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Y (pulsed electric field, PEF) & — & 2% K
FE AR (14 A Fi W 30 5 H R H: R 2 i
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[23G31ht /B TgE | th =E /N TgG1 (HRP) F
i — ¥t . Streptavidin (HRP), Abcam 23 A ; /)y R 41
e ELISA A6 I 550 &5 . /s BUIE K 40 i 48 11 i -1
(mMCP-1)ELISA a7 & /N 4 A = 4
(IL-4) 50 & /N 4 AR 10(1L-10) 3050 &
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HAARAF,
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J A BR A A 5 2H U0 S 4 (BNO1860) , ¥ 5 45 52
Bk RA A ME SO L (MICRO
17R),Thermo 2~ &l ; ¥ ¥ T 4 #l (SCIENTZ -
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1.4 RKEH*
14.1 T BUFK D & F IR L SR 5 vk
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1 5 mg/mL ) OVA ¥ E T (37+1)C/K % H il
10 min J5 A 50 mmol/L ) NaOH ¥ ¥ #4775 pH
fH % 10.0, 285 LABG 5 Y 09 LA 1:20 iIn AR
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P I 1 Ut B, e 5 vk xR PBS AR
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AR 7 d g sk 1 /NI ER B FIIRoOK, 7E55 42
RS 7 /N R AR BT o, B2 S 00 20 Y /N BRUGE 2o
6 3 55 0 S0 7 B 500 e B R SRR AT R =
J9%,20 min S5 #EATIR B IR 1L, B F % ED-
TA-K2 WL EERI A EP 4, £ 4 °C'F 5 000 r/min
B30 10 min 758 103 77 T-80 CrkA# H o 425
EAT IR R VR A ORI R 3k R 1, 4 °CF 5 000 1/min
B30 10 min A5 20 | B 5 >R I S00RE B F 3 fifE /)N
B AR AL, /DN BRI LR R A 109 1) HY 1
b R AT A2 B 2R AT
1.4.3 RS 2 B8 Lia S50 O 2 06 4R
A& 2RO 2 /N BRI AR B 43 (T & 2, FESE 1 B
T 20, &4/ RS 6~8 h J5 AR it/ LAY 14
B, SRS /N R T A R A3 Y 1 B e
(B 2, W00 2 A5 2 /DN B AR R PR R UG R E K Y
Frit, B 7 RME 1 /N8 4 LI
TR, LB 2 i R R /M, BT 3
E AR IEZE R
144 WEds RECA M 2 #% Zhao 590 J7 ik
WA A& o o /N BRIk R 8k, BIVNERZE & 12k
Je, TSR A 2 /N AR R RS &2 SR AE . L
/0N BRURAD R | e B A Bl I 37 B SR 45 E 2% T
k25 R BT A A K

JIE 2% ZR B0 (%) =NE#% BTt (g)//IN BRAR T £ (g) x
100 (1)
1.45 IMEBEERNNE B8R Candreva
SIS Ty vk W AR A el i AT R R Dk 3 S, BT ORI
AR bk 9 55 100 L 19 0.5% 11 BP0 8L 1 R
SR e T8 Ao I A O = S R 500 g, 40
min J& WEEE /N BRI % W 09 B T BRE SR
P2 B8 Sun S5 U I 2% 00 2 /N B RE AR TR U
RIS BRI 30 min 2247, 1) /0N BRI
H 51 3.0 mL & 10 mmol/L ) EDTA 1Y PBS & ,
WE AR ZE 60 s Sl i B S, 7E 4 °C'F 600 r/min
B0 5 min J5 B IE R T -80 CrkAR & H . Lig W
H ) AR R R BCA 50 £ 0 A 7= 7 42 i 3 B
FEATIE .
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1.4.6 HIAREEEMWE %M Zhang SFU80) J5 1k
A4S BICI  /0N BRU AR o T T 5 2, RO = i
B H/NEUOIE 3 O H 2R R R IR RS, RN e
B 20 min J5 B 2N ECERIGE 3 OCH % BB Y IR
JE S5 5o i SR /N B R T M8 AR R
PR 20 /) BRI B ST 14

1.4.7  HZBURRE2EGL (e /N BRI ML 0 i 8 43 i)
Je 109 10 H SRS W TR 2, AR Je o8 i1 2 e 1 U
HEAT 2 WAL 3PP A W AT A A 2 8 B
TR JE B — el 4~6 pm, SRJE WD AT
B8 ARG -2 Y48 (hematoxylin—eosin  stain-
ing, H&E)ALFRJS | iF77 20 200 BEAF4 1 ULAR S
1.4.8 ML P4 IgE 1 1gG1 AP 2 I
R S [gE B9 7K PR I E) 42 ELISA 2 #E 174G
T ELRGNTR K A TR) A 37 5 B Ak B A R i 43 )
1 0.05 mol/L Bk FR A 22 il (pH 9.6) FifE = 10
mg/L, $RJ5 [ 96 fL ELISA #iz & fLA 100 pL
MRS T 4 CRE i, BEAFE AL ik 6 FLF47 52
5 5 RS 96 FLAR P RE il I AR 4 B AL PR
WA 250 pL. PBS/0.1% BSA-Tween 20 ¥t %
FRARY 5 min, B IFAETC AR BT, B
ZALNTCH B Ik EE 3 Ik RIEREALINA
150 wL PBS/1%BSA B MW, & 37 CIH I3 246
gt 60 min J5 8] 35 PR ROT RV 3 k. BEFLIN
A 100 L i B 5 9 SO % (1:10,V/V) T 37
CHERFFAHIRT 120 min, Y% 6 ¥, BEFLN
A 100 pL AP R bR ¥ KRt/ IgE (1 :
2 000),37 “CHEHE 60 min, P 6 W, H5 AF1LIN
A 100 nL. HRP Fric EER R AR (1:4000),37 C
¥ F 60 min, WEU 6 W, ARJEEALINA 100 pL
TMB & L J5 T 37 CHEEHEFH T B A 15
min, )R BFLATA 50 WL 1.0 mol/L i R 2 11 #i
ek B R, I TEZE Ak W4 30 min 9 A g R X
W72 £ FLAE 450 nm KN MG R 512 1gG1
BRI 2 . 7 9 5 A S TR T SE B 7 AR L, R )
1) J2 T I3 B 00 7 0T U, B LA 100 L
HRP FRiC I EH/N L 1gG1 3T (1:2000) T 37
CHFH 60 min, PEIK 6 K5 HIZ M A TMB & 57K
HEAT A8 SN
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7 T 0 SO B 9 2 e F mMCP-1 v JiE
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AR AL R UL A E PEF S B AL Ab 3 X
ot RS S 0 i BN B P9 40 R R TL-4,TL-10
FTFN—y BEHOKF- 1 520
1.5 SZiHZESH

s EZR 1Y 4b PR 5 Origin Pro 8.5 (Origin
Lab, USA)%M 4T ; B 40 Aok H SPSS 16 4%
P GE T B i R 3R Ty 22 AT W E M b, B
CFRARMAZ AR EMN 2R (P>0.05)," £R
W20 22 [B) AR AR 35 M 25 % (P>0.01)
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/I BRI A Bt e SRR TR 2 4 B T ST
MR Z—2 & 1b R, 7E 0~21 d BIE/N R4
AL 22 ) MR A B E 22 R, (HUE 28~
42 d Wil OVA 41 1) 4 i £ 5 2 19 [ A%, 10 B 3
S fef /N BRMLAAR S 9%, it HOV A-PP 41 A A Jo 1
TR T AL AAE R, Ui PEF 4 Bh AL &b
P O T OVA 755 14 3k B8R g A /N BROBL A&
TH 93 A T 8, S /) BB AR 31 95 19 ) s 1
SR/ S KA, IWE e~ Te 1T,
OVA 21/ A G 5 A 8 R K B8 AN 25
A0 S I TN B, a0 B s R g A /N BRI A T
98 (1) [ s /N BRI AR B 23 26 T B 3 AR 4k /D
B P 98 ) i AR b ST e, B
Bl I ARG /N BRSO 93 Y 3 S AR I 22
M H H 7K 56 S5 R 5 o D) Bt 5 ) 0% () 34 1 S R B
) 4, i B B 2 LA B o 2 HILAR N 1 pR K
SRR, BOMLAAR 22 B0 2 i R 304 g 7 1 5 a
L NI D RS =Y o S AN =R RN I RN
TERE R R e & AR e A iR
I AR T 5 h ) AR Ak B 5 AR T R i A AR R —
e, L ud B RR R AE X B R R /0N U T B YOG
BN, e A4S 0 IR AL R B AR A A
R 25 5 UL IR TR 235 R S B /) BRUA
B AR AR = Tt R S R 9 5 B PEF H Bh
AL A P58 358 85 /0 B (AR B8 43, 3 T 0 B O i =2
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S D i C AR 500 pg |
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Fig.1 Effects of PEF-assisted AL treatment on body weight and body composition of mice
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B2 it 55X AR, OVA 4L I 22 %5 i
JIE 22 B8R f i R K 0.78% ,0.61% F11 0.18% 4333l
T %] 1.39% ,0.76% 1 0.22% , 3 W i<t 55 s 7 4l
I 8 A e i s B T IR R R, 5 OVA 1A
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I, HOVA 21 1 Jili JIE 22 55 R i i R B0 k4
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W5 Y Jes 5 EDTA VA W 43 59 ASE 1k i
W7 TR 98 T PEF HiB) AL &b B/ UM 5 35
PERIFL I, AP 3a B, X BE 2 AR 7R 4H /0N B
2 AT ) ik A B R 4K T OV A /N B BEAS
A BL R €, B OVA 55 0 3 50 10 il /)
BRI 2 iEm M W, HOVA 197N BRI 2 355
RPN I AL AL EE L3 OVA B S 1T
O N 5 1 HOVA=PP” 20 4 /)N U 3 3 AT B 4 1)
W5 (40 358 B PEF 5l B AL 4b 3 3F — 25 2 3% OVA
V5T 1 B

P PA HIR WO TG 32 1 A 114 1) 7 A [) 20 591 22 [1)
AR 22 5 BT DB T ok Tl A AR Y 11 B K
S-S I A T I A B E M 0 A8k . VIR 3b ]
AL, 5XFRRAA L, OVA 4 A & H KM 679.00
we/mL 5 38 N E] 2 737.96 we/ml, Bil] OVA 7
T 14 2 N /0N BRI I A B 3 R AR 1
i HOVA 41 f1 HOVA-PP” 41 i {1 25 11 i vk
2354 1 983.59,1 779.52 we/mL, ¥ B AL 7K fi# 7]
DRTE N ESun: AR ONIIK=87 $iiyc3: DN
L, 1M PEF 4B AL &b BT DLk — 2238 OVA i
5 1 Ak S e I A B A MR K g el DL
SE L UL PEF ST B AL b B & 25 0k 7 o s
| S 1 I A5 9B i PR BE KAG IR R, S  OVA i 31
1 B

L5535 37 PR3 R 5| S 1 9 9 S5 g R T B2
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K 3¢ BT, &5 5 2% BH 6 R 4 0 /)N R A T A R ofl 3
Hi A %A B35 172840, Alum 21/ BUR IR IR ROk A
WS SRR AR A R 3 [ ST AT BB E R,
OVA 21 .HOVA 41 #1 HOVA-PP” 41/ iR i HLIAK 1Y
T ) R R 1.87,1.25 CH10.92 °C, Shi Z5P1%:
B OVA 755 1Y 2 s 7 nT DA 35 AR/ B B
iR R, >4 10 R 2 A B I 0N B ek SR IR A
S ekt LR T R AN, DL 25 AR
T O N 23 5 LA TR BE A, LR B AR i
5 B v AR BEIEAR DG, i PEF i B AL b3
B3 MR B OVA 75 5 19 3 50U R 5 1R 1 BILAA
TEEEFEARI IS, Ui PEF 4B AL 4bF B 251
KT OVA i S R B s
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Fig.3 Effect of PEF-assisted AL treatment on vascular permeability and temperature in mice
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IGO0l 35 1% 2 2 B 2, DAL da HTAT,
Xof 2L R4 700 A RELIDE o B2 D) TR S IE R, R
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CLEE R A R EHZ WIS, IR A D 5
RAEIRAE L JE HOVA 4 I ik B 45 14 A= 122 4
(P B RS, DA AL Kb B e R S
i B R R I 2 BRI HOV A —PP 21 0 6 28
UM NS E BT A R IS B 25 2 < B i wPLO)
WA, 60 PEF %5 B AL kb gE— 25038 OVA i
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it 58 20 4 11 A8 R S 2o SRR B 1 ) — AN

FRIFERRE, P 4b A X IR 4R 7 2H R OE R il
LU TEZS T OVA 2R 1 Il 340 2 2 1 30 72 o )
YRR I8 S A N R b R 3 A il
™ E 1) 70 I G [R) B i g ) o R | 21 21 4
R BN JEAR A R 1 HOVA 21 fili i 1]
I 98V 1 G A 30 B S A s, (LR M 94 ) B T
DAL ZE S W] 5 1) R AEAE AR, 1R W] AL Ab 3 i 3 ek
3 OVA IS A 8% Y, HOVA-PP” 41 fifi R 41 41
PR BNk — 25 1 0 iy 25 4 AR A5 T e 4 il ]
B 11 8 i E DR A5 B I8 25 A Bl S8 i 0 20 £ B
Y)R EE UL PEF 5B AL 4b Bk — 45 ok 3%
OVA 5 51 i fUR 0
25 PEF #B8h AL Bt I8 R 54 24 IgE
M 1gG1 & EKFEHF T

B Bh A A v R BT R T R eh 22 el
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Fig.4 Effect of PEF-assisted AL treatment on spleen histopathology (a) and lung histopathology (b) in mice
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Fig.5 Effect of PEF-assisted AL treatment on the binding levels of allergens to specific Igk (a) and specific IgG1(b)
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Effect of Pulsed Electric Field—Assisted Alcalase Treatment on Sensitization of Ovalbumin

Li Yinli'"?, Ding Jie'"?, Dong Liu'?, Sun Na'?, Lin Songyi'?
('National Engineering Research Center of Seafood, School of Food Science and Technology,
Dadlian Polytechnic University, Dalian 116034, Liaoning
’Engineering Research Center of Food of Liaoning Province, Engineering Research Center of Special Dietary Food
of Liaoning Province, Dalian 116034, Liaoning)

Abstract Ovalbumin (OVA) is one of the main allergens that cause egg allergy, and pulsed electric field (PEF) is an
emerging non-—thermal physical processing technology that has an ameliorative effect on OVA-induced allergic reactions.
Based on the BALB/c mouse model, the effects of PEF-assisted alcalase (AL) treatment on OVA-induced allergic reac-
tions were systematically evaluated by body weight, body composition, allergy symptoms, histopathology, antibody levels,
and inflammatory mediators release levels. The results showed that PEF-assisted AL treatment ameliorated the body com-
position changes caused by OVA-induced allergic reactions by improving body weight, lean content and free water con-
tent in mice. The results of clinical symptoms showed that PEF-assisted AL treatment improved the problems of hypertro-
phy and increased vascular permeability caused by allergic reactions, and significantly improved the problems of body
temperature drop caused by allergic reactions. The histopathological results showed that PEF-assisted AL treatment signifi-
cantly improved the inflammatory infiltration of spleen and lung, and made their morphology more similar to that of the
control group. Serological results showed that, compared with OVA group, the binding levels of specific Igkk and IgGl in
HOVA-PP” group were decreased by 68.87% and 31.20%, respectively, indicating that PEF-assisted AL treatment sig-
nificantly reduced the binding levels of allergens and specific antibodies. In addition, PEF-assisted AL treatment signifi-
cantly reduced the concentration of histamine and mouse mast cell protease—1 (mMCP-1) to 51.97 ng/ml. and 51.97 pg/
ml, regulated the release of IL-4 and IFN—y, and promoted the balance between Thl and Th2-type cells, thereby im-
proving OVA-induced allergic reactions.

Keywords ovalbumin; pulsed electric field; alcalase; animal model; allergic reactions



