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M. A. Baron [3] showed that the pia mater which lines the subarachnoid space is not uniform in structure. Two
systems of canals and subarachnoid alveoli may be distinguished. The system of alveoli of the pia mater has a pro-
tective and trophic function, and maintains constant the composition of the CSF. Under pathological conditions this
function may be considerably increased. In our previous investigation we studied the accumulation and the changes
undergone in the endothelium of the alveoli of finely divided particles of brain substance introduced into the CSF of
dogs [9]. In the endothelium of the alveoli we revealed histochemically the presence of neutral fats, fatty acids,
phospholipids, and glycolipids, :

The object of the present investigation has been to study the uptake and accumulation of amino acids and se-
rum proteins into the alveoli. The following considerations have guided us:

1. Normally, the amount of aminoacidsand proteins in the CSF is very small, but they play a definite partin
the metabolism of the endothelium of the pia mater, whose metabolism depends upon the CSF. 2. In pathological
conditions, the amount of amino acids and proteins in the CSF increases considerably. They are to some extent elim-
inated by the flow of fluid out of the subarachnoid space [5, 13]. At the same time it must be admitted that the
highly responsive system of alveoli is not indifferent to the enrichment of the CSF with aminoacids and protein. It
remains unexplained what part this system of alveoli plays in maintaining constant the composition of the CSF. 3.
The protective role of the system of alveoli is brought about by the activity of its endothelium and by the forma-
tion by it of macrophages, A study of the part played by these and other cell elements in increasing the amounts of
amino acidsand protein in the CSF is required,

We have been able to find only a single work, that of Bowsher [11] dealing with this problem, Bowsher points
out that protein is deposited in the pia mater from the CSF, but does not consider in what system of the membrane
this process occurs, because he was not aware of the existence of these systems, Further, the method of histoauto-
radiography which he used was imperfect., He considered the artifact arising from the accumulation of grainsof sil-
ver formed by interaction between the emulsion and the section as evidence of the presence of a radioactive sub-
stance. On this account his findings are unconvincing.

EXPERIMENTAL METHOD

We have introduced radioactive amino acids (methionine $* and glycine C%), and proteins (serum albumins
and globulins) with subsequent histoautoradiography of the treated tissue. The serum proteins were labelled in a
puppy in vivo by methionine %, and the albumin and globulin fractions were separated by electrophoresis of starch,
and freeze-dried [5]. We carried out 18 experiments on dogs weighing 8-12 kg; we introduced methionine [8] and
glycine [1] having an activity of 100 pCuries, albumins [3] and globulins [6] with an activity of from 3 to 10 micro-
Curies, by the method of suboccipital puncture, The experiments lasted from 2 to 45 hours, After the dogs had
been killed by the injection of 10% KCl into the heart, the meninges were removed and fixed in Carnoy's fluid, Par-
affin sections 10 y thick of the hemispheres, brain stem, cerebellum, and spinal cord with the membranes intact
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were cut, Radioautographs of these sections were made by two methods on material obtained from the Scientific
Research Motion Picture Institute: a type R emulsion was fixed on the sections, which were mounted on nuclear
plates type MR [9]. The exposure lasted 3~7 days at 4° in the presence of anhydrous CaCl,. An amidol developer
was used, and fixation was in a 40% thiosulphate solution; the sections were stained in hemalum, and mounted in
Canada balsam. As a control we used nonradioactive material treated in the same way. The radioautographs were
studied microscopically, and attention was paid to the distribution and density of the B-tracks of s® and C% found
above the different structures of the meninges.

At the end of each experiment we carried out a paper electrophoresis of the CSF, and made radioautographs
of the electrophoregrams; we also precipitated the protein of the fluid with a 10% solution of trichloracetic acid,
and then counted the activity of the protein precipitate and of the supernatant fluid, We found that the labelled
proteins were still labelled in the fluid. We therefore attributed the radioactivity of the structures in the radioauto-
graphs entirely to their uptake of the injected proteins.

EXPERIMENT AL RESULTS

On the whole there was agreement between the results obtained by microscopic examination of the radioauto-
graphs after the injection of either aminoacids or proteins. Most of the tracks were found above the endothelium of
the walls of the subarachnoid alveoli. In places where the alveoli were denser, for example in the sulei of the cere-
bral hemispheres, the density of the B-tracks was greater, With an immersion objective, it could clearly beseen that
B-tracks lay over the cytoplasm of the endothelium of the alveoli, and radiated out chiefly from the endoplasmatic
zone, Each territory of cytoplasm surrounding isolated nuclei or groups of nuclei of the endothelium formed on the
average, 2-4 tracks in the emulsion (Fig. 1).

The results obtained show that the labelled amino acids and proteins are eliminated from the CSF rapidly, in
30 min after the injection, and are taken up by the endothelium of the protective and trophic system of the subarach-~
noid alveoli, There is no doubt that the process is responsible for the uptake by the endothelium of these two differ-
ent kinds of proteins are not the same, We may suppose that the amino acids are involved in the cytoplasmic meta-
bolism of the endothelium, and become incorporated into the proteins of the cytoplasm during the renewal process
[12]. The protein fractions, like other colloids injected into the CSF, accumulate in the "vacuum™® in the cytoplasm.
The protein then becomes concentrated in the cytoplasm of the endothelium from the surrounding fluid. This strong-
ly-shown property of the endothelium to take up substances in this way also underlies the protective and trophic func-
tion of the subarachnoid alveoli, whose activity maintains constant the composition of the CSF.

The power of the endothelinm of the subarachnoid alveoli to take up methionine and protein (especially the
latter) shows a considerable resemblance of this tissue to the reticular tissue of the lymphatic nodes. The latter also
take up methionine and labelled proteins intensively. Labelled proteins retained in reticular tissue of the lymphatic
nodes are known to be antigens stimulating the formation of antibodies [11, 14, 15].

An important part in the protective and trophic function of the system of subarachnoid alveoli is played by the
macrophages. This function usually arises and develops later than the reaction of the endothelium. In our short~
term experiments we could observe only the initial phase of the reaction. In smears of CSF removed from dogs at
the end of the experiment we found a small number of macrophages and large mononuclear cells which had become
separated from the endothelium of the walls of the alveoli, Historadioautographs showed that these cells and others
left B-tracks on the photographic emulsion, indicating the presence in these cell forms of labelled proteins. Judging
by the large number of B-tracks arising from each macrophage, it must be inferred that the free macrophages take
up proteins more vigorously than does the alveolar endothelium. These facts agree well with the findings of B. V.
Kedrovskii [6, 7], who pointed out the role of the tissue macrophages in the transformation of protein,

It is important to note that no radioactive protein was ever found in the neutrophils which entered the subarach-
noid space from the blood after the injection of protein into the CSF.

The radioautographs showed that the endothelial lining of the blood vessels of the pia mater, which resemble
the endothelial wall of the alveoli, also take part in the uptake of amino acids and proteins from the CSF. In thiscon-
nection, it is interesting that methionine was taken up not only by the endothelial lining of the vessel, but also more
strongly by the muscular tunic of the arteries. Protein, on the other hand, accumulated more densely in the endo-
thelial linings, and only a smail amount penetrated into the thickness of the vascular walls (Fig. 2).

A study of the arachnoid membrane, either on film preparations or on sections showed that the B-tracksleaving
it are more or less evenly distributed over the surface, They can be related neither to any particular structural ele-
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Fig. 1. Changes in the tissues 30 days after the introduction of India:ink;
no phytoncides used. Early stages of formation of a fistula along the thread;

necrosis and infiltration by polymorphs. (Ocular 7 X, objective 10 ¥; stain
hematoxylin-eosin).

Fig. 2. Changes in the tissues 30 days after the introduction of India ink;
phytoncides used. A fistula has been found, lined with stratified squamous
epithelium (ocular 7 X, objective 10 x; stain hernatoxylin-eosin),
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ments of the membrane, nor, in particular, to cells of the external covering layer. The tracks may be due either to
the uptake of amino acids and protein fractions into the cells of the arachnoid, or to movement of the fluid contain-
ing these substances through it, because it is known that the passage of the CSF through the arachnoid mater is the
principal means whereby it is removed from the subarachnoid space [1, 4]. It is however possible that both actions
occur. There is also an undoubted uptake of aminoacids and proteins into the "cell spots" formed by the outer cover-
ing layer of the arachnoid membrane. Within these "cell spots® a clearly -marked accumulation of B-tracks can be
seen in the emulsion, Apparently the vigorous uptake of amino acids and protein into the "cell spots® is associated
with the fact that these structures are proliferating regions with a metabolic rate, and represent the source from which
the villi and arachnoid granulations develop [2].

We found no differences between the uptake of albumins and globulins, It took place at the same rateat all
times during the experiments,

SUMMARY

Labeled amino acids (methionine s% and glycine CY) and labeled blood serum protein fractions (albumins,
globulins, methionine-S* labeled) were administered into the subarachnoidal space in 18 experiments on dogs. Dis~
tribution of amino acids and proteins in various structures of the pia mater was ascertained by histoautoradiography.
Only a few hours after their introduction, the amino acids and proteins were found in the cytoplasm of the endothe-
lium of the subarachnoid cells, which constitute a protective and trophic system of the pia mater. Amino acids and
proteins were also taken up by the epdothelial lining of the blood vessels in the subarachnoid space, which were re-
lated to the endothelium of the subarachnoid cells, The uptake of amino acids and proteins into the endothelium
represents one of the principal factors for maintaining constant the composition of the cerebrospinal fluid in patho-
logical conditions.
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cover English translations appears at the back of this issue.
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