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Abstract: The ameliorative effect of DL-tryptophan on dextran sulphate sodium (DSS)-induced ulcerative colitis (UC) in mice
was investigated. The alcohol extract of quinoa was obtained using the ultrasonic-assisted extraction method, followed by isolation
and purification. DL-tryptophan was identified as the primary component through compositional analysis. The anti-inflammatory
effect of quinoa DL-tryptophan was assessed using RAW264.7 macrophage cells to establish an inflammation model. Wild-type
C57BL/6 mice were used as study subjects and were administered 50 mg/kg of pure DL-tryptophan daily through oral gavage; the
anti-inflammatory effect of quinoa DL-tryptophan was then evaluated using the DSS-induced UC model. The ameliorative effects of
DL-tryptophan were assessed by monitoring changes in body weight and surface characteristics, assessing Disease Active Index (DAI)
scores, measuring colon length, and performing hematoxylin and eosin staining and immunofluorescence staining. The expression
of tumor necrosis factor (TNF-a) and interleukin 1/ (IL-15) in the colon tissues of the mice were detected using enzyme-linked
immunosorbent assay to assess the ameliorative effect of DL-tryptophan on DSS-induced UC mice. Compared with the model group,
the DAI score in the DL-tryptophan group decreased by 50.64%, whereas the average body weight and colon length
increased by 5.03 g and 2.23 cm, respectively. In addition, the DL-tryptophan group showed decreased number of intestinal cup
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cells and improved mucosal damage, and the expression levels of TNF-a, IL-1/ and other inflammatory factors in the colon tissue

significantly decreased (P<0.01). The expression of tight junction proteins claudin-1, occludin, and ZO-1 in intestinal epithelial

cells was recovered. In summary, DL-tryptophan ameliorates DSS-induced UC in mice by decreasing the secretion of inflammatory

factors and restoring the expression of tight junction proteins, thereby alleviating intestinal inflammatory responses.
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Table 3 Statistical table of full spectrum identification results

s o dhy M B ) EIRIRE
N
EEA CAS 5 /min Bae/%
DL- & 2B 54-12-6 4.48 10.09
LS %;3'9;33]@% 22688-79-5 6.67 3.42
i SirEe
LY 107-43-7 0.78 2.84

W Z L TR AT S S AR A e, FEA
BT (TIC) B 3 fias, FEARR Y gt
RELE GEETFHEAD WX 3 fir, GRERHETE
B 5y DL- 2 /8, & H 40 H oA 10.09%,  Se T Bt
FL AR DL- B Z R A P14 LA IR (e A =Y,
{H DL- &SRR 145 W 98 ROSIAT e E— 3DV




R ERBHX

Modern Food Science and Technology

2025, Vol.41, No.11

22 FEEDL- L5 5 E % 4 lERAW264.77% 4

N TR G DL- (2 R B2 il RAW264.7
G 1520, FH LPS Jii 2 ¥515 3 RAW264.7 LR 4H
g T R A P, o AR AR IR B 10 3252 DL-
A (02, 0.4, 0.6, 0.8 f1 1 mg/mL) AbHEL/N R B
4l RAW264.7 12 h, #RJ5 M LPS & 37 98 i # A
AbFE 24 h 5, R CCK-8 A I 4 i 4735 . &5
FEx (B4, 02, 04, 0.6 mg/mL (% % DL-{1
RIRN B WEST D RAW264.7 TCA0 21, (5 4y S 6
FH0.2.0.4 F1 0.6 mg/mL %5 DL- {05 Be kAT Ji 85256
120 #

100 *k

80 -
60
40 +

AT %

20

0
LPS (1 pg/mL) - + + + + + +
0.2 0.4 0.6 0.8 1.0

FEAZDL-tA %R T / (mg/mL)

4 %% DL- B SR EE4IM RAW264.7 4/EiE 1K=
Fig.4 Effects of quinoa DL-tryptophan on the viability of
macrophage RAW264.7 cells

E# R EaEA, "P<0.05;* R4E5EA Ak,
*P<<0.05, **P<<0.01,

23 HEZDL-& &KW F| B % 41 fARAW264.7 3%
FE AT Rk

NT R E S DL- R IR PR TG, GBI E
WE 458 0.2, 0.4 A1 0.6 mg/mL [ % % DL- (0% 2
A F/NES ELVE 41 il RAW264.7 12 h )5, B LPS i59E
W2 M g ST AR A . SRR (B5), #F DL-f
R AT LA A ) B EZE B TNF-a. IL-18 3R,
HEBIRBERA N, LL RS RER L DL- IR
DL 2 i W20 B 2R AS T ARE A SR AR I

400
*
I ok
+ +
0.6

TNF-o it K 5 / (pg/mL) &

#it
300 *
200
100
0 j
+ +
0.2 0.4

LPS (1 pg/mL) ~—
A DL-(0 5 UK EE / (mg/mL)

b 400
z "

£ 300t

g *

’g 200 F *% ”
@

S 100r

= | M

0
LPS (1 pg/mL) ~ + + + +
(I hg/mL) 0.2 0.4 0.6

HEDL-(O R T IKE / (mg/mL)

5 3% DL- BT B RAW264.7 ZHAEAAE N AR
Fig.5 Effects of quinoa DL-tryptophan on inflammatory
mediators in macrophage RAW264.7 cells

E:# R4EH T Gatak, "P<0.01;* RI5 548 mARk,
*P<<0.05, **P<<0.01,
24 DL-& 2 ## % TDSSH &1y 4 3k MR
B DATIF 4~
a 35p - xnAgd

= R

—a— DL-{0 41
30t

i}

B 25¢F }]

& ok
20

15

1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 21
INfTE) /7 d

10

on

—— Y
L —=— Y
—A— DL-{A5 R4

[>]

PRI S $ (DAI)
S

14 15 16 17 18
IS / d

6 SKI/NREY DAIES RIERETL

Fig.6 Changes of DAI score and body weight of
experimental mice
Era: DERARREEMGETE; b D RRREHIEHT
AEAGITE. # R4 EamAak, "P<001; * R85 54A
4aAatt, #*P<0.01.

N T AR IT DL~ t S R X 45 i 2 /N BRBI0 16 3 15 4
PRI, T N AT SRS S IR O . R

23




MK E BB

Modern Food Science and Technology

2025, Vol.41, No.11

IS ICFE PRI, AN BB, KA. S
R FEEOIRSIEH, ML RE, KRS R
B AL /N R AE DSS A0 FE 4 d J5, AR EIFHE N
Ve, EBTHIOEEE, daRd, SifEiReWis), A
KL BHEREAE, FEEREL AWM. E, IAA
i EHAE#ZEEEAR, EHEERE, BB/ ECF 1k
JRE T 6.93 g, DAL VP 35 m: SHIAIAIAH
b, DL- 5% % 4 120 /)N R4 R & A I BH 2 F B
RN, & 51786 15A ks, SERY, M.
IMAE IS B Rk, AT msR4E /N, DAT Fa 5% T
50.64%, ABIETFIIEM T 5.03 g. iR IR, DL-t4
FRRENS 2 MR DSS 1S K/ AT T B I 50 58 1
THOLAZEMOIRES, B3 #IC DAL P (Bl 6).

2.5 DL-# %37 DSSH & 04 17 % /&
ESY /RN

N T R IE DL- S W0 45 I 9 /N BR 45 i K 52
m, WA &/ RIS AT X . 4R KB, DSS
PPN % 5 21 s K AR, X PP 4
o 46 M AL FE TR bR 2 — . SXTIRALA b, AL/
B EE I YK E 460 T 3.62 em, £ DL-f& B AL HE
Ja, SEBAM N RS KER T 2.23 cm.
ZER RN, DL-tZ IR EANH] T DSS 5l #2 /N B 45
Fadika (B 7.

12 1

on

ok ok
10 l.
ie) 8 r i o _1x
i —t
M 6 A—— A
5% u %
Al ] ]
2 1 1 1
EEL N XA DL- {45 M 41
o4
B 7 NREHKE

Fig.7 Colon length of mice
E:aABMDREMREKE, bADNREHKELITAE,
**P<0.01.

24

2.6 DL-# 4% %% TDSSHESWE ¥k NR
2 R T A

DSS W 84 b R A P T, B i B
B, 5% I INEpE R ES . N TR DL- B ikt
S5 9 /N R A B TR A B, R WO B 0 1 45 i 4 20k
TTUIR gett, S5 REoR, WA /NR 4 bR e %
PRGN R, MIREESTHEY, BRE S5 MIEE,
T T EAREBUKMILG ;. 5XTIEAMLL, DSS 41/
B bR A R I 2 AL B T S A, RS SRR,
SERMOIRAN B R B b, IR Z4E S,
T T 2R A KM, JERE ROEAMRIZE s il DL- %4
P Kb E 2 /)N B L S5 FEARE AR R I B PR, [T 27
T B PE 4 7 TR I B W ) R & (P<0.01),
DL &5 BB DL- & B Xt DSS 55 145 7 46 /N BRI
g i B W R B RCR (K 8).

a  zp B DL/ 41

EEEY o

b 6r 1
K 5
oy
M 4F
E
S
® 5l
=
ﬁd\ 1 L

0

FHH HERIZH DL-{a %24 fR 41
!
& 8 /N4 HAE

Fig.8 H&E staining of mouse colon
Era A REMEL HEE £ EB (XK 100% ), b A»
REMBL IR F T 54T E ., **P<0.01, ***P<0.001.

2.7 DL-& &% %X 7 DSSH 5 th 4 7 % /D K
ty 45 i K E KR

RAED T4t 2 R4 R i E B AR P,
TNF-a 1 IL-18 1E N R B2 R K-, 78 RAE B
RAFHE IR, TNF-o RHLAS 5 % R AR
PONE N IRZ DA R 5, mT R HE 98 E A i 1) 2Rk I
S il T, R TIL-18 M S Bk
Rl RS R ) = N V1) 1 0 AR S g 7
5 DL- 8 S0 45 1 45 /N B4 W 4 R KT S L, %
ST ) ) 485 i 2L 2R3 VA VR F S S 50 0 AT SO TR T




MREmBE Modern Food Science and Technology 2025, Vol.41, No.11
ERI. 4R BN, RO R 7 AE X B ) Rk w5 A, HQERGR: S AdMtt, #RH

KPR, 4 DSS i SAH G, /SR 45 b R
PNE R 7 LKL KB R #E T A (P<0.0D), fEiEd
DL- A2 FRAC B 5, ARAER 1R IE KT B A i T B
(P<0.01) (K9, LLIEgs R DL- A% R Ab#E AT
35 PR S5 I 78 /N BRI S5 7 2RE KT, TR FE Bt
YEH

Hk

a sk
1oy
E
£ 100 - T
&
I 80t
b
& 60 —T—
il
B 40 F
3
= 20 E%
E
0 1 1 1
= A2 DL-th 5 R 41
il
b " 3k
150 __
=)
E 120t
on
&
o 90
&
] 60
E
3 30+
=
O 1 - 1 1
A FERI 2 DL-tA 5 IR 41
ol

B 9 NREE AR IE R FRIZKE
Fig.9 Expression levels of colon inflammatory factors in mice

E: #*P<0.01,

2.8 DL-f& % % /0 7 DSS F 09 4 7 3% /N B
Wy b R B

PARRWE TR R, bR BRI R 2 4 AT AR A
Fe W TE JNE KA RIS 2 —, W b R i R
JoF W 1Y) o B R oy, R G R A B 2 A B
gh T A R i b AN A TR 5 B B 0%
4EKy, WS A Claudins. Occludin AN & A ZO
K. LRWB)E AL R 2 . 5 AR 1 7 41 i A1
B AR PN AR, RS N B EE R e, R
b DAL 520 I () 5 2 e B 45 ) X AR VR K A
TSN T GBI, BB BH AR PRI K 21
YR, R EERFEER. TR
DL- tA S B X 46 1 96 /N BR 45 W b e SR e A 25 M i 2
M, FFUSCER B 245 I AR AT S e o e . SR
~ (B 10D, 728 A4/ RIS s bR A e = Fh & A

FHPEA AR iC B W R b, Jet ] AR, RN
P o LR PR, WA /) SR B A0 M TR [ 5
FIEREARNE R E D, WIEEZS; /£ DL-(
RIRALE A F, DL- 2R T s W R 5 1 B PRl
MEbRiCEOR, POk Gt B HL 5190 A4 T b B 4 i
I8, WS E 7RISR E 4%, Yang CUFELS R
% Wyl i F 2B TE S E YR EGE DSS V5 3 14 i R
AP T HRIR, Vi) DL- 2 R e 8 s 1 1 5
L (R R R R D

DL-{t 5 fR 41

R

a =L

Claudin-1

Occludin

Z0-1
b 15T — IS | CoOfiflY] o DL-(8 & R4
T
- 1 1
s}
§10— €L
E
=
= ost
0.0 |. 1 - 1
Claudin-1 Occludin Z0-1
B AFK

& 10 /NREZ5B7 b B2 2 B S 0% o St
Fig.10 Immunofluorescence of colonic epithelial cells in mice
E:a A REMALF Claudin-1. Occludin f= ZO-1 =4
FEEEEARARAA, b AZ M REKFLRIAE (2
FOMA S BIATIE— LD ), *P<0.05, **P<0.01.

3 #ip

UC 1E it S (1 18 1 B R, k4 Xt
B NE H & ARG R TARKB NI, AHE A
W BB AP ARGE T DL- (LR BRIt 2 s 1, AN
RE ARSI IEZ A DAL, 4 KIE 54
HYURBLE . SO PR 7 AR B E R B B R IE K46
Jith, X DL- TS MR S 45 i 9 KRR AT 13—
PR, KBLLE DL-GVRARRAL B T, S50 2D R
JRER T BERE LA B g, (E I LA SRS RS

25




MR B

Modern Food Science and Technology

2025, Vol.41, No.11

3%, DALVt TR, 4507 R a0 B3 i,
TNF-a Fl IL-18 B3R5 2 3 G, @i x4 11
SRR EREEEEANRERIT N, RIEEE
JEE N 2 ZO-1 AP A 5 I 25 1 Claudin-1. Occludin
Rk A A 5 il Rk, DL- 5% B 7 fE
J2 JE T P JRE PR 7 1R 43k, AT 53 465 i 9% /N BRI
SR, HEREEREORABIRE, K
165 40 i i) S5 25 e e 4 he), AT AT R % ik 445 1 % 0
E IR DL- 85 B2 22 A 225 1 9% 1 B A AR L1 04 75 i —
IR SIESE, 3 DL-BRARBERZHANE, N
BITEE M RIBHE T — & MBS B

B Tk

[1] NOWAK V, DU J, CHARRONDIERE UR. Assessment of
the nutritional composition of quinoa (Chenopodium quinoa
Willd) [J]. Food Chemistry, 2016, 193: 47-54.

[2] VEGA GA, MIRANDA M, VERGARA ], et al. Nutrition facts
and functional potential of quinoa (Chenopodium quinoa Willd.),
an ancient Andean grain: a review [J]. Journal of The Science of
Food and Agriculture, 2010, 90(15): 2541-2547.

[3] PEREIRA E, ENCINA ZC, BARROS L, et al. Chemical and
nutritional characterization of Chenopodium quinoa Willd
(quinoa) grains: A good alternative to nutritious food [J]. Food
Chemistry, 2019, 280: 110-114.

[4] FILHO AM, PIROZI MR, BORGES JT, et al. Quinoa: Nutritional,
functional, and antinutritional aspects [J]. Critical Reviews in
Food Science and Nutrition, 2017, 57(8): 1618-1630.

[5] PATHAN S, SIDDIQUI RA. Nutritional Composition and
Bioactive Components in Quinoa (Chenopodium quinoa Willd.)
Greens: A Review [J]. Nutrients, 2022, 14(3): 558.

[6] GUO H, HAO Y, YANG X, et al. Exploration on bioactive
properties of quinoa protein hydrolysate and peptides: a
review [J]. Critical Reviews in Food Science and Nutrition, 2023,
63(16): 2896-2909.

[7] DAKHILI S, ABDOLALIZADEH L, HOSSEINI SM, et al. Quinoa
protein: Composition, structure and functional properties [J].
Food Chemistry, 2019, 299: 125-161.

[8] TAN M, ZHAO Q, ZHAO B, et al. Physicochemical properties,
structural characterization and biological activities of
polysaccharides from quinoa (Chenopodium quinoa Willd.)
seeds [J]. International Journal of Biological Macromolecules,
2021, 193(B): 1635-1644.

[9] HU Y, ZHANG J, ZOU L, et al. Chemical characterization,
antioxidant, immune-regulating and anticancer activities of
a novel bioactive polysaccharide from Chenopodium quinoa
seeds [J]. International Journal of Biological Macromolecules,
2017, 99: 622-629.

[10] LIN X, ZHOU Q, ZHOU L, et al. Quinoa (Chenopodium quinoa
Willd) bran saponins alleviate hyperuricemia and inhibit renal
injury by regulating the PI3K/AKT/NF-«B signaling pathway
and uric acid transport [J]. Journal of Agricultural and Food
Chemistry, 2023, 71(17): 6635-6649.

[11] DOBRIJEVIC D, PASTOR K, NASTIC N, et al. Betaine as a
functional ingredient: metabolism, health-promoting attributes,
food sources, applications and analysis methods [J]. Molecules,
2023, 28(12): 4824.

26

[12]

(21]

[22]

(23]

ZHAO G, HE F, WU C, et al. Betaine in inflammation:
mechanistic aspects and applications [J]. Frontiers in Immunology,
2018, 9: 1070.

ORDAS I, ECKMANN L, TALAMINI M, et al. Ulcerative
colitis [J]. Lancet, 2012, 380(9853): 1606-1619.

SEGAL J P, LEBLANC J F, HART A L. Ulcerative colitis: an
update [J]. Journal of Clinical Medicine, 2021, 21(2): 135-139.
DU L, HA C. Epidemiology and pathogenesis of ulcerative
colitis [J]. Gastroenterology Clinics of North America, 2020,
49(4): 643-654.

VOELKER R. What Is Ulcerative Colitis? [J]. The Journal of the
American Medical Association, 2024, 331(8): 716.

LE BERRE C, HONAP S, PEYRIN-BIROULET L. Ulcerative
colitis [J]. Lancet, 2023, 402(10401): 571-584.

PARANG B, BARRETT CW, WILLIAMS CS. AOM/DSS model
of colitis-associated cancer [J]. Methods in Molecular Biology,
2016, 1422: 297-307.

LIY, ZHANGY, TUOYY, et al. Quinoa protein and its hydrolysate
ameliorated DSS-induced colitis in mice by modulating intestinal
microbiota and inhibiting inflammatory response [J]. International
Journal of Biological Macromolecules, 2023, 253(8): 127588.
ERBEN U, LODDENKEMPER C, DOERFEL K, et al. A guide to
histomorphological evaluation of intestinal inflammation in mouse
models [J]. International Journal of Clinical and Experimental
Pathology, 2014, 7(8): 4557-4576.

MADAN BR, KHANNA NK. Anti-inflammatory activity of
L-tryptophan and DL-tryptophan [J]. Indian Journal of Medical
Research, 1978, 68: 708-713.

HAN S, GAO H, CHEN S, et al. Procyanidin Al alleviates
inflammatory response induced by LPS through NF-xB, MAPK,
and Nrf2/HO-1 Pathways in RAW264.7 cells [J]. Scientific
Reports, 2019, 9(1): 15087.

WANG Y, JI X, YAN M, et al. Protective effect and mechanism
of polysaccharide from Dictyophora indusiata on dextran sodium
sulfate-induced colitis in C57BL/6 mice [J]. International Journal
of Biological Macromolecules, 2019, 140: 973-984.

NEURATH MF. Cytokines in inflammatory bowel disease [J].
Nature Reviews Immunology, 2014, 14(5): 329-342.

NAKASE H, SATO N, MIZUNO N, et al. The influence of
cytokines on the complex pathology of ulcerative colitis [J].
Autoimmunity Reviews, 2022, 21(3): 103017.

MINTON K. Intestinal barrier protection [J]. Nature Reviews
Immunology, 2022, 22(3): 144-145.

BUCKLEY A, TURNER JR. Cell biology of tight junction
barrier regulation and mucosal disease [J]. Cold Spring Harbor
Perspectives in Biology, 2018, 10(1): 29314.

BARMEYER C, FROMM M, SCHULZKE JD, et al. Active
and passive involvement of claudins in the pathophysiology of
intestinal inflammatory diseases [J]. Pflugers Archiv-European
Journal of Physiology, 2017, 469(1): 15-26.

AHMAD R, KUMAR B, THAPA 1, et al. Loss of claudin-3
expression increases colitis risk by promoting Gut Dysbiosis [J].
Gut Microbes, 2023, 15(2): 2282789.

KUO WT, ODENWALD MA, TURNER JR, et al. Tight junction
proteins occludin and ZO-1 as regulators of epithelial proliferation
and survival [J]. Annals of the New York Academy of Sciences,
2022, 1514(1): 21-33.

YANG R, SHAN S, AN N, et al. Polyphenols from foxtail
millet bran ameliorate DSS-induced colitis by remodeling gut
microbiome [J]. Frontiers in Nutrition, 2022, 9: 1030744.




