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SURXARY: Receptors for thyrotropin-releasing horaone (pGlu-His-Pro-NH2, TRH) 
on thaw-mounted sections of rabbit spinal cord have been identified 
biocherically and visualized by light ricroscopic autoradiography. Binding of 
C3HlC3-Ke-His23TRH to 20 urn sections exhibited high apparent affinity and a 
pharnacological specificity alnost identical to that previously deronstrated 
for spinal TRH receptors in aesbranes. In autoradiograss, the highest density 
of TRH receptors appeared in the substantia gelatinosa of the dorsal gray and 
around the central canal, with intermediate levels in the ventral gray. 

Specific lesions coupled with high performance liquid chromatography and 

radioirnunoassay (1,2), as well as isrunohistocheaical studies (31, have 

denonstrated the coexistence of thyrotropin-releasing horsone (TRH) and 

substance P in nany descending serotonergic raphe' efferents to the spinal cord 

(SC). TRH increases the excitability of notoneurons (4-61, presusably by 

interacting with specific receptors. We have recently characterized such 

receptors in nerbranes of rabbit SC (7). Similar receptors in rat SC exhibit 

biochesical supersensitivity after codepletion of TRH and serotonin (2) and are 

nodulated in vitro by substance P (8). We now report for the first tire 

nethods for studying the biochemistry of spinal TRH receptors on slide-mounted 

sections and describe their autoradiographic localization. 

KATERIALS AND UETHODS 

Feaale white New Zealand rabbits (3-S Kg) were anesthetized with urethane 
(2 g/Kg, i.p.), perfused transcardially with 100 ml of 5% diaethylsulfoxide 
(DXSO) in 0.9% NaCl (for biocherical studies only) and decapitated. The SC was 
removed and freed of pia mater. Seguents of 2 ca were frozen on aicrotose 
chucks. After equilibration at -15oC for 1 h, 20 p'r sections were cut, 
thaw-mounted onto gelatin-subbed microscope slides , and stored at -200C for up 
to 2 weeks. 

For binding assays, sections were thawed at roou temperature, washed in 
cold 0.9% NaCl for 1 nin with agitation and briefly (3-4 min) placed in an oven 
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per min; IC50, concentration inhibiting by 50%. 
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at 6OQC. Slides were equilibrated at 5oC for 15 min before spreading, over 
every 3 sections, 20 ~1 of 2 nH C3Hlt3-Re-His23TRH (C3HlKeTRH) (80 Ci/mmol, 
ref. 9) in sodium phosphate buffer (20 an, pH 7.4, + 100 rR bacitracin) in the 
presence or absence of 10 )JK TRH or test compound. Following a 1 h incubation 
at 5oC, the slides were washed in excess cold saline for 1 min with agitation 
followed by 4 min standing in the same saline. The slides were drained and the 
sections wiped off with damp filter discs, equilibrated overnight in 3 ml 
fluor, and counted by liquid scintillation epectrometry at 46X efficiency. 

For autoradiographic studies, the labeled sections (on previously 
acid-washed and gelatinized slides) were dried at 8OoC for 3 min, allowed to 
cool, and then exposed to tritium-sensitive sheet film (LKB Ultrofilm) for 2 
nonths at 5oC. Autoradiograss were processed in Kodak D-19 developer for 5 min 
and Kodak Rapidfix for 5 min. The film was then washed under running water for 
25 min and finally treated with Photo-F10 200 hardener. 

Protein concentrations in SC preparations were determined according to 
Lowry et al. (10). 

RESULTS 

No loss of t3HlKeTRH binding to sections was detected up to 2 weeks of 

storage at -2ooc. Binding was enhanced by washing of sections in cold saline 

before assay. Periods of exposure to 8OoC (in an oven, producing surface 

terperatures considerably lower for short exposures) for 1, 2, 4 and 10 min 

increased specific I3HlBeTRH binding to sections by 18 z 8X (21, 49 + 17X (3), 

67 E 3% (3) and 22 + 13X (2) at 1, 2, 3.5 and 6-10 min, respectively. 

Equilibrium studies on thoracic SC sections revealed that the heat treatment 

increased the apparent binding affinity (dissociation constant, Kd, controls 

(SW) = 15.4 * 1.8 (3) nK; treated (8OoC/3 min) = 5.2 + 1 (2) nB). 

Inactivation of peptidases or other endogenous inhibitors of binding and/or 

stabilization of receptors may be responsible for this increase. Similar 

observations have been rade in sections of rat brain (16). 

Under the defined conditions (1 h at 5oC) , specific binding of t3HlKeTRH (2 

nM, 3200 cpn) to cervical SC sections was 63-86X of the total (249 + 9 (25) 

cpr/3 sections) and the blanks (with 10 JIK TRH) gave 72 + 4 (36) cpm. 

An apparent steady state of saturable C3HlHeTRH binding was attained 

between 60 and 90 min at 5oC (Fig. 1). Detailed competition experiments with 

unlabeled BeTRH (l-100 nK) yielded linear Scatchard plots (Fig. 21, indicating 

the prevalence of a single class of high affinity binding sites of Kd = 7.5 + 

0.6 nn, n = 7, and a density of sites, Bmax, of 440 + 36 pK per 3 sections, 

approximately 69 fmol/rg protein. Fresh cervical SC membrane resuspensions 

exhibited an apparent Kd of 2.5 + 0.2 nli and a Bmax of 132 r. 3 (2) fmol/mg 

protein (7). The higher Bmax in resuspensions is adequately accounted for by 

the absence of soluble proteins, while the higher Kd in sections is probably 

due to a higher effective tissue concentration and incubation temperature. 

Nurerous TRH analogs inhibited C3HlBeTRH binding in a competitive manner 

(Fig. 3). The drug selectivity of TRH receptors on SC sections and in SC 

resuspension8 was almost identical (Fig. 4) and consistent with receptor 

identification (11,12). 

670 



Vol. 116, No. 2. 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

25- 

TIME (MINI 

20 40 60 80 

Fiq. 1. Time course of C3HlNeTRH binding. Washed and preincubatcd rabbit SC 
sections were incubated with 2 nR t3HlNeTRH in the presence and absence of 10 
pll TRH for various times at 5oC. Incubations were terainated by a total of 5 
sin rinsing of slides in cold saline (see text). Each point constitutes the 
aeanod binding to 3 sections, and ream : S.E.U. (error bars) of 3 
deterainations are shown. Binding tcpa) is shown as, T = total, S = specific, 
and NS = nonspecific. 
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Fia. 2. Scatchard plot of specific t3HlReTRH binding to SC sections. Data 
from coapetition experiments were analyzed to derive the dissociation constants 
(h) and receptor density (Bsax). (For convenience in calculation, bound 
radioactivity wae expressed in units of concentration, even though technically 
this has no physical xeaning for a heterogeuwus system.) The figure ahown is 
a reprexentntive experixant. Separate analyses of rany siailar experisents 
yielded the values listed in Results. 
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FLa. Pharmacological specificity of TRH receptor binding to SC l ection8. 
TRH analog8 at 5-7 concentrationa competed with 2 nil C3HlHaTRH during a 1 h 
incubation at 5oC. Re8ulte depicted are roan8 + S.E.R. of 4-9 8eparate 
determination8, uhera each concentration warn teated on 3 SC sectiona. TRIMLY 
= TRH glycinaaide: A42347 = O=C<Thr-Hi8-Pro-NH2; A42895 = pGlu-Hi8-Pro-NH-C2Hg: 
TRH-OH = TRH-free acid. 

u Coepari8on of TRH receptor 8pecificity in aection8 and in whole SC 
membranea. A log-log correlation graph (dram by linear regre88ion analy818) 
depicting tha relative drug 8electivity of rabbit SC receptors in the tvo 
preparationa in ahown. The mean IC50 value6 for various TRH enaloge for 
sectione were derived fror Fig. 3, while value8 for re8u8pen8ion8 8re taken 
from our previou8 8tUdi88 (7). Both axe8 repreaent molar valuem. Note the 
excellent correlation (r = 0.99). 

TRH receptor8 appeared noat concentrated in the substantia gelatin088 of 

the doreal horn and around the central canal area of the cervical SC a8 

determined by autoradiography (Fig. 5). While the rest of the dOr88l gray had 

a very diffuee distribution of receptor8, the ventral horn8 were uniforrly 

labeled but somewhat less than the subetantia gelatinosa and central canal 

area. In general, these finding8 corroborate our data from membrane 8tUdie8 

(7). 

DISCUSSION 

Optimal COndition8 for studying the biocheri8try of TRH receptor8 on 

slide-mounted SC section8 have been determined. The relatively good 

corre8pondence between the time cour8e (Fig. l), the dencritier, and dicrsociation 

con&ants derived fror competition experiments (Fig. 2) and the pharmacological 

rrpecificity of epecific 13HlNeTRH binding to rabbit SC sections (Fig. 3,4) and 

to SC rembranee (7) supports the identification of TRH receptor8 (11,12) in 
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Fia. 5. Autoradiographic localization of TRH receptors in rabbit SC. Although 
concurrent studies in rat brain (16) suggested DRSO perfusion haa a 
cryoprotectant effect to inprove binding, the sections used here came froa a 
rabbit killed before this effect woo established. Labeled sections were 
exposed to LKB Ultrofiln for 2 months at SJC and developed as de8cribed in the 
text. "A" waa labeled with 2 nN t3HlHeTRH, while "B" (blank) also contained 10 
p'I( TRH. SG = substantia gelatinosa: DH = dorsal horn: VH = ventral horn: CCA = 
central canal area. The outlines of the sections (solid line6) and the gray 
matter (dottad lines) have been drawn in for reference. Note the dense 
receptor labeling in SG and CCA, and a slightly lower abundance in the VH. 
This profile reeembles distribution data from earlier meabrane studies (7) aa 
well as a current deteraination in CCA membrane8 from rabbit SC segaents: 
cervical = 34.7 5 5.5, thoracic = 31 2 0.5, lurbar = 21.7 * 3 fmol/mg protein 
(5 h at OOC binding of 1 nR I3HLRoTRH; aeana t S.E.R. of 2 experiments, each in 
triplicate). We earlier observed similar values in membranes from DH and VH 
(7). 

both preparations. Furthermore, these properties are closely similar to those 

in TRH receptors of rat SC (8) and amygdala (14,151 and sheep CNS (9,13). 

Autoradiographic results (Fig. 5) generally confirmed the earlier teat tube 

experiments on dissected rabbit SC regions (7). Chemical lesions of the 

bulboapinal pathways in the rat (21 indicate that moat TRH receptors are on 

postsynaptic elements, information not available from autoradiography at this 

resolution. 

While the dietribution of TRH receptors in the rabbit ventral and lateral 

gray and the central canal area is in good agreement with the distribution of 

TRH-like immunoreactivity (3,17-201, the dense labeling of the aubatantia 

gelatinoea (Fig. 5) and the previously determined high concentration of TRH 

receptors in dorsal gray uembranea (7) represent new information that suggests 

TRH may be involved in modulating sensory input or relaying sensory information 

673 



Vol. 116, No. 2, 1983 BIOCHEMICAL AND BlOPHYSlCAL RESEARCH COMMUNICATIONS 

to higher centers. TRH has been reported to be of benefit in reveral spinal 

disordera (21-231, but there ita effecta are sore likely exerted at the level 

of ventral aotoneurona. 
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