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(liver, k idney) .  The  s ignif icance of th i s  p a t h w a y  for D N A  
syn thes i s  the re fore  r em a i ns  to  be  e luc ida ted .  

Several  a t t e m p t s  were m a d e  to  cha rac te r i ze  t he  
e n z y m e  fur ther .  The  p H  a c t i v i t y  cu rve  (Figure 1) shows 
a v e r y  b r o a d  p e a k  f rom p H  5-7, w i t h  t h e  m a x i m u m  
a r o u n d  p H  6. The  L i n e w e a v e r  B u r k  p lo t  for  t he  de ter -  
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Fig. 1. pH dependence of nucleoside aminohydrolase activity (sub- 
strate deoxycytidine) in liver.homogenate from hamster; liver tissue 
was homogenized with 5 volumes of 0.9% NaC1 and diluted with 
1 volume of veronaI buffer of different pH values. 
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Fig. 2. Lineweaver-Burk plot of nucleoside aminohydrolase (sub- 
strafe deoxycytidine) inliver homogenate of hamster (Km = 20.8 raM). 

Table III. Reaction of partially purified nucleoside aminohydrolase 
with ditferent substrates 

Substrate Activity 
(final concentration and activity added) (nmole/mg protein]min) 

Cytosine (5 mM, 5 b~Ci C-5,6-T) 4 
Deoxycytidine- 5'-monophosphate ~ 0.5 
(5 mM, 0.5 b~Ci dCMP~C 14 
Cytidine (5 mM, 0.8 {xCi CR-C la) 9.0 
Deoxycytidine (5 lnM) 8.0 
Methyldeoxycytidine (1 mM) 2.0 
Deoxyadenosine (1 mM, 2 btCi dA H ~) 18 
Adenosine (1 mM) 15 
AMP (1 raM) < 0.5 
ATP (1 raM) ~ 0.5 
Guanosine (1 mM) 3.0 

deoxycy t id ine  and  cyt id ine ,  a n d  st i l l  lower ones for 
m e t h y l d e o x y c y t i d i n e ,  guanos ine  a n d  cytosine.  Nucleo-  
t ides  were n o t  a t t a c k e d  to  a s ign i f ican t  degree. 

P a r t i a l  pur i f i ca t ion  of t he  nucleoside  amino  hydro lase  
was car r ied  ou t  s t a r t i n g  f rom l iver  h o m o g e n a t e s  of 
hams te r s .  T h e  e n z y m e  is p r e s e n t  in  the  s u p e r n a t a n t  of t h e  
h o m o g e n a t e  cen t r i fuged  a t  105,000 g for 1 h. P rec ip i t a -  
t i on  of t he  e n z y m a t i c  a c t i v i t y  occurs  a t  50% s a t u r a t i o n  
w i t h  a m m o n i u m  su lpha te .  The  m a t e r i a l  was t h e n "  
d ia lysed  a n d  s e p a r a t e d  on  a co lumn  of S e p h a d e x  G150,  
e lu ted  w i t h  p h o s p h a t e  buf fe r  0 . 1 M  p H  7. Most  of t h e  
e n z y m a t i c  a c t i v i t y  was no t  r e t a i n e d  b y  t he  co lumn  
u n d e r  these  condi t ions .  B y  these  procedures ,  t he  specific 
a c t i v i t y  of t h e  e n z y m e  could be  increased  b y  a f ac to r  of 
4 c o m p a r e d  to  l iver  h o m o g e n a t e .  E x p e r i m e n t s  are now in 
progress  to  i m p r o v e  th i s  s e p a r a t i o n  f u r t h e r  10. 

Zusammen/assung. t{ohe  Nuk leos idaminohyd ro l a se -  
Ak t iv i t i i t en  l i n d e n  sich in Niere, Lebe r  u n d  D a r m  yon  
H a m s t e r n .  Bet  Mgusen  h g n g t  die A k t i v i t g t  v o m  Tier-  
s t a tu re  ab  u n d  s t e h t  in  B e z i e h u n g  zur  Deoxycy t id in -  
aussche idung .  
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m i n a t i o n  of the  Michael is  c o n s t a n t  for deoxycy t id ine  as 
s u b s t r a t e  yields  a va lue  of K m 20 m2Vf. Th i s  va lue  is 
s ign i f ican t ly  d i f fe ren t  f rom t h a t  of deoxycy t id i l a t e  
deaminase  (Km 4.1 m M ) 9  m e a s u r e d  in t he  absence  of 
d C T P  a n d  Mg ++. The  e n z y m e  m a y  n o t  be  specific for 
d e o x y c y t i d i n e  b u t  appea r s  also to  r e a c t  w i t h  o t h e r  
nucleosides  a n d  nucleic  bases  con ta in ing  amino  groups  
(Table  I I I ) .  Fo r  th i s  assay  a pa r t i a l ly  pur i f ied  e n z y m e  
p r e p a r a t i o n  was used (see above) .  H i g h e s t  ac t iv i t i es  are  
found  for deoxyadenos ine  and  adenosine,  lower  ones for 
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Recording and Analysis of Sounds Produced by Human Lungs During Respiration 

The  ac t i v i t y  of ce r t a in  h u m a n  organs,  l ike the  lungs  or 
t he  hea r t ,  is assoc ia ted  w i t h  t h e  emiss ion  of cha rac t e r i s t i c  
sounds  ( resp i ra t ion  sounds,  h e a r t  bea ts ) .  

B y  hea r ing  these  sounds  t he  phys i c i an  ob t a i n s  in fo rma-  
t ion  on  t h e  cond i t ion  of these  organs.  Th i s  so-called 
auscu l t a t i on  me thod ,  a l t h o u g h  a f fec ted  b y  a ce r t a in  
degree of sub jec t iv i sm,  is wide ly  used in p r ac t i c a l  medi -  
cine. I n s p i t e  of this ,  v e r y  l i t t l e  is k n o w n  a b o u t  t h e  
phys icaI  cha rac te r i s t i c s  of t he  sounds  p roduced  w i t h i n  
the  h u m a n  body .  This  is t r ue  especial ly  for r e sp i ra t ion  
sounds.  T a k i n g  th i s  in to  account ,  we s t a r t e d  a de ta i led  

i nves t i ga t i on  of t h e  sounds  e m i t t e d  b y  n o r m a l  a n d  
pa tho log ica l  lullgS d u r i n g  t he  r e sp i r a to ry  cycle, w i t h  t h e  
purpose  of f ind ing  some ob jec t ive  cr i te r ia  for  ev idenc ing  
dev ia t ions  f rom t h e  normal ,  assoc ia ted  w i t h  special  
m o r b i d  changes .  Such  cr i te r ia  could  lead, we th ink ,  to  a 
b e t t e r  i n t e r p r e t a t i o n  of t he  i n f o r m a t i o n  p rov ided  b y  t h e  
r e sp i r a t ion  sounds  a n d  to  t h e  e l abo ra t i on  of more  
ob jec t ive  d iagnos t ic  m e t h o d s  in c e r t a i n  r e sp i r a to ry  
diseases.  

As a f i rs t  s tep,  we car r ied  ou t  t he  record ing  a n d  
ana lys i s  of t he  r e sp i ra t ion  sounds  of 2 r a n d o m l y  chosen  
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subjects,  free f rom pu lmonary  diseases, ill order  to ver i fy  
our exper imenta l  procedure,  as well  as the  reproducib i l i ty  
of the  sound character is t ics  de te rmined  by  this pro- 
cedure. Some pre l iminary  results are presented in this 
paper.  

The  2 subjects  chosen for our  inves t iga t ion  were 2 
hea l thy  adul t  males. Both  were afebrile and wi th  no 

�9 prior  serious pu lmona ry  disease. We  sha!l refer to t h e m  
as P~ and P2. Subjec t  P1, 45 years old, is ra ther  ta l l  wi th  
normal  body  propor t ions  and a longiline thorax.  Subjec t  
P2, 50 years old, is of short  s tature,  wi th  a well  developed 
chest  and present ing  a l i t t le  overweight .  

The  respirat ion sounds, p icked up by  a small  dynamic-  
type  microphone  placed f i rmly against  the  chest  wall  of 
the  infraclavicular  fossae, were recorded by  means  of a 
t ape  recorder.  Af ter  recording several  comple te  respira- 
t ions (deep inspirat ions and expirat ions,  effected th rough  
the  mouth) ,  par ts  of the  tape,  conta in ing each a group of 
3 respirations,  were selected. W i t h  these parts,  closed 
loops were obtained,  so tha t  the  same group of respira- 

cycle, can be de termined  wi th  a sa t is factory  degree of 
accuracy  and repeatabi l i ty .  

Of special in teres t  are the  respirat ion sound spectro- 
grams (Figure 2). Al though  t h e y  are no t  ident ical  for the  
2 subjects,  t hey  are character ized for bo th  of t h e m  and 
for bo th  lungs by  3 m a x i m a  occurr ing a t  app rox ima te ly  
the same frequencies:  2 marked  m a x i m a  at  lower fre- 
quencies (150-200 Hz  and 500-600 Hz), and a less marked  
m a x i m u m  at  near ly  2500 Hz. The  presence of these 
m a x i m a  a t  the  same frequencies in the  sounds produced  
during inspirat ion (Figure 2, curve  i) as well  as dur ing 
expira t ion (Figure 2, curve  e) is an indicat ion of the  fact  
t ha t  these frequencies are character is t ic  for the  sound- 
sources wi th in  the  respi ra tory  system. 

F r o m  these results one m a y  draw the  conclusion t h a t  
recording, s toring and objec t ive  analysis of sounds pro- 
duced in the  process of respirat ion is possible and t h a t  the  
clear evidencing of some common  features  in the  sound 
characteris t ics  could serve for an objec t ive  'acoust ic '  
character iza t ion  of normal  lungs. 
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Fig. 1. Time dependence of the total sound pressure 1eve1 (in deci- 
bels) for a group of 3 respirations, i, inspiration; e, expiration; 
ti, inspiration time; re, expiration time; to, time interval between 
an expiration and the following inspiration. Lmax, i, maximum sound 
pressure level at inspiration; Lmax,e, maximum sound pressure level 
at expiration. 

t ions could be b rought  per iodical ly  in f ront  of the  
recording head. I t  thus  became possible to car ry  ou t  the  
analysis, by  means  of an audio-f requency spec t rum 
recorder,  of the  sounds related to any  desired respirat ion 
of the  group. 

The  recorded vibra t ions  are irregular,  which places the  
respirat ion sounds in the  ca tegory  of noises. Since the  
results ob ta ined  for bo th  subjects  and bo th  lungs are 
ve ry  similar, we will  present  here only those related to the  
r ight  lung of subject  P2. 

The  t ime  dependence of the  recorded sound pressure 
level (expressed in decibels) for a group of 3 respirat ions 
and the  spect rograms Of the  respirat ion sounds analyzed 
in 1/3 oc tave  bands have  been obta ined  (Figures 1 and 2). 

F r o m  these curves the  dura t ions  of the  inspi ra tory  and 
exp i ra to ry  phases, as well as the  rat io  of the  2 m a x i m u m  
sound pressures re la ted to these phases of the  respi ra tory  
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Fig. 2. Spectrograms of the respiration sounds, analyzedin 1/3 octave 
bands, i, inspiration; e, expiration. 

The  extension of the  present  inves t iga t ion  to a larger 
number  of hea l thy  subjects,  as well as' to subjects  pre- 
sent ing respi ra tory  diseases, could lead, we think,  to the  
e laborat ion of more ob j ec t i ve  diagnost ic  methods  based 
on the  informat ion  provided  by  the  respira t ion sounds. 

Rdsumd. Les sons 6mis par  les poumons  de l ' h o m m e  au 
cours de l ' ac te  respiratoire  ont  pu 6tre enregistr6s sur 
bande magn6t ique  et analys6s & l ' a ide  d ' u n  audio- 
spectrom6tre.  Les r6sultats  des exp6riences m o n t r e n t  
qu'& l 'a ide  des m6thodes physiques  object ives  on peu t  
obtenir,  sans difficult6s majeures,  des renseignements  
sur les brui ts  dus & la respirat ion plus d6taill6s que ceux 
fournis par  l ' auscul ta t ion.  
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