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I t  was recently  published  (K orpássy  an d  Kovács 1949) th e  successfu l 
p roduction  o f liver cirrhosis in w hite ra ts  by prolonged subcutaneous a d m i­
n is tra tio n  o f tan n ic  acid solu tions. A lready th e n  these  investigations h a d  in ­
d ica ted  th a t  th e  progressive process produced in  th e  liver o f ra ts  b y  re g u la r  
tan n ic  acid adm in istra tion  does n o t come to  an  end  w ith the  c h a ra c te ris tic a l 
d isto rtion  o f  th e  liver-a rch itec tu re . In  th e  liver o f  some o f th e  ra ts  n am e ly , 
w hich survived th e  100th d ay  o f  tre a tm e n t, th e re  appeared  sm all h ep a to m as 
and  cholangiom as. These investiga tions suggest a blastom ogenic ac tion  o f  th e  
tan n ic  acid.

Experimental

T he experim ents here to be review ed can be d iv id ed  in to  two p arts  : ex am in a tio n  of 
local a n d  rem ote effect o f the  tan n ic  acid.

1. Parenteral adm inistration. T an n ic  acid  solution was subcutaneously  in je c te d  in  58 
young (tw o m onth-old) w hite  ra ts . A t th e  beginning 150 m g., la te r 200 mg. o f ta n n ic  acid 
per kg. body weight, in 1.5— 2 per cen t aqueous solution was subcutaneously  ad m in is te re d , 
usually  every 5 th  d ay , on the  back of all th e  anim als. T he tann ic  acid used was o b ta in e d  
th ro u g h  th e  Pharm acy  of th is U n iv ersity  (Acid, tan n ic  U. S. P. Joh n so n , H endon , 
L ondon).

R a ts  th u s trea te d  were d iv id ed  in to  two groups. In  group  A the  ra ts received a m ixed  
d ie t o f w aste food from  th e  hosp ita ls. T his food seemed sufficient as a great n u m b er o f  u n ­
trea te d  w hite ra ts  from  th e  sam e s tra in , being fed in th e  sam e way grew an d  rep ro d u ced  
no rm ally .

In  group B the  food consisted  of 50 per cent m ilk -b read , or rice boiled in m ilk  an d  50 
per cen t lean fresh cheese, th e  co n ten ts  o f the  la t te r  in Sós's opinion is pro tein  18,2 p e r cen t, 
o u t o f  which casein 16,5 per cen t, fa t 2,2 per cent, c a rb o h y d ra te  8,9 per cent. R a ts  o f b o th  
groups were fu rth er fed on oa ts fo rm ing  20 per cent o f all th e  foods.

Beginning the  experim ent th e  average  weight was in group A 68 gm ., in g roup  B 50 gm . 
W eight o f th e  ra ts  was sys tem atica lly  contro lled  and  in case of considerable loss o f  w eight 
in o rd e r to  avoid early  d e a th  the  trea tm en t, was d iscon tinued  for some days. The w e ig h t-cu rv e  
show ed a steady  rise u n til the  150th d ay  of th e  experim en t when the anim als o f b o th  groups 
reached  an  average w eight of 175 gm . T hen th e  body-w eight in group A ranged  fro m  150 to  
180 gm . In  group B th e  average body-w eigh t, a p a rt from  slight flu ctu atio n , co n tin u e d  to  
grow u n til th e  230th d ay , when it. reached 210 gm ., la te r, however, it h a d  h a rd ly  
changed .
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The rat*. as it h ap p en * . were of the  sam e ow n bred  stra in  as those used by K orpássy  
a n d  Kovács. In  bo th  g ro u p s were in identical n u m b er m ales and females.

In the first th ird  o f  th e  trea tm en t from g ro u p  A 5. from  group B 10 ra ts  d ied . 100 day 
trea tm e n t was surv ived  by 23 from  group A and 19 from  group  B. 200 days by 12 from  group A 
a n d  7 from group B. 300 d a y s  only by 5 ra ts from  g ro u p  A and by 1 ra t from  group  B.

T reatm ent was d isco n tin u ed  on the 290th d a y . ra ts  surviv ing th is period  received a lto ­
g e th e r  49 tannic  acid  so lu tio n  injections. From  g ro u p  A one ra t was killed on th e  358th one 
on  th e  363rd and an o th e r  on  the 388th day : from  g ro u p  B only one ra t was killed on the 
38 8 th  day. The o th e r an im a ls  perished spontaneously  before the 388th day . From  group A 
one  a n d  from group B six  w ere devoured by th e ir m a te s  an d  so they  were not au to p sied . T hese 
7 ra ts , however, died before th e  100th day of tr e a tm e n t.

2. Skin  pa in tin n . In o rd e r to study the  local effec t o f  the tann ic  acid on th e  one hand 
a n d  the  generale rem ote  effect o f the skin ulcers on  the  o th er hand, the sk in  on the back 
o f  39 white ra ts was b u rn e d  w ith  a glowing sp a tu la  in th e  size o f a 2 shilling piece and  when 
th e  scab peeled off. i t  was tr ie d  to inhibit the healing  o f th e  ulcers. The ulcers o f  20 ra ts  were 
d a ily  pain ted  w ith 5 per cen t fresh aqueous tan n ic  acid  solution while the  u lcer o f  19 ra ts , 
a lso  daily , with 5 per cent hydrochloric acid. If  healing  of the  ulcers in sp ite  o f th is t r e a t ­
m e n t advanced, the sk in  has been burned again or t r e a te d  w ith concentra ted  hydrochloric  acid* 
T h is  trea tm en t had to  be rep ea ted  a t in tervals o f  six  weeks. From the group  trea te d  w ith  
ta n n ic  acid I 1 ra ts su rv iv e d  300 days. 11 ra ts 400 d a y s  : from  the group tre a te d  w ith  hydro ­
ch loric  acid 10 ra ts su rv iv e d  300 days and 9 an im a ls  100 days. Two anim als o f each group 
h a d  been killed on th e  505 th  day . The perished an im a ls  d ied  in in te rcu rren t diseases (otitis 
m ed ia , pulm onary abscess, enterocolitis).

In this experim ent a d u lt (6 m onths old) w h ite  ra ts  were used, their average  weight at 
th e  beginning w a s: ta n n ic  acid  group 161 gin., h y d roch lo ric  acid group 171 gm . The stra in  
a n d  diet of the an im als w ere the  same as in ex p erim en t I.

All the ra ts were d issec ted  the soonest possible. F o r histological ex am ination  th e  tissues 
w ere fixed in 4 per c en t fo rm aldehyde, em bedded in  paraffin  and sta ined w ith h aem atoxv lin - 
eosin . van  Gieson s ta in , a n d  G öm öiTs stain for re ticu lu m . T he livers were exam ined  in all ca*e*. 
o th e r  organs only in th e  few instances in which a m acroscopic lesion was presen t.

Changes produced

Local effect. H a v in g  repeatedly em ployed  subcutaneous ad m in istra tion  
o f  1,5— 2 per cen t aq u eo u s tannic acid so lu tion  skin necrosis were observed 
on  th e  injected p lace w hen , however, th e  n ecro tic  parts cam e o ff th e re  arose 
u lce rs  (1. ex perim en t). A lthough in an im als tre a te d  for longer period fairlv 
large skin-ulcers w ere form ed changing, how ever, the  place o f tre a tm e n t or 
h av in g  occasionallv d iscon tinued  it, th e  u lcers in general rap id lv  and  un- 
excep tionab ly  hea led  a n d  did no t seem to  in fluence th e  s ta te  o f h e a lth  o f the  
an im als. In  no case m o se  a tum our e ith e r  from  th e  m argin o f th e  ulcers or 
from  the  healed scars.

The local t r e a tm e n t  w ith tannic acid  a n d  w ith  hydrochloric acid  o f the  
skin-ulcers induced by  burning (2. ex p erim en t) yielded no resu lt a t  all. The 
sk in  i. e. skin-ulcer o f  11 ra ts  was daily  p a in te d  w ith  5 per cen t tan n ic  acid 
so lu tion  over a p e rio d  o f  400 days (2 an im als  were killed on th e  505th  day  of
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th e  trea tm en t) h u t no change o f any kind ap p eared  on the  place o f  th e  a d ­
m in is tra tio n  in any  o f  th e  cases.

Remote effect. T he  liver o f  several o f the  41 ra ts  surviving the  100th day 
o f  subcutaneous tan n ic  acid  tre a tm e n t (1. ex p erim en t) showed th e  signs o f  
an  early  or adv an ced  diffuse nodu lar cirrhosis an d  associated  w ith such ch an ­
ges or w ith o u t th em  th e re  arose hepatic tu m o u rs  variable in size an d  
stru c tu re .

On the o th e r h and  in th e  liver of the an im als w ith skin-ulcers pa in ted  
w ith  tann ic  acid  or hvdrochloric  acid solution fo r a longer while no change.

Fig. 1.
R a t о /13. T reated w ith 4250 mg. per kg. b o d y  weight 

ta n n ic  acid, adm inistered  in 22 doses.
Died on 122nd day.

w hich  could be c o n n e tte d  w ith  the  trea tm en t, was observed . C irrhotic or prae- 
c irrho tic  changes were observed  in none o f th e  an im als, nor was possible to  
s ta te  an increase o f th e  re ticu lu m  fibers in the  liver. S im ilarly  in no case occured 
a tu m o u r in th e  liver o f these  ra ts , though th e y  w ere 4 m onths older a t  th e  
beginning o f th e  ex p erim en t and  the survival tim e  o f th e  g rea ter p a rt was 
100— 200 davs longer th a n  th a t  o f those tre a te d  w ith  subcutaneous tan n ic  
acid solutions.

Changea in  the liver. F indings referred to  below  are  solely concerned w ith 
anim als having  had  subcutaneous tannic acid solution treatment (1. experim ent). 
T he first defin ite  naked -eye  changes were seen in a r a t  died on th e  109th d ay , 
in  whose liver there  ap p eared  a few m inute nodu les, o f greyish-w hite colour.
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Fig. 2.
R a t o/21. 48 in jections, to ta l  9700 mg. tannic  
acid  p e r kg. body w eight. D ied on 278th day.

Fig. 3.
R at M/19. 29 in jections, to ta l э700 mg. tann ic  acid per 

kg. b o d y  w eight. D ied on 165th day.
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O n th e  121st an d  122nd d ay  6 ra ts  were lo st from  group A a n d  in th e  
liver o f one th ere  were well m arked  and  advanced  changes : the  surface w as re n ­
dered g ran u la r by  a large n u m b er o f nodules in  th e  size of a m illet or p ease , of 
greyish w hite colour. Beside such nodules in one o f  th e  lobules there  arose a fa irly  
solid tu m o u r o f  5 x 6 x 4  m m ., sharp  lim ited  a n d  o f  greyish-w hite co lo u r too  
(Fig. 1). This p ic tu re  com pletely  differs from  th e  diffuse nodu lar cirrhosis 
p roduced  by  the  tan n ic  ac id  (see fig. 2). The liv er o f  th e  r a t  died on th e  28 7 th  
day  (from  group A) show ed th e  m o st m arked  d iffuse nodu lar cirrhosis (F ig . 2).

Fig. 4.
R at M/28. 46 in jections, to ta l 9000 m g. tan n ic  acid per kg. 

body w eight. Died on 274 th  d ay .

In  th e  liver o f a r a t  belonging to  g .oup  В an d  d ied  on the  165th d ay , severa l 
g rey ish-w hite  nodules o f  2— 5 m m  d iam eter size w ere developed (Fig. 3). In  th e  
liver o f an o th e r r a t  also o f group B, and d ied  on th e  274th day  o f t r e a tm e n t  
one solide nodule in th e  size of 8 x 6 x 6  m m  of pale-greyish colour was d ev e ­
loped w ith  several sm aller ones (Fig. 4).

A fter 290 days w hen  th e  adm in is tra tio n  o f  tan n ic  acid solution w as d is­
con tinued , th e  m acroscopical appearances o f th e  livers —  a p a rt from  th e  t u ­
m ours —  g radually  re v e rte d  to  norm al. A fter th is  tim e  9 anim als died o r w ere 
killed an d  in 6 o f these  th e  livers showed solid tu m o u rs . They were n o t la rg e r 
th a n  tho se  described above.

In  som e of th e  an im als, especially in w hich th e  cirrhosis seem ed  to  
be th e  m ost advanced , th ere  appeared  asc ites b u t varices o f  th e  
p o rta l-system atic  venous anastom oses were n e v e r de tec ted . No m é ta s ta sé s
were seen.
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Histological exam ination . In  th e  liver o f  th e  ra ts  died d u rin g  th e  first 
tw o  m o n ths of th e  p a re n te ra l tann ic  ac id  t re a tm e n t was ex tensive  necrosis 
in v o lv in g  the  cen tra l o n e -th ird  to  one-half o f  th e  lobules. There w ere num erous 
m ito tic  figures in th e  v iab le  periphereal p o rtio n  o f  the  lobules and  regeneration  
w as ev id en t th rough  th e  g rea te r  p a rt o f ta n n ic  acid adm in is tra tio n . T h e  pro­
life ra tio n  of fusiform  cells seem ingly a ris in g  from  the  sinusoids was ra th e r  
o b v io u s  already in th e  first th ird  of th e  tre a tm e n t .  Thev m av be considered 
im m a tu re  re ticu loendo thelia l cells (K orpássy  and  Kovács 1949). Bile duct 
p ro life ra tio n  was well m arked  m ostly  a b o u t the end of th e  second 
m o n th .

Fig. 5.
H at o/27. 19 in jec tio n s, to ta l 9950 m g. tan n ic  uc.'d per kg. body
weight. K illed on 35 8 th  day. H epatom a a n d  ad jacen t hepatic  tissue. 

H aem ato x v lin  and  eosin . X 200.

In  m any anim als su rv iv ing  th e  100th d a y  o f  tannic  acid ad m in is tra tio n  
th e  a rch itec tu re  of th e  liver was greatly  d is tu rb e d . There was an appreciab le  
in c rea se  in re ticu lum  an d  som etim es in conn ec tiv e  tissue, d is tr ib u te d  m ainly  
in  th e  v icin ity  of th e  p o rta l areas b u t also ex ten d in g  aw ay from  th ese  zones 
in  a n  irregu lar fashion se ttin g  off th e  p a ren ch y m a  in to  ’’lobules”  o f irreg u la r size 
a n d  shape . These irreg u la rly  sca ttered  h y p e rp la s tic  nodules ra re ly  show ed 
n ec ro s is .

H epatic tumours. T he  induced tu m o u rs  o f  th e  liver a lthough  show ing a 
v a r ie ty  of struc tu res could  be divided h isto log ically  into tw o m ain  groups, 
n a m e ly  hepatom a an d  cholangiom a.

O f th e  hepatomas tw o  ty p es can be d istingu ished , a w ell-d ifferen tia ted  
a n d  a less d ifferen tia ted  one, th e  form er as a ru le  appeared in sm aller nodules. 
T h e  w ell-d ifferen tia ted  ty p e  was som etim es encapsu la ted , com pressing th e  ad ­
ja c e n t  hepa tic  tissue w hich often  showed a local increase in re ticu lum  (F ig . 5).
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T h e characteristic  fea tu re  o f  th e  hepatom as was th a t  the  ep ithelia l cells were 
a rran g ed  in cords w hich were separa ted  from  endothelial-lined sinuses by 
delica te  slips of re ticu lum . In  th e  w ell-d ifferentiated  form th e  tu m o u r  cells

F ig  6.
R at o/27 (*ee fig. 5). H epatom a and  ad jacen t h ep atic  tissue. Liverlike cells 

w ith  p rom inen t nucleoli. H aem atoxy lin  and  eosin. X 350.

Fig. 7.
R a t o/13. (sec fig. 1). A cinar form ation  in hepatom a. 

H aem , an d  eo. X 300.
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h a d  prom inent cell m a rg in s , granular, occasionally  vacuo lated  acidophilic cy to ­
p la sm  and  often ir re g u la r ly  enlarged v esicu lar nucle i w ith  one to  th ree  p ro ­
m in e n t often acidophil nucleo li (Fig. 6).

In  the larger h e p a to m a s  the  cordlike a rra n g e m en t of th e  tu m o u r cells 
h a s  been  disorganised o r  to o k  shape of cords o f  variab le  th ickness. A cinar 
s tru c tu re s  were n o t in f re q u e n tly  encountered  t h a t  were form ed b y  cells closely 
resem bling  hepatic p a re n c h y m a l cells (Fig. 7). T h e  cell-m argins becam e dim , 
th e  cytoplasm  s ta in ed  fa in t ly  and was u su a lly  basoph ilic . The h ep a to m a cells

Fig. 8.
R at o/27 (see fig. 5). Mitosis in h e p a to m a . H aem , and eo. X 350.

show ed considerable v a r ie ty  in size ; m ito tic  figures varied considerably  in 
n u m b e r  and some w ere a ty p ic a l (Fig. 8). A c e n tra lly  placed vessel or bile ducts 
w ere  n o t found. F a t ty  degenera tion  was s lig h t a n d  focal necrosis was seen in 
som e larger h ep a to m as. T h e  connective tissu e  o f  th e  tum ours was usually  
s c a n ty . In  some in s tan ces  th e re  was an invasio n  o f  hepatic  blood vessels a t  the  
p e rip h ery  of the tu m o u rs  (Fig. 9, 10).

The proliferation o f  the bile-ducts can  be  ascerta ined  for th e  m ost p a rt 
a lre a d y  before th e  10 0 th  d ay . In  ra ts  su rv iv in g  th e  100th d ay  of tre a tm e n t 
n o t  infrequently  sm all a re a s  of bile-duct p ro life ra tio n  were form ed, showing 
a n  abundance of dense re ticu lu m  separa ting  th e  ducts. Opie (1944) described 
th is  change in th e  liv e r  o f  ra ts  trea ted  w ith  p -d im ethylam inoazobenzene and 
ca lled  it  cholangiofibrosis.
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R a t o/13
Fig. 9.

(see fig. ]). Invasion of a large  blood vessel. 
H aeina toxy lin  and eosin. X 300.

Fig. 10.
R ao/23. 40 in jec tions, to ta l 9950 ing. ta  in ic  acid  per kg. body 

tw eigh t. D ied on 294th  day . Invasion  o f a blood vessel.
H. em atoxylin  and eosin. X 350.
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Beside these changes, also a m ore ex tensive and m arked ly  irreg u la r bile- 
d u c t  p roliferation  could be observed in q u ite  a num ber o f cases (F ig . 11, 12). 
T h e  sh ap e  and w idth  o f th e  tu b u les  m ay be very  varied  and th ey  are  su rro u n d ed  
b y  b u t  very  few connective tissue. Still m ore m arked  irregularities m ay  be shown 
b y  th e  epithelial lining : th e  cuboid-, or co lum nal ep ithelial cells a re  o f  m ark ­
ed ly  polym orph in shape an d  size, th e ir  nuclei som etim es vesicular, som etim es 
(ju ite  ex tended  and  h y p erch rom atic  an d , layering  o f the  cells som etim es occur­
red  (F ig . 13). M oreover, increase in th e  nuclear-cv top lasm ic ra tio n , th e  presence

Fig. 11.
R at T  18. 28 in jec tions, to ta l  750 ing. tan n ic  
acid. K illed  on 141st d ay . L arge a rea  o f p ro li­
fe ra ted  bile d u c ts . H acm ato x y lin  and eosin. X 40.

o f  solid  acini, num erous an d  a ty p ica l m itoses are  th e  features w hich d istingu ish  
from  th e  non-neoplastic b ile-duct p ro lifera tion . F inally , th e  fac t t h a t  n o t in ­
fre q u e n tly  sm aller liver-cell islets can  be found  incorporated  in th e  m ass of 
th e  p ro liferating  b ile-ducts, proves th e  in filtra tiv e  grow th o f such tu m o u rs  
(F ig . 14).

Effect o f casein on the incidence o f  induced liver tumours and cirrhosis. 
T h e  frequency  o f h ep a to m as an d  cholangiom as in groups A an d  B produced  
b y  p a re n te ra l tan n ic  acid  tre a tm e n t w ith  regard  to  the  period o f tre a tm e n t 
is rep resen ted  in T able I. W hen  tak in g  in  consideration  only th o se  anim als 
w hich  su rv ived  th e  100th d ay  o f  th e  tre a tm e n t th en  in group A o u t o f  23 in  13 
(i. e . ro u n d  56 per cen t), in  g roup  B o u t o f  18 in  only 3 (i. e. ro u n d  16 p e r cent)
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Fig 12.
Hat O, 16. 28 injection*, to ta l 5500 rng. tan n ic  acid per kg. 

body w eight. Died on J66th d a ) .  C holnngioina. X 150.

Fig. 13.
R at T  18 (see fig. 11). Low grade adenocarc inom a. 

Ifaem ato x v lin  and eosin. 350.
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w ere  h ep a tic  tum ours induced . These resu lts  suggest th a t  high casein  diet 
(g ro u p  B) p ro tected  ra ts  to  a considerable ex ten t from  th e  developm ent of 
liv e r  tu m o u rs . We w ould, how ever, m en tion  th a t  only m acroscopic nodules 
w hose neoplastic fea tu re  w as o f course histologically  estab lished , have  been 
ta k e n  in  consideration. T here  are  au th o rs  who w ent fu rth e r  e. g. Crabtree (1949) 
in v es tig a tin g  the carcinogenic effect o f am inoazotoluenes regarded  b o th  the

Fig. 14.
R at o/13 (see fig. 1). C holangiom a w ith inco rpora ted  

h e p a tic  cells. H aem ato x y lin  and eosin. X 350.

m icroscopic  nodules o f  h e p a to m a  an d  beginning of cholangiom a as a tu m o u r 
p ro d u c e d  by his tre a tm e n t.

T ab le  II. shows th e  re la tio n  betw een  cirrhosis an d  h ep a tic  tum ours. 
In  g ro u p  A ou t of 23 ra ts , su rv iv in g  th e  100th day  o f tre a tm e n t in th e  liver of

T able  I

N u m b e r  o f A v e r a g e  s u r v iv a l N u m b e r o f  r a t s  w i th  l iv e r tu m o u r s

D a y s  o n  
e x p e r i m e n t

r a t s  e x a m in e d t i m e . d a y s
H e p a t o m a  | C h o la n g io m a H e p . -f .Choi. T o ta l

A B A B A B A B A B

5 —  8 7 5 5 36 3 8

1 0 3 — 1 9 5 11 11 1 2 8 1 4 6 1 l 3 — l — 5 1

2 0 1 — 2 9 5 7 6 2 6 5 2 3 0 2 l 2 — — — 4 1

3 2 0 — 3 8 8 5 1 3 5 3 3 8 8 2 1 1 — l — 4 1

T o t a l 2 8 2 3 — ■ — 5 3 6 — 2 — 1 3 3
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15 an im als, th ere  ap p eared  a  cirrhosis of d ifferen t grade. In  9 an im als, co n tem p o ­
raneously  w ith cirrhosis liver tu m o u rs  were form ed, while in 4 an im als  w ith 
liver tu m o u rs  no cirrhosis could  be determ ined . In  group B (high casein  diet) 
o u t o f  18 ra ts  surv iv ing  th e  100th day  in only 5 developed an e a rly  cirrhosis. 
T h e  sex o f th e  anim als seem ed n o t to  influence th e  incidence o f in d u ced  liver 
tu m o u rs  and  cirrhosis.

Table II.

D a y s  on experiment
Number of rats examined Number of rats with liver cirrhosis Cirrhosis in tu m o u r rats

A B A B A B

5 —  8 7 5 5

1 0 3 — 1 9 5 11 11 8 4 4 1
2 0 1 — 2 9 5 7 6 5 1 4 —
3 2 0 — 3 8 8 5 1 2 — 1 —
T ota l 2 8 2 3 1 5 5 9 l

Incidence o f spontaneous tum ours. The alb ino r a t  s tra in  w hich has been 
used for years in all o u r experim en ts, our own b red , is scarcely  susceptib le 
o f  spon taneous tum ours. A lthough  quite a large num ber o f  u n tre a te d  o ld  ra ts 
was au to p sied , spon taneous liver tu m o u r could be no ted  only in a single case. 
In  ex p erim en t 2. o f th is  p ap e r in  th e  liver o f  one ra t, died on th e  4 2 5 th  day 
o f  hydrochloric  acid sk in  p a in tin g , a characteristic  cysticercus sa rco m a ap ­
peared  w ith extensive o m en tu m  and  pu lm onary  m étastasés. S pon taneous 
h ep a to m a , cholangiom a, benign- or m align tu m o u rs  arising  from  a n y  o ther 
o rgan , how ever, were in no case observed.

Transplantation. S u bcu taneous and  in trah ep a tic  tra n sp la n ts  o f  tu m o u r 
tissues were made b y  th e  tro c a r  technique in to  ra ts  o f hom ologous stra in . 
F rom  a bean-sized liv er tu m o u r  o f one an im al subcu taneous tra n sp la n ta tio n  
has been m ade into 5 w h ite  ra ts . No tu m o u r is palpable  even a f te r  5 m onths. 
F ro m  a hazelnut-sized liver tu m o u r of an o th e r anim al, tra n sp la n ta tio n  into 
th e  liver o f 5 white ra ts  a n d  in  o th e r 5 subcutaneously , has been m ad e . T ran s­
p la n ta tio n , even a fte r severa l m on ths, seems to  fail.

Discussion

T he best know n o f  th e  hepatic  tu m o u rs  producing chem ical substances 
are  th e  azo-dyes. Sasak i an d  Yoshida  (1935) were th e  first to  succeed  in  pro­
ducing  liver cancer in  ra ts  fed o-am inoazotoluene. The m ost e ffec tive  o f the  
carcinogenic azo-dyes is p-d im ethylam inoazobenzene (b u tte r-ye llow ). The 
carcinogenic action o f  th is  dye on the  liver was discovered b y  K in osh ita  (1937). 
Cruz (1948) observed fou r ty p es o f lesions in th e  liver o f ra ts  fed p-d im ethy l- 
am inoazobenzene m ore or less in accordance w ith  th e  tim e o f su rv iv a l o f the  
ra ts  : 1. acu te  serous h e p a titis , 2. adenom atosis, or bile ducts adenom a, 3. fibrosis, 
or a n n u la r  cirrhosis, 4. s tage  o f carcinom a or hepatom a.

\  Actu  morpho log ic«
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Eltsina (1944) p a in te d  th e  skin of mice w ith  1 per cen t o -am inoazoto luen  e 
a n d  a fte r 9 m onth o f  t r e a tm e n t  in the liver th e re  appeared  sm all h e p a to m a s  
a n d  cholangiomas. In v e s tig a tio n s  of Shabad  a n d  Buvailo  dea lt w ith  th e  azo 
com pounds of 9, 1 0 -d im e th y l — 1,2 ben zan th racen e , syn thetized  b y  M ikhailov  
a n d  Blokhina which a lso  proved to be b lastom ogen ic . M orozenskája  (1946) 
succeeded  in tra n sp la n tin g  th e  hepatom a o f  a m ouse fed o -am inoazo to luene. 
I t  w as transp lan ted  a n d  grew under th e  sk in  o f w hite m ice fo r  37 
g en era tio n s. R ecently  S p itz ,  Maguigan an d  Dobriner (1950) s tu d ie d  the 
carcinogenic action o f  benzid ine. The s tru c tu re  o f th eh ep a tic  tu m o u rs  
fo llow ing the a d m in is tra tio n s  of benzidine w as in m ost respect q u ite  like 
th o s e  produced by b u tte r-y e llo w .

C arbontetrach loride adm inistered  p ero ra lly  to  mice resem bles m uch in its 
e ffe c t to  the azo-dyes (E dw ards  1941). A ccording to  investigations m ade by 
C am eron  and K arunaratne  (1936) and o th ers  th e  carbon te trach lo ride  is a 
su b s ta n c e  producing c irrh o sis .

There is an o th e r  carcinogenic agent, th e  e ffec t o f  which is exclusively  
re m o te , th a t is 2 -acety l-am inofluorene. T he carcinogenic properties o f  th is 
a g e n t  were discovered b y  W ilson, DeEds a n d  Cox (1941). Most tissues th a t  
g a v e  rise to  tum ours w ere  also  th e  sites o f  n o d u la r  ep ithelia l hyperp lasia  and 
n o  sh a rp  distinction co u ld  be  made betw een th e se  nodules and  th e  tum ours 
fo rm e d  by  sim ilar tissu es  (Cox, Wilson an d  D eE ds  1947).

According to  o u r o w n  investigations th e  e ffec t o f  tan n ic  acid on liver 
resem bles very m uch to  th e  substances here specified. A dm inistered  p a ren te ra lly  
i t  p roduces serous h e p a tit is  a n d  acinocentral necrosis (K orpássy  1949). I t  proved 
h e p a to to x ic  when a d m in is te re d  perorally in  due  dosage (K orpássy, K oltay  and 
H o rva i  1950). By p a re n te ra l  adm inistration  to  r a ts  for a longer period i t  p ro ­
d u c e s  liver cirrhosis (K o rp á ssy  and Kovács 1949).

As it is shown b y  th e  investigations p u b lish ed  here, tann ic  acid has no 
lo c a l effect producing tu m o u r .  As to  the m orpho logy  o f liver tum ours p roduced  
b y  p aren te ra l tann ic  ac id  adm in istra tion  —  em p lo y ed  for th e  first tim e  b y  
th e  au th o rs  — parallels t h a t  described by Orr (1940), Opie (1944) and o thers 
in  r a t s  fed butter-yellow , o r  b y  Wilson, D eEds  a n d  Cox (1947), H arris (1947) 
a n d  o thers in ra ts  fed acety l-am inofluorene ; o r b y  Edwards (1942), Eschen­
brenner  and Miller (1946) in  m ice fed ca rb o n te trach lo rid e . I t  is tru e  we did 
n o t  succeed as yet in  p ro d u c in g  m étastasés invo lv ing  liver cancer w ith  p aren te ra l 
ta n n ic  acid trea tm en t, y e t  invasion  of hepa tic  b lood  vessels observed in tw o 
a n im a ls  too, indicates t h a t  som e of the tu m o u rs  th u s  produced can n o t be 
re g a rd e d  benign any  m o re . W illis  (1948) s ta te s  t h a t  th e  invasion o f h e p a tic  
v e in s  is the  prelude in h u m a n  carcinoma o f liv e r  to  m etastasis  to  th e  lungs. 
O ne  o f  our animals in w hose liv e r  a t  least early  h e p a tic  carcinom a can be ascer­
ta in e d ,  died on the  122nd d a y . Should th is  a n im a l have lived a few weeks 
lo n g e r, it  seems p robable  t h a t  m étastasés w ould h av e  form ed.
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As ta n n ic  acid produces necrosis a t  the  site  o f  th e  injections, th e  questio n  
m ay arise w heth er som e p ro d u c t o f th is necrosis could be responsible for th e  
tum ours. O ur experim en ts w ith bu rn  ulcers rep ea ted ly  trea ted  locally w ith  
tan n ic  acid  or hydrochloric  acid definitely are a g a in s t th is  suggestion. N am elv  
the g rea te r p a r t  o f these  ra ts  w ith healing in h ib ited  skin ulcers su rv ived  th e  
400th day  o f  th e  tre a tm e n t, a lthough  during th is  tim e  m uch product o f necrosis 
could be abso rbed , b u t no hepatom as or cholangiom as arose in any  o f  th e  
anim als.

One o f  th e  o u ts ta n d in g  features o f the  h ep a tic  tu m o u rs  induced b y  azo 
dyes, th a t  th e ir  developm ent can undoub ted ly  be influenced by  d ie t. T he 
add ition  o f  casein to  th e  d ie t exerts  some p ro tec tiv e  ac tion  against liver can ce r 
caused b y  d im ethy lam inoazobenzene (Kensler, S u g iura , Young, Halter an d  
Rhoads 1941). The add ition  o f fresh m ilk daily  to  a rice-carro t d ie t c o n ta in in g  
p-d im ethy lain inoazobenzene p ro tec ted  ra ts  to  a considerable ex ten t (Hoch- 
Ligeti 1946). G riffin , Clayton an d  B aum ann  (1949) s ta te d  th a t  bo th  casein an d  
m ethionine were effective in im proving the  h ep a tic  re ten tio n  o f riboflav in  b y  
rats fed th e  azo-dyes. A ccording to  our in v estiga tions m ay be a sce rta in ed , 
th a t  high casein d ie t has a certa in  inh ib itory  effect on th e  cirrhogenic an d  
carcinogenic ac tion  o f tan n ic  acid.

The w idely  d ispu ted  question  o f the  re la tion  betw  een cirrhosis and  fo rm a ­
tion of h ep a tic  tu m o u rs  can n o t be left ou t o f  consideration . A ccording to  
Sugiura  an d  Rhoads (1942) first develops liver c irrhosis, th en  follows th e  a p ­
pearance o f  tu m o u rs , due to  th e  effect o f p-d im ethylam inoazobenzene. W hen , 
however, using  o-am ino-azotoluene, as a rule, no cirrhosis occurs. On th e  o th e r  
hand M aruya  (1940), M iller, M iner, Rusch and  B au m a n n  (1941) fu rth e r Opie 
(1944) too are  o f  th e  opinion th a t  cirrhosis is n o t  necessary  for exp erim en ta l 
liver tu m o u r fo rm ation . H arris, K rahl and  Clowe's (1947) d a ta  also show th a t  
tum ours develop  in th e  liver read ily  in  the  absence o f  cirrhosis. K line  (1943) 
observed th a t  ad d itio n  o f  p-am inobenzoic-acid to  th e  d ie t contain ing b u tte r -  
yellow caused g rea t reduction  o f  cirrhosis w ith o u t changing th e  incidence o f  
liver cancer. Eschenbrenner and  M iller (1946) by q u a n tita tiv e  histologic s tu d ies  
sta ted  th a t  rep ea ted  liver necrosis an d  its  associa ted  chronic regenerative  
s ta te  are p ro b ab ly  n o t necessary  for the  induction  o f  tum ours w ith carbon- 
te trach lo ride.

Fitzhugh  an d  Nelson  (1948) s ta te d  th a t  th io u re a  adm in istered  for longer 
period to  w hite  ra ts  produces hepatic  tum ours w ith o u t cirrhosis. On th e  o th e r  
hand th io ace tam id , a pow erful n odu la r cirrhosis p roducing  substance, does 
no t a t  all o r on ly  excep tionally  produce hepa tic  tu m o u rs .

A nyhow  on  th e  basis o f  o u r investigations m ad e  till now we do no t wish 
to tak e  a d e fin ite  a tt i tu d e  as to  th e  relationsh ip  betw een  cirrhosis and  fo rm ation  
o f liver tu m o u rs . No d o u b t, to  estab lish  a sharp  d is tin c tio n  betw een reg en era tiv e  
hyperp lasia  a n d  neoplasia is n o t easy . N odules w hich were no t u n q u estio n ab ly  

4*
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n e o p la s tic  were classed as non  neoplastic , th o u g h  num erous areas w ere sug­
g e s tiv e  o f  early  neop lasm . I t  is, how ever, c e rta in  th a t  no cirrhosis could  be 
d e te rm in e d  in  a n u m b e r o f  our anim als w ith  liver tum ours. W e th e r tan n ic  
a c id  is th e  active a g en t in  inducing  h ep a tic  tu m o u rs , or w hether th ese  tum ours 
a re  m ere ly  the  re su lt o f  h e p a tic  dam age cau sed  b y  tan n ic  acid , aw a its  fu rth e r 
s tu d y .

I t  is w orthw hile to  m en tion  th a t  M orozenskaja  (1946) p roved  th a t  di- 
m e th y lam in o azo b en zen e , a p a r t  from  causing  grow ths in  th e  liver, can  also 
in d u c e  grow ths in o th e r  s ites an d  produce ch arac teris tic  changes o f  th e  m esen­
c h y m e  o f the  liver resem bling  leukosis. Vylegnsanin  (1945) observed  analogous 
c h a n g e s  from  th e  ac tio n  o f  o rthoam inoazo to luene  in mice. R ecen tly  Hoch- 
L ig e ti  (1949) gave th e  ac c o u n t th a t  in ra ts  w hich  d id  n o t develop liver tum ours 
a f te r  receiv ing a d ie t co n ta in in g  butter-yellow r for 17 m onths, th ree  pancreatic  
tu m o u rs  were found . O u r observations, how ever, suggest th a t  th e  ta n n ic  acid 
e f fe c t m ay  be para lle led  in  th is  respect to o  w ith  th a t  o f b u tte r-y e llo w . We 
c o u ld  nam ely  s ta te  t h a t  in  th e  lung o f som e o f  th e  ra ts  a b ro n ch ia l adenom a 
d eve loped .

These investiga tions give rise to  sev era l problem s. The questio n  o f  the 
e ffec tiv e  agent in th e  ta n n ic  acid  and  its  cau sa l role in  th e  etio logy o f  hum an 
l iv e r  tum ours m ay  be o f  th e  h ighest im p o rtan ce . N a tu ra lly , fu rth e r  investiga tions 
a re  needed to  solve th e se  and  re la ted  p rob lem s.

Sum m ary
1. 58 young w hite  ra ts  h av e  been tre a te d  w ith  tan n ic  acid solution ad m in is te re d  sub­

c u ta n eo u s ly . In  group A th e  ra ts  received a  m ix ed  (»norm al«) food, in  g roup  B a high 
c a se in  d ie t.

2. U lcer was p ro d u ced  b y  burn ing  th e  sk in  o f  o th e r  39 young w hite ra ts . U lcer in 20 
a n im a ls  has been daily  p a in te d  w ith  5 per cen t ta n n ic  acid  solution for a  longer p e riod , while 
th e  u lce r o f th e  rem ain ing  19 an im als also da ily  p a in te d , how ever, w ith  5 per cen t hydro- 
a h lo r ic  acid.

3. Cirrhosis and  h e p a tic  tu m o u rs ap p eared  m erely  in  anim als w ith  p a re n te ra l  tann ic  
a c id  trea tm e n t.

4. O ut o f 23 ra ts  o f  g ro u p  A (»norm al« d ie t)  su rv iv ing  th e  100th d ay  o f th e  pa ren tera l 
t r e a tm e n t,  died or killed b e tw een  days 109 and  388 o f th e  experim ent, in 13, i. e. 56 pe r cent 
w e re  induced  hepatic  tu m o u rs .

5. O ut o f 18 ra ts  o f  g ro u p  B (h igh casein d ie t)  w hich  surv ived  th e  100th d ay  o f  trea tm e n t 
a n d  w ere killed or d ied  b e tw een  days 103 an d  388 o f th e  experim ent, only in 3, i. e. 16 per 
c e n t  developed h ep atic  tu m o u rs .

6. These resu lts  su g gests th a t  h igh  casein  d ie t  in h ib its  to  a considerab le  e x te n t the 
b las tom ogen ic  action  o f  ta n n ic  acid.

7. The induced tu m o u rs  w ere alw ays m u ltip le , histologically h ep ato m as a n d  cholangio- 
m a s , an d  in general ben ign , a lth o u g h  th e  in vasion  in to  th e  liver veins, observed in  2 cases, 
likew ise  on th e  basis o f  a ty p ic a l  p a tte rn  in som e cases, low grade carcinom a could be 
considered .

8. The local tu m o u r p ro d u c in g  effect o f th e  ta n n ic  acid could  n o t be s ta te d  and  no 
g r e a t  im portance in tu m o u r  in d u c tio n  could be  a tta c h e d  to skin nekrosis p ro d u c ts .
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Карциногенное действие таннина и действие казеина на развитие печеночных опухолей 
В. Корпаши и М. Мошоньи

В ы в о д ы
58 молодых белых крыс получили в среднем через каждые 5 суток, вначале 1.5й „- 

ный, а затем 2Ю-ный раствор таннина подкожно. Всем крысам давали сначала 150, а 
затем 22 мг таннина на кг веса. Леченных таким образом животных с точки зрения дизты 
разделили на 2 группы : группа А получила »нормальную« диэту, то-есть остатки госпи­
тальной еды, а группу Б держали на равном количестве молочного хлеба и творога.

Во втором опыте выжигали на спине 39-ти молодых белых крыс кожную язву, 
величиной 2-форинтной монеты. Обжигаемые таким образом, животные такж е разде­
лялись на 2 группы : язву 20-и животных ежедневно смазывали 5° 0-ным раствором 
таннина, а язву остальных 19-и животных ежедневно смазывали 53-ной соляной кисло­
той. Животные, подвергаемые этим опытам, держали на »нормальной' диэте.

В печени крыс, переживающих 100-ый день лечения, возникли изменения разной 
степени : ранняя или более поздняя стадия цирроза, а также опухоли. Вызываемые этим 
способом, опухоли имели размер от 2 8 мм белосероватыми буграми и вырисовались
среди окружающей печеночной ткани. Гистологическое строение этих опухолей соот­
ветствовало картине гепатомы и хэлангиомы.

Опухоли были множественные и, в общем, доброкачественные. В двух случаях, 
однако, мы наблюдали вторжение опухоли в более крупные печеночные вены, а, вместе 
с тем, выраженный полиморфизм ядер. В этих случаях мы с полным правом говорили о 
раннем раке печени. Два раза мы попыгалысь пересадить гепатому, вызванную танни- 
ном (под к о ж у  и в печень), но до сих пор безрезультатно.

Из группы А 23 крысы переживали 100-ый день лечения, а среди них у 13-и крыс 
(56°/0) удалось вызвать печеночную опухоль. В то-же время среди 18 крыс, бывших на 
диэте, богатой казеином (группа Б) и переживающие 100-ый день лечения, только у трех 
(16°/0) появилась опухоль в печени. Таким образом кажется, что питание, богатое казеи­
ном известной степени, предохраняет животных от опухолей.

На коже животных, смазываемых таннином или соляной кислотой (второй опыт), 
опухоли совсем не возникли. Но ни в пгчени, нив других внутренних органах опухоли  не 
встречались. Это опровергает предположение, что при подкожном лечении таннином 
рассасывание некротических тканевых продуктов играет роль при возникновении цир­
роза или опухолей печени.

Стихийное возникновение опухоли в печени у этой, воспитанной нами-жз линии 
крыс сосвсем не наблюдалось, хотя мы исследовали многочисленных крыс более старого 
всзраста.

Циррогенное и карциногенное действие таннина, описанное авторами в первые, 
ставится ими в один ряд с бластомогенным действием масляного желтого, о-амино-азо- 
толуола, четырех-хлористого углерода и ацеткл-амино-флуорена.
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