tonin (/3). To investigate the possibility
that capsaicin might elicit thermal anal-
gesia by depleting substance P within de-
scending raphe-spinal neurons, we de-
stroyed the spinal terminals of raphe-spi-
nal neurons by the intrathecal injection
of 20 ug of 5,6-dihydroxytryptamine
(5,6-DHT). Seven days later we mea-
sured the animals’ responses to the hot
plate and tail-flick tests, then killed them
and measured substance P in their spinal
cords (/4). Intrathecal injections of 5,6-
DHT produced a 50 percent depletion in
the substance P content of the lumbar
spinal cord; however, this depletion was
not associated with analgesia. These ani-
mals, in fact, exhibited a significant de-
crease in nociceptive threshold (P < .05)
(Fig. 2B).

Intrathecal injection of capsaicin pro-
duced no significant change in the sub-
stance P of the brainstem or the fore-
brain. In addition, intraventricular injec-
tion of capsaicin (40 ug in 20 ul) did not
produce analgesia. It is known that cap-
saicin exerts profound peripheral ac-
tions, producing intense pain when ap-
plied peripherally and causing the activa-
tion of C fibers in peripheral nerve (7).
Capsaicin (30 ug) given via the tail vein
evoked no agitation and no changes in
the nociceptive threshold up to 7 days af-
ter injection (Fig. 2A). Spinal substance
P concentrations in animals given capsai-
cin intravenously did not differ from
those in control animals without im-
planted catheters (Fig. 2A). These exper-
iments suggest that thermal and chemical
analgesia evoked by intrathecal capsai-
cin is not mediated by the diffusion
of the drug to either supraspinal sites or
the peripheral nervous system.

How does capsaicin produce pro-
longed thermal and chemical analgesia?
We do not believe the effect to be related
to the general alteration in spinal func-
tion. Animals treated with intrathecal
capsaicin maintained good signs of mo-
tor function as well as normal responses
to non-noxious peripheral stimuli and to
noxious mechanical stimuli applied to
the extremities; such responses were
qualitatively similar to those of control
animals. Treated animals also showed no
signs of self-mutilation which character-
istically accompanies rhizotomies in the
rat (/5), suggesting that capsaicin does
not produce a chemical axotomy. The

levels of serotonin and norepinephrine in

the spinal cord are unchanged by intra-
thecal capsaicin (/6), whereas glutamic
acid decarboxylase activity and opiate
receptor binding are unaffected by sys-
temically administered capsaicin at
doses sufficient to deplete substance P
(6). Capsaicin-produced analgesia was
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not abolished by administration of the
opiate antagonist naloxone (2 mg/kg),
and although intrathecal injection of
morphine elicits analgesia, the effect is of
short duration (4 to 6 hours). Further-
more, intrathecal opiates produce anal-
gesia not only to thermal and chemically
induced pain, but also to noxious me-
chanical stimuli (8, /7). Thus, capsaicin-
elicited analgesia seems independent of
endogenous opiate systems.

We propose that the analgesia result-
ing from intrathecal capsaicin may be the
consequence of a series of events in
which capsaicin rapidly liberates most
releasable stores of substance P from pri-
mary afferent terminals and then induces
a prolonged and possibly permanent de-
pletion of substance P from primary sen-
sory neurons associated with the trans-
mission of thermal noxious stimuli. From
these studies it is not clear whether the
effect of capsaicin is restricted to small-
diameter chemo- and thermoreceptive
primary afferents. Capsaicin may also
deplete other components that play a
role in the transmission of nociceptive
information. Although the present exper-
iments cannot be construed as support-
ing a clinical use for capsaicin, the ability
to deplete, in a specific manner, a noci-
ceptive transmitter at the level of the
first-order afferent synapse may repre-
sent the future direction of research for
improved analgetic therapy.

ToNy L. YAKSH
Department of Neurosurgical Research
and Pharmacology, Mayo Clinic,
Rochester, Minnesota 55901
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Stereospecific Sorption of L Amino Acids by Colloidal Clay

The statement by Bondy and Harring-
ton (/) that ‘‘the stereospecificity of
[clay-organic reactions] has not been in-
vestigated’ is incorrect. In 1971 I report-
ed data demonstrating preferential ad-
sorption and polymerization of L isomers
of amino acids relative to p isomers and
DL mixtures by kaolinite crystals (2, 3);

a preliminary note on my findings was
published by Degens et al. ¢). The
results were tentatively ascribed to the
inherently enantiomorphic crystal struc-
ture of the clay.

Several other investigators have at-
tempted comparable experiments, the
results being positive in some cases (/, 5,
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6) but negative in others (7, 8). Probably
the priming or poisoning of the catalytic
surfaces by trace impurities is of crucial
importance in determining the success or
failure, respectively, of such endeavors
9, 10).
Finally, there is no justification for as-
serting (/), on the basis of the paper by
- Bernstein ¢t al. (I1), that preferential de-
composition of optical isomers by radia-
tion has been ‘‘disproved.”” Several
workers have published evidence for
preferential reaction of optical isomers
with inherently asymmetric g-radiation
(12, 13) and circularly polarized ultravio-
let light (/4). The role of asymmetric ra-
diation in the prebiotic synthesis of pro-
teins merits further study.
TOGWELL A. JACKSON
Freshwater Institute,
501 Universtiy Crescent,
Winnipeg, Manitoba, R3T 2N6 Canada
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The conclusion of Bondy and Harring-
ton (/) chat L amino acids and p-glucose
bind to clay (bentonite) more tightly than
their enantiomers is surprising because it
is contrary to theoretical expectations.
Clay consists of fine particles of hydrat-
ed aluminum silicates and other minerals
formed by geological processes (2). The
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reason why such particles should bind
more tightly to L amino acids than to D
amino acids and more tightly to D-glu-
cose than to L-glucose is not apparent
and is not discussed in the report. The
authors correctly state that ““while L and
D amino acids are chemically identical,
they may have different properties when
covalently bound to or complexed with
other molecules that are themselves chi-
ral.”” Therefore, if there is any difference
in binding affinity for clay between L-leu-
cine and D-leucine, a necessary con-
clusion would be that the clay itself is
chiral. In other words, the clay would
have to possess a preponderance of
right-handed over left-handed binding
sites, or vice versa. It would be mis-
leading to state that the differential bind-
ing reported reflects an intrinsic ‘‘dif-
ference in the ability of such enantiomers
to be absorbed onto solid surfaces”
without specifying that the surfaces must
be asymmetric. Thus, the data reported
do not point to any previously unknown
differences between D and L amino
acids, but rather lead to the conclusion
that bentonite is an asymmetric form of
clay. Although evidence for stereo-
specific interaction between optical iso-
mers of amino acids and clay minerals
has been published previously (3), there
has been no direct experimental veri-
fication of the chirality of clay.

The authors also discuss the problem
of why living organisms contain pre-
dominantly L amino acids and D sugars,
and they suggest that the selective ad-
sorption of the enantiomers which they
report may provide an explanation. Al-
though the results presented may bring
us a little closer to the answer, the prob-
lem is still unsolved. It is only pushed
one step back. The origin of asymmetry
in the clay must now be accounted for.
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Although there is some evidence for
the chirality of clay (/, 2), further veri-
fication is certainly necessary. Asymmet-
ric mineral crystals such as quartz have
been recognized for some time.

The essential difference between the
data in our report (3) and the earlier work
of Jackson (2) is that we found very high-
affinity and saturable sites participating
in the specific binding of some L-amino
acids to clay, whereas in the work of
Jackson a thousandfold higher concen-
tration of amino acids was used. In this
latter work, no evidence of specificity or
saturability was presented and, as Jack-
son points out, an attempt to replicate
his data was unsuccessful. Since the
relevance of studies of amino acid bind-
ing to clay pertains to the possible pre-
biotic assembly of polypeptides, it seems
important to establish that these mecha-
nisms could have concentrated amino
acids from very dilute solutions such as
may have constituted the primordial
ocean.

With regard to the question of the pref-
erential decomposition of stereoisomers,
there seems to be little definitive evi-
dence for such an effect, although this
area has been actively investigated for
some years.
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