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Abstract

Today, environmental pollution has been found to be one of the causes of various diseases, including brain and nervous
system diseases. In particular, neurodegenerative diseases have been found to be caused by hyperactivation of immune system
cells such as microglia. Preventive and therapeutic measures are needed to suppress them. Hirudo is known as a traditional
herbal medicine, based on its multiple biological activities such as anti-eczema and anti-coagulation. In the present study, the
anti-neuroinflammatory potential of hirudo extract was investigated in lipopolysccharide (LPS)-stimulated BV2 microglial
cells and in mice. Hirudo extract significantly inhibited LPS-stimulated nitric oxide (NO) production and cytokine (IL-1Ra,
KC, MCP-5, and RANTES) expression in a dose-dependent manner without causing cytotoxicity. Pretreatment with hirudo
extract suppressed LPS-induced NF-£B p65 nuclear translocation. Moreover, hirudo extract reduced LPS-stimulated
microglial acitivation and improved memory impairments. The results demonstrated that hirudo extract exerts
anti-neuroinflammation activities, partly through inhibition of the NF-«B signaling pathway. These findings suggest that
hirudo extract might have therapeutic potential with respect to neuroinflammation and neurodegenerative diseases.
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Fig. 1. Effect of hirudo on LPS-induced NADH dehydrogenase activity and nitric oxide levels in BV2 cells. NADH
dehydrogenase activity was measured using MTT (A). Nitric oxide levels were measured using an Gress reagents (B).
Values are presented as mean + SEM. “'p<0.001 and **p<0.001; one-way analysis of variance followed by Tukey's
post hoc test was performed using the GraphPad Prism software.
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Fig. 2. Inhibitory effect of hirudo on LPS-induced neuroinflammatory signaling factors. Densitometric ratios of the arrays
showed differences in the cytokine markers (IL-1Ra, KC, MCP-5, and RANTES). Bar graphs represent phe relative 4
expression of IL-1Ra, KC, MCP-5, and RANTES. Values are presented as mean + SEM. ~p<0.001, *p<0.05, and
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Prism software.

2.1. M2 L A2k

Dulbecco's Modified Eagle's Medium (DMEM),
Fetal Bovine Serum (FBS), penicillin / streptomycin
(P/S)2 Gibco Industries Inc. o4 F+45FITE. Dimethyl
(DMSO),  3-(4,5-dimethylthiazol-2-y1)-2,
5- diphenyltetrazolium bromide (MTT), vectashield
mounting medium, lipopolysaccharide (LPS), Phosphate
Buffer Saline (PBS) 5= Sigma-AldrichAtollA <ist
9t Nuclear factor kappa-light-chain-enhancer of
activated B cells(NF-«B), lamin B< Cell signalingAHll
A Fdstaen, iba-12> FUJIFILM Wako Pure
Chemical Corporation AtollA] F+¢1ot5Act. A3l A-8-%
RE AR BAG 55 oo R ARSI & A

sulfoxide

p<0.001; one-way analysis of variance followed by Tukey's post hoc test was performed using the GraphPad
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Fig. 3. Inhibitory effect of hirudo on LPS-induced NF-«B levels. Nuclear and cytoplasmic NF-£B p65 was measured using
Western blotting. Bar graphs represent the relative expression of NF-4B levels. Values are presented as mean *
SEM. "'p<0.001, #p<0.05, #p<0.01, and **p<0.001; one-way analysis of variance followed by Tukey's post hoc test

was performed using the GraphPad Prism software.
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hirudoE =+ oH]d&F(data not shown)= Fall
=48 Bolx] ¢k 559l 10 &= 50 mg/kgS 2
1047 1 13] A+ FoAstedet. E2t 253 (Dex &
o, n=7)& Mgl &R GAERES 10
mg/kgl 2 10€7F 1€ 18] A4+ FoAstant. 2 a+
oA+ chronic LPSE @& Ao, ZAH5o] 2

A7 A A As B LPSE AF AS ke 5 mg
A B7IE o] 519t

2.6. #3G7t

QA A5 Hel-S &lstr] $15] Y-mazes A
Alst e, LPSF] uRAard]l 1048 &, A3 o
2 o]Hof HaH =50 YA FrlotH T Park
al., 2017). 24t A2 32] A5 & 23] 2 U@ ¥
2 AH8-SHT

EURNCE=

14 %30 pm=E Ao Hx2 0 58 BES o)
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rabbit-antibody¢} avidin-biotin complex (ABC)
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Fig. 4. Inhibitory effect of hirudo on LPS-induced microglial activations in the hippocampus. The number of ionized
calcium-binding adapter molecule 1-immunopositive cells in the hippocampus was counted (A) and visualized (B).

Moreover, evaluation of memory impairment using a Y-maze (C).

p€0.001, *p<0.05, and #*p<0.001; one-way

analysis of variance followed by Tukey’s post hoc test was performed using the GraphPad Prism software.

diaminobenzidine2  2~5E3t ja].c)g\ H,
mounting medium .2 FH &0l = FZA T 4
AN AT microscope(Olympus Microscope
System BX53; Olympus, Tokyo, Japan)& AH&5}]
ARRE ZFZF ZYstE o™, Image] software
(Bethesda, MD, USA)E €85t microglia /A
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2.8. Western blot &&1%
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polyacrylamide gel electrophoresisg ©]-8-5to]
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backgroundE AAsH.2™, 12} antibody(1:500)&
12A17F5<?F A=) & 22t antibody(1:1000)E 2 h ¥-&
A1At}. Band densityE Image Quant LAS-4000(GE
life sciences, Taiwan). 2.2 &l 5}t

2.9. SA1x2|

nE ZAZ2 mean + SEMOE BAGHTH &
A9l FAA = Graphpad Prism 5.0(San Diego,
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3.1. LPSE /= &FS MEZ2H0|AM2| hirudo2|
nitric oxide SAls
2= hirudo®] 5 Al A5 HAE5H916H
LPSE et Al R el-g Alatste] ghelstgiet, Ao
WA} o] S FFth= Alixe B4 & thedRt

molecules:

%@(Cyototoxic tumor necrosis
factor-a, nitric oxide 5)& EH|ol=d]| o= FH<)

AR A =

2 Fo] A APES doxitt
I 4HA Ad(Jang et al., 2020). =eHA, =
hirudo& At HFZFe o 2H| == EE<
nitric oxideZ} GA = =AE 2163t WA hirudo
o oJsf| NS AFEA]Z]A] Y= P S E Ejlst
7] 913l MTT assays 23 o19.2H, tetrazolium®
¢l MTT+ HIEZEEFote] dehydrogenasedll 2lsf
formazan 8 2 $rE] o] o]i= AESH= AL 4=} H]F|
gro 2 AgAae] n|EZC ot 75-& HE ¥ 9]
S 53 AFANEEAEE e]loks AFEHES AHESHS

1 A3}, hirudo® 0-1000ug/mL7HA] A175/80]
= AoE gRIFon o]F [PSE HEF Bd
AZFete] hirudo® Y == AT 23} nitric
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AZAO|E71! s
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Foa-goto] GAE SN 7| EA7 5 59
Sty Cytokine2 AIE  7|%H(cell-based)@t A
(humouralAtel] # & ¥H-3-& 24517 w2l
A A A A E3] Fastha dEA glom, AFA
Z [ A A E 25 28AH(Park et al.,
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=
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differentiation) &°l sk= TEHF(protein
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37H nucleus NF-¢B9] & A4 2= frolsH
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o= 20099 FUIAF 27 AAZIERAEe 2 A
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et al., 2019). ¥7] Q7L 7 |THEt AAEH
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AZFoH = 3ot §re]st 2 2 hirudos= 42 B(F),
Fras(g/NS)stL, v(R)E AFAL(EmE)SH] 7
A2 A(A)ot ZHEE), B7HER): e
S (ITI85) & ol A@RrRmm)ol HE(RBR)SHA B3
FESE(upEEm), olHES(TEE) O AR
I 4HA JoH(Jang and Heo, 2010; Lee et al.,
2019). Fell= FdaAl, ¥4 51 22 25714
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