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Abstract. Perphenazine enanthate 3.4 mg/kg per injection, was administered 
subcutaneously to rats every second week over a period of a year, a total of 31 mg 
per animal being given. The animals were observed weekly and only a few became 
cataleptic during brief periods. After treatment for one year, 3H-uridine and 3H- 
lysine were administered intravenously and the labelling was studied by micro- 
autoradiography. Labelling of the cortical cells in the treated animals was found 
to be slightly greater than in the control animals. The converse was found in the 
basal ganglia in the case of uridine. None of these differences were significant. 

In  counting nerve cells in the cortex and in the basal ganglia, a significantly 
lower number of nerve cells was found in the basal ganglia in the treated group. 

Histological investigation of lungs, liver, spleen and kidneys showed only in- 
significant changes in the tissues. 

All the investigations mentioned were performed blind. 
Key words: sH-Uridine -- 8H-Lysine -- Perphenazine -- Microautoradio- 

graphy -- Nerve Cell Counts. 

An  extensive l i terature exists on the effect of  chlorpromazine on the 
animal  brain  following long-term adminis t rat ion (see review by  Sommer 
and Quandt ,  1970). A series of  changes in the brain have been described, 
including , ,degeneration" of  nerve cells, satellitosis, neuronophagia,  vas- 
cular changes and  minor  haemorrhages (Kemali et al., 1958; Gueynise- 
man,  1962; Mackiewicz and Gershou, 1964; Popova,  1965). On the other  
hand,  only a few investigators have studied the long-term effect of  pro- 
mazine derivatives on the brain. Romasenko  and Jacobson  (1969) adminis- 
tered trifluoperazine to rats  in doses up to 250 mg/kg, for up to 5 weeks. 
They  found only small morphological changes, which were reversible. I n  
the case of  perphenazine, there are a few studies on cerebral changes. 
Grfinthal and Walther-Bfiel  (1960) described pronounced cell changes in 
the  inferior olive in a pat ient  who had  suffered f rom dyskinesia after the 
adminis t ra t ion of  perphenazine for 13 days. Nielsen et al. (1969) found 
t h a t  this substance produced chromosome changes, while Cohen et al. 
(1972) were unable to confirm these findings. We have administered per- 
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p h e n a z i n e  t o  r a t s  o v e r  a p e r i o d  o f  12 m o n t h s ,  a n d  f o u n d  o n l y  smal l  chan-  

ges  in  t h e  u p t a k e  o f  3H-ur id ine  a n d  8I-I-lysine in t h e  n e r v e  cells, b u t  a sig- 

n i f i can t  loss o f  cells in  t h e  basa l  gangl ia .  

Material and Methods 

Forty white rats of the Wistar strain were used. The animals were 3 months 
old at the commencement of the investigation and weighed 240--250 g. Thirty 
animals were given a subcutaneous injection of perphenatine enanthate, 2.4 mg/kg, 
every second week for a period of several weeks. As the animals did not  become 
sedated at this dose it was increased to 3.4 mg/kg. The injections were given on the 
right and left side alternately, and no infiltrates were seen at the sites of injections. 
The injections were given over a total period of one year and the total amount 
injected was 30.9 mg per animal  In  addition, the oil in which perphenazine is 
dissolved was injected subcutaneously into 10 animals. These control animals also 
received injections every second week over a period of one year. 

The animals were placed singly in cages, measuring 17 • 23 X 28 era, made of 
wire netting, with a mesh size 18 • 18 ram. The animals received food pellets and 
a vitamin supplement. Observations of their behaviour in the cages and spontaneous 
motor activity were made once a week. The animals were weighed every second 
week; they thrived normally, the weight rising in the course of the year to 450--600 g 
(mean 490 g). Some of the animals had a brief upper respiratory tract  infection, 
and a few had occasional diarrhoea. Severely affected animals were sacrificed. 
Towards the end of the experiment, deeubitus ulcers on the paws became a problem, 
presumably due to the coarse wire mesh floor in the cages. There were no infections. 
A total of 10 animals died or were sacrificed during the experimental period: three 
animals were sacrificed because of cancer, 2 with pulmonary infection and 1 with 
persistant diarrhoea. In  addition, 4 animals were sacrificed after treatment for 
8 months. By the end of the injection period there remained 8 control animals 
and 22 treated ones. 

After the termination of the experimental period, a total of 12 animals were 
used for the following experiment. Six animals (4 perphenazine animals and 2 con- 
trol animals) were injected intravenously with 2 mC aH-5-uddine (specific activity 
25 C/raM, Amerham, England) per animal, and the same number of animals were 
injected with 3H-DL-lysine (specific activity 10.8 C/mM). One hour later, the 
animals were anaesthetized with chloroform and then sacrificed by pcrfusion with 
Lillie's fluid (formalin 4%) via the left cardiac ventricle, the right atrium being 
clipped open. All the other experimental animals were sacrificed in the same way. 
All animals were then immersed in Lillie's fluid until next day, after which the brain 
was removed. This was post-fixed in Lillie's fluid for 2 days, and then each hemi- 
sphere was cut into 3 blocks by means of frontal sections, the blocks then being 
rinsed in water for 24 h, cleared in chloroform, placed in 54~ paraffin overnight, 
embedded in paraffin and cut into 4 pt sections. 

The sections from the 12 tritium-injected animals were de-paraffinized and 
coated with Ilford Research Emulsion K-5 at 45 ~ They were dried for 60 rain 
and placed in light-tight boxes with Drierite at 4~ for 4 days in the case of the 
lysine sections and for 14 days in the case of the uridine sections. The sections 
were developed with Amidol for 4 rain at 18~ and fixed in 30% sodium thio- 
sulphate for 7 rain at 18~ They were then stained with hematoxylin-eosin. Grain 
counts were made on these autoradiograms over nerve cells in the cortex and in 
the corpus striatum, the counts being made both over nuclei and cytoplasm and 
over the neuropil, in the latter in squares of 400 ~ .  The counts were made over 
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25 cells in the 2nd layer and 25 cells in the 5th layer of the cortex, over 25 cells in 
the corpus striatum and over 25 neuropil squares in the cortex and corpus striatum. 
Grain counts were also made over 25 nuclei in the ehoroid plexus. Counts were 
made on 2 sections from each animal. The diameters of the nuclei were measured 
in 3 sections, giving 8.7 ~ in the 2nd layer of the cortex, 11.9 ~ in the 5th layer 
of the cortex, and 8.8 ~ in the basal ganglia. All grain counts over the nuclei were 
adjusted for the same nuclear area, so that the counts could be compared 
directly. All counts were made blind, and were done by the authors (HP and RF). 
The background activity was determined in 25 squares with an area of 1600 ~2 
per square. As this value was in all cases less than 1 ~ of the count for each area 
no correction was made for background activity. 

Finally, the nerve cells in the cortex and in the basal ganglia were counted 
in 8 control animals and in 12 perphenazine-trea~ed animals. The counts were made 
using an ocular micrometer and a 40• objective. Counts were made in squares 
of 10000 ~2. In the cortex, counts were made in 4 tracks from the surface down to 
the white matter. In the basal ganglia, 5 tracks of 10 squares were counted. Counts 
were made on 2 sections from each animal, and these 2 results were added before 
making the statistical analysis. All counts were of nucleoN. No correction was made 
for cutting the object com~ted, as this is only a question of a comparison between 
2 groups of counts. Section thickness was determined by focussing on the upper 
surface and on the lower surface of the section using the oil-immersion objective, 
10 measurements being made on each section and the cell counts being corrected 
for deviations from the mean richness (4 ~). All counts were made blind, and were 
done by the authors (H.P. and R.F.). 

The liver, kidneys, lungs and spleen were removed from all 34 animals (30 an- 
imMs injected for a year, 4 animals injected for 8 months). Per Christoffersen, M.D., 
Pathological Institute, performed the microscopic examination of these tissues. This 
evaluation was likewise carried out blind. 

Results 

Behaviour. The motor  ac t iv i ty  of the animals  was normal  dur ing the 
first few months ,  with one exception. Later,  their  movements  were some- 
wha t  inhib i ted  due to sores on the paws. Periodically they  were a l i t t le 
i r r i table and  aggressive. All animals  were examined once a week for cata- 
lepsy. The animals  were placed at  the wire ne t t ing  wall. Normal  rats  will 
move up to the edge, b u t  cataleptic rats  s tay  quiet ly  where they  are pla- 
ced. Fou r  animals  in the t r e a t m e n t  group were more or less cataleptic, 
one of t h e m  from the commencement  of the  invest igat ion,  the  others 
only  dur ing  the  la t te r  half  of the exper imental  period. I n  12 animals  
catalepsy was observed in 58 cases (the tota l  n u m b e r  of observat ions was 

1462). These cases of catalepsy were observed dur ing the whole period of 
t r ea tment ,  wi thout  any  special pa t te rn .  Ten  of the  rats  were from the 
t rea ted  group, 2 from the non- t reated.  A to ta l  of 24 animals,  16 t rea ted  
and  8 non- t rea ted ,  did no t  show a n y  catalepsy a t  a n y  t ime.  

Autoradiography. The results of the grain  counts  are seen in  Table 1. 
This shows tha t  in  the case of uridine,  the  labell ing of nuclei  and  neuropi l  
in  the cortex is sl ightly greater in  the t rea ted  animals  t h a n  in  the control 
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Table 2. Number of nerve cells per unit area in 12 treated and 8 control animals. 
Each figure is the average of counts in 2 sections. The difference found in the basal 

ganglia is significant (p < 0.005) 

Cortex Basal ganglia 

treated animals controls treated animals controls 

864 1075 825 
1019 1057 834 
1022 828 804 

955 869 834 
1018 863 714 
1111 767 693 
954 933 626 
964 838 780 
916 659 

1030 725 
833 773 
901 682 

1112 
951 
724 
866 
818 
997 

1012 
772 

965.6 903.8 745.8 906.5 

difference ~ 61.8 S.E. ----- 42.3 difference ~ -- 160.7 S.E. = 45.9 

animals .  I n  the  case of  the  basa l  ganglia,  the  re la t ionship  is reversed.  
lXTone of the  differences are  significant.  The values  f rom the  an imals  in- 
j ec ted  wi th  lys ine  are  l ikewise s l ight ly  h igher  in the  case of  the  an imals  
which were t r e a t e d  t h a n  in the  case of  the  control  animals ,  th is  app ly ing  
to  b o t h  cor t ical  cells and  cells in the  basa l  ganglia,  b u t  the  differences 
were no t  significant.  S imilar  resul ts  were ob ta ined  for the  choroid p lexus  
cells. 

Ceil Counts. Table  2 shows t h a t  the  n u m b e r  of  nerve  cells is signifi- 
c an t l y  lower in the  basa l  gangl ia  of  the  pe rphenaz ine - t r ea t ed  an imals  
t h a n  of  the  cont ro l  animals .  There  is no difference in  the  number  of nerve  
cells in the  cor tex  in the  2 groups.  

Histological Investigation. I n  the  case of the  bra in ,  i t  should be em- 
phas ized  t h a t  the re  was no difference in the  sect ions f rom the  2 groups,  
e i ther  wi th  respec t  to the  morpho logy  of the  nerve  cells or wi th  respect  
to  the  p lac ing  of  the  gliat  cells (satell i tosis,  neuronophagia) .  Degenera t ed  
nerve cells were no t  seen, and  the  cy toarch i tec ton ics  in the  cor tex  was 
normal .  The  l iver  was normal ,  b u t  in 5 cases (2 f rom the  t r e a t e d  group,  
3 f rom the  control  group),  sca t t e red  l y m p h o c y t e s  were found  in the  p o r t a l  
space,  a few focal necroses in  the  p a r e n c h y m a  and  sl ight  focal prol i fera-  
t ion  of Kupf fe r  cells. I n  an imals  which have  been invo lved  in experi-  
men t s  for  a longer  per iod,  such changes are  no t  unusual .  The changes 
descr ibed  show no toxic  character is t ics .  Rena l  t issue was found to be nor-  
mal  in  all  cases;  no degenera t ive  changes were found,  no in te r s t i t i a l  
fibrosis or i n f l a m m a t o r y  react ion,  and  the  vessels were normal .  
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The lung tissue was normal;  in most of the cases, rather  dense lym- 
phocytic infiltrations were found in the bronchial wall, with a tendency to 
the formation of reaction centres. This is a normal finding in the bronchial 
wall of the rat.  

The spleen showed iarger or smaller groups of macrophages contai- 
ning haemosiderin. In  addition, extramedullary haemopoiesis was found. 
Both these conditions are normal in the rat .  

Discussion 

The dose of perphenazine was so adjusted tha t  the animals did not 
become sedated, and were only slightly cataleptic. Larger doses would 
have affected the motor  behaviour of the animals to such an extent tha t  
the reduced mobility over such a long period of t ime might theoretically 
have caused changes in the nervous system. Another reason for using 
relatively small doses was tha t  we wanted to examine the effect of clini- 
cally comparable amounts used in schizophrenic patients. I t  was neces- 
sary to use a long acting preparation, as daily injections during a year 
would have elicited hard ,,infiltrations" in the skin with absorption 
problems as a consequence. 

Our choice of uridine and lysine was determined by  our desire to 
check some main components of nerve cell metabolism, RNA and protein 
formation during the perphenazine t reatment .  The autoradiographie 
findings may  be taken as indicating tha t  both the uridine and the lysine in 
the cortical cells were taken up in greater amounts in the animals under 
long-term t rea tment  than in the control animals. I t  has been shown 
previously (Pakkenberg and Fog, 1972) tha t  uridine-labelling is at  a maxi- 
mum 30 min after intravenous administration, and tha t  there is no fall in 
the labelling until 12 hours have elapsed after  administration. As the 
animals in the perphenazine investigation were sacrificed one hour after 
administration, it is impossible on the basis of the present data  to know 
whether there are also changes in the rate of uptake and in the half-life.It 
should be mentioned tha t  the uridine labelling in the basal ganglia of the 
t reated animals is less than  in the control animals. T h e  differences are 
small, bu t  as they are in the opposite direction to the differences in the 
cortex, they may  nevertheless be significant. There may  be a question 
here of either a slower uptake or an increased metabolism - -  or of both, 
and only kinetic studies can decide this question. RSsner (1972), studying 
the optic rectum in teleosts, has found a reduced labelling of nerve cells 
following the administration of nridine and histidine in animals treated 
with chlorpromazine. Kinetic studies will be necessary in many  brain 
regions in order to achieve a real overall view of this question. 
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I t  might be mentioned here that  the far greater number of grains per 
unit area of the nucleus in the small cells of the 2nd layer of the cortex in 
uridine-injected animals, compared with the values found for the large 
nerve cells in the 5th layer, is a new observation which requires further 
investigation. 

The most significant result in the present investigation is the decrease 
which has been demonstrated in the number of nerve cells in the basal 
ganglia in animals under long-term treatment. The possibility was pre- 
sent that  brain oedema in the treated group might give rise to an apparent 
decrease in the number of cells per unit volume. With the histological 
technique employed, however, using perfusion of the brain, brain oedema 
can easily be recognized, but was not found. The reduced cell number 
appears to be a real observation -- in other words, expressing a loss of 
nerve cells during the experimental period. I t  is remarkable that  no in- 
crease is found in the number of glial cells, or of degenerating nerve cells. 
However, the number of glial cells is only estimated, and is therefore 
very uncertain. I t  is possible to explain the absence of obviously damaged 
cells by  assuming that  the loss of cells has taken place only at the commen- 
cement of the treatment. 

I t  should be recalled that  in schizophrenia brain atrophy is often found. 
I t  is doubtful, however, whether treatment with phenthiazine derivatives 
alone can be the cause of this, as cerebral atrophy was ulso found in 
schizophrenia before treatment with these drugs was introduced. 
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