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Effect of chronic treatment of paracetamol on the pathological changes of cerebral endothelial cells :

ultrastructure and proinflammatory cytokines released

UNAALMEIBINGH

The present study aims to investigate the effect of chronic paracetamol administration on the
alteration of the cerebral vessels and the expression of pro-inflammatory cytokines (IL-1, TNF alpha) induced
by cortical spreading depression (CSD). The rats were divided into control and paracetamol treated groups.
Paracetamol (200 mg/kg BW, intraperitoneally) was injected iﬁto the rat daily for a period of 30 days in
paracetamol treated group, while normal saline at the same volume was injected into the rat in control group.
In both groups the rats were further divided into two subgroups (with and without CSD activation). The CSD
was induced by topical application of 3 mg solid KCl on the parietal cortex. After two hours of CSD
induction, all rats were humanly killed and the brains were collected. The expression of IL-1 and TNF alpha
were studied in cerebral cortex by immunohistochemical technique. The ultrastructural alteration of cerebral
vessels were studied by electron microscopy

The results showed that chronic paracetamol exposure could induce an increase in the ultrastructural
changes as compared with the control group. The results aiso demonstrated the increase in the expression of
IL-1 and TNF-alpha in the rats with chronic treatment of paracetamol.

The results of the present study indicate that chronic paracetamol exposure can lead to an increase in
the cerebrovascular responses to the CSD activation than the control. The increase in the production of the

pro-inflammatory cytokines may be at least one mechanism responsible for this hyperexcitability.

Keywords: Cortical spreading depression, Paracetamol, Cerebral vessel, Ultrastructure , IL-1, TNF-aipha
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Ao (Dehydration, infiltration, embedding) 9u lAw15 AuLADA nRannTThMsAas U0 T
#1800 1%n58 microtome (Microm HM 50 N) Taedaluuna coronal plane dmiudaueues Taedsn
miwessuiion 3 lulaswes Neduidiendalduuelad super frost plus siewsudeudan

immunohistochemistry
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14 ¥ v 14
davuiiloauesiums perfusion WuFuvuia 1 gninaddadwes usaslu 3% glutaldehyde

v v v
Y a A [

T1uAU 8 19FUHOA0 phosphate buffer WU 10 WIH 3 AT HagAiDnINEI61RAY ethanol series
AR Keil 50% cthanol W 5 Wil 2 AYe 70%, 80%, 95% cthanol WU 10 W 2 a%e 1Az100%
ethanol 11U 104771 3 A%a TINTULERI0619TH 100% propylene oxide W1 10 W1 3 a%e udaldenihy
100% propylene oxide : Epon resin AU 1:1 WU 1-3 %”ﬂm mm‘l’u’%«ﬂ?{amﬂu 100% Epon resin
wnidufiu hdenefiiums infiltration W Epon resin inonasluidnsiwaradn Iegludumis
asenanuaznidavUUfUAuA9AReqAY Epon resin adlUUsyun % vownud  Sadumia
Fredefimnzaudnads s leutugeufigungd 60°C wmi 48 $21us @A thick soction e
@onuSuafiaule 1d2398 thin section U copper grid §OUAY uranyl acetate 1A% lead citrate 11

kg v . B . a o A [} [
ded1elaldnmn tight junction Arendesganssmisiinasouriadowu

5214013 immunohistochemistry INBANEINIIUAAIBONVDINIINTTA UM TONEV(IL-10L, TNF-QU)

HimsAnulunynnngulaeis slide Furited 1duunszuumsimsiueen uag
rehydrated Sovhindu naiuudaladu citrate buffer pH 6.0 (Dako, Denmark) ud21%n11u5auAE
TuTasw %Tmfuﬂﬂﬂ 3% hydrogen peroxide 091U section HIU 5 I Lﬁaaﬂ endogenous peoxidase Lﬁﬁ)
ﬂﬁJL’Jmﬁ'Nﬁ"w phosphate buffer (PBS) ﬁﬁ;‘mf{am incubate 11 antibody diluents {1 10 UIN Lﬁﬁ)aﬂ
non-specific binding 14239911731 incubate A3 primary antibody (IL-1Ql, TNF-Q) (Santa Cruz Biotechnology,

o - o ) L a
U.S.A) 14 dilution 1: 200 91 4°C Wit uAu 91n1uTed19 PBS udatindelu secondary antibody (Dako, Denmark) 44il
horseradish peroxidaseal‘u dilution FMINTEY WU 30 W udLuAIe 3,3"-Diaminobenzidine (Sigma) il hydrogen
& ¥ Y R TR
peroxide i upefilszneu vmiuden section #38 hematoxylin a1auazUanae cover slip 11 slide N lauAny1dae
¢ P . X A saa . . a
ﬂﬁ'mqawﬁﬂu Tagiyaanil IL-10L immunoreactive cells N3BI¥AANY TNF-QL immunoreactive cells 93 @9
v
FharaduluySnaleTawarady uazdinisdu§iuau positive cells Tueuoausm cortex lunyyn

nqu
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il 3. musiwnnndesganssmidianaseundaslnseadisvesnasnden capillary Tunmyilnd (o) nydnafilasy
v ¥ N
msnszRuA1lsIngmIsel Cortical Spreading Depression (B) wiyh Idus1msusanweasdnes (C) wyhlasum

L d
WsnaamIBaedNGes i uMsnszduAlulsingmsal Cortical Spreading Depression (D). Bar = 1000 nm.

o ' o Yo ' A’l’ [ S A .
wamsangidanuluny 1S usmsuseaueandiaiess Tmsnfdouuilaawes endothelial
v ¥ ) . . ' o
cell ¥DIMADATDATNBINAINNYANTZAUAWLSINYN150] Cortical spreading depression WINATMYLNA
v 14
Taowu lunyh IdsvemIsusanuensdzose nasangansequaieisingnisel Cortical Spreading
Depression Im3ifasunastuinseadrsvesnasaiiion capillary agadau Tnsnuhmunsoasiawy
J J . & L] = ] J A "W ¥
msvvesadued Ins lag (astrocytic foot plate) FuMEogIpU HABADA IANINATINGUMYT 114
FLEIUYRAIWDA AR TUNINA 1
o‘: < d' . haqe = . J J d' o
uspnnuMsAnyfamMsasuulas microvilli lunasaidien capillary nuhnundevesdiuiu
. g Y A g ] g [ v Y .
microvilli  lunguuyi 185 uemisusaavenniizes  saufumsnszqualeilsngmsel  Cortical
. ' v W . g A v ) i v [y
Spreading Depression AWMU 3.7+ 1.3 microvillivapaden daunningunyi ludldsuemisuesaan
yoa (1.7 + 0.8 microvillivasaiion) aglelidedAgneada (p<0.05) wazilohmsany S suieus
14
: . 2 o oo d
Y04 pinocytic vesicle TumadyminanaieaTuDINIANYNINUA WU pinocytic vesicle Tunynguryh
14
o v o Y o . . .
185 ueIsIEIAUEABENNTEIITINAUMINTZAUN015INgN38L Cortical Spreading Depression (4548
vesicle / M1319 1 a5t s) 11nn§au pinocytic vesicle voanyngui i ldsuomistwnauen (32 +

9 vesicle / M1519 11 Tnsiuns) edrelitiodfgnieada (p<0.05) aeaaslunni 1 uazas1ed 1

AN 1. uaaeAundo (mean + SD) §1U2U microvilli 4% pinocytic vesicle Tuiaaymitmasaton
G o I} as d' Yo ¥ dy a . U Y
aveslunyilnAnSouisufuvyi 1S UeWI IwnA 190081915839 (chronic  treatment)  39UAUNTS

nszquMeIlsIngnIsel CSD

Group Microvilli Pinocytic vesicles
Control 1.5%0.7 20+ 11
CSD 1.7+0.8 24+ 10
Paracetamol 1.8+ 09 32+9
Paracetamol with CSD 3.7+£13% 45 + 8*

[ =

* uanaNos Ut leiNeudungu Control ( p< 0.05)
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(IL-10, TNF-00) Tunyilasu/lildsunsnseduaielsingnisal csp

M o Av J ] t 1 W
i 4. v mmsAnuTunSion cerebral cortex vosduilioaues naasliiiudh lunguuyd Ifsuo s wanuea

! o @ < ° . .. & {a
Goseifunsnsedqudvilsingnisal csD (D) tiu i wauves IL-100 immunopositive cells dsaziiuwadiand
»

o A' J i 1 1 1 3 H Al
whmalulaTanarady arow) WndINNnIInguAILRY (A) nazanndnguiignnszquanlsingmsal csp ili1a

] »
$uen (B) uagnguii ldsuomisuaanueast1uzess (C)
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Wehmsfnmimsndsmsnszqumssaernluduilodedelunmgi 185 neameaasti
dw Y] v [l d. Yo dw V] Y] Y Y o
Gose wamsAnywu  Tunguvyd Idsuemisisemueaiesssuiumsnszqualeisingmsal  CsD
o 1 { 7 A‘ o 1 L
(30 ) wazvynquitlasunwismemueaiseselaelilasumsnszqualelsingmsal csp awnse

milenhldlmsuaaseonvesmsnszqumsdniay  TL-10L winnn TunynAsdelitisdfgnieada

]
=%

A Qv U L 1 7
(p>005)  wozeulSeuieudunquit lasumsnszqualsisingmsal csplaelildsunmsiwaniuea
v oA Y dw @ ot LY 9/ 4 v oA Yo
W TunguitldSunmwirimasueasesisawiumsnszqudlelsingmsel ¢SD uaznquit 1S Ui
J o ) % o 1
wanwoaitefilaelildSumsnszdudinlsingmsal csp  d$mumadhiimsuaaieenvesaisnIzdu
@ 3 1 { LY < T Y 1 v o W an
Moy IL-1 uannlunguinlasumsnszdudslsingmsal csblaelildsveediidedfgmeana
(p>0.05) AamaaasluNIng 2 Laga1319d 2
d’ ] A o S 9 [
M3 2. UAAAURAY (mean + SD) SMIUAGNTNSUTAIDBAYBIMINTERUMIOAIEY TL-10 Tu
= = 73 H L 1 A‘ o
US04 cerebral cortex Tunyinanf3suifsutunyi ldsunwiswsanuensdesess (chronic treatment)

Safumsnszdudleilsingmsol CSD

Chronic treatment study
Group
( cells/100pm”)
Control 2.42 +0.64
Control with CSD 2.61+0.92
Paracetamol treatment 5.11+0.59*+"
Paracetamol with CSD 5.84 +0.26*"

o Qo

* yanavateiidednaiioouiungu Control ( p<0.05)
2

o

v [

# uananodltsdAyaiouiungy CSD (p< 0.05)
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! o 1+ o o ao . o & da
Sefuawiumsnszduissingmsel csD () tfu H$r1uauves TNF-OL immunopositive cells #aoziflumadnand
. ¥ oA 4 i o aod Sy
imalulaTanaraw arow) udannndnguarugu (A) uazannninguiignnsgaudavilsingmsal csp #lu18

. ¥
a voau Yo L] - o
Juu1 (B) uaznqnﬂ'lﬂsnummwmmnﬂaaummﬂ (@)

& o Q‘I @ Qy 3 @ 1 i L 1
diedimsfninmsnasmsnszqumssnauludwilodredaluanizh lafuemisisaawoaandis

A’ [ v U - [ § @ LY L4
5059 wamsany o TunguuynldSuemssaaweasesismiunmsnssqualeilsingmisel CSD (30

o o

o o o Yt 9 (Y J = 1 A w
) mmiﬂmumuﬂwumnmm@aﬂsummsﬂi.‘:aum‘iaﬂmu TNF-Q ’iﬂﬂﬂ’J”IiuﬁHﬂﬂﬂ’E)EJNSJ‘HEJﬂWﬂﬂJ
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nuana (p>0.05) uazienSeusununguit ldsumsnszquaielsingmssl csplaelalldTuemisiwea

' v oAy Yo Ay @ 1 @ gy 9 4 o sl
awea wud lunguin lasuemnsumaaweniossiuiunsnszqudetsingmsal ¢sp HHnumradng
msuanseenvesmsnszqumsoiruninahlunquilasumsnsequanelsingmsal csp Tag'lsildsum
et eiTud AN INEDR (p>0.05) AawaudnsTUNINA 3 LazA1519% 3
M519A 3. UTAIAINNY (mean + SD) SIUATNIINISUAAIDDNYRIEINTERUNITOAY TNF-OL Tu

[] ¥

U514 cerebral cortex Tunyinanlsouioufunyi 1d5uemisusaauenod195059 (chronic treatment)

fafumsnszquaaeilsingnsel cSD

Chronic treatment study
Groups ,
(cells/100pm’)
Control 2.11£0.27
Control with CSD 2.22 +0.38
Paracetamol treatment 249 £0.34
Paracetamol with CSD 423 +0.67*"

o v A o

* pananeidsdWgaisuiungu Control ( p< 0.05)

A4 a

# uanaesnaltisdAywomeunuNgy CSD (p< 0.05)
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9n1U518/39150¢ (Discussion)

14 v
namsanuItefiuaasIdifiuivaeaidionauss (Trigemino vascular system) HMInoUTUBN
14
AN UTTNIIMS 1A VNI IAmUBaReNIREUNAULAZSe5Y  Tasnyd M I9suITIseAINe
[ J v a [ -V | o a ] ] (=Y v
agsesAasofuilunau (30 ) ndudinaderonaoaionauss TAeNLNTMIABLAUDIAD
YY) 4 J [V b 4 o . . . . g
msnszquAaelsingnisel CSD wndu dauaas 1de1nn15AsI9wuSIUIU pinocytic vesicle, microvilli Tu
s A A 4 < % s d & v AA A @ '
A YMDoARBA B UNNANI DY MIvveuradued Tas ludmudulunynquilidoioudungu
] 14
Muny aRnlnAvowmaoadioadussinuiuliaudoands st UNIWLNIHEAIBBAVDINI NI AU
e A 2 ' I yo v A o
38N TNF alpha uog IL-1 Tuauoaivandulunguuyi Idsuemisuisasiuoaninasess
@ 9 = Yo ] ] ) [ v
namyen  sndudumaa lfussmilef lFiuehams naei Tanu e ue
&2 9 1 ~ 9/ dy Yy g & dy YRR ] = t o
paud ez ims Weflundunamudfew  aalnasesngniveseniindud luduiinsmnisa nn
[l P k4 ]
wam3satevesnuydteneg  neafunalnmsesngnianilavessmisisemueaiuiideagiineafiu
¢ y QJI v o T le
na lnmsoengnivesenilieneengniruna lnaisg AU 15U mseengniruna lnmsdumsaii
15 prostaglandin H2 (PGH2) M3soangniruseuud s latlu (Tjolsenttazame, 1991) nMsoangniniu
o v
o @ . . . ae @ a o .
#151 canabinoid (Ottanittazame, 2006) 5uDsMsoangnitudaluasnoenled ( Bjorkman uazaue,

1995) Wudu

¥
{ 9 o o

sANamsAnEInalnmseengnive eI IAMLBATIREITRIRUMISIEY (WY in vivo WAY
in  vitro) F‘)?J’q"I.u'mmsaﬁ;ﬂ"I.é’{mi‘%'ﬂiwmf‘:ﬁqwf“lumsﬁugw%ﬂs:é’jumsmumsé’mﬁu AINANTS
Aruifefinuiiewsmmaea Ty dose qu (300 mgkg) sramsamilenihidinsmuszauas
nszéj’umsé’mﬁmﬁm (pro— inflammatory mediators) 1% Interleukin—10, Tumor necrotic factor alpha
(TNF-Q), Macrophage inhibitory protein-1 factor (MIP-1) Monocyte chemoattractant protein -1 (MCP-1) 1u
sz femnsomionh WEmsdulSinavesasdudinssniey  (anti-inflammation action)
#19) 15U interleukin-10 10 interleukin-13 %umé’hﬂniuﬁu (Dambach (1A AME, 2006; Gardner HAZAMY,
2003; Yee Loy Ay, 2007)

namsAn3sendaiinydn ﬂfjwl.gﬁ"lﬁ'%'umwwswwmmma@dwé@%"ufm‘imsmea@ﬂmm
TNF alpha wag IL-1 daifumsnsedumsnssneylumuoannniingunmyaiugu Tassziinsuansenn
mﬂi‘}luzﬁa"I.ﬁ'%"umsﬂs:é'ué’fwﬂsmgmstﬁ csp Taenalnuosmsnsedumsuaaseonyes TNF alpha
IGE IL-1Mﬂu@wawudﬂfjuﬁ"l.ﬁ'%"umwwsuwmuaaadwéa%’ufué’a"l.ajmmsnﬁiﬂ"lﬁ'mﬂwamﬁ%’ﬂ‘lu

Q’l’ y 1 o o 1 L) { Y Q’ J . Al Y
ﬂi\?ﬁ LLﬁﬂmZ’J‘ﬂUﬂ'lﬂ’J"lu'lﬁ]%flﬂ’J"I?JLﬁU’J%’ENﬂUﬂ"lilW?JQJuﬂlENﬂ'l‘iﬂ@UfTuENQJEN cortical neurons 374N
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g

TR AIAAIBENYEY  NOS 1uﬁuawmmﬂfju5 esninramsinudounthilvennz 3%
‘wudmHmamﬁ‘lﬁ%umwmmﬂﬂmaaatimgai"aﬁmwauﬁuawm cortical neurons AON1INTLAUAIY
151nM138l CSD ¥INNNINGUAILAN UAZATIZ hypersensitivity YD cortical neurons FRerdestumsi
SR Us T3 Tafiuwta 5-HT2A Taluduueq cerebral cortex WAz trigeminal ganglia
(Supornsilpchai UazAnE,2010) Fanalnnsnssquaedaiudlslatusiia s-HT,, & fnufndesy
MINAIT NO §20 (Srikiatkhachorn UagABLE, 2002) Benrmunerfesues NO Tunisnszdudessuusy
mwm‘%‘uﬂfmmﬂwaaﬂLﬁ@ﬂﬁnmﬁmﬂﬂfhﬂfjnmuaniuﬂdn‘ﬁ"lﬁ%"um‘msucmmnaaaeiwéa%”ufu
IRsumstuiunnransanilunynasosiinuiifimsuanseonveseules!  Nos  luwaddszam
UM cerebral  cortex luﬁgﬁ'lﬁ'%"ummﬂmmmaammLgagaﬁﬁﬂmﬂgﬂﬂszéfuﬁ'wﬂﬂﬂgmstﬁ
cortical spreading depression (CSD) AATINGUAILAY (198 azAi : anidSuiaiedu Mmiadou
manuscript )

Fuiinsufuudrinlsingnsel  csp Fuamsamilonh iAamendsnsinivasiia
88M119N cortical neuron M5IATIMANTIS RS Glutamate 1DZ NO ( Davies azAmE, 1995 ) Fufiud

o~

9 '
n31ufusgudrinis CGRP waz NO msflumsmiiifiunumdAgdensaeuaussvesszuunasniion
AUDY

PO o ve o £ wa o .
FanannuImy lungui lAuemisieanueaod1e5esilinig  hypersensitivity 494 cortical
] [ ] b4
neurons iognnszdulfina csp Taelimaifia csD tuarudfunniinguaruguiiu waasihlunyngu
b4 v ) ]
Alimsndeasdolszamanes52uie CGRP, Glutamate a2 NO oonuinnnlunguaiugy waiium

Y- v o M 2t o_ o a o &
n51WAUAN CGRP wazMsnszdudafy NMDA tuamsamionivhldifiansnas NO venunld s

v
=%

14 2

st ldiilsinmees NO TuiSnumaussosinquit lasunwismaaueaiseswnnIngudus NO

iegandsoenunayesaiilisniusyyadase 0° (Superoxide) IAiluaseyyadasy ONOO-
(Peroxynitrite)

.o a o g a1 g v = . ¥ =

Peroxynitrite (iU Tulanaeyyadaszhinadiuivdomada19959009 endothelial cell A28 Tadl

£ .. 1 a =Y = P~ ) d'
AIIIWIUDIUNU YD peroxynitrite  AoATNARLNAYEIsT UV Tvadsudoasumsnfsunans
~ a o ~ o ¥ &

Tnafeuion msfamsirveslisdusonuennasaiion HuAu (Darvesh uazAmE, 2005) HIAWY

d' 3/ a Ly LY a o ~ 2 | 3 Yo

nedesvesmsmulsuim No  Turuesdunnmzanudnlndvesszuy Tnafoudealuaueaiulasy

AMIAIUAYUNNHANTANYIIEVAB9TUITY (Mayhan 1996, 1999, 2000, Kumar Hazamg, 2008)

15



o q?: Q' =Y .d' ¥ .d' Yo dvl A ar r= ]
AUUMINULTUIUUOSY NO 'ﬂwu“luﬂqw‘lmutnaﬂﬂaﬂuﬁammﬂmﬂunmmu Nmmﬂu
A d' =~ =~ \ LY
mawaniialumsnezesinemsiinnznigquaemMIas a5z qUMIONIETY TNF alpha ua IL-1 Ty
Q' &’ A 9 ci 1] o Y a -d' = 1 1
AUDIWUNINYU 615\3114"/]']8"/]?161QZENNﬁ'ﬂﬂ‘ﬂmﬂﬂ'l‘il.ﬂﬁﬂ‘uuﬂﬁﬂ“Hﬁ@ﬂLﬁ@ﬂﬂhﬁl\iﬂ'lﬂﬂ’ﬂﬂquﬂ’lllf]u
1 a3 o @ ] y @t a
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a a = q‘: & o 9 0 ﬁ Ay A4 a & M é
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1 A aa a a | a . ;
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¢ ¢ ¢ Ay A & a ¢ o w
wadoalasled (astrocyte) uazisadlszamidousounasaiion (neurons) Fudlueinisznoudigy
. . & a . . . . ¢ 1 da
4949 Blood Brain Barrier §uviadnyImsiasundasves tight junction protein ¥INYAANAIUNNTT

wdewilashezaiseniiamsgauden1sianiues BBB integrity 111428

Uszlomlumadszgndvesanndson’ld

l.’CT'I?J'IiﬂL‘ﬁﬂﬂﬁQNﬁﬂ‘izﬂ‘UﬂJE}\iﬂﬁVlﬁaﬁ"u mmﬁmﬂmuami‘lunmmum’a ﬂmﬂﬁﬂuuﬂawm
b 4
blood brain barrier mwaﬂizwudaL«uﬁﬁﬂaamﬁaﬂﬁnm
2. s lvilaransenuvesms IATuemissea e aiunouuaenisnasasnseguns

@ . . A [
SALEr (pro-inflammatory cytokine) lTuaueaiie ldsuminszdu
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