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Quantitative autoradiography was used to examine the density and distribution of excitatory amino acid (EAA) binding site subtypes in the 
principal sensory and spinal trigeminal nuclei of the rat trigeminal complex. The highest densities of N-methyl-o-aspartate (NMDA), a-amino-3- 
hydroxy-5-methylisoxazole-4-proprionic acid (AMPA), kainate and metabotropic receptors were found in the superficial laminae (I and II) of 
subnucleus caudalis, a region known to be densely innervated by primary afferent nociceptive terminals. Lower densities of EAA binding sites were 
observed in spinal subnuclei interpolaris and oralis and within the principal sensory nucleus. These results are consistent with the hypothesis that 
EAAs are involved in primary afferent nociceptive neurotransmission. 

Recent studies suggest that nociception in the trigemi- 
nal nuclear complex may be mediated by excitatory 
amino acid (EAA) neurotransmitters. Immunohisto- 
chemical studies have identified EAAs in neuronal peri- 
karya [13-15, 28], nerve fibers [14, 28] and synaptic ter- 
minals [5, 28] within the spinal trigeminal nucleus. In 
addition, EAAs have been identified in trigeminal pri- 
mary sensory neurons [27]. Similar findings have been 
reported in the spinal cord dorsal horn [7], a region struc- 
turally and functionally homologous to the spinal 
trigeminal nucleus caudalis (medullary dorsal horn). Re- 
lease of EAAs has been reported in response to noxious 
stimulation [20, 23] and following infusion of either vera- 
tridine (a sodium channel activator) [2, 23] or substance 
P [24]. Physiological studies have demonstrated that 
EAAs elicit excitatory responses from neurons in the su- 
perficial laminae (I and II) of both the spinal [1, 6, 21] 
and medullary dorsal horn [19]. Receptors mediating the 
effects of EAAs have been classified into pharmacologi- 
cally distinct subtypes; N-methyl-D-aspartate (NMDA), 
ct-amino-3-hydroxy-5-methylisoxazole-4-proprionic acid 
(AMPA), kainate (KA) and metabotropic receptors [29]. 
EAA binding sites in the trigeminal nucleus have been 
previously reported [11], although no comparison of 
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EAA receptor subtypes was made. The present study was 
designed to determine the relative density and distribu- 
tion of EAA binding site subtypes in the regions of the 
trigeminal nucleus known to receive nociceptive primary 
afferent fibers: the spinal trigeminal nucleus and the 
principal sensory nucleus of the trigeminal nerve. 

Sixteen male Sprague-Dawley rats (175-225 g; Spar- 
tan Labs, Hastings, MI) were used in this study. Autora- 
diographic assays for NMDA, AMPA, metabotropic 
and kainate binding sites were performed using previ- 
ously described techniques [4, 29]. Briefly, sections were 
prewashed in ice-cold incubation buffer for 30 rain, dried 
under a stream of cool air and then immersed in incuba- 
tion buffer containing tritiated ligand and the appropri- 
ate blocking agents (45 min, 4°C). NMDA binding was 
assayed with 65 nM L-[aH]glutamate (specific activity = 
56 Ci/mmol) in 50 mM Tris-acetate, 1.0/IM KA, 2.5 pM 
quisqualic acid (QA) (pH 7.2). Non-specific binding was 
determined by adding 1 mM NMDA to the ligand 
buffer. AMPA receptors were measured with 15-36 nM 
OL-[3H]~-amino-3-hydroxy-5-methylisoxazole-4-propri - 
onate (AMPA; spec. act. = 60 Ci/mmol) in 50 mM Tris- 
HC1, 2.5 mM CaC12, 30 mM KSCN( pH 7.2). Glutamate 
(1 mM) was added to the ligand buffer to determine non- 
specific binding. Metabotropic binding sites were as- 
sessed with 100 nM L-[3H]glutamate (spec. act. = 45 Ci/ 
mmol) in 50 mM Tris-HC1, 2.5 mM CaC12, 30 mM 
KSCN, 100 pM NMDA, l0 pM AMPA (pH 7.2). Non- 
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specific binding was determined with the addition of 2.5 
/,tM QA to the ligand buffer. KA binding sites were as- 
sayed using 60 nM [3H]KA (spec. act. = 7.8 Ci/mmol) in 
50 mM Tris-acetate buffer (pH 7.2). Non-specific bind- 
ing was measured with 100 ~M KA added to the ligand 
buffer. Controls for regional tritium quenching were in- 
cluded using 65 nM [~4C]glutamate (spec. act. -- 50 mCi/ 
mmol) in 50 mM Tris-acetate (pH 7.4) to assess total 
glutamate binding. Non-specific binding was determined 
with the addition of l mM glutamate to the ligand buffer. 
In all experiments, the binding reaction was terminated 
by rapidly rinsing each slide with 4 squirts of ice-cold 
buffer followed by 2 squirts of 2.5% glutaraldehyde in 
acetone. The sections were dried under a stream of hot 
air, apposed to tritium-sensitive film (Hyperfilm, Amer- 
sham) and exposed for 2-8 (3H) or 16 (HC) weeks with 
known radioactive standards. Autoradiograms were an- 
alyzed using a computer-assisted densitometry program 
(MCID system, Imaging Research, St. Catharine's Ont., 
Canada). For each area, triplicate sections were analyzed 
from a minimum of three animals. For each ligand, re- 
gional binding densities were compared using a one fac- 
tor ANOVA followed by Scheff6 posthoc tests. A refer- 
ence area of known high binding was included for each 
ligand as an index of the relative level of each binding 
site. The reference region for NMDA and KA binding 
sites was the granule cell layer of the cerebellum and for 

AMPA and metabotropic binding sites the molecular 
layer of the cerebellar cortex was used. 

There was a heterogeneous distribution of all subtypes 
of excitatory amino acid binding sites within the spinal 
trigeminal nucleus (Fig. 1) and principal sensory nucleus 
of the trigeminal nerve. Regional differences in EAA 
binding site subtypes are summarized in Table I, in terms 
of both the absolute amount of ligand bound and the 
amount bound relative to the cerebellar cortex. The high- 
est density of ligand binding for all EAA subtypes was 
observed in the marginal zone (lamina I) and substantia 
gelatinosa (lamina II) of the spinal trigeminal nucleus 
caudalis (Table l~ Fig. 1). Within this region, AMPA 
binding sites had the highest relative density followed by 
metabotropic and KA receptor subtypes: NMDA recep- 
tors exhibited the lowest relative density. The density of 
each binding site subtype within the inner magnocellular 
layer of nucleus caudalis (laminae III and IV) was signif- 
icantly reduced compared to binding in the outer-most 
laminae of the nucleus. Within this region, there was a 
slightly higher relative density of metabotropic binding 
sites compared to AMPA and KA binding sites: again, 
NMDA binding sites had the lowest relative density. In 
spinal trigeminal nucleus interpolaris, the density of 
metabotropic, kainate and NMDA binding sites was 
lower than that seen in laminae [I1 and IV of nucleus 
caudalis: whereas AMPA binding was slightly higher, 

A C 

B D 
Fig. 1. Autoradiographs showing excitatory amino acid binding sites in rat spinal trigeminal subnucleus caudalis (Sp5C). A: [3H]AMPA binding sites. 
B: [~H]glutamate (metabotropic) binding sites. C: NMDA-sensitive [3H]glutamate binding sites. D: [:~H]kainate binding sites. Highest density of 

binding is seen in the superficial laminae (I and Ill. 
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TABLE I 

DENSITY OF EXCITATORY AMINO ACID BINDING SITES IN SPINAL TRIGEMINAL NUCLEUS (Sp5) AND PRINCIPAL SENSORY 
NUCLEUS OF THE TRIGEMINAL NERVE. 

NMDA (%) AMPA (%) METAB. (%) KA (%) 

Sp5 subdivision: 
Caudalis 

Laminae I and II 110±13 (27%) 1102±79 (113%) 772±40 (66%) 660±28 (76%) 
Laminae III and IV 30±08* (7%) 229±25' (23%) 315±28" (27%) 217±16' (25%) 

Interpolaris 19±09" (5%) 247±37* (25%) 255±15" (22%) 124±27" (14%) 
Oralis N.S.* (0%) 194±17" (20%) 2_+25"~ (16%) 72±14":~ (8%) 

Principal Sensory 12±01" (3%) 188±28" (19%) 238_+16" (20%) 111±12" (13%) 

Data represent the mean specific binding in fmol/mg protein ±S.E.M. NMDA, N-methyl-D-aspartate binding sites; AMPA, ct-amino-3-hydroxy-5- 
methylisoxazole-4-proprionate binding sites; METAB, metabotropic binding sites; KA, kainic acid binding sites. %, represents the percent 
of binding compared to a reference area of known high ligand binding (see text for details). This value provides an index of the relative level of each 
binding site compared to other regions of the central nervous system. N.S., no significant binding. 
* Significantly different from laminae I and II (P-<0.01); :~significantly different from Interpolaris (P-<0.05). 

due largely to patches of high density binding in the ros- 
tral portion of the nucleus. Low levels of AMPA, 
metabotropic and KA binding sites were detected in spi- 
nal trigeminal nucleus oral±s; NMDA binding in this re- 
gion did not exceed background levels. The density and 
distribution of binding sites in the principal sensory nu- 
cleus of the trigeminal complex was very similar to, al- 
though slightly lower than, binding densities in the mag- 
nocellular layer of nucleus caudalis. 

Our results indicate that the greatest proportion of 
EAA binding sites in the trigeminal nuclear complex are 
located in the superficial laminae of nucleus caudalis. 
These findings are consistent with previous studies re- 
porting moderate densities of total [11] and NMDA-sen- 
sitive [17] L-[3H]glutamate binding in the substantia ge- 
latinosa of the medullary (trigeminal nucleus caudal±s) 
and cervical dorsal horn. In addition, our results are sup- 
ported by studies in spinal cord that have shown that the 
highest densities of NMDA, kainate and AMPA binding 
sites are in laminae I and II of several species [12, 16, 17]. 
In the present study, we have observed remarkable simi- 
larities in the distribution of EAA binding subtypes 
within the trigeminal nuclear complex, much like the pat- 
tern reported in spinal cord [12, 16]. All four EAA recep- 
tor subtypes showed highest densities in the superficial 
laminae of nucleus caudalis and, except for AMPA, the 
lowest densities in nucleus oralis. Although the use of 
single ligand concentrations does not allow for true com- 
parison of the total density (Bma,) of binding site sub- 
types, the relative density of EAA receptor subtypes in 
the trigeminal nuclear complex suggests that NMDA re- 
ceptors are the least prevalent. The significance of this 
finding is unclear; further studies are needed to establish 

the relative importance of EAA receptor subtypes in 
trigeminal nociception. 

Current evidence suggests that EAAs mediate synaptic 
transmission at the central terminals of primary afferent 
neurons. Early biochemical reports implicating EAAs as 
primary afferent neurotransmitters [18] have been sup- 
ported by physiological [1, 21] and pharmacological [8, 
20] data and by immunohistochemical studies that have 
identified EAAs in primary afferent cell bodies and nerve 
terminals [5, 7, 26, 27]. In addition to the role EAAs are 
likely to play as neurotransmitters of primary sensory 
fibers, there is evidence to suggest that EAAs are in- 
volved in other aspects of primary afferent neurotrans- 
mission. For example, a non-NMDA EAA receptor has 
been implicated in presynaptic inhibition of primary af- 
ferent fibers [10]. Our observations of high densities of 
EAA receptors in laminae I and II of nucleus caudal±s, as 
compared to other regions of the trigeminal nuclear com- 
plex, best support the notion that EAAs mediate sensory 
neurotransmission at the level of the primary afferent 
terminal. Furthermore, since the majority of input to 
laminae I and II is small myelinated (Ad) and unmyeli- 
nated (C) fibers of nociceptive and thermal receptors [25] 
the high density of EAA binding sites in this region is 
consistent with the hypothesis that EAA receptors in the 
trigeminal nucleus are involved in the processing of no- 
ciceptive information. 

Pharmacological studies have shown that nociceptive 
neurotransmission is facilitated by EAA agonists [1, 9] 
and reduced by EAA antagonists [8, 20] supporting the 
hypothesis that nociception is mediated by EAA trans- 
mitters. In addition, both peripheral noxious stimulation 
and local substance P infusion [24] have been reported to 
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increase the concen t ra t ion  o f  ext racel lu lar  E A A s  in spi- 

nal co rd  dorsa l  horn  [23]. Recently,  A a n o n s e n  et al. [1] 

have shown that  nocicept ive neurons  in the spinal  cord  

are selectively ac t iva ted  by  N M D A ,  qu isqua la te  and  

A M P A .  Wi th in  the t r igeminal  system, Salt  and  Hill  [20] 

or ig inal ly  p r o p o s e d  tha t  E A A  receptors  are  involved in 

nocicept ion  based  on  the obse rva t ion  tha t  a b road-spec -  

t rum E A A  an tagon i s t  r educed  the response  o f  nucleus 

caudal i s  neurons  to  nox ious  stimuli.  Recently,  a g lu tam-  

inergic p r ima ry  afferent  p a t h w a y  pro jec t ing  f rom the 

t oo th  pu lp  to t r igeminal  nucleus caudal i s  has been de- 

scr ibed by  Clements  et al. [5]. I t  is l ikely tha t  these fibers 

are involved in pa in  t ransmiss ion ,  since denta l  pu lp  is 

bel ieved to be p r e d o m i n a n t l y  nocicept ive in funct ion 

[22]. In add i t i on  to  a sensory  funct ion,  E A A s  also a p p e a r  

to be involved in a u t o n o m i c  and  endocr ine  responses  to 

pain.  Berei ter  and  G a n n  [3] have shown tha t  microinjec-  

t ion o f  g lu t ama te  into the superficial  l aminae  o f  the spi- 

nal  t r igeminal  nucleus increases ar ter ia l  pressure  and  

p la sma  A C T H  concen t ra t ions  [3]. The  ident i f icat ion o f  

g lu t ama te  immunoreac t iv i ty  in bo th  t r igemino tha lamic  

neurons  [13, 15] and  t r igeminal  in te rneurons  [13] sug- 

gests tha t  t r igemina l  s econd-o rde r  neurons  m a y  util ize 

E A A  neuro t ransmi t t e r s  as well. Taken together ,  these 

da t a  underscore  the complex i ty  o f  the involvement  o f  

E A A s  in nocicept ion.  The  extent  to which the E A A  re- 

cep to r  subtypes  media te  different  phys io logica l  events is 

unknown.  However ,  the high densi ty  o f  all  subtypes  we 

observed  in the superficial  l aminae  o f  nucleus caudal i s  

suppor t s  a role for  E A A s  in t r igeminal  nocicept ion.  The  

over lapp ing  d i s t r ibu t ions  o f  E A A  receptor  subtypes  that  

we observed in the t r igeminal  nuclear  complex  m a y  fur- 

ther  reflect sub type  med ia t ion  o f  different  aspects  o f  

t r igeminal  nocicept ion.  
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