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A comparison of anti-inflammatory activities of green tea and grapefruit
seed extract with those of microencapsulated extracts*
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ABSTRACT

We compared the effects of grapefruit seed extract (GFSE), green tea extract (GT) and their microencapsulated extract
on anti-inflammatory activities in murine RAW 264.7 macrophages cell line. In order to protect the bioactive compounds
in the extracts, they were microencapsulated with maltodextrin and H,O. Nitric oxide (NO), prostaglandin E2 (PGE2),
tumor necrosis factor-o. (TNF-a), inducible nitric oxide synthase (iNOS) protein expression and thiobarbiturate reactive
substances (TBARS) were analyzed in LPS activated RAW 264.7 macrophages. The green tea extract at the range of 100—
600 pug/mL inhibited NO, PGE2 production and iNOS protein expression without cytotoxicity in a dose-dependent man-
ner. Grapefruit seed extract had strong inhibitory effects on NO and PGE production and iNOS protein expression at the
range of 5—20 ug/mL without cytotoxicity. Microencapsulation of green tea extract had further inhibitory effects on NO
and PGE2 production and on iNOS protein expression, whereas microencapsulated GFSE did not show any further inhibi-
tory effects on these parameters. Taken together, our results suggest that GSFE might be a promising candidate for pre-
venting inflammation related diseases, such as cardiovascular disease, cancer or diabetes, and the microencapsulation of
green tea extract could improve its bioactivity. (Korean J Nutr 2012: 45(5): 443 ~ 451)

KEY WORDS: grapefruit seed extract, green tea extract, microencapsulation, RAW 264.7 macrophages,
anti-inflammation.
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3Fol= f= Aol AFR-E A|oFE lipopolysaccarides (LPS,
phenolic extraction from E. Coli), phosphatidic acid, 3- @,
5-dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium (MTT),
dimethyl sulfoxide (DMSO), sodium nitrite, N-(I-naphthyl)
ethylenediamine dihydrochloride, sulfanilamide, malondl-
dehyde bis (dimethyl acetal)(1, 1, 3, 3-tetraethoxypropane,
TEP), trichloroacetic acid, 2-thiobarbituric acid+= Sigma (St.
Louis, MO, USA)olA 7+43}%itt. Dulbeccos modified ea-
gles medium (DMEM), penicillin, streptomycin, glutamine,
sodium pyruvate, fetal bovine serum (FBS)-& WelgeneA} ()
=, tiRel=n oA U8 o™, western blotA= $17t 12}
A9 inducible nitric oxide synthase (iNOS), B-acitini} 2
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QI3+ 5% FBS (v/v), 2 mM glutamine, 1 mM sodium pyru-
vate, 4.5 g/L glucose, 100 ug/mL streptomycin, 100 units/
mL penicillin®] 27} phenol red free DMEM& 37°C, 5%
CO, 271014 T2AZF vieFsoiet. AlZrfelAlel Alzzo]
w7k 2 -3 x 10°/mL FE7t =A Alchufekste] Alz/del
= FAEIA Aot A4 52 A AES @ we
80%2] confluency®} 203] ©]5}2] passages 2L 42519
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mL DMSO9] &3jA]71tt3- DMEM-E-4 0 2 2ul] 5|4s%
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filter & oJa}3t Thg 2-8°Col| Haksto] Ao ALg-5gITh
Az o] vfekols AAZE Fl 1 mLo] PBSE 13] A3 £
MTT stock -&-<H& 108] 314 (I mg/mL)5te] 2} welloll 37}
5}l 5% CO,, 37°CE S-AE a2710 A 3A17F vljoslsict
MTT &8 A Azt A9 formazans 0.5 mL isopropa-
nol® 83l A7l 3 o] 5 150 uLE 96 well plate®] %A 570
nmol|A FFES S5t

ALSHEIA (Nitric oxide, NO) M

Nitrite 5%=& Griess HH-8& 7|92 3lo] B35}
NO A4 A Z = AE3HACE” M 2E wiFatald 45 100
ulLY sodium nitrite 52 (0-10 uM)2 U3+ 8282 Griess
20 0.1% (w/v) N-(I-naphythyl) ethylenediamine dihyd-
rochloride®} 5% HCI-&H 2 2 1% (w/v) sulfanilamideS A
23 Gl 1 12 SRt £ 20427t Aol HA]$ micro-
titration plate reader (Asys HiTech UVM 340, USA)= 540
nme4 FEEE S

Thiobarbiturate reactive substances (TBARS)
TBARS 8H2 15 mL2] tricholroacetic acid -82Hof 0.375
29] thiobarbitruic acid, 4.16 mL2] 6M HCIE A7I8t § &

3+ o 9F 8} 3] 2| (Korean J Nutr) 2012; 45(5): 443 ~451 / 445

E/\

F37F 100 mLE S5=0] A|2F3Ae) iRt Al
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Tumor necrosis factor-a(TNF-a)2} Prostaglandin
E2(PGE2)

uj k3t AI3EE lysis buffer® lysiseh & 587+
A QAlER] T AHEOE G310 TNF-oi
immunosorbent assay (ELISA) kit (Raybiotech, Norcross,
USA)E BA35131 o, PGE2+= ELISA kit (RnD system, Mi-
nneapolis, MN, USA)Z E-A35}3c}
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Western blot
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4 l’:E’é“ AFsto] 25 uge] TS F3) 6x sample buffer
(33% glycerol, 0.33 mM Tris-HCl, 0.03% bromophenol blue,
10% SDS)2} §H7l &35} 3 12.5 mM EDTA, 1% 2-mercap-
toethanol) & @il 587+ 97°Co|4] 71hs}qict. 7Ha s wh
AN RE 10% SDS-PAGE geloll A 7]%9EA1Z1 % polyvi-
nylidene difluoride (PVDF) membrane (MilliporeAl, USA).2.
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RAW 2647 BEAEE 57810 Fig. 1] AlAlskITh
=0 Mz AatE AAIsE| flef 2 AdelA= AlEEg
ApEel kS vIRA] e sEE AEste] AgEAt &
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At} =2} 225 A9 Alskol oEH o NO A<
A5} 0m 400 pg/mLe}t 600 ug/mL AelsEolA E4
Ao 2 FoJstgict. nMAEset wAF 2552 100 ug/mL
AelswofA Hxp FEE vlel FAH SR FolskA NO
S AAIsALt (Fig. 2). AAHeEA &5 5ug/mL 5
E2 Aatae b NO S 26% AIBkIch 18y &
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Fig. 1. Effect of green tea extract
(GT), grapefruit seed extract (GSE)
and microencapsulated extracts
(MGT, MGSE) on cell viability in RAW
264.7 macrophages cell line. Cells
were seed at initial density of 5 x
10*/mL. Cells were freated with vari-
ous concentrations of GT, GSE, MGT
and MGSE and incubated for 48 h.
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extract.

100 < 100

] o

50 - 50 -

uM
uM

i

0

ug/mL

]
Q

Fig. 2. Effect of green tea extract
(GT), grapefruit seed extract (GSE)
and microencapsulated extracts
(MGT, MGSE) on nitric oxide Produc-
fion in RAW 264.7 macrophages cell
M b line. Cells were seed at initial density
b of 6 x 10°/mL. Cells were freated with
various concentrations of GT, GSE,
MGT and MGSE and incubated for
16 h. Each colum represents the me-
an of triplicates. Different letters de-
note significant difference in nitrite
level (p < 0.05). *: indicates signifi-
cant difference from microencap-

Control  LPS 100 200 400 600 Control  LPS 5 10 20 sulated extract (p < 0.05). GT: green

ug/mL tea extract, MGT: microencapsulat-
ed green tea extrat, GSE: grapefruit

[] LPS+GT [] LPS+MGT ‘ [] LPS+GSE  [] LPS+MGSE seed extract, MGSE: microencapsu-

lated grapefruit seed extract.
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= $1%lt} (Fig. 3). AHe-EA 259 7% 5 ug/mL 5%
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o}, mARERRt AHESAF &2 45 2512 PGE2 44
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AAEF o)A} Z7)513ac)
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Fig. 3. Effect of green tea extract,
grapefruit seed extract and micro-
encapsulated extracts on prosta-
glandin E2 in RAW 264.7 macropha-
ges cellline. Cells were seed at inifial
density of 6 x 10°/mL. Cells were tre-
ated with various concentrations of
GT, GSE, MGT and MGSE and incu-
bated for 16 h. Each column repre- "
sents the mean of triplicates. Differ-
ent letters denote significant differ-
ence (p < 0.05). *: indicates signifi-
cant difference from microencap- 0
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sulated extract (p < 0.05). GT: green Control  LPS 100
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b
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200 400 600 LPS 5 10 20
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Control

fruit seed extract, MGSE: microen- [] LPS+GT

[ LPS+MGT ‘

[] LPS+GSE [ LPS+MGSE ‘

capsulated grapefruit seed extract.

20000

Fig. 4. Effect of green tea extract,
grapefruit seed extract and micro- m
encapsulated extracts on fumor ne-
crosis factor-a in RAW 264.7 mac-
rophages cell line. Cells were seed
at initial density of 6 x 10°/mL. Cells
were treated with various concen-
frations of GT, GSE, MGT and MG-
SE and incubated for 16 h. Each col-
umn represents the mean of tripli-
cates. Different letters denote signifi-
cant difference (p < 0.05). GT: green o

Q
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tea extract, MGT: microencapsu-
lated green tea exirat, GSE: gra-
pefruit seed extract, MGSE: micro-
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[] LPS+GT [ LPS+MGT [] LPS+GSE  [] LPS+MGSE
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ﬁocnn _
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a a
ab
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0 0 H
Control  LPS 100 200 400 600 Control LPS 100 200 400 600
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GT MGT
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- _ _
- — -
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0 0 J ﬂ
Control LPS 5 10 20 Control LPS 100 200 400 600
ug/mL ug/mL
GSE MGSE

Fig. 5. Effect of green tea extract
(GT), grapefruit seed extract (GSE)
and microencapsulated extracts
(MGT, MGSE) on thiobarbiturate re-
active substances in RAW 264.7 mao-
crophages cell line. Cells were seed
at initial density of 5 x 10°/mL. Cells
were freated with various concen-
frations of GT, GSE, MGT and MGSE
and incubated for 16 h. Each col-
umn represents the mean of tripli-
cates. Different letters denote signif-
icant difference (p < 0.05). GT:
green tea extract, MGT: microen-
capsulated green tea extract, GSE:
grapefruit seed extract, MGSE: mi-
croencapsulated grapefruit seed
extract.

Fig. 6. Effect of green tea extract
(GT), grapefruit seed extract (GSE)
and microencapsulated extracts
(MGT, MGSE) on expression of in-
ducible nitric oxide synthase (iNOS)
in RAW 264.7 macrophages cell
line. Cells were seed in 100 mm dish
at iniial density of 5 x 10°/mL. Cells
were treated with various concen-
frations of GT, MGT, GSE, MGSE and
incubated for 16 h. Each column
represents the mean of triplicates.
Different letters denote significant
difference (p < 0.05). = indicates
significant difference from microen-
capsulated extract (p < 0.05). GT:
green tea extract, MGT: microen-
capsulated green tea extract, GSE:
grapefruit seed extract, MGSE: mi-
croencapsulated grapefruit seed
extract.
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7HI71 AdE-0] NOE AAsKL NO A/d-E GAlet= Ao 2 K
BFCE E3E Singh G- Akl $E EGCG7F TNF-o,
PGE2 A4 AAstoittar B ushich 2 At A= LPS
oF 3| vljFsto] ARIAEY A FHURE RAW 264.7 TtAA|
25 =2 FEET T viFselE o A2lEsE 400 pg/mL
oo & Aelswert F7FHE W NO A/ 60% o1 ¢
Alsto] APt Adutel FAsII E3F =2 &5 Aele
100 pg/mL o1e] Frol| A A2jA] o] 94 0 2 INOS
chil 2l BHe-S 24|51 21 600 ug/mL A 713 chalzl
HEo] A3irk 200 pg/mL sEolA =2t &5 PGE2 A
& At oA, 7 A2l s =9H 600 pg/mLofA
TNF-0/8/do] <A =|Sich

AEZR = Zahh o] 29} 2] 0] (limonoids)9} S
E4o| v FoI8)e= U 20| B Abgat 22 2R
ZAsh o, o), 7, floll WAshe SIS A oA
sh= Ao 2 BuEQh” Ee AHgEAl &5 ay)
7h - -3k 3R opufet Q1A QEAAde] dSEe] HeTEH=
Az Elo] A7 2AFO Alo]HaA] P2 AH]E]aL Q)
oh7 B2 Ao A AHEEA FEEL KAk 25 B3| o)
W32 % (5~20 pg/mL) FE=oA LPSE &/d3kgh Al
o] Hlg| §-9JAH o & NO, PGE2 AL JAIsIqth A5
2} &2 38 Aelgd 84 ZR o] (triterpenoid
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ine, quercetin, kaempferol, hesperdin} apigenin®] ¢35
ofQlo], AHgFAL 520 A At P e
ol Ao g BuE rt” Bagehi 57 AHeEA FEE
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