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Summary. Rats were treated with capsaicin (50 mg/kg, SC) 
either on the second day or on the second and third days of  
life. A significant attenuation of the responses to noxious 
stimuli was obtained in the capsaicin treated animals as 
measured by the hot-plate or paw pressure tests but not by 
the tail-flick test. Furthermore, neonatal capsaicin produced 
a significant reduction of response in the formalin test. 
Capsaicin reduced the reaction latency in rats with adjuvant 
arthritis as measured by the hot-plate and paw pressure 
tests, though capsaicin did not alter the overall time course 
of the response to Freund's adjuvant. Capsaicin also 
attenuated the weight loss or the decreased ambulatory and 
rearing behaviours which occurred in the control animals 
with adjuvant arthritis. It is suggested that neonatal treat- 
ment with capsaicin may relieve the responsiveness to long- 
lasting nociceptive stimuli by adjuvant in rats. 
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Introduction 

We have already reported that synthetic pure capsaicin or 
dihydrocapsaicin produces a marked elevation of neuronal 
activity in areas of the thalamus which respond to noxious 
stimuli (Ando et al. 1980). It  was also found by the same 
authors that tachyphylaxis was occurred by the repeated 
administration of capsaicin or dihydrocapsaicin as observed 
electrophysiologically. Recently, it has been shown that 
capsaicin depletes the undecapeptide substance P (SP) from 
skin and from primary afferent neurons in rats and guinea- 
pigs (Jessell et al. 1978; Gamse et al. 1980, 1981 a, b; Hayes 
and Tyers 1980; Nagy et al. 1980; Buck et al. 1981 ; Cuello 
et al. 1981; Lembeck and Donnerer 1981). SP has been 
implicated as a neurotransmitter in primary sensory neurons 
in the dorsal horn of the spinal cord and specifically associ- 
ated with nociception (Henry 1976; Randi6 and Mileti6 
1977). Capsaicin specifically acts on the primary sensory 
neurons without affecting the level of SP in the ventral 
horn of the spinal cord or in the brain except for medulla 
oblongata (Gamse et al. 1980, 1981b). The experimental 
results in 2 day old rats treated with capsaiein showed that 
up to 95% small diameter fibers are loss (Jancs6 et al. 1980; 
Larsson and Nickels 1980) whilst similar treatment of  neo- 
nates with capsaicin results in a permanent reduction in the 
spinal cord content of SP (Gamse et al. 1980; Nagy et al. 
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1980; Hayes et al. 1980; Helke et al. 1981). However, in 
adult rats, repeated doses of capsaicin cause a loss of SP 
from the dorsal horn of the spinal cord, but there is no nerve 
fiber degeneration (Jessell et al. 1978; Hayes and Tyers 1980). 
There are inconsistent results in published reports concern- 
ing the nociceptive response in rats neonatally pretreated 
with capsaicin (Holzer et al. 1979; Faulkner and Growcott 
1980; Hayes et al. 1980, 1981; Hill et al. 1980; Nagy et al. 
1980; Cervero and McRitchie 1981). In the present paper, 
we examined the effects on the response in the tail-flick, hot- 
plate, paw pressure and formalin tests, when capsaicin was 
administered to newborn rats. There are several behavioural 
reports that adjuvant arthritis may present an animal model 
of chronic pain in rats (Newbould 1963; Colpaert 1978, 
1979; Costa et al. 1981). Therefore, the present investigation 
was also carried out to determine the effects of neonatally 
administered capsaicin on adjuvant-induced arthritis. 

Materials and methods 

Capsaicin treatment. In all experiments, male Wistar rats 
were injected subcutaneously at the dorsum neck with either 
vehicle or capsaicin (Merck, Darmstadt, FRG). The rats 
were supplied with food and water ad libitum and kept on 
a 12-h light-dark cycle. Capsaicin was suspended in a vehicle 
consisting of 10% ethanol, 10% Tween 80 in saline. Control 
rats received only the vehicle. For behavioural observations, 
one group of two-day-old rats was given capsaicin once 
(50 mg/kg, SC) and the other group of neonate rats was 
given capsaicin twice (50 mg/kg, SC, 2 days) on the 2nd and 
3rd days of life, i.e. one injection each on two subsequent 
days. 

Nociceptive responses. Nociceptive responses were deter- 
mined in the rats at 3 - 4 months old. We used four different 
tests; the tail-flick, hot-plate, paw pressure and formalin 
tests. In the tail-flick test, the latency of the tail-flick response 
produced by radiant heat from a projector bulb focused to 
a segment 2 cm from the tip of  the tail was determined. In 
the hot-plate test, the reaction time of the response was 
determined with a steel plate (27 x 30 cm) maintained at a 
temperature of 54~ "Front paw licking" and "hind paw 
licking or stamping" were taken as nociceptive response to 
noxious heat. Cut-off time of 15 s and 20 s was used in the 
tail-flick and hot-plate tests, respectively. In the paw pressure 
test, mechanical nociceptive thresholds were determined by 
applying the pressure to both hind paws and the level of 
pressure threshold evoking vocalization or a strong strug- 
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gling behaviour was noted using an "Analgesy-meter" (Ugo 
Basile, Milan). In the tail-flick, hot-plate and paw pressure 
tests, each rat was tested 3 times at 24 h intervals and the 
average of  the 3 values was taken as nociceptive thresholds. 
In the formalin test, each animal was allowed to explore the 
observation cage (28 x 35 cm) for a period of  15 min, 5% of  
formalin (50 gl/animal) was injected subcutaneously into the 
main pad of  the right hind paw and the chemical nociceptive 
rating score was assessed for 60 min according to the follow- 
ing 4-point scale (Dubuisson and Dennis 1977); a rating of  
0 was given when an injected hind paw was in complete 
contact wiith the floor surface; a rating of  1 was given when 
an injected hind paw was only minimum contact with the 
floor or it was held very near to the floor; a rating of  2 was 
given when an injected hind paw was held off  the floor and 
close the body; a rating of  3 was given when an injected hind 
paw was licked. Rats were observed in each 5-rain interval 
over a period of  1 h; each rat was taken a mean score of  12 
times for 60 min. The final rating score of  each animal was 
expressed as the average of  these 12 values. The number of  
licking of  the injected site was also counted throughout  the 
experiment. The values represent the total number of  licking 
for 60 min. 

Preparation and inoculation of Mycobacterium tubercu- 
losis. After the nociceptive response was assessed by means 
of  the hot-plate and paw pressure tests in rats neonatally 
pretreated with capsaicin, adjuvant arthritis was induced by 
a subplantar injection of  0.1 ml of  a 0.5% suspension of  
Mycobacterium tuberculosis (MT) in paraffin oil into the main 
pad of  the right hind paw. Another  group which was not  
pretreated with capsaicin also received the suspension of  
MT. On days 1, 3, 7, 14, 21 and 28 after inoculation, nocicep- 
tive heat thresholds were measured using the hot-plate 
(54 ~ C) test as described above, and mechanical paw pressure 
was applied to the right hind paw with arthritis induced by 
MT. The development of  the adjuvant arthritis by MT was 
followed by measuring foot  thickness of  both hind feet with 
a micrometer across the sagittal section and changes in body 
weight of  rats by MT were also recorded on the days when 
the nociceptive tests were performed. The ambulatory and 
rearing activities of  rats put in the open-field apparatus 
(diameter 60 cm, height 50 cm) were quantified by counting 
the number of  ambulations and rearings occurring within 
3 min (Hall 1934). Data  were analyzed statistically with the 
two tailed Student's t-test and P value of  0.05 or less was 
considered significant. 

R e s u l t s  

Effect of neonatal administration of capsaicin 
on nociceptive responses produced by heat, 
mechanical and chemical stimuli 

The results obtained in the tests using noxious heat after 
capsaicin treatment are shown in Figs. 1 and 2. There were 
no substantial changes in tail-flick latency in capsaicin-pre- 
treated rats. In contrast, capsaicin treatment had significant 
effects on the latencies for licking of  the hind paws but not 
of  the fore paws in the hot-plate test (Fig. 2). In the paw 
pressure test, pretreatment of  neonatal rats with capsaicin 
produced a marked increase of  the threshold (Fig. 3). As 
shown in Figs. 2 and 3, the intensity of  antinociceptive 
effects after one or two administration of  capsaicin was 
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Fig. 1. Effects of neonatal administration of capsaicin on nociceptive 
heat thresholds (tail-flick test) in rats. Animals were tested from 
3 - 4  months after neonatal capsaicin administration. Each value is 
the mean _+ SEM, N = 8 -13  
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Fig. 2. Effects of neonatal administration of capsaicin on nociceptive 
heat thresholds (hot-plate test) in rats. Animals were tested from 
3 - 4  months after neonatal capsaicin administration. Each value is 
the mean _ SEM, N = 8-14.  *P<0.0i  compared to vehicle 
control 
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Fig. 3. Effects of neonatal administration of capsaicin on nociceptive 
mechanical thresholds in rats. Animals were tested from 3 - 4  
months after neonatal capsaicin administration. Each value is the 
mean _+ SEM, N = 8--15. *P<0.05, **P<0.00t compared to 
vehicle control 
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almost the same. Furthermore, the number of licking a n d  
the average rating score in the formalin test were less in the 
rats treated with a single dose of capsaicin than in the vehicle 
control (Fig. 4). This difference is statistically significant at 
P <  0.001 considering both criteria. 

Effect of neonatal administration of capsaicin 
on the adjuvant-induced arthritis 

The development of the adjuvant arthritis in capsaicin pre- 
treated and vehicle control rats was followed by measuring 
the changes in foot thickness. There was no statistical differ- 
ence in the thickness between the two groups. Fourteen days 
after inoculation, inflamed lesion was detected on the left 
hind paw, which began to increase in thickness. Before 
adjuvant injection, there was no significant difference on 
spontaneous ambulatory and rearing activities in capsaicin 
pretreated and vehicle control rats (Fig. 5). However, the 
spontaneous activities were much higher in capsaicin treated 
rats than vehicle treated controls on the 7th and 21st days 
after inoculation, for example, the number of ambulation 
and rearing on the 7th day was: 12.9 + 1.7 and 3.6 ___ 0.8 for 
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Fig. 4. Effects of neonatal administration of capsaicin (50 mg/kg, 
SC on day 2 of life) on nociceptive chemical thresholds in rats. 
Animals were tested from 3 - 4  months after neonatal administra- 
tion. Each value is the mean _+ SEM, N = 6. *P<0.001 compared 
to vehicle control 

capsaicin treated rats, and 6 .7+ 1.1 and 0 .6+0 .2  for 
vehicle treated controls, respectively. After inoculation, the 
thresholds as measured by the two nociceptive tests (hot- 
plate and paw pressure tests) were significantly higher in 
capsaicin treated rats than in vehicle treated controls 
(Fig. 6). In particular, even if the value was expressed as 
percent of reaction latency compared with the value before 
adjuvant injection, it was significantly higher latencies for 
licking of the hind paws in capsaicin treated rats than vehicle 
controls on the 7th and 14th days after inoculation in the 
hot-plate test. Similarly, a significant difference was ob- 
tained in the paw pressure test on the 1st day after inocula- 
tion. The body weight loss induced by adjuvant was not 
significantly different in two groups during the first 7 days. 
However, on the 14th, 21st and 28th days, the body weight 
loss was much smaller in capsaicin pretreated rats as 
compared with vehicle treated controls. 

D i s c u s s i o n  

The present study shows that pretreatment of newborn rats 
with capsaicin produced a marked decrease of nociceptive 
response in the formalin and paw pressure tests, and a pro- 
longation of the reaction time in the hot-plate test. It has 
shown firstly that rats treated neonatally with capsaicin 
showed an elevation of the threshold to noxious heat (Holzer 
et al. 1979; Hill et al. 1980; Nagy et al. 1980), while other 
groups have not been able to establish a significant change 
of reaction latency using the tail-flick test (Buck et al. 1982 a), 
or the tail-immersion test (Hayes et al. 1980, 1981). Here, in 
the tail-flick test, we have also observed no indication of 
increased reaction latency even in rats pretreated neonatally 
with a large dose of capsaicin. On the other hand, capsaicin 
treatment produced a significant prolongation of the reac- 
tion time in the hot-plate test when taken as hind paw licking 
or stamping. This is in agreement with studies of  Nagy et al. 
(1981) that the:intrathecal capsaicin treatment had marked 
effects on the latencies for licking of the hind paws but not 
of the fore paws in the hot-plate test, though the injection 
route and the rat age were different. A methodological ques- 
tion should be taken into consideration when comparing 
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Fig. 5 
Effects of neonatal administration of capsaicin 
(50 mg/kg, SC on day 2 of life) on ambulation 
and rearing in adjuvant-induced arthritic rats. 
Animals were tested from 3 - 4  months after 
neonata! capsaicin administration prior to 
adjuvant treatment. The dotted columns 
represent capsaicin-treated rats and the open 
columns vehicle-treated rats. Each value is the 
mean ___ SEM, N = 17. *P<0.05, **P<0.01, 
*** P < 0.001 compared to vehicle control 
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Fig. 6. Effects of neonatal administration of capsaicin (50 mg/kg, 
SC on day 2 of life) on nociceptive heat (A: hot-plate test) and 
mechanical pressure (B: paw pressure test) thresholds in adjuvant- 
induced arthritic rats. Animals were tested from 3 - 4  months after 
neonatal capsaicin administration prior to adjuvant treatment. The 
closed circles represent capsaicin-treated rats and the open circles 
vehicle-treated rats. Each value is the mean • SEM, N = 8--15. 
* P < 0.05, ** P < 0.01, *** P < 0.001 compared to vehicle control 

nociceptive responses from the hot-plate test; some studies 
demonstrated a higher threshold for capsaicin treated rats 
by measuring the latency for licking of the hind paws (Gamse 
1982; Nagy and Kooy 1983), whereas the other group took 
the latency for licking of the fore paws as the measure of 
nociceptive threshold and reported no change in threshold 
(Cervero and McRitchie 1981; Hayes et al. 1981). On the 
other hand, Holzer et al. (1979) found significantly higher 
threshold in rats neonatally treated with capsaicin by 
determining the latency for the fore paw licking and jumping 
reaction. The temperature in the hot-plate test also seems 
important; when using the higher 55 ~ C, small elevation of 
the threshold could be obscure by a faster heat transfer 
process and account for the inconsistent evidence. There- 
fore, the source of these inconsistencies may be due to 
methodological differences in nociceptive threshold testing. 
The different results as measured by the two tests of nocicep- 
five heat stimuli may be interpreted in terms of the assump- 
tion that the tail-flick test is mainly a spinally mediated 
reflex, whereas the hot-plate test involves more complex 
motor responses, for instance, the licking of the fore paw, 
the hind paw or stamping. 

The results confirm that capsaicin treatment of neo- 
natal rats c~used a significant increased threshold of 
nociceptive paw pressure and formalin induced stimuli. Par- 
ticularly, chemical nociception produced by formalin was 
greatly reduced. The present result obtained shows that 
treatment with capsaicin was much more effective in the 

~formalin test than in acetylcholine-induced mouse writhing 

reaction test (approximately 50% inhibition from our calcula- 
tion) reported by Hayes et al. (1981). These results agree 
with the report of Jancs6 et al. (1977) that neonatal capsaicin 
treatment results in a completely irreversible impairment of 
the function of chemosensitive primary sensory neurones. 

The antinociceptive effects of capsaicin may partially be 
explained by degenerat[0n of unmyelinated primary afferent 
fibers and a permanent reduction of the putative peptide 
neurotransmitter SP in the dorsal horn of the spinal cord 
(Jancs6 et al. 1977; Holzer et al. 1979; Nagy et al. 1980; 
Helke et al. 1981). Recently, some investigators explained 
that other peptides were present in primary sensory neurons, 
such as somatostatin (SOM) (HSkfelt et al. 1976), cholecys-' 
tokini a (CCK) (Lundberg et ah 1978; Larsson and Rehfeld 
1979) and vasoactive intestinal polypeptide (VIP) (Lundberg 
et al. 1978). Jancs6 et al. (1981) indicated that eapsaicin 
decreased not only SP but also SOM, CCK and VIP like 
peptides present in the central branches of primary sensory 
neurons in the spinal cord. They suggested that the effects 
of capsaicin are not confined to SP immunoreactive primary 
sensory neurons. However, Buck et al. (1982b) reported that 
SP level in primary afferent neurons is markedly reduced 
while levels of other sensory neurons neuropeptides (SOM, 
CCK, VIP) do not appear to be affected. Therefore, the 
mechanism of action of capsaicin seems not to be apparent 
yet. It should be taken into consideration that the degener- 
ation of unmyelinated afferents was not in a complete loss 
but a loss of 6 0 - 7 0 %  (Jancs6 et al. 1977; Scadding 1980), 
though there is disagreement concerning the capsaicin effects 
on the number of  unmyelinated fiber (Jancs6 et al. 1980; 
Lasson and Nickels 1980). Judging from the present results, 
it is likely that there may not be in absolute loss of 
unmyelinated afferent fibers even when a large dose of 
capsaicin was treated neonatally. Because there is no signifi- 
cant difference of antinociceptive effects between a single 
and repeated capsaicin treatment. 

Recent biochemical and behavioural studies demon- 
strated that arthritis by complete Freund's adjuvant in rats 
is associated with a state of chronic pain and the rats with 
arthritis are hypersensitive to the effect of morphine 

'-(Oliveras et al. 1979; Weil-Fugazza et al. 1979). It has been 
shown that the latency of the tail withdrawal from a hot 
water bath was greatly increased in arthritis rats (Colpaert 
1979). In the present experiment, however, the response 
latency was elevated slightly in vehicle control rats with 
arthritis in the hot-plate test. It may be due to some 
differences of experimental procedure, e.g. nociceptive assay 
or inoculation method. The present data demonstrated that 
pretreatment of capsaicin in neonatal rats is effective on 
adjuvant-induced noxious stimuli. Firstly, neonatal 
capsaicin reduced the body weight loss in rats with adjuvant 
arthritis. Since the magnitude of inflamed swelling produced 
by adjuvant was not altered between capsaicin and vehicle 
control, capsaicin seems evident to be different from the 
effect of anti-inflammatory agents which could inhibit the 
swelling of the adjuvant-injected hind paw. A recent report 
indicated that acute treatment of capsaicin decreased loss of 
body weight or impairment of growth in adult rats with 
adjuvant arthritis (Colpaert et al. 1983). Pircio et al. (1975) 
reported that narcotics including morphine which possess 
analgesic activity were able. to block arthritis rat vocalization 
without decreasing spontaneous motor activity. Moreover, 
the present results showed that the spontaneous ambulatory 
and rearing activities were much higher in capsaicin pre- 
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treated rats than vehicle controls  after adjuvant .  Therefore, 
these results suggest that  condi t ion o f  noxious stimuli which 
caused body  weight loss or  decreased spontaneous m o t o r  
activity after adjuvant  may  be relieved by neonata l  t reatment  
of  capsaicin. 

Secondly, the hot-pla te  and paw pressure tests revealed 
that  a significant elevation of  the nociceptive threshold was 
observed in capsaicin pre t rea ted  rats with arthri t is  in 
compar ison  with control  arthri t ic  rats. Similar results have 
been repor ted in rats  with yeast- induced inf lammat ion by 
using the paw pressure test for the assessment of  the thresh- 
old of  nociceptive response (Faulkner  and Growcot t  1980). 

As regards the biochemical  changes in the spinal cord of  
arthri t ic rats, it is to be ment ioned that  adjuvant  t reatment  
resulted in increased 5-hydroxytryptamine  turnover  (Weil- 
Fugazza  et al. 1979) and in elevated level of  Met-enkephal in  
(Cesselin et al. 1980) compared  to normal  rats. Recently, the 
marked  increase of  SP in the sciatic nerve of  rats with 
arthritis,  but  not  in the dorsal  spinal cord or dorsal  roo t  
ganglia was shown by Lembeck et al. (1981). Capsaicin also 
a t tenuated  this phenomenon (Colpaer t  et al. 1983). 
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