Long-term microdialysis of rodent pineal gland
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Short Abstract: (50 words maximum)

An automated process of monitoring pineal excretion products in freely acting animals is described.  Combining microdialysis with HPLC analysis allows for data collection with high temporal resolution that persists for multiple weeks.  

Long Abstract: (150 words minimum, 400 words maximum)


The pineal gland plays a crucial role in the regulation of circadian rhythms, seasonal behaviors, sexual development, and metabolism.  Its best-known function is the production of melatonin.  Melatonin is synthesized from tryptophan via four enzymatic steps1 (Fig. 1A) and is regulated by the suprachiasmatic nuclei (SCN) via a multi-synaptic neuronal pathway2 (Fig. 1B).  The SCN is known to be the central pacemaker that controls circadian rhythms of mammals.  Thus, through measurement of pineal secretions, it is possible to directly investigate mammalian pacemaker properties.  

Here we provide a method for long-term in vivo measurement of pineal secretions in freely acting animals3.  The secretion products are collected via pineal microdialysis, and analyzed by high performance liquid chromatography (HPLC) instruments.  Concentrations of melatonin and its precursors serotonin and N-acetylserotonin are obtained from each sample.  Samples are collected every ten minutes via automated processes for up to one month for each individual.  

Among the common circadian markers used in rhythm studies such as sleep-wake, activity-rest, body temperature, and cortisol secretion rhythms, melatonin is consistently recognized as the best marker of the circadian pacemaker 4,5,6,7.  Previously, melatonin results from microdialysis studies were averaged between a group of animals, in experiments that lasted for only 1-4 days 


8 ADDIN EN.CITE ,9,10,11.  Through the method presented here, inter-individual variations of pineal secretions can be verified, allowing for the differentiation of chronotypes in laboratory animals 12.  Furthermore, minute changes in individual animals can be identified and followed for prolonged periods under various experimental conditions 13.  

Protocol Text: 

1.) Microdialysis probe construction (Fig. 2)
1.1) Using the base cutting portion of a pair of needle nose pliers, extract 25-gauge blunt tip needle shaft (length of 1 inch) by squeezing it from its plastic base.  This will form the inner shaft in direct contact with the dialysis samples.  Be sure to leave the hardened glue on the shaft.

1.2) Insert the 25-gauge needle shaft into a 21-gauge blunt tip needle with a shaft length of 0.5 inches (Fig. 2A).  The 21-gauge needle serves as the support portion that greatly enhances the longevity of the probe.  The original dried glue on the 25-gauge needle will dictate the length that extends out from the 21-gauge needle.  Apply a small amount of epoxy in front of the dried glue and push the shaft through the 21-gauge needle.  

1.3) Bend the needle shafts into the shape shown on Fig. 2B.  First, about half way down the length, bend the shaft ~90 degrees.  Then using the very tip of the needle nose pliers, wrap the tip of the 25-gauge shaft around to form a small rectangular loop.  The TC4-left portion of the microdialysis probe is complete.  

1.4) To make TC4-right, sharpen the tip of a 1.5-2 inch long tungsten rod with a die grinder.  The tungsten rod will serve as the guide wire.  Thread the rod through a 1-1.5 inch microdialysis hollow fiber.  Insert both into the end of TC4-left with the sharp end pointing out.  Epoxy is used to secure the hollow fiber to the 25-gauge tip and to the tungsten rod (Fig. 2C).  Do not apply excess epoxy at the junction of tungsten rod and microdialysis fiber to prevent damage to the brain during insertion.  

1.5) The complete dialysis probes are allowed to dry for at least 16h before use.  

2.) Dialysis probe implantation (Fig. 3)

2.1) Anesthetize animal (age 3-12 weeks) with combination of ketamine (10 mg/mL, 0.5 mL/100 g weight) and xylazine (2 mg/mL, 0.5 mL/100g weight) via i.p. injection.  

2.2) Shave the animal’s head and position the head flat in a stereotaxic instrument.  

2.3) Expose the skull by a 2 cm coronal incision between the two ears along the interaural line using a pair of scissors and by parting the underlying membrane with a cotton tip.  

2.4) Mark the positions of the pineal gland, the screws, and holes with a cauterizer as shown on Fig. 3A.  The pineal gland is located beneath the intersection of the lambdoidal and saggital sutures (lambda).  The position of holes for the probe to pass through will depend on the species, strain, and age of the animal, and needs to be evaluated for each type of animal.  (For 8-week old male Sprague Dawley rats, the position should be AP of +0.8 mm and V of -2.5 mm).  

2.5) Using a small hand drill, make 1 mm diameter openings at the screw positions, and insert 3 stainless steel screws.

2.6) The holes for the probe should be 0.5 mm diameter on the right and 1.0 mm diameter on the left.  The smaller right side hole prevents the tip of the 25-gauge needle from penetrating the skull.  The larger left side hole allows the probe to easily exit the brain during implantation.  

2.7) Carefully insert the TC4-right probe from the right side of the skull out the left side (Fig. 3B).  

2.8) Remove tungsten wire by melting away the epoxy on the left side.

2.9) Cut off excess dialysis membrane and insert the end into the TC4-left probe under the microscope using a micromanipulator mounted to the steriotaxic instrument (Fig. 3C).  

2.10) Carefully secure the membrane to the probe with epoxy.

2.11) Secure left and right probes to the skull and anchor screws with dental cement.  

2.12) Suture the skin.

2.13) House animal individually in light boxes, allow 1 day of recovery before microdialysis.  
3.) Instrument setup (Fig. 4)

3.1) Install HPLC systems according to instruction from provider (Shimadzu).  Each system consists of one controller, two pumps, two detectors, and one oven holding two C18 reverse phase column (250 x 4.6 mm with 5 (m packing).  The instrument is set up so that each HPLC system can simultaneously collect data from 4 individual animals.  
3.2) Set the oven temperature to 45(C and the pump speed to 1.3 ml/sec.  Set the run time of each sample to 8 min, allowing 2 min in between each sample to ensure completion of analysis before the next run.  
3.3) Make 10 L mobile phase consisting of 40% methanol in nanopure water.  Add 200ml of 1M acetic acid (See section on maintenance and troubleshooting).
3.4) Make artificial cerebral spinal fluid (aCSF) containing NaCl (148 mM), KCl (3 mM), CaCl2(2H2O (1.4 mM), MgCl2(6H2O (0.8 mM), Na2HPO4(7H2O (0.8 mM), and NaH2PO4·H2O.  Do not add bicarbonate since it can generate CO2 bubbles and affect HPLC performance.  Filter the solution to sterilize and remove any insoluble materials.  Pre-made aCSF can be stored at room temperature for up to 30 days.

3.5) Use a peristaltic perfusion pump to deliver aCSF to animals at a flow rate of 2 (L/min.   Each pump could be connected to two swivels on top of the animal cages via PEEK tubing (0.12 mm inner diameter) and tube connectors.  

3.6) Mount the dual channel swivel on a counterbalanced arm attached to the cage top that allows free vertical and lateral movement of animals.  Cut a vertical slit on the cage top that allows a tether to pass through.  
3.7) Fashion a tether consisting of two PEEK tubing (inlet and outlet) surrounded by a length of spring coils.   Pass the end of the tubing through the plunger and tip of a 1 mL syringe cut to the length of about 1 inch.  The syringe tip can easily and tightly plug into the ends of the microdialysis probe, and the plunger makes the seal watertight. 

3.8) Attach the tether to the swivel and connect the PEEK tubing to the swivel outlet.  Plug the other end of the tether into the microdialysis probes on the animal.  

3.9) Connect outlet tubing from the swivel to a HPLC 2-position/10-port valve.  Dialysates are collected in the 20 (L loop of the valve over the course of 10 min, and then injected via a fast microelectric actuator.  The 2-position/10-port valve allows samples from two animals to be collected and injected alternately.  During sample collection from one animal, separation and analysis of the sample from the previous animal also takes place within 10 min.  For each animal, three 10-min samples are collected and analyzed every hour.  
3.10) Automatically control the duration of sample collection and timing of sample injection by linking to a digital sequence programmer and external timer (instructions available from valve provider).  

3.11) For ease of disposal, route runoff sample and mobile phase from all systems to a single container.  Alternatively, the un-injected runoff sample can be collected for further studies.  

3.12) Analyze data on an external computer using software offered by HPLC provider.  
4. Maintenance and troubleshooting

4.1) Each container of 10L mobile phase lasts about 5 days (1,872ml a day at 1.3ml/min).  Newly made mobile phase should be left on a stir plate under vacuum suction for at least 18h prior to use.  The optimum mobile phase should be adjusted for each individual detector.  Increase in the concentration of methanol compresses the peak retention times.  Increase in acetic acid shifts the retention time of serotonin forward.  Adjust the mobile phase so that the retention time of N-acetylserotonin, serotonin, and melatonin standards is around 3.0, 4.0, and 6.5 minutes respectively. 
4.2) PEEK tubing should be washed every 2-3 days to prevent blockage and crystallization of salt particles.  Inject fresh aCSF into inlet near the swivel and check the outlet line for cloudy droplets.  

4.3) Beyond machine error, loss of data could result from leakage or tubing blockage.  
- Inject fresh aCSF to PEEK tubing to locate area of blockage.  Cut off the tip or replace with new tubing to restore flow.
- Change connectors once they become loose.  
- Wash and repair swivels at signs of salt crystals or roughish rotation (see repair manual from swivel provider).  
- Check to make sure peristaltic pump is working properly.  Tubing blockage within the pump line can be washed out and replaced with fresh aCSF. 
Representative Results: An example of long-term pineal microdialysis experiment is shown in Fig. 5. Serotonin is present throughout the day, and its detection can serve as a good marker for a successful probe implantation.  NAS and MT are absent during the day, and dramatically rise at the same time each night under a stable light-dark cycle, allowing the definite identification of a rhythmic onset and offset.  Melatonin rhythm alone is sufficient in most rhythm studies, and its response to environmental manipulations such as shifts in light schedule can answer many questions in the field of chronobiology (Fig. 6). The detection of melatonin profiles can persist for a month, with decrease in concentration over time.
Tables and Figures:  

Figure 1. Pineal melatonin synthesis. A.  Melatonin is synthesized from tryptophan by four enzymes:  tryptophan hydroxylase 1 (TPH1), aromatic amino acid decarboxylase (AADC), arylalkylamine N-acetyltransferase (AANAT), and hydroxyindole-O-methyltransferase (HIOMT).  In our studies, we routinely collect data for serotonin, N-acetylserotonin, and melatonin in a single HPLC chromatogram.  B. Melatonin production in the pineal gland is controlled by the circadian pacemaker in the SCN via a multi-synaptic pathway that includes the suprachiasmatic nucleus (SCN), the paraventricular nucleus of the hypothalamus (PVN), intermediolateral nucleus of the spinal cord (IML), and the superior cervical ganglion (SCG).  Light signals from the eye, transmitted to the SCN via the retinohypothalamic pathway (RHT), entrain the circadian clock in the SCN, which generates the circadian rhythms of melatonin production in the pineal gland.  
Figure 2.  Pineal microdialysis probe construction.  A.  Probe base designs.  B.  TC4-left.  C.  TC4-right.  Details of the dialysis probe construction are provided in the text.  

Figure 3.  Dialysis probe implantation.  A.  Localization of the probe insertion points on the skull.  Schematics of the exposed skull surface are shown.  B.  Implantation of the TC4-right probe.  C.  Attachment of the TC4-left to the probe.  The procedures of dialysis probe implantation are detailed in the text. 
Figure 4.  Configuration of automated microdialysis sample collection, injection, and on-line analysis.  Arrows indicate the direction of the liquid flow, whereas the stars indicate the locations where tubing adaptors are used.  See text for details.  
Figure 5.  Circadian rhythms of pineal 5-HT, N-acetylserotonin (NAS), and melatonin in a LEW rat over a 5-day period.  A. 5-HT (pink), NAS (blue), and melatonin (yellow) profiles of a single LEW rat are shown for 5 consecutive cycles.  The shaded gray areas represent the dark period (18:00 h to 6:00 h).  The daily boundaries were arbitrarily set at 13:00 h for ease of comparison. B. 5-HT (top panel), NAS (middle panel), and melatonin (bottom panel) data from each 24 h period (13:00 h to 13:00 h) were normalized to its nocturnal maximum values and superimposed together.  Pineal secretory activities of 5-HT, NAS, and melatonin in different cycles were represented with different colors, and the values of 5-HT, NAS, and melatonin from the same cycle were represented with the same colors. The horizontal dashed lines represent onset phase of 5-HT (top panel, 80%), NAS (middle panel, 20%), and melatonin (bottom panel, 20%).   Data are from Liu and Borjigin (2006). 
Figure 6.  Long term microdialysis of a single rat, ID2176.  The rat was entrained in light:dark (LD) 12:12h (lights-off at 18:00 h) for more than 2 weeks prior to the pineal microdialysis.  Melatonin profiles were shown for the last 4 days of entrainment with lights-off at 18:00 h (days 1-4; lighter gray shades), following an LD delay of 3 hrs (days 5-14; darker gray shades), and following an LD delay of 6 hrs (days 15-30; black shades).  Detailed profiles of each shift have been published elsewhere (Liu and Borjigin, 2005b).

Discussion: 


The details described in this protocol are aimed at pineal microdialysis of laboratory rats.  We have also successfully performed microdialysis experiments on hamsters (Liu and Borjigin, 2006) and degus 


14 ADDIN EN.CITE .  While the rodent pineal gland is more accessible located along the top of the brain, the dimensions of the probe can be modified to match the size and shape of other animal skulls.  

The setup described allows two animals linked to the same valve actuator to be analyzed by the same HPLC instruments.  Furthermore, the HPLC system is set up so that only one oven and one controller is necessary to collect data from four animals.  This arrangement saves on reagents and other HPLC consumables.  

The automation of sample collection and analysis is an important feature of this technique.  Each HPLC system collects 288 samples from four rats each day, allowing for round–the-clock analysis of pineal activities and bypassing labor-intensive procedures that are prone to human error. Data are analyzed nearly in real time, permitting result driven adjustments of experimental protocols. Indoles in the melatonin synthetic pathway are naturally fluorescent, thus enabling direct quantification of pineal dialysates.  The sample runoff could be collected and stored for further experimental purposes.  
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Table of specific reagents and equipment:
(Materials used for probe implantation are commonly available and are therefore not listed.  Researchers are encouraged to consult Cooley and Vandewolf (1990) for details of surgical instruments and basic methods.)
	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Blunt tip needles, 21gx1/2”
	Brico Medical Supplies
	BN2105
	

	Blunt tip needles, 25gx1”
	Brico Medical Supplies
	BN2510
	

	Tungsten Rod, .004” diameter
	ESPI metals
	KNC7339
	

	Microdialysis Hollow Fiber, ID-0.2mm; OD-0.216mm, MWCO of 13 kD
	Spectrum Labs
	132294
	

	Epoxy glue, fast drying
	ITW performance polymers
	20845
	

	Peristaltic pump
	Instech Laboratories, Inc
	P720
	

	PEEK tubing
	Bioanalytical Systems, Inc
	MF-5366
	

	Tubing adaptors (connectors)
	CMA microdialysis
	340 9500
	

	Dual channel swivel
	Instech Laboratories, Inc
	375/D/22
	

	Sample injector  (2-position/10-port actuator)
	VICI
	EMT2CSF10MWE
	

	Digital sequence programmer 
	VICI
	DVSP4
	not shown in Figure 4, needed to control the injector

	HPLC pump
	Shimadzu
	228-45000-32
	

	System controller
	Shimadzu
	220-91398-32
	

	Fluorescence detector
	Shimadzu
	228-45096-32
	

	HPLC column oven
	Shimadzu
	228-45010-32
	

	C18 reversed phase column (250 x 4.6 mm, 5 um)
	Supelco
	58298
	

	HPLC software 
	Shimadzu
	220-91432-35
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