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R ecen tly  we have  repo rted  h istochem ical changes observed in  th e  organs 
o f  ra ts  killed w ith  a le th a l dose of X  rays [18, 19 ]. In  th is  paper we sha ll discuss 
the effect y -ra y s  o f rad iu m  exert on th e  ep iderm oid  cancer of tire  p o rtio  
as fa r as p hosphatase  a c tiv ity  is concerned.

P ho sp h a tase  is an  enzym e sp litting  off phosphoric  esters. I t  is fo u n d  in 
an im als and  vegetab les alike. I t  p a rtic ip a tes  in  various m etabolic processes 
an d  its  role is stressed  b y  th e  fact th a t  it p lays a prom inen t p a rt in  th e  lec ith in  
an d  nucleinic acid m olecules of th e  organism . T h e  im p o rtan t co rre la tio n  of 
phosphatase  and nuclein ic acids has been p o in te d  o u t by  num erous au th o rs .

Before discussing these  correlations, th e  m orphologic changes occurring  
10 to  14 days a fte r th e  y -irra d ia tio n  of the  ep iderm oid  cancer o f th e  p o rtio  
should be briefly  sum m arized  [6, 15 ]. In  th e  s tro m a  th ere  is a num erical increase 
of fibres of connective tissue , fu rth e r an ex ten siv e  plasm acellular in filtra tio n , 
fh e  augm ented  s tro m a invades the tu m o u r an d  th is  la tte r  is divided in to  sm all 
groups of cells or single cells. The signs of th e  ra y  effect m ainly ap p e a r in  th e  
nuclei (pycnosis, vacuoles, degeneration  of nucle i, deform ation of th e  nucleoli, 
fo rm atio n  of g ian t cells, chrom atosis of the  cell m em b ran e , nucleolar d e s tru c tio n , 
incom plete  m itoses, etc.) th e y  m ay, however, also  be observed in the  p ro to p lasm a  
(vacuoles, m arked  acidophilia). F u rth e r , acidoph ilic  cells w ithou t n ucle i are 
frequen tly  found.

T he g rea ter rad io sen sitiv ity  of th e  n u c le i has been d em o n stra ted  b y  
b o th  m orphology, an d  b y  experim ents [23 |. T h e  nucleus of an ovum  irra d ia te d  
w ith  a strong  dose from  40 000 to  50 000 r is d e s tro y ed , nevertheless its  p lasm a 
m ay still undergo fe rtilisa tion  and m itosis a f te r  tw o days.

U p to  now 51 cases of portio  cancer h a v e  been studied. In  33 o f these  
cases excision for h isto logy  was done a t least tw ice  i. e. before and sev era l days 
(ab o u t 10 to  14) a fte r  irrad ia tio n . 6 cancers w e :e  exam ined h is to lo g ica lly
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o n ly  before, and 5 cases only  after, ir ra d ia tio n . In  7 cases th e  specim en 
p ro v e d  unfit for fu r th e r  h isto logy  or h is to ch em ica l exam ination . T h e  tubes 
e m p lo y e d  contained 10 m g  o f rad ium  e lem en t w ith in  a p la tinum  filte r 1 m m  
th ic k  an d  were placed in to  a gold capsule e q u iv a le n t to  a 1 mm p la tin u m  filter. 
I n  th e  cases exam ined tw ice  th e  first excision  w as done im m ed ia te ly  before 
a p p lic a tio n  of the tu b e  a n d  th e  second a f te r  10 to  14 days. T he tis su e  was 
fix ed  in  85 per cen t ch illed  alcohol an d  tr e a te d  w ith  alcohol-benzole, and 
p a ra ff in . The tissue pieces ob ta ined  from  th e  sam e p a tien t a t v a rio u s  tim es 
w ere  m oun ted  on one slide and  subsequen tly  G öm öri’s alkaline p h o sp h a ta se  
re a c tio n  [5, 9, 10] w as perfo rm ed  on th e m . T he substance to  sp lit  was

sodium -y9-glycerophosphate, th e  buffer w as v ero n a l sodium. T he specim ens 
w ere  in cuba ted  from  20 to  24 hours. T he p re c ip ita te d  calcium p h o sp h a te  was 
re n d e re d  visible b y  K o ssa ’s reaction.

I n  these specim ens, th e  effect of ir ra d ia tio n  m anifesting itse lf in  a g re a te r  
p h o sp h a ta se  ac tiv ity  w as recognised a lread y  on  inspection (Fig. 1).

Som e of our cases shou ld  be re p o rte d  in  deta il :
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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. 1/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. I., 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. .3/6
(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)

Sim ilar results were o b ta in ed  also in the  o th e r p a tien ts . S tr ik in g ly , 
enzym e ac tiv ity  was p resen t only  in those tu m o u r nests which had a b asoce llu la r 
ch a rac te r and  could be reg a rd ed  as rad iosensitive (2 cases). In  o th e r  cases th e  
tu m o u r showing a basocellu lar ch a rac te r w’as p h o sp h a tase  negative an d , s im u lta 
neously, ra th e r re s is tan t to  irrad ia tio n . The ra tio  of spinocellular, b asoce llu la r, 
and  tra n s itio n a l cell tu m o u rs  should not be dealt w ith  here, these te rm s  being 
freq u en tly  subject to  in d iv idua l jud g m en t. T he enzym e ac tiv ity  of th e  s tro m a
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w as v a ry in g  w hereas th e  endothelial lin ing  o f  th e  vessels d isp layed  phos
p h a ta s e  positiv ity  in  n e a r ly  all cases.

Irrad ia tio n  re su lted  in  g ranulation  of th e  tissu e  which was highly  active, 
a s id e  from  the rem a in d e r o f  tu m o u r cells sea ted  in  th e  g ranu la tion  ; th e  tu m o u r 
cells w ere invariab ly  n e g a tiv e . The ac tiv ity  ap p e a re d  in  th e  new  fibrous tissue, 
th e  endothelial lining o f  th e  vessels, the  p lasm a cells and  th e  fibroblasts. I t  was 
s tr ik in g  th a t  there  w as a g rea te r ac tiv ity  in  superficial layers m ore exposed 
to  r a y  effect th a n  in  th e  deep er layers, fu r th e r  a g rea te r a c tiv ity  appeared  
in  th e  close neighbourhood  o f th e  tum our cells th a n  in  o ther places. N o a c tiv ity  
w as  observed in th e  n e c ro tic  areas, in the g ian t cells of foreign body  ty p e  w hich 
p o in te d  to  absorption  d ifficu lties, in the m edia  o f th e  vessels, and ev en tu a lly  in 
so m e plasm a cells.

O ur results c a n n o t b e  evaluated  w ith o u t a few  lite ra ry  d a ta .
Darlington [4 ] h a s  observed  th a t th e  p o v e r ty  of cells in  nucleinic acids 

is associated  w ith th e  in co m p le te  division o f chrom osom es : the  la t te r  cannot 
d e ta c h  themselves fro m  one another and th u s  a ch rom atine  bridge arises and 
re m a in s  after the  cell d iv ision . Similar in co m p le te  m itoses were seen in  the  
ir ra d ia te d  tissues.

Errera [7, 8 ) s ta te s  t h a t  irrad iation  is accom pan ied  b y  depolym erization  
o f  thym onucleohiston .

Holmes [13 ] p e rfo rm e d  experim ents w ith  J e n s e n ’s ra t  sarcom a. H e in jec
te d  th e  animals w ith  iso to p e  P 32 and found th a t  irrad ia tio n  resu lted  in  the  
re d u c tio n  of m etabo lism  as the  assim ilation  o f  P 32 by  th e  thym onucle in  
fra c tio n  was reduced. T h ese  results are in  accordance w ith  som e earlier 
o b serv a tio n s of H eresy  [11] who dem onstra ted  th a t ,  in  anim als suffering from  
tw o  tum ours, the  ir ra d ia tio n  o f one tum our re su lte d  in  dim inished assim ilation  
o f  P 32 by  the o ther.

O ur own e x am in a tio n s  [18, 19] show ed th a t  phosphatase  a c tiv ity  in 
th e  liver o f-rats k illed  w ith  le tha l irrad ia tio n  w as very  considerable while no 
a c t iv i ty  occurred in  th e  liv e r  of control an im als.

Heresy [12] fo u n d  som e correlation b e tw een  the  thym onuclein ic  acid 
m etabo lism  of cell n u c le i a n d  alkaline p h o sp h a ta se .

Caspersson an d  Thorell [2 ] claim th a t ,  d u rin g  em bryonic developm ent, 
p h o sp h a ta se  ac tiv itv  ch an g es parallel w ith  th e  concen tration  of nucleinic 
ac id s  an d  micleop ro te id s , respectively. T his enzym e is likely to  have  a role in 
th e  assim ilation and  d iss im ila tion  of nucleinic acids.

Krugelis, D anielli a n d  Catcheside [3 ] ex am in ed  th e  ac tiv ity  of alkaline 
p h o sp h a ta se  in th e  cells o f  drosophiláé. T he ac tiv e  areas showed a fo rm ation  
resem bling  w ood-w ork in  th e  chromosomes. T h is fo rm ation  corresponds w ith  
th e  »Feulgen-positive« s tra n d s .

Nickerson, K rugelis  a n d  Andresen [17 ] fo u n d  in  yeast fungi, provided 
t h a t  sodium  g ly ce ro p h o sp h a te  was used as a m a t te r  to  sp lit, th e  site  o f phos
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p h a tase  ac tiv ity  in  a d a rk  sp o t o f th e  cell, resem bling  a Feulgen positive s ta in . 
The m orphologic ex istence o f th is  spo t was p ro v ed  b y  exam ination  w ith  phase  
c o n tra s t m icroscope.

B radfield  [1] d em o n stra ted  high p h o sp h a tase  a c tiv ity  in  th e  nucleus of 
cells lining th e  silk g lands o f spiders, and in  th e  correspond ing  cells o f th e  c a te r
p illar of a m oth , in  p a r ts  o f th e  cells b o rd e rin g  th e  surface of th e  lum en , 
fu r th e r  in  th e  excreted  discharge.

J eener [14] exam ined  th e  phosphatase a c tiv ity  in ovarectom ized m ice 
following oestrad io l a d m in is tra tio n . The a c tiv ity  w as greatly  increased in  th e  
pro lifera ting  vaginal w all an d  th e  u terus, especially  in  th e  circular m uscle lay er 
of the  la tte r .

T he tw o au tho rs la s t q uo ted , as well as sev era l o thers, contend th a t  th e  
increase of p hosphatase  a c tiv ity  m ay be re la te d  to  th e  form ation  of fibrous 
p ro te in  (in th e  la tte r  case : kera tiné , m yosine).

S im ilar resu lts h av e  been  obtained by  G. Vargha [22 ] w ith  p ro d u c tiv e  
tubercu lous changes of lung  tissue.

Kate, Spein  and  Ljob  observed th a t the  closure of w ounds takes co m p ara tiv e 
ly  tim e if  the  w ound surface is m ailer. T h e y  observed fu r th e r  th a t  
cells and  nuclei begin  to  grow after the  in ju ry , a tta in in g  a m ax im um  size a t 
th e  tim e  of w ound closure, a fte r which th ey  sh rin k  again. O lgaLepeshinskaya  
in ferred  from  th is  fac t [16] th a t  the  products o f  cell destruction  p layed  a g rea t 
role in  th e  n u tr itio n  o f tissues and  the s tim u la tio n  of grow th and  cell p ro li
fera tion . I t  is possible th a t  these  living substances are  ad ap ted  in  th e  fo rm atio n  
of new  cells. Follow ing th ese  conclusions L ep esh in sk ay a  exam ined th e  role of 
blood effusion in w ound healing  and  s ta ted  th a t  th e  p ro d u c ts  of blood d estru c tio n  
considerab ly  p rom oted  th e  process of repair.

In  th is  in s titu te , Rodé [20, 21 ] perform ed successful experim ents tre a tin g  
to rp id  w ounds w ith  irra d ia te d  blood.

On th e  basis of our exam inations and  th e  d a ta  of lite ra tu re  it  seem s to  
be w arran ted  th a t  irra d ia tio n  results in  depo lym eriza tion  of th e  nucleopro- 
teids con tained  in th e  nuclei o f tum our cells and  o th e r  tissue elem ents on accoun t 
o f w hich th e  nucleopro te id  becom es soluble. T h is  phenom enon m an ifests  itse lf  
in th e  a c tiv ity  of alkaline phosphatase  w hich a f te r  irrad ia tio n  gives rise to  
new fo rm ation  of a fibrous connective tissue. T h is  th e o ry  is in  accordance w ith  
th e  fac t th a t  cellu lar an d  less d ifferen tia ted  tu m o rs  are m ore rad iosensitive, 
and  also w ith  th e  observ a tio n  th a t  th e  superfic ia l lay er of th e  g ran u la tio n  
(issue having  been m ore exposed to  ray  ac tion , show s a higher enzym e a c tiv ity  
th a n  th e  deeper layers. F in a lly  th e  enzym e a c tiv ity  is also  stronger in  th e  n ea r 
env ironm en t of th e  rem n an ts  of th e  tu m o u r th a n  in  o ther places.

F u rth e r  h istochem ical and  o ther ex am in a tio n s  are being perfo rm ed  to  
su p p o rt these assum ptions.
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Summary

The effect of 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. Gömöri’s method 
was applied to the specimens. The considerable increase of enzyme activ ity 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 in almost 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 В álint-Huppert and Karola Hafner, technical assistants, for their 
valuable cooperation.
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АКТИВНОСТЬ ЩЕЛОЧНОЙ ФОСФАТАЗЫ ПЛОСКОКЛЕТОЧНОГО РАКА ВЛАГА
ЛИЩНОЙ ПОРЦИИ МАТКИ И ИЗМЕНЕНИЯ ЭТОЙ АКТИВНОСТИ ПОД 

ДЕЙСТВИЕМ ЛУЧЕЙ у  РАДИЯ

К. Рев, Л. Рев, Дь. Лехоцки

В нашем институте мы исследовали действие рентгеновских лучей и лучей »у< 
на живые ткани и на опухоли. В первую очередь мы исследовали с помощью известных 
гистохимических реакции изменения ферментативной активности. В настоящем сообще
нии мы останавливаемся на действии лучей »Y« радия на плоскоклеточной рак влага
лищной порции матки, с точки зрения активности цепочной фосфатазы.

Мы обработали материял, полученный от 51 больных, страдающих в раке порции. 
Среди этих мы проводили в 33 случаях два раза пробную экцизию, в среднем 10- 14 дней 
до и 10— 14 дней после лечения лучами. Полученные таким образом материалы мы наклеи
вали на общее предметное стекло и там провели реакцию определения активности цепоч
ной фосфатазы по Гомори. В большинстве случаев уже не вооруженным глазом можно 
было отметить значительное повышение активности целочной фосфатазы под влиянием 
лечения лучами. Во всех наших случаях до облучения паренхима опухоли с точки зрения 
активности целочной фосфатазы давала отрицательную реакцию за исключением двух слу
чаев.Но в этих случаях оказалось,что данные опухоли чрезвычайно чувствительные к лучам. 
Активность фосфатазы в штроме колеблялась, однако эндотелияльные клетки сосудистой 
стенки везде давали положительную реакцию. Под действием облучения в течение 10 14
дней развилась грануляционная ткань, с выраженной в активностью фосфатазы. В этой 
ткани самая высокая ферментативная активность наблюдалась в новообразованной 
волокнистой соединительной ткани в стенке сосудов, во фибробластах и в пласматических 
клетках.

Оставшиеся опухолевые клетки, частицы некротической ткани, гигантские клетки 
типа гигантских клеток появляющихся возле инородных тел, указывающие на то, что 
здесь ресорбция происходит медленно, медия артерий и вен, а кое-где единичные плазма
тические клетки дали отрицательную реакцию на активность фосфатазы. Бросалось 
в глазы, что в более поверхностных слоях лежащих ближе к радию. Активность фер
мента являлось более высокой, чем в более глубоких слоях. Наше внимание привлекло 
и то что вокруг единичных опухолевых клеток мы наблюдали более высокую активность 
фосфатазы чем на других местах.

Результаты наших исследований и имеющиеся в нашем распоряжении литератур
ные данные говорят за то, что под действием лучей нуклеопротейды ядер опухолевых 
клеток а также ядер других тканевых элементов деполимеризруются и станут раствори
мые в тканевой жидкости. Это отражается в проявлении реакции фосфатазы и это вызы
вает проявляющееся вслед за облучением новообразование волокнистой соединительной! 
ткани.
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