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than ie l sz  et  al. 10 found  also h ighe r  t h y r o x i n e  c o n t e n t  in 
sera  of 3 fe ta l  l ambs  in compar i son  to  m a t e r n a l  values.  
Re l a t i ve ly  h igh  and  s t ab le  va lues  of t h y r o x i n e  in sera of 
7 bov ine  fe tuses  were also described13, b u t  t h e y  were no t  
c o m p a r e d  to  va lues  of mo the r s .  

In  our  s t u d y  cons ide rab ly  h ighe r  t h y r o i d  h o r m o n e  
va lues  in fe ta l  sera  t h a n  in m a t e r n a l  samples  were de- 
m o n s t r a t e d .  W e  h a v e  found  t h a t  also t r i i o d o t h y r o n i n e  
was p r e sen t  in fe ta l  sera  in r e l a t ive ly  h igh  c o n c e n t r a t i o n  

du r ing  t he  las t  t r i m e s t e r  of p r egnancy .  These  resul t s  
sugges t  t h a t  t h y r o i d  g land  has  h i g h  a c t i v i t y  in u tero ,  and  
t h a t  m a t e r n a l  a n d  fe ta l  t h y r o i d  h o r m o n e  pools are re- 
l a t ive ly  i n d e p e n d e n t  of one ano the r .  S igni f ican t  f o r m a t i o n  
of t r i i o d o t h y r o n i n e  in b o v i n e  fe tuses  is supposed.  

13 p. W. NATHANIELSZ, R. S. COMLINE, ~[. SILVER and A. L. THOMAS, 
J. Endocr. 61, 71 (1974). 
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Summary. Record ing  t he  o l fac to ry  r ecep to r  a c t i v i t y  of m a r i n e  fishes p resen t s  p rob lems  due to  the  s h u n t i n g  of the  
e lectr ical  s ignals  b y  t h e  h i g h l y  c o n d u c t i v e  sea water ,  wh ich  resul t s  in  s ign i f ican t  s ignal  loss. B y  record ing  t he  large 
s ignal- to-noise  ra t io  D. C. p o t e n t i a l s  us ing t he  u n d e r w a t e r  e lec t ro -o l fac togram (EOG), we were able  to  s t u d y  o l fac tory  
l e cep to r  p rope r t i e s  of f r e shwa te r  and  m a r i n e  fishes in a c o m p a r a b l e  m a n n e r .  

The  u n d e r w a t e r  e l ec t ro -o l fac togram (EOG) 3, a slow 
(DC) p o t e n t i a l  change  recorded  in t he  w a t e r  above  t he  
surface  of t he  o l fac to ry  m u c o s a  in response  to chemica l  
s t imu la t ion ,  has  been  used to  s t u d y  o l fac tory  r ecep to r  
responses  of f r e shwa te r  fishes a, 4. A single r e p o r t  5 exis ts  
conce rn ing  E O G  responses  f rom a m a r i n e  species, t he  
A t l an t i c  hagf i sh  (Myxine glutinosa, class A g n a t h a ) ,  to  
amino  acids, r e cen t l y  shown  to  be effect ive a t t r a c t a n t s  
for some m a r i n e  fishes 6 a n d  p o t e n t  chemica l  s t imul i  in 
f r e shwa te r  te leos ts  7-10. The  e lect r ica l  responses  f rom the  
excised o l fac to ry  organ  of t he  hagf i sh  are cha rac t e r i zed  
b y  pos i t ive-going  p o t e n t i a l  changes .  We  r e p o r t  here,  ne-  
ga t ive  E O G  recordings  f rom in v ivo  p r e p a r a t i o n s  of 2 
classes of m a r i n e  f ishes:  Chondr i ch thyes ,  t he  A t l a n t i c  
s t i n g r a y  (Dasyatis sabina) and  Os te ich thyes ,  t he  sea ca t -  
f ish (drius /eli@ 

Record ing  t h e  o l fac to ry  r ecep to r  a c t i v i t y  of m a r i n e  
fishes p resen t s  p rob lems  due  to  t h e  s h u n t i n g  of t he  elec- 
t r i ca l  s ignals  b y  ti le h igh ly  c o n d u c t i v e  sea water ,  wh ich  
resu l t s  in s ign i f ican t  s ignal  loss. O l fac to ry  neura l  respon-  
ses h a v e  been  successful ly  recorded  (AC) in f r e shwa te r  
te leos ts  3, a, 7, s w i t h  m e t a l  filled glass cap i l l a ry  electrodes,  
t i p  p l a t ed  w i t h  P t - b l a c k  11, p laced  aga ins t  t i le surface  of 
t he  o l fac tory  mucosa .  W e  t r i ed  th i s  m e t h o d  on  m a r i n e  
fishes, b u t  were unsuccessful  due  to  t h e  s h u n t i n g  of t i le 
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Fig. 1. EOG responses to 1.0 mM L-alanine. a) freshwater catfish; 
b) sea catfish; c) stingray. The small response magnitude of the sea 
catfish is due to shunting by the highly conductive sea water; that of 
the stingray is due to shunting and possibly an insufficient flow of 
sea water into its large olfactory capsule, which might also account 
for the long time course of the response. Rising edges of records 
have been retouched for clarity. 

r ecep to r  ac t ion  po ten t ia l s .  B y  record ing  t he  larger  s ignal-  
to -noise- ra t io  DC-poten t ia l s ,  we were able  to  s t u d y  ol- 
f ac to ry  r ecep to r  p roper t i e s  of b o t h  f r e shwa te r  and  m a r i n e  
fishes in  a c o m p a r a b l e  m a n n e r .  

F re sh ly  c a u g h t  spec imens  f rom the  Gulf  of Mexico 
were immobi l i zed  ( s t ingray :  MS-222, t r i c a i n e - m e t h a n e  
s u l p h o n a t e ;  ca t f i sh :  Flaxedi l ,  ga l l amine  t r ie th iodide)  
a n d  pos i t ioned  in plexiglass  con ta ine r s  w i t h  ae ra t ed  sea 
w a t e r  c o n t a i n i n g  MS-222 per fus ing  t he  gills t h r o u g h o u t  
t he  exper imen t s .  S t imul i  were d i lu ted  to a t  leas t  50% 
(st ingray)  a n d  25% (catfish) of t he i r  appl ied  concen t r a -  
t ions  as d e t e r m i n d e d  b y  p h o t o d e n s i t o m e t r y  of dye so- 
lut ions.  The  E O G  was recorded  w i t h  ca lomel  e lectrodes  
v ia  R inge r - aga r  filled cap i l la ry  p ipe t tes ,  ampl i f ied  b y  a 
d i rec t -coupled  amplifier~ a n d  d i sp layed  on  a pen  recorder .  
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Fig. 2. Stingray (�9 L-alanine, and sea catfish (0) L-cysteine, 
response-concentration curves in a log-log plot. Peak EOG responses 
are plotted as a function of the estimated concentrations delivered 
by the stimulator. Thresholds are determined by fitting a straight 
line to the response values and intersecting it with the control 
response, i.e. that obtained with the stimulus adjusted for zero 
concentration. The slight electrophysiological responses to the 
control stimulus are due prinlarily to chemical contaminationS, 18. 
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Responses  recorded by  the  act ive electrode pos i t ioned 
in the  flowing seawate r  in the  ol factory  capsule above the  
receptors  were negat ive  in po la r i ty  relat ive to the  re- 
ference electrode placed in the  m o u t h  (stingray) or agains t  
the  cranial  skin above the  surface of the  wa te r  (catfish). 
The records ob ta ined  are similar to the  EOGs recorded 
in o ther  ve r t eb ra t e s  3, 12, 13. However ,  due to  the  shun t ing  
p rob lem the  response magn i tudes  are small, averaging 
0.2 mV for the  ray  and 2.0 mV for the  sea cat f ish  for the  
mos t  p o t e n t  amino acid s t imuli  t e s t ed  a t  1.0 m M . ;  
similarly recorded responses  for the  f reshwater  channel  
catf ish ([ctalurus punctatus) averaged 10 mV. Figure 1 
shows EOG responses  to  applied concen t ra t ions  of 1.0 
m M  L-alanine for the  f reshwater  catfish,  t he  sea catfish,  
and the  s t ingray.  

Figure 2 i l lustrates  r e sponse -concen t ra t ion  curves for 
b o t h  the  s t ingray  and the  sea catfish.  The re la t ionship  
be tween  the  EOG and s t imulus  concen t ra t ion  can bes t  be 
descr ibed b y  power  funct ions  wi th  exponen t s  (slopes) 
ranging be tween  0.233 and 0.398 (average = 0.315~_ 
0.05) for the  ray  and  0.191 and  0.333 (average = 0.250 ~_ 
0.05) for the  catfish.  E s t i m a t e d  electrophysiological  
th resholds  are be tween  10 -6.5 M and  10 -s M for b o t h  
species, which  are similar to  the  values ob ta ined  for fresh- 
wa te r  cat f ish  4, s. 

The EOG is a simple me thod  for s tudy ing  the  response 
proper t ies  of ve r t eb ra t e  o l fac tory  receptors .  Caution 
m u s t  be observed in equa t ing  the  EOG wi th  the  neural  
response,  even though  it has  been suggested t h a t  the  
EOG is the  popula t ion  average of receptor  po ten t ia l s  
responsible  for the  in i t ia t ion of nerve  impulses13,14. The 
unde rwa te r  and  air EOGs of the  tur t le  po t t l ed  agains t  
s imul taneous ly  recorded responses  of receptor  neurons  
reveal  a non-l inear  re la t ionship  which differs quan t i t a t i ve -  
ly for d i f ferent  odoran t s  15-1~: However ,  in the  f reshwate r  
catfish,  the  EOG and o l fac tory  neural  responses  exhib i t  
similar th resholds  and phasic- tonic  response charac te r -  
istics 4. Also, the  re la t ionships  be tween  the  EOG or neural  

response and the  s t imulus  concen t ra t ion  are b o t h  describ- 
ed by  power  funct ions ,  a l though the  EOG func t ion  has a 
s o mew h a t  h igher  slopeS. 

The u n d e r w a t e r  EOG prepara t ions  of s t ingray  and sea 
catf ish are accompl ished  wi th  m i n i m u m  difficulty.  There  
is easy access to the  ol factory  receptors  wi th  li t t le or no 
surgery required,  thus  spar ing the  animal  unnecessary  
stress.  We conclude t h a t  the  unde rwa te r  EOG is a pro- 
mizing m e t h o d  for the  s t u d y  of t he  sense of smell of 
mar ine  fishes. 
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Summary. A device is in t roduced  which  allows a cont inuous  wireless reg is t ra t ion  of b r e a t h  f requency  of babies.  

Angs t  und  Spannungszus t / inde  f t ihren al lgemein zu 
einer E r h 6 h u n g  tier Atemfrequenz ,  wobei  Angstzus t / inde  
n ich t  die Tiefe, sondern  lediglich die F requenz  des Ein-  
a tmens  ver/ indern.  Die Ver~inderung zeigt  sieh schon 
wesent l ich  frt iher als vergleichsweise die der  Herzsehlag-  
f requenz  oder  des H a u t w i d e r s t a n d e s  1. Diese fri ihzeitige 
Ver~inderung m a c h t  die A temf requenzmessung  deshalb  
so in teressant ,  weil mall  dadurch  yon  U m s t i m m u n g e n  im 
Organismus  in Kenn tn i s  gese tz t  wird, bevor  sich i rgend- 
eine e rkennbare  Reak t ion  am Menschen zeigt  oder  an- 
derswei t ig  fes ts te l len l~sst. Herk6mml iche  Ver fahren  sind 
gerade wegen ihres appa ra t i ven  Aufwandes  bei psycho-  
phys i schen  Messungen erw~ihnter Ar t  an S~uglingen sehr  
ungiinstig.  E r  wird in seiner Bewegungsfre ihe i t  einge- 
schr~inkt und  d a m i t  in se inem nat i i r l ichen Verha l t en  zu 
sehr  gest6rt ,  als dass eine r i ickwirkungsfreie Messung noch 
m6glich ist. Le tz te res  sollte jedoch Vorausse tzung  fiir jede 

sinnvolle psychophys i sche  und medizinische Mess technik  
sein. Derar t ige  Un te r suchungen  ben6t igen  daher  kleine 
und  leichte Sender,  wobei  einerseits  tier e lektronische 
Aufwand,  Empf ind l i chke i t  und  Genauigkeit ,  anderersei ts  
Be t r i ebsdauer  und  Reichwei te  in e inem giinst igen Ver- 
h~iltnis zue inander  s tehen  sullen ~. Grosse Reichwei ten  
ver langen re la t iv  hohe  H F - L e i s t u n g e n  und bedingen  ho- 
hen  S t ro mv e rb rau ch ;  Empf ind l i chke i t  und  hohe  Ge- 
nauigkei t  e r fordern  hohen  e lekt ronisehen Aufwand.  Diese 
Prob leme lassen sich be im heut igen  S tand  der  In tegra-  
t i ons techn ik  zwar  16sen, doch  schliessen die K o s t en  und 
Hers te l lungsze i ten  der  F o t o m a s k e n  diesen Weg fiir 
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