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Summary. The effects of chelation of calcium ions and elevation of sodium ions 
concentration in cerebrospinal fluid on body temperature was examined in conscious 
dogs. Decrease of calcium ions concentration brought about by an infusion of 
disodium edetate (Na2EDTA) into the lateral ventricle elicited an increase in body 
temperature in 8 out of 10 experiments by 1.49 ~ 0.36~ Huddling, piloerection, 
lowering of respiratory rate, vasoconstriction and shivering occurring in the course 
and after Na2EDTA infusion argue that hyperthermia resulted both from excess 
production of heat and activation of heat conservation mechanisms. Two intra- 
ventrieular infusions of artificial CSF containing 88 mM Na + in excess of its physio- 
logical concentration did not produce any effect on body temperature. 

The role of calcium ions concentration in brain centres regulating body temper- 
ature is discussed. 
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There is accumulating evidence indicating that  the ionic composition 
of the cerebrospinal fluid and of the extracellular fluid in the brain tissue 
plays an important role in determining the animal's behaviour. I t  was 
recently suggested that  the inherent ratio between the concentrations of 
two cations :Na+ and Ca++ may be a physiological basis of the set-point 
for body temperature [7]. Body temperature was found to increase when 
the cerebral ventricles were perfused with a fluid containing sodium ions 
in excess of their physiological concentration, and to decrease when 
calcium ions concentration was augmented [6]. The shift in the intrinsic 
ratio between sodium and calcium was proposed to exert a selective 
action upon the posterior hypothalamus, as changes of tMs ratio in other 
hypothalamic areas did not produce any evident effects on body temper- 
ature [8]. 

The fact that  alterations of these two ions concentrations exerted the 
same effect on body temperature in several species such as rabbit, rat, cat 
and monkey [3, 6, 8, 9] made this hypothesis particularly attractive. How- 



62 B. Sadowski and E. Szczepafiska-Sadowska 

ever, Seoane and  Baile [12] failed to  find any  effect of calcium injected in  
excess in to  the  th i rd  ventr ic le  on  body  t empera tu re  in  the sheep, a nd  
H a n e g a n  and  Wil l iams [4] repor ted  t h a t  a l tera t ions  in  Ca ++ concentra-  
t ion  wi th in  the  preoptie area and  anter ior  hypo tha lamus  influenced body  
t empera tu re  of g round  squirrels. These two findings just i fy  the assump- 
t ion  t h a t  the effect of calcium ions in  the eerebrospinal  fluid on  deep body  
t empera tu re  m a y  in  fact depend  on  species differences. 

The present  s tudy  was a imed to examine  the  effects of lowered 
calcium and  increased sodium concent ra t ions  in  the  ventr icles  on  body  
t empera tu re  in  the  conscious dog. 

Materials and Methods 
The experiments were performed on three male conscious mongrel dogs weighing 

16--22 kg accustomed to the experimental situation requiring partial restraint on 
the Pavlov stand. 

Surgery. under hexobarbital anaesthesia the animals were aseptically implanted 
with guide tubes leading to the lateral cerebral ventricle and with thermistors aimed 
at the anterior hypothalamus. Coordinates taken from the stereotaxic atlas of Lim 
et al. [5] were corrected for individual variations in the dimensions of the dog's skull 
using APO-irffraorbital coefficient [11]. The procedure described by Traezyk [13] 
was adopted to approach the lateral ventricle. A plexiglas socket was screwed into 
the parietal bone. The guide tube cut from a stainless steel needle (1.25 mm o.d.) was 
placed in a holder of the stereotaxic instrument and lowered slowly at 13--16 mm 
anteriorly to the interaural plane, 11--13 mm from the sagittal plane and at an 
angle of 75 ~ to the horizontal plane through a hole in the socket until eerebrospinal 
fluid be could aspirated from its outer end, and was kept secure in this position with 
aerylic cement. The thermistor was placed in a 0.6 mm (o.d.) glass tube, with one of 
its platinum-iridium wires passed through a thin glass capillary. The two wires were 
soldered to copper teflon-coated leads. The place of soldering was carefully insulated 
using Araldite (Ciba-Geigy). The thermistor was implanted at A--25 ram, L--3 mm 
and V--7 to 9 ram, and fastened to the skull with the cement. The leads were placed 
in the socket and wound freely around the guide tube. The guide tube was closed 
with an obturator and a plexiglas cap was screwed Onto the socket. Prophylactic 
doses of penicillin and streptomycin were injected during 3 days following the sur- 
gery. A period of at least 2 weeks was allowed for recovery. 

Solutions Used/or Intraventricular I~/usions. 1. Control artificial cerebrospinal 
fluid (CSF) was similar to that used by Myers and Yaksh [10] and contained: 
Iqa+ 142.5 raM, K + 2.6 raM, Ca ++ 1.3 raM, Mg ++ 0.9 raM, C1- 134.5 toni, HC03- 
10.0 mM, H P O ( -  2.5 mM and glucose 3.4 raM. 2. EDTA-CSF used in experiments 
with Ca ++ chelation had the same composition as the control one, but Ca ions were 
omitted and ethylene-diamine-tetraacetie acid disodium salt (Na2 EDTA) was added 
in a concentration of 3.6 raM. 3. I~a-CSF had the same composition as the control 
CSF, except that it contained 88 mM of Na + and CI- in excess of their physiological 
concentration. All three solutions were titrated to a final pH of 7.3 with 0.1 N HC1. 
Control and EDTA-CSF were brought into isoosmolarity (300 mOsm/1) with sodium 
chloride or water, whereas I~aCSF had a higher osmolarity (415 mOsm/1). The 
syringes, inflow caunula and polyethylene tubing were stored in 700/0 ethanol, and 
flushed with a commercial pyrogen-free saline and finally with the solution used for 
intraventricular infusion just before each experiment. 
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Experimental Design. The experiments were performed at  ambient temperatures 
ranging 18-- 23 ~ C and relative air humidity of 40 --  50 %. Three variants were carried 
out depending on the kind of solution used for intraventricular infusion. The infu. 
sions were given alternately and an interval of at least 48 hrs was allowed between 
them. At the beginning of each experiment a semiconductor thermosensitive probe 
was placed 10 cm beyond the anus to measure rectal temperature (Tre), and leads of 
the thermistor were connected to a thermistor bridge to measure hypothalamic 
temperature (Thy), skin temperature (Tear), respiratory movements, electrocardio- 
gram and eleetromyogram were recorded continuously. Skin temperature was 
measured using copper-const~ntan thermocouple attached to the dorsal surface of 
the ear. Respiratory movements were recorded using a resistance transducer placed 
around the dog's chest. Electromyogram was recorded from the gluteal muscle. 

An inflow cannuia was introduced into the lateral ventricle through the guide 
tube. I t  was connected by means of a polyethylene tube to a syringe placed in a 
Palmer slow injection apparatus. The intraventricular infusion started when all 
measured parameters stabilized approximately at the same level for a period of 
20 min. The rate of infusion was 75 tzl/min and the time varied from 18--90 min. 
The experiment was finished when deep body temperature went down to the pre- 
infusion level. 

Histology. At the conclusion of the experiments the animals were sacrificed to 
verify histologically the placements of the guide tubes and the thermistors. A routine 
procedure of fixation, sectioning and staining after Weil was applied. 

Results  

Calcium Chelation in the Cerebrospinal Fluid. The effects of  t e n  in t ra -  
ven t r i cu la r  infusions of  E D T A - C S F  toge the r  wi th  corresponding infusions 
of  cont ro l  CSF on b o d y  t e m p e r a t u r e  are  shown in Table  1. Control  infu- 
sions p roduced  a s l ight  decrease  in  deep  b o d y  t e m p e r a t u r e  b y  0 .1- -0 .35  ~ C, 
whereas  an  increase  in  b o d y  t e m p e r a t u r e  was observed  in 8 ou t  o f  10 
E D T A - C S F  exper iments .  The mean  increase in Tre in 8 expe r imen t s  wi th  
h y p e r t h e r m i a  equal led  to  1.49 ~ 0.36~ 

Desp i te  t he  same ra t e  of  i n t r aven t r i cu l a r  infusion in  each expe r imen t  
the  t ime  course and  the  range  of  body  t e m p e r a t u r e  increase  was different  
in i nd iv idua l  expe r imen t s  on the  same dogs. B o t h  Tre and  Thy s t a r t e d  to  
rise wi th in  6 to  30 rain af te r  the  onse t  of  the  infusion a n d  con t inued  to  
increase  for some t ime  af te r  the  infusion was s topped .  

Increase  of  b o d y  t e m p e r a t u r e  was accompan ied  b y  behav ioura l  
changes typ ica l  of  defense aga ins t  cold. I f  the  dog was pun t ing  dur ing  the  
pre infus ion period,  he closed his m o u t h  a n d  d r a m a t i c a l l y  s lowed the  
r e sp i r a to ry  ra te .  Hudd l ing ,  p i loerect ion and  shiver ing a p p e a r e d  soon 
thereaf te r .  Shiver ing increased  as the  infusion was cont inued.  Vasocon- 
s t r i c t ion  (es t imated  f rom a decrease of  Tear) and  increase in  h e a r t  r a t e  
were also evident .  W h e n  the  b o d y  t e m p e r a t u r e  exceeded  some cri t ical  
level  (usual ly  a b o u t  41~ the  hea t  d iss ipa t ion  mechanisms  were act i-  
va t ed .  The  r e sp i r a to ry  r a t e  sudden ly  increased  a n d  l a t e r  on pun t ing  
accompan ied  b y  sa l iva t ion  and  vasodi la ta~ion (es t ima ted  f rom an  
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Table 1. Effect Of infusion of control (CSF) and disodium edetate containing (EDTA- 
CSF) cerebrospinal fluid into the lateral ventricle on rectal temperature (Tre) in dogs 

Dog Ta Solution Time max A Tre 
~ infused of infusion o C 

(min) 

1 22 EDTA-CSF -- 0.10 
23 EDTA-CSF -~ 0.80 
18 CSF ~- 0.10 
21 EDTA-CSF -- 0.15 
19 EDTA-CSI~ 60 -~ 0.55 
22 CSF --  0.10 
23 EDTA-CSF -]- 0.85 
23 CSF --  0.05 

2 23 CSF 90 --  0.20 
21 EDTA-CSF 28 -}- 3.20 
22 CSF 28 --  0.10 
23 EDTA-CSF 20 ~ 1.80 
20 CSF 20 --  0.15 
22 EDTA-CSF 30 ~ 0.30 
22 CSF 25 --  0.15 

3 22 CSF 30 --  0.10 
24 EDTA-CSF 20 -t- 2.30 
24 CSF 30 - -  0.35 
20 EDTA-CSF 18 ~- 2.20 

Ta = ambient temperature. 

increase  of  Tear) deve loped .  F o r  a shor t  pe r iod  of  t ime  (10--15 rain) t he  
dog was shiver ing a n d  pun t ing  a t  t he  same t ime .  T h i r t y  to  60 rain a f te r  
t he  end  o f  t he  infus ion the  b o d y  t e m p e r a t u r e  decreased  to  t he  con t ro l  
va lue  or s tab i l i zed  for  some t ime  a t  a s l igh t ly  h igher  level  (F igs . l ,  2, 
a n d  3). 

Other  behav ioura l  effects n o t  r e l a t ed  d i rec t ly  to  t he  t h e r m o r e g u l a t o r y  
mechan i sms  were also no ted .  T h e y  cons is ted  of  sniffing, ove rexe i t ab i l i t y  
a n d  somet imes  aggressiveness.  I n  some expe r imen t s  defeca t ion  a n d  epi- 
l ep t ic  seizures appea red .  The  l a t t e r  could  be p r e v e n t e d  b y  in jec t ion  of  
10 mg of  lumina l  n a t r i u m / k g  b o d y  weight  i n t r a musc u l a r l y  30 rain before  
t he  i n t r a v e n t r i e u l a r  infusion.  This  dose was found  n o t  to  abol ish  or 
d iminish  the  increase  in  b o d y  t e m p e r a t u r e .  No epi lept ic  seizures were 
obse rved  in  the  course of  con t ro l  CSF infusions.  

Sodium Excess in Cerebrospinal Fluid. Two infusions of  N a - C S F  
las t ing  40 a n d  90 rain d id  n o t  p roduce  a n y  changes in  b o d y  t e m p e r a t u r e  
as c o m p a r e d  to  con t ro l  CSF infusions (Fig. 3). The  same dog r e sponded  
wi th  high increase  in  b o d y  t e m p e r a t u r e  to  E D T A - C S F  infusions.  I n  one 
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Fig. 1 A--C. l~espiratory movements (1), electrocardiogram (g) and eleetromyogram 
(3) of a dog during intraventricular infusion of calcium free artificial cerebrospinal 
fluid containing disodium edetate. (A) Preinfusion control. (B) The 15th rain of 
infusion. (C) 6 rain after the end os infusion. Calibration: 200 ~zV, 1 sec. Note 
decrease of respiratory rate in B, and the appearance of panting in C while shivering 

is still present. Details of the record were retouched for photography 

of  the  expe r imen t s  wi th  Na -CSF  the  dog had  free access to  wa te r  h e a t e d  
to  38~ and  d r a n k  540 ml dur ing  90 rain. No dr ink ing  was observed  wi th  
cont ro l  CSF. 

Discussion 

The expe r imen t  wi th  Ca++ che la t ion  in  the  vent r ic les  of  the  dog gave  
essent ia l ly  the  same resul ts  as those  descr ibed  b y  Myers  and  u  [10] 
i~ t, he  m o n k e y  and  b y  Clark [2] in the  eat ,  i.e. h y p e r t h e r m i a  ensue4  even 

5 Yfliigexs Arch,, Vol. 352 
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Fig. 2. The effect of infusion of calcium free artificial cerebrospinal fluid containing 
disodinm edetate into the lateral cerebral ventricle on hypothalamie (T~y), rectal 
(TT~) and skin (T~r) temperature, and on respiratory rate (RESP.). The time of 
infusion is indicated by a black bar and the shivering--by a sine line. T~ ambient 

temperature 
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Fig. 3. The effect of infusion of eerebrospinal fluid containing either 3.6 mlVi disodium 
edetate (EDTA-CS2') or 88 mM of sodium ions in excess (CSY + 88 mM Na +) into 
the laterM cerebral ventricle on hypothalamic temperature (Tby) denoted with black 
circles. Empty eireles--Thy in corresponding experiments with infusions of control 

CSF 

though i t  disappeared more rapidly  t h a n  in  other species. This resul ted 
bo th  from heat  overproduct ion manifes ted  by  shivering a nd  from simul- 
t aneous  ac t iva t ion  of hea t  conservat ion mechanisms.  The la t te r  was 
demons t ra ted  by  huddl ing,  piloereetion, decrease of respira tory rate  a nd  
vasoconstr ict ion.  



Cerebrospinal Fluid Ions and Body Temperature in Dogs 67 

In  most of the experiments body temperature  increased nearly 
linearly until the peak was achieved, and then decreased almost as 
rapidly. Nevertheless, a kind of plateau lasting 10--15 rain usually 
occurred. During this t ime the dog was shivering and panting a t  the same 
time and thus maintaining his body temperature  on the same level. I t  is 
not clear why hypocalcium hyperthermia in the dog is so short-lasting. 
The possibility tha t  the rate of exchange of bound and unbound calcium 
between the extraeellular fluid of the central nervous system and tha t  of 
the rest of the body may  differ among the species cannot be ruled out. 
The reason for a big variation between hyperthermic effects of EDTA- 
CSF infusions in consecutive experiments on the same dog is even more 
obscure. As shownin Table 1 this variability was not related to changes in 
ambient  temperature.  I t  would appear tha t  some other factors are neces- 
sary to reveal the hyperthermic effect of Ca ++ chelation. 

I t  cannot be definitely stated on the basis of the present results 
whether changes fil calcium concentration exert a selective action upon 
the posterior hypothalamus and play an essential role in establishing the 
set-point for body temperature  in the dog under physiological conditions, 
because no data is available on the actual decrease in calcium ion concen- 
t rat ion within discrete brain areas during the EDTA-CSF infusions. 
Neither is the range of changes of this ion concentration known within 
the extraeellular fluid of the central nervous system under physiological 
and pathological conditions. Numerous side effects appearing during the 
infusion of EDTA-CSF, not related directly to the defense against cold, 
but  ra ther  to increased arousal or emotional tension, argue for non- 
specific excitation of various nervous structures, also outside the hypo- 
thalamus. So the increase in body temperature would be only one of the 
symptoms of this state and could result from higher than  usual act ivi ty 
of the neurons which control production and conservation of heat  in 
the body .  

The fact tha t  infusions of Na-CSF containing as much as 88 mM 
sodium in excess of its physiological concentration did not produce any 
changes in body temperature  although they exerted the usual dipsogenic 
effect [1] seems to indicate that  neither rise of this ion concentration nor 
increase in the ratio of sodium to calcium in the central nervous system 
are essential for regulation of body temperature  in the dog. Further  
experiments with local perfusions of the posterior hypothalamus are 
needed to elucidate definitely this question, since penetration of ions 
from the eerebrospinal fluid into the posterior hypothalamus in the dog 
may  be different than  in other species. 
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