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This work has originated with the problem which method could serve best to detect 
slight aneurin deficiencies** and to exclude the diagnosis: aneurin deficiency in patients 
with symptoms, resembling those of, but not caused by this disease. 

Although it is not yet possible to correlate the tissue aneurin level with the optimum 
tissue function of aneurin the most reliable method would still be the determination 
of aneurin or better aneurinpyrophosphate in the patient's tissues. As this is also utterly 
impossible we are left with two possibilities, viz. ,  the investigation of urine (aneurin) 
or blood (aneurin, aneurinpyrophosphate (APP) or pyruvic acid). 

I. Ur ine  

Most work has been done on urine. Yet many difficulties are encountered when 
drawing conclusions concerning the aneurin provision of the body from the aneurin content 
of the urine. There is no conclusive evidence that a small amount of aneurin excreted 
indicates the presence o r a low amount of aneurin in the tissues, whether aneurin is 
determined in urine passed during 24 hours or in urine excreted during the night (fasting 
excretion). And though pronounced states 'of aneurin deficiency are indicated by ab- 
sence of a significant aneurin excretion after a single oral dose of 5 or io mg of aneurin, 
no quantitative ielation appears to exist between the excretion under these conditions 
and the aneurin provision of the body when the latter is adequate or only slightly 
below par. 

For example, the aneurin excretion in urine suddenly drops to a much lower level 
upon switching from an adequate diet to a diet low in aneurin, but then remains prac- 

* This  work forms pa r t  of the investigations on aneur in  metabol ism by H. G. K. WESTENBRINK 
and collaborators.  

** We t e rm "aneur in  deficiency" a condition in which the ceils of the body---as a whole or in 
p a r t - - d o  not  operate as well as could be possible. We do not know the level of aneur in  supply re- 
quired for this opt imal  condition. Therefore we are forced, for the t ime being, to compare with normal, 
well-fed heal thy individuals, living under  the same cir~:umstances, except  for the difference in aneur in  
supply.  
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tically constant for a considerable time, though the body must become depleted of 
aneurin in the course of this period. MASON AND WILLIAMS 1, e.g., observed that after 
living for 5 months on a diet low in aneurin the excretion of this substance was not 
lower than as had been found after living on the same diet for 4 weeks only. It  seems that 
the amount of aneurin excreted more likely indicates the aneurin content of the food 
ingested than the degree of saturation of the tissues. 

Another difficulty in drawing conclusions concerning an individual is formed by 
the very large variations observed in numerous determinations in subjects living under 
equal nutritional conditions. MICKELSEN, CASTER, AND KEYS 2 prefer the determination 
of pyramine, a product of aneurin breakdown, as in individuals on the same diet the 
excretion of this substance does not show these great variations. But it has not been 
proved that a correlation exists between pyramine excretion and aneurin content of 
the tissues. Possibly also the pyramine excretion only reflects the aneurin content of 
the food digested previous to the determination. 

2. Blood 

Aneurin forms part of the prosthetic group of various enzymes catalysing inter- 
mediate reactions in carbohydrate metabolism. Hence it is to be expected that inter- 
mediate products of carbohydrate metabolism will accumulate in tissuos and blood of 
aneurin-deficient animals and men. As most of these enzymes pertain to the various 
paths along which pyruvic acid may be metabolized many investigations have been 
carried out on the pyruvic acid content of the blood. As a matter  of fact this appeared 
to be increased in aneurin deficiency but the differences are too small to make certain 
the diagnosis: aneurin deficiency from a few measurements of this acid only 3. Moreover 
an increase of the bisulphite binding substances in blood was also found in other diseases 
(febrile diseases, hart disease, etc. 4, s). 

We believe that determinations of APP in blood are to be preferred for detecting 
aneurin deficiencies. However, the directions given below should not be neglected. The 
determination of APP in blood is of little value without an accurate count of the blood 
cells and a study of the blood picture. 

Several workers have determined total aneurin or APP in blood, 'but the wide 
range of variability makes it difficult to draw conclusions regarding an individual's 
aneurin provision. We do not exactly know the content of free aneurin of blood, but 
it must surely be very small as compared to the content of APP, the form in which 
aneurin is chiefly present in all animal tissues. For this reason the results of the 
determination of total aneurin are directly comparable with the results of APP 
determination. Table I gives a survey of the results obtained with several human sub- 
jects. The rather broad range in which the values lie, obtained by the same method, will 
at least partly be caused by variation in the number of blood corpuscles. For APP is 
only present in the formed elements. The significance of this point has been insufficiently 
realized by most workers in this field, as only few efforts have been made to establish 
a positive correlation between APP content and number of white and red cells of the 
blood. Only a rough estimate exists even of the ratio of the amounts of APP in red 
and white cells. The investigations of GOODHART AND SINCLAIR lg and GORHAM AND 
ABELS 2° only, carried out with methods which are rather inaccurate in our opinion, 
have shown that the average leucocyte must contain several hundred times as much 
APP as the average erythrocyte. 
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The work described in this paper comprises the exact determination of APP in 
the erythrocytes and leucocytes of the rat and man, the study of the influence of aneurin- 
deficient diets on the APP contents of these cells and a study of the APP content of 
total blood and the separate cells in various diseases. 

The platelets were not examined thoroughly. The amount of APP they contain 
must be very small, as this substance could not be detected in plasma obtained by centri- 
fuging for IO mill at 3000 r.p.m., in which most of the platelets are still present. Nor 
did we t ry  to separate the various kinds of leucocytes. 

Hence the values given below for the leucocytes pertain to the average white cell. 
The same holds for the erythrocytes in different stages of development. We were only 
able to give a separate figure for nucleated red cells as distinct from all erythrocytes 
of later stages of development taken together. 

After some preliminary attempts we abandoned the plan for a complete separation 
of the red and white corpuscles. After centrifuging the blood for a long time at a high 
rate the white cells form a tough mass which cannot be resuspended, so that it is im- 
possible to count them. Therefore we proceeded to centrifuging at low rates for long 
periods of time. In this manner the red and white cells are not completely separated, 
but then two fractions could be obtained, one containing most of the erythrocytes and 
very few leucocytes and a second one containing many leucocytes and relatively few 
erythrocytes. I t  was possible to perform an accurate count in both fractions. These 
fractions were resuspended in plasma. By determining their APP content and the APP 
content of the total blood, and by counting the red and white cells in the obtained cell 
fractions and in the total blood three equations with two unknowns could now be 
drawn up, v/z. : 

Total blood: axx + b~y = c x 
Erythr.  fraction: a,x + thy = c, I (I) 
Leuc. fraction: aax + thy = ca 

Herein a 1, a, and a, represent the number of erythrocytes, expressed in IO u per IOO ml 
(IO e per pl), b x, t h, and b 3 the number of leucocytes, expressed in ' i o  n per ioo ml 
(io e per #d) and cx, ca and ca the APP content, expressed in ~ per IOO ml, in total 
blood, erythrocyte fraction and leucocyte fraction respectively. 

x and y are the APP contents of erythrocytes and leucocytes respectively, expressed 
in y per IO u cells. 

As the number of equations surpasses the number of unknowns, we cannot only 
determine the best values for x and y, but also their accuracy*. 

To this end the three equations must first of all be brought to equal precision. The 
inaccuracy of the coefficients a n and b n results from the errors adhering to the counting. 
Of these the irregular distribution of the cells in the counting chamber is the prevailing 
source of errors. If the counting is carried out as described below this error of distribution 
does not exceed that which can be theoretically calculated according to Polssou. 

In this case the following applies: 

Standard deviation (S.D.) = %/number of cells counted. 

The coefficients c n were obtained by determining the APP contents according to 

* For  the  theore t ica l  basis  of the  following ca lcula t ions  consu l t  e.g., E. CZOBI~R, Wahrscheinlich, 
keitsrechnung I. Verlag B. G. Teubner ,  Leipzig und  Berlin,  x9o8, 2e Auflage, § i57  and  following. We  
wish to t h a n k  Prof.  Dr.  M. G. I.  MINNAERT for d r awi ng  ou r  a t t e n t i o n  to th i s  me thod .  
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WESTENBRINK et al. 13. Estimations were at least performed in duplicate. The effect 
of an APP solution of unknm~m concentration is compared to that  of a number of solu- 
tions of known content. From the latter values a standaxd curve is construed. This 
curve cannot always be drav, aa with the same measure of accuracy, so determinations 
of one series may be more reliable than those of another series, although this difference 
cannot be expressed in a figure. Experience gathered with a large number  of estimations 
shows that  the S.D. of values obtained by determination in duplicate is about 3%. 

The S.D.'s of the coefficients of one equation now being known, and the provisional 
solutions of X and Y being simple to estimate from the set of equations, we can calculate 
the S.D. of each equation (an): 

a~ = (a~= X) * + (abn Y)* + ac.2 

a~, being the S.D. of an, etc. 
The three equations (r) can now be brought to equal precision by dividing the 

coefficients by  the S.D. of the corresponding equation. We then obtain : 

Alx + B I y - - C  x =o ] 
Ajax + B2y--C,2 = o ~- (2) 
Aax + B a y - - C a  = o  3 

in which A. = Zn/a ~, etc. 
From these equations the normal equations can be derived: 

(Ax = + Az ~ + A32)x + (A~B, + A~B, + AaBa)y--  (A~C, + A2C 2 + AsCa) = o 

(AIB x + A~B2 + AaBa)x + (Ba 2 + Bz 2 + Ba2)y--  (B~Cl + BzC2 + BaCa) = o 

o r :  x ~ A ~  2 + y ~  AnB,,--  ~ A n C n = o  

X ~ AnB n + y X B 2 ~ - - X  B n C . =  0 
I 

These last two equations are solved. The solutions x b and Yb are the best values 
appertaining to equations (I). When these values x b and Yb are substi tuted in equa- 
tions (z), the left members are generally ~ o. Let the values of these members be 
ha, L, and ~ respectively. If no errors have been made in the calculation, then 

An;t n = o and ~ Bn2 n = o. 

To estimate the accuracy of x b and Yb we now 

t, = x / L  + + 

tLx and/~y axe solved from the following two sets of 

/ t x ~  A~ + p  ~ A . B . - - I  = o q 

/ , a .~  A a B . + p  ~ B  ~ o q 

Now the S.D. of x b is: a~b = /Z./L~ 

and the S.D. of YB is: O'y b = ].g./f/y. 

calculate/z, /z x and ~//y: 

equations: 

+ Y AoBo = o 

Bn--I = 0  

References p. 6 4. 



VOL. 3 (1949) ANEURINPYROPHOSPHATE IN BLOOD CORPUSCLES 49 

METHODS 

Separation o] red and white cells 

A suitable portion of the blood sample to be examined was centrifuged (of rat 
blood about 5 ml, of human blood 15 to 35 ml). Rat  blood was centrifuged in a tube, 
15 cm long and with a volume of about 5 ml, human blood in a constricted tube (Fig. i). 

The best separation of erythrocytes and leucocytes by centrifuging 
is obtained if the speed is gradually increased: e.g., ½-I  hour at 500 
r.p.m., followed by ½- I  hour at iooo r.p.m, and finally ½- I  hour at 
15oo r.p.m. Sharper centrifuging harbours the risk that the leucocytes 
become so tightly packed that they cannot be resuspended homoge- 
neously again. 

When a constricted tube is used, the cell boundary must be situated 
at an adequate level in the narrow part of the tube. To achieve this the 
cell volume must previously be measured with the haematocrit and from 
this the amount of blood to be centrifuged can be calculated. 

The best separation possible of red and white cells having thus been 
obtained, most of the plasma is drawn off with a pipette and the wide 
top part of the constricted tube is cut off. Close under the boundary 
between white and red blood cells a scratch is made on the glass and the 
tube is made to crack at this level with the aid of a drop of molten glass. 
Meanwhile the upper aperture of the tube is kept closed with a finger, 
so the top part of the tube can be removed with its contents. The white 
cells thus obtained, mixed with relatively few red cells, are transferred to 
a calibrated tube and diluted to a suitable volume with the COlTesponding 
plasma (leucocyte fraction). From the bottom of the lower part of the Fig. x. Tube 
centrifuge tube a few ml of red cells are drawn off with a pipette, for the sepa- 

ration of ery- 
transferred to another calibrated tube and brought to adequate volume throcytes and 

with the same plasma. This is the erythrocyte fraction, leucocytes in 

In the total blood and the fractions thus obtained the number of human blood 
(measure- 

red and white ceils per unit of volume is now counted. This must be ments  in mm) 
done with the greatest accuracy. To this end we used the method of 
counting as improved by us. The APP content of the three samples is determined with 
the manometric method of WESTENBRINK et al. TM. 

Counting the cells 

The counting chamber of BORKER-TORK was used. According to the method in 
general use the blood is diluted and then simply drawn into the space between cover- 
glass and base by capillary forces. But we observed that the results obtained with one 
blood sample varied considerably according to whether the count was taken in places 
in the lattice, more or less distant from the side from which the chamber was filled. 
This impression, at first still vague, could be confirmed by taking microphotographs of 
the blood in the four corners of the lattice, as shown in Fig. 2. On the photographs such 
a large portion of the surface was taken for the count that  the unavoidable distribution 
error of the cells would not be disturbing. 

The differences were even larger when surfaces situated far outside the lattice were 
References p. 6 4. 
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chosen for counting in this photographical manner. This is demonstrated in Fig. 3- 
Without exception the number  of cells found in positions A and B was much higher 

I 
- -__ ._k_  
- . _ . _ . ¢ _  

I 

L -  

Fig. 3- Schema t i c  
d r a w i n g  of the  coun-  

t ing  c h a m b e r  
----k 

than that  in positions C andD. Owing - - ,  
to some surface- or capillary effect ~ ,  
the front of the drop that  is drawn 

L., 

into the chamber apparently contains 
more cells. After having established 
that  such a disturbing effect is very 
much in evidence when o.I pl of 
blood is brought onto a slide by 

Fig. 4. Coun t i ng  c h a m b e r  as used when  filling 
accord ing  to t he  " suc t i on  m e t h o d " .  The  cover-  
glass, p a r t  of a slide, covers  one half  of the  
coun t ing  c h a m b e r ,  the  c lamps  p ress  th i s  cover-  
glass even ly  on the  c h a m b e r  wi th  the  a id  of a 

smal l  cross  beam.  

area. This necessitates a small change in 
Fig. 4. 

On one side of the cover- 
glass the blood flows in from 
the pipette and on the other 
side it is absorbed by  a slip of 
filter paper  (see Fig. 5). When 
the blood has risen over a 
distance of I cm in the paper, 
the supply is stopped and the -,~" 
paper is applied a few seconds 

References  p .  6 4. 

. . ,  __ -7, 
- - -  

. !  t I_ . . . .  k _ J  
. , '  , ,  . .  , n 

_213 " 

Fig. 2. T he  la t t ice  in a coun t ing  c h a m b e r  accord ing  to 
•0RKER-TORK. P h o t o g r a p h s  were t a k e n  of each  of the  
regions  s i t ua t ed  in the  four  corners  of t he  lat t ice,  as 

ind ica ted  by the  do t t ed  lines. 

means of a micropipette according to 
L I N D E R S T R 0 m - L A N G  and then completely 
counted, we arrived at the following satis- 
factory procedure for use with the BORKER- 
Ti)RK chamber. 

After diluting blood in the ordinary 
manner it is drawn into the counting 
chamber in a continuous stream. The 
ordinary cover-glass, covering the whole 
centre of the base, is exchal:ged for a 
cover-glass that  only covers half of this 

the clamps of the apparatus, as shown in 

Filfc*r I~per  

Fig. 5- Schema t i c  d i a g r a m  of the  " suc t i on  m e t h o d "  
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longer until a drop of equal size is left on both sides. Thereupon the filter paper is 
removed. When proceeding in this manner  the cells are distr ibuted over the whole 
surface according to POISSON'S Law. 

Some experience is required in choosing a suitable filter paper. I t  should not  be too 
"ha i ry"  and must  be neither too slow nor  too rapid hi absorbing the fluid. I t  is also 
impor tant  to know tha t  absorption should not  be continued until  no blood is left at  
the other side. For  then the results become irregular. 

This method has been described more in detail in the Nederland. Tijdschr. Geneesk. 2t. 
In  tha t  paper all figures relating to the comparison of our method with the usual method 
for filling the counting chamber  can also be found. 

Comparison o/the A P P  content o/red and white blood cells and o/some organs o/rats 
on a normal diet and o/the same alter receiving an aneurin-de/icient diet/or 5 days 

This section comprises a description of the determination of the A P P  content  of 
red and white blood corpuscles of adult  white rats on an adequate  diet, and of rats on 
the same diet followed by 5, respectively 14 days on a practically aneurin-free diet. 
A P P  determinations were also carried out in liver, kidney, muscle and brain of these 
animals in order to see if a correlation exists between the A P P  content  of the blood cells 
and tha t  of the tissues on each of the diets. 

The adequate diet was composed as follows: Two parts whole wheat flour, one part skim milk 
powder and 3 % butter. With this diet, rich in aneurin, the rats comsumed several times xo ~, of 
aneurin daily. 

The aneurin-deficient diet was composed as follows: 
2oo g powdered brewers' yeast, heated to ii5 ° C for 5 hours; 
2oo g casein, freed of most of the aneurin; 
4 ° g cod liver oil; 

i4oo g powdered washed polished rice; 
xoo g butter fat; 
6o g salt mixture. 

The aneurin content was about 2 F per xoo g, so each rat received about o.2 7 daily. 

Under  aether anaesthesia the abdominal  cavi ty  of the rat  was opened and 6 to IO ml 
blood could be obtained by  inserting a glass canula into the aorta.  This blood was col- 
lected in a tube containing about  3 ° mg of sodium oxalate. I t  was then examined in 
the manner  described above. Meanwhile liver, kidneys, brain and leg muscle were 
isolated and minced with scissors on a watch-glass. About  500 mg of the brei were 
accurately weighed into a centrifuge tube bearing a mark at 4 m l .  All determinations 
were carried out in duplicate. 3 ml of 0.o 9 n HC1 were added and the mixture  was boiled 
during one minute  over a small flame, stirring continuously (the PH should be between 
2.5 and 3.0). Immedia te ly  afterwards 0.23 ml 1.16 n (6.5%) K O H  were added from a 
microburet te  and the volume made up to 4 ml with distilled water. Upon centrifuging 
a clear extract ,was obtained, which was diluted with o. i  mol phosphate buffer of PH 6-5 
to a concentrat ion,  suitable for determination of A P P  according to the manometr ic  
method. 

In  Table I I  the results thus obtained are summarized. 
In  Table I I I  we have given the correlation coefficients of the A P P  contents of red 

and white cells respectively and the contents  of each of the organs examined. 
By  calculating the corresponding z-values (Table IV;  see FISHER ~2, p. 198 ) we can 

decide which correlations show significant differences. In  t ha t  case the difference be- 

References p. 64. 
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l~ t t  
IlO. 

" I 'AI ; I .  
RESULTS OF COUNTS AND DETERMINATIONS OF APP CONTEN'rS OF RED AND %VH['l'I.; (" 

(Q ~ ra t io  of AI ' I  > ( ,m 
i i  

Tota l  b lood 11 E r y t h r o c y t c  f rac t ion  
a 

Die t  

< 

red  cells 
pe r  

B1.1o --~ 

7.47 
9 - ' 3  
8.20 
8.23 
7.I5 
8.66 
7.02 

8 7.97 
9 *~ 7.08 

IO ;'~ v~ 
11 ~ 
12 .2 ~z 
I3 ~ 
14 -~ 
15 ,~ 

i6 < 

; :  . . . . . . . .  : - J  .... 

whi te  cells 
pe r  

/d .  IO --6 

o.o142 
o . o I o o  
O.Oli 7 
o.o176 
o . o i 4 o  

o.oo67 
o.o145 

0.0089 
O.Oli t  

}, A P P  i - - i - - r e d  cells 

perml , j tx'r 
1oo , ,17  7. 

28.0 ]i ~> 45 
20.8 6.81 
I7. 5 7.28 
2 I . I  ,ii 6.85 
19. 5 6.28 
2I .8 II 7.41 
' 5 .9  i, 5.08 

8.9 
I2. 7 

S.77 
6.0. t 

wh i t e  cells 
pe r  

/d .  to  -6 

0.0007 
o.ool  7 
0.0006 
o.oo8o 
o.oo2, I 
0.oo33 
0.0020 

0.0005 

o.oo71 

", .Xl'l 
p, r 

,()o I'17 

: 9 - 5  
6 . 6  

i 5 . 5  

[ .t. 5 
, ,',. 6 

I 7.9 
IILZ 

, ' 5  
I0. I 

7.9I 
7.85 
7.51 
7.54 
7.64 
7.34 

', 
.................. I--  

- I 
. . . . . . . .  ] . . . . . . .  

o.o12o 7.8 
0.0084 9-4 
0.0090 10.2 
0.0104 I0.55 
0.0 ,32 1I. 5 ;; 
O.OI I 7 : I O.O 

I 
. . . . . . . . . . . . . . . . . . . . . . . . . .  : 

T A B L E  I l I  

8.79 O.OOI 2 5 7 
9"57 o.oo02 S.,) 

io . i  5 0.0006 r i. 5 
9.7 ° 0 .00 ,3  1<.. I 
(}.60 O.OOI I I I ..q 
9.76 0.00_,2 x,,.u 

. . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  

T A B L E  IV 

0"93 ~ 0"67 
0.72 0.89 

Z-VALUES, CALCULATED FROM THE CORRELATION COEFFICIENTS OF TABLE Ill 

L ive r  K i d n e y  

i 
Red cells.  . I , .66 2.30 
%Vhite cells " I o.95 o.74 

L e g - m u s ; 1 ; - ! - - Z r a - - i ~  

i , .60 [ o.Sz 
O . 9 1  1 . 4 2  l 

t w e e n  t h e  c o r r e s p o n d i n g  z - v a l u e s  s h o u l d  b e  a t  l e a s t  0 . 85 .  T h i s  h o l d s  in  t h e  f o l l o w i n g  

i n s t a n c e s :  

A P P  c o n t e n t s  o f :  I .  e r y t h r o c y t e s  a n d  k i d n e y  vs., l e u c o c y t e s  a n d  k i d n e y ;  

2. e r y t h r o c y t e s  a n d  l i v e r  vs., e r y t h r o c y t e s  a n d  b r a i n ;  

3. e r y t h r o c y t e s  a n d  k i d n e y  vs., e r y t h r o c y t e s  a n d  b r a i n ;  

4.  e r y t h r o c y t e s  a n d  m u s c l e  vs., e r y t h r o c y t e s  a n d  b r a i n .  

References p. 64. 

Red cells.  . 
"White ce l l s .  

m _. 

0.93 0.98 
o.74 o.63 

CORRELATION COEFFICIENTS OF APP CONTENTS OF BLOOD CELl,.% AND OF 
VARIOUS ORGANS 

. . . . . . . . . . . . . . . . . . . . . . .  r- . . . .  [ ' "  " 
L iver  I K i d n e y  Leg-musc le  [ B ra in  
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D G E T H E R  W I T H  T H E  A P P  C O N T E N T S  OF SOM E O R G A N S  OF R A T S  L I V I N G  ON V A R I O U S  D I E T S  

[ a white and a red cell) 

Leucocyte fraction 

red cells whi te  cells 
per per  

/A. lO -.8 #1- Io --4 

l .I  3 0.0274 
1 . 4 5  o.oi46 
0.95 o.oi84 
o.66 o.o128 
0.64 o.o191 
x .24 o.oi34 
o.74 o.ox5o 

2.26 0.0190 
0.66 0.0080 
1.4 ° 0.0230 
I .  16 0.0208 
1.45 o.o2I 9 
0.96 0.0243 
I.X 3 o.o315 
i . i  6 0.0263 

y APP 
per 

ioo ml 

15.5 
11.9 
7-3 
5.0 
8.x 
7.0 
4.9 

6.9 
4.05 
5.35 
6.2 
7.x5 
5.9 
8.1 
6.2 

y APP per 
Io  H red cells 

Xb -t- O'x b 
I 

2.94 0"035 
2.12 0.325 
1.78 0.067 
1.8o o.1o 5 
2.03 o.ooi 2 
2.2 7 o.ooo 
1.90 0.049 

0.840 0.0025 
1.213 0.077 
0.645 O.Oli 
o.93I 0.0038 
1.o85 0.033 
I.o76 o.o4x 
1.159 0.035 
1.o54 o.oo93 

0.42 
0.54 

y APP per  
io u white cells Q 

Yb At- 0'y b 
I 

444 
588 
292 
304 
356 
3t5 
222 

246 
400 
199 
247 
252 
202 
2I 4 
I9o 

IIO 
204 

7.9 xSx 
I I 9  277 

3I 164 
32 169 

0.35 I75 
o.oo 139 

24 1I 7 

1.4 293 
44 33 ° 

5.3 3o9 
1.8 265 

x5.9 232 
I3.6 I88 

7.7 I85  
2. 7 18o 

260 
- -  380 

liver 

14.2 
13.9 
I 1.0 

13.9 
9.7 

12.2 

3.0 

3.4 

5.2 

4"4 
4 . 4  

1 . 5 5  

1. 3 

7, APP per  g ram 

leg- brai t  k i ~ e y  m u ~ l e  

8.0 2.8 5.4 
6. 7 2.0 3.4 
6.5 2.4 3.5 
7-4 2.3 3 .6 
6. 7 2.2 3.5 
6. 7 2.8 3.6 

3.2 1.2 3.2 

1. 9 1.x 3.25 
2. 4 1. 3 2 . 9  

3.1 1.65 3.2 
3.1 1.2 2.9 
2. 3 1.o 3.0 

1.2 0.67 3.0 
0.45 0.65 2.5 

References p. 64. 

From this we may conclude that, in case of the rat, significantly closer relations, 
regarding APP contents, exist between red ceils and kidney, as compared to white 
cells and kidney. Also, relations between red ceils and liver, kidney or muscle are 
significantly closer than between red ceils and brain. Or (more boldly) : regarding kidney 
red and white cells differ principally, and regarding red ceils liver, kidney and muscle 
differ principally from brain. 

Mean values o / A  P P  contents o/red and white blood cells o/ rats on adequate diets and 
after 5 days on a diet low in aneurin 

As has already been mentioned, the accuracy of each calculated APP content of 
red and white cells could be ascertained. This accuracy is rather variable, so it is not 
correct to regard the arithmetical mean as a good statistic. Values determined with 
greater accuracy should bear more weight in calculating the mean than values that 
are less accurately established. 

In Table V an example has been given of one of our calculations of the best mean. 
When at = standard deviation as a measure for the scattering of the calculated 

APP contents around their arithmetical mean, 
ae = standard deviation as a result of experimental inaccuracy, 
aph = standard deviation as a measure'for the physiological scattering, 

then~h----  ~ - - ~ .  

4 is calc ted in e o l u m  4: = K 
n 
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o{t is calculated in column 5: o{t = ~ (Yb, - -  Yb) 2 
n--I 

I 
The weight of an observation w = ~h + ~. (column 6). 

A corrected mean is now calculated: Yb~om---- ~ w°Yn Wn (columns 6 and 7). 

The tentative physiological scattering can now be replaced by a calculated value, 
considering that also the deviation of an observation from the mean does not always 
carry the same weight: 

~hco..__ ~ W. (Yb. -- yb) 2 __n (column 9)- 
~ W  n n - - I  

Should the corrected mean deviate markedly from the tentative arithmetical mean 
computed in column 2, then it is desirable to regard this corrected mean as a new tenta- 
tive mean and to repeat the correction in the same manner, now using the corrected 
physiological scattering. 

This calculation may seem excessively extensive for such a limited material. Never- 
theless it is not so much out of place here as with an extensive material, for in the latter 
case a sufficiently large number of observations falls by random within the limits of 
each range of accuracy. 

The corrected means thus obtained are summarized in Table VI. 

T A B L E  VI 
CORRECTED MEANS OF APP CONTENTS OF BLOOD CELLS AND TISSUES OF THE RAT 

(Q = ratio of APP contents ol a white and a red cell) 

Subjec t s  

Wel l -nour ished  r a t s  

Ra t s  a f t e r  5 d a y s  on 
aneur in-def ic ien t  r a t ion  

Decrease a f te r  5 days  
0n aneur in -def ic ien t  ra-  
t ion 

7 A P P  per  
IO 11 red cells 

± S.D. 

2.1 + o.4x 

x.o 4- o.x9 

52% 
t = 6.8 
n = I  3 

P ~ o . o I  
v e r y  s ignif icant  

7 APP per 
IO II white ceils 

-4- S.D. 

3 4 o ± I o I  

2 4 0 + 5 8  

o/  3 ° /o 
t = 2 .  4 
n = I  3 

0.02 < P  < 0 . 0 5  
s ignif icant  

Q 

16o 

240 

liver 

I2.5 

4.x 

7 APP per gram 

kidne' leg- 
muscle 

7.0 2. 4 

2.7 x.25 

b ra in  

3.8 

3.I 

67% 62% 4s% ~8% 

References p. 6 4. 

These results show that  in the case of the well-fed rat an average leucocyte contains 
16o times as much APP as an average erythrocyte. After 5 days on an aneurin-free diet 
t h e  c o n t e n t  o f  t h e  r e d  ce l l s  h a s  d e c r e a s e d  m o r e  t h a n  t h a t  o f  t h e  w h i t e  ce i l s .  I n  a g r e e m e n t  

herewith the ratio of the contents of a white and a red cell has risen to 24 o. 
For the average normal rat with an average number of erythrocytes of 7.8. lO s and 

of leucocytes of o.o12, lO s per /d of blood, one will therefore find that per IOO ml 
of blood, containing 2o.5 7 APP, on the average 16. 4 7 or 8o% is present in the eryflaro- 
cytes and 4-I 7 or 2o % in the leucocytes. 
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A P P  content o/red and while blood cells o/healthy human sub/ects on normal and aneurin- 
deficient diets 

T a b l e  V I I  g ives  t he  resul t s  of t he  d e t e r m i n a t i o n s  of A P P  in b lood  of 8 m e n  and  

T a b l e  V I I I  t hose  for  14 w o m e n ,  whi le  Tab l e  I X  shows the  co r r ec t ed  m e a n s  of these  

d e t e r m i n a t i o n s .  

TABLE IX 
C O R R E C T E D  M E A N S  OF A P P  C O N T E N T S  OF B L O O D  C E L L S  A N D  OF T O T A L  B L O O D  OF H E A L T H Y ,  N O R M A L L Y  

F E D  M E N  A N D  W O M E N  

Men 

Women 

Difference 

? APP per ,o n 
red cells 4- S.D. 

1.49 4- 0.083 

1.28 + 0.088 

very significant 
t = 5-5 
n ~ 2 o  

P <o.ooi  

7 APP per ,o n 
white ceils ± S.D. 

29o + 53 

270 + 34 

not significant 

Q 

195 

2io 

not 
significant 

7 APP per too ml 
total blood + S.D. 

8.9 .'4- 0.9 

7.6 + 0.7 

very significant 
t = 3.8 
n ~ 2o 

P<o.oo, 

In the course of these determinations and of experiments with blood of patients as described 
below we observed cases with unusually high APP contents of the red cells. These cells appeared 
to have abnormally large volumes. After these observations had been made we determined the mean 

corpuscular volume ( =  haematocrit volume (% of total blood)~ of each sample of blood investi- 
number of erythrocytes × io -7 per pl] 

gated. The normal average of the mean corpuscular volume is 87. As the amount of APP present 
in a red cell may be expected to be proportional to the volume of the cell, all APP contents pertaining 
to red cells in Tables VI and VII  are reduced to the average cell volume, v/z., the cell volume corre- 
sponding with the mean corpuscular volume 87 . 

The determination of the mean corpuscular volume had been omitted in the first experiments 
carried out with human blood. I t  was estimated some months later, after we had become aware 
of its importance. The mean corpuscular volume of these bloods deviated only very little from 87, 
while the mean corpuscular volume of the blood of an individual which had been found to be ab- 
normally high some months earlier had retained this high value. Hence we did not hesitate also to 
include in Table VII  the results obtained without simultaneous determination of the mean cor- 
puscular volume. 

T h e  f igures in Tab les  V I I  to  I X  d e m o n s t r a t e  t h a t  t he  o b s e r v e d  differences in A P P  

c o n t e n t  b e t w e e n  the  e r y t h r o c y t e s  a n d  b e t w e e n  t h e  t o t a l  b lood  of m e n  and  w o m e n  are  

v e r y  s ignif icant ,  whi le  t h e  di f ference b e t w e e n  the  l eucocy t e s  of b o t h  sexes  is n o t  s igni-  

f icant .  T h e  c o n t e n t s  of t o t a l  b lood  could  be  e x p e c t e d  to  differ  for b o t h  sexes,  as the i r  r ed  
cell  coun t s  a re  n o t  t h e  same.  B u t  t he  dif ference is l a rger  t h a n  cou ld  be  e x p e c t e d  on 

these  g rounds ,  owing  to  t h e  d i f ferent  A P P  c o n t e n t  of t he  e r y t h r o c y t e s  of m e n  a n d  w o m e n .  

T h e  s t a n d a r d  d e v i a t i o n  of t he  A P P  c o n t e n t s  of t he  w h i t e  cells is m u c h  la rger  t h a n  

t h a t  of t h e  r ed  cells. Th i s  m a y  be due  to  la rger  e x p e r i m e n t a l  e r rors  in coun t s  a n d  A P P  

d e t e r m i n a t i o n s  in t h e  case of t h e  wh i t e  cells. W h e n  these  l a rger  e x p e r i m e n t a l  e r rors  a re  

a c c o u n t e d  for* in ca l cu l a t i ng  t h e  p r o b a b i l i t y  t h a t  t he  d ive rgence  of t he  s t a n d a r d  dev ia -  
t ions  for  r ed  a n d  w h i t e  cells  be due  to  r a n d o m  causes,  t h e  l a t t e r  di f ference appea r s  

also to  h a v e  a phys io log ica l  cause.  I n  o t h e r  t e r m s :  the re  ex i s t s  a s igni f icant  d i f ference 
b e t w e e n  t h e  b io logica l  v a r i a t i o n s  of t he  A P P  c o n t e n t  of  wh i t e  a n d  r e d  cells. (F  = 2.34;  
nl = 19; rh = I 9 ;  P<o.o5**). 

* For method of calculation, see example in Table V. 
** A. LINDER0 Statistische Methoden, Birkh~iuser, Basel, *945, P. 57- 

References p. 64. 
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T h e  l a r g e r  b io log ica l  v a r i a t i o n  of t h e  A P P  c o n t e n t  of t he  w h i t e  cel ls  m a y  be c a u s e d  

b y  v a r i a t i o n s  in  t h e  r a t i o s  of t h e  n u m b e r s  of t h e  v a r i o u s  f o r m s  of w h i t e  cells  a n d  b y  

d i f f e rences  in  t h e  age  of t h e s e  cells. In  one  i n d i v i d u a l  t h e  w h i t e  cell  c o u n t  is s u b j e c t  

t o  m u c h  l a r g e r  f l u c t u a t i o n s  t h a n  t h e  r e d  cell  c o u n t .  T h e r e f o r e  m u c h  g r e a t e r  d i f f e rences  

in  t h e  r a t e  of cell  p r o d u c t i o n  a n d  so in t h e  m e a n  age  of t h e  w h i t e  cells  m a y  be  e x p e c t e d  

to  occur .  T h e  poss ib le  in f luence  of t h e  age  of t h e  cells  on  t h e i r  A P P  c o n t e n t  is r e n d e r e d  

p r o b a b l e  b y  t h e  o b s e r v a t i o n ,  in b l o o d  of p a t i e n t s  su f f e r i ng  f r o m  p e r n i c i o u s  a n a e m i a  

a n d  e r y t h r o b l a s t o s i s  foe ta l i s  (as d e s c r i b e d  be low) ,  t h a t  in  a n  ea r l i e r  s t a g e  of d e v e l o p -  

m e n t  r e d  cells  c o n t a i n  m o r e  A P P  t h a n  in a l a t e r  s t age .  I t  s e e m s  poss ib le  t h a t  t h i s  a lso  

app l i e s  to  w h i t e  cells, i n c l u d i n g  v a r i a t i o n s  in  t h e  age  of m a t u r e  cells. 

TABI.E X 
A P P  C O N T E N T S  OF T O T A L  BLOOD AND R E D  A N D  M, ' I I lTE BLOOD CELLS O F  I I E A L T H Y  I N D I V I D U A L S  ON 

AN ANEURIN-DEFICIENT DIET 

Sub- 
ject 

a.~ 

C,~ 

D,~ 

G.~ 

Days ~, APP per I OO ml 
on diet  [ total  blood 

o 8.9 
2 8.6 

6.o 
5.3 

8 6. 4 
IO 5.6 

o 9.0 
5 7 .6 

io 6.9 

o 7.65 
6 6.6 

Io 5.2 

o 8.8 
4 7.5 

1 0  7.I 

o 7.7 
5 6.9 

io 6.5 

o Io.9 
5 8.x 

IO 7.8 

4 g.2 
IO 6. 7 

7 AI 'P  per tot '  
red cells • S.I). 

1.53 ~ 0.06o 
1.5 ° _-L o.o46 
1.2I _42_ o.106 
1 . o 6  - -  o .  I 7 3  

1.I6 4- 0.055 
i . I 3  _._A- 0 . 0 2 2  

s-54 + 0-075 
1.2 7 _+_ 0.060 
1.I1 ~ 0.007 

1.38 :[: 0.065 
1.22 ± 0.025 
1.o 3 _-': 0.022 

1.5o5 ± 0.086 
1.23 ± 0.060 
1.2I 2I- 0.043 

7 APP t)er IO n 
white cells .k S.D. 

280 -(- 15 
292 xZ 16 
214 4- 36 
I56 ~- 53 
18o l :  2I 
I39 :}: 5 

313 ~: 3 I 
2 9 7 - - 2 1  
243 ~ 2 

239 ::[: 17 
277 :t- 7 
I91 7}: 6 

288 _1~ 3 8 
2 1 8 ~ 2 4  
2 1 7 - - 2 o  

1-37:3.: 0.052 
1.24 + 0.042 
1.25 -1- o.o62 

x.66"± 0.062 
1.24"-,~ O.OLO 
1.28 "2- 0.040 

1.32 i 0.080 
I . I I  -~- O.OO1 

235 
203 
2 0 O  

323 
258 
2 0 2  

234 
~84 

'__I 3 
~__ 1 2  

-4.' 20 

- - - ' I 2  

± 3 
-I- 9 

i i 6  
_+. i 

Remarks 

* Reduced to normal cell volume. 

T a b l e  X c o n t a i n s  t h e  r e s u l t s  of d e t e r m i n a t i o n s  c a r r i e d  o u t  w i t h  7 h e a l t h y  m e n  a n d  

w o m e n ,  s u b j e c t e d  to  a n  a n e u r i n - d e f i c i e n t  d i e t  c o n s i s t i n g  of:  b o i l e d  or  s t e a m e d  p o l i s h e d  

References p. 6 4. 

on the 6th day 200 g of 
syrup was consumed, 
containing 2 mg aneurin 

m e n s t r u a t i o n  on the 
4th clay of the diet 
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rici, which had been carefully washed with tap water, butter  fat (repeatedly melted 
with water), sugar, the white of 8 eggs daily, tea without milk and some condiments. 
Rice, but ter  and sugar were consumed ad libitum. This diet was followed for IO days. 

It was impossible to give a statistical Appm 7 Appim~, 
evaluation of the figures in Table X as the tm'~0n,rrf " ~,, t,~lontm, x ~  
number of individuals of equal sex is too small Ix  
and the determinations were carried out at 2.o[\ ¢oo 
various times after the beginning of the diet. \~ 
That  only few individuals were subjected to this \ 
experiment was due to the fact that  only \ ' \ . ' \ -  
people convinced of the importance of strict ,< 

A 
adherence to the diet could be trusted not to ~ ,  
take any other food. Causes beyond our control ~.s v . \  a~  
prevented us from examining the subjects on . . . . .  " - - ~ ' "  
the same day of the dietary period. " ' - " ~  - - . ~ _  . . . . . . .  

Notwithstanding these imperfections we " " ~ - - - .  
feel justified in concluding that  the APP content \ 
of red and white cells decreases rather rapidly \ 
on an aneurin-free diet. Presuming that  the to : * 6 8 ~0 i ~  
decrease proceeds at a constant rate we can oo, t o, ~.ua,-tr~, #~t 
calculate from the values found at the be- Fig .  6. A v e r a g e  decrease of the APP 

content of the blood cells of human 
ginning and the end of the ten-day period s u b j e c t s  a n d  r a t s  on an aneurin-free 
(Fig. 6) that  after 4-3 and 5.7 days respectively diet 
the APP content of red and white cells de- - . . . . .  e r y t h r o c y t e s  of  h u m a n  blood 

leucocytes of h u m a n  blood 
creased to a value significantly lower than . . . . .  leucocytes of ra t  blood 

normal. - . . . . . . . .  erythrocytes of rat blood 

A P P  content o~ blood cells ot patients suffering /tom various diseases characterized by 
abnormal corpuscular composition o[ the blood, and o/ patients suffering [rom aneurin 
deficiency 

We have investigated eight patients only, but this small number was sufficient to 
prove that deviations from the normal corpuscular composition of the blood cause 
deviations from the normal APP content of the blood, the latter bearing no relation 
whatsoever to the aneurin provision of the body. 

xst day in hospital . . . . .  

After 4 weeks in hospital, jus t  
before " P e r n a e m o n "  t r e a t m e n t  

After 5 days '  " P e r n a e m o n " .  . 

References p. 6 4. 

T A B L E  X I  

PATIENT I (PERNICIOUS ANAEMIA) 

red cells per 
/Jl total 
blood 
x i o  - e  

2.45 

2.oi 

2.32 

white  cells 
per ~1 reticu- 

total blood locytes  
X 1o - 6  

0"0037 701oo I 

0"0043 12O1oo 1 

o.oo4x 4o°/oo [ 

meRo 
corpuscular 

volume 

132 

112 

I00 

7 APP per 

I00 ~ I011 red I011 white  
~l°o~ cells cells 

7.I 2.68 200 

6.8 2.70 300 

7.3 2.86 z2o 

;o  I I  red cells 
of normal 
volume 

1 . 7 7  

2 . 1 0  

2.49 
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Patient I was a man suffering from pernicious anaemia, characterized by aniso- 
cytosis, poikilocytosis and polychromasia. The red cells were much larger than normal. 
During our investigation of this patient treatment with liver ("Pernaemon", Organon) 
was begun. ]'he results are summarized in Table XI. Most workers in this field would 
consider the APP content of the total blood before treatment to be normal (about 7 
per IOO ml). Also in our opinion it lies in the normal range. Yet the number of red 
cells is much below the normal value. But this is compensated by the abnormally 
high amount of APP per red cell. 

PANNEKOEK-WENTENBURG AND VAN VEEN g3, OOSTERHUIS 15 and ROWLANDS AND WILKINSON 24 
have also determined aneur in  or APP  in blood of normal  persons and pat ients  suffering f rom diverse 
anaemias.  They  have tr ied to establish a positive correlation between aneur in  (APP) content  anti 
red cell count. In PANNEKOEK-V~ESTENBURG AND VAN VEEN'S opinion pa r t  of the low aneur in  values 
observed might  be ascribed to the low red cell count  in these cases of anaemia.  OOSTERHUIS arr ived 
at  a similar  conclusion. ]{.OWLANDS AND WILKINSON found a difference between pernicious anaemia  
and anaemia  caused by iron deficiency. These au thors  observed normal  aneurin  values in their  per- 
nicious anaemia  pat ients  and concluded tha t  in these cases no correlat ion existed between aneur in  
content  and red cell count.  The low aneur in  content  in iron deficiency would be caused by a simul- 
taneous lack of aneur in  in the food. Hence in gencral no correlation seemed to exist between aneurin  
(APP) content  of total blood aml red cell count.  

In  our  opinion this correlat ion does indeed exist. Tha t  the invest igators mentioned above failed 
to establish this correlation has various causes: 

i. they omit ted  to count  the whi te  cells; 
2. they  compared blood of heal thy people to t ha t  of pa t ients  wi thout  accounting for ttle fact 

tha t  the red cells of the lat ter  are, as regards  age and volume, not  s t r ic t ly  comparable  to the cells 
of normal  blood. 

ROWLANDS AND WILKINSON'S results  can be explained as follows : 
I n  pernicious anaemia  normal  aneur in  (APP) contents  of total bIood are found owing to two 

factors wi th  opposite effect: 
I. a number  of red cells below normal  ; 
2. a higher  average a m o u n t  of APP per red cell. 
I n  the anaemia  due to iron deficiency the A.PP content  is lowered, owing to two factors wi th  

the same effect : 
i. a lowered number  of red cells; 
2. a lowered amoun t  of A P P  per  red cell, due to the increased average age of the red cells or 

the abnormal ly  small volume of them. 
An abnormal ly  low APP content  of the blood does not  necessarily indicate aneur in  deficiency, 

bu t  may  be caused by an abnormal  corpuscular  composi t ion of the blood. 

Considering the figures in Table XI  one observes that the APP content of total 
blood remains constant notwithstanding 5 days of "Pernaemon" treatment. The mean 
corpuscular volume had declined, but the average amount of APP per red cell did not 
show a corresponding decrease. Reduced to normal volume the APP content of the red 
cells is even increased. Liver therapy causes the apparition in the blood of a large number 
of young erythrocytes, as is shown in Table XI  by the rise of the percentage of reti- 
culocytes. Obviously these cells have a higher APP content than fully matured cells. 

The investigation of patients II, I I I  and IV furnished more evidence for the assump- 
tion that the APP content of the red cells decreases with increasing age. 

Patient II  was a woman suffering from severe haemorrhage caused by carcinoma 
of the liver. Thele was a very active regeneration of red cells; even normoblasts (5% 
leucocytes) were observed in peripheral blood. The results of our determinations 
are summarized in Table XII .  The number of red cells is very low. Yet the APP content 
of the total blood is higher than that of the healthy women we examined. This is ex- 
plained by the fact that the average amount of APP per red cell is considerably higher 
than normal. Also in this case the increased APP content of the red cells appears to 
correspond with a lower average age of these cells. 

References p. 64. 
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TABLE XII 
PATIENT II (SEVERE HAEMORRHAGE CAUSED BY CARCINOMA OF THE LIVER) 

Red cells [ ~,Vhite cells Mean _ _  7 APP per 
per/~1 [ per/~1 corpuscular[ IOO ml xo u red io n white io u red cells 

of normal total blood total blood volume total bIood cells ceils 
X lO-6 X Io -6 volume 

. _ _  J 

1.53 °.°2o4 97 9.9 2.5 ° 34 o 2.34 

Patients I I I  and IV were two new-born children suffering from erythroblastosis 
foetalis. The blood contained many  reticulocytes and nucleated erythrocytes.  We were 
able to determine the A P P  content  of the latter by  further  fractional centrifuging of 
the red cell fraction of the blood. This content  appeared to be extremely high ,viz., Ioo  

to  160 y per IO n cells, while the non-nucleated red cells contained 5 to 6 y and the white 
cells i00 to 200 y per 10 n ceils. Even  the content of the non-nucleated red cells is very 
high when compared to red cells of heal thy adults. These. observations confirm our 
provisory conclusion, mentioned above, tha t  red ceils in earlier stages of development 
or young ceils contain more A P P  than older cells. 

TABLE XIII  
PATIENT V (LYMPHATIC LEUCAEMIA OR LYMPHOSARCOMA) 

Red cells White cells Mean y APP per 
per/J1 per/~l lO II red cells 

total blood total blood corpuscular xoo ml io 11 red xo xl white 
× xo -6 X Io "-6 volume total blood cells cells of normal 

volume 

2.23 0.0089 IOO 5"3 1.60 200 1.40 

Table X l I I  refers to the examination of a welt-nourished man (patient V) suffering 
from either lymphat ic  leucaemia or lymphosarcoma.  The figures show that  the number  
of red cells is lowered, while the number  of white cells and the A P P  contents of both 
kinds of cells are normal. The A P P  content of total  blood, however, is lower than the 
lowest value observed in the heal thy subjects we examined. This is merely due to the 
lowered number  of red cells and must  not  be ascribed to a shortage in aneurin provision. 
This case proves decisively tha t  one is not justified in concluding to aneurin deficiency 
from determination of A P P  in total  blood alone. 

TABLE XIV 
PATIENT VI (MYELOID LEUCAE.MIA) 

Red cells per ffl White cells per p1-1- ~' APP per 
total blood × lO-'* total bIood× zo -4 / xoo ml total blood I lO 11 red cells I x°ll white ceils 

~.78 o.686 i 218 ] ~.3 L 31o _ 

Examinat ion  of pat ient  VI, a child suffering from myeloid leucaemia, showed tha t  
normal  aneurin provision can also concur with an extremely high A P P  content  of total  
blood (see Table XIV).  The A P P  content  of both white and red cells was quite normal. 
The high A P P  content  of total  blood is solely caused by  the extremely high number  of 
white cells. This child might  have suffered from severe aneurin deficiency while the A P P  
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c o n t e n t  of t he  t o t a l  b lood  wou ld  st i l l  h a v e  been  m u c h  h igher  t h a n  normal .  Th is  supposed  

aneur in  def ic iency  wou ld  no t  h a v e  been d e t e c t e d  by  d e t e r m i n a t i o n  of A P P  in to t a l  
b lood  alone.  

T h e  n e x t  p a t i e n t s  were  suspec ted  to suffer f rom aneur in  def ic iency.  P a t i e n t  V I I  

was  a w o m a n  w i t h  py lo rus  s tenosis .  She was  n o u r i s h e d  b y  p l a s m a  infusions.  T h e  figures 

in T a b l e  X V  d e m o n s t r a t e  t h a t  t he  n u m b e r  of red  cells is on ly  s l igh t ly  lowered ,  bu t  t h a t  

t h e  A P P  c o n t e n t  of to t a l  b lood  as well  as  t h a t  of red  and  whi t e  cells has  dec reased  

cons ide rab ly .  H e n c e  these  d e t e r m i n a t i o n s  conf i rm the  occu r r ence  of aneu r in  def ic iency  
as was  e x p e c t e d  f rom the  anamnes i s .  

TABLE XV 
PATIENT VII (PYLORUS STENOSIG) 

Red cells per t,1 White cells per/~1 ] 
total blood X lO-4 total blood × lO-4 [ IOO ml total blood 

3-64 o.°°91 3.4 

y APP per 

io n red cells io It white cells 

0.83 85 

P a t i e n t  V I I I  was  a m a n  suffer ing f rom t rop ica l  sprue,  w i th  t he  usua l  d i s t u r b a n c e  

o f  in t e s t ina l  ab so rp t i on .  D e t e r m i n a t i o n s  were  ca r r i ed  ou t  before  a n d  a f t e r  t r e a t m e n t  

w i t h  2 m g  aneu r in  da i ly  d u r i n g  one  m o n t h .  Tab l e  X V I  shows  the  resul ts .  T h e  A P P  

c o n t e n t  of t o t a l  b lood,  r ed  a n d  w h i t e  cells was  v e r y  low p r e v i o u s  to  t he  a d m i n i s t r a t i o n  

of aneu r in  a n d  n o r m a l  a f t e r  t r e a t m e n t .  T h e  p a t i e n t  was  o b v i o u s l y  suffer ing f rom a n e u r i n  

def ic iency.  

TABLE XVI 
PATIENT VIII (TROPICAL SPRUE) 

Red ceils White cells Mean y APP per 
per #1 per/~L corpus- i o o m ~ - - -  io n red cells 

total blood total blood cular [ total io Ixred io II white 
X lO-4 ~( l°-4 v°lume I blood cells cells OfvolumenOrmal 

Before treatment 

After t reatment  
with aneurin 

4.23 

3.1o 

o.oo8o 

0.0096 

IO2 

i .06 

3.2 

8.o 

0.62 

1.65 

80 

275 

0.53 

1.3 6 

T h e  genera l  conc lus ion  f rom our  e x a m i n a t i o n  of these  p a t i e n t s  is t h a t  it is possible  

to  d e t e c t  aneu r in  def ic iency  b y  d e t e r m i n a t i o n  of A P P  in blood,  b u t  t h a t  th is  m u s t  be 

c o m b i n e d  w i t h  a c c u r a t e  s t u d y  of t he  co rpuscu l a r  compos i t i on  of the  blood.  S e p a r a t e  
d e t e r m i n a t i o n  in b o t h  red  a n d  wh i t e  cells is to be p re fe r r ed  to  d e t e r m i n a t i o n  in t o t a l  
b lood,  b u t  e v e n  then  the  h a e m a t o l o g i c a l  e x a m i n a t i o n  shou ld  no t  be  o m i t t e d .  

SUMMARY 

I..~Iethods are described for accurate counting of red and white blood ceils and for the deter- 
mination of the aneurinpyrophosphate (APP) content of these ceils. 

2. These methods were applied to: a) rat blood (adequately nourished rats and rats on an 
aneurin-deficient diet); b) human blood (healthy subjects on their usual diet or on an aneurin- 
deficient diet, and patients). Moreover APP was determined in liver, kidney, brain and leg-muscle 
of the rats. 

3- The mean values of the APP contents of the blood cells and the tissues of the adequately 
nourished rats were: red cells: 2. I ~ per IO 11 cells; white cells: 34 ° y per I o n cells; liver: x 2.5 7 per g; 
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kidney:  7.0 ~, per g; brain:  3.8 ~ per  g; leg-muscle : 2. 4 ~' per  g. For  ra t s  af ter  5 days on an  aneurin-free 
diet  these values were:  red cells: 1.o ~ per  ~o it cells; white cells: 24o ~, per  lO ix cells; liver: 4.I )t 
per  g; kidney : 2. 7 ~, per  g; b ra in :  3.1 ~ per  g; Ieg-muscle : 1.25 7 per  g. I n  the well-fed ra t  an average 
leucocyte contains x6o t imes as much APP  as an  average erythrocyte .  After 5 days wi thout  aneur in  
the rat io of the contents  of a white and a red cell has r isen to 240. So on an  aneurin-free diet  the 
content  of the red cells decreases more rapidly than  the content  of the white cells. 

4- The red blood cells of the man  have a significantly higher  A P P  content  than  the red cells 
of the woman.  No significant difference was found between the respective contents  of the white  cells. 
The average values were:  man:  1.49 ~, per  io II red cells, 29o ~, per ioIt  white  cells; woman:  1.28 
per  io tt red cells, 270 ~, per  io ix white  cells. The ratio of the contents  of a white  and a red cell is 
abou t  200. 

5. In  men on an  aneurin-free diet the APP  content  of red cells decreases after  5 days  to a value 
significantly lower t han  normal.  ~,Vhite cells appear  to lose their  APP  at  approximate ly  the same rate.  

6. Red ceils in earl ier  stages of development,  as occurr ing in the blood of some anaemia  patients ,  
contain higher  amoun t s  of A P P  than  normal  red cells. This is also the case for red cells wi th  an  ab- 
normal ly  large volume. As a consequence of the abnormal  A P P  contents  of the blood of anaemia  
pat ients  abnormal  APP  contents  of total blood can occur, bearing no relation to the aneur in  provision 
of the body. Therefore a haematological examinat ion should be combined wi th  each APP  de termina-  
t ion in blood aimed at  the detection of a possible aneur in  deficiency. The de terminat ion  o! APP in 
red and white  cells is to be preferred to the determinat ion  in total  [blood. Examples  are given in 
which the occurrence of aneur in  deficiency could be proved to exist  by  working along these lines. 

R~SUM~ 

1. Descript ion de m6thodes pour  la num6ra t ion  pr6cise des globules rouges et  des globules blancs 
et  pour  le dosage de la t eneur  en pyrophospha te  d 'aneur ine  (APP) de ces cellules. 

2. Ces m6thode~ ou t  6t6 appliqu6es ~: a) du sang de r a t  (rats soumis  ~ un  r6gime c o m p l e t e t  ra t s  
soumis  ~. un  r6gime carenc6 en aneurine);  b) du sang humain  (individus n o r m a u x  soumis  ~ leur 
r6gime habituel  ou h u n  r6gime carenc6 en aneurine,  et  individus en 6tat  pathologique).  En  outre,  
I 'APP  a 6t6 dos6e dans le foie, le rein. le cerveau et  la muscula ture  des pa t tes  des rats.  

3- Les valeurs  moyennes  des teneurs  en APP  des 616ments du sang et  des t issus des ra t s  soumis  
un  r6gime complet  sont  les suivantes :  globules rouges:  2.1 ~, par  lO it cellules; globules blancs: 

340 F par  i o n  cellules; foie: I2.5 7' pa r  g; rein: 7.0 ~ par  g; cerveau : 3.8 7, pa r  g; muscula ture  de la 
pa t te  : 2. 4 7 pa r  g. Chez les ra t s  soumis  pendant  5 jours  ~. un  r6gime carenc6 en aneurine,  on  a t rouv6:  
globules rouges:  x.o 7, pa r  I o 11 cellules; globules blancs: 24o F par  1o tl cellules; role: 4.1 7, par  g; 
rein:  2. 7 ~ pa r  g; cerveau:  3.I 7, pa r  g; muscula ture  de la pa t t e :  1.25 ~, par  g. Chez le r a t  soumis ~. 
un  r6gime complet, un  leucocyte moyen  cont ient  16o lois plus de A P P  q u ' u n  6rythrocyte  moyen.  
Apr~s 5 jours  de carence en aneurine,  le r appor t  des t eneurs  d 'un  globule blanc et d ' un  globule rouge 
monte  ~ 240. Ainsi, chez les an i m aux  soumis ~ un  r6gime carenc6 en aneurine,  la teneur  des globules 
rouges d6croit plus r ap idement  que celle des globules blancs. 

4. Les globules rouges du sang de l 'homme out  une teneur  en A P P  ne t t emen t  sup~rieure ~ celle 
des globules rouges de la femme. Aucune diff6rence net te  n 'a  6t6 trouv6e en ce qui concerne les teneurs  
respectives en A P P  des globules blancs. Les valeurs  moyennes  sont :  homme:  1.49 7, par  I o n  
globules rouges, 29o F par  xo it globules blancs; femme : 1.28 7, par  io  1~ globules rouges, 270 ~ par  lO ~t 
globules blancs. Le r ap po r t  des t eneurs  d 'un  globule blanc et d ' un  globule rouge est  envi ron  2oo. 

5. Chez des hommes  soumis ~. un  r6gime carenc6 en aneurine,  la teneur  en APP  des globules 
rouges d6crolt apr~s 5 jours  d 'une  fa~on nette.  I ~ s  globules blancs perdent  leur A P P  approximat ive-  
men t  h la m~me vitesse. 

6. Les globules rouges dans leur p remier  stade de d6veloppement,  tels qu 'on  les rencontre  darts 
e sang de quelques malades souffrant  d'an6mie, cont iennent  des quant i t6s  de APP  sup6rieures 

la teneur  normale  des globules rouges. Le m~me ph6uom~ne se re t rouve  chez les globules rouges 
anorma lemen t  gros. I I e n  r6sulte que chez les malades souffrant  d'an6mie, on peut  rencont rer  des 
t eneurs  anormales  du sang total  eu APP, qui n 'on t  r ien ~ voir avec la r~serve en aneurine de 
l 'organisme. Aussi, conviendrait-i l  de combiner  un examen  h6matologique avec chaque dosage de 
I 'APP dans le sang fair en r u e  de d6celer uue carence 6ventuelle en aneurine.  On doit pr6f6rer un  
dosage de I 'APP dans les globules rouges et  Ies globules blancs ~ un  dosage dans  le sang t o t a l  Des 
exemples  sont  donn6s m o n t r a n t  qu'il  est  possible de caract6riser des carences en ~neurine par  cette 
m6thode. 

ZUSA~MMENFASSUNG 

1. Methoden zur  genauen Z~hlung der ro ten  und weissen Blutk6rperchen und zur Bes t immung 
des Aneur inpyrophospha t  (APP)-Gehaltes dieser Zellen werden beschrieben. 
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2. Dic lXIethoden wurden  aut :  a) Ra t tenb lu t  (l¢,atten auI  vollstiindigem, F u t t e r  und t¢~attcn aut 
aneu r ina rmer  Dig.t): b) Menschenblut  (gesunde Personen auf  ihrer  gew6hnlichen Di/it oder auI  
a n e u r i n a r m t r  Dittt, und Patienten) angewandt .  Ausserdem wurde A P P  in dcr Leber, Niere, dem 
Gehirn und dem Bemmuskel  dcr R a t t ( n  lx.stimmt. 

3. Die ] )urchschni t t swer te  des APP-( ;ehal tes  der Blutkl)rpcrchen und Gcwebe der l¢.attcn auf 
vollst/i.ndiger Nahr lmg bet rugen : rote Blutk6rtx, reh( n : 2. i y pro i o n Zellen ; weisse BlutkbrIx,rctlen : 
340 y io n Zellen; Leber:  12. 5 7 pro g; Niere: 7.o y pro g; ( ;chi rn:  3.8 y pro g; Beinmuskel:  2. 4 ~, 
pro g. Bet Ratten,  die Iiillf Tage aneurinfrei  ernS.hrt waren, l×,trugcn diese Werte : rote ]31utk6rIx.r- 
t hen :  i.o ~ pro lO 11 Zellen; weisse }'llutk6ri~rchen : 24o 7 pro Io n Zellen; l.x, ber : 4.1 y pro g; Niere: 
2. 7 y pro g; Gehirn:  3.1 7 pro g; Beinmuskel:  1.25 7 pro g. Bet gutgefi i t ter ten Ra t ted  enth~tlt ein 
Lcukozyt  im Durchschni t t  ungefahr  16o real soviel APP  wie ein E ry th rozy t .  Nach fiinf Tagen ohnc 
Aneurin steigt das Verh/iltnis des Gehaltes eines weissen und roh .n  BlutkbrIx.rchens auf  24o. ]lot 
aneurilxfreier Diat nimrnt  also der (;ehalt  der roten Blutk6rpt ' rchen sctmeller ab  als der der weissen. 

4- Die roten Blutk6rtx~rchen des 3Iannes haben einen bedeutend hbheren APP-Gehal t  als dic 
der Frau,  wti.hrend txd den weissen Blutk6rperehen kein signifikanter Unterschied getunden wurde.  
Die l)urchschrt i t tswerte bet rugen:  Mann:  rote Blutkbrperchen:  1.49 Y pro I O 11 Zellen, weisse Blut- 
kbrperchen:  29 ° y pro lO n 7,ellen; F rau :  rote Blutk6rperehen:  1.28 y pro xo n Zellen, weisse Blut- 
k6rperchen : 27o y pro I o 11Zelle.n. l)as Verh/iltnis ties Gehalts  eines weissen und roten Blutk6ri~,rchens 
betr/ igt  nngefiihr 2oo. 

5. Beim Menschen sinkt nach fiinf Tagen ohne Aneurin der APP-Gehal t  der roten Blutkbrlx, r- 
chen auf einen I~ t rag ,  der s ta rk  unter  dem normalen liegt. Weisse Blutk6rlx, rchen scheinen ihr 
A P P  ungeftthr in demselben Mass zu verlieren. 

6. Rote Blutk6rperchen in frfihen Entwicklungsstadicn,  wie sie im Blut mancher  Anti.miepa- 
t ienten vorkommen,  enthal ten  h6here APP-Betr~ige als normale rote Blutk6rperchen.  Dies ist auch 
bet Zellen mit  abnormal  grossem Volumen der Tall. Als Folge der - -  was (tie Blutkbrperchen lx, triftt  - -  
abnormalen  Zusammcnsetzung des Blurs von An~imiepatienten k6nnen abnormale  APP-Gehal te  
des Gesamtblu ts  vorkommen,  (tie in keiner Beziehung zur Aneur inversorgung des K6rlx.rs stehen. 
D a r u m  sollte mit  jeder APP-Bes t immung  im Bhlt, (lie auf (lie Entdeckung eines eventuellen Aneurin- 
m a n g d s  gerichtet  ist, eine hi~.matologische l Jn tersuchung verbunden  werden. Die APP-Bes t immung  
in den roten und weissen Blutk6rI~0rellen ist der Bes t immung im Gesamtblu t  vorzuziehen. Es werden 
Beispiele gegeben, bet denen das Auft re ten eines Aneur inmangels  dutch Bes t immungen nach diesen 
Richtlinien bewiesen werden konnte. 
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