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The study evaluated the therapeutic effects of resveratrol on experimental autoimmune neuritis
(EAN), widely used in the experimental studies of human peripheral demyelinating diseases,
including Guillain-Barré syndrome (GBS). EAN was induced in Lewis rats by immunization with
a neurogenic peptide homologous to amino acids 53 —78 of bovine myelin P2 protein. The rats
were monitored daily for clinical symptoms such as paralysis, and the levels of inflammatory
mediators were analyzed using immunohistochemistry. The daily oral administration of
resveratrol to the EAN-treated rats was observed to significantly reduce the severity of paralysis
(p < 0.05). Histopathological examinations additionally confirmed that resveratrol mitigated the
inflammation in the sciatic nerves after EAN induction suppressed the infiltration of ionized
calcium-binding adaptor molecule-1 positive inflammatory cells, and reduced the number of
iNOS-positive inflammatory cells compared to the vehicle-treated group (p < 0.05). Furthermore,
the resveratrol-treated group exhibited a decrease in the production of pro-inflammatory
cytokines, including tumor necrosis factor (TNF)- « (p < 0.05). When considered together, these
results suggest that resveratrol alleviates neuroinflammation in the sciatic nerves of EAN-induced
rats by systemically suppressing circulating pro-inflammatory factors.
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Q3R Willison, 2005). A7 FHSA] 4174 F(Experimental Autoimmune neuritis, EAN)< Z &1}

| 5] 5=
Dd2 CD4+ T A2 fi7ie] G354 W41 Al(peripheral nervous system, PNS) B2 AgkS EXJ 0 7 St
(Zhang et al., 2009). A3-Hle]| 590 ASA|E0] 24 714 45 H2 0= AP PAGAAN7E E o] Z85 11
2.2 (Shen et al., 2018; Shin et al., 2013), A 2] &5} G3M& SRIsH] lall AP 4174 A BEkS o]-8510]

Curcumin(Han et al., 2014), 4-Aminopyridine(Moriguchi et al., 2017), Ginsenoside Rd(Ren et al., 2021b)} o]
A=} olehE 5 TR w5 ol8ste] 85 I Arkse] HalE .

Resveratrol(trans-3,4,5-trihydroxystilbene)< ~E.—H}(Raal et al., 2009) ¥ =FH|2](Lyons et al., 2003), H= 231
(Zhou et al., 2021), -8 Sales and Resurreccion, 2014)1} Z-2 1o AL = A A Ze|wl==, thReH AJES!H
A 5ol 393 92 Stk Harikumar and Aggarwal, 2014; Pennisi et al., 2017). Resveratrol-= 4FSKCui et
al., 2022), FFS(Meng et al., 2021), FL(Rauf et al., 2018), L=slo|HoA A4 AHZ2] A5 Moussa et al.,
2017), AIAE 2 A -GAF EA)(Malaguarnera, 2019)2 LERH &= Qlcky? 224 Qjct.

Inducible nitric oxide synthase(iNOS)+= nitric oxide(NO)E "J4toh= G4 2 o] §4-2] A4} eytokine 2]
W o] S7he A5t W] Hejgeste] 2] Hoftttal ¥ 1 E|QJth(Pautz et al., 2010; Robinson et al., 2011;
Yoo and Kwon, 2013). TFH7E8150] Fa el A7 FH A 1 244 o] F-2 oA pertussis toxin= FoI$H
A, ol G5 AR IS FFAIHA H4= &/ FA INOSSHTNF- @ O] S7PolgAd 5ol Yol 71dez B
1=K Ahn et al., 2001). E3H AZFASAAIA G R ol 4] iNOS 2] - Schwann cellsT} axon 2] €4} 7]1710]|
o} F- Q3 YIS v XAl B E|ATH Conti et al., 2004). T3F, iNOS7|ZAHE ueA 9 iNOS A 27404
Y% AG5-2 inducible NOZ}F BiE 0] 3] 2! 52K (Kossmann et al., 2014; Turler et al., 2006), 83573 22+
(Heemskerk et al., 2009; Raposo et al., 2013), “3#] Z]8(Chin et al., 2011; Most et al., 2002), @3 =] 2J3HHIE
(Kane et al., 2001; Silvestre et al., 2000; Garcia-Bonilla et al., 2014), &% -F- =33 A4J(Lechner et al., 2005) 2}
2 TR S AT B EQley B3 NOE we]ohs 3feha-2 mo} o] Al=of| tiet o= vH-& sl
g 74 o] 5= AckNichols et al., 2012; Reed et al., 2008). L&t} T2 AIH A H5-S Fd6h= A HHAA
A7 Y HLElofA] Resveratrol @] Bl tiet Ah= ezl vl A9 girt. whbA & ¢-9] 42 Resveratrol©] 2}
7HASA A7 Gell mlAl= YRS ERlstarat qit.
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H Ao A8 Resvertrol< sigmal-aldrich(Seoul, Korea)ollA] 715190 H, 24178 W ASA|EA A
5= iNOS 2] B A= 2R15}17] $]d]] rabbit polyclonal anti-iNOS(ABclonal, Boston, USA)E A8, £
2173 W g5AES] HeS ERIstr] Ydll Microglia/macrophages®] TF#Q] rabbit polyclonal anti-ionized
calcium-binding molecule-1(Iba-1)(Wako Pure Chemical Industries, Ltd., Osaka, Japan)& A}-8-6to] 254174 G5
Ao Bl Fres HAZASRH 7s o-8sle] ZAsIGIH. TRt A5 ARlEZR] 242 $18 Tumor
necrosis factor-alpha(TNF- @ ) ELISA Kit+= Abcam(Cambridge, UK)oll4] -5t E415}13] L.
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77 - 85F; 160 —200 g)2] Lewis TE=E- tieho] 2 3 F(Chungcheongbuk-do, Republic of Korea)l|A] 24
npe] Fdste] R et Ag s EAE oA AR diet SE24 a2 9192 Zto| Eaielo] it ARSI =
A2 Aot o] A FEe] W ARER| R ol whet JRgE] Lo, A5 71X & Al s Ee G o8 7 7o
gutE]¥(n = 8) & 37O & BR7dl1 HAF S E7 EAN+PBS #]2] tlZ EAN+Resveratrol(10 mg/kg) 5ol O &2
o] o] & 14 B8t AT Fofolltt. = AR 25 B Fhi= 24 + 5°C, 55 + 5%= AAs5teloH
lighting cycle-> 12A17F 3712 2Hs ZAsH3TE T 242 AAdetn s 24da2]91d2]e] 521 & 4= 4
PolA kAT 2022-15).

A7 AZSH(EAN) S, Resveratrolo] S0] U BS a2 21

2P A7 E O] 52+ 100 ug SP-26(a neuritogenic peptide homologous to amino acids 53 —78 of bovine
myelin P2 protein, Shimadzu, Kyoto, Japan) &¢)(1 mg/ml)< Freund’s complete adjuvant(CFA, Mycobacterium
tuberculosis H37Ra, 5 mg/ml)2} 1:1 % 3]A4{5to] 5 2hfeto]] HsIGirt. Teh A dvt H 32 UHof ZF HEO
pertussis toxin(500 ng, Sigma, St. Louis, MO)2 B5AFSH3AT

Resveratrol 5] “155°1 Resveratrol(10 mg/kg)= PBS©]| 3140t HY 5 14 B9t AL Folsiylom nE= 7
FolA A5 H uHE oY SAsHleh 72 v o] A= Brlstgl o, oA 5502 %8/d2 Grade(G)0,
wE uHlE Gl, Hohe] o] B nHIE G2, 4 Slnke] RF uHEE G4, HIAH SO AU AR 395 Gs, $H9]
Sl HAE ROE L0] B715FATH Ahn et al., 2006).

21440 2} 2| - ol A 4uta] A sAlsHo] 2218 2ot ofo] Tekel®(Hana Pharm Co., Ltd. Seoul, Republic of
o
o

B Sfo) AP AYstom, 2AsHE AL Slo) 2HF 1L A

ol g3te] 3 um o] 72 kst 2 A5bH 242 7]

225k ZM
241742 hematoxylin & eosin FAC 2 Z2|okd BAS Zehsiqict, 25417 22 AH(3 um)S o2bdS
AAE 2, 108 52t hematoxylin© 2 GG 11 th, SHTE A7 7, 35 5%t eosin 0.2 FAH5IT, E
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izt 2
A7 AH(3 um) Q] TehH-S A7 5L citrate buffer(0.01 M, pH 6.0)E o]-&5}o] Mz} Q1R|of| A 32 FotF

7tEstairt. A-2ofl 4] 4191 ., endogenous peroxidase 22 2H517] $15] 20 52t 1% hydrogen peroxide =

2|5F3AtE. Phosphate-buffered saline(PBS)Z 2% A3t ¥, 10% normal goat serum(Vector ABC Elite Kit,

Burlingame, CA, USA)°| 1A|7F 59t ¥ESAJZITE WS- & 1A]7F 52t rabbit polyclonal anti-Iba-1(1:400)(Wako

Pure Chemical Industries), rabbit polyclonal anti-iNOS(1:200)(ABclonal)E ¥F5-513131, PBS-T 5871 33] A5}

At 0] A2 biotinylated goat anti-rabbit IgG2} avidin-biotin peroxidase complex ABC Elite Kit(Vector)E

455 FoF ZFZF HE3- X171 & diaminobenzidine substrate(DAB kit, SK-401; Vector Laboratories)= AF8-61o] A4
o

:
S, 2 5, S hematoxylin© 2 63 FF GUISKT FR0 AT, S0t RS A% 7

balsam 2.2 &%) & HAn]7(BX-51; Olympus, Tokyo, Japan).0.&2 &5ttt T5d AAYS vl wsh| Q) 2]
A U] Aof 738 A HA-2 Image ] AL E FO|(NIH, Bethesda, MD, USA)E A5t &2 24 & H|w
Shodrt.

-2 0]-8:5}] Tumor necrosis factor-alpha(TNF- @ ) RO E7 1] BA41-2 ELISA KitS AF&oto] Azt A A
oFsh= AHhHof| whal 2188619t Abcam, Cambridge, UK). Hfo] 2 &2 Z]|o] E Bl 34w A(LTEK, Gyeonggi-do,
South Korea)E 450 nm g0 2 BAI5H3ct.

S| 52t Hlo|e52] 54| £4-2 #15H one-way analysis of variance(ANOVA)E A& A2 1+ -2 A

S BAt B3 Newman-Keuls testS A A 51

= =
AN B4
g 39 2 AT, W F 109700 A5 ok el 22 w7} A2l G19] QA B4l BaE it
919} 1590, 223} Resveratrol 022 W 2k 5014 S AW 349l Satelglom(p<0.05), 219
=

Holl= T 15 25 up] S44o] EE]IthFig. 1). ©]2]3t A= Resveratrol o] oJ5f] QI S4do] Ha=]3]
25 oJul3ittt. Resveratrol®] G52 A%(Ren et al., 2021a), FHfo|HA, AAES st A, 4 A%+

]

[e]
T eI B 1159 © H(Braidy et al., 2016), Resveratrol 2] B-8 F4E 5ol =5l |0] ¥S X AA 4= Qrh=
AE = 2 =] A ARt R IR| = A FA A A7 o] S 2Rt 4= Stk ofmof K
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AE0] PP FHO R HgE|o] e 2 SR 4 A H(Fig. 2B),

Z 215 470] 2= 9l5-S SRISHATHFig. 20). T3 A/ 3730l

%‘rﬁ 3 EE 21 A Q] AP T TEOA BFE GZA| I HoFo] AT Eo] Al AR A3} g AV L3 2 Sl

=] Ath(Fig. 2D, 2E). ©]23t A¥k= Resveratrol © SA512 24| oA
LS APEE & Qlrhs Aot -FASHH Lee et al., 2021).
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Fig. 1. Effects of Resveratrol on the clinical signs of EAN. Data are expressed as the means + SEM. *p < 0.05 vs.
vehicle-treated control.
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Fig. 2. Histopathological examination of the sciatic nerve of rats with or without Resveratrol treatment. (A) Normal rats;
there was no evidence of inflammatory cells or damaged tissues in the sciatic nerve. (B) Inflammatory cells were
detected in the perivascular region and parenchyma of the sciatic nerve in EAN-vehicle-treated rats (D15Pl). (C) There
were fewer inflammatory cells in EAN-resveratrol (10 mg/kg)-treated rats than in the EAN-vehicle-treated rats. (D).
Hematoxylin-eosin staining. Scale bar = 50 um.
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27 HHAAS A BOAS] NK cells Z/JSh= atorvastatin?t 317 #2] 2t dendritic cells(statin-DCs)< ©]-8-6}7
A=28E SRIsHS o, 24 W FFAIEY] 47F FAE %A, CD4+ T cells proliferation©] A= 310 H
NK cells®] 57} 7ol Yd5Ato] S| Th(Xu et al., 2014).

H A Lof| A= H|Z CD4+ T cells2] AA2FNK cells Q] AT ZA5HA = QA9 Resveratrol 2] NK cells2

=
25 GEuIRIAe] WA S U Zoleka Az,

g

A2 et A 7S ARg5to] =417 22 W] micorglia/macriphages 2] 71 THHA Q] Iba-1 FAIE ©1-&
Sto] FSAIES] e AeE IFEE Hwstith 11 A3, A5 #2470 E Tba-1 ML) o]
Ao = A] QhtThFig. 3A). 1oy tizat T1F0] #2417 Ul @2 51 9 A o] Iba-1 448 AEAI29] J
0] S7F5l3 2 ™(Fig. 3B), Resveratrol £ 150l A= Iba-1 G A2 o] o] ZHAH-S SISkt (Fig. 3C).
o|2fgt 2|5t WSS oF4 .0 & vlw et AT, Iba-1 YA HA-L A4 TF0] HzAl7gof vls) thxtoll A 214

A Z7FFA(p < 0.001). Resveratrol £0] 152 thtol| HIs| -2 A A4S AL 2F Achp <

ro,
ol
24
);

= AU
0.05) (Fig. 3D). AFZFASA A3 HoA A7PHS T A2} tif 44| 3= cytokine £-H] 2} nuclear factor kappa B(NF-
k B), mitogen activated protein kinases(MAPK), phospholipase D, caveolins= X33t THRH 415 0] SAJ5HE 5
off DA H5= freote=t ol Fatt A thal UelA] QItkShin et al., 2013). o]t FSA| L]
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Fig. 3. Immunohistochemical examination of the sciatic nerve of rats with or without resveratrol treatment (n = 4 per
group). Immunohistochemical staining of Iba-1 (A-D). (A) Iba-1-positive cells were rare in the normal sciatic nerve
tissue. However, there was an increase in Iba-1-positive immunoreaction in the (B) vehicle-treated group compared to
the (C) resveratrol (10 mg/kg)-treated group. (D) The bar graph shows a semi-quantitative analysis of Iba-1-positive
areas. Scale bar = 50 um. Data are presented as means + SEM, *p < 0.05, vs. vehicle treatment group.
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A AP HHAG AA Y] 27 A H o7 o Zf—_n_&ol- 7oz *}iﬂl’% Resveratol 2] €% 9.41] 7]7‘ 23554

O] A G4t dEA e Al
activator protein-1(AP-1)2] A5 A= Fol| 50| ﬁﬂ]ﬂﬁh— H LAt Meng et al., 2021). 2 ‘E:rLoﬂ/ﬂE o]
o A

2Rt 7131ES SRISHAE QAT A F A AollA 91e] 713dEe] B4 Hat glo, o2t 3 24

-

o
712 ol 950l SAEIE Ao YzhEck

iNOS 23 L TNF-¢ Cytokine £ Zu}
Az 2)o}6} A 7S ARESHo] 2417 22 Ul INOS 9| - 4151t Fig. 4). 71 23 A/ tizxt9]
A7l AM= INOS g AIELS] Trddo] 7 o] THa=R] QiQITh(Fig. 4A). 184t tiEw 12| 24170
iNOS /4 A|2Lo] Hrd o] Z7151% ™ (Fig. 4B), Resveratrol 0] 1550l A= iNOS 9 Al o] wdo] 7h4
_QJ—O] o]— ‘:]'(Flg 4Q). 013191-537_(11 QJ'-FQI l:ﬂ_g),]»— 01¢Z—1__§ ]:I]_u_ 75_1,]— iNOS 01:/\-1 U=]7(4 o Z-V\]- j_—.—_,] J,]——'—/]\l
ol sl thxwt 1FolA od Al S715HA 2™ (p < 0.001), Resveratrol 0] Z1Fof| A= Hizwo] H]sh
2 A AR A RIS 4= JISITHp < 0.05)(Fig. 4D).

Resveratrol ®] 95 5H5-0] &5} 852 elst7]| $lote] 2i=2] A of|A pro- 1nﬂammatory cytokine®! TNF-
o) 9rd A== ELISAR AASIAtHFig. 5). 7L A%}, tho] H]5 Resveratrol-S £+ 15014 TNF- o 2] @&
o o1 SIA AAE 2-S FRISHt(Fig. 5) WA, Resveratrol©] H5HF-S 2t =4 A WloflA] <

_l
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Fig. 4. Immunohistochemical staining of iNOS in the sciatic nerve tissues of normal and EAN-induced rats (n = 4 per
groups). (A) Normal rats: iNOS immunoreactivity is weak. (B) EAN vehicle-treated group: The intensity of the
iNOS-positive immunoreaction exhibited an extreme increase. (C) The EAN-resveratrol (10 mg/kg)-treated group
exhibits a drastic decrease in the number of iNOS-positive cells. (D) The bar graph shows a semi-quantitative analysis of
iNOS-positive areas. Scale bar = 50um. Data are presented as means + SEM, **p< 0.01, vs. the normal control group. p
< 0.05 vs. EAN-vehicle vehicle-treated rats (D15PI).
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350 -
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Vehicle Resveratrol

EAN, D15P1

Fig. 5. Resveratrol treatment decreased the serum levels of pro-inflammatory cytokines. The serum levels of TNF-q
were significantly increased in the EAN vehicle-treated rats compared with control rats. Data are presented as the
mean + standard error. *p < 0.05 vs. EAN vehicle-treated rats.
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. 9L 4] Resveratrol-= GSAZE 2] Z-87 BE0] INOSLF TNF- ¢ O] &S A LY. o] dAto] ofsHHA
2P THSA B2 4= oA pertussis toxin®ll 2| hyperacute & LE-S -G9S, = 22 Y iNOS 2] HHd
S vlwet Ayl G5 Hhgo] s - E4-E iINOS 2] T T TNF- o o] o] Ashrhs A7t B E|Irh Ahn
et al,, 2001). Tt ZA7PASA] A7 Rdlof| A iNOS 2] BFa-2 A5 o} 770hA| Fof| A I, utlE-dol
37 ofl= iNOS 2] o] 7] LrehA] ¢=ths A Auts B 15T Conti et al., 2004).

ol A7AT= INOSSH TNF- @ O] oAl ZP7halol s A7) Weloll ] G52 o173, QAFEAHS got
A7 % hE-2 AT 2 AT AT INOSS] WS GE AN AR 2] SRIFI91TL, Schwann cellsolA
= Sels]x) Qglrhs zjoldo] glout, QAPA0 2 9hs] B33k A7 ol iNOS©] o] 7] girks Ariohs
Q1x]qkc. 4 Resveratrol o] o= iNOS2HTNF- o ©] WS oA A7, 7 AT A5AIES] A8 o)A 2 o
Z] ehshel ATHE fslris Ak o1 B et x5tk
29

B AT AP SRR Resveratrol©] S5 BIIGCE ApHRolY A4GS sk
Resveratrol(10 mg/kg)& 9] 5, Zo] sz A1712] 149 5ok 47 Sofgh Ak, Aol aAde] ds
b BhAZOR, 22417 27 ] AEAELO] @ oA, INOSO] e B TNF- o o] R e ofANIZLY, ofeist
717e] oJ8) 5ol it 7S oAlele] 2|2 AV ERIFII, WIS B s Aol o] AEe
FIESHE CD4+ FETO] W10t hE £5.0] 65 5 Aol E7110] Wishe Shelsh) ZolglAh £ A7 6%
o] = 9l ofRlo] 23S PEglon] TAAR] 2 7)ol thet s ko o AastuA gt £ o] AR

2 Aak vl 5590 FER A0 A PHA] A7 H oA Resveratrol ] Fod= HASA L -8 A4 2 A= 0ff

2o Hd 28 5o} AR F1 BUZ B /15T A0 AR
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