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W e have been exam ining the action o f procaine upon sympathetic ganglions 
for some tim e, among other item s, we intended to exam ine the action of procaine 
upon alkaline phosphatase in the ganglion. The data o f literature are very  
unsatisfactory on the quantity , variability o f concentration and exact loca li
sation o f the alkaline phosphatase in the ganglions. Thus we were com pelled  
to exam ine these items first of all. It is the result o f  th is research which we w ant 
to report here briefly.

Since the method for estim ation of phosphatase had been established  
by Gömöri and Takamatsu  in 1939, the phosphatase activity of the nervous 
system  has been often dealt w ith , by Gömöri, Bourne & al., Landow & al., e tc . 
Most o f  the exam inations concern the central nervous system , very few data  
are found about the phosphotase contents o f sym pathetic ganglions. 
R ecently the alkaline phophatase activity of the latter was discussed by Sulkin  
and K u n tz . The localisation o f the enzyme in the ganglions was described 
by them  and no attention was paid to the fluctuations of the enzym atic  
a ctiv ity , to differences found between the different ganglions.

M aterial and Methods

In v estig a tio n s in to  th e  localisation  of th e  enzym e w ere carried  ou t w ith the Gömöri—■ 
Takam atsu  m eth o d . As fixative  fo r th e  ganglions 80 per cen t, alcohol, a t  3° C was used w herein  
th e  ganglions w ere p laced im m edia te ly  a fte r  sacrificing th e  an im als . E m bedding in paraffin e , 
p h o sp h a tase  e stim a tio n , using  th e  usua l s tan d ard  m ethods.

F or q u a n tita tiv e  estim a tio n  o f th e  enzym e in sy m p a th e tic  ganglions the q u a n tita tiv e  
h istochem ical m ethod  devised by  B arka, Szalay, Pósalaky  and  Kertész was used. E ssen tia lly , 
i t  consists o f using  a lead tra c e r  (charged  by T horium  B) in  th e  Gömöri— Takamatsu  reac tio n . 
H ereby  i t  is possible to  e stim a te  q u a n tita tiv e ly  th e  lead  sulfide d eposits , form ed p ro p o rtio n a lly  
to  th e  en zym atic  a c tiv ity , deposited  a t  th e  site o f such a c tiv ity . T he m ethod proved to  be  
especially  su itab le  for estim a tin g  th e  enzym atic ac tiv ity  in  sm all specim ens.

In  ou r experim ents, ganglions o f rab b its , ca ts and  gu inea-p igs were used.

25 Acta Morpliologica
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Experim ental R esults

1. The localisation o f  alkaline phosphatase in the superior cervical ganglion 
o f  the rabbit. In describing the localisation o f alkaline phosphatase w e rely 
upon  findings in the superior cervical ganglion of the rabbit. A s regards the 
localisation , other species exam ined (cat, guinea pig) do not display any remark
able divergence.

F ig . 1. Superior cerv ical ganglion, rab b it. In c u b a tio n  : 10 m in. a t  p H  9,4 a t  37° C.

N o differences were found, as regards localisation of the enzym e, between  
th e  superior and inferior cervical and coeliac ganglions.

The nerve tissue is regarded in literature as one containing b u t sm all quan
tit ie s  o f alkaline phosphatase. That is w h y  it was surprising to see a marked 
phosphatase reaction after the incubation for 30— 60 m inutes. The marked 
reaction  is indicative o f a considerable enzym atic activity. For exam ination  
o f  enzym atic localisation, cuts incubated for 5— 15 m inutes, proved to be 
m ost suitable.

The connective tissue capsule of the ganglion and connective tissue bundles 
traversing the capsule are free of any enzym atic activity. On the other hand 
som e parts in the ganglion contain great quantities of the enzym e (F ig. 1, 5, 6). 
T he plasma of the nerve cells cannot be regarded as free of enzym atic activity  
since a slight granular reaction is displayed there too. The reaction is appearently
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F ig. 2. N erve cell from  th e  ganglion w ith  capsu lar cell. M agnification  1200 X.  M agnification
of a p a r ty  o f Fig. 1.

more marked in the peripheral parts o f the nerve cell protoplasm, where there 
are N issl granula in a greater number too (Fig. 2, 3). The dendrits of the nerve  
cell do not contain phosphatase, therefore no enzym atic reaction is d isplayed  
by them. The plasma of different nerve cells does not display differences in  
the intensity o f the phosphatase reaction that could be taken seriously. There  
are no differences in the tingibility o f the cells comparable to those found in  
hem atoxylin-eosin specimens (dark and bright cells). A markedly p ositive  
reaction is found both in the membrane of the nucleus and in the nucleolus. 
W ithin the nerve cells the m ost marked reaction is displayed by the nucleolus. 
The nucleolus and nucleus-membrane are well stained in those specimens too  
where prior to the reaction, the enzyme was inactivated  b y  heat, etc. ; in th ese  
specimens the reaction is surely due to an aspecifical linkage of the lead-ions. 
Taking into consideration this non-specific lead fixation , a high enzym atic  
activity of the nucleolus is nevertheless, obvious. It is a well-known fact th a t  
the enzym e is contained in greatest quantity in those tissu e elements w hich  
display the highest non-specific fixation of lead, and vice versa ( Newman et a\ .)  
W ithin the nucleus a few granula w ith enzym atic activ ity  are to be seen. T he  
reaction o f binuclear nerve cells is similar.

The greatest quantities o f alkaline phosphatase are found in the sym p a
thetic ganglions in the layers around the nerve cells. A ll parts of the ground-

2 5 '
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F ig . 3. A n o th e r group of nerve cells from  the  same specim en.

F ig . 4. N erve cell from  th e  inferior cervical g an g lio n , rab h it. M arked reac tio n  of in te rs titiu m .

♦
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substance display an equally high enzym atic activ ity , to which the typ ical 
phosphatase reaction in the sym pathetic ganglions is due. A positive reaction is, 
thus, given by the nerve fibers, by the nerve seaths, the capsular cells adjacent 
to the ganglions, and the interstitial glia cells in a som ewhat greater distance. 
The reaction o f these elements is so marked that a differentiation betw een them  
is hardly possible (Fig. 4). The capsular cells adjacent to the ganglion do not 
display any difference from interstitial cells, similarly to their behaviour in cuts 
prepared in other ways. No different reaction is seen between the plasm a o f

F ig . 5. P h o sp h a ta se  reac tion  in th e  coeliac ganglion, rab b it. T here is no en zym atic  reac tio n
in th e  connective  tissue.

capsular and glia cells. Accordingly it cannot be stated whether their plasm a 
displays the positive reaction or w hether this semblance is due to traversing  
fibers containing the enzyme. It is, on the other hand, clearly seen, th at the  
capsule o f  the nerve cell displays a tota lity  o f enzym atic activ ity . Since according 
to K u n tz  and Sulkin ’’s statem ents the glious capsule does not contain anyth ing  
else than  cellular elements, one is justified to state that the plasma o f glia cells 
contains phosphatase too. The interstitial glia cells in the layer betw een the  
nerve cells display a marked reaction. The uniform ity of the phosphatase  
reaction o f the glia and of the capsular cells is indicative of the non-different 
nature o f  these elements.
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As already briefly  mentioned, a marked reaction is seen in inactivated  
specim ens too, in the nucleus membrane and in  the nucleolus of the nerve cells. 
A  tinction is seen in the nuclei of the fibrocytes in the capsule around the gan
glion too, while the capsule itself is phosphatase-negative. In inactivated  
specim ens differences are discernible am ong the plasma of the single nerve 
cells. I t is to be stressed that the reaction o f the vascular endothelium —  which  
is generally regarded as o f high phosphatase-activity —  is less marked than  
th e  reaction in the interstitium .

F ig . 6. Coeliac gang lion , ra b b it .  The connective tis su e  capsule and  connective tissue  b u nd les 
in tru d in g  in to  th e  ganglion are  free  o f phosphatase.

2. Differences in the alkaline phosphatase activity between superior and 
inferior cervical and coeliac ganglions. In exam ining this problem, the quanti
ta tiv e  histochem ical reaction, relying upon radioactive lead tracer, as m entioned  
in the methodical part, has been used. The experim ental results are summarised 
in Table I. The enzym atic activity o f  the rabbit in the superior cervical 
and coeliac ganglion is expressed in Pb y / m m 3, tissue. The data of the table 
display differences betw een the two aforem entioned ganglions amounting  
up to 50 per cen t., the activ ity  in the superior cervical ganglion being more 
m arked. The difference seems to be statistica lly  probably significant (S =  3,1). 
A similar difference is found between the superior and inferior cervical ganglions 
in the cat.
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Table I.

T h e  p h o sp h a tase  a c tiv ity  o f th e  sym pathe tic  ganglions in  th e  ra b b it and in  th e  c a t,  m easured  
in G am m a P b  for 1 m m 3 tissue. In cu b atio n  a t  37° C, a t  p H  9,4 in  a 1 per cent, sodium  gylcero-

ph o sp h a te  veronal b u ffe r  so lu tion

P h o sp h a ta se  activ ity  P b  Y /m m 3 tissu e  of ganglion

cervicale sup.
in

coeliacum
control rabbits Remark

Sign. diff.
(S)

In
 c

on
tr

ol
l 

ra
bb

it
s 247.8 

253,7
147.6
129.9
149.3
120.3
151.7

172.9 
57,5

115,6

96,3
80,5

86,0
120,9

99.8
17.8

o f  2 kg  w eight
1.5 « «
2 « «
0,5 « «
2 « «
1.5 « «
1 ,5 »  «

M ean
S ta n d a rd  dev ia tion

3,1

tfl 294,7 117,5 2— 3 weeks pregnant
236,7 80,0 4 « « (approx.)

rQ 212,5 150,8 4 « «
M 179,7 152,2 a t  th e  end  of pregnancy
+->
c 201,3 153,2 a t  th e  end of pregnancy
a
S3 201,0 152,0 1— 2 w eeks pregnant
b£V 195,0 137,0 early  pregnancy
p-

217,3 134,9 M ean 4,6
1—( 12,1 27,4 S ta n d a rd  dev ia tion

1,7 2,7 Sign. diff. betw een 
co n tro ll an d  pregnant 
g roup  (S)

T he significance of d ifference is com puted  :

M l —  M t  
S  =  —  1 ----2

\ / (5 At,  ÔM,

Changes in the phosphatase activity o f sym pathetic ganglions during pregnancy. 
B y chance, the ganglion o f a pregnant rabbit was also examined. As it seemed 
to contain —  in comparison with non-pregnant rabbits — increased quantities 
of phosphatase this problem was examined more closly. The enzym atic activ ity  
o f 7 pregnant rabbits and two pregnant cats was examined. The results are 
summarised in Table 1. It is appearant from the data that ganglions o f  pregnant 
anim als display a higher enzym atic activ ity . The enzym atic activity o f  7 non
pregnant rabbits amounts on the average to 172,9 units (as designed b y  us) 
whereas the average enzym atic activity value o f the 7 pregnant rabbits is 
217,2 Pb 7 /m m 1. The significant difference amounts to : 1,7 which  
is o f borderline importance. In pregnant anim als a higher enzym atic activ ity
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is found  in the coeliac ganglion too. This am ounts in the controlls to  99,8 , in 
pregnant animals on an average to 134,9. The difference is here m ore marked, 
th e  significant difference 2 ,7 . Similar differences were found betw een the gan
glions o f  pregnant and non-pregnant cats too. The differences betw een  
th e  enzym atic activity o f  the superior cervical and coeliac ganglions is de
m onstrable in pregnant anim als, too, it seems in this case rather m ore marked. 
T he enzym atic activ ity  o f  superior cervical ganglion in pregnant rabbits 
am ou n ts to 217,3 o f the coeliac ganglion to 134,9 Pb y/mrn3 The significant 
difference is : 4,6.

As demonstrated in Table II., there is some difference betw een male 
and fem ale animals too as regards phosphatase activ ity  of the ganglions. H ow 
ever, th is problem was n o t further exam ined.

Table I I .

P h o sp h a ta se  a c tiv ity  P b  y /m m 3 tissu e  of ganglion

cervicale sup. in control cats cervicale inf. Remark

282,9 172,4 Male
228,6 139.7 Male
190,0 143,0 Fem ale, non p reg n an t

234,1 151,7 M ean

323.6 253,0 P reg n an t
349,4 220,9 P reg n an t

336,5 236,9 M ean

Discussion

The role of phosphatase in cellular m etabolism  is only p artly  known. 
I t  should  not be forgotten th at the role o f phophatase will not be understood  
before the functions o f the to ta l enzym atic system  are disentangled o f which  
th e  phosphatase is but a part only ( Moog) .  In  the ganglions phosphatase plays 
an im portant role in m etabolic process, so first o f  all in hydrolysis. The connect
ions betw een phosphatase and nuclein acid m etabolism  were also dem onstrated  
(J e e n e r ) . Some connection betw een phosphatase and Nissl granula, as observed  
b y  u s , was assumed by S u lk in  and K untz  too. The fact that the greatest activ ity  
w as demonstrated in the interstitium , is indicative of the important role o f  gba
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cells in preserving the normal function o f the nerve cells. Interstitial glia cells, 
and first o f all capsular cells suffer some changes w hile the nerve cell exerts 
any action, as has been demonstrated by K u n tz  and Sulkin  after irritation  o f  
preganglionary sym pathetic fibres. Both in the nerve and in the glia cells v ita 
min C has been demonstrated by Sulkin  and brought in connection w ith  the  
Golgi m atter by him.

The differences found in the enzym atic a ctiv ity  between upper and lower 
cervical and coeliac ganglions can be explained in several ways. P robab ly  th is  
finding is partly due to the fact that in the coeliac and inferior cervical ganglion  
less interstitium  is contained than in the upper cervical one. The aforem entioned  
tw o ganglions contain a larger number o f nerve cells, with a poor enzym atic  
activ ity . This is a satisfactory explanation o f the demonstrated differences. 
N evertheless, there are possibly real differences in the enzyme con ten ts, due 
to the functional differences. This problem is naturally not easy to  so lve.

A problem o f similar difficulty is that o f  the higher enzym atic a ctiv ity  
in the ganglions o f pregnant animals. During pregnancy a hyperphosphatasem ia  
occurs, as described m ultitudinously ( B urthiault, Heredia, Coryn, D u  Voil, 
etc ., see at B a u r). This m ay cause in some w ay the increased a c tiv ity . On the  
other hand, it is w ell known too that changes o f  the hormonal equilibrum  m ay  
activate phosphatases. So the gonadotropic horm one causes a m arked rise in 
the phosphatase contents o f  the femur in the rat ( Moog) . The changes in the  
enzym atic activ ity  m ay due in this case also to  some structural change, i. e. 
to an increase of the interstitium  o f the ganglions during pregnancy.

The problem o f the different enzym atic activ ity  of male and fem ale 
animals needs further experim ental investigations ; similarly the problem s w hat 
caused the scattering o f the activity values in our material w ithin th e  single  
groups, w hat the effect o f  age, o f the stage o f  pregnancy etc. It is n otew orthy  
that B arr  found sexualdimorphic differences in the nerve cells and in the 
ganglions.

Some change in the enzym atic activ ity  o f  the ganglions occurs in relation  
to age. W e w ant to stress that no enzym atic activ ity  was dem onstrable in  the  
sym pathetic ganglions o f rabbit-embryo. Our further investigation o f this 
problem are in progress. B y this observation attention  is called to  som e new  
interesting chem ical problems of histogenesis.

Sum m ary

T he p h o sp h a tase  a c tiv ity  in  th e  sy m p ath e tic  g ang lions o f the cat, ra h h it  a n d  g u in ea  pig 
has been exam ined  h istochem ically  and by  a q u a n ti ta t iv e  histochem ical t ra c e r  m e th o d . The 
localisation  of th e  enzym e is ex ac tly  described. A h ig h er enzym atic  ac tiv ity  o f  th e  su p erio r 
cervical ganglion  in  com parison w ith  the  inferior cerv ica l an d  coeliac ganglion is  s ta te d .  T his 
is p ro b ab ly  due to  s tru c tu ra l differences. D uring  p re g n an c y  some increase o f  th e  en zy m atic  
a c tiv ity  occurs in  th e  sy m p a th e tic  ganglion.
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СОДЕРЖАНИЕ ЩЕЛОЧНОГО ФОСФАТАЗА В СИМПАТИЧЕСКИХ HEFBHbIX  
У ЗЛ А Х  И ИЗМЕНЕНИЯ ЭТОГО СОДЕРЖАНИЯ В ПЕРИОД БЕРЕМЕННОСТИ

Б. Арош, Т. Барка, 3. Пошалаки, и Г. Гереце

Р е з ю м е

Авторы исследовали содержание энзима (щелочного фосфатаза) в симпатических 
узлах кошки, кролика, и морской свинки. Исследования производились отчасти путем 
гистохимических методов, а отчасти — с употреблением радиоактивных изотопов — путем 
количественных гистохимических методов. Авторы подробно описывают разположение 
энзима в узлах. Они установляют, что верхний шейный узел содержит больше энзима 
чем нижний шейный узел или чревный узел. Это обстоятельство по всей вероятности 
связано с различным строением узлов. В период беременности энзиматическая актив
ность симпатических узлов несколько повышается.
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