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Abstract

Serotonin, or 5-hydroxytryptamine (5-HT), is a molecule which is widely found in the natural world. It is found in both plants and animals. In animals its main use is that of neurotransmitter. Selective serotonin reuptake inhibitors (SSRIs) are a class of antidepressants aimed at increasing the extracellular levels of serotonin through inhibition of 5-HT reuptake and thereby enhancing the 5-HT signal. Reuptake of extracellular 5- HT is achieved through the 5-HT transporter (5-HTT). In contrast with the effects of SSRIs, lowered 5-HTT expression is associated a vulnerability to depression. Both 5-HTT knockout mice and rats display increased depression related behaviours. The dorsal raphe nucleus (DRN) and the medial prefrontal cortex (mPFC) together may play a role in this increased vulnerability to depression.
Homozygous (-/-) and heterozygous (+/-) 5-HTT knockout rats were compared with wild type (WT, +/+) rats. Electrophysiological measurements were performed in a number of situations. Extracellular single unit and EEG recordings were made in the home cage, during mild stress and open field paradigms as well as during light induced restfulness. The number of central area crossings in the open field was assessed. These experiments were performed by researchers blind to the genotype.

Genotype information of the animals has not yet been revealed. However, results indicated two of the genotypes crossed the border of the open field’s central area more than the remaining genotype. Most likely this means that +/+ and +/- animals respond similarly to the open field. Cells were found that seemed to be related to mobility. Sleep patterns in EEG and firing rate were found during a home cage recording. This might serve as a way to confirm putative sleep patterns.
Much of the wealth of data from the animals used has not yet been analysed. Further analysis should provide more insight into the 5-HTT KO rat.
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Introduction

Serotonin, or 5-hydroxytryptamine (5-HT), is a molecule which is widely found in the natural world. It is found in both plants and animals. In animals its main use is that of neurotransmitter. As one of the oldest neurotransmitters it is perhaps unsurprising that the largest source of 5-HT in the human brain is located in the brainstem. The brainstem is, in terms of evolutionary development, an old region tasked with such basic functions as the coordination of breathing, heart rate and stress response.

Several disorders have been linked to a disrupted serotonergic homeostasis, such as affective disorders and anxiety related disorders [1, 2].

Selective Serotonin Reuptake Inhibitors

When serotonergic neurons fire, they release 5-HT as a neurotransmitter (figure 1). In order to limit the stimulation of the postsynaptic neuron and reset the signal, 5-HT needs to be removed from the synaptic cleft. This is nearly entirely accomplished by the reuptake of 5-HT by the presynaptic neuron. Selective serotonin reuptake inhibitors (SSRIs) are a class of antidepressants aimed at increasing the extracellular levels of serotonin through inhibition of 5-HT reuptake and thereby enhancing the 5-HT signal. This effect is used to treat disorders linked to a lowered 5-HT tone in the brain of which the abovementioned disorders are examples.
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Figure 1: Schematic representation of a serotenergic syapse.  5-HT is synthesised and loaded into vesicles in the presynaptic neuron. When the presynaptic neuron fires the vesicles release the neurotransmitter into the synaptic cleft. The 5-HT binds to the receptors on the postsynaptic neuron completing the signal transmission. 5-HT is also constantly reabsorbed by the presynaptic neuron through 5-HT transporters.
The effectiveness of SSRIs, coupled with their minimal side-effects has made this a widely prescribed class of antidepressants. Despite the wide usage of these drugs, the exact way in which SSRIs combat depression are still not fully understood. It is thought that stimulation of the serotonergic system is responsible for anti depressant effects of SSRIs, however tianeptine (Stablon ®) is an antidepressant drug which functions as a 5-HT reuptake enhancer [3]. It should be noted, however, that because tianeptine does not directly enhance 5-HT reuptake [4], the mood lifting effect could be due to another mode of action.

Serotonin transporter

Reuptake of extracellular 5- HT is done through the 5-HT transporter (5-HTT, see figure 1). The 5-HT is taken up by the presynaptic neuron and either degraded (e.g. by monoamine oxydase) or reloaded into synaptic vesicle for reuse.

When 5-HTT function is inhibited, such as with SSRIs, 5-HT released by the pre-synaptic neuron lingers in the extracellular space. This causes increased stimulation of the post-synaptic neuron.

There are a number of polymorphisms in the human 5-HTT gene. The promoter region of the 5-HTT gene contains a number of repeat sequences. This area, known as the 5-HTT-linked polymorphic region (5-HTTLPR), can either be short (14 repeats) or long (16 repeats). The short variant, as well as a subclass of the long variant, of 5-HTTLPR results in decreased transcription of the 5-HTT gene [5]. In contrast with the effects of SSRIs, this lowered 5-HTT expression is associated a vulnerability to depression [6].

5-HT transporter knock-out rat

In the study of gene contributions to diseases, the gene knock out (KO) animal model is often used. The complete absence of the target protein in homozygous KO (-/-) animals, makes it easier to detect the effect of the protein (or rather the lack thereof) than with polymorphistic studies. Moreover, through the use of litter mates from heterozygous KO (+/-) one can eliminate much of the genetic variation confounding the desired measurements.

Mice are the usual targets for the generation of gene knockout models because of the relative ease with which they are generated. Indeed, a 5-HTT-KO mouse was first reported in 1998 [7]. Results from experiments with 5-HTT KO mice showed increased depression and anxiety related behaviours although this was background dependant [8, 9]. There are, however, a greater number of validated behavioural tests for the rat. The method used for generating KO mice is not available for rats.

The 5-HT transporter knock-out (5-HTT-KO) rat was, therefore, generated by Smits et al [10] using N-ethyl-N-nitrosourea (ENU) driven target-selected mutagenesis as described. In short, this method entails inducing random mutations in the germ line DNA of spermatozoa by injecting male rats with ENU, followed by genetic testing of the offspring of these ENU treated animals to identify mutations in the genes of interest.

The 5-HTT was found to be entirely absent from the 5-HTT KO rat lacking even mRNA [11]. This was reportedly due to a nonsense mediated decay of the mRNA transcript. A behavioural characterisation study of the 5-HTT-KO rat reported increased anxiety and depression related behaviours [12]. 

Dorsal raphe

As one of the oldest neurotransmitters it is perhaps unsurprising that the largest source of 5-HT in the human brain is located in the brainstem. The brainstem is, in terms of evolutionary development, an old region tasked with such basic functions as the coordination of breathing, heart rate and stress response. A collection of nuclei in the brainstem involved in, among other things, the stress response are called the raphe nuclei (RN). It is these RN that are the principal source of 5-HT in the brain. The RN serotonergic neurons project to a great many areas, which include large areas of the cerebral cortex and structures such as the hippocampus and the amygdala. The largest of these nuclei is the dorsal raphe nucleus (DRN). This nucleus projects to forebrain structures such as the amygdala, striatum and prefrontal cortex (PFC) (figure 2) The DRN is involved, among many other things, in the formation of fearful behaviour [2, 13].
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Figure 2: The dorsal raphe nucleus (DRN) projects, among others, to the prefrontal cortex (PFC). Stress causes the DRN to signal along its projections. If the medial PFC detects stressor controllability, it inhibits the stress signal from the DRN. From Robbins [17].

Medial prefrontal cortex

The prefrontal cortex (PFC) is comprised of the anterior part of the frontal lobes. The cortex of the mammalian cerebrum, or neocortex, is usually composed of six layers (I, II, III, IV, V and VI). However, layer IV is not present in the PFC, which marks an anatomical boundary to the PFC. The PFC is strongly involved with the flexibility of behaviour. The PFC can itself be subdivided into various regions. Of these regions, the medial prefrontal cortex (mPFC) directs complex behaviours such as attention. It also plays a role in emotion, with the mPFC playing a role in anticipation of rewards and punishment and increased activity of the PFC of the right cerebral hemisphere has been reported for several types of anxiety disorders [14]. 
DRN-mPFC circuit

People with the short variant of the 5-HTTLPR, were found to be more vulnerable to depression in response to significant life events [6]. This indicates that the serotonergic input (e.g. from the DRN) is involved in the pathogenesis. Furthermore it is indicative of a role played by the 5-HTT. Moreover the DRN-mPFC network was found to be important in determining stressor controllability [15, 16] (see figure 2). Stressor controllability is a factor in the development of depression, with uncontrollable stress leading to a greater probability of depression and anxiety related behaviour. Modification in the function of the DRN-mPFC circuit, through alteration of 5-HTT function, may provide a mechanism for the development of vulnerability to depression. This circuit may also provide a pathway for the development of anxiety related traits in people with diminished functional 5-HTT.

In order to investigate the effect of 5-HTT inhibition on the mPFC and DRN, it was planned to measure single units and EEG patterns of these areas in homozygous (5-HTT -/-) and heterozygous (5-HTT +/-) KO rats as well as wild type KO animals (5-HTT +/+) and 5-HTT +/+ animals treated with an SSRI.
Due to various logistical difficulties, this report will focus the preliminary results. These results were obtained from animals which were implanted with a 4-tetrode microdrive. DRN implantation proved to be too difficult and was therefore abandoned for these animals. For these preliminary experiments, the SSRI treated group was dropped because of the limited number of microdrives available.

It was hypothesized that neural firing rates in the mPFC of 5-HTT KO animals would be higher due to the increased serotonergic excitation and that this would follow a gene/dose dependancy. Furthermore, the behavioural phenotypes were hypothesized to show that anxiety related behaviour (e.g. a decrease of the time spent in the centre of an open field) would be stronger in 5-HTT KO animals, also with a gene/dose dependency, in concordance with previous characterisations.

Materials and Methods

Animals

In this study we used five male SERT KO rats (wistar background, developed by the Hubrecht laboratory in the Netherland). Animals were divided into experimental groups according to genotype, i.e. homozygous KO rats were compared with heterozygous KO and wild type rats. The rats received ad libitum food and water and were housed in groups of three, of which the genotypes were unknown to the researchers for the duration of the experiment, until they were implanted. Animals were kept under a reversed 12 hour light/dark cycle (lights on at 19:00) for the duration of the experiment. Animals were implanted in trios (when possible) of litter mates and one animal from each genotype was implanted per group of three. Following implantation animals were housed individually in cages designed to allow video recording during the electrophysiological measurements. Following the implantation these animals were kept within sight and olfactory range of each other and animals were allowed to recover for one week. All experiments were approved by the ethical committee on animal experiments of the Vrije Universiteit of Amsterdam in accordance with the Dutch animal experimentation act (1977).

Surgical preparation

Microdrives were implanted in the mPFC of the right cerebral hemisphere. Animals were anaesthetized with 2.5% isoflurane (Pharmachemie B.V., Haarlem) carried in 0.3 L/min. O2 and 0.6 L/min N2O. When the animals were under anaesthesia we placed them in a stereotactic device (Kopf) and made an incision on the top of the animal’s head and dissected the periosteum free from the skull. Holes were then drilled for the anchor and ground screws as well as the placement of the tetrode driver (figure 3). Once the anchor screws were placed, we applied a layer of cement (Duralon, 3M Espe), taking care to keep the holes for the ground screw and drive placement free. 
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Figure 3: Top of the skull dissected free from soft tissue, with anchor screws and the holes for the microdrive and the ground screw

Before the microdrive (described below) was implanted, mineral oil was applied to the placement hole and the guide tubes. This was done to keep the tetrodes (see below) free of blood and other fluids from the animal, which could block the mobility of the tetrodes. With the tetrodes extending 2 mm from the guide tubes, the driver was placed above its placement hole. It was then lowered until the tetrodes made contact with the cortex, from there it was lowered a further 2 mm. Following this final placement, the driver was cemented into place. Tetrodes were then lowered to check for mobility of the tetrode. If tetrodes are free to move one can hear cells appear and disappear as the tetrode passes them.

Tetrodes
A tetrode is bundle of four electrodes. These electrodes were made of 13 µm NI RO-800 wire (Kanthal Precision Technology, Palm Coast, Florida). Tetrodes were manufactured by taking a 50 cm length of electrode wire and looping that twice. This double loop is suspended and twisted for about 60-65 turns. The wire was twisted back 15-20 turns in order to relieve tension. A heat gun was then used to melt the wire insulation together. The bundle was then cut in half, yielding two tetrodes.
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Figure 4: Left to right: Empty drive-body with EIB-16 connecting board and drive plates, empty drive plate with drive screw, telescope tubing and drive-plate with telescope tubing glued in.
4-tetrode Microdrive
The microdrive (4-tetrode microdrive, Neuralynx, Bozeman, Montana) was composed of both reusable and disposable elements. The reusable elements consisted of the drive body, the connecting board, the drive plates and the drive cone. The drive body, onto which the connecting board (EIB-16, Neuralynx) was fastened (see figure 4), held the guide tubes which kept the tetrodes in place. The connecting board provided the interface between the measuring equipment and the tetrodes as well as the ground wire. Drive plates were placed on guide pins on the drive body. As seen in figure 4, a drive screw was fixed to the drive plate, this drive screw provided the travel for the drive plate and thereby the tetrode. Each drive had 7.9 mm of travel and each revolution of the drive screw lowered the tetrode 160 µm. The drive plates held the telescoping tubing into which the tetrodes were glued as can be seen in figures 4 and 5. After loading the drive body, each individual electrode was connected to the connecting board (figure 5).

The drive body was then placed inside the drive cone (figure 5), which protected the delicate drive body. The tetrodes were then tested for connectivity and impedance. If the tetrodes passed this check they were electroplated with gold to reduce final impedance. A protective cover was fastened onto the drive cone and a stainless steel screw is fastened to the ground wire.
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Figure 5: Left, tetrode glued in the telescope tubing and connected to the EIB-16 connecting board. Rght, finished microdrive.  When the connector is not in use a cover protects the tetrodes, tubing and connector from dust and damage.
Electrophysiological recording

Rats implanted with a 4-tetrode microdrive (see above) were connected to a headstage (HST/16V-G20-2LED, Plexon, Dallas, Texas) which amplified the signal 20 times. The headstage sent the signal to a preamplifier (PBX/32sp-r G50/16fp-G50, Plexon) with 50x gain. The signal was split, one set was band pass filtered for spike detection (150-8000 Hz), whereas the other set was used to generate the EEG signal (bandpass filtered, 0.7-170 Hz). The spike channels were then sent to a multichannel acquisition processor box (MAP box, Plexon) for analogue to digital (AD) conversion. Here, in general, the signals were amplified 10x to yield a total of 10000x. The MAP box also coordinated the data stream to and command output from the recording PC (Dell Precision 370), data was recorded using Sortclient (Plexon). The spike channels could also be sent to speakers and an oscilloscope (Hameg 507 digital oscilloscope) to aid in the identification of spikes.

The preamplifier generated the EEG signal from every other spike channel. These averaged signals were amplified 50x at the preamplifier and alternately amplified 2x to 5x by the AD converter, for a total amplification of 2000x to 5000x. EEG channels were routed through a separate circuit board (PBOB, Plexon) and bypassed the MAP box.

The manual sync pulses were routed through the same circuit board as the EEG channels and enter the MAP box from there.

A camera was positioned above the recording area. This camera signal was sent to a separate PC (Plexon) with recording and tracking software (Cineplex, Plexon) which was in contact with the MAP box. The video PC tracked the position of the rat via two LEDs affixed to the headstage. The tracking position was sent through the MAP box to the recording PC. The video recording start was triggered by a signal from the MAP box.

In summary, the recorded signal is composed of several elements, i.e. 16 spike channels (four per tetrode), 8 EEG channels, tracking locations from the two tracking LEDs and a channel for manual sync pulses. A schematic of the setup can be seen in figure 6.
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Figure 6: A schematic of the electrophysiological set-up. The headstage was connected to the microdrive on the rat’s head. The MAP-box functioned as the proverbial spider in the web, with the timing and synchronization of the various data streams as its most salient feature. Modified from the Plexon website [18].

The sampling frequency of the system was 40000 Hz. Waveforms were recorded in 32 sample points or 0.8 ms. The system recorded these waveforms by maintaining a buffer of 8 sample points or 0.2 ms. If a new sample point crossed the threshold, it and the next 23 sample points (for a total of 0.6 ms) were saved together as a waveform paired with a timestamp for the waveform. All recordings were made in tetrode mode, which means that if one channel within a tetrode triggered, all channels of that tetrode triggered. This allowed discrimination of different spikes within a tetrode during offline analysis.

In order to reduce noise in the spike channels, a preamplifier with a programmable reference was used to allow differential recording. With a programmable reference, one can assign a spike channel to be the reference for other channels. The reference channel is subtracted from the channels to which it was assigned as reference. This means that it removes the noise which is present on all channels. Since the electrodes within a tetrode are so close together, the measured signals are very similar. If one were to assign a spike channel as reference to the spike channels of the same tetrode, it would therefore mask the presence of any spikes on that tetrode. Because of this, two channels from different tetrodes were assigned to be reference channel for each other’s tetrode. One of these reference channels was also used as the reference for the remaining tetrodes. The reference channels themselves are by definition unreferenced, and thus subject to such noise pollution that they were disregarded in subsequent analyses.

The spikes were sorted from noise and each other using Offline Sorter v2 (Plexon). Spikes, EEG data and tracking data were analysed using Neuroexplorer v4 (Nex Technologies) and Matlab 2007b (Mathworks).

Experiments

Electrophysiological recordings were made in several different experimental set-ups. These experiments consisted of home cage (HC), mild stress (MS), open field (OF) and sleep (SL) recordings. This was always done in a room separate from the room with the recording equipment. The animal’s position was tracked in all cases, for the OF and SL recordings the tracking was optimised for the 20 minute portions.

Home cage recordings

Home cage (HC) recordings were used to provide a baseline, as well as a way to characterize the animal in a minimally stressful environment. Animal were connected by wrapping the rat tightly in a towel to immobilize the animal. The protective cover of the microdrive was removed and the headstage inserted into the connector on the microdrive. The headstage was further secured using tape. The animal was then placed back into its HC and the recording was started. Animals were recorded for at least 15 minutes

Mild stress recordings

The stressor used in the MS recordings was cage cleaning. Rats were connected as above and the recording was started. The first five minutes of the recording was used as a baseline. After five minutes the animals was lifted out of the dirty cage and placed in the clean cage. The recording continued for (at least) 20 minutes in the clean cage.

Open field recordings

After connecting the animal, it was placed back into the HC for five minutes to obtain a baseline recording. Five minutes into the recording the animal was placed in the centre of the OF and the recording continued for 20 minutes.

Sleep recordings

The connected animal was placed back into its HC and the recording was started. After a five minute baseline period, the light was switched on. These recordings took place either at the start or the end of the dark phase to increase the chance that the animal falls asleep. The recording continued for at least 30 minutes.
Histological analysis

Four weeks after implantation, animals were anaesthetised with 2.5% isoflurane (see surgical preparation). Once the animal was under anaesthesia direct current was applied to each of the electrodes individually in order to induce lesions. These lesions served as markers for the location of the tetrodes. The animal was then given an overdose of Nembutal (Ceva Sante Animale B.V., Maassluis) and was transcardially perfused with Ringer solution (0.85% NaCl, 0.025% KCl, 0.02% NaHCO3) followed by a 4% paraformaldehyde, 0.05% glutaraldehyde solution (in 0.125 M phosphate buffer, pH 7.4) as fixative. In order to perform the perfusion the animal was taped down and the abdomen was cut open. From the abdominal cavity, the ribs and sternum were cut away. The pericardium was removed from the heart and an incision was made in the left ventricle. A needle was inserted through the incision into the aorta and clamped into place. A peristaltic pump pumped the solutions through the needle. To prevent fluid build-up and keep fluid circulating, the right atrium was cut open.

The tetrodes were lifted out of the brain and the drive was taken from the head. The brain was dissected free by removing the head and removing skin and muscle tissue from the skull. The skull was opened to allow removal of the brain removed. Brains were stored in fixative until further processing.
Results

The study was performed blind and the code has not yet been revealed, moreover a limited number of animals have yet been used. Hence, results presented in this section are preliminary and presented to illustrate the type of data to be analysed in this study.

Home cage recordings

In figure 7, the tracking location is shown for the tracking LEDs mounted on the headstage during representative HC recordings of one of each of the genotypes tested.


[image: image9]
Figure 7: Tracking locations for a representative home cage recording of the animals SR1 (A), SR2 (B) and SR3 (C), each represents one of the genotypes (-/-, +/- or +/+) tested. Genotypes of the animals are still unknown. The object tracked was one of two LEDs affixed to the headstage. The circular patterns seen most clearly in A are mostly grooming episodes.  These recordings lasted 15 minutes 
Mild stress recordings

Shown in figure 8 is the tracking data in sample MS recordings for each of the genotypes tested. Figure 9 illustrates differences in firing frequency patterns found in cells from a single MS recording. The cell SR2 101508-1-sig033c was found to increase its firing rate mostly during periods of immobility.
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Figure 8: Tracking locations for a representative mild stress recording of the animals SR1 (A), SR2 (B) and SR3 (C), each represents one of the genotypes (-/-, +/- or +/+) tested. Genotypes of the animals are still unknown. The object tracked was one of two LEDs affixed to the headstage. The circular patterns are mostly grooming episodes. Time spent in the old cage (right enclosure) was 5 minutes, after this the animal was transferred to the new (clean) cage (left enclosure) and recorded for another 20 minutes.
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Figure 9: Example cells from a mild stress recording in animal SR2. A shows the firing rate of cells SR2 101508-1-sig033b and –c during the entire recording. Arrows indicate the point at which the animal was moved to the new (clean) cage. B illustrates the different waveforms for both cells. C represents the firing rate of the same two cells set out against the tracking location. Time spent in the old cage (right enclosure) was 5 minutes followed by 20 minutes in the new cage (left enclosure). 
Open field recordings

Tracking data from representative OF recordings from the tested genotypes are shown in figure 10. The number of times each animal crossed the border of the central area is shown in table 1.
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Figure 10: Tracking locations for a representative mild stress recording of the animals SR1 (A), SR2 (B) and SR3 (C), each represents one of the genotypes (-/-, +/- or +/+) tested. Genotypes of the animals are still unknown.  The circular patterns seen most clearly in A are mostly grooming episodes. The red circle represents the centre of the open field.

Table 1: Number of border crossings of the open field’s central area.

	
	Number of crossings

	Animal
	

	SR1
	10

	SR2
	26

	SR3
	24

	SR4
	26

	SR6
	10


Sleep recordings

While the animals mostly remained immobile when the light was turned on, there was little evidence of sleep during actual sleep recordings. However during a HC recording one of the animals seemed to be sleeping. The cell SR6 112108-4-sig005b was found to burst in relation with changes in the EEG consistent with sleep spindles (see figure 11). Using custom made software in Matlab, spindle were defined to start at the first positive peak preceding a negative peak which crossed a threshold set at -0.5 mV.
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Figure 11: A represents the activity of two cells (SR6 112108-4 sig005b and  sig009b) synchronised to the start of the defined sleep spindles. Sleep spindles were defined to start at the first positive EEG peak preceding a negative peak which crossed the threshold set at -0.5 mV. B illustrates the different waveforms for both cells. C shows the timeline (top), EEG trace (middle) and the timestamps for the spike from the abovementioned cells (bottom).

Histology

The brains of the first three animals are shown in figure 12. The brains from the animals SR 2 and SR 3 show malformations with the rostral parts of the cerebrum showing large depressions. The brain from SR1 also appears to have a similar deformity in the rostral part of the right cerebral hemisphere. None of the brains have yet been processed for histological analysis.
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Figure 12: Dorsal view of the brains from the first three implanted animals (left to right: SR1, SR2 and SR3).  Top is rostral and bottom is caudal. The brains were photographed on a ruler; the markings at the side denote millimetres. Note the depressions in the rostral regions of the brains, especially of SR2 and SR3.
Conclusion and discussion

The first three animals, SR1, SR2 and SR3, each have a different genotype. The animals SR4 and SR6 differ from each other, but each matches one of the first three. However which animal has which genotype is still unknown

Differences between these animals were the most profound in the response to the open field and mild stress. Behaviourally this was shown by differences in mobility in both paradigms. In the open field the animals fell into one of two groups. The animals SR1 and SR6 avoided the centre of the open field the most with a similar number of centre area border crossings. In contrast, SR2, SR3 and SR4 all crossed the border of the ventral area a similar number of times. In view of this it is likely that the 5-HTT +/- rats behave similarly to the 5-HTT +/+ rats.

In the mild stress recordings, animals showed differences mainly in the mobility before they changed cages (see figure 8). 

The animals all displayed a similar response to the light in sleep recordings, i.e. they sat still more and when they sat still they often had their eyes closed. In these periods there were changes in EEG patterns similar to sleep spindles (results not shown). However there is some question whether these episodes really represent sleep spindles. The animal SR6 did display actual sleep during a home cage recording (see figure 11).

The malformations of the brains are most likely due to a fixation artefact. 

The reason results are shown for five animals instead of six, is that in the second trio (SR4, SR5 and SR6) that was implanted one of the rats (SR5) died during implantation. Its replacement (SR7) also died during implantation. This means that the second set of three is incomplete. Ideally a set of three animals are litter mates. The data from these two animals are therefore of limited use.
Further analyses need to be performed on the existing data. The behavioural data is currently limited to a general impression of mobility in the home cage, mild stress and open field paradigms and the number of centre crossing in the open field. This elaboration is especially important for the open field and mild stress results. One of the things which need to be further elucidated is the time spent in the centre as opposed to the outer area of the open field. Another is the pattern of exploratory behaviour in the mild stress recordings. One example of this is the duration of mobility.

With respect to the electrophysiological data, it is necessary to discriminate between sleep spindles and chewing/teeth grinding. Identifying actual sleep spindles however, is exceedingly difficult. This is because the animals also tend to chew or grind their teeth during these same periods. The resulting EEG patterns are so similar to sleep spindles as to be virtually indistinguishable to the eye. Because of this, the only time we can say with relative surety that an animal fell asleep during a recording was during a home cage recording of SR6. The EEG patterns in this recording matched the patterns seen in sleep recordings. In addition, a neuron was found to be bursting in relation to the putative sleep spindles. These sleep patterns should be further analysed and if possible used as a template in analysing the sleep recordings in order to differentiate between sleep and chewing/teeth grinding.

Furthermore the brains from the animals which have been used need to be cut and analysed. The placement of the tetrodes has not yet been checked histologically. The method of perfusion was geared for 5-HT immunological staining. Tetrode placement was in the right hemisphere, so the left hemisphere could therefore be used in a 5-HT analysis. The DRN was not implanted so this area is also interesting to include in any 5-HT analyses.

When removing the brain from the skull it became apparent that there was a considerable space between the brain and the skull. This suggests that shrinking of the brains took place after the formation of the skull. If the malformations were due to something inherent in the animals (either the KO or some other cause), one would expect the abnormalities to be congenital and the skull would have a tighter fit. Animals from other experiments with the same implantation protocol did not display these deformities, ruling out an implantation artefact. The most likely remaining suspect is the perfusion.

For the continuation of this experiment, the first thing to be determined is whether or not the current perfusion method is really responsible for the deformities seen in the brains of SR2 and SR3. If it is a fixation artefact, the problem lies in the fact that it is not seen in all brains. It is therefore a problem of standardisation.

It was originally proposed to do these measurements with another set of four tetrodes chronically implanted in the DRN. This was abandoned in the animals used however, because of the difficulty placing and securing the tetrode holder. This is the next problem which needs to be solved in order to complete this study. The problem of placement was solved, however the there is as yet no answer to the problem with securing the tetrode holder. Possible solutions could include simply applying more cement or shortening the tetrode holder.

Continuing this experiment with a tetrode holder implanted in the DRN would provide data on the network between the mPFC and the DRN. This network is important because of the link with serotonergic disorders. It would be interesting to see if this network responds differently between genotypes. Amat et al reported that this network plays a part in learned helplessness [14]. Learned helplessness [13] is the phenomenon that when rats receive shocks over which they have no control (inescapable stress), they later show decreased escape learning (learning what to do in order to escape a stressor) in a different environment and increased fearful behaviour. The mPFC was reported to be of importance in inhibiting this learned helplessness. If this network is altered in 5-HTT KO rats it might help explain the anxiety related disorders linked to the 5-HTTLPR. 

A future study will involve comparing 5-HTT -/- with +/+ animals treated with an SSRI. It is hoped that his will shed some light on the discrepancy between the effect of lifelong decreased 5-HTT function and treatment with SSRIs. The cause for this discrepancy likely lies in the development of the brain. Suggestions for this are found in reports where mouse pups were exposed to an SSRI [19, 20] during pregnancy and lactation. These pups displayed increased anxiety related traits which persisted into adulthood. An addition to the comparison between 5-HTT KO and SSRI treated animals could consist of a setup where 5-HTT KO animals are tested against wild type rats treated with SSRIs as pups. The problem here is that once the genotyping is done, the treatment window is past. A solution could be to simply treat all pups with SSRIs, since the 5-HTT animals have no 5-HTT to affect with the SSRI. Untreated 5-HTT KO animals from different litters could serve as controls.

In view of the suggestions above, a final conclusion might then be that the 5-HTT KO rat has great potential in the investigation of serotonergic disorders. It should, however, be noted that the behavioural phenotype of mouse 5-HTT KO models depends on the background strain in which the KO was generated. The same might be true for rat KO models.
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