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C o m p a r a t i v e  D o m i n a n t  Letha l  S t u d i e s  w i t h  P h e n y l b u t a z o n e ,  T h i o - T E P A  and M M S  in  the  M o u s e  

Of the  var ious  m e t h o d s  used to  f ind  ou t  w h e t h e r  a d rug  
is po t en t i a l l y  mutagen ic ,  in v ivo  e x p e r i m e n t s  in m a m m a l s  
are cu r r en t l y  cons idered  t h e  m o s t  r e l i ab lek  In  v i t ro  s tu-  
dies are no d o u b t  useful in assessing c y t o p a t h i c  ac t iv i ty ,  
inc luding ch romosoma l  changes,  b u t  t h e  resu l t s  ob ta ined  
are no t  necessar i ly  appl icable  to  t he  i n t ac t  an imal  or man.  

The  p r e s e n t  s tud ies  were  u n d e r t a k e n  as a resu l t  of 
f ind ings  pub l i shed  by  ~VISSMOLLER and  GEBHART 2 on 
cy togene t i c  effects  of p h e n y l b u t a z o n e  (Butazol id in  ®) on 
h u m a n  leucocytes  in vi t ro .  In  order  to  de t e rmine  w h e t h e r  
p h e n y l b n t a z o n e  m i g h t  poss ib ly  possess  mu tagen i c  pro-  
pert ies,  the  ac t iv i ty  of t he  c o m p o u n d  was compa red  wi th  
t h a t  of t h e  k n o w n  m u t a g e n s  T h i o - T E P A  and  MMS in t h e  
d o m i n a n t  le thal  t e s t  3 in the  mouse.  The  va l id i ty  of th i s  
m e t h o d  has  been  conf i rmed by  var ious  authors ,  inc luding 
pa r t i cu la r ly  ROEHRBORN 4, as well as by  ourselves  ~. 

M e t h o d .  Nine-week-old  male  mice of t he  C F L P  s t ra in  
which  were  kep t  unde r  s t a n d a r d i z e d  condi t ions  were gi- 
ven  single i.p. doses of 50 and  100 mg/kg  of the  sod ium 
sal t  of p h e n y l b u t a z o n e  dissolved in dis t i l led water .  These  
doses cor respond  to  1[6 and  ~/a of t he  pa ren t e r a l  LD~0 in 
th is  species. The vo lume  of t he  dose was  1 ml  in each case. 
E a c h  dose was  given to  20 mice,  which  were  m a t e d  weekly  
w i t h  60 u n t r e a t e d  vi rgin  females  (3 per  male) for frac- 
t i o n a t e d  s tudies  of spermatogenes i s .  The  e x p e r i m e n t  ex- 
t e n d e d  over  8 consecut ive  m a t i n g  periods,  beg inn ing  on 
the  day  of admin i s t r a t ion .  

U n d e r  t he  same expe r imen ta l  condi t ions ,  t he  poly-  
func t iona l  a lky la t ing  agen t  t r i e t h y l e n e t h i o p h o s p h o r a m i d e  
(Thio-TEPA),  and  the  monofunc t i ona l  a lkyla t ing  agen t  
m e t h y l  m e t h a n e s u l f o n a t e  (MMS) were  t e s t ed  over  5 
m a t i n g  periods,  to  serve  as pos i t ive  cont ro ls  to  pheny l -  
bu tazone .  T h i o - T E P A  was  admin i s t e r ed  i.p. in doses  of 
5 and  10 mg/kg  and  MMS by the  s ame  route  in doses  of 50 
and  100 mg/kg,  in physiological  saline. A t  each dose-level  
T h i o - T E P A  was  g iven to  20 and  MMS to 10 males,  each  
of which  was  m a t e d  w i t h  3 females  per  ma t i ng  period.  

A group  of 50 males,  each  of wh ich  was  g iven 1 mt  of 
t h e  so lvent  by  i.p. in jec t ion  and  was  m a t e d  wi th  3 females  
each  week, se rved  as nega t ive  controls .  

On t h e  15th d a y  of ges t a t ion  (the day  on which  spe rma-  
tozoa  were  found  in  t he  vagina l  smea r  be ing t aken  as t h e  
f i rs t  day)  t he  darns  were  au tops ied  and  the  ra te  of pos t -  
i m p l a n t a t i o n  loss (dec iduomata  and  dead  embryos)  was  

calculated.  This  is g iven  as a pe rcen tage  of all i m p l a n t a -  
t ions,  and  cons t i t u t e s  t he  ma in  cr i ter ion of evaluat ion .  
P r e - i m p l a n t a t i o n  loss, i.e. zygotes  t h a t  h a d  died "before 
imp lan t a t i on ,  was  l ikewise ca lcula ted  by  reference  to  t h e  
ra te  of imp lan t a t i on .  

The  s ta t i s t i ca l  eva lua t ions  were  based  on t h e  r e l evan t  
cont ro l  va lues  for each  m a t i n g  period.  The  resul ts  were  
f i rs t  t e s t ed  to  asce r ta in  w h e t h e r  t he re  was  a n y  'pos i t ive  
ev idence '  of induced  d o m i n a n t  le thal  fac tors  6. F o r  th i s  
purpose ,  the  n u m b e r s  of l iving and  dead  i mp l a n t s  were  
s u b m i t t e d  to  t he  z2-test. To ver i fy  t he  results ,  a t - tes t  for 
' nega t ive  ev idence '  was  per formed*,  in which  the  ra tes  of 
l iving i mp l a n t s  in the  contro l  and  t r e a t e d  groups  were  com- 
pa red  w i t h  one another .  F u r t h e r m o r e ,  in order  to ascer- 
t a in  w h e t h e r  t he  t e s t  subs tances  h a d  any  inf luence on the  
p r e - i m p l a n t a t i o n  s tages oI gesta t ion,  t he  i m p l a n t a t i o n  
ra tes  in t he  contro l  and  t r e a t m e n t  groups  were c o mp a r e d  
(t-test). 

Resu l t s .  P o s t - i m p l a n t a t i o n  loss: The t es t  for pos i t ive  
evidence  of induced  d o m i n a n t  le tha l  fac tors  (z2-test, pro-  
bable  error  p ~ 0.01) showed t h a t  doses of 5 and  10 m g / k g  
of T h i o - T E P A  were h ighly  ac t ive  on the  pos t -meio t i c  
s tages of spe rmatogenes i s ;  the  dose of 10 mg/kg  also 
exe r t ed  a weak  effect  on meiot ic  s tages  (Table I). 

MMS in doses o f  50 and  100 mg/kg  exer ted  a h igh ly  
le tha l  effect  in m a t i n g  per iods  I and  II ,  so t h a t  p redomi -  
n a n t l y  t he  ep id idymal  and  tes t i cu la r  spe rma tozoa  were  
af fec ted;  t he  h igher  dose also had  a s l ight  effect  on sper-  
ma t id s  (mat ing  per iod  I I I ) .  Meiotic s tages  were  no t  in- 
f luenced b y  MMS (Table II).  
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Table I. Thio-TEPA: elfeet of single i.p. injection in dominant lethal test in the CFLP-mouse 

Mating Dose No. No. of implantations No. of live implants No. of dead 
period (mg/kg i.p.) of fertilized total X s(±) total ~ s(~) implants 

~ total % 

I TT 5 51 456 8,94 • 4,13 275 5.39 ~ 4.55 181 39.7 b 
10 39 264 6.77" 4.50 131 3.51~ 3.94 133 50.4 b 

Controls 128 1488 11.63 2.98 1361 10.67 3.23 127 8.5 
It TT 5 46 212 4.61 • 2,79 ~ I5 0.33 ~ 0.89 197 92.9 b 

10 18 24 1.33 • 0,97 0 - ~ - 24 100.0 b 
Controls 132 1548 11.83 2.91 1430 10.83 3.20 118 7.6 

III TT 5 51 517 10.14 3.64 385 7.55 3.83 132 25.5 b 
10 50 369 7.32 • 3.88 144 2.88 * 2.89 225 61.0 b 

Controls 140 1687 12.05 2.59 1542 11.06 2.93 145 8.6 
IV TT 5 55 638 11.60 3.39 573 10.42 3.38 65 10.2 

10 44 400 9.67" 4.97 326 7.58 4.83 74 18.5 b 
Controls 134 1669 12.46 2.72 1529 11.40 2.78 140 8.4 

V TT 5 48 520 10.83 4.04 470 9.79 3.93 50 9.6 
10 39 328 8.63" 4.75 284 7.47 • 4.51 44 13.4 b 

Controls 143 1676 11.72 2.81 1548 10.83 3.02 128 7.6 

TT = Thio-TEPA. a, b = significant difference from controls. * = t-test, p <C p.05; b = x2_test, p <: 0.01 
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Table II .  MMS: Effect of single i.p. injection in dominant lethal test in the CFLP mouse 

1051 

Mating Dose No. of fertilized No. of implantations 
period (mg/kg i.p.) ~ total X s(3=) 

No. of live implants 
total X size) 

No. of dead 
implants 
total % 

I MMS 50 24 250 10.42 3.18 171 7.13 3.90 
100 22 118 5.36 * 4.55 50 2.27 L 3.63 

Controls 128 1488 11.63 2.98 1361 10.67 3.23 
II  MMS 50 23 299 9.96 3.00 134 5.83 • 3.39 

100 18 69 3.83 * 4.09 25 1.398 2.28 
Controls 132 1548 11.83 2.91 1430 10.83 3.20 

I I I  MMS 50 21 249 11.86 2.83 233 11.10 3,34 
100 29 345 11.90 2.80 299 10.31 3,12 

Controls 140 1687 12.05 2.59 1542 11.06 2.93 
IV MMS 50 24 294 12.25 2.74 274 11.42 2.84 

100 28 340 12.14 3.8I 303 10.82 3.69 
Controls 134 1669 12.46 2.72 1529 11.40 2.78 

V MMS 50 24 295 12.29 2.93 359 10.79 3.38 
100 26 318 12.23 2.58 289 11.12 2.68 

Controls 143 1676 11.72 2.81 1548 10.83 3.02 

79 
68 
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95 
44 

118 
16 
46 

145 
20 
37 

140 
36 
29 

128 

31.6 b 
57.6 b 
8.5 

41.5 b 
63.8 b 

7.6 
6.4 

13.3 b 
8.6 
6.8 

10.9 
8.4 

12.2 
9.1 
7.6 

MMS = Methyl methanesulfonate, a, b = significant difference from controls, a t-test, p ~ 0.05 ; b x~_test, p ~ 0.01. 

Table I IL  Phcnylbutazone: Effect of single i.p. injection in dominant lethal test in the CFLP-mouse 

Mating Dose No. of fertilized No, of implantations 
period (mg/kg i.p.) ~ total X s (±)  

No. of live implants 
total X s(4-) 

No. of dead 
implants 
total % 

I PhB 50 52 630 12.12 3.16 565 10,87 3.16 
100 50 617 12.32 2.35 568 11.36 2.85 

Controls 128 I488 11.63 2.98 136I 10.67 3.23 
I I  PhB 50 54 627 11.61 3.03 579 10.72 3.11 

100 50 602 12.04 3.35 565 11.30 3.40 
Controls 132 1548 11.83 2.91 1430 10.83 3.20 

l I I  PhB 50 55 612 11.13 2.74 569 10,35 2.91 
100 56 657 11.73 3.26 604 10.80 3.37 

Controls 140 1687 12.05 2.59 1542 11,06 2.93 
IV PhB 50 48 562 11.71 2.70 526 10,96 2.88 

100 49 580 11.84 3.20 530 10.82 3.62 
Controls 134 1669 12.46 2.72 1529 11.40 2.78 

V PhB 50 50 575 11.50 2.48 527 10.54 2.76 
100 52 583 11.21 3.18 525 t0.10 3.61 

Controls 143 1676 11.72 2,8t 1548 10.83 3.02 
VI PhB 50 54 598 11.07 2.30 548 10.15 2.40 

100 50 576 11.52 3.44 515 10.30 3.64 
Controls 54 648 12.00 2.63 604 11.19 2.87 

VII PhB 50 58 658 11.34 3.41 599 10.33 3.73 
100 48 575 11.98 3.26 512 10,67 3.50 

Controls 54 616 11.41 2.96 570 10.56 3.12 
VII I  PhB 50 55 668 12.15 3.00 616 11.20 3.06 

100 42 452 10.76 3.33 409 9.74 • 3.92 
Controls 53 662 12.49 2.86 604 11.40 2.90 

65 
49 

127 
48 
37 

118 
43 
53 

145 
36 
50 

140 
48 
58 

128 
50 
61 
44 
59 
63 
46 
62 
43 
58 

10.3 
7.9 
8.5 
7.7 
6.1 
7.6 
7.0 
8.1 
8.6 
6.4 
8.6 
8.4 
8.3 
9.9 
7.6 
8.4 

10,6 
6.8 
9.0 

11.0 
7.5 
7.8 
9.5 
8.8 

PhB = Phenylbutazone. ~significant difference from controls it-test, p ~ 0.05). 

N o  inc rease  in t h e  n u m b e r  of  d e a d  i m p l a n t s  a t t r i b u t a b l e  
t o  p h e n y l b u t a z o n e  w a s  n o t e d  o v e r  8 m a t i n g  p e r i o d s  
(Table III). 

I n  t h e  case  of T h i o - T E P A ,  a c o m p a r i s o n  of  t h e  r a t i o s  
of  l i v ing  i m p l a n t s  in t h e  c o n t r o l  a n d  t r e a t e d  g r o u p s  b y  
m e a n s  of t h e  t - t e s t  m a d e  in t h e  cou r se  of  a n  e x a m i n a t i o n  
for  n e g a t i v e  ev idence  of  i n d u c e d  l e t ha l  f a c t o r s  s h o w e d ,  
w i t h  a p r o b a b l e  e r r o r  of  p ~_ 0.05, s i gn i f i c an t  d i f fe rences  
f r o m  t h e  contr01:~ in  m a t i n g  p e r i o d s  I a n d  I I  (5 a n d  
10 m g / k g ) ,  a n d  a l so  in  p e r i o d s  I I I  a n d  V (10 m g / k g ) .  T h i s  
is, b y  a n d  large,  in  k e e p i n g  w i t h  t h e  a b o v e - m e n t i o n e d  re-  
su l t s  (Tab le  I) .  

W i t h  MMS, s i g n i f i c a n t  d i f fe rences  f r o m  t h e  c o n t r o l s  
(Table II) were  f o u n d  in m a t i n g  p e r i o d s  I (100 m g / k g )  
a n d  I I  (50 a n d  100 m g / k g ) .  

I n  t h e  a n i m a l s  t r e a t e d  w i t h  p h e n y l b u t a z o n e ,  on  t h e  
o t h e r  h a n d ,  t h i s  a n a l y s i s  m e r e l y  r e v e a l e d  a s l i gh t l y  s igni -  
f i c a n t  d i f fe rence  d u r i n g  m a t i n g  p e r i o d  V I I I  in  t h e  100 r a g /  
k g - g r o u p ,  w h i c h  c a n  o n l y  be  a s c r i b e d  t o  t h e  f a c t  t h a t  t h e  
c o n t r o l  g r o u p  d u r i n g  t h i s  p e r i o d  d i s p l a y e d  t h e  h i g h e s t  
r a t e  of i m p l a n t a t i o n s  a n d  l iv ing  e m b r y o s  o b s e r v e d .  T h i s  
f i nd ing  is n o t  t h e  r e s u l t  of  a g r e a t e r  loss  of  p o s t - i m p l a n -  
t a t i o n  s t age s  (Tab le  III). 

P r e - i m p l a n t a t i o n  loss :  B o t h  d o s e s  o f  T h i o - T E P A  dis-  
p l a y e d  e f fec t s  in  m a t i n g  p e r i o d s  I a n d  II, t h e  h i g h e r  dose  
a l so  b e i n g  a c t i v e  in m a t i n g  p e r i o d s  I I I  t o  V (Tab le  I) .  I n  
t h e  case  of  MMS,  o n l y  t h e  dose  of  100 m g / k g  e x e r t e d  a n  
effect  d u r i n g  t h e  f i r s t  t w o  m a t i n g  p e r i o d s  (Tab le  II). 

W i t h  a p r o b a b l e  e r ro r  of  p ~ 0.05, no  s ign i f i can t  dif fer-  
ences  f r o m  t h e  c o n t r o l s  w e r e  d e m o n s t r a b l e  (Table  III) o v e r  
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8 mating periods in the phenylbutazone series (50 and 
100 mg/kg). 

Discussion. With regard to post-implantation loss, the 
results we obtained with 5 mg/kg of Thio-TEPA are very si- 
milar to those reported by EPSTEIN and SHAFNIgR 7. 
Higher doses were not  employed by these authors, and the 
effect of Thio-TEPA in their experiments was limited to 
the post-meiotic stages. In our investigations, Thio-TEPA 
in a dosage of 10 mg/kg also affected meiotic stages of 
spermatogenesis. 

The action of MMS with regard to post-implantation 
loss was evidently confined to the postmeiotic stages, i.e. 
in keeping with the findings of other authors s, it was pre- 
dominantly spermatozoa and to a slight extent  sperma- 
rids tha t  were affected. 

No evidence ot induced lethal mutations due to phenyl- 
butazone in i.p. doses of 50 and 100 rng/kg could be de- 
tected, so tha t  on the basis of the present in vivo studies 
the compound cannot be classified as potentially muta-  
genic. 

Analysis of the pre-implantation loss also revealed lethal 
effects of Thio-TEPA and MMS, but  not of phenylbuta- 
zone. In this context, the results paralleled the findings 
with regard to post-implantation loss, in tha t  the various 
stages of the spermatogenesis cycle were equally sus- 
ceptible. This finding may indicate that  the greater pre- 
implantat ion loss observed after the administration of 
Thio-TEPA and MMS is at least in par t  at tr ibutable to 
genetic effects. 

Nevertheless, pre-implantation loss can only be taken 
with certain reservations as a criterion in assessing muta- 
genic effects. In evaluating pre-implantation loss, there is 
no means of discriminating between genetically and non- 
genetically induced embryonal loss, whereas this fact 
appears to be of far less, if not negligible, importance in 
connection with post-implantation loss 3. The factors that  
are of significance in this respect, include paucity of 
spermatozoa 9, induced impairment  of spermatozoal mo- 
tility, infertil i ty of the oocytes, disturbances of implanta- 
tion, and other non-genetic causes of damage to the zy- 
gote 10. In principle, therefore, pre-implantation loss by no 
means is a relevant measure of induced mutations, as 
other authors have already stressed a, 4. In fact, if this pa- 
rameter  is to be used at all in assessing mutagenicity, then 

if should be regarded as being of only subordinate impor- 
tance. 

In our experiments, we found that  pre-implantation loss 
could best be estimated on the basis of the total  im- 
plantation rates in the control and test groups and not by 
reference to the difference between the number of corpora 
lutea and the number of implantations 11. On the one hand, 
this is justified by the unreliability of corpus luteum 
counts in the mouse, on the other, there seems to be a high 
degree of natural  variabili ty in the extent  of pre-implanta- 
tion loss. BATEMAN a reports a spontaneous variation of 
2.3 to 15.9% ([RCL×NF~ Fl-mice ) and we ourselves 
found a variat ion of 5.0 to 17.5% in the CFLP strain. Evi-  
dently, pre-implantation loss displays a lack of statistical 
homogeneity, as regards both successive mating periods in 
one and the same dominant  lethal study and comparable 
mating periods in different studies. This has also been 
described by ROESRBORN a. On the basis of corpus luteum 
counts none of the statistical analyses of this parameter  
could therefore be considered as pertinent. 

Zusammen[assung. Im Gegensatz zu Thio-TEPA 
(N, N', N#-Triaethylen-thiophosphoramid) und MMS 
(Methansulfons~Luremethylester) fiihrten i.p. Dosen yon 
Phenylbutazon (50 und 100 mg/kg) bei der Maus, unter 
Beriicksichtigung yon post- und prae-implantat iven Ge- 
stationsstadien, zu keinen genetischen Effekten im Sinne 
der Induktion yon dominanten Letalfaktoren. 
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Additive and Synergistic Inhibition of Mammalian Microsomal Enzyme Functions by Piperonyl 
Butoxide, Safrole and Other Methylenedioxyphenyl Derivatives 

Piperonyl butoxide (Pib.) and related synthetic methy- 
lenedioxyphenyl (MDP) derivatives are widely used as 
pesticidal synergists. These compounds act, putatively,  
by inhibiting microsomal enzyme function in insects. 
MDP synergists and other natural ly occurring MDP 
derivatives inhibit mammalian hepa t ic  microsomal en- 
zyme systems in vitro and in vivo 1-6. Pib. produces 
synergistic acute toxicity in mice with certain Freons, 
griseofulvin and benzoE~pyrene3,4; Pib also produces 
synergistic hepatocarcinogenicity with Freons~ 

The effects of Pib. on mammalian microsomal enzyme 
function suggest the possibility of potential human 
hazards due to inhibition of detoxification of environ- 
mental  pollutants and drugs. Tolerances for post-harvest 
applications of 8-20 ppm have been established for Pib. 
I t  is thus unlikely that  such low dietary levels of MDP 
synergists will produce significant microsomal enzyme 
inhibition. The widespread distribution of naturally occur- 

ring MDP derivatives in foods, flavoring agents and spices 
is well recognized 1. A wide range of these compounds 
has been shown to produce inhibition of microsomal 
enzyme function e. Thus, synthetic MDP derivatives may 
interact with naturally occurring derivatives in foods, 
flavoring agents and spices to produce interactive inhibi- 
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