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Neuroprotective Effects of Agrimoniae Herba against Intrastriatal Hemorrhage in Rats
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Department of Anatomy—Pointlogy College of Oriental Medicine, Kyungwon University

ABSTRACT

Objects
on intrastriatal hemorrhage (ISH).
Method

: This study was performed in order to evaluate the effects of Agrimoniae herba (AH) ethanol extract

ISH was induced by the stereotaxic intrastriatal injection of bacterial collagenase type IV in

Sprague—Dawley rats, AH was orally given once a day for 3 days after ISH, Hematoma volume and percentage

edema were examined, Immunohistochemistry was

processed for iNOS, c—Fos, MMP-9, and MMP-12

expressions in the brain sections and each immuno—labeling were calculated with image analysis,

Results : results are as follows;

1. AH reduced the hematoma volume and percentage edema of the ISH—induced rat brain,

2. AH swollen apoptotic bodies and neurons in the peri—hematoma regions of the ISH—induced rat brain,
3. AH significantly reduced c—Fos, MMP—-9 and MMP-12 positive cells in the peri—hematoma regions of the

ISH—induced rat brain,

4. AH swollen iNOS expressions in the peri—hematoma regions of the ISH—induced rat brain,

Conclusion :

These results suggest that AH plays an anti—apoptotic neuroprotective effect through control of

ISH, suppression of c¢c—Fos, and down—regulation of MMP—9 and MMP—12 expressions in the brain tissues,
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gg A 7% 9 AP BE avo] magynt Y, &)
A5 EEETE H2A E3 nls gF] At A=
b=

olo Azl= EHzZF £83 o]2 QIFt HEF uX= i
R 553 WAy Y5k, AFTEY A=A St
A i (collagenase)E FYst AXANWEES /U3
foH, (EE e FEES 3497 AT FYsiat). o
T Hzxd 239 AHn HEFES FP5oH, AEAEY
ZZA)8A W3S cresyl violet G % c—Fos ¥dS E3}
o TEsta, HEFH HIAB/TE S Tt a9l
ZFel inducible nitric oxide synthase (GNOS), matrix
metalloproteinase (MMP)—9 I} MMP-12 &&dg HIZRZ
st st Est vF Fost ZIE do] ojo| Biush=
ulolc},
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1. 2¥5E

AEEES 1159, 9F 300 g A% Sprague—Dawley
A 3 8F(Samtako, Korea)E AMESIATE TFE 2=
(21-23 T), % (40-60 %), =% (12A7F W/)ol A&
AHog {AEE FEANA B S5 ARE A5 F
Foh 7|Hon, APA 0 15 ol AFAZ T AR

il=
2. (i ke 228 Az 2 =

2 Ao A3 IlfEEE (Agrimoniae Herba)e (3B
HdoA Ykt AEE EE 400 gol 40 %
ethanol 3,000 m(E 7}t A2oA 55U FE3H9LoH,
ABAS FHFU7| (Eyela, Tokyo, Japan)2 #et 5353
5 =AAZ (Model 104, ALPHA, W, Germany)dte] 140
mg/gd] FEEEL Aol €2 14.0 % oItk HIFEY 1
3] Bk 3 AR 100 ¢ F 18.7 mg 2 mie] 2509
o] ARAYWEE F 3AZF SRE 19 13 347 A%
o &9t

3. A9 FE
AEAWEE et e B B glste] A
RS thew Zol TEslT. uhHel FRRY wRy

ha}

1 FiZe HEy FFE A¥sou HRF Yo
collagenase® FUSHA ¥ AA tiZ7 (Sham)Z 99
TP g2 AP FH] e oo fMEEEl collagenaseE
FAst AZANEE S FEAZ 27 (Control) E =
T3 o] AZRAYEE S FUAS o2 347 (g g
Z2ES AT 5o (HEE FoF (Sample) 22 U3
Zk o] A¥FEL 12012y £ 36utE|E, H=zZF] &8
HEE =24 9 gozxz] sstggoz AMgstaT

B

4, AzANEE w2
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AzAYPEE 9IS 93 &L electronic
temperature controller (CMA150, CMA, Sweden)S %3}
o AL (8705 Vol fAEHE= AHelAM, 2 %
isoflurane® Z&3t 70 % N2O2F 30 % O2 gas® YUl
slo| A o]FojF o, FQjt AL F7HH SR pentobarbital
sodium (50 mg/kg)E HZFAL sttt edE 1ds]
A&std et Zop?,

upHE A9 wE g HAHHLHGA (Stoelting, USA)e]l
A% o FRRY FASASE wet gR7E sk FAE
o] EFuUA sttt FHEY bregmaZFE HPo= 0.2
m, $522 35 m X A7|=EEE ARESt ¢ 1 mn
A9 FE HIFES W, HAFAYTAZZA Y FARE
hamilton FAF7] (26—gauge, 10 wf, hamilton, USA)E
=739 (dura mater) 2 25E 55 m Hol2 Az 4
SlATE olojA 1w el 0.23 U9 bacterial collagenase
type IV (CO773, Sigma—Aldrich, USA) €%& hamilton
ZA719] 9Z2% micropump (Model 310, Kd Scientific
Inc, USAE &3t 0.1 w/min® &&=2 FU3H3TH
collagenase 49| FYo] EF Fo= of 10&3L
hamilton FA1E $X8k collagenase £999] IFE 4
AstRen], o] hamilton FAZIE AAsL FHEY A
T2 bone wax® W& The A/NE FRFE gREE S

2 apelA oA st

~ =

5. Uzd 29 A% Q Yz 24
AzxAYEE 2 3¢ F AH¥EsES AEFY
pentobarbital BFFAIR BAIAZ] & FA] DRl HE
A3 oL 3FE brain matrix (ASI, USA)E ALg3}o]
1 mn FA9 ¥ HHZ, collagenase FY HAE 7I€2=
st AER2, 5 639 HES e @4 glo] FA] H
AHE digital camera® &3+ TS Image] software
(ver, 1.41)8 283t Z+ x| AW Ao HE 44 5 o
YUk (intact hemisphere), collagenase ¢ & tjddt
(injected hemisphere) ¥ &€ (hematoma)d Z7|E =
Astal, Z+ WA X AHY 64 FAE Foto AFHE Al
At 28 BR AAE et AHL 2 thevht
o] F AlFol ok} collagenase FY AAE 7IET 6%
= AHY et AHo|rh, HEFE FL & dEw A
Hof| gt collagenase F¢ & =+ AH F7t H&
2 ALt

6. H=2 9] Xz

AzAUEE 8 39 & HAS== pentobarbital®] &
AFAR A o AES AR $ste] 0.05 M
PBS®} 4 % paraformaldehydeZ FE3] #F3}HH o|F
HE HA&3 oS 24A47F A= post—fixationd}il, sucrose
fdo] &g HFHAANFAG L HE 40 TY dry
ice—isophentane N o2 ZAA 7|1 RAHHL AZE of
7= —-80 Tl BB HEZL cryocuteE 20 um
FAY BAEHCRE A|Zpste] GAof ARG
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7. Cresyl violet &4

NZMES] zASH wste WE] Sistel cresyl
violet @A AAFATE HERFL A4 1.0 % (w/v)
cresyl violet acetate Mo 28BZF GMsta, =¥
ethanol 902 gt The ¥Isle] 2% BES AZet
St

8. W=7 3N

H22E 0.05 M PBSZ 587t 33] Hoji, 1 % HyOp
oA 10E7F ¥RSAIRL o Al 33 Rojd FH 10 %
normal horse serum (Vectastain, USA)Z} bovine serum
albumin (Sigma—Aldrich, USA)E PBSe] 4-& blocking
solutiono] 1AIZF A& WREAIFTE o|F 33 Hojd ¥
primary antibody® A E3}4ct.  Primary antibody=
anti—c—Fos (1:500, ab7963, Santa Cruz Biotechnology,
USA), anti—-iNOS  (1:200, 610297, BD, USA),
anti-MMP—-9 (1:200, AB19016, Chemicon, USA) %
anti-MMP—12 (1:20, MAB919, R&D, USA)E AME3SIHL
™, PBS$ Triton X—100& 4 &A= 343 F 4°Co
A WEEAATE TS biotinylated anti—rabbit secondary
antibody (1:200, Vector Labolatories, USA)o] 424
AE &g wRSAI7IAL, 23S PBSE AW %
avidin—biotin immuno—peroxidase®] Wl w=t Z4zF 1
AIZHA Wk AlFHTE oS 0.05% 3,3 —diamino—benzidine
tetrachloride (DAB, Sigma—Aldrich, USA)ojA 287+ g
A HEGAIZ|AL, AR The ', Bt A x2S ARt
shic
L AZY B
HYzZ

oz gME  c—Fos, MMP-9 %

~Ha C
MMP-12 W&e ztzke] PAuks Nz 5 FEsgoH,
INOS W& ANFI=E vusigct Fguks Ax FE=
CCD7H2t (DP70, Olympus, Japan)7h &b Fatdn]7

(BX51, Olympus, Japan)& ARES F4E GAEAAIA
"o AAslal, Imaged software (ver, 1,41, NIH, USA)
ARt hematoma FHEE FAHCE ZF ¥ FJoA
FHES AE 55 EAson, 9 WE (10° w))e

BAst A== ANSIAT

U lo i
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2ot
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= FF 33
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Yerdsich (Fig, 1, 2)
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Fig. 1. Effect of Agrimoniae herba on the hematoma volume of
ISH—induced rats. * represents p{0.05 compared to the hematoma
volume of ISH-induced rats of the Control group (n=6).
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Fig. 2. Representative sections of the ISH—induced rat brain.
Section 1 and 3 (hematoxylin and eosin; H&E), Control group;
Section 2 and 4 (H&E), Sample group. Sample (Agrimoniae herba)
treated rats show a reduction in hematoma volume and edema
formation compared to Control group.

2, H%F vl&o W3t

AZAUEE FFol IS Fogt T 4 = diuqt
T A&} collagenase Y = diwt A 4 AH 571
&S &A% Zal Sham7S Z+ diEutE AF o
290.5+8.2 mi®t 295.4+8.4 mrE xpo|7t gigow, R
2 297.0+10.8 mr¢} 347.5+10.7 wrE ARAHEH 9
8 117.2+1.4 %2 AZFo| F7letch. (R T
296.2+9.4 mre} 335.1+9.2 mrE AFo] 113.9+0.7 %=
F7Ft dizdel Hlgte o4 = HES ¥EY HAAE
Hetfilt (Fig. 2, 3).
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Fig. 3. Effect of Agrimoniae herba on the edema
percentage of ISH—induced rats. * represents p<0.05
compared to the edema percentage of ISH—induced rats
of the Control group (n=6).
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(Fig. 4-1)3 g Fol (Fig. 4-2) BF FAAHA FH
9 AAAMEE TEHE 5 %3, Alxdoe] Mt 35
apoptotic body (arrows)¥te] thg FTEERCH Oz
(Fig. 4-3)2 AXANEE FHKF oA B2 2] apoptotic
body (arrow)7} TEE I ZGAHA A7 AAFNE (arrow
head)= =3 gFyro] WHEE ol v|ste] (T =
ol (Fig, 4-4)9lA% apoptotic body (arrow)? 4=
zZgo wis Fgaskr] kot AAAEd A7 AFAE
(arrow head) 47} 713t A& TEE 4 AU} (Fig. 4).
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Fig. 4. Cresyl violet—stained representatlve sections of the
ISH—induced rat brain. Section 1, Control hematoma; Section 2,
Sample hematoma; Section 3, Control peri-hematoma; Section 4,
Sample peri-hematoma. Apoptotic  bodies  (arrows) in  the
hematoma and the peri—-hematoma are not different from Sample
(Agrimoniae herba) and Control groups. Sample treated rats show
an increase of neurons in the peri-hematoma (arrow heads)
compared to Control group.

Wexd SegAS Stel c—Fos WAL BEW A,

AxAWEE Y FHFA 2ddt (e Foldt 2F %
F PNES Yehie A (arrows) So] T B
o (Fig. 5. 973 |3 (10° m’) B c—Fos YA M=
5 243 A, 2T 50.5+6.6 A oI, filEiL
RolEe 33.5+4.5 AR fRzel wsd feld e
c—Fos ¥Rk A= 59| a7t =AY (Fig. 6).
1. "ﬁ)‘ 2 ___ ‘é“'
./..
Fig. 5. c—Fos immuno—labeled representative sections of the

ISH—=induced rat brain. Section 1, Control; Section 2, Sample.
Sample (Agrimoniae herba) reduces the number of c—Fos positive
cells (arrows) in peri—hematoma compared to the Control group.

Control Sample

Fig. 6. Effect of Agrimoniae herba on c—Fos positive cells of
ISH—induced rats. * represents p{0.05 compared to the number of
c—Fos positive cells in peri-hematoma of the Control group (n=6).

5. iNOS w3 o] w3}

Welxx slsldag Fslel iNOS WA AW A,
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AzAWEE] F2E 2Z} 1 FRFA
RS UEhigleH, 53] ARAUEE FAR
(asterlsk)°ﬂ*1 Hoie FHE (arrows)ollA o 723 ddES
Yehfet (Fig. 7-1). s FAZAE IA HAZA
£¥9] TR WA INOSQ| 7Fet FAukgo] Uey:
om, 1 9 AL YRy 2 Zol7t gldley AxAY
28 Wae] Ztio| wal iNOS7F waE Wz oA 7AE
Aol wE= ATt (Fig. 7-2).
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Fig. 7. INOS immuno—labeled representative sections of the

ISH—induced rat brain. Section 1, Control; Section 2, Sample.
iINOS expressed with strong intensity on the hematoma (asterisk)
and the peri-hematoma (arrows) in both Control and Sample
(Agrimoniae herba) groups. Sample group show a reduction of
iINOS labeled—area  compared to Control group corresponding
with reduction of the hematoma area.

6. MMP-9 FAJvk3- AN 4=2] W3}

Hoz7 s}etRAe Este] MMP-9 WHa e s A
*déiﬂlﬂ%%«l FHE A fH 27 il Fod BZF 7
Rchis ) Sol th BREA
o (Fig. 8). AQHA (10° wn”) & MMP-9 00“3%2 AZ
42 243 A3l gRFS 40.3+4.0 A oYL, fildEi
TolZe 247424 A2 gz S ogxg 9l
MMP-9 PYUS A2 S 2t BAH

Fig. 8. MMP-9 immuno—labeled representative sections of the
ISH—induced rat brain. Section 1, Control; Section 2, Sample.
Sample (Agrimoniae herba) reduces the number of MMP—9
positive cells (arrows) in peri-hematoma compared to the Control
group.

EXT 3

Control Sample

Fig. 9. Effect of Agrimoniae herba on MMP—-9 positive cells of
ISH-induced rats. ** represents p¢0.01 compared to the number
of MMP—-9 positive cells in peri—hematoma of the Control group

(n=6).
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T, AZAWEZ Y FHFA 2y (i Fod 25
At FPUSS Yehle AIZ (arrows) 0| T T
Atk (Fig, 10). ¥4 HF (10° m”) & MMP-12 $A4¥HS
AE 52 243 A7, 22L 31.3+£2.6 7/ UL, s
B OEOELS 952420 M2 ol Hjste] o4 A:
MMP-12 9Fuhg AlE 4=9] ravt BEE Yt (Fig, 11).
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Fig. 10. MMP—12 immuno—labeled representative sections of the
ISH—induced rat brain. Section 1, Control; Section 2, Sample.
Sample (Agrimoniae herba) reduces the number of MMP—12
positive cells (arrows) in peri-hematoma compared to the Control
group.
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Fig. 11. Effect of Agrimoniae herba on MMP—12 positive cells of
ISH—induced rats, * represents p<0.05 compared to the number of
MMP—-12 positive cells in peri-hematoma of the Control group
(n=6).
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o|2 & uj iliErt H2E] &8 st €A IA &%
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AAs A AP Uehideu Z7HE apoptotic
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AZAWEE FHEANA c—Fos FIS AlZ =& st
A AT IHER (s AANE &4 BT &%
o gairs & o FAZoln AU APATLI}F e A
oz Ayzhec

kst Al AbEloA] INOSO| 23ty A== nitric
oxide (NO)-= peroxynitrite®} hydroxyl radicalsE AJ4d3}t
B2 HzxZ] £¥ AEA BBBY &4 HES FA 2
Ast #TWHo| 2143‘28'31'36), E3F NO2} free radicals=
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Aoz B ol Y. APL Fate] iNOSY WAL
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e AL diza3 Zfol7t glgloy AzAUEE w39
Zrao] wet iNOS7F 2HE Wo] 7aE Ao TAEQH
olgigt AT (IEETF Hxy ZFL A Ao et
iNOS7} 9Hde wWZo] Zasdhrle stgol Wae Fre
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I} BBBE &AA7IH, o= IEGs, free radicals®}f
cytokines< A3 Al7|3, ASHE cytokines©] THA
MMP-9 &S B8 Z7A7A o319l 8o &4 §uA
7o AANEY AFRE EStEE o] B obstEl: A
g2 wegf® Jzms MMP-9 WS ™= Ao| 7z}
Z YAge Azo| w$ m=go] Frh MMP-12 9A
hematoma FH2| £AF oA Wdo| F7lshy, ol=
Z4 WMFTREE TNF-¢ 9 22| 9J3le] 27l Ro
2 Bo] &4kT} REo) F4of Bojdckn st

aER 2 A7A st AZAWEER e Hx
2 23 AW HRES IR sk a0 MMPs TAS =
A= Zgo] ogt AAAES WA S (st
MMP-97} MMP-12 o] njx: gke Hoz2s}se
A Ealo] BT I AT i Sl AzRAY
23 ZWXo|A MMP-97 MMP-12 A% NZ 42
GolalA oAt AT oL flEEe] AE<Ql quercetino]
MMPs 2H& oAjste] gotage girts w19’ MMP-9
HE e Aoz A HF HY2F &4 Rt
L A7ene? dXHE Avo|tt IHDZ fljho] H=
Z 2¥y HEEo A aLe INOS W oRMci=
MMPs 2@ RS Eate] Uehts Roz Qzigd

oite] ATES EFsY, (st W22 EF} oo
2 HRES s ako] glon, oyt A% Ik
7} MMP-93+ MMP-12¢] 9Hal& olAlste] Hz2a] &3 F
ol Wz A4S BEsks 7)-o) o3t Aoz whdd)

4 8

Hzx3Z &8 oigh ke aIits Astax, dF
i ol ZhAEsass FAEY AzxAyEds 2
AR gt oebe 2EES 3U7 ATl & Hz3
289 A HRF vE, AFANEY HIE st H
3o} c~Fos WS T3l AP o, w2z &47F A

iNOS, MMP-9 ¥ MMP-12 &3S Wozxz] sy
Boto] TS vf ofgjet 22 HEE ATt

flo i

—_

s NEE AAT GRS e gaze] v &
ofstA 7z,

2. {lfgt= AZAWEE FHEA apoptotic bodyd] &
e AR Bl o; AAMEY AAE A5 AT

4
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3. fliEFe AZAHEE FHFNA c-Fos FHAE
2]
=

izl v FofstA AASH AT

-
s

AZANEE FoA l#EEES] INOS Ud Fd2
=l Hl& zpol7h foiT

Kl
Y

5. flgtes A=AUEE FHFlA MMP-9 A=
€ dizo] vsf F2AstA AAlstE

N

6. fliiis NEAWEY AR MMP-12 FHAE 4
g ol Hlsh felskA oSk,
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