Br. J. Nutr. (1973), 29, 151 151

Free amino acid patterns of plasma, erythrocytes and
leucocytes in hypoproteinaemia
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1. In pregnancy, severe hypoproteinaemia, cirrhosis and anaemia, plasma free a-amino
nitrogen (FaAN) was found to be lowered. The non-essential:essential amino acid ratios,
determined by paper chromatography, were increased in hypoproteinaemia and anaemia.

2. The erythrocytic FaAN content increased in early hypoproteinaemia and values lower
than normal were found in severe hypoproteinaemia. There was also a risc in anaemia, which
was due to increased cellular non-essential amino acids.

3. The leucocytic FaAN was reduced in all hypoprateinaemic states. The increased FaAN
values in patients with thyrotoxicosis demonstrated that, in catabolism, leucocytic uptake of
amino acids is increased. The non-essential:essential amino acid ratios were decreased in
cirrhosis, possibly due to poor biosynthesis of non-essential amino acids by the liver,

In nutritional protein deficiency, a fall in plasma free amino acid concentration, and
alterations in several essential and non-essential amino acids have been reported by
various workers (Cravioto, 1958; Westall, Roitman, De la Pena, Rasmussen, Cravioto,
Gomez & Holt, 1958; Arroyave, Wilson, de Funes & Béhar 1962; Holt, Snyderman,
Norton, Roitman & Finch, 1963). Whitehead (1964) derived ratios from four non-
essential and four essential amino acids in diagnosing the severity of protein deficiency.
Arroyave (1970} demonstrated that valine:glycine ratios are more discriminating for
early protein-energy malnutrition than ratios obtained from groups of amino acids.
The applicability of such ratios has been doubted in diagnosing marasmic kwashiorkor
(Anasuya & Narasinga Rao, 1968; Committee Report, 1970). Bjornesjo, Mellander &
Jagenburg (1968) demonstrated that the free amino acid content of erythrocytes was
increased in protein deprivation and anaemia. So far, no information is available
regarding free o-amino acid content of plasma, erythrocytes and leucocytes in various
hypoproteinaemic disorders. It would be of interest if leucocytes, with their shorter
life-span, were the cells to show earliest amino acid changes in hypoproteinaemia.

In this study an attempt has been made to investigate the amino acid patterns
quantitatively and qualitatively in plasma, erythrocytes and leucocytes in some hypo-
proteinaemic states and in the hypermetabolic state, thyrotoxicosis.

EXPERIMENTAL
Subjects

The adult subjects investigated were suffering from hypoproteinaemia — twenty-
five pregnant women, ten cases of cirrhosis, sixteen cases of nephrosis; nutritional
hypoproteinaemia — eleven cases; iron deficiency — twenty-eight cases; thyrotoxicosis

1 For reprints.
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— eight cases. Seventy-six children suffering from marasmus and from undernutrition
were also studied. In addition, investigations were made on the following control
subjects: thirty normal adults, forty-five children (aged 1—5) and fifteen non-pregnant
women.

Methods

Venous blood (5 ml) was collected in fasting state in a siliconized tube using
heparin as anticoagulant and allowed to sediment at 4° for 3o min. The unsedi-
mented cells in plasma were decanted into another tube and centrifuged at 1000 rev/
min for 5 min. The plasma was decanted separately and the bottom plug in the tube
was treated with 2-5 ml of chilled, distilled water, mixed well with a Pasteur pipette
and immediately treated with 2-5ml of cold hypertonic saline (18 g NaCl/l) and
centrifuged. The supernatant was drained off, the leucocytes were suspended in the
desired quantity of isotonic saline and the leucocyte counts per ml were made. The
details of methodology are described in a separate communication (Gupta & Agarwal,
1972).

Chemical analyses

The plasma, erythrocyte and leucocyte free a-amino acid nitrogens (FxAN) were
determined according to the method of Goodwin (1968) except that the protein-
free filtrate from leucocytes was obtained by treatment with trichloroacetic acid
(100 g/fh).

Free amino acid patterns were determined by a combination of electrophoresis at
320 V and paper chromatography with butanol-acetic acid-water mixture as solvent.
The determination of groups of amino acids was done spectrophotometrically as re-
ported earlier (Gupta & Agarwal, 1972). The amino acid groups were: I, lysine,
arginine and histidine; II, leucine, isoleucine, phenylalanine and methionine; III,
valine, tyrosine and tryptophan; IV, glutamic acid, threonine, serine, aspartic acid,
taurine, cystine and cysteine; and V, alanine and glycine. The ratios of the total
‘non-essential’: ‘essential” amino acids, groups (IV+V): groups (I+II+1II), were
calculated (see footnote to Table 4).

RESULTS
FaAN in pregnancy

Plasma, erythrocyte and leucocyte FeAN concentrations decreased with increase
in gestational age. However, a statistically significant fall was noted only for plasma
(£ < o'10). The value for erythrocytes during 10-20 weeks of gestation (11-93,
SD + 0-30) was higher than for non-pregnant women but statistically not significant
(Table 1). The relationships between gestational age and plasma, erythrocyte and
leucocyte FaAN were studied by calculating the correlation coefficients and since
these coefficients were significant (0-81, 0-62 and o-54 respectively) regression co-
efficients were calculated and also found to be significant (Table 1).
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Table 1. Concentrations of free o-amino acid mitrogen in plasma, erythrocytes and
leucocytes in pregnant women suffering from hypoproteinaemia and their correlation with
gestational age

(Mean values and standard deviations; number of subjects — all different — in parentheses)

Plasma (P) Erythrocytes (E) Ratio Leucocytes
Gestational age (mg/l) (mg/fl) E: P* (pg/10° cells)
Non-pregnant women 527+ 1-8 (15) 8924216 (15) 2°30 176 £ 031 (15)
10~-20 weeks 38-9+ 43 (6) 10894213 (7) 3°96 1'39+0°31 (4)
21-30 weeks 353167 (8) 81'9+312 (9) 3-28 129+ 038 (10)
31 weeks—full term 342+ 62 (12) 28 1+271(12) 323 16 +0'18 (17)
Correlation coefficient 081 o062 054
Regression coefficientt —0-048 —0-208 —15°16
Goodness of fit of
regression lines (P) < o001 < 0001 < 0701

* Calculated on a water-basis assuming the water contents of erythrocytes and plasma to be
65% and 92 Y, respectively (Bjornesjs, 1963).
1 With gestational age as independent variable,

Table 2. Free a-amino acid nitrogen in normal and abnormal states of adults

(Mean values and standard deviations ; number of subjects in parentheses)

Plasma (P) Erythrocytes (E) Ratio Leucocytes
Subjects (mg/l) (mg/l) E:p* (ngf10f cells)
~ = A s N F— A Y
Mean SD Mean SD Mean SD
Normal 557 109 (30) go 26 (16) 2°30 170 o044 (10)
Anaemia 50-8 41 (28) 197 47 (20) 551 102 026(7)
Nephrosis 542 210 (16) 124 54 (16) 324 1116 oz0(4)
Cirrhosis 449 73 (10) 119 38 (10) 376 1°13 034 (6)
Thyrotoxicosis 52-3 6-4 (8) 108  27(8) 293 183  049(y)

* Calculated on a water-basis assuming the water contents of erythrocytes and plasma to be
659%, and 92 %, respectively (Bjdrnesjs, 1963).

Table 3. Relationship between plasma albumin values and concentrations
of free a-amino acid nitrogen in erythrocytes and leucocytes

(Mean values and standard deviations; number of subjects in parentheses)

a-Amino acid N
A

s Al
Plasma albumin Plasma Erythrocytes L.eucocytes
(el {mgft) {mg/h) {#g/10° cells)
< 20 44'0%10°8 (12) 102°3+ 35 (12) 1-31 £ 0:04 (3)
2030 426t112 (21) 1560150 (21) 1'04+0°52 (5)
31—40* 500+ 12°0 (39) 154-0%55 (39) 1-03 048 (5)
> 41 600+ 140 (12) 108-0£ 53 (12) 1814038 (12)

Correlation coeflicient

Regression coefficient

Goodness of fit of regression
lmes (P)

0678
+ 1-001

< 0'001

o060

#* Including ten normal subjects.

0-886
42938

< 0°'COoIX
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Table 4. Pattern of amino acids in plasma, erythrocytes and leucocytes, as determined
by spectrophotometry (extinction x 1000: approximate values, see p. 152)

{Mean values and standard deviations; number of subjects in parentheses)

Amino acid group*

P A s
‘Essential’t ‘ Non-essential '
— A Y f—v—____* A
I 11 111 v v
Subjects — M Feaamntaae Py N —r—
Mean s» Mean sp Mean sD Mean sp Mean sbp
Normal (22)
Plasma 62 11 37 1% 36 17 112 43 76 30
Erythrocytes 39 23 19 14 22 18 272 61 71 33
Leucocytes 108 63 81 59 71 44 193 93 117 %5
Anaemia (20)
Plasma 3G 21 21 1§ 8 27 83 43 78 39
Erythrocytes 35 12 15 8 13 9 31T 55 125 69
Leucocytes 102 37 78 37 52 29 201 75 097 47
Hypoproteinaemia (10)
Plasma 14 9 25 10 26 12 8 35 s6 19
Erythrocytes 28 9 13 6 22 12 211 52 51 13
Leucocytes 63 28 43 22 30 13 126 48 56 25
Nephrosis (5)
Plasma 37 9 25 6 42 21 74 12 37 2%
Lrythrocytes 27 9 18 8 12 4 212 11 34 5
Leucocytes 46 3 60 35 31 27 168 48 61 31
Cirrhosis (5)
Plasma 539 28 ¢ 34 10 93 5 46 9
irythrocytes 15 8 12 2 i 1o 218 30 57 23
Leucocytes 86 25 7o 27 39 13 180 56 56 16
Full-term pregnancy (12)
Plasma 39 10 21 7 19 6 76 24 53 29
LErythrocytes 35 I5 25 17 7 9 300 1 54 35
Leucocytes 74 42 45 39 32 16 132 49 74 31
"Thyrotoxicosis (3)
Plasma 37 3 28 12 38 3 97 20 59 15
Erythrocytes 25 3 13 10 19 19 194 22 46 4
Leucocytes 6o 11 131 03 67 13 476 193 133 26

* I lysine, atginine and histidine; 1I, leucine, isoleucine, phenylanine and methionine; I, valine,
tyrosine and tryptophan; IV, glutamic acid, threonine, serine, aspartic acid, taurine, cystine and
cysteine ; and 'V, alanine and glycine.

+ Apart from tyrosine in group III.

I Apart from threonine in group 1V.

FoAN in normal subjects and patients

The plasma ¥FaAN values were decreased significantly only in cirrhosis
(P < ooo1) and anaemia (P < o-05). In nephrosis with hypoalbuminaemia, the
plasma FaAN remained unaltered. The leucocyte FaeAN was significantly re-
duced in anaemia (P < o0-003), cirrhosis (£ < o'02) and nephrosis (P < o-o1)
(Table 2).

Relationship between plasma albumin and Fo AN values

This relationship was studied in eighty-four out of ninety-two subjects listed in
Table 2, including twenty-two normal subjects with serum albumin > 36 gfl and
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Table 5. Non-essential:essential® free amino acid ratios in plasma, erythrocytes and
leucocytes of normal and abnormal states of adults

(Mean values and standard deviations ; number of subjects in parentheses)

Plasma Erythrocytes Leucocytes
f—Aiﬂ f———'J‘—ﬁ s ML"’\
Subjects Mean SD Mean SD Mean sD
Normal 1'40 027 (22) 551 273 (18) 147 o052 (17)
Anaemia 218 1-07 (20) 854 479 (17) 144 o052 (19)
Nutritional hypoproteinaemia 173 o053 (x1) 429 207(10) 154 0°'59 (11}
Nephrosis 125 024 (5) 355 109 (3) 170 065 (4)
Cirrhosis 124 023(5) 448 120(5) 1-30 054 (5)
Pregnancy, full term 1°57 086 (8) 436 206 (12) 152 045 (13)
Thyrotoxicosis 201 078 (3) 565 z'50(3) 2'54 ©0°45(3)

* See footnote to Table 4.

Table 6. Non-essential:essential free amino acid ratios in plasma, erythrocytes
and leucocytes of children (1—5 years)

(Mean values and standard deviations; number of subjects in parentheses)

Plasma Erythrocytes Leucocytes
f-_——/b_—\ [ A Y ﬁiAf"/)\i”"' o
Subjects Mean SD Mean SD Mean SD
Normal 152 039(45) 5712 2702 (44) 156 045 (31)
Undernourished 1°61 036 (21) 6-42 3-80 (21) 154 o35 (13)
Marasmus 16 035 (6) 592 289 (6) 161 0'51(5)

leucocyte FaAN > 148 pg/10® cells. The plasma FaAN was decreased in low
plasma albumin groups. The erythrocyte FaAN in mild to moderate hypopro-
teinaemic groups was significantly increased (P < o-o1). In the plasma albumin
group < 20g/l the observed erythrocyte FxAN was normal. The leucocyte
FaAN was found to be significantly lowered in all types of hypoproteinaemia
(Table 3). The relationship between plasma albumin and plasma leucocytic FaAN
was found to be significant. There was no correlation between plasma albumin and
erythrocyte FeAN concentrations.

Amino acid patterns (Table 4) and non-essential: essential ratios (Table 5)
in normal adults and patients

Plasma. A tendency for a decrease in amino acids in all groups of amino acids was
observed in anaemia (excepting group V), hypoproteinacmia, nephrosis (except
group III) and pregnancy. The mean values for non-essential amino acids (groups
IV and V) were significantly reduced in pregnancy (> < o-00s). The plasma non-
essential:essential amino acid ratios were significantly increased only in hypopro-
teinaemia (P < o-1) and anaemia (P < 0-005). The extinction values given in Table
4 are from spectrophotometric determinations. As different amino acids gave variable
intensities of colour, the values are not precise (sce Gupta & Agarwal, 1972).

Erythrocytes. A significant decrease was noted in the amino acids of groups IV and
V in hypoproteinaemia (P < o-o1), whereas in anaemia there was a significant in-
crease in the non-essential amino acids of group V (P < o-o1). The erythrocyte non-
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essential : essential amino acid ratio was significantly increased in anaemia (P < o-oor)
mainly due to increases in the non-essential acids. The fall in the ratio for cirrhosis,
pregnancy and nephrosis was not significant (P > o-2).

Leucocytes. In hypoproteinaemia and pregnancy, amino acids of groups I, II, III
and V were significantly decreased (P < o-0os). Significant reductions in amino
acids were also observed for groups I, IIT and V in nephrosis, and groups III and V
in cirthosis (P < o-005). In thyrotoxicosis, the non-essential amino acids were
markedly increased in the leucocytes whereas the concentration of these amino acids
decreased in the plasma and erythrocytes. The non-essential:essential amino acid
ratios were not significantly altered in any of the conditions.

Amino acid ratios in children

The results obtained in children (1—5 years) suffering from malnutrition in the
urban and rural population demonstrated that the plasma FaAN was unaltered,
the mean from seventy-six observations being 55, sD+* 12-5 mg/l. The leucocyte
FaAN was 1+6 ug/10° cells in six children; twelve had values of < 0-9 ug/10® cells.
The remaining children had values between o-g and 1-6 g/108 cells. The plasma and
erythrocyte non-essential:essential amino acid ratios were increased in marasmus
(P < oro1) and undernourished (P < o-oo1) children. The non-essential: essential
amino acid ratios of leucocytes showed no significant change (Table 6).

Erythrocyte: plasma FoAN ratios (calculated on a water-basis) in adults

The ratios of FeAN in the water of erythrocytes and plasma were calculated for
adults assuming that the water contents were 65%, and 929, respectively (Bj6rnesjo,
1963). Increased erythrocyte:plasma ratios were observed in pregnancy, anaemia,
cirrhosis and nephrosis (Tables 1 and 2).

DISCUSSION

The results of the study reported here demonstrated that plasma FeAN de-
creased during pregnancy in hypoproteinaemic women: the observations are in
accordance with those of Bonsnes (1947) and Bjornesjé (1963). Plasma valine, trypto-
phan and tyrosine (group ITI) did not alter in nephrosis and cirrhosis, whereas amino
acids in other groups were reduced. The increase in erythrocyte non-essential amino
acids observed in anaemia may have been induced by hypoxia (Bange & Bange-
Barnoud, Rashidi, Dion & Peres, 1968; Bjornesjo, Jarnulf & Lausing, 1968). During
treatment of anaemic patients with iron, erythrocyte FoAN was further increased
(unpublished observations) thus confirming the observations of Bjornesjé, Mellander
et al. (1968).

So far, alterations in free amino acid patterns in leucocytes have been reported
only in various types of infections and leukaemias (Hill, 1960; McMenamy, Lund &
Wallach, 1960; Cline, 1965; Lee, Bolger & Bridges, 1969). We found that the leuco-
cyte FeAN was markedly reduced in all the hypoproteinaemic disorders irrespective
of their mechanism(s), and that essential amino acids were reduced in all hypopro-
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teinaemic disorders excepting cirrhosis, in which a reduction of non-essential amino
acids was the main change observed. In thyrotoxicosis, non-essential amino acids
were markedly increased; this is difficult to explain.

Studies on leucocyte amino acids in various metabolic states should offer a fruitful
field for further work.

The authors are indebted to the Indian Council of Medical Research and Indian
Council of Agricultural Research, for financial assistance.
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