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بحث های جنبی: چگونه یک محقق شویم؟ 
            Microdialysis is a sampling technique that is widely used to extract target analytes from biological tissues. Microdialysis gives you a “preview” of what goes on in the tissue before any chemical events are reflected in changes of systemic blood levels. In the past 30 years, the microdialysis technique has become increasingly popular for monitoring the release pattern of potential neurotransmitters and neuromodulators within distinct brain areas. Although the microdialysis technique is an invasive technique and can cause a varying degree of tissue damage depending on the type of probe used, histological examination of probe lesions suggests that the damage is limited. 
The first microdialysis probes were developed in 1972 by Delgado who used a push–pull perfusion device for monkeys that he equipped with a dialysis membrane that it covered the tip of the device. A microdialysis probe, which is inserted into the tissue, is a tiny tube made of a semi-permeable membrane. A semi-permeable membrane has tiny "pores" in it through which molecules can pass, if they are small enough. The microdialysis probe is designed to mimic a “blood capillary” and by keeping this metaphor in mind, it is easy to conceive of the many ways you can use this technique. Microdialysis works by slowly pumping a solution (the "dialysate") through the microdialysis probe. Molecules in the tissues diffuse into the dialysate as it is pumped through the probe; the dialysate is then collected and analysed to determine the identities and concentrations of molecules that were in the extracellular fluid (ECF). The concentration in the dialysate of any given substance will normally be much lower than the concentration present in the ECF, especially for substances of relatively high molecular weight. The number of compounds to be monitored in the dialysate is limited only by the sensitivity of the analytical methods utilized. 

Currently, the most widely used analytical technique to determine analyte concentrations in the perfusate is high-performance liquid chromatography (HPLC). This can be made very sensitive, in the low femtomolar range. Therefore, an ultra-slow technique can be used to generate a high recovered fraction of analyte from the ECF while still pumping the dialysate to the HPLC. This generates very low volumes and concentrations of dialysate, but the relative amount of analyate more closely resembles the amount in the ECF. 
In our laboratortory, we provide the knowledge to custom make microdialysis probes and perform microdialysis experiments to analyze extracellular monoamines concentrations in the nucleus accumbans of laboratory rats. Monoamines is determined in the dialysate by HPLC with electrochemical detection.
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Fig.1 Microdialysis probe
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Fig.2 Sterotaxic surgery
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Fig.3 Connection of animal’s probe to microdialysis pump
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Fig.4 HPLC of microdialysis samples
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Fig.5 DOPAC concentrations in nucleus accumbens in different treatment groups in freely moving rat  
Instructions
1. Microdialysis probe
A microdialysis probe is usually constructed as a concentric tube where the perfusion fluid enters through an inner tube; flows to its distal end; exits the tube and enters the space between the inner tube and the outer dialysis membrane.
The direction of flow is now reversed and the fluid moves toward the proximal end of the probe. This is where the “dialysis” takes place, i.e. the diffusion of molecules between the extracellular fluid and the perfusion fluid (Fig.1).
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Fig. 1. Exchange of molecules in active zone of microdialysis probe 
It is important to realize that this is an exchange of molecules in both directions. The difference in concentration through the membrane governs the direction of the gradient. You can collect an endogenous compound at the same time as you introduce an exogenous compound, such as a drug, into the tissue (retrodialysis). The gradient of a particular compound depends not only on the difference in concentration between the perfusate and the extracellular fluid but also on the velocity of flow inside the microdialysis probe. The absolute recovery (mol/time unit) of a substance from the tissue depends on the “cut off” of the dialysis membrane (usually defined as the molecular weight in Daltons at which 80% of the molecules are prevented from passing through the membrane), the length of the membrane, the flow rate of the perfusion fluid and the diffusion coefficient of the compound through the extracellular fluid. The reverse holds true for substances entering the tissue from the probe. Commercially available microdialysis probes are relatively expensive, are often not available in a timely manner and often have a relatively large internal dead volume. The major advantages of commercial probes include high product uniformity and well delineated flow rate characteristics. However, adaptation to the experimental needs (e.g., varying dialysis surface area) is sometimes a problem. We have built and tested miniaturized microdialysis probes in an effort to produce low dead volume microdialysis probes that have well delineated flow rate characteristics. The hand constructed probes are less expensive than commercial probes and can be constructed as needed quickly. The work presented here outlines basic construction details for making the probes and the testing procedures used to determine the performance characteristics.
Use a clean and quite room with sufficient light and avoid entering dust into the room. The assembly of the probes should be performed under a high magnifying stereomicroscope (40 (magnifications). The dialysis hollow fiber can be obtained either from so-called fleaker bundles that are used for dialysis of fluids or from artificial kidneys. Caution must be taken in the selection of the type of dialysis membrane since they differ in pore size, thickness, and surface charge and these differences will affect the recovery of the desired substances. 
1.1. Break syringe needles gauge 21 into 10 mm pieces. 

1.2. Break fused silica tubing and prepare pieces of 10 and 20 mm long.

1.3. Prepare polyethylene tube which is used in HPLC tubing with very small pore. Cut polyethylene (PE) tube and prepare 250 mm long pieces. 
1.4. Insert silica tubing into PE tubing 3 mm. 
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Glue in place. Use a black label for input tubing.    
[image: image16.jpg]z %
=k
= b
==
%
= W&

e

3 TEPEE] \Hsa~awv 58\
5 2aa | [oF =D FrETE




[image: image17.jpg]FLOW RATE 1 i AYRINGE B2k

- e | "
- 10 28 %0 100 260 800 — ’ M

s
FICOM  EP-60
MIERD SYRINGE PUMS

5

-



[image: image18.jpg]



[image: image19.emf]50

75

100

125

150

175

200

225

-200 -160 -120 -80 -40 0 40 80 120 160 200 240 280

Time (min)

Percent of DOPAC basal value (%)  

Saline  Vehicle of F

Morphine Finasteride

M + F (20 min before M) M + F (2 h before M)

*

***

***

***

***

***

***

***

***

**

*



[image: image8]
Fig. 2. Probe designed for microdialysis in details 
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Fig. 3. Probe designed for microdialysis in more details.        
1.6. Now, assemble as Fig. 3, and use super glue to fix parts. 
1.7. Let the glue to dry for at least 3 hours or a day.

1.8. Then, check the probe whether it works. This can be done using a insulin syringe and injecting air through inlet or outlet into water to see the bubbles. 
1.9. Now, try to insert a dialysis hollow fiber into the probe head. Insert membrane until it face to other silica tubing. Then move it back a little (about 1mm) and cut the membrane at 1.5 mm out of the probe head. Use two component glue at two sites as shown (important: wait for enough times after mixing two components of the glue and then apply the glue):



1.10. Let the glue to dry for 1 day.
1.11. Perform bubble test using an insulin syringe attached to inlet tubing of the probe.  


[image: image10]
Fig.4. Microphotograph showing the tip of the concentric microdialysis probe. 

2. Implantation of microdialysis probe
2.1. Inject ketamine (70 mg/kg) and xylazine (5 mg/kg), i.p. to a 280-300 g rat and wait for 15 min. Do pedal reflex and inject drug if necessary. Please note that a full anesthesia may need 1 hour to effectively starting. 
2.2. Place the anesthetized rat in a stereotaxic instrument, and adjust the incisor bar until the heights of lambda and bregma become equal. This flat-skull position is achieved when the incisor bar is lowered 3.3 ± 0.4 mm below horizontal zero.
2.3. Using a scalpel, skin and periosteum are cut and removed, exposing the surface of the skull. 
[image: image11.emf]
Fig.5. A schematic presentation of bregma. 
2.3. Then the skull is scraped clean with a blunt scalpel and tissue swabs. It is important that the skull surface is dry to ensure that the dental cement, applied later, adheres to the bone. 
2.4. Two jewelporteder’s screws (as anchors) are used to increase the strength of the dental cement–bone connection. To insert the screws, holes are drilled into the bone around the projected location of the hole for the probe according to the implantation coordinates of the selected brain area.
2.5. It is critical that the pia and dura mater and adjacent brain tissue are not damaged by the drill or the heat caused by the friction of the drill (in particular when high-speed drills are used).
2.6. After careful insertion of the screws, which should not protrude the bone toward the brain, the dialysis probe is attached to the holder of the stereotaxic frame.
2.7. A 23-gauge needle is vertically attached to the holder that will take up the straight end of the probe. It is important to visually verify from each side of the stereotaxic apparatus that the microdialysis probe is held precisely vertically; otherwise it will not only cause extended damage to the brain tissue when lowered down to its final position but also will fail to hit the coordinates of the desired brain area of interest.
2.8. To find point zero of the stereotaxic coordinates, the microdialysis probe is placed directly above bregma, almost touching it. The probe is lifted and the rostrocaudal and lateral coordinates are adjusted using the scales of the frame and then lowered again so that it again almost touches the bone at the point where it is supposed to penetrate the skull. This coordinate is noted and will serve as point zero for the depth coordinate. 
2.9 The probe is then raised and the hole is drilled. Use a drill bit with a diameter of 1 mm to make the hole for the probe.
2.10. Nucleus accumbans (A, 1.5 mm; L, -0.8 mm). Implant probe (A, 1.5 mm; L, -1.8 mm; V, 7.1 mm from the skull surface). 
2.11. Fix with dental cement. 

2.12. After surgery, the rats are transferred into special cages that allow

for easy access to the animals and an appropriate environment during experimental manipulations. The cages are custom made of acrylic glass

and are equipped with holders for food and a water bottle.
2.11. Let the animal to recover from surgery for 2 days and the use for sample collection.

[image: image12.emf]
 Fig. 6. How to find nucleus accumbens!
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3. Sample collection
1. Prepare artificial cerebrospinal fluid (ACSF) as follows:
NaCl = 3655 mg (125 mM)
KCl = 50 mg (2.5 mM)
NaH2PO4-H2O = 62.5 mg (0.5 mM) 

Na2HPO4-12H2O = 895 mg  (5 mM) 
MgCl2  = 47.5 mg  (1 mM)
CaCl2-2H2O = 88 mg (1.2 mM) 
D-Glucose = 450 mg  (5 mM)
dH2O up to 500 ml

Take note that it is important to predissolve the CaCl2-2H2O crystals in dH2O prior to adding it to the rest of the solution to avoid precipitation. 
Be careful about the number of water molecules in the crystal form of salts. 
Dissolve the above salts and glucose in pure water. The resulted pH is verified to be between 7.3 and 7.5., and then the perfusion medium is sterilized by filtering it through a disposable cellulose acetate membrane (0.22- µm) and degassed under vacuum. Contamination with bacteria or algae is likely to modify the composition of the dialysate samples. Store at refrigerator for 1 month. 

2. Before being used, the ACSF should be degassed by warming it to 38-40(C, and keeping at this temperature for at least 15 min. This is strictly required if the medium was stored in the cold. Degassing reduces the risk of small bubbles forming spontaneously as the medium flows through the implanted probe. Once formed, bubbles may remain stacked against the dialysis membrane and alter its recovery/delivery. 
3. Use special glass syringe (1 ml) and fill with ACSF. Place it in microdialysis pump and pull out bubbles from tube connected to syringe. Set the flow rate of pump to 2 µl/min.
4. To fill the probe on the animal head, use a disposable 1 ml syringe, firmly fitted with a short hypodermic needle and filled with ACSF. Eliminate all bubbles from the syringe and needle. Carefully connect the syringe to inlet tube. Push the piston of the syringe very slowly. You should see clearly the ACSF/air interface move along the inlet tube, and then disappear within the probe, to shortly reappear at the outlet.
5. For connection of the microdialysis probe to collection tubes, use ~10 mm sections of elastic tubing.  
6. An initial 120-min equilibration is started and samples are collected every 20 min. 

7. A 20 µl  volume of samples (~40 µl) is quickly injected into HPLC.

4. HPLC analysis
4.1. Instrumentation:
The electrochemical detector is operated at 750 mV. A Chromolith C8 column (100 × 3.9mm i.d.) is used for the chromatographic separation. Analyses were run at flow rate of 1.5 ml/min at ambient temperature. 
4.2. The mobile phase is prepared as follows:

NaCH3COO = 9.2 g

EDTA = 25 mg

SDS = 30 mg 

Acetonitrile  = 10 ml 

H2O = 1000 ml
pH = 5 
Mix and adjust the pH to 5. Filter it through a disposable micropore membrane (0.22 µ) and degas under vacuum. 
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