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Abstract : High Fisher ratio oligopeptides had a variety of physiological activities due to their unique amino

acid composition. This article reviewed the related literature on functional properties and active mechanism of

high Fisher ratio oligopeptides due to the unique amino acid composition. It pointed out that high Fisher ratio

oligopeptides have good anti-fatigue and alcohol relieving functions, and it could be used as biologically active

peptides in the development and application of anti-fatigue beverages, alcohol relieving soups and other func-

tional products; high Fisher ratio oligopeptides could assist in the treatment of liver disease and promote the

return of the Fisher ratio of the normal range ,but the mechanism of the effect on liver disease is still unclear

and need further research and verification; high Fisher ratio oligopeptides could regulate the metabolism of

phenylalanine in the body, high Fisher ratio oligopeptides medicine and food would become one of the develop-

ment directions of phenylketonuria ( PKU) diet therapy. In the future,in-depth research could be carried out

on the digestive properties and applicability of high Fisher ratio oligopeptides in medical foods, probiotic func-

tional properties , interaction with other food components during processing, and the impact on food quality char-

acteristics , to further promote application of high Fisher ratio oligopeptides in medical food industry.

0 5%

B FESERK RS YR S LR ( BCAA 45
SEER (Leu) S2o% 4R (Tle) AR R (Val) )
G LR (AAA, 3G R RR (Tyr)
PR (Phe ) R 2R (Trp) ) W B (9 it U A F
KF 20, AT 2 ~9 NG5 I 4 14 2 141 5 iy
RYI SRR & F (852 IR AR Y 24 L
Hgam B Z R AR TG v, AT T 2 R 830G T
I BB S5 AT A R R PR A ( PKU ) 261 e
SR e 37 1 IS P AL i B9 6 T AR F (5
KA FE RS A0 5 ., AR v 8 AR 1
I8, LR A 1) B A 4, R RS 2
PR A (E A8 R R TR B — , R Ok
FEMEENT " X E FEIER TS
W B IR A 2 15, K™ S T g R
JERE Y R EORT AR g FE K
) Bt A 5 2 B 355 B 43 20 K AN 2 B A 5 K
fift, L B A K A B AR R PR K 2 1T
VISR Bk S LR , HE— L v 4 1 SR A 11
IKARE, FCOK % 77 4 B AR X 4 T R R R
NS T SR A KT A — R LR
O e A AR 7 D IR A, B K A 7
A, 7 Al 76 — & 18 B b B K 2 R Y 3 i
P AR A e F O ZE K RERRE Y

BIFSE TR 55 119 Al Bl s PR 362 7 42 fe 21 BE ¢
o SR AT IR ZOBT (9 B i
A2 B R i AU HOR IR PR TR B 7 8 dh 5t
AT IR AR SCIIXS = F ARS8 K A B0 57 e e
T DR AAP T 15 A A R N R A 25 Zh RE S
VERTFE I REAEAT 2308 , 35 B4 40 HoAE AR R 3%
AR PER LI, U R B SE i FELSEIRR A
AR R A B A B T b Aol P A 1 P A e
IR AR IE M ELE 2%
1 P 55 S Hm L

38 BIPEE 57 7 A2 1) i Rt — e K AR A
SMNAR RS AMLE], Ho 5 - ek (5-HT)
WA NG R iR S i b iz —'" . i
S, KM S-HT e B2 10 38 022 51k K %
57, T 2 B AR0E I 55 B A 8l ) Y 32
SRR Trp AT LS o AL AR R RO % 4L
5-HT, i i % v i B Trp B9 25 L% 5 B % 18 e
KM 5-HT 5 R B 45 B8 (A 1a) ) 5
HIX PGz 52 2R 53 Trp FEALR T IER
LR (f % BCAA) ARSI - X 40 S L R A 100 AR
P B — AN s R 2 i i Trp 5
BCAA [ B U FEAR, U7 5 Trp 3 A KN 2% fih
B ZEI0 e I8 23 /D X AR 1 2 fi iy 1ft 42
JuH S-HT BYHREE , J8i2b 1 0, M 1 %



- 30 -

B250 2021486 A 4536 & 55314

SFHORREE (AN 1b)) P T BCAA AT LU$R
P MLV H BCAA (¥ B, 3k 21 48 22 9% 55 1) H
g2 F SRR R BCAA IG Trp B9
SERR AL A FL3E R Trp — 5-HT — AR % 55 {2
vi, H BCAA () Leu REHJE NN A& U
THIREALER ™ B, & F (SRR AT Rk B
GF B 55 HE TR K.

VR0 55 Bk —Fh 5 F A SEIREA B
UFETRE 55 S B E L kBt Y R &
B, KA F AR SE R AT 985 (R A - 2 T
o VERT, AR RS BRI TH0% 25 okt
Sz . 2 5 2 ) T e s s A2 i 7 2
(AL APk T F A B2 IR0 S 36 /N ROBEATIE
FEFEA TR I3 R 2R A R D LR [ ) e
SEPUIR TSR, S B E A6 A TR T AR S A
F{ESERKBEAE— @ R T2 o LW R A S
(25, FFIER T 05 F(ELSE K AT LU B 50 57
ROV . B B R B, B s fa e F
S A BORE 505 1, %05 F (5K T LLAE
KOS /N R0 K P, 5 2 T D LM B
f 25 i, AR DR 25 R I LR ) ok

25 BT i F SRR Y 22 TR RE B 1
SRR TRl A B B 55 ThRE A
AR AT RO 55 A 3 R IS T 95 1k
BRI S (B F A ZE KA i i 38
Vb B LR 5 20 7 i At B 7 A S
— L.

ik PN

Trp ® BCAAO

a)

2 I A S LR

BRI G A VN S Y ON I PPN
SRS T[] P e AR A B S E AR,
W24y 45, HE T 51 & — RN 18 3 5
PRASAY PO 2 W 3 B AT M P AT A AL, L
AN PR SR 82 2%, A Ak S HE i i 72
GG, LR A (ADH) & %ok LRl
LB, 4 CEEN AN (ALDH) 4kl 1% , 4
SRBRIEH G, & WALy CO, F1 H,0.
I, 35 ADH F1 ALDH (1) 36 14 , 2 i B i) o
YR ZG FR R . ADH F1 ALDH LA it
MRS — R AR R (NAD ) Ry i , 45 1 2
T B, 5 FAESERR AT LAE iy A= 4 NAD
HI PR (Ala) £ Leu f85 8, AT N3 £ B AE
RN AT, BRI C BV BE (2 308 A 1
W, 5345, & F S KW AR X 4> F B /N T
1000 Da, H %) F 2 40 i 510 & % A= 2R M, X
] BEL R H A A R e 2 —

Py SR P RU I 2 A 1 K At 40 A5 3 e
FARSERK, I AT BTG R0 i iy s g, & 91
o F AR R A9 (5 70 a2 e, /)N R Iy 3
FERALG , B R 7 e B sk Tl 5 v 00 4/ B
FIFET 3 O, iff ey ) [V e 4. R fdi
i £ vy F S OGN BREEA T B BT IR | i
LY AT T AR A SE IR A R AT BT
KB, BOKE FAESE IR AT REAG IS h A N =

1 PN
e @
. O» (0- @
(o] L
iz ik »

b)

B 1 PRI AUk & BCAA Hvh P ARSE 7 eg = |

Fig.1 Central fatigue mechanism and BCAA’ s influence on central fatigue'

18-19]



ZTR, %5 F AR ) 884 o 3R

.31 .

Bl (ALT) F045 5556 S g ( AST) RO RIS ), Hofg
DRI SR TR P (9 ST AR

LR b PTIk, wF IR IR R A B
T i B0 ) SO RE e , O HLREE fol P 790 2 g 4
P ANCSTIN G UETIEy € SR e R ATIE /5] LT i
WOT A FAELZE K 0 S RE vk £ it CUN TR 2
S5 L Rk R M A s

3 ORI I B S PR

JFFRAE S AR P AR R T B O R 28
TERLIS LT 3 J v, F (BRI, K. Tajini™
WE9E & B, AR F {8 45 0 P IR (HE) A %
BCAA 8/ F1 AAA (38 i, #5 A A: 76 g Pk
I 4 B TR AL B st P o, LA SR 9 S F- 17 B
P I 2 S A A S I B . Y TR IR e
B LRI R I 4 W 2 A o 2 S I e, DR L T
BEAG T TR 3 A 35 BL I R 5 6 BCAA 175
SRAGIN, A B A5 0 IR A 2 AR 1 R
AR B, W20 BCAA BT FE ™. % F
(B9 T 2% J (g — A s, 4 IE 31X — FE (B X
R 301 T 5 e 35 19 HE BA e 3R 97 73 U
BCAA 76 JFFAMH 2 b AL, -5 UL BCAA 43
SRR B IRAL, I 15 4L 2 2 A i
BCAA, [N It BCAA 1 £ % I Bk 7= A A% 3 111
AP BT & B, 1E SO L 45 T BCAA 51
(1) JHE FR S, A B 2T 5 3 5 S R0 104 JHE s
F  HT I REK S )% J , Ui BCAA A LA
PERFSIRER KA . IF AL f r BCAA K-
S T, N KN S8 BCAA it H AT 4k
BER AT LS T IR T —
ey SCEE R TR IR A, Hol Z IhRe kR I T
B i B9 BCAA, T BCAA AJ DL & B35 R 59
ZHCHUIN R TR 09 R A 78 TR AL B 3 IR T
H BCAA ST R 56 bk B2 40 11 5, 0K 52
T H R 240 7 I D RE R L M A SR
Uais A R, & F (RS KA 50 BG T I |

BT g e N v I = N el W o N 1]
HAHEZEM.

A WFFEIA A, BCAA GBI o 90l 9 i 2175
S T 988 2 18 K BEL 1 T 9 40 4 i, AT P
FONH 9 240 L 2 i EL A R, BB T B
B %S5 1, 175 5 R 4 35 5. N. Sorano-
bu 2V BFSE R B, BCAA 15 520 1E % T 20 i
A OL T, AT S 24 5 el P s M I o R o
51 Y PR AN 58, 55 40, BCAA AR B o AT fiE
AT A0 BT 9o 200 B A K B R . T, Lou 2512 B
GERIL WG BB - 3 (GSK-38) [ IR
PTE 8 0 3% R T 4 A 0 0 o
s E . D . Christele 28 1F 57 % B, GSK-
3B % FI1E HepG2 4t GO/G1 13 S-40 1=
2 e S I REL v LR R 1 5 R B9 R A % 1)
Fi5%, BCAA T REH | GSK-38 K I kR
AT ) 14 i 2275 5 9 0 200 O 389 3. K. Suzu-
ki 25" BFE & B, 70K BURDRL R AR i BCAA 7]
LS PR bk B8 &4 e 5 o, )3 B AR 2 A 4 e
(NK i) 3 1, ELIF P ok O 400 i 500 45 1t 2
FIIFREFF Val ¥ B B2 IEAH . E. Kakazu 2517
WS8R PR, Val AT 0] AT 9 % A, HERESE 3k
53 FE Z5 0 T T 6 pg AR T R AT 6 o
(HCV) Jg& e % JIF 58 fL 28 % B R I7 8 1.
I. Nakamura 2" §F 55 % A, JF 68 1k A 25 AR
BCAA A1 1 FIT 96k U0 400 f0 265 4k, 0 5 o P 4
I P A 3 P R L 20 1 B AR R A0 T . LA
BRI, BCAA 5 Z Fh G 22 4 i 5 2 R
DR YIAH G, ik BCAA J&ia97 i afb B 34
B PE 77 12, S 1 AR T BCAA FBR AAA 1975
FAESEIREE & MOREE FE, A Bh Folcss it
KB HE R R

IRAEWFGEIESE, BCAA X 98 40 B A K 1y
PR P28 0 PR S R PR TR R
SR 0 6 9 T, L e 4 R ST A R 2 U A
He A7 R AR IR 1) 2 s 0. R 136, 5



.32

B250 2021486 A 4536 & 55314

F BT 996 19 5% i LA # B f , 396 1
IV 5 BCAA X4 B H-9a 36 97 A ALl — 2, B
T 2 A RIF T B IE
4 PR RN R A S T
HLEH

PKU J&—Ff e (8 (4 fa kit % , J& PR B R
P, T A T 18 T S e 0l AR 3
FLUIEH AR, Phe S 4o 2 79 44 R 2 AL I
(PAH) #5462 Tyr, Rl i 2 54 M0 EIRE
FBR I 28 25 i A2 52 LA™ % T PKU g3,
H T LA 9 PAH ¥ 531 Phe /S BE B 55 1k
o Tyr, FETT3E 8 Phe 76 0K A A S B A 75
R A 22 R Phe AR 40 2006t KB 72 24
IR, FECRE A RGO %
AR A R I B CR 22 A JBT 2% AN O, BCAA A
AAA 25 iy [A]— B A I2 2 HE AL 57 e, 0% 1k )
TR RS Phe 15 BCAA #j L M3t
RIS T 558 A MU BB, 5 Phe 7K P23
i BCAA [iz ke 2 ve 4tk >

PG IT 5 4R 2 PKU 3497 9 1 32 07 1%,
PKU A7 1) & 1 5 i =R A0 45 3 3o sl > K 4R
BB 1RO R 0 T E LR Phe FOHEA,
[F A #h FE R Phe LI AM 28 FERR LA TG AL A MR 3] 2
TR R L PKU S35 A0 el iz A s
H% ,H Phe J2 AR P E 4 8 10— ol 75 2 2
MR, LEE B A G RIS BB — P I Phe X
£ 2 AR AL R BT SR B AT R T SR S 3
U AR (15111 BURY §=%:<)) I N e e ek Gk <8
2 (4135 BCAA) [V , BN 47T PKU fiy—
Pl

S, FAEZE R BEEA I Phe &5 940
e, AT GRAIE Phe LIS HA ZE IR 148 A . T4E
K, —FE AL AR Phe ZLIE & AR M—HE
B (GMP) FIF & Hok, HORIEF L3 (KA
% Phe) , H: %M 75 T Phe LA AM A9 HL At 75 4 3

R SR PG B PR SR ) 4 v F (5%
KSR T 0T . e, JF A FE SR KA
BEZG RS BN 4G PRKU BT 9 & i J5 1ol
Z—.

5 ZigHEH

ARTOXE R FASSEIR B DU 55 | A By |
JEAPRE R AR P R T R A 45 R B
HEASTEPLEEEAT 1 2508, 35 i & P8 B e il
R FAESEIRYE N —Bh2e ety BA 25
A BRI D REPE LAY , BAT LA A0 95 A
iR IETS DI BRI, R A D A T A U
THUR 57 Yo B S DI REVE R A T S
i FAESEIRTERT B IR 7 BT 02 26 s 8 1A
PN F (L) S T S R S5 D i R AR (H
X B4 5 WAL A e A T AT 5 2 — 25 B T
FEHE; Ry F{ESEIKBE R A (K Phe &8 1005,
SCAfRUE Phe PASMNHABZ IR TR, T K 5
FEZERR Y B 25 8 diofs 0 PKU &7 B K Jé
Jr ) Z— ARLEHG R F AR TR KA D 6 ) ot
A PR d PR A 2 i (R DT R T SR
ROTIN T k 8 BEAR R, 4RI BIF TS 14 R 4R
B s AR as N2 i s B2 2 a9 5, %
R REREEM AR, FIL, AR LT
JUASTT TR ABETE X 5 F R SRR AT A
RSP R 2 R S B E A S 2 6 i Y
AR RLE T, F A LAy FAESEIR R0
TRE LI 2 F 5 R B2 2 i E 07 80 5 g
FAESEIR B HABLE DT 1 (0 g A= DO ) #EATIR
BT, G e F AR 55 RO 3 T e 45 ) A i
WeARBL IR/ T, 3R A4 4 2R AR T G 56
SED T, i R AR VR FIRILRY R kR 3 A
R e A A IR 7 A T ) i v B8 1P 5 A T
AR PR SRR T HAE h 2H  AH AR
FH B OGS b it R (W Wl e LA
P EIEYE 8 T S ) BRI, PR R OF (5



ZTR, %5 F AR ) 884 o 3R

.33 .

JORRS 7 i it Jo e R 1R R S M BIL AR £, X
5 FAESEIREAT IR AT FE AT K, AN
T H BRI R I AR R A B
SC A AETNREE B bl FVRR IR B2 o R IE 7 &
ity R B T IR £ IO S

SE 3k
[1] LIT,TIAN Y,SUN F,et al. Preparation of high

(2]

(3]

(5]

(6]

(7]

Fischer’ s ratio corn oligopeptides using directed
enzymatic hydrolysis combined with adsorption
of aromatic amino acids for efficient liver injury
repair[ J]. Process Biochemistry,2019,84 :60.
TANIMOTO S,TANABE S,WATANABE M, et al.
Enzymatic modification of zein to produce a non-
bitter peptide fraction with a very high Fischer
ratio for patients with hepatic encephalopathy
(food & nutrition) [ J]. Agricultural and Biolog-
ical Chemistry,1991,55(4) :1119.

ADACHI S,YAMANAKA T,HAYASHI S, et al.
Preparation of peptide mixture with high Fischer
ratio from protein hydrolysate by adsorption on
activated carbon [ J ].
(4).2217.
PEDROCHE J, YUST M M, LQARI H, et al.

Bioseparation, 1992, 3

Production and characterization of casein hydrol-
ysates with a high amino acid Fischer’ s ratio
using immobilized proteases [ J |. International
Dairy Journal ,2004,14(6) :527.

PEDROCHE J,YUST M D M,LQARI H,et al.
Production of brassica carinata protein hydroly-
zates with a high Fischer’ s ratio using immobi-
lized proteases [ J ]. Journal of Agricultural and
Food Chemistry,2007,54(20) :7621.

Bae, TAL R, % Wae FEERNH
HILZREELT]. A ¥ 4,2018,42(10)
1648.

WX sham FESKHS®RLKT) &
D). AL H7 T 3 A % ,2017.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

ZHENG H N,ZHANG C H,CAO W H,et al.
Preparation and characterisation of the pearl
oyster ( Pinctada martensii ) meal protein
hydrolysates with a high Fischer ratio[ J]. Inter-
national Journal of Food Science and Techno-
logy,2009,44(6) :1183.
WeE TR, R E, % ERER - B
&\ FEFZRGTZRAI]. £ &FFEAR
#4¢,2019,37(6) :100.

B EHL R KRR, F. EXE FEFKRN
AEEMEGANFEREFRII]. 2B E5Y
%,2014,16(6) :397.

SHE TAN. FXE FEFERAHET R
[J]. # & #F 5 5 JF & ,2014,35(11) :80.
MFL,E3 TN, NEAENE F &
HMAESREMELERGZE[]]. mE X
FEMEF ) ,2018,42(6) :563.

ZTR, BN, KPR, % ETAREEE A H
Hwm FEERSF AR LR FZ5H
A ,2020,43(6) :31.

ZKIL, Bk A LR & B K7 % 0 B e
5 [J]. & & T 1r,2017,38(3) :239.

oG, ER, PO, 5 AR EAR F @
FhRuH AN AT R RLIT]. & &FHE,
2014,35(15) :289.

LIN Y T,CHIU M S,CHANG C K. Branched-
chain amino acids and arginine improve physical
but not skill performance in two consecutive
days of exercise[ J]. Science & Sports,2017,32
(6).

CHEN I F,WU H J,CHEN C Y et al. Branched-
chain amino acids, arginine, citrulline alleviate
central fatigue after 3 simulated matches in
taekwondo athletes :a randomized controlled trial
[J]. Journal of the International Society of Sports
Nutrition,2016,13(1) :28.

TOMASZ M, JAN D, WOJCIECH H, et al.

Effects of supplementation with branched chain



.34 .

B250 2021486 A 4536 & 55314

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

amino acids and ornithine aspartate on plasma
ammonia and central fatigue during exercise in
healthy men[ J]. Folia Neuropathologica, 2015,
53(4) :371.

FERNSTROM J D. Branched-chain amino acids
and brain function[ J]. The Journal of Nutrition,
2005,135(6) :1539S.

NEWSHOLME E A, BLOMSTRAND E. Branched-
chain amino acids and central fatigue[ J ]. Jour-
nal of Nutrition,2006,136(1) :2748S.
MEEUSEN R, WATSON P. Amino acids and the
brain:do they play a role in " central fatigue" ?
[ J]. International Journal of Sport Nutrition and
Exercise Metabolism,2007,17(S1) :S37.
CHEN Y M,LIN C L., WEI L, et al. Sake protein
supplementation affects exercise performance
and biochemical profiles in power-exercise-
trained mice[ J ]. Nutrients,2016,8(2) :106.
BREE,Hm, FRET,F. UK T KA #
SE[T]. f & T #H,2015,36(4) :365.
wekde, BOROL, X B, F. m F AR RIK
FTAER M a K R HEYOR IR [T & & A
% ,2007(5) ;308.

ZE, EUK. BRER AL EME FER
JRR A 4 B & AR O 1 R AR A [T ] AR
A A ,2015,23(1) 43,

T&EX,FXR, R0 &, . MRIE 3 IF AR E
Bt 2B ey R E R [T]. £ E
45 N F A& e ,2019,38(5) :2276.
T8 X 8 4 FE AR R OX &R T AR T
PR ER AT R[D]. Bl EgERE KX
% ,2018.

MAE. EXH FEFREH &R EES®
#r5[D]. 7 ¥ - F ¥ k% ,2013.

Y, EXE, KL, F A DNE MR R
FRTE o A B IE LT ]. AR B E % ,2019,46
(7):1255.

EAEL A, R, % el E FEERRN

[31]

[32]

[33]

[34]

[35]

[36]

[39]

EBEFMA R[] & & T Ik,2015,36(3):
246.

BHE - ERAB FEFRNH SR EE G
FR[D]. 7 5 5F 8 A% ,2015.

TAJIRI K. Branched-chain amino acids in liver
diseases[ J]. World Journal of Gastroenterology,
2013,19(43) :7620.

AKITOSHI S, EIJI K, TATSUKI M, et al. The
profiling of plasma free amino acids and the
relationship between serum albumin and plasma-
branched chain amino acids in chronic liver dis-
ease: a single-center retrospective study [ J .
Journal of Gastroenterology,2018,53(8) :978.
JUNGGIL P, WONYOUNG T,SOOYOUNG P,
et al. Effects of branched-chain amino acid
(BCAA) supplementation on the progression of
advanced liver disease; a korean nationwide,
multicenter, prospective, observational, cohort
study[ J]. Nutrients,2020,12(5) ;1429.
SUGIYAMA K, YU L, NAGASUE N. Direct
effect of branched-chain amino acids on the
growth and metabolism of cultured human hepa-
tocellular carcinoma cells [ J ]. Nutrition and
Cancer,1998,31(1) :62.

KAWAGUCHI T, TORIMURA T. Branched chain
amino acids:a factor for zone 3 steatosis in non-
alcoholic fatty liver disease [ J]. Hepatology
Research ,2019,49(8) .841.

Vg SCHER TR M W IR AT AT o A
FrRAMYEI]. 8E,2015,27(3) :258.
KAKAZU E,SANO A, MOROSAWA T, et al.
Branched chain amino acids are associated with
the heterogeneity of the area of lipid droplets in
hepatocytes of patients with non-alcoholic fatty
liver disease[ J]. Hepatology Research,2019,49
(8) :860.

TOMIYA T,OMATA M, FUJIWARA K. Signifi-

cance of branched chain amino acids as possible



ZTR, %5 F AR ) 884 o 3R

.35.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

stimulators of hepatocyte growth factor[ J]. Bio-
chemical and Biophysical Research Communica-
tions 2004 ,313(2) :411.

KAWAGUCHI T,IZUMI N, CHARLTON M,
et al. Branched-chain amino acids as pharmaco-
logical nutrients in chronic liver disease [ J].
Hepatology,2011,54(3) :1063.

SORANOBU N, MASAHITO S,KENJI 1, et al.
Possible role of visfatin in hepatoma progression
and the effects of branched-chain amino acids
on visfatin-induced proliferation in human hepa-
toma cells [ J]. Cancer Prevention Research,
2011,4(12) :2092.

LUO J. Glycogen synthase kinase 38 ( GSK38)
in tumorigenesis and cancer chemotherapy| J].
Cancer Letters,2009,273(2) :194.
DESBOIS-MOUTHON C, VAN EGGELPOE M ]
B,BEUREL E, et al. Dysregulation of glycogen
synthase kinase-38 signaling in hepatocellular
carcinoma cells[ J]. Hepatology, 2002,36 (6) :
1528.

SUZUKI K, SUZUKI K, KOIZUMI K, et al.
Measurement of serum branched-chain amino
acids to tyrosine ratio level is useful in a predic-
tion of a change of serum albumin level in chro-
nic liver disease [ J ]. Hepatology Research,
2008,38(3) :267.

KAKAZU E,KANNO N,UENO Y,et al. Extra-
cellular branched-chain amino acids, especially
valine , regulate maturation and function of mon-
ocyte-derived dendritic cells[ J]. The Journal of
Immunology,2007,179(10) :7137.

KAKAZU E,UENO Y,KONDO Y,et al. Branched
chain amino acids enhance the maturation and
function of myeloid dendritic cells ex wvivo in
patients with advanced cirrhosis[ J ]. Hepatology ,
2009,50(6) :1936.

NAKAMURA I, OCHIAI K, MORIYASU F,

[48]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

et al. Restoration of innate host defense respon-
ses by oral supplementation of branched-chain
amino acids in decompensated cirrhotic patients
[ J]. Hepatology Research,2007,37(12) :1062.
HAGIWARA A,NISHIYAMA M, ISHIZAKI S.
Branched-chain amino acids prevent insulin-
induced hepatic tumor cell proliferation by indu-
cing apoptosis through mTORC1 and mTORC2-
dependent mechanisms [ J ]. Journal of cellular
physiology,2012,227(5) :2097.
KNERR I. Chapter 21-amino acid-related disea-
ses[M] // DARDEVET D. The molecular nutri-
tion of amino acids and proteins. Pittsburgh:
Academic Press,2016:305 -314.
KGR, KB RE W ORI & B g 4
FrE[I]. Ao T A 14 ,2018(9) :187.
LK, HEE, % B K H AR MUE 25 H
HEANFARERMNEERG E¥H AN
BICI/HERKERF S BERARM
EfEIRT 5 REF AT F RIS L
o[ AR A ¥ ],2008:20 - 25.

5, IR BEE, KR . KT R ROE 09 98 7 B
g RELI] P E SRR £%,2009,11(9)
786.
LICHTER-KONECKI U, VOCKLEY J. Phenyl-

=

A
A

ketonuria ; current treatments and future develop-
ments| J]. Drugs,2019,79(5) .495.
MACDONALD A ,ROCHA J C,VAN RIJN M,
et al. Nutrition in phenylketonuria[ J]. Molecu-
lar Genetics and Metabolism,2011,104 ;S10.
SARA G L,ALEJANDRA L M L,ISABEL I G,
et al. Conventional phenylketonuria treatment
[ J]. Journal of Inborn Errors of Metabolism and
Screening,2016 ,4:1417.

NIU R Q, FENG W X. Research progress of
phenylketonuria and its releveant treatment[ J ].
Chinese Journal of New Drugs,2018,27(2):
154.



