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We have been examining the action of procaine upon sympathetic ganglions
for some time, among other items, we intended to examine the action of procaine
upon alkaline phosphatase in the ganglion. The data of literature are very
unsatisfactory on the quantity, variability of concentration and exact locali-
sation of the alkaline phosphatase in the ganglions. Thus we were compelled
to examine these items first of all. It is the result of this research which we want
to report here briefly.

Since the method for estimation of phosphatase had been established
by Gomoéri and Takamatsu in 1939, the phosphatase activity of the nervous
system has been often dealt with, by G6moéri, Bourne & al., Landow & al., etc.
Most of the examinations concern the central nervous system, very few data
are found about the phosphotase contents of sympathetic ganglions.
Recently the alkaline phophatase activity of the latter was discussed by Sulkin
and Kuntz. The localisation of the enzyme in the ganglions was described
by them and no attention was paid to the fluctuations of the enzymatic
activity, to differences found between the different ganglions.

Material and Methods

Investigations into the localisation of the enzyme were carried out with the Gémori—m
Takamatsu method. As fixative for the ganglions 80 per cent, alcohol, at 3° C was used wherein
the ganglions were placed immediately after sacrificing the animals. Embedding in paraffine,
phosphatase estimation, using the usual standard methods.

For quantitative estimation of the enzyme in sympathetic ganglions the quantitative
histochemical method devised by Barka, Szalay, Pdésalaky and Kertész was used. Essentially,
it consists of using a lead tracer (charged by Thorium B) in the Gomdri— Takamatsu reaction.
Hereby it is possible to estimate quantitatively the lead sulfide deposits, formed proportionally
to the enzymatic activity, deposited at the site of such activity. The method proved to be
especially suitable for estimating the enzymatic activity in small specimens.

In our experiments, ganglions of rabbits, cats and guinea-pigs were used.
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Experimental Results

1. The localisation of alkaline phosphatase in the superior cervical ganglion
of the rabbit. In describing the localisation of alkaline phosphatase we rely
upon findings in the superior cervical ganglion of the rabbit. As regards the
localisation, other species examined (cat, guinea pig) do not display any remark-
able divergence.

Fig. 1. Superior cervical ganglion, rabbit. Incubation : 10 min. at pH 9,4 at 37° C.

No differences were found, as regards localisation of the enzyme, between
the superior and inferior cervical and coeliac ganglions.

The nerve tissue is regarded in literature as one containing but small quan-
tities of alkaline phosphatase. That is why it was surprising to see a marked
phosphatase reaction after the incubation for 30—60 minutes. The marked
reaction is indicative of a considerable enzymatic activity. For examination
of enzymatic localisation, cuts incubated for 5—15 minutes, proved to be
most suitable.

The connective tissue capsule of the ganglion and connective tissue bundles
traversing the capsule are free of any enzymatic activity. On the other hand
some parts in the ganglion contain great quantities of the enzyme (Fig. 1, 5, 6).
The plasma of the nerve cells cannot be regarded as free of enzymatic activity
since a slight granular reaction is displayed there too. The reaction is appearently
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Fig. 2. Nerve cell from the ganglion with capsular cell. Magnification 1200 X. Magnification
of a party of Fig. 1.

more marked in the peripheral parts of the nerve cell protoplasm, where there
are Nissl granula in a greater number too (Fig. 2, 3). The dendrits of the nerve
cell do not contain phosphatase, therefore no enzymatic reaction is displayed
by them. The plasma of different nerve cells does not display differences in
the intensity of the phosphatase reaction that could be taken seriously. There
are no differences in the tingibility of the cells comparable to those found in
hematoxylin-eosin specimens (dark and bright cells). A markedly positive
reaction is found both in the membrane of the nucleus and in the nucleolus.
Within the nerve cells the most 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 by heat, etc. ; in these
specimens the reaction is surely due to an aspecifical linkage of the lead-ions.
Taking into consideration this non-specific lead fixation, a high enzymatic
activity of the nucleolus is nevertheless, obvious. It is a well-known fact that
the enzyme is contained in greatest quantity in those tissue elements which
display the highest non-specific fixation of lead, and vice versa (Newman et a\.)
Within the nucleus a few granula with enzymatic activity are to be seen. The
reaction of binuclear nerve cells is similar.

The greatest quantities of alkaline phosphatase are found in the sympa-
thetic ganglions in the layers around the nerve cells. All parts of the ground-
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Fig. 3. Another group of nerve cells from the same specimen.

Fig. 4. Nerve cell from the inferior cervical ganglion, rabhit. Marked reaction of interstitium.
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substance display an equally high enzymatic activity, to which the typical
phosphatase reaction in the sympathetic 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 somewhat greater distance.
The reaction of these elements is so marked that a differentiation between 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 plasma of

Fig. 5. Phosphatase reaction in the coeliac ganglion, rabbit. There is no enzymatic reaction
in the connective tissue.

capsular and glia cells. Accordingly it cannot be stated whether their plasma
displays the positive reaction or whether this semblance is due to traversing
fibers containing the enzyme. It is, on the other hand, clearly seen, that the
capsule of the nerve cell displays a totality of enzymatic activity. Since according
to Kuntz and Sulkin’s statements the glious capsule does not contain anything
else than cellular elements, one is justified to state that the plasma of glia cells
contains phosphatase too. The interstitial glia cells in the layer between the
nerve cells display a marked reaction. The uniformity of the phosphatase
reaction of the glia and of the capsular cells is indicative of the non-different
nature of these elements.
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As already briefly mentioned, a marked reaction is seen in inactivated
specimens 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
specimens differences are discernible among the plasma of the single nerve
cells. It is to be stressed that the reaction of the vascular endothelium — which
is generally regarded as of high phosphatase-activity — is less marked than
the reaction in the interstitium.

Fig. 6. Coeliac ganglion, rabbit. The connective tissue capsule and connective tissue bundles
intruding into the ganglion are free of phosphatase.

2. Differences in the alkaline phosphatase activity between superior and
inferior cervical and coeliac ganglions. In examining this problem, the quanti-
tative histochemical reaction, relying upon radioactive lead tracer, as mentioned
in the methodical part, has been used. The experimental results are summarised
in Table I. The enzymatic activity of the rabbit in the superior cervical
and coeliac ganglion is expressed in Pb y/mm3, tissue. The data of the table
display differences between the two aforementioned ganglions amounting
up to 50 per cent., the activity in the superior cervical ganglion being more
marked. The difference seems to be statistically 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 1.

The phosphatase activity of the sympathetic ganglions in the rabbit and in the cat, measured
in Gamma Pb for 1 mm3tissue. Incubation at 37° C, at pH 9,4 in a 1 per cent, sodium gylcero-
phosphate veronal buffer solution

Phosphatase activity Pb Y/mm3 tissue of ganglion

i coeliacum Sign. diff.
cervicale sup- in control rabbits Remark o ©
247.8 115,6 of 2 kg weight
2 253,7 15«  «
a 147.6 96,3 2 o« o«
o 129.9 80,5 0,5 « «
= 149.3 2 « «
£ 120.3 86,0 15« «
S 151.7 120,9 1,5» «
o
£ 172.9 99.8 Mean 3,1
57,5 17.8 Standard deviation
i 2947 117,5 2— 3 weeks pregnant
236,7 80,0 4« «  (approx.)
18] 212,5 150,8 4« «
M 179,7 152,2 at the end of pregnancy
§> 201,3 153,2 at the end of pregnancy
201,0 152,0 1—2 weeks pregnant
@ 195,0 137,0 early pregnancy
P 217,3 134,9 Mean 4,6
H 12,1 27,4 Standard deviation
1,7 2,7 Sign. diff. between
controll and pregnant
group (S)

The significance of difference is computed :

MI— Mt
S= — 1 -2
\/ AL OM,

Changes in thephosphatase activity of sympathetic ganglions during pregnancy.
By chance, the ganglion of 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 enzymatic activity
of 7 pregnant rabbits and two pregnant cats was examined. The results are
summarised in Table 1. It is appearant from the data that ganglions of pregnant
animals display a higher enzymatic activity. The enzymatic activity of 7 non-
pregnant rabbits amounts on the average to 172,9 units (as designed by us)
whereas the average enzymatic activity value of the 7 pregnant rabbits is
217,2 Pb 7/mm1l. The significant difference amounts to : 1,7 which
is of borderline importance. In pregnant animals a higher enzymatic activity
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is found in the coeliac ganglion too. This amounts in the controlls to 99,8, in
pregnant animals on an average to 134,9. The difference is here more marked,
the significant difference 2,7. Similar differences were found between the gan-
glions of pregnant and non-pregnant cats too. The differences between
the enzymatic activity of the superior cervical and coeliac ganglions is de-
monstrable in pregnant animals, too, it seems in this case rather more marked.
The enzymatic activity of superior cervical ganglion in pregnant rabbits
amounts to 217,3 of the coeliac ganglion to 134,9 Pb y/mrn3 The significant
difference is : 4,6.

As demonstrated in Table Il., there is some difference between male
and female animals too as regards phosphatase activity of the ganglions. How-
ever, this problem was not further examined.

Table I1.

Phosphatase activity Pb y/mm 3 tissue of ganglion

cervicale sup. in control cats cervicale inf. Remark

282,9 172,4 Male

228,6 139.7 Male

190,0 143,0 Female, non pregnant
2341 151,7 Mean

323.6 253,0 Pregnant

349,4 220,9 Pregnant

336,5 236,9 Mean

Discussion

The role of phosphatase in cellular metabolism is only partly known.
It should not be forgotten that the role of phophatase will not be understood
before the functions of the total enzymatic system are disentangled of which
the phosphatase is but a part only (Moog). In the ganglions phosphatase plays
an important role in metabolic process, so first of all in hydrolysis. The connect-
ions between phosphatase and nuclein acid metabolism were also demonstrated
(Jeener). Some connection between phosphatase and Nissl granula, as observed
by us, was assumed by Sulkin and Kuntz too. The fact that the greatest activity
was demonstrated in the interstitium, is indicative of the important role of gba
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cells in preserving the normal function of the nerve cells. Interstitial glia cells,
and first of all capsular cells suffer some changes while the nerve cell exerts
any action, as has been demonstrated by Kuntz and Sulkin after irritation of
preganglionary sympathetic fibres. Both in the nerve and in the glia cells vita-
min C has been demonstrated by Sulkin and brought in connection with the
Golgi matter by him.

The differences found in the enzymatic activity between upper and lower
cervical and coeliac ganglions can be explained in several ways. Probably this
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 aforementioned
two ganglions contain a larger number of nerve cells, with a poor enzymatic
activity. This is a satisfactory explanation of the demonstrated differences.
Nevertheless, there are possibly real differences in the enzyme contents, due
to the functional differences. This problem is naturally not easy to solve.

A problem of similar difficulty is that of the higher enzymatic activity
in the ganglions of pregnant animals. During pregnancy ahyperphosphatasemia
occurs, as described multitudinously (Burthiault, Heredia, Coryn, Du Voil,
etc., see at Baur). This may cause in some way the increased activity. On the
other hand, it is well known too that changes of the hormonal equilibrum may
activate phosphatases. So the gonadotropic hormone causes a marked rise in
the phosphatase contents of the femur in the rat (Moog). The changes in the
enzymatic activity may due in this case also to some structural change, i. e.
to an increase of the interstitium of the ganglions during pregnancy.

The problem of the different enzymatic activity of male and female
animals needs further experimental investigations ; similarly the problems what
caused the scattering of the activity values in our material within the single
groups, what the effect of age, of the stage of pregnancy etc. It is noteworthy
that Barr found sexualdimorphic differences in the nerve cells and in the
ganglions.

Some change in the enzymatic activity of the ganglions occurs in relation
to age. We want to stress that no enzymatic activity was demonstrable in the
sympathetic ganglions of rabbit-embryo. Our further investigation of this
problem are in progress. By this observation attention is called to some new
interesting chemical problems of histogenesis.

Summary

The phosphatase activity in the sympathetic ganglions of the cat, rahhit and guinea pig
has been examined histochemically and by a quantitative histochemical tracer method. The
localisation of the enzyme is exactly described. A higher enzymatic activity of the superior
cervical ganglion in comparison with the inferior cervical and coeliac ganglion is stated. This
is probably due to structural differences. During pregnancy some increase of the enzymatic
activity occurs in the sympathetic ganglion.
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COJEPXAHUVE LWENIOYHOIO $OCPATA3A B CUMMMNATUNYECKUMX HEFBHbIX
Y3NAX N NSMEHEHWA 3TOro COAEP>XAHWA B MNEPNOA BEPEMEHHOCTU

b. Apow, T. bapka, 3. MNMowanaku, n I'. Iepeue

Pesome

ABTOpbI MCCnefoBann cogepXxaHue 3H3MMa (LenoyHoro docarasa) B CUMMNATUYECKUX
y3nax KOLKW, KPONnKa, U MOPCKON CBUMHKW. MccnefoBaHMs NMPOU3BOAWIUCE OTHYAcTU MyTem
rMCTOXMMUYECKUX METOLOB, a 0THaCTV — C YNoTpe6/ieHNeM pagvoakTUBHBLIX M30TOMOB — MyTeM
KO/INYECTBEHHbLIX TUCTOXUMMUYECKUX MeToAoB. ABTOPbI MOAPOGHO OMMCLIBAKOT Pa3nosioXeHue
3H3MMa B y3nax. OHM YCTaHOBSIOT, YTO BEPXHWU/A LUE/HbIA y3en COfepXMT 60/blUe 3H3MMa
YeM HWDKHWIA LUEHbIA y3e/ WKW YpeBHbIA y3en. OTO 06CTOATENLCTBO MO BCE BEpPOSITHOCTYU
CBSI3aHO C Pa3/IMyHbIM CTPOEHMEM Y3710B. B nepuop 6epeMeHHOCTU 3H3MMATU4YeCKasi aKTUB-
HOCTb CMMMATMYECKMX Y3/10B HECKO/IbKO MOBbILLAETCS.
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