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Curcumin Inhibits Ovalbumin-Induced Inducible
Nitric Oxide Synthase Expression
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Abstract Egg allergy has been reported as the most prevalent food hypersensitivity among children. One of the major
egg allergens is ovalbumin (OVA). OVA is the major protein in the egg white, comprising 54% of its total protein content.
Curcumin isolated from Curcuma longa has been used as folk remedies in order to treat many chronic diseases for many
years. In the present report, we present biochemical evidence that curcumin inhibits the NF-kB activation induced by OVA.
Curcumin also inhibits OVA-induced iNOS expression and nitrite production. These data suggest new approaches for the

development of efficient anti-allergic strategies.
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Aol AFE-3F ovalbumine Sigma-Aldrich(St. Louis, MO, USA)
AR HEE FYsHATE LPS(lipopolysaccharide)i= List Biological
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Lab(San Jose, CA, USA) AL HE 73t iNOS A&
BD Biosciences(San Jose, CA, USA) Z|AIZFE, B-actin A
+ Santa Cruz Biotechnology(Santa Cruz, CA, USA) ZAIZH
B 78tk 2 9] AYEL Sigma-Aldrich JAIEEE 7<)
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RAW264.7 Al X E(a murine monocytic cell line, ATCC TIB-
712 10% (v/v) FBS, 100 units/mL Penicillin, 100 pg/mL strep-
tomycine ¥ 3383 9= Dulbecco’s modified Eagle’s medium
(DMEM)SIA Wjakalgit. M52 5% COirS LT e
37°C WiF7] bellA i gt

Plasmid

NF-kB¥3Z plasmid= F. Mercurio(Signal Pharmaceuticals, San
Diego, CA, USA), iNOS3 plasmidi= Daniel Hwang(University
of California, Davis, CA, USA), Heat shock protein(HSP) 70-f3-
galactosidase plasmid= R. Modlin(University of California, Los
Angeles, CA, USA)C ZHE AHF ST} TransfectionS $3t &
+ DNAT EndoFree Plasmid Maxi kit(Qiagen, Valencia, CA,
USA)S ARE-3lSiTh.

Transfectionz} &S
gene assay)

NF-kB9} iINOSHE-EE A 32} #2402 degAdola A&
Wil osle] HAE }Mv}(l,Z). RAW264. 74| 22
of EF% E30.8x10° cells/well)aFA L, 2447k
o] S48 HA | plasmid DNAS
plasmldg]r HSP70-B-galactosidase plasmid= Superfect transfec-
tion A]2F(Qiagen, Valencia, CA, USA)£ ARESEe] M| Qto g
transfection A|Zt}h. g g4 AJ38l= luciferase assay sys-
tem(Promega, Madison, WI, USA)S AM&-3t] =431t W3
g4 €43l B-galactosidase?] EAJ3E F4 3t EF3HA

Zrh.

FHX EM(luciferase reporter

48 well plates
T 50-60% F=

transfection3}3th. ¥4 8a 4

Immunoblotting

AdgAre] Wel] ofsje] Thid F2EE2 SDS-PAGE(sodium
dodecyl sulfate-polyacrylamide gel electrophoresis)ol] A 2] =] o]
polyvinylidene difluoride membrane®. 2 7195l <J3|A o]z
E A th(14,15). Membrane 0.1% Tween 20 12| 5% A 7
ZH 75 ¥3lL Y= phosphate-buffered salineS 7FA] 3L
blocking 3% TF Membrane 12 #AE 7IX|3L blotting3}2L,
horseradish peroxidase®} E3E 22} Ao =&A1Z Th,
iNtRON western blot detection system(Seongnam, Koreays Al
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Nitrite Assay

Aol Wgol oste] RAW264.7 AIXZHE nitrite 5%
Eo] FH]E S TH16). Supematant 100mL* 96 well plateol] 237,
23712 AME3to] Griess reagent 150 mLZ

T A7rstint. *715
AAT & EYE gr7lE ARt 570nmollM SE=E &
Ao, 8N O F sodium nitrite £ 0] AR ST
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Fig. 1. Curcumin inhibits NF-xB activation induced by ovalbumin
or LPS. (A) RAW 264.7 cells were transfected with NF-xB-
luciferase reporter plasmid and pre-treated with curcumin (10, 20
uM) for 1 h and then treated with OVA (100 pg/mL) (A) or LPS (10
ng/mL) (B) for an additional 8 h. Relative luciferase activity (RLA)
was normalized with [-galactosidase activity. Values are
mean+SEM (n=3). **, Significantly different from OVA alone (A),
p<0.01. ++, Significantly different from LPS alone (B), p<0.01.
Veh, vehicle; OVA, ovalbumin; Cur, curcumin.
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Fig. 2. Curcumin inhibits iNOS expression induced by
ovalbumin or LPS. (A,B) RAW 264.7 cells were transfected with
iNOS luciferase reporter plasmid and pretreated with 10 or 20 uM
curcumin for 1 h and then treated with OVA (100 ug/mL) (A) or
LPS (10 ng/mL) (B) for an additional 8 h. Cell lysates were prepared
and luciferase enzyme activities were determined. Values represent
the mean+SEM (n=3). **, significantly different from OVA alone,
p<0.01 (A). ++, Significantly different from LPS alone, p<0.01 (++)
(B). C,.D) RAW 264.7 cells were pretreated with 10 or 20 uM
curcumin for 1 h and then further stimulated with OVA (100 pg/mL)
(A) or LPS (10 ng/mL) for 8 h. Cell lysates were analyzed for iNOS
and b-actin protein by immunoblots. Veh, vehicle; OVA, ovalbumin;
Cur, curcumin.
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Fig. 3. Curcumin inhibits nitrite production induced by
ovalbumin or LPS. (A,B) RAW 264.7 cells were pretreated with 10
or 20 uM curcumin for 1 h and then treated with OVA (100 pg/mL)
(A) or LPS (10 ng/mL) (B) for an additional 20 h. The amounts of
nitrite in supernatant were measured using Griess reagent. Values
represent the mean+SEM (n=3). **, significantly different from
OVA alone, p<0.01 (A). ++, Significantly different from LPS alone,
p<0.01 (++) (B). Veh, vehicle; OVA, ovalbumin; Cur, curcumin.
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