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I n  earl ier  publ ica t ions  (WI~NIEWSKI et  al., 1965; KLATZO et al., 1965), i t  was 
found  t h a t  a lum phospha te  produces,  besides epilepsy,  neurof ibr i l la ry  degenera t ion  
of  nerve cells. I t  occurred to  us t h a t  i t  would  be in teres t ing  to  examine  the  mor-  
phological  changes which migh t  be p roduced  b y  o ther  a lumin inm compounds ,  in  
pa r t i cu la r  whe ther  t h e y  also p roduced  neurof ibr i l la ry  changes. One such com- 
p o u n d  which has been ex tens ive ly  used expe r imen ta l ly  b y  B A R ~ a A  et al. (1944), 
GASTAUT et al. (1959), is a lumin ium cream or a lumin ium hydrox ide  (KoP]~LOFF 
et  al., 1942; MAYMAN et  al., 1965; W~STaUM et al., 1964). Here  though  extens ive  
morphologica l  s tudies  were made ,  neurof ibr i l la ry  changes were no t  repor ted .  W e  
therefore  dec ided  to  re -examine  the  effects of  th is  compound  va ry ing  the  dosage 
and  examining  specifically for neurof ibr i l lary  tangles.  

Material and Methods 
Experiments were carried out with 15 rabbits of both sexes, weighing 2.5--3 kg each. 

Since four rabbits died within 48 hours after the procedure, the observations pertain to the 
remaining 11 rabbits. In 6 of the 11 rabbits (Table, No. 1--6), 0.5 ml of aluminium cream 
as a gelatinous form of aluminium hydroxide was injected into the basal region of the left 
temporal lobe; in 2 rabbits (No. 7 and 8), 0.5 ml of aluminium hydroxide was injected into 
the base of the pons, and in the remaining 3 rabbits (No. 9--11), 0.1 ml was injected into 
the base of the left temporal lobe. The aluminium cream prepared by the method described 
by KOr]~LOFF et al. (1944), was injected by means of a stereotaxic apparatus. Electroence- 
phalograms were made with an Alvar Rega 8 apparatus with surface (NA~BSl~I, 1958) and 
inbuilt electrodes. In rabbits which died in status epilepticus during the night, the brain 
and spinal cord were removed and fixed in 10~ formalin solution. The remaining rabbits 
were sacrificed by perfusion with 10~ isotonic solution of formalin according to the tech- 
nique of CAM~E~M]~YE~ (1961). For microscopic examination, numerous sections from both 
hemispheres, pons, medulla oblangata, cerebellum and spinal cord were embedded in paraffin 
and stained with hematoxylin-eosin and by the methods of KLiiVER and BIELSC~OWSKY. 

Results 

Clinical observations 

On the  d a y  af ter  the  in jec t ion  and  dur ing  the  nex t  th ree  weeks all  the  r abb i t s  
r ema ined  in good condi t ion  and  exh ib i t ed  no th ing  abnormal .  Af te r  th ree  weeks, 
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Table. Summary o/the results 

of  the  
r abb i t  

Site o f  in jec t ion  
o f  the pa s t e  

base  of  base  of  
t emp.  t he  
lobe pons  

Dos~ 
injected 

ml  

epi. Clinical Surv iva l  . s y m p t o m s  

t i m e  of  pa re s i s  
the  of  
a n i m a l  [ seiz ex t rem.  

/ a tax ia .  

Pa tho -  
logical 
E E G  

Histological  
changes  

neuro- nonspe-  
f ibr i l Iary cif ielocal  
degenera-  react ion 
t ion 

1" + 
2* + 
3* + 
4" + 
5** + 
6** + 
7* 0 
8* 0 
9* + 

10" + 
11"* + 

0 
0 
0 
0 
0 
0 
+ 
+ 
0 
0 
0 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.1 
0.1 
0.1 

6 w  

7m 
6m 
6m 

12 m 
12 m 
3w 
4w 
8m 
7m 

12m 

+ 
+ 
+ 
+ 
0 
0 
+ 
+ 
+ 
+ 
0 

* = rabbits which died in status epilepticus. 
** = rabbits which showed no abnormalities to the 
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experiment and were 

the first neurological symptoms appeared in the rabbits in which 0.5 ml of alu- 
mininm cream had been injected into the base of the pons (Table, No. 7 and 8). 
These symptoms consisted of epileptic convulsions, ataxia and marked paresis of 
all four extremities. 

After three days of illness, status eonvulsivus developed in both rabbits and 
the animals, being in agonal condition, were perfused with 10~ isotonic formalin 
solution. Of the 6 rabbits in which 0.5 ml of aluminium cream had been injected 
into the base of the temporal lobe, one rabbit (No. 1) died after 6 weeks exhibiting 
symptoms of ataxia, paresis of the extremities and status epilepticus. In  three 
rabbits (No. 2, 3 and 4) isolated attacks of epileptic convulsions were observed 
from the eighth week after the injection. 

Two of the animals (No. 3 and 4) died in status epilepticus after 6 months 
observation, and one rabbit (No. 2) after 7 months. Apart from the epileptic fits, 
no other abnormalities were observed. The remaining two rabbits (No. 5 and 6) 
were sacrificed under anesthesia after 12 months observation, having exhibited no 
neurological symptoms apart from the pathological EEG pattern. Of the three 
rabbits (No. 9, 10 and 11) in which 0.1 ml aluminium paste had been injected 
into the base of the temporal lobe, in two of them (No. 9 and 10) a few generalized 
epileptic seizures were observed starting the third month after the procedure. 
Rabbit  (No. 10) died in status epilepticus after 7 month observation, and rabbit 
No. 9 after 8 months. The third rabbit of this group (No. 11) was anesthetized and 
sacrificed after having survived for one year and having shown no symptoms until 
the end except a pathological electroe~cephalographic pattern. 

In  summary, of 11 rabbits, three (No. 1, 7 and 8) died in status epfleptieus 
with symptoms of ataxia and paresis of the extremities ; five rabbits (No. 2, 3, 4, 9 
and 10) died in status epilepticus without neurological symptoms and the remain- 
ing three rabbits (No. 5, 6, 11) were sacrificed after one year exhibiting no 
symptoms apart from abnormal EEG and no epileptic seizures. 
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EEG studies 

After injecting the alumininm paste, EEG records were made in the rabbits at 
frequent intervals beginning from the third week. At the first examination all the 
animals exhibited pathological EEG patterns regardless of the amount  of alumin- 
ium gel injected. These patterns were characterized by random spikes and series 
of spikes. On the whole, the tracings exhibited the character of desynehronization 
with amplitudes of 40 ~V and frequency of 46/see. The character of the EEG 
tracings remained unchanged troughout the period of observation of the animals 
(Figs. 1 and 2). The EEG curves in the rabbits which had no epileptic seizures to 

Fig.  i 

Fig.  2 

Fig.  1. R a b b i t  No. 2. the  table. I .  Six weeks a f te r  inject ion of  0.5 ml  a lumin ium pas te  oil the  base  of  the  left  
t empora l  lobe. Note  isolated spike  and  series of  spikes 

Fig .2 .  Same rabb i t  as in  Fig.  1. A port ion of  the  E E G  recorded 6 m o n t h  a f te r  operat ion.  Note  pract ical ly  the  
same  curve  as in Fig .  1 

the end of the experiment (No. 5, 6 and 11) did not differ from the recordings 
of those animals which displayed epileptic convulsions and died in status 
epilepticus. 

Morphological studies 

In  rabbits in which 0.5 ml of aluminium gel was injected into the base of the 
temporal  lobe, extensive tissue defects were observed at  the site of injection the 
floor of which was formed by the temporal  horn of the lateral ventricle. In  animals 
in which 0.1 ml of aluminium cream was injected, the tissue defects were shallow 
with dimensions not exceeding 0.3 • 0.5 cm. in  rabbi t  No. 1, which died in the 
sixth week after injection of aluminium gel, a considerable amount  of the cream 
was found in the floor of the defect. In  the remaining animals only small remnants  
of alumininm gel were found at  the sites of injection. In  rabbits in which alumin- 
ium gel was injected into the base of the pons, the lower surface of the cerebral 



2 1 4  H]{N]~YK WISI~IEWSKI, %qVITOLD KAI%OZEWSKI and KRYSTYNA WISNII~WSKA: 

peduncles, pens and medu]la oblongata were covered with the paste, and the 
leptomeninges were fibrotie. 

In  rabbits in which aluminium cream was injected into the base of the temporal  
lobe, microscopic observation revealed numerous macrophages and deposits of 
homogeneous strongly eosinophilic material  in the margins of the tissue defects. 
The zone surrounding the tissue defect exhibited a spongy appearance and the 
glial reaction was moderately pronounced. In  rabbits in which aluminium paste 
was given into the base of the pens, the subarachnoid space was filled with macro- 
phages and deposits of strongly eosinophilic material. The pontine tissues (apart  

Fig.3.  Arteria basilaris surrounded by  maerophages and  amorphous material  without  signs of inflammation. 
t t & E ,  •  

from the t ract  of the injection) and the medulla were undamaged. No other 
reactive cells apar t  from macrophages were observed in most of the studied sections. 

The blood vessels of the subarachnoid space lying among the macrophages and 
amorphous material  were patent  and their walls showed no signs of inflammation 
(Fig. 3). Small groups of macrophages were present also in the injection tract.  A 
few inflammatory cells were observed under the ependyma and in the choroid 
plexus. Nerve cells, exhibiting focal clearings in the cytoplasm filled by  neuro- 
fibrfllary tangles were seen in only three rabbits (No. 1, 8, 7) in which 0.5 ml of 
aluminium gel had been injected (Figs. 4--6).  In  the remaining rabbits  even the 
neurons directly adjacent to the paste were unaltered. 

The topographical distribution of the neurofibrillary changes in rabbit  No. 1, 
in which the aluminium gel had been inj eeted into the basal region of the pole of the 
temporal  lobe, was as follows : In  the spinal cord neurons of all cell groups through- 
out the length of the spinal cord were affected. In  the medulla oblongata and 
pens nearly all the neurons of the nuclei of the olivary system and reticular forma- 
tion exhibited neurofibrillary degeneration. In  the cranial nerves, the most pro- 
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b 

F ig .4  a and  b, Pons .  Focal  clearings in the  nerve  cell cy toplasm filled by  neurofibri l lary tangles.  :Rabbits :No. 
7 and  8 the  table, a •  b x600 ,  H & E .  

nounced changes were present in the cochlear nerve, spinal trigeminal nucleus and 
dorsal motor nucleus of the vagus nerve. 

The meseneephalic nucleus of the fifth nerve, n. prepositus hypoglossi and 
subnucleus of Deiters were unaltered. In  the remaining nuclei of the cranial nerves, 
only a few neurons showed typical changes. In  the midbrain, the neurons of the 
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s tratum griseum profundum of the corpus qnadrigeminum anticum reg~alarly 
showed pronounced changes. Also, a high percentage of neurons were involved in the 
corpus quadrigeminum posticum, red nucleus and reticular formation. In  the basal 
ganglia pronounced neurofibrillary degeneration was seen in the ventral nucleus of 
the thalamus. Similarly involved was the lateral geniculate ganglion. Less fre- 

Fig.5. Pons. Eeticular  formations. Neurons showing focal clearings in the Cytoplasm. Cresyl violet; polarized 
light; x600 

a b 
Fig.6.  a 1V[edulla. Dense bundles of argentophilic material  in the cytoplasm. Bodian stain; x200. b Spinal 

cord. High magnification of the neuron filled by  neurofibrillary tangles. Bodian stain; • 

quently, degeneration was encountered in the neurons of the medial geniculate 
ganglion. In the mamillary body, the large cells of the lateral portion bordering 
medially on the descending column of the fornix frequently showed neurofibrillary 
changes. Only a few neurons were usually involved in the zona incerta and in the 
substantia nigra. Free of changes were the nucleus caudatns, globus pallidus, 
putamen, claustrum and the medial nucleus of the thalamus. In the cerebellum, 
the Purkinje cells and the neurons of the cerebellar nuclei were regularly affected. 
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In  the cerebral cortex, the neurofibrillary changes were inconspicuous and were 
observed only occasionally in the large pyramidal  neurons of the posterior part  of 
~he retrosplenial area, area limbica posterior, area praesubicularis and in Ammon's  
cortex. In  the rhineephalon, almost all the large neurons of the tuberculum 
olfaetorium Edinger were affected. The spinal ganglia were regularly free of 
changes. In  rabbits No. 7 and 8, in which aluminium paste had been injected into 
the base of the pens, the topography of the ncurofibrillary changes in spinal cord, 
medulla oblongata, pens and mesencephalon were similar to those in rabbit  No. 1. 
Only random neurons in the tubercntum olfactorium Edinger and the large neurons 
in the retrosplenial area in the cerebral hemispheres were altered. The basal 
ganglia exhibited no changes. 

Diseussion 

The epileptogenie properties of aluminium cream have been known for years 
(KoPELOFF et al., 1942), however, paresis of the extremities, ataxia and neuro- 
fibrillary degeneration are new observations not previously reported in animals 
exhibiting epilepsy after intraeerebral injection of aluminium gel (GAsTAuT et al., 
1959; BAR~E~A et al., 1944). 

In  the rabbits in which 0.1 ml of aluminium cream was injected, pathological 
E E G  patterns and epileptic seizures were observed, but there were no degenerative 
changes in the neurons. Paresis of the extremities, ataxia and neurofibrillary 
degeneration of neurons were observed only in rabbits in which 0.5 ml of alumin- 
ium cream had been injected. Apparently, the dose of 0.1 ml of aluminium gel is 
too small to produce neurofibrillary changes in rabbits. 

The low percentage of animals with this alteration after injection of 0.5 ml of 
aluminium gel was probably due to the method of preparing the cream, and not to 
the individual sensitivity of the animals. Aluminium cream i.e. aluminium hydro- 
xide, begins to precipitate at  p H  4, and at p H  6.3--7.5 precipitation is complete: 
at  pI-I 10 and 11 it redissolves (G~EENFIELD and BUSWELL, 1922). Biologically, 
aluminium cream should be indifferent, but since it is not, it must  contain readily 
soluble aluminium compounds or dissociate. Water-soluble ammonium-aluminium 
sulfate is the starting product af  aluminium cream. Presumably, it is impossible 
to remove the ammoninm-aluminium sulfate from the cream completely when 
the aluminium hydroxide is prepared by the method described by KOPELO~F et al. 
(1942). Because of the physical properties of the gel, small amounts of the sulfate 
are unevenly distributed in it. The dose of 0.5 ml of aluminium cream probably 
failed to produce neurofibriilary changes in the neurons of all the rabbits because not 
every portion contained the same amount  of readily soluble aluminium. Stechio- 
metrical calculation shows tha t  in 0.1 ml of aluminium cream should be about 
0.0105 g of aluminium. Used by KLATZO et al. (1965) Holt 's  adjuvant  contained 
0.00029 g of aluminium in 0.1 ml. However, despite the fact tha t  aluminium cream 
contain in 0.1 ml more aluminium than Holt 's  adjuvant  the last compound was 
more toxic. In  our opinion higher toxicity of Holt ' s  adjuvant  was due to tha t  this 
compound was more contaminated with soluble aluminium compounds than  alu- 
minium cream. Using insoluble aluminlum compounds we never know even 
approximatively the dosis of aluminium entering the brain, therefore now for 
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production of neurofibrillary tangles or EEG changes we use only water soluble 
aluminium compounds. 

In  principle, the topography of the neurofibrillary changes was the same as 
that  observed by KLATZO, WIgNI~WSKI and STREICH~R (1965) in rabbits after 
injection of aluminium phosphate. Absence of nenrofibrillary changes in the basal 
ganglia of the rabitts in which aluminium paste was injected into the base of the 
pens may be attributed to the early death of the rabitts in status epflepticus soon 
after the appearance of ataxia and paresis of the extremities. Whether the neuro- 
fibrillary changes and epilepsy are related remains unclear for the present. The 
problem of correlating the EEG activity with morphologic alterations of the nerve 
cells will be the purpose of our further investigations. 

Summary 
Intracerebral administration of aluminium cream (aluminium hydroxide) in 

rabbits resulted in the development of pathological EEG, convulsive seizures, 
paresis of the extremities and neuronal changes consisted in a focal clearings in the 
cytoplasm filled by neurofibrillary tangles. In  principle, the topography of the 
neurofibrillary changes was the same as that  observed by KLATZO, WIw 
and ST~EICHEg in rabbits after injection of aluminium phosphate. 

Zusammenfassung 
Intracerebra]c Applikation yon Aluminiumpaste (Aluminiumoxyd) bei Kanin- 

chen ffihrte zum Auftreten yon pathologischen EEG-Veri~nderungen, Krampf- 
anf~llen, Extremits sowie yon Nervenze]lver~nderungen in Form 
fokaler Cytoplasmaaufhe]lungen, die von verplumpten Neurofibrillen erffillt sind. 
Die Topographic der neurofibrillgren Ver~nderungen entsprach grundsatzlich den 
Beobachtungen yon KLATZO, WIg~i~wsxI u. STREICK~R an Kaninchen nach 
Injcktion yon Aluminiumphosphat. 

The authors acknowledge with gratitude the help and cooperation of Dr. IGog KLATZO. 
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