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R e g i o n a l  H e m a t o c r i t  Rat io  and  In ters t i t i a l  F lu id  

l~ed cells, p l a s m a  and  ext race l lu lar  fluid vo lumes  in 
ra t s '  t i ssues  h a v e  been  measu red  by  several  inves t iga to rs  
in t he  pas t  years~-L In  some papers  i t  is possible  to  
deduce  f rom the i r  d a t a  t he  h e m a t o c r i t  ra t io  of t h e  b lood 
con ta ined  in  o rgans  or  t issues.  H o w e v e r  t he  appra i sa l  of 
t h e  h e m a t o c r i t  ra t io  depends  on how precisely t h e  red 
cell and  p l a sma  vo lumes  h a v e  been  de te rmined .  

Fo r  a careful  m e a s u r e m e n t  of red  ceil and  p l a sma  
vo lumes  b y  m e a n s  of t h e  d i lu t ion  of rad ioac t ive  t racers ,  
i t  is necessa ry  to  wa i t  a ce r t a in  t i m e  (mixing t ime) before 
sampl ing  t h e  blood for m e a s u r e m e n t  of t he  concen t r a t i on  
of indica tor .  F u r t h e r m o r e  var ia t ions  w i t h  t ime  of t he  
c o n c e n t r a t i o n  of t he  ind ica to r  a f t e r  comple te  mix ing  can  
give  false resu l t s ;  to  avoid  th i s  error,  mul t ip le  sampl ing  
and  semi logar i thmic  ex t r apo l a t i on  to  'zero t ime '  can be 
used.  

Since p rev ious  inves t iga to r s  in th i s  field did no t  emp l o y  
an  a p p r o p i a t e  mix ing  t i m e  x a n d / o r  d id  no t  use mul t ip le  
sampl ing  to  avoid  errors  der ived  f rom changes  in t h e  
c o n c e n t r a t i o n  of t h e  ind ica to r  2-4 i t  s eemed  fit  to  s t u d y  
red  cell, p l a s m a  vo lumes  and  ext race l lu lar  fluid vo lume  
in severa l  t issues of no rma l  male  ra t s  in order  to  calcula te  
t he  regional  h e m a t o c r i t  ra t io  and  in te rs t i t i a l  fluid vo lume  
in t issues.  

Methods.  Seven ty -e igh t  male  ra t s  f rom the  s t ra in  bred 
a t  t he  I n s t i t u t o  de Fisiologia de Buenos  Aires, r ang ing  in 
we igh t  f rom 183-237 g were  anaes the t i zed  wi th  sod ium 
p e n t o b a r b i t a l  (40 m g / k g  b o d y  weight)  and  hepar in ized  
(1 rag/100 b o d y  weight) .  

E a c h  an imal  was  in jec ted  i.v. (femoral vein) w i th  a 
r ad ioac t ive  tracer ,  and  the  ac t iv i ty  in jec ted  was  de te r -  
mined  in c p m  as descr ibed  previous ly  ~. A t  a f ixed t ime  
a f t e r  in jec t ion  a sample  of ar ter ia l  b lood was  t a k e n  and  
test is ,  k idneys ,  spleen,  liver, hear t ,  lungs and  skin were  
r e m o v e d  w i t h o u t  a d o p t i ng  special  measures  to  p r e v e n t  
b lood oozing f rom tissues.  Similar  a l iquots  of blood, 
p l a s m a  and  organs  were  p laced  in plas t ic  con ta ine r s  and  
the i r  ac t iv i ty  d e t e r m i n e d  w i t h  a well  sc int i l la t ion coun te r  
a n d  a dec imal  scaler, ensur ing  a s imilar  geomet r ic  effi- 
c iency for each  reading.  

Vo lume  of d i s t r ibu t ion  of t h e  ind ica to r  was  ca lcula ted  
f rom t h e  following generaI  equa t ions :  

epm injected × t00 
= ml/100 g body weight 

cpm in ml of plasma or blood x body weight 

epm in 1 g of tissue x 100 
ml]100 g tissue weight 

cpm in I ml of plasma 

S imul t aneous  m e a s u r e m e n t  of red  cell and  p l a s ma  
vo lumes  were  m a d e  w i t h  c h r o m i u m  6~ t agged  red  cells and  
r ad io iod ina ted  se rum a lbumin  (I~3X), in 3 g roups  of 7-10 
animals ,  15, 30 a n d  45 rain a f t e r  in jec t ion  of t h e  t racer ,  
s ince mix ing  t ime  for  these  t racers  is less t h a n  10 min,  as 
p rev ious ly  d e t e r m i n e d  5. 

Ex t race l lu l a r  f luid vo lume  was measu red  as t he  vo lume  
of d i s t r ibu t ion  of sodium,  uti l izing Na~2C1 as t racer ,  in 3 
groups  of 8-10 animals ,  30, 45 and  60 rain af ter  inject ion,  
since mix ing  t ime  for  th is  t r ace r  is less t h a n  20 min  as 
p rev ious ly  d e t e r m i n e d  6 

F r o m  the  resul ts  o b t a ined  a t  each t ime  of sampl ing  the  
ac tua l  vo lume  of d i s t r ibu t ion  was ca lcula ted  for each 
t r ace r  by  e x t r a p o l a t i on  to  'zero t ime '  by  means  of t he  
semi logar i thmic  regress ion line equa t ion .  

H e m a t o c r i t  ra t io  was  ca lcula ted  f rom the  equa t ion  

Red cell volume × 100 
Red cell volume + plasma volume 

V o l u m e  in the  N o r m a l  Rat  

In te r s t i t i a l  fluid vo lume  was ca lcu la ted  as follows: 
ex t race l lu lar  fluid vo lume  - p l a s ma  volume.  Blood vo lume  
was  equal  to  red  cell vo lume  plus p l a sma  volume.  F r o m  
the  regress ion l ine t he  ra te  of va r ia t ion  of c o n c e n t r a t i o n  
for each ind ica tor  in t issues was  ca lcu la ted  a n d  expres sed  
as % of  change  each 30 rain (Table I). 

Resul ts .  Table  I I  shows the  vo lume  of d i s t r i bu t i on  in 
t issues of each  ind ica to r  emp loyed :  t he  h e m a t o c r i t  ra t io ,  
b lood vo lume  a n d  in te rs t i t i a l  f luid vo lume  ca lcu la ted  are  
s h o w n  in "fable I I I .  

F r o m  our  resul ts  i t  is possible  to  deduce  t h a t  regional  
va r i a t ions  of concen t r a t i on  of t h e  ind ica to r  does  n o t  
follow the  sense and  ra te  of change  of t he  ind ica to r  in  
ar ter ia l  blood.  This  can  be a t t r i b u t e d  to  local changes  in 
t he  vascu la r  bed  a n d / o r  me tabo l i za t ion  of the  i nd ica to r  
in t issues.  F u r t h e r m o r e  t h e  di f ferences  of c o n c e n t r a t i o n  
of red  cells a n d  p l a s m a  in t issues a n d  a r te r ia l  b lood  are  
so wide, t h a t  no inference  of t he  local h e m a t o c r i t  ra t io  

Table I. Variation of concentration of indicator in tissues, expressed 
as % of change each 30 rain 

Tagged red cells Radioiodinated Sodium 
chromium ~1 serum albumin chloride 

iodine TM sodium ~2 

Blood -- 1.12 -- 0.56 -- 7.80 
Testis -- 2.16 -- 2.58 + 0.55 
Kidney -- 24.62 -- 2.66 + 7.69 
Spleen -- 102.30 + 22.66 + 3.53 
Liver -- 76.35 + 8.66 + 2.74 
Myocardium -- 3.74 -- 6.35 + 5.64 
Lung + 1.25 + 5.12 + 8.10 
Skin + 20.28 + 44.20 + 1.37 

Table II. Red cell, plasma and extraeellular fluid volume in tissues 
in ml/100 g (mean 4- S.D.) 

Red cell Plasma Extracetlular 
volume volume volume 

No. of animals 23 29 26 
Average weight g 219 224 193 
Whole body 3.13 4- 0.44 4.31 4- 0.12 24.99 4- 1.09 
Testis 0.35 :£: 0.04 2.05 4. 0.06 14.40 4- 1.39 
Kidney 1.50 4- 0.20 10.98 :~ 0.29 45.62 -4- 2.12 
Spleen 14.88 :J= 7 .20  10.97 4- 1.81 20.98 4- 0.46 
Liver 2.04 4- 0.86 8.44 4- 0.52 17.54 -l- 0.61 
Myoeardium 5.06 4- 0.27 9.16 ~ 0.10 32.61 4- 1.45 
Lung 6.48 i 0.59 16.50 =~ 0.83 48.67 4- 3.30 
Skin 0.62 ~ 0.21 4.55 ~ 1.76 37.35 q- 1.45 
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can be ob ta ined  t h r o u g h  m e a s u r e m e n t s  pe r fo rmed  in 
ar ter ia l  blood. 

Our  resul ts  are ve ry  dif ferent ,  and  no t  comparab le ,  
w i t h  those  o b t a i n e d  b y  o the r  inves t iga to r s  who  did no t  
use an  a d e q u a t e  mix ing  t i m e  of t h e  ind ica to r  1. They  also 
differ  f rom those  o b t a ined  b y  D'AGOSTINO 2, EVERETT e t  
a l )  and  B o c c i  e t  al.* in t h e  ra t ,  who  emp loyed  a single 
sample  af ter  mix ing  was  comple ted .  

Regiona l  p l a s m a  vo lume  was measu red  in mice by  
FRIEDMAN 7, KALISS and  PRESSMAN s and  W i s h  et  a l ) ,  
and  regional  h e m a t o c r i t  ca lcu la ted  on the  a s sumpt ion  
t h a t  the re  is no dif ference be tween  ar ter ia l  b lood hema-  
tocr i t  and  organs '  b lood hema toc r i t .  As we have  shown in 
our  resul ts  the i r  a s s u m p t i o n  can no t  be sus ta ined  and  the  
regional  h e m a t o c r i t  ra t io  expressed  in the i r  resul ts  can  
n o t  be accep ted  as accura te .  

GIBSON e t  al. 1° m e a su red  regional  red  cell a n d  p l a s m a  
vo lumes  a n d  h e m a t o c r i t  ra t io  in dogs;  the i r  resul ts  are  
h ighe r  t h a n  ours  in rats ,  th i s  be ing  due  p r o b a b l y  to  the i r  
t e chn ique  of single sampl ing  of blood and  t issues,  besides  
t he  di f ference in species. 

Table III. Hematoerit ratio, blood volume and interstitial fluid 
volume in tissues (mean 4- S.D.) 

Hematocrit Blood volume Interstitial 
ratio ml/100 g fluid volume 

ml/100 g 

I t  should  be emphas ized  t h a t  var ia t ions  of t he  con- 
cen t r a t i on  of ind ica tors  are ve ry  i m p o r t a n t ,  so i t  is 
des i rable  to  app ly  mul t ip le  sampl ing  in every  d e t e r m i n a -  
t ion  of t o t a l  or regional  vo lumes  of d i s t r ibu t ion  w h e n e v e r  
precis ion is required .  

Conclusions. D e t e r m i n a t i o n  of regional  h e m a t o c r i t  ra t io  
and  red  cell, p l a s ma  and  ex t race l lu la r  f luid vo lume  should  
be done  al lowing an  a p p r o p r i a t e  mix ing  t i m e  for t h e  
ind ica to r  and  avoid ing  errors due  to  changes  in local 
concen t r a t i on  of t racers .  N o r ma l  values  show t h a t  hema-  
tocr i t  ra t io  and  vo lumes  are d i f fe ren t  for each t issue and  
can no be deduced  f rom ar ter ia l  h e m a t o c r i t  ra t io  or 
corpora l  red cell p l a sma  and  ext race l lu lar  fluid volumes.  

Rdsumd. La  d6 te rmina t ion ,  dans  les t issus,  du vo lume  
globulaire  e t  p lasmat ique ,  ainsi  que  de l 'h6matocr i te ,  do l t  
6tre p ra t iqu6e  apr~s un  t e m p s  de m61ange appropr i6  e t  
en 6v i t an t  les er reurs  dues  A la va r i a t ion  locale de la 
c o n c e n t r a t i o n  d ' i nd ica teu r .  Les  va leurs  normales  son t  for t  
diff6rentes  pour  les d ivers  organes  ~tudi6s e t  ne  p e u v e n t  
pas  ~tre calcuMs ~ pa r t i r  des  r6sul ta ts  o b t e n u s  p a r  la 
mesure  de l ' h6matoc r i t e  ou des vo lumes  p l a s m a t i q u e s  e t  
globulaires corporels  dans  le sang art6riel.  

R. H. MEJfA 

Instituto de Fisiologia, Facultad de Medicina, 
Universidad de Buenos A ires (A rgentina), 
11 July  1967. 

Whole body 42.08 -t- 2.55 7.44 4- 0.55 20.68 4- 0.97 
Testis 14.63 q- 1.22 2.41 4- 0.11 12.35 q- 1.33 
Kidney 11.99 q- 1.11 12.48 4- 0.49 34.64 4- 1.83 
Spleen 57.56 4- 6.95 25.85 4- 9.00 10.01 4- 1.35 
Liver 19.44 4- 5.79 10.48 i 1.38 9.10 4- 0.10 
Myoeardium 35.59 q- 0.97 14.21 4- 0.37 17.54 4- 0.61 
Lung 28.19 :t= 0.83 22.98 4- 1.42 32.16 4- 2.47 
Skin 11.93 4- 0.54 5.16 4- 1.96 32.80 4- 0.30 
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Degeneration Activity after Sympathetic Denervation of the Submaxil lary Gland and the Eye 

While  the i r  p a r a s y m p a t h e t i c  pos tgangl ionic  nerves  are 
degenera t ing ,  sa l ivary  glands  have  been  found  to  show a 
' degenera t ion  secre t ion '  1-s ma in ly  caused  b y  increased 
leakage of ace ty lchol ine  6. T r a n s m i t t e r  release f rom de- 
gene ra t ing  s y m p a t h e t i c  f ibres could also be demon -  
s t r a t ed ,  b u t  only  w h e n  the  g land  cells had  been  h igh ly  
sensi t ized and  even  t h e n  only  in 10 ca t s  ou t  of 20. These  
e x p e r i m e n t s  s t a r t e d  a b o u t  2 days  a f te r  dene rva t ion ,  b u t  
th is  m a y  n o t  be the  op t ima l  t ime  in t he  case of s y m p a -  
t he t i c  d e n e r v a t i o n L  R e c e n t  expe r imen t s  show t h a t  'de-  
genera t ion  con t r ac t ion '  of the  n ic t i t a t ing  m e m b r a n e  s t a r t s  
a l ready  18-30 h a f te r  s y m p a t h e c t o m y  s. 

In  10 cats  t he  r igh t  submaxi l l a ry  g land was  sensi t ized 
by  sec t ion  of t he  chorda- l ingual  nerve,  and  2-6 weeks 
la te r  the  r igh t  super io r  cervical  gangl ion was  excised;  
e the r  anaes thes i a  was  used;  19-251/2 h a f te r  s y m p a t h e c -  
t o m y ,  chloralose was  given, b o t h  submax i l l a ry  duc t s  were  
c a n n u l a t e d  and  b o t h  n i c t i t a t i ng  m e m b r a n e s  connec t ed  
to  f ron ta l  wr i t ing  levers.  

Degenera t ion  con t rac t ions  of t he  d e n e r v a t e d  m e m -  
b ranes  as p rev ious ly  observed  in u n a n a e s t h e t i z e d  s or 
spinal  ca ts  9 were seen in all t he  cats.  I n  4 cases t h e y  

s t a r t ed  201/2-24 h a f te r  gangl ionec tomy,  to  proceed  to  a 
m a x i m u m  and  d i sappea r  g radua l ly  wi th in  7-10 h. In  2 
ca ts  t he  con t r ac t ion  had  begun,  in 3 i t  had  reached  a 
m a x i m u m  and  in t c a t  t he  m e m b r a n e  was  re laxing w h e n  
t h e  e x p e r i m e n t  s t a r t e d  (24-251/2 h a f t e r  gangl ionec tomy) .  
Some t imes  smal l  con t r ac t ions  were  supe r imposed  on  t h e  
dene rva t i on  con t rac t ion ,  as descr ibed  in t he  spinal  ca t  9, 
and  t h e y  could occasional ly  occur  w h e n  the  m e m b r a n e  
had  re laxed  also (see Figure) .  
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