FLIRESEE 58 (4) 233~244 (1989)

REAEFEED X 2 FHBRARBREXS =2 —r VI
MIETEESFE

AKHE Al
TR R (B WAMSE 20D

Luke M. KitagaTa, J. G. COLLINS
= — LV REREF (E4  Prof. P. G. BARASH)

Direct Action of Opioid Analgesics on the Superficially Located
Nociceptive Neurons of the Spinal Dorsal Horn in the Cat

Yukihiro KUMETA
Department of Anesthesiology, Sapporo Medical College
(Chief : Prof. Akiyoshi Nawmiki)

Luke M. KITAHATA and J. G. COLLINS
Department of Anesthesiology, Yale University School of Medicine
(Chief : Prof. P. G. Barash)

ABSTRACT The present studies were designed to examine the role of superficially located nocice-
ptive neurons in spinal opiate analgesia. .

In the first study, we examined the influence of spinally administered fentanyl on the spontaneous
and noxious heat-evoked activity of nociceptive specific (NS: n=14) and wide dynamic range (WDR :
n=19) neurons in the superficial dorsal horn of decerebrate spinal cord transected cats. Both spontane-
ous and evoked actiyities of both types of neurons in the superficial layer were suppressed by spinally
administered fentanyl. However, NS neurons were suppressed to a lesser degree than WDR neurons.

In the second study, we also examined the influence of spinally administered morphine of 0.25 mg on
spontaneous and noxious heat-evoked activity of WDR neurons (n=8) in the superficial dorsal horn of
cats. Morphine reduced both spontaneous and evoked activities of WDR neurons. €Comparing the results
from both the superficially located WDR neurons (present study) and deeply located WDR neurons
(previous study'®), the rate of onset and the degree of suppression by morphine were similar.

In the third study, we investigated the distribution and localization of intrathecally administered
radioactive morphine in the cat spinal cord by light microscopic autoradiography, and compared the
time course of penetration with the neurophysiologic results obtained in the second study. Silver grain
numbers in the superficial dorsal horn were 2-3 times as large as that in the deep dorsal horn.

These results demonstrate the difference in the sensitivity of NS and WDR neurons in the same
superficial layer of the spinal cord to fentanyl suppression. It is suggested that there is a difference in
sensitivity to morphine suppression between superficially and deeply located WDR neurons, or that
deeply located WDR neurons are suppressed by morphine at the site of the superficial dorsal horn.
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Examples of a response profile of WDR and NS
neurons (Numbers and C represent the site of -
stimulation on the foot). A: WDR neuronal
responses to various stimuli are shown. The
response increases with increasing intensity of
mechanical and heat stimuli. The WDR neur-
on also responds to cold stimuli. B: NS neur-
onal responses to various stimuli are shown.
The NS neuron only responds to noxious pinch
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stimuli.
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Table 1 Effects of spinal administration of fentanyl on spontaneous activity of WDR and NS neurons.

control 15min. 30min. naloxone
WDR neurons
10ug 11.5x2.5 7.8£1.6* 7.6+1.8** 9.4+2.0
(n=8) 100D (66.0+12.6) (569.34+10.4) (108.9425.7)
25ug 10.4£2.7 2.0£1.1*% 1.4+1.2* 5.0+1.8
=7 100> (25.3+11.6) (19.2+12.7D (56.3%x17.2)
NS neurons
25ug 9.6+2.0 5.6+1.8% 4.8+1.6% 9.7£2.5
(=6 om (58.6+11.7) G0.0+13.1D (102.0£9.0)
50ug 5.3+3.3 1.9+£1.1 0.8£0.3 3.2%x2.1
=3 100> (41.4%26.7) (21.4+15.00 ( 67.5%49.3)

(mean=+S.E.)
Activity is expressed as impulses per second.
Numbers in parenthesis indicate percent of control values.

*

t-value 2.365, p<0.05 compared with control values.

** t-value 3.499, p<0.01 compared with control values.
* t-value 2.447, p<0.05 compared with control values.

* t-value 2.571, p<0.05 compared with control values.
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Fig. 2 Examples of the effects of spinally administered
fentanyl (25ug solution ) on evoked activity
of WDR neuron and NS neuron. A: A record
of spontaneous and evoked activity of a WDR
neuron. B: A record of spontaneous and evo-
ked activity of a NS neuron. C: The skin
temperature of the receptive field in the hind
paw, where a 51°C radiant heat stimulus for
eight seconds was applied. Twenty-five g of
fentanyl suppressed the activity of both types
of neurons and the suppression was reversed by
naloxone, 0.1mg iv.
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Effects of spinally administered fentanyl on the
mean evoked activity of both WDR and NS
neurons. X axis, time in min; y axis, neur-
onal activity expressed as percentage of control
values (mean=S.E.). A: Responses of WDR
neurons. Both 10xg (open circles: n=9) and
25ug (closed circles: n=10) of fentanyl
produced -a significant reduction of evoked
activity of WDR neurons, at 6 to 30 min. and
3 to 30 min., respectively. The suppression
was reversed by naloxone, 0.1mg iv. B:
Responses of NS neurons. Both 25ug (closed
circles: n=7) and 50xg (open circles: n=7)
of fentanyl produced a significant reduction of
evoked activity of NS neurons, at 9 to 30 min.
and 6 to 30 min., respectively. The suppres-
sion was reversed by naloxone, 0.1lmg iv.
Note the differences of degree of the suppres-
sion between WDR and NS neurons.

* p<0.05, compared with control values.

** p<0.01, compared with control values.
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Fig. 4 Histological examination of electrolytic
lesions. A: An example of an electrolytic
lesion. The arrow indicates the electrolytic
lesion in lamina II of the spinal dorsal horn.
B: Fourteen electrolytic lesions in the
superficial layer (lamina I and II) of the dorsal
horn. Closed circles are WDR neurons and
open circles are NS neurons.
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Fig. 5 Effects of 0.25mg of morphine of superficial
WDR neurons (closed circles) and deep WDR
neurons (open circles: Reprinted from ref.
18, with permission from the publisher). Both
superficial and deep WDR neurons were sup-
pressed by morphine. The rate of onset and
the degree of suppression are similar.

BELRD -7 (Mann-Whitney ¥, 5 & Kk #
0.05).
3.3 EER3

Fig. 6 (¥H-=r e xHEH 10 5D EBIck T 58
R FOSMERLICIBITH D, BIEL DT
DN TEER TR LT\ 7. Table2 & EoD
S BACSEK F R OB E AR L. *H-=A e Xk
#5300 WET, TCBHEBCRENTRR bR
7o BREED, K& BRI T oEmL 20 5%
W75 F—IZE LT, 55 30 4 LA CiREss
ER VI b T, BoNEL b iz o BALERE
TFREIBD LT, BALIELE V BORER
FTHRAEHE T2, WThoRickwTh [BRV B
IO 2B 3BOEETH - .

4 % =

4-1 FREMSEFEDOIERERAL

FREMEEEL &I IR S S B & OEfEEF
i, UTo2 20MERIcE s EEbns. Tkb
b DEMEACEEERNL 2 2 OREROB 2
BEVOEF, DMBIMRRMKEKAE, KRG,
EHE MR A &) ERL, b
B=a—n VIZEL FTHMHRARIENLT S 2 &
L WBARESE= 2 —r VIEBEIHT 5 L5
BT h oY,

KRBT, ZOBFHBEEFERICOWTHRNS D
ZHER A B TUMT L, BRSO FITHEIEI RO
BILG- A BRAL L 7.

L LB TIN5 L, TNICHHIREZH= 2 —



Fig. 6 High power view (X1000) of autoradiograph at various sites of spinal cord cross section. The tissue
sample shown was extracted 10 min. after spinal morphine application. A : posterior column, B: lamina
I, C: lamina II, D: lamina V, E: lamina VII, F: ventral horn.
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Table 2 Mean grain numbers per 625um?® in rvespective areas of the spinal cord.

30sec. Smin. 10min. 20min. 30min.
posterior column 12.6x£2.1 22.3£2.2% 29.943.1* 33.9£3.1 32.2%2.3
lamina 1 7.7£1.3 12.3+1.5* 19.0+2.1* 24.2+2.3 27.3£2.6
lamina II 6.4+1.2 10.2+1.3* 16.3+1.9* 21.6+2.5 22.6+2.4
lamina V 4.4%0.8 5.2+0.6 9.1+1.2* 8.1+1.1 8.2x1.1
lamina VII 3.1+0.7 3.6x0.6 6.8+1.3* 4.3+0.6 4.240.8
ventral horn 3.0£0.5 4.6x0.7 5.8+£1.2 4.4+0.7 3.7%0.8
(mean+S.E)
* t-value 2.002, p<0.05comprared with the preceding values.
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Summary of the synaptic relay in afferent path-
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cell. +: excitation. —: inhibition. Lamina
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