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Abstract. The B;-adrenergic—stimulated thermogenic response in brown adipose tis-
sue (BAT) is impaired in senescent rats, whereas cold-induced thermogenesis is not.
To determine if cold exposure can restore B;-adrenergic receptor responsiveness in
senescent rats, we examined BAT mitochondrial GDP binding in young and oid rats,
and UCP mRNA levels in young rats following stimulation by the p,-adrenergic ago-
nist CGP-12177 with and without prior cold exposure. F-344 male rats were maintained
at thermoneutrality or exposed to 8°C for 48 hr, followed by a 24-hr period of rewarm-
ing before administration of 0.75 mg/kg CGP-12177 or vehicle solution. During the
rewarming period, GDP binding remained elevated but UCP mRNA levels with a half-
life of 11 hr returned to levels observed in the thermoneutral controls. In young rats,
both cold exposure and administration of the B;-adrenergic agonist to thermoneutral
controls increased GDP binding 2-fold and UCP mRNA levels 4-fold. However, in
cold-exposed young rats, there was no further increase with ;-agonist treatment. in
senescent control rats, CGP-12177 did not increase GDP binding, but cold exposure
did. However, in cold-exposed old rats, the B;-agonist was now able to increase GDP
binding. The induction of UCP mRNA by CGP-12177 was also investigated and found
to be 25% less in senescent compared with young rats. These observations indicate
that cold exposure restores the impaired B;-adrenergic signal transduction in BAT
from senescent rats. One possibility is that cold exposure induces the synthesis
of one or more components in the B;-adrenergic pathway in senescent

rats.

[P.S.E.B.M. 1996, Voi 211]

he ability to regulate body temperature in re-

sponse to cold diminishes with senescence (1-

3). Nonshivering thermogenesis in brown adi-
pose tissue (BAT) is an important contributor of the
heat necessary to maintain body temperature (4).
Thermogenesis in BAT is mediated by norepinephrine
activation of adenylyl cyclase through sympathetically
innervated B;-adrenergic receptors (5, 6).
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We previously reported that thermogenesis, as in-
dicated by the increase in whole body oxygen con-
sumption, body temperature, and GDP binding to the
mitochondrial uncoupling protein (UCP) was de-
creased or absent in senescent rats following stimula-
tion with a Bs-adrenergic agonist (7). This suggested
that the B;-adrenergic pathway in BAT is impaired in
aged rats. Recently, we reported that thermogenesis in
BAT stimulated by forskolin, a direct activator of ad-
enylyl cyclase, was unchanged between young and old
rats (8). Collectively, these data suggest that the B;-
adrenergic receptor or coupling of this receptor to ad-
enylyl cyclase may be impaired with senescence.

Surprisingly, we recently reported that the in-
crease in mitochondrial GDP binding and the induction
of UCP mRNA were unchanged between young and
old rats following cold exposure, despite a hypother-
mia in the senescent animals (1). These studies indi-
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cate that the hypothermia in senescent rats is due to
factors other than thermogenesis in interscapular
BAT. Moreover, these studies suggest that the cold-
stimulated thermogenesis in BAT may be mediated by
a receptor other than the B;-adrenergic receptor in se-
nescent rats. Another possibility is that cold exposure
upregulates one or more components of the B;-adren-
ergic receptor pathway such that responsiveness is re-
stored in the senescent rats. To investigate further the
latter possibility, we examined BAT mitochondrial
GDP binding in young and old F-344 male rats and
UCP mRNA levels in young rats following stimulation
by the B;-adrenergic agonist CGP-12177 with and with-
out prior cold exposure.

Materials and Methods

Animals. Male F-344 NNia rats of 6 and 24
months of age were obtained from Harlan Sprague-
Dawley (Indianapolis, IN) under contract with the Na-
tional Institute on Aging. Upon arrival, rats were ex-
amined and remained in quarantine for 1 week. Ani-
mals were cared for in accordance with the principles
of the Guide to the Care and Use of Experimental
Animals. Rats were housed individually in micro-
isolated cages and maintained on Purina Rat Chow ad
libitum with a 12:12-hr light:dark cycle (0600 to 1800
hr). Experiments were begun 60-90 min after the be-
ginning of the light cycle. Food and water were pro-
vided during the overnight periods of cold exposure,
and bedding material was kept at an absolute mini-
mum. Ambient temperature was 26°C.

Experimental Design. All experiments were per-
formed on conscious unanesthetized rats during the
light phase of the light:dark cycle that corresponded to
the normal sleeping period. The central experiment
consisted of a two-phase design. Twelve young and
twelve old rats were exposed to the cold (8°C) for 2
days followed by a 24-hr rewarming period at 26°C.
One of the senescent rats died. An additional 12 young
and 12 old rats were maintained at 26°C. One-half of
the rats in the control and experimental groups of each
age were then administered 0.75 mg/kg CGP-12177 and
sacrificed 1 hr later.

Isolation of IBAT Mitochondria. Rats were sac-
rificed by cervical dislocation under 50 mg/kg pento-
barbital anesthetic. The circulatory system was per-
fused with 20 ml of cold saline and interscapular BAT
(IBAT) excised and trimmed of visible white fat. Mi-
tochondria for use in the GDP binding assay were iso-
lated as described previously (9). The final pellet was
resuspended in 100 mM sucrose, 1.2 mM K-EDTA,
12.2 mM choline Cl, and 40 mM K-TES, pH 7.1. Mi-
tochondria were used immediately in the GDP binding
assay.

GDP Binding Assay. The density of binding sites
was determined from a multipoint Scatchard analysis

of [*’H]GDP binding (specific activity adjusted to 1.012
Ci/mmole; Dupont NEN, Boston, MA) as previously
described (9). Briefly, protein (50 pg) and 0.02-3.0 uM
[*HIGDP were incubated both with and without 1.5
mM unlabeled GDP for 15 min at 37°C in a total vol-
ume of 250 pl of the buffer used for final suspension
with the addition of 0.1 mg/ml fatty acid-free BSA and
2 uM rotenone. The reaction was terminated by dilu-
tion with buffer, and the bound [*’HJGDP separated
from free by filtration over glass fiber filters (Whatman
GF/B, Clifton, NJ). Specific binding was determined
from the difference in binding with and without 1.5
mM unlabeled GDP.

UCP mRNA. Total cellular RNA and UCP mRNA
were determined by extraction of minced and soni-
cated IBAT tissue by modification of a previously de-
scribed procedure (1). For extraction, 100 mg of tissue
were sonicated in 1 ml of 4 M guanidine thiocyanate,
25 mM Na citrate, pH 7.0. One milliliter of phenol, 50
pl of 10% Sarkosyl, 100 ul 2 M Na acetate, pH 5.0, and
200 pl of chloroform:isoamyl alcohol (49:1) were
added to the sonicated IBAT, and this preparation was
mixed vigorously, incubated 15 min on ice, centri-
fuged, and the aqueous phase retained. The RNA was
twice precipitated with an equal volume of isopro-
panol, washed with 70% ethanol, suspended in 0.5%
SDS, and heated to 65°C for 10 min. After centrifuga-
tion, the supernatant was harvested. The integrity of
the isolated RNA was verified using agarose gels (1%)
stained with ethidium bromide. The RNA was quanti-
fied by spectrophotometric absorption at 260 pm using
multiple dilutions of each sample. For measurement of
UCP mRNA levels, several concentrations of serially
diluted RNA samples were immobilized on nylon mem-
branes (Gene Screen; Dupont NEN, Boston, MA)
using a slot blot apparatus (BioRad, Richmond, CA).
The membranes were baked at 80°C for 2 hr. The
baked membranes were prehybridized using 25 mM
potassium phosphate, 750 mM NaCl, 75 mM Na ci-
trate, 5X Denhardt’s solution, 50 pg/ml denatured
salmon sperm DNA, and 50% formamide. After incu-
bation for 14-16 hr at 42°C, the membranes were hy-
bridized with a *’P random prime-labeled cDNA probe
in the prehybridization buffer with the addition of 10%
dextran sulfate (1). The cDNA clone for UCP was
kindly provided by Dr. Leslie Kozak from the Jackson
Laboratory (Bar Harbor, ME) (10) and verified by
Northern analysis as previously described (4). After
hybridization for 14-16 hr at 42°C, the membranes
were washed and exposed to x-ray film (Kodak X-AR,
Rochester, NY) for 96 hr at —70°C using intensifying
screens. Optical density per microgram total cellular
RNA was calculated by comparison with internal lab-
oratory standards of IBAT UCP mRNA present on
each nylon membrane.

Statistical Analysis. Differences with cold expo-
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sure and age were determined by two-way analysis of
variance (ANOVA) followed by Scheffe’s post hoc
analysis to determine differences between individual
means.

Results

Rats were cold exposed at 8°C for 48 hr in an
attempt to upregulate the B;-adrenergic stimulated
thermogenic pathway prior to administration of CGP-
12177. The temperature of 8°C was chosen because we
have previously shown that at this temperature the
older rats are able to maintain homeothermy (1). In
contrast, at a lower temperature of 4°C, the senescent
rats became progressively more hypothermic (1). The
acclimation time of 48 hr was chosen based on initial
investigations of both 48-hr and 1-week cold exposure.
The objective was to find a period of cold exposure
that increased GDP binding to mitochondrial mem-
branes and that was not reversed by a short rewarming
time. It was preferable to administer the CGP-12177 to
rats that were rewarmed to thermoneutrality (26°C) to
minimize endogenous stimulation of BAT in order to
better compare with the control animals. In young
rats, a 48-hr cold exposure increased mitochondrial
GDP binding by 2-fold compared with rats maintained
at thermoneutrality (26°C). This increased level of
binding was mostly sustained during a 36-hr rewarm-
ing period (Fig. 1). Similarly, in senescent rats, a 48-hr
cold exposure increased the GDP binding 2-fold with
only a slight decrease during the 36-hr period of re-

300"
(lﬁ ’
'
Ec 200 K
®T ;
° ’
'
(Zj a /
oo /
zE /
< = ’ ’
m o ’ ,
£ 100 A PPt
2§ s
8 - / ',”/
l;,l
3
0 T T T T T T 1

26C 8 C 6 12 18 24 30 36

REWARMING TIME (hr)

Figure 1. GDP binding to BAT mitochondrial membranes in
young and senescent rats maintained at thermoneutrality (val-
ues indicated by 26°C), in young rats cold exposed for 1 week
(values indicated by 8°C), in young rats cold exposed for 48 hr
(8°C, O), or in senescent rats cold exposed for 48 hr (8°C, @).
Following cold exposure, the rats were returned to 26°C for the
times indicated. Data represents the mean + SEM of four to six
rats per group except in the 12, 24, and 36 hr rewarming after
1-week cold-exposed groups (OJ) where the data represent the
average of two rats. *P < 0.001 for difference from correspond-
ing thermoneutral control by Student’s ¢t test.

warming (Fig. 1). In contrast, a 1-week cold exposure
increased the GDP binding by 4-fold in young rats that
was maintained for 24 hr after rewarming but de-
creased between 24 and 36 hr (Fig. 1). Although the
1-week cold exposure manifested a greater increase in
thermogenic capacity, the partial reversal with re-
warming rendered this protocol less desirable. The 48-
hr acclimation period was examined further by assess-
ing UCP mRNA levels in young and old rats. The 48-hr
cold exposure increased UCP mRNA levels 4- to
5-fold (Fig. 2). During the rewarming period, UCP
mRNA levels decreased to control values by 24-36 hr
of rewarming (Fig. 2). A similar pattern of decrease of
mRNA levels with rewarming was observed in the se-
nescent rats (Fig. 2). The UCP mRNA half-life in both
young and old rat was calculated to be 11 hr. These
data indicate that following a 48-hr cold exposure and
a 24-hr rewarming, UCP mRNA levels are not signif-
icantly different from that of rats maintained at ther-
moneutrality, thus this protocol was chosen for further
studies.

Six-month-old rats were chosen for the young
group to minimize the weight differences between
young and old rats. The F-344 rats demonstrated only
a modest weight gain between 6 and 24 months of age
(Table I). The amount of interscapular BAT recovered
was somewhat less in the senescent compared with the
young rats (Table I). Another important and perhaps
more relevant parameter is the mitochondrial protein
per gram of BAT. This parameter increased following
48 hr of cold exposure at 8°C, indicating recruitment of
new mitochondria protein during cold exposure has
occurred (Table I).
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Figure 2. UCP mRNA levels from BAT of young and senescent
rats maintained at thermoneutrality (values indicated by 26°C) or
cold exposed for 48 hr (values indicated by 8°C). Following cold
exposure, the rats were returned to 26°C for the times indicated.
Data represents the mean + SEM of three or four rats per group.
P < 0.001 for difference from 8°C values and corresponding
thermoneutral control by Student'’s t test.
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Table I. Effects of Cold Exposure and Age on Body and Interscapular BAT Parameters

Age
Parameters 6 months 24 months
Rewarmed Rewarmed
Thermoneutral cold exposed Thermoneutral cold exposed
Body weight (g) 361 =12 3815 406 = 12 421 £ 8
BAT weight (mg) 271 £ 17 295 + 24 189 + 23 245 + 30
Mitochondria protein/BAT (mg/g) 6.25 = 0.70 8.35 = 0.67¢ 494 £ 0.8 10.05 + 1.35%

Note. Data represents the mean = SEM of 1013 rats in each group.
&P < 0.001 for difference with cold exposure by two-way ANOVA. P < 0.04 (young) and P < 0.003 (old) for difference with cold

exposure by Scheffe’'s post hoc analysis.

To evaluate the effects of cold exposure on the
efficacy of CGP-12177 to stimulate GDP binding, rats
were maintained at thermoneutrality or acclimated to
8°C for 48 hr, followed by a 24-hr period of rewarming.
The rats were administered 0.75 mg/kg CGP-12177 or
vehicle solution and sacrificed 1 hr later for assess-
ment of GDP binding to mitochondrial membranes or
UCP mRNA levels in BAT.

Young Rats. The B;-adrenergic-specific agonist
CGP-12177 increased the density of GDP binding by
65% in rats maintained at thermoneutrality (Table II).
Similarly, with cold exposure, there was an 82% in-
crease in GDP binding sites compared to the thermo-
neutral controls. However, when CGP-12177 was ad-
ministered to cold-exposure rats, there was only a
nonsignificant increase of 21% in GDP binding (Table
II). In contrast to the number of GDP binding sites, the
dissociation constant (K,) for GDP binding was un-
changed with cold exposure or CGP-12177 administra-
tion (Table II).

The levels of UCP mRNA increased by almost
3-fold in response to CGP-12177 administration in the
rats maintained at thermoneutrality (Table II). As ex-
pected, there was no difference between the thermo-
neutral controls and the rewarmed cold-exposed con-
trols. (Table II). However, it is surprising that the
CGP-12177 administration to the cold-exposed rats did

not significantly increase UCP mRNA levels. In this
respect, these findings are similar to those for GDP
binding following CGP-12177 administration in the
cold-exposed rats (Table II).

Senescent Rats. In contrast to its effect in young
rats, CGP-12177 did not increase the GDP binding in
senescent rats maintained at thermoneutrality (Table
I1I). However, with cold exposure, there was a 2-fold
increase in GDP binding compared with the thermo-
neutral controls, which was similar to the increase ob-
served following cold exposure in young rats (Tables
II and III). Moreover, in contrast to the rats main-
tained at thermoneutrality, in cold-exposed senescent
rats, CGP-12177 induced a significant increase in GDP
binding of 35% (Table III). Similar to the results in
young rats, there were no changes in the dissociation
constant for GDP binding under any conditions inves-
tigated in the senescent rats (Table III).

The levels of UCP mRNA were not determined
due to insufficient amounts of tissue recovered in the
senescent rats. However, in a separate experiment,
the CGP-12177 induction of UCP mRNA was exam-
ined in young and old rats. Similar to our previous
report (1), the steady-state levels of UCP mRNA were
not different between young and old control rats. Fol-
lowing administration of CGP-12177, the increase in
mRNA was evident by 1.5 hr and appeared to ap-

Table Il. Effects of Cold Exposure on GDP Binding in Response to CGP-12177 Administration in

Young Rats
Thermoneutral Rewarmed cold exposed
Parameters
Control CGP-12177 Control CGP-12177
GDP-binding sites (pmol/mg protein) 47.0+43 88.3 + 0.6 856 + 11.5% 104 = 121
K4 (nM) 211 = 0.16 1.94 = 0.22 2.03 £ 0.33 1.84 = 0.16
UCP mRNA (arbitrary OD units) 10.49 + 2,92 29.17 = 5.21° 9.74 = 2.30 14.78 + 3.26

Note. Values represent the mean + SEM of five or six rats per group. Cold-exposed rats were kept at 8°C for 48 hr, returned to 26°C
for 24 hr, administered CGP-12177 (0.75 mg/kg), and sacrificed 1 hr later.

# P < 0.006 (cold exposed) and P = 0.03 (CGP-12177) by two-way ANOVA. P = 0.02 for the difference between control and CGP-12177
in the thermoneutral group, and P = 0.02 for difference with cold exposure among control rats by Scheffe's post hoc analysis.

b p < 0.007 for difference with CGP-12177 by two-way ANOVA. P = 0.02 for difference from thermoneutral control by Scheffe’'s post

hoc analysis.
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Table lll. Effects of Cold Exposure on GDP Binding in Response to CGP-12177 Administration in
Senescent Rats

Thermoneutral Rewarmed cold exposed
Control CGP-12177 Control CGP-12177
GDP-binding sites (pmol/mg protein) 442 + 41 453 + 8.3 97.0 = 10.2% 131 + 9.9°
Kq (nM) 221 023 2.02 £ 0.27 212 = 0.31 2.36 = 0.24

Note. Values represent the mean = SEM of four to six rats per group. See Table Il for description of cold exposure and CGP-12177

administration.

2 p < 0.001 (cold exposed) and P = 0.04 (CGP 12177) by two-way ANOVA. P < 0.001 for difference with cold exposure among control
rats, and P < 0.04 for difference with CGP-12177 administration among cold-exposed rats.

proaching a maximum by 5 hr postinjection (Fig. 3).
The induction by CGP-12177 was significantly less in
the older rats by 25% (Fig. 3).

Discussion

Sympathetically activated thermogenesis in BAT
declines with age (2, 7). The ;-adrenergic receptor is
the principal mediator of thermogenesis in the mature
adipocyte (5), and B;-adrenergic agonist stimulation of
thermogenesis, including oxygen consumption, body
temperature, and mitochondrial GDP binding, is im-
paired with age (7). In addition, although the specific
subtype quantification of B;-adrenergic receptors has
not been determined in young compared with senes-
cent rats, the total number of B-adrenergic receptors
declines with age (11). In white adipose tissue, both
;- and Bs-adrenergic receptor mRNA levels decrease
with age (12). These observations have led us to sug-
gest that the decline in B;-adrenergic stimulation of
BAT thermogenesis contributes to the impaired ther-
moregulatory capacity in older rats (7). However, our
recent study indicated that the cold-induced increase
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Figure 3. The time course induction of UCP mRNA following
0.75 m/kg CGP-12177 administration in young (O) and senes-
cent (@) rats. Data represent the mean = SEM of six to eight rats
at each time point and age. P < 0.003 for difference with age by
two-way ANOVA.

in BAT GDP binding and the cold-induced expression
of UCP mRNA levels were unchanged in young and
senescent rats (1). Collectively, these observations
suggest that in senescent rats thermogenesis in BAT is
mediated by other than the B;-adrenergic receptors or
that the process of cold exposure has restored the re-
sponsiveness of the B;-adrenergic pathway in the older
rats.

When animals are exposed to the cold, the capac-
ity for thermogenesis in BAT increases (13). In cold-
acclimated rats, the norepinephrine-stimulated whole
body oxygen consumption and BAT mitochondrial
GDP binding are greater than in rats adapted to ther-
moneutrality. This increase in total thermogenic ca-
pacity occurs even though desensitization to norepi-
nephrine often is observed in isolated brown adipo-
cytes (13). The increased capacity is partly due to
recruitment of additional brown adipose tissue through
cell proliferation. In addition, within cells there is an
increase in the density of mitochondrial UCP. The cell
proliferation, at least in young rats, appears to be me-
diated by B,-adrenergic receptors, whereas the induc-
tion of UCP is mediated by B;-adrenergic receptors
(13). Thus, following cold exposure, B-adrenergic
stimulation of GDP binding can increase due to both
the recruitment of new BAT and to the synthesis of
new UCP in existing BAT. Stimulation of the latter,
however, is tempered by potential desensitization of
B-adrenergic receptors due to elevated norepinephrine
release.

The present report is concerned with the B;-
adrenergic stimulation of GDP binding and the B;-
adrenergic induction of UCP mRNA. The experimen-
tal design involved a 2-day cold exposure followed by
a 24-hr rewarming period. This two-phase design was
chosen (i) to allow sufficient time at 8°C for the poten-
tial upregulation of the thermogenic pathway and (ii) to
examine the stimulation by exogeneously adminis-
tered CGP-12177 with minimal interference from en-
dogenous stimulation by norepinephrine. In the ab-
sence of a rewarming period, the cold-induced release
of norepinephrine would compete with the adminis-
tered CGP-12177. We demonstrated that in young
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rats: (i) the B;-adrenergic agonist CGP-12177 increased
GDP binding and UCP mRNA levels in rats main-
tained at thermoneutrality; (ii) 2 days of cold exposure
increased the basal level of GDP almost 2-fold that was
mostly sustained during the 24-hr rewarming period;
(ii)) 2 days of cold exposure increased UCP mRNA
levels 4-fold and these levels nearly returned to control
levels by the end of the 24-hr rewarming period; and
(iv) in cold-exposed rats, there was no significant in-
crease in either GDP binding or UCP mRNA levels
with CGP-12177 stimulation. These observations are
consistent with the above discussion of the effects of
cold exposure on rats; that is, there is an activation of
UCP, as evidenced by increased GDP binding and an
elevation in the synthesis of UCP, further contributing
to the increased density of GDP binding. B;-adrenergic
stimulation (by CGP-12177 administration) leads to ac-
tivation of UCP as evidenced by an increase in GDP
binding in the rats maintained at thermoneutrality.
However, despite the elevated level of UCP in cold-
exposed rats, further increases in GDP binding or in-
duction of UCP mRNA in response to B;-agonist stim-
ulation are desensitized.

Some of the observations in senescent rats were
distinctly different from these in young rats: (i) there
was no Bj-adrenergic—stimulated increase in GDP
binding in rats maintained at thermoneutrality; (ii) sim-
ilar to its effects on young rats, cold exposure in-
creased the basal level of GDP binding 2-fold; (iii) in
contrast to young rats, in the cold-exposed senescent
rats, the 3;-agonist significantly stimulated GDP bind-
ing; (iv) similar to the results in young rats, 2 days of
cold exposure increased UCP mRNA levels 5-fold,
and these levels returned to control levels during the
24-hr rewarming period. The half-life of UCP mRNA
was calculated to be 11 hr for both young and old rats,
and; (v) the induction of UCP mRNA by CGP-12177
over a 5-hr period was 25% less in the old compared
with the young rats.

The salient observation from these studies is that
in senescent rats without cold exposure, CGP-12177
failed to increase GDP binding, whereas following cold
exposure CGP-12177 increased GDP binding by 35%.
These observations indicate that cold exposure re-
stores the impaired B;-adrenergic signal transduction
in BAT from senescent rats. An attractive hypothesis
is that cold exposure induces the synthesis of one or
more components in the B;-adrenergic pathway. Sup-
porting this hypothesis are reports from this (14) and
Granneman’s laboratory (15-17) indicating cold expo-
sure increases post-receptor—stimulated adenylyl cy-
clase activity. A recent study by Granneman indicates
cold exposure increases the steady-state mRNA levels
of the specific adenylyl cyclase isoform, type III (17).
We have previously reported that adenylyl cyclase ac-
tivity, including forskolin-stimulated adenylyl cyclase

activity, is diminished in BAT from senescent rats. If
cold exposure also increases the synthesis of adenylyl
cyclase type III in senescent rats, this may be contrib-
uting to cold-induced restoration of 3;-adrenergic sig-
nal transduction in older rats. However, our most re-
cent report suggests that components of signal trans-
duction pathway other than just adenylyl cyclase may
be involved in the impaired B;-adrenergic stimulation
with age. We reported that thermogenesis, including
oxygen consumption, BAT mitochondrial GDP bind-
ing, and induction of UCP mRNA, in response to for-
skolin was unchanged between young and senescent
rats (8). Forskolin is a direct activator of adenylyl cy-
clase, suggesting the impaired B;-adrenergic stimula-
tion with age is due to components or events proximal
to adenylyl cyclase. The most likely components are
the B;-adrenergic receptors or stimulatory G-protein
(Gg). Cold exposure of senescent rats could either in-
duce the synthesis of either of these components or
increase receptor-G-protein coupling. There is some
evidence from the heart that supports the latter possi-
bility. The B,-adrenergic receptor in heart tissue from
senescent rats behaves as if it is desensitized in the
basal state (18). If the B;-adrenergic receptor in BAT
from senescent rats is also desensitized (i.e., uncou-
pled from Gg and adenylyl cyclase) that would explain
the lack of thermogenic stimulation by p;-adrenergic
agonists but full stimulation by forskolin. Cold expo-
sure by some unknown fashion may recouple the re-
ceptors. Alternatively, there may be impaired or defi-
cient numbers of B;-adrenergic receptors or Gg protein
in senescent rats, and cold acclimation could induce
new synthesis of these components. In either case,
cold exposure restores the B;-adrenergic responsive-
ness in BAT from senescent rats.
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