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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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t ion of mic rosomal  enzyme  funct ion.  The  p re l imina ry  
studies repor ted  here  were  designed to  tes t  these  pos- 
sibilities. 

P ipe rony l  bu tox ide  (Pib.), m e t h y l  eugenol  (ME), safrole 
(SAF),  me thy lened ioxyan i l ine  (MDA), p iperonyl ic  acid 
(PA) and van i l ly lamine  (VA) were tes ted  (Figure 1). Pib. ,  
ME, SAF,  and M D A  were  dissolved in corn oil  and  P A  
and ~rA were suspended in corn oil;  compounds  were 
in jec ted  i.p. e i ther  alone or  in combina t ion  in single 
doses of 0.1 ml  v o l u m e  in groups of 4-6  mice. All tests  
were repl icated on 3 occasions. 
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Fig. I. Structures of methylenedioxyphenyl derivatives. 

Male Swiss Albino mice ( ICR/Ha) ,  weighing be tween  
20 and  25 g, were ma in ta ined  on Pur ina  chow and wa te r  
ad  l ib i tum.  Mice were  ki l led by  cervical  d is locat ion 1 h 
af ter  i.p. in jec t ion  wi th  compounds  under  test .  I n  some 
specified exper iments ,  l ivers  f rom 2 animals  were pooled.  
Microsomal  suspensions were  prepared  as descr ibed pre- 
viously*. The  s t andard  incuba t ion  mix tu re  for all  enzyme  
assays conta ined  75 ~moles nicot inamide,  4.5 nmoles  
N A D P ,  15 ~moles MgCl,, 30 ~moles MnCI,, 15 ~moles 
D, L-isocitrate and 75 ~xg isocitric dehydrogenase  in a f inal  
vo lume  of 3 ml. I n  assaying for aminopyr ine  demethylase ,  
30 ~moles aminopyr ine  and microsomes f rom 37.5 mg  of 
l iver  were added  to  the  incuba t ion  mixture .  Fol lowing 
deprote ina t ion  wi th  10% TCA, e i ther  aminoan t ipy r ine  * 
or  fo rmaldehyde  7 was de termined .  W h e n  fo rmaldehyde  
was determined,  45 Ixmoles of neut ra l ized  semi-carbazide  
were  added to  t he  incuba t ion  mix ture .  Fo r  b ipheny l  
hydroxylase  assay,  7.5 Ixmoles of b iphenyt  were  added  
as subs t ra te  a long w i t h  microsomes f rom 250 m g  of l iver  ; 
4 -hydroxyb ipheny l  was de te rmined  as descr ibed previ -  
ous ly  ~. One uni t  of b iphenyl  hydroxylase  represents  
I mmole  of b iphenyl  h y d r o x y l a t e d  per  g ram l iver  per  h 
a t  37°C. 

In  pre l iminary  studies,  5 M D P  compounds  were tes ted  
alone and in  combina t ion  to de te rmine  whe the r  combined  
t r e a t m e n t  at  low doses p roduced  signif icant  inhibi t ion  of 

7 j .  CocmN and J. AXBLROD, J. Pharmac. 125, 105 (1959). 
s p. j .  CRE~.VBN, D. V. PARKB and R. J. WILLIAMS, Biochem. J. 

96, 879 (1965), 
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Fig. 2. Additive effects of low dosesof methyl- 
enedioxyphenyl derivatives. Groups of 6 mice 
were treated with safrole (SAF), methylene- 
dioxyaniline (MDA), vanfilylamine (VA), 
methyl eugenoI (ME) and piperonyl butoxide 
(PB) at doses of t0 mg/kg singly and in various 
combinations. PB ~ Pib. 
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microsomal  enzyme  ac t iv i ty .  Pib.,  ME,  SAF,  MDA,  and 
VA were adminis te red  to  groups of mice  alone a t  a dose 
of 10 m g / k g  and in v a r i o u s  combina t ions  a t  t he  same 
dose (Figure 1); aminopyr ine  demethy lase  and  b iphenyl -  
4-hydroxylase  ac t iv i t ies  were  assayed f rom pooled homo-  
genates  in duplicate.  Compounds  were  tes ted in a s imple  
cumula t i ve  pa t t e rn  and also in reverse  sequence (Figure 1). 

E x p e r i m e n t s  were then  designed to  e lucidate  the  na tu re  
of in te rac t ive  effects  observed a t  low dose levels  in the  
previous  exper iment .  In te rac t ions  of Pib. and  S A F  were 
tes ted  on groups of mice a t  dosages of 50 and 10 mg/kg,  
respect ively .  Fo rma ldehyde  was de te rmined  as the  pro-  
duc t  of aminopyr ine  demethy lase ;  enzyme assays were 
per formed on l ivers f rom single animals.  

Expe r imen t s  were also designed to tes t  possible in ter -  
act ions be tween  ]?lb. and  the  s t ruc tu ra l ly  s imilar  b u t  
inac t ive  P A  on aminopyr ine  demethy lase  ac t iv i ty .  Pib. 
and PA, a t  doses of 64 and 640 mg/kg,  respect ively,  were 
tes ted  alone and in combinat ion .  Aminopyr ine  d e m e t h y -  
lase assays were per formed on ind iv idua l  livers. 

Aminopyr ine  demethy lase  and b iphenyl -4-hydroxylase  
act iv i t ies  were progress ively  inhibi ted  by  the  combined  
effects of 5 M D P  compounds  tes ted  a t  levels  which by  
themselves  produced  e i ther  no or  negligible inhibi t ion  
(Figure 1). Fo r  example ,  S A F  alone inhibi ted  b iphenyl -  
4-hydroxylase  ac t i v i t y  f rom 2.47 to 2.11 units.  Addi t ion  
of MDA,  ME and Pib. p roduced  progressive inhibi t ion  
to 1.88, 1.65 and 1.38 units,  respect ively .  W h e n  the  
compounds  were  tes ted  in reverse  sequence,  Pib.,  M E  
and VA did no t  produce  s ignif icant  inhibi t ion,  bu t  fur ther  
addi t ion  of MDA and S A F  each produced  marked  inhibi-  
t ion. Inh ib i t ion  of aminopyr ine  demethy lase  ac t i v i t y  also 
increased wi th  increasing number  of M D P  compounds.  
I n  all exper iments ,  t he  response to  all compounds  was 
s ignif icant ly  grea ter  t h a n  the  response to t he  first  alone 
(p < 0.01). 

Table I. Synergistic effects of piperonyl butoxide and safrole on 
aminopyrine demethylase activity 

Treatment Aminopyrine 
demethylase 
activity b 
(Mean ± S.E.) 

Control 
Piperonyl butoxidc (50 mg/kg) 
Safrole (10 mg]kg) 
Piperonyl butoxide and safroIe 

8.004-0.35 
7.66:1:0.35 
8.83::t::0.44 
6.32:t:0.25 e 

16 mice treated in each group, b Expressed as [zmoles formaldehyde/ 
g liver]h. * Significant synergistic interaction, p < 0.01. 

Under  condi t ions  of test,  t r e a t m e n t  w i th  l~ib. a t  
50 m g / k g  or  S A F  a~ 10 mg /kg  alone had  no effect  on 
aminopyr ine  demethy lase  ac t i v i t y  (Table I ) ;  however ,  
combined  t r e a t m e n t  w i th  Pib.  and  S A F  produced  a 
20% inhibi t ion  of  aminopyr ine  demethy lase  ac t iv i ty .  
Analys is  of va r iance  reveMs a h igh ly  s ignif icant  syn-  
ergist ic  in te rac t ion  be tween  Pib.  and  SAF.  

No synergism be tween  P ib  and  P A  was no ted  wi th  re- 
spect  to  aminopyr ine  demethy lase  ac t iv i ty  (Table I I ) .  Pib .  
and PA, bo th  alone and in combinat ion ,  p roduced  sl ight  
inhibi t ion  of aminopyr ine  demethy lase  act ivi t ies .  How-  
ever, analysis  of var iance  showed t h a t  there  were no 
s ta t i s t ica l ly  s ignif icant  t r e a t m e n t  effects, and no inter-  
actions. 

The  d a t a  presented  here indicate  t h a t  combined  admin-  
i s t ra t ion  of low levels of M D P  der iva t ives  p roduced  sig- 
n i f icant  cumula t i ve  inhibi t ion  of hepa t ic  microsomal  en- 
zyme ac t iv i ty .  W h e n  ve ry  low doses (10 mg/kg) of Pib. ,  
ME, SAF,  M D A  and VA were in jec ted  into  mice,  the  
level  of inhibi t ion  of b iphenyl -4-hydroxylase  ac t i v i t y  
increased l inear ly  wi th  increasing numbers  of compounds  
tes ted ;  cumula t ive  inhibi t ion  was less consis tent  wi th  
aminopyr ine  demethylase .  Pib. and S A F  induced syn- 
ergistic inh ib i t ion  of aminopyr ine  demethylase .  However ,  
Pib. induced no synergist ic  inhibi t ion  when  tes ted  in 
combina t ion  wi th  large doses of the  s t ruc tu ra l ly  re la ted  
bu t  inac t ive  PA. These in terac t ions  thus  appear  func- 
t ional  ra ther  t han  s t ruc tu ra l  in nature .  

M D P  der iva t ives  are ex tens ive ly  d is t r ibuted  as na tu ra l  
p roduc t s  in foods, f lavor ing agents  and spices% A wide 
range of s t ruc tu ra l ly  re la ted  M D P  der iva t ives  has  been  
shown to induce inhibi t ion  of microsomal  enzyme  act i-  
v i t y  in mice 6. The  da ta  presented  here raise the  pos- 
s ibi l i ty t h a t  Pib. and o ther  re la ted  pes t ic idal  synergis ts  
m a y  in te rac t  w i th  low levels  of M D P  der iva t ives  present  
as na tu ra l  p roducts  in foods to produce  add i t ive  or  syn-  
ergist ic inhibi t ion  of hepat ic  microsomal  enzyme  function.  
Such in te rac t ive  inhibi t ions  m a y  have  s ignif icant  impli-  
cat ions wi th  regard to de tox i f ica t ion  of a wide range  of 
env i ronmen ta l  po l lu tan ts  and drugs.  

Zusammen/assung. Pipe rony lbu toxyd ,  Methy lend ioxyl -  
anitin, Methyleugenol ,  Safranol  und  Vani l ly lamin  bewir-  
ken  eine add i t ive  H e m m u n g  der  F u n k t i o n  mikrosomale r  
E n z y m e  in M~usen, wenn  sic zusammen  in Dosen ver -  
abre icht  werden,  die einzeln i nak t iv  sind. P iperonyl -  
b u t o x y d  und Safranol  induzieren  synergis t isch die H e m -  
m u n g  yon  Aminopyrenedemethy la se -Ak t iv i t~ t .  Es  er- 
folgte  ke ine  synergisf ische H e m m u n g  nach  kolnbin ier te r  
Behand lung  m i t  Pib.  und hohen  Dosen  der  s t rukture t l  
ve rwand ten ,  aber  i nak t iven  Piperonyls~ure.  

M. A. FRIEDMAN, E.  ARNOLD, 
Y. BISHOP and S. S. EPSTEIN 9, Io, II 

Table II. Interaction of piperonyl butoxide and piperonylic acid 

Treatment * Aminopyrinc 
demethylase b 
(Mean :k S.E.) 

Laboratories o] Environmental Toxicology and 
Carcinogenesis and o/Biostatistics, 
Children's Cancer Research Foundation, Inc., and 
Department o[ Pathology, Harvard Medical School, and 
Harvard School o[ Public Health, 35 Binney Street, 
Boston (Massachusetts 02115, USA), 22 March 7971. 

Control 
Piperonyl butoxide (64 mg/kg) 
Piperonylic acid (640 mg/kg) 
Piperonyl butoxide and piperonylic acid 

12.0:1:0.4 
10.1 :t:: 0.4 
10.5 ± 0.2 
9.7 4- 0.6 

• 12 mice treated in each group, b Expressed as ~moles formaldehyde 
g liver/h. 
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