Analysis of the somatosensory and motor evoked potentials on taiep rats.
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Abstract.

taiep rats are a neurologic mutant animal with an hypomyelination followed by desmyelination process. Rats developed a progressive motor disturbance that took place during their development. The syndrome started with tremor followed by ataxia, tonic immobility episodes, epilepsy and paralysis, the acronym of these symptoms determined the name of this autosomic recessive mutant rat. In the present study, we explored the somatosensory and motor evoked potentials on taiep rats of two to three months of age. Our results showed that taiep rats showed that the N2 component of the somatosensory evoked potentials had larger delay response and is more susceptible to fatigation, respect to normal rats. Motor evoked potentials produced by cerebral cortex stimulation in normal rats is characterized by direct wave (D) followed by several indirect (I) waves due to the reactivation of pyramidal tract pathway. On the other hand, in taiep rats the corticospinal pathways are partially blocked, this situation produced a single fused wave in which is impossible to discern D or I waves. 

These findings are well correlated with the anatomical findings who indicated that corticospinal tract are hypomyelinated followed by a progressive demyelination process, during the development of this myelin mutant rat.

1. Introduction.


Somatosensory and motor evoked potentials are widely used in experimental animals and human beings to allow a rapid clinical evaluation of the electrophysiological condition of the afferent and efferent pathways in the peripheral and central nervous systems (cita gral). 

2. Methods

2.1. General procedures.


The experiments were performed in normal and taiep rats supplied by our animal room facilities. The animals were under a 12:12 light/dark cycle, the light on at 7:00 A.M. and maintained at 21oC ± 2oC and 40 to 60% humidity. The animals were maintained in collective cages with free access to balanced rodent pellets (5008, PMI Laboratories) and purified water. The rats were anesthetized with urethane 25% (100 mg/kg. IP) or with sodium pentobarbital (45 mg/Kg. IP), supplemented doses as necessary to maintain a deep anesthesia were supplied during the dissection and along the experiment. The adequacy of anesthesia was verified by assessing that withdrawal reflexes were absent, that the pupils were constricted and the cardiac rate was stable during noxious stimulation.

The right jugular vein was cannulated to allow injection of fluids. The lumbosacral region was exposed; the posterior tibial nerve was stimulated with a pair of Ag/AgCl hook electrodes. The cathode was fixed in the medial part of the Aquiles tendon and the anode attaches to the plantar surface.


After the main dissection, the rat was transferred to a rigid metal frame allowing fixation of the head and the spinal vertebrae. Fine stainless steel stimulating electrodes were mounted near the dura. In other experiments a large craniotomy was made, the dura opened and exposed cerebral cortex stimulated through a silver ball electrode and the reference electrode was a platinum needle inserted in the hard palate. Pools filled with mineral oil were constructed around the spinal cord, head and hindlimb nerves. The temperature of the pools were automatically kept between 37 and 38oC by means of radiant heat.

2.2. Recordings. 


The somatosensory evoked potentials produced by common peroneus nerve stimulation were recorded at thoracic, lumbar and sacral segments of the spinal cord by means of a platinum needles (Grass-AstroMed) inserted in the corresponding spinal ligament. The motor evoked responses were recorded in two sites, first in the interspinousus ligament in L2 or L1 and second from EMG recordings in the quadriceps muscle through platinum electrodes (Grass-AstroMed). The signal were amplified (2,000 or 5,000X), band pass 3Hz to 3,000 kHz, digital converted and stored in the hard disk for off line analysis.

2.3. Motor evoked potentials.


Stimulation of the motor cortex was performed according to previous published reports on rat (Fehlings et al., 1987; Zapulla et al., 1988; Adamson et al., 1989). Constant current stimulation was delivered between an insulated Ag/AgCl electrode (anode), 500 µm in diameter, on the surface of the right motor cortex and another electrode (cathode) placed in the soft palate. Stimulus pulses were delivered through Master-8 equipment and consisted of pulses 100 µsec. and between 2-3 mA.
Recordings.

MEPs were recorded from the spinal cord with a 0.5 mm insulted tungsten electrode placed in the epidural space through the upper lumbar (L2-L3) section and referenced to the adjacent paraspinal muscle with a platinum needle electrode (Grass-Astro Med). 

The analog signals were amplified, filtered (bandpass 30-3,000 Hz) and averaged on an analog/digital converter (NX1, Neuronic S.A.). Each MEP consisted of 64 to 256 single sweep epochs. Data were stored for subsequent analysis.


In each rat we determined, under stereotaxic coordinates, the precise site of the cerebral cortex which the stimuli produced best responses. In general, the site were coincidental with the studies of Hall and Lindblom (1974; see also Neafsey et al., 1986). This area corresponds to hindlimb projection in the motor cortex, we took care of the initial and the final of the evoked response through the waves displayed on the screen of the oscilloscope (Tektroniks, 2214).


The MEP was quantified on the basis of peak latency and amplitude. Latency was taken as the time from stimulus onset to the maximum positive value of each peak. Peak amplitude was calculated as the voltage from the positive peak to the following maximum negativity.


At the end of the experiment, the rat was killed with an overdose of anaesthetic, the brain obtained and a drawing of the stimulated area constructed.

3. Results

3.1.Somatosensory evoked potentials

In adult normal rats two negative peaks were obtained when posterior tibial nerve were stimulated with square pulses of supramaximal intensity. The signals changed their morphology and amplitude taking into account the spinal cord level in which the records were made. The maximum amplitude was obtained between T12 and L3 and was characterized by a single negative peak. In the case of taiep rats they showed a two negative components in the somatosensory evoked responses due to a delayed N2 central response. The maximum separation between these two peak were obtained in the L2/L1 and L1/T13 ligaments indicating that the generation of the first relays in the spinal cord were delayed. An important finding was that the N1, peripheral conduction time was not affected in taiep rats. Both groups of rats showed similar peripheral conduction velocities, normal rats show mean conduction velocituy of 45 ± E.S. (tomar de la graphic de Ferrari 1992) and taiep rats 45??? (p>0.05, Student t test, n=10?). 


In order to further analyze the origin of the second negative peak (N2) of the somatosensory evoked response we decided to explore the fatigability of the N2 in normal and taiep rats. The tetanic simulation of the posterior tibial nerve in taiep rats produced a fast fatigue of the N2 evoked responses. The velocity and quantity of depression of the N2 peak is highly dependent of the frequency of stimulation used (30-80 Hz). So, at 30 Hz in just 1 min the interval between N1 and N2 was significantly delayed, at 60 Hz the second evoked response was delayed and the same happen with 80 Hz stimulation rate. Measured the 50% diminution of the evoked response it possible to show that taiep rats quickly fatigue the evoked response (xx).


Table 1 showed the mean ± S:D: latencies of the N1 and N2 components of the somatosensory evoked responses in normal and taiep rats. As shown taiep rats showed systematically longer latencies in the N2 component without affection of the N1 peak indicating that taiep rats had an alteration in the myelination process in the CNS, without affection of the PNS.

3.2. Motor evoked potentials.

Cortical stimulation in normal rats produced at lower spinal motor evoked potential with a first direct component (D) followed by two to four indirect (I) waves due to the reaction of the corticospinal tract (Patton and Amassian, 1954 and 1981). In taiep rats between two to three months of age cerebral cortex stimulation produced a delayed motor evoked response with a single fusion wave (see Fig. 4). Measured the initial peak on normal rats (D wave) and the maximum peak in the fusion motor evoked response on taiep rats it is possible to evaluated the conduction velocity of the pyramidal tract in both groups of rats. The results showed statistically significant differences between normal 

The analysis of the latency of these responses clearly indicated that taiep rats had a delayed response due to the hypopmyelination and demyelination process in the corticospinal tract in this myelin mutant rat.

4. Discussion


This study focus followed our previous report that auditory brainstem evoked potentials were altered in taiep rats (Roncagliolo et al submitted for publication), we showed that taiep rats showed a delayed auditory waves related to central processing of information (II-IV) but not in the peripheral ones (wave I). In hte presented study somatosensory evoked potentials evaluated the conduction of action potentials from periphery through the first relay neurons inside the spinal cord where the primary afferent synapse with second order neurons (Grant, 1995). As we show the peripheral component (N1) is not affected in taiep rats but N2 negative wave was of lower amplitude, delayed and more susceptible to fatigue (see Figures XX and YY) indicating that central transmission of action potentials were impaired.

The other aspect evaluated here it is motor evoked potentials produced by surface cortical stimuli (Ryder et al., 1991). In normal rats we can obtained an early response the direct wave (D) followed by several indirect waves (I) as was reported before (Fehlings et al., 1998 and 1991; Dull et al., 1990; Stewart et al., 1990). The mean conduction velocity of the pyramidal tract in normal rats was 43.1 ± 1.99 m/s, and this value was similar to the previous reports on rats (Fehlings et al., 1991), it also followed 30 Hz tetanic stimulation without larger changes in the amplitude of the D wave similar to the results obtained by Gorman (1966). On the other hand, taiep rats showed a single fusion wave with a mean latency of 5.65 ± 0.14 ms and conduction velocity of 13.7 ± 0.6 m/s which was highly statistically different respect normal rats (t = 24.16, p < 0.00001), this finding correlated with the severe alteration of the hypomyelination and demyelination in the corticospinal tract of taiep rats (Lunn et al., 1997). Lunn et al., reported a severe reduction in the number of myelinated axons in this descending tract, in fact there were a selective decreased of myelinated axons but not in the total number of axons in the corticospinal tract in taiep rats. In fact the myelin thickness was selectively decreased in these mutant rats (Lunn et al., 1997). Preliminary data obtained by our group demonstrated that electromyography signal in quadriceps muscle produced by cortical stimulation are not present in taiep rats of 60 days, but taiep rats of 45 days and less had a 69% delayed latency of the evoked electromyography response (Salceda-Ruanova et al., 1994).

Taken together these results indicated that this myelin mutant rat is an adequate model for the human with a hipomyelinated followed by a demyelinated and dysmyelination disease. Our results correlated with the electrophysiological findings in multiple sclerosis patients in which the electrophysiological alterations precede the demyelinated sclerosis plaques (Cita).
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