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In our Institu te the effect on living tissues of gamma rays originatig  
from the disintegration of radium and that o f R oentgen rays has been subject 
o f general studies. In  the first place we have been investigating changes in 
the enzym e system s o f irradiated animals and hum an tumors. In th is paper 
we w ish  to report on the behavior of the alkaline phosphatase reaction per
formed on tissues o f rats.

The phosphatases are dephosphorylising enzym es which split o ff  P 0 4 
from phosphoric acid esthers by means o f  hydrolysis. Phosphatase can be 
found everywhere in vegetable and anim al tissues. The phosphatases have  
been classified differently b y  different authors. In  general 1. phosphomonoes- 
therases, 2. phosphodiestherases, 3. pyrophosphatases and 4. apyrases are dis
tinguished.

For phosphom onoestherases, based on how th ey  react to alpha and beta  
glycerophosphate, as substrate, what reaction th ey  give to Mg and how  they  
are distributed in different organs, Folley and K ay  have put forward the follo
wing classification : Type A l (alkaline phosphatase), optimal activ ity  at pH
9. Type A 2 (acid phosphatase), optimal a ctiv ity  ranging from pH  4,5 to  pH
5. Type A 3 (vegetable phosphatase), optim al activ ity  at pH 6 and fin a lly  type  
d 4 (acid erythrocyte phosphatase), optim al a ctiv ity  at about pH 6 .

Gömöri —  and independently from him  Takum atsu —  were the first to 
succeed in dem onstrating histochemically acid and alkaline phosphatase.

In this paper we wish to report on those alkaline phosphatase in vestiga
tions which we performed —  according to Gömöri’s method —  on organs of 
rats killed w ith lethal doses of rays. The reason w hy we selected rats for our 
first experim ents w as that the rat, contrary to  other experimental anim als, is 
capable of synthesising vitam in C. Irradiated animals namely lose a very  
great quantity of ascorbic acid through excretion, and the resulting v itam in  C 
deficiency —  especially in guinea pigs —  leads to  a very marked decrease of

* P resen ted  a t  th e  16 th  Dec. 1950. m eeting  o f H u n g a rian  Pathologists.
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phosphatase acticity o f tissues. For our experim ents we used 20 couples of 
rats, m ostly males. Their average weight w as 150 g, and they were 8 to 10 
m onths old. The rats were given a tota l irradiation of 2000 to 4000 r, in one 
le th a l dose or in fractionated doses. For irradiation we used a Siemens Stabilivolt 
apparatus with Greinacher switch and w ith  a Siemens Doglas in lay  tube. 
180 kV , 15 mA irradiations were given, from  a distance of 50 cm ., using a 0,5 
Cu filter . To each of the irradiated animals belonged a control rat, sim ilar in 
bod ily  condition and kept under the same circumstances. The rats kept on

Fig. 1.
M acroscop ic  pho tographs of h isto log ical sections, c m a rk s 'se c tio n s  of the organ fro m  contro ls, 
b , fro m  experim en ta l anim als. Sections of th e  liver, a f te r  [hav ing  perform ed th e  p h o sp h a ta se

reaction

standard diet died generally after a period of 3 to  4 days following the irradiation. 
A t 24 to  36 hours following the irradiation there was a marked loss o f appetite, 
but th e  animals still kept on eating. W hen th e  irradiated animal died spon
taneously , the control anim al was also killed b y  a blow to the nuchal region. 
Identical organs of both animals were em bedded at the same tim e, the h isto
logical sections were m ounted on the sam e slide and were treated  w ith  
G öm öri’s method. For fixation  85 per cent ice-cooled alcohol, for em bedding  
increasing series of alcohol, benzol and paraffine were used. As a substrate 
sodium  glycerophoshate, as buffer sodium diaethylbarbiturate were used. The  
precipitated  Ca3(P 0 4)2 was made visible b y  m eans off Kossa’s reaction.
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In the histological sections in this w ay prepared we observed in irradiated  
animals a very marked increase of phosphatase acticvity. Most conspicuous ivas the 
greatly increased phosphatase activity o f  the liver, which could be detected  even  
m acroscopically in the sections (Fig. 1.). The liver of the normal anim al is — 
according to  Gömöri’s description and our observations made in the controls —  
negative as regards phosphatase activ ity  ; in some cases there m ay be some 
activ ity  lim ited to the biliary capillaries and to the walls of the vessels. (F ig . 2.) 
In irradiated animals we found very great phosphatase activity in the liver

Fig. 2.
T he liv e r o f a  control. The paren ch y m a of th e  liver is free of phosphatase  a c tiv ity  ; phos

p h a ta se  a c tiv ity  is seen in th e  wall of bile d u c ts  and  of g rea te r vessels. (Zeiss m icroscope,
ob jec tiv  3, ocular 5)

tissue, showing zonular arrangement (Fig. 3.). I t  was in the potoplasm  o f  the  
liver cells and in the bile ducts surrounded by these cells that high degree o f  enzy
me activ ity  could be observed (Fig. 4 .). In the Kupffer cells, on the other hand, 
no phosphatase activ ity  could be dem onstrated. In other organs higher enzym e 
activ ity  could be dem onstrated in the membrana basalis of the testis, as well- 
as in the bronchial epithel, in the edem atous alveolar fluid and in the desqua
m ated alveolar cells of the lungs. In the kidneys the results were more d ifficult 
to evaluate, since normal kidneys also show high-degree phosphatase activ ity . 
In the intestines no evaluations could be m ade, due to the rapid intestinal 
autolysis occurring in irradiated animals. U nfortunately we could not in vesti
gate the bone marrow. This and the central nervous system  will be studied  
separately.
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Summing up w e m ay  state that in the organs o f  rats killed ivith a lethal 
dose o f  Roentgen-rays there is an increase o f  the phosphatase activity. This increase 
is  very marked in the liver.

Fig. 3
G en era l view of the  liv e r o f a n  irrad ia te d  anim al. Z onal a rran g em en t of phosphatase  ac tiv ity . 
T h e  a rea  in  the  square  is sh o w n  in  g reater m agn ifica tion  in  th e  n e x t Fig. (O bjectiv  O, ocu lar 5)

Fig. 6
G reater m ag n ifica tio n  from  Fig. 3. (O bjectiv  3, o cu la r 5 of a Zeiss m icroscope)

The occurrence o f  phosphatase activ ity  in  the liver may offer a partial 
•explanation to the hypoglycem ic conditions observed by Straus and Rother, 
R other, and other authors, as well as to the disappearance of the liver glycogen  
follow ing irradiation (Rother) in experim ental animals.

The question arises : W hy does the phosphatase activity o f different
organs —  and m ainly th a t of the liver —  increase following irradiation? To the 
answ er we must know  th e  following data of literature.
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Fig. 5

Microscopic view  of th e  lung of an  irrad ia ted  anim al

Fig. 4
H igher m agnification  (Zeiss optics, o b jec tiv  9, ocular 5)
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According to Errera’s investigations, irradiation w ith Roentgen rays 
m arkedly reduces the otherwise very high v iscositiy  of thym onucleohiston ; 
th is is probably due to  depolymerisation. In his opinion a similar process occurs 
in living cells on irradiation.

Holmes experim ented w ith Jensen’s rat sarcom a. He injected P32 isotope 
into the animals and found that on irradiation the nuclein metabolism, i. e. 
the incorporation o f P 32 in to  the thymonuclein fraction, was materially reduced. 
Thus he confirmed H ev esy ’s previous observations made on animals having  
two tumors. Isolated irradiation of one o f these tumors similarly decreases 
P 32 uptake in the non-irradiated tumor.

Caspersson and T horell have found th at in  the course of embryonal deve
lopm ent the changes in phosphatase activity run parallel w ith the changes in 
concentration of nucleinic acids respectively o f  nucleoproteids. It appears 
very likely that this enzym e takes part in the synthesis and destruction o f nuc
leinic acids.

Krugelis, D anielli and Catcheside have found in the cells o f Drosophilia, 
in the chromosomes, phosphatase activity in such a trabecular distribution 
w hich more or less corresponds to the arrangem ent of the Feulgen-positive 
bundles.

Finally it should be mentioned that -— in contrast to the former static  
theory —  also in the enzym ology it is the dynam ic conception that prevails, 
i. e . we consider enzym es to  be effects and not separate substances. The sam e 
substance that in a certain state of the cell p lays the part of a m etabolite, 
and is fuel supplying energy, under other circum stances may act as an enzym e. 
Our experiments and the quoted data of literature suggest that the phosphatase 
activ ity  occurring in the liver m ay be brought into connection with the depolymerisation 
o f  thymonucleohiston brought about by irradiation , which presents itself in the 
fo rm  o f an enzyme effect.

Further h istochem ical and other investigations are in progress with  
w hich we wish to obtain further evidence concerning the valid ity of this theory.

Acknotvledgements. Authors express their thanks to K. Haffner, I. Dom bi 
and Zs. Huppert, histotechnicians, for the valuable assistance.

Sum m ary

In  our In s titu te  we in v e s tig a te  th e  effects o f  R o e n tg e n  and  gam m a ra y ^  on liv ing  tissues 
a n d  on tum ors. In  th e  f i r s t  p lace  i t  was th e  changes o f  enzym es t h a t  were sub jected  to  inves
tig a tio n  by  m eans of k n o w n  histochem ical reactions. I n  th e  p re sen t pap er we re p o rt on  the  
changes o f alkaline p h o sp h a tase  a c tiv ity  in tissues o f ra ts  k illed  w ith  le th a l doses o f ray s.

In  our experim ents r a ts  w ere  used, because th ese  an im als are capable of syn thesising  
v ita m in  C : in  o ther an im als ir ra d ia tio n  w ith R o en tgen  ra y s  gives rise to  excessive v ita m in  
C ex cre tio n  and th is reduces th e  phosphatase  a c tiv ity  o f th e ir  organs. The ra ts  were irrad ia te d  
w ith  2000— 4000 r, in  one dose o r  in  fractionated  doses (180 kV . 18 m A, 0,5 Cu, 50 cm ). To 
each  irrad ia ted  anim al th e re  w as a  contro l one, being  o f th e  sam e bodily  condition  an d  k ep t 
u n d e r  sim ilar circum stances. W h e n  th e  irrad iated  an im al d ied  spontaneously , th e  con tro l was 
also  k illed  by  a blow to  th e  n u c h a l region. The organs o f  th e  tw o anim als were p rep ared  id en 
tic a lly  and a t the sam e tim e . Id e n tica l organs were m o u n te d  on one slide. T he sections th en
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were tre a te d  w ith  G öm öri’s m ethod. In  certa in  o rg an s considerable increase o f p h o sp h a ta se  
a c tiv ity  w as found. T h e  m o st conspicuous increase in  p h o sp h a tase  activ ity  could b e  observed  
in th e  liver, w hich is n eg ativ e  otherw ise, i. e. a c tiv ity  is lim ited  to  the  bile capillaries a n d  to  th e  
walls o f th e  vessels. I n  o th e r  organs g rea te r enzym e a c tiv ity  could be d e m o n s tra ted  in  th e  
basal m em b ran e  of th e  te s tis , in  sperm ium s, in  th e  b ro n ch ia l epithelium , in  th e  a lv e o la r  ede
m ato u s f lu id  and  in  d e sq u am a ted  alveolar cells o f th e  lungs. Changes in a c tiv ity  w ere  m ore 
d ifficu lt to  ev a lu a te  in  o th e r  organs (auto lysis o f th e  in te s tin es , difficulties in  d e ca lc in a tio n  in 
the  bone m arrow , g re a t a c tiv ity  in  the  k idney  o f n o rm al an im als etc. :)

Conlusions. T he increase  in  th e  p h o sp h a tase  a c t iv ity  o f th e  liver on ir ra d ia t io n  seems 
to acco u n t for th e  h ypog lykem ic  conditions o bserved  in  connection  w ith irrad ia tio n s  a n d  for 
the  d isap p earan ce  of liv e r  glycogen in  ex p erim en ta l an im als . T he increase in  th e  p h o sp h a tase  
a c tiv ity  o f th e  liver, on  th e  o th er h an d , m ay  be b ro u g h t in  connection w ith  th e  d epo ly 
m erisa tion  of th y m o n u c leo h isto n  due to  ir ra d ia tio n , w hich  presents itself in  th e  fo rm  o f an 
enzym e effect.
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ИЗМ ЕН ЕНИ Е АКТИВНОСТИ ЩЕЛОЧНОГО ФОЗФАГАЗА В ОРГАНАХ КРЫС 
УБИТЫ Х РЕНТГЕНОВСКИМИ ЛУЧАМИ 

Др. К- Рев, др. Л. Рев, др. В. Вартерес 
Р е з ю м е

В наших опытах мы исползовали крыс, из-за их способности синтетизировать 
витамин с. Мы подвергли крыс действию рентгеновских лучей, количеством от 2000 -4000 
Р, поданных сразу или по частям. (180 к V, 18 мА, 0,5 Си, 50 см). На каждое подопытное 
животное мы исползовали по одному контрольному животному. В части органов мы 
нашли значительное повышение активности фсзфагаза. Бросается в глаза прежде всего 
проявление активности фозфагаза в печеночной ткани, где она обычно отсутствует, или- 
же ограничивается на жельчные капилляры и на стенку сосудов и з  в ы ш е и з л о 
ж е н н ы х  с л е д у е т :  повышение активности фозфагаза в почени под действием лучей 
по видимому объясняет, гипергликемические состояния, наблюдаемые под влиянием 
лучей и изчезнование гликогена в печени подопытных животных. Повышение активности 
фозфагаза в печени повидимому стоит в связи со деполимеризацией тимонуклеогистона, 
происходящей под влиянием лучей и являющейся следствием действия энзима.
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