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Summary

Melatonin is a hormone controlling the biorhythm of mammals and might be an indicator for harmony between individuals and their environment.

The major ‘zeitgeber’ for the release of melatonin by the pineal gland, regulated by the hypothalamus, is environmental light. It synchronizes the melatonin secretion with the 24- hour day/night cycle. Normally, melatonin levels are high in the night and low during the day.

There is a lot of discussion about building “mega” pig stables in The Netherlands. In these discussions animal welfare plays a big role. Since pig breeding is more and more intensified, several adaptations to the way of pig stabling are introduced, including adapting the light regimen to feeding regimen. 

Until now no objective parameter is available to measure animal welfare in mammals. Because melatonin could be a possible parameter to estimate the (non) adaptation to another light regime. 

We formed two groups of six pigs. One group was kept under a single light phase regimen, for a minimum of eight hours of light per day. The other group was kept under a phased light regimen, three periods of three hours of light spread over 24 hours. Each pig was sampled during a 24 hour period, by a saliva sample taken every hour.

In both groups no nocturnal rise in melatonin concentration was found. Both groups show a higher (no significant) mean melatonin concentration during light periods. There was no significant rise or fall in melatonin concentration caused by the change of environmental light from light to darkness and from darkness to light. There was no correlation between rise in melatonin concentration and food intake. 

We could conclude we did not find a difference in melatonin release pattern between pigs kept under a discontinuous multiple light regimen and pigs kept under a continuous light regimen. If melatonin could be a useful parameter for measuring animal welfare cannot be confirmed by this experiment. 

Samenvatting

Melatonine is een hormoon dat het bioritme van zoogdieren beïnvloedt. Melatonine zou een indicator kunnen zijn voor de harmonie tussen individuen en hun omgeving. 

De belangrijkste ‘zeitgeber’ voor de secretie van melatonine door de hypofyse, gereguleerd door de hypothalamus, is licht uit de omgeving. Licht synchroniseert de melatonine secretie door de 24 uur durende dag/nacht cyclus. Normaalgesproken zijn melatonine spiegels ’s nachts hoog en overdag laag.

Op het moment is er veel discussie over de bouw van ‘mega’ varkensstallen in Nederland. In deze discussie speelt dierenwelzijn een grote rol. Sinds het houden en fokken van varkens steeds meer is geïntensifieerd, zijn verschillende manieren om varkens te houden geïntroduceerd, zoals het lichtschema aanpassen aan het voerschema.

Tot nu toe is er nog geen objectieve parameter gevonden die het welzijn van zoogdieren zou kunnen meten. Omdat melatonine misschien een indicator zou kunnen zijn voor het meten van het in harmonie leven van een dier met zijn omgeving, zou melatonine deze “welzijnsparameter” kunnen zijn.

We hebben twee groepen van zes varkens gemaakt. Eén groep is gehouden onder een continue lichtperiode van minstens acht uur per dag. De andere groep is gehouden onder gefaseerd lichtregime, bestaande uit drie periodes van drie uur licht, verdeeld over 24 uur. Van elk varken is 24 uur lang, elk uur een speekselmonster afgenomen. 

In beide groepen is geen nachtelijke toename in melatonineconcentratie gevonden. In beide groepen was een gemiddeld verhoogde (niet significant)  melatonineconcentratie gevonden tijdens de lichtperiodes. Er was geen significante stijging of daling van de melatonineconcentratie na het veranderen van het omgevingslicht van licht naar donker of van donker naar licht. Er is geen correlatie gevonden tussen voedselopname en toename in melatonineconcentratie.

We kunnen concluderen dat we geen verschil in melatoninesecretiepatronen hebben kunnen vinden tussen varkens gehouden onder een gefaseerd lichtschema en varkens gehouden onder een ononderbroken lichtschema.
Introduction
Melatonin

Melatonin is a hormone controlling the biorhythm of mammals and might be an indicator for harmony between individuals and their environment.
The major ‘zeitgeber’ for the release of melatonin by the pineal gland, regulated by the hypothalamus, is environmental light. It synchronizes the melatonin secretion with the 24- hour day/night cycle. Normally, melatonin levels are high in the night and low during the day.

By changing day length, the duration of melatonin secretion changes with it, which makes melatonin a chemical signal for the night. In humans melatonin is known to be important for the initiation, maintenance and quality of sleep (1).
Pigs also have a circadian melatonin rhythm, although there are found differences in melatonin levels between pigs from different breeds (2).

Melatonin is not only synthesized in the pineal gland, it’s also synthesized in the gastrointestinal tract, retina, skin, lymphocytes, platelets and bone marrow. Despite this, the level of circulating melatonin is almost totally derived from the pineal gland. Melatonin is not stored in the pineal gland and the liver metabolizes the circulating melatonin rapidly. So levels of melatonin and its metabolite 6-sulfatoxymelatonin in blood plasma and saliva are reprehensive for pineal biosynthetic activity (2).
To compare different circadian melatonin patterns, the most important part of the melatonin release pattern is the Dim Light Melatonin Onset (DLMO). This is the part of the pattern in which the melatonin level starts to rise in dim light at the end of the day, in most mammals (4).
Melatonin in children

At this moment there is a lot of research concerning sleeping disorders in children and the role of melatonin plays in these disorders. Children with sleeping disorder are medicated by different dosages of melatonin, so children get used to this exogenous melatonin. As a result, their biorhythm will adjust into a “normal” biorhythm and will stay that way.
The children need the exogenous melatonin to keep this normal biorhythm to function in today’s society. They have to go to school in time and have to go to sleep in time. A distorted sleep rhythm by a distorted melatonin release pattern disturbs their normal social functioning. The children with sleeping disorder are not ill but society demands treatment. This is why medicating children with sleeping disorder gives melatonin as a drug a negative association. They don’t actually need treatment but to function in modern society they have to (3).
This raises the ethical question, whether this way of medicating children ameliorates their life quality.
Human welfare

A distorted day/night rhythm  with its distorted melatonin release pattern is known to be very unpleasant by adults. There are lots of human example’s in which distorted melatonin release patterns are seen in combination with unhappiness. For example people with sleeping disorder, who cannot function properly in society, because they are tired and sleepy during daytime. Children with sleeping disorder have an increased occurrence of fears, night wakening and difficulty in getting out of bed in the morning and are sleepy at daytime. Cognitive and behavioural problems could be the result (4).

People suffering from End Stage Renal Disease (ESRD) also have a disturbed melatonin release pattern. This is mainly caused by dialyzing process which causes daytime sleepiness and nocturnal insomnia, and causes a distorted melatonin release pattern. People suffering from insomnia feel that their life quality is reduced (5). When these people are treated with exogenous melatonin, the symptoms disappear and people’s life quality improves (6).

Today’s pigs’ husbandry
There is a lot of discussion about building “mega” pig stables in The Netherlands. In these discussions animal welfare plays a big role. Since pig breeding is more and more intensified, several adaptations to the way of pig stabling are introduced, including adapting the light regimen to feeding regimen. Pigs are bored in today’s stable’s which results in aggressive behaviour to each other. They bite each others tails, ears and fight, causing injury and stress which results in decreasing grow (7). Some farmers believe pigs are more relaxed in the dark, so they expose their pigs to a minimum of light. Furthermore, minimum light exposure saves costs by saving energy (8).
Under national and European legislation, a farmer is obliged to expose his pigs to a minimum of eight hours of light a day with a minimum light intensity of 40 lux. It is not defined whether the pigs should be exposed to a natural light imitating continuous eight hours of light or the regimen could be adapted to the most productive way of breeding pigs (like done with poultry). This is why some farmers expose their pigs to eight hours of light spread in phases over 24 hours, which is a legal method of husbandry (9).

Animal welfare?

Until now no objective parameter is available to measure animal welfare in mammals. From human studies melatonin in an important parameter for the quality of life, (4,5) it could also be a possible parameter to measure harmony between the animal and environment. We hoped to find melatonin could be a parameter for welfare in pigs in the aspect of light in the mega pig stable’s. 
The experiment

To get an answer to the question: “Will pigs in discontinuous, phased light regimens have distorted melatonin release patterns?” We have measured these patterns in pigs kept under different light regimens. We compared the melatonin release pattern in pigs kept under a continues, single phase day/night light regimen to pigs kept under a discontinuous, multiple phased day/night light regimen.

Materials and Methods

Experiment

Two groups of pigs were formed. The control group was kept under a regular single light phase regimen, for a minimum of eight hours of light per day. The experimental group was kept under a multiple phased light regimen, three periods of three hours of light spread over 24 hours.

Each pig was sampled during a 24 hour period, by a saliva sample taken every hour. Saliva samples are taken because levels of melatonin or its metabolite 6-sulfatoxymelatonin in saliva (or blood plasma), are reflective of pineal biosynthetic activity, since there is no storage of melatonin in the pineal gland and circulating melatonin is rapidly metabolised in the liver (1). Melatonin in saliva is correlated to melatonin in blood plasma. Values of 4 pg/ml melatonin in saliva are equivalent to 10 pl/ml melatonin in blood plasma. (10) 
In contrast to blood sampling, saliva sampling is not invasive, so the pig’s integrity was not harmed. The pigs even seemed to like to play with the sample instruments.  
Before the 24 hour sampling period, the pigs are trained for three days by test sampling and animal handling, to prevent stress in the pigs during the experiment.

Number of animals
The number of animals we used in our experiment is calculated by the results of an experiment in children. In this experiment three groups of children were medicated melatonin in different dosages: 0.05 mg/kg, 0.10 mg/kg and 0.15 mg/kg and one placebo group. In the two groups with the highest dosages of melatonin there was a significant difference in Dim Light Melatonin Onset (DLMO) found, before and after melatonin treatment. These groups consisted 16 and 17 children. (3)
The standard deviation of the DLMO in the entire research group in the first week (no treatment al all) was 1.0 hour. The intervention (four different dosages timed melatonin medication) caused an overall displacement in DLMO of -1 hour, with a standard deviation of 1.4 hour (over the four different dosages).
The groups where formed by children of different ages, different genetically background and different family environments. The children had the clinic diagnosis sleeping disorder called “Delayed Sleep Phase Disorder” in common.

The groups of pigs we used were, in contrast tot the groups of children, more of less the same genetical background. The animals were from the same breeding stock, of equal age and they were kept under more standardized environmental conditions.
Furthermore we expected a larger difference in DLMO results between the two groups of pigs compared to the groups of children before and after melatonin medication. Because the DLMO in the experiment with children is measured before and after different melatonin dosage is medicated, instead of DLMO measured in very different light regimes, like in our experiment. We expected that this difference would be much larger. This is why we expected to find a significant difference in a group of 12 pigs split into two groups. (Effect size > 1.8 hour, with a sigma of 1 hour and a power of 0.8)
In an experiment to measure the effect of light intensity on melatonin in pigs resulted in a significant difference in melatonin levels in a group of five pigs (11).
Based on the results found in these studies, we decided to make two groups formed by six animals each.
Age of animals

In the experiment we used animals at an age of about five months old. In the experimental group the animals were housed from the age of two months under the discontinuous light regimen, so the animals were used to the discontinuous phase light regime at five months old. In the control group the animals were, at the time of sampling, housed for 14 weeks under this light regimen. 

Piglets at an age of ten weeks already show a normal regular melatonin release pattern. (2) 
Breeding stock

The control group and the experimental group are in both, female Landrace/Yorkshire bred pigs bred from different breeding lines. 
There is some difference found in melatonin levels between different breeding stocks, but the most domestic breeding stocks show a significant nocturnal rise in melatonin levels (2).
Husbandry
The control group was kept under a single light regimen for at least eight hours, are kept in university stables “De Tolakker” in Utrecht. The photoperiod (lights on) starts at 7:00 AM and ends at 5:00 PM. Because of the windows in the outside wall of the stable there was a dim light phase until sunset (about 8:30 PM). The three pens we sampled had different light intensities because of these windows and because of the way the lights are situated above the pens. The pen near the window was exposed to a light intensity of 7000 lux in the sunbeams, 700 lux out of the sunbeams. The pen in the middle was exposed to a light intensity of 140 lux and the third pen was exposed to light intensity of 240 lux. The light intensity during dim light was 25 lux in pen number 1, pen number 2 and 3 had a dim light intensity of 0.5 lux. After sunset the light intensity was reduced tot 0.5 lux in all pens. From every pen two pigs were sampled. The pigs were fed commercial pellets, restrictedly at 7:00 AM and 3:45 PM. The pigs emptied the food-trough directly. 
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    Figure 1: Control stables
The animals kept under a discontinuous, multiple phased light regimen, are kept at a regular farm in The Netherlands. The light phase is divided in three periods. The first period starts at 5:30 AM to 8:30 AM, the second period starts at 1:00 PM to 4:00 PM and the last period starts at 8:00 PM to 11:00 PM. Twenty to twenty-five minutes after the start of the light periods, the pigs were fed. At these light periods the light intensity in the stable is 40 lux, the minimal legal light intensity. Because this stable has no windows, the only light sources are fluorescent lights. When the lights are out, the pigs are covered in total darkness, there is no dim light phase like in the control stables. The pigs were fed gruel, restrictedly at 5:45 AM, 1:20 PM and 8:25 PM. The pigs emptied the food-trough directly. 
The stable is divided in eight pens, each containing thirteen pigs of the same age and all pigs entered the stable at the same time demanded by the all in – all out system. We sampled six pigs from one pen. 
Saliva samples
The samples were collected by having the pigs chew on salivettes® for 30 seconds. We took the collector out of the tube with a “Kocher” and hold it in the mouth of the pigs on the collectors. A salivette® (figure 1) is a roll-shaped saliva collector made by Sarstedt bv Etten Leur. 

The samples were stored at a temperature of 4◦C and centrifuged within 24 hours and then stored at a temperature of -18◦C before analyzing in hospital “Gelderse Vallei” in Ede. 
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Figure 2: The Salivette®
Sample analyzing

The samples were analyzed by Radio Immuno Assay (RIA) at hospital “Gelderse vallei” in Ede. We sampled two groups of twelve pigs. Six animals per group were analyzed.
Data Analysis
For comparing the values an independent sample T-test was used. We compared all values during dark periods to all values during light periods, and we compared the hours before and after feeding. We also compared the hours before and after light change; one hour before the lights were switched on compared to one hour after the lights were switched off. Melatonin concentration in the hours after food intake were compared to the melatonin concentration before food intake. After analyzing by T-tests, a nonparametric test (Mann-Whitney) was done because Levene’s Test for Equality of variances was found significant. 

Correlation between melatonin concentration, food intake, light change and light, was tested by Pearson correlation.
To calculate the influence of factors, like light, light change or food intake, we used the Linear Fixed Model. 
For the calculations we used three ways to describe the melatonin concentrations we found.  We used the absolute melatonin levels in pg/ml, the relative melatonin concentration (the highest concentration of melatonin in each pig is 100%) and we used the difference in melatonin concentration (difference of each value compared to the last value). We used the relative melatonin concentration to get a normal distribution and to make the results per pig more comparable. We calculated the difference in melatonin concentration to see and compare the moment and level of rise and fall in melatonin concentration. 
All calculations were performed by SPSS 15.0 for windows (SPSS inc. 2006)  

Results
The results of the saliva sample analysis are shown in figure 3 and figure 4 per pig. Figure 5 and 6 show the mean melatonin curve of the control and experimental group. Figure 3 shows the melatonin curves found in the control group, figure 4 shows the curves found in the experimental group. 
Figure 3: Melatonin curves control group and Figure 4: Melatonin curves experimental group (In appendix)
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Figure 5: Mean Melatonin concentration curve control group
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Figure 6: Mean Melatonin concentration curve experimental group

The Y-axe shows the concentration of melatonin in pg/ml saliva. The X-axe shows the sample times. The grey area’s show the dark phases.

There is no difference found in the mean melatonin concentrations of the two different light regimens (Figures 5 and 6). The mean melatonin concentration in the control group is 12.34 ± 3.51 pg/ml compared to the mean melatonin concentration in the experimental group of 12.95 ± 2.48 pg/ml. This means the AUC (area under the curve) of the control and experimental group are not very different as well. 

Mean concentration of melatonin during the light phase in the control group is 13.75 ± 11.08 ng/ml. In the experimental group the mean melatonin concentration during the different light phases is 15.01 ± 9.95 ng/ml.

During the dark phases the mean melatonin level 11.15 ± 6.08 ng/ml in the control group and 11.07 ± 5.36 ng/ml in the experimental group. 

Based on results from other studies, we expected to see a higher melatonin concentration during the dark periods in both groups. Therefore we compared mean melatonin concentrations during the dark phases to mean melatonin concentration during light phases with a independent sample T-test. 
Comparing the concentrations of melatonin during the light phase and dark phase in the control group, there is no significant difference in concentration, although mean melatonin concentration during light period is higher. Also, there is no significant difference between the light and dark phase in the experimental group, although the mean melatonin level during light phases is higher. No significant difference is found between the melatonin concentrations during the dark phase between both groups.
We did find a significant correlation between light and change in melatonin concentration in the experimental group, but the correlation factors were very small, therefore we could not assume this is a reliable correlation.   

To verify if light difference influences the melatonin concentration we compared the melatonin concentration one hour before lights were switched on to melatonin concentration during light and one hour after lights were switched off. 

This did not cause a significant difference in melatonin concentration. We only found a significant difference in the difference of melatonin concentration in the experimental group (difference of each value compared to the last value), although because the absolute and relative melatonin concentration were not significant we do not assume this significant difference is reliable. We could not find a significant correlation with a reliable correlation factor. 
The melatonin patterns in the control group did not show a Dim Light Melatonin Onset (DLMO) as we expected, at the end of the afternoon, around 6:00 PM. Actually, four pigs showed a peak in melatonin concentration between 11:00 AM and 2:00 PM. Only one pig showed a peak at the end of the afternoon around 7:30 PM, which we might call a DLMO. 

Four of the pigs in the experimental group also showed a peak in melatonin concentration. Three pigs showed a peak around 10:00 PM at the end of the last light phase of the day. One pig showed a peak in melatonin concentration around 8:00 AM, at the end of the first light phase of the day. When we looked at these peaks their might be a correlation between feeding and the rise in melatonin concentration. The pigs in the experimental group were fed 20-25 minutes after the lights went on, at 5:50 AM, 1:20 PM and 8:25 PM. Food intake can also cause a rise in melatonin concentration in the peripheral circulation (18). So we compared the melatonin concentrations before and after feeding. Unfortunately, we didn’t find a significant rise related to the moment of feeding. In the independent sample T-test there was a significant rise found but the Levene’s Test for equality of variances was also significant. After correction with a non parametric test (Mann-Whitney) there was no significance. 
To proof the rise in melatonin concentration is not affected by feeding but by light change, we calculated the correlation by Pearson correlation. The only feeding moment not parallel to light change, was the afternoon meal (at 3:45 PM) in the control group. So, by calculating correlation at this moment a significant correlation is proven to be the cause of rise in melatonin concentration. We did not find any correlation.

For calculating the influence of light or food intake as a factor of influence on melatonin concentration we used a linear fixed model. This was done by using melatonin concentration after feeding, concentration during light and concentrations before and after the light were switched off and on as a fixed effect.  We found some significant influence but variances were not equal and there was no normality.  
Discussion
Unfortunately there was no nocturnal rise of melatonin melatonin curve like we expected to find in the control group, based on found literature (2,11,12). The curves were not flat but all pigs had a different moment of rise in melatonin concentration. Most peaks were found during daytime, when lights were switched on, which makes the melatonin concentration slightly higher during daytime than during the night. These results are in contrast to melatonin curves found in other studies in pigs (2,11,12) and found in other animals (13,14,15) and in humans (16,17). But other studies found melatonin curves in pigs like we found in our experiment (11,18).
Griffith et al. (1992) say lack of nocturnal rise is caused by lack of enough light of high intensity. They found higher light intensity during photophase stimulates to higher melatonin concentration during the scotophase (11). However Tast et al. (2001) found no difference in melatonin concentration during scotophase between groups of pigs kept under 40 lx, 200 lx and 10,000 lx (12). In our experiment one group of pigs in the control group was kept in environmental light of high intensity (700-7000 lux), however, these pigs did not show a nocturnal rise in melatonin concentration. 
The gastrointestinal tract is proven to excrete melatonin as well. Food intake may cause a rise in melatonin level in the pig’s peripheral circulation during three hours after the moment of food intake, in blood. According to Bubenik et al. (2000), occasional burst of melatonin from the gastrointestinal tract could mask the diurnal rhythm of melatonin, excreted by the pineal gland, in the peripheral blood (19).
We used saliva samples, which represent the melatonin concentrations in blood (2), so we should have seen these rises of melatonin concentration in our results. But after analyzing our results we did not find a significant rise in melatonin concentration after food intake. Both groups were fed restrictedly; the pigs ate all their food derived directly, so we should have seen these peaks of melatonin in both groups in the hours after food intake.
Diekman et al. (1992) found a distorted melatonin rhythm in prepubertal gilts of about 5 months old, about the same age the pigs we used (14). The theory is prepubertal animals still have to develop a stable melatonin rhythm, and that melatonin rhythms are correlated to reproductive activity.  However, other studies did find a melatonin rhythm in young piglets and in pigs of 3, 4, 5 and 6 months old (15, 20).
Genetic background has some influence on mean melatonin levels in pigs. Some difference was found between different pig breeds in mean melatonin concentrations; still every pig breed did show a significant nocturnal rise in melatonin concentration (2).

No references were found that also used saliva sampling for detecting melatonin in saliva in pigs, like we did. In humans it is an accepted method and the most used method for detecting melatonin in saliva (3,21). The samples were analyzed by hospital “Gelderse vallei” in Ede. The test used for analyzing the melatonin concentration in saliva samples was validated for human melatonin, not for animal or pig melatonin. 
Melatonin in saliva is proved to reflect the blood levels of melatonin. It reflects the non-bound melatonin in blood which is 23% of the total blood concentration. 61-85% of total plasma melatonin concentration is bound to different proteins. This percentage does not vary, although absolute melatonin concentrations do (22).

The discontinuous light regimen does influence the melatonin release pattern but does probably not influence the biological clock of pigs. The fact the pigs in both groups were actually sleeping during the actual night hours may support this fact. The pigs in the experimental group were relaxed during the dark periods during the actual daytime hours, but did not sleep that deep and continuous as during the night. So by this finding you could suggest pigs do not need high levels of melatonin for the initiation, maintenance and quality of sleep, like humans do (1).

Another theory could be that our domestic pig breeds are selected for not having a stable melatonin release pattern because melatonin does influence the reproductive activity of pigs. Originally wild pig are seasonal breeders, our domestic pigs are not typical seasonal breeders anymore (23,24), only small fertility depressions are seen during summer and autumn months (23). By selecting the most reproductive animals, people have selected the animals that reproduced the entire year. 

There is a lot of discussion about melatonin in pigs. For every aspect that could influence the melatonin curve, you can find different studies that have found contradictory results. Light intensity, age, genetic background, melatonin from the gastrointestinal tract, probably all play a part in the influence of melatonin concentration curves.

Conclusions
The answer to the question: “Will pigs in discontinuous, multiple phased light regimens have distorted melatonin release patterns?” can be answered. 
We expected to find a different melatonin concentration curve in the experimental group in compare to a curve with a nocturnal rise in melatonin in the control group. Instead we found a melatonin curve without a nocturnal rise in both groups. We could not find reliable reasons for this. So we may conclude we did not find a difference in melatonin release pattern between pigs kept under discontinuous, multiple phased light regimen and pigs kept under continuous, single phase  light regimen. 
With this experiment we also hoped to contribute to the discussion about a possible role melatonin could play as parameter for animal welfare in pigs. After discussing the results we could not draw the conclusion, melatonin is a useful parameter for measuring animal welfare in pigs for the aspect of light. 
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 Pig B’s sample around moment 0:25, was not analyzed because the sample was lost.[image: image8.png]/\
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Figure 3: Melatonin curves control group
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Figure 4: Melatonin curves experimental group 
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