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Abstract

Developmental oxygen is a powerful stressor that can induce morphological and functional changes in the cardiovascular sys-
tems of embryonic and juvenile vertebrates. This plasticity has been ascribed, at least in part, to the unique status of the devel-
oping cardiovascular system, which undergoes organogenesis while meeting the tissue oxygen demands of the embryo. We
have previously reported an array of functional and morphological changes in embryonic American alligators that persist into ju-
venile life. Most notably, cardiac enlargement as well as functional parameters of anesthetized juvenile alligators remains after
embryonic hypoxic exposure. Because the effects of developmental oxygen in crocodilians have only been investigated in anes-
thetized animals, we explored the pressure dynamics of both ventricles as well as systemic pressure in response to stressors of
acute hypoxia and swimming. Our current findings demonstrate that developmental programming of cardiac function (intraven-
tricular pressure and heart rate) does persist into juvenile life, but it is chamber-specific and depends on the experimental manip-
ulation. Acute hypoxic exposure revealed that juvenile alligators that had experienced 10% O, as embryos maintain right
ventricle function and increase left ventricle function during exposure. Finally, the data indicate blood flow in the left aorta must

originate from the left ventricle during acute hypoxia and swimming.
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INTRODUCTION

The phenotype of a developing animal is amendable in
response to environmental modifications, a phenomenon
called “developmental phenotypic plasticity” (1, 2). This
plasticity enables novel phenotypes to appear in response to
environmental cues and may increase organismal fitness in
a given condition later in life. The ability of environmental
factors, such as oxygen (O,) availability, to alter developmen-
tal trajectories is not surprising given the sensitivity and
plasticity of the developmental process (3). As such, oxygen
can be a useful tool to assess the capacity of the environment
to alter structural and functional phenotypes at all phases of
an animal’s life history. Given the great number of verte-
brates that experience either brief or long-lasting differences
in oxygen during development, low oxygen likely represents
the norm rather than the exception for many vertebrate
taxa. During the past 20 years, several studies have been
conducted on egg-laying reptiles, because these embryos
naturally develop in a subterranean or mound nest, where
they can be subjected to periodic or possibly sustained hy-
poxia (4).
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The embryonic cardiorespiratory system of egg-laying rep-
tiles has been shown to exhibit plasticity in response to low
oxygen (5-13). These studies report an increase in relative
heart mass, which has been used as an index of cardiac
stroke volume (5-8, 10, 11, 14, 15). In two species, common
snapping turtles (Chelydra serpentina) and American alliga-
tors (Alligator mississippiensis), the relatively larger heart
can persist into juvenile life (16-18). We recently studied the
functional traits of the right and left ventricles in anesthe-
tized juvenile American alligators. We found that these ani-
mals retained the enlarged heart phenotype, and they
maintained left ventricle contractility during acute hypoxic
exposures (19). However, although the anesthetized prepara-
tion enables invasive hemodynamic measures, it does not
address the impact that developmental plasticity has on car-
diac performance during relevant physical activities, such as
swimming. In the current investigation, we studied the influ-
ence of developmental hypoxia on cardiac function (meas-
ures of intraventricular pressures, heart rate, and systemic
pressures) of recovered juvenile alligators, 5-6 years after
hatching. We specifically investigated whether developmen-
tal exposure to hypoxia affects intraventricular pressures
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during acute hypoxic exposure and swimming. Both situa-
tions are relevant to the natural history of crocodilians and
could shed light on whether embryonic exposure to hypoxia
provides programming for improved cardiac performance.
Secondarily, given that changes in ventricular pressure can
directly influence central blood flows, including the right-to-
left (pulmonary bypass) shunt that develops when right ven-
tricular pressure exceeds systemic blood pressure, we inves-
tigated if this shunt occurs in surgically recovered animals
(20-22). We predicted that indices of ventricular function
would be unchanged in hypoxic incubated juveniles in
response to acute hypoxia. We further predicted that these
indices would decrease in normoxic incubated animals dur-
ing acute hypoxia, as previously documented in anesthe-
tized alligators. Furthermore, we predicted that left ventricle
contractility would increase during swimming in juveniles
that had experienced hypoxia during incubation.

MATERIALS AND METHODS

In the summer of 2015 and 2016, 20 clutches of American
alligator eggs (average clutch number of 40 eggs) were col-
lected from wild nests on the Rockefeller Wildlife Refuge in
Grand Chenier, LA and transported to the Department of
Biological Sciences at the University of North Texas. Eggs
were then handled as previously described (19). Briefly, ini-
tial embryonic age was established according to Ferguson
(23). All eggs were weighed, numbered, and then randomly
assigned to 1-L Ziplock boxes containing a vermiculite water
mixture at a ratio of 1:1. The lidless box mass was recorded
for each egg box. Water content of the egg boxes was main-
tained by adding water three times weekly to bring the box
to its original mass. Embryos were incubated in a walk-in
room (Percival Scientific, Perry, IA), at 30°C, ensuring that
all embryos developed as females. At ~20% of incubation
(total incubation is 72 days at 30°C), 50% of all eggs were ran-
domly assigned to either a 21% oxygen group (N21) or a 10%
oxygen group (H10). These O, levels were based on our previ-
ous studies on the embryonic development of alligators (9,
11, 24, 25), and the similarity to previous measures from a
crocodilian nest (4). To maintain the oxygen level for each
treatment, the boxes were placed in 76-L Ziploc bags that
were connected to a gas supply of either normoxia or 10% O,.
The normoxic gas was supplied using an air pump (LT 11
Whitewater, Pentair Aquatic Eco-Systems, Cary, NC) passed
through a rotameter flow controller. Hypoxic gas was gener-
ated using rotameters (Sho Rate, Brooks instruments divi-
sion, Hatfield, PA) supplied with compressed N, and air
supplied by an air pump (Whisper AP 300, Tetra products,
Blacksburg, VA). Normoxic and hypoxic air was humidified
using bubbling chambers and delivered to the bags at a rate
of 2-4 L-min~% Gas composition was monitored continu-
ously using an oxygen analyzer (S-3AI, AEI Technologies).
Hatchlings were marked by tail scute clipping and photo-
graphed to identify the incubation condition and clutch of
origin. All animals were maintained for 4 to 5 years in 378-
and 567-L plastic containers, with free access to water, at an
ambient temperature that ranged from 24°C to 28°C. The
animals were fed commercial alligator food (Crocodilian
Diet, Mazuri Exotic Animal Nutrition, St. Louis, MO) three
times weekly and maintained under a 12:12-light:dark cycle.
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All experiments were approved by the University of North
Texas Institutional Animal Care and Use Committee (IACUC
20009).

Surgery and Instrumentation

Thirty juvenile alligators were used in the study; pressure
measurements were successfully gathered in 28 animals
(N21: n = 15 and H10: n = 13). All animals were fasted for at
least 10 days before instrumentation. On the day of surgery,
animals were isolated and a plastic bag containing cotton
gauze saturated with isoflurane (Isothesia, Henry Schein
Animal Health, Dublin, OH) was held over the head of the
animal. Once the righting reflex was absent, the animals
were weighed, moved to a stainless-steel surgical table, and
then intubated with a 15- to 20-cm section of Tygon tubing
connected to a ventilator (Harvard Apparatus 665 ventilator,
Harvard Apparatus, Holliston, MA), which drew room air
through an Isoflurane vaporizer (FluTec vaporizer, FluTec,
Ohmeda, OH) set at 2% mixed with 98% room air. Animals
were ventilated at a rate of 5-7 breaths-min ! at a volume of
20 mL-kg . Once the animal had reached a surgical plane of
anesthesia, as determined by the lack of a pedal reflex, the
vaporizer was reduced to 1% or 1.5% isoflurane delivery. In
preparation for surgery, the skin of the left rear limb and the
left lateral body wall were cleaned with Betadine solution
and rinsed with 75% ethanol. Once cleaned, subcutaneous
injections of a general antibiotic (0.1 mL-kg™!, 2.7% Baytril,
Bayer Healthcare, LLC, Shawnee Mission, KS) and a general
analgesic 0.025 mL-kg! [Flunixiject (50 mg-mL™Y), Henry
Schein Animal Health, Dublin, OH] were administered in the
right rear limb. One milliliter of a 2% lidocaine solution
(Lidoject, Henry Schein Animal Health, Dublin, OH) was
then injected subdermal to the dorsal surface of the left
thigh. A 2-cm incision was made in the skin to expose the
femoral artery, which was isolated by separating the
Iliotibialis muscles (26). Once isolated, the vessel was cathe-
terized with PES0 tubing filled with heparinized (50 U-mL ",
Sagent Pharmaceuticals, Schaumburg, IL) saline (0.9% NacCl)
that was advanced 10 to 12 cm into the dorsal aorta. After
catheterization, the incision was sutured closed (Surgical
Silk, size O USP, Medikrebs, Corp., FL). The catheter was
then fitted with a pin port (Instech Laboratories, Inc.,
Plymouth Meeting, PA) and anchored with 2-0 silk suture
(Surgical Silk, Medikrebs, Corp., FL), at the junction of the
limb and the body wall, as well as on the middorsal surface
line. The animal was then placed ventral surface up, and
the ventral skin was cleaned as outlined earlier. Two 1-mL
injections of a 2% lidocaine solution were injected subcuta-
neously above the sternum and abdomen. An 8- to 10-cm
incision was then made in the skin starting ~5 cm below the
sternum and extending up one-fourth the length of the ster-
num. Skin was then blunt-dissected away from the underly-
ing sternum and an incision was made in the muscle 2 cm
caudal to the sternum. Forceps were inserted under the ster-
num to act as a guide for the sternal and abdominal cut as
the body cavity was widened to expose the underlying heart.
The pericardium was cut along the long axis of the animal
above the ventricles to expose the heart. Once the heart was
exposed, a location in the wall of each ventricle that did not
contain branches of the coronary circulation was identified.
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At those locational points, a 6-0 silk suture (Surgical Silk,
Medikrebs, Corp.) was used to create a purse stitch in the epi-
cardium. Once completed, an 18-gauge needle was inserted
in the middle of the purse through the ventricle wall and
withdrawn. A catheter (PE 90) with holes in the side 1 cm
from the tip, containing heparinized saline, was gently
inserted into the chamber. The purse stitch was then tight-
ened to close the epicardium around the catheter. This pro-
cedure was repeated in the other ventricle (Fig. 1). Once
catheters were in place, the pericardium was closed with 4-0
silk suture (Surgical Silk, Medikrebs, Corp.). The catheter
leads were passed through a hole made in the abdominal
musculature and tunneled under the skin, exiting the lateral
body wall skin ~2 cm rostral to the hindlimb. The left and
right ventricle catheters were anchored with suture at the
exit point, at the lateral midpoint, and dorsally on the ani-
mal. The sternum and abdominal wall were closed with 2-0
silk sutures (Surgical Silk, Medikrebs Corp.) followed by clo-
sure of the ventral skin. The animal was then placed on its
ventral surface, and the ventricles and femoral catheters
were attached to a rubber twist tie that was fixed to the dor-
sal surface. The anesthetic was reduced to 0% and the ani-
mal was monitored until it had taken five consecutive
spontaneous breaths. The animal was then moved to a 200-L
container in a 30°C in a walk-in room (Percival Scientific,
Perry, IA) and allowed to recover for 24 h without access to
water. After this recovery period, the animal was given a sec-
ond injection of antibiotics (0.1 mL-kg* baytril), and water
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Figure 1. Drawing of the American alligator heart illustrating the placements
of the intraventricular catheters. Artwork created by Kristofer Speer.
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was added to its enclosure. All experiments were conducted
2 days after instrumentation.

Experimental Chamber and Protocol

Twenty-four hours before the experiment, the animal was
moved to a custom-made swim flume filled with water,
where all experimental protocols were conducted (27). Water
flow was generated with a 12-V trolling motor (Minn Kota
Endura C2-30, Mankato, MN). Laminar flow was achieved
with baffles (34 cm total height) constructed from 2 cm di-
ameter polyvinyl chloride (PVC) pipes (15 cm length) glued
together as previously described in a prior study using this
custom flume (18). A custom-made acrylic lid was placed on
the swim flume, such that it rested on the top of the water.
The lid was constructed with a breathing chamber (87 cm
long, 13 cm wide, and 9 cm tall) running the length of the
middle of the lid, allowing the animal to surface and venti-
late. After the lid was fitted into place, water was added to
the top of the lid to ensure that the breathing chamber was
sealed. Water temperature was set at 30°C using two sub-
mersible aquarium heaters (500 W, Hygger, Shenzhen City,
China). A thermocouple was placed 4 cm into the water
(BAT-12, Physitemp Instruments, Clifton, NJ) for continuous
recording of water temperature during the experiment.
Tubing was connected to a port in the breathing chamber
and room air was passed through it at a rate of ~0.9 L-min~.
Air passed through the breathing chamber and exited
through a second port where air was subsampled for oxygen
percentage with an oxygen analyzer (S-3AI, Ametek Applied
Electrochemistry). The morning of each study, all catheters
were passed through the lid via a 2-cm cut that ran the length
of the breathing chamber, and the catheters were suspended
above the chamber with helium-filled Mylar balloons.
All catheters were connected to pressure transducers
(ADInstruments model MLT0699) that were connected to a
signal amplifier (Quad Bridge Amp, ADInstruments). A web-
cam (Stream Webcam HFR 1080p, China) pointed at the
swim chamber, and red light was used to allow the investiga-
tors to monitor animals without disturbances. The pressure
transducer was calibrated against a static column of water
with the 30-cm water level representing zero. Signal outputs
from the bridge amplifier, the thermocouple, and the oxygen
analyzer were connected to a PowerLab 16/35 data acquisi-
tion system connected to a computer running LabChart Pro
software (v.8.2, ADInstruments). Data were recorded at 40
Hz. All instruments were calibrated daily before each study
and at the end of the protocol.

Hypoxic Exposure Protocol

At the beginning of the experimental protocol, animals
were allowed to recover from any disturbance caused by con-
necting the catheters to the transducers for 3-4 h. Before
progressing the protocol, all measured parameters had stabi-
lized for at least 30 min. The breathing chamber air was then
switched from room air to 5% O, for 30 min and responses
were recorded. The gas composition was made using a gas
mixer (GF-3mp, Cameron Instrument, Co., Port Aransas TX).
Gas flow rate was set at 2 L-min ! to ensure rapid turnover of
air within the breathing chamber. During the exposure pe-
riod, animals remained with their heads above water in the
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breathing chamber. The gas flowing into the breathing
chamber was then switched back to room air for recovery.
All pressure parameters were allowed to return to baseline.

Swim Protocol

After the hypoxic protocol, animals were allowed 1 h to
recover before beginning a 5-min swimming protocol
(1.55+0.03 body lengths-s™'). Swimming was induced by
increasing the water flow rate while the animal’s head was
above water in the breathing chamber. In response to the
increase in water speed, some animals submerged. If swim-
ming was not induced, animals were tapped gently behind
the rear limb with a thin aluminum rod to induce and sus-
tain swimming. At the completion of the swim trial, the ani-
mals were allowed 30 min to recover before the study was
ended. Animals were then removed from the swim flume,
and euthanized by ventilation with 5% isoflurane followed
by cranial pithing. Organ masses were then measured, and
the heart was dissected to determine right and left atria
masses, and the free wall mass of the right and left ventricles
in eight alligators from each condition. All masses were
measured to the nearest 0.01g.

Measurements and Calculations

Mean values.

Heart rate was determined based on the pulsatile traces of ei-
ther left or right ventricular pressures. Pressures for both
ventricles and femoral pressure were taken as the mean of
the peak systolic pressure response to all experimental
manipulations. Because of the differing time frames of each
protocol, the duration of the pressure and heart rate traces
used for the analysis was different. The hypoxic response
was taken as the mean values of the final 5 min of the
hypoxic exposure, whereas the response to swimming was
taken over a span of 30 s at the peak of the response.

Ventricle function.

To develop a more detailed understanding of the effects of
the incubation conditions and each protocol, ventricular
function was analyzed using LabChart Pro blood pressure
module (v.8.2, ADInstruments). This module was used to
measure maximum change in pressure over change in time
(AP-AtL), rate of pressure decline (AP-At} ), and ventricle
contractility, calculated as AP-At;}, divided by the pressure
(P) at the time of AP-Atg}ax. Units for ventricle contractility

were 1.5,

Statistics

Differences in body mass between alligator groups were
assessed with ANOVA. Differences in organ masses were
assessed with an ANCOVA with body mass as a covariate
and condition as the independent variable. Differences
between right and left atria and free ventricle wall masses
were assessed with an ANCOVA with heart mass as a covari-
ate and condition as the independent variable.

The effects of 5% O, exposure and of swimming on pres-
sure parameters and heart rate were analyzed separately
with an ANOVA for repeated measures with incubation con-
dition as an independent variable. Fisher’s least-significant
difference (LSD) post hoc tests were used for pairwise
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comparisons between experimental groups. This analysis
was also used for the assessment of differences in ventricular
function in the right and left ventricles separately.

Statistica v13 software (StatSoft, Tulsa, OK) was used for
all statistical analyses. Statistical significance was identified
when P < 0.05. Data are presented as mean values * SE.

Sample size for mass data was the 30 animals that were
instrumented for the studies. For the physiological measure-
ments, sample size decreased due to catheter failure. This
included catheters that were nonfunctional before the start
of the study and those that failed before or during the
hypoxic exposure or the swim protocol.

RESULTS

Body mass was similar between the experimental groups
(Table 1). Heart mass was significantly greater (+ 40%) in the
H10 compared with the N21 animals (Table 1). Although
body mass was a significant covariate (F value = 6.64, P =
0.0157) for heart mass, the incubation condition was also a
significant independent factor (F value = 6.70, P = 0.0153) in
the heart mass difference (Table 1). Furthermore, the right
and left ventricle-free walls were significantly larger (+ 62%
and +79%, respectively) in the H10 compared with the N21
animals. However, this difference was accounted for by heart
mass, which was a significant covariate (F value = 108, P <
0.01 x 10~ and F value = 150, P < 0.01 x 1072, respectively).
All other organ masses were similar between the groups.

Response to Acute 5% O,

Systolic pressures in the right ventricle (RV Pgys) were sig-
nificantly affected by exposure to hypoxia (F value = 12.88,
P < 0.00155), and there was a significant interaction between
incubation conditions of the juveniles and the response to
hypoxic exposure (F value = 4.58, P < 0.043) (Fig. 2).
Specifically, H10 juvenile alligators maintained relatively
constant RV Psys during the exposure (P < 0.286 post hoc
LSD), whereas RV Py decreased significantly (P < 0.00086
post hoc LSD) in the N2l-incubated juveniles (Fig. 3A).
Before the acute hypoxia, systolic pressure in the left ventri-
cle (LV Pgys) was significantly (F value = 5.78, P < 0.025) dif-
ferent between the groups, with the H10-incubated juveniles
maintaining pressures that were ~22% lower than the N21-
incubated juveniles (Fig. 3B). In addition, acute hypoxic ex-
posure significantly (F value = 12.86, P < 0.0017) affected LV
Py in an incubation condition-dependent manner, as repre-
sented by the significant, roughly 30% (P < 0.0021 post hoc
LSD), increase in pressure in the H10-incubated juveniles,
whereas the N21 juveniles were relatively constant (P < 0.141
post hoc LSD) (Fig. 3B). Interestingly, acute hypoxic expo-
sure significantly (F value = 91.27, P < 1.19 x 10~?) increased
femoral systolic arterial pressure (femoral Psys) in both ex-
perimental groups (Fig. 3C). Furthermore, as indicated by
the significant interaction (F value = 4.59, P < 0.0424)
between incubation condition and the hypoxic exposure, the
response of the H10 group was greater than the N21 group
(Fig. 3C). Finally, acute hypoxic exposure significantly (F
value = 94.44, P < 5.69 x 1071°) increased fu in both groups
to similar value, +71% and +110% in the N21 and H10 incu-
bated juveniles, respectively (Fig. 3D).
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Table 1. Mass values for body mass, whole heart mass, right ventricle free wall, left ventricle free wall, right atrium,
left atrium, liver, lung, and kidney of alligators incubated in 10% O, or 21% O>

Condition Body, kg Heart, g RV, g LV, g RA, g LA, g Liver, g Lung, g Kidney, g
H10 5.75+0.59 (14) 13.43+1.45%* (14) 2.72+0.36** (8) 3.56+0.60** (8) 1.15+0.13(8) 1.11+0.22** (8) 61.318+7.91* (14) 23.13+1.77 (14) 15.80+0.99 (14)
N21 5.24+0.48 (16) 9.07+0.85(16) 1.66+0.156 (8) 1.96+0.18 (8) 0.93+0.07 (8) 0.53+0.05 (8) 59.57+5.56 (16) 18.84+1.41(16) 14.41+0.9+8 (16)

Data are presented as mean values + SE. Sample sizes are indicated in parentheses. Body, body mass; H10, 10% O,; heart, heart mass;
LA, left atrium; LV, left ventricle free wall; N21, 21% O,; RA, right atrium; RV, right ventricle free wall. *Significant a difference between
groups that was independent of the body mass; **significant difference in mass that was dependent on body mass based on the results

from the ANCOVA.

In response to acute hypoxia, ventricular functional
indexes were differentially affected and depended on the O,
level that the juveniles experienced during incubation (Fig.
3, E-H). There was a significant (F value = 6.01, P < 0.02310)
interaction between incubation condition and the response
to acute hypoxia in RV maximal rate of pressure change (RV
AP-Atl.). This was evident during the final 5 min of acute
hypoxia, during which RV AP-At,}, was unchanged in the

H10 juvenile alligators, whereas the N21 group significantly

3E). Unlike the RV, before hypoxic exposure there was a sig-
nificant (F value = 8.12, P < 0.011) effect of incubation condi-
tion on LV maximal rate of pressure change (LV AP-At;ngX)
(Fig. 3F), as values were ~50% lower in the H10 versus the
N21 animals (Fig. 3F). During the final 5 min of the hypoxic
exposure, LV AP-At, L was significantly (F value = 34.37, P <
0.000015) increased, by 73% and 40% in the H10 and N21 ju-
venile alligators, respectively, with no differences between
the groups (Fig. 3F). The rate of RV pressure decline

(P < 0.0168 post hoc LSD) decreased AP-At L, by ~29% (Fig. (AP-At,} ) was similar between the experimental groups
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before the hypoxic exposure. During the final S min of acute
hypoxia, AP-At;}m was significantly (F value = 5.99, P < 0.023
and P < 0.0096 post hoc LSD) lower, by ~54%, in the N21
incubated juveniles, although it was unchanged in the H10
group (Fig. 3G). Intriguingly, although acute hypoxic expo-
sure had a significant (F value = 5.99, P < 0.023) effect on RV
AP-At_L , the interaction between incubation condition and
hypoxic exposure was not significant (F value = 2.79, P <
0.109). Prior to hypoxic exposure, there was a significant
(Fvalue =7.89, P < 0.011) difference in LV AP-AtH}inn between

the groups, with the N21 group exhibiting an ~84% greater

R744

Incubation Conditions

value than the H10 group (Fig. 3H). During the final 5 min of
acute hypoxia, only the N21 groups significantly (P <
0.00255 post hoc LSD) increased LV AP-At} : The N21 group
LV AP-At_} increased by ~28%, whereas the change in the
H10 group was not significant (P < 0.064) (Fig. 3H). RV con-
tractility was relatively constant during acute hypoxia; how-
ever, LV contractility was significantly (F value = 7.29, P <
0.0146) different before the acute hypoxic exposure between
the groups. Before acute hypoxia, the H10 animals main-
tained a LV contractility of 6.1+ 0.5 s™%; this value increased
significantly (P < 0.041 post hoc LSD) to 8.2+ 0.9 s~* during
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acute hypoxia, whereas the N21 animals maintained prehy-
poxic LV contractility of 12.7 2.0 s, which was similar (P <
0.986 post hoc LSD) to the values (13.8+1.9 s™') during the
final 5 min of hypoxic exposure.

Responses to Swimming

It should be noted that fy was slightly elevated before
swimming compared with values during the prehypoxic
treatment; however, all pressures were similar between the
prehypoxic and preswim treatments. The 5-min swimming
bout had no effect on RV Py in either group (Fig. 4A). In

0.00018) increased LV Pgyq by ~48% and 25% in the H10 and
N21 groups, respectively (Fig. 4B). Before the swim, femoral
Py was slightly elevated in the N21 versus the H10 group
(Fig. 4C). During swimming, both groups significantly
(F value = 28.22, P < 0.0000216) increased femoral Psys by
~48% and 17% in the H10 and N21 groups, respectively (Fig.
4C). Although the relative change in femoral Py during
swimming appeared to be different, the interaction between
incubation conditions and swimming showed a trend toward
a difference in the intensity of the response to swimming
(F value = 2.80, P < 0.10). As noted before hypoxic exposure,
preswimming fi; was significantly (F value = 4.70, P < 0.041)

Epets

Figure 4. Cardiovascular response during
° a 5-min swimming bout of mean peak sys-
tolic pressure in the right ventricle (RV
Psys) (A), left ventricle (LV Psys) (B), the fem-
oral artery (femoral Psy) (C), heart rate (f.)
(D), right ventricle maximal change in pres-
sure over time (RV) AP-At,! (E), left ventri-
cle maximal change in pressure over time
(LV) AP-At! (F), right ventricle rate of

max

pressure decline (RV) AP-At_! (G), and left

|ro—o o0 u-é:ﬁ:"

ventricle rate of pressure decline (LV)
AP-At,! (H), of alligators incubated under
10% O, (H10) or 21% O, (N21) conditions.
Open columns represent the pretreatment
values and the filled columns represent the
treatment response. *Significant difference
between pre- and posttreatment responses
within an incubation condition. #Significant
difference in the response to treatment

between the N21 and H10 animals. Sample
size was for RV function was n =12 for the
N21 animals and n =12 for the H10 animals.
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the N21 animals and n =10 for the H10 ani-
mals. Sample size for femoral pressure n =
14 for the N21 animals and n = 12 for the
H10 animals.
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higher in N21 versus the H10 groups (Fig. 4D). During swim-
ming, fy increased significantly (F value = 29.29, P < 1.69 x
107°) in both groups by ~46% and 55% in the H10 and N21
animals, respectively (Fig. 4D).

Swimming did not affect the right ventricle function indi-
ces, RV AP-At;L . or RV AP-At.}} for either group. However,
contractility of the RV did increase significantly (F value =
4.64, P < 0.04 and P < 0.0165 post hoc LSD) in the N21 group
from a preswim value of 5.6 £1.0 t0 19.6 = 6.8 s %, Left ventri-
cle function indices did exhibit a response to swimming.
Specifically, there was a significant (F value = 4.80, P <
0.045) interaction between incubation condition and swim-
ming in the LV AP-At, L response, with the H10 group signif-
icantly (P < 0.014 post hoc LSD) increasing by ~80% during
the swim, whereas the N21 group maintained constant val-
ues (Fig. 4F). Like the RV, LV AP-At.}  values for all animals
were unaffected by swimming. There was a significant (F
value = 6.55, P < 0.022) interaction between incubation con-
dition and swimming, with LV contractility of the N21 group
decreasing from 12.7+2.2 s~ to 8.2 1.5 s, whereas the H10
animals maintained relatively constant values from 9.2 +2.7
to11.5+4.2 s * during the swim.

DISCUSSION

As established in earlier studies, developmental hypoxia
results in cardiac enlargement in juvenile alligators. We now
provide data on ventricular function by measuring pressure
dynamics and heart rate of surgically recovered juvenile alli-
gators that had been incubated under 10% O, (H10) or 21%
0, (N21) conditions. Our findings demonstrate that the plas-
ticity of the developing heart results in lasting effects on car-
diac function, but the effects are ventricle specific. H10
juveniles maintained right ventricle (RV) function during
acute hypoxia, whereas N21 juveniles showed decreased RV
function. In contrast, left ventricle (LV) functional parame-
ters are lowered by developmental hypoxia when the H10
and N21 juveniles are compared. Finally, as stated by other
investigators, blood can flow from the RV into the left aorta
when RV pressure exceeds systemic pressure (20, 28, 29).
Our findings of intraventricular pressures in surgically
recovered animals demonstrate that blood flow in the left
aorta must originate from the left ventricle during acute hy-
poxia and swimming, as previously suggested in alligators
under control conditions (20).

Comparison With Previous Studies

Intraventricular pressures have been reported in previous
studies on similar-sized crocodilians (19, 20, 28, 29), and the
systolic pressures in the two ventricles during the control sit-
uation of the present study were below, similar, and above
those reported earlier. Some of the earlier studies report on a
single or very few individuals, making it difficult to compare
those results directly with our measures. In addition, differ-
ences between studies are likely due to the invasiveness of
the proceeding surgery, and the choice of anesthesia as well
as the duration of the subsequent recovery period of prior
studies. In our study, the alligators were studied 2 days after
surgery, and the animals appeared to exhibit normal behav-
iors and would readily swim in the swim tunnel.

R746

Acute Hypoxic Response

To simulate the blood oxygen conditions experienced by a
diving crocodilian (30), we investigated the functional
changes in ventricular and systemic pressures that accom-
pany bouts of 5% O,. In the current study, there was a clear
effect of developmental programming on the cardiac func-
tional phenotype persisting into juvenile life (Fig. 3, A-H).
Specifically, right ventricular functional indices RV Py,
AP-At;L . and AP-At.} were constant in the H10 group dur-
ing acute hypoxia, and these same indices were depressed in
the N21 group (Fig. 3, A, E, and G). In a concurrent study
(Crossley JL, Smith B, Tull M, Elsey RM, Wang T, Crossley
DA; unpublished observations), we found that 5% O, was suf-
ficient to decrease arterial Po, by ~70%, and we previously
reported that a 20-min exposure to 5% O, had no appreciable
effects on blood lactate concentrations (19), a finding we
found after 30 min of exposure in the parallel study (J.L.
Crossley, B. Smith, M. Tull, R.M. Elsey, T. Wang, and D.A.
Crossley, unpublished observations). The current study pro-
vides novel data regarding ventricular function in recovered
animals. A prior study of anesthetized American alligators
reported a similar dampened RV Py response to 5% O, in
H10 versus N21 juvenile animals (19). Interestingly, chroni-
cally hypoxic fetal sheep increase stroke volume of the right
ventricle and may also increase intraventricular pressures
(31). In addition, anesthetized sheep that were subjected to
fetal anemic-induced hypoxia increased left ventricle func-
tion during acute hypoxia as adults, whereas a nonanemic
group decreased left ventricle function during acute hypoxia
as adults (32). Broberg et al. (32) suggested that the improved
LV function during acute hypoxia may be based on the
increased coronary conductance in the anemic animals (33)
or an increase in subcellular calcium handling. However,
these parameters have not been investigated in the pro-
grammed crocodilian heart.

Functional phenotype of the LV exhibited an opposite pat-
tern to that of the RV (Fig. 3, B, F, and H). Specifically, the
H10 group increased LV Pgys during acute hypoxia, which
was absent in the N21 group (Fig. 3B). Given that, during
acute hypoxia in both groups, RV pressure was lower than
the increase in femoral Py (Fig. 3, A and C), recovered
American alligators are hemodynamically unable to shunt
blood from the RV through the left aorta in response to hy-
poxia. Compared with the prehypoxic LV functional indices,
the N21 animals maintained greater LV Py, AP-At_L ., and
AP-At} than the H10 group (Fig. 3, B, F, and H). These find-
ings differ from the lack of changes in anesthetized
American alligators subjected to similar acute hypoxic bouts
(19). Although differences in adrenergic receptor tone could
account for the differences between the current and previous
studies, the use of anesthesia conceivably played a role in
the noted differences.

Although it is beyond the scope of the current study, an
investigation of adrenergic tone on ventricular function and
the capacity to modulate this tone is warranted. Indeed,
Joyce et al. (18) reported a differential B-adrenergic tone on
blood flow in the left aorta during swimming in juvenile
American alligators that were subjected to hypoxic incuba-
tion versus those incubated in normoxia. Thus, the capacity
to increase B-adrenergic tone during hypoxia may be the
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basis for the capacity to increase LV Psy in the H10 group
only (Fig. 3B).

It is important to note that, although AP-At, L, values dur-
ing acute 5% O, exposure were statistically similar between
the H10 and N21 groups, the HI10 juveniles increased
AP-At;L, ~70%, versus 40% in the N21 group. This further
suggests a possible increase in regulatory capacity in the H10
group (Fig. 3F). Finally, the rate of myocardial relaxation,
AP-At_l , was constant in the H10 group, although this rate
increased for the N21 animals (Fig. 3H). The constancy of
AP-At_ L, which represents a metric of ventricle myocardial
calcium sequestration rate, in the H10 group, suggests
limited capacity to modulate calcium efflux in the LV of
this group (34). It should be noted that both groups of ex-
perimental juvenile animals increased AP-At_. by ~28%

min
(Fig. 3H).
Swimming

We have previously used voluntary swimming as a means
to increase oxygen demand and cardiac performance (18, 27).
However, swimming had no impact on RV indices of func-
tion (Fig. 4, A, E, and G) in this study. Conversely, during
swimming, LV P increased in both groups to a similar level
(Fig. 4A). Although additional studies are needed, the find-
ing suggests that the LV Pgys during swimming lacks plastic-
ity in American alligators. Interestingly, as with acute
hypoxia, femoral Psys was higher than the RV Pyy, indicating
that left aortic blood flow in both groups originates from the
LV and the animals continued to perfuse the pulmonary cir-
culation. This is particularly relevant because we observed
that some animals from both experimental groups swam
while submerged. Additional studies are needed to investi-
gate whether the lack of a LV Py difference between the
groups reflects a lack of plasticity in the regulatory mecha-
nisms that impact afterload. In a prior study, we found that
embryonic American alligators lack plasticity of a-adrener-
gic tone, a key contributor to afterload (6). If this persists in
juvenile alligators, other mechanisms that regulate left ven-
tricle function during swimming possess a degree of devel-
opmental phenotypic plasticity, as we found that it did differ
between the experimental groups. As further evidence that
left ventricle function is amenable to altering the functional
phenotype if exposed to hypoxic incubation AP-Af;l,
increased during the swim bout in the H10 group only, and
AP-At ! in the left ventricle exhibited a trend (P = 0.062) to-
ward increasing in only the H10 group as well (Fig. 4, F and
H). Collectively, the data suggest increases in indices of myo-
cardial contractility in the juvenile alligators that experi-
enced hypoxia as embryos.

Perspectives and Significance

Our present assessment of right and left ventricle function
in recovered juvenile American alligators subjected to hy-
poxia during incubation suggests that the cardiac phenotype
is dictated, in part, by developmental oxygen. However, this
plasticity is chamber specific with the right ventricle exhibit-
ing more developmental phenotypic plasticity. Importantly,
we observed the greatest difference between developmental
programming when the alligators were exposed to hypoxia.
The mechanism that enabled H10 juvenile alligators to
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maintain RV function during acute hypoxia was not
explored. Interestingly, LV of the H10 group was capable of
increasing Py during acute hypoxia, whereas the N21 group
lacked this capacity. Finally, our simultaneous measure-
ments of ventricular and systemic pressures in response to
hypoxia and swimming indicated that blood flow in the left
aorta must originate primarily from the LV in American
alligators.

ACKNOWLEDGMENTS

We thank Brandt Smith and Kaitlin Steiger for completing por-
tions of the study. We thank Tiffany Millar for valuable aid in man-
aging the alligators used in this study. We thank Dr. William Joyce
for comments on the final manuscript.

GRANTS

Funding for the project was provided by the National Science
Foundation IOS 1755187 (to D. A. C.2nd).

DISCLOSURES

No conflicts of interest, financial or otherwise, are declared by
the authors.

AUTHOR CONTRIBUTIONS

JLC, TL, M.T.,, TW,, and D.A.C.2nd conceived and designed
research; J.L.C,, T.L.,, M.T., and D.A.C.2nd performed experiments;
J.L.C, TW., and D.A.C.2nd analyzed data; T.W. and D.A.C.2nd
interpreted results of experiments; J.L.C. and D.A.C.2nd prepared
figures; J.L.C,, T.L., and D.A.C.2nd drafted manuscript; J.L.C, T.L,,
M.T., RM.E., TW,, and D.A.C.2nd edited and revised manuscript;
JL.C, TL, MT.,, RME., TW.,, and D.A.C.2nd approved final ver-
sion of manuscript.

REFERENCES

1. Moczek AP, Sultan S, Foster S, Ledon-Rettig C, Dworkin I, Nijhout
HF, Abouheif E, Pfennig DW. The role of developmental plasticity in
evolutionary innovation. Proc Biol Sci 278: 2705-2713, 2011. doi:10.
1098/rspb.2011.0971.

2. Moczek AP. Developmental plasticity and evolution quo vadis.
Heredity (Edinb) 115: 302-305, 2015. doi:10.1038/hdy.2015.14.

3. Nijhout HF. Development and evolution of adaptive polyphenisms.
Evol Dev 5: 9-18, 2003. doi:10.1046/j.1525-142x.2003.03003 x.

4.  Lutz PL, Dunbar-Cooper A. The nest environment of the American
crocodile (Crocodylus acutus). Copeia 1984: 153-161, 1984. doi:10.
2307/1445047.

5. Crossley DA 2nd, Altimiras J. Cardiovascular development in
embryos of the American alligator Alligator mississippiensis: effects
of chronic and acute hypoxia. J Exp Biol 208: 31-39, 2005. doi:10.
1242/jeb.01355.

6. Eme J, Altimiras J, Hicks JW, Crossley DA 2nd. Hypoxic alligator
embryos: chronic hypoxia, catecholamine levels and autonomic
responses of in ovo alligators. Comp Biochem Physiol A Mol Integr
Physiol 160: 412—420, 2011. doi:10.1016/j.cbpa.2011.07.010.

7. Eme J, Hicks JW, Crossley DA 2nd. Chronic hypoxic incubation
blunts a cardiovascular reflex loop in embryonic American alligator
(Alligator mississippiensis). J Comp Physiol B 181: 981-990, 2011.
doi:10.1007/s00360-011-0569-z.

8. Crossley DA 2nd, Tate KB, Elfwing M, Eme J. Chronic developmen-
tal hypoxia alters the cardiovascular baroreflex phenotype of embry-
onic common snapping turtles (Chelydra serpentina). FASEB J 26:
1071.11, 2012. doi:10.1096/fasebj.26.1_supplement.1071.11.

9. Marks C, Eme J, Elsey RM, Crossley DA 2nd. Chronic hypoxic incuba-
tion blunts thermally dependent cholinergic tone on the cardiovascular

R747

Downloaded from journals.physiology.org/journal/ajpregu at Univ of North Texas Lib (129.120.093.218) on November 3, 2022.


https://doi.org/10.1098/rspb.2011.0971
https://doi.org/10.1098/rspb.2011.0971
https://doi.org/10.1038/hdy.2015.14
https://doi.org/10.1046/j.1525-142x.2003.03003.x
https://doi.org/10.2307/1445047
https://doi.org/10.2307/1445047
https://doi.org/10.1242/jeb.01355
https://doi.org/10.1242/jeb.01355
https://doi.org/10.1016/j.cbpa.2011.07.010
https://doi.org/10.1007/s00360-011-0569-z
https://doi.org/10.1096/fasebj.26.1_supplement.1071.11
http://www.ajpregu.org

20.

21

R748

()) PROGRAMMING OF INTRAVENTRICULAR PRESSURES IN ALLIGATORS

system in embryonic American alligator (Alligator mississippiensis). J
Comp Physiol B183: 947-957, 2013. doi:10.1007/s00360-013-0755-2.
Tate KB, Kohl ZF, Eme J, Rhen T, Crossley DA 2nd. Critical win-
dows of cardiovascular susceptibility to developmental hypoxia in
common snapping turtle (Chelydra serpentina) Embryos. Physiol
Biochem Zool 88:103-115, 2015. doi:10.1086/677683.

Tate KB, Rhen T, Eme J, Kohl ZF, Crossley J, Elsey RM, Crossley
DA 2nd. Periods of cardiovascular susceptibility to hypoxia in em-
bryonic American alligators (Alligator mississippiensis). Am J Physiol
Regul Integr Comp Physiol 310: R1267-R1278, 2016. doi:10.1152/
ajpregu.00320.2015.

Warburton SJ, Hastings D, Wang T. Responses to chronic hypoxia
in embryonic alligators. J Exp Zool 273: 44-50, 1995. doi:10.1002/
j€z.1402730106.

Kam YC. Physiological effects of hypoxia on metabolism and growth
of turtle embryos. Respir Physiol 92: 127-138, 1993. doi:10.1016/
0034-5687(93)90033-7.

Eme J, Crossley DA 2nd, Hicks JW. Role of the left aortic arch and
blood flows in embryonic American alligator (Alligator mississippien-
sis). J Comp Physiol B 181: 391-401, 2011. doi:10.1007/s00360-010-
0494-6.

Eme J, Rhen T, Tate KB, Gruchalla K, Kohl ZF, Slay CE, Crossley
DA 2nd. Plasticity of cardiovascular function in snapping turtle
embryos (Chelydra serpentina): chronic hypoxia alters autonomic
regulation and gene expression. Am J Physiol Regul Integr Comp
Physiol 304: R966—R979, 2013. doi:10.1152/ajpregu.00595.2012.
Wearing OH, Eme J, Rhen T, Crossley DA 2nd. Phenotypic plastic-
ity in the common snapping turtle (Chelydra serpentina): long-term
physiological effects of chronic hypoxia during embryonic devel-
opment. Am J Physiol Regul Integr Comp Physiol 310: R176—R184,
2016. doi:10.1152/ajpregu.00293.2015.

Wearing OH, Conner J, Nelson D, Crossley J, Crossley DA 2nd.
Embryonic hypoxia programmes postprandial cardiovascular func-
tion in adult common snapping turtles (Chelydra serpentina). J Exp
Biol 220: 2589-2597, 2017. doi:10.1242/jeb.160549.

Joyce W, Miller TE, Elsey RM, Wang T, Crossley DA 2nd. The
effects of embryonic hypoxic programming on cardiovascular func-
tion and autonomic regulation in the American alligator (Alligator
mississippiensis) at rest and during swimming. J Comp Physiol B
188: 967-976, 2018. d0i:10.1007/s00360-018-1181-2.

Smith B, Crossley JL, Elsey RM, Hicks JW, Crossley DA 2nd.
Embryonic developmental oxygen preconditions cardiovascular
functional response to acute hypoxic exposure and maximal B-ad-
renergic stimulation of anesthetized juvenile American alligators
(Alligator mississippiensis. J Exp Biol 222: jeb205419, 2019.
doi:10.1242/jeb.205419.

Jones DR, Shelton G. The physiology of the alligator heart: left aortic
flow patterns and right-to-left shunts. J Exp Biol 176: 247-270, 1993.
doi:10.1242/jeb.176.1.247.

Franklin C, Axelsson M. The intrinsic properties of an in situ per-
fused crocodile heart. J Exp Biol 186: 269-288, 1994. doi:10.1242/
jeb.186.1.269.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Axelsson M, Franklin C. The role of the pericardium and the effects
of adrenaline and changes in oxygen tension on the performance of
an in situ perfused crocodile heart. J Exp Biol 198: 2509-2518, 1995.
doi:10.1242/jeb.198.12.2509.

Ferguson MWJ. Reproductive biology and embryology of the croco-
dilians. In: Biology of the reptilia 14 Development, edited by Gans C,
Billett F, Maderson PFA. New York: John Wiley & Sons, 1985, p.
329-491.

Crossley DA 2nd, Hicks JW, Altimiras J. Ontogeny of baroreflex
control in the American alligator Alligator mississippiensis. J Exp Biol
206: 2895-2902, 2003. doi:10.1242/jeb.00486.

Galli GL, Crossley J, Elsey RM, Dzialowski EM, Shiels HA,
Crossley DA 2nd. Developmental plasticity of mitochondrial
function in American alligators, Alligator mississippiensis. Am J
Physiol Regul Integr Comp Physiol 311: R1164—R1172, 2016. doi:10.
1152/ajpregu.00107.2016.

Allen V, Molnar J, Parker W, Pollard A, Nolan G, Hutchinson JR.
Comparative architectural properties of limb muscles in
Crocodylidae and Alligatoridae and their relevance to divergent use
of asymmetrical gaits in extant Crocodylia. J Anat 225: 569-582,
2014 [Erratum in J Anat 227: 790, 2015]. doi:10.1111/joa.12245.

Joyce W, Elsey RM, Wang T, Crossley DA 2nd. Maximum heart rate
does not limit cardiac output at rest or during exercise in the
American alligator (Alligator mississippiensis). Am J Physiol Regul
Integr Comp Physiol 315: R296—R302, 2018. doi:10.1152/ajpregu.
00027.2018.

Eme J, Gwalthney J, Blank JM, Owerkowicz T, Barron G, Hicks JW.
Surgical removal of right-to-left cardiac shunt in the American alliga-
tor (Alligator mississippiensis) causes ventricular enlargement but
does not alter apnoea or metabolism during diving. J Exp Biol 212:
3553-3563, 2009. doi:10.1242/jeb.034595.

Shelton G, Jones DR. The physiology of the alligator heart: the car-
diac cycle. J Exp Biol 158: 539-564, 1991. doi:10.1242/jeb.158.1.539.
Grigg GC, Johansen K. Cardiovascular dynamics in Crocodylus
porosus breathing air and during voluntary aerobic dives. J Comp
Physiol B 157: 381-392, 1987. doi:10.1007/BFO0693365.

Kamitomo M, Longo LD, Gilbert RD. Cardiac function in fetal sheep
during two weeks of hypoxemia. Am J Physiol Regul Integr Comp
Physiol 266: R1778—R1785, 1994. doi:10.1152/ajpregu.1994.266.6.
R1778.

Broberg CS, Giraud GD, Schultz JM, Thornburg KL, Hohimer AR,
Davis LE. Fetal anemia leads to augmented contractile response to
hypoxic stress in adulthood. Am J Physiol Regul Integr Comp Physiol
285: R649-R655, 2003. doi:10.1152/ajpregu.00656.2002.

Davis L, Roullet JB, Thornburg KL, Shokry M, Hohimer AR, Giraud
GD. Augmentation of coronary conductance in adult sheep made
anaemic during fetal life. J Physiol 547: 53-59, 2003. doi:10.1113/
jphysiol.2002.023283.

Jonker SS, Giraud GD, Espinoza HM, Davis EN, Crossley DA
2nd. Effects of chronic hypoxia on cardiac function measured by
pressure-volume catheter in fetal chickens. Am J Physiol Regul
Integr Comp Physiol 308: R680—-R689, 2015. doi:10.1152/ajpregu.
00484.2014.

AJP-Regul Integr Comp Physiol « doi:10.1152/ajpregu.00059.2022 - www.ajpregu.org
Downloaded from journals.physiology.org/journal/ajpregu at Univ of North Texas Lib (129.120.093.218) on November 3, 2022.


https://doi.org/10.1007/s00360-013-0755-2
https://doi.org/10.1086/677683
https://doi.org/10.1152/ajpregu.00320.2015
https://doi.org/10.1152/ajpregu.00320.2015
https://doi.org/10.1002/jez.1402730106
https://doi.org/10.1002/jez.1402730106
https://doi.org/10.1016/0034-5687(93)90033-7
https://doi.org/10.1016/0034-5687(93)90033-7
https://doi.org/10.1007/s00360-010-0494-6
https://doi.org/10.1007/s00360-010-0494-6
https://doi.org/10.1152/ajpregu.00595.2012
https://doi.org/10.1152/ajpregu.00293.2015
https://doi.org/10.1242/jeb.160549
https://doi.org/10.1007/s00360-018-1181-2
https://doi.org/10.1242/jeb.205419
https://doi.org/10.1242/jeb.176.1.247
https://doi.org/10.1242/jeb.186.1.269
https://doi.org/10.1242/jeb.186.1.269
https://doi.org/10.1242/jeb.198.12.2509
https://doi.org/10.1242/jeb.00486
https://doi.org/10.1152/ajpregu.00107.2016
https://doi.org/10.1152/ajpregu.00107.2016
https://doi.org/10.1111/joa.12245
https://doi.org/10.1152/ajpregu.00027.2018
https://doi.org/10.1152/ajpregu.00027.2018
https://doi.org/10.1242/jeb.034595
https://doi.org/10.1242/jeb.158.1.539
https://doi.org/10.1007/BF00693365
https://doi.org/10.1152/ajpregu.1994.266.6.R1778
https://doi.org/10.1152/ajpregu.1994.266.6.R1778
https://doi.org/10.1152/ajpregu.00656.2002
https://doi.org/10.1113/jphysiol.2002.023283
https://doi.org/10.1113/jphysiol.2002.023283
https://doi.org/10.1152/ajpregu.00484.2014
https://doi.org/10.1152/ajpregu.00484.2014
http://www.ajpregu.org

	bkmk_bookmark_1
	bkmk_bookmark_2
	bkmk_bookmark_3
	bkmk_bookmark_4
	bkmk_bookmark_5
	bkmk_bookmark_6
	bkmk_bookmark_7
	bkmk_bookmark_8
	bkmk_bookmark_9
	bkmk_bookmark_10

	bkmk_bookmark_11

	bkmk_bookmark_12
	bkmk_bookmark_13
	bkmk_bookmark_14

	bkmk_bookmark_15
	bkmk_bookmark_16
	bkmk_bookmark_17
	bkmk_bookmark_18
	bkmk_bookmark_19

	bkmk_bookmark_AC
	bkmk_bookmark_20
	bkmk_bookmark_21
	bkmk_bookmark_22
	bkmk_bookmark_23


