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Effect of Tetramethylpyrazine on Pro—Inflammatory Cytokine Expressions in Mouse
Brain Tissue following Intracerebroventricular Lipopolysaccharide Treatment

Yong—Seok Choi#, Jong—Woo Won, Inwoo Yoo, Jung—Won Shin, Seong—Joon Kim, Nak—Won Sohn*

Department of Oriental Medical Science, Graduate School of East—West Medical Science, Kyung Hee University

ABSTRACT

Objectives : Tetramethylpyrazine (TMP) is an active ingredient in Ligusticum wallichii and has a wide range of
neuroprotection effects, This study investigated anti—neuroinflammatory effect of TMP on brain regions in
intracerebroventricular (i.c.v.) lipopolysaccharide (LPS)—treated C57BL/6 mice,

Methods : TMP was administered intraperitoneally at doses of 10, 20, and 30 mg/kg at 1 h prior to LPS (3
mg/kg) i.c.v. injection, mRNA level of pro—inflammatory cytokines, including tumor necrosis factor—a (TNF—
a ), interleukin (IL)—18 and IL—6, was measured in the cerebral cortex, hippocampus, and hypothalamus tissue
using real—time polymerase chain reaction at 24 h after the LPS injection. Cyclooxygenase—2 (COX—2) positive
cells in the hypothalamus was also observed using immunohistochemistry at 24 h after the LPS injection,
Results : At a dose of 30 mg/kg TMP significantly attenuated up—regulation of TNF—¢ and IL—-18 mRNA in
the cerebral cortex and IL—13 mRNA in the hippocampus., In the hypothalamus, doses of 20 mg/kg and 30
mg/kg TMP significantly attenuated up—regulation of TNF—a , IL—18 , and IL—6 mRNA induced by the LPS
injection, In addition, TMP (30 mg/kg) significantly reduced the number of COX—2 positive cells in the
hypothalamus,

Conclusion : These results indicate that TMP has an anti—inflammatory effect on neuroinflammation, especially
in the hypothalamus, induced by LPS i.c.,v. injection and suggest that TMP—containing Ligusticum wallichii may
play a modulatory role on the systemic responses following hypothalamic inflammation,

Key words : Ligusticum wallichii, Tetramethylpyrazine, Neuroinflammation, Pro—inflammatory cytokine,
Hypothalamic inflammation
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AZEolA A4 EHE ASFIARIETRISS EdHTE
(blood—brain barrier, BBB)E& Ex}slo] LA EZEoA o]zt
Aoz AZJUAO|EIRISS A4 RulsHd ahe?, 234
ZA WollA B4 EujE A|EFRRlE WrE, 43, A4, =
= 5 g FFAFA g do] W 28 A4 A, &
Z2F Z+A 59 sickness behavior G2 -'1’—_1-01’8]-_7_73), Lo}
7} A7V, ST 719 Sl 9L udg’, e
Ao A G| EFRQL LEES -5t JAskE oF
o digt dvEe o FFAEA gl TRHE FEY
B5< g5t Fa% 997t it

Tetramethylpyrazine (TMP)2 JII& (Ligusticum wallichii
Franchat)® F8 AR &= IR in vitrod AAAN=E
£ BEEE 5 in vivod] W8 4] s e we
A7} olRol R, Eet W& H4o| s} kut
Aol M E fojg dkol kxR, o5 o
TEIOA TMP7L H3|8 9 HeEAoA |93 A%
Uetll= AL @558 EFEE dAIcks 39S
Feka Shep 0 ol2gt TMPY] 5417
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HZukgo] o TMPY  Fg&S  BEI 9EiA
lipopolysaccharide (LPS)<] LIFARES)

(intracerebroventricular injection)22 ZFFAIAEZS &

7|, diee]d, sfjul @ AGSHE 2A oA TNF-a 9
IL-13 9 IL-6 mRNA Wdol W=
polymerase chain reaction (real-time PCR) HHo=z 3}
Zslgon, AAEIROA cyclooxygenase—2 (COX-2) &
dg Wz or e Ayt | HEE TMP
2h8-9] EAE ERlstsi7)ol ool Rask= Hioltt,

real—time

R

1. AEE

AFEES ahbto]| 98 (Nara Biotechnology, Korea)
ol g 25-28 g9 431 C57BL/6 S AMgstaAh
AYUTEY AT A= FIdste APFTESD U3
I FEAEEE 73S oo, A AME AFe
2% (21-23T), % (40-607%)2t =7 (1247t /o]
AsHog2 FAEE ARRANA Fd35e AIRE AF5A
Tt AREAL, AFEA S0 15 oY HIZA =

AHgstee,

2. °FE % Al

2 Afe] AMES  2,3,5,6—tetramethylpyrazine
(CsH1202:  molecular 136.20; Fig. 13}
lipopolysaccharide (from Escherichia coli 055:B5)=
Sigma—Aldrich (St, Louis, MO, USA)ol|A FAd3IATt
Rabbit anti—-COX—2 antibody+ Cayman Chemical (Ann
Arbor, MI,  USA)ojA],

weight,

Cy2—conjugated  donkey
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anti—rabbit IeG+= Jackson ImmunoReseach
Laboratories (West Grove, PA, USA)O|A ¢3te] AR
5}t Real-time polymerase chain reaction (PCR)®l
a3t kitel AFE2 Bio—Rad Korea Customer Service
(Seoul, Korea)ZHE| Fguoron 1 o]e]e] AlFE2 A
EAZIAY APAE Ha EH9 ARE FYste ARSSH
At

N
CH3 —~~ N\— CH3

CH3

CH3 —\\N

Fig. 1. Chemical structure of tetramethylpyrazine

3. A¥LY & 2 XA

AHE FA92 67 Fo2 FEsAT AT (Normal)
L oFEHZR glo] EAFo=zm ARSIEOd.  Sham?
(Sham) uhxjel FA4Ro| oRdf A FAF My L
AFstgott LPsE FUSH sk, diEd (L)
Sham?3 Z-& $% F HAio| LPSE FYskith. TMPES
Fold F& RolgFd] wat 10 mgkg FoIE
[LPS+TMP(10)], 20 mg/kg Foia [LPS+TMP(20)] 2 30
mg/kg T9F [LPS+TMP(30)|e2 FHslgon ziztol
S AYAEPol =] LPs9| HAFY 1A Aol 13]
BAFA ST AREEL EFFUARIETR] 2Ho 7}
Z o eulEld s0ulElE ARREEa, Wz sElgae
Shamz3 LPS# % F% &9E ®<¢ 30 mg/kg? TMP
olgolA 72 2 F 6ol 18ukeE AMgSISicE

4. LPS9| HAFY

LPSe] HAFge Xu 570 ARG WEe sl
o, 1 AL ol At AFE tiletaminedt zolazepam
(50:50, Zoletil, Virbac Laboratoris, Carros, France)<
18 mg/kg? oz BIFFASle] ulFslal electronic
temperature controller (CMA150, CMA, Sweden)E %3}
o ZAAL (37£0.5T)0] FAIEHE A4 #HEE =HF
uAAR] (Stoelting, USA)o| TASH the FAR AZF
AL wet 7S st FoliEe] E8UA stk A
Z9 bregmaZHE AHLOZ 0.2 mm, $=°Z 3.5 mm
AR A71=EEE ARESH ¢F 1 mm AFCR FAES A
Foka, HAATAGA Y FA2HE Hamilton A7) (10 WL,
Hamilton, USA)9] H= (26—gauge)S A% (dura
mater) 22X E 55 mm Zo]2 =44 (lateral ventricle)
o ArYsttt.  ©olojA  Hamilton FAP|Y]  AZH
micropump (Model 310, Kd Scientific Inc, USA)E Z-%
3l 5 uLel LPS (5 ug/animal)E 0.5 ul/min® £:2
FYstart. LPsSel F¢o] EY Fo= ¢ 1087
Hamilton FAF1E A8t LPS §49] IFE HA6%9 2
), ©]¥ Hamilton FAPIE AAsL FHZY FH2
bone waxZ W& thy A FHF 9EE Fstal vt
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FollA AuA AT

5. ESFEAIEFRI
PCR &A

FEFEAolEZRRl 5 TNF-e, IL-18 % IL-6
mRNA T&S H2ZofA HFZQ real-time PCR Y2
2 ZAstg. LPS HA F9 2447F Fo] AHE IFER
BPAZ|IL HE HET v, dETET sfut 2 AAEHE
9 Hzxozg Fstal Z}Zto EHRZOZHRE  Trizol
(Qiagen, Germany) AME3lY total RNAS FZE33ich
(Fig. 2). ©]1& 1 upg9 total RNAQ} Script cDNA
synthesis Kit (Bio—Rad, USA)E ARME3le] DNAZ HAA}
stgon], AFZA real-time PCRE CFX 96 REAL-TIME
PCR Detection System (Bio—Rad, USA)°|A] iQ SYBR
Green Supermix kit (Bio—Rad, USA)2} preoptimized
AHg-3t ==

mRNA9Q] real—time

primer/probe mixtures

Housekeeping genel 2% g —acting ARE3SIon, =4
of AREE gene®l primer sequences ¢} Table 13} Z+
o}, ol SAHHL A=A ARGAEA Y] wWEtew, 7+ A
225E 54€ mRNA TIF2 Normal#d] SHAE 1=
ste] 1 wijs= (fold change)& ARE AMESHETH

LPS

injection

Fig. 2. Diagram of LPS injection site and brain regions collected
for real—time PCR.

Table 1. Primer Sequences

TNF  forward 5 —TGA GAA GTT CCC AAA TGG C-3
5 —GCT ACA GGC TTG TCA CTC-3
5 —TGA GCA CCT TCT TTT CCT TCA-3
8 reverse 5 —TTG TCT AAT GGG AAC GTC ACA C-3
forward 5 —AGA CTT CAC AGA GGA TAC CA-3
5
5
5

—a reverse
IL-1  forward

1L-6 ' —GCA TCA TCG TTG TTC ATA CA-3

" —TTT CCA GCC TTC CTT GGG TAT G-3
' —CAC TGT GTT GGC ATA GAG GTC TTT AC-3

reverse
B —a  forward
ctin reverse

6. Xz A

A2 QU o] EFLQl mRNA ZA3= ¥EE  Shamdt,
LPSZ ¥ 30 mg/kg?® TMPEAE (LPS+TMP)9 AHE
LPS H4A F 24A7F Fof tiletamined} zolazepam o=
A mEEE o RSk, ARE Ssked 0.05 M
phosphate buffered saline (PBS)z} 4%
paraformaldehydeZ &3] #F3ATE o|F HE HE3}
o] 24A)7F AE post—fixationdtil, sucrose SN GH I
AAZ oS H2FE -40CY dry ice—isopentane &40
2 FAANFRY, FE2Z2FL cryocutle@ 30 um FA I
Ao g2 A#ste] A GMof| AME-SFATH

7. COX-2¢] WAZHSSAN L AL 5 2%

Y%7 FHL 0,05 M PBSE 587t 33 Aoz, 1%
HoOz0l A 1087 ¥HSAIXl o2 oAl 33 Hojd ¥ 10%
normal horse serum (Vectastain, USA)¥} bovine serum
albumin (Sigma—Aldrich, USA)E PBSe| 412 blocking
solution®l] ¥ AIZt F&= ¥hEAFTH o]F PBSE 33 Ao
W %, anti—-COX-2 (1:200, 160106, Cayman, USA)E
AAGFA = AMESte] PBS9F Triton X-100& 42 g9jo=
BME & 4CoA ¥REAIFT 23FAE Cy2—conjugated
IgGE AREstY FF DA oy SAEYd HYRAsiet
Ao et 2AFES AFsrt, d9FFENE Hx
A2 confocal laser—scanning microscopy (Carl Zeiss,
LSM 510 META, Germany)E AREste] IS4t
COX—2 S Ax 5= SFZ A 449 4= 9
BN A" &SI, Imaged software (ver, 1,41,
NIH, USA)E ARgste] Algsis oo dgus (6x10°
un’)ol N BEEE S HE £ ZHsto] a2 AL
gstgiet,

8. FAA=

B2 AT AAEH AFEL Mean + Standard error2
A= eH, ZF (7Y SAF |94 HASL Student's
t—test?} ANOVA EAMEAS ARE3S}o] Sham#¥ LPSH
9 LPS#H LPS+TMPEE AtelollAl pc0.05 o4 {4
£0=2 HAsAT

2 7
1. TNF-a mRNA ¥r3e] w3}

5L AlEFRRIY] UEd TNF-« mRNA IS
LPS F¢ 24A17t & tj]o @A real-time PCR H¥H{o=Z
=A% 23, Normal® 1.3+0.2 ol ®]3] ShamT-
30.942.5 v|2 Z715t4aL, LPSTS 149.6+18.9 w2 &A]
Al 71319k ool vlste] TMPES Foigk LPS+TMP(10)
TS 117.8+23.3 Hi, LPS+TMP(20)22 105.6+19.5 Hl,
LPS+TMP(30)2-< 96.1+14.0 v|& TMPL] B8 27}
w2t vlgdez Zhastgon], LPSTol H|F| LPS+TMP(30)
& pd0.059 {94 Q= TNF-« mRNA & 72
et (Fig, 3—A). 3fatollA Normalwt 0.6+0.1 Hj
o] Shami2 35.8+29 HIZ F/IBIEoH, LPST-
167.2£31.7 W2 dAsHA F7ksteh. old vlste TMPE
Eo3t LPS+TMP(10)2-2 121.4+12.9 Hi, LPS+TMP(20)%
£ 100.9+15.2 uj, LPS+TMP(B0)Z 94.9+14.2 w2
TMP9] TFo-§F F7lo] wat vHjgdoes fgastgort nF
Lpswtel w8l BAF o2 qlqlth (Fig. 3-B). E3F A
3}Eol A NormalZ2 1.1+0.2 #j¢lal ShamT-& 28.7+3.0
Hi2 Z71lgon, LPSFL 108.5+16.7 HiZ2 dAASA =
7kslget, ool Hldte] TMPE Fojdt LPS+TMP(10)7-2
70.4+29.9 Hl, LPS+TMP(20)7?& 64.8+17.3 Hl,
LPS+TMP(30)-& 49.9+7.6 HIE2 TMPL Foj&sF =7}
ue} vl Foz Zastgar, LPSTel s LPS+TMP(30)+
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£ p(0.019] 24 9l TNF-¢ mRNA @ae] 7tag i
Ehsit (Fig. 3-C).
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Fig. 3. Effect of TMP on TNF—« mRNA in the brain tissue. TNF—
a mMRNA was significantly increased in the cerebral cortex (A),
the hippocampus (B), and the hypothalamus (C) by LPS injection
compared to the Sham group. TMP reduced significantly the
up—regulation of TNF-«  mRNA expression at dose of 30 mg/kg
in the cerebral cortex and the hypothalamus compared to the
LPS group. It was not different statistically at all doses of TMP in
the hippocampus. Data are represented by mean £ SEM (n=6 in
each group). Statistical significances are compared between Sham
and LPS group (*, p¢0.01; T, p<0.001) or between LPS and
LPS+TMP group (¥, p¢0.05; § , p<0.01).

2. IL-18 mRNA w39 W3}

f®22 ASHY Ato|EZIRIQl IL-14 mRNA W3S
LPS F¢ 24X 7t & g & A real—time PCR Hyo
Z ZA% 23}, Normalw® 1.4+0.2 vjjo] H|3] Shamwt
2 40.5+5.1 vj2 Z7}8l¥al, LPSw2 241.3+34.7 vjZ2
QA FTkskET ol H|gt]  TMPE T
LPS+TMP(10)2<& 174.5+27.3 4}, LPS+TMP(20)7&
160.8+28.6 Hl, LPS+TMP(30)#< 139.5+22.2 uj=
TMP2| Fo§5F F7tol| wat v o2 Aastg o, LPS
o B3] LPS+TMP(30)x2 p<0.059 §94 S+ IL-1
B mRNA 2d9] A5 Yepfiglet (Fig. 4-A). sintolA
Normal#2 0.9+0.1 892 Sham#2 64.4+15.6 Hi=
Z71elgom, LPSTS 198.8+28.8 HIZ AATHA Z715t
fck oo wEt TMPE Fo% LPS+TMP(10)&2
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144.83+22.8 H), LPS+TMP(20)=< 126.5+27.0 Hj,
LPS+TMP(30)72 117.6+20,7 H|2 TMPS Eo8%F =
Zhl wet vEEeR Fastgoed, LPSHe]  H|E|
LPS+TMP(30)w2 p<0.059] #94 & IL-18 mRNA
wdo ZAE Uehldah (Fig. 4-B). E3E AMgsHREolA
Normal#& 1.1+0.2 ¥ Sham#2 31.1+3.8 w2 =
Zbetg o, LPSTS 148.9+22.5 w2 @A Z7lsk4
th ol w3t TMPE Fojg  LPS+TMP(10)22
99.34+20.2 dj, LPS+TMP(20)22 71.0+12.7 Hj,
LPS+TMP(30)7-2 59.7+8.7 Hj2 TMPY Fo&eF Z7}o
et vg@does zhastga, LPSTo vl LPS+TMP(20)
2 p{0.05, LPS+TMP(30)722 p<0.019] §94 9+
IL-18 mRNA #do| ZaE Jehfct (Fig. 4-0).

(A) Cerebral Cortex

300

W 2%

o

o

b

o

ﬁ 200

£ 0

3

['4

E wo

=

2
50 4
e | ]

LPS+ LPS+ LPS+
Nonmai Sham LPS (o) TMPiZO0) TMP(30)

(B) Hippocampus
bel

g 200

f=d

2

o

5

E 150

<

&

E

e

4 m | I

MNormal Sham

TMDHO) YMP’?U} TMP|3GJ

(C) Hypothalamus

mlﬂm

Mormal  Sham

2 F &

IL-1f mRNA (fold changes)

o4

LPS+
|MP‘| m] T MP\?DI TMP(30)

Fig. 4. Effect of TMP on IL—18 mRNA in the brain tissue. IL—18
mRNA was significantly increased in the cerebral cortex (A), the
hippocampus (B), and the hypothalamus (C) by LPS injection
compared to the Sham group. TMP reduced significantly the
up—regulation of IL—13 mMRNA expression at dose of 30 mg/kg in
the cerebral cortex and the hippocampus, at doses of 20 and 30
mg/kg in the hypothalamus compared to the LPS group. Data are
represented by mean * SEM (n=6 in each group). Statistical
significances are compared between Sham and LPS group (¥,
p<0.01; T, p{0.001) or between LPS and LPS+TMP group (%,
p{0.05; § , p<0.01).

3. IL-6 mRNA 3o ¥z}

AZ4 AO|EFIQ] IL-6 mRNA &S LPS 29 24
A7t & i u) Ao A real-time PCR Wyoz =33t Ay},
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Normali#¢] 1.07+0.13 uHe] ®]38] Sham=-2 2.08+0.49
2 Z715lga, LPSES 10.32+2.06 Wi2 @ASHA Z7}
ik, olo] w®]dle] TMPE g LPS+TMP(10)7-2
9.83+1.48 Hj, LPS+TMP(20)Z< 7.89+1.75 Hl,
LPS+TMP(30)2-2 6.26+1.27 H|& TMPY Fojgsf Z7}
o e} HiFHog ZHAsIGoL BE LPSTol| HlE| EAE
A 9L @t (Fig. 5-A). 3futolA  Normalw-&
0.97+0.17 #] ©]%2 ShamTL 2.09+0.66 HIZ Z715F%
om, LPST2 11.734+1.39 vl2 &EX3HA Z7Fet%t. oo
Hjgto] TMPE Foj3t LPS+TMP(10)ZS 9.30+1.47 Hj,
LPS+TMP(20)72 8.87+1.54 Hj, LPS+TMP(30)Z2
7.70+1.58 2 TMPQ EHEF F7l uet vjgdgez
Zastgolt % LPSEl vls] A8k 942 itk
(Fig. 5-B). T3t AJASHEO|A Normalw-& 1.09+0.33
o]9l1 Shamw2 2.08+0.35 H|2 Z7lslgon, LPSZES
9.56+1.29 W2 @A F7Istgct. olo H|gt TMPE
2% LPS+TMP(10)#< 7.87+1,23 ¥, LPS+TMP(20)%
S 574+1.41 Hj, LPS+TMP(30)&L 4.56+0.76 ©j=
TMPS| Fog5F F7tol| wet gy o8 s, LPSH
of w3 LPS+TMP(30)2 p<0.019] 94 Qe IL-6
mRNA W& 9] HAaE Yehilet (Fig. 5-C).
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Fig. 5. Effect of TMP on IL-6 mRNA in the brain tissue. IL—6
mRNA was significantly increased in the cerebral cortex (A), the
hippocampus (B), and the hypothalamus (C) by LPS injection
compared to the Sham group. TMP reduced significantly the
up—regulation of IL—6 mRNA expression at dose of 30 mg/kg in

the hypothalamus compared to the LPS group. It was not different
statistically at all doses of TMP in the cerebral cortex and the
hippocampus. Data are represented by mean = SEM (n=6 in
each group). Statistical significances are compared between Sham
and LPS group (%, p0.01; T, p<0.001) or between LPS and
LPS+TMP group (§ , p<0.01).

4, COX-2 FAukg- A& 9] W3}

AgshE FeolA COX—2 F/dRkg AlZE #Est di
Shamo]| ®]3] LPSZE COX-2 ¥Hd #zd Z7l= B2
FAus ME 7 dASA FU8HEeH, 30 mg/kg
TMPE Eo3t LPS+TMPZE COX—29 ¥d 7w & 2}
ol7} o FAdNS ME #7b AT o] TAE I
AFHEA (6x 10" umd)oH 1 42 =243 23}, Shamz<
4.8+1.0 7HolA LPSE2 25.3£1.7 7h2 w% {94
(0€0.001) Y= F7He YERHLH, old B3| LPS+TMP
T2 16.2+2.0 /2 LPSTl H]gte p<0.019] 944
= C0X—2 fARks AxE $=9 A5 Yelfddct (Fig. 6).

(A)

LPS+TMP

B

8

25

COX-2 positive cells (cells/6x10* pm)

-]

Sham LPS LPS=TMP

Fig. 6. Effect of TMP on COX—2 positive cells in hypothalamic
region of LPS—treated mice. (A) Representative photographs
showing COX—2 positive cells in the hypothalamic tissue. Scale
bar is 100 wum, applicable to all sections. (B) The number of
COX—2 positive cells in the hypothalamic region was significantly
reduced by 30 mg/kg TMP treatment compared to the LPS
group. Data are represented by mean * SEM (n=6 in each
group). Statistical significances are compared between Sham and
LPS group (T, p¢0.001) or between LPS and LPS+TMP group
(§ , p<0.01).

o

FFAAATE vAotuAZe] EAgstel FFREAIE
7iQlel IAHE EAO=E oy, ZF FFAFEA AZA
oA OB AAME &4 A TS G F8 <
oo LPSE Gram-—negative Bre|g]obo] A|lEe 144
E9l endotoxin® 2 FFA17AA A W9 mAoluAZ, 3
olmAZ, AFME 9 HIJ|AE F thekst AzE YA
3 toll-like receptors (TLRs)oll 23] ¢1X=m>) TLRs7}
Az AZAEA AL nuclear factor—kappa B (NF—« B)
52 AN 71A o3 nlAotmAZe} Holu A2
BTN, OlEERE TNF-a , IL-15, IL-6 & €%
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faAtolE7Qle] HulHo] W2 Y @5 AT A
AEE SN0, LPsel O3] FAHoz U8 F54
AEZNA FEFUAL|EFIQIS] mRNA % thyd Wy

4-8A7F Yol tEte] 1-39 Bk AkEna stan,
JeER B APdHE TMPE A EgZaket AeolA
LPSE YAlo] ZJ3t the 24417 Foll @Zgukrtol v}l

Ql TNF-a , IL-18 % IL-69 mRNA W&g tjeud,
Sl % AFERE 22 oA real-time PCR W o2 233t
°=‘E}
AT

2 439 237, 30 mg/kg Fo9EFY TMPE= 2
W TNF—a ¢ IL-1f mRNA &&d 715 f2stA4 IA
9, ok oA TMPE 30 mg/kg Fol-8olA
IL-18 mRNA & F7hhE FosHA Akt Aldst
H ZZA= TMP 20 mg/kg Fo&FolA IL-18
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