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HOW DO THE RATS OF SHE SHOW TYPICAL DEVELOPMENTS

OF THE BLOOD PRESSURE INTO HYPERTENSION?

By

SATO TosHIHIKO (佐藤　俊彦)1, MIYAZAKI AKI｡ (宮崎　章夫)1,

SHIMIZU KAYOK｡ (清水加代子)2, and HATAYAMA TosHITERLT (畑山　俊輝) 1

( T,･hoku Unl'uerslly)

A long-te- meastlrement Of systolic blood pressure (SBP) and heall rate (Im) was made with a

tad-CLIH method by using 9 male sI･OntamOuSIy hypertensivc rats (SHH) and 9 male Wistar-Kyoto

strain rats (WKY) ‥ the pehod of measuemellt Was Over 14 weeks ill tOtal､ W血he measⅢement taken

o'lCe a Week shce 6 weeks 読 age･ The long-te- measuemel,1 0日he eardiovascJar illdices gave us

llSeh山data Ibr ou Subseqllent Study of he re一ation belweetl blood I,reSSlme and generd activlty 帆

SHRs･ The resJts showed hat a gradllal i-lCreaSe 読 the SHRs'SBP was lbulld tlHoughout he whole

I,eriod or measllreme,lt･ and ht it took about 10 weeks to reach lo a higher steady 一evel or b一ood

pressures around 200 mmHg･ With -other cardiovascular index in this study･ IIR･ we romd that the

SHRs'HR Icvel was S,gnifi.nndy higher than the WKYs'at all or he measuremcnl poLntS･ me

racilitated cardiac activlty in the SIIRs is I)rObaLIly an important f｡atllre produced hv tlle hyPertenSion･

The lm values on the WKYs tended to decrease with time course of bodily deveLopment･ Mean hodv

weights or the SIIRs were s.gnirLCandy lighter dla,. tlmt or the WKYs aHer 9 Weeks in age,言n whi'h lhc

SIms showed a higher level of hypertension aL,Ovc the SBP o( 180 mmIIg･ It was suggested that these

｡,OuJd be related to the facilitated sympathetit"ctivities in SHRs･

Key Words‥　spontaneously llypCrlcnsive rats, I)10.,d pressure, llypertCnSioll. CardiovascLLlar

rcglJatioll･

INTRODU(】TION

Spontaneously hypertensive rat (SHH) is characterized hy marked behavioral featues

such as hyperactivity in novel situations and insensitivity to a heat pain stimJus (Sate 皮

Hatayama, 1995) 〟 Although earlier studies or SHH have lbcused ｡n the relation between high

b一ood pressue and behavioral activities, me period of blood pressure measmement was

relatively short to make the natue of the relation much clear･ For that pupose it is necessary

to describe precisely how spontaneous hypenension develops in SHRs･ The puやOSe Of this

study was to take a long-ten measmement of blood pressme, hea血 rate, and body weight in

the rats ranging ln the developmental period請m 6 weeks in age t｡ 19 weeks, and to

dete-in° how me blood pressme changes would be associated with dle Omers･

SHR has been widely used as the animal model of human essential hypertension because
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it has cardiovascular complications (Yamoh, 1983)占ust as human beings o血en show.

In addition- to the hypertension, SHH is characterized by some behavioral peculiarity like

hyperactivity in open一触d situations (Hells-nd 氏 Engel, 1980; Van den Buuse 氏 de Jong,

1988), hypoemotionaIity in fear conditioning (LeDoux, Sakaguchi, a Reis, 1983b),

insensitivity to heat pain stimJi (Maixner et al･, 1982; Sate 皮 Hatayama言995). mese

studies suggest that SHRs would gready diner in emotional reactivlty hem n0-0tensive rats, Or

WKYs.

Concemlng the blood pressue in SHRs, it is limited to a relatively shorter period just aHer

weanlng mat they can show meh normal systolic blood pressme･ A‰r mat pehod, he blood

pressue tends to increase･ resJting in hypenensi叩The systolic blood pressue reaches to 200

mmHg･ To鏡･asp such a developmentd couse of hypenension is basicdly use蘭to

llnderstand me behavioral pecJiarlty･

Although Albrecht (1978) and Judy, Watanahe, Henry, Besch Murphy and Hockel

(1976) made long-te- measuements or blood pressure in SHRs, they used larger inter-

measuement inteⅣds to investigate C虹diovascular血nctions･ These inteⅣds of measuement

虹e too long to describe precisely how me blood pressⅢe level would increase duhng me

developmental couse of the animal life･ The present study made a polygraphicaJ long-te-

measmement by adding me two v紺iables of hea血 rate and body weight to he blood pressme

in order to understanding well how me chonic hypeHensive symptom wo血d be appear･

Mp廿日OD

Su擁cts‥ Nine mde SHRs were used; me control group consisted of 9 nom｡tensive

Wist紬-Kyoto s叶ain rats (WRY).

Apparatus and Procedure, A measuement of systolic blood pressure (SBP) and heart rate

(HR) was made non-invasively五〇m the pulse of me tail of conscious rats wm tail-｡皿

ple叫smo伊aphy (NATSUME KN-210 manometer-tachometer system). A rat was put on

hot-plate with a constant temperatue of 36± 1 ℃ for 30 minutes prior tO the detemination of

the two cardiovascular indices･ These values were acquired every week Hob 6 to 19 Weeks in

age十n addition, body weight (BW) was also measmed仕om 5 to 19 weeks.

RESUL･l胃

SBP measurement: Figue 1 shows'the results of SBP measurement･ Duing the period or

SBP measl⊥rement the SHRs ehibited a訂adual increase in he SBP請m some 160 mmHg to

200 mmHg or more･ while the WKYs had relatively stable SBP vdues紬0-d 130 mmHg･ A

two-way ANOVA Vim repeated measures indicated highly sign誼cant main e範cts of s的in

lF(1 16) - 350･91,p < 0･0001L and of age lIl(13, 208) - 15.06,p < 0.0001]. This

analysis also revealed a signirlCant eHect of interaction [strain x age: F(13, 208) - 15.43, p

< 0･0001]･ The subsequent multiple-comparison with he T止ey memod showed h

d鵬rences in me SBP vall,eS between bom smin伊OupS Were Sign誼cant across all ages (p <

0.05).
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Typical Developments of the BIood Pressue in SIIR

(00工EE)山は⊃SS山はd〇〇〇｣の

240

0　　02　　02　　2

0　　08　　61　　　　ili

0　　04　　2

｢1°L i---し

4　　6　　8　10　12　14　16　18　20

AGE(WEEK)

Fig･ 1. Means (±SD) ofhe SBP vdues in he SHRs and he WKYs. In he SHRs､

a伊adud increase in he meaII SBP was obse…ed wm age.
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Im measurement: Figue 2 depICtS the results of HR measuement･ The values of HR in

every age in week were significantly higher in the SHH group than in the WRY, though there

might be a tendency for the values of both groups, especially those of the WHY, to decrease

thoughout me chonologicd age･ The SHR's HR remained generdly unchanged血oughout

the time copse in week･ which was greatly diHerent Hom the SBP index･ A two-way ANOVA

with repeated measues indicated highly significant main eHects of strain lF(1, 16) - 39.07,

p < 0･0001], and of age [F(13, 208) - 18･25, p < 0･0001]. The subsequent m山iple-

comparison with the Tukey method showed that strain differences in the HR values were

signincant across dl ages (p < 0.05).

BW measuremeni‥ The results of BW measuement are shown in Fig･ 3･ This n糾re

indicated mat me rate of increase in me SHR's BW was low comp紬ed to me WKY･ An

increase in BW was retarded in SHRs･ A two-way ANOVA w血repeated meas血es indicated

higmy signi丘cant main e範cts of smin [F(1, 16) - 19･84, p < 0.0004], and of age [F(14.

224) - 1029･16, p < 0･0001]･ This analysis also reve血ed a sign誼cant interaction [smin

x age, F(14, 224) - 22･42, p < 0･0001]･ The subsequent multiple-comparison with the

Tkey method showed smin d鵬rences in he BW values were sl糾inc-t in ev叩, Week in age

aHer 9 weeks old (p < 0.05).

test
長方形

test
長方形



48

0　0　0　0　0　0　0　0　00　8　6　4　2　0　8　6　4433333222

(u!uJS〕Bのq)山ト<∝トは<山H

Sa1°, T. Miyazaki. A･ Shimizu. K･ alld llalayan-a∴Il

4　　6　　8　10　12　14　16　18 '20

AGE(WEEK)

Fig･ 2･ meaIIS (±SI)) olthe HR valucs il一 the SHRs a,,《I lhe WKYsi The SHRs

had greater value or HR thn that ol WKYs throughout wh,lc I)cri.,a.,r

experimental obseⅣati(,n･

0　0　0　0　0　0　0　05　0　5　0　5　0　5　04　4　3　3　2　2　1　　-

(勘)ト工〇一山≧>DOの
1LSHR(N=9) ･0,WKY(N=9) ��絣粤R粤R粤R��謦������B�

● ● ● 

5　　7　　9　11　13　15　17　19

AGE (WEEK)

I一l-g. 3. DeveloIWnCnl ｡Ii m.an (±SD) BW ill SIIRs alld WKYs. Mean body

weighls ｡r the SI皿s were slgnirlra1-fly 一ighter l1-an tllaI (,白hc WKYs after

O weeks ill age･

Tlhol,gh｡ut who]

vaJLleS than thme.f 1

reslllts c｡11品11ed the

Ouo(,k el d.. 1984) ai

seell in the SHRs. we

m｡re lharl 10 W,ee轟s I

Ill ad(荊011日he

indimtcs that there w

WTKYs.

rThe vallleS ｡f r]

experimelltaJ period.

contrihute to the devel.

SHRs a(､ross tlle whole
rI"Il° liR aetivIty -

jrlCreaSe in the SliR's

Jl.Skevieh. R｡晶IStm.

Nagatsu. LTmezawa, Mi

1967; Saavedra, Grohi

cardiovasl山ar ｡olltr(症

Some opi｡idergIC I

arlll j1- 1)ehaVi｡rJ regl克

m oFuate arltag-ist, m

y｡1111g SIIRs at a dose

sti1111点IS W0111d he ｡bsC

sensiti↓re t｡ tlle heat sli

pressllre (Sat(, 堤 Iiatayi

heha品,rai reg晶ltio'='J

cardj…TaS(壷r ac一高y n

TIl aLidiljml t｡ the

umSe(･utive weeks l'｡lI.w

hypertellSi" aLmv. (he

BelIallSe the SIIR'S (､ardj

sl仰｡rtS llla白ICti,中一…

el al･ (1076) arl(川Idy.

rIThe resl⊥Its or preser

hyperteilSi,,e sy'申｡nlS Ic

肌0.,(i I,reSSllre level (e･g･

莱 Refs, 108先日Irall (ierl

ex(･{'ssive SymPalJleti{･ a(･

test
長方形



Typica一 Devel｡pmelltS OI he Bl｡{'d Pressue Il一 SHH 49

DISCUSSION

Throughout whole period of experimental obseⅣation, me SHRs exhibited higher SBP

values 血an hose of me WKYs in Jl ages and showed an increase in SBP wm age･ Olu

results confi-ed the Endings of earlier studies (Okamoto a Aoki, 1963; Albrecht, 1974i

Quock et d･, 1984) about庇SBP in me SHRs. Conceming he comSe Of SBP enhancement

seen in the SHRs･ we found that there was a gradual increase in the SBP over the period of

more 血an 10 weeks beIbre reaching a higher level or hypenension above 200 mmHg･

In addition, me SHRs showed greater variances at SBP levels man the WKYs, which

indicates mat here were larger individual d鵬rence at he levels in me SHRs 血an in he

WKYs.

The values of HR were also伊eater at me SHRs 血an he WKYs houghout me

experimentd period･ This results su鵠eSt 血負t the excessive cardiac activlty ln SHRs could

condbute to he development of hypenension: he higher HR levels kept I血° changed in he

SHRs across me whole pehod of measuement･

me HR activlty may be･ however･ Only one of the contributing factors to the gradual

increase in me SHR's SBP; Some studies (Ekas, Steenberg, Woods 皮 Lokhandwda言983;

Juskevich, Robinson, 氏 Whitehom, 1978; Nagatsu, Ikuta, Numata(Sudo), Kate, San°,

Nagatsu, Umezawa, Matsuzaki, 皮 Takeuchi, 1976; Okamoto, Nosaka, Yamori 皮 Matsumoto,

1967; Saavedra, Grobecker, 皮 Axehod, 1978) pointed out hat neual and neuOhumoral

c紺diovascJ紬COn廿ol systems play an imponant role in me development of hypenension･

Some opioide屯c mechanis叫tOO, Seem tO be involved between in blood pressue conmI

and in behaviord re糾lation, Quock et al. (1984) pointed out that chonic administration of

an oplate antagOnist･ ndoxone･ would tend to i血ibit the process of hypenension appe-ng ln

y0-g SHRs at a dose-related manner･ We have reponed mat insensltlVlty tO heat pain

stimJus would be obseⅣed in the SHRs, and hat naloxone might make he SHRs more

sensitive to he heat stimJus, a皿Ough ndoxone hardly lowered he level of systolic blood

pressue (Sate 皮 Hatayama, 1995) ･ The opioide垂c mechanisms play an imponant role in

behaviord re糾Iation on pain･ The relationship between me opioidergic activity and 症

c紺diovascular actlVlty meChanisms, however, still remain to be unclem

In addition to he c紬diovascular indices, a smin d鵬rence in the BW appe紬ed in

consecutive weeks follow.ng 9th week after birth in which the SHRs showed a higher level of

hypenension above the SBP o† 180 mmHg: he SHR's BWs were lighter man the WKYs･

Because me SHR's c紬diac activlty is chonicallyぬcilitated, ou nnding about me SHR･s BW

suppons hat activ,ty ln Visceral sympahetic neⅣes in SHRs is greater man WKYs, which Judy

et al･ (1976) and Judy, Watanabe, Mmphy, Aprison, and Yu (1979) su鰐eSted.

The res山s of present study su鵠eStS mat we should pay a請ention to me whole pICtme Of

hypertensive symptoms to study the behavior or SHRs･ Studies so far mainly rocused only on

blood pressure level (e･g･上Iendley, Atwater, Myers, 皮 Whitehom, 1983; LeDoux, Saka糾Chi,

氏 Reis工983a; Van den Buuse, Veldhuis, De Boer, Versteeg, 良 De Jong言986), raher than

excessive sympathetic act.vny and other aspects of hypertensive disorders･ An interestlng
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a請empt to grasp collectlngly he na-e of me blood pressue on the SHRs is seen in studies by

Castanon, Hendley, Fan, and Mo-e°e (1993) and Hendley, Cierpial, and McCa叫(1988).

Considehng 血ose studies too, we need to caHy out請nher studies to elucidate how me

c紬diovascul紬aCtivlty WOJd play a causal role on behaviord comol of SHRs.

REFER｣ENCES

Albrechら[･ 1974 The hemodynamics of early stages or spolltaneOuS hyperteIISion 読 rats･ Part I: ma-e study･

Japanese Circulation Joumal, 38, 985 - 990.

Cast-on･ N･･ Hendley･ E･ D･･ F叫X･ -Mi 良 Mo-ede･ P･ 1993 Psychoneuoendoche pro創e associated w血

hypertension or hyperactivity h spont-eously hypertensive rats･ American Journal ofPhysiologr, 265.

R1304-R1310.

Ehs･ R･ D･, Steenberg, M･ L･, Woods, M･ S･, a Lokhandwah M. F. 1983 Presymptic a- and P-

adrenoceptor sthJation md noreplnePhne release in he spontmeOuSiy hypenensive rate

FTJPerlension, 5, 1 98- 204.

Heustrand･ K･･ 皮 Engel･ J･ 1980 Locomotor activlty and catecholami.le reCePtOr binding 帆 adult normotellSIVe

a'nd spent-eously hypertensive rats. Journal of Neural Transmission. 48, 57 - 63.

Hendley･ Ei D･･ Atwater･ D･ G･･ Myers･ M･ M･, 皮 Whitehoml D･ 1983 Dissociation ol genetic hyperactivlty

and hypertemion in SHR･ IIyperlension. 5, 21 1 -217.

Hendley･ E･ D･, Ci叩idl M･ Ail & McCa叫R･ 1988 Sympathetic-adrellal meduu叩reSPOnSe tO SueSS ill

hyperactive and hypertensive rats･ Physiology a Behauior. 44. 47-51 ･

Judy･ W･ V･･ Wata-be･ A･ M･･ Henry･ D･ P･, Besch. H･ R･, Murphy. W･ R･, a HockeI. G･ M･ 1976

Sympahetic ne…e activity: role in re即lation of blood pressure in the spolltaneOuSly hypenensive rate

C･'rculalion Research. 38 (SuppI. II). II-21 -29.

Judyl W･ Ⅴ･･ Watmahe･ A･ M･, Muphyl W･ R･･ Aphson･ B･ S･･ 皮 Yu､ P･ L 1979 Sympadletic ne…e activity

-d blood pressue in n0-0tensive backcross rats geneticdly re一ated to he spontaneously hy【)enensive

rat･ Iわertension, 1. 598-604.

Juskevichl J･ C･･ Robinson･ D･ S･･ & Whitchonl, D･ 1978 E範ct or hypo田amic s血Iulation in spolltalleOuSly

hypertensive -a wistar-kyoto rats･ Fur,,pean Joumal of Pharmacology, 5 I. 429 - 439.

LeDom･ J･ E･･ Sakaguchi･ A･･ a Reis･ D･ J･ 1983a Alpha-methyIDOPA dissociates hypertension.

cardiovascular reactivLty and emotio-I behavior in spontaneously hypertensive rats･ Brain Research.

259,69-76.

I･eDom･ J･ E･･ Sakag-hi･ A･･ 良 Reis･ D･ Ji 1983b Stmin dmerences in tear between spontaneously

hypertensive and nomotensive rats. Brain Research, 277. 137- 1 43.

Maimer･ W･･ Touw･ K･ B･･ Brody. M･ J･･ COL,hart･ G･ F･･ a Long･ J･ P･ 1982 Factors innuencmg the altered

pam percept10n in the spontaneously hypertensive rat. Brain Research, 237. 137- 14.5.

Nagatsu. T･牒uta, K･､ Numata (Slldo). Yi, Kate, T･, S-0, M･. Nagatsu言.. Umezawa. H.. Mats雌a虹M.. 皮

Takeuchi, T･ 1976 VascJar and brain dopamille l -hydroxylase activity in young sI'Onta'-eOuSiy

hypertensive rats. Science, 191, 290-291.

OkamotoI K･･ 皮 Aoh K･ 1963 Development of a smュll ｡I spontaneously hypene-lSive rats.互,a鵬e

arcuLalion JouT･naL 27, 282-293.

Okamoto･ K･･ Nosaka･ S･･ Yamori･ Y･. a Matsumoto, M･ 1967 ParticIPation of nepal Factor in the

pathogenesis of hypertension in the spontaneously hypertensive mt･ Japanese IIeart Joumal. 8. 168-

180.

Opa山S･､ 皮 Cutilictta, Ai F･ 1979 Hypemophy in庇delle…ated hea血: a (朋lPahson of ce'ltra-

sympatholytlC treatment With 6 - hydroxydopamine and peripheral syml)athectomy with nerve growth

factor antiserum･ Tlhe Amen'can Journal of Cardiology､ 44. 970 - 985.

Ou(,{･k､ R M･言l'aLtgh

developme1両'

[Jho rm a ,,I,,(,)gy,

Saavedra. ∫. M., (i,rl)h(

spo,llalle-Sly

Lt'lt,,I T･･ a Hatayam.

rats. Il一 ll. Kii

an,I u･psLLm P(

Vall dml BlluSe､ M.I Vel

ilrl't･(its boLh　-

Pha rm伍,I,,logy,

lrall liell Bll113C. MI (

hyI)t･rtellSive rg

Yam(,n･ Y 1983 Phy

Kl一(hciI ド. H創

York: M(守;raw

test
長方形



Typicd Developmellls or he Blood Pressllre ill SHH 51

Ouock, R･ M･､ VaughI,. L K., & Kouchi('h. F. ∫. 1984 1110uence of chonic naloxolle頂ament oil

development ot hypertension 読 the spontaneously hypertensive rat･ JVaunynlSchmiedeberg 's Archives of

Pharmacology. 325. 88-90.

Saavedm･ J･ M･･ Grobecker, H･, a Axelrod･ J･ 1978 Changes in centml catecholminerglC neuOnS in the

spontaneously hypertensive rat. Oirculalion Research. 42. 529- 534.

Sato･ T･, 氏 Hataya-･ T･ 1995 E飾cts of naloxone OII Palm reaction threshold h spontaneous一y hypertensive

mts･ In T･ Kikuchi, H･ Sakuma. I Saito. a K･ Tsuboi (Eds･). Biobehwioral self-regulation.I easlem

and wesLem perspect.'ues･ Hone Kong, Springer- Verlag, pp･540 - 545

VaI, dell Buuse･ M･･ Veldhuis･ H･ D･･ De Boer･ S･, Versteeg･ D･ H･ C･, & De 一ong, W･ 1986 Cen血6-0HDA

affects both open-field expTomtory behavior　-d the development of hype,Ilension in SHR･

Pharmacology, BiochemL81γ 氏 Behauior. 24. 15-21.

Van den Buuse･ M･･ & De Jollg･ W･ 1988 0pen一触d behavior and b一ood pressme in spontaneously

hyperte,ISive rats･ (,llinicaL and Erpen'mentaL hypertension - Theoγ and Practice. A 10, 667- 684･

Yamoh･ Y･ 1983 Physiopathology of the various stmins ot spontaneously hypertensive rats･ ln J･ Genest, O･

Kuchel. P･ Hamet, 良 M･ Cantin (Eds･) , IIypertension･･ physiopathologr and lreaLmenL. 2nd ed. New

York: McCraw-Hil一 Book Company､ pp･ 556-581･

(Received September 241 1993)

(Accepted November 22. 1993)

test
長方形

test
長方形

test
長方形


	52-45
	52-46
	52-47
	52-48
	52-49
	52-50
	52-51



