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Recently we have reported histochemical changes observed in the organs
of rats killed with a lethal dose of X rays [18, 19 ]. In this paper we shall discuss
the effect y-rays of radium exert on the epidermoid cancer of tire portio
as far as phosphatase activity is concerned.

Phosphatase is an enzyme splitting off phosphoric esters. It is found in
animals and vegetables alike. It participates in various metabolic processes
and its role is stressed by the fact that it plays a prominent part in the lecithin
and nucleinic acid molecules of the organism. The important correlation of
phosphatase and nucleinic acids has been pointed out by numerous authors.

Before discussing these correlations, the morphologic changes occurring
10 to 14 days after the y-irradiation of the epidermoid cancer of the portio
should be briefly summarized [6, 15]. In the stroma there is a numerical increase
of fibres of connective tissue, further an extensive plasmacellular infiltration,
fhe augmented stroma invades the tumour and this latterisdivided into small
groups of cells or single cells. The signs of the ray effect mainly appear in the
nuclei (pycnosis, vacuoles, degeneration of nuclei, deformation of the nucleoli,
formation of giant cells, chromatosis of the cell membrane, nucleolar destruction,
incomplete mitoses, etc.) they may, however, also be observed in the protoplasma
(vacuoles, marked acidophilia). Further, acidophilic cells without nuclei are
frequently found.

The greater radiosensitivity of the nuclei has been demonstrated by
both morphology, and by experiments [23|. The nucleus of an ovum irradiated
with a strong dose from 40 000 to 50 000 r is destroyed, nevertheless its plasma
may still undergo fertilisation and mitosis after two days.

Up to now 51 cases of portio cancer have been studied. In 33 of these
cases excision for histology was done at least twice i. e. before and several days
(about 10 to 14) after irradiation. 6 cancers we:e examined histologically

* Read at the I-st Hungarian Oncologic Session, on June 16th, 1951.
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only before, and 5 cases only after, irradiation. In 7 cases the specimen
proved unfit for further histology or histochemical examination. The tubes
employed contained 10 mg of radium element within a platinum filter 1 mm
thick and were placed into a gold capsule equivalent to a 1 mm platinum filter.
In the cases examined twice the first excision was done immediately before
application of the tube and the second after 10 to 14 days. The tissue was
fixed in 85 per cent chilled alcohol and treated with alcohol-benzole, and
paraffin. The tissue pieces obtained from the same patient at various times
were mounted on one slide and subsequently Goémdri’s alkaline phosphatase
reaction [5, 9, 10] was performed on them. The substance to split was

sodium-y9-glycerophosphate, the buffer was veronal sodium. The specimens
were incubated from 20 to 24 hours. The precipitated calcium phosphate was
rendered visible by Kossa’s reaction.

In these specimens, the effect of irradiation manifesting itself in a greater
phosphatase activity was recognised already on inspection (Fig. 1).

Some of our cases should be reported in detail :
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Patient 1: St. !.. 58 years old,

Fig. 1/a
No. 3950) before irradiation : stroma made up chiefly of vascular tissue. The parenchyma
consists of confluent, cancer nests composed of partly spinocellular partly transitional cells.
Enzyme activity seen only in the vessel wall. (Zeiss optics, Objective 10 x. Ocular 4 x)

Fig. b
(No. 4048) 11 days after irradiation with 1840 mgh Ra : granulation tissue witli marked phos-
phatase activity within which some isolated tumour cells or cell groups exhibiting ray effect are
seen. The tumour cells are phosphatase negative while phosphatase positivity in the surrounding
tissue is considerable. (Zeiss optics, Objective 10 x. Ocular 4 x)
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Patient 2: K. F., 36 years old,

Fig. 2/a
(No. 5124), before irradiation : partly spinocellular partly transitional cells forming confluent
nests of epidermoid cancer. Scanty stroma hardly recognisable by small vessels. Activity only
in the vessel walls. (Zeiss optics. Objective 8 x. Ocular 4 x)

Fig. 2/b.
(No. 5216), 16 days after irradiation with 1840 mgh Ra: granulation with high
phosphatase activity. Necrotic tissues and tumor cell groups are negative. There is a striking
enzyme activity in the environment of the rest of the tumour nests. (Zeiss optics, Objective 8 x.
Ocular 4 x)
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Patient 3: M 1., 75 years old.

Fig. 3/a
(No. 5264), before irradiation : moderately developed loose stroma with interlacing
epithelial bundles the cells of which closely resemble basal cells. Activity in the vessel walls only.
(Zeiss optics, Objective 10 x, Ocular 4 x)

Fig. .36
(No. 5380), 14 days after irradalion with 1250 nigh Ra : The tumour proved rather
resistant. Increased stroma showing considerable enzyme activity
(Zeiss optics, Objective 10 x, Ocular 4 x)

Similar results were obtained also in the other patients. Strikingly,
enzyme activity was present only in those tumour nests which had a basocellular
character and could be regarded as radiosensitive (2 cases). In other cases the
tumour showing a basocellular character was phosphatase negative and, simulta-
neously, rather resistant to irradiation. The ratio of spinocellular, basocellular,
and transitional cell tumours should not be dealt with here, these terms being
frequently subject to individual judgment. The enzyme activity of the stroma
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was varying whereas the endothelial lining of the vessels displayed phos-
phatase positivity in nearly all cases.

Irradiation resulted in granulation of the tissue which was highly active,
aside from the remainder of tumour cells seated in the granulation;the tumour
cells were invariably negative. The activity appeared in the new fibrous tissue,
the endothelial lining of the vessels, the plasma cells and the fibroblasts. It was
striking that there was a greater activity in superficial layers more exposed
to ray effect than in the deeper layers, further a greater activity appeared
in the close neighbourhood of the tumour cells than in other places. No activity
was observed in the necrotic areas, in the giant cells of foreign body type which
pointed to absorption difficulties, in the media ofthe vessels, and eventually in
some plasma cells.

Our results cannot be evaluated without a few literary data.

Darlington [4] has observed that the poverty of cells in nucleinic acids
is associated with the incomplete division of chromosomes : the latter cannot
detach themselves from one another and thus a chromatine bridge arises and
remains after the cell division. Similar incomplete mitoses were seen in the
irradiated tissues.

Errera [7, 8) states that irradiation is accompanied by depolymerization
of thymonucleohiston.

Holmes [13] performed experiments with Jensen’srat sarcoma. He injec-
ted the animals with isotope P3 and found that irradiation resulted in the
reduction of metabolism as the assimilation of P32 by the thymonuclein
fraction was reduced. These results are in accordance with some earlier
observations of Heresy [11] who demonstrated that, in animals suffering from
two tumours, the irradiation of one tumour resulted in diminished assimilation
of P32 by the other.

Our own examinations [18, 19] showed that phosphatase activity in
the liver of-rats killed with lethal irradiation was very considerable while no
activity occurred in the liver of control animals.

Heresy [12] found some correlation between the thymonucleinic acid
metabolism of cell nuclei and alkaline phosphatase.

Caspersson and Thorell [2] claim that, during embryonic development,
phosphatase activitv changes parallel with the concentration of nucleinic
acids and micleop roteids, respectively. This enzyme is likely to have a role in
the assimilation and dissimilation of nucleinic acids.

Krugelis, Danielli and Catcheside [3] examined the activity of alkaline
phosphatase in the cells of drosophilaé. The active areas showed a formation
resembling wood-work in the chromosomes. This formation corresponds with
the »Feulgen-positive« strands.

Nickerson, Krugelis and Andresen [17] found in yeast fungi, provided
that sodium glycerophosphate was used as a matter to split, the site of phos-
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phatase activity in a dark spot of the cell, resembling a Feulgen positive stain.
The morphologic existence of this spot was proved by examination with phase
contrast microscope.

Bradfield [1] demonstrated high phosphatase activity in the nucleus of
cells lining the silk glands of spiders, and in the corresponding cells of the cater-
pillar of a moth, in parts of the cells bordering the surface of the lumen,
further in the excreted discharge.

Jeener [14] examined the phosphatase activity in ovarectomized mice
following oestradiol administration. The activity was greatly increased in the
proliferating vaginal wall and the uterus, especially in the circular muscle layer
of the latter.

The two authors last quoted, as well as several others, contend that the
increase of phosphatase activity may be related to the formation of fibrous
protein (in the latter case : Kkeratiné, myosine).

Similar results have been obtained by G. Vargha [22] with productive
tuberculous changes of lung tissue.

Kate, Spein and Ljob observed that the closure ofwounds takes comparative-
ly time if the wound surface is mailer. They observed further that
cells and nuclei begin to grow after the injury, attaining a maximum size at
the time of wound closure, after which they shrink again. OlgaLepeshinskaya
inferred from this fact [16] that the products of cell destruction played a great
role in the nutrition of tissues and the stimulation of growth and cell proli-
feration. It is possible that these living substances are adapted in the formation
of new cells. Following these conclusions Lepeshinskaya examined the role of
blood effusion in wound healing and stated that the products of blood destruction
considerably promoted the process of repair.

In this institute, Rodé [20, 21 ] performed successful experiments treating
torpid wounds with irradiated blood.

On the basis of our examinations and the data of literature it seems to
be warranted that irradiation results in depolymerization of the nucleopro-
teids contained in the nuclei of tumourcellsand other tissue elements on account
of which the nucleoproteid becomes soluble. This phenomenon manifests itself
in the activity of alkaline phosphatase which after irradiation gives rise to
new formation of a fibrous connective tissue. This theory is in accordance with
the fact that cellular and less differentiated tumors are more radiosensitive,
and also with the observation that the superficial layer of the granulation
(issue having been more exposed to ray action, shows a higher enzyme activity
than the deeper layers. Finally the enzyme activity is also stronger in the near
environment of the remnants of the tumour than in other places.

Further histochemical and other examinations are being performed to
support these assumptions.
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Summary

The effectof roentgen and y-rays on living tissues and tumours was studied. In the first
line the changes of enzyme activity were examined by means of wellknown histoehemical methods.
In this paper, the action of the y-rays of radium on the alkaline phosphatase contained in the
epidermoid cancer of the portio was examined.

The excised material of 51 cancerous portios was examined. In 33 of 51 cases excision
was done at least twice, before and after irradation (10 to 14 days later on an average). The
excised tissues taken from the same patient were mounted to the same slide. Gémori’s method
was applied to the specimens. The considerable increase of enzyme activity following irradiation
could in the majority of cases be seen on gross inspection. The tumor parenchyma was invariably
phosphatase negative before irradiation, apart from 2 absolutely radiosensitive cases. The
phosphatase activity of the stroma was varying but the endothelial cells of the vessels showed
phosphatase activity inalmost every case. 10 to 14 days after the irradiation granulation tissue
appeared with great phosphatase activity in the new connective tissue fibres, vessel walls,
fibroblasts and plasma cells. No activity was shown by the remaining tumour cells, necrotic areas,
foreign body giant cells, vessel media, and some plasma cells. Strikingly greater enzyme acti-
vity was found in superficial tissue layers more exposed to the rays, further in the close
neighbourhood* of the remainder of tumour, also in the deep layers or farther from the tumour
cells.

Both our examinations and the literary data seem to support the assumption that irradiation
results in depolymerization of the nucleoproteid of tumour cells and other tissue elements whereby
it becomes soluble in the tissue fluid. This process manifests itself in phosphatase activity which
gives rise to the formation of new connective tissue after irradiation.

We thank Zsuzsa Balint-Huppert and Karola Hafner, technical assistants, for their
valuable cooperation.
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AKTVBHOCTb WE/IOYHOMN ®OCHATA3bI M/IOCKOK/IETOUHOIO PAKA B/IATA-
NIMLLHOW MOPLIMN MATKW U UBMEHEHWS 3TOM AKTUBHOCTW MO/
OEVNCTBVEM NYYEW y PAANA

K. Pes, J1. PeB, [Ob. Jlexouku

B HallleM WHCTUTYTe Mbl UCCeA0BaNV [IENCTBME PEHTreHOBCKUX Jlydeil U nyudein »y<
Ha XMBble TKAHW U Ha OMyxonn. B mepBylo ouepeab Mbl UCCMEAOBASIM C MOMOLLLIO U3BECTHBIX
FMCTOXUMUYECKMX PeaKLMN M3MEHEHUS] (DePMEHTATMBHOW aKTUBHOCTW. B HacTosileMm coobliie-
HUM Mbl OCTAHAB/IMBAEMCA Ha JEVCTBUM Nlydeil »Y« paaus Ha MNIOCKOKMETOYHOW pak Bfara-
NULLHOM MOPLMM MaTKK, C TOYKU 3PeHUsI aKTUBHOCTU LIENoYHOM hoccaTasbi.

Mbi 06paboTanu matepuss, Nony4veHHbI 0T 51 60/bHbIX, CTpajaloLmnx B pake nopuuu.
Cpeay 3TMX Mbl NpoBoAMAN B 33 cilyvasx ABa pasa NpobHYH 3KLM3nio, B cpegHeM 10- 14 gHeid
[0 n 10— 14 gHeld nocne neyeHna nyvamu. NonyyeHHble TakuM 06pa3om mMaTepuasibl Mbl HAKen-
Ba/IM Ha 06LLiee NpeaMeTHOe CTeKN0 U TaM NPOBeNM Peakuuvio onpefeneHns akKTUBHOCTU Lienoy-
HoW (hocthaTasbl Mo Fomopu. B 6GOMbLUMHCTBE CMy4YaeB YXe He BOOPYXEHHbIM [/1a30M MOXHO
6b1/10 OTMETUTbL 3HAYMUTE/IbHOE MOBbILLEHWE aKTMBHOCTU LeM0YHOM ochaTasbl noj BANSHUEM
neyeHnsa nydyamn. Bo Bcex Hawmx ciy4dasx o 06/1y4eHUs napeHxyvMa onyxonv € TOYKW 3peHus
aKTMBHOCTY LLeNI0YHOM (hochaTasbl faBana 0TPMLATENbHYO PeakUmio 3a UCKIKYEHEM ABYX CNYy-
YaeB.Ho B aTuX cyyasax 0Kasanocb,4To faHHble 0NYyX0 M Ype3BblvaiiHO UyBCTBUTE/bHbIE K TyYaMm.
AKTMBHOCTb (pocthaTasbl B LUTPOME Konebnsnacb, Of4HaKO 3HAOTENMNANbHbIE KETKW COCYAUCTOM
CTEHKMN Be3fie AaBasiv NOMOXUTENbHYIO peakumio. Mo gencTtenemM 065yyeHns B TedeHne 10 14
[Hell pasBuiacb rpaHynsunoHHas TKaHb, C BblpaXKeHHON B aKTUBHOCTbIO (ochatasbl. B aToli
TKaHW camas BbICOKas (hepMeHTaTMBHas aKTUBHOCTb Habntofanacb B HOBOO6pa30BaHHOM
BOJIOKHUCTOIN COeAMHUTENbHOM TKaHW B CTEHKe COCYA0B, BO (hmbpobnactax U B NaacMaTUyecKmx
KfeTKax.

OcTaBLUMECA OMYXO/EBble K/ETKMU, YaCTULbl HEKPOTUYECKOW TKaHW, TMraHTCKMe KIETKU
TMNA TUraHTCKUX KIETOK MOSIBNSIOLLMXCS BO3/le MHOPOAHbLIX Tef, YKasblBatollve Ha TO, 4To
34ecb pecopbumsa NPOUCXOAMT MeAseHHO, Mefusi apTepuid 1 BeH, a KOe-TAe efMHNYHbIe Ma3Ma-
TWYeCKMe KNEeTKW fJany OTpuULaTeNlbHYH peakuuio Ha akTUBHOCTb (ocaTasbl. Bpocanoch
B rnasbl, YTO B 60/1e€ MOBEPXHOCTHBIX CMOSIX nexawmnx 6nmxe K paguo. AKTUBHOCTb ep-
MeHTa sIBNsiI0Cb 60/iee BbICOKOM, YeM B 6onee rny6oKMX €nosx. Halle BHUMaHVe MpUBIEK/IO
M TO YTO BOKPYT eAVHWUYHBIX OMYyX0/EeBbIX KNETOK Mbl Habnoganu 60nee BbICOKYH aKTUBHOCTb
(hocthaTasbl YeM Ha APYrMX MecTax.

PesynbTaTbl HalUMX MCCNEfOBaHWUIA 1 MMEIOLLMECS B HaLLEM PacnopsiKeHUW nutepaTyp-
Hble [aHHble TOBOPSIT 3a TO, YTO MOA AEMCTBMEM Jlyyeil HyKIeonpoTelifbl sifiep OMyX0/eBblX
K/IETOK a TaKXe siaep APYrux TKaHeBbIX 3/1EMEHTOB AEMNONIMMEPU3PYIOTCA U CTaHyT pacTBOpU-
Mble B TKaHeBOW XXMAKOCTWU. 3TO OTpaXkaeTcs B MPOsIBNEHUN peakumu octatasbl U 3TO BbI3bl-
BaeT MposAB/stOLLeecs Bcned 3a 06/1ydeHneM HOBOOGpa3oBaHME BOMOKHWUCTOW COEfUHUTENbHOM!
TKaHW.
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