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Summary-—Cholesterol ester hydrolase (CEH) activity was characterized in the porcine
adrenal gland and experiments conducted to determine the nature of its hormonal regulation.
CEH activity was studied in the 14,000 g,,, pellet (F4) and in the 192,000 g,,,, supernatant
(F6). Characteristics associated with pH optima, product formation with time, linearity with
increasing protein concentration, and equilibration of exogenous cholesterol esters added in
acetone with endogenous cholesterol esters were determined. Scatchard analyses of saturation
data demonstrated two-site models, which indicated the presence of lower velocity lower K,
enzymes (catalytic sites) (L-VK, ) and higher velocity higher K, enzymes (catalytic sites)
(H-VK,) in both subcellular fractions. Neither ACTH (0.4 ug/kg body weight) nor 30-min
restraint affected CEH activities at 0.5, 2, and 5h after injection or initiation of restraint.
However, 1h after a longer restraint period (45 min), F4 H-VK, CEH activity increased
concomitantly with decreased F6 L-VK,, (P = 0.003). More modest increases in F4 H-VK,,
(P = 0.03) were still apparent 1 h after the last of nine daily 45-min restraints. Bromocriptine
(CB154, a dopamine agonist) administration for 6 days (9.6 mg/daily) reduced plasma
prolactin (PRL) by 53% (P < 0.05), but had no effect on CEH activities. ACTH treatment
to CB154-induced hypoprolactinemic barrows dramatically reduced F4 (63%) and F6 (49%)
L-VK,, CEH activity (P = 0.03).

These data are the first concerned with regulation of adrenal CEH activity in swine, and
are the first to evaluate in vivo treatments on in vitro CEH activity in any species evolutionarily
higher than rodents. In vivo regulation of porcine adrenal CEH activity appears complex.
Stressor-associated hormonal perturbations apparently must surpass a certain threshold of
duration and/or magnitude before they alter CEH activity. Differing K, and V_,, of CEH
within and between the two subcellular fractions studied and the differential responses to
restraint stressor suggest that as many as four different enzymes with CEH activity are
involved. Additionally, the combined effect of ACTH and CB154-induced hypoprolactinemia
argues for an interrelated modulatory function of ACTH and PRL (or dopamine) on specific
porcine adrenal CEH activities.

INTRODUCTION

Cholesterol is an acknowledged obligate precur-
sor of steroidogenesis in adrenal tissue[l, 2).
Ultimately, most cholesterol used for adrenal
steroidogenesis derives from blood-borne lipo-
proteins [3]. However, a more immediate source
of cholesterol is cholesterol esters that are stored
in membrane-bound lipid droplets [3—5]. These
cholesterol esters are hydrolyzed into free
cholesterol by a reaction which is catalyzed

*Mention of names are necessary to report factually on
available data; however, the USDA neither guarantees
nor warrants the standard of the product, and the use of
the name by USDA implies no approval of the product
to the exclusion of others that may also be suitable.

by the enzyme cholesterol ester hydrolase
(CEH)[3,6]. It was first demonstrated that
ACTH produced a reduction in adrenal choles-
terol [7], and subsequently proven that ACTH
or stressors specifically depleted cholesterol es-
ters [8]. These marked reductions in cholesterol
esters were associated with increased CEH ac-
tivity [9, 10].

The above-noted studies dealing with ad-
renal CEH and its in vivo regulation have
been conducted with rats, and fewer studies
have used guinea pig adrenals(l1,12]. Only
one publication reported measurement of
adrenal CEH in swine [13], and no information
is available concerning its regulation in this

species.
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Although ACTH is the pituitary-derived hor-
mone most associated with activation of adrenal
CEH, another proopiomelanocortin-associated
peptide, increased CEH activity in the rat
adrenal [14, 15]. Additionally, ACTH adminis-
tration was unable to duplicate stressor-induced
pituitary-dependent increases in adrenal CEH
activity [16]. Such data suggest the involvement
of a pituitary hormone other than ACTH in
adrenal CEH activation. Prolactin (PRL) is a
pituitary hormone which is also released in
response to stressors in a variety of species
including swine[17, 18]. It has a modulatory
effect on adrenal function in adult rats [19], and
in fetuses of other species [20, 21]. In pigs bro-
mocriptine-induced hypoprolactinemia was as-
sociated with reductions in plasma cortisol [22],
and adrenocortical PRL receptors have been
measured in the porcine adrenal [23]. PRL has
a known stimulatory effect on rat luteal CEH
activity [24], but was without effect on rat
adrenal CEH [10]. Therefore, the current studies
characterized porcine adrenocortical CEH
activity and determined effects of restraint
stressor, ACTH, and bromocriptine-induced
hypoprolactinemia on porcine adrenal CEH
activity.

EXPERIMENTAL

Animals, surgery, blood and tissue collections

All pigs used were crossbred (3 Yorkshire: |
Landrace: } Large White: ; Chester White)
castrated male pigs (barrows) that were bred
and raised in the swine facilities of the Roman
L. Hruska U.S. Meat Animal Research Center
(MARC). Tissue used for characterization of
adrenal CEH activity was obtained from bar-
rows slaughtered in the MARC abattoir by
approved USDA procedures. For Experiment I,
60 pigs with an average weight at slaughter of
54.7 + 0.4 kg were housed in an indoor facility
in individual pens measuring 1.2 x 0.6 m, and
had visual, olfactory, auditory, and tactile con-
tact with another animal in an adjacent pen.
These pigs were maintained at 20 + 5°C. For
Experiment II, 12 pigs with an average weight
at the beginning of the study of 34.3 + 0.9 kg
were again housed as were pigs in Experiment I.
For Experiment III, 20 pigs with an average
weight at slaughter of 43.4 1 1.9 kg were again
housed in individual pens (1.22 x 1.22 m) with
olfactory and auditory contact with other pigs
in the same room and at a temperature of
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22 + 4°C. For all studies, pigs were fed a corn
and soybean meal-based ration and water ad
libitum, and were maintained at a photoperiod
consisting of 12-h light (lights on 0600-1800 h).

Pigs were surgically catheterized in the exter-
nal jugular vein and bled as described pre-
viously {22]. For sacrifice of experimental pigs,
animals were anesthetized with sodium thiopen-
tal (Abbott Labs, North Chicago, IL, U.S.A,;
600-700 mg/animal) and immediately killed via
exsanguination. Adrenal glands were removed
and placed in 0.01 M sodium phosphate buffer,
pH 7.4 containing 0.15M NaCl. Surrounding
adipose tissue was dissected from adrenal
glands, which were weighed, rapidly frozen in
liquid nitrogen, and stored at —80°C.

Administration of bromocriptine and ACTH

Secretion of PRL was inhibited by use of the
dopamine agonist bromocriptine mesylate
(CB154; Innovative Research of America,
Toledo, OH, U.S.A.). As described pre-
viously [22], pellets containing CB154 were im-
planted subcutaneously, and according to the
manufacturer’s specifications continuously se-
creted 9.6mg CB154 per day. ACTH(1-24)
(Cortrosyn, 25 U/250 ug; Organon, Oakforest,
IL, U.S.A.) was injected through the catheter at
a dosage of 0.4 ug/kg body weight. Pigs not
receiving ACTH were administered a compar-
able volume of vehicle. Both vehicle and ACTH
were flushed through the catheter with 10 ml of
sterile heparinized saline [22).

Radioimmunoassay procedures

Double antibody radioimmunoassay (RIA)
procedures were used for porcine PRL, porcine
ACTH, and cortisol and have been described in
detail previously[18, 22]). Plasma hormonal re-
sults for Experiment I have been reported [22].
For Experiments II and III, plasma cortisol
measurements had a within-assay coefficient of
variability (CV) of 2.8%, a between-assay CV of
12.2%, and a sensitivity based on the lowest
concentration of cortisol in the linear range of
the standard curve of 0.15 ng/tube. Plasma PRL
measurements had a within-assay CV of 4.1%,
a between-assay CV of 5.9%, and a sensitivity
of 64 pg/tube. Plasma ACTH measurements
had a within-assay CV of 3.4%, a between-assay
CV of 12.2%, and a sensitivity of 1 pg/tube.

CEH assay

Tissue preparation. Adrenal glands previously
stored at —80°C were thawed and the cortex
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carefully dissected from the adrenal medulla.
However, the existence of rays of chromaffin
cells throughout the porcine adrenal cortex [25]
precludes complete separation by dissection
techniques. Dissected tissue was weighed and
homogenized in 4ml of ice-cold HEPES-
sucrose solution (0.05M HEPES, 0.25M su-
crose, pH 7.0) with a Polytron (Brinkmann In-
struments, Westbury, NY, U.S.A.) for 1 min.
The homogenate was filtered through the stain-
less steel support screen of a Gelman Easy-
Pressure syringe filter holder (No. 4320, Gelman
Sciences, Ann Arbor, MI, U.S.A.). This filtrate
was centrifuged at 5000 g, for 10 min. The
supernatant was removed from under the float-
ing lipid layer and recentrifuged at 14,000 g,...
for 30 min. The supernatant was again removed
from under the floating lipid layer and cen-
trifuged at 192,000 g, for 1 h. The supernatant
from this last centrifugation was used as the
cytosolic source (F6) of CEH. The pellet
from the 14,000 g.,... centrifugation was washed
with 1ml HEPES-sucrose, resuspended in
2 ml HEPES-sucrose, homogenized for 1 min,
filtered, and used as the 14,000 g, source (F4)
of CEH activity. All centrifugations were con-
ducted at 2°C. Before each centrifugation, tissue
preparations were overlaid with 30 ul of light
mineral oil to reduce the extent to which the
floating lipid layer broke up and contaminated
supernatants in subsequent steps [26].

The CEH assay measures the conversion of
cholesteryl oleate ([1-'*Cloleate) to [1-"*Cloleic
acid and is similar to an assay previously de-
scribed for CEH in adipose tissue[27]. Tissue
preparations (50 ul 14,000g,.., and 25ul
192,000 g.....) were brought to a final volume of
500 ul1 with 0.05M HEPES buffer containing
0.5% bovine serum albumin (BSA), pH 7.0 and
were preincubated at 37°C for 2 min. Labeled
(New England Nuclear, Boston, MA, U.S.A))
and unlabeled cholesteryl oleate (Sigma, St
Louis, MO, U.S.A.) substrates solubilized in
10 ul acetone [23,28] were added and incu-
bations continued at 37°C for time intervals
indicated in the text. Reactions were stopped
by addition of 3ml benzene—chloroform—
methanol, 1:0.5:1.2 (by vol) that contained
0.1 mM unlabeled oleic acid (Sigma) as a carrier
to increase extraction efficiency. [9,10-*H]Oleic
acid (20,000 dpm in 50 ul ethanol) was added to
measure extraction efficiency. Subsequently,
400 ul of 0.75 N NaOH was added, the reaction
mixture thoroughly mixed, placed at 4°C for
16-20 h, then centrifuged at 2000 g,, for 20 min

727

at 2°C. Subsequently, 1.6 ml of the upper
water-methanol layer containing oleic acid was
transferred to a scintillation vial, and *H and
“C radioactivity counted using double-label
counting procedures. Extraction -efficiencies
ranged from 75-90%. Nonspecific conversion of
substrate to product was measured for each
experimental sample. For this measurement, all
ingredients were included, but reactions were
stopped immediately after substrate addition.

Validation of CEH assay

Studies to determine effects of pH, product
formation with time, and linearity of product
formation with increasing concentrations of
protein were conducted using conditions de-
scribed in tables and figure legends. A study was
conducted to ascertain the extent to which
endogenous cholesterol esters would compete
with labeled cholesterol oleate substrate added
in acetone, “Pools” of heated (60°C for 10 min)
F4 and F6 were prepared that served as a source
of endogenous cholesterol esters within minimal
CEH activity. Heating caused only a modest
decrease in the levels of cholesterol esters (F4,
219 + 37 ug/100 ul nonheated vs 213.3 +11.9
1g/100 ul heated; F6, 193 + 5 ug/100 ul non-
heated vs 174 £ 10 ug/100 ul in heated prep-
arations). This test was conducted by incubating
enzymatically active F4 and F6 preparations
with labeled cholesteryl oleate (230,000 dpm;
3.6 uM) in the absence or presence of increasing
quantities of exogenous or endogenous choles-
terol esters. Exogenous cholesterol esters con-
sisted of cholesterol oleate (080 ug) added in
10 ul acetone. Endogenous cholesterol esters
consisted of heated F4 or F6 fractions
(0100 u1). All incubates were adjusted to a
constant volume, incubated for 20 min at 37°C,
and reactions stopped as described previously.

To measure saturating substrate concen-
trations and determine X, and V,,, subcellular
fractions (F4, 132-260 ug protein, n =4; F6,
n =3, 220-380 ug protein) were prepared from
adrenals of three different barrows. These prep-
arations were incubated with increasing concen-
trations of labeled and unlabeled cholesteryl
oleate (1-267 uM), but at a constant ratio of
labeled to unlabeled substrate.

For each sample associated with Experiments
1, I1, and III, both the F4 and F6 fractions were
prepared. CEH activity in each fraction was
measured at substrate concentrations of 0.4 and
241 uM. These two concentrations were used to
estimate activity of the low and high K, /V .,
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activities, respectively. CEH activity for F4 was
measured using 65.7 + 3.9 ug protein for a 20-
min incubation period at 37°C. CEH activity for
F6 was measured using 171.9 + 3.9 ug protein
for a 10-min incubation period at 37°C. One
complete replicate for F6 was measured inad-
vertently at 20 min for Experiment I. Since all
treatment groups were represented, this would
not have adversely biased the data. All incu-
bations were preceded by a 2-min preincubation
period of the enzymatic preparations at 37°C.
For Experiment I, 23 assays were conducted
that had an average within-assay CV of 7.9%
based on the triplicate determinatins for each
sample for both F4 and F6 and at each substrate
concentration. Between-assay repeatability was
determined by measuring CEH activity at both
high and low substrate concentrations in
porcine pancreatic CEH (Sigma). The between-
assay CV was 22.8%. For Experiment II, the
within-assay CV was 9.1%, and the between-as-
say CV was 40% for the four assays conducted.
This high latter CV apparently resulted from the
more acidic pH. For Experiment III, the within-
assay CV was 7.3% and the between-assay CV
was 16.2% for 7 assays.

Cholesterol ester assay

Filtered homogenates from tissue prep-
arations used for the CEH assay were assayed
for concentrations of cholesterol esters using a
modification of previously published densito-
metric procedures [29, 30]. Samples were ex-
tracted with chloroform-methanol (2:1, v/v)
using cholesteryl oleate ([1-"*C]oleate) to
measure extraction losses. After drying under
nitrogen, a benzene resolubilized aliquot of ex-
tract was spotted on a thin layer chromatog-
raphy plate (Analtech Preadsorbent Channeled
Silica gel GHL TLC plate, 250 micron thick-
ness, 20 x 20 cm, Newark, DE, U.S.A.), which
was pretreated with 4% sulfuric acid. On each
TLC plate for which there were experimental
samples, a standard curve consisting of 1, 2, 3
and 4 ug of cholesteryl oleate was also spotted.
TLC plates were developed in hexane—diethyl
ether—acetic acid (75:21:1, by vol), then heated
at 180°C for 20 min. Cholesterol esters were
quantitated by use of a Shimadzu Densitometer
(Shimadzu Scientific Instruments, Columbia,
MD, U.S.A).

Accuracy and precision of this densitometric
assay for adrenal cholesterol esters were deter-
mined. The average accuracy of estimates was
94%, and a plot of expected vs measured had a

slope (b =0.80) that did not differ from 1
(P > 0.05). The average CV for five standards,
each assayed on three separate TLC plates was
4.1%. The average CV for the experimental
samples (includes extraction, spotting, and
chromatography on TLC plates, and densito-
metric analysis) was 8.5%.

Protein assay

Protein for CEH was measured in tripli-
cate using a modification of the Lowry
procedure [31].

Experimental design and procedures

Experiment I. As described previously [22],
barrows were catheterized and implanted with
CB154 (where applicable) on day 0, and were
killed on day 6. Treatment groups included:
control barrows (n = 15); barrows restrained for
30 min on day 6 (n = 15); barrows injected once
with ACTH on day 6 (n = 12); barrows treated
with CB154 (n =9); and barrows treated with
CB154 and ACTH (n =9). Each of these five
main treatment groups was divided further into
barrows which were killed at 0.5, 2, or 5 h after
injection of ACTH or vehicle or initiation of
restraint. These time periods closely approxi-
mated 0830, 1000, and 1300 h. Restrained pigs
were placed in a mobile, steel restraining cage
with styrofoam padded sides to prevent physical
injury to the animals. This cage held them in
such a way that no lateral movement and only
a very slight amount of forward-rearward
movement was allowed. After the 30-min re-
straint, depending on the time of sacrifice, ani-
mals were killed immediately or returned to
their pens until time of sacrifice.

Experiment II. There were two treatment
groups with six barrows randomly assigned to
each group: (1) control animals; and (2) barrows
restrained for 30 min and killed immediately
after this 30-min restraint period. Barrows were
catheterized surgically 7-11 days prior to blood
sample withdrawal. On the evening before
blood sampling, a 1.5 m catheter extension was
attached to the indwelling jugular catheter so
that blood samples could be taken by individ-
uals standing outside the animals’ cages and
without disturbing the animals. Basal blood
samples were taken 10 min before restraint,
animals were placed in a restraining device, and
a second sample taken after the 30-min re-
straint, just before slaughter of the animal.
Control barrows were sampled at similarly
placed time intervals.
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Experiment III. There were four treatment
groups with five barrows randomly assigned to
each group: (1) control animals; (2) barrows
restrained 45-min daily for 9 days and then
killed 1 h after the end of the restraint on day 9;
(3) barrows restrained 45-min daily for 8 days
and killed on day 9 approx. 24 h after the last
restraint period; and (4) barrows restrained once
on day 9 for 45 min and killed 1 h later. On day
9, blood samples were taken 20 min prior to
restraint and at 3, 10, 20, 40, and 45 min after
restraint initiation. Blood samples were taken at
similar time intervals from control pigs and
from those that had been treated for 8 days
previously but were not restrained on day 9. In
this study, the restraining device consisted of a
mobile panel made of steel bars and padded
with styrofoam, shaped to the contours of the
pigs’ bodies, and which could be placed inside
the pigs’ cages. Again, the device allowed pigs to
stand or lay down and allowed some for-
ward-rearward but no lateral movement.

All experimental procedures were approved
by the USDA Meat Animal Research Center
Committee for Care and Use of Domestic Ani-
mals and were in accordance with the Guide for
the Care and Use of Agricultural Animals in
Agricultural Research and Teaching.

Statistical analyses

Enzymatic data were analyzed using two-way
analysis of variance (ANOVA) for Experiment
I (main factors consisted of treatment and time),
and one-way ANOVA (Experiments II and III).
Tests to determine significant differences among
means used the Student-Newman—Keuls mul-
tiple range test and preplanned comparisons via
partitioning treatment sums of squares and de-
grees of freedom (df') into single df compari-
sons [32]. Data were tested for normality of
distribution and homogeneity of variance and
were log or square-root transformed where
necessary to fulfill assumptions of ANOVA [32].
For Experiment II, plasma hormonal con-
centrations were analyzed using repeated
measures analysis [33]. Scatchard analyses
were conducted using the computer program
LIGAND [34].

RESULTS
Characterization of porcine adrenocortical CEH
activity
Subcellular distribution. Activity was meas-
ured (n = 3) in the tissue homogenate (F1) and
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five subcellular fractions: 800 gy,, x 10-min
pellet (F2); 5000 g,.. x 10-min pellet (F3);
14,000 g..., x 30-min pellet (F4); 192,000 g,....
60-min pellet (F5); 192,000g,,, x 60-min
supernatant (F6). The greatest specific activity
(nmol/mg protein) occurred in the 14,000
&mex X 30-min pellet (F4) and represented an
11-fold increase in specific activity. Similarly,
this subcellular fraction had approx. 40% of the
total activity. The soluble cytosol (192,000
&mex X 60-min supernatant; F6) had a 100% in-
crease in specific activity and 15% of the total
CEH activity (data not shown). Interpretation of
these data was the same whether or not one
accounted for dilution of exogenous substrate
with endogenous cholesterol esters. For future
characterization of CEH activity, that fraction
with the greatest specific and total activity
(14,000 g,.., pellet) was used. In addition,
because many publications concerned with
hormonal regulation of adrenal CEH have used
the soluble cytosol[9, 10, 14, 35, 36], CEH
activity in this subcellular fraction was also
evaluated.

Effects of pH. As indicated in Fig. 1, CEH
activity was optimum at pH 7.0 for both the F4
and F6, although a somewhat broader pH opti-
mum was noted for F6 CEH activity. In these
studies, there was no measured F4 CEH activity
below pH 7.0. However, later tests measured
low activity at pH 6.0 (see Experiment II below).
For subsequent tests, pH 7.0 was used for both
subcellular fractions.

O 14,000 ¢, pellet

'E 2 192,000g,,, supernatant
% 15,000 — -
% 12,500 —
5
S~
- 10,000}
3
o 15001
5
S 5000}
$
X 2500
T 0 =t =7
a. 5 6 6.5 7 7.4 8
)
pH

Fig. 1. Effects of pH on CEH activity in the 14,000 g,
pellet (F4; 195 ug protein), and in the 192,000 g, Super-
natant (F6, 343 ug protein) of porcine adrenal tissue prep-
arations. Assays were conducted for 20 min (F4) or 10 min
(F6) at 37°C and with addition of 200,000 dpm labeled and
10 ug unlabeled (33 uM) cholesteryl oleate. Data represents
the mean + SEM of two (F4) or three (F6) different tissue
preparations with triplicate determinations conducted for
each preparation, subcellular fraction, and at each pH.
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Fig. 2. Effects of time on product formation for porcine
adrenal CEH activity in the 14,000 g, pellet (F4; 88.3 ug
protein) and in the 192,000 g,,, supernatant (F6, 127 ug
protein). Assays conducted at pH 7.0 37°C, and after ad-
dition of 200,000 dpm labeled and 10 ug unlabeled (33 uM)
cholestery! oleate. Data represent the mean + SEM of two
different tissue preparations with triplicate determinations
conducted for each preparation, subcellular fraction, and
time.

Effects of time on product formation. Product
formation (1012 dpm/mg protein/min) by F4
was almost constant for a 40-min period (Fig. 2)
and declined thereafter (530dpm/mg pro-
tein/min). For F6, product formation occurred
at its greatest rate from 0—10 min (1331 dpm/mg
protein/min). This rate declined by 42% be-
tween 10 and 20 min. For most subsequent tests
and experimental samples, a 20-min incubation
period was used for F4 and a 10-min incubation
for F6.

Linearity with protein. For F4, product for-
mation was linear up to 110 ug protein at a
lower substrate concentration (4.2 uM), and up
to 220 ug at a higher substrate concentration
(247 uM). Beyond 220 ug protein an inhibitory
effect was apparent (Fig. 3). For F6 product
formation was linear for up to 500 ug protein at
both substrate concentrations (Fig. 3).

Eguilibration of exogenous labeled substrate
delivered in acetone with endogenous cholesterol

esters. It was apparent from the subcellular
fractionation study that removal of the floating
lipid layer at each centrifugation did not remove
all endogenous cholesterol esters (data not
shown). Hence, this study was conducted to
determine what influence high and potentially
variable endogenous levels of cholesterol esters
would have on measurement of conversion of
exogenous cholesteryl oleate ([1-'“Cloleate) to
[1-*Cloleic acid. The rationale of the study was
that if both exogenous and endogenous choles-
terol esters can compete with labeled substrate
for the enzyme, then as unlabeled cholesterol
esters increased, fewer dpm of labeled product
would be formed. Data in Fig. 4 dramatically
illustrate that exogenous cholesteryl oleate
added in acetone effectively competed with la-
beled substrate. In both F4 and F6 fractions,
conversion of labeled substrate to product di-
minished to 5-12% of that occurring without
unlabeled cholesteryl oleate. On the contrary,
endogenous cholesterol esters added in heated
tissue preparations (Fig. 4), were associated
with only a 13% decrease in conversion of
labeled substrate. Such data suggest that
cholesteryl oleate dissolved and delivered in
acetone, serves as a preferential substrate, and
endogenous cholesterol esters do not compete to
a significant extent with those delivered in
acetone. Therefore, when measuring CEH ac-
tivity using this procedure, one does not need
to consider the dilution and competition effects
of potentially high and variable endogenous
substrate.

Saturating substrate concentrations: determi-
nation of K,, and V.. Velocity for both F4 and
F6 increased rapidly and linearly between ap-
prox. 1 and 20 uM (Figs S and 6). Thereafter,
the rate of product formation slowed as the
enzymes approached saturation. Lineweaver—
Burke plots (Figs 5 and 6) to measure K,, and
Vmex demonstrated a significant (P < 0.01)
linear regression but appeared suspiciously
curvilinear or biphasic. Replot of these data
using Scatchard analyses (Figs 7 and 8) clearly
indicated the presence of either multiple en-
zymes or multiple catalytic sites catalyzing the
same reaction [37]. The program LIGAND indi-
cated for both F4 and F6, the presence of lower
K, lower velocity enzymes (catalytic sites), and
higher K, higher velocity enzymes (catalytic
sites). Such data suggested that saturation
curves and subsequent Scatchard analyses be
conducted on all experimental samples. How-
ever, the difficulty of this assay and time
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Fig. 3. Effects of increasing quantities of porcine adrenal subcellular fraction protein on rate of hydrolysis of
cholesteryl oleate ({1-'“Cloleate) to [1-“Cloleic acid. For the 14,000 g, pellet (F4), incubations were
conducted at pH 7.0, 37°C for 20 min, and in presence of either 4.2 or 247 u M substrate. For the 192,000 g,
supernatant (F6), incubations were conducted at pH 7.0, 37°C, for 10 min, and in presence of either 0.3 or
261 uM substrate. Data represent the mean + SEM of two different tissue preparations with triplicate
determinations conducted for each preparation, subcellular fraction, and quantity of protein.
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pg Chloesteryl oleate (CO)

Fig. 4. Effects of unlabeled cholesteryl oleate delivered in
acetone (exogenous) or cholesterol esters added as a heat-
treated volume of additional subcellular fraction (endogen-
ous) on the conversion of cholesteryl oleate ([1-'“Cloleate)
to [1-“Cloleic acid. Assays were conducted with 14,000 g,
pellet (F4, 268 ug protein) and 192,000 g.,. supernatant
(F6, 193 ug protein), at pH 7.0, 37°C, and for 20 min
after addition of 207,000dpm labeled cholesteryl oleate
(3.2 uM). Eachdatapmntmpremuthemun + SEM of two
different tissue preparations with triplicate determinations
for each preparation, subcellular fraction, and treatment
combination.

required for such analyses made such an ap-
proach impractical. As a compromise, each
experimental sample was measured at a very low
and a very high substrate concentration (0.4 and
241 uM) in an attempt to measure treatment
effects for these two enzymes (catalytic sites) in
each subcellular fraction. Using K, and V_,,
values presented in Figs 7 and 8 and the
Michaelis-Menten equation, it was computed
that for F4 at the low substrate concentration
(0.4 uM), the contribution to product formation
by enzyme 1 is 91%. At the high substrate
concentration, 82.8% of product formation re-
sults from activity of enzyme 2. For F6 at a
substrate concentration of 0.4 uM, 96.6% of
product formation results from activity of en-
zyme 1, whereas at a substrate concentration of
241 uM, 86.1% of product formation originates
from enzyme 2.

Experiment 1. Adrenal weights, which have
been reported previously for this study [22],
were unaffected by any of the treatments, and
had an average weight across all treatments and
time periods of 3.55 +0.07 g. Plasma ACTH,
cortisol, and PRL have also been previously
reported [22]. ACTH was elevated 5-fold after
the 30-min restraint whereas plasma cortisol
increased 1.7-fold (P < 0.05). Both had returned
to, or below, prestressor concentrations by 2 h
after stressor initiation. ACTH injection
produced supraphysiological concentrations of
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Fig. 5. Effects of increasing substrate concentrations on
porcine adrenal CEH activity in the 14,000 g,,,, pellet (F4).
Top frame represents saturation curve, and bottom frame
the Lineweaver-Burke transformation of original data.
Cholesteryl oleate substrate increased from 0.89-260 uM
with a nearly constant ratio of labeled (3021-840,000 dpm)
to unlabeled (0.29-82 ug) cholesteryl oleate. Incubations
were conducted at pH 7.0, 37°C, 20 min, and at protein
concentrations of 65-260 ug. Each data point represents the
mean + SEM of four separate tissue preparations with
triplicate determinations conducted for each preparation
and substrate concentration.

ACTH at 05h (20.39 +4.86ng/ml), 2h
(6.41 £ 2.11 ng/ml), and 5h (5.24 + 2.28 ng/ml).
Plasma cortisol was elevated 1.7-fold at only
0.5 h. Plasma PRL concentrations were reduced
53% (P < 0.05) by CB154 treatment.
ANOVA of CEH data (pmol/min/paired
adrenals) for F4 at the low substrate concen-
tration showed significant treatment effects
(P =0.003) but, neither time (P =0.56) nor
interaction effects (P =0.09). Because of the
lack of time-of-measurement and interaction
effects, data were combined for each treatment
across all time periods (Fig. 9). At a low sub-
strate concentration, neither ACTH nor CB154
by themselves produced significant treatment
effects on F4. However, in combination, a dra-
matic 63% decrease in F4 CEH activity was
readily apparent. This decrease occurred at all
three time periods (data not shoewn). For F6 at
the low substrate concentration, there were no

192,000 g, supernatant (F6)
4000

2000 I /
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1000

pmol oleic acid / mg
protein / 20 min

] | J
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[S] Cholesteryl oleate (uM)
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[(1/vj

0 0.2 0.4 0.6 0.8
18]

{S] = Cholesteryl oleate (uM)
V = pmol Oleic acid / mg protein / 20 min

Fig. 6. Effects of increasing substrate concentrations on
porcine adrenal CEH activity in the 192,000 g, super-
natant (F6). Top frame represents saturation curve, and
bottom frame the Lineweaver-Burke transformation of
original data. Incubations conducted as indicated in Fig. 5
legend and using 220-380 ug F6 protein. Each datum point
represents the mean + SEM of three separate tissue prep-
arations with triplicate determinations conducted for each
preparation and substrate concentration.

treatment (P = 0.22), time (P =0.27), or inter-
action (P =0.93) effects. However, the 49%
decrease in CEH activity after concomitant
administration of ACTH and CB154 was sig-
nificant (P = 0.03) by a priori analysis.
ANOVA of CEH data for F4 and F6 at the
high substrate concentration revealed neither
treatment, time, nor interaction effects
(P > 0.05) (Fig. 9). Neither were a priori tests
significant. Cholesterol ester concentrations
were remarkably constant (P > 0.05) among
treatments and time periods and had an overall
mean of 22.59 + 0.49 ug/mg tissue.
Experiment II. Experiment I CEH activity
was that measured at neutrality (pH 7.0). To
investigate the possibility that acidic (pH 6.0)
CEH activity might be regulated by stressor
associated hormonal perturbations a second
study was conducted. In this study, basal
plasma immunoreactive ACTH and cortisol did
not differ before stressor application (Table 1).
However, after the 30-min restraint and just
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Fig. 7. Scatchard plot of saturation data for 14,000¢,.,,

pellet illustrated previously in Fig. 5. Results for V,,, and

K,, represented in tabular form were obtained via use of
computer program LIGAND.

minutes before killing, plasma ACTH was elev-
ated 9-fold above control concentrations
(P <0.05), and plasma cortisol increased 4-fold
(P <0.05). Plasma PRL also increased (2.5-

Fig. 8. Scatchard plot of saturation data for 192,000 g,

supernatant illustrated previously in Fig. 6. Results for ¥V,

and K,, represented in tabular form were obtained via use
of computer program LIGAND.

fold). Hence, activation of the pituitary—adrenal
axis had occurred. Acidic adrenocortical CEH
activity measured in pigs killed after the 30-min
stressor did not differ between treatment groups

14,000 g peliet (F4)

Low substrate concentration

Control | (IS)I'I
Restraint | (15)l—|
AcTH| a2
cBi1s4 | _OH
* ! ]

CB154 & ACTH
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pmol / min / paired adrenals

High substrate concentration

Control
Restraint | (15)
ACTH (12)
CB154 (9)

CB154 & ACTH | (9]
0

i

6000 12,000 18,000
pmol / min / paired adrenals

192,000 g_ . supernatant (F6)

Low substrate concentration

Control s
Restraint (15)
ACTH a»f—
CB154 (9)
CBIS4& ACTH|  ®)H=*
0 250 500 750

pmol / min / paired adrenals

High substrate concentration

Control (15) I--I

Restraint ‘ (15)

ACTH (12) '—-‘

CB154 9)

0 6000 12000 18000
pmol / min / paired adrenals

Fig. 9. Effects of ACTH, restraint, and bromocriptine (CB154) on neutral (pH 7.0) CEH activity in two

subcellular fractions of the porcine adrenal. CEH activity was measured at low (0.4 uM) and high

(241 uM) substrate concentrations. Barrows were killed for CEH measurement at 0.5, 2, and 5h after

ACTH injection (0.4 ug/kg body weight) or beginning of 30-min restraint. Since there were no time effects

or treatment x time interaction, data within each treatment were combined across all time periods. The

number of barrows per treatment group are in parentheses. Each bar represents the mean + SEM. Bars
with asterisk (*) are significantly different (P < 0.05) from control animals.
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Table 1. Effects of 30-min restraint on plasma hormonal concentrations in barrows
ACTH Cortisol PRL

Treatment Time (n) (pg/ml) (ng/mi) (ng/ml)

Control —10 min (6) 63.6 +20.1 306 +6.5 14402

+30 min (6) 36.1 + 104 14.5+ 4.0 1L.1+0.1

Restrained — 10 min (6) 408 +4.5 26.5+ 3.1 1.5+02
+30 min 6) 363.6 + 69.9* 74.7+5.1* 52+09*

*Hormonal concentrations significantly greater (P < 0.01) than those at — 10 min in same
treatment and from control animals at both time periods. Blood samples were obtained
10 min prior to or 30 min after initiation of restraint or at similar time intervals in control

barrows. Data represent mean + SEM.

Table 2. Effects of 30-min restraint and associated hormonal perturbations on acidic CEH

activity
Substrate concentration
Subcellular Low High
fraction Treatment (0.4 uM) (241 uM)
CEH activity (pmol|min [paired adrenals)

14,000 g, Control (5) 143.3 + 54.7 1968.1 + 568.9

pellet (F4) Restraint (6) 95.71+49.5 1356.7 + 447.9
192,000 g.... Control (5) 499.3 4+ 81.3 3031.7 + 8444

supernatant (F6) Restraint (6) 464.6 1 85.5 24320 + 588.8

CEH activity measured at pH 6.0. There were no significant differences (P > 0.05) between
treatments for CEH activity in either subcellular fraction and at either substrate
concentration. Data represent mean + SEM of number of pigs shown in parentheses.

for either F4 or F6 CEH activity when measured
at either substrate concentration (Table 2).
Experiment IIl. This experiment was con-
ducted to determine if a longer restraint period
(45min) or repeated daily exposures to this
stressor would alter neutral CEH activity. This
stressor duration was used since longer periods
(1.5 or 3 h) were not well tolerated by some of
the pigs, and hence for animal welfare consider-
ations were not used. A single restraint pro-
duced maximal ACTH concentrations (the
greatest concentration attained during the
sampling period) 4.5-fold greater than controls
and 1.6-fold greater (P < 0.05) than the last of
nine daily restraints (Table 3). However, the last
of nine restraints still elicited an ACTH re-
sponse above that of control pigs (P < 0.05).
Twenty-four hours after the last exposure, pigs
receiving eight daily restraints had maximal

plasma ACTH concentrations, which did not
differ from those of control pigs. Plasma cortisol
concentrations (Table 3) during one restraint
reached concentrations 52% greater than those
of control pigs (P < 0.05). After nine repeated
daily restraints, however, maximal cortisol con-
centrations were not above those of control pigs
nor below those of pigs subjected to a single
restraint (P > 0.05). Commensurate with elev-
ated plasma ACTH and cortisol during the first
restraint exposure, there was a 148% increase
(P =0.003) in F4 CEH activity measured at a
high substrate concentration and, concomi-
tantly, an 80% decrease (P = 0.003) in F6 CEH
activity measured at a low substrate concen-
tration (Fig. 10). Adrenal cholesterol ester con-
centrations were decreased 23% (P =0.024) 1 h
after termination of this initial 45-min restraint
(Table 3). Subsequent to 9 daily 45-min restraint

Table 3. Effects of a single or of repeated daily exposure to a 45-min restraint on plasma
hormonal concentrations and adrenal cholesterol esters in castrated male pigs

Maximal** Maximal** ug Cholesterol
plasma ACTH plasma cortisol esters
Treatment® n (pg/mli) (ng/ml) (mg tissue)
Control 5 880+ 2.7 679+ 11.1* 124+ 0.6*
One restraint 4 487.5 +120.3* 103.4 £ 13.2° 9.6+ 0.8°
Eight restraints 5 53.8 +11.1° 59.1 £4.9* 126+ 1.0*
Nine restraints 5 184.8 + 38.7° 81.0 £ 6.1 125+ 11°

*All measures taken on day 9 of the study. For animals receiving 8 daily restreints, this is
24 h after the end of the last restraining period. Adrenal glands were obtained 1 h after

termination of the 45-min stressor.

**Data represent the maximal concentration of hormone attained during the sampling
period. Blood samples were taken at —20, +3, +10, +20, +40, and +45 min with
reference to initiation of restraint and at similar intervals in control animals.

Data represent the mean + SEM. Means with different letter superscripts for a given
hormone are significantly different (P < 0.05).
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Fig. 10. Effects of 45-min restraint stressor and associated hormonal changes on porcine neutral CEH

activity in two subcellular fractions. Castrated male pigs received a single treatment period and were killed

1 h later (RES-1), or 8 daily treatments and were killed 24 h later (RES-8), or 9 daily treatments and were

killed 1 h later (RES-9). CEH activity was measured in each subcellular fraction at low (0.4 uM) and high

(241 uM) substrate concentrations. Each bar represents the mean + SEM. The number of barrows per

treatment group is in parentheses. Means with an * are significantly different (P <0.05) from that of
control pigs.

periods, F4 CEH activity measured at the high
substrate concentration was still increased 75%
above that of control pigs (P = 0.03).

DISCUSSION

Data presented herein represent the first
characterization of CEH for the swine adrenal,
and perhaps more importantly, the first account
of in vivo hormonal regulation of this adrenal
enzyme in a species evolutionarily more
advanced than rodents. Tests conducted to
measure subcellular distribution and character-
istics of porcine adrenal CEH revealed proper-
ties that resembled those that exist in rats and
guinea pigs[9, 11, 12, 26, 28, 36]. Initial studies
suggested that the greatest specific and total
activity for porcine adrenal CEH were present
in the 14,000 g,..,, pellet (F4), and only a modest
amount of activity was present in the
192,000 g.... supernatant or soluble cytosol (F6).
However, subsequent results in the current stud-
ies indicated that, under more optimal con-
ditions of time and protein concentrations for
each subcellular fraction, CEH specific activity
was greater in the cytosol than in the 14,000 g,....

pellet (Fig. 9). Such information suggests that
CEH activity measurements need to be opti-
mized for each subcellular fraction before accu-
rate subcellular fractionation studies can be
conducted.

Problems with endogenous substrate effects
on an exogenous labeled substrate and compe-
tition for the enzyme measured need to be
considered when conducting enzymatic analyses
with impure preparations [37]. Problems with
substrate concentration-associated changes in
enzymatic activity can be avoided by using
saturating substrate concentrations which per-
mit maximal velocity (V,,,) [37]. Problems with
variable substrate dilution can be alleviated by
either removing endogenous substrate or by
measuring its levels so that the specific activity
of substrate can be validly calculated. Since we
were unable to remove endogenous cholesterol
esters, the above-noted studies dealing with
equilibration of exogenous cholesteryl oleate
delivered in acetone with endogenous choles-
terol esters were conducted. The data strongly
suggest that this method of substrate addition
obviates problems with dilution of exogenous
cholesterol esters by endogenous cholesterol es-
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ters. This apparent absence of mixing of choles-
terol esters delivered in acetone has been
suggested before [6], but the current data are the
first direct evidence for such a phenomenon in
adrenal homogenates. These data do not mean
that endogenous cholsterol esters are a poor
substrate for CEH activity, only that under the
conditions of our in vitro system, cholesterol
esters delivered in acetone are preferentially
used. Because of these observations, only the
specific activity of the exogenous cholesterol
esters was used in calculating mass of product
formed.

Experiments conducted to measure appropri-
ate concentrations of substrate needed to satu-
rate porcine adrenal CEH and achieve maximal
velocity produced surprising results. The
Lineweaver-Burke plots appeared markedly
curvilinear or biphasic, and Scatchard analyses
clearly demonstrated curvilinearity. Such plots
can be interpreted to represent multiple enzymes
with different K, and V,,, that catalyze the
same reaction [37]. However, as with curved
Scatchard plots for receptors [38], such data also
could represent multisite enzymes that have
differing affinities for the substrate, or which
display negative cooperativity. The data cannot
distinguish among these alternatives [37]. For
discussion purposes, it is assumed that two
enzymes are represented. Two CEH activities
existed in F4 and in F6. V,,, for the respective
CEH activities in the two subcellular fractions
did not differ significantly, but KX, for the high
velocity enzymes was different between F4 and
F6. Similar activities in the two subcellular
fractions were regulated differently. Curvilinear
Eadie-Hofstee plots from CEH activity in rat
adrenal have been described [39], and curvilin-
ear Lineweaver—Burke plots for CEH activity in
the outer zone of the guinea pig adrenal were
present but not discussed [11].

It would have been best to measure all exper-
imental samples at multiple substrate concen-
trations to accurately measure changes in
velocities and K,, for both enzymatic activities
in both subcellular fractions. The procedures
used were a pragmatic compromise to obtain
estimates of velocities for these enzymatic activi-
ties. The preferential use of cholesteryl oleate
delivered in acetone, and the previously noted
calculations, suggests that such procedures
are valid. All previously published papers
concerned with regulation of rodent adrenal
CEH activity have used a single substrate
concentration.

The potential exists that one or more of these
enzymatic activities may represent triacylglyc-
erol lipase activity. Besides its ability to stimu-
late a rapid decrease in cholesterol esters in
rodents via increased CEH activity, ACTH also
stimulates a parallel decrease in triacylglyc-
erols [40] that occurs coincident with an acti-
vation of triacylglycerol lipase[39,41]. The
bovine adrenal cortex also possesses triacylglyc-
erol lipase activity [42]. Lipase activity in rat
adrenal uses trioleylglycerol and cholesteryl
oleate equally well as substrate and may ac-
count, in part, for the above-noted curvilinear
Eadie-Hofstee plots [39]. The presence of two
molecular forms of CEH activity in rat and
bovine adrenal glands [39, 43] and two triacyl-
glycerol lipase activities in bovine adrenals [42]
agree with the possibility that the current results
represent two or more enzymes with cholesterol
ester hydrolyzing activity. It is aiso possible that
the different CEH activities originate from
different types of adrenocortical cells since the
entire adrenal cortex was used. However,
morphometric data indicated that cells of the
porcine zona fasciculata constituted approx.
82% of the adrenal cortex, with glomerulosa
and reticularis cells representing 15 and 3%,
respectively [44]. Hence, in the current studies, it
is probable that most CEH activity is from
fasciculata cells.

Regulation of these CEH activities by hor-
mones or stressor-associated perturbations ap-
peared complex: (1) ACTH administration by
itself had no effect on neutral CEH activity, (2)
30-min restraint stressor and associated hor-
monal changes had no effect on neutral or acidic
CEH activities, (3) more prolonged restraint
(45 min) altered CEH activity differentially in
the F4 (increased activity) and F6 (decreased
activity) subcellular fractions, (4) ACTH admin-
istration to bromocriptine-induced hypopro-
lactinemic pigs produced dramatic reductions in
CEH activities measured at low substrate con-
centrations in both F4 and F6. Absence of
ACTH and 30-min stressor effects on CEH are
contrary to much of the data in ro-
dents [9, 10, 28, 36, 39, 45, 46]. They also differ
from in vitro results with bovine adrenals that
demonstrated CEH activity is stimulated by a
cAMP-dependent protein kinase with the infer-
ence that this occurs in vivo after ACTH acti-
vation of adenylate cyclase[35,47]. Current
data may indicate that CEH activities are oper-
ating at maximal rates under basal conditions as
has been suggested for guinea pig adrenals [12].
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These data could indicate that a certain
threshold of duration and/or magnitude of
stimulus must be surpassed before CEH activity
is altered. Once this occurs, cellular mechanisms
occur—perhaps involving protein synthesis—
that differentially increase or decrease CEH
activity depending on the cellular location of the
enzyme. The data also indicate that hormones
other than, or in addition to, ACTH are in-
volved in the regulation of porcine adrenal CEH
activity. Similar results have been reported for
rodents. For example, administration of ACTH
to rodents does not always lead to activation of
adrenal CEH in situations of increased plasma
corticosterone [14, 16]. A dose-response of
CEH activity to ACTH indicated high concen-
trations of ACTH were needed for significant
activation of adrenal CEH [16]. There is also
evidence in rodents for a pituitary factor other
than ACTH—which is also derived from the
proopiomelanocortin  precursor—that  is
involved in regulation of adrenal CEH
activity [14, 15].

The current data also suggest a regulation
for porcine CEH for which there is no pre-
cedence in rodents. Firstly, there is no previous
evidence for stressor effects on neutral CEH
activity in the 7500¢g,,-14,000¢... pellet
that usually contains mitochondria and lyso-
somes [28, 48]. Studies concerned with ACTH
or stressor-associated increases in CEH have
dealt almost exclusively with cytosolic
CEH9, 10, 12, 14-16, 26, 28, 36, 39, 45,46]. In
one study, stress increased neutral microsomal
CEH activity in guinea pigs[11]. Although
considerable neutral CEH activity has been
measured in a rodent particulate fraction similar
to the 14,000 g,,, pellet of the current stud-
ies [9, 28] hormonal regulation of this neutral
CEH activity has not been explored.

Secondly, there is no previous evidence for
stressor-associated decreases in CEH activity
such as occurred in the present studies (Exper-
iment III). It is highly unlikely that this re-
duction in CEH activity can be explained by
dilution of exogenous labeled substrate with
endogenous cholesterol esters. Not only did our
studies indicate a preferential use of exogenous
substrate delivered in acetone, but also for this
treatment group there was a significant decrease
in endogenous cholesterol esters. The physio-
logical significance of this decreased CEH ac-
tivity at a time when the adrenal is synthesizing
and secreting large amounts of cortisol is un-
known and must remain speculative.
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Thirdly, the data suggest an involvement of
PRL or of dopamine in the regulation of
porcine adrenal CEH activity. Bromocriptine—
and associated hypoprolactinemia—by itself
lacked effect on adrenal CEH activity. However,
this treatment allowed ACTH to induce dra-
matic reductions in CEH activities associated
with low X, and V,,. Such results may reflect
a requirement for PRL to protect discrete CEH
activities from inhibitory effects of high concen-
trations of ACTH. PRL receptors are present in
the porcine adrenal {23]; in other species, PRL
stimulates adrenal function[19-21]. Alterna-
tively, a potential direct effect of bromocriptine
on adrenocortical CEH must be considered. It
is possible that the concentrations of dopamine
agonist attained were sufficient to reveal inhibi-
tory effects of high ACTH concentrations on
discrete CEH activities. Dopamine D2 receptors
are present in adrenocortical tissue of other
species [49, 50], and dopamine inhibits aldoster-
one production in several species [50-53]. At
high concentrations (6.5 x 10~ M), dopamine
inhibited in vitro corticosterone production,
but at lower concentrations, increased ACTH-
stimulated corticosterone  production [54].
Effects of dopamine may also be indirect via a
variety of potential effects on the autonomic
nervous system [55]. Plasma catecholamines
were not measured in the current studies; but in
swine, both epinephrine and norepinephrine
directly stimulate cortisol and aldosterone
secretion from the adrenal [56]. Hence, observed
effects of bromocriptine and associated hypo-
prolactinemia on CEH activities may be ex-
plained by a variety of mechanisms. Knowledge
of that mechanism that actually pertains must
await further investigation.

In summary, the porcine adrenal has multiple
cholesterol ester hydrolyzing activities in at least
two subcellular fractions, the soluble cytosol
and the 14,000 g, pellet. Regulation of these
different CEH activities appears complex and
undoubtedly involves factors other than ACTH
alone. A duration-dependent ability of restraint
stressor to affect CEH activity suggests that a
certain threshold must be exceeded before
effects are apparent. Clearly, however, correct
stimulus strength increased CEH activity
located in the 14,000 g,.., pellet, which in turn
was associated with reduced cholesterol esters
and increased plasma cortisol. A concomitant
reduction in CEH activity in another subcellular
fraction, or during ACTH stimulation of hypo-
prolactinemic  pigs, suggests a complex
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regulation of CEH activities that may depend

upon their subcellular location,

substrate

specificity, or the specific cell population within
the adrenal cortex in which a particular CEH
activity exists.

Acknowledgements—The author wishes to express sincere
appreciation to Dr Harry Mersmann for helpful discussions
during the development of the CEH and cholesterol ester
assays; to Dan Higgins and Michael Judy for technical
assistance during the conduct of these studies; and to Linda
Parnell for secretarial assistance during the preparation of
this manuscript. This work was supported in part by USDA
Competitive Research Grant 86-CRCR-1-1951.

10.

11.

12.

13.

14.

REFERENCES

. Saba N., Hecter O. and Stone D.: The conversion of

cholesterol to pregnenolone in bovine adrenal hom-
ogenates. J. Am. Chem. Soc. 76 (1954) 3862-3864.

. Boyd G. S., McNamara B., Suckling K. E. and Tocher

D. R.: Cholesterol metabolism in the adrenal cortex.
J. Steroid Biochem. 19 (1983) 1017-1027.

. Vahouny G. V., Chanderbhan R., Noland B. J. and

Scallen T. J.: Cholesterol ester hydrolase and sterol
carrier proteins. Endocrine Res. 10 (1984-85) 473-505.

. Moses H. L., Davis W. W., Rosenthal A. S. and Garren

L. D.: Adrenal cholesterol: Localization by clectron-
microscope autoradiography. Science 163 (1969)
1203-1205.

. Bisgaier C. L., Chanderbhan R., Hinds R. W. and

Vahouny G. V.: Adrenal cholesterol esters as substrate
source for steroidogenesis. J. Steroid Biochem. 23 (1985)
967-974.

. Dailey R. E., Swell L. and Treadwell C. R.: Hydrolysis

and utilization of cholesterol esters for steroid synthesis
by canine adrenal homogenates. Archs Biochem. Bio-
phys. 100 (1963) 360-363.

. Sayers G., Sayers M. A, Fry E. G., White A. and Long

C. N. H.: The effect of the adrenotrophic hormone of
the anterior pituitary on the cholesterol content of the
adrenals. Yale J. Biol. Med. 16 (1944) 361-392.

. Davis W. W. and Garren L. D.: Evidence for the

stimulation by adrenocorticotropic hormone of the
conversion of cholesterol esters to cholesterol in
the adrenal, in vivo. Biochem. Biophys. Res. Commun. 24
(1966) 805-810.

. Shima S., Mitsunaga M. and Nakao T.: Effect of ACTH

on cholesterol dynamics in rat adrenal tissue. Endocrin-
ology 90 (1972) 808-814.

Behrman H. R. and Greep R. O.. Hormonal depen-
dence of cholesterol ester hydrolase in the corpus
luteum and adrenal. Horm. Metab. Res. 4 (1972)
206-209.

Nishikawa T., Mikami K., Saito Y., Tamura Y. and
Yoshida S.: Functional differences in cholesterol ester
hydrolase and acyl-coenzyme-A/cholesterol acyltrans-
ferase between the outer and inner zone of the guinea
pig adrenal cortex. Endocrinology 122 (1988) 877-883.
Brody R. I. and Black V. H.: Acylcoenzyme A: choles-
terol acyltransferase and cholsterol ester hydrolase in
the outer and inner cortices of the guinea pig adrenal:
Effects of adrenocorticotropin and dexamethasone.
Endocrinology 122 (1988) 1722-1731.

Brot N., Lossow W. J. and Chaikoff I. L.: Esterification
of free cholesterol and hydrolysis of cholesterol oleate
by acetone powder extracts of hog adrenals. Soc. Exp.
Biol. Med. 114 (1963) 786-788.

Pedersen R. C. and Brownie A. C.: Pro-adrenocortico-
tropin/endorphin-derived peptides: Coordinate action

15.

16.

17.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

on adrenal
1044-1045.
Pedersen R. C. and Brownie A. C.. Adrenocortical
response to corticotropin is potentiated by part of
the amino-terminal region of pro-corticotropin/
endorphin. Proc. Natn. Acad. Sci. U.S.A. T7 (1980)
2239-2243.

Pedersen R. C. and Brownie A. C.: Failure of ACTH to
mimic the stress-induced activation of rat adrenocorti-
cal cholesterol ester hydrolase in vive. J. Steroid Bio-
chem. 11 (1979) 1393-1400.

Neill J. D.: Effects of “stress™ on serum prolactin and
luteinizing hormone levels during the estrous cycle of
the rat. Endocrinology 87 (1970) 1192-1197.

Klemcke H. G., Nienaber J. A. and Hahn G. L.
Stressor-associated alterations in porcine plasma pro-
lactin. Proc. Soc. Exp. Biol. Med. 186 (1987) 333-343.
Ogle T. F. and Kitay J. I.: Interactions of prolactin and
adrenocorticotropin in the regulation of adrenocortical
secretions in female rats Endocrinology 104 (1979)
40-44.

Glickman J. A., Carson G. D. and Challis J. R. G.:
Differential effects of synthetic adrenocorticotropin and
o-melanocyte-stimulating hormone on adrenal function
in human and sheep fetuses. Endocrinology 104 (1979)
34-39.

Pepe G. J. and Albrecht E. D.: Regulation of baboon
fetal adrenal androgen production by adrenocorti-
cotropic hormone, prolactin, and growth hormone.
Biol. Reprod. 33 (1985) 545-550.

Klemcke H. G., Blecha F. and Nienaber J. A.: Pituitary-
adrenocortical and lymphocyte responses to bromo-
criptine-induced hypoprolactinemia, adrenocortico-
tropic hormone, and restraint in swine. Proc. Soc. Exp.
Biol. Med. 195 (1990) 100-108.

Klemcke H. G., Pond W. G. and Nienaber J. A..
Porcine adrenal prolactin receptors: Characterization,
changes during neonatal development and effects of
hypoprolactinemia. Comp. Biochem. Physiol. 92A
(1989) 197-206.

Klemcke H. G. and Brinkley H. J.: Effects of bromo-
criptine and PRL on luteal and adrenal cholesterol ester
hydrolase and serum progesterone concentrations in
mature pseudopregnant rats. Biol. Reprod. 22 (1980)
1029-1039.

Bornstein S. R., Ehrhart-Bornstein M., Usadel H.,
Bockmann M. and Scherbaum W. A.. Morphological
evidence for a close interaction of chromaffin cells with
cortical cells within the adrenal gland. Cell Tissue Res.
265 (1991) 1-9.

Henning S. J. and Genovese G. M.: Postnatal develop-
ment of chosterol ester hydrolase activity in the rat
adrenal. J. Steroid Biochem. 22 (1985) 803-808.
Pittman R. C., Khoo J. C. and Steinberg D.: Choles-
terol esterase in rat adipose tissue and its activation by
cyclic adenosine 3’: 5’-monophosphate-dependent pro-
tein kinase. J. Biol. Chem. 250 (1975) 4505-4511.
Trzeciak W. H. and Boyd G. S.: The effect of stress
induced by ether anaesthesia on cholesterol content and
cholesteryl-esterase activity in rat-adrenal cortex. Eur.
J. Biochem. 37 (1973) 327-333.

Touchstone J. C., Murawec T., Kasparow M. and
Wortmann W.: Quantitative spectrodensitometry of
silica gel thin layers impregnated with sulfuric acid.
J. Chrom. Sci. 10 (1972) 490-493.

Kabara J. J. and Chen J. S.: Microdetermination of
lipid classes after thin-layer chromatography. Analy:.
Chem. 48 (1976) 814-817.

Markwell M. K., Haas S. M., Bieber L. L. and Tolbert
N. E: A modification of the Lowry procedure
to simplify protein determination in membrane and
lipoprotein samples. Analyt. Biochem. 87 (1978)
206-210.

steroidogenesis. Science 208 (1980)



32.

33.

3s.

36.

37.

38.

39.

41.

42,

43.

Pig adrenal cholesterol ester hydrolase

Sokal R. R. and Rohlif F. J.: Biometry: The Principles
and Practice of Statistics in Biological Research. Free-
man, San Francisco (1969) p. 226.

Winer B. J.: Statistical Principles in Experimental
Design. McGraw-Hill, New York (1971) p. 514.

. Munson P. J. and Rodbard D.: Ligand: A versatile

computerized approach for characterization of ligand-
binding systems. Analyt. Biochem. 107 (1980) 220-239.
Beckett G. J. and Boyd G. S.: Purification and control
of bovine adrenal cortical cholesterol ester hydrolase
and evidence for the activation of the enzyme by a
phosphorylation. Eur. J. Biochem. 72 (1977) 223-233.
Beins D. M., Vining R. and Balasubramaniam S.:
Regulation of neutral cholesterol esterase and acyl-
CoA: cholesterol acyltransferase in the rat adrenal
gland. Biochem. J. 202 (1982) 631-637.

Segel 1. H.: Enzyme Kinetics. Behavior and Analysis of
Rapid Equilibrium and Steady-State Enzyme Systems.
John Wiley & Sons, New York (1975).

Limbird L. E.: Cell Surface Receptors: A Short Course
on Theory and Methods. Martinus Nijhoff Publishing,
Boston (1986).

Pittman R. C. and Steinberg D.: Activatable cholesterol
esterase and triacylglycerol lipase activities of rat
adrenal and their relationship. Biochem. Biophys. A 487
(1977) 431444,

. Rudman D. and Garcia L. A.: Effect of adrenocortico-

tropin on the concentration of triglyceride in the adrenal
gland of the hypophysectomized rat. Endocrinology T8
(1966) 1087-1088.

Gorban A. M. S. and Boyd G. S.: ACTH activation of
cytosol triglyceride hydrolase in the adrenal of the rat.
FEBS Lett. 79 (1977) 54-58.

Yeaman S. J., Cook K. G. and Lee F.-T.: The relation-
ship between cholesterol ester hydrolase and triacylglyc-
erol hydrolase from bovine adrenal cortex. FEBS Lett.
120 (1980) 212-216.

Sonnenborn U., Eiteljorge G., Trzeciak W. H. and
Kunau W.-H.: Identical catalytic subunit in both mol-
ecular forms of hormone-sensitive cholesterol esterase
from bovine adrenal cortex. FEBS Lett. 145 (1982)
271-276.

. Pliska V., Hari J., Heiniger J., Neuenschwander S. and

Stranzinger G.: Stress-like changes in the histological
structure of pig adrenals and pituitaries: Effect of total
body fat but not of predisposition to malignant hyper-
thermia. J. Anim. Breed. Genet. 109 (1992) 51-63.

45.

47.

49.

51

52.

53.

55.

56.

739

Trzeciak W. H., Mason J. 1. and Boyd G. S.: Effect of
hypophysectomy and corticotropin replacement on
sterol ester hydrolase activity from rat adrenal gland.
FEBS Lent. 102 (1979) 13-17.

. Boyd G. S. and Trzeciak W. H.: Cholesterol metabolism

in the adrenal cortex: Studies on the mode of action of
ACTH. Ann. N.Y. Acad. Sci. 212 (1973) 361-377.
Trzeciak W. H. and Boyd G. S.: Activation of
cholesteryl esterase in bovine adrenal cortex. Eur.
J. Biochem. 46 (1974) 201-207.

. Popplewell P. Y. and Azhar Z.: Effects of aging on

cholesterol content and cholesterol-metabolizing en-
zymes in the rat adrenal gland. Endocrinology 121 (1987)
64-73.

Dunn M. C. and Bosmann H. B.: Peripheral dopamine
receptor identification: Properties of a specific
dopamine receptor in the rat adrenal zona glomeru-
losa. Biochem. Biophys. Res. Commun. 99 (1981)
1081-1087.

. Fraser R., Connell J. M. C,, Inglis G., Kenyon C. J. and

Tree M.: The role of dopamine in the control of
corticosteroid secretion and metabolism. J. Steroid
Biochem. 32 (1989) 217-222.

Norbiato G., Bevilacqua M., Raggi U., Micossi P. and
Moroni C.: Metoclopramide increases plasma aldoster-
one concentration in man. J. Clin. Endocr. Metab. 45
(1977) 1313-1316.

Aguilera G. and Catt K. J.: Dopaminergic modulation
of aldosterone secretion in the rat. Endocrinology 114
(1984) 176-181.

Morra M., Leboulenger F. and Vaudry H.: Dopamine
inhibits corticosteroid secretion from frog adrenal
gland, in vitro. Endocrinology 127 (1990) 218-226.

. Matsuki M., Nishida S., Kashiwa Y., Horino M.,

Yoneda M., Endoh M., Satoh A. and Oyama H.: Effect
of dopamine on ACTH-induced glucocorticoid se-
cretion in rat adrenal suspended cells. Horm. Metab.
Res. 17 (1985) 429-431.

Vanhoutte P. M., Verbeuren T. J. and Webb R. C.:
Local modulation of adrenergic neuroeffector inter-
action in the blood vessel wall. Physiol. Rev. 61 (1981)
151-247.

Bornstein S. R., Ehrhart-Bornstein M., Scherbaum
W. A, Pfeiffer E. F. and Holst J. J.: Effects of splanch-
nic nerve stimulation on the adrenal cortex may be
mediated by chromaffin cells in a paracrine manner.
Endocrinology 127 (1990) 900-906.



