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1. Zusammenfassung / Summary 
Die Analyse des Futterkonsums zur Beurteilung des Gesundheitszustandes der Tiere, vor 
allem bei Ratten, ist ein weit verbreiteter Indikator in verschiedenen Gebieten. 
Das Fressverhalten von Versuchshunden ist nur wenig beschrieben und es gibt kaum 
publizierte Literatur darüber. 

Novartis PCS Toxikologie Schweiz verwendet Futterautomaten zur genaueren Messung des 
Futterkonsums der Versuchshunde.  

Das Ziel dieser Studie war es, das normale Fressverhalten von Versuchshunden während 
der Pretest-Phase zu definieren und ein Fressprofil zum Vergleich mit der 
Hauptversuchsphase zu erstellen. 
Es wurden Beobachtungen gemacht, welche eine Veränderung der Fressprofile aufdeckten 
und somit eine hilfreiche Richtlinie zur Beurteilung des Gesundheitszustandes der Hunde 
darstellten.  
Anhand der Daten von sechzehn Toxikologie Studien mit oraler Applikation der letzten drei 
Jahre wurde eine Definition für die Mahlzeit erstellt. Die Studien bestanden aus einer zwei 
bis vier Wochen Versuchsphase mit einer vier-wöchigen Erholungsphase. Die Fressprofile 
der Hunde der verschiedenen Studienphasen wurden miteinander verglichen. Auch die 
Fressprofile der verschiedenen Dosisgruppen mit den Kontrollgruppen wurden verglichen. 
Es wurden Abweichungen vom normalen Fressverhalten beobachtet, vor allem in der 
Gruppe mit der höchsten Dosis, manchmal aber auch in Gruppen der tieferen Dosis. 
Anhand der Resultate kann gesagt werden, dass das Fressverhalten ein wichtiger und 
sensitiver Indikator zur Beurteilung des Wohlbefindens der Versuchshunde ist. 

 

The collection and analysis of food consumption data is widely used as a parameter to 
monitor the health status of animals, especially in rats, in a variety of areas.  
However, the feeding behavior in laboratory dogs has not been described in detail and there 
is only little literature available in the public domain.  

Novartis PCS Toxicology Switzerland is using automated feeding machines to record the 
food consumption of individual dogs. 

The aim of this study was to determine the normal feeding behavior of untreated laboratory 
dogs during the pretest period and to create a feeding profile for comparison with the main 
study phase.  
Observations were made that identified any modified patterns of feeding behavior, which can 
be a helpful guideline for the dogs’ state of wellness, especially if no other symptoms are 
present. 
On the basis of data from 459 dogs the definition of a single meal intake was established.  
Sixteen two to four-week oral toxicity studies with a four-week recovery period over the last 
three years were analyzed. A comparison of the feeding pattern was made during the 
pretest, the main study and the recovery period for each dog.  
Feeding profiles between the different dosing groups compared with the control group were 
also analyzed. 
In general, deviations were seen from the normal feeding pattern, especially in the high dose 
group and sometimes even in lower dose groups regardless of the presentation of other 
clinical symptoms. 
Overall, the results of this study show, that the feeding behavior of dogs is a helpful and 
sensitive tool to evaluate the health status of laboratory dogs. 
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2. Introduction 
Food consumption is one of the most sensitive parameters for the general health and 
wellbeing of both animals and man. 

It is quite common to analyze feeding behavior and food consumption in rats with automated 
“eatometers” to study physiological control of feeding. These options are also used for 
obesity research to evaluate the efficacy and specificity of agents that stimulate or inhibit 
feeding (HULSEY MARTIN G et al 1991), especially in combination with metabolic diseases. 

Another interesting use of automated feeding systems can be seen in farming. Feed is a 
major cost of domestic livestock and to optimize the cost to meat ratio it is very helpful to 
know heritability of food intake as well as correlations between food intake and other 
parameters of economic importance (CAMMACK et al 2005). 
For example, investigations in farming were made to study stressors on swine growth (Y. 
Hyun et al.), to control the health status of weaning pigs (BRUININX et al 2001) or to 
investigate effects of probiotic administration in swine (ROSS et al 2010) 

MADRID et al (1993) described various methods to record the feeding behavior of rats  

 Operant methods: the animal has to press a bar to get food 

 Pellet-detecting eatometer deliver a pellet each time, the first one is eaten 

 Electronic balances measure the food and send the information to a computer 

 Devices which record the presence of the whole animal or the animal’s head.  

 Devices which detect the animal’s contact with the food (eatometers) 

Only a small number of studies or papers about feeding behavior of laboratory dogs or 
implemented feeding machines for dogs used for animal testing have been published 
(RASHOTTE et al 1988, BRADSHAW 1991). 

A large number of animals over a long time period are necessary to make the records usable 
(MADRID et al 1993). The high costs and the time-consuming work up of the data are 
probably the main reason why this has not yet been established for dogs. 

2.1 Feeding system at Novartis 

Before Novartis Pharma AG (Division NIBR, Preclinical safety, Toxicology, building 126.1, 
Klybeck, Basel, Switzerland) implemented their self-invented automated feeding machines in 
cooperation with Itin&Hoch, Liestal (Hardware) and Christian Waldmann (RealTime 
Engineering), Gelterkinden (Software) experimental dogs were fed manually. The dogs were 
separated for at least 3 hours for feeding time and the residuals of the meal were weighed 
back and recorded in the program. By limiting the time to feed, only limited individual 
variability in food consumption was possible.  
This manual feeding had the following disadvantages: 

 Animals had to be separated to feed 

 Animals had only 3-4 hours time to eat, which differs from their normal feeding behavior, 
when fed ad libitum 

 Only limited information about the feeding patterns was available (even though the food 
consumption is an important parameter, especially for toxicology studies) 

 As dogs were fed ad libitum at the breeding station outside Novartis, animals were not 
used to be fed over a limited time period and therefore an extended acclimatization 
period was required.  

 Animal welfare constraints: Animals should be kept separated on a minimum of time 

 Manually feeding is more time consuming than using an automated feeding system 
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 Only limited distinction between lower food intake related to the study and lower food 
intake due to limited access to food is possible 

With the new way of feeding, the dogs did not have to be separated anymore. They could 
live out their natural feeding behavior and it was also possible, to record the individual visits, 
the amount eaten during the visit and the duration of each meal for each dog. 

The aim of this study was to describe the change in feeding patterns of the dogs during the 
course of toxicity studies and to assess the use of these feeding patterns as a potentially 
more sensitive parameter for the health status of the animals. 

2.2 Definition of “wellbeing” 
According to the Swiss Animal Welfare Act wellbeing means:  

If the body is in physical and emotional harmony with itself and the environment in 
accordance with its innate living needs (movement, nutrition, care), the animal feels well. 
This fettle is also characterized as the absence of pain, suffering or injury. Regular signs of 
wellbeing are health and normal behavior in any circumstances (GOETSCHEL 1986) 

A more precise definition of the animal’s wellbeing could be found in The Guidelines of the 
Australian Government to promote the wellbeing of animals for scientific purposes 
2008. The guidelines can be referred to the experimental animals in Switzerland. 

Animal wellbeing relates to evidence of how an animal is coping with a given situation and a 
judgment as to how the animal feels in these circumstances.  
Wellbeing is an internal state of homeostasis and is influenced by internal and external 
factors. The factors can be distinguished between good and positive or bad and negative. 
Every animal has different demands, motivations, preferences and experiences wellbeing 
differently and individually. In addition, wellbeing in an animal can vary from time to time.  
Animals react with protective mechanisms to cope with a new situation and to adapt the 
internal state of homeostasis. If the animal is unable to cope with the internal or external 
factors, distress, disability, disease or death may result. 

2.2.1 Physiological and behavioral indicators of wellbeing 

Animals try to adapt themselves to the environmental conditions using behavioral and 
physiological mechanisms. These mechanisms are limited and individual for each animal.  
To be able to assess the animals’ condition, knowledge of species-specific behavior is 
important. Animal keepers have to be familiar with individual reactions to different situations 
of the animals to interpret their wellbeing. 
Species-specific cage size and structure, light, sounds, ventilation etc. are important for a 
comfortable environment and the wellbeing of the animals. Conditions that are good for one 
species do not have to be good for another species.  
Changes of the behavioral manner are often the first reaction to a new situation and can also 
show how well an animal is coping with stress factors. 
The range and level of activities such as eating, drinking, playing, grooming, sleeping, 
resting, interactions with conspecifics and exploration of the environment can be used to 
describe patterns of behavior indicatives of the animal’s wellbeing.  
Species-specific differences will be seen in the types and levels of activities. 
Indicators to asses an animal’s state of health include general appearance, posture, coat 
condition, clinical signs (e.g. temperature, heart rate, respiratory rate), hematological and 
biochemical measurements, responses to handling, demeanor, temperament, maintenance 
of body weight (in immature animals, rate of weight gain) and reproductive performance 
(AUSTRALIAN GOVERNMENT 2008). 
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An animal is probably coping with its current situation, if the animal’s physical needs, safety 
needs and psychological needs are provided (CLARK et al 1997) and no signs of disease or 
abnormal behavior are observed. 

The following sensations: pain, suffer, injury, anxiety, and stress can influence the feeding 
behavior of dogs, most likely by decreasing the food intake and are therefore described more 
precisely in 2.2.2-2.2.6. 

2.2.2 Pain 

The International Association for the Study of Pain (IASP; www.iasp-pain.org) defines pain 
as “an unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage” (IASP 1979).  
In animals, pain provokes a protective, motoric or vegetative reaction, which leads to 
avoiding such stimuli and also modifies their behavior (SANN 2000) 
Nociceptors have a protective function and when being stimulated they trigger multiple 
physiological and behavioral responses. An unlearned response e.g. interruption of normal 
feeding or vocalization can be distinguished from learned responses e.g. turning its head 
from the noxious stimulus when, for example, heating the snout (CHAPMAN 1984). 
Pain causes a trigger of these nociceptors in the body’s tissue and signals are transferred to 
the central nervous system. The brain processes the signals and generates responses, 
interacting with the peripheral nervous system. 
Nociceptors are localized in the skin, but also in muscles, joints, and viscera and in almost all 
organs in the body except for the central nervous system (SANN 2000).  

Due to the lack of any direct means of communication in animals, a large amount of 
experiments were performed to measure pain e.g. heat, mechanical, electrical and chemical 
stimulation procedures (CHAPMAN 1984). 
Variation in pain scores between observers, but also the subjective sensations of pain deliver 
unreliable results (FLECKNELL 1994). Clinical parameters like heart rate, respiration, and 
blood pressure were observed to increase during pain stimulus. 
The aversiveness to pain depends on its duration and intensity. Animals accept acute pain 
lasting only for a short time better than chronic pain. Chronic pain can lead to pathological 
changes and influence the animal’s wellbeing (NATIONAL RESEARCH COUNCIL 2008) 
People conclude from their perception of pain to the animal and may misinterpret the 
animal’s expressions of pain, e.g. screaming, howling, yelping, compressing the jaw, grinding 
of teeth, sweating, unmotivated turning or bending, licking of painful spots, trembling.  
Pigs for example already scream when trying to catch them, while horses almost never 
scream. Some animals such as fish are not able to show pain, what does not mean they do 
not feel it (SAMBRAUS, STEIGER 1997) 
What causes pain in humans does not have to do so in animals and conversely. It cannot be 
assumed that what does not cause pain in humans is also not felt as pain for animals.  

2.2.3 Suffering 

Suffering is the experience of negative emotions that is contrary to the animal’s nature, the 
self preservation- and species preservation instincts. 
Restriction of physical or by withdrawal of natural species friendly environment such as 
missing of nutrition and water can cause suffering. Social reasons such as isolation or 
overcrowding, illness can induce suffering as well as pain (GOETSCHEL 1986). The 
difference between pain and suffering can be explained by including all terms of aversion 
feelings which cannot be referred to the term of exact pain (SAMBRAUS, STEIGER 1997). 
Suffering can cause behavioral change or maladjustment, for example stereotypical behavior 
or lethargy. 

http://www.iasp-pain.org/
http://www.ncbi.nlm.nih.gov/books/NBK32655/#ch1.r34
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2.2.4 Injury 

Injury causes physical or psychological damage and can occur as a cause, an accompanying 
effect or a consequence of pain and suffering. It can be of physical or emotional nature e.g. if 
kept in a restricted space, which can be observed in animals kept in zoos (GOETSCHEL 
1986). 
Examples for injuries are lethargy, emaciation, dullness of sense organs, infertility, 
behavioral damage, weight loss or vertigo. (SAMBRAUS, STEIGER 1997) 

2.2.5 Anxiety 

Anxiety is an unpleasant emotional state when expecting a strong negative experience. 
The symptoms of sensation especially in mammals are basically the same as in humans. 
Examples are mydriasis, increased heart rate and breathing, hair bristle, sweating attacks, 
muscle tremor, chatter, increased or sudden urination and defecation (GOETSCHEL 1986).  

2.2.6 Stress 

Stress is the response of the animal to a ‘stressor’, which can be induced by external or 
internal factors, including pain. Stress is a normal feature of life, serving important adaptive 
functions (AUSTRALIAN GOVERNEMT 2008).  
Stressors can be caused by viral or bacterial infection, threat of physical harm, hunger, and 
thirst. 
Stressors are not necessarily adverse, they can also be pleasurable, e.g. exercise. 

Stress is a real or perceived perturbation to an organism’s physiological homeostasis or 
psychological wellbeing. In its stress response, the body uses behavioral, autonomic, 
neuroendocrine (release of glucocorticoids, prolactin) and immunological reactions. The 
factors do not have to be from an aversive stimulus to cause stress. Whenever a demand is 
asked from an animal it reacts and activates its inner resources (O’HEARE 2009). 

Normal well managed stress situations are also defined as eustress or positive stimulus.  
Negative stress is also called distress and occurs when the body cannot cope with the 
assault of one or more stressors, depending on stressor duration, stressor intensity and the 
capacity of the individual animal to respond (AUSTRALIAN GOVERNMENT 2008). The 
animal is no longer able to bring its organism into physiological and/or psychological 
homeostasis (NATIONAL RESEARCH COUNCIL 2008). 
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Figure 2.1: Model of stress and distress  

Distress does not always appear as clear maladaptive behavior, such as abnormal feeding or 
aggression, but instead subclinical pathological changes, such as hypertension and 
immunosuppression can be measured (NATIONAL RESEARCH COUNCIL 2008). 

2.3 Physiological measure of stress and distress 

Behavior: Clinical signs of stress or distress: 

 Increased heart rate and/or respiration rate 

 Vomiting and/or diarrhea 

 Slow motion movements 

 Appeasement gestures 

 Freeze 

 Sitting down or lying down  

 Changes in body weight 

 Changes in food consumption 

Endocrine system: Hypothalamic-pituitary-adrenal axis reacts to stress by releasing 
glucocorticoids, which are indicators for the impact and strength of a stressor. 
Glucocorticoid-release causes energy mobilization and is regulated by a negative feedback- 
loop, when stressor is removed or the animal has adapted to it.  
Other stress hormones such as prolactin, growth hormone or luteinizing hormone (LH) can 
be used as well to monitor stress reactions (NATIONAL RESEARCH COUNCIL 2008) 
Animals are capable to adapt to acute stress. Chronic stress causes an ongoing high level of 
circulating glucocorticosteroids, which can suppress secretion of growth hormone to inhibit 
growth, metabolic exhaustion from breakdown of skeletal muscle, suppression of T-
lymphocyte activity ending in a higher risk of infections and finally death (WINGFIELD et al 
1999). 
Autonomic nervous system: The sympathetic system is activated by stressors and manifests 
in increased heart rate, redistribution of blood vessels to skeletal muscles (JÄNIG 1990). 

Immunological parameters: The immune system is either activated, especially when acute 
stress occurs or it can also be suppressed, monitored with chronic stress (NATIONAL 
RESEARCH COUNCIL 2008). For example leukocytes are very high in the hematology 

Distress, if 
body cannot 
cope  
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results when taking blood from a cat or dog that is in an acute situation, but are usually 
decreased when checking blood of animals suffering from a chronic disease. 
(AUSTRALIAN GOVERNMENT 2008) 

Even though most studies of stress reactions in animals are performed with mice, these 
pathways of stress reactions were also shown in dogs (BEERDA et al 1997, GALOSY 1979).  

2.4 Severity grade of the constraint of the dog  

Caused stress to animals due to interventions or measures during animal testing are divided 
into four categories, defined by the Swiss Animal Welfare Act: 

2.4.1 No distress: Severity Grade 0 

Interventions and manipulations in animals for experimental purposes as a result of which 
the animals experience no distress 
(No pain, suffering, or injury) 
Examples: withdrawal of blood samples for diagnostic purposes in cows; the housing of rats 
in enriched environments for behavioral observations 

2.4.2 Minor distress: Severity Grade 1 

Interventions and manipulations in animals for experimental purposes which subject the 
animals to a brief episode of minor distress (pain or injury) 
Examples: injection of a drug requiring the use of restraint; castration of male animals under 
anesthesia 

2.4.3 Moderate distress: Severity Grade 2 

Interventions and manipulations in animals for experimental purposes which subject the 
animals to a brief episode of moderate distress, or a moderately long to long-lasting episode 
of minor stress (pain, suffering, or injury, extreme anxiety, or significant impairment of the 
general condition) 
Examples: surgical treatment of a bone fracture on one leg that was purposely induced under 
anesthesia; castration of female animals (under anesthesia) 

2.4.4 Severe distress: Severity Grade 3 

Interventions and manipulations in animals for experimental purposes which cause the 
animals severe to very severe distress, or subject them to a moderately long to long-lasting 
episode of moderate distress 
Examples: transplantations, potentially lethal infectious diseases 
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3. General behavior of dogs 
Dogs are members of the order Carnivora and were the first species of animals to be 
domesticated about 15,000 years ago. 
Dogs are social animals with a complex social ranking. Males are more aggressive towards 
other male dogs than females (VAN ZUTPHEN et al. 1993) 
To interpret a dog’s health status, not only the clinical signs should be monitored, but also 
their body language has to be familiar when working with them. 

3.1. Behavioral signals 

The general impression of a dog is described by body posture, mimic, sounds and 
expression (ROHN 2007). 
Examples for body signals 

 Relaxed:  
o relaxed muscles and posture 
o lively friendly view 
o calm and evenly ear movements  

 scared: 
o taut or hunched pose 
o tail between legs 
o panting 
o hypersalivation 
o barking 

3.2 Feeding behavior of dogs: General facts 

The physiology of the feeding behavior of dogs is not as well documented as in rats and mice 
and therefore general statements about dogs have to be made carefully in this respect 
(HART 1995). 
Similar to other species, there is a physiological correlation between meal size and the 
intermeal intervals, and obviously between metabolic body mass and energy intake.  
In dogs, the daily caloric requirement can be digested and absorbed within 12 hours. 
Dogs with free access to food eat several times a day, resulting in eating ⅔ to ¾ of the total 
energy intake during the active part of the day/night cycle (LANGHANS et al 2000). 
RASHOFFE et al (1984) showed that Beagle dogs living outdoors under normal weather 
conditions and with free access to food ate on average three times a day, in the morning, 
afternoon and at dusk, but also whenever fresh food was offered. As expected, they ate 
more during cold season and less during the summer months.  

Eating is controlled by a variety of physiological factors, but several non physiological factors 
also play a role in the daily energy intake of dogs.  
High temperatures, estrus, illness (e.g. fever) or pain are examples that lower food intake 
whereas low temperature, high activity, rivalry, metabolic disorders, e.g. hyperthyroidism, 
malassimilation syndromes, or pregnancy cause higher daily intake (KITCHELL 1989) 

Due to the large range of breed-specific body size and constitution, the variation of the 
maintenance energy requirement is much bigger in dogs than in other domestic animals. 
Different breeds vary not only in body size and weight, but also in spontaneous activity and 
type (KIENZLE E. et al 1991). To give just an example, in short haired dogs, the upper limit 
of thermic neutrality temperature is around 25 degrees; compared to fourteen degrees in 
long haired dogs (MUSSA et al 2005). 
In general, many dogs are capable of controlling their energy intake and keep their body 
weight in good balance. However some dogs, e.g. Beagles, Retrievers and others tend to 
become obese if fed ad libitum, in particular when fed a palatable diet. (BRADSHAW 1991) 
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3.2.1 Palatability of the food: taste texture, and smell  

Dogs use both taste and smell for their food selection (BRADSHAW 1991) 
The taste system of dogs has some distinct aspects that differ from those found in rats and 
other omnivores or in herbivores. In general dogs’ sensitivity to sodium is greater than in 
other mammalian groups like herbivores, but breed specific differences may exist. Beagle 
dogs e.g. seem to have only little preference for salt. (FREGLY 1980)  

Dogs prefer wet or semidried diet to dry food, canned to freshly cooked food, cooked meat to 
raw meat, and novel flavor to familiar food. Like most mammals, dogs seem to have an 
innate preference for sucrose in liquids or solid food, and they seem to prefer fructose and 
lactose over sucrose (KITCHELL 1972). 

Olfaction plays also an important role in food selection. Dogs can e.g. discriminate one meat 
from another by odor and dogs seem to prefer beef over horse meat. Consequently anosmic 
dogs do not have preferences for one meat over the other, but they can still distinguish 
between a diet containing sugar to a non-meat bland diet (HOUPT 1981) 

3.3 Control of the digestion and food intake 

The gastrointestinal tract is controlled by two nervous systems, the autonomic nervous 
system with the sympathetic and the parasympathetic part, and the enteric nervous system 
(EWE et al 1990). 

Visceral afferent stimuli transmit information from the gut to the brain and the autonomic 
nervous system (sympathetic and parasympathetic) delivers signals from the brain to the gut. 
Parasympathetic activation has a prosecretoric effect by activating enteric pathways with a 
prosecretoric function. The vagus nerve innervates excitatory and inhibitory enteric 
motoneurons. The excitatory nerve cells release neurotransmitters which activate 
motoneurons over muscarinic effectors. In contrary, the inhibitory effect is based on the 
release of neurotransmitters that have an inhibiting effect on the effector cells. The 
sympathetic stimuli have an inhibiting effect on secretion and peristalsis (SCHEMANN 2000) 

The enteric nervous system is the main part of the control of the digestive process and is 
separated into two parts, i.e. into the myenteric plexus, which mainly innervates the muscular 
part, and the submucosal plexus which mainly controls absorption und secretion.  
Three different types of neurons exist within the enteric nervous system; these are sensoric 
neurons, interneurons and motoneurons. 
Sensoric neurons register either wall tension (mechanoreceptors) or react to chemical stimuli 
(chemoreceptors). 
Interneurons are responsible for the communication between the enteric neurons, hence, 
signals from sensoric or interneurons are transferred to the motoneurons and their activation 
can cause an excitation or an inhibition at the effector cells (e.g. smooth muscle cell or 
secretory cell) (SCHEMANN 2000). 

Neurotransmitters like acetylcholine or substance P have a stimulating effect on the 
(muscular) motoneurons while nitric oxide (NO), vasoactive intestinal polypeptide (VIP) and 
adenosine triphosphate (ATP) cause a relaxation of the intestine. Secreto-motoneurons are 
activated by acetylcholine and VIP and inhibited by somatostatin and neuropeptid Y (NPY). 
These mechanisms are very important for coordination of the peristaltic process. Uptake of 
food activates a regulatory circuit. Wall tension activates sensoric neurons, which in turn 
activate motoneurons. Aboral of the stimulus, the motoneurons cause a relaxation, oral to the 
stimulus, they cause a contraction. The physiological program that controls peristalsis is 
modulated by pathologic peristaltic processes, e.g. due to metabolic or infectious diseases or 
intoxication. They can result in hypoperistalsis and atonic intestines or in diarrhea as a 
symptom of hyperperistalsis (SCHEMANN 2000). 
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The enteric neurons are in close contact with the enteric immune system. Immune cells 
release histamine, prostaglandins or leucotrienes which activate motor and mucosal reflexes; 
these typically result in increased secretion and motor function with the aim to dilute toxins 
and to strain the digestive tract faster (SCHEMANN 2000). 
These interactions are a potentially important aspect relevant for toxicity studies, because 
some substances can cause lymphoid depletion and therefore influence this neuro-immune-
interaction. 

3.3.1 Central mechanism 

The hypothalamus is a very important neural center for the control of food intake (KITCHELL 
1989). 
Together with the brain stem, the hypothalamus controls the fundamental aspects of eating. 
Both parts also interconnect with the limbic system which contributes to hedonic aspects in 
eating control. Details about the brain centers involved in the control of eating go far beyond 
the scope of this work and only few aspects will be mentioned briefly. 

Afferent vagal fibers transmit the signals from the gastrointestinal and hepatic sensors to the 
solitary tract nucleus (NTS) of the medulla oblongata which interacts with the hypothalamus, 
the limbic system and also the cerebral cortex (LANGHANS et al 2000). 
The area postrema (AP) has a partially open blood brain barrier and acts as a 
chemoreceptor area for substances circulating in the blood. The AP is in close 
communication with the NTS; together, constitute the primary central input area for a large 
number of peripheral signals involved in the control of eating (LANGHANS et al 2000). 

3.3.2 Hunger, satiety and satiation 

SCHMIDT et al (1979) defined hunger as the need to consume food. It is a general sensation 
where different mechanisms are involved; the physiological mechanisms inducing hunger are 
still largely unknown. 

Glucose may play an important role in eliciting hunger. Glucose is the most important energy 
source for cells, and in particular for the brain. The glucostatic theory claims that decreased 
availability of glucoses causes the feeling of hunger (SCHMIDT 1979).  

GEOGHEGAN et al (1995) described satiety as a psychophysical phenomenon produced by 
signals arising from different stages of the digestive and absorptive process. If too much food 
has been eaten, the feeling of fullness appears. In the more current view and in terms of 
physiological controls, one differentiates between “satiation” signals that control meal size by 
determining meal ending satiation, and “satiety” signals that control the onset of a 
subsequent meal. The former signals are much better identified than the latter. 
Preabsorptive (stomach distension) and postabsorptive signals (hormones e.g. 
cholecystokinin) during the digestive process that influence the meal size can be 
distinguished (SCHMIDT1979), which are explained in 3.3.3 – 3.3.4. 
Another factor that needs to be taken into account is a drop of palatability of the diet during 
the meal. This effect is only specific for that particular diet eaten. If another taste of food is 
offered, the animal (or human) will reinitiate or continue to eat.   
This gustatory specific effect could be important in feral living animals to obtain a well 
balanced nutrition when switching from one nutritive source to another (LANGHANS et al 
2000) 

3.3.3 Gastrointestinal control 

In an experiment by JANOWITZ and GROSSMAN M.I (1949), dogs were fitted with a gastric 
fistula to remove or add food to the stomach before or during mealtime. Meal size was 
smaller, if food was added and was bigger, if food was removed 
Further studies showed that stomach distension during a meal sends afferent signals to the 
NTS and from there to the brain and limits meal size, proportional to the degree of gastric 
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wall stretch (CHENG et al 1993). This mechanism is independent from the diets’ nutritive 
value; inert material is just as effective as a high caloric diet. Hence, meal size may in part be 
determined by gastric distension, but the exact physiological relevance of this effect is still 
under debate. 

3.3.3.4 Gastric small bowel signals: 

The presence and absorption of nutrients from the small intestine influences the propagation 
of food from the stomach to the small intestine via vagal and hormonal processes by a 
feedback regulatory circuit.  
Many gut hormones influence food intake directly or indirectly; the majority of the hormones 
have an inhibiting effect on food intake (CHAUDHRI et al 2006). 
One of the major hormones controlling food intake and gastric emptying is cholecystokinin 
(CCK). The NTS is the primary relay station within the brain that processes satiation induced 
by CCK. CCK, together with a number of other gastrointestinal hormones (e.g., amylin, 
glucagon, ghrelin, Intestinal glucagon-like peptide) seems to be the major player in meal size 
control (LUTZ 2006). This is also corroborated by a number of studies in dogs  
CCK reduces eating, but not total food intake (LUTZ 2006). High doses of CCK lead to 
vomiting in dogs (LEVINE et al. 1984).SIMMONS et al (1998) describe the longer lasting 
effect of inhibiting food by a CCK peptide analog (ARL 15849) in dogs compared to CCK-8 
peptide which may be useful in the treatment of eating disorders. 

3.3.4 Metabolic and neurochemical Influence on satiety 

Intestinal sensors for glucose, amino acids and fatty acids as well as neurotransmitters 
triggered by these nutrients are also involved in the process of food intake control. 
Glucose sensors in the periphery (e.g. hepatic portal vein), but also in the central nervous 
system, especially in the medulla oblongata seem to be involved. It is not fully understood 
how glucose exactly influences eating, however it is well established that glucose 
antimetabolites have a stimulating influence on food intake, whereas a glucose infusion, at 
least under certain conditions decreases food intake (LANGHANS, SCHARRER 2000). 
The sensors for oxidized fatty acids are especially located in the liver and perhaps in the 
small intestinal mucosa and play an important role in maintenance of satiety (LANGHANS, 
SCHARRER 2000). 
The main role of metabolic signals may be that their prolonged activation compared to 
gastrointestinal signals contributes to the maintenance of the satiety after a meal 

3.3.5 Polyphagia and Anorexia 

Changes in the feeding behavior of dogs such as anorexia or hyperphagia are well known 
symptoms in clinical practice, which are noticed early on by the pets’ owners. 
Anorexia can be complete or partial, and it can be expressed as showing no interest in food 
and be due to environmental stress, such as moving, new animals, regrouping or new 
people. However, it can also be due to illness and a decreased wellbeing due to local effects 
of the gastrointestinal system, metabolic derangements, pain, and central neural lesions or 
generally in many severe disease states. 
Interestingly, anorexia or reduced food intake during the acute phase of a disease are also 
part of the host’s defense mechanism and may in fact be beneficial for survival early in the 
disease process (HART 1988). 
Cytokines such as interleukin-1, tumor necrosis factor-alpha (TNF-α) and interferon-γ inhibit 
food intake and most likely play important roles in such situations (LANGHANS 2004). 
LANGHANS et al (2007) could show that administration of the bacterial endotoxin 
lipopolysaccharides (LPS), which is often used to model infectious disease states, inhibits 
eating by reducing the number of daily meals. LPS stimulates the production of cytokines 
that then act on the brain to inhibit feeding.  
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On the other extreme, polyphagia is defined as excessive consumption of food and is a more 
specific symptom, it can be physiologic e.g. due to increased energy turnover, or pathologic 
e.g. metabolic disorders, such as hyperthyroidism or exocrine pancreas insufficiency (EPI) 
(KITCHELL 1989). 

3.3.6 Taste Aversion 

Taste preference or aversion is the acceptance or refusal of food intake influenced by innate 
and acquired responses, also called the unconditioned stimulus (US)  
Innate reflexes are based on fixed neuronal connections between receptors and effectors. 
An innate taste aversion for bitter and an innate taste preference for sweet food exist in most 
species. Interestingly, innate taste preferences can change, e.g. the palatability for a taste 
during the meal decreases and increases for another taste (LANGHANS et al 2000). 

For acquired reflexes, the connection between receptors and effectors is formed by learning 
processes. Theses reflexes are also called “conditioned” reflexes (CS) (SCHMIDT 1990). 
When a novel taste is followed by general reduction of the animal’s wellbeing or a visceral 
illness (unconditional stimulus), the animal associates the illness with the food and avoids 
this taste. This is also called conditioned taste aversion (CTA). CTA can be induced, even 
though the decrease in wellbeing may be completely unrelated with the meal. In fact many 
hours may intervene between the CS and the US, and a CTA can still be formed. CTA can 
also develop if the animal is asleep, anesthetized or in coma when the US is administered 
(REILLY 2005) 
To give just an example, administration of LPS as an unconditioned stimulus leads to a 
learned taste aversion; taste aversion can lead to anorexia when no other food is available 
(WEINGARTEN et al 1993) 
Taste aversion may be difficult to differentiate from anorexia caused by other reasons, e.g. 
metabolic diseases, if only one diet is available.  

3.4 Drug discovery and development process − an Overview 

The human patient is the main focus and the drug discovery and development process is 
designed to ensure that innovative new medicine are effective, safe and available for patients 
in the shortest possible time to help them overcome a disease and improve their lives. 
Before a new drug is available on the market, several steps have to be fulfilled to guarantee 
the drugs’ safety and efficacy (NOVARTIS PHARMA). 

 

Figure 3.4: Process of drug development  

3.4.1 Target discovery 

In a first step to treat a disease, its mechanism has to be discovered and understood. It is 
important to know, which genes are involved and how they are altered, how they affect the 
proteins they encode and what effect it has on living cells and organs of the patient’s body. 
Once the scientists have found the proteins that play a main role in the disease outbreak, 
they have to select a target for the new medicine. A target is generally a single molecule, 
such as a gene or protein, which is involved in a particular disease (DRUG DISCOVERY, 
http://www.innovation.org/drug_discovery/objects/pdf/RD_Brochure.pdf) 

http://www.innovation.org/drug_discovery/objects/pdf/RD_Brochure.pdf
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3.4.2 Drug discovery 

Computer animated design and high-throughput screening are used to find chemical 
compounds of biologics (mostly molecules) that bind to and act on the identified target which 
causes an alteration of the protein and therefore of the disease. 
From the discovery to the registration of a new drug, it takes around fourteen years with 
costs of two billion dollars. Only one out of 10,000 tested compounds reaches the market. 

3.4.3 Safety and drug metabolism 

If a potential new drug (compound) is found, series of tests have to be performed to provide 
an early assessment to the safety of the compound. It is important to know the compounds 
pharmacological behavior that means how it is absorbed, distributed, metabolized, and 
excreted. Based on this knowledge, toxicological effects can be discovered and toxicological 
doses are defined in dose selection studies. 
While pharmacological tests are performed to understand the compounds behavior inside the 
body, toxicological tests are necessary for its safety and to target organ toxicity (DRUG 
DISCOVERY, http://www.innovation.org/drug_discovery/objects/pdf/RD_Brochure.pdf). 

Even though, most tests can be performed on computer based simulations, complex 
diseases can mostly only be understood to the use of animal studies. One step closer to drug 
safety is detecting any toxic effects on target organs in animals and directing the attention to 
organ-related biomarkers to survey the process. 
Furthermore, the Government or the health authorities require that drugs are tested in 
animals before tested in humans to help assure their safe use. 
It is not completely answered, how well animal studies predict the response overall of 
humans. Not all adverse effects observed in animals occur in humans and vice versa, but 
there is a higher concordance of toxicity of pharmaceuticals in humans and animals when 
tested in rodents and non-rodents than only tested in one species (OLSON et al 2000).  
The concordance is especially seen in hematological, gastrointestinal, and cardiovascular 
toxicity effects. 

As already mentioned, pharmaceuticals must be tested in animals, normally in rodent and 
non-rodent species.  
The selection to choose the most appropriate animal in animal tests is based on regulatory 
requirements, ethics, the scientific requirement to obtain the best possible prediction of the 
human response and animal husbandry.  
The Association of the British Pharmaceutical Industry (ABPI) in conjunction with the UK 
Home Office published a paper in 2002 with “points to consider” when selecting species for 
animal tests.  
Some important points are listed here: 

 Species selection should be based on similarity to humans of an aspect of anatomy 
and/or physiology which is likely to be relevant to the pharmacological or toxic response 
to the compound. Important to know pharmacokinetic profile, including biotransformation 
and conversion of pro-drug to active substances 

 Wherever possible selected species should respond to the primary pharmacodynamic 
effect of the substance 

 Similarity to human toxicity for that substance based on in vitro data and/or related 
compounds already given to humans 

 Availability of background data which is especially important to help distinguish 
treatment-related pathological effects from spontaneous findings 

 For the safety assessment program early in vitro and in vivo studies are used to help 
select the species. In most cases, the dog is effectively the default species, driven by 
historical data/experience, practicalities, legislative requirements and availability 

http://www.innovation.org/drug_discovery/objects/pdf/RD_Brochure.pdf
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The dog has been used for animal tests for a long time resulting in extensive knowledge and 
understanding around the use of dogs. 

3.4.4 Clinical trial I-II 

In clinical trial I 20-100 healthy volunteers are tested to determine the drug’s safety and 
pharmacological kinetics and dynamics. 
In clinical trial II, the drug is tested in 100-250 patients with the disease to evaluate its 
efficacy as well as its safety and side effects and determine optimal doses (NOVARTIS 
PHARMA). 

3.4.5 Clinical trial III 

1000-3000 or more patients are tested for the investigation of the new drug and to monitor 
side effects. Significant data about safety, efficacy and the overall benefit-risk-relationship of 
the new drug are statistically generated (NOVARTIS PHARMA). 

3.4.6 Registration and Pharmacovigilance 

When all three phases are successfully achieved, the new drug application can be handed in 
to the health authority (Swissmedic in Switzerland, Food&Drug Administration in USA). 
The health authority reviews all the information and can approve the application, if the 
medicine is considered safe and effective. 

3.5 Different kind of studies in toxicology  

3.5.1 Compound selection studies 

Compound selection studies are used to evaluate toxicological effect of the potential drug in 
unison with pharmacological investigations, mostly at the end of the compound selection 
phase 

3.5.2 Dose selection studies 

Dose selection studies are performed to deliver appropriate information on the characteristics 
of the test compound in non-rodents and identify the appropriate dose levels for the 
regulatory toxicity studies, thus achieving the most effective use of the animals (SMITH et al 
2004) 

3.5.2.1 Rising dose study 

Rising dose studies are necessary to detect a tolerance limit based on the results of an in 
vivo test, following the administration of single, escalating doses of test chemical (SMITH 
et al 2004) 

3.5.2.2 Dose range finding study 

Dose range finding studies are performed to identify a tolerance limit following the 
repeated administration of the highest feasible dose based on the outcome of a rising 
dose study for subsequent regulatory studies. 

3.5.3 Regulatory studies 

 Regulatory studies are required for clinical trial I in men and are performed under good 
laboratory practice (GLP) regulations 

 The main objective is to establish potential hazards associated with the test item by 
identifying organ toxicity. 

 GLP is a quality safety system to survey the organization, process, documentation, 
archiving and reporting of relevant non-clinical medical- and environmental safety studies 
for pharmaceutical drugs tested in testing animals or in vitro 
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3.6 Aim of this study 

In my research study, I want to determine the normal feeding behavior of untreated 
laboratory dogs during the pretest and to create a feeding profile for comparison with the 
application phase to observe deviations from the normal feeding pattern and to identify the 
effects of the test item at an early stage. In this way, I hope to identify a drug-induced effect 
on the dogs’ state of health at an early stage. 
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4. Materials und Methods 

4.1 Animals 

Novartis uses purebred intact female and male Marshall Beagles, bred in Italy and shipped to 
Novartis when they are about eight to ten months old.  
The dogs were vaccinated against canine distemper, infectious canine hepatitis, 
parainfluenza, leptospirosis, parvovirus, adenovirus, coronavirus, and rabies and went 
through antiparasitic therapy at the supplier. 
At the beginning of the studies, dogs had an average age between ten to thirteen months 
and the average weight for females was 8.9kg and for males was 10.8kg.  

4.1.1 Procedure from the first entry of dogs to the end of the study 

After arriving at Novartis animal husbandry, the animals have to pass a health check to 
examine the general health condition of the animals and to take the actual body weight. The 
dogs were chipped with the implant on the right side of the neck to access the feeder (see 
below). Feces samples for microbiological analysis were sent to the laboratory.  

For the first few weeks, they stay in the quarantine section to acclimatize to the new 
environment and the new feeding system; recommended are at least seven days to 
acclimatize (Working group of LASA, 2005). All dogs are fed with the same amount of 450g 
and same brand (Provimi-Kliba, Kaiseraugst) of complete dry dog food. Certain dogs lost 
weight even with the amount of 450g, thus they received a higher daily food limit.  

If no symptoms or problems are observed and the entry examination is normal, dogs are 
moved to a new floor, where they have another few weeks to acclimatize before they are 
divided into the study groups. The guidelines for the transport of laboratory animals 
recommend at least another three days of adaption time, when moving the animals to a new 
building In the new rooms, the dogs have unlimited access to an outdoor balcony area. 

The study itself starts with a pretest period with different in-life examinations to evaluate the 
baselines of the dogs and to test their applicability for the study. Inappropriate animals e.g. 
due to uncooperative behavior or medical issues are exchanged. 
Three to five dogs of the same dosing group and gender are group housed, depending on 
how many animals are needed for the individual studies.  

Animals will be separated to facilitate recording of clinical signs, conduct of special 
investigations and/or to avoid aggressive behavior.  

During the study, various tests or samples are taken (explained under 4.3). 
At the end of the study, the dogs are normally euthanized for macroscopic and microscopic 
pathology examinations. 

4.2 Housing facilities 

Animals are group housed in pens (2m2/animal) which can be separated with a movable grid, 
if necessary. 

Each of these pens has a water nipple for ad libitum tap water access and an elevated 
platform with a privacy shield toward the other pen, toys, and granulated bedding material. 
Radio is playing at low volume from 6am to 6pm.  

The feeding machines are installed between the third and the fourth pen (see figure 4.1 and 
4.2) with two accesses on opposite sides where dogs can eat from 10am to 11pm. 
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The dogs have free access to the balcony through a flap door. In this way the animals are 
exposed to weather conditions and the normal 24-hours light-dark cycle. In addition to 
natural daylight cycle, fluorescent light for a 12-hour light/12-hour dark cycle is guaranteed.  

Rees Environmental Monitoring System (EnRep) is installed in the rooms to control the 
temperature, light and humidity. The target range is set to 18-22°C and 40-70% humidity.  
Longer deviations from the target ranges will be noticed and set off an alarm. 

 

Figure 4.1: Dog room from the front : 1= elevated platform, 2= privacy shield, 3= movable grid, 

4= entrance to feeder 
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Figure 4.2: Dog room from the side: 1= door opener 

In figure 4.2, the single pens are distinguishable by the door openers. The black arrow points 
to the balcony. 

4.3 Study data material 

In 2007, Novartis moved from one building to a new location with new husbandry conditions. 
To have the same conditions throughout my analysis, only studies after the relocation were 
considered. In addition, certain criterions had to be fulfilled: 

 At least three animals per group 

 Duration of the study had to be longer than one week 

 All three phases (pretest, main phase and recovery phase) should be evaluated 

 Measurable deviations of the food consumption during the study performance should be 
noted in the majority of the studies 

 Symptoms had to have been noted in some of the studies 

Considering these criteria, sixteen studies between 2007 and 2010 were chosen, which 
included 459 dogs; 227 females and 232 males.  

Three of these sixteen studies did not have a recovery phase, but with no consequences for 
the evaluation of the feeding behavior.  

One study of the sixteen studies had only a main phase of two weeks instead of four weeks.  

In one study, five dose groups existed, but group 5 was not included into the evaluation. 

The chosen studies are all regulatory studies that ran under the same circumstances and the 
same living conditions. 

balcony 

1 

1 
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4.4 Structure of a regulatory-study 

Only regulatory -studies were used for this analysis and therefore only the structure of this 
type of study will be explained in more detail. In general (exceptions see above), the studies 
have a one week pretest phase, followed by a four week main phase and a four week 
recovery phase. One of the objectives of the one month studies is to allow dose selection for 
longer term regulatory studies (LASA 2009). 
The study is separated into three phases: 

 Pretest 

 Main phase = treatment phase 

 Recovery phase 

4.4.1 Pretest 

The duration of the pretest is normally seven days. The dogs are randomly separated into 
their dose groups at the beginning of the pretest and allocated to new rooms. 
During this week, baseline data of all dogs are evaluated by collecting blood and urine 
samples, performing electrocardiograms (ECG) and ophthalmoscopic examinations as well 
as other tests listed in 4.5. Baseline data is important for the comparison with the findings 
during the studies or to identify and exchange an inappropriate animal due to inappropriate 
baseline results. 
During the pretest, dogs can acclimatize to the new rooms and the new group members. 

The dogs are separated into four groups: 

 Control group 1: dosed with a placebo, normally five animals of both sexes 

 Low dose group 2: normally three animals of both sexes are dosed with test substance in 
a dose where no side effects are expected 

 Middle dose group 3: normally three animals of both sexes are dosed with an 
intermediate dosage of the test substance 

 High dose group 4: normally five animals of both sexes are dosed with the highest 
possible dose that is tolerated for the study duration. The maximum tolerated dose is 
determined on a previous study by parameters such as clinical signs and reductions in 
body weight and food consumption (LASA 2009) 

Whenever possible, the number of animals used for studies is reduced to the minimum and 
groups may be reduced to two or three groups only instead of four groups. This depends on 
the information gained in prior tests.  

4.4.2 Main phase = treatment phase 

The duration of the main phase period is usually related to the duration, therapeutic 
indication and scale of the proposed clinical trial, commonly four weeks. 

Table 4.1: Recommended duration of repeated-dose toxicity studies (EMeA 2009) 

Duration of indicated treatment  
of clinical trial in humans 

Rodents  Non-rodents  

Up to two weeks  one month  one month  

>two weeks to one month  three months  three months  

>one month to three months  six months  six months  

>three months  six months nine months  

 

The similar route of application is chosen to that intended for use in man. 
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Regularly, females and males of each dosing group share a room, males on one side and 
females on the other side. It is important that all animals are kept under the same conditions 
to exclude any environmental influence. 

The main phase starts with the first application. Especially during the first three days, animals 
are distracted from their daily routine due to the start of daily examinations and applications. 
Blood samples for kinetics are taken several times in certain intervals within the first two 
days. Depending on the study, ECG and neurological examinations are executed. 

Within the first three days of the main phase, it is not known what kind of symptoms appear 
and therefore, animals are kept separated after dosing for two to three hours to observe any 
potentially occurring symptoms. After the first three days of clinical observation and 
established symptoms, the animals do not need to be separated anymore and are grouped 
immediately after dosing. 
During the whole main phase, symptoms are taken whenever possible and documented, but 
at least two times a day. 
If not otherwise defined, body weight is taken twice weekly. 
Normally, in-life examinations are taken again at the end of the phase during the last week. 
Depending on the study, the in-life examinations could be performed more than twice during 
the main phase. 
At the end of the main phase, two animals of the control and high dose groups of both sexes 
continue to the recovery phase. The other animals are euthanized and send to pathology for 
necropsy. 

4.4.3 Recovery  

Usually two control and two high dose animals of each gender enter the recovery phase and 
are observed for another two to four weeks.  
During this time, no examinations are made until the end of the phase, except for clinical 
observation. At the end of the four week phase, the animals go through the same 
examinations as at the beginning of the main phase (e.g. ECG, blood samples, and urine 
samples, but no TK blood sampling) and are then euthanized and send to pathology for 
necropsy. 

4.5 In-life examinations 

The various in-life examinations performed throughout the whole study are briefly described 
below: 

4.5.1 Clinical observations 

Clinical signs are assessed and scored if necessary e.g. neurological symptoms are 
described as slight to marked in appearance. Efforts are made to characterize onset and 
duration of signs observed. The observations are documented at least once a day 

4.5.2 Body weight 

Individual body weights are measured using an electronic balance. Normally body weight is 
measured twice a week. If weight loss is expected, body weight will be measured on a more 
frequent basis. 

4.5.3 Food consumption 

Daily values are recorded using an automated feeding system.  
Dry food in pellet form is fed. 
If a study causes anorexia or lower food intake, dry food is mixed with water and dogs are 
fed manually. Because most dogs prefer wet food to dry food, they start to eat the mixture. 

Energy requirement for young laboratory animals: 
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The required metabolisable energy (ME) for dogs is multiplied with the metabolic body mass 
(BM0.75) to calculate the energy requirement for the day (measured in calories). The required 
caloric value (Kcal) per kg BM0.75 for young laboratory dogs is 140 Kcal or 0.59 mega joules 
(MJ) (GV-SOLAS). 
The formula to calculate the required daily intake is:  

Kcal ME* kg BM 0.75, 0.59 MJ ME * kg BM 0.75 

For example, a 10 kg dog has a daily caloric need of 787kcal or 260g dry food per day. 
The Beagle dogs in Novartis used to receive 350g per day, but this amount seemed too low. 
Several animals lost body weight. Due to this observation, the daily food allowance was 
increased to 450g. 

The major nutrients of the dogs’ dry pellet food: 

 Dry matter 88.0%  

 Crude protein 22.5% 

 Crude fat 6.0% 

 Crude fiber 3.5% 

 Crude ash 6.3% 

 Nitrogen free extract (NFE) 49.7% 

 Gross energy 16.7  

 Starch 33% 

 Ingredients: Flacked cereals, wheat, poultry meal, flacked oats, soybean meal, wheat 
middlings, soybean oil, wheat germ, corn, minerals, vitamins, amino acids 

4.5.4 ECG 

ECGs are recorded using the Cardiovit AT-60 cardiograph. The ECG traces are evaluated 
visually and the following parameters were measured: heart rate, PQ, QRS and QT intervals. 
Normally, ECG-recordings are taken during the pretest period to give predose background 
values, on day 2 of the main phase (usually at the Tmax) to monitor any cardiac effects soon 
after dosing , and 24hours after the second dose (day 3) to check for recovery from any 
effects seen on day 2. 
Another two ECG-recordings are performed in the last weeks of the main phase to see any 
deviations after long term treatment (at Tmax and 24hours after dosing). At the end of the 
recovery phase another session of ECG-recordings are performed to compare the results 
with the ones of the main phase. In some cases, abnormal ECG-results occur during the 
main phase and may disappear in the recovery phase. 

4.5.5 Ophthalmology 

After instillation of a mydriatic, ophthalmological examinations are performed in a dark room, 
using a slit lamp and an indirect ophthalmoscope. 
Any abnormalities are documented. 

4.5.6 Neurology 

Animals are carefully observed for gait anomalies with special consideration of activity, 
muscle coordination and wide stance of the hind legs, followed by functional testing. 
The neurology test is only planned, if neurological symptoms are expected or if the test item 
is tested for neurological diseases such as Parkinson. 

4.5.7 Clinical pathology: hematology, clinical biochemistry and urinalysis 

Usually, animals have no access to food for at least 6 hours before blood or urine collection, 
but have free access to water. Blood specimens are taken from a peripheral vein before 
administration. 
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If required, blood samplings are also collected more frequently during the main phase, e.g. 
studies with immunosuppressive response. 

4.5.7.1 Hematology 

Blood specimens for analysis of the coagulation parameters are taken into sodium citrate 
anticoagulant; otherwise the blood is collected into ethylenediaminetetraacetic acid (EDTA) 
anticoagulant.  
A total white and red blood cell profile is required during pretest, at the end of the main phase 
and at the end of the recovery. 

4.5.7.2 Clinical biochemistry 

Blood specimens for analysis are collected using no anticoagulant. Blood collection is 
required during the pretest, at the end of the main phase and at the end of the recovery to be 
able to compare any deviations.  

4.5.7.3 Urinalysis 

Urine is collected by catheterization. Normally urinalysis is done in the pretest, within the last 
week of the main phase and at the end of the recovery 

4.5.9 Toxicokinetics and special investigation 

While toxicokinetics is always required, special investigations such as gene and protein 
profiling can be required, depending on the use of the test item. 
After the 1st and one of the last administrations, blood is taken from all main group animals 
at time points within 24 hours post-dose to calculate following parameters: maximum plasma 
concentration of the drug (Cmax), Cmax/dose, area under curve (AUC) (0-24h), AUC (0-
24h)/dose, time after administration of a drug when Cmax is reached (Tmax). 

4.5.10 Pathology 

At the end of the study, the dogs are euthanized and a macroscopic organ evaluation is 
performed. Organs listed in the study plan are collected, specific organs are weighed and if 
other tissues show any macroscopic alterations, samples are taken for histology. A selected 
set of tissues are processed for histopathological examination. 

4.6 Dog feeding system 

The dog feeding system consists of three main parts 

 Dog feeder: Feeding station with a silo on top 

 Dogfeed: Display and control units of the dog feeder 

 Software : to transfer recorded data from the control unit to the main server 

4.6.1 Dog feeder 

The feeding station is covered with plastic walls, which are framed with a steel rail at the 
ends for protection against being chewed up by the dogs. There are two entrances (figure 
4.5 black arrows) on opposite sides and a sight protection to protect low-ranking dogs from 
dominant dogs, when former enters the feeder. A short passage leads the dogs to the 
feeding bowl.  

The feeding bowl, placed on a precision balance, is accessible by 2 doors which open by 
electro-pneumatic valves. If a dog enters the feeding station, a transponder receiver registers 
its identification (ID) and sends the information about meal duration time, food intake, and 
number of visits to the server. 
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Figure 4.3: Dogfeeder from the outside: Black arrows point to the entrances of the feeder, 1= 

side protection, 2: silo 

In figure 4.3, the entrances to the passages that lead to the food bowl are demonstrated. The 
dog on one side does not see when another dog enters the feeder on the opposite side due 
to the sight protection (1). 

 

Figure 4.4: Inside part of the Dogfeeder: 1= transponder receiver, 2= Balance, 3= Food bowl, 4= 
Food access door, 5= electropneumatic pistons 

Picture 4.4 illustrates the hardware of the dog feeder from the inside. The food bowl (3) is 
placed in the middle over the balance (2) and the dogs can enter from left or right. The 
pneumatic pistons (5) open the food access doors (4) as soon as the transponder receiver 
(1) registers a dog in the passage. 
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Figure 4.5: Food bowl and transponder receiver: 1= Food bowl, 2= transponder receiver, 3= 

Food access door 

From the top, it is shown how a dog gets to the food bowl. The receiver (2) on the left side in 
figure 4.5 is on the opposite side to that shown in figure 4.4. The transponder was originally 
implanted on the left side of the neck. Thereafter the dogs were required to have their 
identification chip implanted on the left side. This implant was not big enough to be read by 
the transponder receiver and the second chip for the dog feeder had to be implanted on the 
right side of the neck, resulting in changing the transponder receiver to the right side of the 
dog feeder. 

4.6.2 Implant 

The transponder for the animal ID is packed in glass and implanted subcutaneous on the 
right side of the neck.  
The dogs must be registered at the feeding station to have access. Up to a maximum of ten 
animals for each dog feeder is possible, limited by the food silo, which would be emptied too 
fast by a larger group.  

 

Figure 4.6: Implant: the black arrow points to the implant 
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4.6.3 Situations that may occur during the feeding process 

 

 

 
Figure 4.7: Required points to get access to the food bowl 

Certain criteria have to be fulfilled before the dog can enter the dog feeder. 
Figure 4.7 demonstrates the different steps the dog has to pass to get access to the food 
bowl. 
First of all, the dog has to be registered at the feeder station. As a next step, the visit has to 
be within the time range. Then, the dog can only eat, if it has not yet eaten its entire allocated 
amount of food and if no other dog is eating at the same time on the other side. 

The food intake of the dog can be interrupted by another dog which may enter the passage 
from the same side to push the former away. In this case, the doors close and the food that 
was eaten is accredited to the first dog.  
Some dogs, particularly females, tend to sleep in the feeder passage, especially after they 
have eaten. This brings two disadvantages: 
1. The recorded meal duration time is incorrect 
2. Other dogs cannot eat from the opposite side 

4.6.4 Display and control units 

The control unit box, suspended on a hook, contains the control- and communication 
software dog feed. 
On the visual display, the dog feeder can be switched to service mode to keep the doors 
closed or opened, e.g. for cleaning or to tare the balance. 
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Figure 4.8: Display and control monitor 

Other important functions of dog feed are: 

 Network connectivity to the management software FeeditManager for communication 

 Receive and perform instructions of feeding from FeeditManager 

 Feeding of the registered animals in a 24-hour cycle 

 Recording and saving all feeding data of each animal 

 Register and set up alarm  

 Transfer of all saved data to the database server 

4.6.5 Meal Definition 

Although meal patterns for animals like the rat or livestock have often been analyzed, there 
has been little uniformity in how meals have been defined for dogs.  
Meals are normally conceptualized with two-process models (ZORRILLA et al 2005). A 
cluster of feeding events (intrameal intervals) presents the actual “meal” that is separated 
from other clusters by a non-feeding interval, the so called intermeal interval.  
The various parameters that are evaluated in this research are: 

 Daily food intake (DFI): the total amount of the single meals of one day 

 Meal duration time (MDT): The occupation time they spent to eat the daily amount 

 Number of visits per day (VpD): How many single meals per day 

 Single meals of the day: average of the single meals during the day 

 Single meal duration time: The time they spend for a single meal 

 Timetable: On what time of day they eat 

DEMARIA-PESCE et al (1996) mathematically investigated the various meal parameters in 
rats. The longest intrameal interval was fourteen mins (minutes), but most intrameal intervals 
lasted two mins. The intermeal intervals could last over 600 mins. 
RASHOTTE et al (1984) determined the intermeal interval for Beagle dogs to at least ten 
minutes. 
Comparing the different definitions we decided to define a “meal” as: 

1. Total daily food sum: the total daily amount including every single amount that was eaten 
during the day, maximum of 450g (exceptions possible, depending on the body condition 
score of the individual dog) 

2. Daily food intake of the meals: the single meals added together as the end sum of the 
day  

3. Per single visit, the dog needs to eat at least 1g (average of half a pellet is 1.5g), food 
intake smaller than 1g are not counted as meals but make part of total daily food sum. 

4. The minimum meal size for males is set to 10g, the one for females 8g. Meals smaller 
than 10g or 8g are not counted as meals will make part of total daily food sum. 
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5. The intermeal interval has to be longer than ten minutess from the end of the first food 
intake to the beginning of the food intake to separate two meals 

The mean values of daily food intake (DFI) and single meals per visit, meal duration time 
(MDT) per day and also per single meal and the visits per day of all studies are analyzed. 
On days with no food intake, the parameters are set as zero, wrong data as described in 
4.6.7 is not used for the calculation and the fields in the columns are left empty.  

To determine the normal feeding behavior of dogs, the daily food intake (DFI), the meal 
duration time (MDT), and the number of visits per day (VpD), as well as the single meals and 
the single meal duration times of 459 dogs (227 females, 232 males) are recorded and 
evaluated. The studies are separated into the different study phases pretest, main phase and 
recovery for comparison. An abnormal feeding behavior is determined as a deviation from 
the normal values evaluated in the pretest. As for the determination of the MDT, only 448 
animals are evaluated. Eleven animals had to be excluded due to wrong data as described in 
section 5.1. 

For a better understanding of the meal definition, the single parameters are illustrated in an 
example in figure 4.10 to 4.12. 

4.6.6 Use and function of FeeditManager 

FeeditManager is the administrative Software of the automated dog feeder system. 
The program permits feeding dogs in groups as well as performing studies based on feeding.  
Food amount and access to the feeder can be determined for all groups within a study or for 
each group and for each animal separately. 

First select a study from the Feedit-Software. This could be an actual
a
 study or a closed one, 

which could be found under historical
b
.  

 

Figure 4.9: Selected study from the FeeditManager 

By clicking on the plus “+” on the left side of the study number, the animals show up and the 
requested animal can be chosen.  

Right hand click on the animal number opens the feeding activity of the chosen days. 
All visits, even the ones with no food intake are listed as shown in figure 4.12. This interface 
is necessary for controlling the daily feeding activities of the dogs and the data in its 
propriety. Computerized analysis of presented results is not possible with this list, but can be 
summarized with another tab, which is described in 4.12.  

a 

b 
Study 
no. 

Single 
animal 

Dose groups 
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Figure 4.10: Illustration of the different parameter used for the meal definition: 1= Intermeal 

interval 

Figure 4.10 illustrates the visits to the dog feeder including the time of day, the eaten amount 
of food and the time spent in the dog feeder. The dog in this example has already entered 
the dog feeder during the night. Due to the limited feeding hours from 10am to 11pm, the dog 
cannot eat until visit 11, when it ate 2.4g. No further food intake is recorded until 12pm and 
the amount is not included in the calculated meal sum as it is too small. From 12:09:36 to 
12:28:51 the dog ate 73.9g.Due to the intermeal interval to the next food intake, which is 
longer than ten minutes, the 73.9g can be summarized as one meal. Two more meals are 
eaten during the day.  
The summarized table of meals will open by clicking on a new tab. 

One 
summarized 
meal equal 
to one visit 

<8 or 10g, 
not counted 
as meal 

< 1g, not 
counted  

2nd meal 

3rd meal 
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Figure 4.11: Window with the defined parameters: 1= Intermeal Interval, 2= minimum intake, 3= 

minimal total single meal amount  

When clicking “ok” (red arrow), the single visits and meals will be summarized into a list as 

shown below in figure 4.12 (the same animal from figure 4.10) 

As the meal definition did not exist for food consumption analysis, it first had to be defined in 
a separate window in the software system and finally validated. 

 

 

 

Figure 4.12: Summarized visits into the defined meal: 1= entry time into the feeder, 2= 
amount/time, 3= Meal sum: total of counted meals, 4= Sum: Total of the daily intake with 
residuals smaller than the minimal meal amount; 5= single meal duration time in sec. 

Out of figure 4.12., the MDT (5) for each meal, the feed rate (2), the total daily food sum (4) 
and the DFI (3) are summarized. No. 1 points to the time of day, when the dog entered the 
dog feeder. 
To serve as a good meal definition, the difference between total daily food intake and total 
meal sum should not be bigger than 10%. 
(The summarized data can be saved into a CSV-Excel sheet and run through a Macro to 
tabulate the single parameters into columns.)  

4.6.7 Errors occurring during feeding process 

Errors occur in automated feeding machines. To minimize the number of errors in the data 
set, the values that may be wrong have first to be evaluated. The values that may be affected 
are single meals, single meal duration time and feeding rate. If these parameters are wrong, 
the DFI, MDT and VpD are incorrect as well. 

The errors are either created by hardware or software problems. 

Hardware or dog-dependent errors include:  

 Unreal meal times due to dogs sleeping in the passage. The transponder receiver 
registers the dog and the doors stay open 

3 4 2 1 
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 The doors do not close due to technical problems such as pellets in the door way, dogs 
cannot eat 

 Doors do not open due to empty silo or empty food bowl, dogs cannot eat 

Software errors: 

 A meal duration time that is recorded as being too short due to signal problems with the 
transponder receiver 

 Balance errors: incorrect value of the food left over due to wrong weighing  

 Wrong measuring of the food intake, the measured amount exceeds 450g and the dog 
cannot eat anymore due to its limit of 450g 

 Single food intake registered more than once 

 

Figure 4.13: An error example: one meal measured four times 

Various errors are already detected during the daily control of the hardware and software of 
the dog feeder, e.g. feeder errors or wrong amount of food intake.  
Other errors such as dogs sleeping in the passage have to be first manually checked and 
identified prior to the analysis. Due to the large amount of data, the process is very time 
consuming. 

4.7 Statistical Evaluation 

The statistical evaluation is performed using the GNU R-statistical program  
Linear mixed effect modeling – dog ID as the random effect, generalized additive models is 
used (advanced with random effects). Results are significant, if the p-value is > 0.05. 
Excel Pivot and excel graphics for the charts of the feeding patterns are used. 

 

same value 
registered 
four times 
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5. Results 
In the first part of this section an overview of the results of all dogs together will be given.  

I will discuss three different feeding patterns with five examples that stood out in the analysis. 

The dogs in group 4, in particular, will be looked at more closely, because their feeding 
behavior deviated most from the other groups. 

Finally, the relationship between symptoms and food intake and general observations of the 
individual study phases will be presented. 

5.1 General food intake behavior 

Sixteen studies of the last four years were analyzed to evaluate the dogs’ feeding behavior. 
The studies were chosen by several criteria as described in 4.2.1.  
In general, a study contained 32 dogs. Three of the sixteen studies had fewer dosing groups, 
resulting in fewer dogs. All in all, 19 dogs had to be excluded for various reasons, e.g. early 
sacrifice or because they were manually fed and no data was available. There were fewer 
dogs left for the evaluation of the feeding patterns in the recovery phase. In total 60 males 
and 54 females from group 1 and 4 entered the recovery phase. 
Females spent on average 21.6 mins to eat 270g per day. Males spent on average 19 mins 
to eat 329g. Both males and females made on average 3.7 visits per day. 
In fifteen of the sixteen studies, male dogs ate significantly more than bitches (p< 0.05), but 
they also weighed 20% more than females. The average body weight of males was 9.9kg ± 
0.7 and of females was 8.1kg ± 0.8. Food intake was 19% higher in males, correlating with 
the higher body weight.  
In general, the dogs were allowed a maximum daily amount of 450g to eat from 10am to 
11pm.  
In three out of the sixteen studies, the limit of the daily amount of food was first set at 350g. 
The majority of the dogs from the three studies always ate their food allowance. After two 
weeks, about half way through the main study phase, the food allowance in two studies was 
increased to 450g due to loss of body weight in several dogs. In all other studies, food limit 
was set to 450g from the start of the pretest.  

A few animals of the 459 dogs still lost body weight, even though they always ate their 450g. 
Hence their food allowance was raised to 650g.  

There was considerable variation among individual animals in the frequency of feeder visits. 
The number ranged from zero to fourteen visits per day during the whole study period 
(pretest, main phase and recovery). Nevertheless, it can be said that most of the animals ate 
three to six times per day. 
The ranges for DFI and MDT varied considerably, from zero to 450g (DFI) and from zero up 
to 50 mins (MDT). The variation in the DFI can be seen in the box plot of the next two charts. 
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Chart 5.1: Box plot of the DFI of all females divided into the three study phases 

The box plot demonstrates the variation of the values. The upper whisker marks the 
maximum value and the lower whisker the minimum value of the DFI. The black line in the 
box stands for the median and the upper and the lower border of the box are the 75% 
percentile and the 25% percentile, respectively. 

The variation is most pronounced in the pretest, which can be seen by the long whiskers. 
This may assume that the female dogs ate more variably in the pretest compared to the 
other two study phases. This observation was not significantly evaluated. 

 

Chart 5.2: Box plot of the DFI of all males divided into the three study phases 

The whiskers in chart 5.2 are short, which means that the values are in a closer range. The 
male dogs did not fluctuate from day to day that much. 

The feeding patterns were evaluated in the pretest, the main phase and the recovery and 
were illustrated as the different parameters over time in line charts. 
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The statistical evaluation showed a significant decrease in food intake in ten out of the 
sixteen studies during the main phase compared to the pretest.  
In two of the sixteen studies, a significant increase in food intake occurred during the main 
phase. In the remaining four studies, no significant correlation between dosing and food 
intake during the main phase was found. 

The majority of the dogs (353 of 459 dogs) showed an irregular feeding behavior during the 
three study phases, which complicated the comparison and the interpretation of the different 
study phases. 84 dogs showed clear deviations of feeding behavior between the pretest and 
the main phase and 22 animals remained regular during the pretest and the main phase.  
53 dogs had a constant pretest and main phase and 31 dogs were steady during the pretest, 
but became variable in the main phase. 
Due to the lower number of dogs (only 114 animals) during recovery, this phase did not play 
such an important role as the pretest and the main phase. For that reason, I focused more on 
the deviations between the pretest and the main phase.  

The MDTs should be considered with care from certain animals, in total from 45 dogs. They 
liked to sleep in the feeder after eating and their presence was erroneously recorded and 
added to the MDT, which affected the results. The evaluation of the meal duration time 
showed that dogs usually did not spend more than 1000s to eat a higher amount of food, e.g. 
300g. For smaller amounts, the dogs usually spent on average between 150 and 300s. 
Single meal duration times of values that seemed incorrect were compared with those that 
were correct and realistic within the study phase of the individual dog. In most cases, the 
amount eaten was low while the single meal duration time was too long, e.g. 900s for 15g. 
The incorrect values were excluded and values from other single meal duration times of the 
same dog were chosen to replace the incorrect ones. 
In cases where dogs slept in the feeder almost every day, results were noted as not available 
(NA) and no MDT was included in the statistical analysis.  
Although the obviously wrong results from the 45 animals were corrected, some MDTs of a 
few animals could not be classified as either false or correct values. Considering the amount 
of data of 459 dogs, the values of the individual dogs were not considered to have significant 
influence on the overall results of the MDT. 

As mentioned above, the dogs ate on average at least three to six times a day, split into one 
meal in the morning and one to two meals in the afternoon and evening. Various factors, e.g. 
the maximum plasma concentration (Cmax) of the test substance may influence the time of 
the single meal intake during the day. In order to analyze for possible impacts on the single 
meals, the day was divided into four timeslots. The strongest impact on the animals’ food 
intake was expected in the morning after administration. This is why the early-slot was 
chosen between 10am and 12pm. The other slots were divided in time intervals reasonably 
similar to each other. 

Timeslots 

 Early: meals between 10am and 12pm 

 Afternoon: meals between 12pm and 16pm 

 Evening: meals between 16pm and 20pm 

 Late: meals between 20pm and 23pm 

The intermeal intervals showed a clear break between the single meals which could be 
summarized into a daily sequence of the single meal intake during the day. 
The morning meal was significantly measured as the biggest meal of the day. The other meal 
sizes eaten during the day became smaller from meal to meal. The meals late in the evening 
were usually more variable and small. Thus meals eaten in the later day time were less 
reliable due to variable sizes of the meals. 
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This made it more complicated to compare the timeslots of later daytimes, e.g. evening in the 
pretest with the evening-timeslots of the main phases. Hence, only morning meals were 
compared between the pretest and the main phase to detect any deviations. 
In cases where dogs showed an inconsistent food intake in the morning, the single meals of 
the early-phase were inappropriate to compare between the different study phases. 

In order to discuss the animals’ feeding behavior more thoroughly, I added various tables 
and charts that allow looking at the results from different angles (females vs. males) and 
levels (whole study vs. group within study). 

To start with an overview of the feeding behaviors’ results, table 5.1 and 5.2 show the mean 
values of females and males in the three different study phases; pretest, main phase and 
recovery. 

Table 5.1: Mean values of food intake of the females of all studies divided into the three study 
phases 

All females 
(mean±SD) 

Pretest Main phase Recovery 

DFI (g) 262 ± 49 265 ± 70 292 ± 81 

MDT(min) 19.7 ± 4.5 20.1 ± 5.9 23.2 ± 11.3 

VpD 3.9 ± 0.9 3.7 ± 1 3.8 ± 1.3 

Single meal 
(g) 

62 ± 22 64 ± 23 72 ± 30 

Single MDT 
(min) 

4.9 ± 1.4 5.3 ± 3.7 5.6 ± 2.1 

Legend: DFI= daily food intake, MDT= meal duration time, VpD= visits per day 

The DFI of females was similar in the pretest and the main phase, but significantly increased 
in the recovery phase. The MDT only slightly non-significantly increased from the pretest to 
the main phase. From the main phase to the recovery, the MDT significantly increased. The 
number of VpD was similar in all three study phases.  
The single meals from the pretest to the main phase was steady, while it significantly (p< 
0.001) increased in the recovery from 62g (pretest) and 64g (main phase) to 72g. The dogs 
did not eat more often, which is seen in the steady number of VpD. As a consequence, they 
had to spend more time eating. The single meal duration time significantly slightly increased 
from 4.9mins to 5.3mins in the main phase and up to 5.6mins in the recovery. 

Table 5.2: Mean values of food intake of the males of all studies divided into the three study 
phases 

All Males 
(mean±SD) 

Pretest Main phase Recovery 

DFI (g) 332 ± 50.7 328 ± 79.3 352 ± 88.2 

MDT (min) 18.6 ± 4.1 18.3 ± 5.6 20.2 ± 7.9 

VpD 4 ± 1.1 3.7 ± 1.2 3.5 ± 1.4 

Single meal 
(g) 

74 ± 30 75 ± 26 88 ± 43 

Single MDT 
(min) 

4.2 ± 1.3 4.3 ± 1.7 5 ± 2.1 

Legend: DFI= daily food intake, MDT= meal duration time, VpD= visits per day 

The male dogs behaved similarly to the females. They had a significantly higher food intake 
in the recovery (352g) phase compared to the pretest (332g) and the main phase (328g). 
Unlike the females, the males’ number of visits per day remained significantly lower in the 
recovery phase, while the MDT significantly slightly increased compared to the pretest and 
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the main phase. The male dogs tended to eat faster with fewer visits with the same amount 
of food provided as in the pretest and main phase. 

The tables 5.1 and 5.2 represent the total values for all groups together (controls and 
treated), however the different parameters for the dogs varied from group to group, which is 
illustrated as feeding patterns in chart 5.3 for females and in chart 5.4 for males. 

 

Chart 5.3: Average of DFI of all females divided into the four dose groups 

During the pretest, the lines of all four groups run parallel to each other. On day 0, at the 
beginning of the main phase, a reduced food intake could be observed in all four female 
groups, most prominently in group 4 (violet) and only slightly in group 1 (blue). As mentioned 
in 4.5.2, the first three days led the dogs into a new situation. This may explain why they all 
ate less during the first three days. 
Food intake of group 1 (blue) increased after the first days of the main phase while group 2 
(red) and 3 (green) remained steady. Group 4 (violet) had the lowest food intake. Possible 
reasons for this feeding pattern will be explained in section 5.2 where particular examples 
are analyzed in more detail. 
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Chart 5.4: Average of DFI of males divided into the four dose groups 

As mentioned earlier males generally ate more than females. Nevertheless, the feeding 
pattern of males looks similar to the feeding pattern of females. The males also reacted at 
day 0 with a lower food intake, but not as strongly as the females. The diagram of chart 5.4 
containing all four male groups shows an increase in food intake in group 1 (blue) and a 
decrease in group 4 (violet) as already seen in females in chart 5.3. 

Chart 5.3 and 5.4 show clearly that the dosage had a similar effect on both sexes. The male 
control group (group 1) as well as the female control group (group 1) had a significant higher 
food intake than the high dose groups (group 4) of both sexes. Thus, it can be said so far 
that the test substances may have an effect on both sexes and their feeding patterns. This is 
shown by the lower food intake lines (violet) in the diagram of chart 5.3 (females) and chart 
5.4 (males). 

For completeness I have added charts 5.5 (females) and 5.6 (males). They illustrate the 
MDTs of the different dose groups of both sexes. The plots in chart 5.5 and 5.6 run in similar 
manner to those of chart 5.3 and 5.4. This means that MDTs correlate with the amount of the 
DFI. 
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Chart 5.5: Average of the daily MDT of all females divided into the four dose groups  

Just like in chart 5.3 and 5.4, it can be seen that females reacted stronger than males on day 
0. Group 4 was lower than the others, correlating with the lower food intake of female group 
4 in chart 5.3. This was not the case with males. Male group 4 did not have a clearly shorter 
MDT as the other groups, although this group had a lower food intake as well. 

 

Chart 5.6: Average of the daily MDT of all males divided into the four dose groups  

Due to the deviations found in the feeding behavior of both groups 4 (females and males), as 
seen in chart 5.3 and 5.4, I considered it necessary to look at them more closely. Hence, the 
individual mean values of group 4 of both sexes are shown in table 5.3 (females) and 5.4 
(males). The mean values of the other groups are listed in the appendix. 
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Table 5.3: Mean values of all females in group 4 divided into the three study phases 

Group 4F 
(mean±SD) 

Pretest Main phase Recovery 

DFI (g) 256 ± 50.6 229 ± 86 278 ± 93 

MDT (min) 17.1 ± 3.4 17.4 ± 5.8 24.1 ± 14 

VpD 3.7 ± 0.2 3.3 ± 0.3 3.9 ± 1.2 

Single meal 
(g) 

62 ± 22 61 ± 24 66 ± 22.4 

Single MDT 
(min) 

4.6 ± 1.3 5.4 ± 1.4 5.4 ± 2.1 

Legend: DFI= daily food intake, MDT= meal duration time, VpD= visits per day 

During the pretest, females ate a daily amount of 256g in 17.1 mins and 3.7 visits. In the 
main phase, the DFI as well as the number of VpD was significantly lower, but the MDT 
remained steady. It can be seen that the amount of single meals remained steady from the 
pretest to the main phase. The single meal duration time, however, significantly increased 
from 4.6 mins in the pretest to 5.4 mins in the main phase.  
It can be assumed that the female dogs needed more time to eat the same amount or even a 
smaller amount of food in the main phase compared to the pretest. It is possible that they ate 
slower due to a reduced wellbeing. 

In the recovery phase, however, the DFI as well as the MDT significantly increased 
compared to the main phase. The MDT increased from 17.4 mins to 24.1 mins. Additionally 
the DFI was 20g higher in the recovery phase. A positive correlation between DFI and MDT 
was restored. 

Table 5.4: Mean values of all males in group 4 divided into the three study phases 

Group 4M 
(mean±SD) 

Pretest Main phase Recovery 

DFI (g) 339 ± 43 295 ± 97 333 ± 101 

MDT (min) 16.7 ± 3 19.4 ± 6.2 20.5 ± 9.9 

VpD 3.9 ± 0.2 3.4 ± 0.2 3.5 ± 0.3 

Single meal 78 ± 29 69 ± 33 84 ± 36 

Single MDT 
(min) 

4.6 ± 1.2 4.3 ± 1.5 5 ± 1.8 

Legend: DFI= daily food intake, MDT= meal duration time, VpD= visits per day 

Male dogs showed a similar feeding behavior compared to the females. They also had a 
significant lower DFI (295g) in the main phase compared to the pretest (339g). The amount 
of the single meals became non-significant smaller while the meal duration time of the single 
meals remained steady. Similar to the females, the male dogs needed more time to eat a 
smaller amount of food in the main phase. 

No changes in MDT were measured during the recovery phase compared to the main phase. 
The steady MDT and VpD but an increased DFI during the recovery imply that the dogs must 
have eaten faster. The single meals and the single MDT were significantly smaller in the 
main phase compared to the recovery phase. 

Looking at the results of tables 5.1-5.4, it can be said that females and males both ate more 
during the recovery phase than in the main phase. But while females needed more time to 
eat the larger amount of food, males ate faster.  
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In 47 of the 114 animals that entered the recovery phase, the DFI in the recovery phase was 
higher than in the main phase. The opposite was observed in only fourteen animals. The 
other animals had an equal food intake in the main phase and the recovery phase.  
The results of the comparison between the DFI of the pretest with the recovery looks similar. 
40 dogs had a higher food intake in the recovery compared to the pretest and 26 animals 
had a lower food intake in the recovery compared to the pretest. In 32 animals, food intake 
was equal between the two study phases.  

Eight animals from two studies had to be excluded due to different food allowance. During 
the pretest and the first two weeks of the main phase, the dogs had a food allowance of 
350g. They ate more when food allowance was raised to 450g after the first two weeks of the 
main phase, resulting in higher DFI. Due to the variance of the two food allowances, the data 
of the DFI could not be compared between the three study phases.  

5.1.1 Body weight 

In studies with no impact on food intake, no effect was measured on the dogs’ body weight. 
Nevertheless, a loss in body weight appeared as expected in studies with a negative impact 
on food intake. Certain animals including control animals lost body weight within the four 
study weeks of the main phase, even though no change in food consumption was measured. 
On some occasions, the dogs ate even more from week to week and still lost body weight. 
The increased energy intake may be due to stress caused by the study conduct and the test 
substance’s effect.  
Body weight was only taken once to twice weekly and no daily comparisons were possible.  

5.2. Three feeding patterns and their examples 

Throughout the sixteen studies, the dogs reacted with various feeding patterns. In order to 
enable a structured discussion of the results, the feeding behaviors were classified into the 
following three feeding patterns: 

 No impact: there was no change observed in the whole study 

 Irregular impact: Some animals of one group showed a reaction by an increased or 
decreased food intake during the study, others did not 

 Strong impact: A change in feeding behavior shown by decreased or increased food 
intake could be observed in all animals of the same dose group  

Throughout the sixteen studies, the reaction of one dog could occasionally deviate from 
another dog’s reaction within the same group. This means, for example, that a dog could 
show a delayed reaction or no reaction at all, while the other dogs showed a clear impact. 
Thus, certain animals’ behavior was contradictory to the general feeding pattern of the group. 
The accumulation of the test substance in the dog’s plasma may be one explanation, but was 
not further analyzed. 

As the presentation of the results of all sixteen studies (459 dogs) exceeds the scope of this 
work, I have chosen five of the sixteen studies that serve as representative examples for the 
three feeding patterns stated above. All five examples were performed under the same 
conditions (pretest, main phase and recovery) and contained four dose groups with group 1 
as the control group and group 4 as the high dose group. 

Study A illustrates the feeding pattern with no obvious impact on the feeding behavior. In 
Study B the feeding pattern with an irregular impact on the feeding behavior will be shown. In 
this example, two different reactions of the irregular feeding behavior can be demonstrated. 
As the strong impact feeding pattern showed various reactions, I have chosen three 
examples (Study C, D and E) to demonstrate this feeding pattern. Study C and D describe 
the situation of an immediate strong impact (Study C) and a delayed strong impact (Study D) 
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on the feeding behavior. The last example, Study E will illustrate a reaction of increased food 
intake.  

Deviations to the feeding behavior occurred most often in group 4 and less often in groups 
with lower dose (group 2 and 3). That is, why in the examples presented, mostly group 4 and 
group 1 only are discussed. Group 1 was administered with a placebo and no drug-induced 
reactions were expected. This group served as the reference group and could be compared 
with the other groups that showed deviations of the feeding patterns. Nevertheless, reactions 
that were not associated to the test substance were observed in the control group.  

5.2.1 First example: Study A with no Impact  

The first example is a study with slight or no relevant changes of the feeding behavior. If 
deviations of the feeding pattern occurred, no correlation to the treatment with the test 
substance could be found. As mentioned earlier, the food intake could vary from day to day, 
which can be seen in the charts in this example. The fluctuation of the DFI made it difficult to 
interpret the results and to make a clear statement about the cause of the variable feeding 
pattern. 

The following chart outlines the averages of the female dogs’ feeding behavior. The 
individual lines represent the different dose groups. 

 

Chart 5.7: Average of DFI of females of study A 

In chart 5.7, females of group 1 (blue) started to reduce their DFI on day -3, lasting until day 
0. From day 1 on the food intake increased again. 
Thus, the reduced food intake could not be associated with the influence of the test 
substance or with the beginning of the administrations in the main phase, because it started 
before the test substance was dosed.  
Group 2 (red) seemed more regular during the pretest than group 1, but also had a lower 
food intake on day 0. In cases with an impact on the food intake that starts on day 0 of the 
main phase, the analyzing of the DFI should not only include the average DFI of the group, 
but also the DFI of the individual dogs. 
Group 3 (green) had a fluctuating food intake during the pretest, which increased from study 
day -1 on. The dosing and the in-life examinations did not start before day 0, hence it can be 
assumed that the dogs were not distracted from their feeding pattern at the beginning of the 
main phase. 
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While the pretest of group 4 was variable, the main phase became constant and slightly 
increased until the end of the main phase. No drug-induced effect could be observed. 
All four groups ate within a range of 250 to 330g per day during the pretest and 300 to 350g 
in the main phase with a few outliers. Due to these results, it can be assumed that the 
animals were not affected by the test substance and were in good health. 

Female group 4 is shown separately for a better illustration of the different reactions of the 
dogs with the highest dose. 

 

Chart 5.8: Average of DFI of female group 4 

When taking a closer look at the single animals of female group 4, it is noticeable that three 
animals (12, 13, 16) had a very steady food intake and ate their daily food allowance of 350g. 
Animal no. 14 had an irregular food intake during the pretest, but became more regular in the 
main phase. Dog no. 15 was variable during the pretest and the main and an interpretation of 
its feeding behavior is not possible. 
The black line represents the average DFI of group 4. Food intake in the main phase was 
more regular than in the pretest. Nevertheless, the dogs had a short period of lower food 
intake within the first three days of the main phase. 

All parameters (e.g. DFI, MDT, VpD) first have to be analyzed before it can be said that the 
animals were not distracted from eating. One parameter alone is not as meaningful. The 
effects on VpD and MDT are explained later in chart 5.10. 

The single dogs of male group 4 did not have to be presented separately, because the line of 
the food intake of chart 5.9 reflects the feeding pattern of all male dogs. 
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Chart 5.9: Average of DFI of males of study A 

Male dogs had a steady food intake as shown in chart 5.9, independent of the dose group 
and study phase. They did not show any reaction at the beginning of the main phase 
(dashed line). Group 3 had a higher food intake due to a higher limit of daily food amount of 
one dog. As mentioned earlier, certain dogs had a higher energy requirement due to their 
body condition. Consequently, the food intake in group 3 was also significantly higher 
(p<0.05), but not reliable due to different limits of food. The DFI of all male dogs was not 
influenced by the start of the administrations and the in-life examinations that started on day 
0. 

Even though, the daily food intake of males of study A did not show any deviations from the 
normal DFI, this does not mean that no reactions could be observed. Deviations of the VpD 
and the MDT may have been observed. 

In certain cases, the VpD and the DFI were variable at the beginning of a new phase and 
became both steady when the dog adapted to the new daily routine. In other cases, only the 
VpD was variable, while DFI remained constant. Both reactions illustrated a deviation from 
the normal feeding behavior. The influence on the VpD can be observed in chart 5.10. 
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Chart 5.10: DFI and VpD of one dog out of male group 1 

The dog of male group 1 in chart 5.10 had a high and variable number of VpD during the 
pretest and the first week of the main phase, even though food intake was steady with only 
one outlier on day -3. The number of visits decreased and became steady after the first 
week. Situations like this with a decrease of visits after a few days, was observed in the 
majority of dogs. Normally, the lower number of visits went hand in hand with the beginning 
of constant food consumption. Sometimes variable food intake still persisted, while the Vpd 
stayed in a steady range. A decreased number of visits with an increased or steady DFI was 
observed in 36 dogs (7.8%). 

Eating the whole 350g at a time as seen in chart 5.10 was rarely observed. Normally the 
dogs split the daily amount in at least two meals per day. 

Body weight in all four dose groups of both sexes remained steady or increased slightly.  

5.2.2 Second example: Study B with irregular impact  

In study B, I want to demonstrate the impact on food intake at the beginning of the main 
phase with a recovering period after the first week. The situation was only observed in part of 
female group 4. Males did not show a clear reaction on food intake that could have been 
associated to the test substance. 
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Chart 5.11: Average of DFI of female group 1,3,and 4 

For a better overview, group 2 was left out in chart 5.11 (no impact was seen in this group). 
The black circle in chart 5.11 marks the decreased food intake of group 3 (green) and 4 
(violet). Group 3 had a lower food intake only on the second day while food intake of group 4 
decreased as well on the second day, but recovered within the subsequent week. 
The daily amount of food was set at 450g instead of 350g after two weeks of the main phase. 
As mentioned earlier, this was done based on the higher required energy intake of the dogs. 
The DFI, especially the one of group 3, were quite variable during the last week of the main 
phase. Possbily that the dogs first had to get used to the new limit of food allowance and 
their food intake became irregular until they had adapted to it. This reaction was observed in 
16 dogs of the 62 dogs that were affected by the raise of food allowance. 12 dogs remained 
stable and 34 dogs were variable during the whole time of the main phase, independent of 
the food allowance. 
Due to the higher food intake from day 17 onwards, only food intake until day 16 was 
included in the evaluation of mean values particularly for this example.  
The mean values of the DFI of the recovery phase were not compared with those of the main 
phase due to the two different limits of food allowance. 

A significantly lower food intake (p<0.05) in group 4 in the main phase was evaluated, 
correlating with the lower food intake of the females at the beginning of the main phase. 

In order to show the lower food intake of female group 4, a separate chart of this group was 
added. 
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Chart 5.12: Average of DFI of female group 4 of study B 

Animal no. 1=blue, no. 2=red, no.3=green, no. 4=violet, no. 5=orange 

No. 162 (blue), 163 (red) and 164 (green) are good examples of a deviation of the regular 
feeding pattern. The dogs had a fairly steady food consumption during the pretest except for 
dog no. 164 that was more variable in the pretest. From day 0 on, the food intake decreased 
to almost half of the amount in the pretest. During the main phase, the DFI slowly increased 
again, but remained irregular. 

Dogs no. 165 (violet) and 166 (orange) were not that clear to interpret. Food intake of both 
dogs was variable. Dog no. 165 had only on day 2 a clear lower food intake compared to the 
rest of the days, while dog no. 166 had a lower food intake on day 1. One day of low food 
intake could not be associated to the drug-induced effect and could be caused by various 
reasons. 

This study is also a good example to demonstrate the impact not only on the DFI.The 
sequence of the single meals during the day changed. The day times of the consumed meals 
in the pretest were compared with the ones in the main phase which enabled me to detect 
whether the meals had shifted or not. An overview of the single meals is given in chart 5.13. 



46 

 

 

Chart 5.13: Average of the single meals of one dog of female group 4 of study B, divided into 
the timeslots 

In chart 5.13 the pretest (day-7 to -1) was compared with the first week of the main phase 
(day 0 to day7). Three timeslots are presented, but only the one of 1 early showed a clear 
deviation in the main phase when compared to the pretest. The timeslot late was left out; it 
was not relevant in this study example. 
During the pretest, this dog in chart 5.13 ate at least once in the morning every day, but 
skipped the morning meals and occasionally left out the afternoon meals from day 1 to day 5. 
The single meals in the evening remained steady. 

The early timeslot is illustrated separately in chart 5.14 which enabled a close comparison 
between the pretest and the whole main phase. 
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Chart 5.14: Average of the single meals of the same dog as in chart 5.13, only the early phase; 

* = the break between day 0 and day 6 with no food intake  

Due to the non-significant deviations that were seen in the early phase chart 5.14 
concentrates on this phase only. The whole female group reacted more or less in a similar 
way during this phase. Thus, this particular dog may stand for the whole group. During the 
pretest, the dog ate every day in the morning, but left out morning meals during the main 
phase. 

The star marks the period of days with no food intake in the morning. The dog started to eat 
again in the morning from day 6 onwards. At the end of the main phase, the dog did not eat 
on day 23 and 24. A probable reason for this may have been the in-life examinations that 
were performed on these days that distracted the dog from its normal feeding pattern. 

When analyzing the feeding pattern of the DFI in chart 5.12 in combination with the single 
meal pattern, a non-significant deviation of the feeding behavior could also be observed for 
dog no. 165 and 166. They had more or less similar mean values of the DFI in the pretest 
and the main phase, but left out the single meals in the morning.  

This reaction of skipped or lower single meals was not only seen in this female high dose 
group (group 4). Animals of other studies and other group belonging also showed deviations 
from the normal feeding pattern during the first days of the main phase by skipping their 
meals. In cases of control animals (group 1) the morning meals usually were not left out, but 
the amount of food eaten was lower within the first two to four days than on other days, 
possibly due to the stressful time within the first three days. These observations were not 
statistically analyzed and no significance is available. 

Furthermore it was observed that dogs that skip the morning meals started to eat more 
frequently in the evening- and late-phase. 

Contrary to the females of group 4, males did not show a visible impact on DFI at the 
beginning of the main phase, which is illustrated in chart 5.15.  

* day 
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Chart 5.15: Average daily food intake of male group 1-4 from the example study 

Chart 5.15 shows all male groups of study B. In the pretest and in the main phase, small 
fluctuations appeared, but a clear reaction could not be observed. 
Male group 4 (violet) was steady and the dogs ate as much as the dogs of control group 1 
(blue). Further analyzing of the toxicokinetic results may have been worth to evaluate a 
possible explanation for the different reactions on food intake between males and females of 
the high dose group of this study. 

As shown in chart 5.15, dogs of male group 4 did not show a reaction at the beginning of the 
main phase, when the dosing started. They also ate more when food limit was raised from 
350g to 450g. Noteworthy was the comparison of the recovery phase with the main phase of 
this group. I have chosen two dogs that I will discuss more closely in the following two charts. 
They showed an interesting change in food intake in the recovery phase. 

 

Chart 5.16: DFI during pretest and main phase of the two dogs of male group 4 

In chart 5.16, the food intake of the two dogs during the pretest and main phase is illustrated. 
Dog 181 had a variable food intake during the pretest, but became steady from day 1 
onwards of the main phase. Dog 182 (red line) was steady from the beginning of the pretest 
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until the daily food limit was raised to 450g. Between day 19 and 21 food intake was variable, 
but became steady again as soon as the dog was used to the higher limit of daily food intake.  
Focusing only on the DFI (VpD and MDT not included), the drug administration and the 
examinations had no influence on the dogs’ eating behavior. 

Continuing into the recovery phase of these two dogs of male group 4, a clear effect could be 
seen in chart 5.17. 

 

Chart 5.17: DFI during the recovery phase of the two dogs of male group 4 

The dogs still had a steady food intake during the first week of the recovery phase. 
Nevertheless, from day 10 until day 14, food intake decreased slowly. From day 14 onwards, 
the food intake of the two dogs remained within a range of 200 and 300g per day.  

Only assumptions could be made why the dogs ate less in the recovery. The lower food 
intake may be caused by a lower need of energy intake. Dogs are capable of controlling their 
energy intake by eating more or less calories.  
In the recovery phase, the dogs may have been less active due to the smaller number of 
animals. Other possible reasons for a lower required energy intake may have been the 
calmer environment due to no examinations or no drug-induced effect. 

This explanation that lower food intake may be due to a reduced need of energy intake 
became more likely, when the daily food intake and body weight of group 4 with the control 
group (dog no. 170 and 171) were compared during the main phase and the recovery phase. 

The DFI in the recovery phase of male group 1 was steady in contrary to the one of male 
group 4, which could be seen in chart 5.17. 

The two dogs of male group 1 had a steady food intake during the main phase and recovery 
phase. The lines of the food intake of group 1 were already illustrated in chart 5.15, thus only 
the recovery phase of the two male dogs were visualized in chart 5.17. The DFI of both 
animals was very constant throughout the whole recovery phase. The feeding behavior of 
both dogs was neither influenced in the main phase nor in the recovery phase. This lets us 
conclude that the animals were not distracted by the in-life examination or the administration. 

Body weight 

The dogs of male group 1 had an initial body weight of 9.5kg. At the end of the main phase, 
their body weight dropped to 8.8kg, even though, they always ate their entire daily food 
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allowance, as seen in chart 5.15. During the recovery phase, the body weight increased 
again to 9.4kg. It would have been interesting to see, whether they would have started to eat 
less or not after reaching their initial body weight.  
Male group 4 gained body weight during the study while the other male groups lost body 
weight.  
The initial body weight of the two dogs of male group 4 was 8.9kg and 7.6kg, respectively. 
The body weight of both animals stayed steady during the main phase. In the recovery 
phase, they started to gain weight within the first week. This may explain the reduced food 
intake after the first week of the recovery phase. At the end of the recovery phase, they 
weighed 9.3kg and 8.1kg, respectively. 

Two females of group 3 lost almost 1kg of body weight during the main phase. The females 
of group 4 also lost body weight, but regained most of it at the end of the main phase. The 
two females that entered the recovery phase did not lose body weight. Those were the two 
animals (no. 164 and 165) that did not show a clear reaction on food intake in chart 5.12. 
Their body weight correlated with the food intake that was not lower than in the pretest. 

5.2.3 Third example: Study C with a clear impact at the beginning of the dosing 
part of both sexes 

In this example, an impact on all dogs (males and females) of group 4 at the beginning of the 
main phase could be seen. Only some dogs partly recovered back to a normal feeding 
behavior. The dogs ate significantly less in the main phase compared to the pretest. 
Reasons for this will be explained in the following charts.  

 

Chart 5.18: Average DFI of female group 4 of study C 

In chart 5.18, the five dogs of female group 4 showed a deviation from the normal feeding 
behavior. This manifested itself in different feeding behaviors that all began from day 0 
onwards of the main phase except for animal no. 212, which did not show a reaction before 
day 2.  

Dog no. 212 (blue), 213 (red), 214 (green) and 216(orange) all reacted with a lower food 
intake either during the whole main phase or at least during the first week of the main phase.  

The impact on food intake could also be expressed with the average DFI of all five dogs 
(black line). The DFI of the group was clearly lower in the main phase compared to the 
pretest. 
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Only dog no. 215 (violet) did not show a clear reaction on its feeding pattern. The dog ate 
variably during the pretest and the main phase and the level of the food intake stayed within 
a constant range of 200 and 300g. 

Chart 5.19 illustrates the male dogs’ feeding behavior. A clear deviation of the feeding 
behavior of male dogs could be seen. 

 

Chart 5.19: Average DFI of male group 4 of study C 

The male dogs ate more regularly during the pretest than the females. They also ate less 
from day 0 when compared to females. Food intake was lower during the main phase than 
during the pretest. 

As all five female and male dogs showed an impact on food intake in the main phase, it was 
concluded that it was drug-induced. Furthermore, the lower food intake in group 4 of both 
sexes was significantly lower (p< 0.0001) compared to the other dose groups. 

If the impact on food intake was so strong, other parameters do not necessarily have to be 
evaluated. In other words, the other parameters, such as VpD or MDT are particularly helpful 
if the impact on food intake is not that clear or if only single animals of one group react. 

Nevertheless, it was still worthwhile examining how the other parameters changed, if the 
feeding pattern was influenced. This is demonstrated in charts 5.19 and 5.20. 
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Chart 5.20: Average DFI and VpD of one female of group 4 of study C 

The female dog in chart 5.20 ate less during the first two days of the pretest. After the first 
two days, the amount of food increased, but the number of visits remained steady. This was 
interpreted as a reaction of adaption to the new situation and as a sign of being in good 
health. 
However, on day 0, no food intake was measured. The food intake increased gradually after 
the first two days of the main phase. After the first week of the main phase, the dog ate a 
little more than half of what it ate during the pretest. Further, the number of visits in the main 
phase was almost twice as high compared to the pretest phase. It is assumed that due to an 
effect of the test substance the dog did not feel well, resulting in smaller amounts split in 
several visits. This reaction was observed in 28 dogs (6.1%). 

 

Chart 5.21: DFI and MDT of one male dog of high dose group 4 

In chart 5.21, the same effect on the MDT as described in chart 5.20 for the VpD was 
observed. While the DFI decreased, the MDT increased, resulting in smaller, but longer 
meals. 
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A prolonged MDT while the size of the DFI became smaller could be observed in 16 dogs 
(3.5%) that showed a reaction on the feeding pattern.  

Body weight 

Males of group 1-3 gained weight or their body weight remained constant while group 4 lost 
over 1.5 kg of body weight (10.8kg in the pretest to 9.2kg at the end of the main phase) until 
the end of the main phase. 

Females of group 1-3 only lost between 300 and 500g of body weight by the end of the main 
phase, while group 4 lost over 1kg. 
The clear loss of body weight of both sexes in group 4 correlated with the low food intake, 
most likely reflecting a reduced wellbeing of these animals. 

5.2.4 Fourth example: Study D with a clear impact, not only in high dose 
groups  

The delayed effect of a test substance in this study did not only appear in the high dose 
groups (group 4) of both sexes, but also in the low dose female group 2 and in the middle 
dose group 3 of both sexes. 

In this example, the correlation of the appearance of clinical symptoms with the changes in 
the feeding patterns will also be discussed. 

The different reactions in the low dose group 2 of both sexes are presented in chart 5.22 for 
females and 5.23 for males.  

 

Chart 5.22: Average DFI of female group 2 

The feeding pattern of female group 2 changed after the first three days of the main phase. 
Food intake of all three animals decreased, which is illustrated by the black line (average all). 
Animal no. 7 was not as strongly affected as the other two dogs (no. 6 and 8). 

The test substance more than likely had an effect on the feeding pattern of female group 2, 
but no such reaction was seen in male group 2. Before continuing with male group 2 in chart 
5.23, table 5.5 lists the symptoms that were observed in females group 2. Table 5.5 enables 
a comparison between the symptoms and the DFI. The comparison between the DFI and the 
observed symptoms may be helpful to explain a deviation of the normal feeding behavior of 
the particular dogs. 
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Table 5.5: Symptoms of two female dogs of the low dose group (Group 2) 

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

6 NORMAL No remarkable c linical observations 1 18 18

NEUROMUSCULAR Wet-dog shakes 12 12 1

EYES Dried material around Directional: both 19 30 12

LIMBS Limping Limb: forelimb, right 29 30 2

7 NORMAL No remarkable c linical observations 1 13 13

EYES Discharge Directional: both 8 8 1

GENERAL BEHAVIOR Trembling 8 8 1

GENERAL BEHAVIOR Licking excessively 8 9 2

NEUROMUSCULAR Motor activ ity decreased Grade: s light 8 11 4

GENERAL BEHAVIOR Trembling 11 11 1

NEUROMUSCULAR Motor activ ity decreased Grade: marked 13 13 1

GENERAL BEHAVIOR Trembling 13 14 2

NEUROMUSCULAR Motor activ ity decreased Grade: s light 14 16 3

NORMAL No remarkable c linical observations 15 22 8

GENERAL BEHAVIOR Trembling 17 17 1

EYES Dried material around Directional: right 23 24 2

NORMAL No remarkable c linical observations 25 26 2

SKIN / FUR Staining Location: back 27 30 4  

Each symptom was recorded separately. The column “first day” refers to the first day during 
the study, i.e. the day of the main phase that the symptom first appeared. The symptoms 
could last for a few days. Thus, the “last day” column refers to the day that a symptom was 
observed for the last time. The total duration of the symptoms are listed in the last column. 

Except for the symptom of dried material under the eyes, dogs no. 6 (blue line in chart 5.22) 
and 8 (green line in chart 5.22) did not show any relevant symptoms, which could have had 
an effect on food intake. 
Dog no. 7 (red line in chart 5.22) developed various neuromuscular and general behavioral 
symptoms. It is noteworthy that this dog showed the weakest reaction concerning food intake 
behavior. Its food consumption even improved during the last two weeks of the main phase.  
This was a very important observation correlated to dog no. 6 and 8 that did not show 
relevant symptoms. From this, it can be said that simply because the animal shows no 
symptoms does not mean that the animal is doing well. It can be assumed that a lower food 
intake represents a reduced wellbeing of the animal, even though other symptoms are not 
present. 

 



55 

 

 

Chart 5.23: Average DFI of male group 2 

Food intake of animal no. 23 (red) and no. 22 (blue) decreased slightly after the first day of 
the main phase and increased again after day 9 of the main phase. In this example, it was 
difficult to make a clear distinction between a normal and an abnormal feeding behavior, 
because both animals already had single days of low food intake in the pretest. The 
irregularity could be part of their normal feeding pattern.  

In the case of male group 2, a change of the feeding pattern may be detected by analyzing 
other parameters of the feeding behavior, e.g. VpD or MDT. 
For example, an increased number of VpD could be observed in animals that showed a 
reaction towards the test substance or environmental circumstances. Dogs that eat less in 
one visit may visit the feeder more often in order to eat the same amount of food. Thus, their 
changed feeding pattern would not show up in the amount of food intake but in the number of 
VpD. 
Furthermore, the MDT may increase. Animals need more time to eat the same amount of 
food in the main phase than the pretest, if they were affected. 

Male dogs of group 2 of study D had a steady number of VpD as well as a steady MDT. It 
was assumed that, because no food parameters had changed, the dogs were fine. 

In analog to the results of no impact on food intake, there were also no symptoms 
documented in male group 2. Table 5.6 contains the documented symptoms of two dogs of 
this group. 

Table 5.6: Symptoms of two animals of the male group 2 

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

22 NORMAL No remarkable clinical observations 1 27 27

EYES Discharge Directional: both 28 30 3

23 NORMAL No remarkable clinical observations 1 20 20

EYES Dried material around Directional: both 21 22 2

EYES Discharge Directional: both 23 23 1

EYES Dried material around Directional: both 24 30 7  

The symptom dried material around the eyes was valued as having no impact on the food 
intake.  
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Unlike in group 2, the higher concentration of the test substance in group 3 as well as group 
4 of both sexes had a clear and significant impact on food intake (p <0.025). Due to the 
similar feeding patterns of group 3 and 4, only group 4 is demonstrated in the next chart. 
Group 1 of both sexes is added in chart 5.24 to highlight the impact of the test substance on 
the feeding pattern. 

 

Chart 5.24: Average daily food intake compared between group 1 and 4 of both sexes 

This chart gives an overview of groups 1 and 4 of males and females’ food intake. The lines 
for the control group 1 of both sexes (blue male, red female) look very similar. 
Food intake of group 4 (violet) of both sexes slightly decreased during the first week, but a 
clear impact was not seen before day 5, when food intake rapidly decreased to almost zero 
grams. 

Dogs with no food intake after the first week were fed manually with wet food. These data 
were not included in the analysis, because the manual feeding was an artificial intervention. 
The dogs would not have eaten if no wet food had been offered. Besides, only the DFI was 
available. MDT and VpD could not be recorded by manually feeding.  

Other symptoms would be expected where such a strong impact on food intake induced by 
the test substance appeared. The symptoms of two animals based on the male group 4 are 
documented in table 5.11 and 5.12 and stand for the whole group 4 of both sexes. 
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Table 5.7: Symptoms of one male dog of high dose group 4  

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

29 NORMAL No remarkable c linical observations 1 13 13

NEUROMUSCULAR Motor activ ity decreased Grade: s light 11 11 1

NOSE Discharge Color: green 12 13 2

SKIN / FUR Sw elling Location: Snout / lip 13 30 18

EYES Discharge Directional: both 14 14 1

EYES Eyelid(s) partially c losed Directional: both 14 19 6

EYES Dried material around Directional: both 18 18 1

SKIN / FUR Discolored Color: w hite, Location: head 18 30 13

EYES Eyelid(s) partially c losed Directional: both 21 30 10

FECES / URINE Feces mucoid 22 23 2

FECES / URINE Feces w ith apparent blood 22 23 2

SKIN / FUR Reddened Location: Snout / lip 25 30 6

NEUROMUSCULAR Recumbency 26 26 1

NEUROMUSCULAR Motor activ ity decreased Grade: s light 26 30 5

LIMBS Limping Limb: forelimb, lef t 26 30 5  

Surprisingly, even with such a clear impact on the food intake, practically no relevant 
symptoms were observed.  
On day 11 and on day 26 to 30 neuromuscular symptoms were seen in dog 29. The amount 
eaten had already slowly decreased from day 0 and reached zero grams on day 7 for this 
particular dog. Four days later the symptoms appeared. The other symptoms listed in table 
5.7 and 5.8 were not relevant with respect to the feeding behavior. 

Table 5.8: Symptoms of a male dog of high dose 4 

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

32 NORMAL No remarkable c linical observations 1 1 1

EYES Discharge Directional: right 1 3 3

GENERAL BEHAVIOR Licking excessively 2 2 1

NORMAL No remarkable c linical observations 4 16 13

EYES Dried material around Directional: both 17 30 14

SKIN / FUR Discolored Color: w hite, Location: head 18 30 13

EYES Eyelid(s) partially c losed Directional: both 19 19 1

APPEARANCE Thin appearance 20 24 5

SKIN / FUR Reddened Location: Snout / lip 22 30 9

SKIN / FUR Sw elling Location: Snout / lip 22 30 9
 

In dog no.32 it seemed even more obvious that symptoms and deviations from the normal 
food intake did not correlate with one another.  
This dog did not show any symptoms that could have indicated decreased food consumption. 

In female group 4, there were also neurological symptoms documented on single days. In 
one female, vomiting was documented on day 6, 14, 16, and 17. Vomiting was also noticed 
in female group 1. It was not possible to say, whether vomiting had an influence on food 
intake due to its occurrence in control and test-item treated groups. 

Timeslots 

A similar situation with the shifts of the timeslots, which was previously described in study B 
was also observed in this study example D.  
In study B, the dogs skipped their morning meals during the first week of the main phase.  
In this study, the dogs of group 4 and group 3 of both sexes started to skip their morning 
meals after the first week. They still exhibited some food intake in the afternoon or evening. 
With further treatment with the test substance, afternoon and evening meals were skipped as 
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well as the study progressed. In contrary to other studies, e.g. study C, the test substance 
appeared to have a delayed effect on the food intake. In this case, a correlation of the 
skipped single meals due to the drug-induced effect was easier to make. The drug-induced 
effect was stronger and affected all test substance treated groups. 

Duration of effect in the recovery 

In most studies where an impact on the feeding patterns was observed, food intake of group 
4 went back to baseline or at least increased to an acceptable amount in the recovery phase.  
However, in study D, the animals recovered only slowly from the main phase and DFI 
remained low. This is shown in an overview in chart 5.25. 

 

Chart 5.25: Average of DFI of female group 4 in pretest, main phase and recovery; (error bars 
with 5%) 

Chart 5.25 illustrates the average of DFI in the three different study phases; pretest, main 
phase and recovery phase. The DFI of the pretest (blue) was clearly higher than in the other 
two phases. It was noted that the food intake in the recovery (green) was not higher than in 
the main phase (red). This may have been due to the previous treatment with the test 
substance. 

5.2.5 Fifth example: Study E with an increasing food consumption 

Based on the results of the sixteen studies, it can be said that most dogs slightly increased 
their food intake from week to week within the whole study. A slow increase in food intake 
occurred more frequently in control groups than in other test-item treated groups. Normally, 
at the end of the main phase, the amount of food was up to 100g higher than at the 
beginning of the pretest. This non-significant observation was made in groups that did not 
show a drug-induced impact on food intake.  

In this last example, however, a clear and significant (p<0.015) increase in food intake could 
be observed soon after the beginning of the main phase. There was a dosage-proportional 
increase in food intake, most visibly in the highest dose group, i.e. in group 4 (p-value < 
0.018).This implies that the impact was most likely drug-induced. 
The effect was more prominent in females. Male dogs already ate their maximum of 450g 
during the pretest and continued with the same daily amount in the main phase. The mean 
values of the male dogs in the pretest and the main phase were almost the same, but might 
have increased if the animals had been given ad libitum access to food. 
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From day 0 onwards, food intake of female group 4 increased every day for the first two 
weeks before it slowly decreased at the end of the main phase. It is possible that the dogs 
adapted to the test substance’s effect, resulting in a reduced food intake at the end of the 
main phase. 
The food intake of the other groups increased too, but not as quickly and distinctly as seen in 
female group 4. This effec t is illustrated in charts 5.26 and 5.27. 

 

Chart 5.26: Average DFI of female group 1-4 of the example study 

In chart 5.26, food intake of all four female groups increased in the main phase. Group 4 
(violet) though, increased up to 400g per day, while the other female groups stayed of a 
lower level of daily food intake. The marked increase of food intake in the main phase is also 
illustrated in the bar chart 5.27. 

 

Chart 5.27: Mean values of DFI of all five animals (1-5) of female group 4, divided into pretest, 
main phase and recovery; (error bars with 5%) 

The blue bars represent the mean values of the DFI of the animals in the pretest of female 
group 4. The red bars are the mean values of the DFI in the main phase and the green bars 
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the mean values of the DFI in the recovery phase. As mentioned earlier, only two animals 
entered the recovery phase. This is why females number 1 to 3 have no green bar. 

The DFI of the main phase were clearly higher than the DFI of the pretest and the recovery. 
Only female no. 4 had no clear increase. In the recovery phase (green) food intake of animal 
no. 4 and 5 was even lower than in the pretest. The low food intake in the recovery could 
also be observed in male group 4 in chart 5.28. 

 

Chart 5.28: Average total food intake of all four male dogs (1-4) of group 4, divided into pretest, 
main phase and recovery; (errors bars with 5%) 

As mentioned previously, the effect in males was not so obvious and probably due to the 
limited food allowance of 450g per day. In chart 5.28 another interesting observation was 
made. 
Males had a slightly higher average of food intake in the main phase compared to the 
pretest. In the recovery, however, when test substance was no longer administered, food 
intake decreased which can be seen by the shorter green bars in chart 5.28. The test 
substance-related effect of increasing food intake was no longer present and the dogs went 
back to a lower food intake. 

Even more evident than the increase in food intake of the females of group 4, as seen earlier 
in chart 5.27, was the MDT of the male group 4, as shown in chart 5.29. 



61 

 

 

Chart 5.29: Mean values of MDT of male group 4 (1-4), divided into pretest, main phase and 
recovery; (error bars with 5%) 

When comparing the average of the MDT of the pretest with the main phase the dogs ate 
visibly faster during the main phase.  
The average of MDT of the recovery phase was also worthy of mention. In chart 5.28, it was 
noted that the food intake of male group 4 in the recovery phase was smaller than in the 
main phase. Instead of an expected shorter MDT due to the smaller amount of food, the 
MDT increased in the recovery.  

The female dogs clearly ate more in the main phase and the male dogs ate significantly 
faster (p< 0.04) in the main phase compared to the pretest and the recovery. This effect was 
most likely drug-induced. 

This conclusion was supported by a comparison of food intake and MDT of male group 4 
with male group 1, starting with the food intake of group 1. Group 1 did not show a deviation 
of the feeding behavior between the three different study phases. The following chart shows 
the food intake of group 1. 
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Chart 5.30: Mean values of DFI of male group 1 (1-5), divided into pretest, main phase and 
recovery; (error bars with 5%) 

All five dogs of male group 1 ate steadily during the whole study. The mean values of the 
pretest, the main phase and the recovery were more or less the same. Even though animal 
no. 1-4 could have eaten more, they remained steady in the pretest and the main phase. 

Chart 5.31 that contains the MDT looks the same as chart 5.30.  

 

Chart 5.31: Mean values of MDT of male group 1 (1-5), divided into pretest, main phase and 
recovery (error bars with 5%) 

The MDT of each individual animal during the main phase was as high as that seen for the 
same animal during the pretest for all five animals. 

Eleven of the sixteen studies showed that a decrease in food intake was usually not 
accompanied by any symptoms. Low food intake and concurrent symptoms were less 
common. Thus, one can conclude that studies, which ascribe importance to symptoms, such 
as those that have been mentioned in these sixteen studies, miss the opportunity to include 
the relevance of changes in food intake behavior. It is particularly important to recognize a 
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change in the feeding pattern as a symptom that may relate to the test substance. Deviations 
of the normal feeding behavior may be early signs of reduced wellbeing. 

In this study, however, symptoms occurred in group 4 of both sexes; especially symptoms of 
the neuromuscular type. The neuromuscular signs to decrease food intake were not as 
strong as the drug-induced effect to increase food intake and hence did not influence the 
feeding patterns.  

For each sex of group 4, one animal was chosen to illustrate the symptoms that appeared. 

Table 5.9: symptoms of one male dog of high dose group 4 

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

179 NEUROMUSCULAR Motor activ ity  increased Grade: marked 1 1 1

NEUROMUSCULAR Muscle tone reduced Grade: s light 1 2 2

NEUROMUSCULAR Uncoordinated movement Grade: marked 1 3 3

NEUROMUSCULAR Uncoordinated movement Grade: s light 4 4 1

NEUROMUSCULAR Uncoordinated movement Grade: marked 14 14 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 15 15 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 21 24 4

NEUROMUSCULAR Uncoordinated movement Grade: s light 28 30 3

NEUROMUSCULAR Motor activ ity  increased Grade: marked 1 1 1

NEUROMUSCULAR Muscle tone reduced Grade: s light 1 2 2

NEUROMUSCULAR Uncoordinated movement Grade: marked 1 3 3

ORAL / TEETH Salivation 4 6 3

ORAL / TEETH Salivation 8 11 4

EYES Eyelid(s) partially c losed Directional: both 11 13 3

NEUROMUSCULAR Uncoordinated movement Grade: marked 14 14 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 15 17 3

NEUROMUSCULAR Uncoordinated movement Grade: marked 21 23 3

ORAL / TEETH Salivation 23 23 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 28 30 3  

Table 5.10: Symptoms of one female dog of high dose group 4 

Animal no. Sign Type Sign Modif ier First day Last day Duration (days)

162 NORMAL No remarkable clinical observations 1 2 2

NEUROMUSCULAR Uncoordinated movement Grade: marked 1 3 3

NEUROMUSCULAR Muscle tone reduced Grade: s light 2 2 1

GENERAL BEHAVIOR Trembling 3 9 7

NEUROMUSCULAR Motor activ ity decreased Grade: s light 10 10 1

NEUROMUSCULAR Uncoordinated movement Grade: marked 11 11 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 14 14 1

NEUROMUSCULAR Uncoordinated movement Grade: marked 15 15 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 21 23 3

NEUROMUSCULAR Uncoordinated movement Grade: marked 24 24 1

NEUROMUSCULAR Uncoordinated movement Grade: s light 28 29 2  

In table 5.9 the symptoms of a male dog and in table 5.10 the symptoms of a female dog of 
the high dose group (group 4) are presented.  
The most common symptom was “uncoordinated movement” and the severity was scored as 
“slight” and “marked”. 
Other symptoms such as “motor activity increased/decreased” or “muscle tone reduced” 
were also recorded, but less often. Vomiting was only recorded in two animals of female 
group 4. 
The symptoms appeared on the first day of the main phase and lasted throughout the whole 
phase. 
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Body weight 

Females of group 4 showed an increase of more than 1kg of body weight; it rose from 7.8kg 
to 8.9kg most likely due to the increased food intake. The body weight of male group 4 
increased as well, but only 500g on average.  
The females lost between 500g and 1kg within the four weeks of the recovery due to the 
lower food intake. Thus, the animals more or less returned to their inital body weight they had 
at the beginning of the pretest.  

Males of group 4 also had a lower food intake during the recovery, but none of them lost 
weight. One dog even gained weight despite eating less.  

This indicates that body weight data without the information of the food intake does 
sometimes not give the right impression to the animals state of health. 

5.4 Total visits 

The number of VpD included only the visits where eating occurred and that were 
summarized as a meal. All dogs tended to visit the feeder without eating anything. These 
visits were defined as empty visits. Adding the empty visits and the ones with food intake 
results in the total visits per day. A deviation of the total visits was observed in studies with 
an impact on food intake. 

Dogs entered the feeder between 1 to over 200 times a day, but not all visits were combined 
with food intake as you can see in figure 4.12. The visits with no food intake varied 
depending on the phase of the study and dog. 
Some dogs reacted very clearly to the new study phases and the phase was identified by the 
change of number of total visits (including visits of no food intake and visits with food intake), 
which is visualized in the following two charts. 

 

Chart 5.32: DFI and total visits of one dog for all three study phases; pretest, main phase and 
recovery: Black arrow=start of the main phase; violet arrow=start of the recovery phase 
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In chart 5.32, the amount of food is illustrated with red bars and the visits with green bars. 
The black arrow marks the start of the main phase and the blue arrow the start of the 
recovery. The start of the recovery was easily identified by the increased number of total 
visits resulting in higher green bars. There was also a short sequence of increased visits at 
the beginning of the main phase. The average of the total number of visits in the recovery 
was 127 times while in the main phase it was only 78 and in the pretest 71 times. 

In the next chart, the opposite effect with lower visits is demonstrated. 

 

Chart 5.33: DFI and total visits of one dog for all three study phases; pretest, main phase and 
recovery: Black arrow=start of the main phase; violet arrow=start of the recovery phase 

In this chart, it can be seen that the dog ate almost every day its 450g with some exceptions. 
The black arrow again marks the start of the main phase. From the first day on, the number 
of visits was clearly decreased. It seemed like the dog only entered the dog feeder to eat. 
The number of visits increased again in the recovery phase which is marked with the blue 
arrow. While the dog went into the dog feeder on average 52 times a day in the pretest, it 
only entered it 15 times a day in the main phase. In the recovery phase, it went up again to 
45 visits a day. In this case, it can be assumed that the dog was affected by the treatment 
with the test substance, but no clear statement can be made due to the absence of statistical 
evidence.  

The total visits data can be helpful if no software is available to allow an evaluation of the 
single meals. I did not analyze the total visits into more detail and no exact assessment on 
how often these situations appear could be made.  

5.5. Symptoms 

I included symptoms that appeared to have a possible influence on food intake. Some 
symptoms only appeared on one day, other symptoms were noted on several days in a row. 
Other symptoms that did not correlate with the test substance treatment e.g. bite wounds or 
scratches are not mentioned here.  
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An overview of all symptoms is given below with explanations of why these symptoms were 
chosen. The symptoms are categorized in main groups. 

 Gastrointestinal problems: Gastrointestinal disorders are a daily problem in clinical 
practice and can be accompanied by nausea, reduced food intake or anorexia. Vomiting 
right after eating may induce CTA. Gastrointestinal symptoms are common in toxicology 
studies. 
Observed symptoms were salivation, vomiting, and diarrhea. In oncology studies, effects 
on food intake appeared progressively. Vomiting was noticed in fifteen studies and 
diarrhea in ten studies. Salivation was observed in all studies. 

 General behavior: The general behavior of the dogs was observed daily. Behavioral 
changes such as disorientation, excessive licking or circling can distract the animals from 
eating and may cause lower food intake. An excessive exercise e.g. circling may even 
end in an increased required energy intake. Trembling and head shaking may disturb the 
animal while it eats. Symptoms were observed in eleven studies. 

 Neuromuscular: Neuromuscular symptoms such as decreased/increased motor activity, 
recumbency, clonic-tonic convulsion, paddling movements, hyperextension of limbs, 
uncoordinated movements, and reduced or increased muscle tone may weaken the 
animal and lead to less exercise, less motion and may also hamper the dog while eating 
or it may induce nausea. In nine studies, neurological signs were observed. 

 Posture: Abnormal posture of the animals, e.g. hunched position, distended abdomen, 
tilted head were also documented. Abnormal posture positions were observed in only 
three studies. 

 Limbs: Injured or swollen legs and sore paws which are painful may decrease food 
intake due to reduced movement and pain. In certain studies, sore limbs or paws 
appeared as side effects of the test substance. In other cases, the injuries were of 
traumatic origin.  
Ten studies showed problems with legs or paws. 

 Respiration: Similar to other symptoms respiration problems like panting or coughing 
could lead to reduced movement or discomfort, resulting in less food intake. In seven 
studies, symptoms related to the respiratory tract were documented. 

The most common symptoms that were observed in all four dose groups throughout the 
sixteen studies were gastrointestinal problems, especially vomiting and salivation. Salivation 
appeared in all studies, especially within the first few days of administration. Salivation may 
be interpreted as a sign of nausea. Salivation was not only caused by the test substance, but 
also by the vehicle. This was evident as salivation was also observed in control group 
animals. 
Due to the large number of the gastrointestinal observations, all three gastrointestinal 
symptoms are illustrated separately in the pie chart below. The other symptoms are not listed 
individually, but are summarized in their main groups. 



67 

 

 

Chart 5.34: Appearance of the different symptoms in percentage: 1= salivation, 2= vomiting, 3= 
diarrhea, 4= limbs, 5= neurolog. signs, 6= behavioral signs,7= posture, 8= respiration; the 
percentage is referred to the total number of animals with or without symptoms 

222 (48.4%) out of 459 animals showed clinical symptoms of different types and severity 
grades.  
As noted earlier in study E, some symptoms do not have to have an impact on food intake.  
In fact, in most of the sixteen studies, two possible situations were observed.  
The first possibility was a reduced food intake at the beginning of the main phase with no 
observed symptoms. A few days later, when food intake started to increase, symptoms 
appeared. Food intake did not decrease again, when symptoms appeared (e.g. example 3, 
study C).  
The other possibility was that the appearance of symptoms was observed within the first few 
days of the main phase, while food intake was more or less normal. After the symptoms 
disappeared, food intake either started to decrease or remained steady.  
We rarely found a direct correlation between symptoms and the deviation on the feeding 
patterns. This observation was even reinforced by the statistical evaluation. Only one study 
showed a significant influence of symptoms on the daily food intake. A correlation between 
symptoms and the feeding patterns was rarely found. 
This observation shows once more that food intake is an important parameter to establish 
the animal’s wellbeing. Symptoms did not show up in all studies. If food consumption and, in 
particular, the feeding patterns are not considered, incorrect conclusions regarding the 
animal’s wellbeing can be drawn. 
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6. Discussion 
Animal studies are still essential in scientific research, medicines and development, and 
safety testing. Nevertheless, new alternative methods such as the study of cells and tissue 
grown in laboratories, computer modeled systems, and human patients, volunteers or 
populations decrease the number of animals used in experiments. 

The statistical table of 2009 from the Swiss Federal Veterinary Office clarifies the numbers of 
animals used for testing in the different categories, namely industry, hospitals, fundamental 
research and others such as eco-toxicology, and non-medical research.  
A decrease of animal testing can be observed in almost all categories. Only the eco-
toxicology section had an increase from 2008 to 2009. Of all the animals used for animal 
testing 79% were rodents. Almost half of all animals were used in industry, which can be 
seen in table 6.1 and 6.2. In general, the total number of animals used for animal testing 
decreased from 2008 to 2009. 

Table 6.1: Number of animals used in experiments 2009 (Swiss federal veterinary office) 

Species 
University, ETH, 
Hospitals Federal, Cantons Industry Others Total 

Rodents 215170 3620 297382 29945 546117 

Dogs 3112 241 1987 59 5399 

Non-mammals 28074 25026 17817 47242 118159 

Total 246356 28887 317186 77246 669675 

 

Table 6.2: Number of animals used in experiments 2008 (Swiss federal veterinary office) 

Species 
University, ETH, 
Hospitals Federal, Cantons Industry Others Total 

Rodents 220615 2772 315952 15682 555021 

Dogs 2046 16 2491 70 4623 

Non-mammals 40316 35817 13193 49383 138709 

Total 262977 38605 331636 65135 698353 

 

It can be seen that the number of dogs used for animal testing slightly increased from 2008 
to 2009. The number of dogs used for industrial testing decreased from 2491 in 2008 to 1987 
in 2009. More than 50% of the dogs for industrial purpose were used for pharmaceutical 
toxicology.  

6.1 Thoughts regarding group housing dogs 

In this study, the normal feeding behavior of group housed laboratory dogs was evaluated in 
a first step. The food intake data of the pretest phase served as the baseline to determine the 
normal feeding patterns. The feeding behavior was investigated by analyzing various 
parameters, such as the daily food intake (DFI), the meal duration time (MDT), the visits per 
day (VpD) or the timeslots of the meals. In a next step, the feeding patterns of the pretest 
phase were compared with the ones of the main phase and the recovery phase to document 
and interpret any deviations from the normal feeding patterns.  
It was the aim of this study to show that the feeding patterns, defined by the various 
parameters, are helpful to detect deviations from the normal feeding behavior and thus 
deviations of the animals’ state of health. This study shows that the feeding pattern is an 
important tool to estimate the animal’s wellbeing. In most cases of studies with side effects, 
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an abnormal feeding behavior was the only clinical sign of a reduced wellbeing of the 
animals. 

In the last couple of decades, it has been a target to enrich the animals’ husbandry. One 
important step was the change from single housed to group housed husbandry. 
Several studies were performed to investigate the differences of general behavior between 
single housed and group housed animals. It could be shown that group housed dogs 
developed less stereotypic behavior, e.g. circling (HETTS et al 1992), spent more time 
sniffing about the pen due to new scents, slept more and spent more time running around 
(HUBRECHT et al 1993). 
It was also observed that group housed animals were more active with the presence of 
people (CAMPBELL et al 1988).  

Since laboratory dogs in Switzerland were no longer single housed, it became more 
complicated to record individual food intake of dogs. HUBRECHT et al (1992) recommended 
not to separate the dogs for feeding. Instead, the value of food consumption data should be 
considered.  

It has to be said that food consumption is an essential parameter in toxicology studies. 
The dose range finding studies just give one example, why food consumption should be 
documented.  
As mentioned in section 3.4, toxicological tests are necessary for the drug’s safety and to 
evaluate target organ toxicity. At the beginning of a dose range finding study, it is not known 
what kind of and when symptoms may appear. A deviation of the feeding behavior may be 
one of the first parameters that can be observed, if the dose range level approaches the 
toxicological dose.  

To record individual food consumption, group housed dogs have to be either separated while 
feeding or only food consumption of a whole group is recorded. The documentation of food 
consumption of a group is less accurate and does not reflect the animal’s individual feeding 
behavior. In addition, if the animals are fed manually, only the daily food intake is recorded 
and no exact evaluation of the daily feeding behavior is possible.  

As shown by several examples throughout this study, the other parameters, e.g. the MDT 
revealed or even highlighted a drug-induced impact on food intake. Study E in the results 
section is the best example to illustrate this. Food consumption increased clearly in females, 
but only slightly in males, as explained in the example. Now, looking at the MDT of male 
group 4, it was clearly shorter in the main phase compared to the pretest and the recovery 
phase. Due to the daily limit of 450g, the food intake of male group 4 could not clearly 
increase. Without the MDT, the impact of the test substance on the feeding behavior of male 
group 4 would not have been in evidence.  

The feeding behavior is also helpful to investigate the strongest effect of Cmax of a test 
substance on the animals. Dogs that are used to free access to food usually split their meals 
in three to four single meals. The majority of the dogs had at least one meal in the morning.  
It was observed that most animals had a decreased food intake in the morning within the first 
few days of the main phase. This could have been either drug-induced or stress-induced. 
These dogs tended to eat more frequently later on during the day.  
It is known that dogs that are fed once daily get used to the situation and eat the whole 
amount at one time. Nevertheless, it does not reflect the dogs’ natural feeding behavior.  
For example, in Novartis Pharma Basel, before the dog feeders were implemented and when 
the dogs were fed manually, they only had three hours time to eat.  
If the dogs were fed in the morning, they may not have eaten at that time due to the drug-
induced effect. They could not eat later on, because food was removed after three hours. 
This means that the data for food intake of animals that are fed manually may be less 
accurate.  
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In addition, as seen in example D, a test substance can have a delayed impact. The dogs in 
study D started to skip their morning meals after the first few days, but still had food intake in 
the afternoon and evening. This could not be observed in manually fed animals, if feeding 
time is restricted to a certain time.  

The problem of documenting food consumption in group housed dogs was solved at Novartis 
Pharma Basel by automated feeding machines as already explained in section 2. This way, 
dogs did not have to be separated while individual ongoing recording of food consumption 
was still possible. With the automated feeding system, the dogs could live out their natural 
feeding behavior. The recording of the MDT and the VpD as well as the single meals and the 
single meal duration time for each day and each animal is recorded with this system. Other 
parameters, such as the feeding rate (amount/time) are recorded as well. In my study, I did 
not use the feeding rate due to the high number of incorrect data caused by animals sleeping 
in the feeder.  

Nevertheless, some disturbing factors that may occur in group housed animals and may 
have an influence on their feeding behavior should be considered when evaluating the data: 

 Group behavior and dominance: depending on the group composition, hierarchic 
encounters could be observed and lower ranking animals were suppressed by dominant 
dogs in females and males. Some low ranking dogs did not dare to enter the feeder or 
were chased away. 

 Some dogs tended to eat very variable amounts with a range of between 100 to 200g 
from day to day. This behavior was observed in control groups as well as in test item-
treated groups and dogs that currently were not used for a study. It was not possible to 
say, if this feeding behavior may have occurred as well in single housed dogs. 

 Distraction by other dogs e.g. when they were playing around. That could increase the 
VpD, or decrease the amount eaten during the day. 

 Size of the group: Differences between small (two animals) and larger groups (five 
animals) could be observed. Smaller groups seemed to be more variable in food intake 
than larger groups. This was not statistically proved and is my subjective opinion. 

 Any regrouping or reduction of the dogs could influence their feeding behavior 

 The presence of people distracted the animals from eating 

 Observations from animal keepers inside Novartis showed that some long-term animals 
behaved with a more aggressive attitude towards their conspecifics when a new animal 
keeper started to work in the animal husbandry part. The behavior lasted for one to two 
months, before the routine settled back down. Deviations of the feeding behavior during 
this time may be expected. No data was available to prove this observation. 

6.2 Observations of daily food intake in the pretest, main phase, and the 
recovery phase 

The data of sixteen regulatory studies was analyzed. As mentioned earlier in section 4, the 
studies had to fulfill certain criteria for this analysis. The most important criteria were the 
length of the study and the amount of dogs. Studies of less than two weeks did not deliver 
enough information. The groups had to contain at least three dogs of each sex to be 
comparative. In my analysis, the control and the high dose groups contained five dogs of 
each sex with a few exceptions. 

I first tried to separate the studies into groups by the indication/therapeutic area of the 
compound being tested, e.g. all oncology studies together. This way, I expected to see any 
similarities in the feeding behavior when comparing the results between studies of same 
indication. However, the presentation turned out to be inappropriate as there were no 
similarities within the studies. 
Taking the oncology-compound studies that were represented the most; every study had its 
own feeding profile. For example, in one oncology study, a clear impact could be seen; in 
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another one, no impact was observed and in some oncology studies, only part of the dogs of 
the same group showed a reaction. It was also possible that all dogs within a group behaved 
differently.  
Another problem was that most indications within the sixteen studies were only represented 
once and no comparative study was available. 

In a next step, I tried to classify the groups by their time to show any reaction on food intake 
caused by the test substance or the change of the daily routine. This means immediate 
reaction right at the beginning of the main phase, delayed reaction after a few days of the 
main phase or no reaction. In some studies, all dogs of one group reacted the same way. In 
other studies, all dogs of one group showed different reactions to the test substance and this 
classification also turned out to be inappropriate.  
Finally, the studies were classified into three different types of feeding patterns, also 
dependent on their reaction, but easier to summarize.  

 Clear impact: all animals of a group showed a reaction, including males and females 

 Irregular impact: certain animals of the same group showed a reaction 

 No impact: none of the animals showed a reaction caused by the test substance 

To summarize the reactions of all dose groups, the most common was the “irregular impact” -
situation, occurring in fifteen out of sixteen studies followed of the “clear impact” -situation“, 
mainly high dose groups of both sexes. “No impact” was the situation that was observed the 
least. Noteworthy is that more control groups showed an “irregular impact”- than a “no 
impact” reaction. 

These observations led to the conclusion that the majority of the dogs were disturbed from 
their normal feeding behavior by several factors, not only by the drug-induced impact. 

Males and females were allocated in the same room on opposite sides. One may assume 
that females in heat could have had a possible effect on the food consumption of males. In 
addition, females in heat would have eaten less. No such correlation could be demonstrated 
in my study.  

Another point that had to be clarified was the time of year, when the study was performed. 
RASHOTTE et al (1984) described a lower food intake in summer compared to colder days 
in their study. Their animals were outside the whole time.  
In Novartis, the dogs also had access to outdoor areas at ambient temperatures. The studies 
were divided into spring, summer, autumn and winter. The mean values of the DFI of the 
dose groups in the same season time were compared with the other seasons. No seasonal 
influence was observed on the food consumption of dogs. One can assume that the dogs 
may have spent more time inside than outside which may explain why no influence of the 
season on the food intake was observed. 
There may have been an influence on individual animals; however I did not analyze that level 
of detail.  

6.2.1 Pretest 

The pretest phase lasted in general for one week. At the beginning of this week, dogs were 
regrouped and allocated to new rooms. Several in-life examinations as described in 3.7 were 
performed during this week.  
The pretest was meant to deliver the baseline for the comparison with the other phases, 
especially the main phase.  
It has to be said that not all dogs delivered reliable results. Some dogs tended to eat very 
variably and interpretations of their feeding behavior were difficult or not possible.  
One possibility for the variable feeding pattern could have been the in-life examinations and 
the new conditions due to regrouping and allocating to new rooms.  
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Another possibility to consider was the irregularity reflecting certain dogs’ normal feeding 
behavior.  
The variable food intake fluctuated from day to day, mostly within a range of 100g.  
In addition, the irregular feeding behavior was not only observed during the pretest, but also 
during the main phase and the recovery and even in dogs that did not run in a study at that 
moment. Including all observations, I assumed that the irregular feeding pattern reflected the 
normal behavior in certain dogs, if it lasted throughout the three study phases. It was not 
triggered by stress or other influences. Due to my observations, I defined fluctuations of 100g 
from day to day were part of the normal feeding behavior in most dogs. In addition, the dogs 
had a limit of 450g, which corresponded to double the amount needed for their required 
energy intake. Probably on one day they ate more than their required energy intake 
demanded, resulting in a lower food intake the next day. 
There were no other reasons found for the irregular feeding behavior. The variable food 
intake was more common in females, but males also had a variable food intake. 
Dogs with an irregular feeding behavior in the pretest complicated the comparison of the 
feeding patterns between the different study phases. 

Novelty is a strong stressor (Dantzer et al 1983) which as well influences feeding patterns.  
Plasma cortisol concentrations are a common factor to measure stress, especially long-term 
stress. This was also emphasized by a study of CLARK et al from 1997. In their study, the 
plasma cortisol values in dogs were high within the first week of the study, regardless of 
treatment condition. At the end of the first week, the plasma cortisol level then gradually 
decreased.  

The effect of stress can be reduced, if the animal is conditioned gradually to handling 
procedures (HUTSON 1993), for example for ECG-recording. From my own observations, it 
could be said that most dogs that were not used to ECG-recordings reacted anxiously and a 
high heart rate was measured. It may be worth training the planned examinations with the 
animals before performing them in the study. 

Considering these points, the beginning of the pretest can be stressful and distracting, which 
results in a fluctuating food intake and lasted in several animals up to one week.  
In addition, in the guidelines of the workshop of LASA (Guidance on the transport of 
laboratory animals 2004), the authors recommend an adapting time of at least three days 
when the animals are moved to new allocations.  
Generally, in most of the studies performed in Novartis Pharma Basel, the dogs were moved 
to new rooms at the start of the pretest and did not get three more days to adapt. It has to be 
considered that the pretest stands for the baseline data of the animals’ feeding behavior to 
compare with other study phases. Results of the feeding behavior in the pretest of animals 
that were not adapted yet may lead to incorrect conclusions. 
Thus, in my opinion, the pretest phase was too short and should be prolonged to two weeks.  

6.2.2 Main phase 

Several reactions were observed at the beginning of the main phase due to the new 
processes and/or the test substance. The most common reaction was an irregular feeding 
pattern with a lower food intake within the first few days of the main phase as mentioned 
earlier. The daily rhythm of the pretest ended abruptly on day 0. A new routine with daily 
administrations, in-life examinations, and more intensive interactions between animal 
keepers and the dogs followed and could explain the reduced food intake.  

In some dogs, nevertheless, feeding behavior became regular from the first day of the main 
phase on, as shown in study B in chart 5.17.  
This regular feeding pattern was observed in 22 dogs, more likely in males. Only six females 
became steady at the beginning or after the first week of the main phase. This behavior led 
to the assumption that some dogs can deal with stress better than other dogs. 
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353 of the dogs were irregular during the pretest and the main phase with different ranges of 
fluctuation, whereby the irregularity of the food intake was more pronounced in the main 
phase.  
Nevertheless, it was still possible to allocate most of the reactions to either drug-induced or 
stress-induced effects.  
If the whole group of a study showed an impact on food intake, the deviation of the feeding 
behavior was associated to the effect of the test substance. If only part of the dogs of one 
group showed a reaction, it had to be carefully considered what caused the reaction. It 
depended on the dog’s feeding pattern in the pretest. If the dog was already very variable in 
the pretest, the irregularity of the feeding pattern in the main phase was more likely its 
normal feeding attitude or it was caused by environmental distractions. A more regular 
pretest or a smaller range of fluctuation in the pretest compared to the main phase were 
more indicative for a distraction, either by the test substance or by stress due to the 
performance of the study.  
In addition, if the reaction lasted only for one or two days, it was more likely caused by 
environmental distraction or the variable food intake of the animal. Longer lasting reactions 
were more likely associated with the test substance. 

The impact on food intake of a test substance could be seen most likely within the first week 
of the main phase. In most studies the dogs adapted to the effect of the test substance after 
one week and their food intake increased again.  

6.2.3 Recovery 

There were only two dogs left during the recovery phase. The lower number of dogs may 
have delivered less reliable statistical results. 

In most cases when dogs ate irregularly in the main phase they remained irregular in the 
recovery phase as well.  
The fact that most dogs became or stayed variable during the recovery, even though no in-
life examinations were performed until the last week of the recovery cannot be clearly 
explained. A reaction to the smaller group composition could be one reason. The dogs may 
have been less active, slept more, and they were less jealous about food. On the other hand, 
they may also have been less distracted from eating which would result in an increased or 
steady food intake.  

The reactions in the recovery phase were less pronounced than in the main phase. It was 
observed that the majority of the 114 dogs had one to two days of low food intake in the 
transition period from the main phase to the recovery. This was most likely a reaction to 
processes at the end of the main phase. Dogs that did not enter the recovery phase were 
euthanized and used for autopsy while the recovery animals were left behind. The dogs 
reacted sensitively to this process and the new group composition. 

I could observe different reactions in the recovery phase. In studies with a clearly lower food 
intake in the main phase, the dogs started to eat more step by step in the recovery phase. A 
reverse behavior was observed in studies, where no clear impact on food consumption could 
be measured. These dogs’ food intake decreased during the recovery phase. Only in one 
study, I could associate the reduced food intake in the recovery to the effect of the test 
substance. 

I concluded that the required energy intake in the recovery phase was lower than in the main 
phase. This would explain, why dogs from studies with no or only slight impact on the feeding 
behavior ate less in the recovery compared to the main phase. On the other hand, dogs that 
showed a strong reaction on the feeding behavior in the main phase by a lower food intake 
had to compensate their energy deficit, resulting in an increased food intake in the recovery. 
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In addition, dogs that had a higher food limit than others in the main phase due to an 
increased required energy intake ate less in the recovery. This was another indication that 
dogs had lower energy maintenance in the recovery phase.  

The body weight of the dogs was another parameter which highlights this conclusion.  
Body weight was compared between the main phase and the recovery. 
Only differences of body weight of more than 200g between the first and the last value of the 
main phase were defined as loss of body weight. The dogs lost between 300g and 1.5kg, 
whereby stronger loss of body weight was only observed in animals of group 4.  

Five male dogs of group 1 and seventeen dogs of group 4 lost body weight during the main 
phase. No male dog lost body weight in the recovery.  
There were nine females of group 1 and thirteen females of group 4 that lost body weight in 
the main phase. Another six animals lost body weight in the recovery, whereby three of the 
six animals gained weight in the main phase as a result of treatment with the test item and 
went back to their baseline value in the recovery.  

The male dogs of the different control groups that lost body weight in the main phase did not 
have an increased food intake in the recovery, but still regained body weight in this phase. 
This observation was described in the second example, Study B. This is only speculation; 
however, the loss of body weight in control animals could lead one to the assumption that the 
control animals had a higher energy intake requirement in the main phase compared to the 
recovery.  

It would be expected that animals that ate less and lost body weight in the main phase would 
eat more in the recovery to compensate their negative energy intake. Indeed, all animals that 
lost body weight in the main phase, except for one female, regained body weight or did not 
lose further body weight in the recovery phase. There was not always an association 
between increased food intake and regained body weight. The absence of drug 
administration and in-life examinations was possibly enough to reduce the dogs’ energy 
maintenance. 

6.2.4 Single meals 

It was not always known at the beginning of a study what kind of effect the test substance 
could induce. Thus there were test substances with an immediate reaction on the food intake 
within the first week of the main phase. Other test substances, especially oncology-
compund-studies had a delayed effect on the food intake. It depended on the mechanism 
and its target cell effect of the test substance. 

I divided the single meals in four timeslots to see, if the Cmax of the test substance 
correlated with a lower food intake within a certain time interval during the day or if the 
impact of the test substance was not related to time intervals. Some test substances may 
only have had a strong short lasting effect in the morning, while the effect of other test 
substances may have lasted throughout the whole day. Not all dogs ate in the morning. 
Some preferred to eat in the afternoon and evening. The afternoon and evening meals varied 
too much in their size. Only dogs with a constant pattern of the single morning meals could 
be compared. Otherwise distinctions of the normal rhythm could not be seen. The meaningful 
pattern was illustrated in the second example in charts 5.13 and 5.14.  
To make a clear statement about the effect on single meals, the mean values of the test 
substance’s concentration in the dog’s plasma (toxicokinetic parameters) should be analyzed 
and compared with the single meal patterns. 
Further, it was observed that control animals also showed an impact on the morning meals. 
Their meals became smaller within the first two to four days of the main phase. If control and 
high dose dogs of one study reacted the same way, the distinction between drug-induced 
and stress-induced effects of shifting was difficult. 
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6.2.5 DFI and visits 

In accordance with reports from previous studies and observations (GV-SOLAS), our results 
showed a range of VpD from three to five times. 
It was only a small number of animals visiting the feeder less than two or more than eight 
times per day. Only one dog was observed eating fourteen times on one day.  
Due to a high number of VpD in certain dogs, I considered the intermeal interval chosen too 
short and a prolonged intermeal interval of fifteen minutes may have been better. 

Stress or a reduced wellbeing was not only expressed as a fluctuation of the daily food 
intake, but also as a decreased or increased number of VpD, which was explained in the first 
example in chart 5.10 and in the third example in chart 5.21.  
As you can see in chart 5.10, the VpD were higher at the beginning of the pretest and 
decreased after a few days, when they adapted to the daily routine and when daily food 
intake became more regular.  
After a period of decreased food intake, the number of visits exceeded that of the pretest, but 
for the same or even a smaller amount, which was explained in chart 5.21. 

I concluded that a distraction from the normal feeding behavior could also be seen in a 
deviation of the VpD. In certain cases, only the VpD changed, while DFI remained constant, 
as seen in chart 5.10. The parameter “VpD” was helpful by allowing a more sensitive 
analysis of the dog’s feeding behavior, when no deviation of the DFI could be found.  

6.2.6 DFI and MDT 

Control dogs as well as dogs of the test substance-treated groups that were not affected by 
the compound had an increase of food intake from week to week throughout the three study 
phases, as mentioned at the beginning of the fifth example in section 5. The MDT on the 
other hand became significantly shorter, more pronounced in males than females. Healthy 
dogs needed less time to eat the same amount of food compared to dogs with a reduced 
wellbeing. This could be seen in the fifth example. The test substance had a food increasing 
effect. The male dogs in this example ate clearly faster in the main phase compared to the 
other two study phases. 
The negative impact of the test substance on MDT was shown in chart 5.22 in the third 
example. The dog had to spend more time to eat a smaller amount of food. I concluded that 
the MDT was another parameter to be used to ascertain a dog’s state of health. Even though 
the MDT of most dogs decreased with the reduced DFI, a prolonged MDT with a reduced or 
constant DFI could also be observed in certain dogs. This was a sign of a reduced wellbeing. 

6.2.7 DFI and symptoms 

As explained earlier, symptoms in most cases did not correlate with the deviations of the DFI 
and each animal had its own reaction to stress or the drug-induced effect. 

When I started to analyze the studies, I expected a clear decrease of food intake in studies 
where severe or numerous symptoms were documented. Furthermore, I expected studies 
with slight deviations of food consumption in combination with only slight or no symptoms.  
During the analysis, I realized that it was more likely to be the other way around. In studies, 
where the strongest impact on food intake was observed only a few or no other symptoms 
were documented. Eleven studies showed a drug-induced impact on feeding behavior in part 
of the animal groups or in all animals within a dose group. The symptoms in the eleven 
studies occurred either one week later than the impact appeared or they registered only on 
single days. 
Normally, the first observation of the drug-induced effect in the main phase was a decreased 
or no food intake. In most cases, food consumption recovered, which could be seen by an 
increase of the DFI. While food intake increased, symptoms appeared, but did not influence 
the food consumption. This scenario can be observed in 5.2.3 in the third example. 
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In general, neurological symptoms tended to have only a small effect on food consumption. 
The best example to demonstrate the weak influence of neurological symptoms can be 
observed in 5.2.5 in the fifth example. 

In three studies out of the sixteen, symptoms and a decrease of food intake appeared within 
the same time frame, most commonly in the first week of the main phase.  

For a more precise conclusion of how symptoms are influencing food consumption, more 
specific parameters, e.g. hormones or neurotransmitters have to be included in the analysis.  
Nevertheless, as explained above, a deviation of food intake was in most cases the only 
parameter that demonstrated the animal’s state of health and should therefore be included 
into the documentation of symptoms. 

6.2.8 Feeding behavior and pathological findings 

I tried to find a correlation between reduced food intake and pathological findings. A deviation 
of the feeding behavior could not be correlated with pathological findings; only speculations 
could be made.  
In certain studies where an impact could be seen, no pathological findings were found. In 
other studies, the pathological findings were found in control and dose groups. Another 
observation was that the animals had pathological findings of the gastrointestinal system and 
other organs, but did not show an abnormal feeding behavior. Due to these different results, 
a correlation seemed too vague to draw any conclusions from it. 

6.2.9 Correlation between food intake and clinical parameters 

At the beginning of this study, I considered comparing the daily food intake with the clinical 
parameters of hematology and clinical biochemistry. Blood samples were only taken 4 times 
within 9 weeks. As the samples were only taken on certain days and not more regularly, the 
results did not represent the situation over the whole study phase. Thus, I did not include the 
clinical parameters into the evaluation. 

6.3 Conclusion 

Food intake was influenced by various factors. One important influence was as expected, the 
test substance. But other factors such as changes of the daily routine, new group 
compositions, a short pretest phase and individual reactions had to be included as well, 
when evaluating the feeding behavior. 
Referring to the tables in section 5, where the values of all dogs are listed it can be said that 
the dogs with reduced health ate more slowly and less. 

The DFI was the most sensitive and robust parameter in my study to evaluate the feeding 
behavior, but other parameters such as the VpD and the MDT were important too, especially 
in cases with unclear results, e.g. when DFI remained steady. Referring to the tables 5.1 and 
5.2 in section 5, it can be said that the dogs tend to eat less, slower and split into more single 
meals, if their wellbeing is reduced. 
The feeding behavior should be included in the daily documentation and treated as a clinical 
symptom. Animals mostly ate less before more severe symptoms appeared. A reduced food 
intake is a sign of a decreased wellbeing of the animal. 
It should also be considered to not only evaluate the DFI but also other parameters such as 
MDT and VpD. This is not possible when dogs are fed manually once daily. A more regular 
access to food should be provided to enrich the animals housing facilities. When the animals 
are fed with the Dogfeeder system, a more precise observation of the feeding behavior is 
possible and delivers more reliable results. 

The observations and conclusions made during the evaluation are summarized once again: 
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1. Dogs did not eat as regularly as expected, which made it more difficult to interpret the 
results 

2. Dogs showed different reactions, beginning with no impact on the feeding behavior to 
very strong reactions such as no food intake at all 

3. The daily amount of food was the most important parameter to measure the dogs’ 
wellbeing, but other parameters such as VpD, MDT and daily meal rhythm were 
helpful as well, especially in situations with no clear effect on the food intake 

4. Lower food intake seldom correlated with the appearance of symptoms  
5. Disturbance factors always have to be considered. For example group behavior, 

individual behavior 
6. Fluctuations of the DFI during one or two days were considered more likely to stress 

or the dog’s natural feeding behavior than to a drug-induced effect; a daily fluctuation 
of 100g was common 

7. Males and females may react differently. In such cases, the concentration of the test 
item in the dogs’ plasma should be compared between the two sexes for further 
conclusions 

8. Compounds for same therapeutic area did not cause the same reactions on the 
feeding behavior 

9. Feeding behavior is important and should be included when assessing the dogs state 
of health 
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9. Appendix 
 

Appendix 1: Food Consumption 

Food composition of dog food 3353 from Provimi Kliba AG, Kaiseraugst 
KLIBA NAFAG | PROVIMI KLIBA AG | CH-4303 Kaiseraugst | Tel. +41 61 816 16 16 | Fax 
+41 61 816 18 00 | kliba-nafag@provimi-kliba.ch | www.kliba-nafag.ch 
 
Amino acids 
Arginine 1.45 % 
Lysine 1.23 % 
Methionine 0.42 % 
Methionine + cystine 0.85 % 
Tryptophan 0.23 % 
Threonine 0.82 % 
Major Nutrients 
Dry matter 88.0 % 
Crude protein 22.5 % 
Crude fat 6.0 % 
Crude fiber 3.5 % 
Crude ash 6.3 % 
NFE 49.7 % 
Gross energy 16.7 MJ/kg 
Metabolisable energy 13.3 MJ/kg 
Starch 33.0 % 
Trace elements 
Iron 200 mg/kg 
Zinc 115 mg/kg 
Copper 14 mg/kg 
Iodine 1 mg/kg 
Manganese 55 mg/kg 
Selenium 0.25 mg/kg 
Major mineral elements 
Calcium 1.25 % 
Phosphorus 0.90 % 
Magnesium 0.20 % 
Sodium 0.23 % 
Potassium 0.67 % 
Chlorine 0.34 % 
Ingredients 
Flacked cereals, wheat, poultry meal, flacked oats, soybean meal (NGMO), 
wheat middlings, soybean oil, wheat germ, corn (NGMO), minerals, 
vitamins, amino acids 
Vitamins 
Vitamin A 12'800 IU/kg 
Vitamin D3 1'000 IU/kg 
Vitamin E 130 mg/kg 
Vitamin K3 5 mg/kg 
Vitamin B1 23 mg/kg 
Vitamin B2 13 mg/kg 
Vitamin B6 9 mg/kg 
Vitamin B12 0.05 mg/kg 
Nicotinic acid 70 mg/kg 

http://www.kliba-nafag.ch/
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Pantothenic acid 30 mg/kg 
Folic acid 2 mg/kg 
Biotin 0.3 mg/kg 
Choline 2'000 mg/kg 
Vitamin C 370 mg/kg 
 

Appendix 2: Tables of the various parameters to define the feeding behavior 

Table 9.1 Average DFI of all females divided in their individual groups  

DFI females (g) 
(mean values ± 
SD) 

pretest Main study recovery 

Group 1 270±39 284±51 310±63 

Group 2 286±50 287±58  

Group 3 247±49 261±65  

Group 4 256±51 229±86 278±94 

All groups 262±49 265±70 294±81 

Total=Pt+MS+RC 265±65   

 

Table 9.2 Average MDT of all females divided in their individual groups  

PT female (mins) 
(mean values ± 
SD) 

pretest Main study recovery 

Group 1 19.8±2.3 20.7±2 22.3±7.1 

Group 2 20.3±2.1 22±1.9  

Group 3 18.7±2.1 20.4±2.1  

Group 4 17.1±3.4 17.4±5.9 24.1±10.4 

All groups 19.7±4.5 20.1±5.9 23.2±8.6 

Total=Pt+MS+RC 21.6±3.8   

 

Table 9.3 Average VpD of all females divided in their individual groups  

VpD female (mean 
values ± SD) 

pretest Main study recovery 

Group 1 3.9±0.1 3.9±0.2 3.6±1.2 

Group 2 4.2±0.2 3.9±0.2  

Group 3 3.8±0.2 3.6±0.2  

Group 4 3.7±0.2 3.3±0.3 3.9±1.2 

All groups 3.9±0.9 3.7±1 3.8±1.2 

Total=Pt+MS+RC 3.7±1.1   
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Table 9.4 Average DFI of all males divided in their individual groups  

DFI male (g) (mean 
values ± SD) 

pretest Main study recovery 

Group 1 335±41 350±49 373±70 

Group 2 334±58 344±61  

Group 3 323±59 327±88  

Group 4 339±43 295±96 333±101 

All groups 332±51 328±79 353±88 

Total=Pt+MS+RC 329±73   

 

Table 9.5 Average MDT of all males divided in their individual groups  

PT male (mins) 
(mean values ± SD) 

pretest Main study recovery 

Group 1 21.1±2.6 19.6±1.6 19.5±7 

Group 2 22.4±4.2 19.6±3  

Group 3 18.6±2.9 17.8±1.8  

Group 4 16.7±3 19.4±6.2 19.1±9.9 

All groups 18.6±4.1 18.3±5.6 19.3±7.9 

Total=Pt+MS+RC 19±3.5   

 

Table 9.6 Average VpD of all males divided in their individual groups  

VpD male (mean 
values ± SD) 

pretest Main study recovery 

Group 1 4.1±0.2 3.9±0.2 3.3±0.3 

Group 2 4.1±0.2 3.9±0.3  

Group 3 4.1±0.2 3.6±0.4  

Group 4 3.9±0.2 3.4±0.2 3.5±0.3 

All groups 4±1.1 3.7±1.2 3.4±1.4 

Total=Pt+MS+RC 3.7±1.2   

 

Table 9.7 Average single meals of all females divided in their individual groups  

Single meals 
female (g) (mean 
values ± SD) 

pretest Main study recovery 

Group 1 64±20 65±19 79±35 

Group 2 61±22 64±26  

Group 3 63±25 65±24  

Group 4 62±22 61±24 66±22 

All groups 62±22 64±23 72±30 

Total=Pt+MS+RC 66±23   
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Table 9.8 Average single meal duration of all females divided in their individual groups  

Single PT female 
(mins) (mean 
values ± SD) 

pretest Main study recovery 

Group 1 5.1±1.3 5.1±1.2 5.7±2.1 

Group 2 5±1.3 5.4±1.7  

Group 3 4.9±1.7 5.2±1.8  

Group 4 4.6±1.4 5.4±5.1 5.4±2.1 

All groups 4.9±1.4 5.3±2.9 5.6±2.1 

Total=Pt+MS+RC 5.1±1.9   

 

Table 9.9 Average single meals of all males divided in their individual groups  

Single meals male 
(g) (mean values ± 
SD) 

pretest Main study recovery 

Group 1 73g±28 76g±30 91g±48 

Group 2 70g±24 77g±28  

Group 3 77g±36 79g±36  

Group 4 78g±29 69g±33 84g±35 

All groups 74g±30 75g±32 88g±43 

Total=Pt+MS+RC 79g±30   

 

Table 9.10 Average single meal duration of all males divided in their individual groups  

Single PT male 
(mins) (mean 
values ± SD) 

pretest Main study recovery 

Group 1 4.2±1.2 4.4±1.3 4.9±2.2 

Group 2 4±1.3 4.3±1.4  

Group 3 4.1±1.2 4.3±1.4  

Group 4 4.6±1.5 4.3±2 5±1.8 

All groups 4.2±1.3 4.3±1.6 5±2.1 

Total=Pt+MS+RC 4.3±1.4   
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