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Tibia Days 
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Irradiated: control >0.05 >0.05 >0.05 <0.05 >0.05 <0.05 <0.05 >0.05 
Opposite: control >0.05 >0.05 >0.05 <0.05 <0.05 <0.01 <0.05 >0.05 
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Fig. 1. Weights of dried bone substances from the whole tibia in 
healthy controls (m), in irradiated legs (O) and in opposite legs (Q) 
of irradiated animals. 
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Fig. 2. The 48 h 4eCa-uptake in the whole tibia expressed in per cent 
of the aSCa-dosis, given to the animals. 

t i on  a n d  t h a t  t he re  were  no gross macroscopic  p a t h o -  
logical  f indings  in the  bones .  The  onse t  of th i s  me tabo l i c  
a b e r r a t i o n  w a s  r e l a t ive ly  late.  

F r o m  th i s  e x p e r i m e n t  some ev idence  was  ga ined  a b o u t  
me tabo l i c  m i n e r a l  d i s t u r b a n c e s  in  t h e  bones;  caused  b y  
even  such  smal l  in t ens i t i e s  of laser  pulses,  as used  here.  
W i t h  respec t  to  inc reas ing  uses of laser  in  var ious  t h e r a :  
peu t i c  i n t e rven t ions ,  t h e  possible  h a r m f u l  effects on  t he  
bones  are  no t  neglec t ib le  a n d  some f u r t h e r  inves t iga t ions  
a b o u t  t he  permiss ib le  levels  of energies  used in cl inical  
p rac t i ce  are just i f ied.  

Zusammen/assung. Bei  m ~ n n l i c h e n  W i s t a r r a t t e n  wur-  
den  n a c h  3 Lase rpu l sen  (Energie  9 J) deu t l iche  m e t a b o -  
l ische A b w e i c h u n g e n  v o m  48-h-46Ca-Empfang in den  
K n o c h e n  festgestel l t ,  die einige M o n a t e  a n d a u e r t e n .  Das  
makroskop i s che  Aussehen  der  K n o c h e n  war  dabe i  normal .  
E ine  B e s t i m m u n g  de r  zul/issigen El le rg ien  der  Laser-  
s t r a h l e n  sche in t  ffir die k l in ische  Prax i s  no twend ig  zu 
sein. 

j .  KOLKR, A. BABICK'~ 
a n d  J. BLABLA 

Radiologische Klinik der Karls-Universittit, Praha 2, 
Isotopische Laboratorien der ~SA V 
and Institut fi~r Radiotechnih und Elehtronih 
der ~SA V, Praha (Czechoslovakia), 7 August 1968. 

The Influence of  S o d i u m  Salicylate  on the F o r m a t i o n  of Inorganic  P h o s p h a t e  in H u m a n  and R a b b i t  

Erytbrocytes  in vitro 

The  ra t e  of e r y t h r o c y t e  glycolysis  is m a r k e d l y  influ-  
enced b y  t he  compos i t i on  of t he  suspend ing  m e d i u m  1. 
F u r t h e r m o r e ,  i t  h a s  been  s h o w n  ~ t h a t  g rea t  dif ferences  
occur  in  t h e  r a t e  of glucose c o n s u m p t i o n  a n d  l a c t a t e  
p r o d u c t i o n  of a l iquo t s  of t h e  same  e r y t h r o c y t e  s ample  
su spended  in  d i f fe ren t  media .  T h e  r a t e  of glycolysis  of 
e r y t h r o c y t e s  suspended  in 0 . 1 M  p o t a s s i u m  p h o s p h a t e  
buf fe r  p H  7.4 c o n t a i n i n g  0 . 0 1 M  glucose was 2-3 t imes  
t h a t  of cells su spended  in  Tyrode -Locke ' s  so lu t ion  con-  
t a i n i n g  0.01 M glucose. I n o r g a n i c  p h o s p h a t e  is a n  impor -  
t a n t  fac to r  in  r e g u l a t i n g  the  r a t e  of e r y t h r o c y t e  gly- 
colysis a-6 a n d  b y  increas ing  i ts  c o n c e n t r a t i o n  in t he  incu-  
b a t i o n  m e d i m n  co r r e spond ing  increases  were seen in 
e r y t h r o c y t e  glucose c o n s u m p t i o n  a n d  l a c t a t e  p r o d u c t i o n  ~. 

Sod ium sa l icyla te  in c o n c e n t r a t i o n s  r ang i ng  f rom 1 to  
5 x  1 0 - a M  increased  glucose c o n s u m p t i o n  and  l a c t a t e  
p r o d u c t i o n  b y  b o t h  h u m a n  a n d  r a b b i t  e r y t h r o c y t e s  
w a s h e d  a n d  suspended  in Tyrode -Locke ' s  so lu t ion  con- 

t a i n i n g  0 . 0 1 M  glucose s. The  p r e sen t  i nves t iga t ion  con- 
cerns  t he  effect  of sod ium sal icyla te  on  inorganic  phos-  
p h a t e  f o r m a t i o n  in e ry th rocy te s .  

H u m a n  venous  b lood was o b t a i n e d  b y  v e n i p u n c t u r e  
of t h e  a n t e c u b i t a l  ve in  whi le  r a b b i t  b lood  was w i t h d r a w n  

1 E. PONI~ER, Haemolysis and Related Phenomena (Churchill, London 
1952), p. 364. 
D.  T ,  P,  DAVIES, A.  HUGHES a n d  R.  S. TONKS, Br .  J. P h a r m a c o l .  
33, 206 (1968). 
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phys. Acta 90, 434 (1964). 

4 S. ]V[INAKAMI and H. YOSHIKAWA, Bioehim. biophys. Acta 99, 
175 (1965). 

5 I. A. RosE, J. V. B. WARMS and E. L. O'CoNELL, Bioehem. 
biophys. Res. Commun. 15, 33 (1964). 

8 K. K. TsuBoi and K. FUKUNAGA, J. biol. Chem. 2dO, 2806 (1965). 
7 I. A. Rose and J. V. B. WARMS, J. biol. Chem. 2,tl, 4848 (1966) 
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b y  direct  cardiac punc tu r e  of animals  anaes the t i zed  wi th  
p e n t o b a r b i t o n e  sodium (30 mg/kg  i.v.). All blood was  
collected in hepar in i sed  plas t ic  tubes  (Staynes  Labora-  
tor ies  Ltd.) .  Blood samples  were immed ia t e ly  cent r i fuged 
a t  3000 r p m  for 10 min,  the  s u p e r n a t a n t  p l a sma  and  
buf fy  layer  being r emoved  pr ior  to wash ing  3 t imes  in 
t he  requi red  incuba t ion  medium.  Af te r  the  final wash  
the  cells were ad jus t ed  to  a haema toc r i t  of 25~o and  
incuba ted  in a wa te r  b a t h  a t  37~ for a few minu tes  
before d i s t r ibu t ion  in to  tubes  conta in ing  1/20th final 
volume of e i ther  0.9~o sodium chloride as a cont ro l  or 
isotonic solut ions of sod ium salicylate of desired final  
concent ra t ion .  Ini t ia l  levels of inorganic p h o s p h a t e  were 
de t e rmined  by  deprote in is ing  a contro l  t ube  immed ia t e ly  
w i th  9 volumes  of 10~o w/v  t r ichloracet ic  acid. The 
remain ing  samples  were incuba ted  for exac t ly  1 h a t  
37 ~ in a cons t an t  t e m p e r a t u r e  wa te r  b a t h  wi th  cons t an t  
ag i ta t ion  pr ior  to  depro te in i sa t ion  wi th  10~o tr ichlor-  
acetic acid as descr ibed above.  The samples  were im- 
med ia te ly  cent r i fuged a t  1000 r p m  for 5 min  and the  
inorganic  p h o s p h a t e  con ten t s  of the  s u p e r n a t a n t  was 
de t e rmined  as descr ibed by  KING and WOOTON s using 
a Un icam SP. 1300 colorimeter .  

Figure  1 shows t h a t  sod ium salicylate in concen t ra t ions  
ranging  f rom 2-20 • 10-3M causes s ignif icant  increases 
in the  fo rma t ion  of inorganic p h o s p h a t e  in r abb i t  e ry thro-  
cytes  washed  and  resuspended  in e i ther  0.9~o sodium 
chloride or Tyrode-Locke ' s  solution. F u r t h e r  expe r imen t s  
have  shown t h a t  an increased fo rmat ion  of inorganic  
p h o s p h a t e  by  r abb i t  e ry th rocy t e s  is ev iden t  in the  pres- 
ence of concen t ra t ions  of sodium salicylate as low as 
5 • 1 0 - 4 ~ ]  -. 

Sodium sal icylate also increased the  inorganic  phos-  
p h a t e  level in h u m a n  e ry th rocy te s  which  have  been 
washed  and  resuspended  in e i ther  0.9~o sodium chloride 
or Tyrode-Locke ' s  solut ion (Table). However ,  the  increased 
fo rmat ion  of inorganic p h o s p h a t e  by  h u m a n  e ry th rocy te s  
incuba ted  wi th  sodium sal icylate is no t  near ly  as marked  
as t h a t  seen wi th  r abb i t  e ry th rocy te s  as is shown in 
the  Figure 2. 

Tha t  there  is a connec t ion  be tween  the  increased 
inorganic  p h o s p h a t e  and the  accelerat ion of e ry th rocy t e  
glycolysis induced  by  sod ium salicylate remains  to be 
es tabl i shed;  the  work  of R o s e  and WAR~S 7 which  showed 
t h a t  the  ra te  of e ry th rocy t e  glycolysis was re la ted  to the  
a m o u n t  of inorganic  p h o s p h a t e  in the  incuba t ion  med i u m 
does, however ,  suppor t  such a possibil i ty.  This  suggests  
t h a t  the  p r ima ry  effect  of sodium salicylate is to  increase 

The influence of sodimn salicylate on the formation of inorganic 
phosphate by human erythroeytes suspended in either 0.9% sodium 
chloride or Tyrode-Loeke's solution. 

Concentration 
sodium 
salicylate 
( x 10 -8 M) 

Inorganic phosphate 
(mg phosphorus/100 ml 
erythroeyteslh 4- S.E. of mean) 

Erythroeytes suspended in 

0.9% Sodium chloride Tyrode-Loeke's solution 

the  e ry th rocy t e  inorganic  p h o s p h a t e  concen t ra t ion  which  
in t u rn  s t imula tes  e ry th rocy t e  glycolysis.  

The si te in the  e ry th rocy t e  a t  which  sal icylate s t imu-  
lates  the  release of inorganic  p h o s p h a t e  remains  to  be 
de te rmined .  S t imula t ion  of adenos ine t r iphospha ta se  act iv-  
i ty  would be expec ted  to  increase t he  release of inorganic  
p h o s p h a t e  and sal icylate  has been  shown to  s t imula te  
such an enzyme der ived f rom liver mi tochondr i a  9-zz. 
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Fig. 1. The effect of sodium salicylate on the formation of inorganic 
phosphate by rabbit erythroeytes suspended in 0.9% sodium 
chloride or Tyrode-Loeke's solution. 
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Fig. 2. Comparison of the effect of sodium salicylate on the formation 
of inorganic phosphate by human and rabbit erythroeytes suspended 
in Tyrode-Locke's solution or 0.9% sodium chloride. - - �9  rabbit 
erythrocytes in sodium chloride; --O--,  rabbit erythrocytes in 
Tyrode-Locke's solution; -.-�9 .-, human erythrocytes in sodium 
chloride; - ' -Q- ' - ,  human erythroeytes in Tyrode-Locke's solution. 

0 1.87 4- 0.23 1.38 4- 0.22 
2 2.27 4- 0.28 1.86 :j_ 0.28 
5 2.61 4- 0.26 2.16 4- 0.37 

10 2.90 4- 0.27 2.33 4- 0.29 
20 3.08 4- 0.29 2.50 2L 0.39 

Each value represents the mean of 4 separate experiments. 

s E. J. KING and I. D. P. WOOTON, Microanalysis in Medical Bio- 
chemistry (Churchill, London), p. 77. 

9 j .  S. CHARNOeK and L. J. OPIT, Biochem. J. 83, 596 (1962). 
10 A. B. FALCONE, R. L. MAO and C. SltRAGO, Biochinl. biophys. 

Acta 69, 143 (1963). 
11 R. PENIALL, Biochinl. biophys. Acta 30, 247 (1958). 
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However ,  s tud ies  on  t h e  s o d i u m - p o t a s s i u m  a c t i v a t e d  
t r a n s p o r t  a d e n o s i n e t r i p h o s p h a t a s e  of r a b b i t  e r y t h r o c y t e s  
h a v e  s u g g e s t e d  t h a t  t h i s  e n z y m e  is no t  s t i m u l a t e d  b y  
sod ium sa l icyla te  2,12. 

S tud ies  are in  progress  to  i nves t i ga t e  f u r t h e r  t h e  site(s) 
of sa l icy la te  s t i m u l a t e d  e r y t h r o c y t e  inorgan ic  p h o s p h a t e  
release,  a n d  to  d e t e r m i n e  w h e t h e r  th i s  p h e n o m e n o n  is 
r e l a t ed  to  t he  sa l icy la te  i nduced  acce le ra t ion  of e ry th ro -  
cy te  glycolysis.  

Zusammen/assung. N a t r i u m s a l i z y l a t  in  K o n z e n t r a t i o -  
n e n  v o n  2-20 • 10 - S M  v e r u r s a c h t  e inen  b e m e r k e n s w e r t e n  

Ans t ieg  a n  a n o r g a n i s c h e m  P h o s p h a t  sowohl  in K a n i n -  
chen-  wie a u c h  in M e n s c h e n e r y t h r o z y t e n ,  die in 0 ,9% 
N a t r i u m c h l o r i d  oder  Ty rode -Locke ' s  L 6 s u n g  m e h r f a c h  
gewaschen  u n d  suspend ie r t  wurden .  

D.T.P. DAVIES 13, R. S. TONKS and 
A. HUGHES 

Department o] Pharmacology, 
Welsh National School o/Medicine, 
Institute o/Preventive Medicine, Cardi// (England) and 
Nevill Hall Hospital, Abergavenny (Wales, U.K.), 
2 December 7968. 
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Respiratory Reflexes During Anaphylaetic Bronchial Asthma in Guinea'Pigs 

Revers ib le  b r o n c h i a l  a s t h m a  is p roduced  in guinea-  
pigs sens i t ized  to egg a l b u m e n  b y  i n h a l a t i o n  of an t i gen  
aerosol.  A series of i nves t iga t ions  car r ied  ou t  on  severa l  
h u n d r e d  an ima l s  w i th  t he  ob jec t  of t h r o w i n g  f u r t h e r  l igh t  
on  t he  neurophys io log ica l  fac tors  t h a t  under l i e  a n a p h y -  
lac t ic  b r o n c h i a l  a s t h m a  - and  in p a r t i c u l a r  t he  role 
p l a y e d  b y  t h e  vagus ,  chemorecep to r s  a n d  cen t r a l  ne rvous  
m e c h a n i s m s  - h a v e  led to  t he  d e m o n s t r a t i o n  t h a t  charac-  
t e r i s t i c  s t r u c t u r a l  changes  occur  in t he  lungs  du r ing  a n  
a t t a ck ,  and  t h a t  these  in t u r n  give rise to  r e s p i r a to ry  and  
c i r cu la to ry  reac t ions1  3. 

A t  t h e  onse t  of r i s ing b r o n c h i a l  res is tance,  a m a r k e d  
i n s p i r a t o r y  reac t ion ,  cha rac t e r i zed  b y  t a c h y p n o e a ,  oc- 
curs ;  t h e  r e s u l t a n t  increase  in lung  v o l u m e  is a u g m e n t e d  
b y  a i r  t r app ing .  The  i n s p i r a t o r y  reac t ion ,  obse rved  in 
a n a e s t h e t i z e d  an im a l s  as well  as in an ima l s  dece r eb ra t ed  
a t  mid-co l l icu la r  level,  is no t  due  to s t i m u l a t i o n  of t he  
chemorecep to r s  for i t  is no t  abol i shed  b y  d e n e r v a t i o n  of 
t he  ca ro t id  a n d  aor t i c  bodies.  A t  l a t e r  stages,  however ,  
h y p o x i a  develops,  and  t he  chemorecep to r s  come in to  play.  
D e p e n d i n g  on  t h e  s t r e n g t h  a n d  d u r a t i o n  of a severe  
a s t h m a  a t t a ck ,  h y p e r c a p n i a  b r ing ing  a b o u t  d i rec t  rein-  
f o r c e m e n t  of c en t r a l  r e s p i r a t o r y  m e c h a n i s m s  m a y  in 
a d d i t i o n  arise, to  wh ich  e x t r a - v a g a l  p rop r iocep t ive  re- 
f lexes shou ld  p r o b a b l y  also be  added.  

The  i n sp i r a to ry  r eac t ion  rep resen t s  t h e  d o m i n a n t  re- 
s p i r a t o r y  effect,  a n d  is m a i n l y  respons ib le  for t he  cir- 
cu l a to ry  changes  t h a t  follow, namely ,  a revers ib le  fall in  
m e a n  a r t e r i a l  b lood  pressure  a n d  an  increase  in h e a r t  
ra te .  The  i n s p i r a t o r y  r eac t ion  is no t  a f fec ted  b y  a t rop ine  
(Figure,  s ignal  a) and,  as i t  is abol i shed  fol lowing sec t ion  
of t he  vagus  on  b o t h  sides (signals b a n d  c), is m e d i a t e d  
b y  a f fe ren t  f ibers  r u n n i n g  in th i s  nerve.  I t  has  been  pos- 
s ible  b y  m e a n s  of revers ib le  cold block, se lect ive  e lectr ical  
s t imu la t i on ,  a n d  record ing  of t he  n e u r o g r a m  f rom v a g a l  
f i l aments ,  to  e s t ab l i sh  t h a t  t he  f ibers  specif ical ly con-  
ce rned  w i t h  t he  ref lex ar ise  f rom def la t ion  receptors .  The  
l a t t e r  become  ac t ive  d u r i n g  t h e  e x p i r a t o r y  p h a s e  of 
a s t h m a t i c  b r e a t h i n g .  F u r t h e r  s tud ies  h a v e  s h o w n  t h a t  
these  recep tors  r e spond  to  forced def la t ion  (i.e., increased  
i n t r a t h o r a c i c  pressure)  du r ing  sh i f t  of t h e  i n t r a p l e u r a l  
nega t i ve  pressure  to  pos i t ive  values.  Th i s  increase  in 
i n t r a t h o r a c i c  pressure  in  t u r n  leads  to  increase  in b ron-  
chia l  res is tance.  Compress ion  of t h e  ches t  wal l  a u g m e n t s  
t he  i n s p i r a t o r y  reflex, whereas  t ho rac i c  d i s tens ion ,  d u r i n g  

which  t h e  e x p i r a t o r y  i n t r a p l e u r a l  p ressure  r eve r t s  to  sub-  
a t m o s p h e r i c  values,  d imin i shes  it. These  resu l t s  lend sup-  
p o r t  to  t h e  conclus ions  of WYss  4,5 t h a t  s t i m u l a t i o n  of 
t h e  de f l a t ion  receptors  e n h a n c e s  i n s p i r a t o r y  efforts, a n d  
t h e r e b y  suppresses  p u l m o n a r y  collapse, or local  effects 
such  as a te lec tas i s  a n d  p u l m o n a r y  compress ion,  b u t  
h a m p e r s  t h e  m e c h a n i s m s  s u b s e r v i n g  t he  se l f - regula t ion 
of resp i ra t ion" ,  7. 

I t  h a s  been  shown  b y  PAINTAL 8 t h a t  t h e  def la t ion  
receptors  in  t h e  ca t  are s i t u a t e d  in t h e  r e sp i r a to ry  b ron-  
chioles, a t r i a  or alveoli.  Our  h is to logical  s tud ies  of lungs  
f i xed  in v ivo  d u r i n g  an  a s t h m a  a t t a c k  revea l  t h a t  t he  
a n a p h y l a c t i c  na r rowing  or obs t ruc t i on ,  wh ich  occurs  pre-  
d o m i n a n t l y  in t h e  bronchioles ,  leads  to  e m p h y s e m a  a n d  
microscopic  a te lec tas is ,  cond i t ions  which  imply  a dis- 
t u r b a n c e  in the  i n t r a p u l m o n a r y  d i s t r i b u t i o n  of air  ven-  
t i l a t i ng  t h e  alveoli,  in pa r t i cu la r ,  an  increase  in func t iona l  
r e s i d u a l  capac i ty .  These  f ind ings  s t rong ly  suggest  t h a t  
t h e  a f fe ren t  vaga l  f ibers  respons ib le  for t he  i n sp i r a to ry  
r eac t ion  arise in  a te lec ta t i c  a reas  d ispersed t h r o u g h o u t  
t he  ove r in f l a t ed  lungs, whereas  a u g m e n t e d  p u l m o n a r y  
s t r e t ch  r ecep to r  a c t i v i t y  is cor re la ted  w i t h  e m p h y s e m a .  
A cha in  of even t s  would t h u s  be  se t  up  wh ich  appear s  
to  deve lop  in t he  fol lowing order :  S t r u c t u r a l  p u l m o n a r y  
changes ,  i.e., a n a p h y l a c t i c  o b s t r u c t i o n  of bronchio les  
r e su l t ing  in e m p h y s e m a  a n d  a te lec tas i s ;  a telectasis ,  
g iv ing  r ise to  t h e  i n sp i r a to ry  r eac t ion  associa ted w i th  
t a c h y p n o e a  and  increase  in f u n c t i o n a l  res idual  capac i ty .  
T h e s e  even t s  - in  which  t he  H e r i n g - B r e u e r  reflexes are 
suppressed  b y  def la t ion  recep to r  a c t i v i t y  - lead to  ever-  
increas ing  d i s t u r b a n c e  of t he  l ung  mechan ics  described.  
The  cycles succeed one a n o t h e r  as long as revers ible  
a n a p h y l a c t i c  a i rway  o b s t r u c t i o n  persists .  

The  i n s p i r a t o r y  r eac t ion  is p r o d u c e d  b y  i n h a l a t i o n  of 
an t i gen  aerosol  par t ic les  t h a t  do n o t  exceed 0.5-10 ~z in 
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