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Abstract

This work has been focused on the study of the variations in blood amino acid compartmentation (plasma and blood cells) with agin
both in men and women. Aging is a situation which, under the influence of gender, involves a decline in body weight functions and variation
in energy metabolism with a deterioration of muscular metabolism leading to changes in amino acid handling. We determined the bloc
levels of individual amino acids in whole blood, plasma compartment and blood cell compartment of 51 men and 51 women. Subjects we
classified in three age groups—AG1 (18 to 35y), AG2 (35-50 y) and AG3 (more than 50 y). Aging was accompanied by significant change
in blood levels of amino acids showing gender-linked differences which were distinct for both blood compartments (plasma and blood cells
In men, aging was accompanied by a drop in blood levels of several amino acids, due mainly to the plasma compartment, whereas in won
aging brought about a rise in blood levels of various amino acids mainly in blood cell compartment. This paper contributes to enhancin
the physiological importance of the blood cell pool in the handling of amino acids. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction These higher levels have been attributed to their rela-
tively greater muscle mass compared to women [16,17].
Aging is associated with a decline in the body functions However, the changes in the blood cell pool of amino
and with a drop in the ability to maintain the homeostatic acids with age have not been previously studied, despite the
and integrated functions, a lower energy metabolism, a fact that the importance of blood cells as a carrier of circu-
deterioration of muscular metabolism and a decreased respiralating amino acids for interorgan exchange has received
tory muscle capacity [1-4]. Body composition also changes recent support in humans where the changes in amino acid
with aging: lean body mass decreases whereas fat mass inhandling can be better understood when blood cell compart-
creases [5]. Moreover, there are significant alterations in the mentation is taken into account [17,18]. Previous works
serum total lipids [6,7] which are related possibly to changes in focused on the role of the blood cell compartment in amino
the hormonal environment [8—10] and variations in the avail- acid handling have contributed to show the importance of
ability of amino acids are also described in parallel with a this pool of amino acids in the whole blood context. Its
reduction in the amount of muscle mass [11-13]. importance has been postulated due to the profound changes
In particular, young men have higher levels of amino in amino acid red cell concentration during the fast flow of
acids in the plasmatic compartment than young women, blood through the tissues, in spite of the slow rates of amino
differences that tended to disappear with age [11,14,15]. acid plasma-erythrocyte exchange foundrirvitro studies
[19-22].
To go further into the role of the human blood cell
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Government of Spain. . . . . . . . .
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Table 1
Anthropometric data of men and women grouped according to their ages
AG1 AG2 AGFP
Age, y M 27.9+ 0.8 43.8+ 0.9 56.4+ 1.5
w 26.8+ 1.1 46.5+ 1.0 62.4+ 1.8***
Weight, kg M 89.0+ 4.1 80.9+ 2.2 72.3* 2.4*
w 61.0+ 2.8%+* 67.2 & 4.4%* 63.1 + 2,9%**
Height, m M 1.77+ 0.02 1.71+ 0.02* 1.65% 0.02*
W 1.61+ 0.01%** 1.59 *+ 0.01*** 1.55 + Q.02 ***
BMI, kg/m? M 28.4+1.2 27.7+ 0.7 26.5+ 1.0
w 23.4+ 1.0%** 26.7 = 1.7 26.3+- 1.1

20ne way ANOVA (for each gender) significancg € 0.05): A effect of age—* AGlvsAG2, AG3, ** AG2 vs AG3-, SxAinteraction of sex and age.
b t-test significancesf < 0.05):**men vs women.

2. Materials and methods trapped in blood cell fractions was estimated [26], and the
amino acid values in the cell fractions corrected according-
2.1. Subjects and sampling ly—true hematocrit value (Ht). Thus, themoles of amino

acids in both fractions referred to whole blood volume were

Consistent with current guidelines in Spain, human blood calculated in the following way:
samples were obtained from consenting healthy subjects, all
of them Caucasian of Spanish origin, undergoing a routine
blood test, which were grouped according to gender and per litre of whole blood
then to age in three groups: AG1 (18 to 35 years old), AG2
(between 35 and 50 years old) and AG3 (50 to 80 years old). )
Table 1 shows the anthropometric features of each group. per litre of whole blood
After overnight fasting, 5 ml blood samples were obtained
by venipuncture from the forearm, were kept in heparinized 2.3. Additional plasma parameter analysis
glass tubes at 4°C, and processed in the following 2 h.

Pc= P(1-Ht/100) Pc: umoles of amino acids in plasma

Cc = HWB-Pc Cc: umoles of amino acids in cells

Plasma samples, deproteinized with 120 g/L perchloric
acid (1:1) and neutralized with 2 mol/L KHCO3-2 mol/L
KOH (2:0.35), were used for the enzymatic measurement of

Blood amino acid pool evaluation was carried out fol- 9lucose [27], urea [28] an@-hydroxybutyrate [29]. Be-
lowing a previously developed protocol [23]. In brief, two sides, levels of free fatty acids (FFA) and esterified fatty
blood fractions were studied: plasma—obtained by centri- acids (EFA) were measured by Gas Chromatography [30].
fuging an aliquot of whole blood—and hemolysed whole Insulin levels were measured by an immunoenzymetric as-
blood— obtained by diluting (1:1) an aliquot of whole blood say kit (DRG-Instruments GmbH, Marburg, Germany).
with the internal standard solution (L-methionine sulfone
[Sigme_l, St. Loyis, MO USA] 400 mmol/L). The plasma was 2 4. Statistics
also diluted with an equal volume of the internal standard
solution and subsequently all blood fraction samples were
deproteinized with cold acetone [24]. The clear supernatants
were used for individual amino acid analysis using the
pico-TAc method [25] (Waters, Milford, MA USA) by sep-
arating the phenyltiocarbamil amino acids obtained after
derivatization with phenyl-isothiocyanate by means of
HPLC (Waters) using aicoTac™ column for free amino ~ PEtWeeN age groups wheregest was performed to assess
acids (Waters). Amino acid levels were calculated from the 9ender differences within each age group. The influence of
peak areas using thexiva ™ 820 program (Waters). opesny on changgs observed with age and gender was deter-

The plasma levels of amino acids (P), expressed asMmined by introducing the body mass index (BMI) value as a
Mmo|es of amino acids per liter of p|asma’ and the amino covariate in analyses of covariance (ANCOVA) A similar
acids in hemolysed whole blood (HWB), expressed as analysis was performed when studying the age effect for each
wmoles of amino acids per liter of whole blood were ob- gender. To analyze the correlation between age and amino acid
tained from both fractions. The packed cell volume value concentration in the different blood compartments simple lin-
for each sample—apparent hematocrit value—was deter-ear regression was performed. All statistics were performed
mined after centrifugation at 15,000 g for 5 min; plasma with DBASE IV and SPSS-WIN packages for PC.

2.2. Blood fraction amino acid analysis

The gender and age effects on amino acid levels were
determined by two-way analysis of variance (ANOVA),
once the main effects were determined (age and/or sex),
data were analyzed independently for each sex by one way
ANOVA with post-hoc comparison to determine differences
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Table 2
Blood levels of amino acids in men and women grouped according to their age—AG1, AG2 arid AG3
AG1l AG2 AGE3
wmol/L of blood I® e nd Ive
lle M 62.4+ 4.0 53.5+ 2.2 48.8+ 6.3 S SxA O S SxA e}
W 40.4+ 1.8%** 46.8 = 3.9 415+ 3.4 O
Leu M 133+ 4 129+ 4 127+ 5 S Oos (0]
w 94.9+ 3.6%** 108 = 4+ 105 + 8** (0]
Val M 234+ 8 227+ 6 198+ 7*** S (OS] A O
w 191 & g+ 212 +13 202+ 16 (0]
His M 59.1+ 2.2 56.8+ 2.7 54.3+ 6.0 O
w 56.0* 2.2 55.8+ 2.2 53.6* 3.2
Lys M 772+ 3.6 89.9+ 3.2 84.9+ 5.7 Aab OSA A
w 80.2t 6.4 920+ 7.1 94.3+ 8.6 O
Phe M 50.0+ 1.4 47.7+ 1.2 54 .5+ 2.2** S Abc OSA A
W 44,7+ 1.6%** 458 +1.8 50.2+ 2.2 O
Tyr M 69.5+ 2.8 64.5+ 2.6 67.0+ 2.1 SxA OA
W 56.4+ 3.7*%** 66.3 £ 4.2 74.1* 4.9* A
Thr M 1175 106+ 5 100+ 15 Aa
w 131+8 108+ 9 112+ 10
Met M 20.1+0.9 18.1+ 0.8 20.7+=1.4 (6]
w 18.7+ 1.0 19.0+ 0.8 212+ 1.2
E M 823+ 23 791* 18 755=* 40 S oS O
W 713+ 29%** 752 = 36 754+ 44 O
Gln M 536+ 16 525+ 12 543+ 30
w 520+ 20 532+ 13 544+ 22
Glu M 217+ 17 192+ 12 178+ 9 O (6]
w 199+ 7 212+ 14 208+ 14 (0]
Asn M 46.3+ 4.8 56.1+ 4.1 76.4% 10*** Abc OA A OA
w 50.6* 3.5 44,9+ 5.9 64.0£ 7.9
Asp M 135+ 9 117+ 12 101+ 18 O
W 122+ 9 110+ 11 133+ 10
Gly M 238+ 6 229+ 11 253+ 14 Ab SxA
w 229+ 11 289+ 16%*** 275+ 20* A
Ser M 111+ 6 108+ 6 123+ 14
w 124+ 5 113+ 6 120+t 7
Ala M 335* 15 346+ 19 327+ 24 OA
w 315+ 15 394+ 23* 354+ 25 A O
Pro M 210=* 16 204= 20 143+ 16 O
W 158 + grx* 194 + 14 166+ 11 O
Hyp M 17.2+ 1.4 16.5+ 1.6 16.6+ 2.9 ¢}
w 148+ 1.3 159+ 2.1 124+ 1.2
Orn M 64.7+ 3.4 73.1+ 3.3 70.4x 8.2 Aa
w 574+ 27 68.3+ 5.3 65.6+ 5.5 (0]
NE M 1911+ 37 1866+ 46 1831+ 79 SxA O
W 1790+ 56 1974+ 51 1943+ 66
T M 2733+ 50 2658+ 55 2586+ 115 SxA O (0]
w 2503 % 74*** 2726 = 80 2697+ 100 O

#Values are means SEM of 25, 18 and 8 male individuals respectively, and 22, 13, and 16 female individuals.
> Two way ANOVA significances |y < 0.05): S effect of sex,A effect of age—a AG1 vs AG2, b AG1 vs AG3, ¢ AG2 vs AG3-, SxAinteraction of

sex and age.

¢ ANCOVA significances p < 0.05): O effect of obesity,S effect of sex,A effect of age.

90ne way ANOVA (for each gender -male and female-) significanqes<(0.05): A effect of age—* AG1vs AG2, AG3, ** AG2 vs AG3-, SxA
interaction of sex and age.

¢ ANCOVA (for each gender -male and female-) significancps<( 0.05): O effect of obesity A effect of age.

ft-test significance f§ < 0.05): *** men vs women.

3. Results the essential amino acids, a gender effect in blood levels of
lle, Leu, Val, Phe and total essential amino acids was found.
Tables 2, 3 and 4 show the individual amino acid con- This effect was more patent in the youngest group, since the
centrations of blood compartments (whole blood, plasma differences between sexes tended to disappear as the age of
and cellular, respectively) expresseduasol of each amino  the subjects increased due to the decrease undergone by

acid in the fraction present in 1L of blood. Considering first men and the increase observed in women. This effect of
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Table 3
Plasma contributions of amino acids in men and women grouped according to their ages—AG1, AG2, d&nd AG3
AG1 AG2 AG3 P e n Ive
wmol/L of blood
lle M 425+ 2.6 37.8+- 1.8 30.4* 3.5* S Abc (OB A OA
W 30.8% 2.3%* 325*238 277+ 21 )
Leu M 91.0+ 2.4 90.1*+ 3.0 78.2% 3.7%** S (OB A OA
W 69.9+ 3.3%** 74.5 + 3.2%** 70549 O
Val M 157+ 4 158+ 5 127+ G S O A OA
W 135 7*** 145 £ 8 135+ 9 O
His M 374+ 15 36.6*+ 1.5 359+ 24 (OS]
W 424+ 2.2 41.6% 1.5%** 384*19
Lys M 67.8+t 2.4 79.2+ 2.1* 709+ 3.8 Aab A
W 70.2+ 3.1 80.4+ 5.1 83.0+= 4.4 (0]
Phe M 34.1+ 0.8 33.6x0.8 34.0+ 2.1
W 33.2%£ 1.3 334+ 1.5 33.7: 1.4
Tyr M 431+1.8 43.7+ 1.7 405+ 2.4 (0] O
W 38.1+ 25 49.4+ 8.3 46.0= 2.4 @)
Thr M 73.3£ 3.1 69.5* 2.6 66.5+ 8.3 Aab
W 90.4 £ 5.1%x* 70.9 £ 5.2* 72.2*+ 6.6* A
Met M 15.3+£ 0.6 14.4+ 0.6 141+ 1.0 (0]
W 14.0+ 0.8 13.9+ 0.7 14.4+ 0.9
E M 562+ 13 563+ 11 497+ 25%** (0] A OA
W 523+ 11%** 542 + 24 520+ 25 (0]
GIn M 339+ 14 339+ 11 337t 15
W 349+ 13 355+ 8 357+ 15
Glu M 46.0+ 12 40.6+ 6.2 238+ 1.4 (GRS
W 244+ 1.8 31.9+ 4.7 32.5% 3.1%** (0]
Asn M 13.1+1.8 15.8+ 2.0 23.0* 4.2* Abc OA A
W 176+ 1.9 16.1+ 2.8 23.5* 3.3
Asp M 7.3£0.8 6.2+ 0.6 48+ 1.2
W 6.4+ 0.7 7.8+ 0.8 6.0+ 0.8 (0]
Gly M 102+ 3 96.9+ 3.4 116+ 8*** S Ab SxA A
W 108+ 6 1454 12%*** 135+ 15 A
Ser M 57.2£ 25 545+ 2.8 60.7*+ 4.8 S
W 71.5% 3.0%** 64.2 * 3.8%** 65.8 = 4.4
Ala M 206 = 10 221+ 13 201+ 20 (0]
w 209+ 11 247+ 13 225+ 15 (0]
Pro M 143+ 11 143+ 15 98.0x 11 Abc
W 116 £ 7*** 132 £9 112+ 7 (0]
Hyp M 10.7+ 0.8 10.7£ 1.0 11.7£1.8
W 10.3*+ 0.8 10.6+ 1.4 8.03* 0.6
orn M 25.0+1.4 28.7+ 1.5 28.4+ 3.7 Ab
W 27.0£ 1.9 31.2+ 25 33.6*+ 2.7
NE M 950+ 20 956+ 30 904+ 35
W 939+ 35 1041+ 23*+* 1001 *+ 44 (0]
T M 1512+ 27 1519+ 37 1401+ 56 (0]
W 1463+ 46** 1583 * 42 1521+ 60 @)

#Values are means SEM of 25, 18 and 8 male individuals respectively, and 22, 13 and 16 female individuals.
b Two way ANOVA significances |§ < 0.05); S effect of sex,A effect of age—a AG1 vs AG2, b AG1 vs AG3,c AG2 vs AG3-, SxAinteraction of

sex and age.

¢ ANCOVA significances p < 0.05): O effect of obesity S effect of sex,A effect of age.

9 0ne way ANOVA (for each gender -male and female-) significanges<(0.05): A effect of age—* AG1vs AG2, AG3, ** AG2 vs AG3-, SxA
interaction of sex and age.

¢ ANCOVA (for each gender -male and female-) significancps<{( 0.05): O effect of obesity A effect of age.

ft-test significancesf{ < 0.05): *** men vs women.

aging is significant for Lys, Phe and Thr. All blood com- affected with age (age effect on plasma contributions of 4
partments contributed to this pattern, although the cellular amino acids).

compartment played a more important role than plasma in  The non-essential amino acids showed a similar but less
the case of women (age effect on cell contributions of 4 marked pattern: they dropped with age in men and rose with
amino acids), while in men it was the plasma that was more age in women, due to changes in different compartments.
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Table 4
Cellular contributions of amino acids in men and women grouped according to their ages—AG1, AG2 ahd AG3
AG1 AG2 AG3 P ne n Ive
wmol/L of blood
lle M 19.8*+ 1.6 157 1.2 18.4* 3.2 S SxA O S SxA O
W 9.5 % 1.4%** 14.3 = 1.4* 13.8+ 1.6* A O
Leu M 418+ 24 38.4+ 29 48.4+ 4.9 SA (OB O
W 25.0% 1.4%x* 33.0 £ 2.4* 34.7+ 3.6**** A O
Val M 771+ 45 69.1+ 4.5 71.4+ 8.6 S (OB O
W 56.7 £ 4.4%x* 66.2 £ 7.5 67.0+ 7.7 O
His M 216+ 1.3 20.2+ 2.0 18.5+ 4.9 S
W 13.6 £ 1.7%** 14225 153+ 2.4
Lys M 9.3+28 10.7£ 3.1 14.0x£ 6.2 (0]
W 99+ 6.5 11.6+ 4.9 11.3=£ 5.5
Phe M 159+ 1.0 141+ 1.2 20.6x 2.6%** S Abc OSA A
W 11.5+ 0.9%** 124 +1.6 16.5% 1.5%** A
Tyr M 264+14 20.7+ 1.5* 26.5*+ 2.7 A Ac OSA A OA
W 18.3+ 1.5%** 169+7.0 28.1+ 2.7%**
Thr M 437+ 2.4 36.0*= 2.8 34.0x 7.0
W 40.5* 3.0 36.6+ 4.4 40.0x 3.7 O
Met M 48+ 0.6 3.7£0.5 6.7+ 1.4 Abc O
W 46+ 0.6 5.1+ 0.3*** 6.8 £ 0.5%** wxx A
E M 260=* 14 229+ 16 258+ 30 S (OB
W 190+ 13%** 210 £ 21 233+ 23 )
Gln M 197+ 8 186+ 11 206+ 17
W 171+ 9*** 177 £ 11 186+ 11
Glu M 171+ 8 151+ 9 154+ 8 S O (@)
W 175+t 6 180+ 12 176+ 12
Asn M 345+ 3.2 40.3+ 2.7 53.4% 7.1%** Abc OSA A
W 33.0x 2.2 28.8+ 3.8%** 405+ 4.9
Asp M 128+ 8 111+ 11 95.8* 18 (0]
W 115+ 9 102+ 11 127+ 10
Gly M 136+ 6 132+ 12 137+ 9 @)
W 121+ 6 144+ 7* 140+ 7* A
Ser M 542+ 4.4 53.8= 6.9 62.1+ 12 (0]
W 524+ 25 48.9+ 3.9 54.6* 3.0
Ala M 129+ 7 125+ 12 127+ 10 (0]
W 106 *= 5*** 147 + 13* 129+ 10 A O
Pro M 66.7* 5.4 60.8+ 9.0 44.9* 6.6 SXA e} e}
W 42.9+ 3.3*** 62.1 £ 7.1* 53.2+x 44 A O
Hyp M 6.5+ 0.8 5.8+ 0.8 49+ 1.6 (0] O
W 45+ 0.6 5.3% 0.7 44+ 0.8
orn M 39.7+ 2.5 444+ 2.9 421+ 7.4 S O
W 30.5% 2.3%* 37148 32.0+ 4.3 (0]
NE M 961+ 29 910+ 47 927+ 57 (0]
W 851 & 29*** 933 £ 41 942+ 35 (0]
T M 1221+ 40 1139+ 60 1185+ 81 S O
W 1040+ 37*+* 1143 £ 57 1175+ 56 (0]

#Values are means S.E.M. of 25, 18 and 8 male individuals respectively, and 22, 13 and 16 female individuals.
b Two way ANOVA significances |§ < 0.05): S effect of sexA effect of age—a AG1 vs AG2, b AG1 vs AG3, ¢ AG2 vs AG3-, SxAinteraction of
sex and age.
¢ ANCOVA significances p < 0.05): O effect of obesity S effect of sex,A effect of age.
9 0ne way ANOVA (for each gender -male and female-) significanges<(0.05): A effect of age—* AG1vs AG2, AG3, ** AG2 vs AG3-, SxA
interaction of sex and age.
¢ ANCOVA (for each gender -male and female-) significancps<{( 0.05): O effect of obesity A effect of age.
ft-test significancesf{ < 0.05): *** men vs women.

Again, it was the plasma compartment which was more tional differences can be observed. Thus in women 1 out of
altered in men, while in women it was the cellular compart- 2 (in blood) and 4 out of 7 (in blood cell compartment)
ment: plasma contributions of Asn and Gly showed an age amino acids showing age-related differences disappeared
effect in the former and cell contributions of Gly, Ala and when BMI was introduced as covariante. Whereas for

Pro showed it in the latter.

Taking into account the BMI, ANCOVA analysis, addi-

men in no compartment did the effect of BMI bring about

the disappearance of age related differences. Besides,
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Table 5
Significant correlations between blood, plasma and cell levels of amino acids and age®in men

Blood® Plasma Cells

A B r p A B r p A B r p
lle 79.0 -0.576 —-0.382 0.006 101 -0.817 —0.450 0.001 52.6 -0.297 —0.203 NS
Leu 140 —0.249 —-0.173 NS 186 —-0.722 —0.330 0.018 84.8 0.267 0.108 NS
Val 266 -1.04 -0.347 0.013 331 -1.52 —0.412 0.003 189 —0.583 -0.141 NS
Lys 64.8 0.477 0.323 0.021 117 0.325 0.177 NS 3.69 0.540 0.195 NS
Thr 138 —0.730 —0.310 0.027 149 —0.582 —0.245 NS 127 —-0.977 —0.355 0.011
E 894 —2.45 -0.274 NS 1135 —3.93 —0.367 0.008 610 -1.11 —0.079 NS
Asn 20.2 0.904 0.422 NS 7.41 0.533 0.372 0.008 38.2 1.39 0.416 0.003
Asp 164 —1.08 —0.261 NS 18.5 —-0.179 —0.336 0.016 341 —1.96 —-0.212 NS

#Values correspond to the adjustment of 51 concentration data to a linear regression.
b Origin (A)—wmol/L blood, umol/L plasma,umol/L cells respectively-, slope (B), correlation (r) and probability (p) values.

ANCOVA analysis using the BMI value as a covariate about a linear increase of Lys, Phe, Tyr, Met, Gly and Orn
showed that plasma and cell compartments were affectedblood concentrations, as well as non essential and total
in a different way which is linked to the gender of the amino acids (Table 6).
subjects. Thus, 4 out of 4 age-affected plasma contribu-  In men, the concentration in the plasma compartment of
tions showing an obesity effect, maintained the aging a higher number of amino acids than in the cell compart-
effect when corrected for degree of obesity in men (those ment rose lineally with aging (Table 5). Thus, lle, Leu, Val,
corresponding to lle, Leu, Val and total essential amino essential, Asp and total amino acid plasma concentration
acids), whereas none out of 4 blood cell contributions decreased lineally as age increased whereas Asn rose lin-
maintained the aging effect in the same situation in eally, whereas in blood cell compartment only Thr and Asn
women. Moreover, plasma and cell compartments had aunderwent variations—decreasing the former and increas-
similar number of amino acids, 5 and 4 respectively, ing the latter.
undergoing age effects independently of obesity degree In the case of women (Table 6), changes in plasma
for men and women taken together. concentrations affected a lower number of amino acids
To further analyze the gender-related differences in (Lys, Glu, Gly, Orn and non essential) and in all cases
amino acid compartmentation with aging, the data were plasma concentrations increased lineally with age. Whereas,
considered individually. Tables 5 and 6 show the statisti- in blood cell compartment lle, Leu, Lys, Phe, Tyr, Met,
cally significant linear correlations of the blood, plasma and Gly, non essential and total amino acids increased lineally
blood cell concentrations of individual and sets of amino with age.
acids with age found in our study according to gender. To obtain a better reference of the metabolic context for
In men (Table 5), blood concentrations of lle, Val and the amino acid changes with age, levels of insulin, glucose,
Thr decreased as age increased, whereas Lys followed thairea, 3-hydroxybutyrate, free fatty acids (FFA) and esteri-
opposite pattern. On the contrary, aging in women brought fied fatty acids (EFA) in plasma were also determined in a

Table 6
Significant correlations between blood, plasma and cell levels of amino acids and age in®women

Blood” Plasma Cells

A B r p A B r p A B r p
lle 40.9 0.035 0.048 NS 55.9 —-0.118 —-0.116 NS 18.0 0.274 0.297 0.035
Leu 90.1 0.261 0.192 NS 115 0.104 0.064 NS 515 0.529 0.343 0.014
Lys 65.0 0.526 0.283 0.044 97.7 0.731 0.393 0.004 13.3 0.297 0.081NS
Phe 40.4 0.148 0.305 0.030 52.5 0.082 0.135 NS 21.8 0.257 0.334 0.017
Tyr 41.3 0.538 0.468 0.001 55.3 0.420 0.211 NS 21.3 0.724 0.332 0.017
Met 16.1 0.080 0.293 0.037 21.3 0.056 0.151 NS 8.00 0.126 0.342 0.014
Glu 188 0.411 0.150 NS 32.6 0.365 0.286 0.042 433 0.143 0.024 NS
Gly 190 1.61 0.394 0.004 138 171 0.355 0.011 270 1.36 0.336 0.016
Orn 48.2 0.339 0.310 0.027 34.6 0.375 0.360 0.009 70.4 0.231 0.108NS
NE 1651 5.45 0.351 0.011 1440 4.99 0.296 0.035 1986 5.69 0.298 0.034
TOT 2325 6.88 0.315 0.024 2298 5.61 0.240 NS 2376 8.62 0.312 0.026

2Values correspond to the adjustment of 51 concentration data to a linear regression.
b Origin (A)—umol/L blood, umol/L plasma,umol/L cells respectively-, slope (B), correlation (r) and probability (p) values.
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Table 7
Plasma levels oB-hydroxybutyrate, urea, glucose, free fatty acids (FFA), esterified fatty acids (EFA) and insulin in men and women grouped according
to their ages—AG1, AG2 and AG3

AG1 AG2 AG3 P e nd Ive

B-Hydroxybutyraté M 36.3+6.1 48.7+ 8.5 66.3+ 14.8
(wmol/L) W 37.2+ 3.9 341+ 4.7 445+ 7.9
Urea (mmol/L) M 5.82+ 0.33 5.45+ 0.44 5.99+ 0.46

w 4,50+ 0.3g*** 5.28 = 0.29 6.05+ 0.48*
Glucose (mmol/L) M 4.7t 0.18 4.86+ 0.21 5.52+ 0.23%** S Ab A

W 411+ 0.31 4,55+ 0.15 4.81+ 0.37
FFA (umol/L) M 624+ 75 804+ 80 748+ 68 Abc

W 712+ 63 662+ 67 979+ 85* A
EFA (mmol/L) M 7.07+ 0.97 6.70+ 0.97 9.70+ 1.7 Abc

w 5.61+ 0.66 7.44+ 1.2 11.8+ 1.1%* A
Insulin (plU/L) M 14.8+ 21.6 18.9+ 6.1 225+ 2.9

W 14.0+ 1.9 14.6+ 2.9 16.3+ 1.3

#Values are means S.E.M. of 10, 11 and 6 male individuals respectively, and 15, 12 and 14 female individuals.

b Two way ANOVA significances |§ < 0.05): S effect of sexA effect of age—a AG1 vs AG2, b AG1 vs AG3, ¢ AG2 vs AG3-, SxAinteraction of
sex and age.

¢ ANCOVA significances p < 0.05): O effect of obesity S effect of sex,A effect of age.

9 0ne way ANOVA (for each gender -male and female-) significanges<(0.05): A effect of age—* AG1vs AG2, AG3, ** AG2 vs AG3-, SxA
interaction of sex and age.

¢ ANCOVA (for each gender -male and female-) significancps<{( 0.05): O effect of obesity A effect of age.

ft-test significancesf < 0.05): *** men vs women.

representative set of individuals in the three groups studiedone of the factors contributing to the higher resting meta-
(AG1, AG2 and AG3) as shown in Table 7. Aging produced bolic rate in men.
a rise in glucose, FFA and EFA levels, with significant Aging is accompanied by a drop in resting metabolic rate
differences between the first and third groups. Women in the [32]. Besides, aging affects body composition and fuel me-
first group had lower levels of urea than men while, in the tabolism differently in each gender, leading to reduced fat
eldest they showed higher levels than men. Mean values ofoxidation and a loss of striated muscle in men, and to an
B-hydroxybutyrate and insulin showed the same tendency toincreased ratio of upper- to lower-body fat in women [5].
increase as age rose in both men and women althoughThus, in men, the drop in the levels of the blood amino acids
differences did not reach statistical significance. seen when comparing the first and the second age groups,
and the continuous drop to the eldest group would be cor-
related with the general profile of loss of muscle mass.
4. Discussion Whereas in women the increase in blood levels of amino
acids observed between the first and second age group,

Aging was accompanied by significant changes in blood could be attribyted mainly to differences in the BMI, be-
levels of amino acids which showed gender-linked differ- Cause women in the AG1 group were leaner than those of
ences and were different for both blood compartments— AG2 (BMI = 23.4 + 1.0 kg/nf vs BMI = 26.7 = 1.7
plasma and blood cells. Thus, in men amino acid blood kg/n?) since an increase of blood amino acid levels linked
levels decreased as age increased, whereas in women thelp obesity has been previously described [17] and has been
increased, as has been previously reported for the p|asmaassociated to the insulin resistance characteristic of this
compartment [11,14,15]. This fact led to propose that it is obese situation [33,34]. In women, the greater concentration
possible to discriminate between young men and young womenof blood amino acids in the second age group as well as the
according to their free amino acid profile (especially essential slight drop of FFA compared to the first group could suggest
amino acids), but this is not so when age increases [11]. a lower metabolization of fats. Likewise, an increase of

The greater concentration of amino acids, particularly body weight does not only involve a gain in fat but also in
essential amino acids, in young men compared to youngmuscle mass [12] and it has been reported that protein
women would be in agreement with their potential greater oxidation is negatively related to lipid oxidation in obese
utilization by the former, as suggested by the higher pro- women [35]. In women over 50 years (AG3) levels of blood
duction of urea observed. Although little is known about the amino acids remained practically unchanged, as well as
possible effects of gender on protein metabolism, a higher BMI values, thus suggesting a close relationship between
leucine oxidation rate of men compared to women has beenamino acid concentration and degree of obesity in women.
recently reported [31] and this has been considered to be The blood compartments may play a role in the blood
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Fig. 1. Age-related changes in blood concentrations and blood cell and plasma contributions of selected amino acids in men and women. Values are
percentage respect to the respective values in AG1. AG1: 18 to 35 years old. AG2: 35 to 50 years old AG3: 50 to 80 years old.

free amino acid pool differential behavior between women levels are mainly due to the blood cell compartment [17].
and men with aging. In women, aging-related changes in the However, including BMI value as a covariate in the AN-
levels of amino acids on blood were hardly reflected in COVA analysis (see Tables 2, 3 and 4) allowed us to state
plasma, whereas the blood cell compartment underwentthat the degree of obesity did not account for the changes
more important changes. That is, all the significant age- observed with aging as a whole, but provoked the aging
related changes undergone by blood amino acids were re-effect wearing off for several amino acids in women’s cell
flected in the blood cell pool—except Orn—whereas compartment (lle, Leu, Ala and Pro). On the other hand, in
changes in plasma concentration involved a lower number men, the existence of an obesity effect on plasma levels of
of amino acids. On the other hand, in men, the blood amino amino acids did not imply the disappearance of the age
acid concentration age-related changes observed were moreffect in any case.

reflected by the plasma compartment (see Fig. 1). The Studiesin vitro have shown the rate of flux between
difference in the blood compartment affected in both sexes plasma and blood cell pools to be slow, wher@avivo
could also be associated with the degree of obesity (BMI studies have shown the changes in the blood cell amino
value) since obesity-linked changes in the blood amino acid acids levels observed when blood passes through the tissues
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to be rapid [20]. Hence this compartment could play an
important role in the interorgan transport of amino acids.
These aging-arising differences between men and women i
the blood concentration of amino acids, which also involves
the identity of which blood compartment is more affected,
would be accompanied by a set of alterations involved in
this physiological process which also seems to be affected
by gender. Thus, gender dimorphism has been shown in
aged rats to favor females in terms of maintenance of
muscle protein content [36]. In humans, total fat oxidation

and fat oxidation per kilogram of lean soft-tissue mass

decrease with age in men but not in women [5] and a sex
dimorphism in post-absorptive fat metabolism has been
reported in the elderly [37].

As far as we know this is the first report on age-related

changes in amino acid compartmentation in humans. These

results contribute to enhancing the physiological importance
of the blood cell pool in the handling of blood amino acids.
Thus, changes in blood amino acid concentration in women
could not be observed by studying only the plasma com-
partment, whereas in men the study of the plasma compart-
ment would highlight the drop in blood amino acid concen-
tration with aging. For this reason the blood -cell

compartment should be taken into account to understand the

handling of blood amino acids as a whole.
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