
Recording the rate  of propagation of the pulse wave consists of  tile following. The pulse wave p proceeding 
along the artery A acts successively on the pulse recorders P% and P%, changing their  e l ec t r i ca l  resistance.  The 
passage of the pulse wave along the artery A is recorded,  as tracings K 1 and K 2 on the photosensit ive paper,  with 
the aid of the corresponding vibrators B 1 and B z. At the same t ime ,  the  t i m e  marker  Tm records t ime  intervals  
(0.1 seconds) on the same paper .  

The  ra te  of  propagat ion of  the  pulse wave is der ived from the tracings by the following ca lcu la t ion  : 

L 
Vp= T ' 

where v is the ve loc i ty  of  propagat ion of  the wave, in millisecot~ds, L is the dis tance between the two counters, 
atong th p artery, in meters ,  t is the distance,  expressed as seconds, between the beginning of  an upward wave 
in tracing K 1 and of  the corresponding wave in K~, read from the number of  t i m e  intervals  t o = 0.1 seconds. 

Before beginning the recording,  the vibrators should be so adjusted that  the  spot of ref lec ted  l ight  thrown 
on the paper by each of them is on the same ver t ica l  l ine ,  perpendicular  to its length. If this is not done, the 
ordinates of the pulse tracings wil l  be shifted, re la t ive ly  to each other,  which would l ead  to considerable  error 
in ca lcula t ing  the absolute value  of the  speed of propagat ion of the  pulse wave. 

Care should also be t a k e n  that  the pulse waves recorded are of about the same ampl i tude ,  as otherwise it 

may be diff icult  to establish accura te ly  the beginning of the upward part of the  pulse waves. The ampl i tudes  

are regulated by adjusting the var iable  resistances in the control panels.  

Greater  accuracy is achieved by making 3 -4  readings o f t ,  at different points of tracings K I and Kz, and 
using the a r i thmet ic  mean  for the  ca lcula t ion .  

Pulse wave tracings may be taken from human subjects, using the radia l ,  i l i ac ,  carot id ,  or t empora l  arteries,  
as well  as the d ig i ta l  arteries of the hands and feet;  the heart  beat  can also be recorded.  It is thus possible to 

de te rmine  the rate  of propagat ion of the  pulse wave separate ly  for different sections of  the ar ter ia l  system, or, 

if  an osci l lograph with a large number of  vibrators is ava i l ab le ,  s imultaneously for the  whole system. 

For animals ,  we usually de te rmine  the rate  of propagat ion of the  pulse wave along the section : origin of  
the aorta (from recordings of the heart  beat  or from the e lec t rocardiogram) - anterior ca l canea l  artery. 
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The c i rcula t ing blood volume is one of  the basic indicators of the condi t ion of the hemodynamic  function 
of  the cardiovascular  system. This volume is usually derived from measurements  of the di lut ion of dyes intro- 

duced into the blood stream, usually Congo red or Evans blue. This technique cannot,  however,  be appl ied  to 
the evaluat ion of c i rcula t ing blood volume regularly over a pro!onged period. The measureme0ts  cannot be 

repeated at shorter intervals than 6- 7 days, since the dyes are re ta ined in the blood for a long t ime .  

There a r e  also a number of methods for de terminat ion  of blood volume based on gas analysis, but they are 
very t ime-consuming ,  and unsuitable for the execut ion of  mass experiments .  
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A method for the determinat ion of circulating blood volume was published by Wasserman, Joe, and Rashkof 
in 1951, depending on the use of radioactive phosphorus (pa2). Blood is taken frorn an animal ,  centrifuged~ and 
the erythroeytes are suspended h~ a solution containing pa2. After a certain t ime  the erytbroeytes are separated 
and washed free of the solution, the specific activity of the packed cells is measured, and the cells are reintro- 

duced into the blood stream, after suspension of an aliquot in physiological saline. Blood samples are then taken, 

and the circulating blood volume is evaluated fl:om the degree of dilution of the labeled erythrocytes. This me- 
thod is laborious and t ime-consuming.  Morover, the lebeled erythrocytes persist in the blood stream for a long 
t ime, which interferes with repetit ion of the procedure. 

It appeared to us that the procedure would be simplified if a solution of some radioactive isotope were to 

be introduced into the blood stream, instead of labeled cells. Our experiments showed that a radioactive iso- 

tope of zinc, Zn ~ ,  is applicable to the determinatiofi of circulating blood volume. Radioactive isotopes of 

other elements,  such as phosphorus, iron and sodium are very rapidty e l iminated from the blood stream after 

inject ion of small indicator quantities. Titus the amount of radiophosphorns found in blood samples 1- 2 minutes 

after its introduction is so small  that the circulating blood volume based on calculat ions of its apparent dilution 

is impossibly large. Radioactive zinc, introduced in indicator quantities,  is retained in the blood stream for a 

nmch longer t ime.  This permits the derivation of circulating blood volume from the dilution of injected ZI~. 

A number of experiments were performed in order to ascertain the opt imum times of sampling after injec- 

tion of radioactive zinc. The results found for activity of samples of blood taken at different t imes after injec-  

tion of Zn ~ into an ear vein of a rabbit are shown in the Figure. 
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Time  after inject ion of Zn e~ 

Activity of blood samples taken at various t imes after 

inject ion of Zn e~. 1) iterations in activity of t cc 

of blood after inject ion of i cc of Zn ~ solution of an 
activity of 49,400 impulses per minute;  2) the same, 

after rejection two days after the previous experiments 

of 2t cc �9 of Zn ~ solution of activity 34,509 impulses 

per minute,  ir_~to ~he same rabbit. 

As appears fromthe Figure, the highest Zn em con- 

tents are found it} biood samples taken 1- 3 minutes 

after injection.  The activity of the blood falls con- 

siderably after g minutes, and it follows that radio- 

active zinc is being e l iminated from the blood stream, 

and is practically undetectable after 24 hours. Blood 

samples should therefore be taken between 1 and 3 

minutes after inject ion of the Zn as solution. We usually 

took a blood sample 2 minutes after the injection.  

This gives enough t ime for the thorough and uniform 

mixing of the injected solution with the blood, as is 

shown by the close agreement between the vaiues ob- 

tained for circulating blood volume using our method, 

and using other generally approved methods. 

For determining the circulating blood volume of 

rabbits we usually took an indicator solution contain- 

rng 30-40 tlcuries of Zn ~ per ee , while the solution 

for dogs contained 80-100 I~ curies of Zn m~ per cc. 

The procedure for determining the circulating 

blood votume of rabbits consists of tire following. One 

cc of Zn ~ solution is injected into an ear vein. 

The activity of 1 cc of solution is determined 

before every injection.  For this purpose 0.01 cc of 

solution is spread by means of a micropipette on a 

slide, and its activity is determined, in impulses per minute. The background count is subtracted from that 

found for 0.01 ce of solution, and the result is mult ipl ied by 100 to give the value for I c c .  

Two minutes after inject ing the s()tution 0 .5-1  cc of blood is withdrawn from a vein of the other ear. In 
repeating the experiments it is necessary to inject solution attd withdraw blood frorn the same ear as before. An 

even smear of 0.1 ec of blood, measured from a mieropipette,  is made oi1 a slide, covering an accurately de- 

l imited area (we usually took an area of I • 4 cm), marked on the slide with a glass pencil.  
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Two such smearsare made, the activity of each of them is measured, and the mean value is taken for cal- 
culating the activity of 1 cc of blood. The activity found for 1 cc of Zn ~ solution is divided by the calculated 
activity for 1 cc of blood. The quotient gives the volume of circulating blood : 

A 
a 

where M is the circulating blood volume in cc, A is the activity of the injected solution of Zn ~, in impulses 
per minute, and a is the activity of 1 ce of blood, in impulses per minute. 

The following illustrates the calculation of the circulating blood volume of a rabbit, using the data pre- 
sented in the Figure. The calculation is based on the activity of the blood sample taken 3 minutes after injec- 
tion of Zn ~ solution. 

The data are : 0.01 cc of Zn ~ solution gave 552 impulses per minute, and the background count was 58 
impulses per minute, giving an activity for 1 cc of Zn ~ solution (552-58). 100 =49,400 impulses per minute; 
0.1 cc of blood gave 93 impulses per minute, at a background count of 60 impulses per minute, giving an ac- 
tivity for 1 cc of blood of(93-60).  10 =330 impulses per minute. 

The circulating blood volume is: 

A 49,400 
M . . . .  = 147,7ce ~ 150 cc. 

a 330 

In repeating experiments on the same animal a blood sample was, for greater accuracy, taken before in- 
jection of radioactive zinc, and a smear was made of 0_1 cc of the blood; the activity of the smear served as 
the background count (it was usually identical with that of the counter itselt). In most cases the activity of the 
pr~ injection blood was zero. 

The circulating blood volume of dogs is determined in the same way as for rabbits, except that injection 
of solution and taking of blood samples were performed on veins of the hind legs. 

Determinations performed on large groups of animals gave values for circulating blood volume of 145- 220 
cc for rabbits, i.e., 5-6% of body weight; for dogs, the corresponding figures were 733-910 cc and 5-5.9%. 

Our method determining circulating blood volume is simple, takes very little time, and provides the possi- 
biIity of determining this important indicator of the state of the hemodynamie function of the cardiovascular 
system at daily intervals, and hence of studying the dynamics of changes in circulating blood volume. 
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OF THE H E M A T O - O P H T H A L M I C B A R R I E R  AND THE SKIN 
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The permeabi!ity of the vessels of the anterior portion of the eye has been studied either by registering en- 
try of dyes into the anterior chamber, or by withdrawing aqueous humor and determining its optical density [1]. 
Amsler and Huber [2] have proposed a visual method, depending on determination of the amount of fluorescein 
entering the anterior chamber; the eye of the patient was examined with the aid of a split lamp. By varying 
the resistance in the lamp circuit the intensity of the light could be adjusted until the green fluorescence of the 
fluorescein was no longer discernable. The strength of current at this moment was proportional to the recipro- 
cal of the fluorescein concentration in the aqueous humor. Kurt Lange and Linn Boyd [3] have devized a photo- 
electric method, for the study of the permeability of skin. Fluoresceinwas injected intravenously, the skin was 

46 


