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Abstract

Chronic inflammatory reaction plays an important role in the development of
several diseases in human. It has been suggested that /3 -carotene and retinoic acid
may play as anti-inflammatory agents. However, contradictory findings exist. In the
present study, we compared the individual and combined effects of 5 -carotene,
retinoic acid, [ -8’-apo-carotenal and a-tocopherol on inflammation. RAW264.7
cells were activated by lipopolysaccharide (LPS) for 24 h with the presence of 2 uM
of [ -carotene, retinoid acid, [ -apo-8’-carotenal or 10 uM of a-tocopherol alone or
in combination in the medium. Then, the media were collected to determine the
secretion of proinflammatory mediators, NO and TNF-a, and the RAW264.7 cells
were collected to determine the intracellular reactive oxygen species (ROS).
Furthermore, 30 % (v/v) conditioned medium was incubated with C3H10T1/2 cells to
investigate the effect of inflammatory reaction on DNA damage. The results showed
that S -carotene, retinoic acid and S -8’-apo-carotenal alone slightly enhanced or had
no effect on DNA damage of C3H10T1/2 induced by LPS-conditioned medium, while
vitamin E significantly decreased the LPS-conditioned medium-induced DNA damage.
However, in combination of 5 -carotenoid or retinoic acid with vitamin E enhanced

the protective effect of vitamin E alone. The inhibition of retinoic and vitamin E,



alone or in combination on the increase of NO, TNF-a and intracellular ROS induced
by LPS in RAW264.7 cells may play the key role. Taken together, the presence of
vitamin E may increase the stability of /3 -carotene or retinoic acid. In combination
of vitamin E and /3 -carotenoid or retinoic acid may have better effects on
anti-inflammation than that of each alone.
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(2 )imPe R me 12 %
(1) RAW264.7 E viim¥e

AP E L me (TR R B0 ¥ - EBALB/c ] & memwm7mwwa
P eF1l¥Fmy e ) 24 w7 109%FBS 2 PRMI1640 2 32 % % > H @ iR
’T 4 7 2 mM glutamine ~ 1 mM sodium pyruvate ~ 34 % (100 U/mL 7 penicillin
Fv 100 U/mL & Streptomycin) - RAW264.7 ‘m*s ¥~ #85 % 12 lipopolysaccharide
(LPS):A 4 1 5 Wi o] REvgimbe (G5 X ~ $RE g > 2004) -
(2) C3HI0T1/2 32rP54 a2 e

C3HI0T1/2 B_ | &5 rfnsk e fmPe » 32 % A PRMII640 55 %% » & 37
10%FBS ~ 2 mM glutamine ~ | mM sodium pyruvate ~ 4 % (100 U/mL = penicillin
F= 100 U/mL ¢ Streptomycin) °
(B) fmre ¥ % ! Ak % RAW264.7 /| RE vfim? ¢ 75T flask » £ % PBS £ 2 =X »
£ * 1 mL “trypsin-EDTA *7 T m% {4 > 4c » 9mL % 109%6FBS & PRMI1640 32
% %4 ¥ 4r trypsin-EDTA « #-im% 4 » 243 > £ » % A& 5 1x 10’ cells/mL » 2 %
12) PS> LRTRAER > AMBERRY 77 s & H 2 pM retinoic acid ~ S -
PR E LY apo -carotenal & 10 uM a-tocopherol » i 4r » LPS (1 ug/mL)% e
2424 P 2t trypanblue 49 0 TR e FES 0 FLEREREF L
A4 gi,zma@,z?amm o

(= )Nitric oxide (NO) & #p] T_

g3 2 H_ Green £ 8 —“Ff % 1982 & #73% 11 17 Griess reaction (Green et al.,
l%moﬁﬁ@%%ﬁmﬁgiﬂ@%égﬁ—iﬂimm’{NOWMMeﬁé
P oNO &2 15 ¢ Py @ %+ RAELHNOy & NO;y » F B £ # & NOy
(nitrite) ¥ £ 4% NO 2 = £ o 4243t 4% ﬂﬁ»mw?EaIMWWMMLm



RAW264.7 fm¥e 12 /] PF{s » 4 B2 24 /| pF{s E Jc B ¢ ‘)%‘71’15 % +7 Nitrite o 12
Griess reagent (P % p Sigma) RBIEE R R ONO 2 £ - L 2963 & ¢ » iE
= 4v 100 pl sk &b i o £ 4 » & & o Griess reagent & iR £ 30 & 480 T
540nm ;4 £ T Jp| %% sk (@ o Nitrite 5k & ¥4 Sodium nitrite (¥ 5 & 5. » F)p
Betf e ki~ NaNOy B R % d & > 7 4 5 & NO,y »

(2 )ip| £ % c % TNF-q cHE
Yo B fn72 35 % % 11 enzyme-linked immunosobent assay (ELISA) kit (F-p BMS)
% ELISA reader 415 « i34 o7 jfr% ¢ TNFa 22 3% X § M » & COPD f &
i f Wk oo S5 ¥ T A #2414 e (Barnes, 2004; Barnes and Hansel, 2004) ©

(Z )DNA % % # 47( comet assay, DNA #7235 1% ) (Singh et al., 1988; Collins et al.,
1995)

B243445 9 8 e B AR S 1x10° cells/mL 9 RAW264.7 e 12 /] P4 >
S BAIE 24 [ RS E h iR 63 B Y 5 e R 5 Ix10° cells/mL ¢
C3HIOT1/2 fm¥% 12 ] FF{s » * PBS i 2 =X » 4 » 7 30%% it 32 % i RAW264.7
e b2 B AR B A - X 0 £ #C3HIOT1/2 ¥z 12 1XTE ( trypsine-EDTA
buffer)> = {535 = B 3% ¢ % - & 170 uINMA> % = k& 130 pl 7 dw*e i LMA >
% = k& 170 pl NMA - #-slice # /= ¥ ** lysing solution (2.5 M NaCl » 100 mM
NaEDTA > 10 mM Tris pH=10 > 1% sodium sarcosinate with 1% Triton X-100 and
DMSO)4°C » 1 /] B o (g4 g5 -Raggeie i is e » T At (4% 1 mM
Na,EDTA > 300 mM NaOH ) # % 15 4 457 DNA unwinding » T 7% 20 4 4% (25
V ~300mA ~4°C) & » *x » Tris buffer ® §=(0.4 M Tris, pH 7.5) 10 ~ 45 > £ 2
ethidium bromide % ¢ > ™ § KA HEPLE DNA & £ TR > T4l 2 E o

(& )i 3V Jm e A 7% Bl w2 ¢ ROS 7 £ (Royall and Ischiropoulos, 1993)

41* DCFH-DA fluorescence 4 7 fm?% 5 {* R 4 i & o ‘m?e 5 &R 8]
A E R R EIERE R BN PFEL 4o~ 1A LPS (1 pg/mL)#: % 30 4 4518 > 2 PBS
A2 IXTE *» T w2 15 > 3o 1000g 5 4 4515 2 ",f?i ko g Aer 10
UM ¥ k2% DCFH-DA *t 7% 7 & 1 RPMII640 33 &% ¥ L 33 & 15 4 48
o 1000g 5 4 482 K,éftj Fivts o L PBS Bifimrr o £ AI* o BiRE (BEE B
BD) kijpm® > FRERD L E FT A Ix10° B L on st e R
(flow-cytometer; FACSCalibur ™ system) ip| & H = im% p 2. % X3 B o H B2k
72 % DCFH-DA i& » 'w% {3 iR i fig v & f# > 22 'w?e p 7 ROS F Ji = DCF >
DCF ¥ % 488nm A& ¥ f 525nm %37 & 4 78tk o
VAR BT JE N
microwave frequency: 9.78 GHz, power: 20mW, modulation amplitude: 1.6G,

modulation frequency: 1000KHz, time constant: 163.84ms, scan time: 167s, receiver



gain: 8.93 e, center field setting: 3483 G

(5 )t A 4

;ﬁr%?% I3 G R AR TR TIaE R L
SPSS 7 Pa szt ficdy e 7 l»\%‘r o % 4 2 i ¥ 12 Duncan’s multiple range test & {7 £
B4 S BB R ttest i T p<O0S R E 7 REFMHALR o

I~RBEEAH
(- JRAW264.7 E v sm s 135 i

%) HEfwm’ RAW264.7 % & P 5 2 © > 6l4c LPS» € fljcimiz 2 4 3
LFE B fcd - 8 LA F]S @ 35 nitric oxide ~ prostagla ndin E2 ~  tumor
necrosis factor- a &k MLLE’? K end & (Penglis et al., 2000; Yamashita et al., 2000) °
$hvho 5 4R ¥dn 1 LPS € B F # 34 RAW264.7 /| B E v iwm % o0 78 (Raschke et
al., 1978) » 2 P Bgec % 7 RAW264.7 w17 f (Saxenaetal., 2003) o *F7 7 %
g R & ¥ 0 RAW264.7 w4 & Fl (Bl- A); 5 LPS ik
RAW264.7 'm¥e > 250k ¢ # % = R % (dendritic cells) » * F fw¥e 1% % + -3
(Bl- B)> el ™ T7 F P2 ffwme i <240k o

&=iE B-7F B 3§ % (2 uM) ~ retinoic acid (2 pM) ¢ 8 -apo-8’-carotenal (2 uM) =7
2 o Bﬁﬂl‘ dv g 7 75+ LPS (1 pg/mL)* B R R TEE - {5 ok me
trypan blue % ¢ o AF 7 &% RS LPS i 9 RAW264.7 smfe el 5 i¢ & &2
Control 24p it & X% $en (2 - ) L Z Al f-* BF 2¥ 5 &3 LPS 2
ZEWBEBPr PR FEDEN e AR R EER BTG
EEPERAPE B R we A R o

(= )% & 4 F(NO fr TNF- @ )eha i

i 4’—-%‘ B LiERY o EEPER e € A2 < 9 NO fr TNF-a i&
f g — AR 0 Bldedf b ORIEM 5 L (Manjeet and Ghosh, 1999) - im ¥ % q__«‘@
LPS # % NO A4 18 » J1* Griess & & K P| £ nitrite (74 2 & o 2273 ¢ >
It LPS #42 ™ > NO 2 =+t control 23+ 244 & > @ H jHre 10 uM
o-tocopherol g 3% % 7 € #r4| LPS $ NO cigf 3 iv* (& =) Hjp4e » 2uM A
-#* B § % -retinoic acid & /3 -apo-8’-carotenal > ¥ § 4 NO ch2 =5 & % control
#e2.87~335-28 % > £& 10 pM o-tocopherol £ F3: & T > £rj Fr4] LPS
FHENO 4 2, R KEHFLR o

. TNF-a = & » H %4 » §-apo-8’-carotenal € #i 4 TNF-q che i > -3
B 3§ %% TNF-q ek i} 1]4v control £ 3 B3 A B > @ retinoic acid R {g il
Mg TNF-q e s (2 2)° 2 LPS # % 7 » TNF-q e 3 £ §:iE control &
£14.3 %5 2 uM retinoic acid 2 16 € 22 % * "8 TNF-q @ 10 uM « -tocopherol
B2uMpB-#* & § % - retinoic acid & S -apo-8’-carotenal & fr T * > 55 B ¥ '}



% LPS #7234 # TNF-q 4 & o

(2)= 1% (reactive oxygen species, ROS) ¢4 =

E v5iwPe % LPS 11§t 1% i membrane-bound NADPH oxidase 7% it @ & 4
ROS (Bokoch and Knaus, 2003) > }* — T % ¥ B vfimPe F M iZ » 2 ficd 3+ 07
BAF s d > BEESROS # Fang s kil u~«rrna;5‘-’(Maengetal
2004)c AT L P 0 G 754 LPS £ & ROS £ 5 Mc® H{4r > % L& # § retinoic
acid eh& 35 % > " M ROS 2 ek » R P A EHE KR (w)o we s
Hbrig+e 2uM B-# B § % 0 £ @ § 44 Bi& ROS A 2 eh o

(m )i 232 %% (conditioned medium) #3+ C3H10T1/2 jm % tf ¢
Havm BBR k™ g o 5d LPS 2 {59 RAW264.7 Evgim®e » ¢ P

B3 4 NO~TNF-a v ROS 4 i > ¥ #bx ¥ ig 3 4c IL-1 84 PGE, 02 # (Bai et
al.,2005)° &3 7 > 4 30% (v/v) RAW264.7 32 % ;% 2 C3HIOT1/2 275 %
MR R AR B A - X > PR 4 C3HIOTI2 sira® memig 3 (%
) 55 LPS i i RAW264.7 % 3 2 pM retinoic acid 2 10 pM a -tocopherol

P adTis 2 iEEE AR f P AE MR E R &R C3HIOTL2 Mwe iy £ i@
C3HI0T1/2 mw®e iy % B ¥ % X3 control ek > A if - BF 22 6
-apo-8’-carotenal ¥? ¢ -tocopherol % fr E&J2Z {5 - ¥ C3HIOT1/2 m¥ g L. A 7
BETE

d

v b 5% ¥ 3 IR > retinoic acid % ¢ -tocopherol ¥ iﬁd BIEFLAFT2
ROS =14

GRS N CLh Sk Rl SRR L Y

4
e fopl ff &% G LT fdept e S el K F eh T ik
HEG -

Bl- ~ D ¥ T RAW264.7 e (A)fris LPS 34 & MRk e (B) ) fi
G fAv A 4 LPS (1 ug/mL)PI32 &% P B % 2 % > 0 5 & 200X B ps ™ TR % T

3 o



% - ~ RAW264.7 im% 5 7 4525 | o

Treatment (uM) ‘w7z #c * (x10” cells/mL)
Control 9.85t 0.64
2BC 12.55+ 1.06
2RA 103+ 1.56
2 AC 12.5+ 1.27
LPS 9.95+ 2.62
LPS+10E 8.85+ 1.48
LPS+2 BC 11.25+ 3.26
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Control 100+ 0*
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LPS+2 AC 214+ 18
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Treatment (uM) Y LBE (%)
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2 BC 28.3
2 RA 19
2 AC 16.3
LPS 28.3
LPS+10E 22.9
LPS+2 BC 28.9
LPS+2 RA 15.6
LPS+2 AC 22.5
LPS+10 E+2 BC 22.4
LPS+10 E+2 RA 18.4
LPS+10 E+2 AC 19.7
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Treatment (UM) % DNA in tail’
Control 11+ 8"

2 BC 16+ 15°
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2 AC 16+ 15°
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LPS+2 BC 21+ 15°
LPS+2 RA 17+ 13
LPS+2 AC 19+ 16%
LPS+10 E+2 BC 13+ 12°
LPS+10 E+2 RA 10+ 8
LPS+10 E+2 AC 15+ 12%
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“#cim 2 mean £ SD kA7 o it 0 ARG LPS @ chl - mul o BkiEr G A k3
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* 17 t-test vt 227 Control e R E Bg ¥ X B (p<0.05) -
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