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ABSTRACT

Arterial baroreflex (ABR) isavery important mechanismin the regulation of cardiovascular activities. AsABR
function islargely inhibited by anesthesia, its measurement in conscious ani mal becomes important. The present
review summarizes the works concerning ABR function in consci ous rats compl eted in our department in the last
10 years. Firgly, anew method was established to measure arterial baroreflex-blood pressure control (ABR-BP).
ABR-BP and barorefl ex sengitivity measured with classic method are two different parts of the ABR function.
Secondly, it was proposed that ABR function predicted the end-organ damage in hypertenson. Thirdly, interrup-
tion of ABR induced severe end-organ damages. Increased blood pressure variability (BPV) and activation of renin
angiotensn system were involved in the mechanisms underlying organ damagesin sinoaortic denervation (SAD)
rats. Fourthly, we propose that amelioration of ABR function may serve as anew strategy for improving the
prognosis of cardiovascular diseases. Ketanserinimproved the impaired ABR function in SHR. Finaly, the poss-
bility to develop adtrain of rats with spontaneous deficiency on ABR functi on is mentioned.

INTRODUCTION ported that ABR function was related to sudden death

Arterial baroreflex (ABR) is a very important during a period of 2 years af ter the first attack of acute
mechanismin theregulationof cardiovascular activities. myocardia infarction®”,
ABR function was impaired in hypertension and many Wha isthe function of ABR? Themain ABR func-
other cardiovascular diseases™. Recently, it was re- tion isto maintain blood pressure stable. The principle
of themeasurement of ABR function in conscious ani-
mals or in human isto observe the prolongati on of the
1 Project supported by grants 3880743, 39070934, 39170346, heart period (HP) in response to an increase in blood
39670831, 30070871, and 30170385 from the Nationd Natural pressure (BP). Vasodilatation and decrease in cardiac
Science Foundation of China It was reported in the Fourth output areinvol ved in this reflex response. However,
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nary lecture. i i
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is defined as baroreflex sensitivity (BRS, ms/
mmHg)“#?, We use theterm of arteria barorefl ex-
heart period control (ABR-HP), in lieu of baroreflex
sengtivity, to describe the relationship between the in-
crease in BP and the prolongation of HP in this paper.
The sgnification of BRSor ABR-HPis how many mil-
liseconds of HP are prolonged by anincrease in SBP of
1 mmHg.

AsABR function is largely inhibited by anesthe-
gd™1? jts measurement in conscious state becomes
important. The present review summarizes the works
concerning ABR function in conscious rats completed
in our department inthe last 10 years.

IMPORTANCE TO MEASURE ARTERIAL
BAROREFLEX-BLOOD PRESSURE CONTROL
(ABR-BP)

Blood pressure isnot stahle and there exists aspon-
taneous variation. Thisvariation wasdefined as blood
pressure variability (BPV). The main function of ABR
isto maintain the stability of blood pressure, or to limit
BPV to agiven extent. If we destroy this system, we
will find agreat variation in blood pressure. Such an
experiment is caled “ snoaortic denervation” (SAD). It
is an interruption of ABR by destroying the afferent
fibersof baroreceptors. In these SAD animals, aver-
age blood pressurelevel during 24 his normal, but BPV
ismarkedly increased!™™,

It is reasonabl e to expect a negative correlation
between blood pressure variability and ABR-HP.
However, thelack of such alinear correlation between
ABR-HP and BPV wasreported previously by some
clinical observations and animal studies™®*”. Further-
more, it was found that (i) BPV was not i ncreased by
atropine which blocked more than 80 % of ABR-
HP!%3: (ji) BPV was markedly increased in chroni-
cally sympathectomized rats, but ABR-HP was
normal'*’. T hese facts make us believe that ABR-HP
cannot represent the totality of ABR function and it is
impor tant to find a method to complement this defect
of ABR-HP.

In our department, we have established a new
method for measuring arterial baroreflex-blood pres
sure control (ABR-BP)!*¥. Theprinciple isto compare
the pressor regponses to angiotensin Il (Ang I1) with
and without ABR. The responses are expressed as the
area under the curve (AUC, A). A, isthe response to
Ang Il with intact ABR function, and A, is theresponse
to Ang |1 without ABR function. The interruption of
ABRfunction wasredlized by blockingthe efferent path-
way of baroreflex, that is, blocking sympathetic and
parasympathetic nerves by using guanethidine and
methylatr opine, repectively. ABR-BP was calculated
by theformula: ABR-BP (%)=(A,-A,)/A,x100%. The
sgnification of ABR-BP iswhat percentage of pressor
response is buffered by ABR.

With this new method, it wasfound that BPV in
WKY rats was not related to ABR-HP measured with
classic method, but it was sgnificantly related to ABR-
BP. Thisfinding provided an evidence for the vaidity
and significance of this new method, and suggests that
BP variation comes largely from the variation of the
vascul ar tension rather than from the variation of car-
diac output or heart rate. It will be better to measure
ABR-BP in a sudy where BPV isamain subject to be
investi gated.

It iswell known that ABR-HP isimpaired in hy-
pertenson™. But there was no convincible inf orma-
tion about ABR-BP in conscious animals because of
lacking effective method. We studied ABR function in
normotensve WKY rats, SHR, and renovascular hy-
pertensveras (RVHR). It wasfound that, both ABR-
HP and ABR-BP was significantly decreased in SHR
and RVHR™? Sp, it is concluded that ABR-BP was
also impaired in hypertenson although the impairment
of ABR function was more severe on ABR-HP than on
ABR-BP. Thisimparment ssemsto be secondary to
the elevation of blood presaure.

An obvious limitation for this new method isthe
time required for measurement. |t takes about 2 h for
ABR-BP while only severa minutes for ABR-HP. Usu-
ally it needs acomparison between groupsfor ABR-BP
study.
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ABRFUNCTION PREDICTED ORGAN DAMAGES
INHYPERTENSON

More than thirty yearsago, SAD animal was used
as animal model of neurogenic hypertension. With the
development of the technique for continuous blood pres-
surerecording in conscious animals, it was found that
BPV was markedly increased, but 24-haverage BPlevel
was normal in SAD animds, including rats, rabbits,
monkeys, and dogs'™**. It is well accepted that
baroreflex dysfunctionis nat the cause of hypertension.
However, it is not clear whether ABR function predicts
the end-organ damage (EOD) in hy pertension.

A study was carried out in 15 WKY ratsand 40
SHR aged about 50 weeks®™. Compared with WKY
rats, SHR exhibited an increase in SBP and diastolic
blood pressure (DBP), adecreasein ABR-HP and ABR-
BP. Thescore of EOD isdgnificantly higher in SHR.
Tab 1 summarizes the linear regression coefficients
between EOD score and cardiovascular varigbles. It
was found that blood pressure level, BPV, and ABR
function were al related to EOD score. ABR function
isone of the independent variablesrelated to EOD score
in multiple regresson analyss.

Tab 1. Linear regression coefficientsbetween EOD score
and cardiovascular variables in conscious SHR (extracted
from R eference 20).

Coefficient (r) Coefficient (r)
BP 0.572** DBP 0.563**
SBPV 0.506* DBPV 0.569**
ABR-HP —0.650** ABR-BP -0.620**

*P<0.05, **P<0.01.

It was concluded that ABR dysfunction was not
the cause of hypertension, but ABR function predicted
end-organ damagein hypertenson.

INTERRUPTION OF ABR INDUCED SEVERE
ORGAN DAMAGES

Interruption of ABR was completed by SAD

operation. A series of studies had been carried out in
our department. The effects of SAD on organ damage
were gudied at 2, 4, 8, 16, and 32 weeks after SAD,
using histopathological technique and computer image
analyss. Thefollowing results were obtained® >,

Myocardial damage Compared with sham-
operated rats, SAD rats exhibited an increased heart
weight. In left ventricular tissues, there were cardio-
myocyte swell and necrosis, mononuclear cell
infiltration, interdtitid fibross, and thickening of thewdl,
narrowing of the lumen, and increase of the perivascu-
lar collagen in myocardid coronary arteriolesafter SAD.
A foca fibrillar scar that replaced the damaged
cardiomyocytes was found in SAD rats 16 or 32 weeks
after operation®?,

Renal lesions There existed an increase in
mesangi a matrix associated with focal proliferation,
marked glomerular collapse, and fibrohyalinoss, and
thi ckened basement membrane of Bowman’ s capsule
in SAD rats. The thickening and hyalinization of the
media narrowing of thelumen, and progressive perivas-
cular fibross, and mononuclear cel infiltration were
found inintrarena anall arteriesand arteriolesafter SAD.
Tubular epithelial damages and cast were aso observed
in SAD rats. Foca fibrillar scarring, which replaced
the damaged cells occurred 16 and 32 weeks after
SAD[ZlZS].

Arterial remodeling The aortic structurd re-
modeling developed progressively at 4, 8, 16, and 32
weeks after SAD. In geometric morphology, it was
characteri zed by increasesin wall thickness, wall area,
and wall thickness to internal diameter ratio. Therda
tive area of snooth muscle cells wasincreased, but the
nucleus number of smooth muscle cells remained
unchanged. The aortic contraction €licited by norepi-
nephrine was found progressvely increased at 8, 16,
and 32 weeks after SAD. The aortic relaxation elicited
by acetylcholine was depressed from 8 weeks after
SAD. Inthe group of rats after 16 weeks of SAD,
vascular structura changes of different arterieswere
measured. Compared with sham-operated rats, SAD
rats exhibited an increasein wall thickness, wall area,
and wall thicknesstointernal diameter ratio inal arter-
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ies sudied®?,

MECHANISMSUNDERLYING ORGAN DAMAGE
IN SAD RATS

Results of increased BPV The mog important
characteristic of SAD ratsisthe increased BPV. Higher
BPV may produce agreater variation in tisue perfuson.
This may be hamful to some sengitive tisaies. Cellular
metabolism may be disturbed by such a variation.
Furthermore, alargevariation of BP level may produce
adirect leson onvascular endothelia cdls. In any case,
the function of endothelium was changed in SAD rats
although we were not sure that it was a direct
leson®?!, In one of our recent studies, linear regres-
son anayss was performed to study the correlation
between haemodynamic variables and ventricular or
aortic hypertrophy induced by SAD. It wasfound that
left ventricular hypertrophy or aortic hypertrophy was
sgnificantly related to BPV, but not to BP level. These
results sugges that increased BPV after SAD isinvolved
in organ damages.

Role of neurohumoral activation In thisaspect,
activation of renin-angiotensin system (RAS) may play
the mogt important role. It iswell known that angio-
tensn |1 possesses the actions of vasocongriction, cell
growth and proliferation, cardiovascular hypertrophy,
angiogenesis, and augmentation of sympatheticactivity.
Most of these actions of angiotensin || may contribute
to organ damages. It was found that plasmarenin ac-
tivity was increased in acute phase of SAD*?. Using
radi ol mmunoassay and reverse transcription-polymerase
chain reaction (RT-PCR) analysis, we found that aortic
angiotensin Il level wasincreased 10 and 16 weeks af -
ter SAD and AT, receptor mRNA expressonin left ven-
tricle and aorta was upregul ated 16 weeks after SAD
(unpublished data). Theorically, a preventive effect on
organ damage will be expected by blocking RAS when
congdering therole of RAS activation in SAD rats. In
accordance with this hypothess, it was found that
candesartan ef fectively prevented cardiac hypertrophy,
renal damage, andvascular remodding. Chronologicaly,
increased BPV was occurred immediately af ter SAD
and exigted permanently. Aortic hypertrophy appeared

from 2 weeks after SAD, and aortic angiotensin Il in-
creased from 10 weeks after SAD. Itisconcluded that
SAD induced increased BPV, which activated RAS. The
activation of RAS will accelerate EOD.

Involvement of myocardial apoptoss Thestudy
on apoptos s was performed in rats 16 weeks after SAD.
It wasfound that apoptotic cellsincreased in ventricles
of SAD ras. The mRNA and protein of bcl-2
decreased, fas, fas-L and bas increased (unpublished
data). It isknown that bcl-2 isaninhibiting factor for
apoptosis while fas, fasL, and bas are the promoting
factors. However, it is only descriptive result and we
do not know what isitsrole and how isitsimportance
in the SAD-induced organ damage.

KETANSERIN IMPROVED ABR FUNCTION IN
SHR

Ketanserin isan antihypertensive drug. Thiscom-
pound possesses a specia property. It blocks 5-HT,,
receptor and in higher concentration aso blocks a ,
receptor. Thisdrug can gabilize blood presaure, that
is it can decrease BPV, in different animal models. It
was found that ketanserin ameliorated impaired
baroreflex functionin SHR. Itincreased ABR-HP and
ABR-BP, when it was administered whether intrave-
noudy (iv) or intracerebroventricularly (icv). However,
prazosin, a , receptor blocker, had no obvious effect
on ABR function. Ritanserin, a5-HT,, receptor blocker
enhanced ABR-HP and ABR-BP only when it was ad-
minigtered icv asritanserin isdifficult to penetrate the
blood-brain barrier (Tab 2). Theseresults suggest that
the ef fects of ketanserin on ABR function ismainly
mediated by centra 5-HT,, receptor.

It isimportant for an antihypertensive drug to sta-
bili ze blood pressure. We have recently observed the
effects of long-term treatment of ketanserin on the or-
gan damagein SHR. Ketanserin 10 mgkg " wasad-
minigered through food for 5 months. It was found
that ketanserin decreased BP and BPV. BRS was sig-
nificantly higher in ketanserin-treated [ (0.64+0.14) mg/
mmHg, n=7] than untreated [(0.30+0.17) msmmHg,
n=7, P<0.01] SHR. At the same time, it was found
that the parametersreflecting left ventricular hyper-
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Tab 2. Effects of ketanserin, prazosin, and ritanserin on
ABR-BP and ABR-HP in SHR. °P<0.05, °P<0.01 vs sol vent
control.

Drugs Route n  ABR-BP (%) ABR-HP
(ms/mmHg)
Sdline iv 8 51+12 0.2440.13
Ketanserin iv 11 74+8° 0.9+0.5°
Me,SO iv 7 52+11 0.4610.14
Prazosin iv 8 49+14 0.40+0.17
Ritanserin iv 8 564 0.43+0.17
Sdline icv 8 56+8 0.3240.11
Ketanserin icv 8 68+6° 0.7+0.3°
Me, SO icv 8 57+12 0.35+0.13
Prazosin icv 8 57+14 0.53+0.12°
Ritanserin icv 8 71+9° 0.73+0.25°

Me,SO: dimethyl sulfoxide, solvent for prazosin and ritanserin.
Sdine: solvent for ketanserin.

trophy, renal damage, and vascular remodeling were
lower in ketanserin-treated than untrested rats.
Another long-term treatment study was carried out
in myocardia infarction (Ml) rats. Sprague-Dawley
rats were divided into three groups: sham-operated
(sham) group, MI group, and ketanserin-trested Ml
(Ml +ketanserin) group. Compared with sham group,
BRS wasmarkedly reduced, and |eft ventricular hyper-
trophy index and occurrence of ventricular arrhythmia
were increased in M| group. After ord treatment with
ketanserin 8 mgkg d* for 4-5 weeks, ABR function
was dgnificantly improved, left ventricul ar hypertro-
phy was reduced, and occurrence of ventricular ar-
rhythmia was decreased by 15 %, when compared with
untreated MI group. There were no significant differ-
ences in baroreflex function and left ventricular hyper-
trophy between sham and ketanserin-treated Ml rats.
Based on these preliminary results from ketanserin
treatment gudiesin SHR and MI rats, we propose that
amelioration of ABR function may serveas anew drat-

egy for improving the prognosis of some car diovascu-
lar disesses.

PERSPECTIVES

AsABR isavery important subject to be studied,
it will be very interesting to have a strain of rats pos-
sessing spontaneousdeficiency of ABR function. This
isposshle. It iswell knownthat lower BRS (ABR-HP)
in SHR isdueto hypertension and genetics**. In-
creased blood pressure will inhibit ABR function. So
ABR function is impaired in almost al models of
hypertenson. It wasreported that partial deficiency of
ABR function was seen before the e evation of blood
pressurein SHR and in young normotens ve persons
whose parents are hypertensive. So we decided to iso-
| ate thegenetic component of ABR deficiency from SHR.

In recent 3 years, we have paid our effortsto de-
velop such adrain of rats. A hybrid of SHR and SD
wasmade. Inthefirgt generation of the hybrid offspring,
some of them are hypertensive and some of them are
normotensive. Only the normotensive rats were used.
Their SBP islower than 140 mmHg. In these rats,
those with a BRS lower than 0.3 msmmHg were s
lected asarteria baroreflex-deficient rat (ABR-DR) and
those BRS higher than 0.7 msmmHg were selected as
arterid baroreflex-normal rat (ABR-NR). These sdlected
rats weredefined as GO of ABR-DR or ABR-NR. Fig
1 shows theBRS obtained from aABR-NR and a ABR-
DR.

There exis many difficultiesfor thiswork. Firg,
BRS measurement isnot an easy job; it needs the mea-
surements in conscious rats with computerized BP
monitoring system. Taking account from the day im-
planting the arterial catheter, 4 daysare required for the
BRS measurement for one rat. Second, we have to
keep ratsliving after measurement of BRS. It is not
easy to keep them living, and furthermoreto makethem
to be able to produce the next generation. Third, a
genetically pure strain requires about 20 generations.
The quantity of work is huge.
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Fig1l. Schematicpresentation of baror eflex sensitivity obtained from ABR-NR (left) and ABR-DR (right). Slope of the
regression is expressed as baroreflex sensitivity.
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