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Abstract
The sequential changes tahing place in the plasna
proteins, blood oolume and body fluids in rats during
the condition simulating "pre kztashiorkor" is described.

Protein malnutrition was induced in growing rals
by feeding them a diet containing 0.501, proteii. .4t
zceekly interoals the total plasma protein and albumin
concentrations, hematocrit and. the z;olumes of the
differ ent fluid com p ar tme n t s zc er e tl e t er rnine d.

During the eight ueeks of study, there uas a
marked loss in body zoeights,fall in total plasma protein
and albumin concentrations, lowering of hematocrit
leztels and a slight incyease in the plasma and extra-
cellular fiuid oolumes. The changes in total bodt,
uater and blood aolumes zlere not significant.

Hypoproteinemia uith hypoalbuminemia and an
increase in the extracellular fluid oolume were not
associated with clinical edema, zohich probably is u
late manifestation of protein malnutritiott.

Introduction
PROTEIN NIALNUTRITION is a problem of
major concern to many developing countries in the
rvorld today. It is most often due to inadequate
consumption of proteins or intake of proteins of
poor qualitr,. In protein malnutrition therc is ncr

sharp line betu'een health and disease. 'I'he scientific
study of protein malnutrition in experimental
animals has contributed considerably to our under-
standing of biochemical changes taking place in
protein malnutrition. For ethical and humanitarian
considerations it is not possible to studv the semnr

protein and body fluid changes during the develop-
ment of protein malnutrition in man and so an
animal model becomes extremely essential. Protcin
malnutrition in children is invariably complicated
bv deficiencies of calories, vitamins, minerals and
perhaps trace elements, as rvell as by intercurrent
infections and infestations. These alter in entllessl--v
differcnt patterns the basic clinical and metabolic
picture secn in the child sulTering from protcin
malnutritiorr. It is norv possible to reproducc in
animals thc features of thc protein deficiency s1'n-
drome known as Kwashiorkor (Kirsh, Brock and
Saunders, 1968 and Edozien, 1968). In the animal
model it is possible to keep to a minimum the
individual variations and study the development of
fluid changes undcr carefullv controllcd conditions.

One aspect in which there is a paucity of infor-
mation and no gcneral agreement is the fluid and
electrolvte changes during the development of
protein malnutrition (Gopalan, Venkatachalam and
Srikantia, 1953; Picou and Waterlow, 1962;
Davidson, 1964). The sequence of changes taking
placc in serum proteins, blood volume and bodl-
fluids have usually been reported after thc develop-
ment of gross edema or manifestations of advanced
protein calorie malnutrition. The present studl'
was designed to investigate the sequential changes
in serum proteins and bodr, fluids during thc early
stagcs in thc developmer.rt of protein malnutrition
in rats simulating the condition "pre krvashiorkor".

Experirnental
Nlale Sprague Dawley' rats u'eighing 130 - 160 g

vyere fed freely a diet containing 0.5o/, lactalbumin.
A control group \\:as fed freell a diet containing
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Total body water and thiocyanate space (ECF):
An accuratelv weighed amount (about I ml) of

2.5% thiocyanate solution containing 10 pCi of
tritiated water was injected intraperitoneally. The
accuracy of the amount injected was checked bv
u'eighing the syringe before and after injection in a
sensitive balance. All food and water were vyith-
drau'n from the animals after the injection. Equi-
librium of the thiocyanate and tritiated water is
known to be complete by about four hours (Smith,
1960), and a sample of plasma can be assumed to be
representative of the general body concentration
of the labelled water and thiocyanate in the extra-
cellular compartments of the body. Plasma was
obtained after the injection of Evans Blue (see
plasma volume belorv).

18% lactalbumin. The diets were formulated
after Edozien (1968). At weeklf intervals batches
of six rats from each group were u'eighed and the
following determinations carried out:- Total bodt'
water, eitracellular fluid volume, plasma and blood
volumes, total plasma protein and albumin concen-
trations, and hematocrit values.

The interestitial fluid volume was obtained
from the difference between the extracellular fluid
volume and the plasma volume.

Hematocrit:
Hematocrit \.1'as determined by transferring

heparinised blood to a Wintrobe tube with a Pasteur
pipette and centrifuging at 1500 x g for 30 minutes.
The level of packed cells was expressed as a
percentage of the total volume of blood.

Plasma proteins:
The total plasma protein concentration was

calculated from the micro-Kjeldahl determinations
of plasma nitrogen using a factor of 6.54 (Sunderman,
Sunderman, Flavo and Kallick, 1958). Electro-
phoresis of the plasma on cellulose acetate was
performed and the percentage distribution of
albumin calculated. The absolute amount of
albumin was obtained by multiplying the total
plasma protein concentration by the relative percen-
tage of albumin (Chandrasekharan, 1969). The
total amount of protein and albumin in the circu-
lation u..as calculated.

Results and Discussion
The absolute volumes of the different fluid

compartments and the total circulating plasma
proteins are given in Table I.

The changes in the body weights, plasma
proteins and hematocrit are illustrated in fig. I.

'l'hc changes in fluid volumes are shown in
hs.2.

Body weights:
The animals on the 0.5o/o lactalbumin diet

lose rveight progressively, the loss being greatest
during the first rveek (25o/o) and at the end of eight
weeks the rats had lost 45o/o of their initial weights.
'I'he overall severity of malnutrition may be assessed
from the loss in body u,eights. During the same
period of time the control animals gained over
125o/o in body rveights (Fig. 1a). The experimental
animals looked emaciated, but there was no evidence
of edema or accumulation of body fluids during the
tu'o month period of experimentation. In Enwonwu's
studv (1971) Soi' of the animals fed the low protein
tliet developed edema after six u'eeks and by 10
r.veeks 18 - 251,n rvcrc grosslv edematous.

Plasma proteins:
There was a gradual diminution in the total

plasma protein concentration especially after the
fourth u'eek (Fig. 1b). With low protein levels
edema formation is to be expected according to the

Iior total bodl' u'ater determination, the proteins
r,r,ere precipitated from 0.5 ml of plasma by adding
2.5 ml of absolute ethanol and the precipitate
removed bv centrifugation. Onc ml of the super-
natant \r'as pipetted into 20 ml of Bray's solution
(1960) and the activity of tritium counted for 10
minutes in a scintillation counter (Hayes and Gould,
1953). The average of three such counts was taken
for calculation of total bodv vr,ater.

'I'he extracellular fluid volume u'as calculated
by the method described bv Huang and Bondurant
(1ess).

'I'he intracellular fluid volume u,as obtained
from the difference betu:een the total bodv water
and the extracellular fluid volume.

Plasma and blood volume:
Exactlv four hours after the injection of tritiated

rr,ater and thiocyanate, the rats were anaesthetized
rvith ether and Iaparotomy performed. An accurate-
ly weighed amount of (about 0.5 ml) a0.lo/u solution
of Evans Blue rvas injected directly into the inferior
vena cava. Herc again this s'as made possible bl
r.r.eighing the syringe containing the dve before and
after injection. After five minutes, as much blood
as possible was withdrau,n from the inferior vena
cava in heparinised syringes and the animal sacrificed.
Blood and plasma volumes were calculatetl using
the formula of Loring (1954).
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Table 1

Changes in body fluid volumes and plasma protein content in rats during protein malnutrition*

Experimental rats (0.5"/o Lactalbumin diet)

Duration:(Weeks) 1 2 3 4 5 6 7

Plasma vol. (ml) M. 3.69 3.79 3.45 3.83 3.97 4.32 3.84
s.D. 0.33 0.14 0.36 0.36 0.53 0.34 0.40

8

3.82
0.22

Blood vol. (ml)

Total bod-v rvater (ml)

Extracellular water (ml)

Total circulating plasma protein (mg)

'I'otal circulating albumin (mg)

Plasma vol. (ml)

tslood vol. (ml)

'I'otal body uater (ml)

Extracellular u'ater (ml)

Total circulating plasma protein (mg)

Total circulating albumin (mg)

*Each result is the mean of six rats

75
7

23.44
2.83

165
35

192 166 t6l
12 24 25

84)) 102 91 88
t7 10 25

Control rats (1892" Lactalbumin diet)

7.13
0.42

6.73
0.74

6.97
0.18

5.99
0.65

6.28
0.28

19.46
1.46

19.25
1.43

19.11
1.20

169
13

154
11

104
10

76
t1

8.76
0.91

76
02

12.17
0.89

12.49
1.38

12.18
1.21

62
5

80
92

70
5

7

5.95
0.61

8.31
0.68

M
S.D

M
.D

M
,D

M
.D

M
.D

.39

.48

82
5

7
0

S

S

S

S

54
J

73

05
08

18.27 22.51
2.08 1.45

58
4

9t
25

74
3

8

M. 5.62 7.06
s. D. 0.44 0.67

M. 12.03 12.11
s.D. 1.01 1.27

18.84
1.76

23.83
0.98

24.11
Z.JJ

7
0

90
t4

9.
1.

660
37

400
39

166
23

159
23

260
15

.45

.43

840
90

420
57

307
37

M
DS

14.55
0.99

17.86
2.01

s2.82
2.20

24.01
2.22

M
.D

107 144
12 11

196
11

174
42

214
12

214
24

176
S -5

M
S.D

27.78
0.84

43.48
4.67

M
S.D

338
16

487
56

36.77
2.8s

42.91
9.77

62.86
6.96

56.82
4.00

65. s1
6.37

187
17

236
27

2+7
35

43r
85

822
90

417
103

5-s8
52

890
72

506
42

classical hypothesis of Starling (Landis and Pappen-
heimer, 1963), as a result of the reduced colloid
osmotic pressure of the plasma. A deficiency of
colloid osmotic pressure would lead to escape of
fluids into the tissues. In infants with protein
malnutrition edema is almost invariably accom-
panied by hypoproteinemia (Waterlow, Cravioto
and Stephen, 1960). Enwonwu (1970) observed
that the development of edema rvas always preceded
by a large drop in the serum protein concentration.
Hc also suggested that "the association between
hypoproteinemia and edema does not in any way
implv a cause and effect relation." In the present
study there \\,as a decrease in thc total circulating
plasma proteins inspite of an increase in the plasma
volume and this is probably due to a greater fall in
the plasma protein concentration (Fig. 1c). However,
it is observed that in protein malnutrition, even

when there is no hypoproteinemia, there may be a
decrease in plasma volume and so in the total circu-
lating plasma protein (Waterlow, et al, 1960).

The plasma albumin concentration in rats fed
the low protein diet was consistently lower than
the control group, and so was the total amount of
circulating albumin. However the relative amount
of albumin remained rather unchanged. It is
interesting to note that a significant fall in the
concentration of albumin occurred after one week
on the low protein diet and decreased further only
towards the end of the study. It is possible that
mobilisation of albumin from the extravascular
compartments prevent marked dimunition in the
albumin concentration in animals fed a low protein
diet in the intervening period (Fig. ld and 1e).

268



140

100

60

+20

-20

0

0.2

0.1

60

s0z
trJ()
E.
Lr,
(L

7

6

5

1

E
oo

ol

t0

30
O'..1...O...f ..ot... j...O..rO ( b) Hematocrit

s0

10

0.20

0.15

0.1 0
a. ..(t. ..1. .o! o o o!'

a

O...o..
'o...o

o."a a.
tl...3...Otoo I o oof

(d) Ptasma albumin
concentration.

o.

a..''"'o... 3 0
'a"{....o..ooo.o1 

ZO
(c) Total plasma protern

concentration.

Fro
trJ

3
oo
C)

cDoo

ol

3

O.

a.. 
.o... 

o...f . ..1. "'r'ooo 
ooo

(e) Total circutating
plasma protein.

12 3 t 5 6 7I
DURATION OF

.O

0.0 s (f ) Total circulating
plasma albumin

123t,5678
EXPERIMENT ( WEEKS )

o-, CONTROL ...... EXPERIMENTAL

Fig. 1

Changes in body weights, hematocrit, and plasrna proteins during experirnental proteiq rnalnutrition in rats.
The r-esults for bbdy wliglits are expressed ai perceni change from initial body weights. Each point is th.e rnean
of six rats. The lihes jolning the points are not meant to represent the changes in the intervening period, but
merely to indicate general trends.
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Hematocrit:
There was a gradual fall in the hematocrit

value as the duration on the low protein diet increased
(Fis. 1f). This is most likely due to the develop-
m".rt of ure-ia and an increase in the plasma volume.

Plasma volume:
The plasma volume per unit of body weight

increased 
-and u'as relatively greater, the higher

the loss in body weight. In the present study the
increase was evident from the 4th week onwards
(Fie. 2a\. There are many conflicting reports,
iorie u'o.kers claiming that in nutritional edema
the plasma volume is 

"actually 
increased, (Waterlow

et al, 1960; Mclaren, 1969), while others report
that it is stationary (Keys, Bronzek, Henschel e/ a/.;
1950). In nutritional edema at the height of the
disease there is an absolute diminution in plasma
volume (Gopalan et al,1953).

Blood volume:
There was a fall in the relative blood volume

towards the end of the 7th and Sth weeks of the
experiment (Fig. 2b). Blood volume varies, on
the whole, direcily with the body weight, especially
to the metabolically active body mass. During
growth total plasma and blood volumes increase
ilowly according to the surface area until adult
volumes are reached, After cessation of growth
the blood volume remains unchanged in the rat.
A decrease in plasma protein concentration may
influence the blood volume through colloid osmotic
pressure. In cases of malnutrition the blood volume
leems to decrease at the same rate as the serum
proteins (Walters, Lehman, and Rossiter, l9+7_).

The fall in blood volume towards the end could
possibly be explained by the development, of anemia
and this is substantiated by the low hematocrit
findings in the present studY.

Total body water:
There were no significant changes in the total

body water during th; first six weeks. Towards
the end there was a very slight increase in the total
body water (Fig. 2c). In malnutrition the w'ater
content of the body tends to be increased even
without clinical edema. Clinical edema, as occurs
in kwashiorkor, appears only after a considerable
degree of water retention (Dean, 1962). In Edozien's
stuldy (1963) edema deviloped only'about the 4th
month, Perhaps the onset of edema marks a

transition from the mild to the severe state of the
disease (Enu'onuu, 1970).

Intracellular water:
The intracellular fluid volume did not shou'

any significant alterations, except for one observation

each in the control and experimental group. It is
suggested that protein malnutrition does not affect
the intracellular fluid volume at least during thc
earl\. stages.

Extracellular water:
There was a slight increase in the extracellular

water content (thiocyanate space) after the 4th week
(Fig. 2d). The volume of extracellular fluid is
often high in malnutrition, and a consequence of
this is the appearance of edema. Many explanations
have been brought foru'ard to account for the
increased extracellular fluid volume in malnutrition
(Widdowson, 1968). None of them explains all
the facts, there are probably several causes. The
more important ones seemtobe:-a) Fall in the oncotic
pressure of the plasma and the resulting flou' of
fluid to the extracellular compartment (Picou and
Waterlow, 1962). b) Alterations in the relative
proportions of the three great components of the
body due to malnutrition. The replacement b)'
water of bodv space previouslv occupied by fat and
cellular tissues is probably an important cause.
Diminution is total body solids by providing space
for the accumulation of excessive extracellular
fluids may tend to mask the severitv of the edema
(Waterlow et al, 1960). c) Protein malnutrition
can also result in diminished renal blood flow and
glomerular filtration resulting from diminished
cardiac output. This would presumablv lead to
sodium retention and edema (Davidson, 196+).
d) Increased concentration of a substance with anti
diuretic activitl, (Srikantia and N'Iohanram, 1969).

Interestitial fluid:
There was a small increment in the interstitial

fluid volume after the fifth week, but not significant
enough to manifest itself as clinical edema. This
finding is consistent with the absence of clinical
edema during the early stages of protein malnutrition.

Conclusion
The severity of protein malnutrition as gauged

by gross alterations in body weights are not paralleled
by equally significant alterations in the volumes
of the fluid compartments of the body during the
early stages. The classical edema so often asso-
ciated with protein malnutrition is not evident
during the early stages in the development of protein
deficiency.
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