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Primary afferent depolarization: direct evidence in the trigeminal system 
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Sensory inputs carried by the peripheral nerve fibers can be regulated at the 
central terminals of  the fibers. Both intracellulad, la,17 and extracellutar 12,15,21,25 
recordings at the levels of  the spinal cord and dorsal column nuclei have provided 
evidence for modification of  afferent impulses. However, in the trigeminal system 
only extracellular recordings, which provide indirect evidence of  excitability changes 
of  primary afferents, are available2,7,10,11,z2, 2a,26. Although the possible cause of  the 

dorsal root potentials has been reported, the nature of  the pathway involved is not 
well known. In this study, we undertook to record the primary afferent depolarization 
(PAD) intracellularly from central preterminals. We have also performed experiments 
to clarify the role of  inhibitory neurons influencing the PAD and to determine the 
possible role of  gamma-aminobutyric acid (GABA) as a transmitter substance 6 in 
the trigeminal afferent systems. 

Cats anesthetized with Nembutal (35 mg/kg) or chloralose (70 mg/kg) were 
used in this study. Animals were artificially ventilated following injections of  galla- 
mine (Flaxedil) to eliminate muscular twitching. The spinal tract or nuclei of  the 
trigeminal nerves (Tn) were approached vertically from the dorsal surface of  the brain 
stem by the stereotaxic method. Central preterminals of  the Tn were activated by 
stimulation of  the ipsilateral peripheral branches of  the Tn after the nerve emerged 
from the infraorbital foramen or when it was in the exposed inferior alveolar canal 
by using a pair of  silver electrodes. Stimuli were brief current pulses of  0.05-0.1 
msec duration. Glass microelectrodes were used to record field potential (2 M NaCI, 
DC resistance 2-5 MD) and intracellular potential (3 M KCI, 7-12 M~2) changes. 
The amplification and oscilloscope display of  the response signals, as well as the 
filming, was conventional. At the end of  each experiment the recording and stimula- 
tion sites were identified histologically. 

Fig. IA-D illustrates the primary afferent depolarization (PAD) and trigeminal 
dorsal root reflex (TDRR) recorded inside the preterminal fibers in the rostral part 
of  the spinal nucleus or spinal tract. Fig. 1E-F shows the field potentials recorded 
adjacent to the fibers. The extracellular potentials usually consisted of  a small positive 
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Fig. 1. lntrafiber recording from the central preterminal of an inferior alveolar nerve fiber. A: iden- 
tification of the fiber. The fiber action potential is followed by a primary afferent depolarization. 
Stimulus intensity was near the threshold of the impaled fiber. B: TDRR on top of PAD resulting 
from single pulse stimulation. The stimulus intensity was greater than in A. Three sweeps were super- 
imposed. C: PAD without spike. The stimulus intensity was subthreshold for the impaled nerve fiber. 
D: prolonged PAD preceded by a spike. E and F: extracellular recordings. The recording site was 
just adjacent to the unit in A-D. The stimulus intensities are the same as those of C and D respec- 
tively. Arrows in A-D represent the time stimuli were delivered to the nerve. The rectangular pulses 
at the beginning of sweep are time and amplitude calibration signals. Voltage calibration of 15 mV 
applies to A and B, and 3 mV to C-F. Time calibration of 2 msec applies to A, 3 msec to B and 10 
msec to C-F. Up is positive and down is negative in all records. 

then negative wave, followed by a large negative wave. The first smaller negative 

waves had latencies ranging f rom 0.6 to 1.0 msec and durations o f  about  0.5 msec 
and responded to high frequency (200-1000 Hz) stimulation. Since the action poten- 

tials o f  the intrafiber units usually arise within the time period o f  this smaller wave, 

the early field potential  is thought  to be a reflection o f  the reasonably synchronous  
fiber component .  The larger negative waves, which had longer latencies (1.0-1.5 msec) 

and could not  follow high frequency stimulation, are thought  to be the postsynaptic 

component ,  presumably  the field potentials generated by second order  trigeminal 
neurons.  

When  the glass recording electrode entered the preterminal fiber, the D C  level 

would  drop  about  10-60 mV. A suprathreshold stimulus delivered to the corresponding 

Tn usually evoked an action potential  with a characteristic short  rising phase and 
relatively long falling phase (Fig. 1A). The action potential was usually followed first 
by a small af ter-hyperpolarizat ion and later by a, prolonged depolarization Which 
was graded and could lead to one or  several ac t ion potentials. 
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The ampli tudes  of  act ion potentials recorded from different units varied from 

10 mV to more than 60 mV, with a spike dura t ion  of  1.0-1.5 msec. The number  of  

spikes fol lowing the first act ion potent ial  varied. Sometimes no spike could be evoked, 

a l though the stimulus intensi ty was increased. It can be seen in Fig. 1B that the latency 

of  the first spike is always constant .  However, the latency of  the other spikes following 

the first one may change. I f  the s t imulat ion is subthreshold for the impaled nerve 

fiber (Fig. IC), the first spike does not  occur and  only depolarizat ion of the nerve 

fiber remains. This indicates that  the depolar izat ion following the spike in Fig. I D 
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Fig. 2. Drug effect on the PAD and TDRR recorded from the central preterminal of an infraorbital 
nerve fiber. A-C: the effect of bicuculline (Bic) on an intrafiber unit. A: a recording taken just before 
Bic was injected. This serves as a control. B: 2 sec after Bic administration was completed. C: 30 sec 
after injection. The peaks of the spikes were out of the scope. Calibration signals preceding the spike(s) 
represent 1 msec (A-C and E-H) and 1 mV (A-C) or 2 mV (E-H). Arrows represent the instant at 
which stimuli were delivered to infraorbital nerve fiber. E-H: the effect of strychnine (strych.) and 
Bic on another fiber unit. The beginning of the sweep was out of the scope (E and F). G: 30 sec after 
strych, was injected. H: 5 min after the Bic was given following the strych, test. Voltage calibration 
of 3 mV applies to A-C and 6 mV to E-H. Time calibration of 10 msec applies to all the traces. 
D: a summary diagram of a possible explanation of the observed phenomena. Tn, trigeminal pe- 
ripheral nerve; empty circles, excitatory neurons; filled circle, inhibitory neuron; dotted lines, mono- 
synaptic or multisynaptic connections. Up is positive and down is negative in all records. 
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does not represent the intrinsic spike after-potential of the nerve fiber, and the spikes 
following the first one in Fig. 1B are not dependent on the first spike and may involve 
a neural pathway of more than one synapse. 

From the latency (0.9 msec) and conduction distance (50 mm) of the impaled 
fiber (Fig. 1), its conduction velocity can be calculated as 56 m/see, suggesting that 
this fiber is a low threshold A fiber. Because the stimulus intensity used to activate 
the PAD in Fig. IC was lower than that of this fiber, it is reasonable to assume 
that at this stimulus strength, the peripheral fibers involved in the production of the 
PAD of the impaled fiber are low threshold, large A fibers. 

To determine what factors influence the production of the PAD, experiments 
were performed using bicuculline and strychnine. Bicuculline's depressive action on 
segmental presynaptic inhibition in spinal animals has been reported in the litera- 
tureS, 1s,19. The dorsal root potential evoked by sensorimotor cortex input is enhanced 
by bicuculline 3. While it appears that the effect of bicuculline on the dorsal root 
potentials of the spinal nerves depends on the pathways that subserve the above 
phenomena, the antagonistic effect of bicuculline on GABA at a variety of synaptic 
sites seems to be establishedS,S,9,1s-20. 

Bicuculline (1 mg/kg) was injected intravenously and recordings were made at 
the time of injection (Fig. 2A), 2 sec (Fig. 2B) and 30 sec (Fig. 2C) after the injection 
was completed. At time 0, two spikes followed the first activation of the impaled 
nerve fiber by single pulse stimulation. The PAD was prominent. In Fig. 2B, the 
number of spikes was reduced and so was the amplitude of the PAD. In Fig. 2C, the 
second spike no longer appeared and the PAD was much reduced. 

In another experiment strychnine (0.1 mg/kg) and bicuculline were used sequen- 
tially to give a clue to the nature of the transmitter liberated by nerve terminals affec- 
ting PAD production in the trigeminal nuclei. Prior to strychnine injection, the PAD 
was small (Fig. 2E and F) and occasionally one spike could be elicited on top of the 
PAD (Fig. 2F). Thirty seconds after the strychnine was administered, the PAD was 
much enhanced and several spikes were readily elicited (Fig. 2G). Bicuculline was 
then injected and the first action potential, activated by direct stimulation of the im- 
paled nerve fiber, was unaffected. However, the PAD and later spikes declined gradual- 
ly and were abolished after 5 min (Fig. 2H). 

The diagram in Fig. 2D illustrates the basis for an interpretation of possible 
spinal trigeminal nucleus organization. The latency of the PAD (Fig. 1C) activated 
by other low threshold fibers is 2 msec. It takes from 0.6 to 0.9 msee for the faster 
conducting fibers to carry impulses to the rostral part of the spinal nucleus. Therefore, 
the latency of the PAD inside the spinal nucleus is 1.1-1.4 msec. This range of values 
is smaller than that obtained by other investigators recording in the spinal cord12, ~7 
or cuneate nucleus 1. However, the range of values would still permit a pathway that 
includes 2 synapses in series, just as has been postulated for the simplest pathway 
for PAD production in the dorsal column nuclei 1. 

The diagram shows that when the stimulus intensity does not reach the threshold 
of the impaled nerve fiber, the PAD activation goes through neuron 2 and then 
either directly or multisynaptically impinges upon the terminal of the impaled nerve 
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fiber. F u n c t i o n a l l y  this pa thway  might  serve as first order  spat ial  regulat ion o f  sensory 

in format ion .  When  the s t imulus reaches threshold ,  the o ther  pa thway ,  which involves 

neuron  1 a lone  or  more  neurons  in series, could  also affect neuron 2. This pa thway  

would  serve as t empora l ,  as well as spat ia l ,  regula t ion at  the p r imary  afferent. The 

o rgan iza t i on  is very s imilar  to tha t  o f  dorsa l  co lumn nuclei s tudied by o ther  investiga- 

tors.  G A B A  p r o b a b l y  acts as a neuro t ransmi t t e r  in these circuits because bicuculline,  

the G A B A  antagonis t ,  could  effectively inhibi t  the P A D  and T D R R  as revealed 

by in t race l lu lar  recordings.  Neuron  2 is subject  to modif icat ion by inhibi tory  inputs  

f rom neuron  3. Tha t  inh ib i to ry  neurons  modu la t e  the P A D  pa thway  is shown by the 

increase in the P A D  and T D R R  after  the in t ravenous  admin is t ra t ion  o f  strychnine,  

a convulsan t  drug  which reduces the IPSP  in a variety o f  central  neurons.  The paral le l  

p h e n o m e n o n  o f  s t rychnine increasing bo th  the ampl i tude  and dura t ion  o f  the 

negative dorsa l  roo t  po ten t ia l  has been repor ted  at the spinal  cord level 4,14,1s,'~4. 

M a n y  o f  the inh ib i to ry  neurons  are p r o b a b l y  loca ted  in the caudal  pa r t  o f  the spinal 

nucleus. When  a t r a c to tomy  was pe r fo rmed  at  the obex level, the exci tabi l i ty  o f  p r ima-  

ry afferent pre te rmina ls  was augmented  16. 
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