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Summary

Recent advances in analytical techniques have revealed that p-amino acids occur naturally and perform various
physiological functions. However, in depth analysis of the physiological effects and potential health benefits of dietary
p-amino acids has not been completed. This study investigated the effects of dietary p-alanine, which is present in
relatively high concentrations in food, on several biochemical parameters including free amino acid concentration in
the serum of mice and rats. Four-week-old male C57BL/6] mice and Wistar rats were each divided into three groups,
with one group receiving a high-fat diet (Control) and the other two groups receiving diets containing 2% (w/w)
L-alanine or p-alanine, respectively. After each group of mice and rats had been fed their corresponding diets for 42
or 28 days respectively, we collected their serum. These samples were used for biochemical analysis and the free
amino acid concentrations were measured for each group. The p-alanine groups in both mice and rats had a signifi-
cantly higher free p-alanine concentration than the Control and r-alanine groups. However, p-alanine did not affect
the white adipose tissue weights and serum lipid parameters when compared with the Control or L-alanine groups
in either mice or rats. Dietary p-alanine showed increased aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) levels compared with dietary L-alanine in mice, while the same was not observed in rats. As pD-amino
acid oxidase is not expressed in the liver of mice, this expression may explain the elevated AST and ALT levels
we observed.
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Table 1 Composition of the experimental diets

Ingredients Groups
Control L-Ala D-Ala
g/kg

Casein 230 210 210
L-Alanine 20

D-Alanine 20
Dextrinized corn starch 92.1 92.1 92.1
Corn starch 277.386 277.386 277.386
Sucrose 100 100 100
Cellulose 50 50 50
Choline bitartrate 25 25 25
L-Cystine 3 3 3
AIN-93 vitamin mixture 10 10 10
AIN-93G mineral mixture 35 35 35
Soybean oil 30 30 30
Lard 170 170 170
tert-Butylhydroquinone 0.014 0.014 0.014

AIN, American Institute of Nutrition.
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Table 2 Organs weights and serum biochemical parameters in mice

Control L-Ala p-Ala
Final BW (g) 275 = 07 261 = 05 272 £ 04
Organ weights (g/100g BW)
Liver 384 = 014 390 + 0.11 398 = 0.06
Kidney 1.04 = 0.06 113 = 0.04 1.01 = 0.04
Epididymal WAT 271 = 031 289 = 0.20 290 = 0.32
Mesentery WAT 096 = 0.17 1.06 = 0.10 118 = 017
Perirenal WAT 179 £ 011 183 + 0.15 166 = 012
Serum biochemical parameters
Total-protein (g/dL) 466 = 0.05 470 = 0.03 463 + 012
Albumin (g/dL) 274 = 004 282 = 002 277 £ 0.06
A/G 143 = 0.04 149 + 0.01 149 + 0.04
AST (IU/L) 474 = 77 412 = 16 1615 = 61.3
ALT (IU/L) 184 + 48 137 + 08 1138 = 57.1
SUN (mg/dL) 280 = 17 290 = 1.0 295 = 21
Creatinine (mg/dL) 020 = 001 020 = 002 019 = 0.02
Total lipids (mg/dL) 406 = 14 424 = 8 401 = 16
PL (mg/dL) 285 + 4 302 = 5° 283 = 5°
TAG (mg/dL) 540 = 79 448 = 36 478 = 36
Total-cholesterol (mg/dL) 139 = 4 152 = 4 141 = 8
HDL-cholesterol (mg/dL) 109 = 3 116 = 3 107 £ 6
Non-HDL-cholesterol (mg/dL) 304 = 17 357 = 20 335 = 28

Data represent means = SEM. Values in the same row not sharing a common superscript
are significantly different at p < 0.05 using Tukey’s multiple comparison test.

AST, aspartate aminotransferase; ALT, alanine aminotransferase, A/G, albumin/globulin;
BW, body weight; HDL, high density lipoprotein; PL, phospholipid, TAG, triacylglycerol;
SUN, serum urea nitrogen; WAT, white adipose tissue.
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Table 3 Organs weights and serum biochemical parameters in rat

Control L-Ala p-Ala
Final BW (g) 293 £ 7 293 = 4 296 = 4
Organ weights (g/100 g BW)
Liver 385 = 0.06 424 = 022 397 £ 013
Kidney 066 = 001 069 = 002 0.70 = 0.02
Epididymal WAT 145 = 010 177 = 017 1.37 = 0.05
Mesentery WAT 143 + 0.16 180 = 0.26 1.32 = 010
Perirenal WAT 1.06 = 0.06 128 + 014 1.28 + 0.10
Serum biochemical parameters
Total-protein (g/dL) 537 = 0.07 537 = 0.07 533 = 0.05
Albumin (g/dL) 355 = 0.06 345 = 004 352 = 005
A/G ratio 197 + 01 1.81 = 0.09 194 = 0.06
AST (IU/L) 848 = 31 868 = 34 802 = 20
ALT (IU/L) 487 = 06 525 + 31 562 + 22
SUN (mg/dL) 137 = 03 157 + 14 167 = 15
Creatinine (mg/dL) 0.19 = 0.00 018 = 0.01 019 = 001
Total lipids (mg/dL) 271 = 17 277 = 25 262 = 27
PL (mg/dL) 133 = 4 136 £ 6 125 + 3
TAG (mg/dL) 673 = 107 678 = 109 695 = 19.1
Total-cholesterol (mg/dL) 743 * 26 768 + 42 695 + 24
HDL-cholesterol (mg/dL) 532 = 18 552 = 31 498 + 15
Non-HDL-cholesterol (mg/dL) 212 = 09 217 = 1.3 197 = 1.0

Data represent means = SEM.

AST, aspartate aminotransferase; ALT, alanine aminotransferase, A/G, albumin/globulin;
BW, body weight; HDL, high density lipoprotein; PL, phospholipid, TAG, triacylglycerol;
SUN, serum urea nitrogen; WAT, white adipose tissue.
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Fig.1 Free amino acid compositions in the serum of mice
Data represent mean = SEM. Different letters indicate significant differences at
p <0.05 using Tukey’s multiple comparison test.
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Fig. 2 Free 1- and p-alanine in the serum of rats
Data represent mean + SEM. Different letters indicate
significant differences at p <0.05 using Tukey’s multiple
comparison test.

ORI, HBEBEREED N o7 TILE TS,
DAO KRIBL72ddY ¥ A2 p- 7 9= v kO E5

O EHPE SN B E WL ST WEERDRAE L T
Wb, TNETOWZEDS, KNIZHFELELTVSD-T J
ZUERIIMAE L D TERAFFE LR TR &b,

ML & HFEAN DR 22 LY AR TN T VWS EFE X
SRTWVBY, KEBRO< Y ZRERIZBWT, p-Ala D
M p-7 7= VBB REENTYIFBR 5N (575



(A)

500
y = 0.3541x - 42.285
— R? = 0.9567
s *97 p=0.0007
g 300-
=
[}
< 200
£
2
Q
91001
0 T :
0 500 1000 1500
Serum free D-alanine concentration (uM)
100
y =0.0360x + 67.38
—_ R2=0.3406 .'__!’___,,'-——’
s %7 p=0223 °
g 601
=
[}
< 40
£
2
[
()] 201
0 : : : :
0 100 200 300 400 500

Serum free D-alanine concentration (uM)

(B)

500

y =0.3295x - 75.76

R? =0.9549
T 400+
5‘ p =0.0008 Y
T 300
o
2
c 200
5 °
[
@ 1001

0 T T
0 500 1000 1500
Serum free D-alanine concentration (uM)
100

y =00193x + 49.32

R? = 0.0825
I 807 . _
5 p=0.5810
§ o ®© o o °
5 [ J
p )
< 40
£
2
[0
N 04

0 T T T T
0 100 200 300 400 500

Serum free D-alanine concentration (uM)

Fig. 3 The relationship between serum concentrations of p-alanine and serum AST level (A), p-alanine and serum ALT level (B) in
p-Ala group of mice, and p-alanine and serum AST level (C), p-alanine and serum ALT level (D) in p-Ala fed rats.
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