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~ eSponses of  S ing l e  N e u r o n s  in the  O l f a c t o r y  
Ulbs of Rabb i t s ,  D o g s ,  and  Cats  to  X - R a y s  1 

b^~ Brief exposure to X- rays  has been  shown to  produce  
des ;  vl°ral  arousal  ~,3 and e lec t roencephalographie  (EEG) 
• YUCr~ronization l,s in sleeTfing ra ts  GARCIA et  al. s 
.tolln ~ ~ . " . . 

d tha t  X-rays  were more  ef fec t ,ve  as a condi t ioned  
stimulus when a smal l -d iamete r  X - r a y  b e a m  passed 
through the region of t he  head  con ta in ing  the  o l fac tory  
bulb and anter ior  bra in  t h a n  when  the  b e a m  passed 
through o ther  par ts  of the  head. Bo th  HULL et  al. ~ and 
COOPER and K~MELDO~F8 repor ted  t h a t  o l fac tory  bulb 
ablations grea t ly  d iminished the  n u m b e r  of s leeping ra ts  
Showing E E G  desynchroniza t ion  in response to X-i r ra-  
diation. CooPER and KIMEI.DORg 9 fur ther  showed t h a t  
X-rays ev  b " eked  responses in single neurons  of the  o l fac tory  

Ulb in anes the t ized  rats.  Since such responses could be 
~be°lished t empora r i ly  by  the perfusion of saline th rough  

nasal cavities,  or  pe rmanen t ly  by  alcohol perfusion, an  
effect of X- rays  on o l fac tory  receptors  was impl icated.  
This conclusion was reinforced by  the  repor t  1° t h a t  the  
Perfusion of argon or  n i t rogen th rough  the  nasal  passages 
of t racheotomized rats  depressed or  abolished the  re- 
8 o  
PIase of mos t  o l fac tory  bu lb  neurons  to X- i r radia t ion .  

h n Such inves t iga t ions  as those  ci ted above,  the  ra t  has  
een used a lmost  exclusively.  The  present  expe r imen t  

~i~a carried ou t  to  de t e rmine  whe the r  responses of single 
Ctory bulb neurons  to X- rays  could be ob ta ined  in 

rabbits, dogs and cats. In  addi t ion  to the  inheren t  in- 
terest in obt2 in ing  an answer  to this  quest ion,  there  was 
also a prac t ica l  reason for unde r t ak ing  the  exper iment .  
Since each species has its own advan tages  and disad-  
vantages for expe r imen ta l  purposes,  i t  was deemed  de-  
Sirable to have  avai lab le  a va r i e t y  of  species whose olfac- 
~ r y  receptors had  been proven  capable  of responding to 

-rays, in o rder  to faci l i ta te  fu r the r  research into the  
~eehanism under ly ing  such responses. 
. ~'Iethods. 10 New Zealand whi te  rabbi ts ,  5 mongre t  
a~gs, and 5 cats  were used. All  an imals  were adults ,  
,thOugh the i r  exac t  ages were unknown.  Rabb i t s  were  

anesthetized wi th  1.0 g/kg of ure than ,  given i .p.;  dogs 
With 35 mg/kg  of sod ium pen toba rb i t a l  i.v. ; and  cats  
With 30 mg/kg  of sodium pen tobarb i t a l  i.p. The  dorsal  
Surface of the  o l fac tory  bulb was surgical ly  exposed in 
rabbits. In  dogs and cats  a dorsal  approach  to the  olfac- 
~ b ~.ry ulb was made,  b u t  t he  bulb was no t  exposed to  
utrect vision. Dur ing  rad ia t ion  exposure  trials animals  
~ r e  pla~ed, individual ly ,  in a s te reo tax ic  i n s t rumen t  
~ u c h  was located wi th in  an e lectr ical ly  shielded cage. A 
t'~estinghouse X- ray  machine  (250 kV'P; 15 m A ;  fi l tra-  
t e s ,  1 m m  A1 and 0.5 m m  Cu ; hal f -value  layer  equ iva l en t  
tL ~.35 m m  Cu) was or iented to pass a hor izonta l  beam 
~trOugh the  shielded cage. Whole -an imal  exposures were 
~ade in all  cases. The  dose rate,  measured  in air  a t  t he  ~ rt surface of t he  head,  was 1.0 R/see.  The  dura t ion  of 
~tPosure rou t ine ly  used was abou t  2 sec, b u t  var ied  f rom 
~uout 0.5 to 5.0 sec. Stainless s teel  microelectrodes,  con- 
~trueted by  the  m e t h o d  of GREEN n,  and hav ing  t ip  

iaraeters of 0.5-2.0/~, were used for mak ing  ex t race l lu la r  
:Ordings f rom o l fac tory  bulb neurons.  A Grass P - 6  pre- 

th-?aplifier. , wi th  ca thode  follower, was used for amphf" y ing  
ti ~ Spike potent ials .  Graphic  recordings of spike poten-  
g?:S~ere  made  wi th  a Honeywel l  906-C V/s/corder  oscillo- 
rt_ ~ph. An a l t e ra t ion  in t he  discharge f requency  of a 

~Urou dur ing X- ray  exposure  of a t  least  25%, repea ted  
~:r at least 2 separa te  trials, was the  a rb i t r a ry  cr i ter ion 
d~r~ response to  i r radiat ion.  Sham i r rad ia t ion  tr ials  were 
t~er~d out  by  placing a 1/4-inch-thick lead pla te  be tween  
)c ~ X-ray  machine  and the  animal ,  and opera t ing  the  
-~'ray uni t  in the  usual  manner .  

R e s u l t s  a n d  D i s c u s s i o n .  The  F igure  shows the  responses 
to i r rad ia t ion  of a single o l fac to ry  bulb  neuron  in each 
of the  3 species examined  in th is  exper iment .  I n  each  case 
the  record represents  a response to  i r rad ia t ion  which  is 
near  the  m a x i m u m  response f requency  observed  for t h a t  
species. As can be seen in t h e  Figure,  the  spike f r equency  
increases in order  f rom the  dog, t h rough  the  rabbi t ,  to  
the  cat,  which  had the  h ighes t  response f requency.  I t  
should be po in ted  ou t  t h a t  t he  a m o u n t  of  d a t a  ob ta ined  
in this  s tudy  does no t  p e r m i t  a r igorous q u a n t i t a t i v e  
s t a t e m e n t  regarding these  response frequencies.  Fu r the r -  
more,  the  th ickness  of  the  skull  and  ove r ly ing  t issues is 
d i f ferent  for t he  var ious  species of  an imals  used, so t h a t  
the  effect ive rad ia t ion  exposure  ra te  a t  the  level  of t he  
o l fac tory  receptors  and  o l fac tory  bulb  no doub t  va r ied  
cons iderably  be tween  species;  th is  m a y  v e r y  well  be 
responsible  for the  differences in response. However ,  
wi th in  these l imita t ions ,  i t  m a y  be s ta ted  t h a t  the  max i -  
m u m  increase in f i r ing ra te  (spike f r equency  dur ing  i r ra-  
d ia t ion  minus  the  spike f requency  before 'radiation) ob- 
served for t he  dog was 20-25 spikes/see, for the  r abb i t  
35-50 spikes/see, and  for the  ca t  50-70 spikes/see. In-  
creases in f ir ing ra te  of 80-100 spikes/see h a v e  been  ob- 
served in the  ra t  a t  a rad ia t ion  exposure  ra te  of 1 R/see.  
The  f i r ing ra te  of 1 neuron in t he  dog and 2 neurons in the  
ca t  was depressed dur ing i r radiat ion.  
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The responses of single olfactory bulb neurons to X-irradiation in 
the cat, rabbit, and dog. In each record the arrow pointing upward 
indicates the beginning of irradiation and the arrow pointing down- 
ward the cessation of irradiation. Calibration: 1 mV and 100 msec. 
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The Table  shows the  n u m b e r  of  uni ts  tes ted  in each 
species, and the  n u m b e r  and percentage  of such uni ts  
which responded to  i rradiat ion.  Here  again, reservat ions  
concerning these values  mus t  be made  because of the  
re la t ive ly  smalt  n u m b e r  of uni t s  s tudied.  Also, no a t t e m p t  
was made  to record f rom homologous  areas of the  olfac- 
t o ry  bulb in the  var ious  species;  sampl ing  of units  was 
random.  I t  would appear ,  however ,  t h a t  a grea te r  per-  
centage  of o l fac tory  bulb  neurons in the  dog responded 
to i r rad ia t ion  as compared  wi th  the  r abb i t  and cat.  
Previous  work  ~ resul ted in percentages  for the  ra t  which 
are app rox ima te ly  the  same as those  observed  for the  
rabbi t  and ca t  in this  s tudy.  

All previous  work  on the  response of ol factory bulb  
neurons  to X- i r rad ia t ion  has been done on the  rat .  
Similar ly,  ra ts  h a v e  been used exclus ive ly  in behaviora l  

The total number of olfactory bulb neurons studied in the rabbit, 
dog, and cat are shown, along with the number and % of such units 

which responded to X-irradiation 

studies which have  demons t r a t ed  t h e  ab i l i ty  of X-rays 
to arouse animals  f rom sleep. W i t h  the  except ion  of an 
expe r imen t  by  TsYPIN and GRIGOR'YEV TM, in which tab" 
bi ts  were used, rats  have  been used in s tudies showing 
i m m e d i a t e  E E G  changes  as a resul t  of brief  exposure to 
low-dose ionizing radiat ion.  The  present  s t udy  demon" 
s t ra tes  t h a t  o l fac tory  bulb  neurons  of the  dog, rabbit, 
and cat ,  as welI as those  of the  rat ,  are capable  of respond" 
ing to X- i r rad ia t ion .  On the  basis of p rev ious  work  d °ge 
on the  ra t  D,t°, i t  is p robable  t h a t  these  responses are the 
resul t  of an effect  of X- rays  on o l fac tory  receptors.  

Zusammen/assung. Die du tch  R6n tgens t r ah len  (1 R/seC) 
erzeugten  etektr ischen Impulse  einzelner  Nervenzel len  der 
Geruchszwiebel  wurden  in narkot i s ie r ten  Katzen ,  Kanin" 
t h e n  und H u n d e n  gemessen.  Ats typ ische  Reak t ion  wurde 
eine kurzfr is t ige E r h 6 h u n g  der  e lektr ischen Impulse  ge- 
funden.  Somi t  sind die yon  l~6ntgenst rahlen  ausgel6ste~ 
elektr ischen Impulse  des Geruchsys tems kein artspeZZ" 
fisehes, sondern v ie tmehr  ein Mlgemeines Ph~.nomen. 

G. P. COOPER and  D. J.  KIMELDOlZl¢ 

No. of No. of % of 
neurons neurons neurons 
tested responsive responsive 

to X-rays to X-rays 

Physiology-Psychology Branch, U.S. Naval Radiologlcal 
Defense Laboratory, San Francisco (California 9,1135, 
USA), August 29, 1966~ 

Cat 95 16 17 
Rabbit 128 19 15 
Dog 71 17 24 is A. B. TSYPIN and Yr. G. GRIGOR'YEV, Bull. exp. Biol. Med. USSI~ 

49, 21 (1960), 

Survival of Stressed Rats Fol lowing 
Experimental  Cardiac Necrosis  

I t  has been demons t ra t ed  t h a t  isoproterenol  produces 
infarct- l ike myocard ia l  necrosis in ra ts  1. The  funct iona l  
capac i ty  of such hearts ,  as measured  by cardiac  o u t p u t  
and work  dur ing over load ing  produced  by  po lyv iny lpy r -  
rol idone infusion, is grea t ly  reduced 2. The  present  s tudy  
was in i t ia ted  to observe the  effect of stress on the surv iva l  
of rats  w i th  myocard ia l  necrosis. 

MMe a lb ino  ra ts  of t he  Carwor th  CFN strain were used. 
W'eanlings were main ta ined  on a normal  chow diet ,  excep t  
for one group on a h igh  fat  diet  3. All the  animals  weighed 
350-400 g. I sopro te renol  was in jec ted  at  3 m g / k g  s.c. for  
2 days  and the  ra ts  were stressed on the  th i rd  day.  Stress 
consis ted of hypox i a  in a covered  glass jar ,  swimming  in 
i0 °C wa te r  or res t ra in t  by  Wing in a supine posi t ion for 
24 h. All animals  were autops ied  a t  death ,  or  24 h a f te r  
surv iv ing  the  exper imenta l  procedure,  and the  hear t s  
examined  by  a p rev ious ly  described m e t h o d  1. 

I soproterenol  produced  grossly ev iden t  myocard ia l  
damage  in each  rat ,  whi le  stress alone, or  w i th  the  h igh  
fa t  diet  plus res t ra int ,  did not  resul t  in myocard ia l  in- 
jury.  However ,  there  was no s ignif icant  difference in the  
length  of surv iva l  be tween  i soproterenol - t rea ted  and con- 
t ro l  animals  fol lowing hypoxia ,  swimming  or  res t ra in t  
(Table), indica t ing  t h a t  the  presence of myocard ia l  dam-  
age did not  increase the  myocard ia l  sens i t iv i ty  to cel lular  
anoxia  suff icient ly to affect  survival .  No  animals  died 

The effect of stress on the survival of isoproterenol-treated r~-- 

Treatment No. of Survival 
rats (range) 

Isoproterenot 20 None dead 

Isoproterenol + hypoxia 6 109 m in* 
(90-136) 

ttypoxia 6 112 mi~ 
(92-118) 

Isoproterenol + swimming (10 °C) 6 17 mfi t~ 
(13-25) 

Swimming (10 °C) 9 20 rain 
(17-25) 

Isoproterenol + restraint 18 None dead 
Restraint 18 None dead 

Isoproterenol + high fat diet + restraint 14 3 des db 
High fat diet + restraint 12 None dead ~ J  

Not significantly different from stress alone at P = 0.05 using ~¢ 
Student t test. b Animals died 12, 15 and 22 h after the end of re" 
straint. 
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