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Measurement of blood flow is regarded as a diagnostic tool in certain morbid condi-
os, as also it draws one's concern during transfusion. Out of all the methods available,
dingof circulation time (I), though it is semiquantitative, is the practice of choice for mea-
ingthe velocity of blood for its quickness and accessibility at the bed side level. Circula-
n time may help us to differentiate dyspnoea of pulmonary origin from that of cardiac origin
. It is imperative, therefore, that the factors altering it should be taken into account in the
terpretation of circulation time. POl euille's law cannot be quantitatively applied to the
ulatory system (12). Of the multiple factors affecting it, hydraulic and viscosity forces
mto be of major importance and in turn, the viscosity of blood is dependent on the plasma
teins as much as on the red blood cell concentration. The relative contribution of each
of plasma protein has been studied by Roe et al. (11) in which they found that the increase

l and ~ fractions of globulins have been found to increase the viscosity of blood the
test. The role of red blood cells has been investigated from the point as it affects the
matocrit value (Het) by Peter et al (9) and a rise in viscosity was found along with increase
the Het value.

With the above correlating factors in view, an attempt has been made to find an inter-
tionship between the various blood factors viz., red blood cell-concentration, mean corpus-
r volume (MCV), haemoglobin (Hb) concentration and different fractions of plasma pro-

. s and their effect on the alteration of the circulation time in normal healthy individuals.

Seventy normal subjects of an age group 18 to 21 years from amongst the students of
.1.Medical College, Ahmedabad belonging to both the sexes and including vegetarians and
n-vegetarians were chosen. They had a light breakfast 2 hours earlier. 'Arm to throat'
ulation time was found by calcium gluconate (13) after sufficient rest in the morning.

cnous blood was drawn immediately afterwards for viscosity, specific gravity, red blood cell
unto Hb estimation, packed cell volume (PCV), total protein and its fractions. Viscosity of the
oleblood was determined by the method of Hess (4) and specific gravity by the method of
ilipset al. (10); Neubauer's bright line chamber and Sahli's hemometer were used respec-
elyfor red blood cell count and Hb %. The P.C. V. was found by centrifuging in Wintrobe's



114 Mazumdar and Vaidya

tube revolving at the rute of 3000 r.p.m. for 45 minutes. Total plasma protein was de
by the biuret method of King and Wootton (6) and its fractionation was done by the me
Jancks et al. (5).

RESULTS

Since most of the factors taken into the present consideration differ according
the values for equal number of male and female subjects have been compiled separat
relative viscosity (defined as the ratio of the viscosity of blood at a particular tempera
the viscosity of water at the same temperature) and the specific gravity of tbe whole blo
been shown corresponding to the particular value of the circulation time in Fig. I alongj .
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relative contribution of viscosity-and the specific gravity in altering the circulation time in
rent sexes. The average viscosity of blood was found to be 4.71 +0.46 in males and 4.
0.65 in females and it showed a corresponding rise with the rise in the circulation time.
specific gravity of the whole bood showed a wide difference in the two sexes; the males
ing an average specific gravity of 1.058±0.18 while the females had 1.054±0.004.
figure sh owed a gradual fall in the specific gravity with the rise of circulation time up
seconds in males and 18 sec. in females, further record showed either a steady level or a
with the increase in the circulation time.
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TABLE I
tal plasma protein was determi
nation was done by the method tionshipbetween circulation time, relative viscosity and specific gravity of the whole blood ill normal adult males

and females.

•.....•..... ",'....•".

35 males 35 females

Relative viscosity Specific gravity Circulation time Relative viscosity Specific gravity
of whole blood in secs of whole blood

10 10 4.0 (3) 1.058 (3)

11 4.0 (I) -1.061 (I) IJ 4.0(2) 1.058 (2)

12 ,*.2 (2) ·1.060 (2) 12 4.1 (5) 1.056 (5)

13 4.3 (2) 1.059 (2) 13 4.3 (4) 1.056 (4)

14 4.5 (2) 1.059 (2) 14 4.4 (3) 1.055 (3)

15 4.6 (2) 1.058 (2) 15 4. 'i (4) I. ')54 (4)

16 4.6(6) 1.057(6) 16 4.7 (3) I. '>53(3)

17 4.8 (5) 1.058 (5) 17 4.8 (8) 1.053 (S)

13 4.9 (5) 1.057 (5) 18 4.9 (J) 1.052 (I)

19 4.95(7) 1.057 (7) 19 5.0(1) I .057 (I)

20 5.0(2) 1.057 (2) 20 5.0 (1) 1.054 (I)

5.1 (1) 1.057 (1)

4.71 1. 0581 14.5 4.6 1.054

±0.46 ±0.OI87 ±5.09 ±0.65 ±0.004

9.7 17.0 35.10 15.0 1.30

---
Figures in bracket denote the number of cases. S.D. Standard deviation. C.V. Coefficient of Varation.

sideration differ according to
ave been compiled separately.
ood at a particular temperature
c gravity of the whole blood ha
lation time in Fig. 1 alongjwith t

~o l\

'''' 5t.c. Since, from the above results, the circulation time seemed to be changing more corres-
pondingto the viscosity of blood than to its specific gravity, the viscosity was regarded as a
determiningfactor and so some of the factors, supposed to change the viscosity have been invest-
igated.Thus P.C.V., MCV, MCHC and the value for different protein fractions of the plasma were
foundand the results recorded in Table II and Table III for the males and the females res-
pectively. The average values for the same viscosity have been taken into record. The
relativecontributions of packed cell volume and mean corpuscular hemoglobin concentration on
theviscosity of blood have been shown in Fig. 2. Other factors presented in the table did not
sbow much eo-relationship with the viscosity and hence were not shown in the graph.

tering the circulation time in diffi
4.71 +0.46 in males and 4.60
rise in the circulation time.
in the two sexes; the males sho
emales had 1.054±O.004.

rise of circulation time upto t
ed either a steady level or a ri
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Relative viscosity PCV MCV MCHC Total Albumin Globulins Globulins

% 1-"
.'"/ protcion ill'.

4.0 (1) 45.8 84.2 34.06 7.9 4.6 0.83 0.80
4.1 (-)
4.2 (2) 45.8 92.5 33.80 7.2 3.6 0.H7 0.98
4.3 (2) 45.5 91.0 34.70 7.2 3.8 0.78 1.05
4.4 (-)
4.5 (2) 46.4 93.3 33.2 7.7 3.9 0.36 1.03
4.6 (8) 46.8 92.6 32.7 7.1 3.7 0.84 1.02
4.7(-)
4.8 (5) 47.4 96.6 32.4 7.3 4.0 0.89 0.83
4.9 (5) 47.6 92.6 31.3 7.3 3.9 0.76 0.88
4.96 (7) 47.7 94.8 31.9 7.2 4.2 0.85 0.71
5 00 (2) 48.0 96.2 31.3 7.4 4.2 0.98 1.32
5.1 ('\' 48.1 90.0 32.3 7.3 4.0 0.95 0.00

Mean 47.0 93.4 32.4 7.27 3.94 0.85 0.92
S.D. 1.60 3.96 1.65 0.355 0.49 0.33 0.84
C.V. 3.4 4.2 5.1 4.72 12.6 45.0 91 01
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Showingpacked cell volume, mean corpuscular volume, mean corpuscular haemoglobin concentration, total and diff-
erential protein fractions against relative viscosity in thirty five females.

1.38
1.31
1.24
1.S7
1.60
1.26

Re/ative visxosity PCV

% fL3 %

MCV ill; ,\JCHC
Total Albumins
protiens in

~ ~ y
Globulins Globulins Globulins
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:x ~Albumin Globulins Globulins
ill

4.6 0.83 0.80

) .6 0.R7 0.98
) .8 0.78 1.05

3.9 0.36 1.03
3.7 0.84 1.02

4.0 0.89 0.83
).9 0.76 0.88
4.2 0.85 0.71
4.2 0.98 I.32
4.0 0.95 0.00
3.9~ 0.85 0.92
0.49 0.33 0.84
12.6 45.0 91 01

4.0 (S)
4.1 (3)

4.2 (2)
4.3 (3)
4.4 (3)

4.5 (4)
4.6 (-)
4.7 (3)

4.8 (8)
4.9(1)
4.95(-)

5.0(2)

5.1 (-)

40.8
41.6
42.9
42.3

42.8

43.0

43.5

43.75
44.0

44.3

90.6
88.2
88.0
95.8

101.0
104.0

97.6
96.2
90.0

96.3

32.3

32.3

32.0
3J .6

30.3
32.1

32.0
31.2

32.2

32.0

6.8
6.9
7.0
7.1
7.3
7.2

7.1
7.4
7.3

7.4

3.9
4.2

4.1
3.8
3.9

4.0

4.1

4.2
4.0

4.2

0.72
0.76
0.66
0.70
0.75
0.94

0.71
0.83

0.90

0.92

0.80
@.63
1.00
1.03

1.05

1.00

1.21

1.20

1.25

1. 25

10.09
1.17
1.15

1.03

42.8

±2.32

S.t

95.7
±9.3

9.6

31.7
± 1.15

3.6

7.1
±0.53

7.4

4.0
±1.10

2.6

0.81

±O.Sl
63.0

-1.03 1.25

±0.38 ±0.17
37.00 13.00

DISCUSSION

The rheological character of the blood depends on its viscosity and the relationship
looks to be almost linear-(Fig. I) Individuals having a particular viscosity were found
to have not much differenta circulation time. The viscosity found in our subjects falls within
the normal range of 3.5 to 5.4 (17). On the average, the viscosity of blood in males was found
to be higher than that in females and that it is in conformity with the findings of Hess (4).

The specific gravity of blood did not show such a perfect correlationship with the cir-
culation time. On the whole, they seemed to keep an inverse relationship between each other
upto the circulation time of 16 second s.

Thus the viscosity being found to be a more determining factor, than the specific gravity
in regulating the rate of flow of blood (Circulation time), the factors affecting it drew further
considerations. The viscosity of the whole blood depends on the cellular elements as well as
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the fluid elements in it. Of the cellular elements, the white blood cell concentration is si
ficant only when their number is abnormally high, while the role of platelets is doubtful.

According to Nygard (8), within the rage of 15-50 ml. PCV, the viscosity shows a lin
relationship with it. The same has been found to be true in our cases both. for males
females (Fig. 2). The PCV for female subjects being found to be low compared to those ofmal
for the same relative viscosity of blood. Gregersen and his associates (3) have shown an'
crease in viscosity with increase in cell size. This could not be corroborated by our study
The reason for this may be, that, they had found it in different mammalian species with
hematocrit value, while those of our cases had variable blood factors including hemat
value. Moreover small crenated cells may increase the viscosity due to its increase in intracellu-
lar viscosity. Again, for the same reason MCRC by virtue of its property of changing'
tracellular viscosity can affect the viscosity of the whole blood as shown by Erslev et al., (2). InaB
the cases studied here, both males and females showed a regular fall in MCRC with the rise
in the viscosity of the whole blood. This can be correlated with the specific gravity of thewhok
blood which has been found to have, in general, an inverse trend with the viscosity as shown
in Table 1. Thus MCRC has been found to change in the same direction as the specificgravi~
of blood and this is understandable from the fact that hemoglobin content of blood canbe
calculated, from its specific gravity (14), which vary directly with each other. So, from our
study, it seems, that the intracellular viscosity plays a minor role compared to the extra-cellular
viscosity of blood as affected by the packed cell volume.

Of the plasma elements of the blood, the protein is supposed to form an important fac-
tor altering its viscosity and hence flow. As worked out by Wells et al. (16), dilution of pro-
tein reduces the whole blood viscosity by lowering the plasma viscosity and by decreasing pro-
tein induced red cell aggregation. Other group of workers as Wells, Cox and Shahviar (l~
had noted an increased blood viscosity with hypotonic dilution. We have not been ableto
find any change in the viscosity of the whole blood in relation to that of plasma protein, not
even to that of any particular fraction of protein as advocated by workers reported in this paper
earlier.

On the whole, it seems, that PCV is the most dominant factor altering the viscosityof
the whole blood and hence the circulation time. The role played by other factors is inconclusne
and controversial and the role of plasma proteins can not be definitely known unless other para
meters are kept constant, for example, just dilution of protein may change the fluidity of the
plasma as also the shape and size of the cells which will bring other factors into play masking
the effect of low protein concentration.

SUMMERY

Seventy normal subjects of age group 18 to 21 years belonging to both the sexes of equal
distribution were investigated.
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blood cell concentration is signi-
role of platelets is doubtful.

pev, the viscosity shows a linear
our cases both for males and

be low compared to those of males
associates (3) have shown an in-
be corroborated by our study.
nt mammalian species with same
od factors including hematocrit
y due to its increase in intracellu-
of its property of changing in-
shown by Erslev et al., (2). In all

ular fall in MCRC with the rise
h the specific gravity of the whole
rend with the viscosity as shown
e direction as the specific gravity
globin content of blood can be
with each other. So, from our
olecompared to the extra-cellular

Their 'arm to throat' circulation time found by calcium gluconate method was compared
withthe relative viscosity and the specific gravity of blood. The viscosity of blood was found
to alter the circulation time.

The viscosity, in turn, was found to increase with the increase in PCV of blood.
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