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Regulation of inflammatory bowel disease by amino acids
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Abstract: Inflammatory bowel disease (IBD) is a chronic, recurrent inflammatory disease of the

gastrointestinal tract that includes Crohn’s disease and ulcerative colitis. IBD patients are numerous and

a complete cure is difficult to achieve. Due to impaired digestive function, food is not easily absorbed
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and malnutrition often occurs in patients. Nutritional therapy is often used to overcome nutritional

deficiency and change the inflammatory state in the clinic. Amino acids are adjuvant therapeutic

candidates that may help maintain intestinal integrity in patients with IBD. It maypromote the treatment

of IBD through reducing the level of inflammation, oxidative stress, and intestinal cell death. Recent

studies in animals have demonstrated the potential of using amino acids for treating IBD. The supply

and metabolism of amino acids may be a promising adjuvant therapy. This review summarized the

immunomodulatory effects of specific amino acids such as glutamine, arginine, and glycine, with the

aim to provide new ideas for the treatment of IBD.
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RIEVEMH (inflammatory bowel disease,
IBD) J&48 It [N B A — 21 A R P 02 1 g i
RIEVESN , JB TIHAAZEE W —Fr, DI™E
JEIE . WA . I . IR OV ERIE, R
Figmt, IBD 457 % B (Crohn’s disease,
CD). itz thgi % (ulcerative colitis, UC)FlIR
ERIZEN R (indeterminate colitis, 1C), HIEA
) A 32 o AR R R T A i B 5 A P 7 A R
AN RAERT) . RS S ERE
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KRGS, &R A i, EsmEE
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Hefa . e . st Afl . R A A
R . IR ORI 2N )R S A e
IBD fi W 2 A R AR 2K E | Y5 | ik
AR PRERES . RE . BEAKRSNEK I, B
1990 4ELISK, IBD HY & A 7E P4 J7 T A B 42
TROE, HEWREREIE 0.3%. FlHixs,
A IBD A A& ik 2848 e i Xy AL 36
PHRRAIACFEM . # % 2021 45 10 H 22 H, it
FLIBD I RWFSEH H £35 3 389 1, Hh 5
AR SR A 1 648 W, R Ok U T
ClinicalTrials.gov., FiFLE5 3R, IBD B4
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240 160 DR P 1 AR RE 1 e A R 252 v ke 2 S
YER o I8 SR 3E I F TNF-a, IL-1B. IL-6. IL-8
S5 RAE - WA PEAG 980 1 248 bR, IL-4.
IL-10 S0 R PR 2 1 X 7 18 4 5 1Y 22 i A
H oA b 2 2 A7 —23R97 1BD 259,
M EAKAGIRER . K B2 [ B R IS, AT
G YRR I RRSERT ], A B F4ERR IBD 2%
fife, (RJERIAM A & — SRR g, R
EPL TNF-o PURSE RGP0 K S O 40 s
TEJE IBD MBS, (H YA R T EA &
RE A% LUK RURS: 1) =X 52 i 2 s K B 10 )5 7 AR
T s B IR YT o

ZFMR (amino acid, AA) BEAMREESR
WA, M T8 A K RN G F R 780 6 S0 # 1: R 5f o 1)
RETOATE B I , AA TE S [R] A 4L U A 254 o
(it 26 AN TR, 3o 0 J £ B 1 R TT g 2 S 3
J 3 7 HE VA R E AT A Y, s b R 4
ML SR, X LA TR AR v ) — S T DA ] 25
- Bz A0 R AT L i, R R e
W7 TE AA XS 40 BT B B DR 1 B i)
o 55 201 A8 X S e 2 SR BE AR b A H 2 o st
Wb TFENASFOERA,, XRP AN ERB T
WOIRZSPT, ShE 2 Scoville ZEE I T 31X — WL A,
76 CD g, —2t AA FI=IRMRIGFFAH 1)
R & A T W AN R RS R R, AA
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AR R RE 1 A A5 A 2822 n] BEAE IBD A4 A i L)
HORE T R

AT RER TR FMAR., A
BRI T, IES S 2B JAERTIX 3 il
RS SNSE I AN IR & S SR NS D)
IR

1 A4BM (glutamine, Gln)

Gln B AKEFEREER, 2N
1Y 3= BB TR o Gln J&—FP R LT A LR ,
VE Al 0 L ) E AR IC Y, SRR B L
M2 . 4 BEH Ik (glutathione, GSH). MR %54 it
MY E LA, —WIg5 SRR, TEl7 R sh P
R Bl i, IR A I R e AP Ay
FERG U A 20.2 nmol, RRAEZH A2 v ik
JE79 14.0 nmol, HWALZ FRHIR T 31% 1E45 A,
TE 2 R I g 2 e 1 5 P A I e 1 Tk R
A 21.5 nmol , RAEH B2 5 AR B4 16.0 nmol ,
HEZ FREAR T 26%"Y, %W Gln 7SRRI
THIE D, NIt Gln AT REFE IBD H L 21 FEFh
ROR

TEV D E R 5 1T, Gln XFA[G] IBD 4%
RN = i 2 K i B2 (trinitro-benzene-sulfonic
acid, TNBS). #ij 2 ¥ i BR 4N (dextran Sulfate
Sodium, DSS)FNEE R 17 T 10 1 18 48 i 1 i 6 o
BA G ERM, Glin 1251/ F 40
(intestinal epithelial cell, IEC)¥4 % L)L 2 ik /> IEC
BT R EEEAEM . Gln A LAR; 1k iE iy
FBEE, RSN, E LR E AL I L
W bR PR L RE R, JRAE 2RI e 4
Ko 1B B ) S8 Bk O ) — b 5 1548 1 Gln
Xt 559 7% B2 (tight junction, TI)EE 7= A4 5r 51k
YERL, BZmaZnia N i i35 T7 Bkt &
FHEWGE T BRSPS, AT Gin
XT PR W 4 1 K R A T A R, 25 R R 1B
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B VP o0 B, I 1 B 0 2 B (34
B FE AR AT TR SR B R R E
4B ) Gln fCHHT- B A 5 — TS s
F W Gln 1677 R 8 %2 TNBS 550045 17 K 1 N
J5 O o7 5 AR TS, PR R RN SR O T 4 i A
T-7E IBD WY& FIELE PR EEAEH . Gln 7]
LRl A JE RN R A MKERBTN
PERK i [ | 2K 8 [ #5545 5 85 1 Fil caspase-3
eIk, NI R A 5 B IR T RN R TR
A BT Gln X TNBS 753 1045 13 R B 455 AR 3 -
IBD B &Gt REI S, B, 1T gk
SRR RS TR DG, TR R AE A T b
PR A e AR B, R s AT 40
A T W0 2 S OB RS M N, R oAb
7t Gln BEWSZE A IR B GG 1 T R, 46 Ja R
o 0 35 2 A O T S ) B )

FEVE T SAE R T 7 1H, RN R, Gin
52 W) 55 I 4 R R 96K B 40 B A B IR T A
TNBS S4B RH, Gln BB HERYT (2 J8)
GRG0 R AN 7B 1= B etk K s S
TNF-o F IL-8 4§) B9~ A:10 7E DSS %S (4%
fa%, Gln BERMHI THEZE (IFN-y) 1 IL-6
2k U SE I o i 6 IR R P % P «B
(NF-xB) p65 155 "™ T 4 i 75 1BD #) i &
HERME, T AR R S T BE Y 8
WA PR IBD AL . FARFES N Gln 7]
DABH AL BIPE T MAE AZ5 414, Gln mJ)
il T 40 T, TR AL h N
B 2 L 238 B B B 43 7 1 mRNA 7K. Sl B
T AR GPE T X Gln ()R R BUSAE AT
REZ i T B e T gy, Gln R
FI3E In2: BR T Gln LR 25 OB AP0 A s 12
REEAR A 6L PN ) 2 Tk A 2 W e /KO-, AATISZ ) T
MINRE . HEAN, AA AT AR IE G0 8 40 i A 1
B A B, T I A R 0 W A R 2 (R a0
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b T ifEAERE, Gln 78 40 M i fb Hh P2 41t
FAZH R AT LA B 4 Gln I<5%F T T 40 M
A F N, Gln FIRA AR (aspartic acid,
ASP) FRAMAR 2 A 2 1 1 0 B A I 0
TEZE AR A AL 7R, GSH REZERE AR
ERGL, M NTETEDUEAET, BA iR
L AE AR IR S RO, DA T DR 4 400 L 9 52 28 A0 1
. MAEASHE (heme oxygenase, HO) HA
Préaf. BiR . LT (5 S SRR IRy
DL AN SR o F 2k s SR . Girds S8R5
S UER] Gln M9IRYT BN T M £ R E A -1

(HO-1)# i5H1 GSH /K, BEMK T NF-«xB %Kikl

HO-1 125 395 545 0] 5 Pl 5 S 8 — S fb A
A TG PR R D B i AR A P

XSGR, Gln fELE R T EA A 5
YER, I 38 &b A R g HL & #R e,
K1 R .

TE I RAH G 5256 0 Benjamin S5 43 5% 162 44
BIEESINME, PR RWE T 2 WREYLT
AT (3L 30 £ 2 5%) . 0H5 Gln 721G sl
B ERIEIT R RIVER . Gin 4l (0.5 g/kg A& ik
Jie) . FHEXT BE RN (0.5 g/kg FLIGHE ) A 5%
0 i A M RDE A o X 0BG BT
7N, Gln FHZLIE HE FFE 25 008 i 206 o o7

B 1 BRBERERIE S A EFEILE
Figure 1
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Possible mechanisms of glutamine in the gut.
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IR REL 25 46 TR A7 A A BRI P — T 5%
(15 A ) Hde T 783 sh ok v 2 s 1) LB
BE (MT18%) Hh, RAE S Gin REGIX
B (42%ZAIERALN) FARMER Gln F KK
RBERE @%EIERALN) 167 4 FREEE,
WS R, X 4 A BIG IR i R E 5
e bR EES . B2E S Ghh REWKE
FIEBE A 44% (4/9) IKBNRME, MEZhriE
ik Gln REWIRE M B BB L6l h
56%1 . TEMERT T 45 e F ARG A Gln i
A B IR IO BB AT R EIRYT, A5 AR R
TNF-a..C Je Wi 5 (C-reactiveprotein, CRP) #I
IL-6 ZKFIEFXF B4, X & Gln B GEF
RIGEFEEFRE O, 181 AL R AE KN T
SEIXFE A AR TT P AR RRE A 1 5 = 5
i) Gln RE I 1 PR Hl NF-xB A48 [ 7K i 1 AR
B RAE NP0, BRI, A BT R Gln %
BRAMEMER. Flan, —Ts BRI w2
R R TR A Bn ) Gln S & m )
REWIRE GIRERE A A LA, B
S% HHT Gln X IBD AOBHFSY b At 20 36 1R 1 I 5%
Z , (HREFMNE Gln X AR 25 FIEEA SR F R,
Gln REFEXT IBD A BB /E AT Sk — 21
% .

2 KEA® (arginine, Arg)

Arg =—FEA ZFAETER IR LT R
Folg, v LLE AL 2R A Ak 4 R T s i g Pt
M iEZ B RAE LW, Arg 2525 7] LAIZESRIE
B A IR AR A . — IS PEAG
T Arg ¥ (AN QB Y FRIK, AE X 0 b
FEH IBD BE iE AL Arg U4 T 808,
G UC A 2w E 1Y L-Arg
1A 2.8 nmol, IEH AL P2 E AR
L-Arg ¥ 5 3.0 nmol™, 33 % B 7E R
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Arg A Al BE 29k 4M IBD B LU Arg BB = .
Singh SEWF5THE BT Arg I Arg
HRE, m Arg AUAARIGIN T 45 Arg. &
2R (ornithine, Orn) FIfZ BRI /KF, o3
TRE N . S5 R A L R . it
Hh, i Arg AR IR 35 A /D U IE R 24
PE, SUFF BT T2 BRI, PEfOR T ] 3= 6 B AR
i b, TR TP AS N Arg X545 R AR A R
TERPY,

Arg Al DIMEN Z 6 MBI IEY) . Z Mol
MRS 5 EAG R, I AT LAFE M 8 R B
PEVERE R AT 50122 Arg BEDE; Arg 10350 O,
1M Orn fEN Z e & i, B FE WS (spermidine,
SPD) Y™ Az, KEEAMSE SPD B 3 /i 1 T HE
48 SPD RS 4R e A IS M. 2Ry Ak
SIFF M2 HEE BRI ThRE, BREI M1 FEE
W 2 1 & RE VG M o R 151 P 36 < 5 AR 1) g 1 R
SE, FER Arg P/ AR R R, (H
AR FE B E IREE . 78 TNBS 51
Rt mAlE Arg 5 &R RAE TS
AHSEB ) YE— RS R IBD AR, i F R4 41
KA PR G R oR . 4 FE Arg Al LAV 25 11 21
AU Ao 1, Arg SREER AT RES —
FALA (nitric oxide, NO) & LA 5%, Arg J& NO
G MEERRY, HORPER FLEH T Arg 1Y
NO fE 25 F¢ 1 Al NF-xB F235 1 15 B 5 iR B4
Arg (b FEZ: 5T 1L-17 FFE A0 AR K R 7B 4 fif [H
TR, R A R, BSR4
% & Wl (inducible nitric oxide synthase, iNOS)
mRNA 5, ik TImiE a8 EED Arg
TEEF . NO., 2R E F 4G B hFE7E
FHLERER, ] L Z LT E$E 1BD.

3 HE® (glycine, Gly)

Gly &l b R MRS 76 S 2507 T
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A TIRYT B R ZAE FE M A . FT SR E
AA ] LUGE HE G e 4 P A% AT IR A A, Gly FnpY
U R BE NS SRR , (R IE T N4 A A G A O
Gly LA 222 R G0, efd LR EERK T
WA I E SRR , T AR L SRk P T 447
ALV . YA FIRSEME/NA ZE A R o Gly
LS TLR4 SEMN . 22 243 A0 2R 11 P A
W 7L 20 ) T A 2 2R AR AR S S g T R 2 S 4
JL D57 48 i s RO B H RIS Gly
AR A ARG I e i AR, RN IAE
W R L 4h W A R 9 E AN M IR SRR b
Hlumina M ¥ 7, ELEH RN, Gly {697t
WA ZAEM B & SR ZHEE, (A5
S JERE R ] ST BT T FRIE# EB7

T —IRHF SR Gly % 5% R E 45 245 /)y
S5 R B, 255 B R RN Gly Xt
TR RMZE K Y To%m, (HANFE Gly #il
il T A R TL-18 A IL-10 7625 17 R /N R
kP, Gly #h ek T 2% S 2EMAT
W TR R BRI R ZF AT TR 4 40 R 1Y
wb . B, 7RG R BRI, SN Gly
AL LB I RIRE | 45 T M OGS R 3R
BRI E AR, SR TS gy
A 25 VE T . X e2s B IR Gly Al REE &2 3
EAF R, WA RIERTFHERE ., ETHIE
GRE . A IS R ik i SE A A5 7 TRV 45 M R A
TR AR R -

4 HRARA IBD HHEMER

MW 5T R IS R A A R
PO SURBERE R R . A A GSH Y . Ak
B @AW RS S B g A A, R
AN Li S oY B T A R T
2 i AN R 5 AP AR K, FRARES A B
JIE 21 Jf 0 T2 Bax (Bel-2 #HE X H )5
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caspase-3 [FRIKACY, BEARGE IR 2 8+
IR, e SR IRIRE HLA D8 i T8 SR AE A TR,
TG 8 S TR TR 5 % i 5 T () F 9 (R A
HAEMLIEER, AR MR SRS T 5 i 8
B R F Rk, FHmTRET)S
BT caspase-8 Fil Bax #6351 £ B i 4 ik ot
Wi RERAPIREN, #h 7 2 R i nl e
S R B U IR R AR, PR 4R 4
¥ TNF-a. IL-6, INF-y, IL-17 1 IL-1p i3
kMO B = AR (methionine, Met) F{ R A]
SEGEE R KGFFERGEE, 0 b R B
W bR AN ET=17, ASP WU R W55 2 g
ZWREE R iE s, i TLR4. NF-xB Fl
p38 15 53 [ . 7EBE B Met 25 i) EAE /N RLAPY,
IL-17 F1 IFN-y AU M /b, Met 38 o F W15t 1%
A6 i e 28 20 M S A2 T 77 A BE R 52 Met
Eeia ik LREME IR ALY T 40 EF T AR O 0%,
W ARG T 40 M AR AT Met fUIHAR, (AR
REHE L AZ1H Met 551z B4 RIS INE A &
o P, AT LLE AR A Met 7K 2SR 4E
T AR A,

FZH %R (histidine, His) Ab¥ Caco-2 4H
ffLn] B IL-8 J5 8 i SR IE M, His 78
B SRKE B T AL E T TNF-a 15 S 1015
RN IL-8 (5. BEAh, His AT LIVE R
VBIT IBD WG R A PF5n 54, Hisamatsu 25 3152
T 369 il R R UC B E A2 IE % i e
IR E , Horb 355 BIEH T T KIS 1 AERO S
MEPEULES, 1 SN KN 23% (355 Bl H
A 82 i), HEMIE, SEMIMBEMIL, 1§
SR MK His ¥R 2 REA% . 3 b His
&R CD BFE RN C RV &AL UC
M CD M B R 16 2 3 VIAR G, (HJR 1M
B CRP Y& JOTE T . X segh SR, i
b His WREAATREME N UC B ZMINE K
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F TS br . FEX AT A, AT IR T
His 7K V- REAR 5 S 01 UC B8 35 52 R XU e 3
IAR S 5y — TR 5T 5 a2, 13 A
UC #1 21 f CD B3 S AHEATE ST BN,
2 AR IS R His 7K H T fa e i 41 ),
A3 His DUAr Rk 42 52 mi 8o T g it — 25
WH5¥. 76 DSS BRI, i AR E E R
FEMR 5 45 W S A A WU 56 . 7E IBD i
FHrhOIL-18 FEighn, ©RakEEERIA ] EiE
NF-kB Hil 4 i N 115 551k 2R, 2017
4 Ravindran S 3 H — B0 98 45 BH 38 85 11 3 2
(GCN2) 3 2 1 il 4 55 /N AR 1 0 Ak ke 32 il B 1

F1 HIERERXEMSSRPIER
Table 1

RAE. TEBRZ AA BUFTEMIERIERS, Pl
6 AN HE A T R A R 2R DO NS . A
i AA TRDREE A AR R S R 1 /N L —
BAE LT A S RAEGEmR . fi/NRAL AA Wk
MEFREI, Bk GCN2 43+ 1IN EE I R 1 & A
RASE, ML LA M GON2 0 F7E—EfRE
EEA R R AN, (RIS I A R R
B AL R AA TR (AA S RATE 2%, brifE
REM SN 16%)%T /NG 25 I R Z G
AP 22 BRI, AA FEIRIT RAEE R
HAW W, 5obes — L R 1
Jl7s o

Role of other amino acids in the treatment of IBD

Amino acid species Influences Models Medical models References
Cysteine IEL, caspase3| Weaning piglets Acetic acid [52]
MPO, MDA, TNF-a|
Caspase-81 Weaning piglets DSS [53]
TNF-a, IL-6, IL-12p40, IL-1p,
cFLIPt
Improved weight loss and blood Mice DSS [54]
stool frequency
Improved histological evidence of
colitis and reduced the level of
nitrotyrosine in colon tissue
Histidine Inhibit IL-8 production and mRNA Caco-2 and HT-29 Hydrogen peroxide and [55]
expression cells TNF-a
Tryptophan TNF-a, IL-6 (IFN)-y] Piglets DSS [45]
IL-12p40, IL-1B,IL-171
Taurine Inhibited the expression of IL-8 Co-culture model of TNF-a [56]
and mRNA Caco-2 and THP-1
Thp-1 induced down-regulation of cells
LDH release
Tyrosine IL-1B, TNF-a,IL-61 Mice 0.1% chlorine [57]
(GSH) Serum CRP and TNF-a levels| There were 84 Treatment group (the [58]
IL-107 patients with chronic control group was orally
CD4", CD4'/CD8"t colitis, 42 in the treated with reduced
CD8"| treatment group and  glutathione tablets) and
42 in the control control group (oral
group mesalazine enteric-coated
tablets on the basis of
conventional treatment)
Phenylalanine Macrophage?t Mice Phenylalaine [59]
Enhance the function of immune
organs
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gi Bk, MM . KR, HaR
R IR IESS I R AT 2598 VPN 1)
SEREIR A RORE) . AR, (HiX R
REBE D T 45 R 55 0805 3 45 2 B H]
HATHY, TTE IBD 1B Wb 7t 28 BE IR 2 75 RE i
FMER BB . Ji—Jr i, YRR E
VAR TR, A —Fh RS Y R
g 584 [ A IBD RAH 4218, HIERIEF
T FBLEA [l Ao 52 R T 7 925 1) A8 3 v A S
Ft, IBD B BRI AT REME LS T4
IEATY R e 2 B Y S B AF T 2 PP A ik S 2 AR R
TENGIR ERSCImAOR . n, AA BRATREY
IBD 1 o AU ™ EFR B AV S AR G 7 BR
T His SM At AA SR FTRENE ) IBD HIAREY 7
X2 0] AR AT S — P

AT T/NEAFRIRE 6 A 25735
WIRE, BT AR BT ik, /NG
il DSS i T RERY), 255 BoR, RPN
OERT78 NYE R i TIN  BU RS M D/ iWick - ed o3
ORI IAGR Y7 20 IL-6 \IL-10 & f 44, IL-1P
TNF-o &it FRE (RAHR). Wi, BT AR
BeF-A R B Re B 2RI I R BAE R, HixXFh
T LR T 1 R IR YT W 9% I AL ) 5 L 3
—BWHoE, FRATWAESATIX AR X T A%
RIGITIIBESE

YRR YR AT R - 2 2 B B o A 4
JZE AR R B B R B RIRYT T RS, 4EZ R HL
Entyvio (vedolizumab) F1F UC. JU%¢ 5 8T
(ustekinumab) FF CD fEh 2 KR TT o
TER RIS BT, vedolizumab L A] BE A
e FEMRT B BARWNAIIRYT ki m
TIPRL, ABAFAEE YRS BY Bt L A7 TR AR A% Bk
Ho MIZT, A @ BLRIG YT IBD HY A B
%o XEEILFRAE IBD & H i VE i R A5 2]
TR, A G T R 4 I DRSO AL N 7E R R

=: 010-64807509

HATIRIE, I AMA T B — 25 M 5 ok B W] O
ARG T AR PEREE Bl A R AY
RAWTTE, X LEEER /i ) 28 KL R Al e 2 —Fh
AR BIG T S, LAY SAE FHRE S I AAE
A B Z A H RETEIRYT IBD R A R
W, RIE IBD (A HL FBT A AL L, A
WIS, 85 GE X — 28 H AR T WL AB .
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