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Induced  D o m i n a n t  Letha l s  in F e m a l e  Mice:  Effects  of T r i a z i q u o n e  and P h e n y l b u t a z o n e  

Al though  the  induct ion  of d o m i n a n t  le thals  in female 
mice m a y  be jus t  as i m p o r t a n t  in t e s t ing  the  mu tagen i c i t y  
of cer ta in  types  of chemicals  as t he  m o r e  usual  assay in 
males,  females  are considered less su i tableL This  is 
main ly  clue to  the  fact  t h a t  a va r i e ty  of non-gene t ic  
factors  are capable  of in ter fer ing  wi th  t he  o v u m  and 
ovulat ion,  w i th  fer t i l iza t ion and  cleavage and wi th  
implan ta t ion .  On the  o ther  hand ,  oocytes  en te r ing  meta -  
phase  I and  progress ing to  m e t a p h a s e  I I  are pa r t i cu la r ly  
suscept ible  to  t he  induc t ion  of d o m i n a n t  lethals.  Since, 
in con t ras t  to the  spe rma tocy te ,  the  female gamete  a t  
th is  s tage is no t  subjec t  to  selection before fert i l izat ion,  i t  
m a y  be especial ly well sui ted for the  de tec t ion  of p r i m a r y  
mutagen ic  events  ~. I t  has  r epea ted ly  been d e m o n s t r a t e d  
t h a t  chemical ly  induced d o m i n a n t  le thals  in females  are 
in fact  of a genet ic  na ture ,  i. e. due to ch romosomal  aberra-  
t ion  2-~. 

Tr iaz iquone was shown by  R6HRBORN and  BERRANG 6 
to induce d o m i n a n t  le thals  by  in terfer ing e i ther  wi th  the  
d ic tya te  s tage of oocytes  in young  female  C 3H mice or 
w i th  the  oogonia of embryos  in utero. F u r t h e r  expe r imen t s  

Table I. Experiment 1: Dominant lethal effect of 0.25 mg/kg 
triaziquone administered to female CFLP-mice in pro-oestrus 

Controls Triaziquone 

No. oI fertilized ~ 24 31 

Corpora lutea total 258 268 
10.75 8.65 ~ 

s (-t-) 2.95 3.37 
Implantations total 260 296 

10.83 9.55 
s (4-) 2.88 2.9o 

Live implants total 242 203 
X- 10.08 6.55~ 
s (4-) 3.33 3.62 

Dead implants total 18 93 
% 6.9 31.4 b 

Student's t-test, p < 0,01 b z2_tesf, p ~ 0,01. 

suggested t h a t  t he  p re -ovu la to ry  and  ovu la to ry  stages,  
i .e .  oocytes  en te r ing  m e t a p h a s e  I and  m e t a p h a s e  II ,  
were par t icu lar ly  sensit ive.  In  order  to  def ine the  s tages 
t h a t  were  af fec ted  by  the  t r e a t m e n t L  ovula t ion  was 
' synchron ized '  by  t r ea t ing  the  females  w i th  gonado2 
t roph in  3. Since th is  procedure  seemed to us to  have  a 
n u m b e r  of d i sadvan tages  in rout ine  test ing,  we a t t e m p t e d  
to  t ime  ovula t ion  by  careful observa t ion  of the  oestrus  
cycle only. 

In  t he  expe r imen t s  described,  the  effect  of t r i az iquone  
t r e a t m e n t  was compared  wi th  t h a t  of pheny lbu tazone ,  a 
drug  known  to cause ne i the r  d o m i n a n t  le thals  nor  cyto-  
genet ic  changes  in male  germ cells of the  mouse s, ~. 

Mater ia ls  and methods. Groups of 9-week-old female mice 
of t he  C F L P  s t ra in  (Labora tory  Animals ,  Carwor th  
Europe,  Hun t ingdon ,  England)  were each in jec ted  i .p .  
w i th  0.25 mg/kg  of t r i az iquone  (2, 3, 5- t r ie thyleneimino-  
benzoquinone-1,  4) in 1 ml  of saline, e i ther  a t  pro-oes t rus  
(Expe r imen t  1) or a t  la te  pro-oes t rus /oes t rus  ( E x p e r i m e n t  
2). W i t h i n  45 min  of the  admin i s t r a t i on  of the  drug, 3 of 
t he  t r e a t ed  females  were m a t e d  w i t h  one un t r ea t ed  male  
of t he  same age and  breed.  15.5 h later,  the  females  were 
e x a m i n e d  for t he  p r e s en ce  of a vaginal  plug;  only  those  
t h a t  h a d  copu la ted  were  re ta ined  in t he  exper iments .  
For  compar ison,  groups of N M R I - m i c e  ob ta ined  f rom our 
own breeding  uni t  were also t r ea t ed  in expe r imen t  2. 

In  E x p e r i m e n t  3, u n t r e a t e d  C F L P  males and females  
were ma ted ,  again in a ra t io  of 3:1, and  the  females  in 

1 A. J. BATE~IAN and S. S. EPSTEIN, in Chemical Mutagens, Principles 
and Methods ]or their Defection (Ed. A. HOLLAENDER; Plenum 
Press, New York-London 1971), vol. 2, p. 541. 

2 W. M. GENE~OSO, Genetics 61,461 (1969). 
3 G. R6RRBORN, in Chemical Mutagenesis in Mammals and Man 

(Eds. F. VOGEL and G. R6RRBORN; Springer-Verlag, Berlin 1970) 
p. 294. 
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Table II. Experiment 2: Dominant lethal effect of 0.25 mg/kg triaziquone administered to CFLP and NMRI female mice at leta pro-oestrus 
and oestrus 

CFLP mice NMRI mice 

Controls Triaziquone Controls Triaziquone 

No. of fertilized ~ 37 39 37 33 
Corpora lutea total 515 512 456 387 

X 13.92 13.13 12.32 11.73 
s (4-) 2.36 1.96 1.53 2.59 

Implantations total 462 435 403 346 
12.49 11.15 10.89 10.48 

s (_E) 2.88 2.31 2.47 2.05 
Live implants total 430 331 367 257 

11.62 8.49 ~ 9.92 7.79 �9 
s (4-) 3.07 2.40 2.94 2.55 

Dead implants total 32 104 36 89 
% 6.9 23.9 b 7.9 23.0 ~ 

student's t-test, p = ~ 0.01. bx2-test, p ~ 0,01. 



15. 2. 1973 Specialia 191 

Table III. Experiment 3: Effects of 0.0I and 0.25 mg/kg triaziquone administered to female CFLP mice on the first day post eoitum 

Controls Trfaziquone Controls Triaziquone 
0.01 mg/kg 0.25 mg/kg 

No. of fertilized ~ '39 36 37 3b 
Corpora lutea total 494 435 463 7 

12.67 12.08 12.51 2.33 ~ 
s (--) 2.98 2.78 3.00 7.00 

Implantations total 488 407 453 15 
X 12.51 11.31 12.24 5.00 �9 
s (-~) 3.04 3.10 2.84 6.93 

Live implants total 452 338 402 1 
-X 11.59 9.39 ~ 10.86 0.33 �9 
s (~) 3.14 3.35 3.41 0.58 

Dead implants total 36 69 51 14 
% 7.4 17.0 b 11.2 93.3 b 

Student's t-test, p =< 0,01. b z~.test, p ~ 0,01. 

which  a vaginal  plug was found,  were in jec ted  wi th  t r i -  
az iquone  0.01 or 0.25 mg/kg  i .p .  15.5 h later,  i .e .  on the  
f i rs t  day  pos t -co i tum.  

E x p e r i m e n t  4 was conduc ted  on C F L P  mice a t  oest rus  
in t he  same way  as E x p e r i m e n t  2, excep t  t h a t  the  animals  
were t r ea t ed  wi th  p h e n y l b u t a z o n e  (13utazolidin | The  
d rug  was  given by  the  oral  rou te  in a dose of 400 mg/kg  
in 10 ml /kg of 2% carboxymethyl -ce l lu lose .  This  dose 
cor responds  to abou t  1/3 of t he  oral LDs0 in th is  species. 

Th roughou t  the  exper iments ,  the  an imals  were kep t  
unde r  the  usual  12 h darkness- l ight  condi t ions  a t  a t emp e -  
r a tu re  of 22 =~ 1~ 14 days  af ter  t he  de tec t ion  of the  
vaginal  plug, t he  p r e g n a n t  an imals  were sacrif iced and  the  
corpora  lutea  and  l iving and  dead  imp lan t s  counted .  
D e c i d u o m a t a  as well  as dead  embryos  were classed as 
d e a d  implan ts .  

T h e  r ep roduc t ion  p a r a m e t e r s  were ana lysed  s ta t i s t ica l -  
ly. The s ta t i s t ica l  s ignificance of t he  differences  in the  
n u m b e r s  of corpora  lutea,  to ta l  imp lan t s  and  live imp lan t s  
was eva lua ted  by  the  t - tes t  and  t h a t  of t he  concept ion  
ra te  and  the  n u m b e r  of dead imp lan t s  by  the  )~2-test. 
_P-values of G 0.01 were cons idered  as s ignif icant .  

Results.  W h e n  given a t  pro-oestrus ,  t r i az iquone  had  no 
inf luence on the  concept ion  rate,  a l though  the  n u m b e r  of 
corpora  lutea  was s igni f icant ly  decreased.  The imp lan ta -  
t ion  ra te  d id  no t  change,  b u t  s igni f icant ly  fewer live 

Table IV. Experiment 4: Effect of 400 mg/kg phenylbutazone 
administered orally to female CFLP mice at oestrus 

Controls Phenylbutazone 

No. of fertilized ~$ 13 14 

Corpora lutea total 129 156 

9.92 11.14 
s (~_) 5.16 2.54 

Implantations total 143 151 
11.00 10.79 

s (el=) 3.74 3.09 
Live implants total 116 138 

"X 8.92 9.86 
s (~z) 5.47 2.85 

Dead implants total 27 13 
% i8.9 8.6 

i m p l a n t s  were  found  and  the re  was  a cor responding  
increase in t he  p ropor t ion  of dead  i mp l an t s  ( E x p e r i m e n t  1, 
Table  I). T r e a t m e n t  of t he  females  in late  pro-oes t rus  
( E x p e r i m e n t  2) af fec ted  ne i the r  t he  n u m b e r  of corpora  
lutea  nor  the  overal l  i m p l a n t a t i o n  rate,  bu t  there  was a 
s ignif icant  shif t  in the  ra t io  of dead  and live implan ts .  
The resul t  ob ta ined  in t he  two d i f ferent  s t ra ins  of mice  
were near ly  ident ical  (Table II).  

W h e n  0.25 mg/kg  of t r i az iquone  was given on the  f i rs t  
day  pos t -co i tum,  there  was a ma rk ed  decrease in t h e  
concep t ion  rate,  in the  n u m b e r  of corpora  lu tea  and  in 
b o t h  the  overal l  i m p l a n t a t i o n  ra te  and  the  n u m b e r  of 
l iving implan ts .  The p ropor t ion  of dead  i mp l an t s  amo u n t -  
ed to  93%. By  con t ras t ,  a dose of 0.01 mg/kg  did no t  
af fect  concept ion,  nor  was the re  any  change in t he  im- 
p l a n t a t i o n  rate.  The n u m b e r  of l iving embryos ,  however ,  
was s igni f icant ly  decreased and  the  n u m b e r  of dead  
imp lan t s  cor respondingly  grea ter  ( E x p e r i m e n t  3, Table  
III) .  

T r e a t m e n t  w i th  p h e n y l b u t a z o n e  had  no effect  on any  
of  the  pa rame te r s  ex ami n ed  ( E x p e r i m e n t  4, Tab le  IV). 

Discussion.  A signif icant  r educ t ion  in t he  n u m b e r  of 
live embryos  a n d  a cor responding  increase in t h e  n u m b e r  
of dead  i m p l a n t s  in re la t ion to  t he  to ta l  i m p l a n t a t i o n  
ra te  m a y  be t a k e n  as ev idence  of a d o m i n a n t  le thal  
effect  i,i~ P o s t - i m p l a n t a t i o n  loss is held  to be a more  
re levan t  cr i ter ion of m u t a g e n i c i t y  t h a n  pre i m p l a n t a t i o n  
loss of zygotes.  The la t te r ,  e s t i m a t e d  f rom the  dif ference 
be tween  the  n u mb er s  of corpora  lutea  and  to t a l  implan ts ,  
is easily modi f ied  b y  non-genet ic  (i.e. ho rmona l  and  
cytotoxic)  factors.  

Alkyla t ing  agents,  and  even more  so gonado t roph in  
t r ea tmen t ,  are k n o w n  to  give rise to  superovula t ion ,  
which  in itself is l ikely to increase p re - imp lan t a t i on  loss 3. 
Since only  fer t i le  ma t ings  were considered,  the  d i f f icul ty  
of deciding w h e t h e r  s ter i l i ty  is a t t r i bu t ab le  to  t he  dea th  
of t he  ovum a f t e r  fer t i l iza t ion or to  inh ib i t ion  of ovula t ion  
and  fer t i l iza t ion  was c i r cumven ted  e, 

The suscept ib i l i ty  of oocytes  changes  rap id ly  dur ing  
the  pre-  and  pos tovu la to ry  s tages of meiosis  and, a t  least  
in expe r imen t s  wi th  X-rays ,  i t  was r eg a rd ed  as essent ial  
t h a t  t h e  t r e a t m e n t  s h o u l d . b e  e x a c t l y  t i m e d l l ,  1~. In  

l0 G. R6ItRBORN, Humangenetik 6, 345 (1968). 
11 L. t3. RUSSELL and W; L. RUSSELL, in Progress in Radiobiology 

(Eds. J. S. MITCHELL, B. E. HOLMES and C. L. SMITH; Oliver and 
Boyd, London 1955), p. 187. 

12 R. G. EDWARDS and A. G. SEARLE, Genet. Res. d, 389 (1963). 



192 Specialia EXPERIENTIA 29/2 

s tud ies  w i t h  chemica l  agents ,  i t  seems suff ic ient  to  consider  
t he  sens i t ive  s tages  b road ly ,  s ince a n y  effect  occurr ing  a t  
t he  t i m e  will  depend  on  t he  local  ava i l ab i l i t y  of r eac t ive  
compound .  P ro-oes t rus  is the  ear l ies t  s tage  a t  wh ich  
m a t i n g  can  t ake  place, a n d  ovu l a t i on  begins  a b o u t  8 h 
the rea f te r .  D u r i n g  th i s  t ime,  oocytes  e n t e r  m e t a p h a s e  I 
a n d  m e t a p h a s e  I I  ; 26 h a f t e r  ea r ly  m a t i n g  t he  f i rs t  zygotes  
in mi tos is  I are found  7. 

The  e x p e r i m e n t s  w i t h  t r i a z i quone  d e m o n s t r a t e d  t h a t  
t r e a t m e n t  a t  l a te  p ro-oes t rus  and  oes t rus  ( E x p e r i m e n t  2) 
was precise ly  enough  t i m e d  to  induce  a h i g h  n u m b e r  of 
d o m i n a n t  l e tha l s  w i t h o u t  a f fec t ing  concept ion ,  ovu la t ion  
a n d  the  i m p l a n t a t i o n  ra te .  P r ac t i c a l l y  iden t i ca l  resu l t s  
were o b t a i n e d  in two d i f fe ren t  s t r a ins  of mice, B y  and  
large, our  resu l t s  are c o m p a r a b l e  w i t h  those  o b t a i n e d  b y  
ROHRBORN ~ w i t h  t r i a z i quone  a f t e r  h o r m o n a l  p r e t r e a t -  
m e n t .  

I n  E x p e r i m e n t  3, in  wh ich  t r e a t m e n t  is a s s um ed  to  
h a v e  been  a d m i n i s t e r e d  be t w een  ovu l a t i on  a n d  mi tos i s  I, 
cy to tox ic  effects in t e r fe red  m a r k e d l y  w i t h  fer t i l i ty ,  
p a r t i c u l a r l y  a t  t he  h igher  dose of t r i a z iquone  (0.2 5 mg/kg) .  

I n  c o n t r a s t  to  t he  a l k y l a t i n g  agent ,  p h e n y l b u t a z o n e  
h a d  no  effect  w h e n  g iven  a t  t h e  sens i t ive  s tage  of oocyte  

d e v e l o p m e n t ;  in  th i s  respec t  t he  resu l t s  of t h e  p re sen t  
e x p e r i m e n t  are in keep ing  w i t h  t he  nega t i ve  resu l t s  
o b t a i n e d  in o the r  types  of m u t a g e n i c i t y  s t u d y  on somat i c  
or gonada l  cells ~, 6, x~. 

Zusammen/assung. Bei  we ib l i chen  M~usen induz ie r t e  
T r i a z i q u o n  u n t e r  k o n v e n t i o n e l l e n  L a b o r a t o r i u m s b e -  
d i n g u n g e n  d o m i n a n t e  Le ta l f ak to ren ,  wenn  die S u b s t a n z  
im Pro-Oes t rus  oder  im Oes t rus  v e r a b r e i c h t  wurde .  
Wen ige r  gu t  geeignet  erwies s ich diese A p p l i k a t i o n  wenige 
S t u n d e n  n a c h  Kopu la t i on ,  da  e m b r y o t o x i s c h e  W i r k u n g e n  
au f t r a t en .  I m  Gegensa tz  zu T r i a z i q u o n  f i ihr te  P h e n y l -  
b u t a z o n  - we ib l i chen  M/iusen im Oes t rus  v e r a b r e i c h t  - 
n i ch t  zu d o m i n a n t e n  Le ta le f fek ten .  

L. IV[ACHEMER and  R. HESS 

Biological Research Laboratories, 
Pharmaceuticals Division o / C I B A - G E I G Y  Limited, 
CH-dO02 Basel (Schwitzerland), IO October 1972. 
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Le L u m o m a g n 6 s o n :  m a r q u e u r  f l u o r e s c e n t  de l 'os  

~ANToINE MIZAUIL m6dec in  de Par is ,  p a r a t t  avo i r  re- 
m a r q u 6  le p r emie r  vers  le mil ieu du seizi~me sibcle, l ' a c t ion  
de la ga rance  sur  les os. Mais il t a u t  a v o u e r  que l ' obse rva -  
t ion  de MIZAUD 6ta i t  e n t i ~ r e m e n t  oubli6e, lorsque plus  
d ' u n  si6cle et  demi  apr~s lui, BELCHIER et  ])UHAMEL 
appel&rent,  sur  le fa i t  i m p o r t a n t  d o n t  il s 'agi t ,  l ' a t t e n t i o n  
des anatomistes~>. C 'es t  en  ces t e rmes  que F L O U R E N S  1 

rappe l le  la p remie re  o b s e r v a t i o n  de m a r q u a g e  in v ivo  du  
sque le t t e  et,  en  m6me t emps ,  6voque l ' i n t6 r6 t  de ce t te  
t echn ique .  

Mais c 'es t  d u r a n t  les v i n g t  derni~res ann6es,  que de 
g rands  progrbs  se son t  p rodu i t s  dans  la raise au p o i n t  de 
d ivers  m a r q u e u r s  f tuorescents  de l 'ost6og6n~se. Ou t r e  
l ' a l izar ine  ex t r a i t e  de la garance,  on  a vu  succes s ivemen t  
les t6 t racyc l ines  s, la querc6 t ine  a, les p o r p h y r i n e s  4,s, la  
calc6ine ve r t e  6, les d i f f6rents  Procions% s, la calc6ine 
b leue  9 et  enf in  le xy leno lo range  10 

Cet te  g rande  var i6 t6  e t  la g a m m e  de couleurs  d isponi-  
bles r6du i sen t  sans  dou te  la va l eu r  d ' u n e  recherche  de 
n o u v e a u x  m a r q u e u r s  du  ca lc ium en voie de d6p6t  dans  le 
t i ssu  osseux. Cependan t ,  Ie sque le t t e  compor t e  d ' a u t r e s  
sels m i n 6 r a u x  d o n t  te r61e 6ven tue l  es t  t r op  s o u v e n t  im-  
pr6cis e t  d o n t  le mode  d ' i n c o r p o r a t i o n  est  real  connu.  
P a r m i  ceux-ci, nous  savons  que 1-e m a g n 6 s i u m  est, q u a n t i -  
t a t i v e m e n t ,  le qua t r i~me  ca t ion  de l'os. La  moi t i6  du  
m a g n 6 s i u m  t o t a l  du  corps h u m a i n  se t r o u v e  dans  le 
squele t te .  L a  raise en  6vidence de ce min6ra l  au  m o m e n t  
de sa p6n6 t r a t i on  dans  l 'os p o u r r a i t  done  p r6sen te r  u n  
ce r t a in  int6r6t .  

Cer ta ins  au t eu r s  ~, ~* cons id~ren t  le L u m o m a g n 6 s o n  ~ 
comme le p r o d u i t  le m i e u x  a d a p t 6  5  ̀la d6 tec t ion  du  ma-  
gn6s ium en f luorom6t r ie  de so lu t ions  aqueuses .  Nous  
avons  pens6 ut i l i ser  ce t te  p ropr i6 t6  en a d m i n i s t r a n t  le 
L u m o m a g n 6 s o n  5  ̀l ' a n i m a l  v i v a n t  avec  l ' espoi r  d ' y  m a r q u e r  
en f luorescence le m a g n 6 s i u m  au  m o m e n t  de son d6p6t  dans  
le t i ssu  osseux. Toutefois ,  a v a n t  d ' e n t r e p r e n d r e  l 'exp6r i -  
m e n t a t i o n  in vivo,  il 6 t a i t  n6cessaire  de d 6 t e r m i n e r  avec  
ce r t i t ude  si le L u m o m a g n 6 s o n  * ta i t  r6e l l ement  s61ec t i I  
dans  la mise en  6vidence,  in  v i t ro ,  du  magn6s ium,  p a r  
f tuorom6tr ie .  Les essais on t  d6mon t r6  q u ' e n  Ia i t  ce pro-  
du i t  d6tec te  p a r f a i t e m e n t  le m a g n 6 s i u m  mais  qu ' i l  d6cgle 

6ga lemen t  les t r aces  de ca lc ium q u o i q u ' e n  p r o d u i s a n t  une  
f luorescence moins  i n t ense  que  p o u r  le magn6s ium.  Des 
mesures  q u a n t i t a t i v e s  pr6cises n ' o n t  pas  6t6 effectu6es, le 
seul fa i r  q u a l i t a t i f  de la  n o n  s61ectivit6 r igoureuse  6 ran t  
su f f i san t  pou r  ne pas  consid6rer  le L u m o m a g n 6 s o n  c o m m e  
d6 tec t eu r  exclusif  du  magn6s ium,  ma i s  bien,  5  ̀ la lois, du  
m a g n 6 s i u m  et  du  calc ium.  

Technique. Le L u m o m a g n 6 s o n  es t  u n  sel sodique  du  
2 -hydroxy-  3-sulfo-5-chloroph6nylazo-  1-acid ba rb i t u r i que ,  
t r6s soluble  dans  l 'eau.  La  so lu t ion  5  ̀ 50 m g  p a r  ml  fur  
utilis6e. Dix  j eunes  chiens  (~g6s de 3 5  ̀ 6 mois) on t  re~u 
des in jec t ions  p a r  d iverses  voies. Les q u a n t i t 6 s  su ivan te s  
de L u m o m a g n 6 s o n  on t  6t6 in ject6es :  p a r  vois  i: p., de 
50 ~ 300 m g / k g  & a n i m a l ;  p a r  voie  i. v. de 10 k 20 mg/kg ;  
p a r  vole i. m., de 50 5. 80 mg/kg.  Les in jec t ions  n ' o n t  pro-  
voqu6  aucune  r6ac t ion  chez les a n i m a u x  d 'exp6r ience .  Le 
p r o d u i t  a 6t6 p a r f a i t e m e n t  to16r6. Les chiens  on t  6t6 sacri-  
figs 5  ̀ des in te rva l l es  v a r i a n t  de 2 h. ~ 15 jours  apr~s 
l ' in jec t ion .  Les pi~ces osseuses on t  sub i  les m a n i p u l a t i o n s  
de rou t ine  p o u r  l ' en robage  au  m6 th6c ry l a t e  de m6 thy le  
(passages successifs au m6thano l ,  ch loroforme et  toluol).  
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