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Abstract
Objective
This research was executed to examine what is happening with heart rhythm, heart rate, rectal 
temperature and respiration rate in dairy cattle who are fasting for 48 hours. This is one of two papers wrote about this research. The other paper gives some more information about the acid- bace balance and the electrolytes.

Method
Five healthy Holstein Frisian dairy cows (mean age 2, 9 years and mean days in lactation 274, 2) were followed for one week. Monday was adaptation day, on Tuesday the normal values were measured and on Wednesday and Thursday the cows were fasting. At Friday, the cows were eating again. Five times every day clinical examination was done: heart rate, respiration rate and rectal temperature were measured. One time a day urine was taken and also one time a day an ECG was made. The ECG was made to detect cardiac dysrhythmia’s. In urine was measured: pH, net acid excretion, S.G., creatinine and potassium. Three times a day blood was taken. In blood was measured: blood- gas values, electrolytes, hematocrit, total protein, BHBZ, creatinine and NEFA’s.

Results
Heart rate and respiration rate were significantly decreased during fasting. This returns very quickly to normal when the cows were eating again. Rectal temperature decreases also somewhat but this was not significant.
At the ECG a prolonged ST segment, a prolonged TQ interval and a prolonged TP interval were seen. 

Conclusion
The decreased heart rate was due to the increased influence of the parasymphatetic nervous system. And the increase of the parasymphatetic nervous system can have many reasons which are not become clear in this study. 
The abnormalities on the ECG’s were possibly due to a hypokalemia and/or a dysfunction of the potassium channels.
The decrease in respiration rate was possibly due to a decrease in stomach filling. 
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Attachments
Appendix 1: ECG’s
1. Introduction

During the study of Veterinary Medicine at the University of Utrecht all students
have to fulfill a research project. This paper is the report of my research on the effects of 48 hours fasting at cardio- respiratory patterns and rectal temperature in dairy cattle. 
This research was executed because there is less information what is happen with a clinically healthy cow who is fasting. Information about fasting cows is often very old, have done with (beef) steers and other breeds than those that are common in the Dutch livestock farming. In addition, many studies have been done with cows that had other disease such as milk fever and mostly these cows were already treated for the disease. Therefore, we do not know exactly what is happing with a clinically healthy cow who is fasting and it is important to know this so we can treat sick animals, which are suffering from diseases as milk fever possibly in a better way. This paper is one of two papers that are written about this research. This paper focus on what is happening with heart rhythm, heart rate, rectal temperature and respiration rate at 48 hours of fasting. The other paper focus on what is happening with the acid-base balance. 

1.1 Fasting cattle
A hypochloremic, hypokalemic metabolic alkalosis is showed in several diseases in dairy cattle. For example by cattle with coliform mastitis, cows with a right displacement of the abomasum and cows with a pyloric stenosis (Kuiper, 1980; Ohtsuka et al, 1997; Sahinduran et al, 2006). Generally, these cows have lost their appetite and/ or have a depression in digestive tract motility, and sometimes an obstruction. This has many agreements with fasting so that is why animals who are fasting are frequently getting a hypocholemic, hypokalemic metabolic alkalosis. More details about the metabolic alkalosis you can find in the other paper wrote about this study (The effects of 48 hours fasting on acid-base balance and electrolytes in dairy cow, Annelous Kist).

Rumsey et al, have done a study like this with clinically healthy cows that are fasting. They found a reduced rectal temperature, heart rate and respiratory rate. Also they found increased P and R ECG amplitudes. Serum sodium and potassium were increased but this was not significant. The results were more significant with 96 hours of fasting. The cattle returned very quickly to a physiologically normal state (Rumsey et al, 1976).
Also mature Hereford steers fasted for 32 hours were getting some abnormalities. The serum calcium decreased and the phosphor increased, but these changes were within the normal ranges. Serum sodium was not changed but the chloride was increased. Potassium and iron were both decreased (Galyean et al, 1981).
Another study with fasting steers found also an increased serum phosphorus, total protein and billirubin. The magnesium and potassium decreased. These changes were mainly seen in the first 24 hours of fasting of the total 92 hours of fasting (Smith et al, 1984).  
Cole, have done a crossover study with Mature Hampshire cows (n = 8). Animals that were fed had lower PCV and higher glucose levels than animals that were deprived. Plasma magnesium and sodium were not affected but plasma potassium decreased. In whole blood sodium, magnesium and potassium did not differ in the fed and deprived animals (Cole, 2000). 

Many times a hypokalemia is reported in studies with fasting cattle. Hypokalemia can occur due to reduced feed intake, intracellular shifting of potassium due to a metabolic alkalosis and hyperglycemia, an increased potassium loss due the mineralcorticoid effects of the administered corticosteroids and a kaluresis due to the hyperglycemic osmotic diuresis. It is worth remembering that plasma shows only 0, 4% of total potassium and there is about 10% of the total potassium extracellular.
 Potassium is so important because it is the most important intracellular cation because it determines the resting membrane potential due to its concentration gradient between intra- and extracellular (Peek et al, 2003).
The typical diets of cattle are high in potassium and thus the potassium excretion with the urine is high. This adaptation contributes to the development of hypokalemia when feed intake is reduced because the excretion with urine cannot be reduced rapidly enough to maintain a normal potassium level (Sattler et al, 1998). 
Many different symptoms are described due to hypokalemia. In a report of 14 cows with a hypokalemia they found an abnormal position of head and neck, weakness, rumen atony, abnormal feces, tachycardia, anorexia, cardiac dysrhythmia, acid- base imbalance (alkalosis) and a hyperglycemia. The hyperglycemia and tachycardia were due to transport stress and some cows were very ill (Sattler et al, 1998). 
Another study done with 17 hypokalemic cows showed also muscle weakness and recumbence. 10 cows had a hypochloremic metabolic alkalosis and 7 cows had a metabolic acidosis (Peek et al, 2003). 

1.2 Bradycardia and sinus arrhythmia
The sinoatrial node in the right atrium initiates the normal heart rate with a spontaneously generalized action potential and is often called the pacemaker of the heart. The electric activation spreads to the right atrial myocardium and cross the Bachmann’s bundle to the left atrium. Then the signal is going to the atrioventricular node, this is the only connection for the signal for going from atria to ventricles. After the atrioventricular node the activation wavefronts enters a specialized conduction system called the bundle of His and after this the wavefronts enters the left and right bundle branches which are aborizing the network of the Purkinje cells. The bundle of His and the Purkinje cells distributes the action potential widely trough the ventricular myocardium (Reece, 2004). In figure one the cardiac conduction system is reviewed. 

A normal sinus rhythm is regular and originates from the sinoatrial node. Sinus bradycardia is a regular sinus rhythm but it is slower than expected. On the ECG you will see normal P waves and the PQ interval is constant. 
Sinus arrhythmia is an irregular sinus rhythm. The distance between the P waves and between the PQ interval is not constant on the ECG (Merck veterinary manual, 2011).
There are two groups of underlying mechanisms for cardiac arrhythmias: abnormalities of impulse formation and abnormalities of impulse propagation. Abnormalities of impulse formation are changes in normal pacemaker activity of the sinoatrial node or other secondary pacemakers who will compete with the sinoatrial node. Abnormalities of impulse propagation include blocks of the impulse at several places of the heart, mostly this occur in the atrioventricular node (Reece, 2004).

The autonomic nervous system plays an immense role in the behavior of the cardiovascular system, also in regulating the heart rate. 
When the parasympathetic nervous system is activated (at rest), the nerve fibers release acetylcholine within the myocardium. Cardiac cells have muscarine receptors and they activate G-proteins if acetylcholine binds. Activation occurs when a bound GDP molecule is replaced for a GTP molecule. The altered protein can now bind to potassium channels in the membrane en open them, thus potassium permeability is increased. As a result, heart rate will decrease due to an efflux of potassium ions because the cellular membrane becomes more polarized. This hyperpolarization makes the generation of action potential more difficult, and thus slowing the rate of the sinoatrial node. Also indirect opening of potassium channels occurs after acetylcholine binding at the muscarine receptor. Furthermore, the G-proteins also increase the release of arachidonic acid that also increases potassium permeability.
Sympathetic fibers release norepinephrine and receptors within the cell bind this and stimulate β1 adrenergic receptors. Also G-proteins replace GDP for GTP molecules upon activation by the β1 adrenergic receptors. This cause an increase in the release of cAMP, this cAMP causes molecules of protein kinase A to phosphorylate large numbers of calcium channels. This makes that calcium channels are longer open and also a greater number of calcium channels are going open. Thus, calcium is going into the cells, so the threshold for depolarization will be more easily attained. 
The atrioventricular node is the place where the parasympathetic and the sympathetic systems will act the most when they will increase or decrease the heart rate (Iaizzo et al, 2009).  

A normal myocardial cell has a resting membrane potential of -90 mV. In this myocyte the membrane potential is dominated by the potassium ions. The action potential is initiated when the resting potential is becoming more positive to -60 to -70 mV. At this point, called the threshold potential the sodium channels open and begin a cascade also involving other ion channels. The myocyte is brought to his threshold potential via a neighboring cell. At the threshold potential the fast voltage- gated sodium channels open, the permeability of the cell for sodium ions increase and sodium flows into the cell (phase 0). This happens very easily because in the cell it is more negative than the extracellular fluid and the sodium concentration is higher in the extracellular fluid. Within a few milliseconds the fast sodium channels are inactivated automatically. The depolarization due to the sodium ions activates the opening of voltage- gated slow calcium channels so the permeability increases and the concentration of calcium increases into the cell. At the same time the membrane permeability decreases for potassium due to closing of the potassium channels. For 200-250 ms the membrane potential is staying close to 0 mV, as a small inflow of calcium balances the small outflow of potassium (phase two). After this the voltage- gated potassium channels are opening and the repolarization is initiated and potassium flows out of the cell. At the same time calcium channels are closing and thus the efflux of potassium ions restore the negative resting potential (phase three). In Figure two this process of the membrane potential and the permeability of the ion channels are schematic reviewed.
The principle of conduction is the same in the sinoatrial node and the atrioventricular node, but these nodes are slow responding. The resting membrane potential (phase 4) is more positive and the slope of the upstroke (phase 0), the amplitude of the action potential and the overshoot are smaller than in myocytes with a fast response (Iaizzo et al, 2009; Berne et al, 2004).  

Bradycardia and sinus arrhythmia consistently develop in cows that are fasting for 48 hours. When cows are eating again the heart rate returns very quickly to normal and the sinus arrhythmia disappears (McGuirk et al, 1990).
Bradycardia occurs also in cattle with several diseases. There is also a bradycardia or a normal heart rate observed by cattle that are suffering from dehydration, sepsis, abdominal distention or other diseases in which tachycardia is expected. Also sinus arrhythmia has been seen under such conditions. 
The bradycardia can be caused by anatomic changes in the sinus node, increased vagal tone and a decreased sympathetic tone. Changes in the sinus node are not likely to occur with fasting because heart rate returns to normal after feeding. In clinically normal cattle the heart rate at rest is influenced by parasympathetic tone. The increase in parasympathetic tone with fasting may be attributable to increased vagal tone. This can be due to increased activity in vagal afferent fibers because of: changes in ph, stretch or other chemical mediators in the gastro-enteritic channel. Also changes in concentrations of ketone bodies, billirubin, glucose, free fatty acids, electrolytes and acid- base balance can cause this increased activity in vagal afferent fibers. The changes in heart rhythm and heart rate are seen by different diseases and also by fasting, therefore it is possible that these symptoms are not a clinical sign of disease but a clinical sign with lack of food intake. In addition, bradycardia can occur because this is an energy saving system and the basal metabolism of the cow will decrease (McGuirk et al, 1990).
The fasting bradycardia may be a result from an increase in parasympathetic tone due to changes in forestomach stretch or fill. Changes in blood parameters or electrolyte parameters may also influence the autonomic activity. Heart rate was significantly decreased in cattle after 48 hours of fasting. Administration of atropine sulfate resulted in a significant increase in heart rate in fasted cattle but not in fed cattle. Atropine is a parasympatholytic agent and act by competitive blockage of muscarinic receptors. This observation supports the hypothesis that fasting bradycardia is associated with a marked increase in parasympathetic tone. Also an increase in HI-FR fluctuations was seen with fasting and the administratration of atropine which indicate that the parasympathetic influence increase. Also a significant increase in total protein was observed. Potassium was decreased. 
In steers after rumen evacuation the heart rate was also significantly decreased compared with a full rumen. There are tension receptors located around the reticular groove; they will send a tonic afferent input to the medullary gastric center via the nervus vagus. A decrease in rumen fill would reduce tension in the receptors and might result in a slowing of heart rate. This reflex slowing appears to be primarily due to increased parasympathetic nervous activity, presumably mediated by the nervus vagus (Clabough et al, 1989).  

Also in clinically healthy cows sometimes dysrhythmias appear. In 952 normal and clinically healthy cows in three different age groups, 202 cows showed one or two types of dysrhythmias. Sinus arrhythmia and sinus tachycardia did occur most. The incidence of dysrhythmias does not differ between different age groups, breeds and lactation versus non- lactation. Cows older than six years showed a significant lower heart rate. The cases with sinus arrhythmia showed significant lower heart rate. Thus, maybe the high vagal tone can cause the bradycardia and also the sinus arrhythmia.  No one of the cows with a dysrhythmia showed any clinical sign of heart disease (Rezakhani et al, 2004A). 

Also in human who does not eat bradycardia and sinus arrhythmia are reported. In human there is also hypotension and a prolonged QT interval described. The bradycardia is probably caused by vagal hypertonia, this is reflected by an increase in pulse variability. The prolonged QT interval can be caused by probably a decrease in ventricular mass by people who do not eat for a longer time. But can also be caused by changes in the ion concentrations.  Especially hypokalemia, hypomagnesemia and hypocalemia are well known causes in human (Macías-Robles et al, 2009).
More studies describe a prolonged QT interval in human with an electrolyte imbalance. Again the electrolyte imbalances that disturb the QT interval are hypokalemia, hypomagnesemia and hypocalcemia. The prolonged QT interval was seen on the ECG but also T and U wave abnormalities were seen. The QT interval was not only prolonged but also variable. Alternant in T waves is a sign of enhanced electrical instability (Khan, 2002).
The QT interval is measured in the ECG from the beginning of the QRS complex to the end of the T wave. This interval reflects the cardiac de- and repolarization time in one heart cycle. The QT interval has a close relation to the duration of the action potential in the myocyte. The number and function of the ion pumps and channels in the cell membrane determine the duration and size of the action potential. There are at least seventeen different kinds. Blockage, dysfunction or inhibition of the channels leads to prolongation of the cardiac de- or repolarization. The function and also the number of the ion channels are influenced by some drugs but also by the actual electrolyte status, the tonus of the autonomic nerve system and the oxygen supply (Elming et al, 2003). 
 
Another study done in humans with eating disorders found besides the bradycardia, sinus arrhythmia, the hypotension and prolonged QT interval also hypothermia, salivary gland swelling, anemia, dehydration and an hypochloremic, hypokalemic metabolic alkalosis (Tsuboi, 2005). 

Often hypokalemia is mentioned as the cause of the bradycardia and the arrhythmia’s, because potassium ions play an important role in maintaining the electrical potential across the cellular membrane and also in depolarization and repolarization of the myocytes. The intracellular concentration of potassium is great. In figure three the concentrations of the important ions are reviewed.
As the potassium levels decrease there is an elevation in the negative resting membrane potential and a prolongation of the action potential. Particularly the phase 3 repolarization and the refractory periods are prolonged. So the muscles do not react as fast as they normally will. Due to the increased duration of the action potential and the refractory period, the patients with a hypokalemia are at increased risk for dysrhythmias. In human with hypokalemia there is noted that besides the prolonged QT interval also an decrease in T wave amplitude, a ST segment depression, a PR interval prolongation and the development of U waves were seen (Maffé et al, 2009).
Animal studies have showed that arrhythmia’s induced by hypokalemia are causing: prolonged ventricular repolarization, slowed conduction and abnormal pacemaker activity. 
1. Prolonged ventricular repolarization. This effect is seen on the ECG as the prolonged QT interval and the patient shows increased ventricular action potential duration (ADP). The prolonged ADP is due to the inhibition of outward potassium currents that contribute in the ventricular repolarization.  Hypokalemia suppress the conductance of Ikr (rapid component of delayed rectifier). And thus the Ikr channels are going faster in the inactivated state. Therefore, action potential takes longer. Also hypokalemia inhibits Ik1, which is the inward rectifier. This is contributing in setting the resting membrane potential and the late phase of ventricular repolarization. The action potential gets a long tail and this is resulting in an increase in the relative refractory period (RRP) and a decrease in the difference of the resting membrane potential from the threshold potential.  
So there is more chance at early afterdepolarizations (EAD). EAD’s represent positive deflections interrupting the smooth course of repolarization. Prolongation of ventricular repolarization increase the time spent over voltage window for reactivation of inward sodium and calcium currents. The prolongation of ventricular repolarization is not accompanied by prolongation of the effective refractory period (ERP). These two changes make the patient more vulnerable to ventricular tachyarrhythmias. Also there are substantial heterogeneities in distribution of potassium channels. Therefore, at some places of the heart the hypokalemia produces a longer ADP and at other sites is does not. So this may produces a conduction block.    
2. Conduction abnormalities. The hypokalemia slows conduction in the atrioventricular node. Because of reduced cardiac excitability because of the membrane hyperpolarization. Thus, depolarization begins in incomplete repolarized fibers. 
3. Abnormal automaticity. The abnormal pacemaker activity has been attributed to the increase of the slope of diastolic depolarization in Purkinje fibers and also by delayed EAD’s caused by calcium overload secondary to inhibition of the Na-K pump and stimulation of the reverse mode of the Na-Ca exchange. Thus, hypokalemia prolongs the plateau in Purkinje fibers but decrease it in the ventricular fibers. The action potential tail prolongs more in the conducting system than in the ventricles thus increasing the dispersion of repolarization. It increases the diastolic depolarization in the Purkinje fibers and so increases the automaticity (El- Sherif et al, 2011; Osadchii, 2010). 

1.3 Electrocardiogram (ECG)
Changes in cardiac electrical activity can be detected with an ECG. No deflection from the discharge of the sinoatrial node is seen on the ECG because the voltage generate by the relatively small number of cells is too small to detect trough the body surface. Discharge of the sinoatrial node is assumed to occur just prior to the p wave. The P wave is representing the depolarization of the atrial muscle. After the P wave there is a return to the baseline during this segment of the ECG the signal is traversing through the atrioventricular node and also in this node the number of cells are too small to detect on the ECG. As the impulses emerges from the atrioventricular node they activates the bundle of his and the Purkinje system and thus the ventricular muscle, this is represented by the QRS complex. This is followed by the repolarization of the ventricles and this is represented by the T wave. Repolarization of the atrial muscle occurs simultaneously with depolarization of the ventricles and is therefore masked by the QRS complex (Reece, 2004). In figure four the wave’s and the complexes of the ECG are reviewed.
ECG waveforms that are of clinical importance are:
· PR interval: this represents the time it takes for an impulse to travel from sinoatrial node through the atria and atrioventricular node to the onset of ventricular depolarization. When this interval is prolonged, a patient is suffering of some kind of heart block.
· QRS complex: this shows how long the overall ventricular depolarization takes. A wide QRS complex can indicate a conduction block or delay in the bundle branches or Purkinje fibers. This can alter the ventricular contraction.
· ST segment: this is the period when ventricles are depolarized and contracting. Depression of this segment can be caused by ischemia of the ventricles, infarction, pericarditis and electrolyte imbalances. 
· QT interval: this reflects the time that ventricles begin their depolarization to the time they have completely repolarized (to their resting potential). When this interval is prolonged it is an indication of delayed repolarization of the myocytes, maybe caused by irregular opening or closing of potassium or sodium channels (Iaizzo et al, 2009).  

At 600 normal and healthy dairy cows an ECG was made, the cows were in age from one to fourteen years. Mean heart rate was 75, 73 beats per minute (Rezakhani et al, 2004B). Also another study had found a mean heart rate of 75 beats per minute; this study used 32 cows (Deroth et al, 1980). 
See table one for the mean values of the ECG components in normal healthy cows. In this study, they also found that values of P wave amplitude and the duration of the QRS complex were significantly higher in older animals; this could be due to the size of the heart in older cows. In pregnant cows the amplitude of P wave was also higher. This can be because in pregnant cows the abdominal cavity may push the diaphragm forward and place the heart in a more vertical position. The QT intervals and the T waves were higher in non- pregnant cows. This could be due to the higher heart rate in pregnant cows.  
Base apex lead has been used in this study. Several studies have showed that base apex lead is the best option for an ECG. It gives clear large waves and complexes and animal movement has a minimum effect on the outcome (Rezakhani et al, 2004B).
Both studies found a large variation in the amplitude of P wave and T wave between the different cows (Rezakhani et al, 2004B; Deroth et al, 1980). 


Table 1, normal ECG values in clinically healthy cows (Rezakhani et al, 2004B).

1.4 Body temperature
There is a constant balance in the regulation of energy intake and energy expenditure in an animal’s life. Under thermoneutral conditions, the metabolic rate is remarkably constant in each species. However, when feed intake is greatly increased or restricted the metabolic rate is correspondingly elevated or reduced to correct the energy balance. This process is called the diet- induced thermogenesis. A reduction in energy expenditure in response to fasting has been seen in birds and mammals. There is a reliance of homeothermy on tachymetabolism so reduction in metabolic rate is accompanied by a lowering in the body temperature. It is a passive result of the decreased metabolism. The hypothermia is the greatest when the animal is non- active thus during the night (Piccione et al, 2002).
It is showed in human that body temperature is higher in people that are eating than people that are fasting for 24 hours (Martineaud et al, 2000). Also fasting for ten hours resulted in a significant lower rectal temperature (Driver et al, 1999).
Also in sheep and goats the rectal temperature decreases with fasting. Food deprivation for four days in sheep and goats caused a significant fall in rectal temperature. In goats the body temperature decreased from day two of fasting and the circadian rhythm was going away. In sheep the daily oscillation in body temperature persists but the body temperature gradually fell. When the animals were fed again the body temperature was normal again within one day (Piccione et al, 2002).  Also cows can have a body temperature rhythm with a decrease during the night and the lowest temperature at 7.00 AM and a increase during the day with the highest temperature at 3.00 PM. But this pattern can be altered when cows are prolonged exposed to heat stress (Shehab-El-Deen et al, 2010). 
In steers there are some contradictory outcomes of the study results. Some studies have found that with 32 hours of fasting the rectal temperature did not differ between the fasted steers and the control group (Galyean et al, 1981; Suzuki et al, 1997). However, other studies have found a decrease in temperature at steers that were fasted (Schaefer et al, 1988).
Otherwise when cows are housed in open stalls the rectal temperature is higher in the summer months and lower in the winter at extreme hot or cold temperatures. So when temperatures increases or decreases extremely there is some change in rectal temperature. Holstein Frisian cows do have a higher rectal temperature of 0, 47 degrees when they are exposed to heat stress (Strikandakumar et al, 2004). 

1.5 Respiration
The regulation center of the respiration in mammals is located in the brain stem and is called the respiratory center. It is not one center but it consists of different regions within the medulla and pons. Four regions have been identified:
1. The dorsal respiratory group in the dorsal medulla. This is responsible for inspiration and the rhythm of breathing. Output is generated by the nervus phrenicus and the input is generated by the nervus vagus and the nervus glossopharyngeal. There are mechanoreceptors in the lung that relay impulses via the nervus vagus and play an important role in the ventilation.
2. The ventral respiratory group. This is primarily responsible for expiration. When there is a normal breathing the expiration is passive, than these neurons are not active. With exercise these neurons become active. 
3. The pneumotaxic center. This inhibits inspiration and thus regulates inspiratory volume and respiration rate. 
4. The apneustic center. This center is not very well understood. This center is associated with deep inspirations.

So the basic rhythm, depth or both can be changed due to the body needs. The most important afferent impulses come from the Hering- Breuer reflexes. The receptors for these reflexes are located in the lung, bronchi and bronchioles. The impulses are transmitted via the nervus vagus to the respiratory center. When the vagus nerve afferent impulses are lost then dogs will get an increased tidal volume and a slower respiration frequency. Nevertheless, there are more receptors for modifying the rhythm of respiration. For example in the skin (rubbing the skin starts breathing cycles in newborns or deeper inspiration), there are also receptors in the tendons and joints and these are stimulated when muscle contraction initiates movement. In addition, when the mucous membrane of the upper air passages is stimulated the inspiration is inhibited to prevent the lungs for harmful gasses. 
Also the afferent impulses form the baroreceptors in the carotid and aortic sinuses have their function in regulation of the respiration. Their principal function is the role in the circulation. The receptors constantly generate impulses and these increase in frequency as the blood pressure increase. These impulses to the respiratory center are inhibitory and so the respiratory frequency decrease. The function of this response is to modify the return of blood to the heart. So when blood pressure is decreased, respiration increases an flow of blood to the heart is better possible. Because of the increased respiratory there is a greater negativity of intrapleural pressure. This is transmitted to the mediastinal space and so the vena cave can expand. The larger pressure difference between the vena cave and the veins assist for more flow of blood through the heart (Reece, 2004).

The respiratory mechanism is also sensitive for changes in blood pH and pCO2. When a metabolic acidosis occur the bicarbonate ion concentration falls because of reaction with the added acid or because of direct losses of bicarbonate. As a result plasma CO2 will increase. The respiration reaction is very fast and increasing alveolar ventilation occurs and so pCO2 will decrease. This compensation will bring ratio conjugate base to weak acid back to the normal value but the hypobasemia will persist until the loss of bicarbonate is replaced. This requires renal action: excretion of hydrogen ions and restore of bicarbonate. In case of a metabolic alkalosis there is an increase in bicarbonate. The rise in pH will depress ventilation and pCO2 will rise so pH is going to its normal level. The hyperbasemia persist and renal correction must occur with decreased secretion of hydrogen ions en increased secretion of bicarbonate ions (Reece, 2004; Hubble, 2007).
Respiration frequency may be affected by body size, age, exercise, excitement, environmental temperature, pregnancy, filling of digestive tract and state of health. 
Digestive tract filling and pregnancy increase the respiration frequency because they limit the excursion of the diaphragm during inspiration. Because the expansion is restricted there will not be adequate ventilation so adequate ventilation is maintained by increased frequency (Reece, 2004).
When cows are exposed to heat stress then sweating and panting are important mechanisms to regulate the body temperature. The respiration rate will increase to evaporate water (Strikandakumar et al, 2004). It is seen when cattle have a body temperature rhythm that respiration rate will follow this rhythm. So when the body temperature increases at the afternoon also the respiration rate will increase (Shehab-El-Deen et al, 2010).
Otherwise human who do not eat for a longer time (months or years) have hypercapnia and a normal respiration rate but they have decreased peak expiratory flow rates. This can be due to an increased vagal tone and/ or a decrease in muscle strength. When the people were eating again the hypercapnia disappears. Therefore, the decrease in expiratory flow rates is the most reasonable due to the increased vagal tone (Kerem et al, 2011).



2. Aim of the study
The aim of this study is to study what happens with heart rate, heart rhythm, rectal temperature and respiratory rate when a cow is fasting for 48 hours.
The hypotheses of this study are:
- The cows develop a bradycardia due to an increase in parasympathetic influence.
- The cows develop ECG abnormalities due to hypokalemia.
- The temperature of the cows will decrease due to a decrease in basal metabolism.
- The respiration frequency will decrease because the cows will compensate the metabolic alkalosis they will get from the fasting. 

3. Materials and methods
3.1 Animals 
This experiment was conducted with cows from the University of Utrecht. For this study we selected five mature and healthy HF cows from the dairy herd at the University of Utrecht. Mean age was 2, 9 years (Std deviation: 7, 8 months), mean days in lactation were 274, 2 days (Std deviation: 8, 9 days) and mean body weight was 528, 8 kg (Std deviation: 45, 5 kg). See table two for information about the cows. The laboratory animal committee approved all the experimental procedures (dec. number: 2010.III.11.133). 
The cows were fasted for 48 hours and were housed at tie-stalls with a rubber floor. 


Table 2, information about the cows. 

3.2 Study design
At day one the cows were housed apart from the other cows and were fitted with
jugular catheters (Discofix® C 3-way Stopcock Connection Tubing, Braun). Heart rate, respiration rate and the body temperature were measured five times this day. At day two the same things as day one were measured but also blood and urine was taken and an ECG was made. At days three and four the cows were fasted and the same things as day two were measured. At day five the cows were fed again and we measured the same things as day two. See table three for the overview of the measurements during the study. 

 (
 
)Before and after the study the cows were fed with the feed they are used to. This is:
· 10 kg maize. 
· Ad libitum grass or silage.
· 2 kg concentrate (because the cows are a few hours a day on pasture).
· 60 gram of minerals.
At day five when cows were allowed to eat again we started with silage, in the afternoon the cows got also maize and in the evening they got there concentrate. 


Table 3, overview of measurements during the study.

3.3 Blood analyses
A serum tube (only at 2.00 PM), heparin tube and a pH tube were taken from the catheter when we took blood. The blood from the pH tube was analyzed directly for blood-gas values and electrolytes with the Rapidlab 1260 blood- gas analyzer (Siemens healthcare diagnostics, Deerfield, United States). We measured: pH, pCO2, pO2, sodium, potassium, chloride and the base excess. 
The blood from the heparin tube was used for analyzing BHBZ and creatinine by the UVDL and was centrifuged (Eppendorf centrifuge 5804R). The plasma was directly frozen at -20. A micronic tube with plasma was filled as a backup and also frozen. We also took a capillary with blood from the heparin tube. This was centrifuged (Heraeus Pico 17 Haematokrit) and hematocrit was measured, with the plasma of this capillary the total protein was measured with a refractometer (ATC portable refractometer – protein). 
One time a day at 2.00 PM we measured the glucose value with the precision Xceed (Abbott Precision Xceed Pro System). 
Also at 2.00 PM we took a serum tube which was centrifuged and plasma was used for analyzing of NEFA’s by the UVDL and was frozen. Also from this we filled a micronic tube for backup.

3.4 Urine analyses
At 2.00 PM the urine was taken. We measured the pH and the specific gravity. Urine was put into a water bath (Julabo TW12) for 10 minutes and then the pH was measured with a pH meter (inoLab® pH 740). The specific gravity was determined with a refractometer. Also we put urine in two tubes with a pipette and those were frozen. One tube was used for analyzing potassium and creatinine by the UVDL and one tube was used for analyzing chloride in a laboratory in Germany. The main urine was also frozen and was send at the end of the proof to a laboratory in Germany for determining the net acid excretion.  
See table four for blood and urine measurements.


Table  4,  blood and urine measurements.

3.5 Clinical parameters
Heart rate was analyzed with a Littmann stethoscope during 1 minute. Rectal temperature was measured with a digital thermometer and we looked at the respiration rate and count this for half a minute. See table five for the normal values of the clinical parameters.
Also at Saturday morning a clinical examination was executed and respiration rate, heart rate and rectal temperature were examined. So also only the morning measurements were compared to each other. 

	Respiration rate
	10-30 beats per minute

	Heart rate
	50-80 beats per minute

	Rectal temperature
	39-39 degrees


Table 5, normal values of clinical parameters (Kuiper et al, 2008).

3.6 ECG
Heart rhythm was detected with an ECG (Mindray Beneview T5) at 5.00 PM. The ECG was recorded with a bipolar base apex lead. Animals were kept at their tie-stalls and no sedative was used. The ECG was recorded when the animals were in a quiet state. Alligator- type electrodes were used and before the attachment of the electrodes the places for the electrodes were shaved and cleaned with alcohol. 
The positive electrode of lead one was attached on the skin of the fifth intercostal space just caudal to the olecranon at the left side. The negative electrode was placed on the jugular furrow about the lower part of the right side of the neck. The earth electrode was attached away from these two electrodes at the left side of the neck.
The ECG’s that were made were stored and after the study the intervals, segments and amplitudes of each ECG were measured with the c
omputer program: patient data management and review. All the measurements were made ten times per ECG, see figure five how measurements were made. 
· Wave: a wave begins and ends on the baseline and is a graphic representation of an electrical event.
· Segment: this is an electrically quiet area in the cycle.


Figure 5, measurements of the ECG components (Deroth et al, 1980). Also the TP interval was measured and the amplitudes of the P, R and T waves. The TP interval was measured from the beginning of the T wave till the beginning of the P wave.



3.7 Statistical analysis
All the statistic analysis made in this study was done with the program SPSS17.
The ANOVA for repeated measurements was used for comparing the different data of the days with each other.
The ANOVA test is a parametric method. Therefore, this test is only meaningful for numerical data which is sampled from a population with an underlying normal distribution or whose distribution can be rendered normal by mathematical transformation. In this study the data that were not normally distributed were transformed with a log- transformation.
At the test of normality the Shapiro-Wilk test results were used because sample size is between 3 and 2000. If p> 0.05 the test of normality is non- significant and so the data are normally distributed. 

After this the ANOVA test can be executed. First Mauchly’s test (the relationship between pairs of groups is equal) was done. If Mauchly’s test was significant Huynh- Feldt or Greenhouse- Geisser correction was used. Also a bonferroni correction was put in at the beginning. 
When p< 0, 05 the difference was significant. 

The correlation was measured with the Pearson correlation. 

4. Results

4.1 Fasting
During this study the cows did not get a hypokalemic, hypochloremic metabolic alkalosis as expected but even a metabolic acidosis. The potassium excretion in the urine was extremely decreased during the days of fasting and also the pH of the urine was lower during fasting. Moreover, the cows were dehydrated. More information you can find in the paper of Annelous Kist (The effects of 48 hours fasting on acid-base balance and electrolytes in dairy cow).

4.2 Heart rate
The heart rate during this study was significant lower when the cows were fasting (Wednesday and Thursday). At Friday the cows were already recovering so there was no significant decrease anymore. 
At Saturday morning the mean heart rate was already 63, 6 beats per minute.
Normal heart rate during this study of the cows was 65 (+/- 5, 2) beats per minute.
There was no correlation between serum potassium level and the decreased heart rate (Pearson Correlation: -0.147, Sig: 0.648).
Mean serum potassium level was: 3.62 mmol/L (+/- 0.36) during this study. 
At Friday the standard deviation was greater than the other days, this was not due to one cow in special. Maybe some cows were more excited when they were being fed again than others and maybe the heart rate from some cows was increasing faster than others. In figure six mean heart rate during the trial is reviewed. 
Mean heart rate at the acclimatization days was 64,4 and 65 beats per minute. The mean heart rate at Wednesday and Thursday when the cows were fasting were 45,7 and 41,1 beats per minute. The heart rate at Friday when the cows where eating again was 55,8 beats per minute. 


Figure 6, changes in mean heart rate during the trial. A = acclimatization period, B= Fasting period, C= re- feeding period. During the days of fasting there was a significant decrease in heart rate compared with the acclimatization period and this is reviewed with *.  At Friday when the cows were eating again the heart rate was going the normal.

The cows were fed at Friday again at 8.30 AM. Therefore, at the morning clinical examination the cows were still fasting and so heart rate at Friday morning was still significantly lower. There was a large standard deviation at Saturday morning; this was due to cow five who had diarrhea. When this cow was not taken into account with the statistical analysis the heart rate at Saturday is still not significantly decreased compared with Monday and Tuesday, so heart rate was going back to normal. In figure seven the morning measurements are reviewed with and without the measurements of cow five. The morning measurements of Monday and Tuesday were 68,8 and 66,4 beats per minute. At the fasting days at Wednesday, Thursday and Friday morning the mean heart rate was 51,6; 41,6 and 34 beats per minute. At Saturday morning the mean heart rate was 63,6 beats per minute and the heart beats per minute at Saturday morning minus cow five was 59,5.


Figure 7,  mean heart rate of the morning clinical examination at 8.00 AM. Now it is seen that heart rate decreases even further at the Friday morning. At 8.30 AM the cows were eating again. The cows were fasting at Tuesday and Wednesday. Cow five was responsible for the great standard deviation at Saturday morning because of his extensive diarrhea, so also the measurement of Saturday morning minus cow five are reviewed. *= significant decrease in heart rate compared to the acclimatization period. A = acclimatization period, B= Fasting period, C= re- feeding period.
 
Heart rate decreases very fast because at Wednesday morning the heart rate was already decreased to 51, 6 beats per minute. 
Heart rate also increases very fast after feeding because at Saturday morning heart was already 63, 6 heart beats per minute. Below the heart rate at Friday is showed so the increase in heart rate at Friday in special is seen. Heart rate increases immediately after feeding again. At times 11.00 AM, 2.00 AM and 5.00 PM the standard deviation is great but this was not due to one cow or the same cows or to a special cause. Maybe the heart rate of some cows is recovering faster than others. Also at that day just before the clinical examination at 11.00 AM and 5.00 PM the cows were fed. Maybe some cows were more excited about this than others. In figure eight the measurements of only Friday and the Saturday morning are reviewed.


Figure 8, mean heart rate at the different times of clinical examination at Friday and the Saturday morning are showed. At 8.00 AM (D5T1) the cows were still fasting and at 8.30 AM the cows were eating again. The heart rate increases very fast after eating again. In the measurement of Saturday morning cow five is executed because of the extensive diarrhea. At times 11.00 AM, 2.00 PM and 5.00 PM the standard deviation is great but this was not due to one cow or the same cows or to a special cause.

4.3 ECG’s
During fasting the ST segment was significantly prolonged. It was directly seen at the first day of fasting. At Friday when the cows were eating again the ST segment was immediately going back to normal. Therefore, there was no significant prolongation anymore between Tuesday and Friday but the length of the ST segment was not yet totally normal. 
Also the TQ interval was significantly prolonged. At Friday the length of the TQ interval was almost back to normal. There was no significant prolongation anymore.
At least the TP interval was significantly prolonged and at Friday the length of the interval was almost back to normal. There was no significant prolongation anymore. This results are reviewed in figure nine and ten.


Figure 9, changes in TQ interval and TP interval during the trial. During fasting at Wednesday and Thursday the intervals are prolonged and at Friday when the cows are eating again the intervals are going back to the normal values.* = fasting and a significant prolongation compared to Tuesday. Probably the prolongation of the TQ interval is caused by the prolongation of the TP interval. 


Figure 10, changes in ST segment during the study. * = cows are fasting and ST segment is significantly prolonged compared to Tuesday. At Friday the cows were eating again. The ST segment is prolonged during the days that the cows are fasting. At Friday the ST segment is going back to the normal value. 

There were some more changes seen in the ECG’s during fasting. But these were not significant. The P wave and T wave prolonged a little. Also the RS segment and the QT interval prolonged somewhat. And the R wave and T wave amplitudes were elevated but the P wave amplitude decreased during fasting. Maybe these results have become significant if the cows were fasting for a longer time or the trial was executed with more cows. All results are shown in table six to nine.

	
	P wave
	T wave

	Tuesday
	,17 (,03674)
	,18 (,02828)

	Wednesday
	,19 (,03082)
	,19 (,02915)

	Thursday
	,2060 (,04827)
	,1960 (,03362)

	Friday
	,2080 (,01304)
	,2160 (,05771)


Table 6, mean values and standard deviation of ECG waves. At Wednesday and Thursday the cows were fasting. There was no significant change in the ECG waves during fasting. 

	
	RS segment
	PR segment
	ST segment

	Tuesday
	,1680  (,02168)
	,1660 (,03912)
	,3360 (,06427)

	Wednesday
	,1620 (,02168)
	,2020 (,02490)
	,3860 (,06768) *

	Thursday
	,1720 (,01924)
	,1980 (,01789)
	,4320 (,06301) *

	Friday
	,1840 (,02608)
	,1980 (,02490)
	,3660 (,08234)


Table 7, mean values and standard deviation of ECG segments. At Wednesday and Thursday the cows were fasting. There were no significant changes in the RS segment and the PR segment but only in the ST segment. * = cows are fasting and ST segment is significantly prolonged compared to Tuesday. 

	
	PR interval
	QT interval
	TQ interval
	TP interval

	Tuesday
	,4100 (,17436)
	,7860 (,47611)
	1,0840 (,39766)
	,8980 (,33199)

	Wednesday
	,3960 (,25314)
	,8700 (,56666)
	1,6600 (,64637)*
	1,4180 (,55845)*

	Thursday
	,4560 (,26931)
	,9300 (,63052)
	1,8860 (1,09100)*
	1,7000 (,89964)*

	Friday
	,4600 (,25278)
	,7960 (,46785)
	,9840 (,49232)
	,9620 (,76090)


Table 8, mean values and standard deviation of ECG intervals. There were only significant changes in the TQ interval and the TP interval. * = cows are fasting and ST segment is significantly prolonged compared to Tuesday. 

	
	R wave
	T wave
	P wave

	Tuesday
	2,7600 (,64560)
	2,2880 (,45202)
	,7040 (,21279)

	Wednesday
	3,2880 (,73343)
	2,5680 (,64150)
	,5960 (,22909)

	Thursday
	3,2800 (1,06320)
	3,2400 (1,00598)
	,6960 (,23298)

	Friday
	3,6760 (,56823)
	3,3400 (1,00817)
	,7000 (,34000)


Table 9, mean values and standard deviation of ECG wave amplitudes. There were no significant changes in ECG wave amplitudes during the days of fasting at Wednesday and Thursday. 

Thus it is seen that the ECG intervals and segments recover when cows are eating again, because at Friday a normal value or a recovery is seen. The length of the waves and the amplitudes of the waves increased even more at Friday and thus are not immediately recovering after eating again. 

4.4 Body temperature
During fasting the body temperature decreases but this was not significant.
Mean non- fasting body temperature of the cows was 38, 1 (+/- 0.13) degrees.
At Saturday morning mean body temperature was 38, 2 degrees.
Also when only morning measurements were compared no significant decrease was found. The mean body temperatures per day are reviewed in table ten. 

	
	Mean
	Standard deviation

	Monday
	38,2480
	,20130

	Tuesday
	38,1840
	,12522

	Wednesday
	37,9080
	,10545

	Thursday
	37,9920
	,10060

	Friday
	38,0880
	,22521

	Saturday
	38,16
	0,320936


Tabel 10, mean body temperature with standard deviation per day. At Wednesday and Thursday the cows were fasting but no significant decrease in body temperature was found. The results of Saturday are only the morning measurements.  

4.5 Respiration rate
During fasting the respiration rate decreased significantly. But there was no significant difference between Tuesday (normal value) and Wednesday (first day of fasting). So the decrease in respiration rate started already at Wednesday but became substantial at Thursday. Between Friday (eating again) and Tuesday there is still a significant decrease in respiration rate. So the effects on respiration rate do not come immediately after eating again. See figure eleven for these results. 
Mean respiration rate (non- fasting) of these cows was 29.1 (+/- 1.9) per minute. 
At Saturday morning mean respiration rate was: 32.4 per minute. The mean respiration rate at the acclimatization period at Monday and Tuesday was 28,4 and 29,7 per minute. At Wednesday and Thursday the mean respiration rate per minute was 26,7 and 25,2 and the mean respiration rate per minute at Friday was 24,4. 
At blood- gas analysis the difference between bicarbonate actual and standard was not more than 2-3 mmol so respiratory compensation was not seen. 


Figure 11, changes in mean respiration rate during the trial. At Wednesday and Thursday the cows were fasting and at Friday the cows were eating again. *= significantly decrease in respiration rate compared to the normal values of the eating period. A= eating, B= fasting, C= eating again.  It is shown that respiration rate is mostly at the lowest level in the morning. But not always at the same time. At Monday, Tuesday, Thursday and Friday this is at 8.00 AM but at Wednesday this is at 11.00 AM.

Also the respiration rates of only the morning measurements are reviewed. See figure twelve for these results. It is shown that respiration rate is mostly at the lowest level in the morning. But not always at the same time. At Monday (25,6), Tuesday (27,6), Thursday (22,4) and Friday (21,2) this is at 8.00 AM but at Wednesday (28,4) this is at 11.00 AM.
At Saturday morning (32,4) the respiration rate was back to normal, it was even higher than the normal value. As with heart rate there is a further decrease in respiration rate at Friday morning because cows are still fasting then. 


Figure 12, mean respiration rate of the morning measurements. At Friday morning the cows were still fasting and respiration rate decreased even more. When cows were feeding again the respiration rate increases fast and at Saturday morning respiration rate was back to normal values. A = acclimatization period, B= Fasting period, C= re- feeding period. *= the cows are fasting and have a significant decrease in respiration rate compared to the values of the acclimatization period.


Thus, respiration rate is recovered at Saturday morning. In figure thirteen the respiration rate is reviewed of only Friday and the Saturday morning. Respiration rate is increasing immediately after feeding the cows again. 


Figure 13, respiration rate at Friday and the Saturday morning. At 8.00 hour the cows were still fasting, but at 8.30 hour the cows were eating again and respiration rate increases.* = the cows where still fasting.


4.6 Other facts
We noticed a large (significant) decrease in milk production. This was seen in the milking round in the afternoon at the first day of fasting. See figure fourteen.
At day four in the afternoon we noticed at two cows cold extremities. At day five in the evening the temperature of the extremities of this two cows were back to normal. 
Also at day three around 2.00 PM the cows had extreme dry and compact feces. At day five in the evening this was not yet completely recovered. 
Furthermore the cows lost many weight in the two days of fasting. Before fasting the bodyconditionscore (BCS) was 2,5 out 5 and one cow had a BCS of 3- 3,5 out 5 (cow 5). After fasting the BCS was 1,5-2 and the cow who had an BCS of 3- 3,5 had an BCS of 2-2,5 after fasting. 
The hairs at the back of the cows were erect and two of the cows were having a lot of saliva.


Figure 14, changes in mean milk production during the trial. *= fasting period.

5. Discussion

5.1 Heart rate
In this study the cows had a significant bradycardia during the 48 hours of fasting. This bradycardia appeared very quickly because at the first round of clinical examination at 8.00 AM (12 hours after the last feeding) the cows had already a bradycardia and this persisted the whole time during fasting. Also the recovery to a normal heart rate was very quick. Cows were fed at 8.30 AM again and the heart rate was significantly increased at the clinically examination round at 11.00 AM that same day again. Thus after fasting heart rate returned very fast (within 2, 5 hours) to normal ranges. All five cows had a bradycardia. 
This is in agreement with the studies of McGuirk and Clabough (McGuirk et al, 1990; Clabough et al, 1989). 
Mean heart rate in our study was: 65 (+/- 5, 2) beats per minute. This is in contrast with the studies of Rezakhani and Deroth were mean heart rate was 75 beats per minute (Rezakhani et al, 2004B; Deroth et al, 1980). This difference in heart rate is maybe possible because the cows in our study were already used to their environment and they were already used to clinical examination and people around them. 

No significant correlation between serum potassium and the decrease in heart rate was detected. Also the magnitude of the decrease in serum potassium was small and values remained within normal reference ranges. In our study the cows were not only fasted but also appeared to be dehydrated (hematocrit and total protein increased) so it is possible that the cows had a hypokalemia but this did not show in the serum samples because of the dehydration. In addition, cows had a metabolic acidosis during the fasting period during which the potassium flows out of the cell causing a decrease in intracellular potassium However, intracellular levels were not measured and would be more critical in cardiac electrical events. Potassium excretion decreased enormously in the urine, indicating that a lack of potassium occurred.
If there is an (intracellular or extracellular) hypokalemia the negative resting membrane potential is elevated so the myocytes do not react as fast as they normally do. This occurs also in the pacemaker cells of the sinoatrial node, and thus a bradycardia can occur (El- sheriff et al, 2011; Osadchii, 2010). 
Another possible reason is that the bradycardia is caused by an increase in parasympathetic tone. We did not administered atropine to the fasting cows so in our study we could not distinguish if the bradycardia was due to an increase in parasympathetic tone or due to an elevated resting membrane potential. This in contrast with the study of Clabough who found that after administration of atropine the heart rate increased in fasted cattle, also the fluctuations in heart rate were increased in fasted cattle (Clabough et al, 1989). 
The increase in parasympathetic tone with fasting may be attributable to increased vagal tone. This can be due to increased activity in vagal afferent fibers because of: changes in ph, stretch or other chemical mediators in the gastro-enteritic channel. Also changes in concentrations of ketone bodies, billirubin, total protein, glucose, free fatty acids, electrolytes and acid- base balance can cause this increase activity in vagal afferent fibers (McGuirk et al, 1990). 
In steers after rumen evacuation the heart rate was also significantly decreased compared with a full rumen. There are tension receptors located around the reticular groove, they will send a tonic afferent input to the medullary gastric center via the nervus vagus. A decrease in rumen fill would reduce tension in the receptors and might result in a slowing of heart rate. This reflex slowing appears to be primarily due to increased parasympathetic nervous activity, presumably mediated by the nervus vagus (Clabough et al, 1989).


5.2 ECG’s
The duration of the different ECG components in our study were somewhat different to the study done by Rezakhani (Rezakhani et al, 2004B). But there were some differences between this study and our study. Rezakhani used 600 Iran cows, the age varied from 1-14 years (mean age 4, 9 years), the places where the electrodes were placed were not shaved and the ECG components were measured with a magnifying glass and (Rezakhani et al, 2004B). The study by Deroth used a three- channel portable electrocardiograph and used 12 electrodes and 32 cows. The mean age was 4, 7 years (Deroth et al, 1980). In our study the mean age was 2, 8 years, we used five Holstein Frisian cows, a base apex lead ECG was used and ECG components were measured with a computer program. In spite of the difference in study design our results are in agreement with the study of Deroth but in our study the ECG components were measured at exactly the same manner (Deroth et al, 1980). 
We did not found a higher P wave amplitude in older animals because the cows used in this study were around the same age and younger. Nevertheless, we found a higher P wave amplitude compared to literature (Deroth et al, 1980). This can be due to the great variation between animals in P wave amplitude. 

During fasting the ST segment was significantly prolonged. It was directly seen at the first day of fasting. At Friday when the cows were eating again the ST segment was normal again. So recovery was very quick. The ST segment reflects the ventricular repolarization period indicating the period when ventricles are depolarized and contracting. Thus when the ST segment is prolonged the ventricles are prolonged depolarized en it takes some more time till they are repolarizing. 
There is no literature about the prolongation of the ST segment, because this parameter is commonly not used in ECG interpretation. In literature only the elevation or depression of the ST segment is taken into account. In human medicine the main cause of ST segment elevation is acute myocardial infarction/ hypoxia. But also many other problems can cause a ST elevation such as: left ventricular hypertrophy, left bundle-branch block, early repolarization, ventricular aneurysm (old infarction with persistent ST- segment elevation) and conduction defect (Wang et al, 2003).
Also anti-arrhythmic agents and electrolyte abnormalities can cause an ST segment elevation such as hyperkalemia and hypercalcemia. But also a hypokalemia can cause a ST segment elevation. It is also seen by hypomagnesaemia and thiamine deficiency and hyponatremia (Francis et al, 2004; Yorgun et al, 2010; Alvarez et al, 2011; Daly et al, 2004).
However, in our study sometimes it looked like the ST segments were elevated but this was not in all the cows and definitely not significant. So the ST segment is only prolonged. Our hypothesis about this is that during the ST segment the ventricles are in the plateau phase of the action potential. This means that when the ST segment is prolonged the plateau phase is prolonged. At the plateau phase calcium ions enters the cell via voltage regulated channels and this inward is balanced with the outward of potassium. As long as the inward of calcium is balanced by the outward of potassium the action potential plateau persists. When calcium channel antagonists (diltiazem) are used the plateau becomes less positive and the duration of the plateau decreases. When potassium channel antagonists are administrated the plateau prolongs. Also the acetylcholine of the parasympathetic nervous system can decrease the plateau phase. The acetylcholine interacts with muscarinic receptors and so inhibits the adenyl cyclase and thus the cAMP decreases and so the calcium channels are not activated in the cell membrane. Than the plateau is decrease and the contractile strength of the heart is also decreased. At the end of the plateau the potassium must exceed the calcium and then the repolarization will start. When a cow is suffering from a hypokalemia the potassium currents are inhibited this means that it takes longer before the potassium exceeds the inward of calcium and so the plateau of the action potential and thus the beginning of repolarization increases. 

In addition, the TQ interval was significantly prolonged. At Friday the length of the TQ interval was almost back to normal. Also the TP interval was significantly prolonged and at Friday the length of the interval was back to normal. The TP interval is a component of the TQ interval. So probably the prolongation of the TQ interval is due to the prolonged TP interval. The TQ interval reflects the diastole and the TP interval represents the pure diastole. Also about this interval there is no literature available. This is because these distances are totally depended on the heart rate. In this study the cows have a bradycardia so it is logically that the TQ interval in prolonged.
The only interval that is many times mentioned in human that are fasting or have electrolyte imbalances is a prolongation of the QT interval (Macías- Robles et al, 2009; Khan, 2002; Tsuboi, 2005). But also other abnormalities which are mentioned in these studies such as variability’s in T wave and a U wave are not seen in our study (Khan, 2002). In this study the QT interval is also prolonged but this was not significant. Especially hypokalemia, hypomagnesemia and hypocalcemia are mentioned as causes for the prolonged QT interval (Macías- Robles et al, 2009).

We did found increased R wave amplitudes (but this was not significant) this is in agreement with the study done by Rumsey et al, but in this study the increase was significant. Also Rumsey et al, found an increase in P wave amplitude this is in contrast with our study because in our study the P wave amplitude decreased during the 48 hours of fasting (Rumsey et al, 1976). 

If all the abnormalities in the ECG’s and the duration of the action potentials of the cows in general are taken into account it is possible that this abnormalities are caused by a hypokalemia. It is not that important if this is an intracellular or an extracellular hypokalemia because both can cause these abnormalities in the ECG’s. An intracellular hypokalemia causes an elevation of the negative resting membrane and causes a prolongation of the action potential, so myocytes do not react as fast as they will normally do. In addition, because of the prolonged refractory period the patients have an increase risk at cardiac dysrhythmia’s. Extracellular hypokalemia produces these abnormalities also because hypokalemia suppresses the potassium channels in the mycoyte (El- sheriff et al, 2011; Osadchii, 2010).

5.3 Body temperature
Body temperature was slightly decreased in this study during fasting but this decrease was not significant. This is in contrast with the study done by Galyean and Suzuki but in agreement with the study of Schaefer (galyean et al, 1981; Suzuki et al, 1997; Schaefer et al, 1988). This is also in contrast with studies done in human and in sheep and goats (Martineaud et al, 2000; Driver et al, 1999; Piccione et al, 2002). We did not detect a circadian change in body temperature as has been described before (Shehab- El- Deen et al, 2010).
This can be due to the warm housing circumstances in the research stall. The ambient air temperature was 21, 3 degrees constantly. Before the study the cows came from an open stall in the fresh air. So the cows were not used to the warm circumstances, the cows were sometimes even sweating. Maybe when the cows were housed at their open stall the temperature would have decreased more but during this study the housing circumstances were too hot. Also rectal temperature at night was not measured maybe this had given us some other results because the hypothermia is described to be maximal when the animals are not active, thus during the night (Piccione et al, 2002).

5.4 Respiration rate
The respiration rate decreased significantly during fasting. This decrease was not seen before the last day of fasting and stayed until the first day of eating again. 
The decrease of respiration rate is not a consequence of the acid-bace balance. The cows did not get a metabolic alkalosis as expected but even a metabolic acidosis. In addition, the bicarbonate actual and bicarbonate standard did not differ more than 2-3 mmol/L during blood- gas analyses, indicating that the cows did not compensate via respiration. Due to the metabolic acidosis and the warm circumstances in the stall there was an increase in respiration rate expected but this did not happen (Reece, 2004; Hubble, 2007; Strikandakumar et al, 2004).
The respiration rate can also be affected by the baroreceptors in the carotid and aortic sinuses. When blood pressure is decreased the respiration rate will increase (Reece, 2004). This is also in contrast with our study: because when cows are dehydrated and have a bradycardia a low blood pressure in expected. 
The observed decrease in respiration rate might be due to the decrease of stomach filling (especially the rumen), which has been described in the introduction.  Due to the decrease of rumen filling the excursion of the diaphragm is no longer limited and thus the ventilation is more adequate (Reece, 2004).
The extreme increase in respiration frequency at Saturday was maybe due to the increased stomach filling, the cows were hungry and did ate a lot, but can also caused by the fact that the respiration rate at Saturday morning was counted by different researchers.  



6. Conclusion

The question of this study was what happened with cardio- respiratory patterns and rectal temperature in clinically healthy cows who were fasted for 48 hours.
The outcome of this study was that hart rate and respiratory rate decreased and that the cows get some abnormalities on their ECG’s. Also the rectal temperature decreased but this was not significant.
The decreased heart rate was due to the increased influence of the parasymphatetic nervous system. This increase of the parasymphatetic nervous system can have many reasons which are not become clear in this study. 
The abnormalities on the ECG’s were possibly due to a hypokalemia and/or a dysfunction of the potassium channels.
The decrease in respiration rate was possibly due to a decrease in stomach filling. 

So we have some answers but more research is needed. A next study can possibly use atropine and needs to measure the intracellular potassium concentrations. 
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