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chanical stimuli. 

Substance P may play a role in the 
transmission of noxious stimuli at pri- 
mary afferent synapses in the dorsal horn 
(1). The peptide is located within synap- 
tic vesicles in primary afferent terminals 
(2) and has been observed within neu- 
rons of small diameter within the dorsal 
root ganglion (3). The iontophoretic ap- 
plication of substance P excites those 
neurons that respond to noxious periph- 
eral stimuli (4). Recently, we reported 
that substance P is released in vivo from 
the cat spinal cord by high-intensity, but 
not low-intensity stimulation of the sciat- 
ic nerve (5). Administration of the homo- 
vanillic acid derivative, capsaicin, into 
the spinal perfusate of rats and cats pro- 
duces a calcium-dependent release of 
substance P (5); whereas repeated sub- 
cutaneous administration of capsaicin re- 
duces the concentration of substance P 
in the dorsal horn (6). In addition, sys- 
tematically administered capsaicin has 
been reported to alter the response of pe- 
ripheral nerves to chemical stimuli ap- 
plied to the skin and to block the ani- 
mal's thermoregulatory response (7). 

These observations led us to investi- 
gate whether animals treated with cap- 
saicin might display analgesia. To re- 
strict the actions of capsaicin to the spi- 
nal cord, we administered the drug 
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directly into the subarachnoid space. In 
rats under ether anesthesia we implanted 
a polyethylene catheter by inserting it 
through the cisterna magna to the rostral 
edge of the lumbar enlargement in the 
spinal subarachnoid space (8). The rats 
were allowed to recover for 7 days, after 
which time they each received an intra- 
thecal injection of 3 or 30 /g of capsaicin 
in a volume of 15/tl (9) and then an injec- 
tion of 10 /xl of saline. 

Intrathecal injection of capsaicin pro- 
duced a striking biphasic response. Dur- 
ing the first 1 to 3 minutes, the animal 
showed a strong contracture of the cau- 
dal portions of the body; after this period 
the animals regained coordinated motor 
control and immediately began biting 
and scratching at the caudal portion of 
the body in the dermatomes correspond- 
ing to those levels of the spinal cord af- 
fected by the intrathecal injection. This 
severe agitation lasted 5 to 10 minutes, 
after which the animal sat quietly showing 
occasional grooming behavior. 

Twenty-four hours after the injection 
of capsaicin, we tested the nociceptive 
threshold by using the spinally mediated 
tail-flick response to heat and by measur- 
ing the withdrawal latency on a 55?C hot 
plate. In animals tested before injection 
of capsaicin, the mean latency on the 
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primary sensory neurons and causes a prolonged increase in the thermal and chem- 
ical pain thresholds of the rat but no apparent change in responses to noxious me- 
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tail-flick test was 1.9 + 0.4 seconds 
(mean ? standard error; N = 20) and 
the mean latency on the hot plate was 
14 ? 2 seconds (N = 20). Injections of 
capsaicin produced a block of the tail- 
flick and hot plate response. Most of the 
animals (70 to 80 percent) treated with 
high doses of capsaicin exhibited no es- 
cape response in either test (Fig. 1). In 
contrast to the control rats, capsaicin- 
treated rats showed no reduction in ther- 
mal analgesia when tested repeatedly at 
intervals up to 5 months after a single in- 

trathecal injection of 30 jug of capsaicin 
(Fig. 1). 

To assess the behavioral specificity of 
the sensory deprivation induced by cap- 
saicin, we compared the responses of 
rats to a number of different sensory 
stimuli. Application of a 70?C thermal 
probe to the caudal region of the back 
near the midline failed to elicit character- 
istic skin twitch responses in rats treated 
with capsaicin. The injection of 0.05 ml 
of 10 percent formalin solution in the left 
hind paw normally produces a sequence 
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Fig. 1. Mean latencies 
(+ standard error) of 
responses to (A) hot 
plate and (B) tail-flick 
for two groups of rats 
before and over a pe- 
riod of up to 5 months 
after receiving either 
30 pig of capsaicin (0) 
or vehicle (A). In (B) 
the numbers at each 
point indicate the 
number of animals 
whose data are in- 
cluded in the hot plate 
and tail-flick measure 
at that time. The re- 
duced numbers over 
time reflect the loss 
of animals through 
normal attrition. 
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Fig. 2. (A) Analgesia mea- 
sured on the hot plate as a 
function of the concentration 
of substance P in the spinal 
cord of rats at the time of 
death after intrathecal injec- 
tion of T, 30 /.-g of capsaicin 
(N = 7); *, 3 /.g of capsaicin 
(N = 3); or @, DMSO vehicle 
(N = 5) or intravenous injec- 
tion of A, 30 fig of capsaicin 
(N = 6). Controls are shown 
by U (N = 8). (B) Similar data 
for rats given an intrathecal 
injection of 0, 20 g/g of 5,6- 
dihydroxytryptamine (N 
10); or 0, ascorbic acid vehicle 
(N = 5). Controls are shown 
by U (N = 8). 
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of behaviors in which the animal favors 
the hind paw and frequently licks it. In 
capsaicin-treated rats this behavior was 
significantly reduced (10). The writhing 
response induced by intraperitoneally 
administered phenylquinone, was also 
reduced in capsaicin-treated animals 
(I/). 

Assessment of the motor capacity of 
capsaicin-treated animals displaying 
analgesia revealed no significant altera- 
tion in motor function. Rotorod testing 
failed to distinguish among rats without 
implanted catheters and vehicle- or cap- 
saicin-treated animals. The animals re- 
mained able to climb a vertical wire 
mesh, exhibited normal righting, step- 
ping, and placing reflexes, and respond- 
ed normally in tests of the orientation re- 
sponse to light touch and the startle jerk 
associated with a puff of air directed at 
the flank. Although quantitative mea- 
surement of the response to noxious 
pinch is difficult to assess, there was no 
discernable difference in the agitation- 
withdrawal response or the degree of 
squeaking between capsaicin- and ve- 
hicle-treated animals upon application of 
forceps to the dorsum of the hind paws 
or the base of the tail. Thus, the pro- 
found thermal and chemical analgesia 
was not associated with any detectable 
alteration in response to mechanical 
stimuli or in loss of motor coordination. 

In a separate series of experiments, 
rats were given a single intrathecal injec- 
tion of either 3 or 30 yjg of capsaicin and 
the nociceptive threshold was assessed 
on day 7, at which time most of the ani- 
mals were unresponsive in both the tail 
flick and hot plate tests. The animals 
were then killed, the spinal cord (lumbar 
region) was rapidly removed, and the 
concentration of substance P was mea- 
sured by radioimmunoassay (12). Im- 
plantation of the catheter alone produced 
some depletion of substance P, but this 
was unassociated with any change in re- 
sponse latency. In animals treated with 
intrathecal capsaicin (30 ,ug), there was a 
55 percent reduction (P < .01) in the 
concentration of substance P in the lum- 
bar spinal cord (Fig. 2) compared to ve- 
hicle-treated controls. Animals with little 
depletion of substance P did not show in- 
creased nociceptive thresholds, and in- 
jection of 3 /Lg of capsaicin produced a 17 
percent reduction in substance P with 
only a minimal increase in nociceptive 
threshold (Fig. 2). 

Substance P within the spinal cord is 
located predominantly in the terminals of 
primary afferent neurons (3); however, 
there is a significant contribution from 
some raphe-spinal neurons in which sub- 
stance P appears to coexist within sero- 
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tonin (13). 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 ,tg 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 (14). 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 /xl) 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 ,Ag) given via the tail vein 
evoked no agitation and no changes in 
the nociceptive threshold up to 7 days af- 
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P concentrations in animals given capsai- 
cin intravenously did not differ from 
those in control animals without im- 
planted catheters (Fig. 2A). These exper- 
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cin is not mediated by the diffusion 
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not abolished by administration of the 
opiate antagonist naloxorie (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, 17). 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 

DAVID H. FARB 
SUSAN E. LEEMAN 

THOMAS M. JESSELL 

Departments of Physiology and 
Pharmacology, 
Harvard Medical School, 
Boston, Massachusetts 02115 

References and Notes 

1. F. Lembeck, Naunyn-Schmiedebergs Arch. 
Pharmacol. 219, 197 (1953); M. Otsuka and S. 
Konishi, Cold Spring Harbor Symp. Quant. 
Biol. 15, 135 (1976). 

2. A. C. Cuello, T. M. Jessell, T. Kanazawa, L. L. 
Iversen, J. Neurochem. 29, 747 (1977); V. M. 

not abolished by administration of the 
opiate antagonist naloxorie (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, 17). 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 

DAVID H. FARB 
SUSAN E. LEEMAN 

THOMAS M. JESSELL 

Departments of Physiology and 
Pharmacology, 
Harvard Medical School, 
Boston, Massachusetts 02115 

References and Notes 

1. F. Lembeck, Naunyn-Schmiedebergs Arch. 
Pharmacol. 219, 197 (1953); M. Otsuka and S. 
Konishi, Cold Spring Harbor Symp. Quant. 
Biol. 15, 135 (1976). 

2. A. C. Cuello, T. M. Jessell, T. Kanazawa, L. L. 
Iversen, J. Neurochem. 29, 747 (1977); V. M. 

Pickel, D. J. Reis, S. E. Leeman, Brain Res. 
122, 534 (1977); V. Chan-Palay and S. L. Palay, 
Proc. Natl. Acad. Sci. U.S.A. 74, 4050 (1977); 
R. P. Barber, J. E. Vaughn, J. R. Slemmon, P. 
M. Salvaterra, E. Roberts, S. E. Leeman, J. 
Comp. Neurol. 184, 331 (1979). 

3. T. Hdkfelt, A. Ljungdahl, L. Terenius, R. Elde, 
G. Nilsson, Proc. Natl. Acad. Sci. U.S.A. 74, 
3081 (1977); T. Hokfelt, J. 0. Kellereth, G. Nils- 
son, B. Pernow, Brain Res. 100, 235 (1975). 

4. J. L. Henry, Brain Res. 114,439 (1976); M. Ran- 
dic and V. Miletic, ibid. 128, 164 (1977). 

5. T. Jessell, A. Mudge, S. E. Leeman, T. L. 
Yaksh, Proc. Soc. Neurosci. 5, 611 (1979); E. 
Theriault, M. Otsuka, T. Jessell, Brain Res. 170, 
209 (1979). 

6. I. Gasparovic, S. Hadzovic, S. Hukovic, P. 
Stern, Med. Exp. 10, 303 (1964); T. M. Jessell, 
L. L. Iversen, A. C. Cuello, Brain Res. 152, 183 
(1978). 

7. N. Jancso, Pharmacology of Pain, Proc. 3rd 
Int. Pharmacol. Meeting (Pergamon, Oxford, 
(1966), pp. 33-35; N. Jancso, A. Jancso-Gabor, 
J. Szolcsanyi, Br. J. Pharmacol. 33, 32 (1968); J. 
Szolcsanyi, J. Physiol. (Paris) 73, 251 (1977). 

8. T. L. Yaksh and T. A. Rudy, Physiol. Behav. 
17, 1031 (1976); T. L. Yaksh and T. A. Rudy,J. 
Pharmacol. Exp. Ther. 202, 411 (1977). 

9. Capsaicin was dissolved in 50 percent dimethyl- 
sulfoxide and saline. All control injections con- 
sisted of this vehicle except where noted. 

10. Under double-blind conditions, the degree of 
agitation in rats was assessed on a scale of 1 to 4 
every 5 minutes for a period of 2 hours. The 
mean rating score for vehicle-treated animals in 
the first and second hour was 3.4 ? 0.4 and 
2.5 ? 0.6, respectively (N = 5); in capsaicin- 
treated animals, the same measures were 
1.7 ? 0.2 and 0.8 ? 0.3 (N = 8). When we used 
the sign test, the capsaicin group showed a sig- 
nificantly lower (P < .01) agitation rating than 
untreated controls during each hour. 

11. Phenylquinone, 0.25 ml of 0.02 percent alcohol 
solution, was injected intraperitoneally and the 
animals housed in individual plastic cages. The 
number of times each animal rubbed its belly on 
the floor (writhes), was accumulated. The mean 
number of phenylquinone-induced writhes in ve- 
hicle-treated animals was 32 + 6 (N = 6) com- 
pared to 6 ? 2 (N = 6) in the capsaicin-treated 
animals (P < .01; sign test). 

12. E. A. Mroz and S. E. Leeman, in Methods of 
Hormone Radioimmunoassay, B. M. Jaffe and 
H. R. Behrman, Eds. (Academic Press, New 
York, in press). 

13. V. Chan-Palay, S. L. Palay, and G. Jonsson, 
Proc. Natl. Acad. Sci. U.S.A. 75, 1583 (1978); 
T. Hokfelt, A. Ljungdahl, H. Steinbusch, A. 
Verhofstad, G. Nilsson, E. Brodin, B. Pemow, 
M. Goldstein, Neuroscience 3, 517 (1978). 

14. This treatment causes a 70 to 90 percent deple- 
tion of cord serotonin at 7 days with no changes 
in brainstem concentrations of 5-hydroxytrypta- 
mine (5-HT) or any changes in either brainstem 
or spinal concentrations of norepinephrine. The 
depletion of spinal 5-HT is associated with a re- 
duction in the nociceptive threshold which is 
thought to reflect the loss of a descending modu- 
latory influence (T. L. Yaksh and G. M. Tyce, 
and H. Proudfit and T. L. Yaksh, unpublished 
observations). 

15. A. I. Basbaum, Exp. Neurol. 42, 490 (1974). 
16. T. L. Yaksh, G. M. Tyce, T. M. Jessell, unpub- 

lished observations. 
17. T. L. Yaksh and T. A. Rudy,Pain 4, 299(1978). 
18. T.M.J. is a Harkness Fellow. Supported by 

grant NS 14629 from the National Institute of 
Neurological and Communicative Disorders and 
Stroke and grant DA-02110 from the National 
Institute for Drug Abuse to T.L.Y. 

29 May 1979; revised 2 July 1979 

Pickel, D. J. Reis, S. E. Leeman, Brain Res. 
122, 534 (1977); V. Chan-Palay and S. L. Palay, 
Proc. Natl. Acad. Sci. U.S.A. 74, 4050 (1977); 
R. P. Barber, J. E. Vaughn, J. R. Slemmon, P. 
M. Salvaterra, E. Roberts, S. E. Leeman, J. 
Comp. Neurol. 184, 331 (1979). 

3. T. Hdkfelt, A. Ljungdahl, L. Terenius, R. Elde, 
G. Nilsson, Proc. Natl. Acad. Sci. U.S.A. 74, 
3081 (1977); T. Hokfelt, J. 0. Kellereth, G. Nils- 
son, B. Pernow, Brain Res. 100, 235 (1975). 

4. J. L. Henry, Brain Res. 114,439 (1976); M. Ran- 
dic and V. Miletic, ibid. 128, 164 (1977). 

5. T. Jessell, A. Mudge, S. E. Leeman, T. L. 
Yaksh, Proc. Soc. Neurosci. 5, 611 (1979); E. 
Theriault, M. Otsuka, T. Jessell, Brain Res. 170, 
209 (1979). 

6. I. Gasparovic, S. Hadzovic, S. Hukovic, P. 
Stern, Med. Exp. 10, 303 (1964); T. M. Jessell, 
L. L. Iversen, A. C. Cuello, Brain Res. 152, 183 
(1978). 

7. N. Jancso, Pharmacology of Pain, Proc. 3rd 
Int. Pharmacol. Meeting (Pergamon, Oxford, 
(1966), pp. 33-35; N. Jancso, A. Jancso-Gabor, 
J. Szolcsanyi, Br. J. Pharmacol. 33, 32 (1968); J. 
Szolcsanyi, J. Physiol. (Paris) 73, 251 (1977). 

8. T. L. Yaksh and T. A. Rudy, Physiol. Behav. 
17, 1031 (1976); T. L. Yaksh and T. A. Rudy,J. 
Pharmacol. Exp. Ther. 202, 411 (1977). 

9. Capsaicin was dissolved in 50 percent dimethyl- 
sulfoxide and saline. All control injections con- 
sisted of this vehicle except where noted. 

10. Under double-blind conditions, the degree of 
agitation in rats was assessed on a scale of 1 to 4 
every 5 minutes for a period of 2 hours. The 
mean rating score for vehicle-treated animals in 
the first and second hour was 3.4 ? 0.4 and 
2.5 ? 0.6, respectively (N = 5); in capsaicin- 
treated animals, the same measures were 
1.7 ? 0.2 and 0.8 ? 0.3 (N = 8). When we used 
the sign test, the capsaicin group showed a sig- 
nificantly lower (P < .01) agitation rating than 
untreated controls during each hour. 

11. Phenylquinone, 0.25 ml of 0.02 percent alcohol 
solution, was injected intraperitoneally and the 
animals housed in individual plastic cages. The 
number of times each animal rubbed its belly on 
the floor (writhes), was accumulated. The mean 
number of phenylquinone-induced writhes in ve- 
hicle-treated animals was 32 + 6 (N = 6) com- 
pared to 6 ? 2 (N = 6) in the capsaicin-treated 
animals (P < .01; sign test). 

12. E. A. Mroz and S. E. Leeman, in Methods of 
Hormone Radioimmunoassay, B. M. Jaffe and 
H. R. Behrman, Eds. (Academic Press, New 
York, in press). 

13. V. Chan-Palay, S. L. Palay, and G. Jonsson, 
Proc. Natl. Acad. Sci. U.S.A. 75, 1583 (1978); 
T. Hokfelt, A. Ljungdahl, H. Steinbusch, A. 
Verhofstad, G. Nilsson, E. Brodin, B. Pemow, 
M. Goldstein, Neuroscience 3, 517 (1978). 

14. This treatment causes a 70 to 90 percent deple- 
tion of cord serotonin at 7 days with no changes 
in brainstem concentrations of 5-hydroxytrypta- 
mine (5-HT) or any changes in either brainstem 
or spinal concentrations of norepinephrine. The 
depletion of spinal 5-HT is associated with a re- 
duction in the nociceptive threshold which is 
thought to reflect the loss of a descending modu- 
latory influence (T. L. Yaksh and G. M. Tyce, 
and H. Proudfit and T. L. Yaksh, unpublished 
observations). 

15. A. I. Basbaum, Exp. Neurol. 42, 490 (1974). 
16. T. L. Yaksh, G. M. Tyce, T. M. Jessell, unpub- 

lished observations. 
17. T. L. Yaksh and T. A. Rudy,Pain 4, 299(1978). 
18. T.M.J. is a Harkness Fellow. Supported by 

grant NS 14629 from the National Institute of 
Neurological and Communicative Disorders and 
Stroke and grant DA-02110 from the National 
Institute for Drug Abuse to T.L.Y. 

29 May 1979; revised 2 July 1979 

Stereospecific Sorption of L Amino Acids by Colloidal Clay Stereospecific Sorption of L Amino Acids by Colloidal Clay 

The statement by Bondy and Harring- 
ton (1) 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 D isomers and 
DL mixtures by kaolinite crystals (2, 3); 
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a preliminary note on my findings was 
published by Degens et al. (4). 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 (1, 5, 
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