ceptor-chromatin interaction or abnor-
mal androgen-mediated transcription
(15), it cannot be claimed that retention of
the H-Y* cellular phenotype depends on
testosterone or on any male character-
istic that is secondary to any action of
testosterone.

These findings are consistent with our
hypothesis that H-Y is the primary de-
terminant of male gonadal sex in XY-
male species. This conclusion has practi-
cal as well as theoretical implications, for
it bears on the ultimate value of H-Y typ-
ing as a diagnostic measure in the apprais-
al of cases of abnormal sexual devel-
opment in man.
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Spinal Neurons Project to the

Dorsal Column Nuclei of Rhesus Monkeys

Abstract. Cells of origin of ascending nonprimary afferents to the dorsal column
nuclei of rhesus monkeys have been identified in the spinal cord by the retrograde
transport of horseradish peroxidase. These neurons are mainly located in lamina IV
and medially in more ventral laminae of the dorsal horn on the side ipsilateral to the
medullary injection. Large neurons in the ventral horn (‘‘spinal border cells’’) also
appear to project to the ipsilateral dorsal medulla. The dorsal column nuclei of a
primate thus are the recipient not only of ascending dorsal root fibers but also of a

more complexly integrated spinal input.

Traditional concepts concerning the
organization and function of ascending
sensory systems in the mammalian spinal
cord are founded upon a dichotomy be-
tween the anterolateral and the dorsal
column-medial lemniscal systems. The
anterolateral ascending system com-
prises spinothalamic fibers which, in pri-
mates, originate mainly from neurons in
the dorsal horn (1), ascend in the con-
tralateral anterolateral funiculus of the
spinal cord, and terminate in several tha-
lamic nuclei (2). In the dorsal columns (or
dorsal funiculi) ascend uncrossed fibers
which originate from dorsal root ganglion
cells and terminate in the dorsal column
nuclei (DCN, including gracile and cu-
neate) in the caudal medulla oblongata.
Fibers from cells in these nuclei cross,
form the medial lemniscus, and also ter-
minate in the thalamus (2). Transmission
of different sensory modalities is usually
attributed to these two major pathways,
although some overlap seems to exist in
the role that these two systems play in the
mediation of somatic sensibility (3).

Recent anatomical and electro-
physiological data have shown that the
dorsal column nuclei of higher mammals
are the target not only of dorsal root af-
ferents, but also of fibers arising from the
spinal gray matter and ascending in the
dorsal and dorsolateral funiculi (4¢). In the
present study, cells of origin of these as-
cending fibers have been visualized in the
monkey by means of the retrograde trans-
port of horseradish peroxidase (HRP) (5).
Like spinothalamic cells in the same spe-
cies, spino-DCN cells are mainly located
in the dorsal horn; therefore, the spino-
thalamic tract and the dorsal column nu-
clei-medial lemniscus pathway convey
ascending information relayed by cells
which are accessible to activation by sim-
ilar peripheral input.

In six adult rhesus monkeys, 30 percent
HRP (Sigma type VI or Boeringher) was
injected either unilaterally or bilaterally
into the dorsal medulla. All animals were
anesthetized with Nembutal (40 mg/kg,
intraperitoneally) and were held in the
frame of a stereotaxic apparatus. After
removal of a small portion of the occipital

bone and incision of the dura mater, part
of the posterior cerebellum was aspi-
rated. By this approach the dorsal aspect
of the DCN throughout the rostrocaudal
extent was exposed. Single or multiple in-
jections totaling 0.05 to 0.5 ul per side
were made with a CR700-20 Hamilton
syringe fitted with a 26S gauge needle
(outer diameter 0.5 mm, inner diameter
0.37 mm). After 48 to 72 hours all animals
were perfused with 0.9 percent saline, fol-
lowed by a double aldehyde mixture (0.5
percent paraformaldehyde and 2.5 per-
cent glutaraldehyde in 0.1M phosphate
buffer at pH 7.2). Immediately after per-
fusion the brain and spinal cord were re-
moved and washed for at least 24 hours in
0.1M phosphate buffer at pH 7.2 to which
30 percent sucrose was added. Serial fro-
zen 40-um sections through the medulla
and spinal cord were incubated for 30
minutes at room temperature in a 0.05
percent solution of 3,3'-diaminobenzi-
dine-tetrahydrochloride in tris-HCI buf-
fer (pH 7.6) to which freshly prepared 1
percent hydrogen peroxide was added
6). All sections were screened under
dark- or bright-field illumination, and the
locations of labeled cells were plotted on
tracing paper with an electronic panto-
graph. The injection sites were recon-
structed from serial transverse sections
through the medulla with the aid of an
overhead projector and of microscopic
observation.

The extent of the HRP infiltration into
the dorsal medulla and the number of la-
beled neurons in the spinal cord varied
according to the total volume injected. In
four cases in which the focus of the HRP
infiltration was within the boundaries of
the DCN, the majority of the labeled neu-
rons were in the dorsal horn of both sides
(after bilateral injections) or of the side
ipsilateral to the injected medulla (after
unilateral injection).

The results in one case with a unilateral
injection are shown in Fig. 1. On the side
ipsilateral to the injected medulla labeled
cells in the upper three cervical segments
were concentrated in the medial part of
the dorsal horn and in the intermediate
zone. Throughout the brachial and lum-
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bosacral cord most labeled neurons were
found in a region corresponding to lamina
IV of the feline spinal cord (7) and medial-
ly in more ventral laminae of the dorsal
horn (Fig. 2, a and d). Labeled cell bodies
in the dorsal horn displayed various mor-
phological types (multipolar, round, elon-
gated, and so forth) and their largest di-
ameter ranged from 18 to 50 um. Rela-
tively few labeled cells were distributed
within the thoracic cord below T1. Large
labeled neurons (up to 65 um) were also
labeled in the ventral horn of the lumbar
cord ipsilateral to the injected side, espe-
cially in L4, LS and L6 (Fig. 2, b and ¢).
HRP-positive neurons in the ventral horn
at these levels appear to be identifiable as
‘‘spinal border cells’’ (8). On the side of
the spinal cord contralateral to the in-
jection fewer labeled cells were present
than ipsilaterally, and were scattered in
the intermediate zone and dorsal horn.
The results in the other three cases with
HRP injections largely confined within
the boundaries of the DCN were com-
parable to those shown in Fig. 1. In each
case the number of labeled cells in the
brachial and lumbosacral cord appeared
to reflect the more or less complete infil-
tration of either the cuneate or the gracile
nucleus.

Fig. 1 (far left). Reconstruction of the diffusion
of injected HRP in the medulla and of labeled
cells in the spinal cord of a rhesus monkey
with a unilateral injection. The area of maximal
concentration of HRP is indicated in black; the
surrounding region displays a less intense reac-
tion product and is indicated by stippling.
Plottings from 40 randomly selected sections
have been superimposed to obtain the drawing
of each spinal cord segment. One dot corre-
sponds to one labeled cell. Abbreviations: ec,
external cuneate; gr, gracile; cun, cuneate;
hyp, hypoglossal; sp. V, spinal trigeminal; pyr,
pyramid. Fig. 2 (left and above). Dark-
field photomicrographs of representative sec-
tions from the case represented in Fig. 1. (a)
Two labeled cells in the dorsal horn at Cg
(x58). (b) Two cells in the dorsal horn and
one ‘‘spinal border cell’’ labeled at L (x38).
(c) Higher power photomicrograph of the la-
beled ‘‘spinal border cell’” in (b) (x90). (d)
Four labeled cells in lamina IV at L; (X69).

In two cases, the injected HRP infil-
trated the DCN but also diffused into sev-
eral adjacent nuclear structures and fiber
tracts. These included the dorsal motor
nucleus of the vagus, hypoglossal nucle-
us, nucleus intercalatus, solitary nucleus
and tract, nucleus Z, external cuneate nu-
cleus, and parts of the medullary tegmen-
tum and of the spinal trigeminal complex
(pars caudalis). Involvement of these
more ventrally and laterally located med-
ullary regions resulted in profuse labeling
throughout the dorsal horn and inter-
mediate zone of the upper cervical seg-
ments. At more caudal levels, labeled
cells were mainly distributed as shown in
Fig. 1, although they were also present in
the marginal zone (lamina I) and were
more numerous in the intermediate zone
than in cases with more restricted in-
jections.

From comparison of the results in all of
the present cases it appears that spinal
cells of origin of ascending fibers to the
DCN are located mainly in lamina IV and
in the medial portion of the ventral lami-
nae of the dorsal horn. These results are
in good agreement with recent observa-
tions on the feline spinal cord (9). In addi-
tion, at least some of the ‘‘spinal border
cells’” in the monkey project to the ipsila-
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teral dorsal medulla, most likely to the
DCN. This finding cannot be ascribed to
diffusion of injected HRP into the ventral
spinocerebellar tract, which takes origin
from such cells but is mainly crossed and
runs along the ventrolateral margin of the
medulla (/0).

Cells in lamina IV, in which the major-
ity of spino-DCN neurons appear to be
located, are responsive to a wide range of
mechanical stimuli applied to glabrous
and hairy skin (/1), and are modulated by
activity in descending supraspinal path-
ways (/2). Thus, besides receiving direct
afferents via dorsal root fibers, the DCN
are the relay of an ascending input which
has undergone complex integration at
segmental levels. Spinothalamic cells ac-
tivated by hair movements and by low
threshold mechanical deformation of the
skin (/3) and cells of origin of spinocervi-
cal tract (/4) are also found in this region
of the primate dorsal horn. Whether at
least some of the fibers in the spinocervi-
cal, spinothalamic, and spino-DCN tracts
have common cells of origin in the dorsal
horn is a matter for further anatomical
and electrophysiological investigation.
However, it is legitimate to postulate, on
the basis of the present observations, that
these three pathways in the rhesus mon-
key may share some common functional
properties.

ALDO RUSTIONI
Departments of Anatomy and
Physiology, University of
North Carolina, Chapel Hill 27514
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Degradation and Detoxification of Canavanine by a
Specialized Seed Predator

Abstract. Larvae of the bruchid beetle Caryedes brasiliensis feed exclusively on
seeds of the Neotropical legume Dioclea megacarpa, which contains 13 percent
L-canavanine by dry weight. 1-Canavanine, a nonprotein amino acid analog of
L-arginine, exhibits potent insecticidal properties. Most of the seed nitrogen is se-
questered in canavanine, and bruchid beetle larvae do not simply excrete this toxic
compound. Instead, these larvae possess extraordinarily high urease activity, which
facilitates the conversion of canavanine to ammonia through urea. In this way, can-
avanine is effectively detoxified and a supply of nitrogen for fixation into organic

linkage is ensured.

Larvae of the bruchid beetle Caryedes
brasiliensis feed exclusively on the seeds
of the Neotropical legume Dioclea
megacarpa (1), which contains 13 per-
cent L-canavanine by dry weight (2). L-
Canavanine is a toxic structural analog
of L-arginine whose potent insecticidal
properties have been thoroughly estab-
lished in studies with various insects (3).
We recently reported that larvae of C.
brasiliensis possess an arginyl-tRNA
synthetase that discriminates between
arginine and canavanine so that can-
avanine-containing proteins are not syn-
thesized (4). As a result, these bruchid
beetle larvae avoid the most deleterious
consequence of canavanine consumption
(). This bruchid beetle may simply ex-
crete canavanine, sacrificing this abun-

dant source of seed nitrogen, or it may
have developed the ability to utilize this
toxic substance. We report here the first
demonstration, to our knowledge, of an
insect that converts a poisonous plant
substance to a foodstuff, providing nitro-
gen for primary metabolic pathways.
Analysis of D. megacarpa seeds in-
fested with C. brasiliensis revealed that
developing larvae ingest appreciable
canavanine (Table 1). Undigested can-
avanine occurred in the frass, but nearly
60 percent of the seed canavanine was
metabolized (Table 1) (6). Enzymatic as-
say of a homogenate of the larvae re-
vealed the presence of appreciable argi-
nase (7), the enzyme that mediates the
cleavage of L-arginine or L-canavanine to
urea and L-ornithine or L-canaline, re-

Table 1. Metabolism of L-canavanine by larvae of the bruchid beetle C. brasiliensis that devel-
oped in the seed of D. megacarpa. The dry weight of individual intact seeds was calculated by
regression analysis of intact seed dry weight on testa dry weight (y = —7.08 + 5.85x). Uneaten
seed and insect frass were collected from each infested seed, ground by hand, and dried to
constant weight at 70°C. Canavanine was extracted by mechanical stirring of the dried samples
with 100 volumes of 50 percent aqueous ethanol containing 0.1N HCI at 10°C for 18 hours. After
the resulting slurry was clarified by centrifugation at 23,000g for 15 minutes, the pellet was
reextracted with S0 volumes of the solvent for 6 hours at 10°C. Canavanine content was deter-
mined by the colorimetric assay method described by Rosenthal (/3). The term seed denotes
cotyledons plus embryonic tissues minus testa.

. . ) Ingested
Dry weight (g) Canavanine content (umole) Cielllgan\;gfl seed cana-
R N . vanine me-
Intact egtl;-n Intact egt?en geIsr;e d Insect té(lbOllZlC(; tabolized
pmole
seed seed seed seed seed frass (%)
4.899 0.808 3891.9 641.9 3250.0 1035.4 2214.6 68.1
4.425 0.263 3768.9 224.0 3544.9 978.0 2566.9 72.4
5.999 0.411 4051.9 277.6 3774.3 1466.8 2307.5 61.1
4.766 1.495 3738.5 1172.7 2565.8 1029.7 1536.1 59.9
7.624 1.977 4571.3 1185.4 3385.9 1477.7 1908.2 56.4
6.069 0.816 6184.3 831.5 5352.8 2358.4 2994.4 55.9
4.517 1.320 3436.6 992.4 24442 1127.2 1317.0 539
4.822 1.654 2807.8 963.1 1844.7 1091.5 753.2 40.8
7.240 0.829 5327.4 610.0 4717.4 2152.9 2564.5 54.4
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