amount of 

voluntary physical activity.  

 In summary, we showed in the present study that 1) voluntary running is beneficial 

for improving insulin sensitivity, in particular in extreme and moderate passive rats that are 

characterized by hyperinsulineamia, and 2) that passive coping rats spontaneously increase 

their  running activity when their diet is switched from chow to palatable high fat whereas 

proactive rats do not. We conclude that passive individuals are vulnerable for the 

development of diet-induced hyperinsulineamia under sedentary conditions, but that these 
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individuals may adapt their spontaneous physical activity level when in the dietary conditions 

change. In contrast, proactive individuals are less susceptible to develop hyperinsulineamia, 

however, these individuals do not display alterations in physical activity levels in response to 

overeating. One might speculate that these proactive may therefore benefit less from an 

opportunity to become physically active, so they might be at risk when hyperinsulineamia 

does occur.    
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Abstract: 

 

With the increasing incidence of obesity and its associated pathologies the need for 

successful life style intervention programs is increasing as well. Based on our previous 

studies in experimental animals, we hypothesize that the personality of the individual serves 

as a crucial factor that may predict the success of a weight loss intervention program. In the 

current study we aimed to translate our findings from the rat studies to the human population 

and performed two life style intervention studies with overweight human volunteers with a 

known personality. The most striking finding in the present study were: 1) passive individuals 

perform better than proactive individuals in a training program, 2) passive individuals 

compensate for an increased training activity by reducing spontaneous activity on non 

training days, 3) there were no differences in success rate between passive and proactive 

individuals on a moderate diet-and-activity based intervention program. In conclusion, the 

data from the present study reveal that the personality of the individual may serve as a 

crucial factor that may predict the relative success of an exercise-based weight loss 

intervention program. The results of the present study are remarkably similar to data from 

our previous experiments in rats, indicating that the rat studies might be translated to the 

human population. The studies also provided convincing evidence for the existence of an 

endogenous mechanism that may regulate an individual’s total activity on a day to day 

basis. 
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1. Introduction: 

 With the increasing incidence of obesity and its associated pathologies the need for 

successful life style intervention programs is increasing as well. Since the origin of the 

obesity epidemic seems to lie in an increased consumption of palatable high energy foods 

combined with a strong reduction in daily physical activity, most treatment programs focus 

on decreasing food intake and increasing energy expenditure. For at least a part of the 

population, life style intervention programs have proven to be successful in reducing health 

risks. However, there are large individual differences in the success rate of these programs 

(1;2). The most striking example is of an obese woman who followed a strict low calorie diet 

for 15 weeks. Surprisingly, at the end of 15 weeks of treatment her body weight had 

increased. It turned out that during the diet, the woman’s daily resting metabolic rate 

changed from 1479 kcal/24h at baseline to 927 kcal/24h at the end of the intervention (3). 

This example shows that it is difficult to predict an individual’s chance of success in any 

weight loss program by simply the compliance to the intervention program. 

We hypothesize that the personality of the individual serves as a crucial  factor that 

may predict the relative success of a weight loss intervention program. Indeed, several 

studies have investigated the role of the personality in weight loss programs and found that 

personality has an impact on both surgical and behavioral treatments against obesity. The 

data of these studies were, however, not easy to interpret, sometimes even conflicting (4-6). 

Therefore we performed a series of studies in experimental rats and provided convincing 

evidence that personality indeed plays an important role in predicting the outcome of both 

diet and exercise based interventions (7-9).   

 In the current study we went back from bench to bed and aimed to translate our 

findings from the rat studies to the human population. To this end we performed two studies 

with overweight human volunteers with a known personality. The first study focused on the 

potential differences between passive and proactive individuals in the success rate of an 

exercise based intervention program. The second study focused on the possible differences 

between passive and proactive human volunteers in the success rate of a more moderate 

diet-and-activity based intervention program.   
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2. Materials and methods 

 

2.1 Personality: 

 We used two different questionnaires to determine the personality types. Both 

questionnaires divide the population into so-called proactive Type A or passive Type B 

personalities. In the first study the Bortner scale (10) was used. Proactive individuals score 

high and passive individuals score low on this scale. With this questionnaire we selected the 

6 highest and 6 lowest scoring individuals out of a population of 24 individuals. The 

individuals with intermediate scores were not included in the results. 

 In the second experiment we determined the coping strategy of the individuals with 

the Utrecht Coping List (UCL; (11)). This scale measures several aspects of behavior but we 

only used the score on the passive / active coping axis, which is very similar to the type A /  

Type B axis measured with the aforementioned Bortner scale. A high the score on the UCL 

scale reflects a passive coping style. Again we selected the 6 highest and the 6 lowest 

scoring individuals (selected out of a population of 16 individuals).  

 

2.2. Activity measurements: 

Daily activity was measured with a Personal Activity Meter (PAM). The PAM is a 

validated uni-axial accelerometer (28 gram). The PAM measures acceleration in the vertical 

plane with a sensitivity of 2 mV/G by means of a piezoelectric sensor. The acceleration 

signal is filtered (0.1-5 Hz) and integrated in a capacitor. The voltage of the capacitor is 

measured each second an digitized by an analog-to-digital converted (ADC) with gives an 

ADC score per second. In the microprocessor the ADC score is averaged per 24h resulting 

in a PAM score (12). Additionally, the number of minutes spent in at a certain acceleration is 

measured. Activity at a low acceleration are referred as the  “Low Zone” score and activity at 

medium and high acceleration are combined in the “Sport Zone” score. The participants 

were instructed to wear the PAM from awaking until going to sleep. The PAMs were 

attached to clothing around the hip. And participants were instructed to attach the PAM at 

the same point throughout the measurement periods. The participants were also asked to 

write down any activity at which they were not able to wear the PAM meter, like swimming.  

 

2.3 Experiment 1: Exercise based intervention 

24 healthy moderately obese adults (aged between 20-60 years) were recruited. 

Most of them were staff were staff of either the Provincie Groningen or the University of 

Groningen. All participants had a BMI above 25 (average 29.9 kg/m
2
). Participants were 
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excluded if they had 1) physical problems (other than obesity) limiting their exercise capacity 

or 2) if they were already participating in a life style intervention program.  

Baseline PAM measurements of daily activity were performed during the first two 

weeks of the experiment. In this period, the participants filled out the coping style 

questionnaire and baseline measurements of body weight, height and waist circumference 

were performed. After the baseline period, an exercise program started with two training 

sessions per week, for a total of six weeks. A training session consisted of 30 minutes 

aerobic training followed by 30 minutes resistance training. Trainings intensity was 

estimated at 7 metabolic equivalents (MET) (MET (pam) = (Pam score/100 +1)*10/9 (12)). 

During the exercise program daily physical activity was monitored using the PAM-meters. 

After six weeks, the body weight and waist circumference was measured to determine 

success of the intervention. 

It could not be excluded that increased physical activity on training days would be, 

at least in part, compensated by reduced activity on the non-training days. To investigate 

such a compensatory response, we decided to split the participants after three weeks in two 

groups of 12 participants. Both groups continued the standard exercise program, but one 

group (the informed group) was also motivated to remain active on the non-training days. 

These participants attended a presentation on the concept of non-exercise activity 

thermogenesis (NEAT) as described by Levine (13). During this presentations suggestions 

were given how to increase NEAT and the participants were asked to increase their daily 

NEAT. The other group served as control (uninformed group). Personalities were randomly 

assigned over the two groups. However, due to the limited number of participants, we could 

not differentiate between passive and proactive individuals in this part of the study  

 

2.4 Experiment 2: Diet-and-activity based intervention 

16 healthy obese adults (aged between 20-60 years) were recruited from the Sleep 

Apnea clinic of the Martini Hospital. The participants all had a BMI above 30 (average 35.2 ± 

4.3 kg/m
2
). Individuals were excluded if they had physical problems limiting their exercise 

capacity (other than obesity), and if they were already participating in a life style intervention 

program.  

In the first week of the study, baseline measurements of body weight, height and 

waist circumference were performed and the subjects were asked to fill out the coping style 

questionnaire. Baseline PAM activity was measured during the first two weeks of the 

experiment. In the second week of the baseline measurements, we asked the participants to 

fill out a food diary to monitor their daily intake patterns. The participants were instructed to 
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fill out the diary for 7 consecutive days, which is sufficient to provide a reliable indication of 

an individual’s dietary habits (14). After this 2-weeks baseline period the participant met with 

a dietitian in training (supervised by a licensed dietitian) who gave the participant a 

personalized dietary advice. The advice was based on their intake recorded in the food diary 

during the baseline week. The extra health advice was mainly a request to increase their 

NEAT, similar to the end-advice in Experiment 1. We then let the participants undisturbed for 

two weeks, in which they were required to wear the PAM for another two weeks. In the third 

week of the experiment, the participants were asked to fill out the food diary for another 

week. Four weeks after the dietary advice was given a final measurement was made, during 

which their body weight, waist circumference and fat mass was reassessed.  

 

2.5 Data analysis: 

The data of Experiment 1 were calculated as averages with standard error of the 

mean. The differences between baseline and training conditions were statistically tested with 

repeated measures ANOVA with personality as the between subjects factor. The activity on 

the non training days was calculated as percentage of the baseline activity. Differences 

between baseline and non training day activity were analyzed with repeated-measured 

ANOVA for the passive and proactive individuals separately. The data of last part of 

Experiment 1 were expressed as averages with standard error of mean. The differences 

between the first three weeks and the second three weeks were statistically compared with 

repeated measures ANOVA with level of information as between subjects factor. The data of 

Experiment 2 were expressed as averages with standard error of mean. The differences 

before and after diet intervention were statistically tested with repeated measures ANOVA 

with personality as between subjects factor. For all statistical analysis a confidence interval 

of 5% was used. 
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3. Results: 

3.1 Experiment 1: an exercise based intervention 

 Figure 1 provides the absolute activity scores of all 24 participants in the baseline 

period and on the training days in the first 3 weeks of the intervention. Figure 1a shows the 

total PAM score. Training significantly increased the PAM score (1A) (RM-ANOVA F(1, 23) = 

10.1140 p<0.05 , 29.9 ± 5.7 % increase), as well as the time spent in the sport activity zone 

(1C) (RM-ANOVA F(1, 23) = 17.495 p<0.01, 65.5 ± 16.3 %). The increase on training days 

in the time spent low activity zone (1B) did not reach statistical significance (p = 0.087, 17.0 

± 5.2 %). 

 Table 1 provides the effect of the exercise intervention program on the body mass 

index (BMI) and waist circumference. Both BMI and waist circumference was significantly 

lowered in both proactive and passive coping individuals (RM-ANOVA F(1, 23) = 12.510 

p<0.05, 2.4 ± 0.7%  and  RM-ANOVA F(1, 23) = 13.174 p<0.05, 2.1 ± 0.5 %, respectively), 

even after such a short training period. There were no differences between passive and 

proactive coping individuals under any circumstances. 

 

Table 1: Body weight and waist circumferences of passively and proactively coping individuals before 

and after the exercise intervention. * indicates a significant difference before and after the intervention 

(within a personality). 

 passive proactive 

BMI before (kg/m2) 31.8 ± 1.9 30.7 ± 2.5 

BMI after (kg/m2) 31.1 ± 0.7 * 29.8 ± 3.1* 

Waist circumference before (cm) 109.5 ± 7.3 102.7 ± 9.1 

Waist circumference after (cm) 108.0 ± 6.3 * 100.4 ± 13.0 * 
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Figure 1: The average total daily activity of all participants during the baseline period and on training 

days. A: PAM score, B:  time spent in low activity zone, and C: time spent in sport activity zone. White 

bars is  baseline period, black bars are  training days. * indicates a significant difference between 

baseline and training days (p<0.05). 
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Figure 2 shows the PAM scores at baseline and on training days in the intervention 

period in passive and proactive individuals. At baseline there were no differences between 

PAM scores of proactive and passive personalities. Both groups increased their daily activity 

during  training. The increase by itself was significant in the passive coping individuals but 

not in the proactive individuals (Passive individuals: RM-ANOVA time F(1,11) = 3.458 

p<0.05 Passive: 37.5 ± 12.0 % increase; Proactive 11.2 ± 7.9% increase). In addition, the 

individual change in PAM score between baseline and training days was significantly larger 

in the passive individuals when compared to the proactive ones (RM-ANOVA 

personality*time interaction F(3, 21) = 9.421 p<0.05 ).  

 

 

Figure 2: Total daily activity of passive and proactive personalities on baseline and training days. White 

bars represent passive personalities, black bars represent proactive personalities. * indicates a 

significant difference between baseline and training days. 

 

 Figure 3 shows  PAM scores and the time spent on low activity on non training 

days in passive and proactive individuals during the exercise intervention. The data are 

expressed as percentage of the activity on similar days in the baseline period. Passive 

individuals were significantly less active on non training days when compared to the 

proactive individuals for both activity zones (PAM: RM-ANOVA time* personality interaction 

F(3,21) = 3.394 p<0.05; Low zone:  RM-ANOVA time* personality interaction F(3,21) = 

4.786 p<0.01). The reduction from baseline was significant for both activity zones in the 

passive but not in the proactive individuals (Passive individuals RM-ANOVA time F(1,11) = 

13.485 p<0.01).  
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Figure 3: PAM scores and the time spent on low activity on non training days in passive and proactive 

individuals during the exercise intervention. Data are expressed as percentage of the activity on similar 

days in the baseline period.. White bars represent passive personalities, black bars represent proactive 

personalities. * indicates a significant difference passive and proactive individuals 

 

 In the second part of experiment 1, the participants were divided in two groups and 

one group (informed group) was motivated to increase their daily non-exercise activity 

thermogenesis (NEAT). Figure 4 displays activity scores of the informed and the uninformed 

group.  In the first three weeks of the experiment, thus before the participants were 

informed, there were no differences in activity scores between the two groups. The 

individuals in the informed group significantly increased their low zone activity scores in 

comparison to their scores in the first three weeks of the experiment (RM-ANOVA F(1,10) = 

5.524 p<0.05) . The low zone activity scores in the informed group were also significantly 

higher that the scores in the uninformed group (p<0.05). The sports zone activity scores 

were completely opposite: individuals in the informed group significantly reduced their sports 

zone activity scores in comparison to first three weeks of the experiment (informed: RM-

ANOVA time F(1,10) = 4,318 p<0.05). The differences in the sports zone activity scores 

between the informed and uninformed groups were not significant. There were no 

differences in the PAM scores.   
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Figure 4: Total daily activity scores of the informed and uninformed group in the first and second three 

weeks of Experiment 1  A: total daily PAM  score. B:  time spent in the low activity zone C: time spent in 

the sport activity zone. White bars = uninformed group. Hatched  bars = informed group. * indicates a 

significant difference (p<0.05). 
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3.2 Experiment 2: Diet-and-activity based intervention 

  

Figure 5 displays total daily food intake before and after the intervention. At 

baseline there were no significant differences between the passive and proactive individual 

in their food intake, although there was a trend that proactive personalities seem to eat more 

(p = 0.078). After dietary advice both groups significantly lowered their caloric intake (F 

(1,13) = 5,0457 p<0.05, 13.2 ± 6.4 % decrease). There was no interaction between 

personality and time, suggesting that passive and proactive individuals responded similar to 

the dietary advice. 

 

Figure 5: Total daily food intake before and after dietary advice in passive and proactive personalities. 

White bars = before dietary advice, black bars = after dietary advice. * indicates a significant difference 

(p<0.05).  

 

 Table 2 provides body weights and waist circumferences of passive and proactive 

individuals before and after the diet-and-activity intervention. There were no significant 

differences in any of the parameters measured  

 

Table 2: Body weight and waist circumferences of passive and proactive individuals before and after 

the diet-and-activity intervention.  

 passive Proactive 

BMI before (kg/m2) 34.8 ± 2.2 35.4 ± 1.3 

BMI after (kg/m2) 34.9 ± 2.4 35.3 ± 1.3 

Waist circumference before (cm) 114.7 ± 3.9 120.8 ± 2.4 

Waist circumference after (cm) 114.6 ± 3.9 119.8 ± 1.9 
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Figure 6 displays the total fat intake before and after the intervention. At baseline 

the diet of the passive personalities contained significantly less fat than that of the proactive 

personalities ( F(1,13) = 7,654 p<0.05). Both groups reduced their fat intake after dietary 

advice (F(1,13) = 5,087 p<0.05, 19.1 ± 8.1%). There was no significant difference between 

the personalities.  

  

Figure 6: Total daily fat intake before and after the dietary advice in passive and proactive personalities. 

White bars represent passive personalities, black bars represent proactive personalities. * indicates a 

significant difference (p<0.05). 

 

The daily activity scores before and after the diet-and-activity advice are presented 

in figure 7. During baseline measurements there were no differences between passive and 

proactive individuals in total daily activity. Both total daily activity expressed as PAM score 

(F(1,13) = 7.020 p<0.05, 13.7 ± 5.1 % decrease) and time spent in the sport zone (F(1,13) = 

7.757 p<0.05, 19.8 ± 4.6 % decrease) significantly increased in both personality groups. The 

effects seemed more pronounced in the proactive individuals, it did, however, not reach 

statistical significance. 
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Figure 7: Total daily activity before and after the dietary advice in passive and proactive personalities. 

White bars represent passive personalities, black bars represent proactive personalities. * indicates a 

significant difference (p<0.05). 

 

4. Discussion: 

 The current study investigated the role of the personality in the potential success of 

a life style intervention. Based on our previous studies in rats (7-9), we expected that 

individuals characterized by a passive personality would be more successful in a exercise 

based life style intervention program. The results of the present study in humans seem to 

confirm this, at least in part. In experiment 1, the performance of the passive personalities, 

reflected by the PAM and sports zone scores, was significantly better than that of the pro-

active personalities. This finding is remarkable similar to our previous findings in rats, 

confirming the face validity of the rat model.  

These differences in training activity may be due to a different response to the 

instructions given by the trainers. Passive personality types are known to be more sensitive 

to external motivation (15). This may have lead to a higher motivation to exercise in a guided 

setting, although our instructors failed to notice a difference in motivation or adherence 

between the passive and the proactive individuals. Our data are, in part, supported by 

previous observation by Sullivan and colleagues (16) who showed that individuals that were 

successful in losing weight in a inpatient highly supervised intervention were characterized 

by low scores for novelty seeking, a personality trait consistent with a passive personality. 

From these data one may speculate that, since passive personality types seem more 

sensitive to external motivation, highly supervised training programs, such as  training with a 

personal trainer, might  be particularly effective for these individuals. In contrast, proactive 
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personality types are less sensitive for external motivation and seem mostly driven by  

competition (17). Therefore competition sports or training in a group of peers, would be a 

better suited for the proactive individuals.  

Based on the differences in training activity, one would expect that the passive 

personalities would be more successful in terms of weigh loss or reduction of waist 

circumference. However, there were no differences between the proactive and passive 

personalities in this: they both improved. The reason for this is clear: the passive individuals 

compensated for the extra trainings activity by reducing their spontaneous low zone activity 

on the non training days. Although we cannot rule out that the decrease in spontaneous 

activity was a conscious decision of the participants, this compensatory reduction in 

spontaneous activity seems a striking example of the Activity-Stat, previously defined by 

Wilkin and colleagues: total activity is regulated, probably by a centrally mediated 

mechanism (18-21). At this point, one should note however, that, although increased training 

activity might be compensated, an exercise intervention program still leads to an 

improvement in BMI and weight circumference and, most tenable, in (patho)physiological 

parameters (reviewed in (22)).   

Proactive individuals did not compensate at all for the increased training activity, 

which confirms their pre-programmed routine-like personality. One may speculate that there 

is an evolutionary basis for the differential response between the personalities. Historically, 

the passive personality type is better suited to variations in their environment, therefore 

these individuals seem to display more flexibility in their behavioral patterns. Proactive 

behavioral strategies are highly successful in stable environments, therefore routine 

formation is strongly associated with a proactive behavioral style (23). This difference in 

behavioral flexibility may result in a different strategy to compensate for increased physical 

activity during the intervention. 

In the second part of Experiment 1, we tried, in half of the participants, to avoid the 

compensatory reduction in activity on non training days by motivating them to remain active 

outside training sessions (information on NEAT). The information proved very effective: the 

informed group remarkably increased their low zone activity. However, this did not lead to a 

increase in total PAM score over the weeks because the informed participants unknowingly 

reduced their sport zone activity score. This reduction in training activity was not noticed by 

the coaches. This surprising compensatory reduction in training performance due to an 

increased NEAT may be considered, again, as striking evidence for the above mentioned 

Activity-Stat (18;21). Unfortunately, the low number of participants did not allow 

distinguishing between the proactive and passive individuals in this part of the study. 



Chapter 8 

162 

 In the second study we further investigated the difference between passive and 

proactive personalities in a life style intervention program. This second study used a more 

moderate intervention based on a personalized dietary advice and a general request to 

increase daily activity. Both groups followed the instructions, they significantly reduced their 

self-reported total energy intake (specifically fat) when compared to baseline measurements. 

They also increased their activity scores significantly. Unfortunately, the four weeks 

intervention period was too short to see significant improvements in BMI or waist 

circumference. There were also no significant differences between the passive and 

proactive individuals in this experiment, which may lead to the conclusion that either 

personality does not play a role in the potential success of a diet-based intervention program 

or that the intervention was too short and too moderate to see significant changes.  

 Although we need to keep in mind that the data presented in this chapter , the data 

from the present study confirms that the personality of the individual may serve as a crucial 

factor predicting the relative success of an exercise-based weight loss intervention program. 

The result of the present study are remarkably similar to data from our previous experiments 

in rats, indicating that the rat studies could possibly be translated to the human population. 

This provides an opening for experiments in rats that focus on the underlying neurohormonal 

mechanisms in the central nervous system. The present studies also provided evidence for 

the existence of an endogenous mechanism that may regulate an individual’s total activity 

on a day to day basis. This mechanism seems similar to the Activity Stat, proposed by the 

group of Wilkin (18;21). 
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Abstract 

Restricted food intake is associated with increased physical activity, very likely an 

evolutionary advantage, initially both functional and rewarding. The hyperactivity of patients 

with Anorexia Nervosa, however, is a main problem for recovery. This seemingly 

paradoxical reward of hyperactivity in Anorexia Nervosa is one of the main aspects in our 

framework for the neurobiological changes that may underlie the development of the 

disorder. Here, we focus on the neurobiological basis of hyperactivity and reward in both 

animals and humans suggesting that the mesolimbic dopamine and hypothalamic orexin 

neurons play central roles. 
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Food intake and physical activity: an evolutionary perspective 

Ever since Neel (1) proposed the existence of “thrifty genes” any publication on the 

evolutionary perspective on (over)feeding and body weight control emphasizes the 

importance of the relative unpredictable periods of feast and famine during evolution in man 

(e.g.,(2)). This evolutionary pressure led to overfeeding when food is abundant and 

increased efficiency in the storage of energy substrates, particularly fat (1). These changes 

were beneficial for survival, and so the human brain adapted: it made overconsumption of 

high fat and high caloric food rewarding and it slowly shifted the upper level for homeostatic 

regulation of body weight to a higher value (3). 

It is important to note that the shift to increased energy intake in times of plenty is 

generally accompanied with a simultaneous reduction in physical activity (4). Physical 

inactivity significantly reduces energy expenditure and is as important as increased food 

intake for storage of energy when food is in supply. Thus, there were at least three important 

factors that have emerged during evolution in man in times of plenty: people continuously 

overeat, are physically inactive and store energy very efficiently. Together, these factors 

offer the perhaps simplest, least redundant explanation of the current epidemic of obesity.  

However, with all the current emphasis on the obesity problem, one seems to 

forget that shortage of food, rather than abundance, is the main evolutionary pressure under 

which human biology has evolved (5). One should therefore appreciate the adaptations that 

made survival possible during the inevitable periods of famine. The physiological responses 

to starvation are well described: lower body temperature, reduced heart rate, low body fat 

percentage and reduced levels of leptin and insulin combined with an increased sensitivity 

for these hormonal factors as are some of the metabolic effects (6;7). The behavioral 

responses are less well documented. Probably the most interesting adaption is that shortage 

of food is generally accompanied with an increased capacity for intermittent high levels of 

physical activity (8). Increased physical activity was crucial for the original hunters and 

gatherers to survive in times of famine. But the importance of increased physical activity in 

times of restricted food access is also illustrated in more contemporary studies on the life of 

Australian Aboriginals in their natural environment and the reports from the Dutch Hunger 

Winter (5). Since periods of famine were probably more frequent than times of plenty (9) one 

may even argue that a low body weight combined with a high level of physical activity is the 

original and therefore the real human homeostatic phenotype (5). Hence, we need to 

acknowledge that restricted availability of food is associated with increased physical activity, 

the obvious basis for foraging for food; an efficient foraging strategy is long recognized as a 

main evolutionary advantage (10). 
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Thus, from an evolutionary perspective it may be concluded that there is a direct 

and functional relationship between food availability and physical activity: increased food 

intake is associated with reduced physical activity whereas restricted access to food will lead 

to hyperactivity.  

 

Activity-based anorexia and food anticipatory activity 

 Hyperactivity in periods of reduced food availability is not unique for humans. Curt 

Richter, the famous American psychobiologist already found that if food is served for a 

limited period of time the meal is preceded by an increase in physical activity (11). This 

phenomenon is referred to as food anticipatory activity (FAA). The biological explanation for 

the fact that meals are preceded by FAA is similar to the abovementioned evolutionary 

approach to human hyperactivity in starvation: animals need to be active in search for more 

food if the supply of food is limited (as is commonly the case in the natural habitat). 

Interestingly, a pioneer of the study of patients with Anorexia Nervosa (AN) pointed out that 

they too show FAA (12). 

 Food anticipatory activity, noted already by Skinner (13) is an extremely powerful 

phenomenon in many animals including rats (for a review see (14)). If rats are allowed to eat 

for only one hour a day and also given the opportunity to run in a running wheel, they will 

gradually increase their daily running activity (Figure 1). In this condition they will run 

themselves to death within 5-7 days ((15)). This exaggerated hyperactivity during restricted 

food access is known as activity-based anorexia (ABA). Phenomena such as ABA and FAA 

(Figure 2) are most prominent in rats with access to a running wheel but also occur in food 

restricted rats housed in very large cages with several play objects or groups of food 

restricted rats housed together in a large colony cage (Boersma and Scheurink, unpubl 

data).   
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Figure 1: Restricted access to food for 1, 2 or 4 hours per day leads to a dose-dependent increase in 

running activity. Ad lib rats serve as controls.  

 

Figure 2: Food anticipatory activity (FAA): if food is served for a limited period of time, the meal 

(provided from CT10 to CT12) is preceded by an increase in running activity (expressed as wheel 

revolutions per 30 minutes).  

 

Hyperactivity in Anorexia Nervosa 

Reduced food intake combined with enhanced physical activity is prominent in 

patients with AN as was noted already 136 years ago (16) and has since been confirmed 

(17;18). An illustration of hyperactivity in AN is presented in Figure 3. We quantified the 

average activity of the patients with a Mini-Logger® (Mini-Mitter Co, Inc, North Bend 
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Oregon) over a period of 7 days. Figure 3 shows the 24 hour activity patterns of two AN 

patients. For comparison the activity patterns of one obese patient who followed a special 

exercise program from 8-12 AM is also presented in this figure. While measuring physical 

activity, the meal schedules of the patients were also monitored. Figure 4 combines the 

meal schedule of one of the patients with her activity score during one of the recording days. 

Note the peaks of activity in the periods directly preceding a meal and the remarkable 

resemblance with the FAA patterns in the ABA model, in accordance with the clinical 

observations made by Bruch (12). 

Hyperactivity is nowadays demonstrated in many AN patients and has been 

accepted as a key characteristic of the disorder. Hence, the original, qualitative clinical 

observation made by Gull (16) has been re-affirmed; Gull noticed that self-starving girls were 

not only emaciated and hypothermic but also restless and hyperactive. These were incisive 

clinical observations and Gull went on to note that firstly, that the hyperactivity was very 

difficult to control and secondly, that it appeared to be agreeable and rewarding for the 

patients. In our view, Gull’s agreeable restlessness is directly comparable to the rewarding 

properties of increased physical activity in the hunters and gatherers and all other human 

and animal models combining restricted food intake and hyperactivity. Recently, this 

hypothesis has received further support (19;20). 

 

Figure 3: Average 24 hour activity in two Anorexia Nervosa (AN) patients and one obese (OB) 

individual. Note that the obese individual followed a special exercise program between 8:30 and 11:30  
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Figure 4: Meal schedule and activity patterns of one AN patient. Note the remarkable resemblance with 

the FAA in the ABA model. 

 

Physical activity and reward. 

 From the paragraphs above, one may conclude that an increase in physical activity 

during food restriction may initially be functional and, therefore, agreeable or rewarding. But 

it is important to realize that physical activity, running in particular, by itself is rewarding and 

may even be addictive; e.g., by causing release of endogenous opioid peptides in the brain 

(21). Just as in wheel running rats, regular distance runners report feelings of euphoria after 

a strenuous bout of exercise (runner's high), the need to increase the running distance to 

achieve feelings of well-being (tolerance), difficulties in job performance and social 

interactions (addiction) and symptoms of withdrawal, including depression, irritability, and 

anxiety, when prohibited from running; (withdrawal)(22-26). 

 Several studies provide further evidence for the rewarding properties of running 

and/or hyperactivity. In a T-maze test, which determines the preference of the individual, 

rats were found to choose the arm of the maze that gave them access to a running wheel 

(27). Likewise, rats showed a clear place preference for an environment that was presented 

immediately after wheel access (28). The most convincing observation though is that rats 

are willing to press a lever to gain access to a running wheel (29-31). Interestingly, rats not 

only pressed the lever on a standard fixed-interval, but were also motivated to learn intricate 
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variable ratio’s to gain access to the running wheel (32), to a similar extent as observed in 

rats lever pressing to gain access to drugs of abuse.  

 Another line of evidence for the rewarding properties of physical activity comes 

from mechanisms involved in reward. Generally, drugs of abuse (as well as food) are 

thought to owe their rewarding characteristics to activation of the mesolimbic dopamine 

system (33). The mesolimbic system consists of a dopaminergic projection from the ventral 

tegmental area (VTA) to the nucleus accumbens (NAc), and the NAc shell has projections 

mainly to limbic structures including the lateral hypothalamus and the cortex (34-36). There 

is growing evidence that running and drugs of abuse activate overlapping neural systems 

(33;37-40). Chaouloff and colleagues (41) showed that physical activity activates the 

mesolimbic dopamine system. Furthermore, both wheel running and drugs of abuse 

increase dopamine release within the reward pathways, augment central dopamine levels, 

and alter dopamine binding (42;43). Additionally, like drugs of abuse, running wheel 

changes the expression of receptors specific to the mesolimbic and mesostriatal dopamine 

system; activity increases levels of ∆FosB within the NAc, while overexpression of ∆FosB in 

striatal dynorphin neurons enhances both running and drug self-administration (40;44). 

 The final evidence for similar rewarding properties of physical activity and drugs of 

abuse can be found in the interactions between these two factors. Drugs of abuse are 

known to interact in two different ways. First, two drugs of abuse can be interchanged with 

each other. When a second drug of abuse is made available this can replace the use of the 

initial drug (reviewed in (45)). Similar to drugs of abuse, wheel running attenuated self 

administration opiates, alcohol and psychomotor stimulants (e.g. amphetamine and 

cocaine)(46-50). Secondly, addiction to one drug generally reinforces the use of a second 

drug. Cocaine administration, for example enhances addictive behavior for ethanol. Werme 

and colleagues (44) have shown that wheel running reinforced ethanol addiction in a similar 

manner as does cocaine administration. Again, these studies confirm a rewarding, and 

possibly even addictive properties of physical activity, in particularly running. The recent 

neuroimaging evidence of activation of the VTA-NAc dopamine neurons in AN-patients is 

consistent with this evidence (19). 

 

Addicted to hyperactivity: a theoretical framework. 

 It is generally assumed that AN patients initially increase their physical activity as a 

means to reduce their weight. We believe, however, that, as dieting progresses, AN patients 

become addicted to the physical activity (20). Indeed, individuals with eating disorders, who 

exercise, report that it is difficult to refrain from exercise despite many adverse physical 
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consequences (e.g., an unhealthy decrease in body weight, decreased bone density, stress 

fractures). Additionally, symptoms reminiscent of drug withdrawal, including anxiety, 

depression, and irritability often develop when these individuals are unable to exercise (22-

24). Finally, there is evidence that drug abuse has increased among eating disorder 

patients, although more often among bulimics than among anorexics (51;52), offering 

perhaps further evidence of a common neurobiological engagement in these two conditions.

  

 Reduced food intake and high physical activity are still being recognized as the two 

main risk factors of AN (5;53). We already pointed out that the physical activity during food 

restriction is functional, rewarding and potentially addictive. Likewise, it has been suggested 

that losing weight can also be enjoyable, pleasurable or rewarding, particular to a woman 

(54). In fact, any clinician familiar with eating disorder patients have heard her/his patients 

say how good it felt to eat less and move more. These observations support the idea that 

both risk factors for AN may activate the reward pathways in the brain (53). Therefore, we 

hypothesize that the dopaminergic reward system plays a crucial role in the development of 

AN. Supporting evidence for this possibility comes from studies describing associations 

between dopamine 2 receptor polymorphism and AN; although this evidence is rather 

indirect and the associated cause-effect relationship is unclear (55;56). 

 Based on these assumptions, we defined the following theoretical framework for 

the neurobiological mechanisms underlying the development of AN. The condition develops 

because it is rewarding to eat less food and be active (dopamine–reward system). The 

reward systems involved extend from the mesencephalic dopamine cell bodies in the VTA to 

the NAc in the ventral striatum and forebrain (5). But the two risk factors for AN, physical 

activity and a reduction of food intake, do not only activate brain systems of reward but also 

those concerned with attention, i.e., the capacity to attend to sensory stimuli (5). In the brain, 

the attention system is mainly represented by noradrenalin-containing cell bodies in the 

locus coeruleus in the brainstem that project to many forebrain regions (5). As body weight 

gradually decreases and physical activity increases, the experience of reward is replaced by 

an urge be active to avoid the symptoms of abstinence, just as how any other dependence 

develops (20). We have suggested that in this situation, anorexic behavior is maintained 

because it is conditioned to the stimuli that originally provided the reward (noradrenalin–

attention system). In other words, the combination of increased reward and attention may 

create an optimal situation for learning. Thus, it might be initially rewarding to diet and to be 

active and, at the same time, the patient learns what stimuli provide the reward. The 

behavior of the anorexic patient is then maintained by conditioning to these stimuli. For an in 
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depth overview of the neural networks engaged in cue-controlled eating, reward and 

attention we refer to a previous review by Södersten et al (5). 

 

The neurobiology of ABA  

 Human studies may only offer indirect information on the neurobiological 

engagement in the hyperactivity of AN; an animal model is required. Whilst there is no direct 

evidence that healthy animals display self-starvation in the same manner as AN patients, the 

ABA-paradigm (restricted access to food combined with the availability of a running wheel) 

comes very close to the hyperactivity in AN (see (57) for a discussion of the many 

similarities and few differences between the two). Thus, the ABA-model meets many of the 

validity criteria for AN, in particular the hyperactivity under starvation conditions. ABA-rats 

even display self-starvation if the period of food restriction is prolonged (58). 

 

Dopamine 

 Many recent studies on hyperactivity in the ABA model focus on dopamine 

signaling within the mesolimbic reward mechanism of the brain. Administration of a non-

selective dopamine antagonists as well as lesions of dopamine neurons in the NAc 

decreased the FAA(59;60), there are, however, conflicting data (61). In addition, dopamine 

depletion as well as dopamine receptor blockade, either D1 or D2 reduced food associated 

activity as well (62;63). Whilst measurements of dopamine release in the NAc by means of 

microdialysis failed to show an increase during FAA in ABA rats (60), indirect evidence for 

an involvement of the mesolimbic reward pathways in the hyperactivity in ABA derives from 

studies in which rats exposed to the ABA paradigm display more withdrawal symptoms after 

being injected with the opioid antagonist naloxone compared to both active rats without food 

restriction and inactive rats with food restriction (21;64). Interestingly, the degree of 

withdrawal symptoms correlated strongly with the degree of hyperactivity observed (64).   

 

Orexin: a neuropeptide involved in food restriction, hyperactivity and reward  

 The mechanisms through which the activation of the dopaminergic mesolimbic 

system reinforces running wheel behavior during food restriction (and vice versa) remain 

partially elusive. We hypothesize that ABA-hyperactivity might be reinforced by an 

interaction between orexinergic neurons in the lateral hypothalamus and the dopaminergic 

reward system. Orexin is involved in arousal and food intake processes; activation of orexin 

receptors leads to an increase in physical activity and, interestingly, orexin is released in 

response to food restriction (65;66). By itself, these actions and alterations of hypothalamic 
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orexin makes this neuropeptide of particular interest for studies on starvation-induced 

hyperactivity. But it has also been documented that the orexin system plays a central role in 

reward mechanisms and the effects of drug of abuse (67;68). Hypothalamic orexin neurons 

project to the VTA (69-71), and both dopaminergic and non-dopaminergic neuros in the VTA 

are excited by orexins (72;73). It has been shown that orexin signaling is involved in 

cocaine- and morphine-induced hyperlocomotion and place preference through the 

mesolimbic dopamine system (72;74). Furthermore orexin deficient mice are less 

susceptible to develop drug dependence (75) and orexin injection into the VTA can reinstate 

an extinguished preference for drugs of abuse (76). Orexin may therefore mediate the 

rewarding properties of hyperactivity by interacting with the mesolimbic pathway by 

amplifying dopamine release and providing an incentive for an animal to express previously 

rewarded running activity.  

 

Dopamine - orexin interactions 

 There are direct interactions between the orexin neurons in the lateral 

hypothalamus and the dopaminergic mesolimbic system. This connection seems to have a 

bidirectional character: orexin neurons project to the VTA (35) and via the dopamine 1 

receptor orexin neurons are exited by the mesolimbic dopamine system (77). This 

bidirectional activation creates a positive feedback loop enhancing initial activation of the 

reward pathway.  

Our own data support these interactions between dopamine and orexin. First, we 

observed increased orexin mRNA expression in the lateral hypothalamus (LH) in rats 

displaying ABA (figure 5A). Secondly, we were able to attenuate ABA-induced body weight 

loss by administering a selected orexin 1 receptor antagonist (figure 5B). Thirdly, both ABA-

induced weight loss and the development of FAA were blocked by administration of a 

selective dopamine 1 receptor antagonist (figure 5C). Fourthly, the over expression of orexin 

mRNA during ABA was blocked by administering the dopamine 1 receptor antagonist (figure 

5D). These results support our hypothesis that ABA activates a positive feedback loop 

between orexin neurons in the LH and the mesolimbic dopamine pathway. 
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Figure 5: A: orexin mRNA expression  in lateral hypothalamus (LH) in ad lib fed rats (White bars, n=6) 

and rats expressing activity-based-anorexia (ABA) (Black bars, n=6). B: Body weight gain during the 

ABA regime of rat treated with either an orexin 1 receptor antagonist (SB-334867, n=8) or vehicle 

(DMSO, n=8). Body weight loss on day 6 is presented as a percentage of the baseline body weight of 

the rats on the 8 days prior to the start of the food restriction. C: Food anticipatory activity (expressed as 

a percentage of total daily activity) on the 6
th
 day of the ABA paradigm in rats treated with saline (Black 

bars, n=8) or the dopamine 1 receptors antagonist SCH23390 (Diagonally striped bars, n=8). D:  orexin 

mRNA expression  in LH in ad lib fed rats (White bars, n=5), in ABA expressing rats treated with saline 

(Black bars, n=5) and in ABA expressing SCH 23390 treated rats (Diagonally striped bars, n=4). Figures 

5A and 5D were adapted from the thesis of Ricard Nergårdh (87). * indicates a significant difference 

compared to the control group (p<0.05), ** indicates a significant difference compared to the ABA saline 

group (p<0.01). 
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Reflection 

 Admittedly, we have mentioned only some selected aspects of starvation-activity 

neurobiology. Some well known, additional aspects should be added to make this picture 

less incomplete. Hence, it is long known that the expression of physical activity, particularly 

in wheel-running models, is controlled by the suprachiasmatic hypothalamic generator of 

circadian rhythms, with light being a main entrainer of the rhythm (78). However, it is equally 

well known that food is a powerful entrainer of activity rhythms (14). Neuropeptide Y 

increases in the hypothalamus in association with food deprivation, enhances wheel running 

and decreases food intake in the ABA-model (57) and has been implicated in non-light 

entrainment of activity rhythms mediated by a thalamo-suprachiasmatic pathway (79). Yet, 

the location of the food-entrainable circadian oscillator has remained elusive. However, it 

was recently suggested to be located to the ghrelin-producing cells of the stomach (80). This 

observation is particularly interesting in the present context because ghrelin, of course, is 

increased in the starvation of AN as in other kinds of starvation (81). Just like neuropeptide 

Y (82), ghrelin has been suggested to play a role in food anticipatory activities (83). Clearly, 

the neuroendocrine cascades engaged in human AN and animal ABA are far from a 

complete description; many exciting discoveries lie ahead. 

 Finally, a word of reflection might be appropriate. “Reward” and more generally 

“motivation” is, of course, an intervening construct, not a place in the brain. A founder of 

behavioral neuroendocrinology felt that “motivation is the phlogiston of psychology” (84). 

There is a risk by using intervening constructs and it is therefore not surprising that studies 

on the neural engagement of "reward" or “pleasure” or even “happiness” engage 

neurochemical networks beyond mesolimbic dopamine pathways. Behavioral scientists are 

often best off when behavioral data are combined with as few intervening variables as 

possible. 

 

Final conclusion 

 We tentatively conclude that the hyperactivity of starvation has a biological, 

evolutionary basis that was initially functional and rewarding; the high physical activity of AN 

patients is likely an expression of this evolutionarily ancient behavior akin to what Tinbergen 

referred to as “vacuum activity”, beyond voluntary control and which hampers recovery (85). 

The seemingly paradoxical rewarding aspect of the hyperactivity in AN is one of the main 

aspects in our framework for the neurobiological changes that are associated with the 

development of AN. This framework was launched to combine experimental behavioral 

neuroendocrinology with the clinical phenotype of AN (53), and has since then been 
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extended to include more recent information on the neuroendocrine and behavioral 

characteristics of a low body weight in humans, “the human homeostatic phenotype” (5). In 

this paper we have discussed the neurobiology of hyperactivity and reward in AN, in 

particular the engagement of mesolimbic dopamine reward pathways and hypothalamic 

orexin neurons.  

 Whilst it remains to be determined if these new insights can be implemented 

clinically, our framework has already guided our clinical work; Gull (16)was right in that 

restriction of patient’s physical activity is a major intervention. Other important interventions 

include removal of the cues which maintain disordered eating (5), but above all learning 

normal eating patterns. A randomized controlled trial demonstrated that a combination of 

these interventions are effective and results in a remission rate of 75% in a large group of 

patients (n=168) and a relapse rate of only 10% in a year in 83 patient in remission (86). 

This outcome is encouraging and we expect further progress as the neurobiology of physical 

activity and other issues related to the effects of starvation emerges.   
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Abstract: 

 Hyperactivity is a seemingly contradictory and ill-understood symptom of Anorexia 

Nervosa. Risk factors for the development of hyperactivity during starvation are not 

extensively studied due to the large individual variation in the display of this symptom. We 

hypothesize that the personality, or coping style, of an individual might predict their risk to 

develop hyperactivity during starvation. To investigate this we selected rats with either a 

proactive or passive personality and subjected them to the activity-based anorexia 

paradigm, an animal model for Anorexia Nervosa. In this study we showed that rats 

characterized by an extremely passive coping style lost more weight and displayed higher 

levels of hyperactivity on the ABA paradigm than their proactive counterparts. In a second 

study we aimed to elucidate the mechanism behind the increase hyperactivity development 

in the passively coping rats. We hypothesized that differences in dopaminergic activity might 

be causal to the differential susceptibility. Therefore, we treated rats with a selective 

dopamine 1 receptor antagonist. This treatment partially attenuated hyperactivity in the 

passively coping rats, and this, in turn, delayed weight loss in these rats. Overall we may 

conclude that passively coping individuals are more prone to develop hyperactivity during 

ABA, which is possibly due to an over activation of the dopamine system in these rats. 



D1 receptor antagonism in rats hypersensitive for ABA 

189 

Introduction: 

 

 Anorexia Nervosa (AN) is characterized by extreme hypophagia, low body weight, 

hypothermia, amenorrhea and hyperactivity (1). With a life time mortality rate between 5 and 

20 % this disease is among the most life-threatening disorders (2). One of the most 

intriguing symptoms of the disease is hyperactivity, which seems counterintuitive in energy 

deprived conditions. While hyperactivity is a common symptom of AN, there are clearly 

individual differences in the severity of the hyperactivity (3). Studies in humans and animal 

models for AN have shown that the occurrence of hyperactivity decreases survival rate 

significantly (4-6). 

 Over the course of primate history, our ancestors were probably frequently 

exposed to periods of famine, which may have lead to an adaptation in the physiology to 

enlarge changes of survival during famine. These physiological responses to starvation are 

well documented: lower body temperature, reduced heart rate, low body fat percentage and 

reduced levels of leptin and insulin (7;8); all responses aimed at saving energy under 

conditions of famine. However, as nicely reviewed by Charkravarthy (9), shortage of food is 

accompanied by an increased capacity for intermittently high levels of physical activity. For 

the original hunters and gatherers, the increased physical activity levels during periods of 

famine were crucial to increase foraging efforts, and thereby increase their survival chances 

(10), in addition to the above-mentioned physiological responses to famine. It seems that the 

hyperactivity observed in AN patients may result from adaptive evolutionary-based 

responses to starvation. In the case of AN patients, the adaptive hyperactivity does, 

however, not increase energy intake, like it did in our ancestors, since hypophagia in AN 

patients is not due to diminished opportunity to get access to food. 

 In a recent review, we introduced a framework for the development of hyperactivity 

in AN (11). We suggested that the hyperactivity in AN may have addictive properties to 

stimulate food searching behavior in times of famine. Several lines of evidence support a 

role of dopamine in this mechanism (12;13). This would mean that blockade of the central 

dopamine pathway should prevent behavioral hyperactivity in AN. We studied this in an 

animal model for AN and found indirect evidence for this (11).  

More direct evidence is required to accept our hypothesis that dopamine plays a 

crucial role in the development of hyperactivity in AN. However, studying the contributors of 

AN objectively is challenging in patients, and therefore an animal model is necessary. The 

activity-based anorexia (ABA) model can be used for this purpose. The ABA model 

combines food restriction with availability of a running wheel, which results in a strong 
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decrease in food intake and an increase in wheel running activity. The combination of 

hypophagia and hyperactivity results in extensive body weight loss. This model mimics 

several aspects of AN, such as weight loss, hyperactivity, hypothermia, and amenorrhea 

(5;14). However, it is important to note that within the human population there are large 

individual differences in personality profile which may affect the susceptibility to develop 

Anorexia Nervosa (15). Most studies that employ the ABA model or other animal models for 

eating disorders ignore this variation in personality by using standard rat strains such as 

Wistar or Sprague Dawley rats limiting the face validity of these studies for translation to the 

human situation.   

For this reason, we investigated the role of personality in AN, by subjecting rats to 

ABA that were 1) selectively bred for differences in personality or coping style (i.e., the 

Roman High and Low Avoidance rats), 2) passive and pro-active rats taken from the Wild 

type Groningen outbred population, which contains rats of varying coping styles/ 

personalities (16-18). Rats from the Roman High avoidance (RHA) and Roman Low 

Avoidance (RLA) employ, respectively, extremely proactive and passive coping strategies, 

when exposed to psycho-physiological stimuli. This dissociation is more moderate when 

viewed in the proactively and passively coping rats obtained from the Wild Type Groningen 

population. Unselected standard Wistar rats obtained from Harlan Netherlands served as a 

references group for the ABA model (19). The aim of the second experiment is to obtain 

direct evidence for our hypothesis that dopamine may play a crucial role in the development 

of hyperactivity in ABA. This would mean that particularly rats that are (hyper)sensitive for 

the development of hyperactivity on the ABA model may benefit from blockade of the 

dopamine pathway. To this end, we administered a selective dopamine 1 receptor 

antagonist during the ABA paradigm in the RHA and RLA rat strains, the animals with the 

most extreme coping styles. Again standard Wistar rats serve as a reference.  
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Material and methods: 

 

Animals 

Female rats weighing 195-230 grams at the beginning of the study were used. The 

following strains participated in the study: Roman High and Low Avoidance rats, Wild Type 

Groningen rats, and Wistar rats. The Roman High and Low Avoidance (RHA and RLA, 

respectively) rats were obtained from a breeding colony at the Clinical Psychopharmacology 

Unit, University of Geneva, Switzerland. Wild Type Groningen (WTG) rats were derived from 

our own breeding colony at the University of Groningen, the Netherlands. Wistar rats were 

derived from a commercial breeding facility (Harlan). The animals were individually housed 

in Nalgene polycarbonate running wheel cages (50x27x36) with free access to the running 

wheel (diameter 27 cm, Mini Mitter, Oregon, USA). Food and water were available ad libitum 

unless mentioned otherwise. The room was controlled for temperature and humidity (T=20 

°C, humidity 60%) and was kept at a twelve-hour light, twelve-hour dark cycle (lights 

switched on at CT 0). All animal experiments were approved by the local animal welfare 

committee (DEC, Groningen, the Netherlands) 

 

Coping style selection. 

The RLA and RHA rats originated from a different breeding colony, their coping 

style was known. The coping style of the WTG rats was determined by using a defensive 

burying test. The procedure of the defensive burying test used was first described by Pinel 

and Treit (20). In short, animals were housed in specialized defensive burying cages, 

standard cages (24x24x36 cm) with a hole of approximately 1 cm diameter. Through the 

hole an electric prod can be inserted. After a habituation period of at least a week the 

animals were tested. The test was performed in the middle of the light phase (CT4-CT10). 

The electric prod was inserted into their cage and after the first shock the behavior of the rat 

was monitored for 10 minutes (Eline software program). The time spent on exploration of the 

cage, exploration of the prod, burying the prod, and immobile behavior was scored. The 

percentage time spent burying the prod was the main criterion for selection of the coping 

style: animals burying ten or less percent of the time were characterized as passive, rats 

burying twenty or more percent of the time were characterized as active, and animals that 

were between the cut-off criteria (10-20% burying) were excluded from the study. Based on 

these criteria we selected 6 proactive WTG rats and 6 passive WTG rats. As expected, a 

complete segregation of burying behavior in RLA (no burying) and RHA (high burying) rats 

respectively, can be found (not shown).   
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Protocol for Activity Based Anorexia (ABA): 

The ABA experiments were similar to previous studies from our lab (11;21;22). 

After a period of baseline measurements, food was restricted for twenty-three hours per day. 

Food was available only during the first hour of the dark phase (CT12-13). Body weight was 

measured daily at CT5, seven hours before dark onset. Food intake was measured at 12 

and CT 13 (see figure 1). Running wheel activity of the rats was continuously measured in 

Nalgene running wheel cages by recording the number of wheel revolutions using two 

magnets. One magnet was attached to the frame of the wheel; the other was attached to the 

wheel. The Vital View Data Acquisition System (Mini Ritter, Oregon, USA) counted the 

number of times the magnets passed each other. This magnetic switch counted only 

complete revolutions of the wheel.  

 In all experimental groups, the ABA protocol was stopped after ten days or when 

animals lost more the thirty percent of their body weight relative to baseline. The timing of 

food intake, body weight and activity measurements is schematically depicted in figure 1. 

 

 

 

Figure 1: Experimental schedule of the standard ABA protocol. Black box indicates dark phase, white 

box indicates light phase, hatched box represents food access.  

0 12 13 24 5 

 

Body weight  
measurement 

Food intake  
measurements 

activity  
measurements 



D1 receptor antagonism in rats hypersensitive for ABA 

193 

Study design 

General: 

 All animals were habituated to the running wheel cages for at least ten days. Then 

food intake, body weight and baseline running wheel activity were measured for eight days; 

this included two estrous cycles.  

 

Experiment 1: 

 Experiment 1 focused on the individual variation in the susceptibility for ABA by 

subjecting rats from various rat strains that differ in coping style to the ABA model. To this 

end, 10 RLA rats, 10 RHA rats, 6 proactive WTG rats (WTGa), 6 passive WTG rats (WTGp),  

and 6 Wistar rats were subjected to the standard ABA protocol (Experiment 1A). To control 

for handling effects, we included a sedentary group (sed), which was housed in similar 

cages but in which the running wheel was blocked. Food was only available during the first 

hour of the dark phase. This study (Experiment 1B) was performed with 8 RLA and 8 RHA 

rats. Finally, a second control group was included in which all animals, 8 RLA rats and 8 

RHA rats, were pair-fed to the averaged daily intake of the RHA rats in Experiment 1A. This 

second control study (Experiment 1C) was included after we observed that there were 

differences in one hour food intake between the RHA and RLA rats in Experiment 1A. The 

food matched animals (fmc) received their food at the beginning of the dark phase at CT12 

and there was no restriction in time.  

 

Experiment 2:  

 Experiment 2 investigated the potential role of the dopaminergic system in the 

development of hyperactivity in the ABA model. To this end, the selective dopamine 1 

receptor antagonist, SCHC23390 or saline was administered daily during the ABA paradigm. 

This study was performed in the rat strains with the most extreme differences in coping 

style, the Roman High and Low Avoidance rats with standard Wistar rats as control. At day 

0, all animals were subjected to the standard ABA protocol. On the next day, the animals 

received an intraperitoneal injection of 1 ml/kg of either SCH23390 (0.025mg/ml, n = 8 per 

strain) or saline (n = 8 per strain). The injections started at day 1 and were daily given until 

the end of the study (day 6).  SCH23390 was purchased from Tocris Pharmaceuticals 

(Tocris Pharmaceuticals, Bristol UK) and was dissolved in saline. The dose of 0.025mg/kg 

per day was based on prior studies (Hyttel, 1983; Morelli 1985) and was sufficient to 

antagonize the D1 receptor for at least 6 hours without inducing cataplexy.   
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Data analysis 

 Data were calculated as averages with standard error of mean (SEM). The 

differences between the experimental groups in baseline body weight, food intake and 

differences in the defensive bury test were statistically tested with a one-way ANOVA with 

Tukey post-hoc analysis. Differences in the number of rats that have reached a body weight 

loss exceeding 25% on the third and tenth day of the ABA protocol were assessed using 

Chi-square analysis. Differences in body weight gain, food intake and wheel running activity 

during the standard ABA protocol were tested with a repeated measures ANOVA followed 

by an Tukey post-hoc test using the strain and the coping style as between subjects factors 

and the coping style*strain as an interaction effect. A confidence interval of five percent was 

used. Differences between the sedentary housed and running rats were statistically tested 

with a Repeated measures ANOVA with the coping style and treatment as between subjects 

factor, and coping style*treatment as interaction effect. Similarly, differences between the 1 

hour restricted and the food matched control rats were statistically tested with a repeated 

measures ANOVA with the coping style and treatment as between subjects factor, and 

coping style*treatment as interaction effect. Differences between the SCH23390 treated and 

saline groups as well as strain differences were statistically tested with a repeated measures 

ANOVA with the coping style and treatment as between subjects factor, and coping 

style*treatment as interaction effect.  

 In the ABA model, the weight-loss induced hyperactivity occurs mainly in the end of 

the light phase, in the hours prior to the administration of food (Mistleberger 1994). This 

phenomenon is known as Food Associated Activity (FAA). FAA was calculated by dividing 

the running activity during the last 5 hours of the light phase by the total daily running activity 

and express this as a percentage (Hillebrand 2006). The difference in FAA between the 

groups was statistically tested with a repeated measure ANOVA with a Tukey post-hoc test 

using the coping style and the treatment as between subjects factors. To compare the 

differences on a specific day a multivariate ANOVA with a Tukey post-hoc test with the 

strain and the treatment as between subjects factors was performed. To display the 

circadian activity pattern the activity per hour was calculated. Statistical relevance of the 

observed differences were determined with a repeated measures ANOVA, followed by a 

multivariate ANOVA to determine difference on a specific time point. Strain and treatment 

were the between subjects factors and additionally the interaction effect of treatment and 

strain was determined. In all statistical tests a confidence interval of 5% was used. 
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Results: 

 

Experiment 1: 

During the baseline period there were no differences in body weight between the 

eight groups. There was however a slight but significant difference in daily food intake 

between the RLA and the RHA (RLA 22.6 ± 0.7, RHA 20.8 ± 0.6, WTGp 21.3 ± 0.7, WTGa 

21.5 ± 0.8 and Wistar 20.1 ± 0.5) (Romans: RM-ANOVA coping style F3, 27 = 3.465, P< 

0.05).  

Figure 2A shows the body weights of all the groups before and during the ABA 

protocol. All animals lost weight during the ABA protocol. Overall, there was not a significant 

effect of strains (Roman vs WTG strains). There was, however, a significant interaction 

between the strain (Roman vs WTG) and the coping style (RM-ANOVA strain* coping style 

F 19,130 = 14.884, P< 0.01). The source of significance came from the RHA/RLA lines: body 

weights of the RLA rats were significantly lower than those of the RHA rats (RM- ANOVA 

coping style F 3.27 = 14.884, P< 0.001). Within the WTG strain no effect of coping style was 

observed. Daily food intake is presented in Figure 2B. Restricted food availability reduced 

the daily intake with approximately 70% on the first day to approx. 50% on days 3 to 6. 

Again, no differences were observed between strains, but there was a significant interaction 

between strain and coping style (RM-ANOVA strain* coping style F21, 119 = 4.442, P< 0.01). 

The source of significance was again found in the RHA/RLA lines: the RLAs ate significantly 

less than the RHAs on ABA (RM- ANOVA coping style F 3.27 = 3.465, P< 0.01),  no 

difference within the WTG line was found.  
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Figure 2: Body weights and food intake of rats of the Roman, Wistar and Wild Type Groningen strain 

subjected to ABA.  Body weight and food intake are expressed as a percentages of baseline body 

weight. Open circles = RLA rats, closed circles = RHA rats, light grey triangles = WTGp rats, dark gray 

triangles = WTGa rats, and grey squares = Wistar rats . * indicates a significant difference between 

RLAs and RHAs.  
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From figure 2a, it can be observed that the curve of the RLA rats is interrupted after 

day 3, since most rats in this group were matching the criterion of weight loss from 

exceeding 30% at that day. To allow a comparison with other groups, Table 1 provides the 

number of rats that reached a weight loss of > 25% at day 3 and 10. Rats of the RLA lost 

more weight than the RHAs, and more frequently reached a body weight loss exceeding 

25% on the third and tenth day of the ABA protocol, both in the 1 hr protocol as well as in 

the food matched controls.   

 

Table 1: The number of rats that have reached a body weight loss exceeding 25% on the third and 

tenth day of the ABA protocol. The symbols indicate differences that are significant  
a
 between RLA rats 

and all other strains,
 b
 between RLA rats and all other strains, c between the sedentary and the 1hr ABA 

within the same strain (p<0.05). (day 3: χ
2
 (100, N=9) = 4.287 p<0.001 ; day 10: χ

2
 (100, N=9) = 2.716 

p<0.001) 

Group Day 3 

# BW< 75% / total # rats 

Day 10 

# BW< 75% / total # rats 

RLA  (1hr) 7/10 
a
 10/10 

a
 

RHA  (1hr) 0/10 0/10 
b
 

WTGp (1hr) 1/6  4/6 

WTGa (1hr) 0/6 3/6 

Wistar (1hr) 0/6 3/6 

RLA (sed) 0/8
 c
 0/8

 c 
 

RHA (sed) 0/8 0/8  

RLA (fmc) 5/8  8/8  

RHA (fmc) 0/8 0/8   
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 Figure 3 depicts the wheel running activity over the day of the different rat strains at 

baseline and on the third and sixth day of the ABA protocol. During ABA, increased running 

occurred mainly at the end of light phase, a phenomenon known as Food Associated Activity 

(FAA). At day 3, FAA was markedly increased in the passive but not in the proactive 

animals, the differences between the RLAs and the RHAs were significant (RM-ANOVA 

coping style F3, 19 = 16.792, P< 0.01). The RHA showed almost no FAA at all during the ABA 

protocol. 

  

 

Figure 3: Circadian running wheel activity patterns of rats of the Roman and WTG strains on the 

standard ABA paradigm. A: wheel running of Roman rats. B: Wheel running of WTG rats. Data are 

expressed as average running activity per group ± SEM for day 0, 3 and 6 of the ABA protocol  Note the 

increased running (Food Associated Activity) in the light phase during ABA at day 3 and 6 when 

compared to day 0.  
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 Figure 4 presents the body weight changes and daily food intake in Experiment 1B: 

1 hour food availability of the two Roman strains with or without access to running wheel. 

The body weights of the sedentary RLA and RHA rats remained above 85 percent of 

baseline during the whole experiment and were significantly higher those of the animals that 

had access to the wheel (RM-ANOVA treatment F3, 27 = 5.976, P< 0.01). Food intake of  the 

sedentary housed RLA rats was significantly higher than that of the running RLA rats (RM-

ANOVA treatment*coping style F3, 27 = 4.536, P< 0.05;  RLA : RM-ANOVA treatment F1, 11 = 

7.648, p<0.01). Within the RHAs there were no difference in food intake between running 

and sedentary rats. 

 

Figure 4: Food intake and body weights of RLA and RHA rats on the standard ABA paradigm with or 

without running wheel A: Body weight expressed as a percentage of baseline at day 0. B: Food intake  

expressed as a percentage of the baseline at day 0 . Open circles =  running RLAs, closed circles =  

running RHAs, open triangles =  sedentary RLAs, closed triangles = sedentary RHAs.                   * 

indicates a significant difference between RLA and all other groups (interaction between treatment and 

coping style ) p<0.01  
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Figure 5 presents the body weight changes and daily food intake in Experiment 1C: 

1 hour restricted rats versus food matched controls. There were no significant differences in 

body weight between the restricted and food matched controls for both the RLAs and the 

RHAs. The differences in body weight between the RLAs and RHA are were significant, both 

for the restricted and the food matched controls (RM- ANOVA coping style F3, 19 = 16.948, 

P< 0.01). The food matched control RLAs had a significantly higher food intake compared to 

RLA rats on 1 hour of food restriction (RM- ANOVA treatment* coping style F3, 19 = 8.425, P< 

0.05; RLA: RM-ANOVA treatment F1, 11 = 6.897, P< 0.01) (figure 4B). 
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Figure 5: Body weight change (A) and food intake (B) during the ABA protocol expressed as a 

percentage of the baseline of 1 hour restricted RLA and RHA rats and their food matched controls  

Open circles = RLAs 1 hour food restricted, closed circles = RHAs 1 hour food restricted, open squares 

= RLAs food matched control, and closed squares = RHAs food matched control. 
 a 

indicates significant 

difference between both groups RLA rats and between both groups RHA rats (coping style effect) 

(p<0.01) .  
b 
indicates significant difference between 1 hour food restriction RLAs and food matched 

control RLAs (treatment effect).  
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Experiment 2 

 Figure 6 depicts the body weights and food intake of RLAs, RHAs and Wistar rats 

treated with SCH23390 or saline. All rats lost weight during the ABA protocol (RM-ANOVA 

time F18,204 = 518.249, p<0.001). Weight loss of the saline treated RLA rats was significantly 

higher  than that of all other groups (RM-ANOVA time*coping style* treatment F18,204 = 

24.750, p<0.001). There were no significant differences in food intake between the groups. 

  

 

Figure 6: Body weight change (A) and food intake (B) during ABA expressed as percentage of baseline  

of RLA, RHA and Wistar rats treated with SCH23390 or saline. Open Triangles = saline treated RLA 

rats, black triangles = saline treated RHA rats, grey triangles = saline treated Wistar rats, open circles = 

SCH23390 treated RLA rats, black circles =t SCH23390 treated RHA rats, and grey circles = 

SCH23390 treated Wistar rats.   “a” indicates that saline treated RLA rats differ significantly from all 

other groups (treatment * coping style interaction) (P<0.01). “b” indicates saline treated rats differ 

significantly from SCH23390 treated rats (treatment effect) (p<0.01). 
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 Figure 7 presents wheel running activity in the dark phase. There were significant 

differences effects of coping style (RM-ANOVA time* coping style F69,644 = 3.199, P<0.001), 

with RLA rats having significantly elevated running wheel activity compared to RHA rats, but 

not between saline and SCH23390 treated animals of the coping style.  

 

Figure 7: Wheel running activity during the dark phase in saline or SCH23390 treated RLA, RHA and 

Wistar rats on the third day of the ABA protocol.  Activity is expressed as the total number of wheel 

revolution  during the dark phase (12 hours). White bars = saline treatment, black bars =  SCH23390 

treatment.  

 

 

 

Figure 8 presents the Food Anticipatory Activity (FAA) of RLA, RHA and Wistar rats 

treated with either saline or SCH23390. An effect of coping style was observed on FAA (with 

significantly higher FAA in the RLAs when compared to the RHAs: RM- ANOVA coping style 

F19, 44 = 8.564 p<0.01). Overall, treatment with SCH23390 did not lower FFA. However, an 

interaction between treatment and coping style was observed (RM-ANOVA treatment* 

coping style F18,204 = 24.750, p<0.001), with differences between saline and 

SCH23990 treated animals in the RLA group specifically contributing to this effect. 

(RM-ANOVA treatment F16,58 = 13.78, p<0.01). In the Wistar, an effect of treatment 

was found (RM-ANOVA treatment F12,48 = 11.564, p<0.01), which appeared 

analogous to those found in the RLA coping style. 
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Figure 8: Food Anticipatory Activity (FAA) in saline or SCH23390 treated RLA, RHA and Wistar rats 

during  ABA. FAA was calculated as the total number of wheel revolutions ran in the 5 hours prior to 

food access divided by  total daily revolutions times 100%. A: FAA on the fourth day of  ABA. White 

bars =saline treatment, black bars =  SCH23390 treatment. * indicates a significant difference.   

B: FAA during the first 6 days of ABA.  Open circles = saline treated RLA rats, black circles = saline 

treated RHA rats, grey circles = saline treated Wistar rats, open triangles = SCH23390 treated RLA rats, 

black triangles = SCH23390 treated RHA rats, and grey triangles = SCH23390 treated Wistar rats. “a” 

indicates that saline treated RLA rats differ significantly from all other groups (treatment * coping style 

interaction) (P<0.01). “b” indicates that RLAs differ significantly from RHAs (coping style effect) p<0.05. 

“c” indicates that all RLA differ significantly from all RHA rats and that saline treated RLA rats differ 

significantly from SCH23390 treated RLA rats (coping style effect and interaction effect)(p<0.01). 
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Discussion: 

 The present paper addressed the role of personality in the susceptibility to develop 

activity-based anorexia (ABA) in rats. ABA in rats has a high face-validity for the processes 

that underlie Anorexia Nervosa in humans. Important for consideration of the presented data 

is that we included rats from a Wistar reference population with known susceptibility for ABA 

development (11;21). The most conspicuous findings in our studies on the role of personality 

in ABA development were: 1) passively coping Roman Low Avoidance (RLA) rats subjected 

to ABA have a much larger decline in body weight and suppression of food intake than 

proactively coping Roman High Avoidance (RHA) rats and  reference Wistar rats; 2) relative 

to the reference Wistar rats, RHA rats are less susceptible for body weight loss and 

suppression of food intake in the ABA model; 3) treatment with a selective dopamine 1 

antagonist reduces hyperactivity and weight loss in the ABA model. 

  Since body weight loss in the ABA model is the result of a complex interplay 

between hyperactivity and suppression of food intake, we performed food-matching 

experiments to tease out cause-effect relations. From the food-matched control groups, we 

can conclude that even though passive RLA rats have a lower food intake than proactive 

RHA rats, this is not the determining factor for their hypersensitivity to develop ABA. Since 

running activity is essential for escalation in the body weight loss during food restriction as 

seen during ABA, it is more likely that the hyperactivity arm of the model could predict 

differences between RLA and RHA rats with respect to ABA development, which indeed 

appears to be the case. Interestingly, within the strains there was no correlation between 

total 24-hours running activity and the amount of body weight loss on the ABA regime. 

However, there was a positive correlation between the amount of food associated activity 

(FAA), expressed as a percentage of the total activity, and the amount of body weight loss. It 

thus suggests that not the total amount of running activity determines the decline in body 

weight, but the amount of activity during periods that the animal would normally not be 

active. 

 Food associated activity (FAA) was increased in the RLA. An explanation for this 

might be the rewarding properties of running wheel activity. There are several lines of 

evidence that support the rewarding aspects of running. First, rats are willing to press a lever 

to get access to a running wheel (23;24). Secondly, running can reinforce reward responses 

to drugs of addiction. In other words, running reinforced ethanol addiction in a similar way as 

cocaine administration does (25). Finally, running wheel access and drug of abuse were 

shown to be interchangeable; access to a treadmill reduced morphine self administration in 

rats (26). Rats that are prone to drug addiction were shown to develop high levels of 
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voluntary running activity as compare to non-drug preferring rats (27). Since dopamine may 

be the neurobiological substrate of reward, we hypothesized that the hyperactivity, as 

observed in the ABA model, can be blocked with a dopamine 1 receptor antagonist, and this 

hypothesis was tested in the second experiment in this paper. We therefore treated RLA 

rats, hypersensitive for the development of ABA, with a selective dopamine 1 receptor 

antagonist in the attempt to block the development  of FAA during the ABA regime. 

Consistent with previous findings we have shown that saline treated Wistar rats display 

higher levels of FAA and consequently loose more weight than SCH23390 treated Wistar 

rats (11). In line with this, in the current study we were able to attenuate the development of 

FAA in the RLA rats by treatment with the d1 receptor antagonist. The decrease in FAA 

levels in these rats lead to an attenuation of body weight loss, although this was only a 

partial attenuation. Interesting, the course of body weight loss of the SCH23390 treated RLA 

rats was remarkably similar to that of saline treated normo-sensitive Wistar rats.  

 The efficacy of dopamine antagonism to attenuate FAA development seems 

receptor type dependant. In our studies a selective dopamine 1 receptor antagonist proved 

effective in blocking FAA. In contrast, Mistleberger and Mumby showed that Haloperidol, a 

non-specific dopamine 2 receptor antagonist, did not affect FAA development in male rats, a 

finding that was later confirmed by Verhagen and colleagues in female rats (28;29). It thus 

seems that specifically the dopamine 1 receptor is involved in the development of FAA. The 

dopamine 1 receptor is known to be more involved in motor control and may therefore be 

more effective. This raises the question whether treatment with SCH23390 induced motor 

function impairment, which then may have resulted in the observed reduced physical activity 

levels. Since we used a dose known to be below the threshold to induce motor dysfunction 

or cataplexia (30;31), which is consistent with the fact that dark phase activity was not 

affected by this dose of SCH23390, we are confident that the observed decrease in physical 

activity is not caused by an inability to be physically active. 

 Different from what would be expected from the increased susceptibility of the RLA 

to the development of ABA, Corda et al (32) have shown that the RHA, not the RLA, are 

more susceptible for the development of drug addiction. Furthermore, RHA rats display an 

elevated dopamine release in response to both stress and drug of abuse. We hypothesized 

that the running during the ABA regime would elicit an elevation of the mesolimbic dopamine 

pathway, leading to an elevated dopaminergic input into the Lateral Hypothalamus. This in 

turn leads to elevated orexin release, which leads to increase physical activity. The amount 

of dopamine released to orexin neurons might be crucial in this event. Alberto and co-

workers (33) have showed that dopamine has a differential effect on the firing rate of orexin 
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neurons, dependent on the ambient concentration of dopamine. When orexin neurons are 

stimulated with a low dose of dopamine (1µM) the firing rate of the orexin neurons increase. 

However, when the neurons were exposed to a higher dose (10 µM), the firing rate of the 

orexin neurons decrease. The dose-dependent response seems to result from activation of 

the different subclasses of dopamine receptors. The dopamine 1 receptor elicits a 

stimulatory effect, whereas the dopamine 2 receptor elicits an inhibitory effect, therefore a 

low dose of dopamine solely activates the d1 receptors. When a higher dose is administered 

both the d1 and d2 receptor subtypes are activated (33). The mechanism for this dose-

dependent d1 and d2 receptor-mediated modulation is not known (34), but differences in 

affinity state of the receptors might explain the observed differences between the drug and 

running induced responses within the Roman rat strains.  

 In the first experiment, the role of personality in susceptibility for ABA was tested in 

RHA/RLA rats lines selectively bred for avoidance behavior, as well as in rats obtained from 

our Wild Type Groningen outbred population, which were selected for coping style 

(active/passive) of burying behavior. From previous studies, we have learned to that RHA 

rats selected for proactive avoidance behavior have a high degree of burying behavior, 

whereas the RLA rats (selected for passive behavior in avoidance tasks) do not engage in 

burying behavior. Despite compatibility of the RHA/RLA and active/passive WTG coping 

styles, only the RHA/RLA lines differed considerably in body weight loss and food intake 

suppression (figure 2), and behavioral hyperactivity (figure 3). There are several 

explanations for this divergence between strains. Firstly, we may not have selected 

extremely passively coping rats in the WTG population, comparable to the passiveness that 

exists in the RLA line. It is at this point not clear whether the difference between the Roman 

and the WTG strains are due to the degree of passivity or due to co-selection of a genetic 

trait within the RLA line. A second possibility is that avoidance behavior is regulated by a set 

of genes which affect ABA development as well as burying behavior, but these genes do not 

necessarily overlap to the extent that selection of differences in burying automatically 

influences avoidance behavior and ABA development. Future studies are required to clarify 

these issues. 

Summarizing the data presented here show that an extremely passive coping style 

might be a risk factor for hyperactivity development in AN. Secondly, we showed an 

attenuation of hyperactivity by a dopamine 1 receptor antagonist in these rats which suggest 

a role for the dopaminergic reward system in the hypersensitivity of RLA rats to ABA. Based 

on these results, we hypothesize that hyperactivity in AN develops as a result of evolution 

inspired adaptations to starvation. To sustain food searching behavior, physical activity 
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should be rewarding under conditions of famine, this results in activation of the mesolimbic 

system to reinforce hyperactivity. Since a passive coping style originated to have a higher 

survival rate under unstable environmental conditions (18), the adaptive hyperactivity 

response to starvation might more strongly be reinforced in extremely passively coping 

individuals. As a result these individuals may experience hyperactivity more rewarding under 

starved conditions, making them more susceptible to AN development. 
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Introduction 

 Differentiation in personality is a wide-spread phenomenon in species across the 

animal kingdom. It is generally assumed that the development of coping strategies within 

species is driven by fitness trade-offs that act or have acted over the course of evolution (1). 

A proactive personality, characterized by high levels of aggression, routine formation and 

low levels of anxiety, is believed to be well- adapted to a territorial environment that remains 

stable over a prolonged time. In contrast, a passive personality type, characterized by high 

levels of behavioral flexibility, is thought to be adapted to a migratory setting. It is reasonable 

to assume that these adaptations also have repercussion to energy balance and fuel 

homeostasis characteristics of the individual. Therefore, the overall goal of this thesis was to 

elucidate the relation between personality and regulation of energy balance and fuel 

homeostasis and deregulations herein.  

 Most of the studies in this thesis were performed in rats.  We used of rats of 

breeding lines selected for low avoidance behavior (i.e., passive “Roman” low avoidance: 

RLA) and high avoidance behavior (i.e., proactive “Roman” high avoidance: RHA) of a 

psycho-physiological stressor, as well wild type Groningen rats characterized for proactive 

and passive coping strategies to deal with a psych-physiological stressor.  In addition, one 

study in humans was performed to investigate the face-validity of the results obtained in the 

rat studies, and to assess personality defined by coping style can be generalized to energy 

balance regulation in different species. Below, the main results of this thesis are shortly 

summarized followed by a discussion on how they should be viewed in relation to other 

types of rodent models, in relation to health and (metabolic) disease, and in relation to 

adaptiveness and maladaptiveness in terms of evolutionary fitness trade-offs. 

 

Behavior 

The first question addressed the characterization of different aspects of energy 

balance in rat lines selected for divergent coping styles. In the first two chapters of this 

thesis, it was shown that under standard laboratory conditions only minor differences in body 

weight or food intake were observed in rats selected for a “proactive” versus a “passive” 

coping style. More detailed investigation of feeding behavior revealed differences in meal 

patterning and circadian organization of eating behavior (chapter 2). Proactive rats ate 

fewer meals per 24 hours, but had a higher eating rate and larger meals, and they displayed 

a stronger day/night rhythm in food intake than passive ones. Additionally, analysis of body 

fat distribution showed a higher storage of visceral fat in the passive rats than in the 

proactive rats, without causing a difference in total adiposity. These data show that proactive 
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and passive rats are equally able to maintain a stable body weight, but they employ different 

strategies to reach this ability.  

Differences in strategy of body weight maintenance became amplified when rats 

were exposed to an enriched environment where animals could freely access a running 

wheel, were switched to a highly palatable high fat (HF) diet, or both. When allowed to run in 

wheels, the proactive rats were initially more physically active than the passive ones. An 

observation that is consistent with a large body of literature showing higher activity levels in 

proactive animals in open field, elevated plus maze and other behavioral tests than passive 

ones (2-4). Interestingly, after a few hours of habituation, passive rats, but not proactive rats, 

increased their activity level significantly, which finally resulted in higher physical activity 

levels in passively coping rats than in the proactive ones (chapter 2; chapter 6). When 

sedentary rats were admitted to the HF diet, no major differences in body weight between 

the passive and proactive animals became apparent (chapter 4), despite a more 

pronounced HF diet induced increase of intake in the passive than in proactive animals. In 

rats subjected to running wheels, however, the switch from a chow diet to a HF diet 

markedly increased running wheel activity in passive rats whereas proactive rats did not 

respond to this switch with alterations in wheel running behavior. It is therefore concluded 

that under standard laboratory conditions (i.e., chow feeding without enrichment) the coping 

style of a rat does not profoundly influence regulation of body weight and energy balance. 

The importance of the coping style, however, becomes apparent under environmentally 

enriched conditions, where particularly passive rats are relatively more responsive to 

changes in the environment. The fact that passive rats adapt their food intake and physical 

activity levels to the prevailing environmental condition is consistent with the literature on the 

behavioral characterization of coping style, which describes proactive individuals as rigid in 

their behavioral patterns and passive individuals as behaviorally flexible (5-7).  

  

Energy balance 

The second goal of this thesis was to elucidate whether the differences in energy 

balance responses to environmental challenges in passive versus proactive rats have 

implications for sustainable metabolic health. In chapters 3 and 4 we described an 

increased susceptibility of passive rats to the development of hyperinsulineamia during an 

intravenous glucose tolerance test (IVGTT), which is one of the hallmarks of the insulin 

resistance syndrome. In fact, extremely passive rats displayed hyperinsulineamic 

responsiveness during an IVGTT already under standard chow feeding conditions (chapter 

3). Moderately passive rats displayed a relative low insulineamic response to an IVGTT on 
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the chow diet, but also displayed hyperinsulineamia during an IVGTT when fed a HF diet 

(chapter 4). Proactive rats, both extreme and moderate, appeared resistant to the 

deleterious effects of the HF diet on insulineamia. To investigate whether passive rats were 

generally more prone to disturbances in energy balance, we investigated the behavior and 

physiology of passive and proactive rats when subjected to activity based anorexia (ABA).  

ABA is an animal model mimicking several aspects of Anorexia Nervosa in humans. We 

observed that passive RLA rats were more prone to weight loss when subjected to ABA than 

proactive rats (Chapter 10). Overall we can conclude that relative to proactive rats, 

passively coping rats have increased susceptibility for disregulation of energy balance and 

fuel homeostasis when subjected to environmental challenges.  

 

Treatment 

 The third aim of this thesis was to investigate efficacy of a number of treatments of 

insulin resistance in proactive and passive rats. Because passive rats have been 

characterized by increased HPA-axis activity relative to the proactive ones, and because 

glucocorticoids are known to impair insulin signaling in target tissues (8-11), we first studied 

the effect of treatment with the glucocorticoid antagonist, RU486, on IVGTT-induced 

hyperinsulineamia in passive and proactive rats. The effects of RU486 treatment were 

compared to the standard antidiabetic drug Rosiglitazone, which is known to increase insulin 

sensitivity by means of PPARgamma activation (12;13). We showed that treatment with 

Rosiglitazone lowered insulin responses in rats of both coping styles. Treatment with 

RU486,  selectively lowered the insulin response in the passively coping rats (chapter 5). 

This indicates that there might be a causal relationship between the elevated HPA-axis 

activity and the hyperinsulineamia in the passive rats. 

Based on the differences in behavioral responses between rats of the two coping 

styles, we investigated - next to pharmacological treatments - the effects of physical activity 

as a “life style” treatment of hyperinsulineamia. First we studied the efficacy of voluntary 

wheel running. Free access to a running wheel attenuated the hyperinsulineamic response 

during an IVGTT in both chow fed and HF diet fed passive rats. Interestingly, passive rats 

increased their voluntary running wheel activity when switched from chow to a HF diet, 

whereas proactive rats did not (chapter 7). When subjected to a forced running protocol, the 

increased physical activity again lead to normalization of the insulin response to an IVGTT in 

the passive coping rats (chapter 6). This suggests that an increase in physical activity has 

beneficial effects independent of the nature of running (i.e., voluntary or forced). Although 

insulin levels were lowered in both passive and proactive rats, the difference in physical 
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activity levels on the high fat diet may suggest that passive individuals are more receptive to 

behavioral interventions than proactive rats.  

In summary, the data suggest that rats of both coping style are able to maintain 

energy balance, but that rats with a passive personality type employ other strategies than 

those with a proactive personality style. Additionally, these studies emphasize the 

importance of the interaction between the coping strategy and the environmental conditions. 

Thus, relative to proactive rats, passive rats respond stronger to changes in external factors 

that influence energy balance (e.g. HF diet and physical activity). The enhanced 

responsiveness in passive rats results in the development of derangements in stable energy 

rich environments. This behavioral profile, however, seems beneficial in environmental 

settings that require compensatory behaviors. 

 

Personality and insulin resistance 

 To gain a deeper understanding in the relation between coping style and 

development of hyperinsulineamia, we performed a meta-analysis on the collective data set 

gathered in this thesis, complemented with some additional data from pilot studies 

performed in preparation of this thesis. The database contains the characteristics of a total 

of 379 rats (see table 1) with area-under-the curve (AUC) of the insulin response during the 

IVGTT in rats with or without access to running wheel as dependent variables, and any other 

parameter linked to energy balance and personality as independent variables. In all animals, 

coping style was assessed by scoring the percentage time spent burying an electrified shock 

prod inserted in the home cage of a rat (i.e., defined as defensive burying, with proactive 

rats burying the prod, and passive rats showing excessive freezing behavior without 

showing any burying behavior). Linear backward regression analyses on the complete data 

set was performed to assess relation of (any of) the different measured parameters on the 

insulin response during an IVGTT. The significance of the model constructed based on this 

analysis was calculated by means of a multiple linear regression model.  Under standard 

laboratory conditions, the insulin response during an IVGTT had the strongest relation with 

the defensive burying behavior interacting with the amount of epididymal fat (F(1,36) = 

12,896 p<0.001). When access to a running wheel was given, the insulin response during an 

IVGTT had the strongest relation with the percentage time spent burying, interaction with the 

average number of revolutions ran in a running wheel, and with the amount of epididymal fat 

(F(1,36) = 11,759 p<0.001). Overall, this analysis showed that risk factors associated with 

body weight gain, like increased total body fat and increased retroperitoneal fat depots, are 
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not highly related to the development of hyperinsulineamia in the passive rats. This suggests 

that the passive rats develop hyperinsulineamia independent of body weight gain.  

  

Table 1: P-values of a linear backward regression analysis in either sedentary or voluntary running rats. 

The dependent factor in this model was the area under the insulin response to an IVGTT. The 

independent factors in the model were: Defensive bury score, body weight, fat mass, fat free mass, 

Epididymal fat mass, retroperitoneal fat mass, leptin levels, diet (chow or high fat) and running activity.   

epi = epididymal fat mass, retro = retroperitoneal fat mass, BW = body weight. –  indicates no statistical 

relevant correlation, * indicates a statically significant correlation. 

 

Factors in regression Sedentary (IVGTT) Running  (IVGTT) 

Defensive bury score 0.021 * 0.020 * 

Body weight 0.077 - 

Fat mass - - 

Fat free mass - - 

Epididymal fat 0.069 0.071 

Retroperitoneal fat - - 

Running activity not analyzed 0.032 

leptin - - 

diet - 0.098 

bury score x epi x retro 0.005 * not analyzed 

bury score x epi 0.000 * not analyzed 

bury score x epi x retro not analyzed 0.000 * 

bury score x epi x running not analyzed 0.000 * 

 

 Although not assessed in the above-shown meta-analysis, probably the most 

prominent mechanism explaining hyperinsulineamia, but also visceral obesity and potentially 

hypertension (which are all hallmarks of the insulin resistance syndrome) in “passive” coping 

individuals might be the elevated HPA-axis activity in passive individuals relative to proactive 

ones. As mentioned in the introduction of this thesis, “passive” individuals are characterized 

by a higher responsiveness of the HPA-axis to mild stressors and we have indeed shown in  

the extremely passive RLA rats chronically elevated corticosterone levels (chapter 3). 

Animals with chronically elevated glucocorticoid levels, homologous to patients with Cushing 

syndrome, are known to be prone to develop hyperinsulineamia, insulin resistance and 

visceral obesity (11). Consistent with this, we showed in chapter 5 that the development of 

hyperinsulineamia and visceral adiposity was attenuated by treating the RLA rats with a 

glucocorticoïd antagonist, suggestive of a role for the elevated HPA-axis activity in the 

development of the obesity related metabolic derangements. Additionally, we found that the 

RHA rats had an increased sympathetic outflow expressed by significantly higher plasma 

noradrenalin levels than their RLA counterparts. Similar observations were made in WTG 

rats (14).  Since elevated sympathetic outflow may stimulate thermogenesis (15), this might 



General discussion 

217 

account  for higher heat production in RHA rats (data not shown), potentially contributing to 

their resistance for metabolic derangements.  Another effect of higher sympathetic outflow is 

that it directly lowers insulin release from pancreatic B-cells (16), causing a reduction in 

storage of nutrients (including fat in the visceral depots). Apparently, mass discharge of 

sympathetic outflow in the visceral depots (17) of RHA and subsequent exposure of the liver 

to lipids did not occur to the extent that it caused metabolic derangements since levels of 

liver triglycerides and liver cholesterol were lower in RHA rats than in RLA rats (chapter 3).  

A difference in the autonomic balance between “passive” and “proactive” individuals 

including HPA axis differences may be the basis of the differential susceptibility for 

development of metabolic derangements. This hypothesis is strengthened by the results 

described in chapters 5, 6 and 7. Lowering of HPA-axis activity by means of glucocorticoïd 

receptor antagonist treatment (chapter 5) as well as elevating sympathetic activity by 

means of exercise (chapters 6 and 7) both proved to attenuate hyperinsulineamia.   

 

Face validity and translation to humans 

 An important issue regarding the findings obtained in the animal studies is whether 

they have relevance for the human population. To what extent can the differential 

susceptibility for development of metabolic derangements found in proactive and passive 

rats be translated to humans with a proactive or passive personality? This is highly relevant 

since personality type has been found to influence the course and development of several 

physical illnesses, like cancer, immune disease and cardiovascular disease (18-22). Based 

on the animal studies we hypothesized that humans characterized as having a passive 

coping style would be more prone to develop metabolic derangements under standard 

conditions. In humans, however, data on the interaction between the personality and the risk 

to develop metabolic derangements is contradictory. Studies using questionnaires to assess 

personality generally report an increased risk to symptoms of the metabolic syndrome and 

diabetes development in proactive personalities (23-25), but others report an increased risk 

in the passive individuals (26;27). However, results from studies assessing personality 

related a passive coping style to several of physiological and behavioral characteristics, 

including increased HPA-axis activity and anxiety (28;29).  Since the latter are viewed as 

risk factors for the development of the metabolic syndrome, it might be justified to point out 

that individuals characterized by a passive personality are at least more at risk for the 

development of hyperinsulineamia and related co-morbidities (28-31). For future studies 

investigating the interaction in humans it may thus be suggested to combine personality 

questionnaires with more scrutinized analysis of physiological/neuroendocrine parameters.  
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 A major conclusion based on the rodent studies in this thesis was that enrichment 

of the environment is a major factor in the relation between coping style and energy balance 

regulation and derangements. Such interdependency between environment, personality, 

and energy balance probably exists in the human condition as well. Because in most human 

studies the environmental conditions of the test subjects was not strictly controlled due to 

the outpatient set-up, this causes interpretational problems in many human studies. In part, 

this may explain why several studies investigating the role of personality in the success of 

treatments for weight loss displayed conflicting results (32-34). In our rodent model, we 

showed that the passive coping type increased voluntary physical activity in response to HF 

diet feeding whereas the proactive coping type did not (35). Based on these data, we 

hypothesized that the personality of the individual may be a prospective marker for weight 

loss during an intervention. Several studies in humans have shown differences between the 

so-called type A and type B personality types during exercise interventions. Type A and 

Type B subjects differ in perceived exertion ratings during ergo-meter cycling (36). 

Furthermore, type A personalities were shown to have a stronger internal motivation to 

perform the exercise protocol, however, type B persons appear to respond better to 

instructions and may therefore do better during exercise interventions (37).  

 To further investigate above-mentioned predictions, we performed a study in which 

we investigated in humans interactions between personality type (proactive or passive) and 

compliance to, and efficacy of, a life style intervention program (including “training” activity in 

a gym, and voluntary activity assessment) in the aim to lose body weight. In both 

personalities, the weight loss program resulted in a successful reduction in body weight and 

weight circumference. Interestingly, there were differences in the activity levels during the 

intervention between the passive and proactive individual. The passive individuals were 

show to be more active on training days. However, on the days in between training the 

passive individuals lowered their activity levels considerably, whereas the proactive 

individuals displayed similar activity levels on resting days during the intervention and during 

baseline measurements (chapter 8). These data suggest that passive individuals are more 

responsive to instructions given during the intervention, but also compensate for the 

increased activity on the days they are not exercising. We therefore concluded that 

informing the individuals with passive personality about the risk of compensatory behavior 

on the resting days may improve their results during an exercise-based intervention. Finally, 

the increased levels of physical activity in humans with a passive coping style (chapter 8) as 

well as in the rodents with a passive coping style (chapter 7) suggest biologically common 

pathways in humans and rodents linking aspects of energy balance regulation, 
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derangements and treatment to type of personality. For this reason, a model for coping style 

in rodents may have a high face-validity for the study of metabolic health and disease in 

humans.    

 

Alternative models linking personality and metabolic health and disease. 

An alternative approach to investigate a potential cause-effect relation between the 

coping style of an individual and the risk development of metabolic derangements is to study 

the behavioral profiles of well known models for hyperinsulineamia, insulin resistance and 

obesity. From the data gathered in this thesis it appears that in particular the proactive 

coping rats are resistant to the metabolically derangements induced by feeding a HF diet. 

Diet-induced obesity is a frequently used paradigm to study obesity in rodents; with this 

model rodents are fed a calorically dense diet and as a consequence about half the number 

of rats becomes obese on this diet (DIO rats), whilst the other half does not develop obesity 

and are thus diet-resistant (DR) (38). Diet-induced obesity is often accompanied by insulin 

an leptin resistance, hyperlipidemia and hypertension. Interestingly, DIO rats were 

characterized by higher sympathetic output, as measured by increased noradrenalin levels 

(39). Furthermore, DIO rats subjected to a HF diet have higher increases in glucocorticoids, 

and have higher levels of anxiety than DR rats (40). This suggest that the DIO rats in those 

studies have a mixture of the proactive and passive phenotypes. In the DIO/DR model, the 

DIO rats have significantly higher energy intake that the DR rats (38), a difference that was 

not observe between the RLA and RHA rats in our studies. Furthermore, another major 

difference characterizing DIO and DR rats is their difference in body weight gain on a HF 

diet. Although the RLA rats have higher adiposity that the RHA rats, we did not observe 

major difference in body weight gain. We may therefore state that the RHA are not 

necessarily diet resistant with respect to body mass increase, but that these proactive 

coping rats may be resistant to the maladaptive (pathological) consequences of DIO. 

 Studies in rat models selected on the basis of a genetic defect are consistent with 

the view that a passive coping style is only uni-directionally related to visceral adiposity and 

insulin resistance. The spontaneously diabetic fa/fa rat, for example, is characterized by a 

genetic defect in the leptin receptor leading to obesity, hyperlipidemia, insulin resistance and 

hyperglycemia (41). These rats were investigated in several different behavioral paradigm, 

like the open field, elevated plus maze and the black/white box tests, however, no 

behavioral differences were found between the diabetic fa/fa rats and their heterozygous 

non-diabetic counterparts (42). This suggest that insulin resistance, leptin resistance or 

obesity do not per se alter the behavioral profile. We can thus state that insulin resistance 
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associated with hyperinsulineamia would not lead to a more passive behavioral profile, 

which suggests that the coping style of a passive individuals is not the consequence of an 

altered metabolic profile. Instead, the passive coping style of an individual triggers a 

maladaptive responses to abundance of energy, which than in turn leads to a higher 

susceptibility to develop metabolic derangements. 

 To investigate whether other specific aspects of coping style, such as HPA-axis 

activity, plays a role in the development of the metabolic profile characteristic for the 

different coping styles, it can be useful to study animal models displaying either the behavior 

or the physiological characteristics of a coping style, but not both. A potential rat model of 

interest in this respect is the Fischer 344 / Lewis inbred rat strains. The Fischer 344 rat is 

characterized by increased HPA-axis activity, whereas the Lewis rats have blunted 

glucocorticoïd responses to stress and generally have lower diurnal glucocorticoïd levels 

(43). The Fischer and Lewis rats display some similarities to, respectively, the “passive” and 

“proactive” coping rats. Several other, but not all related behavioral characteristics of 

“active/proactive” have homology to those found in the “Fisher/Lewis” strains. For example, 

the Lewis rats are more explorative in a novel environment than the Fisher rats (44). 

However, in contrast to the RHA/RLA strains, the Lewis and Fischer strains do not display 

differences in anxiety or aggression. These rats thus seem to display the physiological 

parameters typical for the coping styles, but not all of the behavioral characteristics. 

Moreover, both the Lewis and Fischer rats are prone to develop obesity. It is not known to 

what extent this may be a consequence of inbreeding rather than a strain specific effect 

since inbred rats are known to develop obesity easily (45). The point here is that the more 

HPA-axis reactive Fischer rats were shown to be less insulin sensitive than Lewis rats (46). 

In young Fischer rats, the decreased insulin sensitivity does not lead to insulin resistance 

and glucose intolerance, however, a considerable percentage of Fischer rats develop insulin 

resistance at a later age (47). It thus seems that a hyperactive HPA-axis, induced through 

increased stressor sensitivity or a differential genetic profile, is a risk factor for the 

development of insulin resistance in these animals; an effect that might be independent of 

the behavioral expression of a passive coping style. Unfortunately, the eating patterns, nor 

physical activity patterns of these rats have been investigated leaving it impossible to 

conclude whether the increased HPA-axis activity also plays a crucial role in the other 

differences in energy regulation observed in the passively and proactively coping rat strains 

we studied.  
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Evolutionary consideration of personality and energy balance. 

It was mentioned in the beginning of this chapter that differentiation in personality is 

a wide-spread phenomenon in species across the animal kingdom, and that the 

development of coping strategies within species is driven by fitness trade-offs that act or 

have acted over the course of evolution (1). In this section, a number of theories are outlined 

which focus on the nature of these trade-offs.   

  

Thrifty gene hypothesis. 

The most well known theory addressing the evolution of energy balance is the 

Thrifty genotype theory. This hypothesis states that the so-called thrifty genotype, a 

genotype designed to collect and store energy during periods of food abundance to prepare 

for times of food scarcity, was advantageous in the time of the hunter-gatherers (48). 

Loosely translated this suggest that the thrifty phenotype is designed to deal with flexible 

environmental conditions. This implies that this phenotype would be advantageous for the 

more passive coping individual. Building on this assumption, one would expect an increased 

number of passively coping individuals in the human population. Epidemiological studies 

indeed suggest a higher prevalence of the Type B personality - the passive personality -, in 

human populations (49). Whether and how this increased incidence of a passive personality 

also explains the obesity prone phenotype of most humans remains to be elucidated.  

 Thrifty genes prepare for famine that is not common anymore in the Western-

industrialized society, and the increased incidence of obesity and type two diabetes in recent 

years are a direct result of this thrifty trait interacting with the abundance of nutritional supply 

(48). Although still widely accepted the thrifty genotype has received critique because it may 

not explain the exponential increase in obesity and diabetes in the last 20 years. Several 

other theories have been postulated that might be able to explain the current developments. 

Watve & Yajnik (50), for example, hypothesized that insulin resistance is an adaptation in 

the transition of muscle dependent to more brain dependent individuals. The so-called 

muscle dependent individual is characterized by relatively high levels of aggression, active 

responses to environmental threats and challenges, and high sympathetic reactivity. There 

is a clear resemblance between the muscle-dependent type and the proactive personality 

type. The brain-dependent type relies on the brain to respond to threats and challenges, is 

more passive and low in physical aggression, resembling the passive coping style. This 

theory hypothesizes that in the current society a brain-dependent individual will be more 

successful and that for the brain dependent strategy glucose transport to the brain should be 

favored over transport to peripheral areas. In that situation peripheral insulin resistance 
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could be adaptive as it leads to increased insulin hitting the brain (i.e., provided that 

neuronal and/or neuron-supporting tissue do not become insulin resistant) and thereby 

increasing glucose levels centrally. A critical remark to this theory is that a decrease in 

peripheral glucose uptake does not necessarily lead to an increased glucose transport to the 

brain. Peripheral insulin resistance generally leads to peripheral intracellular hypoglycemia 

without changes in central glucose levels (reviewed in (51)). Recently Belsare and 

colleagues (52) proposed an interesting variation on the theory of Watve & Yajnik (50). In 

their revision, the suppression of the phenotypic expression of a proactive strategy, like 

suppression of aggression, was suggested to be causal to the increase in insulin resistance 

incidence in passive individuals. Although it is difficult to tease apart cause and effect 

relations in this theory, suppression of aggression does induce increased serotonergic 

signaling (53) which in turn is shown to induce insulin resistance (54;55). In light of this 

theory it would be interesting to investigate whether proactive individuals limited in their 

coping response display a more passive metabolic profile. 

  

Predation-release hypothesis. 

A recent evolutionary theory with regards to the interaction between the coping 

style and the energy balance is the predation release hypothesis, introduced by Speakman 

(56). The predation release hypothesis is based on the concept of a set-range rather than a 

set-point for the maintenance of energy balance. The theory hypothesizes that the lower 

boundaries of this set-range are determined by evolutionary selection pressures related to 

the risk of starvation, analogous to the thrifty gene hypothesis. The higher boundary of the 

set-range in this hypothesis is determined by selection pressure related to the risk of 

predation. Since especially this higher boundary would be important in an evolutionary basis 

for the obesity epidemic, the constraints for predation become important. When there is a 

high risk of predation, the body weight should not be to high since a high weight decreases 

escape possibility. When however the predation risk is low, like in the current society, the 

upper boundary for maximal body mass could be set at a higher level. This theory becomes 

interesting with respect to the research discussed in this paper if proactive and passive 

individual prove to be differentially affected by predation risk. Hints that a differential 

predation risk is indeed observed in proactive and passive coping individuals is found in 

populations of sticklebacks. Sticklebacks from high predation populations tend to show 

increased aggressive and bold behaviors compared to fish from low predation populations 

(57). This suggests that a proactive coping style is preferred in environments with a high 

predation risk, whereas a passive coping style is more successful in low risk environments. 
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Combining this with the predation release hypothesis (56) that in a low predation 

environment the upper limit of the energy balance set-point is placed higher with the 

increased passivity traits in stickleback in low predation environment, this leads to the 

hypothesis that in the current low predation environment co-selection of a passive 

personality with a lose upper boundary of the energy balance might have caused the 

increased risk to obesity development in passive coping individuals. Overall we may 

conclude that it is plausible that evolutionary drift may have induced co-selection of traits for 

a passive behavioral strategy and obesogenic traits. The mechanisms responsible for this 

evolutionary drift, however, remain to be elucidated. 

 Although this hypothesis may be thought provoking, the question remains how this 

would explain the recent explosion in obesity prevalence, as genetic drift is an inherently 

slow process. One potential mechanism that may speed-up this process is through 

epigenetic modification. Epigenetic modifications alter the existing genome in ways that 

affect gene expression. These occur during normal development allowing for differentiation 

of specific organ tissues. The epigenetic modifications responsible for this process include 

DNA methylation and histone modifications. Epigenetic modifications can also arise in 

response to varying environmental conditions, especially during (fetal and post-natal) 

development. Epigenetic alterations occur much faster than genetic changes because 

epigenetics allow for alterations in the genome and the phenotype without changes in the 

DNA sequence itself (58). The importance of epigenetic alterations in the development of 

obesity and insulin resistance was shown in studies in which both maternal obesity as well 

as maternal under nutrition were associated with the development of the metabolic 

syndrome (59;60). Likewise, neonatal environmental enrichment, diet, and maternal care 

were shown to influence the development of metabolic disorders (reviewed in 61). Thus it is 

tenable that epigenetic in addition to genetic factors might be involved in the current 

epidemic of metabolic diseases such as obesity and type 2 diabetes. Epigenetics factors 

seem also to have an influence on the personality of the individual. This was indirectly 

shown by Fernandez-Teruel (62) who found that neonatal environmental enrichment 

induces a “passive” individual to display a more “proactive” behavioral strategy in adulthood. 

This implies that epigenetic factors may also determine how an individual will respond to 

changes in its environment later in life. Based on this we hypothesize that excessive weight 

gain and insulin resistance might be the maladaptive consequences of a personality that is 

well adapted to its neonatal environment, but is in mismatch with the environmental 

conditions at adulthood. Future studies should therefore investigate the interaction between 
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epigenetics, personality and the possible pathological consequences. 

 

Epilogue  

 Overall the studies presented in this thesis indicate that the interactions between 

personality and environment are key in understanding individual differences in the 

development of obesity and metabolic disease as well as development of activity based 

anorexia. The data in this thesis clearly point out that the success of life style interventions 

designed to prevent or treat metabolic diseases could be considerably improved by 

adjusting the intervention to the personality or coping style of the individual. Furthermore, 

certain physiological/neuroendocrine characteristics of a coping style are strong indicators 

for pathology development. Since assessed personality type are not always correlated to 

these physiological/neuroendocrine parameters in humans (due to variations in 

environment), future research should focus on the identification of easily measurable 

physiological/neuroendocrine biomarkers indicative of the coping style in humans. These 

biomarkers and tailored interventions may help to halt or even turn around the current 

epidemic in metabolic diseases. Finally, improved understanding of the evolutionary basis 

and epigenetic mechanism underlying the link between personality and energy balance and 

fuel homeostasis may prove to be an important angle to understand development of 

metabolic derangements. 
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 Bij de ontwikkeling van metabole ziekten zoals overgewicht, type 2 diabetes en 

Anorexia Nervosa spelen omgevingsfactoren zoals dieet en fysieke activiteit een belangrijke 

rol. Er zijn echter grote individuele verschillen in het risico om metabole ziekten te 

ontwikkelen, hetgeen de preventie en behandeling van dergelijke ziekten moeilijk maakt. 

Tijdens onze studies naar de invloed van omgevingsfactoren op metabole ziekten bleek al 

snel dat de manier waarop het individu met zijn omgeving omgaat mogelijk de verschillen in 

gevoeligheid voor ziekte ontwikkeling zou kunnen verklaren. In ons onderzoek hebben we 

ons daarom vooral gericht op de interacties tussen de leefomgeving en de persoonlijk van 

een individu bij het ontstaan van overgewicht, type 2 diabetes en eetstoornissen als 

Anorexia Nervosa. 

  

 Het eerste deel van dit proefschrift richt zich op de interacties tussen dieet en 

persoonlijkheid bij de ontwikkeling van type 2 diabetes. In hoofdstuk 2 wordt het begrip 

persoonlijkheid in mens en dier uitgebreid besproken. Kort samengevat zijn er twee 

persoonlijkheidstypen te onderscheiden: een proactieve en een passieve persoonlijkheid. 

De proactieve persoonlijkheid wordt gekenmerkt door extraversie, impulsiviteit, agressie en 

een sterke drang om routines te volgen. Het tweede type, de passieve persoonlijkheid, 

wordt gekenmerkt door een passieve manier van omgaan met stressoren, lage agressiviteit 

en introversie. 

 Hoofdstuk 2 beschrijft tevens een aantal typische gedrags- en fysiologische 

kenmerken van de twee persoonlijkheden. Dit gebeurt aan de hand van studies die zijn 

uitgevoerd in twee ratten modellen voor persoonlijkheid: de Roman High/Low avoidance 

ratten en de wild type Groningen (WTG) ratten. De Roman High/Low avoidance ratten zijn 

selectief gefokt op een proactieve dan wel passieve persoonlijkheid. Dit heeft geresulteerd 

in twee ratten stammen met extreme persoonlijkheden. In de Wild type Groningen rat 

populatie is de natuurlijke variatie in gedrag behouden gebleven en kan het volledige 

spectrum van persoonlijkheden gevonden worden (hetgeen niet kan worden gezegd van de 

geëigende laboratorium stammen zoals Wistar en Sprague Dawley). Vanuit deze populatie 

hebben we middels een zogenaamde defensive bury test ratten met een gematigd passieve 

en gematigd proactieve persoonlijkheid geselecteerd voor onze studies. Uit onze studies 

bleek onder andere dat de passieve ratten werden gekenmerkt door een terughoudende 

reactie op een nieuwe omgeving, het eten van veel maar kleine maaltijden en hoge basale 

insuline gehalten. De proactieve ratten daarentegen werden gekenmerkt door een actieve 

houding in een nieuwe omgeving, het eten van weinig maar grote maaltijden en normale 
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insuline gehalten. Deze data suggereren dat de persoonlijkheid een rol speelt in de regulatie 

van de energie huishouding van een individu. 

 Hoofdstuk 3 beschrijft de regulatie van de glucose en insuline huishouding  van de 

Roman High/Low avoidance ratten onder standaard condities in meer detail. We hebben  de 

mate van insuline resistentie gemeten in de ratten, hetgeen een indicatie is voor het risico 

op type 2 diabetes. Uit deze studie bleek dat de passieve Roman Low Avoidance (RLA) rat 

onder standaard condities een verhoogde insuline respons laat zien. Dit suggereert dat deze 

extreem passieve persoonlijkheid de aanleg tot insuline resistentie heeft, zelfs in de 

afwezigheid van overgewicht. We mogen dus kunnen concluderen dat de passieve RLA rat 

als een diermodel voor type 2 diabetes kan dienen. 

 Aangezien insuline resistentie vaak geassocieerd wordt met overgewicht, hebben 

we in hoofdstuk 4 de ratten gechallenged met een hoog vet dieet, hetgeen in alle dieren 

zou moeten leiden tot overgewicht. Op het standaard dieet ontwikkelden alleen de extreem 

passieve persoonlijkheden insuline resistentie. Op het hoog ver dieet ontwikkelden zowel de 

extreem als de gematigde passieve ratten insuline resistentie. Proactieve dieren op hoog vet 

dieet lieten opmerkelijk genoeg geen enkele tekenen van insuline resistentie zien. Hieruit 

kunnen we concluderen dat de combinatie van een passieve persoonlijkheid met een dieet 

hoog in vetgehalte leidt tot een verhoogd risico op type 2 diabetes. Verder lijkt het erop dat 

individuen met een proactieve persoonlijkheid juist beschermd zijn tegen de diabetogene 

effecten van het hoog vet dieet.  

 

 Het tweede deel van dit proefschrift richt zich op de rol van persoonlijkheid bij 

interventies, zowel ter preventie als voor behandeling van type 2 diabetes. In hoofdstuk 5 

beschrijven we farmacologische interventies. In deze studie bleek dat bij behandeling met 

een Rosiglitazone, een medicijn gericht op de verbetering van de insuline signaal cascade, 

de insuline profielen van beide persoonlijkheden worden verbeterd. Een tweede interventie 

die speciaal gericht was op de fysiologische verschillen tussen de passieve en proactieve 

persoonlijkheden bleek echter alleen effectief in de passieve individuen. Passieve individuen 

worden namelijk gekenmerkt door een verhoogde activiteit van de HPA-as, deze verhoogde 

activiteit van de HPA-as kan mogelijk op zijn beurt het verhoogde risico op insuline 

resistentie veroorzaken. Om dit te testen hebben we de dieren behandeld met een medicijn, 

RU486 dat de glucocorticoid receptor blokkeert, waardoor de HPA-as geremd wordt. In de 

passieve dieren had behandeling met RU486 een verlaging van de insuline respons tot 

gevolg. In de proactieve ratten had RU486 behandeling geen effect op de insuline waarden. 



Nederlandse samenvatting 

232 

Deze resultaten impliceren dat de verschillen in HPA-as activiteit tussen proactieve en 

passieve dieren een rol spelen in de ontwikkeling van type 2 diabetes.  

 Hoofdstuk 6 beschrijft een onderzoek naar de effecten van een 

bewegingsinterventie in de passieve en proactieve rat. In deze studie hebben we een deel 

van de dieren gedwongen laten lopen in een loopwiel en een ander deel van de dieren kon 

vrijwillig lopen in een loopwiel. Uit deze studie blijk dat zowel gedwongen als vrijwillige 

activiteit de insuline profielen van de passieve ratten normaliseert. Dit suggereert dat op 

beweging gebaseerde interventies effectieve preventie of behandelingsstrategieën kunnen 

zijn in passieve individuen. Ook was deze studie belangrijk om aan te tonen dat er bij ratten 

in principe geen verschil is tussen de fysiologische effecten van gedwongen dan wel 

vrijwillige fysieke activiteit.  

 In hoofdstuk 7 hebben we de extreme en gematigde persoonlijkheden een hoog 

vet dieet gegeven om via deze route meer insuline resistentie te induceren. Wederom bleek 

dat toegang tot fysieke activiteit de insuline resistentie in de passieve rat kan doen afnemen. 

De hoeveelheid loopwiel activiteit was, opmerkelijk genoeg, verschillend voor de passieve 

en proactieve persoonlijkheidstypes. Alle passieve ratten verhoogden hun loopwiel activiteit 

wanneer ze overgezet werden van het standaard naar het hoog vet dieet, terwijl de 

proactieve dieren exact evenveel liepen op beide diëten. Het lijkt er dus op dat de passieve 

persoonlijkheden compenseren voor de verhoogde energieopname bij het hoog vet dieet 

door meer te gaan bewegen, terwijl de proactieve persoonlijkheden dit niet doen.  

 Om de vertaling van deze dierstudies naar de mens te kunnen maken hebben we 

in hoofdstuk 8 een onderzoek met proefpersonen gekarakteriseerd op basis van hun 

persoonlijkheid beschreven. We hebben twee studies gedaan, één waarin we de 

proefpersonen op een activiteitsprogramma hebben aangeboden en een andere waarin we 

de proefpersonen een dieet advies hebben gegeven. De persoonlijkheid van de 

proefpersonen werd vervolgens bepaald aan de hand van een vragenlijst. In beide studies 

zagen we dat beide persoonlijkheden een verbetering lieten zien na de interventie. Echter, 

bij activiteitsinterventie kwam naar voren dat, ondanks dat beide groepen dezelfde 

instructies kregen, de passieve persoonlijkheden een hoger activiteitsniveau lieten zien dan 

hun proactieve collega’s. Verder zagen we dat de passieve persoonlijkheden 

compenseerden voor de geleverde activiteit op de dagen dat ze niet hoefden te sporten, iets 

wat proactieve persoonlijkheden niet deden. Het lijkt er dus op dat, vergelijkbaar met de 

ratten studies, de passieve persoonlijkheden gevoeliger zijn voor invloeden uit hun 

omgeving in vergelijking met de proactieve persoonlijkheden. 
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 Uit deze interventiestudies kunnen we concluderen dat de ontwikkeling van type 2 

diabetes afhankelijk is van de interactie tussen persoonlijkheid en leefomgeving van het 

individu. De passieve persoonlijkheid lijkt een verhoogd risico op diabetes te hebben. Dit is 

vooral het geval bij een dieet hoog in vet. Echter, het blijkt dat de passieve persoonlijkheid 

ook gevoeliger is voor veranderingen in en adviezen vanuit hun omgeving. Het omgekeerde 

lijkt ook waar: proactieve persoonlijkheden lijken minder vatbaar voor de ontwikkeling van 

diabetes, maar ze lijken ook minder open te staan voor lifestyle interventies.  

 

 In het derde deel van dit proefschrift hebben we ons gericht op de mogelijke rol van 

persoonlijkheid bij de ontwikkeling van  Anorexia Nervosa. In Hoofdstuk 9 wordt een 

proefdier model voor Anorexia Nervosa (het ABA-model) geïntroduceerd. Dit hoofdstuk 

beschrijft allereerst het theoretische framework waarop onze studies zijn gebaseerd. Dit 

framework stelt dat de ontwikkeling van hyperactiviteit in Anorexia Nervosa patiënten een 

evolutionair gedreven aanpassing op tijden van voedselschaarste is. Bij voedselschaarste 

moet een individuactief op zoek naar nieuwe voedselbronnen en zal daarom zijn fysieke 

activiteit verhogen. Om dit gedrag te stimuleren zou hyperactiviteit een reward op moeten 

leveren onder condities van voedselschaarste. Daarom hebben we de hypothese dat de 

hyperactiviteit in Anorexia Nervosa gemediëerd zou kunnen worden door het dopaminerge 

reward systeem. In ons diermodel hebben we laten zien dat we de ontwikkeling van 

hyperactiviteit tijdens gewichtsverlies konden remmen door een blokker van de dopamine-1-

receptor toe te dienen. Dit suggereert dat hyperactiviteit in Anorexia Nervosa inderdaad 

gemediëerd wordt door het reward systeem en daarmee gezien zou kunnen worden als een 

verslavend proces.   

 In hoofdstuk 10 hebben we met name gekeken wat de rol is  van persoonlijkheid 

bij Anorexia Nervosa. Ratten met een extreem passieve persoonlijkheid bleken veel 

gevoeligervoor gewichtsverlies tijdens dit ABA model. Dit lijkt veroorzaakt te zijn voor een 

verschil in de gevoeligheid voor de ontwikkeling van hyperactiviteit als gevolg van 

ondervoeding. Zoals eerder beschreven in de diabetes studies lijken passieve 

persoonlijkheden sterker te reageren op veranderingen in de leefomgeving wat in het geval 

van ondervoeding zou kunnen leiden tot de ontwikkeling van hyperactiviteit en daarmee een 

groter gewichtsverlies.  

 

Conclusie: 

 In ons onderzoek hebben we onderzocht wat invloed is van de leefomgeving en de 

persoonlijkheid van een individu bij het ontstaan van overgewicht, type 2 diabetes en 
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Anorexia Nervosa. Verschillen in de gevoeligheid in de ontwikkeling van dergelijke ziekten 

lijken vooral te ontstaan door een interactie tussen de persoonlijkheid en de leefomgeving 

van het individu. In een stabiele omgeving, waarin aanpassing aan de omgeving niet 

noodzakelijk is, heeft het proactieve individu een voordeel. Wanneer de leefomgeving echter 

sterk verandert, slaat de balans om en is het passieve individu in het voordeel. In de huidige 

behandeling van metabole ziekten wordt echter geen rekening gehouden met de effecten 

van de gedragsstrategie op het succes van de behandel/preventie methode. Op basis van 

dit proefschrift zouden we kunnen suggereren dat de behandeling van metabole ziekten 

sterk zou kunnen verbeteren door rekening te houden met interactie tussen de leefomgeving 

van de patiënt en zijn persoonlijkheid en de daarbij behorende fysiologische 

karakteristieken. 
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 Zo ben je bijna vijf jaar verder en toe aan het schrijven van het dankwoord van je 

proefschrift. Na het schrijven van een volledig proefschrift kan het toch nooit moeilijk zijn om 

nog een dankwoord te typen, zou je zeggen. En het is ook gemakkelijk om mensen te 

bedenken die je dankbaar bent voor hun hulp en steun de afgelopen jaren. Die 

dankbaarheid in woorden en zinnen te verpakken op zo’n manier dat het deze mensen recht 

doet is echter nog niet zo simpel, maar ik ga toch een poging wagen. 

  

 Ik wil graag beginnen met het bedanken van mijn promotoren. Anton, toen je in 

Tallahassee informeerde of ik misschien interesse zou hebben om een PhD project bij je te 

doen, was dat alsof je me vroeg of ik misschien de hoofdprijs in de loterij zou willen winnen. 

Ik heb ontzettend genoten van “mijn prijs”. Je hebt me de afgelopen jaren de mogelijkheid 

gegeven om alle kanten van het onderzoek mee te maken, alles kon en mocht. Bovendien 

heb je me wegwijs gemaakt in de wereld van goed eten, goede wijn en goede muziek. 

Bedankt, dat je mijn promotor hebt willen zijn, zonder jouw onuitputtelijke enthousiasme en 

vertrouwen was dit boekje er nooit gekomen.  

Gertjan, bedankt dat je deur altijd open stond voor advies over data, beurs 

aanvragen, manuscripten en meer praktische zaken. Je input voor met name de discussies 

van de manuscripten was erg belangrijk voor me, je had altijd nog wel een briljante 

invalshoek die het discussiëren waard was.  

 

 Bert, zonder jou was dit proefschrift er letterlijk niet geweest. Bedankt dat je dit 

project mogelijk hebt gemaakt. Het was altijd fijn om je commentaar op manuscripten en 

proefopzetten te krijgen. Ik ben erg blij dat je het met me aan durfde.  

 

 Thierry, I would like to thank you for providing the Roman rats, which were so 

important for my research. My trips to Geneva to take them from your lab to ours were 

always exiting (the first time slightly too exiting). I valued being able to see how the rats were 

bred and raised. Additionally, thank you for the feedback you gave on my manuscripts and 

your encouraging words when a paper needed revisions or was rejected. 

 Per, I enjoyed our collaboration on the anorexia studies. Thanks for the interesting 

discussions. I really appreciated the Neuroendocrinology course in Stockholm and the visits 

to your lab and the clinic. Ricard thanks for collaborating with me on the Orexin ABA study. 

  

 I would like to thank my reading committee, Barry Levin, Ellen Blaak and Jaap 

Koolhaas, for their willingness to evaluate my thesis and their valuable feedback. 
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 Jan Bruggink, ik wil je bedanken voor je hulp en voor de vele uurtjes die we samen 

in de kelder hebben doorgebracht om jugularis canules te zetten. We hebben ongeveer 200 

jugjes gezet voor het maken van dit proefschrift. Daarnaast heb je zo ongeveer 12000 

insuline, corticosteron of leptine samples voor me bepaald en honderden keren de glucose 

analyzer gefikst als ik er weer te lang naar gekeken had. Ik denk dat ik je nog zo’n 50 

taarten verschuldigd ben.  

 Jan Strubbe, bedankt voor je hulp met het interpreteren van de insuline data. Ik 

heb genoten van je magische kast met spannende artikelen die pubmed nog niet altijd 

ontdekt had.  

 Joke en Pleunie, bedankt voor jullie hulp en de altijd open staande deur. Henk, 

bedankt voor je hulp met de financiële zaken, je altijd goede humeur, je goedemorgen en de 

tijdige aankondigingen van je vakanties zodat ik me daar geestelijk op kon voorbereiden. Je 

foto gaat mee naar mijn volgende werk plek!  

   

Angelique, Anniek en Izabella, bedankt dat jullie me mijn eerste jaren helemaal op 

mijn plek hebben helpen voelen in onze groep. José, thanks for sharing a room and the 

interesting discussions we had. Paulien en Simon, bedankt voor jullie hulp en vooral 

bedankt voor de gezellige tijden op congressen en in het lab. Ik kon altijd op jullie rekenen 

met het skiën, zwemmen, sauna en bar hangen, lekker eten en uiteraard voor 

wetenschappelijke discussies. Stefano, Grazie! Bedankt voor al het werk dat je met en voor 

me hebt gedaan en voor de interessante discussies die we hebben gevoerd. Caroline en 

Henriette, bedankt voor de gezelligheid tijdens de pauzes en op de feestjes op en rondom 

het lab.  

 Riejanne, mijn trouwe kamergenootje. Jij bent echt onmisbaar geweest. Zonder 

onze thee wandelingen zou ik langzaam zijn doorgedraaid. De borrels om te vieren dat we 

iets gepubliceerd/gesubmit hadden of gewoon omdat we het verdienden waren altijd 

gezellig. Bedankt voor je luisterend oor en je stimulerende opmerkingen.  

  

I would also like to thank all the people that have made our department a fun one to 

work in. I enjoyed the many conversation during lunch, thee and in the corridors. So, Ad , 

Amalia, Anghel, Anne, Arrianne, Auke, Bauke, Bert, Csaba, Deepa, Doretta, Eddie, Esther, 

Ewolt, Federika, Fiona, Folkert, Girste, Guillia, Ingrid, Ivi, Jaap, Jan Gast, Jan Keizer, Kees, 

Linda, Marcello, Martijn, Nikki, Paul, Peter, Pieter, Roelina, Sietse, Timor, Ulli, and Wanda, 

Thanks! 
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Ik wil verder alle master studenten bedanken voor hun hulp: Anne-ruth, Bettie, 

Daan, Gonda, Iris, Kim, Marcus, Marije, Niels, Petra, Rein, Rolinka en Soesma. Bedankt 

voor jullie inzet en het harde werk dat jullie voor me hebben gedaan. Ik wil ook alle bachelor 

studenten en studenten van de verschillende vakken bedanken voor de projecten die ze bij 

me gedaan hebben. 

De mensen van de Hanze Hogeschool wil ik graag bedanken voor hun harde werk 

aan de humane studie. Van Sport studie wil ik Bart, Sylvia, Marloes, Jolien, Gijs, Eelke, 

Johan, Rob en Antoinette bedanken voor de uitvoering van de bewegingsinterventie. En van 

dieet studie: Hinke, Annely, Judith, Hilde, Sebastiaan, Nynke, Kaying, Sanne en Nella. 

Bedankt voor het uitvoeren van de voedingsinterventie.  

 

 Buiten de mensen die je nodig hebt voor het maken van je proefschrift had ik ook 

mensen nodig om me te helpen ontspannen. Voor mij staat ontspannen dan wel weer gelijk 

aan inspanning. Te beginnen met volleybal, de ideale sport om alle spanning mee weg te 

werken. Mama Jo en zussies, nadat ik door jullie geadopteerd werd heb ik me altijd deel van 

de familie gevoeld. Bedankt voor het volleybal, maar vooral voor het jaarlijkse weekendjes 

gezelligheid. Oryx dames 3 (4) bedankt dat jullie mijn frustraties om wilden zetten in een 

prachtige smash,want er bestaat geen beter gevoel dan een mooie set-up geven en de bal 

dan kei hard op de vloer van de tegenpartij te zien landen. En bedankt dat jullie me mijn 

dwangneuroses op administratie van de opstellingen, de pot en de ballennummers lieten 

botvieren. Caro ik ben blij dat je mijn voorkant hebt willen ontwerpen, hij is prachtig 

geworden. 

Naast volleybal was er ook nog de sportschool, om energie kwijt te raken en op te doen.  

Ieneke en Marieke bedankt dat jullie me naar de pump, battle, power en gooi met gewichtjes 

lessen wilden vergezellen. 

 

 Bioloogjes, Deanna, Anneke en Rosa. Spannend om te zien dat we nu allemaal 

groot geworden zijn. Altijd leuk om weer wat bij te thee-en. Bedankt voor jullie vriendschap. 

 

 Marieke en Merel, tien jaar geleden stonden we voor het eerst naast elkaar 

biologische proefjes te doen. Vele etentjes, weekendjes weg en dans/film/kook avondjes 

later staan jullie nog steeds naast me. Marieke, jij hebt de laatste jaren alles up close and 

personal meegemaakt. Meestal was jij de eerste persoon die alle verhalen over de goed 

gelukte of juist volledig mislukte experimenten hoorde. Wanneer we wat minder tijd hadden 
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om echt bij te kletsen omdat jouw of mijn proefschrift aandacht nodig had, was een 

welgemeende blik tijdens het sporten genoeg om het weer helemaal te zien zitten. Merel, de 

eerst maanden van mijn promotie traject deelden we een huis en ik mis nog steeds het 

samen bank hangen en het maken van onze creaties in de keuken. Mag het ietsjes meer 

zijn? Later was je wat verder weg, in Canada, Bussum en nu Wageningen, maar ons 

contact was er niet minder om. Via email hebben we elk detail kunnen bespreken, en de 

weekendjes samen zijn altijd feest. Dude en Sweet, bedankt voor jullie vriendschap de 

afgelopen jaren en bedankt dat jullie mijn handje vast willen houden tijdens de verdediging 

van dit proefschrift.  

 

 Wiebe, vroeger kon ik altijd alles samen met je doen. Lekker veilig in de buurt van 

mijn broer. Nu op wat grotere een afstand, maar ik weet dat ik nog altijd achter je kan 

schuilen als dat nodig is. Bedankt dat je er altijd voor me bent.  

 

 Afke, ik heb altijd jou willen worden als ik groot was. Inmiddels ben je vooral een 

vriendin geworden, maar bedankt dat je mijn voorbeeld hebt willen zijn. Een betere grote 

zus kan iemand zich niet wensen. Ben-jan, ik ben heel blij dat je deel van onze familie bent 

geworden, ik kan en wil je niet meer missen. Leonie en Renate, jullie zijn de absolute 

hoogtepuntjes van de afgelopen jaren.  

 

Pake en Beppe, ik ben trots dat ik jullie “pake sisser” ben. Pake, van jou heb ik mijn 

voorliefde voor biologie geërfd. Door de tripjes naar het Lauwersmeer gebied kan ik zo nu 

en dan nog eens spelen dat ik een echte bioloog ben. Ik hâld fan jim. 

  

Pap en Mam, ik vind het beetje onzinnig jullie te gaan bedanken voor de 

totstandkoming van dit proefschrift. Zonder jullie had ik de kleuterschool al niet gered, dus 

waar hebben we het over. Jullie hebben ervoor gezorgd dat ik me nooit ergens zorgen over 

hoefde te maken. Het komt wel goed, en zo niet, dan zijn jullie er. Jullie zijn mijn instructie 

gids, mijn zijwieltjes en mijn vangnet, bedankt daarvoor. 

 

 



Dankwoord 
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