
15.5. 1976 Specialia 565 

The Effect of Continuous Exposure to Low Frequency Electric Fields on Three Generations of Mice: 
A Pilot Study 1 
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73270, USA), I December 7975. 

Summary. Mice were allowed to  mate ,  gestate ,  del iver  and  rear  the i r  offspring for 3 successive genera t ions  while being 
cont inuous ly  exposed  to 60 Hz electric fields. Mice exposed  to  vert icM electric fields exh ib i t ed  decreased b o d y  weights  
a t  35 days  p o s t p a r t u m  and increased m o r t a l i t y  ra tes  for 3 successive generat ions.  Mice exposed  to  hor izonta l  electric 
fields exhib i ted  decreased b o d y  weights  for 2 successive generat ions.  

Recen t  repor t s  have  descr ibed a va r i e ty  of subt le  
biological effects  due  to  exposure  to low f requency  electric 
fields. Elect r ic  fields of 10 Hz have  been shown to  affect  
h u m a n  circadian r h y t h m s  a, and  to a l ter  skin po ten t i a l  in 
frogs ~. Elect r ic  fields of 50 Hz  have  been  found  to  p roduce  
cardiovascular  effects  in mice and ra ts  5, and  to  affect  the  
mi to t ic  index  of liver ceils in t he  mouse  6. Elec t r ic  fields of 
60 Hz  have  induced  b ipolar i ty  in Dugesia 7, and have  been  
shown to  be de tec tab le  b y  fish s. No s tudies  have  been  
done to  assess t he  possible impac t  on successive genera-  
t ions  of an imals  f rom the  cont inuous  presence  of a low 
f requency  electric field. This  r epor t  describes such a s tudy.  

Ini t ial ly,  m a tu r e  male  and female H a / I C R  mice were. 
purchased  commerc ia l ly  and  spl i t  into hor izonta l ,  ver-  
tical, and  contro l  groups.  Mice in t he  hor izonta l  group 
were al lowed to  mate ,  gestate ,  deliver,  and  rear  the i r  off- 
spr ing in a hor izonta l  60 Hz electric field of 100 vol ts /cm.  
At  ma tu r i t y ,  r a n d o m l y  selected individuals  f rom the  1st 
genera t ion  were s imilar ly al lowed to  mate ,  gestate,  deliver, 
and rear  the i r  offspr ing while being con t inuous ly  exposed.  
R a n d o m l y  selected individuals  f rom the  2nd genera t ion  
were t h e n  m a t e d  to produce  the  3rd and final  generat ion.  
A paral lel  procedure  was followed for tile ver t ica l  group 
where in  3 genera t ions  were p roduced  in a 60 Hz  ver t ica l  
electric field of 150 vol t s /cm,  and  for t he  control  g roup  
where in  3 genera t ions  were p roduced  in t he  amb i en t  
electric field. 

Breeding  was accompl ished  by  al lowing 2 females  and  
1 maie to  occupy  a single cage. P r e g n a n c y  was de t e rmined  
by  abdomina l  pa lpa t ion .  P r e g n a n t  females  were placed in 

indiv idual  cages and  remained  wi th  the i r  offspring unt i l  
weaning,  a t  abou t  3 weeks af ter  b i r th .  The n u m b e r  of 
offspr ing in each l i t ter  was de t e rmined  daily, beginning 
on the  day  of bir th .  Af ter  weaning,  t he  mice were separa t -  
ed by  sex and  the i r  b o d y  weights  were measured  periodical-  
ly up to 35 days  af ter  b i r th ,  excep t  in t he  case of the  2nd 
genera t ion which  was  weighed up to  10 weeks p o s t p a r t u m .  

Dur ing  the  s tudy,  all mice were housed  in a room hav ing  
a t e m p e r a t u r e  of 23 ~ a re la t ive  h u m i d i t y  of 50% and  a 
l igh t -dark  cycle of 12: 12. Plas t ic  cages (15 • 30 x 15 cm) 
wi th  meta l  cage tops  were employed,  excep t  for t he  ho-  
r izonta l  group which  had  plast ic  cage tops.  The mice had  
cont inuous  access to  wa te r  via  a wa te r  bo t t l e  w i t h  a 
me ta l  s t raw which  p r o t r u d e d  abou t  5 cm d o w n w ard  f rom 
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Effect of low frequency electric fields on three successive generations of mice 

Treatment A B C D E F Average wt. (g) 35 days after birth Average wt. (g) 10 weeks after birth 

Female Male Female Male 

1st Generation 

Vertical electric field 8 5 52 10.4 4% 10% (23) 17.0 �9 -4- 3.2 
Horizontal electric field 8 5 47 9.4 0 2% (21) 22.0 ~ 4- 1.8 
Control 8 5 61 12.2 15% 2% (26) 24.0 • 1.5 

2nd Generation 

Vertical electric field 8 7 81 11.5 0 58% (17) 13.6 �9 :L 2.8 
Horizontalelectrie field 8 8 92 11.5 3% 0 (43) 19.2~ 4- 2.7 
Control 8 8 91 11.4 1% 4% (42) 23.6 4- 1.7 

3rd Generation 

Verticalelectric field 8 6 54 9.0 0 35% (19) 17.6 • 3.8 
Horizontalelectric field 8 8 102 12.8 14% 3% (42) 20.9 4- 2.5 
Control 8 8 98 12.2 0 2~ (47) 19.2 -4- 3.3 

(22)22.8 �9 4- 4.9 -- 
(25) 23.9~=t= 3.4 -- 
(25) 27.0 ~_ 2.0 -- 

(15) 15.4~ 4- 2.9 
(47) 22.8 ~ i 2.8 
(44) 27.5 4- 2.8 

(16) 27.5 b-u2.5 (15) 29.2~4 -2.6 
(28) 27.2~ 4- 2.3 (39) 33.7 ~ 4- 3.0 
(34) 29.9 4-2.5 (32)36.5 4- 2.9 

(16) 17.3~4-4.7 -- 
(43) 23.3 4- 2.9 -- 
(49) 21.7:53.8 -- 

A, number of females mated; B, number of pregnancies; C, number of pups delivered; D, average litter size; E, mortality during 1st week 
postpartum; F, mortality during 8-35 days postpartum. The number of mice is given in parenthesis. ~p < 0.001. bp < 0.01. 
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the  cage top. Continuous access to food was provided  v ia  a 
t rough which pro t ruded  downward  from the  cage top  
about  7 cm. In  each case, the  t rough was const ructed of 
the  same mater ia l  as the  cage top.  

The ver t ical  electric field was generated by  grounding 
the  meta l  cage top  and applying the  appropr ia te  voI tage 
to an insulated meta l  plate  which was placed under  the  
plastic cage. The horizontal  electric field was generated 
by  employing  a sui tably moun ted  capaci tor  in which 
nei ther  the energized p la te  nor  the  grounded plate  made  
physical  con tac t  wi th  the plastic cage. The re la t ive ly  high 
s t rength  ver t ica l  and hor izonta l  electric fields employed 
resulted in electric field induded v ib ra t ion  in the  v ic in i ty  
of the  cages of about  2.5 • 10 -~ cm/sec, which was smaller  
than the  ambien t  v ib ra t ion  in the  absence of the  electric 
fields. 

The results are g iven in the  Table. In  the  1st generat ion,  
males and females reared in both  the  hor izonta l  and ver-  
t ical  electric field were s ignif icant ly smal ler  than the  
controls when measured a t  35 days pos tpar tum.  Larger  
depressions in average body weight  were seen in the  2nd 
generat ion at  35 days pos tpar tum,  while at  10 weeks 
pos tpa r tum the  differences be tween the exper imenta l  and 
control  weights had  narrowed considerably.  A ve ry  large 
mor t a l i t y  rate  in the  ver t ica l  field mice dur ing the  8-35 
d a y  pos tpa r tum period was also noted. A large mor ta l i ty  
ra te  was again seen in the  ver t ica l  groups in the  3rd genera- 
tion, however  the  only group whose body  weights  were 
s ignif icant ly affected were the  males exposed to the  ver t i -  
cal electric field. 

The mice exposed to the electric fields demons t ra ted  
obvious effects compared  to the  equ iva len t  control  mice. 
The most  severe effects were seen in the  males and females 
exposed to the  ver t ica l  field, possibly due to the  greater  
in tens i ty  of the  ver t ica l  field. Al terna t ive ly ,  a direct ion- 

dose factor  m a y  be involved.  In  the  ver t ica l  field experi-  
ments,  a re la t ively  cons tant  dors i -ventra l  exposure vec tor  
existed, par t icu lar ly  for the  central  nervous  system, 
regardless of the m o v e m e n t  of the  mice. In  the  hor izonta l  
field, the relat ionship between the  mice and the  field 
direct ion was cons tan t ly  changing as a result  of the i r  
movement .  The  increased sever i ty  in the ver t ica l ly  exposed 
mice m a y  therefore indicate the  existence of a di rect ional ly  
sensit ive sensing mechanism wi th in  the  mouse which 
ini t iates a response propor t iona l  to the  t ime  the  electric 
field is along a cer ta in  axis. 

The ver t ica l ly  exposed mice exper ienced (after weaning) 
microcurrents  of the  order  of 5 ~xA when eat ing or dr ink-  
ing, because bo th  acts necessi tated touching  grounded 
conductors.  The hor izonta l ly  exposed mice experienced 
much  less microcurrent  because thei r  entire cage was 
const ructed of plastic. The possibi l i ty must  therefore  be 
considered t h a t  the  greater  weight  depressions and the  
increased mor ta l i ty  in the ver t ica l  mice m a y  be related to 
the  grounding microcurrents .  

Long t e rm exposure to al tered env i ronmenta l  condi-  
t ions m a y  lead to adapt ion  v ia  a va r i e ty  of mechanisms 
including exclusion of susceptable individuals  f rom the  
genetic  pool by dea th  prior  to m a t u r i t y  or  by  favor ing the 
surv iva l  of those genet ical ly  cons t i tu ted  to be t t e r  resist  
the  al tered circumstances.  The e levated 8-35 days mor-  
ta l i ty  ra te  in the  2nd generat ion,  and the  decreased sever-  
i ty  of the  weight  differentials  be tween the  exper imenta l  
and control  mice in the  3rd generat ion m a y  be in te rpre ted  
as evidence for such a mechanism. On the  o ther  hand, the  
e levat ion  of the  8-35 day mor t a l i t y  rate  in the  3rd genera- 
t ion is some evidence to the  contrary.  More extens ive  
studies are necessary to explore this  possibility, as well as 
to explore the  basic causat ive  factors for the  effects de- 
scribed herein. 

Cytokinin Contents and cAMP Metabol ism During Growth of E s c h e r i c h i a  c o l i  1 
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Summary. During  Escherichia colt growth,  we found an inverse correlat ion be tween free cytokin in  conten t  and cAMP 
level. The rates  of synthesis  of adenylate-cyclase  and cAMP-phosphodies terase  were pract ica l ly  constant .  

A t  present  our  knowledge of the  role of cytokinins  (N 6- 
der ivat ives  of adenine) in microbial  physiology is still  
scarce ~-5. Recen t  evidence has shown, for a wide range 
of biologically act ive  compounds,  including cytokinins  6-~, 
an act ion correlated to the  adenosine, 3 ' : 5 '  monophos-  

�9 pha te  (cAMP) sys tem 1~ Since cytokinins  do not  induce 
as ev iden t  effects on microorganisms as on animaIs and 
higher  plants  11, in order  to ver i fy  a possible in te rac t ion  
be tween cytokinins  and cAMP in microbial  metabol ism,  
as a first approach, we measured  cytokinin  and cAMP 
levels together  wi th  the  ra te  of synthesis  of the  enzymes 
responsible for cAMP metabol i sm during a cul tural  cycle 
of Escherichia colt. 

Materials and methods. Escherichia colt, B/b  strain, k indly  
provided  by  Dr. M. L. :BARNETT, Cambridge Univers i ty ,  
England,  was used. Bacter ia  were aerobical ly grown in 
M9 Salts Medium 12 a t  37~ Growth  was measured 
turb id imet r ica l ly  and by  direct  counts  in a Pe t rof f -Houser  
chamber .  In t ra -  and eso-cellular cAMP was measured 
according to ]~UETTNER et  al. 13, using the  prote in-binding 
assay of GILMAN I4. Presenta t ion  of intracel lular  concen- 
t ra t ions  of cAMP in units  of mola r i ty  is based on an 

accessible vo lume of 4.7 • 10 -1~ ml /bac te r ium during the  
first 120 min of growth,  and on a vo lume of 4.28 • 10 -12 
ml /bac te r ium for the  residual t ime.  A t  30 min  intervals,  
5 1 of cul ture  were rapidly  cooled to 1 ~ and centr i fuged 
by  a cont inuous  MSE H.S.18 apparatus .  The ex t rac t ion  
of free cytokinins  f rom known weights  of we t  cells was 
carried ou t  according to E•NSET and SKOOG t5. The  
cytokinin  ac t iv i ty  of the  di luted ex t rac t s  was measured 
according to VAN ONCKELEN and V~RBEEK 16. Fo r  the  
enzyme assays, washed ceils were added to glass beads, 
2 par ts  in weight ;  and 60 m M  p H  = 7.5 Tris-HC1 buffer, 
3 par ts  in volume,  and disrupted in a Braun  Supercell-  
homogeneizer .  The  homogena te  was centr i fuged for 30 
minutes  at  30,000•  and the  fluid supe rna tan t  was 
direct ly  employed in enzyme reactions. The  same ex t rac t  
was used in b lank  react ions af ter  a 3 rain t r e a t m e n t  in 
boiling water .  Adenylate-cyclase  assays were carried out  
accord ing  to B/~RK 1~, by  recording 14C-cAMP increases. 
In  t.he cAMP-phosphodies terase  assays the  react ion 
mix tu re  contained,  in 60 m M  p H  = 7,5 Tris-HC1, 0.5 
m M  3H-cAMP, 2 m M  MgCI~, 2.5 m M  di th ioery t r i to l ;  
~H-cAMP decreases were controlled. 


