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Autonomic Nervous Tones in Chronic Spinal Rats
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Abstract: Sympathetic and parasympathetic nervous tones and ability of temperature
regulation were compared in spinal-intact control rats and in chronic spinal rats. The
lower cervical cord of male Wistar rats was transected under pentobarbital anesthesia,
and the rats were reared in a room of 30°C. For the experiment, each rat was placed
in wire-meshed small cage in the climatic chamber (307C, 60%, r.h.). Ninety minutes
after the beginning of recording, atropine sulfate (Img/kg, i.p.) or propranolol
hydrochloride (8mg/kg, i.p.) was injected. Cardiac parasympathetic and sympathetic
tones were evaluated by heart rate (HR) change after the medication. Rectal
temperature (Tre), tail skin temperature (Ttail) and HR were evaluated for 30 min
before the medication. Mean Tre (M. = S.E.) in control was 38.0+0.1°C, and those in
the 1st, 2nd and 3rd week after spinalization were 36.1+0.2¢C, 37.0+0.3C and
37.3+£0.3C, respectively. Resting HR (HR(norm.)) in control was 369+6 beats/min, and
those in the 1Ist, 2nd and 3rd week after spinalization were 33019 beats/min, 344+10
beats/min and 341+9 beats/min, respectively. The excess temperatures (dT) of the tail
skin over the environmental temperature in the Ist to 3rd week were significantly
higher (p<(0.05) than in the control. In chronic spinal rats, there was a negative correla-
tion between the increase in heart rate by atropine (HR(p)) and HR(norm.), and a
positive correlation between the decrease in heart rate by propranolol , (HR(s)) and
HR(norm.). In control rats, parasympathetic tone (PT) and sympathetic tone (ST) were
calculated as 22.5% and 24.4%, while in chronic spinal rats (from 1st to 6th week after
spinalization), PT and ST were 16.6% and 15.7%, respectively. From these results it is
presumed that the change in parasympathetic tone also may be a contributing factor in
the recovery of the autonomic functions in chronic spinal animals.
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INTRODUCTION

It is well known that the depressed autonomic function observed in spinalized
animals, gradually recovers in the spinal level day by day. There are many reports
relating to recoveries in temperature regulation (Thauer, 1935; Simon, 1974), cold shiver-
ing (Kosaka and Simon, 1968), efferent activity of spinal sympathetic nerve concerning
with systemic pressure control (Arddel ef al., 1982), differential control of the peripheral
and visceral blood flow by spinal sympathetic nerves (Walther ef al., 1971), and micturi-
tion, defecation reflexes and etc. But the detail mechanism of such a recovery process in
these functions and an establishment of a new balance of the sympathetic and parasym-
pathetic nervous tones have not been fully explained. Therefore, the aim of this study
was to clarify the recovery process especially in the relationship between regulatory
mechanisms of body temperature and systemic circulation in chronic spinal animals.

METHODS

Adult male rats of Wistar strain were used for this experiment. Under pentobar-
bital anesthesia (50mg/kg, i.p.), laminectomy was performed to expose the lower cervical
cord and the lowest end of the cervical cord was transected by aspiration. After the
operation, antibiotic (Sulbenicillin, Takeda) was injected intramuscularly. To avoid
hypothermia due to spinalization, in the room of 30C (50%, r.h.) spinalized rats were
reared with plenty of wood shaves in an individual box with dimensions 2Zcm X 32cm X 7cm,
of which one side was meshed. Seven intact rats, heat acclimated to 30C for more than
one month, were used as the control rats. In chronic spinal rats, 21 out of 34 ex-
periments were performed in heat-acclimated rats, but the other 13 experiments were in
non heat-acclimated rats. Under ether anesthesia, needle electrodes were attached to the
both axially areas for detecting electrocardiogram (ECG). A thermistor probe was inserted
into the rectum more than 5cm beyond the anus. Another thermistor probe was attached
on the ventral surface in the middle part of the tail and the tip of probe was covered
by a layer of an adhensive tape. During the experiment, rats were individually placed in
the loosely fitting wire-meshed cage under conscious condition, and the cage containing a
rat was suspended in the air of the climatic chamber of 422 liters of which air
temperature was kept constant at 30C (60%, r.h.) (Tsuchiya, 1986). ECG, rectal
temperature (Tre) and tail skin temperature were recorded continuously. The experiments
were performed between 9 o’clock and 18 o’clock. Heart rate (HR) curve was drawn by
counting R-R intervals of ECG by a counter (Nihon Koden, AT 600G). All the
parameters were recorded simultaneously on the UV oscillograph (Type 5L, Sanei). Nine-
ty minutes after the beginning of the recording atropine sulfate 1mg/kg (Tanabe) or pro-
pranolol hydrochloride 8mg/kg (Sumitomo) was injected intraperitoneally (Tipton and
Taylor, 1965; Barnes and Eltherington, 1973). Parasympathetic tone (PT), sympathetic
tone (ST) and intrinsic heart rate (HR(o)) were calculated after Lin and Horvath (1972)
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as follows: HR(norm.)=HR({o)+HR(s)—HR(p) (1), HR(atrop.)=HR(0)+HR(s) - (2),
HR(prop.)=HR(0)—HR(p)---(3). From (1), (2) and (3), HR(p)=HR(atrop.)—HR(norm.),
HR(s)=HR(norm.)—HR(prop.)*. HR(norm.) is the mean heart rate for 30 min before injec-
tion of drugs. HR(atrop.) and HR(prop.) are heart rate evaluated after 10 min for
atropine and 20 min after propranolol injection, respectively. HR(p) and HR(s) respesent
changes in heart rate by pbarasympathetic and sympathetic activities, respectively. Tones
of the cardiac parasympathetic and sympathetic nervous system were calculated as a
ratio to the intrinsic heart rate, as follows; PT=HR(p)/HR(o) x 100, ST=HR(s)/HR(0) x 100.

The statistical significance of change in parameters was determined by Mann-
Whitney U-test.

REsULTS

Both heart rate and rectal temperature in chronic spinal rats placed in the wire-
meshed cage gradually decreased. Mean values of Tre, HR and the excess temperature
(dT) of the tail skin over the environmental temperature were calculated from the values
piked up at 7 points in every 5 min for 30 min (from 60th min of the beginning of the
recording to 90th min). These results are summarised in Table 1 and illustrated in Fig.
1. The mean value of heart rate (HR(norm.)) in control animals was 369+6 beats/min
and the mean values in the 1st, 2nd, 3rd and 4-6th week after the spinalization were
330+19 beats/min, 344+10 beats/min, 341+9 beats/min and 37712 beats/min, respec-
tively. The value in the 3rd week was significantly (p<0.05) low compared to that in
the control. The mean Tre in the control rats was 38.0+£0.1C, and mean Tre in the
1st, 2nd and 3rd week after the spinalization were 36.1+0.2C, 37.0+0.3C and
37.3+0.3C, respectively. These values were significantly low (p<0.05) compared to the

Table 1. Mean values (M = S. E.) of rectal temperature (Tre), excess temperature (dT) and heart
rate (HR) in control (spinal-intact) rats and chronic spinal rats in the 1st, 2nd, 3rd and
4 —6th week after spinalization. These mean values were calculated from values observed
at 7 time-points every 5 min for 30 min before of injection of drugs (from 60th min to 90th
min after the beginning of recording). Asterisks (*) indicate the statistical significance
(p<0.05) compared to the values in control by testing with Mann-Whiteny U-test

Control 1st week 2nd Week | 3rd Week WHth-6th Week

Number of experiments (n)

Atropine 7 7 5 4 3
Drug treatment Propranolol 7 2 7 2 4
sestal femperature (Tre), g o 4 011361 + 0.2437.0 + 0.3*}37.3 = 0.3%38.1 = 0.5
(C) (dT =Ttail-Ta) =Y e I o e
Excess temperature of the
tail skin over the air 0.5 £ 0.2 1.5 = 0.4% 1.5 = 0.4* 2.0 = 0.2* 1.2 + 0.4

temperature (dT), (C)
Heart rate (HR), (beats/min) 369 = 6330 £ 19 |344 = 10 | 341

H

9% 377 = 12

* HR(p) = HR(atrop.) — HR(orm.)atrop,
HR(s) = HR(norm.)pmp' — HR(prop.)
HR(norm.) = (HR(norm.)atrop. + HR(norm.)prop.) /2
HR(norm.) atrop.! HR(norm.) before atropine treatment
HR(norm.) prop.: HR(norm.) before propranolol treatment
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Fig. 1. Rectal temperature (Tre), heart rate (HR) and excess temperature (dT) of the tail skin over
the air temperature (dT=Ttail-Ta) in spinal-intact rats in the control (C) and in chronic
spinal rats of the Ist (IW), 2nd (2W), 3rd (3W) and from 4th to 6th (4-6W) week after
spinalization. Solid and open circles with vertical bars represent mean and standard errors of
values measured at every 5 min for 30 min (from 60th to 90th min after beginning of recor-
ding) before injection of the drugs. Asterisks (*) indicate the statistical significance (p<0.05)
compared to the values in control. Air temperature was kept at 30T (60%, r.h.).

value in the control. The mean Tre in the 4-5th week was 38.1+0.5C. The excess
temperatures (dT) of the tail skin in the 1st, 2nd and 3rd week after .the spinalization
were significantly high (p<0.05) compared to that in the control.

In order to evaluate the autonomic nervous tones, atropine or propranolol was in-
jected intraperitoneally at the 90th min after the beginning of the recording. Mean HRs
in 7 control rats after administration of each drug are demonstrated in Fig. 2-A. Fig. 2-
B shows mean HR of 19 experiments of atropine treatment as well as of 15 experiments
of propranolol treatment in chronic spinal rats at various weeks after the spinalization.
Details about each week of experiments after spinalization are shown in Table 1. In con-
trol rats the heart rate after injection of atropine sulfate lmg/kg increased and attained
the maximal value at 5 to 10 min after injection, and then reduced toward the -initial
level. The mean value of HR was 451+10 beats/min at 10 min, 444+7 beats/min at 20
min and 438=+8 betats/min at 30 min after injection. The differences among these three
values were not statistically significant. On the other hand, in chronic spinal rats, the
mean value of heart rate was 405+5 beats/min at 10 min, 388+5 beats/min at 20 min
and 376+6 beats/min at 30 min after atropine injection. The latter two values were
significantly low (p<0.05) compared to that at 10 min. By injection of propranolol 8
mg/kg, HR constinuously decreased. At 20 min after injection, mean HR in control and
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in spinal rats were 279+8 beats/min and 291+10 beats/min, respectively. These values

were not - significantly different compared to those at 10 min and at 30 min after injec-

tion. From the reason above mentioned, HR(atrop.) and HR(prop.) were evaluated at 10

min for atropine cases and at 20 min for propranolol after injection, respectively.
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Fig. 2. Changes in rectal temperature (Tre), heart rate (HR) and excess temperature (dT) of the tail
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skin over the air temperature in spinal-intact rats as the control (A) and in chronic spinal
rats (B). Air temperature was kept constant at 30C (60%, r.h.). Solid arrows indicate the in-
jection of atropine sulfate (Img/kg, i.p.) or propranolol hydrochloride (8mg/kg, i.p.). Open

- and solid circles with vertical bars are mean values (M. = S.E.) when atropine or pro-

pranolol was injected, respectively. Asterisks (*) on lines of dT and HR indicate the
statistical significance (p<0.05)' compared to those at just before (at 0 min) and at 10 min
after injection of drugs, respectively.
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Fig. 3. (A): Relationship between the initial heart rate (HR(norm.)) and the increase in heart rate

(HR(p)) at 10 min after injection of atropine sulfate (Img/kg, i.p.) in spinal rats. (B): Rela-
tionship between HR (norm.) and the decrease in heart rate (HR(s)) at 20 min after injection
of propranolol hydrochroride (8mg/kg, i.p.)- in spinal rats. Regression lines were determined
by the least square method.
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In control heat acclimated rats (N=7), initial HR (HR(norm.)), intrinsic heart rate
HR(o), parasympathetic tone (PT) and sympathetic tone (ST) were 369 beats/min, 362
beats/min, 22.5% and 24.4%, respectively. On the other hand, in 34 experiments (19
cases of atropine treatment, 15 of propranolol) of chronic spinal rats, HR (norm.), HR(o),
PT and ST were 346 beats/min, 350 beats/min, 16.6% and 15.7%, respectively.

As shown in Fig. 2-B, a continuous decrease in the excess temperature (dT) of the
tail skin was observed after propranolol injection but not in the atropine case in chronic
spinal rats.

The increase in heart rate by atropine treatment (HR(p)) evaluated at 10th min
after injection and the decrease in heart rate by propranolol (HR(s)) at 20 min after injec-
tion in spinal rats were plotted against the initial resting heart rate (HR(norm.)). As
shown in Fig. 3-A and B, there was a significant (p<0.001) negative correlation between
them in atropine case. The equation of the regression line obtained by the least square
method was Y=—0.785X+331. In the case of propranolol treatment, threre was a signifi-
cant (p<0.005) positive correlation between them. The equation of the regression line
was Y=1.07X-316.

DISCUSSION

In this experiment, heart rate, rectal temperature, excess temperature (dT) of the
tail over the environmental air and effects of injection of atropine or propranolol were
compared in the spinal-intact control and the chronic spinal rats at 30T of room
temperature. Autonomic nervous tones concerned with the cardiac regulation were
calculated by the method of Lin and Horvath (1972) (Walsh, 1969; Cameron, 1979). Both
parasymapthetic and sympathetic tones in chronic spinal rats were lower than those in
heat-acclimated control rats.

Spinal rats were reared in a warm room of 30C. During the experiment, Tre
decreased gradually in a wire-meshed cage suspended in the air of 30C. It is
presumably due to following reasons: peripheral vasodilation especially in the tail, and in-
crease of heat loss under poor heat insulative condition of the wire-meshed cage suspend-
ed in the air. On the other hand, control rats under the same condition, vasodilation was
not observed in the tail. In control rats heart rate incresed during the first 20 min and
then gradually decreased to the initial level. Rectal temperature increased slightly.

Excess temperature of the tail (dT) is an index to know the change in the tail
blood flow (Rand et al., 1965). Mean dT of chronic spinal rats in the Ist week to the
3rd week were about 2C at air temperature of 30T, which indicated the sustained tail
vasodilation. Heart rate and rectal temperaturre were low in the lst week after spinaliza-
tion, but these parameters gradually recovered day by day after spinalization (Tsuchiya,
1986).

Under conscious condition, positive correlations have been reported between heart
rate and symapthetic activity in the rat (Riksten ef al., 1984) and also between heart rate
and oxygen consumption in rodents (Morhardt and Morhardt, 1971). Therefore heart rate
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is an important factor relating to the recovery of the spinal sympathetic activity and the
heat production. In this study the increase in heart rate by atropine (HR(p)) and the
decrease in heart rate by propranolol (HR(s)) were polotted against the initial heart rate
(HR(norm.)). There were a negative correlation between HR(p) and‘ HR(norm.) and a
positive one between HR(s) and HR(norm.). The increased HR after atropine injection
(HR(atrop.)) in chronic spinal rats reduced more quickly than in the spinal-intact group.

It was reported that autonomic nervous tones were changed by thermal acclimation
in rats, (LeBlanc and Cote, 1967). It was also reported that parasympathetic tone in hot
environment was higher than that in cold environment in rats (Tsuchiya, 1987). In this
study, to neglect the effects of environmental temperature and thermal acclimation on
the autonomic tones, heat-acclimated rats were used as the control. In 21 out of 34 ex-
ﬁeriments of chronic spinal rats, heat-acclimated rats, were used. But in the other 13 ex-
periements, non-heat-acclimated ones which were expected to show an increase in
parasympathetic tone in hot environment were used.

Ardell ef al. (1982) observed in chronic spinal cats a recovery of the sympathetic
nerve activity and gradual increase in reducing effect of blood pressure by admin-
istrations of ganglion blocker (hexamethonium bromide). The mean blood pressure in
chronic spinal group was about 66% of that in control at 1 month after the spinalization
in the same anesthetic condition. In this ‘study, both parasympathetic and sympathetic
tones in chronic spinal rats were lower than those in the control. An increase in sym-
pathetic activity and a decrease in parasympathetic one in chronic spinal rats may have
an advantageous effect for the recovery from the depressed condition due to the
spinalization.

As shown in Fig. 2, a decrease of dT indicating the vasoconstriction in the tail
was observed after administration of propranolol but not after the atropine in spinal rats.
Because the systemic blood preséure (BP) was not measured during this experiment,
there are not enough informations about the effects of the change in BP after medica-
tions on blood circulation in the tail. Propranolol is a selective beta-adrenergic blocker.
Arterio-venous anastomoses, AVA, are aboundant in the rat tail. These AVA are inner-
vated by the sympathetic vasoconstrictors (Kondo, 1972; Gemmel & Hales, 1977). Nikerson
and Collier (1975) described that beta-adrenergic blocking agents have minimal direct ef-
fect on the peripheral vasculacture and peripheral resistance is increased as a result of
compensatory sympathetic reflex (Nies ef al., 1973). From these facts, it is also sug-
gested that the spinal symapthetic nervous system participats in the tail vasoconstriction
after the propranolol administration.
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