J Nutr Health. 2021 Oct;54(5):448-458
https://doi.org/10.4163/jnh.2021.54.5.448
eISSN 2288-3959

IJNHS

Journal of Nutrition and Health

Research Article

'.) Check for updates

G OPEN ACCESS

Received: Jul 29, 2021
Revised: Sep 27, 2021
Accepted: Oct 19, 2021

Correspondence to

Yangha Kim

Department of Nutritional Science and Food
Management, Ewha Womans University, 52
Ewhayeodae-gil, Seodaemun-gu, Seoul 03670,
Korea.

Tel: +82-2-3277-3101

E-mail: yhmoon@ewha.ac.kr

© 2021 The Korean Nutrition Society

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Mak-Soon Lee (&
https://orcid.org/0000-0002-7010-4185
Yangha kim
https://orcid.org/0000-0002-7280-7597

Funding

This study was supported by the National
Research Foundation of Korea (NRF) funded
by the Korean Government (MSIT) (No.
2019R1A2C1002861).

Conflict of Interest
There are no financial or other issues that
might lead to conflict of interest.

https://e-jnh.org

SLIF Sl #F Z20] 313-L1 XA 2
&= 3 microRNA-132/143 ZZ0f| O|X|=
ol Sk
o o

10| StORtCHe Al ZH ot
20|SFOY XISt A ARIAA BT S

Effects of mulberry fruit juice powder
on inflammation and microRNA-132/143
regulation in 3T3-L1 adipocytes

Mak-Soon Lee @ ' and Yangha Kim © *?

'Department of Nutritional Science and Food Management, Ewha Womans University, Seoul 03670, Korea
’Graduate Program in System Health Science and Engineering, Ewha Womans University, Seoul 03670,
Korea

ABSTRACT

Purpose: Mulberry (Morus alba L.) fruit is widely grown in Asia and consumed as fresh fruit,
jam, and juices. The fruit has beneficial health effects, including anti-diabetic, anti-tumor,
and anti-obesity properties. However, the mechanisms by which mulberry fruit juice powder
(MJ) regulates inflammatory microRNAs (miRs) are not yet known. This study investigated
the effect of mulberry fruit juice powder on the regulation of inflammation and miR-132/143
during 3T3-L1 adipocyte differentiation.

Methods: The 3T3-L1 cells were induced to differentiate for 2 days and then treated with
various concentrations of MJ for 7 days. Cytotoxicity was determined by evaluating cell
viability using a water-soluble tetrazolium salt-8 assay kit. Intracellular lipid accumulation
was evaluated by oil-red O staining. The levels of the expression of genes involved in
adipogenesis and inflammation, and miR-132/143 were measured by quantitative real-time
polymerase chain reactions.

Results: MJ showed no cytotoxic effect on 3T3-L1 adipocytes at concentrations below 100 ng/
mL. Intracellular lipid accumulation was reduced by MJ treatment at concentrations of 100
ng/mL. The messenger RNA (mRNA) levels of proliferator-activated receptor-y, cytosine-
cytosine-adenosine-adenosine-thymidine/enhancer-binding protein-o, and adipocyte protein
2, which are involved in adipogenesis, were suppressed by MJ. A reduction was also seen in
mRNA levels of genes related to the inflammatory response, such as tumor necrosis factor-a,
interleukin-6, monocyte chemoattractant protein-1, and inducible nitric oxide synthase. The
expression of the inflammatory miR-132 and miR-143 was also decreased by MJ.
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Conclusion: These results suggest that MJ may suppress adipogenesis and inflammation
through the regulation of miR-132/143 expression in 3T3-L1 adipocytes. Thus, MJ may be
useful as a food agent that prevents obesity-associated inflammation.

Keywords: Morus, fruit, inflammation, microRNAs, adipocytes

ME
SIE $elifere E ol WAAPOR 1ot sl Y Y, g8 B s
Y S 2 A REY QJOIOIHEPU R} 4% ol 24

T} & ZHHS (chronic low-grade 1nﬂammatory response)
L FZ AN ZT} A Z]Qi AEsI1 EASHE A=5F= tumor necrosis factor-o
(TNF-a), interleukin-6 (IL-6) 3! monocyte chemoattractant protein 1 (MCP-1)2 22 M H 53
Ato] EZFQI (pro—mﬂammatory cytokines)2] A4 0.2 |H} A o] ]3] uf7iE T} [3]. =S
TNF-a, IL-6, MCP-1 2! inducible nitric oxide synthase (INOS)& ZE§5t= HZ mi7hA] T4
F 5= A E/d $F= nuclear factor-kappa B (NF-«B)©l| 2] 5l A o] &] 7] wj &oj] o] 52
FHHg 2N F-2 QA2 of 72| 2 Lk [4].

U (Morus alba L.) = S U5} (Moraceae) 2] W5/ & 42 A ofA|obE H| £ £-2|
o} Hejol 72 L5 7 glon], Qoo 4 2, Wl I A7k WEHQ oF o A8
o] gttt} [5]. &3], B}F Eoll+= cyanidin 3-O-glucoside ¥ cyanidin 3-O-rutinoside?} 72 QF
EAlob O Aok glon] BT dule] 2383 B JRL PAB, Y, G
THFFL S, LA E S, 1Y 24, DA Be & F O Ay aakEol

= %‘iL]-‘:' 4 UH_J 2319k (high hydrostatic pressure) 5% &©] 7+2]
microRNA (miR)-33 24 2} @7 & S| AHE E4 a7} 32 BsiYl o o|et o=
o] o] £&&0°] 3T3-L1 A|"A| Eof| 4| AMP-activated protein kinase (AMPK) 2d ¥} miR-21/143
2AS ST AEFA A7 a7t &S IS [8,9]. AlG7HA] YR A 5=
of thgh theFet g 71 At g A YA G Ao 25 2L (mulberry fruit
juice powder, MJ) 2] A 5HH-g-o A miRs 24 7| o] thgh A 5t= oFA7HA] A A UA| e,

3

(VS)
= l-Nr
OI

Aol A= My7} 3T3-L1 A HPA| . 25} 59
7} A3 miR132 ¥ miR143 2A0|| 1|2 = FFS Aot at &kt

ol I‘I-II

2R difj= AAEE FF0l 9533 (Sangju Silkworm Farming Association, Sangju,
Korea)oll A1 STOIA 62 Aol 481 2 AL&H9ILE UFR ol 213 22 () B4
E AT (Korea Food Research Institute, Wanju, Korea) 2 2 F E] |3 dkgkct WtE Aofj=
524 2247] (Super Masscolloider, MKZA 10-15] IV; Masuko Sangyo Co., Saitama, Japan)S ©]-&
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Sho] E4151aL, 15°C, 11,000 x gol| A 1587 AR E|5te] 2 A5l s 5271 % St ok
Aol A&t

£ Hi=d 2l E, 3 S22 0|E U tEAOH! B4

Z H=5/d 5= -2 Folin-Denis [10]2] ¥R 0.2 =23}9] © 1 gallic acid equivalent (mg
GAE/100 g) 2 YEFH AT F ZetE e o] = $HF-2 aluminum chloride B [11]0] what 273
S} 2.1 quercetin equivalent (mg QE/100 g)2 ZEA|SFAth. QFEAJobd SHF-2 ultra-perfor-
mance liquid chromatography (UPLC) ¥ [12] 2.2 2415} 91 cyanidin 3-O-glucoside2t
cyanidin 3-O-rutinosideE 7| £ 2.2 Al & 100 g mg2 2 eI TE

3T3-L1 XYM i ! 23t
3T3-L1 AA| A E (American Type Culture Collection, Manassas, VA, USA)+= 10% fetal calf
serum (Invitrogen, Carlsbad, CA, USA)¥} 100 units/mL penicillin, 100 pg/mL streptomycin % 2
mM glutamine (Invitrogen)©| ZZ&¥ Dulbecco's modified Eagle's medium (DMEM; Invitrogen)
HH Zl oAl 37°C, 5% CO, 27102 v FS}FATH [13]. 3T3-L1 A F A YA ZE | HW]EEQJ oy
FE35t7] f15ke] A7} oF 80%2] LR = (confluency)E LEHE W] 23R =3 (
pg/mL insulin, 0.25 uM dexamethasone, 0.5 mM I-methyl-3-isobutylwanthine; Invitrogen)= 76:’]
7}t DMEM Bl A|of| 4] 24 7F A WEA| i B 5HE 7= 5F ThS- 10% fetal bovine serum S §-3-5
+ DMEM Hj A of| A 72 2F vl 5} ATt

MZE =4 "ot

M| i =/d 3 7}= Cell Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan)& At-8-5}0
water-soluble tetrazolium salt-8 assay W5 O 2 AL Y2 SH5IA T} [13]. MJ A B=
10, 50, 100, 500 ng/mL ==& & 7}5}t0] 37°C, 5% Cc02 27 dlof|A 1, 2, 5 L 79 SoF Z4zh
v Fshed o v g2 vl F7|7F 59 23U nprt W A5 T S8 == microplate reader
(Varioskan Flash, Thermo Scientific, Waltham, MA, USA) S AF-8-5}0] 450 nmol| 4] &7 5}F1 Tt
2 AT e S4S Zzte] da e B FYE % Fotel BE FYE 2ol e o
22 Uesd,

Oil red O M

A AN E+= PBSE M2 5FAL 10% formalin/PBS (pH 7.4)0l 4] M EZE I 3F & 0.6% oil red
0 dyeE o] &5t FA41H A2 JASHAH [13]. FAE A FF2 4571 oA 4%
Nonidet P-47} 2oH §H O 2 §alot & 2FF A E 01835t 520 nmol|l X FHESE S
goteleh A% shge ti2+9] Wt FY = 2 oto] Bk Y= doll vt R g R

SN

Quantitative real-time polymerase chain reaction (qRT-PCR)

qRT-PCRZ 534 35}7] Q3| A WA 2 2] & RNA= TRIzol A2 (GeneAll Biotechnology, Seoul,
Korea) 2 AHE-5F0] &3}, complementary DNA (cDNA)+ M-MLV reverse transcriptase (Bi-
oneer, Daejeon, Korea)5 AH8-5t0] F&3F RNAZF | T/d5F3IT) [9]. ZHFS] cDNA+ 2X
SYBR Green PCR Master Mix (Bioneer)2} 233+ 2, Rotor-Gene RG-3000A (Corbett Research,
Sydney, Australia)Ol| 4] QRT-PCR= 535} T}, A&-H primers2] & 7|4 €2 Table 12} 2T},
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GeneBank No Primer sequence (5'-3")
CGACAGGAAGGTGAAGAGCA
ATTCCACCACCAGCTTGTCA
GGACCTGACAGACTACCTCA
GTTGCCAATAGTGATGACCT
ATAGACATCAGCGCCTACAT

NM_024406
TCCCGGGTAGTCAAAGTCAC

CCTTCCTACCCCAATTTCCA
TAACGCACTAGGTTTGCCGA

NM_007393
GCTACTGGGTCAAAGACAAG

Table 1. Primers used for qRT-PCR

Name
NM_007678

aP2

02| X|WMZE HZE X microRNA:
TGCTGACCCCAAGAAGGAAT

NM_031168
TGAGGTGGTTGTGGAAAAGG

B-actin
TTGATTTCTCCAGCATTTCT
TGTTGTAGAGCTGGGTCTTT

BC062378.1

F
R
F
R
F
R
F
R:
F
R: GCTGAACTTCCAGTCATTGT
F
R
F
R
F: AGCACAGAAAGCATGATCCG

CEBP-a.
NM_019812

R: CCACAAGCAGGAATGAGAA
gt

IL-6
(S)

iNOS
MCP-1
PPAR-y NM_011146

TNF-a

NM_013693
gRT-PCR, quantitative real-time polymerase chain reaction; aP2, adipocyte protein 2; CEBP-0,, CCAAT/enhancer
binding protein-a; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; MCP-1, monocyte chemoattractant
o

78

protein 1; PPAR-v, proliferator-activated receptor-y; TNF-a, tumor necrosis factor-o
A Q) 22 B-actin O = HF3}5}IL delta-delta Ct Y= O]

o=
miR-21, miR132 ¥ U6 0|4 Zelo|n

A
=493 2|5l miRNA cDNA Synthesis Kit with Poly (A) Polymerase Tailing (ABM Inc
=] 951 .
! miR-1439] UG snRNA=

o
[14].
Richmond, BC, Canada)S AF83}0] cDNAE 3331t [9]. 33 H cDNAE EvaGreen miR-
?%?_]: T iR-
J%F 51 TF QRT-PCR-2 Rotor Gene 3000 (Corbett Research
rE

miR 2
NA Master Mix (ABM Inc.)& AF85}9
h O %
Sydney, Australia)S AF-8-5F0] $3Y5FAt}. miR132 2
% AF83ho] BT 14)

(ABM Inc.)E §HSA|#H miRS

3}l delta-delta Ct BH
shol B 2AIsteict. choyet

A= Yo (Mean) 2t E
A)= 0|8 oI},
EAFRA (1-way analysis of variance, ANOVA)=

FollA fo/dS A S shATh

monk
n] g xfol =
range test®l| 25} p < 0.05 4
21
5 Wiy 318, SapEi-o|= U ohEA o B
Z}7}k 4,29 + 0.03 mg/100 g 2!

M| & H54d 5%

st =
sl 9 Zebrico|E e
cyanidin 3-O-rutinosidex=2H2} 301.11 + 7.92 mg/100 g %

:IE’ =
Ha, 2
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FEFQAF (SEM)Z LFEFU AL SPSS 25.0 (IBM Corporation, Ar-
TEOAEE
ol g

EetH ol & 9 QFE AJohd 32 Table 20| YEFAATH Mj2] 5

F:I Ix
o] F FEAJoP THF2 444.41 £ 10.57 mg/100 gﬂi LERETE, Cyanidin 3-O-glucoside®}

b
573}

Helst 1% 7hel gl
% Tukey's multiple

! 7.37 + 0.17 mg/100 g°| Tt My

1143.30 +2.65 mg/100 g O & e Th

451



ZLIE Bofe| XM E HE % microRNAs =H

) INH S

k= Journal of Nutrition and Health

https://e-jnh.org

Table 2. Bioactive compounds found from MJ

Bioactive compounds Contents (mg/100 g)
Total phenolics 4.29 +0.03
Total flavonoids 7.37 = 0.17
Cyanidin 3-O-glucoside 30111+ 7.92
Cyanidin 3-O-rutinoside 143.30 + 2.65

Data are expressed as mean = SEM. The contents of total phenolics and flavonoid were expressed as mg of gallic
acid and quercetin equivalents per 100 g of dry powder. The contents of anthocyanin were expressed as mg of
cyanidin 3-0O-glucoside and cyanidin 3-O-rutinoside equivalents per 100 g of dry powder.

MJ, mulberry fruit juice powder.

NE=H "ot

313-L1 M| 227} 28Foh= 59 Mje] th st 5 = oF AJXH - 2 X 2] sho] A| 2 A& S7 510
M EZ=AES H71sE T M2 0, 10, 50,100 2 500 ng/mL 5 =& % 7151] 37°C, 5% €O, &7
oA 1,2,5 Y 79 St vl Th Myl Al ZE AE-E-2 100 ng/mL |3} H oA 7L FQF
Fo Al Wak7E gl ot 15 %91 500 ng/mL & Lol A= A 2] sYA R E t ol H]s)
A g Ego] FolF 0 & Zhrasto] NEEA S UEPHS & 4 AUt (Fig. ).

o

B3} 5ok 212 274 o)A gutE A7) 98l 313-L1 A WA i) 0, 10, 50, 2 100
S A7Fsted 37°¢, 5% CO, 2410 A 79 FF Bt it Al W 2]

=72 oil-red 0 B0 oJ 3l A2 W A FAALE A & FF 5 SH5to] P& o}

ATk ZHAE ) 212 &HF2 10, 50, 2 100 ng/mL MJQ] %ol A T 7ol H] 5l 2+2}3.4%,

9.7% 2 18.0% 743 Tt (Fig. 2).

g
M
INI Ollr
il
1o
g
|
i
R X

X|Estof 2HEE SR L
14?11”“113-501]*1 AAM & 23515k BQF 3T3-L1 Al 2ol A A 23} F3lo]| ofst=
F7Z}Q] PPAR-y, C/EBPo. X aP22] mRNA $+F-& ZAFSHATH Al Z+=0 EH —E) 50 2 100
ng/mL2] MJ 5= Z H7}510] 79 St HiFSHSI T PPAR-y, C/EBPa 1 aP22] mRNA
100 ng/mLe] MJ 5ol A TR0l vl &l 2+t 50.7%, 36.8% L 49.7% -2 4 .= 7+

t} (Fig. 3).

ANz
T
A

iﬂrl

il

120
100
z3 804 ® Day1
T €
S S 60- H Day 2
; 5 M Day 5
3£ 404 m Day7
20 -
0 1
0 10 50 100 500
MJ (ng/mL)

Fig. 1. Effects of cell viability on MJ in 3T3-L1 cells. Cells were treated with O (control), 10, 50, 100, or 500 ng/mL
of MJ, and incubated for 1, 2, 5, or 7 days. Cell viability was determined using water-soluble tetrazolium-8 assay.
Values expressed are averages + SEM.

MJ, mulberry fruit juice powder.

*p < 0.05 versus untreated control.
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Fig. 2. Effects of MJ on intracellular lipid accumulation during adipocyte differentiation. 3T3-L1 cells were treated
with O (DM-treated control), 10, 50 and 100 ng/mL of MJ, and incubated for 7 days. Intracellular lipid content
was stained with oil-red O dye, and the stained oil droplets were dissolved with isopropanol and quantified by
spectrophotometric analysis. Values expressed are averages + SEM.

DM, differentiation medium containing 3-isobutyl-1-methylzanthine, dexamethasone, and insulin; MJ, mulberry
fruit juice powder.

*p < 0.05 and **p < 0.01 versus DM-treated control.

1.5
2
z W DM -
€ B DM +
(0]
g B MJ 50
5]
= = MJ100
o3

PPAR-y CEBP-o aP2

Fig. 3. Effects of MJ on the expression of genes involved in adipogenesis in adipocytes. Cells were treated with 0
(DM-treated control), 50 and 100 ng/mL of MJ, and incubated for 7 days. The mRNA levels were determined by
quantitative real-time polymerase chain reaction. Values expressed are averages + SEM.

MJ, mulberry fruit juice powder; DM, differentiation medium containing 3-isobutyl-1-methylzanthine,
dexamethasone, and insulin; aP2, adipocyte protein 2; CEBP-0, CCAAT/enhancer binding protein-a; PPAR-y,
proliferator-activated receptor-y; mRNA, messenger RNA.

*p < 0.05 and **p < 0.01 versus DM-treated control.

HZ ut20] Zofsts SR W

MJ7} A HEA o A & Z 7] 2 & Q1 TNF-o, IL-6, MCP-1 X iNOS2] mRNA 4>F0l] JFS
22] 37} 9180 313-L1 Al o] 0 (N2 2), 50 L 100 ng/mL 2| M) 555 H7Fsto] 7 5
B F5}9 . TNF-a, IL-6, MCP1 2 iNOS2] mRNA 432 100 ng/mL2] MJ 5 =0l A] T 0]
BI8H Z}2F79.0%, 49.0%, 49.0% B 45.7% 214 0.2 7 45}] © B TNF-0+= 50 ng/mL2] MJ
=T O A & 61.7% 92| 5HA] ZHABHACH (Fig. 4).

Bl

miR-132 % miR-143 =3 7|H

B o Lof| A= 373-L1 A HHA| Zof| A] f ZHHS - of] o] 5}= miR1322} miR143°] Taf &
AFst7] 913l Ml 2ol o (FHZ=4), 50 B 100 ng/mLe| M) & =& H7Fsto] 78 &<k vl ok Rl
miR1322} miR143 B 22 50 2 100 ng/mL2] MJ & Eof| A] o o] v 3l ZH2}35.00% L
43.5% 32X 0. 2 7+451%1 2 X (Fig. 5) miR143°1 A= 50 ng/mLe] MJ 5 =0l A == 27.4% -
9J5}A| HA ST (Fig. 5B).
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1.5+
s
z HDM-
€ m DM+
(o]
g u MJ 50
]
= = MJ100
[a's

TNF-o IL-6 MCP-1 iNOS

Fig. 4. Effects of MJ on the expression of genes involved in inflammation in adipocytes. Cells were treated with O
(DM-treated control), 50 and 100 ng/mL of MJ, and incubated for 7 days. The mRNA levels were determined by
quantitative real-time polymerase chain reaction. Values expressed are averages + SEM.

MJ, mulberry fruit juice powder; DM, differentiation medium containing 3-isobutyl-1-methylzanthine,
dexamethasone, and insulin; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; MCP-1, monocyte
chemoattractant protein 1; TNF-a, tumor necrosis factor-a.

*p < 0.05 versus DM-treated control.

A miR-132 B miR-143
1.5+ 1.5 -
< <
& 10- Z 1.0
E * . E :
[} [} *
2 2 N
& 05 & 05
[0 Q
o o
0 04
DM - + + + DM - + + +
MJ (ng/mL) - - 50 100 MJ (ng/mL) - - 50 100

Fig. 5. Effects of MJ on miR-132 (A) and miR-143 (B) in adipocytes. 3T3-L1 cells were treated with O (DM-treated
control), 50 and 100 ng/mL of MJ, and incubated for 7 days. The miRNA levels were determined by quantitative
real-time polymerase chain reaction. Values expressed are averages + SEM.

MJ, mulberry fruit juice powder; miR, microRNA; DM, differentiation medium containing 3-isobutyl-1-
methylzanthine, dexamethasone, and insulin.

*p < 0.05 and **p < 0.01 versus DM-treated control.

g
2 A= 313-L1 A A oA MjS] BF L miRs 2 7)Aol il 2AFSFAT. WA, 3T3-
L1 A A ol A Myo] A A Q1 A E=A] 2 104100 ng/mL 5= QoA J &S whx] okok
©1}500 ng/mLe] & =0l A= MEZEA S UERSTH thaba] 2 AFolA AHSE sk Y
= M E EAo] YIS n|x|A] &= ~100 ng/mL 5= W] MjE A5 o] A ol A
Q2= B dufo] 2319 25-50] 373-L1 A/ WA E BohEt M Z U A2 2 FAI A
27 A & S F AFFA a7 USS B TH[9]. Park 5 [15] S B G =2 2
g ?—%‘3& ethyl acetate 2] 20| 3T3-L1 A| A 0] 235} oA 12 H 1359 .21, Choi 5
[16] Sh=tAt B ool A 2E35F Thd-77F 313-L1 H 4] kuﬂg.a_l A ZZA] o7 Fa}
=2 Eié}a’iq ok MR dujjo] B & 5.2 I x|WA] o] S Foigt IAE Q) AF
%”€¢4éﬁ*ﬂﬂqﬂﬂE@?ﬂﬁﬁﬂﬂﬂ}uﬂ%wi%ﬂ%%wﬂﬂﬂ%
T o]EH o g AU A A FHo] ZAE U o] ATt= M7F A FH& A=l &

2ol 4 9182 ek x 9lc.
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A HFA| o] B3} thA|of| A PPAR-y2} CEBP-a= A|HHA| . B3}of| &

%74 Q1ztol™ | E35] x|H} Eo]A A Sl ap2= PPAR-y2} CEBP- aoﬂ 43 o]

T} [18,19]. o] Aol A, BL}R Aol Q] ethyl acetate 852 373-L1 A WA £ 2] PPAR-y2}F
CEBP-o. -3 AA & S A5t 1, B} Auofj o] 2119} FE5-2 373-L1 A WA B3} 5ot
PPAR-y, CEBP-0. ¥ aP2 W& -& A5 T} [9,15]. S BUF 9l 9] of|ghE FEE-23T3-L1
AGA| Z| A 2] - 22 2} A| 2} PPAR-y B CEBP-a2] T £28 ZHAAZTH [20]. ©] 2

Lo r°“
=‘.3L_"
T
1~
_&

TS HIS5H], B Aol A My AW Al 2ol A 2|8/ off #oiSh= PPAR-y, CEBP-o 2
aP2 FAA HA S A2 52 Fskl.

A A 2= SR il A A M2 2 HEkE 4 31O W, TNF-a, IL-6 B MCP13% 2
2 A3/ Aol EFLRI o] th A M| 32 S/ 3HE AF =gttt [3, 1]. GSEESolA DA ZA Aol
Qlof o5l A M7} /g8t FF mi7HE 2 Q1 iNOSE &/d 5] nitric oxide (NO)
£ A3} [22,23]. A M| Eof| A BILE Ao o] 2 19F 32E-50] lipopolysaccharide©]] 2
off fHE A5 B0l A TNF-02t IL-6 A/d S7He ZHAAI 7| AL iNOS §- 2 3 Tl 2k
A S 53 NO A3 T AAIZTH12]. 2 ATl A 98] DA A o] oF WLtE Hufjo]
2% FEES AFAT HY A A oA TNF-0, IL-6 2 MCP19] §-42 & AA|et &
1011 o] 59| Thil A gheFo] Zradhs Ag Bo|F ATt [24]. TH2] A8 Aol A QFE Ao}
'd O] INF-q, IL1B, CRP % iNOse}t 22 A5 mi7l &4 9] S7HE At B askqiet [25-
27]. Lim 5 [28]2 XA O & =t H|9E RallofA] R QS ThEOo g FojFlg uw &
o B U Qi Ao & E3tsto] R e ol 37 S717F A skal 7k 2| Bol A INF-q,
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