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E a rlie r  ex p erim en ts  led  us to  the  conclusion t h a t  th e re  ex ist th ree  phases  
in  th e  life of h e te ro tra n sp la n ts  [1]. The f irs t is th e  p h ase  of local n u tr i t io n a l d is
tu rb a n c e s , and these  alone suffice  to  destroy  m a n y  k in d s  of tissue . T h e  second 
ph ase  is th a t  of a ss im ila tio n  an d  a d a p ta tio n  w hich  h e te ro tra n sp la n te d  tissues 
c a n n o t surv ive unless th e y  are  able to  u tilize  fo re ign  p ro te in s. In  th e  th ird  
ph  ase, th e  tra n sp la n t com es to  be exposed to  th e  im m une-b io log ical reac tio n  
o f  th e  rec ip ien t o rgan ism . T he second phase a p p e a rs  to  d e te rm in e  th e  d e s tin y  
o f  h e te ro tra n sp la n ts  b o th  in  a positive and a n e g a tiv e  sense : tissues cap ab le  
o f  su rv iv in g  this phase are  also able to  res is t th e  im m u n e  reac tio n  o ccu rrin g  
in th e  th ird  phase ; h o w ev er, th e  m ajo r p a r t  o f  tissu es  is unab le  to  u tilize  
fo reign  p ro te in s so t h a t  th e  im m une su b stan ces p ro d u ced  d u rin g  th e  th ird  
p h ase  u sua lly  a tta c k  cells t h a t  are dead a lread y . I n  th e  course of th e  e x p e ri
m en ts  w hich led to  th e se  conclusions splenic an d  h e p a tic  tissue , ta k e n  from  
p h y logene tica lly  d iffe ren t an im als, had been  tr a n s p la n te d  [2, 4, 5], and  th e  
conclusions were a re su lt  o f  a com parison b e tw e e n  th e  ou tcom e o f th ese  
ex p e rim en ts  and  ou r o b se rv a tio n s  regard ing  th e  b eh av io u r and n u tr i t io n a l 
co n d itio n s of p h y lo g en e tica lly  and  on to g en e tica lly  d iffe ren t tissues in  v a rio u s  
k in d s o f tissue cu ltu re s  [3]. Y e t, we possess b u t  s c a n ty  d a ta  re g a rd in g  th e  
q u es tio n  as to  how fa r  th e  sa id  th ree-p h ase  th e o ry  rem ain s valid  if  app lied  
to  tissues w hich, a lth o u g h  fo rm ing  p a r ts  o f one an d  th e  sam e o rg an , are  
n ev erth e less  d iffe ren t in  re sp e c t of b o th  v i ta l i ty  an d  th e  degree of th e ir  
o n to g en e tic  d ev e lo p m en t. To fin d  an answ er to  th is  questio n  was th e  o b jec t 
o f  th e  p re sen t series o f  ex p erim en ts .

Methods

After injuring the liver of adult guinea pigs with scissors, the liver of 17-day old rat 
embryos was transferred to it. The implanted pieces of hepatic tissue had a size of 2 mm3. 
The wound of the recipient liver was tamponed with cotton saturated with Thrombofort 
(Richter). The abdominal wall of the host was closed under sterile conditions. The hetero
transplants and the surrounding host tissues were removed - likewise with all precautions 
of sterility — 2, 4, 24 hours, 2 and 8 days after the operation. The transplant was sharply 
distinguishable from its environment on account of its extremely pale colour as early as 2 
hours after the operation. Separating the transplant and the surrounding host tissues in the
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excised pieces, we placed both of them in tissue cultures. We used partly Maximow’s hanging- 
drop and partly roller-tube cultures ; the nutrient medium was fowl plasma clotted with 
chick-embrvo extract. The washing fluid was a 3:1:6 mixture of horse serum, chick-embryo 
extract and Tyrode solution.

The length of cultivation, and also that of observation, was 8 days, i. e. 192 hours. 
Only epithelial proliferation was accepted as growth in the cultures.

The second series of investigations differed from the first only in that the donors were 
not embryonic but adult rats.

The tissue transferred to the cultures was always taken from the central zone of the 
transplants, while the explanted substances of the environment were obtained from the 
hepatic portion of the host adjacent to the margin of the explant.

A total of 50 animals was used as tests and 1200 tissue cultures were studied in the 
course of the experiments.

E x p e rim e n ta l an d  d iscussion 

T ransp lan ta tion  o f  em bryonic liver

T h e resu lts  of th e  e x p e rim e n ts  are  co llected  in T able 1 a n d  illu s tra te d  
in  F ig . 1.

Table 1

Percentage of cultures displaying growth of explanted embryonic liver

Age of expiants 24 h 48 h 72 h 96 h 120 h 144 h 168 h 192 h

Explanted 2 hours
after transplantation Transplant — 16 16 16 16 16 19

Explanted 2 hours 
after transplantation

Surrounding tissues 
of g. pig liver _ _ _

Explanted 4 hours
after transplantation Transplant — i6 16 16 16 16 19

Explanted 4 hours 
after transplantation

Surrounding tissues 
of g. pig liver _ _

Explanted 24 hours
after transplantation Transplant 6 6 6 45 50 50 50

Explanted 24 hours 
after transplantation

Surrounding tissues 
of g. pig liver _ 12 12 75 75 75 75

Explanted 48 hours
after transplantation Transplant — — — 53 61 61 61

Explanted 48 hours 
after transplantation

Surrounding tissues 
of g. pig liver — 12.5 12.5 71 100 100 100

Explanted 8 days Transplant — — 32 32 32 32 32
Explanted 8 days Surrounding tissues 

of g. pig liver — 18 67 67 67 67 72

I f  we ex p lan t em b ry o n ic  liv e r, f ib ro b la s tic  p ro life ra tio n  can  be  observed  
a f t e r  24 hours ; a f te r  a n o th e r  24 hours ep ith e lia l g ro w th  sets in  w h ich  assum es 
c o n s id e ra b le  dim ensions 3 d ay s  a fte r  e x p la n ta tio n . The p ic tu re  is —  as can 
b e  seen  from  our e x p e rim e n ts  —  en tire ly  d iffe ren t if  th e  e m b ry o n ic  liv er is 
t r a n s f e r r e d  to  th e  sam e o rg an  o f  a he tero logous an im al : no , o r o n ly  very  
fe e b le , g row th  tak es  p lace  d u rin g  th e  f irs t  tw o or four hours, a n d  th e  h is to 
lo g ica l p ic tu re  of th e  m a te r ia l  fixed  a t th is  tim e  reveals d e s tro y e d  h ep a tic
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p a re n c h y m a  cells a t every  p o in t ; s ta in ed  w ith  m e th y l g reen  p y ro n in e , i t  is 
on ly  th e  ep ithe lium  of th e  sm all bile duc ts  w hich show s p y ro n in o p h ilia . W h a t 
do these  phenom ena sign ify?  T h a t ,  in  th e  f irs t p h ase  o f h e te ro tra n s p la n ta tio n , 
th e  d iffe ren t tissues o f th e  tra n s p la n te d  o rg an -frag m en t respond  to  th e  t r a u m a

Fig. i. Explantation of embryonic liver transplants to tissue cultures. Solid lines signity 
growth of the surrounding guinea-pig liver, broken lines that of the transplants

Fig. 2. Explantation of adult liver transplants to tissue cultures. Solid lines signify growth 
of the surrounding guinea-pig liver, broken lines that of the transplants

d iffe re n tly . I t  would be erro n eo u s to  suppose t h a t  th e  em bryon ic  liv e r 
p a re n c h y m a , know n to  th r iv e  v igourously  on he te ro logous m edia in  tissu e  
c u ltu re s , had  d eg en era ted  in  o u r experim en t because  o f hav ing  fa iled  to  
a ss im ila te  alien  p ro te in s . I f  fo r no o th e r reason , such  assu m p tio n  w o u ld  be 
erro n eo u s on accoun t o f th e  fa c t alone th a t  every  cell carries a ce rta in  a m o u n t 
o f re s id u a l energy  w hich  is in  a n y  case su ffic ien t to  p re v e n t dam age a t t r i b u t 
ab le  to  lack  o f n u tr itio n  d u rin g  th e  firs t 2 or 4 h o u rs  following tra n s p la n -  4

4 Acta Morphologie« VIII/3.
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t a t io n .  T h a t n u tr i t io n a l fa c to rs  had  n o th in g  to  do w ith  th e  observed  d es tru c tio n  
o f  th e  cells in b o rn e  o u t  b y  th e  fact th a t  -— w hen frag m en ts  o f liv e r, corres
p o n d in g  in size to  th e  im p la n te d  ones, w ere p laced  in  T y ro d e  so lu tion  and 
p u t  in  a 37° C th e rm o s ta t  fo r 2 and 4 h o u rs  —  th e  e x p la n te d  p ieces continued  
to  p ro life ra te  a t a r a te  w h ich  was h a rd ly  in fe rio r  to  th a t  o f th e  co n tro ls  (Fig. 3).

The conclusion w h ic h , therefo re , p re se n ts  itse lf  is th a t ,  w hile th e  blood 
a n d  bile escaping a t  th e  tra u m a tiz a tio n  o f  th e  liver of th e  re c ip ie n t guinea

7у  rode 2  hours

Fig. 3. Explantation of embryonic livers kept in Tyrode solution

p ig  d id  serious d a m a g e  to  th e  h ep a tic  p a re n c h y m a , th e  sm all bile  ducts 
d isp la y e d  m ore re s is ta n c e  an d  m anaged  to  su rv iv e . H av in g  th u s  passed  u n 
s c a th e d  the firs t p h a se  t h a t  h ad  proved  f a ta l  to  th e  h ep a tic  p a re n c h y m a , th e  
b ile  d u c ts  came in to  th e  second  phase a f te r  th e  lapse of 24 to 48 h o u rs  in  w hich 
th e y  h ad  to a d a p t th e m se lv e s  to  the h e te ro lo g o u s  e n v iro n m en t an d  assim ilate  
th e  foreign p ro te in s  [6]. 50 to  55 per c en t o f  our tra n sp la n ts  w ere found to  
g ro w  in this phase, a d e p e n d a b le  sign of th e ir  h av in g  been  able to  u tilize  foreign 
p ro te in s , a conditio s in e  qua non of th e ir  su rv iv in g  th e  second ph ase .

Serial sections o f  th e  tra n sp la n ts  p re se n te d  a v e ry  in te re s tin g  p ic tu re . 
W h ile  no t a single in t a c t  p aren ch y m a cell could  be d e te c te d  an d  none of 
th e m  b e tray ed  th e  le a s t  t r a c e  of p y ro n in o p h ilia , we found am ong  th e  en tire ly  
d e g e n e ra ted  p a re n c h y m a  cells in ten se ly  p y ro n in o p h ilic  an d  v igourously  
p ro life ra tin g  sm all b ile  d u c ts  (Fig. 4).
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T h e ir g row th  was o f a ty p e  d iffe ren t from  th a t  o f no rm ally  p ro life ra tin g  
em b ry o n ic  liver p a ren ch y m a . T he g row th  of th e  la t te r  usually  se ts  in  over 
an ex ten d ed  area  : th e  ep ith e lia l m em brane grow s alm ost over th e  en tire
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Fig. 4. Histologic picture of cxplanted embryonic liver transplant. 100 Methyl green pyronine 
Fig. 5. Histologic picture of explained embryonic liver. Control. 100 Methyl green pyronine

su rface  o f th e  cu ltu re , w hile th e  histological p ic tu re  p resen ts  necrosis in  th e  
ce n tra l an d  densely  packed  p a ren ch y m a  cells in th e  m arg inal zone (F ig . 5).

A gain st th is  p ic tu re , th e  g row th  of th e  sm all bile duc ts  is c h a rac te rized  
b y  th e  ap p earan ce  of sm all e p ith e lia l spicules a t v a rio u s  po in ts  of th e  c u ltu re ’s

4 *
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s u r fa c e  : th ey  a t ta in  q u ite  a considerab le  le n g th  an d  sp read  a f te r  2 to  3 days 
o v e r  th e  whole su rface a n d  th e  zone o f m ig ra tio n . A fte r  th e  lapse  o f  3 to  4 days 
i t  is o n ly  by m eans o f s e r ia l sec tion ing  o f th e  c u ltu re  th a t  one can  d istin g u ish  
th e  ep ith e lia l g row th  o f th e  sm all bile d u c ts  from  th a t  o f th e  h e p a tic  p a 
re n c h y m a .

T h e  fact th a t  th e  p ro life ra tio n  of th e  sm all b ile  du c ts  could  be observed  
a lso  in  cu ltures to  w h ich  th e  tra n sp la n ts  h a d  b e e n  tra n s fe rre d  8 day s a fte r  
t ra n s p la n ta t io n  seem s to  p ro v e  th a t ,  tra n s p la n te d  to  a h e te ro logous m ed ium , 
th e  ep ith e lia l cells o f th e  b ile  d u c ts  re sp o n d  d iffe ren tly  from  th o se  o f the  
h e p a t ic  parenchym a. L o ca l tra u m a tiz a tio n  d e s tro y s  th e  la t te r  as e a rly  as the  
f i r s t  p h ase  of t r a n s p la n ta t io n  so th a t  i t  c an n o t be  observed  in  th e  su b seq u en t 
p h a s e s . N ot so th e  e p ith e liu m  o f th e  sm all b ile  ducts . H av in g  su rv iv ed  and 
e v e n  s ta r te d  to  p ro life ra te  d u rin g  th e  f irs t p h ase , i t  assim ilates fo reign  p ro te ins 
d u r in g  th e  second p h ase , a n d  re ta in s  its  v i ta l i ty  even  a fte r  th e  im m uneb io log i- 
c a lly  critica l f irs t w eek . A ll th is  shows th a t  th e  th eo ry  re g a rd in g  th e  th ree  
p h a se s  rem ains va lid  also  i f  app lied  to  th e  d iffe re n t tissues of one an d  th e  sam e 
o rg a n . The assim ila tive  re a d in e ss  of th e  o n to g en e tica lly  y o u n g e r tissu e  helps 
i t  to  su rv ive  th e  im m u n eb io lo g ica lly  c ritica l p h ase .

T ransp lan ta tion  o f  adult liver

T h e results o f th e se  e x p e rim e n ts  are su m m arized  in  T ab le  2 and  illu s
t r a t e d  in  Fig. 2.

Table 2

Percentage of cultures displaying growth of explanted adult liver

Age of expiants 24 h 48 h 72 h 96 h 120 h 144 h 168 h 192 h

Explained 24 hours 
after transplantation Transplant

Explanted 24 hours 
after transplantation

Surrounding tissues 
of g. pig liver _ _ _ _ _ _

Explanted 48 hours 
after transplantation Transplant

Explanted 48 hours 
after transplantation

Surrounding tissues 
of g. pig liver — — 25 37.5 37.5 37.5 37.5

Explanted 8 days Transplant 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Explanted 8 days Surrounding tissues 

of g. pig liver 25 25 25 25 25 25 37.5

T able 2 and F ig . 2. m a k e  i t  ev iden t th a t  tra n sp la n te d  a d u lt livers behave 
d if fe re n tly  from  em b ry o n ic  ones. W hile, a f te r  24 an d  48 hours, no p ro life ra tio n  
c a n  b e  observed in  th e  t r a n s p la n t  itse lf, th e  4 8 -hour old su rro u n d in g  host 
t is s u e  is s tead ily  g ro w ing . I t  is th ere fo re  obv ious th a t  p ro life ra tio n  w hich.
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su b se q u e n tly , sp reads over th e  zone of tra n s p la n ta t io n  as well, is c au se d  b y  
the  sm all b ile  d u c ts  sp read in g  from  th e  tissu es  th a t  su rround  th e  zone o f 
tra n s p la n ta t io n , an d  i t  m u st be assum ed  th a t  b o th  k inds of tissu es  o f  th e  
tra n sp la n te d  a d u lt liver succum b to  t r a u m a tiz a t io n  and the  a ss im ila tiv e -  
a d a p tiv e  d is tu rb an ces .

Sum m ary

Experiments have been made with a view to testing the correctness of the theory of 
three phases in the life of heterotransplants in its application to various tissues of the same 
organ. Embryonic and adult rat livers were transplanted to the liver of adult guinea pigs ; 
after explanting the tissues, the growth of the parenchyma and the small biliary ducts was 
studied. It was found that — within one and the same organ (liver) — the parenchyma degener
ated in the first phase, while the small ducts survived it. The latter continued to live and even 
proliferate during the second phase also. The experiments allow the conclusion that the three- 
phase theory holds good even if applied to different tissues of one and the same organ.
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ОПЫТ ПО ГЕТЕРОТРАНСПЛАНТАЦИИ ПЕЧЕНИ. ИССЛЕДОВАНИЕ 
ТРЕХФАЗНОЙ ТЕОРИИ В ОТНОШЕНИИ РАЗЛИЧНЫХ ТКАНЕЙ 

ОДНОГО И ТОГО ЖЕ ОРГАНА
ДЬ. ЧАБА, К. ХЕДЬИ и М. ИШКУМ

Авторы исследовали правильность трехфазной теории гетеротрансплантации в 
отношении различных тканей одного органа. Проводилась трансплантация печени эм
бриональных и взрослых крыс в пеиень взрослых морских свинок ; затем ткани выращи
вались в культурах и исследовалась способность роста паренхимы и желчных путей. 
Авторам удалось установить, что внутри одного и того же органа (печень) паренхима в 
первой фазе погибает, в то время как желчные пути дальше существуют. Желчные пути 
существуют также и во второй фазе и приобретают способность роста. На основе своих 
исследований авторам удалось доказать, что трехфазная теория имеет действие также в 
отношении различных тканей одного органа.
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HETEROTRANSPLANTATIONSVERSUCHE MIT RATTENLEBERN. 
UNTERSUCHUNG DER DREIPHASENTHEORIE 

HINSICHTLICH DER VERSCHIEDENEN GEWEBE DES GLEICHEN ORGANS
GY. CSABA, К. HEGYI und M. ISKUM

Die Richtigkeit der Dreiphasentheorie der Hetérotransplantation hinsichtlich ver
schiedener Gewebe eines Organs wurde untersucht. Die Leber von embryonalen und erwachse
nen Ratten wurde in die Leber von erwachsenen Meerschweinchen transplantiert ; hiernach 
wurden die Gewebe in Kulturen verpflanzt ; und die Wachstumsfähigkeit des Parenchyms 
und der Gallenwege untersucht. Es gelang festzustellen, daß innerhalb des gleichen Organs 
(Leber) das Parenchym in der ersten Phase zugrunde geht, während die Gallenwege fort- 
bestehen. Die Gallenwege existieren auch noch in der zweiten Phase und erwerben Wachs
tumsfähigkeit. An Hand des Versuche wird der Nachweis erbracht, daß die Dreiphasentheorie 
auch in bezug auf die verschiedenen Gewebe eines Organs Gültigkeit hat.

D r. G yörgy Cs a b a

D r. K lára  Cs. H e g y i  / B u d ap est, IX ., T űzo ltó  u. 58. H u n g a ry  
D r. Miklós IsKUM
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