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Deoxyribonucleases and Nucleic Acid Content of Rat Liver under the Influence of Single 
Toxic Diethylnitrosamine Doses 

W h e n  d i e thy ln i t ro samine  (DENA) and  m a n y  o the r  
d ia lky ln i t rosamines  are given in single high doses, 
widespread  l iver necroses are observed  ~-3. As measu red  by  
the  incorpora t ion  of t h y m i d i n e  in to  DNA,  regenera t ion  
begins  be tween  12 and 24 h af ter  admin i s t r a t i on  of D E N A  
and  reaches  a m a x / m u m  24 to 48 h la ter  a-5. Assuming  a 
closer re la t ionship  be tween  b o t h  deoxyr ibonucleases  
(DNases;  DNase  I, EC 3.1.4.5, DNase  II,  EC 3.1.4.6) and  
D N A  synthes i s  6, one m a y  expec t  t h a t  the  ac t iv i t ies  of 
bo th  enzymes  are inf luenced by  D E N A  in a cons i s t en t  
manner .  Changes m a y  be reversible,  because wi th in  
comparab le  per iods  a single h igh  dose of D E N A  is less 
l ikely to induce l iver  t u m o u r s  t h a n  tile pro longed feeding 
of low doses v. These a s sumpt ions  have  been suppor t ed  by  
the  following inves t iga t ions .  

Material  and methods. To 32 female Sprague-Dawley-  
ra t s  (200-250 g, Wigs ,  Ve r suchs t i e r -Zuch t ans t a l t  W. 
Gassner,  Sulzfeld) 210 mg/kg  D E N A  (N-ni t roso-di~thyl-  
amin,  Merck N r  820907) were admin i s t e red  in t ra-  
gastr ical ly;  15 animals  served as controls  and  received 
d r ink ing  wa te r  in the  same manner .  A t  specific t ime  
intervals ,  some animals  were killed by  decap i ta t ion .  DNA, 
RNA,  prote in ,  DNase  I-, and  DNase  I I -ac t iv i t i es  of l iver  
homogena t e s  and  nuclei  were  assayed as p rev ious ly  
descr ibed  ~. Nuclei were  p repa red  f rom l iver  h o m o g e n a t e s  
according to  the  m e t h o d  of DOrZNCE s w i th  modi f i ca t ions  0. 
The isolated nuclei  were r e suspended  in cold 0.14 M 
NaC1 and homogen ized  at  h igh  speed in a war ing  b lendor  
(Bfihler, Ttibingen).  

Results. 24 h af ter  admin i s t r a t i on  of D E N A ,  R N A  
c o n t e n t  and  DNase  I ac t iv i ty  of l iver  h o m o g e n a t e s  were 
d imin i shed  s igni f icant ly  by  abou t  50% (Table). D N A  
con t en t  and  to ta l  DNase  I I  ac t iv i ty  of t he  l iver increased 
by  87 and  197% resp.  M a x i m u m  effects  were reached  
24 h (RNA), 2 (DNase I), and  8 (DNA, DNase  II) days  
af ter  admin i s t r a t i on  of D E N A .  All values  t u r n e d  to normal  
wi th in  some days  (RNA), 28 (DNase II),  and  49 (DNA, 
DNase  I) days  resp. - In  close re la t ionship  to  D N A  conten t ,  
the  ra t io  of DNase  I I -  to  DNase  I -ac t iv i t ies  increased by  
170, 200, and  370% wi th in  24 h, 2, and  8 days  resp.  
As to  the  effect  of D E N A  on l iver  nuclei,  DNase  I I  
ac t iv i ty  was increased revers ib ly  by  abou t  800% wi th in  a 
per iod of 2-8 days  (Figure), whereas  DNase  I was in- 
f luenced only  in an ins igini f icant  manner .  

Discussion. I t  is co mmo n l y  accepted  t h a t  l iver necrosis  
is accompanied  by  loss of enzyme  act ivi t ies .  The fall of 
R N A -  and p ro te in - syn thes i s  (1, 2, 4, 10-13) as well as of 
R N A -  and  DNase  I - con t en t  (Table) m a y  therefore  be 
p a r t l y  an express ion of loss of viable  hepa t ic  ceils, t h o u g h  
more  specific effects  of d ia lky ln i t rosamines  on the  
m e c h a n i s m  of p ro te in  syn thes i s  are probableS, 1~ 

Af te r  an init ial  fall in D N A  synthesis*,  5 e levated  
incorpora t ion  of t h y m i d i n e  into D N A  - as measured  
1-7 days  af ter  admin i s t r a t i on  of D E N A  3-5 - and  an 
increase of D N A  con ten t  (Table) p ro b ab l y  reflect  t he  
r ep l acemen t  of necrot ic  t issue by  newly  formed cells in 
the  course of regenerat ion3 5 W h e n  compared  to DNases  
(Table), D E N A - i n d u c e d  e leva t ion  of D N A  syn thes i s  is 
p receeded  and /o r  accompan ied  by  a sharp  decrease of 
DNase  I - ac t iv i ty  wi th in  the  homogena te s  and a d i s t inc t  
increase of nuclear  DNase  I I  ac t iv i ty .  As to  t he  la t ter ,  
s imilar  resul ts  have  been ob ta ined  by  Sc~IIJLZE 1~. W i t h  
respec t  to normal iza t ion ,  only D N A  synthesis3,  4 and  
nuclear  DNase  II  ac t iv i ty  (Figure) show a cer ta in  t ime-  
d e p e n d e n t  paral lel ism. Nuclear  DNase  I I  m a y  therefore  
be more  specifically impl ica ted  in regula t ing  D N A  
synthesis .  Possible  re la t ionships  be tween  th is  enzyme  and  
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Wet weight (g/1.0 g body-weight), DNA-, RNA- and protein content of the liver (rag/1.0 g body wt.), and total DNase activities ([xg DNA-P 
liberated by liver-DNases/min[1.0 g body wt.) withiu the homogenates under the influence of 210 mg DENA/kg 

Days 0 1 2 8 28 49 71 

Wet weight 0.046 :~ 0.005 0.040 i 0.001 0.042 :~ 0.006 0.053 ~ 0.005 0.046 ~ 0.002 0.042 • 0.002 0.036 L- 0.002 �9 
DNA 0.106 4- 0.009 0.120 :~ 0.016 0.130 q- 0.008 ~ 0.198 ~ 0.058 a 0.175 -- 0.046 a 0.100 i 0.008 0.112 :j= 0.018 
RNA 0.329 =[- 0.077 0.167 =~: 0.028 �9 0.197 -4- 0.034 �9 0.373 :~ 0.085 0.382 • 0.069 0.282 ~ 0.020 0.324 ~ 0.045 
Protein 8.96 :J- 0.73 8.96 :J= 0.67 8.81 • 1.18 8.68 j_ 0.87 7.39 • 0.80 8.35 ~: 0.62 9.26 q- 0.98 
DNaseI a 2.16 :~0.29 1.10 -4-0.23 b 1.05 =E0.11 o 1.13 ~:0.34 b 1.44 -4-0.15 b 1.82 I 0 . 0 6  2.51 =L0.36 
DNaseII 1.48 i 0 . 3 4  2.08 i 0 . 3 1  2.29=[=0.20 �9 4.40 • 1.43 • 1.57 • 1.27 4-0.17 
Qe 0.7 i 0 . 3  1.9 •  b 2.1 ~=0.4 b 3.3 -t- 0.7 b 1.9 i 0 . 7  ~ 0.9 ~=0.2 0.7 =t=0.2 

n = 3-4 animals/group. ~ p < 0.05; b p < 0.01; o p < 0.001. a DNA (Na-salz, MG 8900000, aus Kalbsthymus, EGA-Chemie Nr. 16820-3, 
after denaturation by heat. e DNase II/DNase I-activities. 
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Nuclear DNase II-activity (expressed as percent of control value) of 
livers of rats after single p.o. administration of 210 mg/kg DENA; 
n = 8 (controls) and 2 3 (DENA-groups) resp. Control values: 
Protein: 3.79 ~: 1.28 mg/1.0 mg DNA, DNase I: 0.029 2= 0.010, 
DNase II: 0.032 j :  0.006 btg DNA-P libcrated/min/mg DNA. 
* To obtain sufficient material for preparation of nuclei, livers 
were pooled. 

a ca l c ium-dependen t  endonuclease  descr ibed by  HEWISH 
and :BURGOYNE 15 r ema in  to  be e lucidated.  

Zusammen/assung.  Durch  einmalige p.o. Gabe yon  210 
mg/kg  Dig thy ln i t rosamin  an R a t t e n  wurden  die RNA-  
Konzen t r a t i on  sowie die DNase  I-Aktivit~tt  der  Leber  
ve rminde r t  und  die DNase  II-Aktivit /~t  erh6ht .  Die 
Akt iv i tM der  Zel lkern-DNase II  vergr6sser te  sich his zum 
8fachen der  Norm. 
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The Effect of O x o t r e m o r i n e  on the Acety lchol ine  

The perfus ion t echn ique  was widely used for e s t ima t ion  
of ACh o u t p u t  f rom the  CNS I, as well as for the  measure-  
m e n t  of ACh absorp t ion  f rom the  cerebrospinal  fluid 
(CSF) 2. The presen t  inves t iga t ion  is a s tudy  of the  
pharmacologica l  possibi l i ty  of influencing th is  ou tput .  

Materials and melhods. 33 cats of b o t h  sexes weighing 
2.0-4.5 kg were anaes the t i zed  wi th  30 mg/kg  pen toba rb i -  
tone  sod ium (Sombital ,  1Rata) in t ravenously .  Cannulas 
were inser ted  in t he  femoral  vein to  enable  fu r the r  
in ject ions  and in the  t r achea  to  ensure vent i la t ion .  

Perfus ions  of the  CSF conta in ing  spaces were pe r fo rmed  
in the  cerebral  (a) and  spinal  (b) CSF  conta in ing  spaces. 
The inflow in (a) was by  a modi f ica t ion  of the  FELDBERG 
and SHERWOOD 3 cannula,  in which  the  t ip  was replaced 
by  a 10 m m  No. 18 h y p o d e r m i c  needle.  The cannula  was 
inser ted  as descr ibed by  BHATTACI~AR'ZA and  FELDB~RG ~, 
bu t  since the  t ip  was shor te r  it  reached  abou t  1-3 m m  
aboize the  ventricle.  This  cannula  served as a guide for a 
special ly p repa red  needle, which  was inser ted  in to  the  
ventr icle .  This modi f ica t ion  was per fo rmed  to  ensure 
p roper  flow. The outfIow cannula  was placed in the  
c i s t e rns  m a g u s  as descr ibed b y  BHATTACHARYA and 
FELDBXRG 4. The inflow cannula  in (b) was inser ted  into 

Table I. The osmotic pressures and their means (mOSM} of sub- 
sequent samples collected from the lumbosaeral subarachnoid spaces 
of 3 cats, compared to 4 samples of artificial CSF 

Output  f rom the CSF Conta in ing  Spaces  

the  c i s t e rns  m a g n a  and the  out f low cannula  into the  
lumbosacra l  subarachno id  space  as descr ibed by  Enx~,z  
a n d  LlgVINGER 5. 

The osmotic  pressure  of the  art if icial  CSF 6 was 
compared  to  t he  na tu ra l  CSF  collected f rom a cannula  
p laced  in the  lumbosacra l  subarachnoid  space, us ing an 
Advanced  I n s t r u m e n t s  Inc.  Wide  Range  Osmometer .  
This was done in order  to eva lua te  the  effects of osmot ic  
pressure  differences of t he  diffusion of subs tances  in to  the  
spaces. 

The perfus ion procedure  was s imilar  to  t h a t  descr ibed 
by  EDERY and  LEVlNGER s, whereas  the  perfus ion ra te  was 
kep t  cons t an t  a t  12 ml/h.  5 mg/100 ml eserine were added  
to the  perfus ion fluid. The eff luent  was collected dur ing 
the  f irs t  5 rain and  in subsequen t  20 rain samples  in to  
g radua ted  t es t  tubes  con ta in ing  0.2 mI 0.3 N HC1. 
Oxot remor ine  (OTMN) was added  e i ther  to  t he  perfus ion 
fluid (0.01 gr/kg/h) or admin i s t e red  i.v. (10 gr/kg). 2-(2, 6- 
Xylidino)  5, 6-dihydro-4H- 1, 3- th iaz inhydrochlor ide  (Bay 
Va 1470) was added  by  i.v. in ject ions  (2 rag/cat).  

The e s t ima t ion  of ACh in the  eff luent  was per formed,  
af ter  i ts  neut ra l iza t ion ,  on t h e  isolated guinea-pig  ileum, 
t r ea t ed  wi th  mipafox  and  morphine~.  

Results and discussion. Table  I shows the  osmot ic  
pressures  of art if icial  and  na tu ra l  CSF.  Many  au thors  
used the  art if icial  CSF, which  is isoionic to the  na tu ra l  
CSF, under  t he  a s sumpt ion  t h a t  the  effect  of t he  low 
pro te in  c o n t e n t  was negligible s. I t  is seen t h a t  the  
indiv idual  var iat ions,  as well as the  differences be tween  

Animal 1 Animal 2 Animal 3 Artificial CSF 

355 385 319 
331 338 346 
328 342 339 
344 328 326 
349 330 326 
334 331 335 
336 330 346 

336 
346 
342 
332 

mean = 339 mean = 340 mean = 333 mean = 339 
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