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Fig. 3.--Contractions of the nictitating membrane as function of the 
temperature for two different frequencies of stimulation: 2/s (black 

dots) and 10/s (white circles). 

chol ine  was  g rea t ly  inc reased  a t  h ighe r  r a tes  of s t imu la -  
t ion .  W h e n  the  same  e x p e r i m e n t  was r e p e a t e d  a t  20°C 
an  inc reased  n u m b e r  of p regang l ion ic  shocks  d id  no t  
increase  t he  t o t a l  o u t p u t  of ace ty lcho l ine .  
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Fig. 4.--Acetylcholine output at 37°C and 20°C for different 
frequencies of stimulation (2 and 10[s). Each block represents the 
amount of acetylcholine released during 5 rain stimulation of the 

cervical sympathetic. 

These  resu l t s  seem to s u p p o r t  our  a s s u m p t i o n  ex-  
p ressed  in a p rev ious  p a p e r  a t h a t  t h e  d i s a g r e e m e n t  be-  
t w e e n  B r o w n s  resu l t s  5 a n d  ours  was  due  to  t h e  d i f ference  
in t h e  f requenc ies  of s t i m u l a t i o n  used  in t he  e x p e r i m e n t .  
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Rdsumd 

D u r a n t  le r e f r o i d i s s e m e n t  du gangl ion  cervical  sup~- 
r ieur  perfusfi du  cha t ,  la r~ac t ion  de la m e m b r a n e  nict i -  
t a n t e  est  n o t a b l e m e n t  p lus  sens ible  aux  s t i m u l a t i o n s  de 
h a u t e  que  de basse  f rdquence .  Aux  t e m p 6 r a t u r e s  61ev~es, 
c ' e s t  l ' inverse .  

L ' i n f l uence  de la f r6quence  des s t i m u l a t i o n s  a aussi  
6t~ pe rcep t ib l e  lors des exp6riences ,  au t o u r s  desquel les  
le r e n d e m e n t  de l ' ac6 ty lchol ine  a ~t6 d6termin6.  A 37°C, 
le r e n d e m e n t  s ' ace ro i t  s e n s i b l e m e n t  l o r s q u ' o n  acc615re 
le r y t h m e  de s t imula t ion .  A 20 ° C, c e p e n d a n t  un  n o m b r e  
c ro i s san t  de chocs p rdgang l ionna i r e s  n ' a u g m e n t e  pas  le 
r e n d e m e n t  t o t a l  de l ' ac6ty lchol iue .  

E f f e c t s  o f  I n t e n s e  N o i s e  o n  A d r e n a l  a n d  P l a s m a  

C h o l e s t e r o l  of  M i c e  

The  p r o b l e m  of in tense  noise a n d  i ts  r e l a t ion  to  hea r ing  
i m p a i r m e n t  or o t h e r  s y s t e m i c  i n j u ry  in an ima l s  and  m a n  
has  r e c e n t l y  rece ived  r e n e w e d  emphas i s .  This  is p a r t l y  
due  to  ce r t a in  legis la t ive  measu res  a d o p t e d  in some 
s t a t e s  w h e r e  hea r ing  loss is now l is ted  as an occupa t i ona l  
disease.  In  p a r t  i t  is also due to  t he  belief  t h a t  noise is a 
s t r e s so r  a g e n t  capab le  of exceed ing  t h e  l imi ts  of phys io -  
logical  h y p e r a c t i v i t y  of the  p i t u i t a r y - a d r e n o c o r t i c a l  
sys t em.  

In  ear l ier  s tud ies  1 we f o u n d  t h a t  ex p o s u re  of mice  to  
m o d e r a t e l y  in tense  noise (110 db,  10-20 kc) did no t  resul t  
in excess ive  ad renoco r t i c a l  a c t i v a t i o n  and  c o n s e q u e n t l y  
noise d id  n o t  a p p e a r  to  c o n s t i t u t e  a ' h a r m f u l '  non-  
specif ic  s t ressor  s t imulus .  Cr i ter ia  used  to  meas u re  
ad rena l  a c t i v a t i o n  were :  ad rena l  h y p e r t r o p h y ,  eosino-  
penia ,  t h y m i c o l y m p h a t i c  i nvo lu t i on  a n d  the  a p p e a r a n c e  
of gas t r ic  ulcers.  Since severa l  worker s  h a v e  r e p o r t e d  t h a t  
noise ac ts  in a fash ion  s imilar  to  o t h e r  s t ress  agen t s  2 we 
dec ided  to  e x t e n d  our  s tud ies  to  inc lude  m u c h  h igher  
noise levels in an  e f for t  to  elicit  phys io logica l  changes  
cha rac t e r i s t i c  of a s t ress  response .  

The  s o u n d  a p p a r a t u s  used  in t he  p r e s e n t  s t u d y  ~ con- 
s i s ted  of a noise genera to r ,  a 700 w a t t  U n i v e r s i t y  B-24 
l oudspeake r  (hav ing  24 s e p a r a t e  30 w a t t  speakers) ,  a 
Bogen  ampl i f i e r  a n d  a N a v y  B e a c h  ampl i f ier .  Sound  
levels  a t t a i n e d  were  a b o u t  140 db  w i t h  m o s t  of t he  ene rgy  
c o n c e n t r a t e d  in t he  150 4800 cy/s  f r e q u e n c y  range.  Such 
levels  a p p r o x i m a t e  those  p u t  ou t  b y  t u r b o - j e t  engines  
a n d  are nea r  t h e  m a x i m a l  l imi t  one  can  o b t a i n  w i th  
c o n v e n t i o n a l  d i a p h r a g m  t y p e  l o u d s p e a k e r  s y s t ems .  In-  
d iv idua l ly  i so la ted  mice were  ex p o s ed  to  noise for  5 rain 
a n d  a u t o p s i e d  i m m e d i a t e l y  a f t e r  ex p o s u re  a n d  a t  3 and  
6 h i n t e rva l s  for ana lys i s  of changes  in  ad rena l  we igh t  
and  in ad rena l  c o n t e n t  of cho les te ro l  and  s e r u m  Na, K, 
a n d  Ca levels followiilg noise exposu re .  P r e l i m i n a r y  
ana lyses  for  t o t a l  cho les te ro l  were  m a d e  us ing the  
SPIERRY-~'VIEBB t e c h n i q u e  4. This  was  l a t e r  a b a n d o n e d  in 

1 A. ANTImNY, J. acoust. Sot. Amer. 2;', 1150 (1955). - A. AN- 
THONY and E. ACKERMAN, J. aconst. Sot. Amcr. 27, 1144 {1955). 

2 E .  DAY, D.  FLETCHER, G.  NAIMARK, and W. MOSnER, J. Avia- 
tion Med. 2Z, 316 (1951). - R. MILINE and O. KOCHAK, C. R. ASs. 
Anat., 38 e r6union, Nancy 1951, 1. -C.  FORTIER, Endocrinology 49, 
782 (1951). 

a Authorized for publication as paper No. 2183 in the Journal 
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Patterson Air Force Base, Dayton, Ohio, under contract No. AF 
3a(016) ~505. 

4 W. M. SVERRY and M. WEu~, J. biol. Chem. 187, 97 (1950). 
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Table I 
Cholesterol levels in adrenals and plasma of mice ex }osed to intense noise 

105 

0 tt G It 
Group Sex (n} Treatment J 

Adrenal * Hasma ** Adrenal I 1}laslna 
I 

I 
I I  
I I I  
IV 
V 
VI 

512 ( 9 )  controls 
512 (15) sound (114 db, 10-20 kc) 
312 (12) controls 
M (:12) sound (149 db, 150 4800 cy/s) 
F (121 controls 
F (121 sound (149 db, 150~800cy/s)  

3.0 :k 0.8 1494- 9 
3.5 :t20.6 146 ~ 27 
4.6 i 1.6 634-  7 
5.1 ~ 1.2 69 4- 2 
7'2 :t: 1'9 49 t :  6 
7"4 ± 0'7 66 ± 12 

8 h 

Adrenal ] 1}laslna 

4-7 4- 0.4 148 4- 4 
3-7 4- 0.5 146 ~ 9 
5"1 4- 0-7 62 :::k 13 
4"6 4- 1"4 59 :t: 8 
6"8 -_L 0'4 49 Zk 6 
6'9 ± 1'0 72 ~ 15 

3.0 4- 0.9 
4.5 4- 0.7 
4.5 4- 0-9 
5.0 :j: 1.8 
8.3 4- 1.8 
8.2 ± 1.0 

161 4- 10 
150 4- 17 
50 4- 16 
454-  11 
54 ± 18 
494 -  8 

* Ing  eholesteroI/100 mg adrenal ** mg cholesterol/100 ml plasma 

f avo r  of  a s i m p l e r  m e t h o d  of a n a l y s i s  r e c o m m e n d e d  by  
ZLATKIS, ZAK, a n d  BOYLE 5. 

Choles te ro l  levels  in  a d r e n a l s  a n d  p l a s m a  of con t ro l  
mice a n d  mice  exposed  to  i n t e n s e  noise are s u m m a r i z e d  
in T a b l e  I, Two  noise  levels  were  used  to  s t i m u l a t e  
d i f f e ren t  a n i m a l  g roups .  T h e  f i rs t  noise s t i m u l u s  (114 db, 
10-20 kc) m a y  be  l ikened  in a p p r o x i m a t e  m a g n i t u d e  to  
t he  noise  p r o d u c e d  n e x t  to  a r i v e t e r  b u t  a t  a h ighe r  
f r equency .  The  o t h e r  noise  source  a p p r o a c h e s  the  levels 
p r o d u c e d  b y  j e t  mo to r s .  I t  a p p e a r s  f rom T a b l e  I t h a t  
n e i t h e r  of t h e  noise  s t i m u l i  c a u s e d  a n y  app rec i ab l e  
c h a n g e  in  a d r e n a l  or  p l a s m a  cho les t e ro l  levels.  T he  m e a n  
a d r e n a l  a n d  p l a s m a  cho l e s t e r o l  va lues  of g roups  I a n d  I I  
d i f fer  f rom g r o u p s  I V  t h r o u g h  V I  s ince  the .  f i rs t  two  
g r o u p s  were  a n a l y z e d  b y  t h e  SPERRY-tvVEBB t e c h n i q u e  
a n d  t h e  o t h e r s  b y  t h e  m e t h o d  of ZLATK]S. 

A d d i t i o n a l  d a t a  i n c l u d e d  t a k i n g  a d r e n a l  we igh t s  ant i  
m e a s u r i n g  s e r u m  e l ec t ro ly t e s  a t  0, 3, 6 h a f t e r  noise 
exposure .  T h e  d a t a  in  T a b l e  I I  r e v e a l  t h a t  noise l ikewise 
ha s  no  ef fec t  on  a d r e n a l  w e i g h t  or s e r u m  e lec t ro ly te  
c o n c e n t r a t i o n s .  A l t h o u g h  t h e  fa i lure  to  o b t a i n  a d r e n a l  
h y p e r t r o p h y  or  a d r e n a l  cho le s t e ro l  dep le t ion  in the  
p r e s e n t  s t u d y  wou ld  see'm to  i n d i c a t e  t h a t  noise ex- 
posu re  was  n o t  fo l lowed b y  excess ive  ad r enoco r t i c a l  
a c t i v a t i o n ,  t h e r e  a l w a y s  r e m a i n s  t he  poss ib i l i ty  t h a t  
ch ron ic  or  c o n t i n u o u s  noise  exposu re s  could  r e su l t  in a 
b r e a k d o w n  of n o r m a l  defense  m e c h a n i s m  in t he  an imal .  
[Recently we c o n d u c t e d  seve ra l  s tud ies  of possible  s t ress  
effects  of  p r o l o n g e d  e x p o s u r e  of mice,  r a t s  a n d  gu inea  
pigs to  i n t e n s e  noise  for  pe r iods  r a n g i n g  f rom one  to  four 
weeks  d u r a t i o n .  No  e v i d e n c e  was  o b t a i n e d  wh ich  would 
sugges t  a n  o v e r a c t i v a t i o n  of t h e  p i t u i t a r y - a d r e n o c o r t i e a l  

sys tem.  Th i s  would  seem to  lend f u r t h e r  c r edence  to t i le  
asser t ion  t h a t  h o m e o s t a t i c  a d j u s t m e n t  m e c h a n i s m s  of 
an ima l s  are no t  t a x e d  to d a n g e r o u s  l imi t s  b y  i n t e n s e  
sound  s t imula t ion .  

One still  left  w i th  the  p r o b l e m  of ex t )kdn ing  p h e n o -  
m e n a  such as ' u l t r a son ic  s ickness '  w h i c h  h a v e  b e e n  
descr ibed in men work ing  a r o u n d  j e t  planes".  The  m a j o r  
compla in t s  associa ted w i t h  th i s  d i so rde r  r a n g e  f rom 
simple sub jec t ive  express ions  of weakness ,  f a t igue  a n d  
i r r i t ab i l i ty  to  c la ims of impotence ,  i n fe r t i l i t y  a n d  loss of 
l ibido. F u r t h e r  s tudies  are needed  to e v a l u a t e  t i le ac t ion  
of in tense  noise as a psycho-phys io log ica l  s t ress  s ince i t  
has  long been recognized t h a t  d i s t u r b a n c e s  in repro-  
duc t i ve  capac i ty  some t imes  ar ise  f rom a n x i e t y  s i t u a t i o n s  
w i t h o u t  a n y  obserwtb le  ev idence  o f - f u n c t i o n a l  i m p a i r -  
m e n t s  in the  r ep roduc t ive  sys t em.  

A. ANTtIONY a n d  S. BABCOCK 

Department o/Zoology and Entomology, Pennsylvania 
State University, University Park ( Pemzsylvania), October 
30, 1957. 

l?dsumd 

Nos exp6riences  sur  l ' e l fe t  du b r u i t  i n t ense  sur  l ' ac t i -  
vi t6 des surr&lales  des souris  o n t  donn6  les r 6 s u l t a t s  
s u i v a n t s :  1 ° la choles t6r ine  des  su r r6na les  e t  la choles-  
tdr ine sanguiue  d e m e u r e n t  iuchang{2es, 2 ° noun n ' a v o n s  
pas  pu ob t en i r  les signes d ' hype r t ro t}h ie  de la su r rdna le  
ou d ' a t r o p h i e  du  t h y m u s  aprcXs 1 ~t 4 s e m a l n e s  d ' e x c i t a -  
t ions  pa r  le b r u i t  (5 mill p a r  jour) .  On c o n s t a t c  d o n c  
que  chez les souris p 6 r i o d i q u e m e n t  soumises  h u n  b r u i t  
in tcnse  mais  de cou r t e  durde,  lc c o r t e x  su r rdna l i en  ne  
sub i t  pas  d ' a u g m e n t a t i o n  excessive.  

a A. ZI, ATKIS} B. ZAK, and A. BOYLE, J. Lab. olin. Med. 41, ,186 6 t'. BVG,~RD, It. SOUvI~AS, P, Vm,amL E, CosrE, and J. GALl.E, 
(1953}. Sere. I-Ibp. Paris 29, 1 (195q). 

Table II 
Adrenal weights and serum ion levels of mice exposed to intense noise (l.lq dl}, 150-.1800 ey/s) 

h after (rag) Na meq[l Ca K 
Animal Sex exposure adrenal 

Control 
Exper iment  
Control 
Exper iment  
Control 
Exper iment  
Control 
Exper iment  
Control 
Exper iment  
Control 
Exper iment  

M 
M 
F 
F 
M 
M 
F 
F 
M 
M 
F 
F 

(g) 
Body weight 

4 2 9 t :  3 
4 2 8 i l  
4 3 0 ~ 6  
4 2 7 ~ 1  
4 3O4-2  
4 3 1 ~ 2  
4 284-  1 
4 24 4 -4  
4 2 8 ± 2  
4 2 9 ± 1  
4 2 3 4 - 3  
4 2 6 2 1  

314-  4 
344-  6 
554-  4 
534-  6 
3 2 ±  2 
314-  2 
6 1 ±  7 
6 0 +  11 
344- 6 
32~z 7 
5 7 ±  6 
5 7 i  ~, 

160 :~- 2 
161 4- 9 
1544- 2 
159 4-_ 3 
1584- 4 
1 5 t ~  8 
161 4- 4 
1594- 3 
153 4- 7 
148 ! I t  
162 ± (1 
1{}2 4- 0 

4.8 "_L 0.5 
4,8 ~ 11.4 
4.2 4- {1-4 
4.7 4- 0.2 
4.6 4- 0-5 
4.6 4- 0.2 
4.8 4- 0-5 
4.6 ± 0-2 
4.4 ~ 0.1 
4.3 :k 0.7 
4.5 4- 0.6 
4.8 :i: 0.2 

4.6 ~ 0,4 
4.5 ± 0.7 
4-4 ~ 0.5 
4-2 4- 0.1 
5.3 4- 1.0 
4-2 4- O.4 
4-5 4- 0-4 
4.5 -t- 0.2 
3.8 4- 0.6 
3.5 ± 0-4 
4.7 4- 0.4 
4.9 i 0.7 


