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as well. In fact, prolonged analgesiaafter intrathecal dynorphin
injection hasbeenreported (Basbaumet al., 1983;Han and Xie,
1982; Piercey et al., 1982; Przewlocki et al., 1983).
Spinal enkephalin terminals are presumedto derive largely
from local spinal interneurons (Elde et al., 1976; Glazer and
Basbaum, 1981). With the exception of a brief description of
someimmunoreactive cellsin the trigeminal ganglion (Morgan
et al., 1983) enkephalin terminals have not been thought to
derive from primary afferents. In contrast, biochemical analysis
hasfound measurablelevels of dynorphin in dorsalroot ganglia
ofthe rat (seeBotticelli et al., 1981).Dorsal rhizotomy, however,
did not alter the spinal levels of dynorphin and thus the significanceof this observation is not clear. More recently, Sweetnam
et al. (1982) found immunoreactive dynorphin neuronsin some
cultured dorsal root ganglion cells.
In our immunohistochemical studiesof dynorphin in the sacral cord of the cat (Cruz and Basbaum, 1985) we were impressedby the similarity between the immunoreactive pattern
of dynorphin staining and that produced with antisera directed
againstvasoactive intestinal polypeptide (VIP). Several studies
have establishedthat the VIP immunoreactivity derives, largely,
from sacralprimary afferent fibers (Basbaumand Glazer, 1983;
de Groat et al., 1983;Honda et al., 1983).We therefore directed
our attention to the possibility that someprimary afferent fibers
are dynorphin-containing. In this study, we provide both anatomical and biochemical evidence that this is indeed the case
and further establishthat the sacralspinal cord receives a particularly denseprimary afferent dynorphin input. A preliminary
report of this work has been published (Cruz and Basbaum,
1983).

Immunocytochemical
analysis of the distribution
of dynorphin
B terminals in the sacral spinal cord of the cat revealed a pattern
of staining very similar to that produced with antisera directed
against the primary afferent derived, putative neurotransmitter,
vasoactive intestinal polypeptide. Labeled axons and terminals
were concentrated in lamina I and V and there was dense fiber
staining in the tract of Lissauer. Of particular
interest was the
presence of immunoreactive
axons in attached dorsal rootlets.
To specifically focus on the possibility that some of the sacral
primary afferent fibers are dynorphin-immunoreactive,
we first
tried to increase perikaryal
labeling in the sacral dorsal root
ganglia by topical treatment with colchicine. This did not produce immunoreactive
labeling of cell bodies in the ganglia. Unilateral multiple dorsal rhizotomy (L5 to coccygeal l), however,
significantly
decreased the staining of dynorphin-immunoreactive axons and terminals in the tract of Lissauer and in the
dorsal horn of sacral segments ipsilateral to the deafferentation.
No changes were detected in the lumbar cord. Finally, radioimmunoassay of caudal lumbar and sacral dorsal root ganglia was
performed. Measurable
immunoreactivity
was found in all ganglia assayed, but, consistent with the histochemical
analysis,
sacral ganglia contained the highest concentration
of immunoreactive dynorphin
B. These data indicate that a significant
component of the sacral spinal cord dynorphin terminal immunoreactivity derives from primary afferent fibers. Since the pattern of terminal staining is also comparable to the spinal cord
terminal arborization
of pelvic visceral afferents revealed by
transganglionic
transport of horseradish peroxidase, these data
further suggest that a component of the dynorphin
staining in
the sacral spinal cord of the cat derives from pelvic visceral
afferents.

Materials and Methods
Immunohistochemicalstudiesof the distribution of enkephalin
and dynorphin cellsand terminals in the spinal cord have identified important regionaldifferences.Of particular interest is the
restricted concentration of dynorphin cells in areasassociated
with the processingof nociceptive information, specifically lamina I and V (Cruz and Basbaum, 1985; Khachaturian et al.,
1982; Vincent et al., 1982).These observations have raisedthe
possibility that the analgesicaction of spinal narcotic administration (Yaksh and Rudy, 1976) not only reflects the synaptic
organization of enkephalin neurons but of dynorphin systems
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Adult cats were used in this study. For characterization of the immunoreactive dynorphin distribution in normal animals, the cats were
anesthetized with pentobarbital and perfused intracardially with the
following solutions: 500 ml, 0.1 M phosphate-buffered saline, followed
by 2 liter of a fixative solution containing 4% paraformaldehyde in a
phosphate buffer (pH 7.4) containing 4% sucrose. After the perfusion,
the spinal cord was removed and placed in the same fixative solution
for 3 hr. Appropriate tissue segments were blocked and placed either
in a cryoprotectant (30% sucrose in phosphate buffer for 24 hr), after
which 50 pm sections were cut on a freezing microtome, or into buffer
solution. Tissue from the latter solution was cut at 50 pm on a Vibratome. Our studies concentrated on the caudal lumbar (L5-7) sacral,
and coccygeal segments. Both transverse and sag&al sections were examined. For the latter, care was taken to include the attached dorsal
rootlets. The sections were reacted for immunoreactive peptides according to the protocol of Stemberger (1979). In the majority of studies,
we used an antiserum directed against one of the products of the dynorphin precursor, dynorphin B. The specificity of this antiserum has
been characterized extensively in radioimmunoassay (RIA) (Weber and
Barchas, 1983). In addition to the RIA characterization, absorption
controls were used. In this case, the primary antiserum was preincubated
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Figure 1. A, Immunoreactive dynorphin B axons can be seen extending from the cord into an attached
rootlet (S2 spinal segment). The direction which the axons are coursing
cannot, of course, be discerned. (See,
however, Fig. 3B.) 260 x . B, Immunoreactive dynorphin B fibers are
concentrated in Lissauer’s tract and
extend to the surface of the spinal cord.
This section was taken from a colchicine-treated
cat. Fusiform, immunoreactive dynorphin B, marginal
neuron can also be seen. 100 x .

with varying concentrations of the antigen to which it was directed, or
against inappropriate antigens. In all cases, staining with the dynorphin
B antiserum was completely eliminated by preincubating the antiserum
with 10 PM dynorphin B (Fig. 2B), but not with a lo-fold greater concentration of leucine enkephalin. For the deafferentation study, antisera
directed against leucine enkephalin (I-enk) and Substance P (SP) were
also used. The I-enk antiserum has been characterized (see Cruz and
Basbaum, 1985; Glazer and Basbaum, 1981). The antiserum against
Substance P was purchased from Immunonuclear Corp. We cannot
comment on its biochemical characterization, however-in
absorption
controls, the staining with this antiserum is eliminated by incubating
the primary antiserum with 10 pg synthetic SP/ml diluted antiserum.
In several cats, a variety of colchicine routes were administered to
increase dorsal root ganglia levels of dynorphin immunoreactivity. In
some animals, a PE- 10 tubing was inserted through a small puncture
in the dura overlying the cauda equina. Up to 150 pg colchicine in 10
~1 saline was administered directly into the subarachnoid space. In other
cases,a pledget ofGelfoam soaked in colchicine was placed over exposed
sacral dorsal root ganglia. The pledget was removed after 15 min.
To examine the effect ofdeafferentation on the immunoreactive staining pattern in the spinal cord, two cats underwent an extensive dorsal
rhizotomy. Under sterile conditions, a laminectomy over the lumbosacral cord and cauda equina was performed. The dura was incised and
reflected laterally to expose the dorsal root ganglia (LS-CCI). Next, the
dorsal roots of these segments were cut; in all cases, the ventral root
was avoided. The overlying muscle and skin were sutured and the cats
allowed to recover. Ten days after the surgical procedure, the animals
were reanesthetized and perfused with the protocol described above.
Transverse sections through caudal lumbar and all sacral segments were
embedded in polyethylene glycol, from which adjacent 20 pm sections
were stained for immunoreactive dynorphin B, I-enk, and SP.
For biochemical analysis, spinal ganglia were dissected from five animals previously perfused with saline. (These cats had previously been
used in an acute electrophysiological study of tracheal parasympathetic
ganglia.) The dorsal root ganglia were frozen on dry ice and extracted
into acid acetone (acetone : water : 12 N HCl extraction, 40:6: 1; 1 ml
per ganglia). The extract was spun at 12,000 x g for 15 min. Aliquots
of the supematant were removed for protein determination (Lowry et
al., 1951), and the rest was evaporated to dryness under a stream of
nitrogen. The residue was dissolved in RIA buffer, and aliquots were
assayed in an RIA for dynorphin B using the same antibody that was
used for immunocytochemistry (Weber and Barchas, 1983). The RIA
procedure was precisely as described (see Weber et al., 1982), with
double-antibody immunoprecipitation
for separating bound antibody
from free antigen. All samples measured showed > 10% displacement
of iZ51-labeled tracer from the antibodies.

Results
As describedpreviously (Cruz and Basbaum, 1985),the distribution of immunoreactive dynorphin B terminals in the spinal
cord of the cat is limited both spatially and in density. At all
levelsofthe spinalcord, dynorphin B terminals areconcentrated
in the marginal zone, lamina I. Fewer and more scatteredfibers
are found in the outer part of the substantiagelatinosa,in the
region of lamina V, and around the central canal. The sacral
cord is unusual in that the density of dynorphin B terminals is
consistently

greater.

More

important,

the pattern

of staining

provided the clue that a component of the dynorphin B terminal
immunoreactivity

originated

from primary

afferent fibers.

There is a very densecluster of labeled fibers in the tract of
Lissauer

(Figs. lB, 24); individual

fibers can be traced to the

surfaceof the cord, near the dorsal root entry zone. In samples
in which a dorsal rootlet fortuitously remained attached to a
transversely cut section of the sacral spinal cord, it was often
possibleto trace labeled dynorphin fibers from Lissauer’stract
into the rootlet (Fig. 1A).
Two major dynorphin fiber branchesappear to derive from
the cluster of fibers in Lissauer’stract. The most prominent
bundle coursesventrolaterally, along the lateral border of the
dorsal horn (Fig. 3B, left). At the baseof the dorsal horn, axons
from this branch penetrate the spinal gray and appear to terminate in the region of laminaeV-VII. Somefiberscan betraced
acrossthe medial-lateral extent of the gray matter. A few terminate around the central canal, others crossjust dorsal to the
canaland terminate on the opposite side.In many cases,labeled
fibers penetrate the ependymal layer of the central canal. The
secondbranch of fibers that appearsto arise from the region
of Lissauer’stract coursesmedially along the marginal layer of
the dorsal horn. Terminal fibers distribute throughout the marginal layer and occasionally in the outer part of the substantia
gelatinosa.A few axons can be traced to the medial edgeof the
dorsal horn, where they turn ventrally. In the caudal sacral
segments(S2 and S3), it is often possibleto seecollaterals of
the lateral pathway coursing ventrally into the region of the
sacralautonomic nucleus. Labeled fibers are very sparsein the
ventral horn and are absentin the motor column of Onuf, which
receivesa denseenkephalin innervation (Glazer and Basbaum,
1980).

The Journal of Neuroscience

Dynorphin in Primary Afferents

This pattern of staining is very similar to that seen with antisera directed against VIP (Basbaum and Glazer, 1983). It is also
comparable to the pattern of termination of pelvic visceral afferent fibers labeled by transganglionic transport of horseradish
peroxidase (Morgan et al., 198 1). We, therefore, next performed
experiments to more directly assess whether the dynorphin
staining pattern originates in part from sacral primary afferent
fibers.
Our first studies were directed at the sacral dorsal root ganglia
(DRG). A variety of procedures were used to enhance dynorphin
immunoreactivity
in DRG cells. These included soaking the
exposed DRG to colchicine, ligation of dorsal roots, or colchitine treatment of the cauda equina. Unfortunately, we never
succeeded in unequivocally identifying dynorphin B immunoreactive DRG cells. There were suggestions of labeling, however;
what we presumed to be background staining was generally too
high to permit positive identification of individually labeled
neurons.
Since we could not label DRG cells, we next examined the
pattern of staining in parasagittal sections of the spinal cord.
Sections cut in this plane permit a more detailed tracing of
labeled axons into attached rootlets. In fact, in a single sag&al
section it was often possible to examine labeled axons in several
adjacent, attached rootlets and thus to compare the density of
different rootlets. We found that all sacral dorsal roots contained
labeled axons; however, dynorphin-immunoreactive
fibers were
most common in the second and third sacral dorsal roots (Fig.
3A). Often, labeled afferents could be traced a considerable distance within a single rootlet, into the tract of Lissauer, and then
the dorsal horn. Note that Figure 3A contains several immunoreactive dynorphin B neurons in the marginal layer of the
dorsal horn. This particular section was taken from an animal
treated with colchicine in the hope of labeling immunoreactive
dynorphin dorsal root ganglia cells.
As illustrated in Figure 3B, a more medial parasagittalsection,
the pattern of staining is characteristically intermittent. Patches
of labeled fibers are interspersedwith unlabeled regions. From
analysisof adjacent sections,it wasdetermined that the patches
of staining derived from collaterals of a labeled axon bundle
located dorsally, in Lissauer’stract. It was further established
that, after dropping ventrally towards lamina V, the collaterals
recurved dorsally and caudally. The interval betweeneachpatch
varied between 36 and 216 pm: generally, the interpatch space
was a multiple of 36 pm.
Having establishedthat the pattern of labeledaxons wasconsistent with their originating in primary afferents, we next examined the effect of dorsal rhizotomy on the immunoreactivity
of the spinalcord. To this end, two catsunderwent an extensive
lumbosacral rhizotomy, in which dorsal roots L6 to CCI, inclusive, were cut intradurally. After a 10 d survival period, the
catswere perfusedwith our standard 4% paraformaldehyde fixative. Lumbar and sacralcord segmentswereembeddedin polyethylene glycol (PEG) and prepared for immunocytochemistry.
In addition to examining for immunoreactive dynorphin B, we
usedantiseradirected againstSPand leucine-enkephalin.Spinal
levels of SP have been shown to originate, in part, from dorsal
root ganglia (Hokfelt et al., 197.5),and thus the dorsal horn SP
staining should decreaseipsilateral to a rhizotomy. In contrast,
enkephalin immunoreactivity is presumedto originate entirely
from within the CNS and thus should not changeafter rhizotomy.
The results from theseexperiments bore out our hypothesis.
Figure 4 illustrates the changesproduced by unilateral lumbosacral rhizotomy. As expected, there was a significant, but far
from complete, decreasein immunoreactive SubstanceP terminal stainingipsilateral to the lesion (Fig. 4A). This wasfound
over all sacraland lumbar segmentsexamined(L6-S3). Enkephalin immunoreactivity wasnot noticeably changedon the deaf-

Figure 2. A, Parasagittal section through Lissauer’s tract of the second
sacral segment. Immunoreactive dynorphin B axons are found in large
numbers. 260 x . B, Absorption control. Parasagittal section through
Lissauer’s tract. Note absence of labeled fibers and also of immunoreactive axons in attached dorsal rootlet. (Compare Fig. 3A.) 67 x .

ferented side (Fig. 4C); if anything, there was an increasein
enkephalin staining on this side. In contrast, dynorphin immunoreactivity was significantly reduced ipsilateral to the rhizotomy (Fig. 4B). Clear differences were found in all sacral
segments;however, the difference between the two sideswas
somewhatlessapparent in sectionsfrom the first sacralsegment.
Differences could not be detected in the lumbar segmentsexamined. The most characteristic diminution in staining was in
the branch of fibers that coursedalong the lateral border of the
gray matter. In general,there were alsofewer fibersthat coursed
and terminated acrossthe baseof the dorsal horn. Changesin
the marginal zone were more difficult to assess.
Since we were unable to stain dynorphin B DRG cells immunocytochemically, we turned to a radioimmunoassayfor dynorphin B on whole dorsal root ganglia.We examined all dorsal
root ganglia of the cat; however, it was often difficult to get
sufficient tissueto adequatelyassess
smallganglia(e.g.,thoracic).
Therefore, although measurablelevels of dynorphin were detected in all ganglia examined, we only report data from the
lumbosacral ganglia. Consistent with the denser dynorphin B
terminal staining in sacral cord, we found that sacral ganglia
had the highest concentration of immunoreactive dynorphin B
(Table 1). They were comparable to those previously reported
on in the rat, using an antiserum directed againstdynorphin A
(Botticelli et al., 1981).
Discussion
The present study has establishedthat there is a particularly
high concentration of immunoreactive dynorphin B staining in
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Figure 3. A, Photomontage of parasagittal section through the sacral spinal cord of a colchicine-treated cat. The section is cut through the lateral
border of the dorsal horn, i.e., through the marginal zone as it caps the gray matter laterally. Immunoreactive dynorphin fibers can be identified
in attached dorsal roots, S2 and S3. The arrowheudr illustrate labeled fibers in Lissauer’s tract. Labeled axons that penetrate the marginal zone
appear to arise from the overlying Lissauer tract. Many labeled marginal cells can also be seen. 100 x . B, Photomontage of parasagittal section
taken more medial to that of A. Discontinuous pattern of labeling is seen in the region of laminae V and VI. This pattern is also characteristic of
spinal distribution of pelvic visceral afferents labeled by the transganglionic transport of horseradish peroxidase (Morgan et al., 1981) and of
immunoreactive VIP in the same region of the cord (Basbaum and Glazer, 1983). 40 x .

sacral segmentsof the spinal cord and in the attached dorsal
roots of the cat. Although we were not able to label dorsal root
ganglioncells,the biochemicalstudiesindicate that sacralDRGs
contain significant levels of the peptide. The reduction in immunoreactive dynorphin terminal staining in deafferentedspinal cord provides evidence that the dorsal root staining was
indeedin afferent fibers. Taken together, thesedata suggestthat
a population of primary afferent fibers contains dynorphin.
It is interesting that, although Botticelli et al. (198 1) found
measurabledynorphin A immunoreactivity in rat and guinea
pig dorsal root ganglia, RIA revealed no change in the cord
levels after dorsal rhizotomy. They could not conclude, therefore, that the DRG dynorphin immunoreactivity was neuronal
in origin. Although there may be speciesdifferences,it is more
likely that the failure of their RIA to detect spinal changesafter
rhizotomy in rat reflects the very restricted dorsal horn distribution of the peptide. Immunocytochemistry, although probably less sensitive than RIA, revealed the change, since the
technique is best suited for identifying very localized regional

changesin peptide distribution. The fact that our deafferentiation study focusedon the sacral cord may also have increased
the chancesof demonstrating a decrease.Finally, the possibility
that dynorphin A and dynorphin B are difterentially processed
and axonally transported by DRG cells must be considered.
Immunohistochemical studieswith antiseradirected againstdynorphin A would, therefore, be of interest.
There are several possibleexplanations for our failure to stain
individual DRG cells. It is usually difficult to label cell bodies
immunohistochemically without prior treatment with colchitine. In this study, we tried direct application of colchicine to
the ganglia. This, however, significantly increased the background staining of the ganglia,making it very difficult to identify
labeledcells. In our experience,the variability in stainingof cat
DRG cells is considerable,even for peptides known to be localized there, e.g., SubstanceP. It is conceivable that there is
only a limited number of dynorphin B-containing DRG cells;
these could readily be missed.The biochemical evidence that
there is a substantialamount of peptide in the ganglia,however,
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Figure 4. Immunohistochemical
characterization of the effects of multiple unilateral (right) dorsal rhizotomy (LS-CCI) on the pattern of
staining with different antisera in the
first sacral segment of the cat spinal
cord. A, Immunoreactive Substance
P (SP), terminal staining is decreased
approximately 50%, ipsilateral to the
rhizotomy. 67 x . B, Immunoreactive
dynorphin B terminal staining is reduced to an even greater extent ipsilateral to the rhizotomy. 67 x . C, Immunoreactive
leucine enkephalin
terminal staining is largely unchanged
after unilateral rhizotomy. If anything, there is a slight increase ipsilateral to the rhizotomy. 67 x .

suggeststhat the population of cells is significant. Finally, it is
possiblethat the dynorphin in DRG cellsis stored in a precursor
form that is not recognized by the antiserum in immunohistochemical preparations.
The presenceof immunoreactive dynorphin B in some primary afferent fiber underscoresthe anatomical differencesbe-

tween the enkephalin and dynorphin opioid peptides in the
spinal cord. Functional differencesare also likely. Enkephalin
is found presynapticto spinothalamictract neurons(Ruda, 1982)
and iontophoresisof enkephalininhibits the firing of dorsalhorn
nociceptors(Randic and Miletic, 1978;Willcockson et al., 1984;
Zieglgansbergerand Tulloch, 1979). This action is presumedto
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Table 1.
dynorphin

Basbaum et al.
Concentration
B in extracts

(pmol/mg
of spinal

protein)
of immunoreactive
ganglia of the cat (N = 5)

Spinal
ganglia

DynorphinB
immunoreactivity

L5
L6
L

1.02+ 0.17
1.02+ 0.33

S,
S2
S3

0.79
1.98
2.19
1.84

+
+
+
*

0.14
0.76
0.46
0.57

underlie the analgesiaproduced by spinally administered narcotics and opioid peptides (Yaksh and Rudy, 1976). Several
studieshave reported an analgesicaffect of dynorphin (Basbaum
et al., 1983; Han and Xie, 1982; Piercey et al., 1982). The
analgesiacan be very prolonged. However, it often requiresvery
high doses.Furthermore, there was minimal antagonistic effect
of naloxone, indicating that the p-opiate receptor, presumedto
mediate morphine analgesia,was not involved. Thus different
spinal circuits probably underlie the analgesiceffectsof the two
different endogenousopioid peptides. More recently, Yaksh
(1984) suggestedthat different nociceptive inputs, e.g., visceral
vs thermal, may be selectively controlled by different endogenousopioid peptides.The presenceof dynorphin afferent fibers,
of course, indicatesthat the effect of intrathecal dynorphin not
only reflectsthe activity within dynorphin interneuronal circuits
but alsothe interactions betweendynorphin-containing primary
afferent fibers and spinal cord neurons.
It is generally assumedthat all primary afferent fibers excite
spinal cord interneurons. This raisesthe possibility that dynorphin-containing primary afferent fiber neurons exert an effect
opposite to that proposedfor spinal enkephalin-containing intemeurons,which are probably exclusively inhibitory (Nicoll et
al., 1980). Finding immunoreactive dynorphin in a population
of afferent fibers and in spinal cord neurons located in laminae
I and V, in fact, suggeststhat dynorphin may be concentrated
in neurons that transmit nociceptive messages,in contrast to
the spinal enkephalin neurons, which are traditionally associated with antinociceptive mechanisms.It is of interest, in this
regard, that intracerebroventricular injection of dynorphin, or
of des-Tyr dynorphin, rather than generatinganalgesia,reportedly antagonizesthe analgesicaction of morphine (Tulunay et
al., 1981; Walker et al., 1982).
These data may also bear on the paradox concerning the
nature of the opioid peptide input to primary afferent fibers.
There is considerableevidence that a population of primary
afferent fibers is opiate receptor-laden(Fields et al., 1980; Hiller
et al., 1978; LaMotte et al., 1976). Jesse1and Iversen (1977)
demonstratedthat enkephalinpeptidesand narcotic opiatesblock
the potassium-evokedreleaseof SubstanceP from slicesof trigeminal nucleus caudalis. These observations led to the hypothesisthat there is an enkephalin presynaptic control of Substance P-containing primary afferent fibers. Since neonatal
capsaicin treatment destroys SP afferents (Jesse1
et al., 1978)
decreasesopiate receptor binding in the spinal cord (Gamseet
al., 1979), and increasesnociceptive thresholds, a corollary of
the hypothesis was that the control of primary afferent nociceptive inputs to the dorsal horn involves an enkephalinergic
presynaptic control.
To date, however, there is no firm electron microscopic evidencefor axoaxonic synaptic relationshipsin which enkephalin
terminals are presynaptic to primary afferent fibers (Aronin et
al., 1981; Glazer and Basbaum, 1983; Hunt et al., 1980; La
Motte and de Lanerolle, 1983; Sumal et al., 1982). Thus the
requisiteanatomical substratefor presynapticcontrol is missing.
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It has been suggestedthat a nonsynaptic interaction might underlie the enkephalincontrol (Glazer and Basbaum,1983). Given the overlap in the distribution of dynorphin and SPterminals
in the spinal dorsal horn, the possibility that dynorphin fibers,
both of afferent and intraspinal origin, are the source of the
input to the primary afferent opiate receptor must be considered.
If primary afferent dynorphin-containing fibers provide a presynaptic input to other afferents (or to themselves),this might
also generatean “autoreceptor” control mechanism.
There is preliminary evidence that dynorphin indeed acts on
primary afferent fibers. Macdonald and Werz (1983) described
a population of cultured dorsal root ganglioncells that are specifically sensitiveto dynorphin. Dynorphin directly blocked calcium conductancein theseneurons. This would have the effect
of decreasingprimary afferent transmitter releaseand would
effectively exert a presynaptic inhibitory control. Mudge et al.
(1979) previously reported that enkephalin reducedCa++ entry
into DRG cells; it is possible,however, that the dosesusedin
the latter study were largeenoughto act at the receptor for which
dynorphin is considered the endogenousligand-specifically,
the kappa receptor (Chavkin et al., 1982).
While all dorsal ganglia examined had measurablelevels of
dynorphin (in RIA), the sacraland coccygealgangliawere consistently highest. From immunohistochemical analysis, it ap:
peared that the secondand third dorsal roots had the greatest
number of labeledfibers.This differs somewhatfrom the pattern
of VIP immunoreactivity, in which the first sacralsegmentreceives the largest afferent input, via the Sl dorsal root. Since
the pattern of termination of pelvic visceral afferent fibers in
the dorsal horn strongly overlaps with that of VIP, it hasbeen
suggestedthat VIP may be a neurotransmitter of somepelvic
visceral afferents. The similarity in the immunoreactive dynorphin B and VIP distributions, which includesthe characteristic
discontinuousstaining seenin sagittal sections(Fig. 3B), is consistent with somedynorphin afferents’ having a pelvic visceral
origin. In fact, the largest pelvic visceral afferent projection
coursesvia the S2 dorsal root (Morgan et al., 1981). This is
similar to the dynorphin B pattern. Unfortunately, we were
unawarethat the methanol dehydration stepin the PEG protocol
would extract VIP. Thus we were unable to directly compare
the patterns of VIP and dynorphin in the deafferented cord.
Comparable studies in other laboratories, however, have reported a similar unilateral decreasein VIP staining. Studies
directed at the peripheral origin distribution ofdynorphin would
help to establish the origin of the primary afferent dynorphin
input. It appearslikely that at least some component will be
found in organsof the pelvic viscera (seeVincent et al., 1984).
Another interesting possibility is that some primary afferent
fibers are both VIP and dynorphin immunoreactive.
In summary, we have provided evidence that measurable
levelsof the opioid peptide, dynorphin B, are found in all dorsal
root ganglia of the cat and that the sacral DRG contain very
high levels. Immunocytochemical studiesfurther establishthat
dynorphin is found in all sacraldorsal roots. Lumbosacralrhizotomies decreasedthe dynorphin immunoreactivity ipsilateral
to the deafferentiation. These data indicate that someprimary
afferent fibers contain dynorphin and may use it as a neurotransmitter. Clearly, the analysisof opioid peptide contribution
to spinalantinociceptive control mechanisms,and to the control
of pelvic visceral organ function, must take into account the
dynorphin component that derives from primary afferents, as
well asthe organization of enkephalin and dynorphin terminals
that originate in the spinal cord. Studiesdirected at the peripheral origin of the spinal dynorphin and at the physiological
effectsofdynorphin on spinalneuronsshouldprovide important
information not only about the functional significanceof spinal
dynorphin peptides but also about the differencesbetweenthe
two families of endorphins, dynorphin and enkephalin.
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