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in the  i n t ens i ty  of the  n inhydr in -pos i t i ve ly  s ta ined spots.  
The pep t ides  occurr ing in b o t h  types  of sera have  a dif- 
fe rent  aminoacid  composi t ion .  The pep t ides  des igna ted  X~ 
are charac te r ized  by  the  presence  of basic amino  acids, 
and  in the  neoplas t ic  sera by  an addi t iona l  con ten t  of 
arginine and  val ine (Figure 2). The X 2 pep t ides  f rom the  
contro l  sera con ta ined  leu, val, met ,  phen  amino  acids. 
The X 2 pep t ides  f rom neoplas t ic  sera conta ined  aspar t ic  
acid in add i t ion  to the  o ther  amino  acids. 

The inves t iga t ions  showed t h a t  in the  to ta l  arginine 
con ten t  of the  sera f rom persons  wi th  neoplasms  is com- 
pr ised of free L-arginine in an a m o u n t  cor responding  to  
t h a t  of the  sera f rom hea l thy  persons  and a p e p t i d e - b o u n d  
arginine which  was no t  found  in the  control  sera. In  neo- 
plast ic  diseases, therefore ,  pep t ides  charac ter ized  by  the  
presence  of the  amino  acid arginine appear  in the  blood 
serum. ~KARZYNSKI and  SARNECKA-KELLER 5 were the  
f i rs t  to  suggest  t h a t  in cer ta in  pa thologica l  condit ions,  
for example  mal ignancy,  and  in t issue damaged  by  radia-  
t ion, c o m p o u n d s  no t  found in hea l thy  person ' s  sera m a y  
be found  in the  sera of such pa t ien ts .  HA~aERST~r and  
SANDELL ~ in inves t iga t ions  on sera f rom leukaemia  
pa t i en t s ,  i solated a pep t ide  wi th  an amino  acid con ten t  
s imilar  to t h a t  found  in our invest igat ions ,  which  always 
conta ined  arginine and  besides serine and methionine .  

I t  is in te res t ing  to  note  t ha t ,  in all t he  sera f rom the  
pa t i en t s  wi th  neoplasms,  no m a t t e r  w h a t  t he  local izat ion 
of the  tumor ,  and ident ical  amino acid compos i t ion  was 

found  in the  X1N pept ides .  I t  is suggested t h a t  these 
pep t ides  m a y  have  or ig inated f rom d is in tegra ted  t u m o r  
basic proteins.  Such prote ins  in h u m a n  t issue tumors  7 
and in an exper imen ta l  by  induced  Guerin tunlor  in 
ratsS has been found  recent ly .  

I t  is t h o u g h t  tha t ,  under  the  influence of specific in t ra-  
cellular proteases  and endopept idases ,  t he  pro te ins  are 
degraded  into pept ides .  As a result  of d i s tu rbances  in the  
pe rmeab i l i t y  of the  cell membranes ,  the  p ro te in  degrada-  
t ion  p roduc t s  m a y  escape into the  extracel lu lar  spaces and 
thus  into the  blood s t ream.  

Zusammenfassung. Nachweis  von  argininre ichen Pept i -  
den in menschl ichen  Seren mi t  neop lasmat i schen  t i r a n k -  
hei ten.  
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Inhibi tory  Effects of N i t r o sosa r c o s ine  on Mouse  Liver Mixed  Function Oxidase  Activity 

Po ten t i a l  h u m a n  hazards  f rom env i ronmen ta l  exposure  
to d ia lky ln i t rosamines  have  become a m a t t e r  of ma jor  
concernS, 2 T h a t  humans  are sensi t ive to t he  toxic  effects  
of n i t rosamines  is shown by  observa t ions  t h a t  h u m a n  
liver conta ins  enzymes  which  can ac t iva te  d ime thy ln i t ro -  
samine  a. Ni t rosamines  are r a the r  inert ,  chemical ly,  and  
der ive  biological ac t ion f rom enzymat i c  ac t iva t ion  to  
ca rbon ium ions 4. The organ d i s t r ibu t ion  of enzymes  
which  ac t iva te  n i t rosamines  general ly  de te rmines  the  
organot rop ic  act ion of t he  var ious  n i t rosamines  5. 

Ni t rososarcos ine  induces cancer  of esophagus  in ra t s  ~ 
and  squamous  cell ca rc inoma of the  nose in mice  7. The 
7-day oral LDs0 in mice is 3.15 g/kg wi th  l i t t le  not iceable  
his tological  changes.  Therefore,  since the re  is no acute  
l iver  pa thology,  i t  seems unl ikely t h a t  enzymes  necessary  
to  ac t iva te  n i t rososarcosine  would be p resen t  in mouse  
liver. 

I t  is the  purpose  of the  p resen t  commun ica t i o n  to  
r epor t  b iochemica l  effects of n i t rososarcosine  on mouse  
l iver-namely,  inh ib i t ion  of microsomal  enzyme act iv i ty .  
The signif icance of th is  p h e n o m e n o n  is t h a t  i t  is one of the  

only  biological effects of a d iaky ln i t rosamine  unassocia ted  
wi th  ap p a ren t  enzymat i c  act ivat ion.  

Male Swiss albino mice  (ICR/dub) were used in all 
s t u d i e s  Animals  were housed  in shoebox t y p e  cages wi th  
cons t an t  access to Pur ina  Chow and  water .  Mice were 
killed by  cervical dis locat ion and mouse  l iver microsomal  
enzyme func t ion  was assessed by  q u a n t i t a t i n g  aminopy-  
r ine demethy lase  and  ani l ine !~ydroxylase ac t iv i ty .  Micro- 
somal  suspensions were p repa red  as descr ibed previously  s. 
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Table I. Dose response of mouse liver aminopyrine demethylase and aniline hydroxylase activity to nitrososarcosine 

Treatment No. of animals Aminopyrine demethylase activity ~ Aniline hydroxylase activity ~ 

(Mean • S.E.) (Mean 4- S.E.) • 10 

Control 10 3.75 4- 0.39 7.81 4- 0.09 
Nitrososarcosine (250 mg/kg) 10 2.74 4- 0.32 b 6.42 • 0.03 
Nitrososarcosine (500 mg/kg) 10 1.89 4- 0.24 ~ 5.30 4- 0.06" 
Nitrososarcoaine (1000 mg/kg) 10 1.52 4- 0.10 ~ 2.98 -4- 0.03 c 

Expressed as mMoles of product per g liver per 10 rain. b Statistically different from controls at p < 0.052 o Statistically different from 
controls at # < 0.01. Groups of mice were treated with nitrososarcosine, p.o., and sacrificed 3 h later. 



858 Specialia EXPERIENZIA 30/8 

Table II. Time course of nitrososarcosine induced inhibition of mouse liver aminopyrine demethylase and aniline hydroxylase activities 

Time (h) No. of animals Aminopyrine demethylase activity ~ Aniline hydroxylase activity 

(Mean 3= S.E.) (Mean -}- S.E.) x 10 

0 5 2.36 3= 0.34 5.66 ~ 1.19 
0.25 5 1.94 t 0.17 4.58 3= 0.43 
1 5 1.29 3= 0.21 b 2.71 q- 0.37 
3 5 1.27 3= 0.08 b 3.17 q- 0.36 
24 5 1.79 i 0.09 5.63 3= 0.41 

Expressed as mMoles product per g liver per 10 rain. ~ Statistically different from controls at p < 0.01. Groups of mice were treated with 
1,000 mg/kg p.o. at 0 time and killed at 0.25, 1, 3, or 24 h. 

All incuba t ion  mix tu res  were buffered at  p H  7.4 and 
conta ined  75 tzmoles n icot inamide,  4.5 ~zmoles N A D P ,  
15 tzmoles MgC12, 30 ~zmoles MnC12, 15 ~moles DL-iSO- 
ci t rate ,  and 75 ~zg isoci t ra te  dehydrogenase  in a final 
volume of 3 ml s. In  assaying for aminopyr ine  deme th -  
ylase, microsomes  f rom 75 mg of l iver were used, and 
45 ~Zlnoles of neutra l ized semicarbaz ide  were added  to the  
medium.  After  incuba t ion  at  37 ~ for 30 rain, the  incuba-  
t ion was deprote in ized  wi th  10~o TCA and fo rma ldehyde  
was assayed  as t he  reac t ion  p roduc t  s. The concen t ra t ions  
of aminopyr ine  in the  kinet ic  s tudies  were 1.7, 2.5, 5, and 
10 m3/I; for o ther  aminopyr ine  demethy lase  assays, a 
concen t ra t ion  of 10 m M  aminopyr ine  was used. Assays 
for anil ine hydroxy lase  ac t iv i ty  were based on micro- 
somes f rom 125 mg of l iver  and 0.5 m M  aniline was used 
as subs t ra te .  Af te r  incuba t ion  at  37~ for 30 rain., solut ions 
were deprote in ized  following submers ion  in boil ing water .  
Measurements  of fo rmat ion  of p - aminopheno l  were per- 
fo rmed by  coupl ing p -aminopheno l  w i th  phenol  to  form 
indophenol  s. 

Dose response of microsomal  enzymes  to  ni t rososar-  
cosine was de t e rmined  45 min  subsequen t  to t r e a tmen t .  
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Fig. 1. Effect of nitrososareosine on kinetics of mouse liver amino- 
pyrine demettlylase activity. 
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Groups of 5 mice were t r ea t ed  wi th  1000, 500, 250, or 
0 mg/kg  ni t rososarcosine  per  os. Animals  were t hen  killed 
and l ivers r emoved  for aminopyr ine  demethy lase  and 
anil ine hydroxy lase  de te rmina t ions .  

The t ime  course of the  response  was measured  at  
var ious  t imes  af ter  oral admin i s t r a t i on  of 1000 mg/kg  
ni t rososarcosine.  Animals  were sacrified 0, 0.25, 1, 3, and 
24 h af ter  t r e a t m e n t  and  samples  were t aken  for amino-  
pyr ine  deme thy la se  and  ani l ine hydroxy lase  ac t iv i ty .  

In  e x p e r i m e n t s  to  q u a n t i t a t e  the  effects  of ni t rososar-  
cosine on kinet ics  of aminopyr ine  demethylase ,  groups of 
6 mice were in jec ted  wi th  1,000 mg/kg  and killed 3 h later. 
Livers  f rom 6 mice were pooled and kinet ic  cons tan t s  of 
aminopyr ine  demethy lase  de te rmined  s. 

Ef fec ts  of d ibu ty ln i t rosamine  and d ime thy ln i t ro samine  
were de t e rmined  45 min  and 3 h to  subsequen t  to oral 
admin i s t r a t i on  each compound .  D ibu ty ln i t rosamine  was 
dissolved in d imethy l su l fox ide  and admin is te red  at  
doses of 1000, 500, or 250 mg/kg.  Re l ev an t  solvent  
controls  were a lways per formed.  In  the  case of d ime thy l -  
n i t rosamine ,  mice received 500 mg/kg,  dissolved in 
water .  

The inh ib i to ry  effects of ni t rososarcosine on microsomal  
aminopyr ine  demethy lase  and  anil ine hydroxy lase  acti- 
vi t ies  are shown in Table  I. At  a dose of 1000 mg/kg  
ni t rososarcosine  p roduced  59% and  6 2 ~  inhibi t ions  of 
aminopyr ine  deme thy la se  and  anil ine hydroxylase ,  
respect ively .  However ,  a t  low doses (250 mg/kg) 
inh ib i t ion  of aminopyr ine  demethy lase  and  aniline hydro-  
xylase  ac t iv i t ies  was only 27% and 18~o of which only 
the  f i rs t  was margina l ly  s ta t i s t ica l ly  s ignif icant  (p < 
o.o5). 

As can be seen on Table II ,  m a x i m u m  inh ib i t ion  of 
mierosomal  enzyme ac t iv i ty  occurs abou t  1 to 3 h sub- 
sequent  to t r e a t m e n t .  In  the  ease of aminopyr ine  de- 
methylase ,  enzyme  ac t iv i ty  was  suppressed by  45~o and  

Table III. Effect of nitrososarcosine on aminopyrine demethylase 
kinetics 

Treatment Km ~ Vm b 

(Mean 3= S,E.) (Mean 3= S.E.) 

Control 3.72 3= 0.55 4.34 3= 0.38 

Nitrososarcosine 6.14 4- 0.81 1.31 3=0.21 c 

* Expressed as mM aminopyrine, b Expressed as ~zmoles CHO formed 
per g liver per 10 rain. ~ Statistically different from control at 
p < 0.01. Groups of 6 mice were treated with 1000 mg/kg nitro- 
sosareosine and killed 3 h later. 
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Table IV. Effect of dimethylnitrosamine on mouse liver aminopyrine demetbylase activity 
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Treatment No. of animals Time Aminopyrine demethyIase activity ~ 

(Mean ~ S.E.) 

Control 7 -- 1.81 =t= 0.15 
Dimethylnitrosamine 7 45 min 1.56 -4- 0.16 
Dimethylnitrosamine 7 180 rain 1.44 4- 0.14 

Expressed as mMoles product per g liver per 10 rain. Groups of mice were treated with 500 mg/kg i.m. and killed at times indicated. Neither 
treated groups was different from control. 

46% at  1 and  3 h respec t ive ly  while only 18% and  24% at  
0.25 h and  24 h. Similar ly  anil ine hydroxy lase  ac t iv i ty  
was  inh ib i t ed  by  52% and  44% at  1 and 3 hours  and by  
only  19% and  1% at  0.25 and 24 h. In  the  case of each 
enzyme,  differences were s ta t i s t ica l ly  s ignif icant  a t  1 and 
3 h bu t  not  a t  0.25 or 24 h. 

D a t a  p re sen ted  in Table  I I I  ind ica te  t h a t  ni t roso-  
sarcosine non -compe t ive ly  inhib i t s  aminopyr ine  de- 
me thy la se  ac t iv i ty .  Al though  ni t rosarcosine  induced a 
1.65 fold increase in Kin, th is  difference is not  s ta t i s t ica l ly  
s ignif icant .  In  contras t ,  there  is a 70% suppress ion of V m  
in n i t rososarcos ine- t rea ted  mice, a difference which  is 
h ighly  s ignif icant  (p < 0.01). To more  clearly i l lustrate  
these  differences,  a L ineweaver -Burke  plot  f rom a typ ica l  
e x p e r i m e n t  is shown in Figure 1. 

In  order  to de t e rmine  whe the r  these  effects  were unique 
to  ni t rososarcosine,  2 o ther  n i t rosamines  were t e s t ed  under  
s imi lar  condi t ions .  As can be seen f rom Table  IV, di- 
m e t h y l n i t r o s a m i n e  at  20 t imes  the  LDs0 induced no 
inhib i t ion  of aminopyr ine  demethy lase  ac t iv i ty  wi th in  
3 h. Similar ly  d ibu ty ln i t rosamine ,  a b ladder  carcinogen 
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Fig. 2. Effect of dibutylnitrosamine on mouse liver aminopyrine 
pemethylase activity. 

in the  mouse,  induced  l i t t le  inh ib i t ion  of microsomal  
enzyme ac t iv i ty  (Figure 2). At  45 mill a f ter  t r e a t m e n t ,  
the re  was a 22% inh ib i t ion  of microsomal  enzyme 
ac t iv i ty  which was s ta t i s t ica l ly  d i f ferent  froli~ DMSO 
controls  (p < 0.01). However ,  ne i ther  po in t  was d i f fe rent  
f rom the  naive controls .  Similar  resul ts  were ob ta ined  3 h 
subsequen t  to  t r e a t m e n t .  A m i n o p y r i n e  demethy lase  
ac t iv i ty  in mice receiving 1000 mg/kg  d ibu ty ln i t rosamine  
was margina l ly  di f ferent  f rom t h a t  of DMSO controls  
(p < 0.05). E n z y m e  ac t iv i ty  in mice receiving 500 mg/kg,  
a l though  s imilar  to  the  1000 mg/kg  group, was no t  dif- 
ferent  f rom DMSO controls.  

D a t a  p resen ted  here indica te  t h a t  n i t rososarcosine  
induces a marked  t r ans i en t  inh ib i t ion  of mouse liver 
microsomal  enzyme act iv i ty .  The magn i tude  th is  inhibi-  
t ion appears  max i ma l  a t  I h af ter  exposure  and is to ta l ly  
reversed  at  24 h. Doses of n i t rososarcosine  necessary  to  
induce th is  effect  are 10-fold lower t h a n  the  toxic  doses 
for ni t rososarcosine.  At  LDs0 levels of ni t rososarcosine,  
there  is no hepatoce l lu lar  necrosis  7. T h a t  these  inh ib i to ry  
effects  are observed at  doses lower t h a n  acute  le tha l i ty  
levels and in an organ where  the re  is no acute  his to-  
pa tho logy  observed,  suggests  t h a t  th is  is a selective 
inh ib i to ry  response.  

The re levance  of observa t ions  t h a t  n i t rososarcosine  
inhib i t s  microsomal  mixed  funct ion  oxidase  ac t iv i ty  does 
no t  lie p r imar i ly  in the  loss of th is  i m p o r t a n t  funct ion  to  
t he  animals .  Cer ta inly  the  observa t ion  t h a t  th is  compound  
induces  cancer  indica tes  t h a t  inhib i t ion  of microsomal  
func t ion  is of secondary  impor tance .  However ,  i t  is 
un ique  t h a t  n i t rosarcosine  m a y  exer t  effects in an organ 
on wh ich  i t  has  no tox ic i ty  and t h e r eb y  appears  to  lack 
the  enzymes  to  ac t iva te  it. The complex i ty  of responses  to 
th is  n i t rosamine  m a y  therefore  be much  greater  t h a n  wi th  
o the r  n i t rosamines .  

Zusammen/assung. Nachweis ,  dass Ni t rosarcos in  im 
Gegensatz  zu Dimethy l -  und  D i b u t y l n i t r o s ami n  die 
n ich t funk t ione l l e  Oxidase in der  MXuseleber h emmt .  
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