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INTRODUCTION 

Recent ly  the effect of DL-ethionine on the pancreas and  the l iver has been reported 
b y  FARBER AND POPPER 1, GOLDBERG, CHAIKOFF AND DODGE 2 and BOLLAG a. The experi- 
ments  carried out  by  these authors  revealed tha t  DL-ethionine has a dest ruct ive  effect 
on the acinar  tissue of the pancreas of rats,  and  also t ha t  the ex ten t  of damage to the 
acinar  tissue is dependent  upon  the dose and  dura t ion  of t rea tment .  If, for instance,  a ra t  
is t rea ted with a sufficiently large dose over a longer period, the acinar  tissue becomes 
completely obl i tera ted and  replaced first by  inf i l t ra t ive in f l ammatory  tissue and  later  by  
connect ive tissue. Histological changes are induced also in the l iver as well as in the 
pancreas following t r e a tmen t  with ethionine.  Ear ly  changes in the former organ are 
seen two or three days after  t r ea tment ,  in the form of fa t ty  degenerat ion of the l iver cells. 
This  is i nva r i ab ly  followed by  a focal necrosis and  hist iocytic in ters t i t ia l  inf i l t ra t ion 
which develops after  the Io th  day. I t  is also of in teres t  to note  tha t  there is a sex and  
species difference in  response to t r e a tmen t  with this compound.  Female  rats  show more 
damage t h a n  the male rats, and  mice do not  show any  marked  in ju ry  to l iver and  pan-  
creas even when t rea ted  with massive doses. I t  has been shown tha t  the destruct ive 
effects of e thionine on liver and  pancreas can be completely prevented  by  the s imul tane-  
ous admin i s t r a t ion  of equal  amoun t s  of meth ioninO.  Fur thermore ,  SIMPSON, FARBER 
AND TARVER 4 have demons t ra ted  tha t  e thionine affects protein  synthesis  by  inh ib i t ing  
the incorpora t ion of meth ionine  and  glycine in to  proteins in the liver. In  order to ob ta in  
fur ther  da ta  on the act ion of ethionine,  inves t igat ions  were made on the catalase ac t iv i ty  
of l iver and  pancrea t ic  tissue and  diastase ac t iv i ty  of pancreat ic  tissue of rats  t rea ted 
with different doses and  for different periods of t ime. 

EXPERIMENTAL PART 

Albino stock rats, 8 weeks old, weighing 14o-16o g at the commencement of the experiment 
were used exclusively. They were fed on a diet containing 15% protein. DL-ethionine was injected 
intraperitoneMly once daily in a solution of 15 mg per ml. The animals were killed by decapitation 
after having been previously starved for 3 hours. Histological preparations of liver and pancreas 
were made by fixing in BouIN's aqueous solution and staining by haematoxyline-eosine. 

Catalase estimations were carried out as follows: after decapitation the blood was allowed to 
drain from the carcass. Pieces of liver and pancreas were rapidly dissected, weighed and homogenized 
in cold-glass distilled water. Catalase has been estimated by the method of YON EULER AND JosEPI~- 
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son s, measuring the hydrogen peroxide remaining in a given volume of s tandard solution after 
allowing the enzyme to act for a given time. The properly diluted homogenate was allowed to react 
with approximately O.Ol N H~O~ at  pH 6.8 and at  o ° C. Aliquots of the reacting mixture were 
removed at  3, 5, 7 and 9 minutes time, inact ivated with 2 N H2SO 4 and the residual H~O 2 t i t ra ted  
with thiosulphate.  

Diastase of the  pancreat ic  tissue was est imated after the method devised by WOHLGEMUTH 6. 
One diastase uni t  (WOHLGEMUTH) is the amount  of diastase t ha t  splits I ml of a 0.2% starch solution 
to such an extent  t ha t  the blue colour given with a few drops of added N/5o iodine does not appear 
any  more. The quant i ty  of diastase is indicated in diastase uni ts  per gram of fresh tissue. 

RESULTS 

T h e  r e s u l t s  of t h e  e s t i m a t i o n  of  e n z y m a t i c  a c t i v i t y  in  l i v e r  a n d  p a n c r e a s  a re  to  b e  

s e e n  f r o m  T a b l e s  I a n d  I I .  

I n  T a b l e  I ,  t h e  v a l u e s  of  e n z y m e  a c t i v i t y  of l i v e r  a n d  p a n c r e a s  of  12 c o n t r o l  a n i m a l s  

c o n s i s t i n g  of  6 m a l e s  a n d  6 f e m a l e s  a r e  seen ,  a n d ,  i n  T a b l e  I I  t h e  v a l u e s  of  t h e  t r e a t e d  

TABLE I 
CONTROLS 

Males 

Liver catalase Weight Pancreas eatalase Pancreas diastase 
(grams) (% o/mean value) (% o/mean value o/males) (Wohlgemuth units) 

158 98 Io8 8o millions 
16o 92 82 i o,ooo millions 
145 129 124 8o millions 
15o 82 94 16o millions 
142 I18 lO9 4 ° millions 
155 8I 83 i2oo mill ions 

Females 

Liver catalase Weight Pancreas catalase Pancreas diastase 
(grams) (% o/mean value) (% o/mean value (Wohlgemuth units) 

o/females) 

156 x2i 92 4 ° millions 
15 ° 82 67 16o millions 
152 155 lO 3 8o millions 
146 74 13o io,ooo millions 
144 76 85 40o0 millions 
158 92 123 iooo mill ions 

a n i m a l s  a r e  a lso  s h o w n .  I t  m u s t  b e  spec i a l l y  e m p h a s i z e d  t h a t  t h e  v a l u e s  of l i v e r  c a t a l a s e  

s h o w  a p r o n o u n c e d  s ex  d i f f e rence ,  a n d  c o n f i r m s  t h e  p r e v i o u s  w o r k  of  ADAMS 7. T h e  m e a n  

v a l u e  of m a l e s '  l i v e r  c a t a l a s e  l ies  33 % h i g h e r ,  t h a t  of f e m a l e s '  33 % l o w e r  t h a n  t h e  
a v e r a g e  of b o t h  sexes '  v a l u e s .  F o r  t h i s  r e a s o n  a l l  v a l u e s  of  l i v e r  c a t a l a s e  a r e  e x p r e s s e d  

i n  % of t h e  m e a n  v a l u e  of  t h e  c o n c e r n e d  sex.  

T h e  h i s t o l o g i c a l  c h a n g e s  i n d u c e d  in  b o t h  t h e  p a n c r e a s  a n d  l i v e r  f o l l o w i n g  t h i s  

t r e a t m e n t  h a v e  p r e v i o u s l y  b e e n  d e s c r i b e d  1, 2, 3. T h e r e f o r e  t h e s e  r e s u l t s  wi l l  b e  only b r i e f l y  

s u m m a r i s e d .  T h e  p a n c r e a s  s h o w e d  d i s i n t e g r a t i o n  of t h e  a c i n a r  t i s s u e  f i na l ly  l e a d i n g  t o  

c o m p l e t e  d e s t r u c t i o n  a n d  r e p l a c e m e n t  b y  i n f l a m m a t o r y  a n d  c o n n e c t i v e  t i s sue .  T h e  l i v e r  
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Fig. i. Norma l  pancreas  of a female  rat .  Pancreas  d i a s t a se :  io, ooo m i l l i o n  uni ts ,  r a n c r e a s  ca t a l a se :  
74% of mean  value.  H. - E . : ×  720. 

Fig. 2. Pancreas  of a female  r a t  t r e a t e d  w i t h  1o rag. I~L-ethionine d a i l y  for 23 days.  Marked  de- 
s t ruc t i on  of ac inar  t issue.  Pancreas  d ias tase :  I m i l l i o n  uni ts .  Pancreas  ca ta lase :  3 8 9 %  of mean  

va lue  of no rma l  pancreas .  H. - E . : ×  72o. 
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Fig. 3. Pancreas  of a female  r a t  t r e a t e d  w i t h  3 ° mg DL-ethionine d a i l y  for 13 days,  showing  des t ruc t ion  
of ac ina r  t i s sue  and r e p l a c e m e n t  by  i n f l a m m a t o r y  and  connec t ive  t issue.  Pancreas  d ias tase :  o uni ts .  

Pancreas  ca t a l a se :  5 2 2 %  of mean  va lue  of no rma l  pancreas .  H. - E .  :×  720. 

Males 
T A B L E  I I  

Liver catalase Weight Pancreas catalase Pancreas diastase 
Treatment (grams) (% o/mean value) (% o/mean value (Wohlgemuth units) 

o/males) 

3 ° mg d a i l y  for 13 days  136 496 25 o 
20 mg d a i l y  for 23 days  18o 555 28 20 
io  mg d a i l y  for 23 days  186 35I 26 ioo,ooo 
60 mg 24 hours  154 294 48 5 mi l l ions  

before e s t i m a t i o n  
lOO mg 24 hours  154 26o 60 2. 4 mi l l i ons  

before e s t i m a t i o n  
ioo  mg 48 hours  156 371 49 40 mi l l i ons  

before e s t i m a t i o n  

Females 

3 ° mg d a i l y  for i3  days  
2o mg d a i l y  for 23 days  
i o  mg d a i l y  for 23 days  
60 nag 24 hours  

before e s t i m a t i o n  
ioo  mg 24 hours  

before e s t i m a t i o n  
ioo  mg 48 hours  

before e s t i m a t i o n  

1 2 6  5 2 2  22  o 

lO6 53 ° 22 o 
176 389 43 I m i l l i o n  
142 166 64 2.S m i l l i o n s  

15o 592 56 5 m i l l i o n s  

144 4°7 47 1 , 2 o o m i l l i o n s  
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undergoes fat ty degeneration which is later followed by focal necrosis of liver cells and 
histiocytic infiltration. The liver and pancreas of females were found to be more damaged 
than those of the males. 

DISCUSSION 

The activity of all the three enzymes we measured was found to have a wide range 
of variation in normal rats, and the liver catalase in every instance showed a sex differ- 
ence. For this reason, one has to be very cautious in the interpretation of these results. 
Therefore, small differences in enzymatic activity cannot be evaluated to be of signifi- 
cance. We chose liver catalase as an example for a liver enzyme, because the liver catalase 
can be diminished to a great extent even under conditions when no morphological 
damage to the liver tissue is visible by the routine histological examination. This catalase 
depression is well known in tumour-bearing animalsT,S, 9. Diastase of the pancreas was 
selected for this work as being one .of the most significant enzymes produced by this 
particular organ. 

Following destruction of the acinar tissue by treatment with ethionine, pancreatic 
diastase ceased. This was the case in the male and female treated with 3 ° mg for 13 days 
and in the female treated with 20 mg for 23 days. In another instance a male treated 
with 20 mg for 23 days had only the minimal amount of 20 units diastase left in its 
pancreas although the histological picture revealed still intact acinar tissue in some areas 
of the organ. Apparently the function of this tissue to produce diastase was reduced. 
The rats treated with IO mg for 23 days and the rats killed 24 hours after a single dose 
of 60 and Ioo mg showed a pancreas diastase which was slightly diminished. I t  is 
therefore assumed that the diastase values correspond in general to the extent of 
morphological damage to the acinar tissue of the pancreas, depending on dose and 
duration of treatment (Figs. I, 2 and 3). 

The catalase content of the pancreas is in normal rats a very low one, about I / I2oth  
of the catalase content of liver. In all the DL-ethionine-treated animals the catalase 
content of the pancreas was increased even following small doses and after a short dura- 
tion of treatment. I t  may be that the source for this increase in catalase can be attributed 
to the cells of the inflammatory interstitial infiltration or to an increased number of red 
blood cells. In this respect it is of interest to note that peroxydase which is known to 
occur in leucocytes has the same hydrogen-peroxide-splitting activity as catalase and 
also that this enzyme may be responsible for the increased values. 

The liver catalase is reduced to about I/4-1/5 in the animals treated with 20 mg for 
23 days or 3 ° mg for 13 days, respectively; but even 24 to 48 hours after a single high 
dose the catalase content is markedly reduced. Therefore it is probable that this early 
effect on the liver enzyme is the consequence of the direct action of ethionine on the liver 
rather than an indirect one. 

This investigation has been supported by grants to the Royal Cancer Hospital from 
the British Empire Cancer Campaign, the Jane Coffin Childs Fund for Medical Research 
the Anna Fuller Fund and the Division of Research Grants of the U.S. Public Health 
Service. 
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SUMMARY 

The effect of DL-ethionine on liver and pancreas  catalase and on pancreas  diastase has been 
investigated.  The decrease in pancreas  diastase ac t iv i ty  was found to correspond roughly  to the 
extent  of dest ruct ion of acinar tissue. The catalase content  of the liver is markedly  reduced by  the 
adminis t ra t ion of DL-ethionine. Pancreas  catalase act ivi ty  is increased possibly as a consequence 
of the appearance of inf lammatory  cells or red blood ceils in the pancreas.  

RI~SUMt~ 

Nous avons examin6 l'effet de IJL-ethionine sur la catalase du foie et du pancreas  et sur la 
diastase du pancr6as. La r6duction de l 'activit6 de la diastase du pancr6as, correspond /~ l '6tendue 
de la destruct ion du t issu acinaire. L ' admin is t ra t ion  de DL-ethionine r6duit  l 'activit6 de la catalase 
du Ioie. Le pancr6as cont ient  p lus  de catalase apr~s t ra i t ement  avec DL-ethionine, p robablement  
/~ cause de la pr6sence de cellules inf lammatoires  et d ' e ry throcytes  dans le pancr6as. 

Z U SA MME N FA SS UNG 

Die Wirkung  yon DL-Aethionin auf Leber- und Pankreas-Kata lase  und auf Pankreas-Diastase  
wurde untersucht .  Die Pankreas-Dias tase  Werte  fallen ab, je nach Ausdehnung der Zerst6rung des 
azin~ren Gewebes des Pankreas.  Die Biatalase AktivitRt der Leber wird durch DL-Aethionin betrXcht- 
lich reduziert.  Die Katalase  Aktivit/ i t  des Pankreas  wird nach Behandlung  der Ra t t en  mit  DL- 
Aethionin erhOht gefunden. Dies ist wahrscheinlich auf  die Anwesenhei t  yon Entzfindungszellen oder 
roten Blutk6rperchen im Pankreas  zurfickzuftihren. 
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