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BALB/c /INEL 32 H ., db a4 38 1|48 52 50 2h ) H2 R
HRAF (FAHES; SCXK (51)2021-0011)42
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S LA T A (HEIE ST Aw90302202 -4~
5),

INZE Ry, Tk BH A 25 TR IR AT BN A
JE R A T TR R BE S R — 5 IE O ke, AT
a2 Gl 97% , 7 s A AR A BR 28 A 7
AR H G B i KR i R AR,
KRIFFEEDPHARA A BIT 180 ) 1 &
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JA PBS 28 81 (0.01 mol/L,pH 7.4) 121 12~24
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MM ZH7E 0~4 d #EH 0.2 mL PBS; %3 11 1 18
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Fig.1 Animal experimentation strategy
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/AL, EALINA 150 pL £ 1% (1% BSA/PBS),
FE3TCFHM 1 h 5, V3K, DAL 1:10
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Xof 7N B T 3 R B R RO A RAE R R
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Fig.3 Body weight change of young mice
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Fig.6  Specific antibody level in the serum of young mice
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Fig.7 Cytokine level in the spleen of young mice

2.5 INEZKFBEKIT IFN-y i B9 %20

Th1 20 B o] DLREAE P H 0 30 TFN—y HT 1L-2
S5 M R TS S I AN S AR, A S O
N, 7R TgGo P ik & B EL UESE PWHP il b 2
X Th2 B i A HAAGIER, # k& T Thl/
Th2 A 73 HOR 75 25 R Th 8507 LR 7 AL
TR B T4

MJ PWHP



242 hoE

= 4 2024 455 8

AW LIS MM 4 A1t , PWHP K /2 7k
fiffe R A 3L B AR P B2 AR B v 00T AR S 1 TG, KR
(I 8) , HIHAKIH W A% T CK HKF, B, /N
2 K IR AT A 3 R s LR R TFN—y 7K (]
9), PWHP 415 MM 4Ll % 2 %, £ PWHP
TARFEXT Th1 %Y 52 3 i b IF A B

EAF I R RS IS S MM 410
Th1 40§ TFN—y KR AR F CK 41, 881,
BT ARG R, BL08 T IR 4N 2 W IFN—y
5 Th2 BIA0 R 7 L W AE T dE R 20 U8 B
BRI 9 i S RS AT, 55— TIURIE 5T B ity v A
TEHEA Y Th2 B 520 7% 19 [ i) A A Th #
PG, AR AR 9 T /N 2 as SRS TR 2 B g 1Y)
HAWRE LW LA ,PWHP X T Thl
VAN R S R I (2 B N R AR AN
JEAT DAAE #E TFN—y 4336, F 3 Th1 BN
2.6 PWHP 5/\Z& ki Bk 3 629 F 13 B %2 i

IEH AR BL T ,Thl 5 Th2 8 5 W Ab T 3
RSP X AT E /N 2 o R AR N S AT
W, Sy 22 0] Th2 Y WA B8 . ARBF 5T L 1L-4
(Th2 R MR P 5 ) 55 IFN—y (Th1 74 370 24 Jfg
) I LA R AE Th2 5 Th B 4 F 4, 2528 &
/N, PWHP 5 /N22 7K fig B35 AT L) G 25 B AIG LE 4B, B
P ] G928 1 255 1] Th2 YR W A A% o Ji N &5 SR TR B
it — 26 55 2E B P BOVE 3 Th2 &
] Thl 5K Treg S5z Jij e AF 1041
2.7 INEIKFBEKIT N E T E MR

CK 41/ A o0 B ML H K HESTH 55, ik
S T, I A e AR T MM 4 BRLZS
A ERZ W, BBk, M) A/ mdH R
5% MM A W oGE R T = s E
SR SEEE SR, NSRBI AT LA ) PWHP 11
TRy E S B g e T REHE M ERK
FE R R ANIE R . 1% & B R T PWHP /A2
IK St JIR T LA R0k S DR/ 22 ok s | Y 980 B
24 B AR, Horp PWHP B BB %R A%

3 Hig

AT 5T M o 4t 2B S /N ZEOK R IR &, K
4 A A — € R B AT LADR [R] /N 22 K A K T3 Bl
24 R /N A2 o 8, HL 55 70N A2 oK Uk S Ak I A

0.6~

S L

.
0.4 .
.

0.3

IgGa, 7K (ODasonn)
1gG,, level (ODiyspu)
.
.

0.2 1 1 1 1
CK MM M PWHP

T 528 LR * 25 5 W35 (P<0.05) 5. 22 5l i 3 (P<
0.01); 5/NE R (i dl g 4 25 0% (P<0.05) #4. %
SR 2 (P<0.01),

B8 /MRMiFRFRME I9G,, K F

Fig.8 Specific IgG,, level in the serum of young mice

i
4o

Content/ (pg/mg )

CK MM MJ PWHP
WS AL 25 835 (P<0.05) % 270 3% (P<
0.01); 5/NE & A U LA #2257 1835 (P<0.05) ##. 22
S 3 (P<0.01)
B9 /NERBEAE IFN—y 7k F
Fig.9 IFN—y level in the spleen of young mice

0.25

0.20

e
=
n

e
et
=

Th2/Th1 (IL-4/TFN—y)

0.05

0.00

CK MM MJ PWHP

OS2 AL *. 225 B (P<0.05) 5%+, 225 M B3 (P<
0.01); 5/NETHE Al i 2H B #0285 38 (P<0.05) s ##. %
SRR (P<0.01) .

B 10 /NR Th2 5 Thi1 £
Fig.10 Balance of young mice between Th2 and Thl



24 % H8M

AR R D Z KRR TR 40 R A A 243

?'@W@'@gg‘ "
(4

I

(c)MJ 41 (d)PWHP 41
B hREEREUR

Stained sections of jejunum of young mice

Fig.11

BLHAS ] o A /N 22 i fealy BRORE R R B, /N 22 7K i
JRRT LA Fi o B 28 4 B AR R, LR Th 252 B ek A
PRI R S SRR AR, O AL U AT T A B 2
BlEZLAT TR (RO FE 12 1) B9 TR & 1 05 RE ke 5 11 1
B2 45, B R M ] Th2/Thi Thi o ABESE
TEW] T 4 2F TR B R /N KA IR L /N A2 oK figg ik mT
TE4) AR N A FE N 32, T 4h
B /INAE R B, X O B SO i A 2 4l LSS 5 0
By B QBT R AR 1 T BRI AKAE , uo g A T oK
fife JORAE T 577 B8 360 B W e S o P R AL R
R o EAb , HE— 2P BRI A5 AR B RO AR IO R
JO7 HR A% A 5 3 (SR AR AR ) R AT
KB R HG U LT R R AR TR T

2 % x #

(1] EBIE, F, Ho#, S /b gUR B8 AR
et ). BACHR Tolk, 2021, 35(3): 36-39.
WANG G Z, ZHOU Y, LU Y L, et al. Research
progress of wheat allergen desensitization technology
[Jl. Modern Flour Milling Industry, 2021, 35(3):
36-39.

[2] JOAN H, CORINNE A. Epidemiology of food aller-
gy[J]. of North
America, 2018, 38(1): 13-25.

Immunology and Allergy Clinics

3]

(6]

(9]

[10]

AR . L o ot A Y B TR ).l R LR A
&, 2012, 30(4): 398-400.

SHAO J. Early prevention of allergic diseases in
children[J]. Journal of Clinical Pediatrics, 2012, 30
(4): 398-400.

SICHERER S, MORROW E, SAMPSON H. Dose—
response in double —blind, placebo —controlled oral
food challenges in children with atopic dermatitis[J].
The Journal of Allergy and Clinical Immunology,
2000, 105(3): 582-586.

EWePH, XS, JLH/NZ R BT] AR IR R S s A
AN A, 2021, 15(3): 338-342.

WANG X Y, LIU C H. Wheat allergy in children
[J]. Chinese Journal of Allergy & Clinical Immunolo-
gy, 2021, 15(3): 338-342.

EWeRT, XfEa, wME, 4 L/ E 821 4]
I PR AR AE 53 AT ()], b AR 92 LA R 2% s, 2021,
36(17): 1316-1319.

WANG X Y, LIU C H, SHAO M J, et al. Clinical
features of 21 children with wheat allergy|J]. Chinese
Journal of Applied Clinical Pediatrics, 2021, 36
(17): 1316-1319.

SCHERF K, BROCKOW K, BIEDERMANN T, et
al. Wheat - dependent exercise -
[J]. Clinical & Experimental Allergy, 2016, 46(1):
10-20.

ATWERE, WESC, Rfim. BW I B A A Y TR
Aia I A RD). W5 W E 3R, 2007, 14(5):
305-308, 312.

YU X H, YAO W, ZHU W Y. Food allergy and

the role of probiotics in its prevention and treatment

induced anaphylaxis

[J]. Parenteral & Enteral Nutrition, 2007, 14 (5):
305-308, 312.
SUPINDA B, NAN S, ALEXANDER G, et al

Early-life gut microbiome composition and milk al-
lergy resolution[]J]. The Journal of Allergy and Clini-
cal Immunology, 2016, 138(4). 1122-1130.

SHAH M, SAIO M, YAMASHITA H, et al. Lacio-
bacillus acidophilus strain 1L.—92 induces CD4*CD25*
Foxp3 * regulatory T cells and suppresses allergic

contact dermatitis [J]. Biological & Pharmaceutical

Bulletin, 2012, 35(4): 612-616

EEA, E Mg, WE, A R0 IR R R bk
LR12 Fl LR76 (40 E AL MR 5[], & anBlha=, 2009,
30(19); 177-180

WANG Y H, WANG L M, FENG Y, et al. An-



244 OE A IR 2024 4E55 8 1]
tioxidant activity of Lacbacillus rhamnosus LR12 and 72. 1435-1440.

LR76[J]. Food Science, 2009, 30(19). 177-180. [20] SON Y, KOOK S, LEE J. Glycoproteins and

[12] FRINFIE 9 TR ARA R A w). — M HA U5 % polysaccharides are the main class of active con-
Wi AE B R R WA AW & W&k stituents required for lymphocyte stimulation and
CN202010533522.3[P]. 2020-11-27. antigen—specific immune response induction by tradi-
Zhengzhou H&H Bioengineering Co., Ltd. A probi- tional medicinal herbal plants[J]. Journal of Medici-
otic composition with improved asthma effect and its nal Food, 2017, 20(10). 1011-1021.
preparation method: CN202010533522.3 [P]. 2020 - [21] LAFRENTZ B, SHOEMAKER C, BOOTH N, et al.
11-27. Spleen index and mannose —-binding lectin levels in

[13] 522, Fapfe, ZPhfn, 5. KM E a7 U four channel catfish families exhibiting different sus-
58U 8 K Wi ). P EL S Tk, 2017, ceptibilities to flavobacterium columnare and FEd-
45(1): 25-28. wardsiella ictaluri [J]. Journal of Aquatic Animal
HAN X L, YU J H, JIANG Z H, et al. Hy- Health, 2012, 24(3). 141-147.
drolyzed protein formula and infant allergy and in- [22] X%, BREKT, BB E, 5. 1R 280 55 8k ot
testinal health[J]. China Dairy Industry, 2017, 45 ¥ 75 5 1) T A PR X A g ) Y 9 S AR ], b
(1): 25-28. K, 2022, 44(5): 55-62.

[14] WATANABE J, TANABE S, WATANABE M, et LIU M L, CHEN J X, CHEN J L, et al. Antago-
al. The production of hypoallergenic wheat flour and nism of Atractylodes macrocephala polysaccharide on
the analysis of its allergy suppressive effects[J]. Bio- immunosuppression caused by cyclophosphamide in
factors, 2004, 22(1/2/3/4). 295-297. Nanhai yellow chicken[]J]. China Poultry, 2022, 44

[15] MATSUO H, KOHNO K, NITHARA H, et al. Spe- (5): 55-62.
cific IgE determination to epitope peptides of [23] AW, R, K, & g H/NE B3
omega—5 gliadin and high molecular weight glutenin Rk R I AIE ST BE [T, B S AR R,
subunit is a useful tool for diagnosis of wheat—de- 2021, 40(8). 1-8.
pendent exercise—induced anaphylaxis[]J]. The Journal YUAN J L, WU S S, ZHANG R R, et al. Re-
of Immunology: Official Journal of the American search progress on wheat —dependent exercise —in-
Association of Immunologists, 2005, 175 (12): duced anaphylaxis[J]. Journal of Food Science and
8116-8122. Biotechnology, 2021, 40(8). 1-8.

[16] BOUKID F, PRANDI B, SFORZA S, et al. Under- [24] ®FAZR, DEEZE, RIWF, % KRG/ BEEHEAE
standing the effects of genotype, growing year, and P i 7K S SR T /0N B % ) 1 Bt AR AR RE S i RZ i (],
breeding on tunisian durum wheat allergenicity. 1. B SEYE RS, 2021, 40(8): 1-8.

The baker’s asthma case[J]. Journal of Agricultural ZENG S R, PANG Y T, KE Y, et al. Effects of
and Food Chemistry, 2017, 65(28): 5831-5836. soybean peptides from soybean protein isolate hy-

[17] IKEZAWA Z, TSUBAKI K, YOKOTA S. Effect of drolyzed by recombinant Aspergillus sojae Alkaline
hypoallergenic wheat (HAW-A1) on atopic dermati- protease on immune function and antioxidation in
tis (AD) with wheat allergy, and its antigenic anal- mice[]J]. Journal of Food Science and Biotechnology,
ysis using sera from patients with AD[J]. Arerugi, 2021, 40(8): 1-8.

1994, 43(6): 679-688. [25] R, £EW, &R, % W EE S5 E

[18] JAMES J M, SIXBEY J P, HELM R M, et al X PR X A KT B R e T RE S M J]. 7O b AR AR
Wheat alpha —amylase inhibitor: A second route of R (A REI AR, 2022, 50(4): 8-16.
allergic sensitization[J]. The Journal of Allergy and WU Y, CUL' Y M, QIAO X J, et al. Effects of
Clinical Immunology, 1997, 99(2): 239-244. compound probiotics from distiller’s grains on growth

[19] LIU J, CHEN X, YUE C J, et al. Effect of se- performance and immune function of broilers [J].
lenylation modification on immune—enhancing activity Journal of Northwest A&F University (Natural Sci
of Atractylodes macrocephala polysaccharide[]]. Inter- ence Edition), 2022, 50(4). 8-16.
national Journal of Biological Macromolecules, 2015, [26] BERERNG, IhEROF, BRPR, SE. AR S A A



5524 4 A5 8 W

T R K AR TR B 40 R0 K A

245

[27]

28]

[29]

[30]

[31]

(32]

[33]

X AR AR A S D RE B 52 R [J]. ARDREE T, 2021,
42(4): 9-14.
CHEN J Y, SUN D F, XU D,

three alternatives on growth performance and im-

et al. Effects of
mune function of broilers[J]. Feed Industry, 2021,
42(4): 9-14.

e, P, R BRI E R9639 X/
B 6 98 Ty e 1 52 Wi K AL RIS, A R A T e
M2F4z, 2021, 12(24): 9461-9466.

NIE Y L, JIAO Y, WU X X.

bacillus rhamnosus R9639 on immune function in

Effects of Lacto-

mice and its mechanism[J]. Journal of Food Safety
and Quality, 2021, 12(24): 9461-9466.

ERE, XM, TR, . RSB E I R
AN BB A A TR O B i B RE O S (] B R,
2022, 47(5): 13-20.

WANG Y T, LIU Q, GUO Z C, et al. Effects of
Bifidobacterium  double
levels and intestinal flora of mice[J]. Food Science
and Technology, 2022, 47(5). 13-20.
NELMS K, KEEGAN A, ZAMORANO ],

The IL-4 receptor: Signaling mechanisms and bio-

preparation on antioxidant

et al.

logic functions [J]. Annual Review of Immunology,
1999, 17(17). 701-738.

GRAVERSEN K, BALLEGAARD A, KRAEMER L,
et al. Cow’s milk allergy prevention and treatment
by heat—treated whey — A study in brown norway
rats[J]. Clinical and Experimental Allergy: Journal of
the British Society for Allergy and Clinical Im-
munology, 2020, 50(6): 708-721.
CALDWELL J, COLLINS M, STUCKE E,

Histologic eosinophilic gastritis is a systemic disorder

et al.

associated with blood and extragastric eosinophilia,
Th2 immunity, and a unique gastric transcriptome[]J].
The Journal of Allergy and Clinical Immunology,
2014, 134(5): 1114-1124.

MALEFYT R, FIGDOR C, HUIJBENS R,
Effects of IL-13 on phenotype, cytokine production,

et al.

and cytotoxic function of human monocytes. Compar-
ison with IL-4 and modulation by IFN-gamma or
IL-10[J]. The Journal of Immunology, 1993, 151
(11): 6370-6381.

KAAM, FBMIT, EH, L ST E XY
/0N B T8 B 15 ) 158 M2 Th1/Th2 20 s 5 1 52 7]
A N2, 2009, 17(11): 1091-1097.

[35]

[36]

[37]

[38]

(391

[40]

ZHANG L L, ZHENG P Y, WANG X T, et al
Influence of Bifidobacterium on gut barrier function
and Th1/Th2 cytokine in food allergic mice[J]. World
Chinese Journal of Digestology, 2009, 17 (11):
1091-1097.

B le. B L RUBAT VAT 4 1k 4y 5 Ak G 4 ) B 1 2R
R U B RD]. MA . B AR, 2016.
LUO Y. The exploration of superoxide dismutase
from Bifidobacterium infantis inhibition of ovalbu-
min—induced allergy [D]. Nanchang: Nanchang Uni-
versity, 2016.

EREN, R SCE, B E M AR e g LA
JAl 1L miR—-138 K RUNX3 *F Th1/Th2 - i) 4 15 {F
L R E AR S, 2021, 23(10): 1044
1049.

WANG Z G, SHEN G Q, HUANG Y H. Regulato-
ry effects of miR—138 and RUNX3 on Th1/Th2 bal-
ance in peripheral blood of children with cough
variant asthmalJ]. Chinese Journal of Contemporary
Pediatrics, 2021, 23(10): 1044-1049.

SAEED N, SEDIGHEH Z, AKRAM A, et al. Mea-
suring of IgG2c isotype instead of IgG2a in immu-
nized C57BL/6 mice with plasmodium vivax TRAP
as a subunit vaccine candidate in order to correct
interpretation of Thl versus Th2 immune responselJ].
Experimental Parasitology, 2020, 216: 107944.
PONCETTE L, BLUHM J, BLANKENSTEIN T. The
role of CD4 T cells in rejection of solid tumors[J].
Current Opinion in Immunology, 2022, 74:. 18-24.
CHO S, STANCIU L, HOLGATE S,

creased interleukin—4, interleukin-5, and interferon—

et al. In-

gamma in airway CD4* and CD8" T cells in atopic
asthmalJ]. American Journal of Respiratory and Crit-
ical Care Medicine, 2005, 171(3): 224-230.
BONIFACE S, KOSCHER V, MAMESSIER E, et
al. Assessment of T lymphocyte cytokine production
in induced sputum from asthmatics: A flow cytome-
try study[J]. Clinical & Experimental Allergy, 2003,
33(9): 1238-1243.

SCHADE R P, VAN IEPEREN-VAN D A, VAN
REIJSEN F C, et al. Differences in antigen—specific
T —cell responses between infants with atopic der-
matitis with and without cow’s milk allergy: Rele-
vance of TH2 cytokines[J]. J Allergy Clin Immunol,
2000, 106(6): 1155-1162.



246 E N W 2024 445 8 41

[41] SHIN H S, EOM J E, SHIN D U, et al. Preven- induced food allergy model[J]. J Microbiol Biotech-
tive effects of a probiotic mixture in an ovalbumin— nol, 2018, 28(1): 65-76.

The Prevention of Wheat Allergy in Young Mice by Probiotics Combined with Wheat
Hydrolyzed Peptides

Zeng Binghui, Liu Yujia, Du Hang, Li Boya, Che Huilian®
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083)

Abstract In order to compare the preventive effects of wheat hydrolyzed peptide as well as probiotics and their mixtures
on wheat allergy in young mice, and to assess whether there is a synergistic effect between probiotics and wheat hy-
drolyzed peptide, a wheat allergy model was established by observing the body mass, rectal temperature, visceral index,
and jejunum pathological sections of the young mice, and detecting the levels of their serum-specific immunoglobulin E
(Igk) and specific immunoglobulin G, (IgG,), specific immunoglobulin G,, (IgG,,) levels, and their spleen cytokine in-
terleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 13 (IL-13), and gamma-interferon (IFN—v) levels were deter-
mined. The results showed that early digestive intake of wheat hydrolyzed peptides significantly increased the thymus in-
dex and spleen index of young rats; significantly decreased the serum specific IgE level and specific IgG, level (P<0.01);
significantly decreased the spleen IL—4 level (P <0.05) and IL-13 level (P < 0.01); significantly increased the spleen
[FN—y level (P<0.01); and significantly rebounded the rectal temperature of young rats (P<0.01); significantly rebound
rectal temperature in young rats (P<0.01). Early digestive tract intake of probiotics and wheat hydrolyzed peptide mixture
significantly inhibited the shifting of helper T-cell 2 (Th2) type response, with significant reduction of IL-5 level and
Th2/Th1 ratio; and had a significant effect on the alleviation of jejunal pathology, such as jejunal villus breakage, shal-
low depth of crypt, and low height of villi. In conclusion, the synergistic wheat hydrolyzed peptide and probiotic wheat
hydrolyzed peptide mixture has the potential to prevent wheat allergy in young mice, and it is expected to be used in
the development of formulas for special medical purposes to prevent wheat allergy in infants and young children.

Keywords wheat allergy; probiotics; young mice; allergy prevention; hydrolyzed peptides



