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Summary

Baroreflex regulation appears in different species at incubation (41.22beatskPalmin-1) and dropped
different points in embryonic development. This study was thereafter, reaching a minimum in 1-year-old alligators
designed to understand the development of the baroreflex (9.69beatskPa—lmin—1). When the baroreflex gain was
in embryos of the American alligator at four different  normalized to resting arterial pressure and heart rate, the
points of embryonic development (60%, 70%, 80% and maximum gain was observed in 1-year-old alligators
90% of a total incubation period of 72days) and in 1- (normalized index of 2.12versus0.75 in hatchlings and
week-old hatchlings. Data from a separate study on 1- 0.69 as the highest gain in embryos). In conclusion,
year-old alligators were included for comparison. The baroreflex regulation appeared during embryonic
gain of the cardiac limb of the baroreflex was calculated development with a substantial gain. These findings
from heart rate changes triggered by pharmacological indicate that embryonic development is a period of
manipulation of arterial pressure with sodium  preparation for cardiovascular regulatory mechanisms
nitroprusside  and  phenylephrine.  The  results that will be necessary in adult life and that the baroreflex
demonstrated that a vagally mediated hypertensive control mechanism is required for cardiovascular control
baroreflex was present during the final 30% of alligator  during ontogeny.
development. A hypotensive baroreflex was not present in
embryos but appeared in hatchlings, mediated by a Key words: baroreflex regulation, embryonic development,
combined effect of vagal and sympathetic efferents. baroreflex gain, cardiovascular regulation, American alligator,
Absolute baroreflex gain was maximal at 80% of Alligator mississippiensis

Introduction

The baroreflex, or pressure reflex, is the primary mechanis@rossley, 2000). By contrast, fetal sheep possess a baroreflex
in adult vertebrates for rapid regulation of arterial pressuras early as 60% of gestation, with a decrease in sensitivity and
through changes in heart rate and peripheral resistance. Suah increasing set point during development (Blanco et al.,
a mechanism is important for buffering fluctuations in arteriall988; Segar, 1997; Segar et al., 1992). This apparent
pressure, to maintain tissue perfusion pressure and, ultimatetygntradiction between a mammalian fetus and an avian embryo
to supply metabolic fuels to the end-organs (Van Vliet ananay be the result of differing gestational conditions. While the
West, 1994). While the functional significance of thesheep develop® uterg the chicken develops independent of
baroreflex is clear in adult organisms, the importance of thighe mother in an egg case. The delayed baroreflex maturation
reflex during embryonic or fetal development is less clarifiedin chickens could therefore be a particular feature of

The two primary species used to study vertebratelevelopment within an egg case.
cardiovascular development, sheep and chickens, both posses3o further understand the relevance of an embryonic
a functional baroreflex during fetal or embryonic life (Blancobaroreflex, we chose to study it in embryos of the American
et al., 1988; Segar, 1992; Altimiras and Crossley, 2000). Thiaglligator. American alligators develop within an egg case,
suggests that either the baroreflex is an important componegitnilar to the chicken embryo, thus excluding embryonic
of cardiovascular regulation during development or that imaternal physiological interactions. While this is a
simply becomes functional in anticipation of its neonatalcharacteristic shared with birds, reptile eggs exhibit a greater
utility. Work in embryonic chickens suggests the latter, giverpermeability to water flux, possibly subjecting the developing
that barostatic reflexes emerge very late in development amshimal to periods of dehydration that might require the earlier
have a lower gain compared with those in adults (Altimiras andnset of a cardiovascular regulatory mechanism. Thus, this
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study was conducted in embryos of the American alligators tbeparinized saline-filled heat-pulled PE-50 tubing. Both
determine the time of activation and the magnitude of theatheters were then tunneled under the skin, externalized and
cardiac limb of the baroreflex. fixed with a single suture to the back of the animal. A blind
saline-filled injection port was connected to the end of the
arterial catheter, and the venous catheter was heat-sealed. The
Materials and methods skin incision was sutured closed with 4-0 suture and sealed
60 newly laid eggs from 10 clutches of the Americanwith Vet-bond™ tissue adhesive. Once surgical procedures
alligator Alligator mississippiensi®audin) were collected were completed, animals were placed in a 301 glass aquarium
from field nests in the Rockefeller Wildlife Refuge at Grandcovered with cardboard, withcin of water in the bottom and
Chenier, LA, USA. At approximately Idays of incubation maintained at 28°C. A saline-filled section of PE-90 tubing
(total incubation period=7&ays), all eggs were transported by fitted with a 21-gauge needle was connected to the catheter
air to the Department of Ecology and Evolutionary Biology atport. This section of PE-90 tubing was connected to a pressure
the University of California at Irvine. Upon arrival, eggs weretransducer (DP6100; Peter von Berg, Sweden) calibrated
numbered, weighed and placed in plastic containers containirggainst a static column of water. All animals were alloweld 24
vermiculite mixed with water in a 2:1 ratio, with eggs of eachto recover prior to experimentation.
clutch randomly distributed between the boxes. All egg boxes
were maintained at 30°C in an environmental chamber during Signal recording and calibration
the course of the study. To ensure that the water content of theThe arterial catheter was attached to a pressure transducer
vermiculite was maintained, each egg box was weighed at ttownnected to a 4CHAMP amplifier (Somedic AB, Sweden) and
onset of the experiment and twice weekly afterwards, witlthe pressure trace stored in a DELL Latitude computer using
water continuously added as needed. Eggs were removed frarcustom-made data acquisition program (LabView; National
incubation for study at 60%, 70%, 80% and 90% of the 72-dalnstruments, USA). In all cases, reference zero pressure was
total incubation period. In addition, six animals (from sixset at the top of the experimental bath, and all values were
different clutches) were hatched to study baroreflex responsesrrecteda posteriorito take into account the position of the
at 1week of age. heart as previously described (Altimiras and Crossley, 2000).
In the hatchling alligators, the experimental zero was set at the
Surgical procedure in embryos level of the heart of the animal.
An egg at the appropriate time of incubation was removed
from the incubator, candled for the location of a tertiary Experimental protocol
chorioallantoic artery and a tertiary chorioallantoic vein and The measured hemodynamic variables were allowed to
placed in a water-jacketed chamber at 30°C. The chamber wsigbilize for 1h to establish control values prior to any
open at the top to allow the manipulation of the egg duringxperimental manipulation. During this period, arterial
surgery. A 1.Fmx1.5cm window was cut in the shell, pressure was recorded and heart rate was determined from the
exposing the underlying chorioallantoic vessels. Thepressure trace with an online software tachograph.
previously located artery and vein were then isolated and After the control period, a pharmacological assessment of
catheterized using heat-pulled polyethylene tube (PE-90}he cardiac limb of the baroreflex was carried out as previously
as previously described (Altimiras and Crossley, 2000)described (Altimiras et al., 1998; Altimiras and Crossley,
Following catheterization, the egg was placed in &000). To assess the baroreflex response to a lowering of
thermostatically controlled glass chamber that was fitted witsystemic pressure (hypotensive reflex), three sequential
a lid with multiple ports to externalize catheters. The venoudoses (23ug kg, 50ugkg? and 100ug kgd of sodium
catheter was used for the injection of drugs, while the arterialitroprusside (SNP) were injected followed by a saline flush.

catheter was used for pressure measurements. The total volume injected (48, 105pul, 105ul and 150ul to
_ _ _ 60%, 70%, 80% and 90% embryos, respectively) was less than
Surgical procedure in 1-week-old hatchlings 5% of the embryonic blood volume estimated from data in

Additional surgical procedures were conducted on six lehicken embryos. Previous tests showed that saline injections
week-old American alligators. Each animal was placed in af up to 5% estimated blood volume did not elicit any pressure
plastic box containing a cloth saturated with isoflurane ta@hanges. Heart rate and blood pressure were allowed to return
induce anesthesia. Once anesthetized, the glottis was intubatedcontrol levels after each injection. After the third injection
with PE-90 tubing and ventilated (SAR-830 ventilator) atof SNP, the baroreflex response to an increased blood pressure
2 breathamin=! (tidal volume=1ml) with a 2% isoflurane/ (hypertensive reflex) was studied with three sequential doses
room air mixture using a FluTec vaporizer (OH, USA) until (30 ug kg2, 60pug kg™ and 120ug kg™ of phenylephrine
the surgical plane of anesthesia was achievedci tut was (PE). Cardiovascular variables were also allowed to return
made in the skin at the midline of the dorsal surface of a redo control levels between each dose. These protocols were
limb above the femur, the skin was retracted and underlyingonducted on embryos at 60%=7), 70% (=8), 80% (N=9)
musculature separated to expose the femoral artery and veand 90% of incubationN=9) and in 1-week-old hatchling
Once isolated, both vessels were occlusively catheterized usiagimals N=6).
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After completing this protocol, a single bolus of the 100 — — 4
muscarinic antagonist atropine rf® kg2 was injected to -
block any contribution of the parasympathetic autonomic _Hg 80 -3 _
nervous system to baroreflex regulation, and the baroreceptc £ 60— &
were stimulated again with the largest dose of PE ‘é w4 e -2 ‘f;
(120ug kg2). At the conclusion of the experimental protocols, < e * e "™
embryos were euthanized with an intravenous injection o = 20~ g
sodium pentobarbital (5gkg™1). 0 i i : : 0

60% 70% 80% 90%  Hatch

Calculations and statistics .
Incubation age

The Wilcoxon nonparametric test was used to assess the

response to different drug administrations (atropine, SNP ar9- 1. Heart ratefk; open circles) and mean arterial pressife, (
closed circles) during development in the alligator. Data are means +

PE). A Mann-Whitney nonparametrig-test was used t0 . "\ -7 '6006N=8 at 70%N=8 at 80%N=9 at 90% and=6
determine differences through development. Since repeaty hatchlings).

tests were carried out, thereby using the same data more tt
once, the fiduciary limit=0.05) was corrected according to )
the number of times each data set was used, commonly 2 A Incubation age

times since the tests between developmental intervals we 60% 70% 80% 90%

0
restricted to adjacent days (thereby comparing 60% to 709 LI‘L.-!
70% to 80%, 70% to 90% and 80% to 90%).
a
(I

Baroreflex gain in embryos was calculated from the heart
rate—arterial-pressure linear slope as reported previous
(Altimiras and Crossley, 2000). The hatchling data was fitte
to a four-variable sigmoid logistic function as previously ab
described (Altimiras et al., 1998). Data from another stud
on l-year-old alligators (B. Bagatto, D. A. Crossley, J. ab
Altimiras and J. W. Hicks, unpublished) was fitted to the
same type of model for comparison purposes. Although th
baroreflex quantification methods differ between embryo: B
and hatchlings, gain will be referred to as maximal gain in al 0.6
cases Gso; see Altimiras et al., 1998 for a more extended b —
description).

To establish meaningful comparisons between differen
developmental stages, gain was normalized for control mee
arterial pressureP@) and heart ratéH) similar to what was
previously suggested (Berger et al., 1980). Normalized gai
(Gso,norm unitless) was calculated &850 normGso(PaffH). 0 r"t-

Pa where baroreflex gain is maximal is also obtained fron 60% 70% 80% 90%
the sigmoid logistic model and will be reportedPagso (kPa).
Data are shown as means.em. Significant differences were
all taken at the fiduciary level &<0.05. Fig. 2. Blood pressure changesPa) elicited by different doses of

(A) sodium nitroprusside (SNP) and (B) phenylephrine (PE) at
different ages of development. Open bars:ug%g?! SNP and
Results 30ug kgl PE, respectively; shaded bars: kg SNP and

Embryonic alligators exhibited a relatively constant hearfOHgkg™ PE, respectively; closed bars: 40@kg™ SNP and
rate (85+2beatamin-l) during the final 40% of incubation [20Mgkg™ PE, respectively. Data are meanssem. (N=8).

(Fig. 1), butPa increased by 3.5 times from 0.56+RFa to Dissimilar letters indicate differences between ages. All dosgs §>.<cept
2.0+0.15kPa. After hatchingi fell to 32+2beatsmin-while the Iowegt dose of SNP at 60% of development induced significant
£ ) : X changes in pressure.

Pa continued to rise to 2.9+0kPa (Fig.1).

N
~
]

APa (kPa)

a

o
N
|

Incubation age

Pharmacological pressor responses maximum at 80% of developmentPq dropped by
SNP induced a pronounced hypotension at all incubatiof.52+0.08Pa).
ages (Fig2A). The magnitude of this response varied with PE injection produced a marked hypertensive response that
drug dose and developmental age. The intermediatwas not dose dependent. While the maximal response to each
(50 ug kgh) and maximal (10Qg kgY) doses produced the drug dosage was the same, the effects of PE increased with
greatest reduction in pressure at all incubation ages with @ogressive developmental age (F28).
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Baroreflex assessment shown in Fig4 by plotting the changes i induced after

Increased arterial pressure due to PE injection induced gharmacological alteration &fa. The highest baroreflex gain
transient reciprocal change fa (Fig.3). This response is in response to increaseBa was obtained at 80% of
indicative of a functional baroreflex at 70% of embryonicincubation.
alligator development and later. However, no hypotensive In hatchlings, the baroreflex was responsive to hypotension
baroreflex response (increasefif) was observed after SNP as well as to hypertension (F&). The operational point of the
injection at any embryonic age. Note, however, that theeflex was shifted towards higher blood pressures and lower
hypertensive heart rate response at 70% and 80% was brief dmehrt rates, and this was further shown in 1-year-old alligators
subsided even thoudba continued to rise (Fi®). The mean (Fig.6). For comparative purposes, Fégshows thePa-fH
time between the maximal heart rate drop elicited by theelationship at all ages studied. The operational point of the
baroreflex and the maximal pressure response elicited by Riaroreflex together with maximal and normalized baroreflex
was 73t16s at 70% and 47+1¢l at 80%. This time was gains are summarized in TaldleAsPa rose from 1.2+0.kPa
significantly decreased at 90% (9¢:7P<0.05) because the (70%) to 4.3t0.kPa (lyear), Gso peaked at 80% of
heart rate response lasted longer. incubation (41.DbeatskPalmin-1) and fell during the final

The mean baroreflex response in embryonic alligators i~

5_
A 110 0 - PO
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B Fig.4. The mean baroreflex responses at 60% (diamonds), 70%
110+ (squares), 80% (circles) and 90% (triangles) of development. Notice
g_@ 1.8 that decreases in blood pressuRa)( with sodium nitroprusside
< &~ 100+ (SNP) did not induce reciprocal changes in heart fatp Data are
5 = means =s.keM. (N=8). Asterisks indicate a significant heart rate
@ 144 5 responseR<0.05)
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Fig. 3. Representative hypertensive baroreflex responses at (A) 70¢ Pa (kPa)

(B) 80% and (C) 90% of development after an injection of

120ug kg of phenylephrine (the highest dose). The time ofFig.5. Heart rate—mean blood pressufie—iPa) relationship in 1-
injection is indicated by the arrow. While tlgeaxis absolute scales week-old hatchling alligators. The data from all pharmacological
vary between developmental ages, the relative scales are maintairmanipulations are combined in a single tradé=g); different

for comparative purposeBa, arterial pressuréy, heart rate. symbols represent different animals.
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Table 1.Features of the baroreflex at different developmental ages

Gso G50,norm RestingPa Pagso
Age Type (beat&kPamin-1) (no units) (kPa) (kPa)
70% Hypertensive 20.25 0.33 1.24 -
80% Hypertensive 41.22 0.69 1.49 -
90% Hypertensive 12.54 0.29 2.01 -
1 week Complete 11.46 0.75 2.87 2.34
lyear Complete 9.69 2.12 4.3 4.06

Type indicates whether the baroreflex was active when pressure was increased (hypertensive) or when pressure was ineceaaselcand d
(complete).Gso, maximal baroreflex gairGso,norm normalized maximal baroreflex gain; restiRg, resting mean arterial pressuRscso,
mean arterial pressure @so. Pacso could not be calculated in embryos because the data were not fitted to a sigmoidal baroreflex model. See
Materials and methods for further details.

20% of incubation Gs¢=12.54beatskPalmin-l at 90%; acetylcholine was abolished by atropine injection in 70% and
Tablel). The gain of the baroreflex continued to fall in90% embryos (Fig?).
hatchlings, reaching a minimal level in 1-year-old animals After atropine injection, SNP and PE triggered the expected
(Gs0=9.68beatskPal min-1). Due to the different operational responses in blood pressure in embryos @&#9. and
values for heart rate and blood pressure in embryos (high he&dtchlings (Fig9A), but reflexivefn changes were largely
rates, low blood pressureskersushatchlings (lower heart blunted. The hypertensive reflex was abolished in 80% and
rates and higher blood pressures), normalized barorefléd0% embryos (Fig8B) and also in hatchlings (Fi@B).
gain Gsonor) was maximal in 1-year-old alligators Notice, however, that the hypotensive reflex tested with SNP
(2.12%\fH %Pal; Tablel). was not completely abolished in hatchlings after atropine
(Fig. 9B).
Role of muscarinic receptors in baroreflex regulation
Given that the cardiac baroreflex response in adult _ _

crocodiles and all vertebrate species studied is largely Discussion
dependent on vagal nerve activity (Altimiras et al., 1998), This study was conducted in embryos of the American
the experimental protocol was extended to verify thisalligator to determine the time of activation and the magnitude
dependence by blocking muscarinic cholinergic receptoref the cardiac limb of the baroreflex. Baroreflex function was
pharmacologically with atropine. The suitability of atropinetested through pharmacological manipulations of arterial
(3mgkg™) as a muscarinic antagonist was first checked by
injecting a bolus dose of acetylcholine (189kg1) before

and after atropine blockade. The bradycardia elicited 1004 A
80
100 60
40
80 o= 20
£
T O\ g O
= [%2]
E 60 =
I § 100+
8 40 — I 804
s 60 -
20 - 40
204
0 T T T T 0 I I I I I I I T I
0 2 4 6 8 —-60 0 60 120 180 240 300 360 420 480
Pa (kPa) Time (s)

Fig. 6. Comparison of the heart rate—mean blood pres$ur@a) Fig. 7. Effect on heart ratdH) of a bolus injection of acetylcholine
relationship for all developmental ages. The point in each trac(100ugkg; time of injection indicated by dotted line) before (solid
indicates resting values for heart rate and mean arterial pressusymbols) and after (open symbols) treatment with atropine
open circle, 70%; triangle, 80%; square, 90%; diamond, hatchling(3 mgkg1) at 70% (A;N=4) and 90% (BN=5) of development.
filled circle, 1-year-old. Data are means &E.Mm.
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5- 100 - of incubation and continued to rise in hatchlings (Ejg.a
pattern of pressure change that is consistent with that of other
44 80 A developing vertebrates (Blanco et al., 1988; Segar et al., 1992;
T Tazawa and Hou, 1997). By contraft,remained constant
$ 3- E 60 + during embryonic incubation and dropped markedly following
ij * © hatching (Figl1). This sudden reduction in restiftgis due, in
o 24 * 3, 40 1 part, to the onset of tonic vagal depression of heart rate in
= hatchling alligators (J. Altimiras and D. A. Crossley, I,
14 204 unpublished observations). This patterrirto€hange is unique
among the egg-laying species that have been studied thus far.
0- 80% 90% 0 80% 90% In chicken embryos, for examplé& is maintained at high

_ _ _ ol _ levels post-hatching (reviewed in Tazawa and Hou, 1997).
E;gér?'rafg;fg;oggfo':f'&‘gin;t;:asg'znrge;;era(ﬁé?e dpgztzsﬁjeir;icci)  JPharmacological manipulation of the vasculature also revealed
phenylephrine (120gkg-) in 80% and 90% embryos pre-treated unique characteristics during alligator development.

with atropine (dngkg-). Notice that phenylephrine has significant Vg_iscular response to sodium nitroprusside and phenylephrine
effects on pressure but no effects on heart rate. Data are means ¥ . ) . o ’
sem. (N=6). Asterisks indicate a significant response to the drug Embryonic alligators exhibited the typical adul_t vascular

(P<0.05). responses to SNP, a receptor-independent vasodilator, and PE,

a receptor-dependent vasoconstrictor. The vascular response to
SNP was dose dependent at all developmental ages with
maximal responses occurring at 80% of incubation @&ig.

- * -
> 100 which corresponds to the expected greatest vascular density
44 80+ based on embryonic chicken data (Romanoff, 1967). In
R T contrast to the dose-dependent SNP response, PE induced a
§ 31 § 60 - * vasoconstriction that was independent of dose, indicating that
< * = . .
< S all doses used saturated the number of functieradrenergic
o 2+ 8 404 receptors. However, this method was sufficient to illustrate that
1. = 204 the maximal vasoconstriction increased with developmental
age, being greatest at 80% and 90%. In chickens, PE produced
0 04 its greatest response in vascular rings from femoral and carotid

PE SNP PE SNP arteries of 90% incubation embryos, suggesting there is a
Fig. 9. Femoral arterial pressure and heart rate before (open bars) affg@nge ina-adrenergic receptor density (Le Noble et al.,
after (dosed bars) injection of pheny|ephrine (PE’ 11@@9—1) and 2000) Therefore, Whlle the maXimaI I’eSponse pattern COU|d
sodium nitroprusside (SNP; 10@ kg™ in hatchlings pre-treated have been related to a change in vascular density in alligator
with atropine (3ngkg™1). Data are means ££.M. (N=6). Asterisks embryos, it also could have been due to changes-in
indicate a significant response to the driegQ.05). adrenergic receptor density of the vasculature.

Baroreflex features and mechanistic basis

pressure from 60% of incubation time to 1-week-old hatchling The cardiac limb of the baroreflex was not functional at 60%
animals. The evidence obtained indicates that a vagallgf incubation and appeared for the first time at 70% of
mediated hypertensive baroreflex was present during the finmicubation age. This reflexive response was present Waen
30% of ontogeny. The hypotensive baroreflex, which wasvas increased only. ReductionsHa with SNP only triggered
absent in embryos, appeared in hatchlings and was mediateldanges in heart rate in hatchlings and 1-year-old animals. The
by vagal efferents, with a minor contribution of sympatheticoradycardia that followed the hypertension was mediated by
efferent mechanisms. Overall, these results indicate that thvagal activity as illustrated by the abolished response after
cardiac limb of the baroreflex matures during the last 40% ddtropine pre-treatment in 80% and 90% embryos and in
development. During this developmental period it undergoekatchlings (Fig®,9). Interestingly, atropine itself had no
changes in absolute and relative baroreflex gain into the fireffect on heart rate (J. Altimiras and D. A. Crossley, I,
week of post-hatching life, suggesting an important role irunpublished data), which is similar to what occurs in embryos
embryonic cardiovascular regulation. of the white leghorn domestic chicken (Crossley and Altimiras,
2000). These results indicate that the vagus nerve is functional
Developmental pattern of heart rate and mean arterial  at least at 70% of incubation age but it is not tonically active.
pressure This pattern of a functional vagus without tone explains the
This study comprised the first assessment of basal blogatesence of a hypertensive baroreflex, dependent on vagal
pressure and heart rate during embryonic development iniahibition, and the absence of a hypotensive baroreflex, which
crocodilian speciesRa rose consistently during the last 40%requires in part the withdrawal of vagal tone.
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In addition to the withdrawal of vagal tone, sympatheticdevelopment (Segar, 1997). This process was evident by the
efferents constitute a secondary component of the hypotensigentinuous increase in the operational point of the baroreflex
baroreflex in adult amniotic vertebrates (Altimiras et al., 1998as alligator development progressBa (vhere baroreflex gain
Korner, 1971). This mechanism may also be operational iis maximal; referred to aBagso in Tablel). However, the
hatchlings, as seen in animals pre-treated with atropinexact mechanisms that underlie this process are unknown.
(Fig. 9). The slight but significant tachycardia recorded after
the hypotensive bout with SNP @atsmin—2) is probably due Maturation of baroreflex gain
to sympathetic activation, although the possible activation of Change in baroreflex gain is an important quantitative
other cardiac reflexes cannot be discarded without furtheneasure of baroreflex maturation during development. In this
experimentation. However, the late appearance of sympathetiontext, the experimental approach used in this study was
innervation of the heart in othém ovo developing embryos limited because changes in peripheral resistance (the peripheral
(Higgins and Pappano, 1979) would indicate that thidimb of the baroreflex) were not considered. However, given
secondary mechanism is not involved in the embryonithat sympathetic vascular regulation is absent in the fetal sheep
alligator baroreflex. until term (for a review, see Segar, 1997) and in the domestic

The next prominent feature of the cardiac limb of thechicken until the final 10% of incubation (Crossley et al., 2003;
baroreflex during alligator development is its apparent rapidulder et al., 2002), quantification of the cardiac limb alone
resetting at the time of the initial onset (70% and 80% ofvas considered a good approximation to the baroreflex.
incubation time). While the mechanisms involved in barorefleXAbsolute baroreflex gain was maximal at 80% development
resetting cannot be resolved without further experimentatior{41.22beatskPal min-1), and dropped thereafter, reaching a
it is relevant to discuss the different alternatives that coulehinimum in 1-year-old alligators (9.G#atskPalmin;
explain it. Rapid resetting was observed at 70% and 80% dfablel). It is possible, however, that absolute gain cannot be
incubation, as indicated by the initial pressure-inducedised as a measure of baroreflex regulation at different
bradycardia returning rapidly to control levels while arterialdevelopmental ages. This is based on the fact that the observed
pressure continued to rise (F8). At 90% of incubation, the changes in baroreflex gain are accompanied by important
pattern was similar to that found in hatchlings and 1-year-oldhanges in resting cardiovascular parameters, as illustrated by
alligators, with a sustained bradycardia occurring uRgl the drop in heart rate seen in hatchling alligators Bigwhich
returned to the control values (FR). Several mechanisms are remains low in adult animals (Fi@). Thus, embryonic
involved in rapid or acute resetting of the baroreflex. The besglligators have lower arterial pressure and higher heart rates
characterized mechanism relates to an alteration of vessel wiilan hatchlings and adults. If this is accounted for and
mechanics where baroreceptive endings are located (Eckbelmgroreflex gain is calculated relative to resting arterial pressure
1977). At the onset of a rapid increase in pressure, the tissaad heart rateGso,normi Tablel), a different picture appears.
of the vessel wall lengthens due to viscoelastic properties. Among embryonic stages, maximal relative gain was still seen
a result, the baroreceptors are unloaded even when the oveill80%, but the normalized maximal gain increases first in
vessel diameter or the strain on the vessel wall is increasédtchlings and then in 1-year-old alligators. This is due to the
(Chapleau et al., 1988). The acute resetting observed in tifiect that smaller changes in gain have a greater influence on
present study could therefore be related to developmenthlood pressure regulation in systems operating at higher
changes in the anatomic structure of the vessel wall where tipeessures and lower heart rates. This implies that baroreflex
baroreceptive endings are located. In reptiles and birds, tlegulation is more important as alligator embryos develop from
main baroreceptive area is the proximal truncus and the aort89% to hatching.
arch (Backhouse et al., 1989; Berger, 1987; Smith, 1994). In In summary, baroreflex regulation appears during
this light, it is relevant that the development of the aortic walembryonic development with a substantial gain. This suggests
in otherin ovo developing embryos occurs in two distinct that during embryonic development the baroreflex is necessary
anatomic steps. In embryonic chickens, until 85% offor proper cardiovascular maturation. Further differences in the
incubation (day 18) the diameter of the aorta is increased mbryonic developmental process between alligators and
deposition of new cell layers (Arciniegas et al., 1989). Latechickens may require the baroreflex to become functional
in development the increased aortic diameter is due to agarlier in embryonic alligators. Therefore, a delayed onset of
increased lumen of the vessel (Arciniegas et al., 1989). Waroreflex function is not a feature of embryonic development
aortic development occurs in alligators as in chickensin an egg case.
changes in the mechanical properties of the aortic wall during
development may be linked to changes in baroreflex gain and This work could not have been carried out without the
acute resetting. collaboration and competence of Dr Ruth Elsey from the

These structural changes may also account for the chroniRockefeller Refuge. J.A. was in receipt of an EU postdoctoral
resetting of the baroreceptors requiredP?asincreases during fellowship (TMR Contract# ERBFMBICT982940). The work
development (Fig2). Chronic resetting of the baroreflex was supported by National Science Foundation Grant to
allows this mechanism to remain operational within aJ.W.H and an American Heart Association training fellowship
physiological range of arterial pressures during vertebrat® D.A.C.
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