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E-mail Address : vurapomig'ratréc.psu.ac.th

stpzdailesaniy: 11 6 @an
o 4 s e e it ; 1 W o IO PRS-
Ianiszasa:  AnwInaad angiotensin 1l (Ang 1) Tauntsvinauwas AT, receptors lumstn
wiliiinn1sa wwsenwaduuy apoptosis MizuuiFy M INAI189%713 (SA node waz AV
node) Ta UNIIANEITINIUUDY apoptosis uazIu ey AT, receptors 114.%1‘1.; m(Ren-2)27
transgenic rat (TG) Wiswn uunum&muwuﬁ: Hanover Sprague Dawley n'lu'lsmmesaammin
Du (SD)
ABNaas: mm'lawgnumq 2 7 1 e uas 2 Fev nuaigas 6 wala vangu TG
WAz SD 3 INVLIUNTT wax embedding uazaaiinuusuu 5 lunsau nassniuiandas
- . a_a L o9 . da - ‘ N .
#1720 Masson Trichrome LWaTUARAI SA LA AV node U1 section N SA B8 AV node ¥MN
1337 apaptotic nuclei wazMIUINIMEY AT, receptors tagn13liimaits immunocytochemistry
HanNIMmaaay
1. WU apoptotic nuclei Yialu SA a2 AV node Tﬂuﬁmu’mﬂmmmam‘ﬁu IRAINUAUNI 2 DI
. R . " oo T P ) P
WazWHUIIMNEN TG UIMUIN apoptotic nuclei 31NN NJY SD agnwyuaxan (p<0.05) Wa
wWiuibounuluidazianey
. . , , o N e A A éa g o
2. @ WmSurSunm AT, receptors siafuf lu SA node VimausaalindlanyiliogunnTuy s i
. . - 4’ . » e ’ ) T B N
1% AV node nabRTIMIUIINILR URZWUIINRY TG Sty AT, receptors IWUIUNN
. b4 P V. Sy X a e ¢ w § . .
nindy Sp luna 2 13 atiIlNBF# N (p<0.05) maLﬁumﬁuunu'luuma:!q'ma'lq
asy wazdorsaluanimeaasuaztatavounsdmsuamidaluvauraa
lununin TG mnnaammsnuu renin i lwlimsulRouuilasved local renin-angiotensin system
mwmﬁmm'uaa ATy receptors Gmwum 'a"mmmnu'}u apoptotic nuclei mnn'nna).l SD usel
\iaswnwy apoptosis ammmauumumn'ﬂu ladueniafia arrhythmia lu:ﬂmymuum
fiauay apoplosis memmaﬁmu'lﬂmnn'ﬁﬁ'mumu AT, receptors lamawizatineds msft
WU AT, receptors i AV node Inniaf SA node Luangumq;mnmu Fyawsor Ul Twuuy
- : s “q s A e e AN e W
malunabommgnafiswwimainmnamziluduiedfmsiduiuiivanudulafiagld
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Abstract

. Project Code MRG4580037

Project Title : Effect of Angiotensin Il via AT, receptor on mediating apoptosis in
the rat cardiac conduction system

Investigator ; Dr.Uraporn Vongvatcharanon et al,

Department of Anatomy, Faculty of Science,Prince of Songkla University

E-mail Address : vurapornie ratree.psitac.th

Project Period 1 year and 6 months

Aim : This research aims to study the effect of angiotensin Il (Ang Il) via the AT, receptors on

mediating apoptosis in a cardiac conduction system (SA node WAz AV nodes) and is performed

by quanttation of the apoptosis and AT, receplors in m(Ren-2)27 transgenic rat. The results
will be compared with those of the age-matched Sprague Dawley rat which has no Ren-2 gene

(SD).

Methodology @ Hearts from six male 2-days, 1 week and 2 week TG and SD rats were

processed for wax embedding and 5 micron serial sections were cut, after which, the sections

were stained with Masson Trichrome {0 localize SA and AV nodes. The sections containing SA
or AV node were processed for quantitation of apoptotic nuclei and AT, receptors by using
immunocytochemical technique.

Results:

1. The number of apoptotic nuclei:!mm2 in the SA and AV nodes were found to decrease from
2 days to 2 weeks in both the TG and the SD rats, and the number of apoptotic nuclei/mm’
in the TG was significantly more than that of the SD in all age groups (p<0.05).

2. The number of AT, receptorslmmz in the SA node were found to decreased from 2 days to
2 weeks whereas the number of AT, receptors:'mm2 in the AV node was increased from 2
days to 2 weeks in both the TG and the SD rats, and the number of AT, receptorslmm2 in
the TG was significantly more than that of the SD in all age groups (p<0.05).

Discussion and Conclusion: As a consequence of the additional renin gene in TG rats which

resulls in the alteration of the local renin-angiotensin system, the number of AT, receptorslmmz

and apoptotic nucleifmm2 are increased. The number of apoptotic nut:lei!mm2 is decreased in
aging rat, therefore the apoptosis may not be used to explain the cause of the arrhythmia in
the aging patient. However, the number of AT, receptors in the AV node which is more than the

SA node in aging rat, could be used to explain pathology of arrhythmia associated with

hypertension.

Key words : Angiotensin ll, apoptosis, conduction system, AT, receptor.



Wavawisy
RN
nmimwu-uaaﬁahé‘fmaﬁﬂ%mvﬁ#ﬁm_,ry-\m'lﬂﬁ'u (conduction system) LRaRIEN
sl i bilinmdueaiilh swfedndrasstouihidganalei Seslwifelie
a1 9 vannls 1w maswilaeuiedmaz (arrhythmia), nzfianwied (A-V) block w3e
complete heart block FianavilMifien1ndsiiastraduunsy (sudden death) laowuyisiu
"IN (James et al. 1996°) uastuglng (Jame et al, 1996°) NPANBUABITLAIRGTEIA N
BaUnavasrruuibidypialWidinariwuda auna@aagiaInaudednfuawawins
poessuuth Ay alWRY B1sazienauniondinaan (James et al, 1996°, James et al, 1996
James et al. 1994) Iumsﬁmmm‘wamﬂa"‘im;:-a:é‘faamé’u AvuangadaInia mitosis
W&> apoptosis mu:'l&iaue;admaa mitosis ua: apoptosis aravWiRanTIWawINMIRAaYNG1aY
§7025UU FUTUMINLNIADYBITAAULL apoptosis Va3 conduction system AT IWIUANNAS
Unddatulunsniilaifi AV node, sinus node waz internodal pathways Gsfinavildiinnizfia
ﬁ'ma"'iati'maug'irﬁ (complete heart block) Waz NTWILAAUERIIMIE (fatal arrhythmia's)
(James et al. 1996)

IInmsansias apoptosis Tuwiala Taglfnafiamavnsidoasadnaruiiawalenudn
hormone angiotensin Il (Ang 1l) Sinaluntsiminldiianimorsasadnddionala Taoviam
HAw angiotensin Il type | receptors (AT,) (Kajstura et al, 1997 uaz Cigola et al, 1997) wadalais
nsAnsIn Ang |l Taun¥inawuzad AT, receptor dunumdamifia apoptosis Tuszuy
conduction system @2uwn3ali uaLilaInINNITULMTasUaY conduction systemn URUAILWIE
Eusningildon dmunsisoluafiitezlédnundons Ang Il Tanmsvnauues AT, receptor
Tumstnminliifianisasuaasaduuy apeptosis Tuszuusidg iwiwesialindnsae lay
ﬁnu’u.l"'smmmao NSALVBILTAA UL apoptosis wazu3uunay AT, receptors '[us:uu'lh
FaalWiiuaiale (SA node unz AV node) Tuni m(Ren-2)27 transgenic rat (TG) Faudln
WUTWWUE Sprague Dawley ﬁgntaamm's-nﬁw renin’ HaTaIMIIAAUNINGL renin YirlWiAans
wasuuraauay local renin-angiotensin system (WsdatnadEn laplinarinliszdudas tissue
Ang Il luadpazeng 9 indu wiu dawnuinle auss waslamawizwala (Mullins et al, 1996;
Campbell et af, 1995) TaFuraswas Ang 1i lwialafiRautnanesfaarinldSnanisaeday
\waduuL apoptosis 14 conduction system 1RuIw 1ilauifFon Winuiug ﬂ'ﬁuﬁtﬁuﬂﬁﬂﬁ"lﬂﬁﬁ
nseaunsndu lasfinsmondinsea Wasninguns 2-3 afiednondieasaduiiinad
&9y UBITUIUNTT morphogenesis Y conduction system (Jamies, 1994) ﬂ"iﬂ"i']'ffﬂl&ﬂﬂﬂﬂ;ﬂ']ﬁ;
ﬁi’ua:;ﬂummﬁrug’m TunsefuiofimmauazweidamwaasmaiaenuEaund wassuy
mahdgaaliivamala ﬁL,a:LﬂwFaQaﬁa',ﬁlﬁlzﬁ‘_l,u"‘l'mﬁ'-l.'[ﬂﬂs;qncﬂ!n‘lunﬁﬂ‘aaﬁ’w wia
-%‘nm:jﬂmﬁ—:u*i[sn?'i;ﬁmﬁnﬂ’nuﬁ@ﬂnﬁﬂag's.zuunwisﬁﬁflﬂﬁﬁ'[uﬁ'ﬂﬂei’
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Wiafiny1d1 sasluu Angiotensin 11 Taun1svina e AT, receptors Saanlunisdnin
biifianise wwespaduuy apoptosis luiwaduas conduction system wia'ly loo

- AnyMmlITNmNIMoTaTRsuUY apoplosis BodTadluIzuy kndynrmlWih (SA
node WAz AV node) luiilauamu  m(Ren-2)27 transgenic rat %atﬂuﬂyfmuﬁuﬁ Sprague
Dawley ﬁgnaammﬁnﬁu renin uF'stn”wuﬁum‘;‘muﬁ'uﬁlﬁmﬁ'uﬁ'l:j'l@?ﬁmsaaﬂumnﬁu A
GRHISIRIN

- Anw i AT, receptor vadimadluszuutia Il (SA node uaz AV node)
luiilavoawy m(Ren-2)27 transgenic rat LLF%UULﬁuuﬁ'nu%muv'mﬁftamﬁ'uﬁ'lﬂ"lﬁﬁm'saaﬂ
WNINO% ﬁﬁmqnﬁﬁu

ABnInaaay

1. nnAuMaLl

Wnu m(Ren-2)27 transgenic rat (TG) %mﬂuﬁ‘l&muﬁuf Sprague Dawley ﬁgnaaﬂ
uNINbu renin ﬁ'ﬁmq 2 U, 1 §a1v uaz 2 §eW waInaen uarvwy Sprague Dawley lailey
JunisraauNINtu (SD) ?'imqwhﬁ'u nguaz 6 a7 (saunvua 36 vale) svinlvsaulasmsie
@71 pentobarbiton sodium (100 mg/kg) LTINIIRUINDY nvuitladasaniiotiwialsasnun ud

WEKNeN 10% formalin atindvas 24 T3lud v\é’omnﬁ'umﬁ":hu%mphwumums Tissue

processing for Wax embedding W&2619 serial sections W1 5 [m nawala war mount sections
Uu TESPA coated glass slide (5 sections ¢ia 1 slide)

L Vb1 A SD ua: TG 'lGT%'Uﬂ‘J‘maqLﬂ'n:ﬁmn Prof. Terry Bennett usa: Prof. Sheila
Gardiner Nottingham University, Nottingham UK.

2. FuanIciuniavad Conduction system (SA node uaz AV node) Tﬂu:’:jmﬁan sections
(screening sample) u"HauaIy Masson Trichrome l.‘ﬁ B%Llﬂﬂa‘i'\ section 1@l SA node w3a AV
node

3. @nwSan e TadUal conduction system THIN1IAILULL apoptosis

3.1 (8an section MEMIN Y2 1893mIU section  Manuavaudazialafil sA
node wW3a AV node lagidan 1 slide 13u 1 slide ¥iuiiluGan 9 (8n Y2 2893mu section
FanpalddmivdnsnSinmuay AT, receptors) MMNRUTUAILTaSTI conduction system 7
\Ranasenuuy apoptosis lagl438msnSonin TUNEL Technique (TdT-mediated DUTP-biotin
nick end labeling) (Sarraste and Pulkki, 2000, Yaoita et al, 1992; James, 1998) Iﬂu'l'ff
Fluorescein-FragEL TM kit LLa"'nTuﬁ‘m'mmaomaéﬁtﬁmmsmuuuu apoptosis IG\U!I]JLQWﬁ:
section # 1 vasuda: slide uazwiSinmAufivas AV node w3a SA node laoltlusunsy

Microimage analysis (Olympus)



- Number of labeled nuclei per unit area = Number of apoptotic nuclei

Area of seclions examined

32 wWinwminnBumuenwadvas conduction system TANIINNIIANLBD

\TRAWLL apoptosis 189 TG waz SD ﬁmqtﬁ'lﬁ'u lapl19ati& unpaired T test
4. anwnlSuimeal AT, receptors UuLTaauad conduction system Tan

41 11 slide ﬁagjﬁ'mmn slide 713} sections TilTeautSute apoptosis WIMUAN
FonwSuiuas AT, receptors (lapld3% immunohistochemistry technique ua:ld AT,
receptors antibody (polyclonal rabbit anti AT, receptors) {Timmermans et al, 1993, Murphy et al,
1991. Marrero et al. 1995) @@10N&83 confocal laser scanning

4.2 WS AT, receptor LuLTaawad conduction system lu TG uas SD
Tauuudruiu AT, receptor Tagiuiawn: section 17l1 1 YaIudas slide Ltazh'\ﬁuﬁwao AV node

w38 SA node lagldlysunsu Microimage analysis (Olympus)

Number of AT, receptor per unit area = Number of AT, receptor

Area of sections examined

4.3 WinuoinSaanwnd AT, receptor UNITaa18d conduction system 1u TG

s SD Hflariniu lanldiBnasfid unpaired T test



HanIInaaad

1.n15BuARIGIuKIBaY conduction system (SA node uas AV node)

sections maémﬁgmﬁanmﬁauﬁm Masson Trichrome  LR@DW&AIHIUINITE
conduction system (SA node W&s AV node) WU

Sinoatrial node (SA) LWUUINIUIALFABITNININADALRDG superior vena cava (SVC)
wazwalavasuuzn (RA) fanwuailudauadonizaassn dsznaudiondaiiadidaudasly
madndanianals lagezfvwevansad (Bnnii wasdiuu myofibril 14 cytoplasm wap
N1 9V cytoplasm vanTadusnwusla (ga_lﬁ 1A-F) nolu SA node InaasuBanuuans 9o
nodal artery

Atrioventricular node (AV node) Hanumaiilutsunauwiad wufidiuarsunanmanu
s:wiewalavaaumts 2 Waa (interatrium septum) WRZTALLKLAINEINUTZWIN9WA 19D IEaN
2 W#ay (interventricular septum) LTa&Ya3 AV node HUwIaUBITAd DUILANNINTadnduile
walalaor 'l wazfiswan myofibrit 1w cytoptasm Wapniy 31 cytoplasm vaawads
snwmladaududnsustwdnufinunislu SA node (gﬂﬁ 2A-F)

2. m-s%ruammaefwaa conduction system ﬁtﬁﬂmsmm&uu apoptosis
FuaadTaduas conduction system ALAANITANBULY apoptosis 1u TG uaz SD lavld38mn
\Jun31 TUNET Technique (TdT-mediated DUTP — biotin nick end labeling) ti’ltlgﬂt‘liaé—ﬁlﬁﬂ
NIFIUVAITAN  WUL apoptosis lapltndas fluorescence suNU digital camera DPS50
(Olympus) ‘?iﬂ@]ﬂﬁﬁ'nn'ﬁﬂ‘wn'l‘:ﬁauﬁ'w Fluorescent FragELTM Kit ﬁ Fluorescent FragELm
TdT Labeling 3:3unu 3-OH 2a3d 1 DNA fragment lapadun1svinauwas  terminal
deoxynucleotidyl transferase enzyme é’oﬁ‘:mﬁagﬁwnﬁao fluorescence IRURNARUFVDI
\IRATILAANTIIMNOULY apoptosis NRITIDIDUMRAIETNIF uasfiedoalivwiedings (31]'?'1 3a-f
ua: 4a-f) a1vvzuadRuNIITanuuLiuIiiuiauwal (chromatin condensation) Wy apoptotic

nuclei ns:mua;‘imu'lu SA node Waz AV node 183 SD uas TG Y1298 (Eﬂﬁ 3A-Fuaz4A-F)

3. nsdnwUSauuamadua9 conduction system 'ﬁ-tﬁﬂn'ﬁmmmu apoptosis
3.1 mIanwiauanTaduss conduction system fAanIIANBLLL apoptosis
nulu SA node

WUIINTUIWDDI apoptotic nucleifmm- 'luw:‘s TG a1y 2 MU (1.48+0.75 celllmmz).
1 §UaW (0.66+0.33 cellmm’) Uz 2 &UMW (0.13+0.07 cell/mm?) uInnimy
sO Iwieoundoriu (2 Ju= 0.77+0.60 celimm’ . 1 a1fiad = 0.14+0.22

9



celimm’, 2 a1#iaf = 0.04+0.07 celimm?) atinailiud ey (p<0.05) wananii
3IUIUVA apoptotic nuclei V89K TG uar SD aﬂaqtﬁaﬁgﬁmqmnﬁu (Eﬂv"i 5)
3.2 PIANHIUTNIMVEITRATEY conduction system TFLAANIIANBLLL apoptosis
niulu AV node
WLI19TUIUVAY apoptotic nuclei/mm> 'lumé TG a1y 2 W (5.27+2.60 ce!llmmz).
1 §laf (2.23+0.08 cel’mm’) uaz 2 &lewf (0.43+0.11 celi/mm?) nnimy
sD lugsa@eniu 2 Su (2.68+2.96 cellmm’), 1 &a v (0.26+0.4 cell/mm’)
ua: 2 §UaH (0.16+0.12 cell/mm’) DHNINNBAINTY (p<0.05) (gﬂﬁ 6) uananii
§7UUa3 apoptotic/mm” ﬁy'amé. TG uas SD aﬂamﬁam%ﬁmqmn%u

4. msAnwUInn AT, receptors Myl SA node uas AV node

4.1 wan13daulasld iImmunocytochemistry technique 33un13l% AT, receptor antibody
WzQAWNADY confocal laser scanning

WUI1 AT, receptors ﬁé’nwmztﬂuqﬂa'hﬁrﬁmaiaum:muaraifi”a‘lﬂﬁv'omu'lu SA node
Waz AV node (Eﬂﬁ 7a-f uaz 8 a-f) v SD uaz TG a1y 2 % AT, receptors nolu SA
node n's:irmaraiazhmmmiuua:fuﬁmmaﬂmti’iaﬂmqmn'ﬂ'u (gﬂ'ﬁ 7 A-F) lunmsti
nplu AV node Wi SD ua: TG a1y 2 T & AT, receptors n3zawagluSinmiay uas
ﬁ'é‘\mumn"fmflangﬁmqmnﬁu (gﬂﬁ' 8 A-F)

4.2 man1sans3unm AT, receptors GoRuf (mmz) nalu SA node

WUi181MIUaY receptors @iaWuil (mm°) lumd. TG 81y 2 W (14.05+2.05 x10°
receptorslmmz) , 1 & ('t’.42;+_1.32x103 receptorslmmz) waz 2 sUewt (1.67+0.26
x10°  receptorsimm’) inniwy SO ludneu@mnu (2 Fu = 7.05 + 1.14 x 10°
receptors/mm’ , 1 &AW = 2.92 + 0.67 x10° receptors /mm’ uaz 2§k = 1.14 +
0.17x10° receptors/mm-) atiNIuDEAY  (p<0.05) (31]1‘3'1 9) uanmm{'-hmmnag

- 2 - &
receptors flafiufi (mm’) aaadlanulonysnniu

4.3 wan1sansUIunm AT, receptors GaRui (mmz) molu AV node

WLIIIIUINTBY  receptors Ganui (mmz) 'luvshx TG awy 2 M (5.2611.60:(103
receptorslmmz), 1 @let (12.13:2.03x103 receptorslmmz) gz 2 flew
(12.50+3.97x10° receptors/mm’) 3NNIMY  SD winenmdeain (2 u =
2.61 i0.49x103 receptorlmmz). 1 ®lenwt = 5.37+1 .20x103 rece.ptorslmmz uaz 2 et
7.63+1.91x10° recptor/mm’) atinslinydniy (p<0.05) (gﬂﬁ 10)  uanaIniisuInvas
receptors Giauil (mm>) Lﬁuﬁmﬁamgﬁmqmn%u

10



L e

't\

Sk

gﬂi“r‘n 1 A-F UARIATUMINTBY sinoatrial node (SA) Y87 lauyuAaZNgN (A) wy SD a1 2 U
(B) Wy TG 24 23U (C) vy SD 81g) 1 ek (D) wy TG a1y 1 AUm i (E) wy SD oy 2
fe (F) wy TG 91 2 Alal disulonld Masson's Trichrome  SVC: superior vena cava.

RA&: rimhkt atrinim An: Anrts’



p.lﬂ 4A-F una apoptotic nucle (gnAsd12) nelu atrioventricular node (AV) ¥89Wa 8
VYURATNRN (A) WY SD 8y 29U (B)uy TG ety 29U  (C) wy SD 91y 1 fawi (D)
wy TG 81y 1 fle i (E) ny SO a1y 2 el (F) wy TG o7y 2 fum i Anfssune =

400 IAS: interatrium septum IVS: interventricular septum,

14
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Number of apoptotic nuclei/mm in SA node

i 3
¥

[-T3
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B 9
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E

* 0

. 2day 1wk 2wk-

l.
(

Y. | - y - . = i & 3 . B i
31]11 5 umqi’\mwnm apoptolic nuclei dafufl (rnrnz) mulu SA node
n = 6, unpaired T-test, * = uansnathITipfATY (p< 0.05)

) ’ 2 .
Number of apoptotic nucleif/mm in AV node

Number of apoptotic/mm’

e TR % TR -SEN « > R o + N o |

2 day 1 wk - 2wk

7 | - Y A )
gﬂ-ﬁ 6 WAAIETWINYDY apoptotic nuclei Ao (mm ). mblu AV
node n = 6, unpaired T-test, * = uAn#atIRuIAY (p< 0.05)



dl L3 1 b
TN 7A-F uams AT, receptors (anAsA1217) 1wl sincatnal node (SA) 1arlauyurarnas

WHySD ey 2u (B) wy TG 872 5u (C) wy SD a7y 1 Alansi (D) wy TG 01ty 1 Fllanss

) wy S 01 2 dloral () wy TG 27y 2 Aend gnasdnn= Windeaumg




o . .
QU 8A-F uamy AT, receptors (gnms®e13) N el atroventricular node (AV) ¥83alanyusiaz

NN (A) Wy SD 87y 2 Ju  (B) wy TG 81y 2 4 (C) wy SD 7y 1 &Uanvi (D) wy TG a0y 1
®af (E) wy SD 81y 2 §lewi (F) uy TG a1y 2 dulend




2
Number of AT, receptors/mm’ in SA node

20
B3 15 —
8 , ,
a i |
& [Jsp|
- 10 % | |
[ H
y G|
> -
2 5 :
5
3 o ¥

0 — il

2 day 1 wk 2 wk

o ° - | 2
3UN 9 uaeITMIUVDI AT, receptors FaWUN (mm') nolu SA node

n = 6, unpaired T-test, * = wan@WagINRLEATY (p< 0.05)

2
Number of AT, receptors/mm in AV node

20 —
NE _': - '
s 15 :
= P —
8 Clsb
©
- 10 :
.—
< * L. TG
g g e |
(8}
= 5
—
=
0 .

2 day 1wk 2 wk

- . , & 2
El.h'l 10 UA@IMUIUDBY AT, receptors @aWuN (mm ) nolu AV node n = 6, unpaired

T-test. * = uaAN@IBHIARBEATY (p< 0.05) **uansdat & IaL (p< 0.01)
18



unIasnt

MIFAAUNINDUH renin 'lumé m(Ren-2)27 (TG) xvirliinisuasuuavesszuy local
enin-angiotensin Y111%x Angiotensin Il (Ang 1) lwalawinin (Campbell et af, 1995) uazan
nMsanwnTswuIimaRLdusas AT, receptorstial SA LAz AV node 'lu'r}n'ﬁ'mmqﬁﬁnm
Lﬁatﬁuuﬁunéu SD msi"iuy: TG 15074 Ang I Las AT, receptors w'iiu'i'fuﬁv'ummﬂummqﬁw
WM SIAAMIANUTANTASUUL  apoptosis LANTW %a’lumﬁﬁuﬁwuim%mﬁu TG i
apoptic nuclei/mm’ innimundy SD ralu SA Uaz AV node lunngaseny (2 u, 1 ek
waz 2 MAY) FoendaanuNITANBLDI Lie et af (2000) AewudniimsiAuduves apoptosis
Iuﬁ")h'uamht spontaneously hypertensive rat (SHR) Ang tl Taprunsinueal AT,
receptors Lnalun1sininldmianiserovansadnauitawals (Kajstura et al, 1997 uas Cigola
et al, 1997) lap Ang Il a=vlWTiSuraas ca’  nmulusad (cytosolic free calcium) Rt
Tanmanszduli ca”’ rwidhanluisadlantitu voltage - gated L — type calcium chanels Baaz
11.Iﬁuan1:sju calcium-dependent DNase enzymes Lﬁan'm calcium iJw cofactor V& Ca” -
dependent DNase | @93z TUvinlWifianisuaniinuas DNA (double strand clevage of DNA)
(Cigola ef al, 1997) #auu0193:na17 191 Ang Il laprun13NUBBI AT, receptors figaudn
tWiiemIapvasLTaduuy apoptosis Iu SA was AV node wdgatvlundanitanala

IMNMSANYIWUIN apoptosis 1w SA Uaz AV node ﬁv'ﬂuwué SD waz TG I MWINAARY
tﬁangﬁmqmnﬁu FBANRDINVINWIVDVDI Kajstura et al, (1995) Fadnuniunwal apoptosis
vosilavundsnsaa laowuit apoptosis tﬁﬂ%uﬁ'uﬁﬁé'maaﬂLm:a:ﬁxﬁmmammmmﬁ'a“&
a1y 11 Fuuaznasaniiuliny apoptosis LiaTu RENTINBLIWLIITINIAT 1-2 afial NMonas
na3AuT23I8 V@I TYVEITLINMT morphogenesis a3 conduction system (James, 1994)
uaz apoptosis +fuVLIMMIATUNUMAATYBEINTT morphogenesis U3uNMDa3 apoptosis i
nniwlyesd warinlWifenswaminiiiinednavasszuuindygira Wiy wudn apoptosis tilw
mmqﬁﬁﬁ'm_"lunwﬁﬂﬁlﬁamsﬁ'wmﬁﬁmﬂn?maa AV node, SA node ilaz internodal pathway
'ﬁaﬁuaﬁﬂﬁ'l.ﬁﬂma:ﬁﬂﬁu AV atndauyInt wa=naladufiatands (James et al, 1996)34
WWIfiavad apoptosis F Hunsesunomasiluduiasmaslu@ndufan s lusuiedm:
ifausiusmﬁﬂua:maé’nﬁ'ufﬁ'm:uu renin-angiotensin fAfieUnd usuwIfeuas apoptosis i
mmma'i‘mumnﬁmmu:ﬁ'ﬂmﬁ'uﬁmé’am:ﬁLﬁ@%ﬂmjgamq'l@T .

uananit Ang Il TasrinunIrinauuay AT, receptors iuwuniiumumadgivnldiae
MW luduiiadani: laon1sanwnuad Kass et al, (1981) wuiinsniz@u AT, receptors LUu
SA node usz AV node tu KA lvinian1I’1e spontaneous electrical activity wIawdouulas
M%auausssia electric stimulation Mello (2001) 8TuILiINIINITGU VU renin -

. . - . ] . - oo - .
angiotensin 9z TlfinarnlWiian1anszaui AT, receptors Gvazdanalitfianiinizduras protein
.
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kinase C 1wy udvzlUiinavinlWiiauuaunis phosphorylation 184 junctional proteins &9z ds

1alﬁtﬁmmsamawaa junctional conductance Yirldifiansaaatvaiaumdivasniniinssua
Yszam (conduction velocity) WIaTau 130131 n3sual 58 (block of conduction) #3WaMALA®
reentrant rhythms W0 lU@n13aTune37 Ang 11 laon13vinauues AT, receptors ijumﬁéwﬁ'@ﬁﬁw
Than s laduiadana:

INMTANBIRWLTY AT, receptors nolu SA node mamgﬁ"’a SD ua: TG nwuilfSunem
aand lurniciilu AV node ww AT, receptors ?ﬂﬂ%mm%mm&ummﬁamqmnﬁu uelunTs
ﬁnu'm%ef:ﬁnm‘hhuﬁam#mq 2 &Uonv wuzfin1s@nuuey Sechi ef al (1990) %aﬁnm’lum“}

B 10 uAz 14 §Ue W wudnil AT, receptors lu AV node 'luLFsmmga'Lumm:ﬁ'lu SA 50
Wauninunn (Sechi et a/,1990) a1vafuIwi AT, receptors luaigiaminazinasia SA node
mnn'iwm:?iquﬁu'i{u AT, receptors Jtiinasnia AV node NN %ammﬂmaamnﬂgﬂu
ulauanunn AT, receptor Halu SA uas AV vufisasnsanedaly

uana‘mﬁﬁawuimg TG i1Sutuw AT, receptors vislu SA uar AV node NNTI8L3N
nimy SD FansifSumiunifiu (overexpression) 203 AT, receptors 'quWU’J"]Lﬂ'uﬂ']Lﬂﬂﬁ'l
1Wifa bradycardia $2uMY heart block @avinliAudianiolu 1 dlawiusn luwy MHC - AT,
transgenic mice (Hein el al, 1997) uanmn*ﬁwuﬁmﬂﬁ AT, receptor antagonist, CV-11974
musoilastunisiianizirlaeuindamizlu wild-type mice (Harade et al, 1998) lafiniaih
AT, receptor antagonist (losartan) m'lm"lumﬁnmgﬂdU?'igamqﬁ'ﬂmﬁan’[mﬁ'ﬂaﬁumm WU
EunsnaasamIa TN Eviiaetnadounauldie  46% dadoinsadanu AT,
receptors athdamﬁni (complete blockade of AT, receptors) r@nalunsilasnuniizwals
WURNTINIL (Pitt ef al., 1997) %aaﬁumﬁuunmﬂmaa Ang Il MfisdastunsFmilWifienn:
Wlaudufiaima: Taotiiunsrina sy AT, receptors atindlsimanuiisiizoandasiuam
WoduAnananlwilasduin Ang Il Tagmsving s AT, receptors praazfidaurliiiann:
WMladufiedina: winudetunonazinliiawalasufiedona:  lapaualuwdnuvad Ang i
e liiianIanusadTaduuL apoptosis 1 SA uaz AV node U3n1tu apoptosis HiunLin
WazdsnarinlfiAantswamnsitfiaUnauas SA uaz AV node uazizdanalwiiamviinuiie
Un@ "ﬂw:ﬁuaﬁﬂﬁlﬁmm‘;:ﬁﬂaL@Tuﬁ@lﬁ'am:'luﬁqm dmunsansluaninaiionazad AT,
receptors antagonist lun1iaeU3unmuas apoptosis lu SA uaz AV node 1uﬁ1¢ﬁﬁmwﬁuiaﬁﬂ

q = o & a g o LD [ Y o o : ~ . g
LA NG bR FYE R TRI T I.Wi]l.ﬂullu'lﬂ’]dﬂ'l'ﬁnh}’lf-dﬂ’]Uﬂ‘]ﬂI'ﬁﬂﬂ’J11JﬂHIﬂﬂGl§d jrunuNIzRIlAn
fndanas
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D Parker”, ! Depariment of Anatomy, Faculty of Science, Prince of Songkla University, Hat-Yai 90112,
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0112, Thailand. j”"/"“""“'”f of Anatomy, Faculty of Science, Mahidol University., Bun;-.gkuk 1040013,
“hailand and *School of Biomcedical Science, Nottingham University, Nottingham NG7 2UH UK.

Apoptosis has been suggested as a possible cause of gradual development of complete heart
slock and fatal arrhythmias assoctated with absence of the AV nade, sinus, and internodal pathways
James et al. 1996). Studics about apoptosis in the heart by means of cardiomyocyte cell culture have
lemonstrated that angiotensin 1 tAng 11 ) mediates cardiomyocyte apoptosis via angiotensin 1 tvpe |
eceptors (AT} (Cigola 7wl 1997) The transgenic m(Ken-2)27 (TG) rat carries the additional Ren-2
2ene, the expression of which results in an increase of hecart Ang I (Campbell er al. 19935). thus
jotentially atfecting the cell growth death equilibrium. This study addresses the question of role of
Ang lls’AT' reccptors mediated apoptosis in the sincatnal (SA) and atrioventricular nodes (AV).

Six, male 2 week TG and Hannover Sprague Dawley (SD) rats were anacsthetised by
pentobarbitone sodium i.p. injection (100 mg/kg). The hearts were removed and fixed in 10%
‘formaldehyde. Following dehydration and embedding in paraffin, 5 pm senal sections were cut then
stained with Masson Trichrome to localize SA and AV nodes. The sections containing SA or AV node
were processed for either: (a) calculation of apoptotic nucler following terminal deoxnucleotidyl
transferase nick end labelling of 3'-OH ends using Fluorescein-FragEL™. or (b)
immunohistochemical labelhing with antibodics to the AT, receptors prior to confocal scanning laser
microscopical analysis. Quantifi cation of AT, reccptors was performed by using Microimage analysis

software (Olympus).

ApuEt(;iE cells/mm-~ AT receptors (x 10°)mm-
Group
SA AV SA AV
SD 0.030+0.07 0.164+0.12 1.14£0.17 7.63+1.9]
TG 0.140+0.37* i 0.433+0.11* 1.67+0.26* 12.50+3.97*

Data expressed as mean = SD (n 6)
* = signifi cant compared with control (P<0.05) (Independent-Sample T-test)

The table shows that the number of apoptotic cell in both the SA and AV node is signifi cantly
greater in the TG compared with the SD (p<0.05). Quantifi cation of AT, receptors within SA and AV
node shows that there were signifi cantly more AT, receptors in the TG compared with the SD
(p<0.05). These data suggest that an elevated level of apoptosis in the TG rat heart compared with the
controls could be accounted for by Ren-2 derived Ang Il active via AT, receptors.

Campbell, D.J., Rong, P.. Kladis. A., Rees, B., Ganten, D. and Skinner, S.L.(1995) Angiotensin and
Bradykinin peptides in the TGR (mRen-2)27 rat. Hypertension, 25, 1014-1020.

Cigola, E., Kajstura. L.B., Meggs, L.G. and Anversa, P. (1997) Angiotensin [I activates programmed
myocyte cell death in vitro. Experimental Cell Research, 231, 363-371.

James, T.N., Martin, E.. Willis, P.W. and Lohr, T.O. (1996) Apoptosis as a possible cause of gradual
development of complete heart block and fatal arrhythmias associated with absence of the AV

node, sinus, and internodal pathways. Circulation, 93, 1424-1432.
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Abstract
Introduction: Apoptosis and angiotensin [l (Ang !l) have been suggested as possible causes
of arrhythmias. In addition, Ang 1l via angiotensin Il type { receptors (AT,) has been
demonstrated to induce cardiomyocyte apoptosis. The transgenic m(Ren-2)27 (TG) rat
carries the additional Ren-2 gene, the expression of which results in an increase of heart
Ang lI thus potentially affecting the cell growth/death equilibrium. In this research we have
studied the effect of angiotensin If (Ang Il) via the AT, receptors on mediating apoptosis in a
cardiac conduction system (SA node and AV nodes). Materials and methods: Heart
sections from male 2-day. 1-week and 2-week TG and Sprague Dawley (SD) rats were
stained with Masson Trichrome to localize SA and AV nodes. The sections containing SA or
AV nodes were processed for quantitation of apoptotic nuclei and AT, receptors. Results:
The number of apoptotic nuclei!mmz in the SA and AV nodes were found to decrease from
2-day to 2-week in both the TG and the SD rats, and the number of apoptotic nucleilmm2 in
the TG groups was significantly higher than that of the SD groups for all ages (p<0.05). The
number of AT, receptorslmmz in the SA node were found to decrease with increasing age,
whereas the number of AT, receptorsimm2 in the AV node was increased in both TG and
SD rats and the number of AT, receptorslmm2 in the three TG groups was significantly more
than that of the three SD groups (p<0.05). Discussion and Conclusion: As a
consequence of the additional renin gene in the TG rats , which results in the alteration of
the local renin-angiotensin system, the numbers of AT, receptors:'mm2 and apoptotic
nucleilmm2 are increased. The number of apoptotic nuclei.ﬂ'mm2 decrease with maturation,
therefore, the apoptosis may not be used to explain the cause of the arrhythmia in the aging
patient. However, the number of AT, receptors in the AV node, of which there are more
than in the SA node at 2-week rats, could be used to explain the pathology of arrhythmia

associated with angiotensin in hypertension patients.

Key words : Angiotensin |l, apoptosis, conduction system, AT, receptor.



Introduction

Cardiac arrhythmias are a major health problem in cardiomyopathies. They cause
severe symptoms and even sudden death (Myerburg et al, 1993) In addition. there is no
treatment available to prevent sudden death in patients with arrhythmia (De Mello, 2001).
Cardiac arrhythmias are caused by multiple mechanisms such as abnormal automaticity
after depolarization and reentry (De Mello, 2001). It has been suggested that angiotensin Il
(Ang Il) possesses arrhythmogenic activity such as decrease in cell coupling and reduction in
conduction velocity, facilitating the generation of reentrant rhythms. (De Melio and Altien,
1992; De Mello, 1996:, De Mello and Danser, 2000, ; De Mello, 1998 and De Mello, 1994).
In addition, apoptosis has been suggested as a cause of gradual development of complete
heart block and fatal arrhythmia, associated with absence of the AV node, sinus and
intemodal pathways (Jame et al, 1996). Studies about apoptosis in the heart by means of
cardiomyocyte cell culture {in vitro) have demonstrated that Ang |l mediates cardiomyocyte
apoptosis via angiotensin Il type | receptors {AT,) (Cigola et al, 1997, Kajstura et al, 1997).
However, in the in vivo condition, it is not known whether Ang !l is involved in inducing
apoptosis in the heart, and in particufar in the conduction system.

The m(Ren-2)27 transgenic rats (TG) are rats carrying the additional mouse Ren-2
renin gene. The rats develop fulminant hypertension despite low circulating renin.
Therefore, it is hypothesized that hypertension results from enhanced local Ang [l generation
in extrarenal tissue (Lee ei ai, 1995). The renin gene is strongly expressed in exirarenal
tissue especially in the heart. where the increase of heart Ang Il is found (Campbell et al,
1995). Due to the increased Ang |l in the heart, the cell growth/death equilibrium may
potentially be affected. This study focusses on the role of Ang Ili via AT, receptors in
mediating apoptosis in the cardiac conduction system (sinoartial node, SA, and
atrioventricular node, AV) in the in situ condition by comparing the apoptosis level and
number of AT, receptors between transgenic rats and normal Sprague Dawley rats. The
study is performed in postnatal rats (2 days, 1 week and 2 weeks) as these stages have
been suggested to be important for morphogenesis of the conduction system (Jame,
1994). Results from this study may explain the pathology of arrhythmia and may lead to new

approaches to prevent disaster or to improve arrhythmia therapies.



Materials and Methods

1. Animals
The m(Ren-2)27 transgenic rat (TG) and Sprague Dawley (SD) rats were obtained from the
Biomedical Service Units, School of Biomedical Sciences, Nottingham University, UK
(provided by Dr T. Bennett and Dr S.M Gardiner). The rats were kept on a standard
laboratory diet with free access to food and water on a 12:12 h light/dark cycle at 22°C.

All 2-day, 1-week and 2-week male TG and SD rats (six rats per group, total 36 rats)
were anesthetized by intraperitoneal injection of pentobarbitone sodium (100mg/kg). The

hearts were removed and fixed with 10% formalin. Following dehydration and paraffin wax

embedding, 5 Jlm serial sections were cut and mounted on TESPA coated slides. Random

sections were stained with Masson Trichrome to localize the SA and AV nodes.

2. Quantitative analysis of apoptotic nuclei in the SA and AV nodes

2.1 In situ end labeling procedure
Every tenth section containing the SA node or the AV node of each heart were
systematically sampled (Mayhew, 1991) for in situ terminal deoxytransferase nick end
labeling using the Fluorescent FragELmI DNA Fragmentation Detection kit (Oncogene

Research Products). The sections were deparaffinized and dehydrated before
permeabilization with 20 Llg/ml proteinase K in 10 mM Tris for 20 minutes. A positive

control was generated by incubating with 1 LLlg/[ll DNase | in 100 mM Tris, 700 mM NaCl
pH 7.6 for 20 minutes. After incubating with Equilibration Buffer (1 M sodium cacodylate,
0.15 M Tris, 1.5 mg/ml BSA, 3.75 mM CoCl, pH 6.6) for 10-30 minutes, the sections were
incubated with Labeling Reaction Mixture Comprising FITC—conjugated deoxynucleotide and
terminal deoxynucieotide transferase (TdT). except one slide, a negative control which was
incubated with the labeling mixture without TdT, at 37°C for 1 hour. The sections were
washed, then mounted using FIuorescein—FragELTM Mounting Media.
2.2 Quantitative analysis of apoptotic nuclei

) ™
Quantitative analysis of apoptotic nuclei stained with Fluorescein-FragEL  was performed

by using a fluorescent microscope with an excitation wavelength of 494 mm. Apoptotic nuclei
identified by morphological criteria and intensity of staining were counted. The number of
apoptotic nuclei was calculated by dividing the total number of apoptotic nuclei by the area of

sections examined. Microimage analysis software (Olympus) was applied to estimate the



area of sections examined in the SA node and in the AV node. The results were expressed

. . 2
as number of apoptotic nuclei per mm’.

3. Quantitative analysis of AT, receptors in the SA and AV nodes
3.1 Immunofluorescence
Every tenth section adjacent to the sections stained for apoptosis was systematically
sampled (Mayhew, 1991). Immunofluorescence was performed 1o localize the number of
AT, receptoré in the SA and AV nodes. After deparaffinizing and rehydration, the sections
were pre-incubated in 0.3%, Triton X-100, in 0.01 M potassium phosphate buffer saline
(KPBS} for 30 minutes and a blocking solution {1.5% goat serum in KPBS) for 20 minutes
prior to incubation in the primary antibody, rabbit polyclonal IgG raised against AT; receptors
(Autogen Bioclear), at 1:50 dilution 4°C overnight, followed by the secondary antibody, 1:200
FITC-labeled goat anti-rabbit IgG (Vector laboratories) for 2 hours. Finally the sections were
mounted using Vactashield mounting medium (Vector laboratories). Negative controls were
obtained by replacing the primary antibody with diluting buffer.
3.2 Quantitative analysis of AT, receptors
The sections were enlarged under confocal laser scanning microcopy for visualizing
AT, receptors and photographing. The AT, receptors in each photograph were counted by
Microimage analysis software (Olympus). The results were expressed as number of

2
fluorescent AT, spots per mm

4. Statistical Analysis
Data are reported as mean + SEM. Statistical analysis was performed by Student's T-test to

2 2
compare the number of apoptotic nuclei/mm™ and AT, receptorss/mm between SD and age-

matched TG. Statistical significance was set at P<0.05.



Results

1. Localization the SA and AV nodes

Masson Trichrome staining showed the sinoatrial node (SA) at the wall of the
proximal superior vena cava adjacent to the right atrium. SA nodal cells consisting of thin
modified muscle cells are stained more lightly than those of cardiomyocytes (Fig 1A-B). The
coronal sections of the heart stained with Masson Trichrome showed the atrioventricular
node (AV) at the lower part of the interatrial septum astrides the interventricular septum. The
AV node cells are smaller in diameter and stained more lightly than those of ventricular

cardiomyocytes (Fig 1C-D).

2. Quantitative analysis of apoptotic nuclei in the SA and AV node

2.1 Morphology of apoptotic nuclei

The nuclei labeled for internucleosomal strand breaks using FIuorescein-FragELTM Kit
were viewed under fluorescent microscopy and appeared as small, brightly-stained nuclei
exhibiting morphological features of chromatin condensation, characteristic of apoptotic nuclei
(Fig 2A-D).

2.2 Quantitative analysis of apoptotic nuclei in the SA node

Quantitative analysis of Fluorescein-FragELTM labeled nuclei showed that in all three
age-groups, the number of apoptotic nuclei was significantly higher in the TG rals (2-day
148+0.75 celimm’: 1-week 0.66+0.33 celimm’ and 2-week 0.13+0.07 cell/mm’) compared
with the SD rats (2-day 0.77+0.60 cellimmz; 1-week 0.14+0.22 cezlllmm2 and 2-week
0.04+0.07 cellfmm’) (P =  0.002 , 0.04 and 0.035 for 2-day, 1-week and 2-week,
respectively). The number of apoptotic nuclei was reduced with maturation in both the TG
and SD rats (Fig 3).

2.3 Quantitative analysis of apoptotic nuclei in the AV node

Quantitative analysis of Fluorescent — FragELTM labeled nuclei showed that in all
age-groups, the number of apoptotic nuclei was significanty higher in the TG rats (2-day 5.27
+ 260 celllmmz; 1-week 2.23+0.08 celimm and 2-week 0.43+0.11 cell/mmz) than those of
the SD rats (2-day 2.68+2.96 celllmmz; 1-week 0.26 + 0.4 celllmm’ and 2-week 0.16+0.12

celimm’) (P = 0.01 , 0.04 and 0.032 for 2-day, 1-week and 2-week respectively). The

number of apoptotic nuclei was reduced with maturation in both the TG and SD rats (Fig 4).



3. Quantitative analysis of AT, receptors in the SA and AV node

3.1 Immunofluorescence

Immunofluorescent labeled sections with anti-AT, receptors viewed under the
confocal laser scanning microscope showed the distribution of the AT, immunoreactivity (the
bright-green fluorescent dots) in the SA and AV nodes (Fig. 5A-F and 6A-F).

3.2 Quantitative analysis of AT, receptors in the SA node

In the SA nods, the number of AT, receptors at all three age-groups of the TG rats
were 14.05+2.05x10°/mm’, 7.42+1.32x10°/mm’, 1.67+0.26x10°/mm’, respectively, which
were significantly higher than those of the SD rats (2-day 7.05+1.14x10°/mm’; 1-week
2.92+0.67x26x10 /mm’ and 2-week 1.14 + 0.17x10 /mm’) (P=0.032, 0.02, 0.011 for 2-day, 1-
week and 2- week, respectively). The number of AT, receptors was down-regulated from 2-
day to 2-week in both the TG and the SD rats (Fig 7).

3.3 Quantitative analysis of AT, receptors in the AV node

In the AV node, the numbers of AT, receptors at all three age-groups of the TG rats
were 5.26+1.60x10°/mm>, 12.13+2.03x10°/mm°, 12.50+3.97x10°/ mm" respectively, which
were significantly higher than those of the SD rats (2-day 2.61+0.49x1 Oalmmz; 1-week
5.37+1.20x10°/mm’, and 2-week 7.63+1.91x10/mm’) (P = 0.031, 0.04 and 0.006 for 2-day,
1-week and 2-week, respectively). The number of AT receptors was up—regulated from 2-

day to 2-week in both the TG and the SD rats (Fig 8).



Fig.1 A-D Micrographs of Masson Trichrome stained sections showing sinoatrial node (SA)

in (A) 2-day SD (B) 2-week SD, and atrioventricular node (AV) in (C) 2-day SD (D) 2-
week SD rat hearts. SVC: superior vena cava, RA: right atrium, [VS: interventricular

septum, IAS: interatrial septum




Fig. 2A-D Micrographs showing FIuoresc:ein-FragELTM labeled nuclei (white arrows) in
the sinoatrial node (SA) AV node of (A) 2-dayTG (B) 1-week SD and the AV node of (C)
2-day TG (D) 2-week TG rat hearts. X 400, blue arrows: red blood cells IVS:

interventricular septum, IAS: interatrial septum
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Fig. 3 Bar chart showing number of apoptotic nuclei/mm’ in the SA node of 2-day, 1-week

and 2-week SD and TG rats; data are expressed as meant SEM, Student's T-test, *P<0.05, N=6
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Fig. 4 Bar chart showing number of apoptotic ruclei /mm’ in the AV node of 2-day, 1-week
and 2-week SD and TG rats; data are expressed as mean+ SEM, Student's T-test *P<0.05,

N=6



Fig. 5A-F Confocal micrographs showing the distribution of AT, receptors (white arrows)

in sinoatrial node (SA) of (A) 2-day SD (B) 2-day TG (C) 1-week SD (D) 1-week TG (E)

2-week SD (F) 2-week TG rat hearts. blue arrows: red blood cells




Fig. 6A-F Confocal micrographs showing the distribution of AT, receptors (white arrows) in

atrioventricular node (AV) of (A) 2-day SD (B) 2-day TG (C) 1-week SD (D) 1-week TG (E) 2-

week SD (F) 2-week TG rat hearts.
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Fig. 7 Bar chart showing number of AT, receptors/mm2 in the SA node of 2-day, 1-week and 2-

week SD and TG rats; data are expressed as mean+ SEM, Student's T-test *P<0.05, N=6

2
Number of AT, receptors/mm in AV node

2

[dsbp

Number of AT, receptors/mm

2 day 1wk 2 wk

Fig. 8 Bar chart showing number of AT, receptorslmm2 in the AV node of 2-day, 1-week and 2-

week SD and TG rats; data are expressed as mean+ SEM, Student's T-test *P<0.05, **P<0.01,N=6
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Discussion

Additional renin gene in the TG results in alteration of the local renin-angiotensin
system, i.e. increased angiotensin Il (Ang Il) in the heart (Campbell et ai, 1995). Our data
showed an increase of AT, receptors in the SA and AV nodes of TG at 2 days, 1 week and
2 weeks (when compared to that of SD) suggesting that an increase in Ang [l in heart and
AT, receptors may lead to the higher apoptosis. In the present study, we found the number
of apoptotic nucleilmm2 in the TG to be more than that of the SD in both the SA and the AV
nodes in all age—groups (2 days, 1 week and 2 weeks). The results correspond to the work
of Lie et al., (2000) who demonstrated that there is an increased apoptosis in the heart of
spontaneously hypertensive rat (SHR).

It has been shown that Ang Il via AT, receptors mediates apoptosis (Cigolar et. al,
1997; Kajstura et al, 1997). Ang Il binds to AT, receptors, what leads to an elevated influx
of calcium from the extracellular space through the L-type caicium channel (Dosemea et al.,
1988). Calcium is a cofactor of Caz‘ dependent DNase |. Therefore, an activation of DNase
enzyme has occurred which induces cleavage of double-strand DNA (Peitsch et al., 1993).
Thus, Ang |l via AT, receptors may mediate apoptosis in the SA and the AV nodes similar to
cardiomyocyte.

We found that the apoptosis in the SA and the AV nodes was reduced with
maturation. This finding is in the line with the work of Kajstura et al, (1993) who
demonstrated that apoptosis occurs immediately after birth and was reduced at day 11, after
which the apoptosis could not be detected. In addition, the few weeks after birth is the major
period when morphogenesis of the conduction system take place (James, 1994), and
apoptosis plays an important role. This might explain the reduction of apoptosis after 2
weeks. Excess apoptosis has been demonstrated to be a possible cause of abnormal
development of the AV node, SA node and internodal pathway, leading to complete heart
block and arrhythmia (Jame et al, 1996). Therefore, apoptosis is possibly the principal
mechanism for the pathogenesis of arrhythmia in human infants associated with an abnormal
renin-angiotensin system. However, apoptosis may not explain arrhythmia in the elderly.

On its own, Ang Il via AT, receptors has been shown to be directly involved in
arrhythmia. Kass et al (1981) have demonstrated that stimulation of AT, receptors on the SA
and AV nodes can generate spontaneous electrical activity, or alter responses to electrical
stimulation. Mello (2001) has shown that activation of renin—angiotensin system resuits in
stimulation of AT, receptors leading to an activation of protein kinase C. Phosphorylation of

junctional protein then occurs, which causes a reduction of the junctional conductance. As a
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consequence, the conduction velocity is decreased or conduction is blocked, leading to
reentrant rhylhms.
We have shown that the number of AT, receptors in the SA node in both the

SD and TG is reduced from 2 days to 2 weeks whereas in the AV node, the number of AT,
receptors is increased. According to the work of Sechi et al (1990), who demonstrated that
at 10 and 14 weeks, the density of the binding sites of AT, receptors in AV node is high,
whereas it is low in the SA node. This data confirm that AT, receptors in the AV node
increase with maturation, but in the SA node it decreases with maturation, suggesting that at
a very young age AT, receptors may be involved in SA node function rather than AV node,
whereas in aging animals they may act on the AV node rather than on the SA node. The
cause of AT, receptors alteration in the SA and AV node associated with age requires further
investigation.

Our data has demonstrated that there are more AT, receptors in both the SA and the
AV nodes in the TG rats in all age-groups than in the SD rats. The overexpression of AT,
receptors has been shown to be a major cause in mediating bradycardia associated with
heart block, producing a lethal phenotype within the first week after birth in MHC-AT,
transgenic mice (Hein et al., 1997). Treatment with a selective AT, antagonist like CV-11974
has been shown to prevent arrhythmias in wild-type mice (Harade et al, 1998). Recently,
AT, receptors antagonist Losartan appeared to reduce mortality in older patients with
chronic congestive heart failure by 40%. This was due to fewer sudden cardiac deaths,
suggesling that complete blockade of AT, receptor may results in preventing arrhythmia (Pitt
et al., 1997). This supports the role of Ang Il in associated with inducing arrhythmia.

Conclusion

From the present study, we suggest that Ang Il via AT, receptors may induce arrhythmia.
However, this may not be due to its mediating role in apoptosis, instead the reduction of the
junctional conduction or reentrant rhythms may be a possible cause. Arrhythmia associated

with the alteration of angiotensin when animals getting older occurs more often at the AV

node than at the SA node.

Acknowledgment

With thanks to Professor Sheila Gardiner and Professor Terry Bennett for providing
transgenic and Sprague Dawley rats. This work was supported by the Thailand Research

Fund (TFR) under MRG4580038.

14



References

Campbell DJ, Rong P, Kladis A, Rees B, Ganten D, Skinner SL. Angiotensin and
Bradykinin peptides in the TGR (mRen-2)27 rat. Hypertension 1995; 25: 1014-20.

Cigola E. Kajstura LB, Meggs LG, Anversa P. Angiotensin |l activates programmed
myocyte cell death in vitro. Exp. Cell Res 1997; 231: 363-71.

De Mello WC. Cardiac arrhythmias: the possible role of the renin-angiotensin system.
J Mol Med 2001; 79: 103-8.

De Mello WC, Jan Danser AH. Angiotensin Il and the heart. On the intracrine renin
angiotensin system. Hypertension 2000; 35: 1183-8.

De Mello WC. Intracellular angiotensin |l regulates the inward calcium current in
cardiac myocytes. Hypertension 1998;32: 976-82.

De Mello WC. Is an intracellular renin-angiotensin system involved in the control of
cell communication in heart?. J Cardiovasc Pharmacol 1994; 23: 640-6.

De Mello WC. Renin-angiotensin system and cell communication in the failing heart.
Hypertension 1996 ;27: 1267-72.

De Melio WC, Altieri P. The role of the renin-angiotensin system in the control of cell
communication in the heart; effects of angiotesin Il and enalapril. J Cardiovasc Pharmacol
1992; 20: 643-51.

Harada H, Komuro |, Hayashi D, Sugaya T, Murakami K, Yazaki Y. Angiotensin Il
Type 1a receptor is involved in the occurrence of reperfusion arrhythmias. Circulation 1998;
97: 315-7.

Hein L, Steven ME, Barsh GS, Pratt RE, Kobilka BK, Dzau VJ. Overexpression of
angiotensin AT1 receptor transgene in the mouse myocardium produces a lethal phenotype
associated with myocyte hyperplasia and heart block. Pro Natl Acad Sci 1997; 94: 6391-6.

James TN, Nichols MM, Sapire DW, Dipatre DL, Lopez SM. Complete heart block
and fatal right ventricular failure in an infant. Circulation 1996; 93 :1588-600.

James TN, Martin E, Willis Il PW, Lohr TO. Apoptosis as a possible cause of
gradual development of complete heart block and fatal arrhythmias associated with absence
of the AV node, sinus, and internodal pathways. Circulation 1996 ; 93: 1424-32.

James TN. Normal and abnormal consequences of apoptosis in the human heart:
from postnatal morphogenesis to paroxysmal arrhythmias. Circulation 1994; 90(1): 556-73.

James TN. Normal and abnormal consequences of apoptosis in the human heart.
Annu Rev Physiol 1998; 60: 309-25.

15



Kajstura J, Cigola E, Malhotra A, Li P, Cheng W, Meggs LG et al. Angiotensin Il
induces apoptosis of adult ventricular myocytes in vitro. J Mol cell cardiol 1997; 29: 859-70.

Kajstura J, Mansukhani M, Cheng W, Reiss K, Kralewski S, Reed JC, et al.
Programmed cell death and expression of the protooncogene bcl-2 in myocytes during
postnatal maturation of the heart. Exp Cel Res 1995; 219: 110-21.

Kass RS. Blair ML. Effects of angiotensin Il on membrane current in cardiac Purkinje
fibers. J Mol Cell Cardiol 1981; 13: 797-809.

Lee M, Bohm M. Kim S, Bachmann S, Bachmann J, Badder M, et al. Differential
gene expression of renin and angiotensin in the TGR (mREN-2)27 transgenic rat.
Hypertension 1995; 25: 570-80.

Liu JJ, Peng L, Bradley CJ, Zulli A, Shen J, Buxton BF. Increased apoptosis in the
heart of genetic hypertension. associated with increased fibroblasts. Cardiovasc Res 2000:
45: 729-35.

Marrere MB, Schieffer B, Paxton WG, Heerdt L, Berk BC, Delafontaire P, et al. Direct
stimulation of Jak/STAT pathway by the angiotensin Il AT, receptor. Nature 1995; 375: 247-
59.

Murphy TJ, Alexander RW, Griendling KK, Runge MS. Bernstein KE. Isolation of a
cDNA encoding the vascular type — 1 angiotensin Il receptor. Nature 1991; 351: 233-6.

Myerburg RJ, Kessler KM, Castellanos A. Sudden cardiac death: epidemiology,
transient risk, and intervention assessment. Ann intern Med 1993; 119: 1137-97.

Pitt B, Segal R. Martinez FA, Meurers G. Cowiey AJ, Thomas {, et al. Randomised
trial of losartan versus captopril in patients over 65 with heart failure (Evaluation of Losartan
in the Elderly Study, ELITE). Lancet 1997; 349: 747-52.

Sarraste A, Pulkki K. Morphologic and biochemical hallmarks of apoptosis.
Cardiovasc Res 2000; 45: 528-37.

Sechi LA, Griffin CA, Grady EF, Kalinyak JE, Schambelan M. Characterization of
angiotensin |l receptor subtypes in rat heart. Circ Res 1992; 71: 1482-9.

Timmermans PBMWM, Wong PC, Chiu AT, Herblin WF, Benfield P, Carini DJ, et al.
Angiotensin Il receptors and angiotensin Il receptor antagonists, Pharmacol Rev 1993; 45(2):
206-51.

Yaoita H, Ogawa K, Machara K, Maruyama Y. Apoptosis in relevant clinical
situations contribution of apoptusis in myocardial infarction. Cardiovasc Res 2000; 45: 630-

41.

16



	MRG4580038_01
	MRG4580038_02

