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Abstract

This study investigated the effect of deep frying soybean oil on anti-choleratoxin (CT) IgA
immune response in mice. Five-week-old female C57BL/6J mice were fed C (7% fresh oil), CO
(7% deep frying ail), HC (15% fresh oil) and HO (15% deep frying oil) diet for 4 weeks. Mice
were orally given 5ug CT or vehicle solution on day 7 and 21 of the feeding period. The anti-CT
IgA levels were significantly reduced in intestinal washes and fecal pelletsin mice fed diet
containing deep frying oil regardless of dietary oil level. In particular, the higher the level of
dietary deep frying ail, the larger the level of inhibition effects were observed. By contrast, the
dietary fresh oil level exerted no effect on anti-CT IgA immune response except fecal example.
The fecal total IgA concentration was also decreased in deep frying oil group mice. Although the
serum anti-CT IgA concentration was decreased in HO group mice when compared to the C
group mice but serum total IgA was increased in the mice fed deep frying oil. Taken together, the
results suggest that deep frying oil has an inhibitory effect on gut specific humoral immune
response.

Keywords: IgA, deep frying oil, gut immunity, choleratoxin, mice

N

GHFPRERR RTINS gF L kB F O CRE AR RCES R
4 247 %% v &+ hydroperoxides, £ S Az v g o+ B~k S B S R E 1V 4
%> 23 44 cyclicmonomer ~ dimer f= trimer d;mp#ﬂ EME ARG E o Har -‘[5"’ it
A At BRG,7) 0 BEIRE G Fp 2t fE # 4P B mﬁi—”"ﬁ 5o UF R
z_ip B #F3 #rd > o Enioutinaet a. (5) &2 47 £ mﬂ‘;n*n Wi FXIAF A xﬂob;(p.2391) » 2
408 %2 ] BAkH e dehydroepiandrosterone sulfate (DHEA): &L @ b WY-14,643
([4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio] acetic acid) > A ™ /L & Hib-DT # & # 12
1,25(0H) D3 1% EA] » #i 3 v 5 Sptfodbib b 2 B 1 F 5 2-3 & o DHEA - WY-14,643
¥ & peroxisome prollferator actlvated receptor (PPAR ¢ ) eraiis it F| o k22X ¥ — K 3F 2 % T4
,J v WY-14,643 #f-] & e anti- DMOG'3,355 |gG Rk }%ﬁ Fra]iE (3) v e gt f';;‘i 2]
WY-14,643 #| & &_Enioutina et a. 12.64 % (0.66mg/day/mouse v.s. 0.25mg/day/mouse) - ¢
flEm o RS PPARa sbiﬂgﬁc FEFE BREET PPARaRIFrHILEE o Fibs 5
F PPARa R (2 Fd ALF £ 7 DHEA fr WY-14643 s i » ¥ A S Mg L& &
s H_E 7 FY AL P o

- ~FFL BN
;?5: H P SRR R Y LA L P 1 75’—? # (CT)ie & 2L
G5 % MR BeR2 ] RA 2 anti-CTIgA 54pth bR LA A
fix‘ %“

2



3~é%#ﬁ

Oarada & 4 2 methyl linoleate hydroperoxides (MLHP) % lipid hydroperoxides -3¢ i&
(THN oo eRy o N PRE A R B PR MLHP > 599 2R3~ 1195(10, 11) ~ 99 9t
%2 DNA & = "% 1*&(13) R E e o REP R0 (12) o B8Ry B IR MLPH 4] B
%% lymphoblasts DNA & = (15) ~ %58 p 2R 8 £ ‘w2 HHE o % cha BE 1 (16) e £ 4§
polymorphonuclear leukocytes 1% v it #* (14) - Oarada % % #78 4 - (32 EF lipid
hydroperoxides ¥t ¢ % % kuen? 282588 > e §_hydroperoxide # % % » % % ’.%M\ﬁ’* s MF P
ZEAF oA 2N IL§6'1773£$E“(1) r':c Fib 3L F MLPH $ & % & SLea i 7 %’::}ELF °
BN F B E R M H AR 2 o 4 R 1500 i 4 63 R B2
ﬁai‘ﬁrﬁf*% Ilpopolysaccharlde T B . m’t?ﬁa#ita% v(8) o /] B4 12 15%"F 4 18 iF » I 3%
% 3 14 % 4c 16 F "Eypii & ovalbumin s Th2 4p if 4% 2 H P fow L Ap M ehle e e 3

4o (9)

T~ R R
1 YFw 2 W#
T 2 WHE AR Chao(2)2. 7% o - F 2B MY ML BT E S L BR
KEE=2 2%%coiﬁ%ﬁiﬁ»—%f%’ﬁkifiﬁﬁm’4ﬂﬁr61%é
XA Er R AR 0 RFR 24 F e i 2 KT g 0 200 R 0 P

#iﬁa'@l’# o

2. % &R
5 ik rwpft CE7BL/6 | RAEHA 5 4% > 5 & 14~15 § éau 5 T%dr 15%:nst
BF B 0 2 AIN-03G 4L o F s £ fr R - X & 28 % o b §

[ o 4% 4375 o 12 CORES | B » P g {5 > 12 COy 8 J~ & f,? MRV T
fe bR E

3. Choleratoxin # % i 42
Choleratoxic (CT) e % i 428 245 Elson and Ealding (4)¢h= 2 - 4% 32 % 7 X v
%21 pEa e L] S04 F Akt 58 %2 0.0mL § 5ug CT 70.2M NaHCO3 7% i » ¥ —
2] B¢ A& 0.1mL 0.2M NaHCOs 7% i 1% % negative control ‘e -

4, A7
QB FF2
‘%5 % 2 12 7 protease inhibitor cocktail 2. ice cold phosphate-buffered saline
(OOlM pH7.4):% 1) » 2 7% 4 4°C T 10000rpm o 10~ 48 0 o B RiR o b
it fon R AR 80C

Q% T I ehill i
¥ QL ;ig"aJ#%éfﬁ;‘a‘ g -200C o K B /\;;{g.uig » & 7% 1 4 » 20mL PBS>
R TEE 304 o K HTie 0 vortex & )a 5 20 ) 0 3+ 4°C &= (9,700x Q)
10 » 45 o uu/ﬁxﬁ be » PBSiF2 % %8 B} ok T AL 10mlo P73 30-20C o

(B) & 1gA JE & cip] 2
96-well flat-bottom plate 2 affinity—purified goat anti-mouse IgA ( « -chain specific,
1. g/well in100 ¢ | PBS » Sigma Chemical Co., St. Louis, Missouri) . 4°C coating i & °
Plate 12 PBS 7 0.05% Tween 20 (washing buffer);& = =z {¢ » 12 blocking buffer (0.5%
gelatin in PBS) & 37°C blocking — -] F& -tk 512 PBS i § #Fff 16 > P~ 100 | 4e »
well % 37°CF & 90 4 4 - 3% % 2 washing buffer 727 =t » # - B well 4c » 100 ¢ |

3



peroxidase-conjugated goat anti-mouse IgA ( a -chain specific, Sigma Chemical Co.)’ & 37
CF B&- | P > washing buffer ¢ 7 == » % — B wel £ 4~ 100 L 2
3,3’,5,5’-tetramethylbenzidine tablets (0.1mg/ml, Sigma Chemical Co.){= 0.017 ;1 H20,
(35%) e77 phosphate—citrate buffer (0.05M, pH=5.0)  J& 10 » 4& - & 14 50 11 2N HySO4
b ot 450nm 3§ peroxidase s 4+ ik & - 14 mouse myeloma IgA (clone: TEPC 15, Sigma
Chemical Co.) iT{& & & 4 o

(3) Specific anti-choleratoxin IgA B Z_

1% F Sy K T s i specificanti-CT IgA £ 4, IgA Jk & #ip] <4p 12 - 96-well
flat-bottom plate 4 » 7 100 | CT (51 g/mL)=7 0.1 M carbonate buffer, pH 9.6 - >t 4
C# % i & {3 » 11 washing buffer e = =t » £ 4c » blocking buffer» 37°C# % - /] P¥ -
#F 4 washing solution #% = =t » 4e > 100 L 53¢ § PRtk & 30 37CF s 90
A4 - 2 washing buffer 237 =8 » e 2§ % #1% ¢ peroxidase conjugated goat
anti-mouse IgA (a -chain specific) - Peroxidase & 1+ (ip| & 4o it o * /| & IgA T4
B A E RS S anti-CT IgA sk B -

5.2k
F By 1 SAS SR iR AL A 47 o Bicdp 1 threeway ANOVA 4 4718 0 1o
Duncan’s Multiple Range test 43 1} & o2 Fehig ¥ 2 £ (P<0.05) - i i anti-CT-IgA v
BIgA R R %% L 2¥ i A 2 #dy 0 12 Wilcoxon 2-sampletest i3t A 41 o

R polide

; S J Bl %% Jgé‘vg——frép,f %B’\-E‘ g._rsgirz\— o 4 nqﬂ,,?fr}f ~»\o‘§f’€‘ 7 g,fglj_" X 75
58 15% P h g e (HO) | B % M & & E S0 15%FTHE b L e (HC) | B o b #q 7 £ ¥4
a‘ii%B’»—%Lf! B L BT o & A ] B(HC, HO)iéni %Bkﬂ&;lﬁ P
i 8(C, O) - ’??4' -1(e) HO) PR el g0 anti- CT-IgA:}m%ﬁé‘ i ¥

£ &
3 27 b ] B(C, HC) o giéﬁrs Frilck §RF(F0.L2) &3 2] ](O,
s 7 0 anti-CT-IgA ,};;)fw%% S o) R(C) Ry B E A M R |9A kR
kg % 3 40 (Fig. 3) »

oGS T TN HY ati-CT-IgA £ 5 F G $rdl it o wmbe ek ¥ £ 7% P07
TE2AS LS ’»/ o E EEd B 29‘3”1% G e L ju,?m”é’,;r% m B2 ?W};’”’?Z LA F T TR
— B e T - S 6 e;’%fﬁp FiZF PPAR@EN 4 (2) 0 4 F Vil 5 i
RiE i PPARQ @ & & e el LR F s -

A v &Kpir

iiﬂigiéﬁjﬁ* FARBRFEME o B R BT }’#”";l'L AR LB F enith o
A ﬁ%°”ﬁﬁ%ﬁfﬂu\f%w%@” B R EER R AT
R LB g Frdlivr > S50 & FMPIF L -

References

1.Chang, S., Peterson, R.J. and Ho, C-T. (1978) Chemical reactionsinvolved in the deep-fat
frying of foods. J. Amer. Oil. Chem. Soc. 55:718-727.

2.Chao, P.M., Chao, C.Y ., Lin, F.J. and Huang, C. (2001) Oxidized frying oil up-regulates
hepatic acyl-CoA oxidase and cytochrome P450 4 A1 genesin rats and activates
PPARapha J. Nutr. 131:3166-3174.

3.Cunard, R., DiCampli, D., Archer, D.C., Stevenson, J.L., Ricote, M., Glass, C.K. and
Kelly, C.J. (2002) WY 14,643, a PPARa ligand, has profound effects on immune responses
invivo. J. Immunol. 169:6806-6812.

4.Elson, C.O. and Ealding, W. (1984) Generalized systemic and mucosa immunity in mice

4



after mucosal stimulation with choleratoxin. J. Immunol. 132:2736-2741.

5.Eniouting, E.Y ., Visic, D.M. and Daynes, R.A. (2000) Enhancement of common mucosal
immunity in aged mice following their supplementation with various antioxidants. Vaccine
18:2381-2393.

6.Kubow, S. (1992) Routes of formation and toxic consequences of lipid oxidation products
in foods. Free Radical Biol. Med. 12:63-81.

7.Kubow, S. (1993) Lipid oxidation products in food and atherogenesis. Nutr. Rev.
51:33-40.

8.Lin, B.L., Wu, Y.J., Chiang, B.L., Liu, J.F. and Huang, C.J. (1997) Effects of dietary
oxidized frying oil on immune responses of spleen cellsin rats. Nutr. Res. 17:729-740.

9.Lin, B.L., Lai, C.C,, Lin, K.W and Chiang, B.L. (2000) Dietary oxidized oil influences the
levels of type 2 T-helper cell-related antibody and inflammatory mediatorsin mice. Br. J.
Nutr. 84:911-917.

10. Orada, M., Ito, E., Terao, K., Miyazawa, T., Fujimoto, K. and Kaneda, T. (1988a) The
effect of dietary lipid hydroperoxide on lymphoid tissue in mice. Biochem. Biophys. Acta
960:229-235.

11. Orada, M., Ito, E., Miyazawa, T., Fujimoto, K., ito, E., Terao, K. and Kaneda, T.
(1988b) Degeneration of lymphoid tissues in mice with the oral intake of low molecular
weight compounds formed during oil autoxidation. Agric. Biol. Chem. 52:2101-2102.

12. Orada, M., Miyazawa, T., Fujimoto, K., and Kaneda, T. (1988) Decreasesin spleen
weight and blood leucocytes number with long-term feeding of oxidized oil in mice. J.
Nutr. Sci. Vitaminol. (Tokyo) 34:163-166.

13. Orada, M., Mgima, T., Miyazawa, T., Fujimoto, K. and Kaneda, T. (1989) the effect of
dietary autoxidized oils on immunocompetent cellsin mice. Biochim. Biophys. Acta.
1012:156-60.

14. Orada, M., Kurita, Miyaji, M. and Terao, K. (1991) Depression of phagocytic activity
of human polymorphonuclear leukocytes by methyl linoleate hydroperoxides. J. Nutr. Sci.
Vitaminol. (Tokyo) 37:625-628.

15. Orada, M. and Terao, K. (1992) Injury of mouse lymphocytes caused by exogenous
methyl linoleate hydroperoxides in vitro. Biochim. Biophys. Acta. 1165:135-140 Biochim.
Biophys. Acta. 1012:156-60..

16. Orada, M., Kurita, N., Terao, K. and Miyagji, M. (1995) Effect of methyl linoleate
hydropeoxides on murine natural killer cell-mediated cytotoxicity. J. Nutr. Sci. Vitaminol.
(Tokyo) 41:701-711.

A~ B 3
Table 1.1Growth indices for mice fed AIN-93G diet containing fresh or deep frying soybean oil
for 28d

Treatment Weight (g/mouse) Feed intake
groups’ n Initial Final (g/mouse for 28 days)
NC 7 16.9+1.4 20.5+1.2%° 89.9+6.3%

C 7 16.9+1.2 19.9+1.4% 89.1+3.9%
NHC 7 16.8+1.2 20.7+1.0° 83.9+4.1°

HC 8 16.8+0.9 20.6+0.7% 80.6+3.6™

NO 7 16.8+0.9 19.2+1.3° 86.0+3.8*°

o) 7 16.8+0.9 18.7+0.6° 81.8+4.0
NHO 6 17.1+0.8 20.0+1.9% 79.2+5.9%

HO 8 16.9+0.7 19.0+1.7% 74.9+5.1°

"Mean+SD. Within a column, values not sharing a superscript |etter are significant differences
£P<O'05) according to Duncan’s Multiple Range test.

NC and C: 7% fresh soybean oil; NHC and HC: 15% fresh soybean oil; NO and O: 7% deep
frying soybean oil; NHO and HO: 15% deep frying soybean oil. Animals were orally given either
5 ug choleratoxinin 0.1 ml of 0.2 M NaHCOs; (C, HC, O and HO) or vehicle (NC, NHC, NO,
NHO) only at d 7 and d 21 of the 28-d feeding period.
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Figure 1. The anti-cholera toxin (CT) IgA in the luminal contents of samll intestine
in mice fed diets containing 7 (C) and 15% (HC) fresh soybean oil or 7 (O) and
15% (HO) deep frying soybean oil. Mice were either orally immunized with 5 ng CT
on 0.2 M sodium bicarbonate or vehicle only on day 7 and 21 of a 28-day feeding
period. Bars not sharing same letter are different (P<0.05) according to the Duncan's
Multiple Range test.
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Figure 2. The total and anti-cholera toxin (CT) IgA in fecal pellets
in mice fed diets containing 7 (C) and 15% (HC) fresh soybean oil
or 7 (O) and 15% (HO) deep frying soybean oil. Results are reported

as in Figure 1.
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Figure 3. The total and anti-cholera toxin (CT) IgA in serum in
mice fed diets containing 7 (C) and 15% (HC) fresh soybean

oil or 7 (O) and 15% (HO) deep frying soybean oil. Results are
reported as in Figure 1 except using Wilcoxon 2-sample test for
statistical analysis.



