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We  o bserved  in earlie r ex p e rim en ts  th a t  th e  tissu e  re a c tio n  o f th e  th y m u s  
g lan d  w as un ifo rm  how ew er d iffe ren t s tim u li h a d  elic ited  i t  [1, 2, 3, 4, 5, 7, 9, 
10, 11, 12]. T h e  th ym us o f  tu m o ro u s , p re g n a n t an d  tu b e rcu lo u s  r a ts  show ed 
c h a ra c te r is tic  changes w hich , d ep en d in g  on th e  g ra v ity  or s tag e  o f th e  c a u sa 
tiv e  process were a c o n tra c tio n  o f th e  ep ithe lia l re ticu lu m , th e  accu m u la tio n  
o f ep ith e lia l cells, ep ithelia l cy s ts  co n ta in in g  a PA S po sitiv e  su b s ta n c e ; s im u l
tan eo u sly , m a s t cells a p p e a re d . — T hese p h enom ena  w ere alw ays o b se rv ed  in  
ex p e rim en ts  w here processes o f tissu e  p ro life ra tio n  w ere ta k in g  p lace in  th e  
o rgan ism , w here  th e  n o rm a l h a rm o n y  and  n o rm al s tru c tu re  o f th e  tissu es  
seem ed to  be  d is tu rbed . S u ch  observ a tio n s led  us to  assum e a c o rre la tio n  
b e tw een  tissu e  p ro life ra tion  an d  th e  described  reac tio n  of th e  th y m u s . T he 
p rob lem  nev erth e less  seem ed u n so lved  considering  th a t  s tre sso r s tim u li e lic ited  
q u ite  s im ila r a lthough  w eak er responses.

T he p re se n t exp erim en ts , in  w hich  th e  effect of g a lvan ic  c u rre n t e lic itin g  
in ten siv e  s tre ss  an d  X -ray  ir ra d ia t io n  d estro y in g  p a r t  o f th e  tissues w as s tu d ie d , 
w ere aim ed  a t  se ttling  the  ab o v e  p rob lem .

M ethod

W e u sed  44 ra ts  of th e  W is ta r  s tra in , w eighing a b o u t 200 g each. T h ey  w ere d iv id ed  
in to  3 g roups.

(i) Firs t  group.  10 an im als w ere tre a te d  once w ith  g a lvan ic  c u rre n t o f 2 m A  fo r 4.5 
m in u te s . O ne pole w as a w et m e ta l p la te  fo rm ing  th e  flo o r o f  th e  cage an d  being th u s  in  co n 
n e c tio n  w ith  th e  paw s of th e  a n im a ls . T h e  o th e r  pole w as a b e n t lead  p la te  ap p lied  to  th e  
w e t ta i l  o f th e  an im als.

(ii) Second group.  12 a n im a ls  w ere  ir ra d ia te d  w ith  200 r o f X -ray s  (Siem ens “ S tab ili-  
v o lt”  a p p a ra tu s ;  180 K v ; 6 m a; 2.5 m m  a lu m in iu m  f iltre ;  50 cm  ta rg e t  d is tan ce) in  a  cage 
w ith  a 5 m m  th ic k  plexiglass cover. I r ra d ia tio n  la s te d  4 y2 m in.

(iii) T h ird  group.  22 an im a ls  w ere tre a te d  w ith  b o th  g a lvan ic  c u rre n t an d  ir ra d ia t io n .

T h y m u s a n d  spleen were ta k e n  o u t 24 to  27 hours a f te r  t r e a tm e n t,  fix ed  in  C a rn o y ’s 
flu id , em bed d ed  in  p a raffin , sec tioned  a t  tw o  levels 2 m m  a p a r t  an d  s ta in ed  w ith  PA S, G iem sa  
a n d  to lu id in e  b lue.

1 Acta Morphologic« Х/1.
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Results

(i) Galvanic current

T h e  th y m u s re v e a le d  no  gross changes. I t s  average  w eig h t w as 199 m g, 
a b o u t 10 to  20 p er c e n t less th a n  in  u n tre a te d  an im a ls  o f th e  sam e b o d y  w eigh t. 
O f th e  10 specim ens, in  5 th e re  were m a rk e d  signs o f e x c ita tio n  u n d e r th e  
m icroscope . S ligh t signs o f  in c ip ien t e v a c u a tio n  w ere observed  especially  in 
th e  m a rg in a l lobes. A n  in c rea sed  n u m b er o f  m a s t cells w as seen especially  in 
th e  cap su le  an d  th e  c o r te x  o f  th e  m arg ina l lobes. Som e of th e  lobes u n d erw en t 
co m p le te  m ast cell t ra n s fo rm a tio n  (F igs. 1, 2), a p h en o m en o n  to  be in te rp re te d  
as a n  in ten s iv e  m ast-ce ll re ac tio n . In  one case th e re  w as a cy s t fo rm ed  o f 
c o lu m n a r  ep ithe lium  a n d  f ille d  w ith  P A S -p o sitiv e  su b stan ce .

(ii) X -ra y  irrad ia tion

T h e w eight o f th e  th y m u s  was co n sid e rab ly  reduced , on th e  average  to  
108.2 m g, w hich is n o t ev en  h a lf  th e  w eigh t reco rd ed  in  th e  u n tre a te d  con tro ls . 
U n d e r  th e  m icroscope, th e  th y m u s seem ed to  be  com plete ly  loosened up  so 
t h a t  in  som e p a rts  its  n o rm a l s tru c tu re  w as a lm o st unrecogn izab le. A re m a rk 
ab le  fe a tu re  was th e  a d v a n c e d  ev acu a tio n . T h ere  w ere occasional cysts  b u t  
th e se  w ere sm aller th a n  t h a t  observed  in  th e  f i r s t  g roup , n o r d id  th e y  co n ta in  
as m u c h  PA S-positive su b s ta n c e . The n u m b e r o f  m a s t cells w as increased  b u t 
th e y  w ere in  a s ta te  o f  d eg en e ra tio n  espec ia lly  in  th e  conn ec tiv e  tissu e ; th e re  
w ere m a n y  v acu o la ted  a n d  h y p e rg ra n u la ted  fo rm s, m ost o f w hich  h a d  dis
in te g ra te d  in to  g ran u les .

(iii) Combined trea tm ent w ith galvanic current and X -ra y s

T h e w eight o f th e  th y m u s  was co n sid e rab ly  below  n o rm al, 105 m g on the  
av e ra g e . U nder th e  m icroscope th e  tissu es  seem ed  m ore or less in ta c t,  th e  
s t ru c tu re  c h a ra c te ris tic , th e  co rtex  w ell d is tin g u ish ab le  from  th e  m ed u lla . 
S ev en  o u t of th e  22 sp ec im en s con ta ined  cy s ts  m ad e  up  o f a lay e r o f co lum nar 
ep ith e liu m  and  filled  w ith  PA S-positive su b s ta n c e . T he n u m b e r of m a s t cells 
w as in creased  (F ig . 3). M ost o f  th em  were fo u n d  b e n e a th  th e  capsu le  an d  seem ed 
to  b e  u n im p a ired ; th e re  w ere only  a few d is in te g ra te d  fo rm s.

*

W e exam ined  also  th e  spleen o f th e  an im als  in  all th e  th re e  g roups. T h is 
o rg a n  w as generally  p o o re r  in  cells th a n  th e  sp leen  o f u n tre a te d  an im als: we 
w ere , how ever, u n a b le  to  es tab lish  an y  c o n n ec tio n  b e tw een  th is  phenom enon  
a n d  th e  ev acu a tio n  o f  th e  th y m u s. No a b n o rm a l increase in  th e  n u m b er o f  
m a s t cells was o b se rv ab le  in  th e  spleen.



Fig. 1. Section of th y m u s  from  an im al t re a te d  w ith  galvan ic  c u rre n t. T he m arginal p o rtio n  
of the  lobe h a s  com plete ly  tran s fo rm e d  in to  m ast cells. T o lu id in e  blue, X 60 

Fig. 2. Section of th y m u s  rem oved from  an  an im al t re a te d  w ith  g a lv an ic  curren t. C om plete 
tra n s fo rm a tio n  o f a th y m u s lobe  in to  m as t cells. T o lu id in e  b lue, X 60 

Figs. 7— 8. Two sections o f th e  sam e cyst, 2 m m  a p a r t .  PA S, X 60
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Fig. 3. Section  of th y m u s  rem oved  from  an im al t r e a te d  w ith  galvan ic  c u r re n t  a n d  X -rays.
C om plete tra n s fo rm a tio n  o f a m arg in a l lobe in to  m a s t cells. T o lu id ine  b lu e , X 60 

Fig. 4. A  p re su m ab ly  in c ip ie n t cy st in  th e  th y m u s  o f  an  an im al t re a te d  w ith  g a lv an ic  cu r
re n t  and X -ray s. C ylind rical cells and th e ir  P A S -positive  secre tion  w ell;v isib le  in  th e  rig h t 

u p p e r corner. A co m p le te  c y st w ith  go b le t cells, so m ew h at to  th e  le ft. P A S , X 60

Discussion

T he ch ief effect o f  galvan ic  c u rre n t in  o u r ex perim en ts w as a n  increase 
in  th e  n u m b er o f m a s t cells in  th e  th y m u s . E n tire  lobes w ere seen  to  have 
undergone  m ast cell tra n s fo rm a tio n  (F igs. 1, 2, 3). A n in te rp re ta t io n  o f th is 
phenom enon  — one w hich  is in  good ag reem en t w ith  th e  re su lts  o f  o u r experi
m en ts now  in p rogress — w ould be  th a t  th e  ga lvan ic  c u rre n t re leases th e  
process of m ast-cell fo rm a tio n ; since th e  tissu es  are  n o t se riously  dam aged , 
th e re  is no stim u lu s to  cause a m ig ra tio n  “ en m asse”  o f th e  m a s t cells w hich, 
th u s , rem ain  in  th e  th y m u s . This w ould  be th e  w ay  how  g a lv an ic  c u rre n t is 
responsib le  for th e  accu m u la tio n  o f m a s t cells in  th e  th y m u s, a n d  i t  is for th is

1*
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re a so n  t h a t  tre a tm e n t w ith  g a lv a n ic  cu rren t is a m o st su itab le  m e th o d  fo r 
o b se rv in g  th e  tra n sfo rm a tio n  o f  th y m o cy tes  in to  m a s t cells.

X - ra y  irra d ia tio n  is a m u c h  rougher in te rv e n tio n  w hich causes m ark ed  
d e s tru c tio n  of th e  tissu es  n o t  m ere ly  on th e  p e r ip h e ry  b u t  also in  th e  ce n tra l 
p a r ts .  I n  ad d itio n  to  b e ing  n ew ly  form ed, th e  m a s t cells becom e engorged  w ith  
m e ta c h ro m a tic  m a tte r , a n d  m o s t o f  th em  show  signs o f d is in teg ra tio n . This 
p h e n o m e n o n  m ay have tw o  re a so n s . E ith e r  th e  w hole o f  th e  th y m u s  h as  su f
fe red  g ra v e  dam age or else th e  X -ra y s  are responsib le  fo r th e  tra n s fo rm a tio n : 
in c re a se d  am oun ts of h e p a r in  a re  ta k e n  up b y  th e  cells in  excess so t h a t  th e y  
a re  tra n s fo rm e d  in to  m a s t cells an d  d is in teg ra te  in to  granu les. A s im ila r 
p h e n o m e n o n  p roduced  b y  X -ra y s  was described  b y  S m it h  an d  L e w is  [8]. 
F u r th e r  experim en ts w ill h a v e  to  e lucidate  th is  q u e s tio n . W h a t our o b se rv a tio n s 
in  a ll th r e e  groups seem  to  p ro v e  beyond  d o u b t is t h a t  th e  effect o f  th e  above 
fa c to rs  on  th e  th y m u s is to  tra n s fo rm  th e  th y m o c y te s  in to  m ast cells.

T h e  evidence of th e se  o b se rv a tio n s  m akes i t  possib le  to  follow  th e  fo rm a 
tio n  o f  c y s ts . T here are sev e ra l am o n g  our sections w h ich  show  q u ite  c lea rly  th a t  
th e  P A S -p o sitiv e  su b stan ce  is sec re ted  by  th e  th y m ic  ep ith e liu m ; accu m u la ted , 
th is  s u b s ta n c e  pushes a p a r t  th e  cells o f th e  re tic u lu m  so th a t  cysts a re  p ro d u ced  
(F ig . 4 ). A com parison o f  a series o f  sections m ak es i t  a p p a re n t th a t  th e  PAS- 
p o s itiv e  m a tte r  is s to red  b y  th e  cells only for som e tim e  and is th en  e lim in a ted . 
S tru c tu re s  resem bling g o b le t cells are  observable am o n g  th e  ep ith e lia l cells in 
se v e ra l cy sts ; these s tru c tu re s  h a v e  a basa lly  s i tu a te d  nucleus, th e ir  ap ex  is 
f ille d  w ith  PA S-positive su b s ta n c e  w hich seem s to  be in  d irec t c o n ta c t w ith  
th e  c o n te n t  of th e  cy st (F ig . 5). T he im pression  one gains from  th ese  p ic tu re s  
is t h a t  th e  cells are ju s t  e m p ty in g  the ir P A S -positive  co n ten ts  in to  th e  cy st. 
O u r r e s u lts  su b s ta n tia te  th o se  o f  D id e r h o l m  a n d  H e l l m a n n  [6] o b ta in e d  b y  
m e a n s  o f  au to rad io g rap h y , a lth o u g h  we w an t to  em phasize  th a t  th e  su b s ta n c e  
c o n ta in e d  in  th e  cysts has n o t  p ro v ed  to  be m e ta c h ro m a tic  e ith e r in  th e  p re se n t 
or in  a n y  o f  our ea rlie r e x p e rim e n ts . We are  n ev e rth e le ss  conv inced  t h a t  th e  
P A S -p o sitiv e  substance  is a c tiv e ly  secreted  (F ig . 6). T h e  cysts are  fa ir ly  la rge . 
T h e  f a c t  th a t  tw o sections in  F ig s . 7 and  8, m ad e  o f  th e  sam e th y m u s  a t  tw o 
d if fe re n t  levels 2 m m  a p a r t ,  sho w  th e  sam e cy st, p ro v e s  th a t  a t  le a s t one d ia 
m e te r  o f  th is  cyst m u st h a v e  b e e n  2 m m  long. T h e  n u m b e r o f cysts  w as h ig h es t 
in  G ro u p  3 (com bined t r e a tm e n t) .  T he ex p erim en ts  affo rded  no clue to  show  
w h y  th is  was so.

T h e  above-described  e x p e rim e n ta l re su lts  ju s t i f y  th e  claim  th a t  th e  u n i
fo rm  tis s u e  reaction  c h a ra c te r is tic  o f th e  th y m u s  a p p e a rs  n o t on ly  in  processes 
in v o lv in g  a tissue d ish a rm o n y , b u t  arises u n d e r  th e  in fluence  o f s tress-like  
s t im u li  as well, a lth o u g h  n o t  a ll com ponen ts o f  th e  re a c tio n  are  p re se n t and  
i ts  in te n s i ty  shows q u a n t i ta t iv e  v a ria tio n s  in  su ch  cases. T issue p ro life ra tio n  
is u n d o u b te d ly  th e  s tro n g e s t a n d  m ost u su a l s tim u lu s  to  elicit th e  com plete  
re a c tio n .
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Fig. 5. C om plete th y m u s  cy st co n ta in in g  PA S-positive  su b stance, from  an a n im a l tre a te d  
w ith  g a lv an ic  c u rre n t an d  X -ray s. Close con n ec tio n  betw een  goblet cells a n d  cyst. PA S, X 60 
Fig. 6. Sam e cy st as in  P’ig. 5 u n d e r h igh pow er. No to lu id ine  m etach ro m asia . R ow  o f goblet

cells visible. T o lu id in e  b lue, X 60

Summary

T he effect o f g a lvan ic  c u rre n t, X -ray  ir ra d ia tio n , and the  com bined  effect o f b o th , on 
th e  th y m u s  of ra ts  were s tu d ied . Such stim u li elic it th e  w ell-know n c h a ra c te ris tic  reac tio n  
of th e  th y m u s . T he tissu e  re ac tio n  consists o f v a rio u s com ponents w hich  are  m ore or less 
p ro n o u n ced  a cc o rd in ' to  th e  n a tu re  and  in te n s ity  o f th e  stim ulus. E v en  th e  com bined  a p p lica 
tio n  o f a  g a lvan ic  c u rre n t an d  X -ray s fa iled  to  e lic it a tissue reac tio n  as m ark ed  as is en co u n 
te re d  in  cases w ith  in ten siv e  tis su e  p ro life ra tio n .
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ДЕЙСТВИЕ ГАЛЬВАНИЧЕСКОГО ТОКА И РЕНТГЕНОВСКОГО ОБЛУЧЕНИЯ 
НА ТКАНЕВУЮ РЕАКЦИЮ ЗОБНОЙ ЖЕЛЕЗЫ  

ДЬ. ЧАБА, Я. ХОРВАТ, Т. A4 и Ц. ХОРВАТ

Авторы исследовали на зобной железе крыс действие гальванического тога, рент
геновского облучения и одновременного применения этих двух способов воздействия. 
Описанные воздействия обусловливают уже раньше описанные авторами типичные 
реакции зобной железы. В зависимости от качества и от силы воздействия различные 
компоненты тканевой реакции в различной стелены выражены. Совместным применением 
гальванического тока я рентгеновского облучения также не удалось вызвать сильной 
тканевой реакции, наблюдаемой в состояниях с значительным разрастанием тканей.

D IE  W IR K U N G  V O N  G A LV A N ISC H E M  ST R O M  U N D  R Ö N T G E N B E S T R A H L U N G  
A U F  D IE  G E  W E B S R E A K T IO N E N  D E S  T H Y M U S

GY. CSABA, J . HORVÁTH, T. ÁCS und C. HORVÁTH

D ie W irkung  v o n  G a lv a n s tro m , R ö n tg en b e strah lu n g  u n d  der g leichzeitigen  A nw endung  
d ieser beiden  B eh an d lu n g en  a m  R a tte n th y m u s  w u rd e  u n te rs u c h t . D ie E in w irk u n g en  lö s ten  
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