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p robab ly  undergo ox ida t ion  and  are no t  ac t ive  anymore .  
I t  is possible t h a t  the  po lypep t ides  conta ined  in the  horne t  
v e n o m  are responsible  for t he  changes  observed in the  
tadpoles ;  th is  will be  the  subjec t  of fu r ther  inves t igat ion.  

Rdsumd. Le ven in  de la gu6pe (Vespa orientalis) 
suppr ime la m 6 t a m o r p h o s e  du t~ tard  de c rapaud  (Bu/o 
viridis) chez t o u s l e s  an imaux  trai t6s  au s tade  pr6m6ta-  
morph ique  et  chez 60% des an imaux  trai t6s  au s tade  

p rom6tamorph ique .  Onze des an imaux  trai t6s on t  mont r6  
un 6claircissement  de la peau. 
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In vivo Mutagenic Interaction of Nitrite and Ethylenethiourea 

Ethy l ene th iou rea  (ETU) is by  itself a weakly  mutagenic  x 
and carcinogenic 3, 3 decompos i t ion  ~ and  metabol ic  5 
p roduc t  of the  fungicidal  ethylene-bis-dithiocarbamates. 
Recen t ly  i t  has  been  repor ted  t h a t  ureas and  o ther  ni t ro-  
gen conta in ing  pest ic ides  and  food con taminan t s ,  a f ter  
n i t rosa t ion  wi th  sodium ni t r i te  in s imula ted  gastr ic  juice, 
become h ighly  mutagen ic  6-s and  carcinogenic 6,13 sub- 
stances.  Other  repor t s  have  shown t h a t  the  feeding of 
mice or ra t s  w i th  n i t r i te  and amines  or amides  leads to t he  
in vivo fo rmat ion  of the  respec t ive  N-n i t roso-der iva t ives  ~ 
and la ter  on in t he  life of the  animals  to t umor s  of various 
organs~Z. There  have  been, however ,  no in v ivo  m a m m a -  
l ian tes ts  for t he  mu tagen ic  ac t iv i ty  of such pest ic ides  
in te rac t ing  w i t h  n i t r i te  d i rec t ly  wi th in  the  animal.  For  
th is  r eason  we in t ended  to inves t iga te  the  effects  of an 
oral ly given mix tu re  of E T U  and  sod ium ni t r i te  on the  t2 
cyto logy of the  mouse  bone  marrow,  because the  micro-  
nucleus t e s t  is a simple,  rapid,  reliable mu tagen ic i ty  t e s t  
m e t h o d  t3-~5 which  is also easy to perform.  

We  began our expe r imen t s  w i th  p re l imina ry  in v i t ro  3 
studies,  in which  the  Salmonella typhimurium t es te r  
strains,  k indly  p rov ided  by  Prof.  13. N. AMES (Univers i ty  of 4 
California, Berkeley),  were used. The results  d i sp layed  in 
Table  I show the  large increase in t he  re la t ive  mutagen i -  5 
c i ty  when  a N-n i t rosa ted  E T U  was placed onto  t h e  t e s t  G 
plates.  

For  our ma in  task,  young female ICR mice ob ta ined  7 
f rom the  T ie rzuch t ins t i tu t  of t he  Unive r s i ty  of Ziirich 8 
were given the  var ious  t e s t  compounds  e i ther  oral ly or i.p. 
Two dosages of each compound  were applied.  For  the  i.p. 9 
appl icat ion,  the  compounds  were dissolved in sterile ~0 
physiological  saline, can ta in ing  3% DMSO. The con- 

11 
cen t ra t ion  of each c o m p o u n d  was calculated in such a way  
t h a t  a 30 g an imal  received the  p roper  dose in a vo lume of ~2 
0.50 ml. Orally given compounds  were dissolved in a 2% 
gum Arab solut ion and were appl ied  wi th  means  of a ~8 
s t om ach  tube.  4 mice were used for each concen t ra t ion  ~4 
and t h e y  received the  t e s t  subs tances  twice  24 h apar t .  ~5 

6 h af ter  t he  second appl icat ion,  the  mice were sacrificed 
and  the  bone  mar row smears  p repa red  and  s ta ined as 
descr ibed by  SCH~ID la 

TO d i f fe ren t ia te  clearly the  effects of the  E T U - n i t r i t e  
in te rac t ion  f rom those  of t he  single componen t s ,  we 
appl ied  t h e m  a t  t he  same dose levels as used in the  mix-  
ture.  Also included in th is  t e s t  were control  animals ,  
which  received no t r e a t m e n t ,  and a pos i t ive  control  w i th  
t he  known mu t ag en  Tren imon  (2, 3, 5-tris-ethyleneimino- 
benzoquinone-  (1, 4). 

Chromosome breakage,  as an express ion of mu ta t i ona l  
events ,  leads to the  fo rma t ion  of small,  separa te  micro-  
nuclei  in blood cells. They  are easiest  to  recognize in 
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Table I. Relative mutagenie activities of various compounds on Salmonella typhimurium strain his G 46 

Compound Concentration (raM) Relative mutagenicity Comments 

None -- 1.0 
ETU 1 2.5 
NaNO 2 5 1.5 
ETU + NaNO~ i + 5 14.0 
2-Aminopurine 0.5 10.0 

Spontaneous mutations 
Dissolved in DMSO 
Dissolved in acetate buffer (pH 4.5) 
Dissolved in acetate buffer (pH 4.5) 
Positive control, dissolved in water 

The plate test was performed as outlined by AMES 16 and modified by usK Relative mutagenicity is defined as the quotient from the mean 
number of colonies on the test plates divided by the mean nmnber of spontaneously arlzing colonies. 
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Table II. Incidence of micronucleated erytbrocytes in the bone marrow of mice 
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Compound Concentration (mg/kg) Micronuclei per 1000 polychromatic erythrocytes in Mode of application 
Polycbromat. erythroc. Normochromat. erythroc. 

None -- 3.8 3.5 -- 

ETU 450 3.0 2.5 i.p. 
150 2.0 3.5 

NaNO 2 150 2.8 2.0 p.o. 
50 2.5 1.3 

N~rtitroso-ETU 125 32.0 4.5 i.p. 

ETU + NaNO 2 600 50.9 2.6 p.o. 
(3:1 w/w) 200 28.4 3.1 

Trenimon 0.12 53.5 1.2 i.p. 
0.06 36.7 2.7 
0.03 18.0 5.0 

e ry th rocy tes ,  where  t h e y  are no t  expel led  toge the r  w i th  
the  nucleus.  As an added  advan t age  of th is  test ,  e ry thro-  
cytes  which  are younger  t h a n  24 to 30 h s ta in  blueish 
(po lychromat ic  e ry throcytes )  ins tead  of red (normochro-  
mat ic  e ry throcytes) .  This  allows one to  d is t inguish  bet -  
ween micronucle i  formed dur ing  (and poss ibly  because of) 
the  t r e a t m e n t  of tile an imal  and  those  formed before. By  
coun t ing  micronuclei  in poly-  and  no rmoch ro ma t i e  
e ry th rocy te s  separa te ly ,  the  increase of the  n u m b e r  of 
micronuclei  due to  the  t r e a t m e n t  is immed ia t e ly  evident .  
F u r t h e r m o r e  false pos i t ive  results  due to viral  infect ions  
or o ther  condi t ions  resul t ing  in a h igher  incidence of 
micronucle i  in single an imals  Call thus  easily be recognized 
and  excluded.  

Our expe r imen t s  - summar i zed  in Table  2 - showed 
clearly t h a t  the  single compounds  were mutagen iea l ly  
inact ive.  Only the  single assay wi th  N-n i t r o so -ET U  was 
seen to increase the  n u m b e r  of micronuclei .  I t  was theI1 
p re sumed  t h a t  the  f o r m a t i o n  of th is  der iva t ive  would also 
take  place in the  acid e n v i r o n m e n t  of the  s t omach  upon  
feeding the  animals  w i th  a mix tu re  of E T U  and  sod ium 
nitr i te .  If  the  so-formed N-ni t roso  de r iva t ive  could reach 
the  t a rge t  cells w i th in  t he  bone marrow,  an increase in the  
n u m b e r  of micronucIei  should - and  indeed  could - be 
seen. This d r ama t i c  increase in the  mutagen ic  ac t iv i ty  of 
2 subs tances ,  w h e n  given together ,  d e m o n s t r a t e s  again 

16 B. N. AMES, in Chemical Mutagens (Ed. A. Hollaender; Plenum 
Press, New York 1971), vol. 1, p. 267. 

17 This work is supported by grant No. 3.7040.72 from the Swiss 
National Foundation. I am most grateful for the thorough 
instructions on the mieronucleus test given by Prof. W. SCHMID 
and Mr. F. BINKEST (Genetics Laboratory, Universit~its-Kinder- 
klinik, Ziirich). 

tile poss ibi l i ty  of a noxious  in te rac t ion  of the  food add i t ive  
sodium ni t r i te  w i th  aminic  or amidic  food componen t s :  
Chemical  reac t ions  combine  in vivo the  2 more  or less 
harmless  subs tances  forming  a dangerous  product ,  which  
is t h e n  d i s t r ibu ted  t h r o u g h o u t  the  organism.  H av ing  
reached a t a rge t  site, th is  c o m p o u n d  m a y  cause e i ther  a 
mutagen ic  a l te ra t ion  in a germ cell or ma l ignan t  t ransfor-  
ma t i o n  of a somat ic  cell. In  the  former  case, t he  damage  is 
t r a n s m i t t e d  to  the  offspr ing and to  fu ture  generat ions ,  
whereas  in the  la t t e r  case a l ready  the  exposed  ind iv idua l  
m i g h t  develop cancer.  The i nvo lun t a ry  and  ind iscr imina te  
up take  of food add i t ives  and  food c o n t a m i n a n t s  can thus  
have  more  or less immed ia t e  as well as far reaching effects.  
Tile claim t h a t  over  80% of the  cancer  cases are of environ-  
men t a l  origin could t h e n  well become s u b s t an t i a t ed  by  
more  research in to  the  areas of chemical  in teract ions .  Also 
more  a t t en t i on  has been pa id  in the  last  few years  to the  
genet ic  effects of env i ronmen ta l  chemicals.  Cer ta inly  the  
t ime  has come to  inves t iga te  wi th  all possible means  tile 
genet ic  consequences  of such combina t ions  and  in vivo in- 
teract ions .  Our f indings  p resen ted  here show clearly t h a t  
the  poss ibi l i ty  of mutagen ic  effects t h ro u g h  ill v ivo oc- 
curr ing chemical  in te rac t ion  of two a p p a r e n t l y  harmless  
subs tances  has  to  be t aken  in to  account  when  tes t ing  
chemicals  for safe ty  purposes .  

Zusammen/assung. N-Ni t ro so -Athy l en th ioha rns to f f  
induzier t  Mu ta t i onen  in Salmonella typhimurium. Diese 
Ve rb indung  wird  im Magen yon  M~usen aus N a t r i um-  
n i t r i t  und  A t h y l en t h i o h a rn s t o f f  gebi ldet ;  ihre Mutageni-  
tS~t wird  mi t  Hilfe  des Mikrokern tes t s  gezeigt. 
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A Negative Cooperative Binding Process Between Chloramphenicol and Sodium Dodecyl 
Sulphate to Bovine Serum Albumin: A Possible Effect on Drug Absorption 

Sur fac tan t  inf luence on drug  absorp t ion  is a well 
es tabl ished fact  1. The mechan i sm for th is  effect  has  been  
re la ted  to  d i f ferent  factors,  such as drug  solubi l izat ion 
above  the  crit ical micelle concen t r a t ion  (CMC)2, we t t i ng  
of the  m e m b r a n e  surface 3-8, s t ruc tura l  modif icat ions  of the  
membraneT,  S and  in te rac t ions  wi th  the  dosage formg, 10. 

Ally inf luence of premicel lar  concen t ra t ions  on m e m b r a n e  
t r anspo r t  is general ly  ascribed to changes  in m e m b r a n e  
pe rmeab i l i ty  following tile in te rac t ion  of su r fac tan t s  mono~ 
mers  wi th  one or more  b i o m e m b r a n e  cons t i tuents .  

A previous  a t t e m p t  11 to f ind a possible  exp l ana t i on  to  
the  effect  t h a t  su r f ac t an t  m o n o m e r s  m i g h t  have  on 


