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ABSTRACT

This study aimed to determine dose of scopolamine to induce cognitive and memory

dysfunction in rat. Six-week-old male rats (n=20) were randomly divided four groups.

Scopolamine bromide (0, 0.5, 1.0 and 2.0 mg/kg) was intraperitoneally injected for 7 days.

From 4-7 days after injection, the rats were performed memory test by water maze and

passive avoidance test. On the 8th day, the rats were sacrificed, then acetylcholinesterase

(AChE) activity, cholinergic proteins and inflammatory mediators were analyzed from their

brain tissue. In the memory test and AChE activity, the group of scopolamine treatment

(0.5 mg/kg) showed no significant difference compared to the control group (0 mg/kg). But,

they showed significant differences compared to the control group in expression of choline

transporter, choline acetyltransferase, and vesicular acetylcholine transporter protein and

'.) nuclear factor kappa B, tumor necrosis factor-a, interLeukin-6, inducible nitric oxide synthase,
E T and cyclooxygenase2 mRNA. Also, the groups of scopolamine treatment (1.0 and 2.0 mg/kg)
et showed significant differences compared to the control group in memory test, AChE activity,
expression of cholinergic proteins and inflammatory mediators mRNA. Therefore, it was
suggested that 1.0 mg/kg of scopolamine is adequate dose to induce cognitive and memory
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Introduction

A MAR = X|uf b= oF 55008 o2 5|1 9lom, 7o) BE UzloflA] QI & 1A} HlE
o] A4 Z7}5kal Q7] wiof|, x| Fxle] 4= 20301 o= 7,800%F . 205019 = 2F 19 39008 Ho g2
S7H Ao 2 oifdnt. f2juete A AlACIA 7 ke £ 2 137 JFPE 1 glom, A1 <
T-FA ol =R 20459 FA| Q1T 5 46.5%7} 654 ©)/de] elo] H Ao & B Skl QT Statistics Korea,
2020). 0|2} o] Q1 QIF7} SolUpA] 1eQl/g Agto] Z7HY FA| = thR= 1 QL =914 | uf| Szt
4 A G5B Y FAIZ, Xl Fxpe] £ 17WS 7] 2 FHl 4 Sofd oo™, 2024 ol 1007
7, 2039'H0lli= 2007t 5, 20501 ol = 3009t -2 ol Ad A 0 = oS5 11 lTh(Arvanitakis et al., 2019).

x| vl =] 0] 915, | H 3 Aol M| 2 AA 5] theFet YRI 0 = 7] 50] &4E o] )R] 7|5 A5t H 7]
o &G0 = A DEES T 4 Qe H e ST 0= YA 31O (Temy & Davies, 1980), A
kg 7] o] Bsi 2| 2] ehgkS: et opye}, A 2| SA47HE T E] 2] oo} A

[e]
/3T oFAAd 4S5kl Q)= A o] tHCummings et al., 2021; Huang et al., 2020).

We w2750 §
£35], §a42 8 E2AHNN WL 2v) FEReo] sjuElo] ol f5)7 glrk. thEA S A 52

Rz = Aol nel RS Hdl 51ekE4 o] g7t 2Ell 50| ITHDrummond & Wisniewski, 2017
Esquerda-Canals et al., 2017). At i3} R @llx} & 274 mello] 759 XJulj 2hAY 7] o] Abgtol| A o] 27
I} -FAKSte] Bol ARGE] L UAIRE HHYE] 7] 7kA] 2] A|7to] gho] I etk Mk ARgkE] ] Al H AL
7}e] 58 714 0] thd o & A5 1 QI Th(Park et al, 2013; Park et al.,, 2020). 2FeHE A 2= o} 2o| & H|e},
U 54 Y AFEoWI 52 AMEE 57 2E 50| /o, o] 52 AFA1A o & Mtke ARo] AR,
71918 Ago] {AIE= 7I7to] At ke T2t miu 2 A= 0) HZAQ1 7]&o] @ 5ith= THo] jlo],
x|l 2| &A1 A oF2] 7| o]] BHA) of2] HEllS B-85to] 7stal ITHGilles & Ertle, 2000; Nakai et al.,
2021; Park et al., 2012; Zeiss, 2020).

olz] o) 9 52 2 F A7Bolnle TAY 7lofRits] FERo] F2 o857 I oFEA
A3 E 4% otME = FA7FIAY F9 -84 7He] Aok A olfoh= SHH, obMIE E = of| AE|2HA|
o] &S STHIA otMlEEd ) e AR =M AR F2E sk Aoz dEA ot
(Chen & Yeong, 2020; More et al., 2016; Tang, 2019). A5 Zo}7l-2 o &S FHEA]7)7] whEoll,
£2U5014 7]ofe] 2 3 21 52 Aot et A7 Holol Wel ALEE D Yx|ek 7]ofe 28 447
o] got A3 ZoR o) ARG -8-50] H )7} thefetH A|AIgkE o /

wFEhA], 2 Aol A= AT ol o] A Aol A Ho] ARGE] AL QL= -87H0,0.5, 1.0 H 2.0 mgkg)= 7|
TOo7 7|98 AALE et 35 AA B A A8 AI &4 B A BH B A1 E 245t 7]

o
= 1 0 = o

AL 93 2He) B2 Fo} FF AT BoG 0]§3 o) FER 0] 7)% R E 7| Fot A}
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Materials and Methods

Materials
Animals

d 558 IPAEE thhto] 2% . (Eumseong, Korea)ol|A] -5t AFE-

51900, AFR U 45 AMf AT 2 A7s SO $24Y a29ldsloly Seliol 1s
S CHCBNUA-1594-21-01).
Treatment of Scopolamine

= Al o]] A}-8-3F Scopolamine hybromide (Sigma-Aldrich, St. Louis, MO, USA)+= in vivo A @ ol] AF8-5}312} 0,

05, 10, 2 20 mgkge] £2-0 2 PRS0 0] ZASIITY. 7 2 50124 2 470 2 Lo AlFlslglon]

tizoll= PBSE Folotlal dwole 838 2 2ARE AT Z0] 84S S mlke®] §F0 27Ut

U 13] 57 Fofsiqint. E45F] ot 7|7ke] 4792 AT o] £l S B REolEtal 30+ SOl 35 7

AHE AAISEITE (Fig. 1)

Scopolamine (0, 0.5, 1.0, and 2.0 mg/kg), I.P.

|
|
Day 0 1 2 3 4 5 6 7 8

r Y

(Morris water maze,
Passive avoidance test)

Fig. 1. Experimental schedules of scopolamine-induced memory impairments in the rats.
Scopolamine (0, 0.5, 1.0, and 2.0 mg/kg) were intraperitoneally (i.pl.’yinjected for7 daKs. Memory
test was performed 4-7 days using Morris water maze and passive avoidance test. The animals
were sacrificed at 8 days, then AChE afctivi , western blot and real-time PCR were performed
rom brain tissues

Methods

Passive Avoidance Test

A3 2] 2-9] working memory ability= =73 5}7] €J3H shuttle box (width (610 mm) x depth (300 mm) x height (400
mm))E- ©]-&3l| 4~ 5] 1] BH-(passive avoidance)e *B7F5HTH Box= Lot 5 919t A A} uigo]
92 3} ol =2 o = L F 7o) HFo = S/ E ) Ao A& RaZ 2 Eof B WA of
7+ wf A7) FA(3%, 0.3 mA)S B CHHermans et al., 1992). TH7] A7 2T Al o] Zo]
o2 Soj7ke ARTe.Z sl o, 30027 Fol7t 7] 92 o] Sl et et
ek, 45 o) A AzBo}E] R0l 42l - 72k 13)/2, 497 S AR
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Morris Water Maze Test

27} 7140] H7FE 95l Moris 2% 1|2 Al3]-S X1aia}oic), % 02 Als]e 2o| 27 ¢me] Zo]2 X
9171 A7 180 cm@] 22 of|A Y5}l om Bo] @ r i 9) + 3°CE SR} 2= FhAko] 47fe] Ab
BHO 2 L}o] & ARETH 390l escape platforme 5~/ 2 cm Z10] of2fol] YX|A|ZiT) o] T HES &
platform®] 0| ] Q= 5} Rat= 1] 2 W] 591 o2 EAfol] 27510 platforme 2= 712 19k
}. ©hA 9] 9 x]= A% WU A5 A =9t AFEH = platformo] 1= 3709] AFEH 2= 3 2] Ao A]
21517 510] plat formS 271742] A2 A7 245191 THMoris, 1984), 425 1] 2 A¥le A5Zo
o] 4% ~ 7977 131/, 447 231

rok o

al

E
kS

-

Acetylcholinesterase (AChE) Activity in Brain

] 2 2]-2 protease inhibitor ZE| Y (Sigma-Aldrich, St. Louis, MO, USA)°] 33 98l 2] PBSE- % 7}oto] 72
S} STt 13,500 rpmOll A 4°Col|A] 627 B A1 E2] 2 0.1 M phosphate buffer (pH 8.0) 2.6 mL, 10 mM Ellman’s
2o (10 mM 5,5'-dithio-bis-2-nitrobenzoic acid (Sigma-Aldrich, St. Louis, MO, USA), 15 mM sodium bicarbonate
(Sigma-Aldrich, St. Louis, MO, USA) 100 pL, = w24 02mLE- cuvette®l] ¥ & 75 mM acetylcholine iodide
(Sigma-Aldrich St. Louis, MO, USA) 20 uLZ 2 7}5}0d 405 nmol| A 127H2 0 2 587+ 2333 7)(SpectraMax
M2, Molecular Devices, San Jose, CA, USA)E- 0|-8-510] Z43Iith.

Real-time PCR Analysis

1] 24 9] total RNA= Trizol A2} (Invitrogen, CA, USA)S AR&-5Ho] A| 2G4 2] = 2 & Fof| ula} 22519
T} Total RNA 1 g2 WizScript™ RT Master (Wizbio, Seongnam, Korea)S- ©]-851] cDNAE- 3Hd5}7] 915+ <
ZAAtol Z8-5] 9101, A4 cDNAE PCRE 93 template = ©]-8-5}{CH Real time PCR-- Brilliant 11T Ultra-Fast
SYBR® Green QPCR Master Mix (Agilent Technologies, Santal Clara, CA, USA)E AME51%.0 1, HR3-2 60°C,
40 cycle= AriaMx Real-Time PCR system (Agilent Technologies)Oll 4] =345+t W7 7|& 524 2+ GAPDH
£ 0|-85} 3L, comparative Ct method S AFE-5}0] 28] HHE5}o] H|o|E| & EA1 51 Th(Yon et al.,, 2018). PCRO]|
A2 primer®] sequence= Table 101] 7|5} T}

Table 1. Primer sequences used for PCR analysis in this study

Primer Sequences

Gene Forward Reverse Accession No.
NF-kB AGAGGCCATTGAAGTGATCCA CTTGTGGAGGAGGACGAGAGA NM_ 001276711
TNF-o. ATCGGTCCCAACAAGGAGGA TTGCTACGACGTGGGCTAC NM 012675
IL-6 ACCCCAACTTCCAATGCTCTC ATGGTCTTGGTCCTTAGCCAC NM 012589
iNOS AGGCTGGAAGCCGTAACAAA ACCACTGAATCCTGCCGATG NM 012611
Ccox2 TGATCTACCCTCCCCACGTC CACTCTGTTGTGCTCCCGAA NM 017232
GAPDH GTCGGTGTGAACGGATTTGG CCACTTTGTCACAAGAGAAGGCA NM_ 017008
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Western Blot Analysis

L Ao proteinase inhibitor (Sigma-Aldrich, St. Louis, MO, USA) gl phosphatase inhibitor (Sigma-Aldrich, St.
Louis, MO, USA)S -8-3F RIPA cell lysis buffer (Sigma-Aldrich, St. Louis, MO, USA)S- o|-&35}o] 723} 5191
T}, T2 #2088 4°C, 15,000 pmOllA] 1527t YA E2lsto] F2E5H3 2™ BCA protein assay kit (Pierce,
Rockford, IL, USA)E- ©]-&3a}o] 2= shlet. T d-2 10% SDS7} 3H-H 0.5 M Tris-HCl buffer (pH 6.8)°1]
A 95°Col|A] 587k 7} 5to] HAJA]Z] & SDS-PAGE gelol|A] A7] 9% sto] B2]A1Z] &, 20% methanol,
1% SDS 2 192 mM glycine®| $H+¥ 25 mM Tris bufferS: AH&-5F°] PVDF membrane 2.2 ©]5-A|ZiT}. TBS-
Tween (TBS-T 20mM Tris, 137mM NaCl, 0.1% Tween 20, pH 7.6) 84S 0] 85101 5% skim milkS A %5}0 1
A7t blocking $F & Table 201 Q1= A S 0|85t 4°Coll A ovemightsto] BH-S-AIZATE TBS-TZ Al &3 &,
membrane®]] Horseradish peroxidase-conjugated anti-rabbit 22} A S 0]-8-5}0] Al-20A| 24|17 B-S-A|Zi T},
Membrane< ECL solution (Pierce, Rockford, IL, USA)= ©|-8-5}0] &/35}Ith Acting W5 7|5 S22 51
Image] (NIH, Bethesda, Maryland, USA)E ©]-8-510] A2k 5}ich

Table 2. List of antibodies used in the current study

Epitope Company Catalog Number Dilution 2° Ab (IgG)
CHT Abcam ab154186 1:1000 Rb
ChAT Abcam ab178850 1:1000 Rb
VAChT Synaptic system #139103 1:500 Rb
Actin Cell Signal #5125 1:1000 Rb
Statistical Analysis
& ] sA Hlae g B 2Ate] S-S ERlskal, U EAle Al S e F Tukey®] UFE H]
B HAES B3l S AS5 T BE 242 A9

A E-8 AT EQo]Q] Statistical Package for Social Sciences
version 12.0 (SPSS Inc, Chicago, IL, USA)= S5l 3451} o] B+« o] Wt + B @32 TASHR
2,P3E<005 1 A% SAK 02 Rol7t Ao T

Results

Memory Deficit Induced by Scopolamine

Passive Avoidance Test

sfjmte] 2231 H 7] HAA |2 A = 78S S ote o2 gl 52| nl A ellA A4
ol tRT2 o] =2 1] M7] 342 7|9l Sx1o] X5 A} B2 Hol| B F= Algko] dojR o
L} oloj u]3 23 Zobql 1.0 X 2.0 mgkg FoIgH 3¢ 719 241
7k AlRbo] Zith= A ER1d 4= Qo AT Eo}
o=} 7o) m) gk xfo] = E AR 2] x}o]
Fo]m]gh 2ol & HojF2] ZSkit(Fig. 2A).
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W
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Morris Water Maze Test

AFZOMIO 2 FH 7oy 4o TRt =& ElstAt 3R 4 sk E e ST o A= T
n2 A9 st A s=o] FH DM E olofs) Holx| ¢l EFe =t 2= Hd 2=
AJHg Bl asl 2 A, tiEwt2 1 AR o] Hlsl| &1 7|7to] ZojA g E2E-2 2 ARto] dAs)
A st 7] 719j0] A ATHL 8 4= ot AFZolql 1.0 Y 2.0 mgkg TS AP T2 EH 7]
THhgaglo] 25 42 AJRHe] RIS A9 gigler tixatat §o)5k 20| & HolA| Z3t: webs, &
AES A Zokal, 719 4] 2 e Eokal &l 4= QU1 o]ul AT FoHIE 0.5 mgkg Fo{7H A
P2 vl v Wl & w, AT Fofrlof] ofgt 7o)t o = EE AR o] 2HA = A AR Skl oLt A
AEEE A E71A] ol whe) W EE AR o] Zasl 2ty AR 12 -2 Holw, 33] 3

L O

Bl & 9] 0]gt o] S Ho|z] FIE 2 1,0 L 2.0 mgkg 839 AFZop] FolF A f-ou|gh 7|9 &4
o] o] thal B 7] o] HkFig. 2B). o]of] SAIE R FofA] AT Zoll 1.0 D 2.0 mgkg Fo]oll AHF 82
0]gk 2ol & H it

A -+ Control B
- Scopolaming (1.0 mg'kg) *

b - Scopolamine (2.0 mglkg) 2 180+ * * *
wm 300 w
3 -, 1504
E o &
< 00 5 120- *
S B g
z g
£ 100 8 607
7] * * o
[ w304

G T ? I* F G T T T L

1 2 3 4 1 2 3 4
Passive avoidance trial Water-maze trial

Fig. 2. Cognitive function of rats injected by scopolamine. Passive avoidance test (A) and water-
maze (B) were measured once a day for 4 days. (A) Passive avoidance test. The endpoint was set
to 300s. (B) Water maze test. The endpoint was set 180 s, if the animals failed to find the platform.
@: control (0 mg/kg), M: scopolamine 0.5 mg/lﬁg, A scopolamine 1.0 mg/kg, ¥- scopolamine 2.0
mg/kg. *Significantly different from control (p<0.05)

Cholinergic Markers in Brain Tissue after Treatment of Scopolamine

AChE Activity in Brain Tissue
A5 EoM g7fof| thE AChES] B/ £A1517] lal] 797t AT Eol S Fojslil B & HZxAS

2]
o|-g5to] AChES] &/d-& S5ttt A5 Z ok 1.0 9 2.0 mgkg FoI A2 thR 1y} f-oufgh %

HRE U223 R0 Aol 7} fTATHFie ).
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:

Z

AChE activity, %
(Relative to control)
8 B8
1 1

-

Con 0.5 1.0 2.0

Fig. 3. Acetylcholineterase (AChE) activity in brain tissue of the rats injected by scopolamine.
*Significantly different from control (p<0.05)

Expression of CHT, ChAT, and VAChT in Brain Tissue

AFZopI0] Foj7t FEAF APAITE Y= w4017 Slol, otMEE= g at wedE wEjdo)
S western blot= 53l B] w53t} Choline transporter (CHT), choline acetyltrasferse (ChAT), AEOHM|EE
2 ~8-A|(vesicular acetylcholine transporter, VAChT)2] &S B w sl 2 A} A5 EZol1 05, 1.0 2 2.0 mg/
kge| Foi &2 Qlof| th 271k F-of |3k Xo] & Ho|HA| o] ZHA3ThFig. 4).

A B
Nor 05 10 20 . 15q
5 O Con
CHT o= o= - iE 31 05 mghkg
S g B 1.0mglkg
ChAT wm == oo o= I . Z0moko
2o
VAChT ww w= = = 52
<3
ACtin ——— — e

Fig. 4. Expression of Cholinergic Factors in brain tissue of the rats injected by scopolamine. (A)
Western blotting to check the expression of choline transporter (CHT), Choline acetyltransferase
(ChAT), Vesicular acetylcholine transporter (VAChT). (B) Band densities normalized to actin.
*Significantly different from control (p<0.05)

Inflammatory Mediators in Brain Tissue after Treatment of Scopolamine

A5 EoM] Fojof] mhE HZ2A] Ujo] JF WS A= E H|usty] ffsl, 4 & WX 2| 0 2 BE] mRNAS
FZ3F DNAE F/J51 real-time PCS ©]-85}0] fSHES W0l F-235F A2 HEE2 2l nuclear factor
kappa B (NF-xB), 95 FH7HAd AFo] E7}FQ1Q1 tumor necrosis factor-at (TNF-at) 2 interLeukin-6 (IL-6), 12|11, &
Z0f7) E421 inducible nitric oxide synthase (iINOS), 2! cyclooxygenase2 (COX2)2] BHaHE eIkt &l
o] atol& QU oL), mE fHRoA AFZo] 05, 1.0, 2 2.0 mgked] Folwt BF7F chRFT -Fo) 0]
gk 2jo| & Ho|mHA o] Z7 1l th(Fig. 5).
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25 * 43 % "
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:E &E ,,
g: g2,
$3: <3
zx (=%
o [
Can 0s 10 2.0 Con 0.5 1.0 20
rC= Dﬂ_ﬁ ® . E;-B *
g 2 £2 gg ®
= FE * EEB
34 B4 £ 3
x =1 *
58 g% gE
28, Z, o 2
23 23 232
o]
= =% 8%

o
-]

o

€
]
a3

Con 05 10 2.0 Con 0.s 1.0 20 0.5 10 20

Fig. 5. mRNA expression of inflammatory mediators in brain tissue of the rats injected by
scopolamine. Real-time PCR for checking the mRNA expression of nuclear factor kappa B (NF-kB,
A), tumor necrosis factor-a (TNF-a, B), interLeukin-6 (IL-6, C), inducible nitric oxide synthase (iNOS,

D), and cyclooxygenase2 (COX2, E), normali(z;dot(c)) ()SAPDH_ *Significantly different from control
<0.05

Discussions

Hzo|E chfF o) £ 0 2 QIgh HA|:2o] APEo I, thE Shuh= BN T A o) 1p4tSto]| of5h 1A 120]
#/do|thAshrafian et al., 2021). 2] ¥ H]e} opl 2ol = thifzlo =

=24 A7 skt 7ol £42 %
st k9 chal o] whatek oA A Mol 2XIE of7|3te] 7]9] ST Gao et 2018

2

Pinheiro & Faustino, 2019) . & 7HE] 11 Q1= Hlo] @ AloFE-2 o] 2|3t A E5 A| AHot= A2 HH 0=
SEaL QUA|RE oFA7EA] SFA Q1 2| B A= 7HEE ] 4L Gl A7 o]tk

o2 Qlsf A ZNLE L Y= A2 7199, g5 U 1A 5 Aot £ S HEATE AS
E24 0= o}l Q1O tE A2 donepezil's 2t 22 2FE0] 0|23t TS 51, T M = HAE 5= ©l
3 g2 Ao] XY= 11 glom, o] wj gho] ARRE = 5= HHlo] AT Eolq R Elo|tFerreira-Vieira et
al,, 2016; Guo et al., 2021; Oh et al., 2021).

A Zopql okE-0] EAAY 0.5 ~20.0 mgkgZHA] et 5= 2 AREE| A1 QA THBejar et al., 1999; Jafarian et
al, 2019), & A gofA= oFEo] §82Q AFE-S 3l 05, 1.0, 2 2.0 mgke?] S0 2 AHS Y5t
A Y AAE oFAS W, 0.5 mgkgS Foldt SEoAM = 45 H=E A} 5 2] fhgoflA 2% A3
ol =719 £5 50| AxsIU U 2t 7| E S 3 Hohs Hg2 Bo]loh §H 1.0 E 2.0 mgkgollA]
o] Y= 2] 942 A2 FAS 4= ok thE Aol A, 0.5 mekg?] S ARESH AR

2 fFolsto] sARE AAlsto] 71927 E fEskA

@77t & 55 = S B QItKGattu etal., 1997).
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M7 HA| 2, AChES] 27 Al 0.5 mgke] B30l AChES] BY/d o] thaa ot Bl w3l mf -2
Zpol & HolA] gkorom, 1.0 9 2.0 mgkg oM = s oEH 0 & F7Iet AL &Q1e 4= It} AChE
Aol A 2H-g-sto] ofME E 7S Eolishe B4o |tk AChEZF /3= otMlE Z7e] 2H8-A|7to]
517 2ol 7198 2 & f- ok S Ho|A| Hok #z) X SA| = 2231 Q)<= donepezil©| L tacrine
EZ452 o AChEE YAlsto] ofAE IR0 =5 YAIH O E FSAIA 7198 S I FA7 = 8
F85tar Qlom woe B2 Eo] o] AChES] JA|E 22 0 2 7jdke] 11 9)thMarucci et al., 2021; Shin etal.,
2018). SHA|TE, 0.5 mg/kg2] -8l A= AChES] /2 T-55] 5A171A] ot7] wliZoll AChES] A& =
Ao g =22 80| HA X oz Helt,

3k, Y=stol Zxpol| AN U= Q1A 75 Aolle A A9l &4l &gt Zlolgh= ofg] A+
7 } ',jz_ 1 =] I THGais & Born, 2004; Rogers & Kesner, 2003). OFHE 22 712 A2 LAk o] 9l
ABHGELoH, oI F=9 7 Q15 Aoet Tafo] kil B 1w i Tk(Perry, 1988).
ubA, 2| oE fEE EEollAw otE SR 2 e 1 o] Qli Tl o] o] ZhAk|o] glom, o]
23t EAZ o] &ato] FHA FAE X[ul5E AlAol| o]-8-57| = Fhth(Park =

FZol A2] T oty = el o] S} TIE CHT, ChAT, VACKTS] &3-S 210151918 |, o =koi] 1|3
FojujetA ZHasks S SRkt ufebA, ot e Zd 3 AAEES A SA 2 ARgdhe Adol &

ERYE AR S Ao R S H T

S/ ANAAIS] &4 o] ol &, Hefopd 2o & Tl o] 242 AFSHRSS S7HAIA ABAEE &
TINA HZAME S sk A2 A2 THKinney et al, 2018). A5 AFCIE71QI] F7h= HEgt H]
Ehottl zol & A/t Bedo] Qle Tld o) ’idS S7HA7]E A o2 B E I T Alasmari et al., 2018;
Sommer et al., 2017). O]&3F AFA S ZAE HH AFoA= FF FEEZAQ LPSE W= Foiste] 79
g A9 S AA5 & A5-S 213851% ThKitazawa et al., 2005; Zhao et al., 2019). & AlFoj| A= AT Zo] S
Aot BE Sl A5 LA ASdLE A NFKB, 5 HI7IV3 AFo] E7HRN(TNF-a, IL-6) 3 H5 1
=2} B w3e wf §olnlsiA| STkt ol2igt Aike AT EoIS

e ok

b

oN
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