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Relationship Between the Calcifying Power of 
Various Substances in  v i v o  and their Solubility 

in  v i t r o  ~ 

Soft-tissue calcification is generally considered a secon- 
dary phenomenon consequent to some kind of damage, or 
'dystrophy' .  The work on experimental  calcification 
carried out at this Inst i tute"  has demonstrated tha t  there 
is no correlation between the damaging effect and the 
calcifying potency of many compounds, I t  is possible to 
distinguish (1) direct calcifiers which induce topical calci- 
fication when placed in contact  with the tissues of normal 
animals, and (2) calciphylactic challengers which induce 
calcification only when injected into animals pretreated 
with a systemic calcifying agent (parathyroid extract,  
vi tamin-D compounds) that  elevates the calcium-phos- 
phorus product in blood and interstitial fluids. 

To investigate the difference between the mechanism 
of action of direct calciiiers and calciphylactic challengers, 
we have tested the solubility of various compounds in two 
types of solution having approximately the same electro- 
lyte content  as the serum of normal and vi tamin-D- 
pretreated rats respectively z. 

We used: Normal Tyrode composed of NaC1 (0.8%), 
KC1 (0.02%), MgCI~ (0.01%), NaH,PO,  (0.005%), 
NaHCO s (0.1%), CaCI~ (0.02%). The pH of this solution 
is 7.6. 'Reinforced Tyrode' ,  containing CaClz (0.03%), 
NaH,PO4 (0.06%) but  otherwise identical with normal 
Tyrode. The pH of reinforced Tyrode is 6.2. 100 mg of 
each compound tested was diluted in 20 ml of normal 
Tyrode, 20 ml of reinforced Tyrode, or 20 ml of different 

Solubility of various compounds in normal and reinforced Tyrode 

Substances inducing precipitation in: 

normal Tyrode or reinforced Tyrodc 
reinforced Tyrode only 

Substances inducing 
no precipitation in 
normal or reinforced 
Tyrode 

BiCI a A 1NH4(SOa) ~ 
CaCI s A I(NOz) s 
CdC12 CoCIa 
CeC1 a CrCl~ 
CuSO, CrCl3 
Go(SO,) a Fe-gluconate 
InC1 a Fe(NOa)a 
P b - a c  SrCl2 
PbCI~ ThCl4 
ZnCI z VOS04 
Z n S O  4 ZrOCl2 
E t h a n o l a m i n e  o l ea te  

AICl3 
HgCI~ 
KBr 
K2CrO4 
KI 
KIOa 
K M n O ,  
LiC1 
MgCI~ 
NaSO4 
NiC12 
Adrenaline bitar irate 
Baeitraein 
Compound 48/80 
Formalin 
Hcparin 
5-HT 
Na-citrate 
PolymyMn 
TaC1 
Tannic acid 
Vitamin Da 

Bold face = compounds which induce calcification when injected into 
normal animals (direct ealcifiers). Italics = compounds which induce 
calcification when injected into vitamin-D-pretre ated animals (calci- 
phylactie challengers). Roman = compounds which induce no calci- 
fication, 

aqueous solutions composed of NaC1, KC1, MgClv 
NaH,PO4, NaHCO~ and CaC1 s in concentrations corre- 
sponding to both normal and reinforced Tyrode. The 
presence of precipitation was judged only qualitatively. 

We found tha t  in general, substances which can induce 
calcification in untreated animals form precipitates both 
in normal and in reinforced Tyrode, whereas substances 
requiring tha t  animals be pretreated with vi tamin D 
form precipitates only in reinforced Tyrode. The tests of 
solutions containing individual components of both 
Tyrodes showed that  direct calcifiers and challengers 
precipitate in NaHCO 3 or NaH~PO4. For certain sub- 
stances (ethanolamine, InCls), the precipitate is much 
stronger in Tyrode than in phosphate or carbonate solu- 
tion. Finally, the compounds without any topical calcify- 
ing potency are all soluble in either normal or reinforced 
Tyrode. The Table shows the correlation between the 
precipitation in Tyrode and the calcifying power in vi~O 
of the compounds tested. 

In our experimental  series there are two exceptions: 
potassium permanganate (a direct calcifier) and alu- 
minium chloride (a calciphylactic challenger) do not 
precipitate in either normal or reinforced Tyrode. We do 
not know the reason for the exceptional behaviour of these 
two compounds, but  statistical analysis confirms tha t  the 
results obtained with direct calcifiers and caleiphylactic 
challengers in normal Tyrode are different (Z ~= 17.76, 
P <0.001). In reinforced Tyrode, the precipitation of 
both types of topical calcifiers is also highly significantly 
different from tha t  of substances without  calcifying ac- 
t iv i ty  (X 2 = 34.05, P < 0.001). 

This experiment throws no light upon the mechanism of 
calcification in rive, but  perhaps an insoluble salt of the 
direct calcifier or challenger represents the first nucleus 
tha t  elicits the accumulation of calcium phosphate. In any 
event  we can conlude, however, tha t  there is a relation- 
ship between the capacity of inducing a precipitate in each 
type of Tyrode solution and the calcifying potency of the 
various compounds examined*. 5. 

Riassunto. L'a t t iv i t~  di earle  sostanze nell ' indurre cal- 
cificazioni in rive ~ messa in relazione con la lore solubilit~t 
in soluzione Tyrode e part icolarmente con la proprietA di 
precipitare il restate ed il carbonate di sodio. 
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The Cerebellar-Evoked Monosynaptic 
Inhibition of Deiters' Neurones 

The nucleus of Dei ters  receives r a the r  massive  projec-  
tion from the  cerebel lum, d i rec t ly  as well as v ia  the  
nucleus fast igi i : .  The  cerebel lar  inf luence upon  Dei te rs '  
nucleus has been assumed to be d o m i n a n t l y  inhibi tory ,  
because abla t ion  of the  cerebel lum grea t ly  enhances  the  
ves t ibular -evoked motoneurone  discharges which are  pre- 
SUmed to be media ted ,  a t  least  in par t ,  by  Dei te rs '  
nucleus K S t imula t ion  of  the  an te r ior  ve rmis  of t he  cere- 
bellum, indeed,  inhib i ted  spontaneous  uni t  discharges in 
Deiters '  nucleus,  t hough  the re  were o thers  fac i l i ta ted  by  
the same s t imulat iona,  t I n  t he  work  to  be repor ted ,  i t  
Was fur ther  revea led  w i t h  the  in t racel lu lar  recording 
technique t h a t  the  ve rmian  s t imula t ion  induces inh ib i to ry  
POstsynaptic po ten t i a l  ( IPSP)  m o n o s y n a p t i c a l l y  in Dei ters '  
neurones. 

Cats were  anaes the t ized  wi th  pen toba rb i tone  sodium. 
Dissection t echn ique  and expe r imen ta l  procedure  have  
already been described 6 Microelectrodes  were filled wi th  
Solution con ta in ing  3 M KC1 or 21¥I NaC1. Fo r  s t imula t ing  
the ipsi lateral  an ter ior  Vermis, concentr ic  electrodes wi th  
OUtside d i ame te r  of 0.5 m m  and  wi th  in te rpo la r  d i s tance  
of 1 m m  were inser ted  s te reo tax ica l ly  th rough,  or  unde r  
direct vis ion over,  t he  poster ior  lobe, a iming  a t  lobule 
I I I ,  IV  or  V (Figure,  inse t  d iagram).  Square  pulses of  
durat ion of 0.08 to 0.2 msec were appl ied be tween  the  in- 
ternal  and  ex te rna l  poles of each  electrode.  

So far 52 cells have  been impaled  in the  ves t ibu la r  
nuclei region and ident i f ied as Dei te rs '  neurones  by  the  
ant idromic  invas ion  f rom the  spinal  cordK In  the  m a j o r i t y  
of them (44), s t imula t ion  of lobule I I I ,  IV  or  V by  the  
Cathode placed a t  a dep th  of 1 to 2 m m  from the  cor t ical  
Surface p roduced  a hyperpo la r i za t ion  of t he  m e m b r a n e  
potent ia l  (Figure, A - E ) .  A t  re la t ive ly  weak s t imula t ion  
near the  threshold,  which  was usual ly  a round  1 V, th is  
hyperpolar iza t ion  was of s imple conf igura t ion  (Figure,  A) 
With a peak t ime  of a b o u t  1 msec and half  t ime  decay  of 
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IPsPs induced in a Deiters' neurone by stimulating the lobule III of 
the cerebellum. Stimulating voltages, 1.5 (A), 3.3 {B), 4.9 (C), 6.7 (D) 
and 30 V (E). F-I, IPSPs in another Deiters' neurone. G and I were 
recorded under hyperpolarization by currents of 2-10 a and 8' 10 -e A, 
reSpectively. J, extraeetlularly recorded field potential. K, traces in 
1t and I are superposed. Downward arrow indicates the time of onset 
of the IPSP thus determined. Inset diagram, illustrating the positions 
of the cerebellar eiectrodes. Arrows indicate fissures dividing lobules 

I to V; Lp., fissura prima; F, nucleus fastigii. 

abou t  I0 reset .  W i t h  an  increase of s t imulus  in tens i ty ,  t he  
I P S P  increases no t  on ly  in its a m p l i t u d e  b u t  also in its 
dura t ion ,  which of ten exceeded 100 msec (Figure,  E).  The  
hyperpo la r i za t ion  could  be reversed  into  a depolar iz ing 
po ten t ia l  e i ther  when the  m e m b r a n e  was hyperpola r ized  
by  currents  appl ied th rough  the  microe lec t rode  or  when  
chloride ions were in jec ted  e lee t rophore t ica l ly  in to  t he  
cell  (Figure, F and G). The  inh ib i to ry  n a t u r e  of this  
hyperpo la r iza t ion  could read i ly  be d e m o n s t r a t e d  by  sup-  
pression of spontaneous  discharges of Dei te rs '  neurones,  
which of ten  occurred due  to  in jur ious  effect  of pene t r a -  
t ion ~. These  observa t ions  es tabl ish  t h a t  the  cerebel lar-  
evoked hyperpo la r iza t ion  is the  I P S P  of the  same na tu re  
as those  h i the r to  s tudied  ex tens ive ly  in ca t  spinal  mo to -  
neurones  as well  as in m a n y  o ther  ne rve  cells 6. F igure  H 
i l lustrates  the  in i t ia l  pa r t  of the  po ten t i a l  change of 
F igure  F a t  a fas ter  sweep ve loc i ty .  T h e  two nega t i ve  
deflections,  e and t ,  which  occurred before  the  hyper -  
polar iza t ion  developed,  were no t  inf luenced by  the  change 
of the  m e m b r a n e  po ten t ia l  (Figure,  I) and  were recorded 
even  in the  ex t race l lu la r  posi t ion (Figure, J).  Hence ,  
t h e y  should be field potent ia l s  p roduced  by  impulses  
a r r iv ing  a t  Dei ters '  nucleus.  I n  spi te  of this  comp lex i t y  
of the  curve ,  the  t ime  of onset  of the  I P S P  can be deter -  
mined  accura te ly  by  super imposing  the  hyperpo la r i z ing  
and depolar iz ing responses (Figure,  K). The  la tency  of 
the  I P S P  thus  measured  f rom the  onse t  of  the  s t imu la t ing  
pulse was as shor t  as 0.9 to 1.1 msec (mean,  1.0 msec) 
when lobule I I I  was exci ted.  

I n  ca t  spinal  motoneurones ,  t he  l a t ency  for p roduc ing  
E P S P  (exci ta tory  pos t synap t i c  potent ia l )  monosynap t i -  
ca l ly  b y  a vo l ley  along the  group I a  muscle  a f ferent  fibres 
is 0.5 msec and t h a t  for induc ing  I P S P  d i synap t ica l ly  is 
1.3 msec af ter  the  impulses  en ter  the  spinal  cord 7. The  
va lue  of 1.0 msec ob ta ined  for t he  l a t ency  of the  cerebel lar-  
evoked I P S P  in Dei te rs '  neurones  would suggest  t h a t  the  
inh ib i to ry  p a t h w a y  is m o n o s y n a p t i c  and is formed of 
s lowly conduc t ing  f ibres;  or  a l t e r n a t i v e l y  t h a t  i t  is di-  
synapt ic ,  fast conduc t ing  fibres being re layed by  a 
synapse  a t  some po in t  in the i r  course.  However ,  the  
l a t t e r  possibi l i ty  was exc luded  by  the  fact  tha t ,  when the  
s t imula t ing  e lect rode was inser ted  deep towards  the  roof 
of  the  four th  ventr ic le ,  t he  l a tency  of t he  I P S P  decreased 
cont inuous ly  according  to the  d is tance  be tween  the  
e lect rode and  Dei te r s '  nucleus.  A t  the  ex t r eme  i t  was as 
shor t  as 0.73 msec, when  the  region near  t h e  nucleus 
fastigii  was s t imula ted ,  and on the  o ther  hand  as long as 
1.3 msec when  the  co r t ex  of lobule V was exc i ted .  Th is  
va r i a t ion  of the  l a tency  can reasonab ly  be accounted  for 
if the  p a t h w a y  is assumed to h a v e  a slow conduct ion  
ve loc i ty  of  20 m/see  or  even  less. 

I n  conclusion,  the  present  resul ts  indica te  t h a t  there  
exists ,  in t he  region inc luding the  cerebe l lum and  the  
bra in  s tem,  a t ype  of inh ib i to ry  neurones  whose  axons  are 
long enough to br idge  over  be tween  the  cerebel lar  cor tex  
and Dei te r s '  nucleus.  In  cons idera t ion  of t he  cerebel lar  
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