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Thus,  like var ious  ver tebra tes ,  mussets  are able to 
reac t  in presence  of Cd by  produc ing  Cd-BP  of low mol. 
wt .  t h a t  seem to belong to  t he  group of meta l lo th ioneins .  
In  mammals ,  t he  induc t ion  of metallothioneins is con- 
s idered to be a p ro tec t ive  mechan i sm agains t  the  toxic  
Cd ++ ion. The exis tence  of such pro te ins  in molluscs 
would  allow t h e m  to accumula te  large a m o u n t s  of Cd and  
to  resis t  it, thus  becoming  a po ten t i a l  danger  to m a n  as 
food. 

As OLAFSON and  THOMPSON 3 have recen t ly  po in ted  
out,  in referr ing to  the  f inding of a Cd-BP  of low mol. wt.  
in blue green alga~5: ' i t  t hus  appears  t h a t  meta l lo th io-  
neins  m a y  be ubiqui tous  in t he  l iving world ' .  

15 F. I. ?r O. J. LUClS, Z. A. SHAIKH and E. R. JANSZ, Fedn. 
Proe. Fedn. Am. Soe. exp. Biol. 37, 699 (1972). 
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Summary. The effect  of nega t ive  and  posi t ive  air ionisat ion on sil iconized blood sero tonin  was s tudied  in vi tro.  The 
exper imen t s  showed t h a t  wi th in  10 min posi t ive  ionisat ion increased serotonin  levels ill to ta l  blood ( + 4 0 % ) ,  p la sma  
( + 9 0 % ) ,  e ry th rocy te s  ( + 5 0 % )  and  t h r o m b o c y t e s  ( + 2 4 0 % ) .  On the  o ther  hand ,  nega t ive  ionizat ion (10 min) lowered 
the  sero tonin  con ten t  of to ta l  blood ( - -30%) ,  p l a sma  ( - -42 .5%) ,  e ry th rocy te s  ( - -41 .7%)  and  t h r o m b o c y t e s  ( - -72 .3%) ,  
t hus  conf i rming the  'Kruege r  Effec t '  in vitro.  

~{RUEGER and SMITH s have  shown t h a t  posi t ive  air "- 
ions cause accumula t ion  of sero tonin  in t he  resp i ra to ry  
t r a c t  f rom where  i t  m a y  be t r a n s m i t t e d  to  the  ent i re  
body.  They  concluded t h a t  sero tonin  m i g h t  be the  major  
cause of the  func t iona l  changes  p roduced  by  posi t ive  air 
ions, as e.g. (H30) + �9 (H20) ~. They  fu r the r  pos tu la t ed  t h a t  
the  reversa l  of pos i t ive  ion effects t h rough  nega t ive  air 
ions, 02-  (H20)~ and OH (H20)~, depends  on accelerat -  
ing tile ox ida t ion  ra te  of free sero tonin  to  5 -hydroxyindole  
acetic  acid b y  the  ey toch rome-cy toch rome  oxidase  sys t em 4. 
This  working  t h e o r y  has  been conf i rmed b y  m a n y  o the r  
repor t s  on the  effect  of air ionizat ion in vivo 5-8. As i t  has  
r ecen t ly  been chal lenged by  ANDERSEN 9, we decided to 
s t u d y  the  'Krueger  Effec t '  in vi tro.  

Materials and methods. H u m a n  blood was d r a w n  in 
siliconized syr inges  f rom the  cubi ta l  vein  and  immed ia t e ly  
t r ans fe r red  to siliconized t es t  tubes  conta in ing  1/10 
volume of a m ix tu r e  of 15% K a E D T A  and  0.02% 
po ta s s ium sorba te  to p r e v e n t  c lo t t ing  10. The p H  of the  
r e su l t an t  blood was 7.6-7.8. 5 ml blood was spread  on an 
open sil iconized glass Pe t r i  dish 10 cm in d iamete r  and 

exposed  to e i ther  nega t ive  or posi t ive  ionisat ion.  Negat ive  
ionizat ion was p rov ided  b y  Ionot ron-20 (Amcor-Amron,  
Herzl iya,  Israel) which  has an o u t p u t  of 3.6 X 105/cm~/sec 
nega t ive  ions a t  a d i s tance  of 30 cm. For  the  p roduc t ion  of 
posi t ive  ions, the  wir ing was reversed.  Af te r  t ry ing  dif- 
fe ren t  d is tances  and  exposure  per iods  yielding similar  
results ,  the  d is tance  chosen was 30 cm and  exposure  t imes  
se t  a t  10 and  30 min,  since no evapora t ion  occurred dur ing  
these  periods and  the  p H  remained  cons tan t .  A t  10 and  
30 min,  1 ml  a l iquots  were assayed for se ro ton in  co n t en t  1~ 
of whole blood, plasma,  e ry th rocy t e s  and  t h rombocy te s ,  
according to t he  separa t ion  m e t h o d  of t he  Amer ican  
Associa t ion of Blood Banks  11. The p lasma  was separa ted  
f rom the  cells b y  10 min  cen t r i fuga t ion  in a Sorval  RC-3 
ref r igera ted  centr i fuge at  900 • g. The t h r o m b o c y t e s  were 
sepa ra ted  f rom the  e ry th rocy t e s  b y  10 rain cent r i fuga-  
t ion  a t  4,500 x g  in t he  same centr i fuge,  resul t ing  in a 
90-95% separa t ion ,  as evidence b y  microscopic  inspec-  
t ion.  A cont ro l  no t  exposed  to  ionizat ion was  run  simul-  
taneously .  All expe r imen t s  were pe r fo rmed  a t  room t em-  
pe ra tu re  (23~ a t  a re la t ive  h u m i d i t y  of 50 • 5%). 

Effect of negative and positive air ionization on blood serotonin in vitro 

Experiments and Negative air ionization Positive air ionization 
Controls 

10 min Recovery 30 min Recovery 10 mill Recovery 30 min Recovery 
Serotonin (%) Serotonin (%) Serotonin (%) Serotonin (%) 
(ng/ml) (ng/ml) (ng/ml) (ng/ml) 

Total Blood Control 128 4- 12 100 110 4- 13 100 
Ionized 89 4-4- 11 ~ 69.5 84 4- 11b 76.3 

Plasma Control 40 4- 4 100 42 4- 8 100 
Ionized 23 i 5 b 57.5 21 4- 8 50 

Erythrocytes Control 63 =[= 8 100 67 4- 10 100 
Ionized 3 7 •  6 ~ 58.3 29~= 6 ~ 43.3 

Thromboeytes Control 18~- 4 100 20 :~: 7 100 
Ionized 54- 1 �9 27.7 5 ~  2 ~ 25 

1424-18 100 1364-19 100 
1944-20 b 140 1974-24~ 145 

444-12 100 47::t2 7 100 
8 3 ~ 1 6  �9 190 704-10 b 150 

6 9 ~ 1 0  100 5 6 ~ 1 2  100 
1034-15 a 150 110=t=20 �9 198 

10-t- 8 100 11-4- 5 100 
344- 7~ 340 284- 7~ 255 

Each figure represents 6 experiments i SEM. ap ~ 0.001, bp < 0.05. 
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Stat i s t ica l  eva lua t ion  was  made  by  S t u d e n t ' s  t-test .  
Results. As is shown in the  Table,  whole blood sero tonin  

of no rma l  blood a m o u n t e d  to  110-142 ng/ml.  Nega t ive  
ionizat ion reduced  these values  to 84-89 ng/ml,  whereas  
posi t ive  ionizat ion raised t h e m  to 194-197 ng/ml.  Blood 
f rac t ionaf ion  in to  plasma,  e ry th rocy te s  and  t h r o m b o c y t e s  
showed a similar  t r end  in all 3 b lood cons t i tuen ts .  Blood 
p lasma  conta ined  40-47 ng /ml  sero tonin ;  nega t ive  ioniza- 
t ion  reduced  these values to 21-23 ng/ml,  while posi t ive  
ionizat ion raised t h e m  to 70-83 ng/ml.  The e ry th rocy t e  
suspension con ta ined  56-69 ng/ml  sero tonin ;  negat ive  
ionizat ion reduced these  values to 29-37 ng/ml ,  while 
posi t ive  ionizat ion increased t h e m  to 103-110 ng/ml.  
The t h r o m b o c y t e  suspension con ta ined  only  10-20 ng /ml  
sero tonin ;  nega t ive  ionizat ion reduced  these  values  to  
5 ng/ml,  whereas  posi t ive  ionizat ion increased t h e m  to 
28-34 ng/ml .  

Discussion. The expe r imen t s  d e m o n s t r a t e  the  pro-  
pens i ty  of posi t ive  ions to cause sero tonin  release f rom the  
blood and t h a t  of nega t ive  ions to  suppress  such release 
in vitro.  Thus  the  t heo ry  of tile 'Kruege r  Ef fec t '  has  been  
well proved.  Krueger  h imsel f  showed in vivo t h a t  big 
concen t ra t ions  of posi t ive  ions raised sero tonin  blood 
levels in mice, while h igh  concen t ra t ions  of negat ive  ions 
lowered t h e m  7. 

These resul ts  also indicate  t h a t  dur ing  the  separa t ion  
of t h e  t h r o m b o c y t e s  f rom the  e ry th rocy t e s  p a r t  of t h e m  
decayed  and released the i r  serotonin.  In  order  to  s t u d y  
the  disposal of th is  serotonin,  we carr ied ou t  the  experi-  
men t s  l is ted in the  Table  w i th  siliconized blood f rac t ions  
of plasma,  e ry th rocy te s  and  t h r o m b o c y t e s ;  fu r the rmore  
wi th  non-si l iconized syringes and Pe t r i  dishes Oil full 
blood. In  the  former  set-up,  pos i t ive  air ionizat ion in- 
creased sero tonin  in the  t h r o m b o c y t e  f rac t ion  only. In  the  
l a t t e r  set-up,  microscopic inspect ion  showed comple te  
decay  of the  t h r o m b o c y t e s  which  had  released the i r  

serotonin.  This  was t aken  up b y  the  p lasma (20-30%) and  
the  e ry th rocy te s  (70-80%);  in o ther  words,  ill the  ab-  
sence of t h rombocy te s ,  sero tonin  t r a n s p o r t  is t aken  over  
by  the  e ry th rocy tes ,  a p h e n o m e n o n  no t  duly  apprec ia ted  
unt i l  now. The decrease in sero tonin  levels af ter  nega t ive  
ionizat ion in vi t ro  is p ro b ab l y  due to its no rmal  break-  
down  b y  monoamine  oxydase  I2. However ,  in v ivo 
serotonin  can also be conver ted  to 5 -hydroxyindole  acetic 
acid (5-HIAA) by  the  cy toch rome  oxidase  sys tem,  as 
shown by  KRUEGXR and  SMITH 3. The mechan i sms  of th is  
b r eakdown  are now s tud ied  by  us in vivo and  in v i t ro  b y  
apply ing  special enzyme inhibi tors .  
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Summary .  In i t ia l  t r a n s d e t e r m i n a t i o n  leads f rom la tera l  and  medial  halves  of male f i rs t  leg imaginal  discs a lmos t  
exclus ively  to  s t ruc tu res  of t he  base and the  spread  (blade) of the  wing. Mesono tum never  appeared.  The f requency  of 
t r a n s d e t e r m i n a t i o n  is species-specific and  mos t  p robab ly  cel l -autonomous.  Medial halves  t r ansde t e rmine  more  fre- 
quen t ly  t h a n  lateral  halves.  U n d e r  t he  influence of an equiva len t  a m o u n t  of b l a s t ema  g rowth  D. nigromelanica t rans -  
de te rmine  wi th  a m u c h  h igher  f requency  t h a n  D. virilis. 

Tramdetermination can be def ined as a change  of the  
de t e rmined  s t a te  of cells to  a d i f ferent  s ta te  f rom which  
t h e y  will in i t ia te  a p a t h w a y  of d i f fe ren t ia t ion  t h a t  leads 
to  s t ruc tures  t h a t  no longer cor respond  to  t he  init ial  s t a t e  
of de te rmina t ion .  

T r a n s d e t e r m i n a t i o n  was discovered in b las temas  of 
larval  imaginal  discs t h a t  were first  cu l tured  in t he  ab-  
domen  of adul t  females  4. In  th is  m e d i u m  no di f ferent ia t ion  
b u t  an extens ive  prol i fera t ion occurs. In  order  to  f ind ou t  
w h e t h e r  the  de t e rmined  s ta te  r emained  stable,  t e s t  pieces 
of the  prol i fera ted  b las temas  were t r a n s p l a n t e d  back  into 
me t amorphos ing  larval  hosts .  W i t h  th is  m e t h o d  we found 
t h a t  there  exis ts  for each disc a given p robab i l i t y  for the  
even t  and the  di rect ion of t r ansde te rmina t ionS-% Af te r  
an initial transdetermination event, which would for 
example  lead in Drosophila melanogaster f rom geni tal  
b las temas  to  leg s t ruc tures ,  changes  of second and  th i rd  

order  could lead to  wing or head  and  t h e n  to  the  n o t u m  
of t h e  meso thorax .  T ransde t e rmina t ion  of h igher  orders  
seems to occur only in cultures which have been trans- 
ferred twice or many times from one adult host to another. 
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