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Summary. Reticular command of Skin Potential 
Responses (SPRs) was investigated in 30 kittens 
between 1 and 30 days of age which had been acutely 
implanted under chloralose anaesthesia (40 mg/kg). 
The results show that (a) SPRs can be elicited 
through electrical stimulation of the mesencephalic 
reticular formation (MRF) in kittens as early as a few 
hours after birth. As in the adult cat, these SPRs 
consist of a monophasic negative wave. Up until the 
age of 10 days SPRs recorded from the forepaws are 
significantly larger than those from the hindpaws. 
There is no difference in amplitude between ipsilat- 
eral and contralateral responses, relative to the 
stimulation site. (b) The first of a pair of MRF stimuli 
is followed by a subnormal period of 50 s, during 
which a second MRF stimulus of the same intensity 
evokes SPR of lower amplitude. (c) Stimulation of 
certain parts of the bulbar reticular formation (BRF) 
inhibits the SPRs evoked through MRF stimulation. 
The average percentage of inhibition was 65% in 10 
kittens aged from 1 to 15 days. 

These results suggest that the reticular centers 
which control electrodermal activity are functional at 
birth and that certain characteristics of electrodermal 
activity are subject to post-natal maturation. 

Key words: Skin Potential Responses - Kitten - SPRs 
reticular control - Bulbar inhibition 

Skin Potential Responses (SPRs) which are associ- 
ated with the activity of sweat glands (Edelberg 1972; 
Venables and Christie 1980) are an index of reticular 
formation activation (Bloch 1965). Electrical stimula- 
tion of the reticular formation, from the medulla to 
the mesencephalon, evokes SPRs with low thresholds 
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on all four paws, even after precollicular section 
(Bloch et Bonvallet 1960; Bloch 1965). The SPR is 
regulated centrally by the hypothalamus (Wang and 
Richter 1928; Langworthy and Richter 1930; Bloch 
1965) as well as by the limbic cortex (Isamat 1961) 
and the sensori-motor cortex (Wang and Lu 1930; 
Wilcott 1969). Furthermore,  in the anaesthetized cat, 
electrical stimulation of some areas of the ventro- 
medial bulbar reticular formation inhibits SPRs 
evoked either by stimulation of a sensory nerve 
(Wang and Brown 1956) or of other parts of the 
reticular formation (Bloch 1965; Roy et al. 1974). In 
the absence of anaesthesia, this bulbar inhibition of 
SPRs is either reduced or disappears altogether (Roy 
et al. 1974). 

The ontogenetic evolution of the central control 
of SPRs has not been investigated to date, and it is 
not yet known whether this system matures after 
birth or not. Yamazaki et al. (1969, 1970) have 
described spontaneous electrodermal activity in the 
kitten during sleep and waking. They found that the 
amplitude of spontaneous SPRs diminishes between 
the age of 8 and 55 days and attributed this decrease 
to the maturation of an inhibitory, perhaps cortical 
mechanism, not yet functional at birth. 

The purpose of the present study was to examine 
whether the control mechanisms of electrodermal 
activity, especially those originating in the reticular 
formation, do mature during the first month of life. 
For this purpose the effects of mesencephalic and 
bulbar stimulations on SPRs were studied in kittens, 
from birth to the age of 30 days. 

Methods 

Subjects 

Thirty kittens between 1 and 30 days of age were used (100-360 g 
body weight). They were anaesthetized with alpha chloralose 
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(40 mg/kg i.p.) and additional doses were given as required. They 
were then fixed in a standard stereotaxic apparatus with small 
tapered ear bars. Since the ear canals do not usually open before 
12 days of age (Olmstead and Villablanca 1980), they were opened 
surgically in younger kittens. Coordinates for stereotaxic surgery 
were calculated with reference to the ear bar zero, according to the 
atlas of Rose and Goodfellow (1973). It should be noted that 
perfect adjustment into the stereotaxic apparatus is difficult since 
the skull is fragile in very young animals. A certain error was 
therefore unavoidable. The experimental room was kept at 25 ~ C, 
and the animals' central temperature was maintained around 
37-38 ~ C by means of an electric heating pad. 
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Stimulating and Recording Procedures 

Following craniotomy two bipolar concentric electrodes (0.4 mm 
in diameter; 0.5 mm distance between tip and core) were lowered 
into the brain-stem to allow stimulation of the Mesencephalic 
Reticular Formation (MRF) and Bulbar ventromedial Reticular 
Formation (BRF). Stimuli were rectangular pulses with the 
following parameters: (a) for MRF: pulse duration 0.2 ms, 300 
per s, total train duration 250 ms; (b) for BRF: pulse 0.5 ms, 100 
per s, total train duration 5-8 s. The intensity range was 0.1 mA to 
1 mA. SPRs were recorded from the central pad of the paws by 
means of Beckman miniature electrodes filled with electrolytic 
paste. The paws were cleaned with ether-alcohol and dried before 
fixing the electrodes. A hypodermic needle was inserted under the 
skin a few mm above the pad and used as reference electrode. 
SPRs were recorded from one paw in eight kittens and from two or 
more paws in 22 kittens (SPRs from one forepaw and one hindpaw 
were recorded in 18 animals). They were displayed on a polygraph 
with either DC coupling or with a time constant set at 3.5 s. The 
position of the tip of the stimulating electrodes was histologically 
verified in seven kittens. The brain was perfused with physiological 
saline followed by 10% formaldehyde and removed. After embed- 
ding the brain-stem in paraffin, 15 ~m serial sections were cut and 
stained by cresyl-violet. 

Results 

SPRs Elicited Through Mesencephalic Stimulation 

Age. SPRs  could  be  e v o k e d  t h rough  shor t  t ra in  
s t imula t ion  of  the  m e s e n c e p h a l i c  t e g m e n t u m  (see  
Me thods )  as ea r ly  as a few hours  a f te r  b i r th .  F igu re  1 
shows SPRs  r e c o r d e d  f rom the  fo repaws  and  h ind-  
paws in a n e w b o r n  k i t ten .  S t e r eo t ax i c  e x p l o r a t i o n  of  
the  b ra in - s t em s h o w e d  tha t  the  mos t  effect ive  coord i -  
na tes  for  evok ing  S P R  with  low in tens i ty  s t imula t ion  
( abou t  0.1 m A )  c o r r e s p o n d e d  to the  mesencepha l i c  
re t icu lar  f o r m a t i o n  ( L 2 - L 3 ,  H 0  to H-4 ,  A 2  to A3 .5) .  
The  h is to logica l  cont ro l s  s h o w e d  this loca t ion  to  be  
correc t  (see Fig.  2 A  f rom a o n e - d a y - o l d  k i t t en) .  

Morphology and Latency. W h e n  r e c o r d e d  with  D C  
ampl i f ica t ion ,  SPRs  a p p e a r  as a nega t ive  m o n o p h a s i c  
def lexion;  the i r  m o r p h o l o g y  is thus  iden t i ca l  to tha t  
in the  adu l t  cat.  La t enc i e s  were  ca lcu la t ed  using 
s t imula t ion  evok ing  SPRs  of  m a x i m a l  a m p l i t u d e  
( s t imula t ion  in tens i ty  ranging  f rom 0.3 to  0.7 m A ) .  

CH 

MRF stirn. 
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0,5 mA 
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Fig. 1. SPRs evoked on the four paws by MRF stimulation (300/s, 
0.2 ms, 250 ms, 0.5 mA) in a 2-day-old kitten. (I = Ipsilateral; 
C = Contralateral; F = Forepaw; H = Hindpaw). Note the 
difference in amplitude in SPRs evoked on forepaws and hind- 
paws. (Responses recorded with DC coupling). Calibration: 1 mV 

They  were  m e a s u r e d  f rom the  beg inn ing  of  s t imula-  
t ion to the  beg inn ing  of  the  ascend ing  l imb.  N o  
significant d i f fe rence  could  be  f o u n d  b e t w e e n  la ten-  
cies_ of  S P R  r e c o r d e d  f rom the  fo__repaws ips i la te ra l  
(m = 1.59 s) and  c on t r a l a t e r a l  (m -- 1.65 s) to the  
site of  s t imula t ion ;  the  s ame  is t rue  for  bo th  h indpaws  
(m = 1.82 s for  ips i la te ra l  h indpaws ;  m = 2.3 s for  
con t ra l a t e ra l  h indpaws) .  Conse que n t l y ,  the  da t a  
o b t a i n e d  f rom bo th  fo repaws  were  p o o l e d ,  as were  
those  o b t a i n e d  f rom the  h indpaws .  The  m e a n  la ten-  
cies were  1.6 s (o  = 0.54) for  SPRs  r e c o r d e d  f rom 
forepaws  (N = 24 k i t tens)  and  2.06 s (o = 0.72) for  
SPRs f rom h indpaws  (N = 14 k i t tens) .  T h e  differ-  
ence is s ta t is t ical ly  s ignif icant  (t = 4.45, p < 0.01). 
H o w e v e r ,  no co r r e l a t i on  b e t w e e n  age and  la tencies  
could  be  es tab l i shed .  

Amplitude. The  var ia t ions  in S P R  a m p l i t u d e  were  
examined  as a func t ion  of  the  s t imula t ion  in tens i ty  
(o the r  p a r a m e t e r s  be ing  kep t  cons tan t ) .  I t  was 
obse rved  tha t  low a m p l i t u d e  SPRs  a p p e a r e d  at a 
cer ta in  th resho ld ,  and  tha t  the i r  a m p l i t u d e  then  
increased  with  increas ing  s t imulus  in tens i ty .  A b o v e  a 
cer ta in  in tensi ty ,  the  a m p l i t u d e  r e a c h e d  a m a x i m u m  
and no longer  inc reased  (see  Fig.  3, t a k e n  f rom a 
7 -day-o ld  k i t t en) .  The  in t e r sub jec t  d i spe r s ion  was 
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Fig. 3. Mean amplitudes and standard deviations of SPRs evoked 
by MRF stimulation as a function of stimulation intensity in a 
7-day-old kitten. Abscissae: intensity of mesencephalic stimulation 
in p~A; ordinates: SPR amplitude in mV 

Fig. 2. A Location of the electrode tip (arrow) in MRF. Coordi- 
nates: A = 3; L = 1.7; H = -2 (1-day-old kitten). B Location of 
the electrode tip in BRF. Coordinates: P = 8; L = 0.5; H = -7. 
Stimulation at this point resulted in inhibition of SPRs evoked by 
MRF stimulation (4-day-old kitten) 

high: in our anaesthetized kittens, the mean SPR 
amplitude, for a maximal stimulation, ranged from 
0.15 mV to 5.4 mV with no significant difference 
between paws ipsi- or contralateral to the site of 
stimulation (t = 0.60, N = 14 kittens for forepaws; 
t =  0.80, N = six kittens for hindpaws). The 
amplitude of SPRs recorded from forepaws was also 
compared to that recorded on hindpaws. In four of 
the youngest kittens (less than one week old) 
mesencephalic stimulation never evoked any SPR on 
the hindpaws, although it did so on the forepaws. 
When SPRs existed on all pads, the maximal 
amplitude of forepaw SPRs was usually higher than 
the maximal amplitude of hindpaw SPRs (Fig. 1). In 
14 kittens, SPRs were thus recorded from both 
hindpaws and forepaws. For the intervals of 1-5 days 
(n = 4) and of 6-10 days of age (n = 8), the differ- 
ence between forepaws and hindpaws was significant 
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Fig. 4. Evolution of the SPRs amplitude on the hindpaws 
compared with SPRs amplitude on the forepaws. The hindpaw 
SPRs amplitude is expressed in the ordinates as the percentage of 
the forepaw SPRs amplitude in each kitten (n = number of kittens 
for each age interval) 

(respectively, t = 20.80 and t = 11.34, p < 0.01). 
Only one animal was tested at the age of 15 days and 
one at the age of 30 days. Although data from these 
animals suggest an amplitude increase with age, no 
conclusion can be drawn (see Fig. 4). 
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Fig. 5. Subnormal period of SPRs evoked by MRF stimulations in 
a 6-day-old kitten. The two identical stimulus trains are separated 
by intervals of 10, 20, 30, and 60 s; the amplitude of the SPR 
evoked by the second stimulation is 47%, 60%, 77%, and 100% of 
the control, respectively. (Responses recorded with AC coupling: 
time-constant = 3.5 s) 
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Fig. 6. Mean amplitudes and standard deviations of SPRs evoked 
by a second MRF stimulus train, as a function of the interval 
between the two trains. Abscissae: intertrain interval in s. Ordi- 
nates: amplitude of the second SPR expressed in % of the control 
SPR amplitude. (n = 15 kittens; age = 1-14 days) 

Paired Mesencephalic Stimulations. The influence of 
the interval between two successive trains of MRF 
stimuli of the same intensity on the amplitude of the 
response to the second train was investigated. The 
interstimulus (i.e. "intertrain") interval varied from 5 
to 60 s and the stimulus pairs were separated by an 
interval of several minutes. The results obtained in a 
6-day-old kitten are shown in Fig. 5: Following the 
first MRF stimulus, it was only after about 50 s that a 
second shock would elicit an SPR of equal amplitude 
to that evoked by the first one. Figure 6 shows the 
mean curve plotted from the results on 15 kittens 
aged between 1 and 14 days. As a whole, it was 
similar to that established for the anaesthetized adult 
cat (Bloch 1965); however, it was different for the 
shorter intervals (5, 10, and 15 s), where the second 
SPR was less depressed than in the adult. 

Inhibition of SPRs Through Bulbar Stimulation 

In this series of experiments, control SPRs were first 
evoked by MRF stimulation. The bulbar reticular 
formation was then stimulated repetitively (see 
Methods). The intensity of the bulbar stimulation 
was usually lower than the intensity of the MRF 
stimulation. The amplitude of the control SPR was 
compared to that of an SPR evoked by a similar 
stimulus delivered 1 s after the beginning of the 
bulbar stimulation. All stimulations were separated 
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Fig. 7. Bulbar inhibition of SPR in a 4-day-old kitten. MRF 
stimulation (left) elicits a control SPR; the same stimulation 
applied during BRF repetitive stimulation (50/s, 0.5 ms, 5 s) elicits 
a SPR with an amplitude of only 30% of the control SPR (right). 
IF = Ipsilateral Forepaw. (AC coupling: time-constant = 3.5 s) 

by intervals longer than 1 rain to avoid the 50 s 
subnormal period described above. For each animal, 
the ratio between the amplitude of SPRs evoked 
during bulbar stimulation and the control amplitude 
was converted into an inhibition percentage. Only 
data from kittens whose inhibition percentage was 
over 50% were retained. Inhibition percentages for 
each of the ten kittens are reported in Table 1. Figure 
7 shows the typical effect of bulbar inhibitory stimu- 
lation on SPRs in a 4-day-old kitten. The difference 
between the mean amplitude of control SPRs 
(m = 1.14 mV) and that of inhibited SPRs 
(m = 0.35 mV) was significant (t = 4.50; p < 0.01); 
the mean inhibition percentage was 65%. Further- 
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Table 1. Individual percentages of SPRs inhibition following 
bulbar stimulations (see text). MRF train delivered 1 s after 
initiation of btflbar repetitive stimulation 

Kitten n ~ Age in days Percentage of 
inhibition 

1 1 57 
2 2 70 
3 2 58 
4 4 84 
5 5 50 
6 6 55 
7 6 77 
8 10 69 
9 10 80 

10 15 50 

more, Table 1 shows that, between 1 and 15 days, 
there was no relationship between the inhibition ratio 
and the age of the subjects. The effective stereotaxic 
coordinates for inhibiting SPRs corresponded to the 
bulbar reticular formation (L0.4-L1, H-5 to H-8 and 
P5 to P9). Histological controls showed that the tip of 
the electrode had been introduced into the caudal 
part of the nucleus reticularis gigantocellularis or into 
the nucleus reticularis ventralis (Fig. 2B). This elec- 
trode position showed itself to be a critical factor; 
shifting the electrode tip as little as 0.5 mm often 
sufficed to make the inhibitory effect disappear 
completely. When delivered alone, bulbar inhibitory 
stimulation did not evoke any SPR, neither at its 
beginning nor its end. 

Discussion 

Our results show that there are reticular control 
mechanisms of SPR at birth and that their pathways 
are functional at this time. In the kitten, SPRs 
recorded with DC coupling are monophasic negative 
responses, as is the case in adult cats (Niimi 1968; 
Yamazaki et al. 1975). This early appearance of 
SPRs in the kitten can be compared to that in the 
human infant who is also very immature at birth. In 
premature infants Curzi-Dascalova et al. (1973) have 
shown that spontaneous SPRs appear as early as 
7 months of conceptional age. It is also known that 
the innervation of sweat glands of the palm and the 
sole is present as early as 4,5 months of conceptional 
age (Ellis 1967) and that myelinisation of reticulo- 
spinal pathways is completed at birth (Langworthy 
1933; Minkowski 1938). 

However, under our experimental conditions, 
SPRs recorded from forepaws and hindpaws were 

found to differ in amplitude up to 10 days of age. This 
difference, and the fact that it is frequently impos- 
sible to evoke SPRs from hindpaws in the youngest 
animals seems to be due to a lag in maturation, the 
origin of which is, however, unknown. Similar differ- 
ences have been observed in premature human 
infants: in the most immature subjects (28 weeks of 
conceptional age) spontaneous SPRs were more 
easily recorded and more consistently obtained from 
the upper extremities (Curzi-Dascalova et al. 1973). 
More precisely, the authors stated that 31% of 
spontaneous SPRs were larger in the upper 
extremities than in the lower, and that only 1.5% had 
higher amplitudes in the lower extremities. 

The results obtained with paired mesencephalic 
stimulation trains show that the amplitude of SPRs is 
depressed, in anaesthetized kittens, for about 50 s 
after the first stimulus. This depression does not 
seem to be related to exhaustion of the sweat glands, 
which would have to be refilled after the first 
response. In the adult cat, we found that two stimuli 
only 5 s apart, applied to the distal end of the 
sectioned medial nerve could evoke two SPRs of 
equal amplitude (unpubl. observ.). Therefore, this 
depression probably originates at the central level. In 
the unanaesthetized intact animal, a double mesence- 
phalic stimulation elicits responses of equal 
amplitude, even with an interval of less than 10 s 
(Bloch 1965). In the anaesthetized animal, each 
stimulation train produces a long lasting depression, 
which remains unchanged after sectioning the brain 
just below the diencephalon. An inhibition origina- 
ting from the cortex can therefore be excluded. From 
his data with sectioning at various levels of the 
brainstem, Bloch (1965) hypothetized that the post- 
stimulus depression was the result of an inhibitory 
bulbar reticular mechanism. However, no direct 
evidence has yet been found in favour of this 
hypothesis. 

Our results show that SPR inhibitory mecha- 
nisms, localized within the bulbar reticular forma- 
tion, are functional in new-born kittens. Simultane- 
ous stimulations of MRF and BRF resulted in an 
average inhibition percentage around 65 %. 
Although this percentage is high, it does not reach 
the 85-90% level normally observed in the adult cat 
under deep anaesthesia (Roy et al. 1974). In an 
attempt to interpret this difference, the question of 
post-natal maturation of the bulbar inhibitory center 
is raised. As mentioned above, the second SPR 
evoked by the double MRF train is less depressed in 
the kitten when shorter intervals are used, than in the 
adult. This leads us to suggest that these differences 
might reflect the incomplete maturation of bulbar 
structures in the kitten. 
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