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pH 7.4. Following 10 min the reaction was terminated by adding 5 ml of ice-cold 10 mM
Tris-HCI, pH 7.4 and vacuum filtering through a Whatman GF/F glass fiber filter. The
filter was immediately washed three times with 5 ml of ice-cold buffer, placed in a
scintillation vial, covered with 5 ml Cytoscint (ICN, Irvine, CA) and allowed to sit
overnight. Bound (-)[3H] dihydroalprenolol was determined by liquid scintillation
counting and non-specific binding was defined by incubation of parallel tubes with 10 uM
L-propranolol (Sigma, St. Louis, MO). Receptor densities (Bmax) and apparent
dissociation constants (Kd) were estimated by multiple iterative non-linear analysis of
saturation binding data (Munson and Rodbard, 1980) using the computer program
LIGAND (Elsevier-Biosoft, Cambridge, UK). Specific binding per milligram muscle or
per muscle was calculated by determining the wet weight of tissue or number of muscles
represented in the 100 (Ll membrane suspension used in the saturation binding experiments.

Data Analysis. Testing for significant differences (P<0.05) was done by

factorial analysis of variance (ANOVA) with a post hoc Scheffe' F test.

Resuits

Muscle and Body Weights. Weights of soleus muscles used for cAMP
determinations were similar in weight-bearing and denervated muscles, while soleii from
unweighted animals were slightly, but significantly, smaller than both other groups (Table
8). Weight-bearing animals weighed approximately 15 gm less initially than unweighted
and denervated animals, so that final muscle weights would be more closely matched for
incubations. Similar final muscle weights eliminate the contribution of different in vitro
diffusion distances as a possible reason for altered isoproterenol or forskolin responses of
cAMP accumulation between conditions. Soleus atrophy in unweighted and denervated

animals is suggested by their greater final body weights, yet similar or slightly lower
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Table 8. Muscle and Body Weights of Animals Used for cAMP Determinations.

Body Weight (gm)
Condition N Soleus Weight (mg) Initial Final
Weight-bearing 47 292+ 04 61.7+ 1.0 762+ 1.1
Unweighted 42 27.1 £ 0.4%¥ 75.1 £ 1.1* 86.2 + 1.1*¥
Denervated 42 286+04 762 & 1.0* 91.6+10

Values are means + SE, * P<0.05 compared to weight-bearing, ¥ P<0.05 compared to

denervated.
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muscle weights as compared to weight-bearing animals. Soleus muscles used for binding
studies were significantly larger in weight-bearing (43.5 * 0.6 mg) as compared to
unweighted (21.8 * 0.3 mg) and denervated (23.5 + 0.3 mg) animals . Calculations of the
soleus to body weight ratio supported marked atrophy in unweighted {(0.299 mg/g) and
denervated (0.282 mg/g) animals as compared to weight-bearing controls (0.376 mg/g).

cAMP Accumulation. To explore the mechanism of enhanced isoproterenol
response in unweighted soleus, receptor-mediated (i.e., isoproterenol-stimulated) cAMP
accumulation was measured. Following the incubation, the basal CAMP concentration was
similar in weight-bearing and denervated muscles, but was significantly lower in
unweighted soleus (Table 9). Since the unweighted soleus has an enhanced insulin
sensitivity (Chapter 3; Henriksen, Tischler, and Johnson, 1986; Bonen, Elder, and Tan,
1988) this result may indicate a greater antagonistic effect by insulin on cAMP
accumulation (i.e., prior to the addition of theophylline). Examination of possible
differences in insulin response of cAMP accumulation will be the focus of future
investigations.

In accord with an enhanced isoproterenol response of glycogen metabolism
(Chapter 3), cAMP accumulation was markedly greater in unweighted as compared to
weight-bearing or denervated muscles (Fig. 11). At the lowest isoproterenol concentration
tested, stimulation of cAMP accumulation was 7-fold greater in unweighted soleus (Fig.
12). Since the ratio of cAMP accumulation in unweighted to weight-bearing muscle (Fig.
12) approached unity at increasing isoproterenol concentrations the data suggested
increased sensitivity rather than responsiveness following soleus muscle unweighting.

As expected, cAMP concentrations following incubation were significantly greater
in unweighted, as compared to weight-bearing and denervated soleii, at all isoproterenol

concentrations (Table 9). These results show the accumulation of cAMP in the muscle.
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Table 9. cAMP Concentrations after Incubation.

None ©035+.02 22 026+.01* 18 033+.02 16
I nol (UM

0.01 0.34 £ .04 8 048 £ .04 9 032+.02 12
0.1 0.77 £ .08 6 149+ .08* 6 052+.04 5
1 261+.34 11 468 +£.74% 10 249+ .28 7
100 572+ .53 8 7.60 £ 48* 8 501+£.52 8
Forskolin (UM)

100 3.07+.20 18 298+.16 13 257+.23 14
300 6.13 + .43 9 524 £ .25 8 . 511%+31 9
300 5.49 + .45 4 519+ 27 4 670+32 4

Muscles were incubated with 10 pU insulin/ml and the isoproterenol or forskolin
concentration indicated above. Values are means * SE (pmol/mg muscle). * P<0.05

compared to weight-bearing.
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Fig. 11. Effect of Isoproterenol on cAMP Accumulation .
Three day weight-bearing, unweighted, or denervated muscles were incubated with
10 pU insulin/ml and the isoproterenol concentration indicated above. Values are means +

SE for 5-12 muscles.
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Fig. 12. Effect of Isoproterenol on the Ratio of cAMP Accumulation in
Unweighted/Weight-bearing Muscles.
Data are calculated from Fig.11.
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Differences in cAMP accumulation could not be attributed to differences in cAMP efflux
between the three conditions, since cAMP in the incubation media was below the detectable
(0.2 pmol) limit (not shown). Incubations with 1 mM isoproterenol were attempted, but
extensive oxidation of isoproterenol under these conditions prohibited the accurate
determination of cAMP accumulation. Further experiments are necessary to exclude the
possibility of alterations in isoproterenol responsiveness.

It was possible that the greater effects of isoproterenol on glycogen (Chapter 3) and
cAMP metabolism (Table 9, Figs. 11 and 12) in unweighted milsclc; could be attributed to
alterations in adenylate cyclase activity. Therefore, we measured soleus cAMP
concentrations following incubation with forskolin which activates the cyclase independent
of the B-adrenergic receptor. Forskolin treatment produced similar relative increases in
cAMP concentrations (8-20 fold) in all conditions (Table 9). Combined with similar
absolute cAMP concentrations following maximal forskolin stimulation, these results
support comparable total adenylate cyclase activity in weight-bearing, unweighted, and
denervated soleii. These results suggest that the site of enhanced isoproterenol response in
the unweighted soleus is proximal to the adenylate cyclase catalytic subunit in the B-
adrenergic receptor-effector cascade.

B-adrenergic Binding. The most effective means of distinguishing between
altered hormone sensitivity and responsiveness is to measure the binding capacity of the
membrane receptor. Therefore, 3H] dihydroalprenolol saturation binding experiments
were performed with plasma membrane preparations from soleus muscles. [3H]
dihydroalprenolol binding appeared saturable and could be inhibited by 10 pM L-
propranolol (Fig. 13). Specific binding occurred in zone A (i.e., < 10% of the free
radioligand was bound) and represented 60 + 1% of total binding. Scatchard analysis

(Scatchard, 1949) of binding data demonstrated similar receptor affinity (Kd) for [3H]
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Fig. 13 Saturation Binding Curves for [3H] Dihydroalprenolol Binding in Unweighted
Soleus Plasma Membrane Preparations.

Representative binding curves for [3H] Dihydroalprenolol (DHA) binding in
unweighted soleus muscle membranes. Each point represents the mean =+ SE of triplicate
determinations from four experiments. The curve drawn is for Specific Binding data only.
Specific Binding (fmol/mg muscle) = Total Binding - Nonspecific Binding (NSB- defined
as [3H] DHA binding in the presence of 10 uM L-propranolol).
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Fig. 14. Scatchard Analysis of [3H]Dihydroalpmnolol Binding.

Scatchard plot of saturation binding in muscle membranes from three day weight-
bearing, unweighted, and denervated soleii. Estimates of binding affinity (Kd) and
maximal binding capacity (Bmax) calculated by non-linear regression. Each point

represents the mean =+ SE of triplicate determinations from four experiments.
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dihydroalprenolol in the three conditions (Fig. 14). In contrast, maximal binding capacity
per milligram muscle was markedly increased in the unweighted soleus as compared to the
similar values estimated for weight-bearing and denervated muscles (Fig. 14). When
expressed relative to the whole muscle, maximal binding capacity was lower in the
denervated soleus (216 + 79 fmol/muscle) than weight-bearing (467 * 45) or unweighted
(474 = 74) muscles. These results indicate that the increase in B-receptor number per
milligram muscle in unweighted soleus must be mostly a consequence of muscle atrophy
and not of an increase in the total receptor population. The reduction in B-receptors per
muscle following denervation suggests that loss of this membrane protein parallels the

decreases in structural proteins with denervation atrophy.

Di .

Receptor and Post-receptor Stimulation of cAMP Accumulation. We
have previously demonstrated an enhanced isoproterenol response of glycogen synthesis
and degradation in unweighted soleus (Chapter 3). In that study similar maximal rates of
lactate production in weight-bearing and unweighted soleii suggested that the enhanced
submaximal isoproterenol response of unweighted muscle was due to alterations in B-
adrenergic sensitivity. However, greater isoproterenol inhibition of glycogen formation in
unweighted muscle at the highest concentration of agonist tested left open the possibility of
altered hormone responsiveness. Changes in hormone effects can be characterized as
alterations in sensitivity and/or responsiveness. Differences in sensitivity or
responsiveness are thought to represent receptor and post-receptor modifications,
respectively (Kahn, 1980). Thus investigation of receptor and post-receptor stimulation of
the B-adrenergic receptor-effector cascade aided us in identifying the mechanism of

enhanced isoproterenol action in unweighted soleus, as discussed below.
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In agreement with an enhanced isoproterenol response of glycogen metabolism,
submaximal isoproterenol stimulation of cAMP accumulation was significantly greater in
unweighted soleus. Furthermore, differences in the stimulation of cAMP accumulation
between unweighted and weight-bearing soleii were detected at an isoproterenol
concentration 100-fold lower than that observed to produce differences in glycogen
metabolism (Chapter 3). This suggests that enhanced insulin sensitivity of glycogen
metabolism in unweighted soleus (Henriksen, Tischler, and Johnson, 1986; Bonen, Elder,
and Tan, 1988; Henriksen and Tischler, 1988a) may have masked differences in
isoproterenol response between the two conditions. While our inability to demonstrate
similar maximal isoproterenol response of cAMP accumulation in unweighted and weight-
bearing muscles prohibits the definitive exclusion of altered responsiveness in unweighted
soleus, the marked decline in the ratio of cCAMP accumulation (unweighted : weight-
bearing) with increasing isoproterenol suggests that cAMP accumulation is approaching a
similar maximum in both conditions. In addition, similar forskolin-induced increases of
cAMP concentration in unweighted and weight-bearing muscles eliminates alterations in
responsiveness due to changes in adenylate cyclase activity as a potential explanation for
the enhanced B-adrenergic response.

These results cannot exclude alterations in G protein content, efficiency of receptor-
G protein coupling, or other changes proximal to the adenylate cyclase catalytic subunit as
possible contributors to enhanced isoproterenol response following soleus unweighting.
Reports of decreased isoproterenol response of cardiac muscle (Davies, De Lean, and
Lefkowitz, 1981; Phornchirasilp and Matangkasombut, 1982), with no alterations in B-
receptor density or affinity (Davies, De Lean, and Lefkowitz, 1981) in adrenalectomized
animals, support a possible role for glucocorticoids in altered B-adrenergic responses. In

addition, the ability of dexamethasone treatment to reverse reductions in Gg-protein subunit
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mRNA of adipocytes from adrenalectomized rats and to increase Gg-protein subunit
mRNA in normal animals suggests the ability of glucocorticoids to modulate B-adrenergic
receptor-effector coupling (Ros et al,, 1989). Several-fold increases of plasma
glucocorticoids (Jaspers et al., 1989) and soleus glucocorticoid receptor levels (Steffen and
Musacchia, 1987) during suspension may provide an explanation for our inability to detect
similar maximal isoproterenol responses in unweighted and weight-bearing muscle. Such a
mechanism would imply alterations in both sensitivity and responsiveness following
unweighting (Kahn, 1980). Clearly, further studies are needed to evaluate this possibility.
In earlier studies of B-adrenergic response of glycogen metabolism, incubations
contained physiological insulin concentrations in order to assess potential differences in
insulin-isoproterenol antagonism between conditions. Due to the marked insulin resistance
of carbohydrate metabolism in denervated muscle (Smith and Lawrence, 1985), we were
unable to determine if the B-adrenergic response of denervated soleus was altered.
However, results from this study clearly indicate that neither receptor- nor post-receptor
mediated stimulation of cAMP accumulation is altered following three days of soleus
denervation. These results agree with the recent demonstration of similar forskolin-
stimulated adenylate cyclase activity and [3H] forskolin binding in 10 d denervated
gastrocnemius (Hashimoto et al. 1989). In contrast, a 50% decline in basal,
catecholamine-, and fluoride-stimulated adenylate cyclase activity has been reported for
mixed hindlimb muscle membranes following denervation for 5 d (Smith, Grefrath, and
Appel, 1978). This decrease was attributed to reductions in the amount of enzyme per
muscle. The discrepancy between results from this study and Hashimoto et al. (1989) as
compared to those of Smith, Grefrath, and Appel (1978) is not clear. However, the
absence of phosphodiesterase inhibitors in the latter study confounds the determination of

differences in adenylate cyclase activity.
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B-adrenergic Binding Capacity in Atrophic Soleus. Results from
isoproterenol effects on glycogen metabolism (Chapter 3) and cAMP accumulation (Figs.
11 and 12) suggest enhanced B-adrenergic sensitivity in unweighted muscle. In accord
with the concept that alteration in sensitivity is a receptor-mediated phenomenon (Kahn,
1980), increased B-adrenergic binding capacity clearly confirms the interpretation of
enhanced isoproterenol sensitivity in unweighted soleus. As with the parallel increased
insulin binding capacity and sensitivity of unweighted soleus (Henriksen, Tischler, and
Johnson, 1986; Bonen, Elder, and Tan, 1988), enhanced isoproterenol sensitivity in
unweighted muscle can be attributed to increased B-adrenergic réceptor concentration.
Possible mechanisms for the increase in B-receptor density could include; 1) receptor up-
regulation due to reduced circulating catecholamines (Stiles, Caron, and Lefkowitz, 1984),
2) alterations in hormones (e.g., glucocorticoids) demonstrated to "permissively" effect B-
receptor expression (Davies and Lefkowitz, 1984), and 3) a sparing of membrane receptors
during unweighting atrophy (Henriksen, Tischler, and Johnson, 1986; Tischler, et al.,
1990). Catecholamine-induced B-receptor up-regulation seems unlikely as plasma
epinephrine and norepinephrine levels are increased during the first several days of
suspension (C. Stump, personal communication). If increased plasma glucocorticoids
(Jaspers, et al., 1989) had induced B-receptor expression during unweighting then we
should have detected an increase in the total receptor population. These data cannot,
however, exclude a role for glucocorticoids in the maintenance of B-receptors during
unweighting atrophy. In accord with previous data for insulin (Henriksen, Tischler, and
Johnson, 1986), the similar number of B-receptors per muscle in unweighted and weight-
bearing soleii suggests that the increase in receptors per milligram of muscle is a result of

preferential loss of structural proteins and not an up-regulation of the B-receptor.
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In agreement with similar responses of cAMP accumulation to isoproterenol and
forskolin (Table 9 and Fig. 11), dihydroalprenolol binding capacity per milligram muscle is
similar in denervated and weight-bearing soleus (Fig. 14). The significant reduction in
total binding capacity (per muslce) with denervation suggests that receptor and non-receptor
proteins are degraded proportionately, thereby preserving a receptor density comparable to
weight-bearing muscle. This lack of alteration in 8-adrenergic binding capacity has been
previously demonstrated for mixed hindlimb muscle membranes following a five day
period of denervation (Smith, Grefrath, and Appel, 1978). In addition, similar 8-
adrenergic binding capacity in weight-bearing and denervated soleus agrees with the similar
insulin binding capacity in these two conditions (Smith and Lawrence, 1985). These
results support the concept that although both unweighted and denervated muscles undergo
atrophy, certain hormone responses and binding capacities are distinctly different in these
two models of reduced use.

Mechanisms of Proteolysis in Unweighted and Denervated Soleus.
One of the principal aims of this investigation was to further evaluate differences in
proteolysis between unweighted and denervated soleii. Considerable evidence suggests
that membrane proteins are degraded primarily through lysosomal proteolysis (Hare, 1988
and 1990). Thus, increased insulin receptor concentrations in unweighted soleus
(Henriksen, Tischler, and Johnson, 1986), but not in denervated muscle (Smith and
Lawrence, 1'985) led to the hypothesis that lysosomal degradation of membrane proteins
may play a greater role in denervation as compared to unweighting atrophy. Recent studies
in which injection of the lysosomotropic agent chloroquine significantly diminished atrophy
of the denervated soleus, but failed to diminish accelerated proteolysis in unweighting
atrophy are in accord with this hypothesis (Tischler, et al. 1990). Likewise, the marked

increase in B-adrenergic receptor concentration in unweighted, but not denervated soleus, in
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this study support the idea of differences in lysosomal proteolysis between the two models

of reduced muscle use.
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CHAPTER 5

SUMMARY: THE 8-ADRENERGIC SYSTEM, CARBOHYDRATE
METABOLISM AND PROTEOLYSIS IN ATROPHIC SOLEUS

Hindlimb unweighting by tail-cast suspension markedly alters the carbohydrate
metabolism of the rat soleus muscle. The atrophy and decreased contractile activity
associated with unweighting produce dramatic increases in soleus glycogen concentration.
Studies presented herein examined the time course of changes in muscle glycogen during
recovery from unweighting. The principal aim of these experiments was to explore the
mechanism governing the triphasic response of soleus glycogen concentrations during
recovery. This was accomplished by measuring the activities of glycogen synthase and
phosphorylase at their physiological effector concentrations (i.e., fractional enzyme
activities). Other investigations were designed to evaluate the recent hypothesis of different
mechanisms of proteolysis in unweighted and denervated skeletal muscle (Chapter 1, Fig.
5). These studies employed the novel approach of measuring hormone responses and
binding capacities to detect possible differences in lysosomal proteolysis between these two
models of reduced use. The following discussion focuses on the major findings of this
research and potential directions for future study of muscle atrophy.

When normal weight-bearing function is restored (reloading) in previously
unweighted soleus, a triphasic response characterizes the return of muscle glycogen to
control levels. The initial phase of recovery (15 min to 2 h) is associated with elevated
glycogenolysis, resulting in glycogen concentrations significantly lower than in unweighted
or control muscle. Coincidentally, muscle glucose-6-phosphate and the fractional activity

of glycogen phosphorylase, measured at the fresh muscle concentrations of AMP, are
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increased. The fractional acitivity of glycogen synthase was also increased, likely as a
consequence of greater glucose-6-phosphate, its allosteric effector, and reduced glycogen.
During the second phase of recovery (2 to 4 h), the continued elevation of glycogen
synthase activity, coupled with a decline in phosphorylase activity caused glycogen
concentrations to increase above control. The further increase of glycogen concentrations
between 4 and 24 h, in excess of the elevated levels in unweighted soleus, did not correlate
with enzyme activities. Similar increases (termed glycogen supercompensation) seen in
normal muscle following intense muscular activity have been associated with an uncoupling
of the inverse relationship between glycogen concentration and synthase activity. In the
final phase of recovery (24 to 72 h), the decrease of glycogen to control values was
possibly initiated by high phosphorylase activity at 24 h. These findings suggest that
measurement of enzyme activities at physiological effector levels probably provide the
closest approximations of in vivo activity, and therefore, best explain the majority of
changes in soleus glycogen content during reloading.

Although unweighted and denervated muscles undergo commensurate atrophy, the
attendant alterations in the B-adrenergic response of carbohydrate metabolism and 8-
adrenergic binding capacity are generally different between the two models (Table 10).
Isoproterenol responses of insulin-stimulated glucose transport and phosphorylation were
unaffected by either unweighting or denervation. However, unweighting significantly
enhanced isoproterenol effects on both glycogen synthesis and degradation. Increased
receptor-stimulated (isoproterenol), but not post-receptor-stimulated (forskolin), cAMP
production suggested enhanced B-adrenergic sensitivity in unweighted soleus. In contrast,
stimulation of cAMP production by isoproterenol or forskolin was not altered by
denervation. The mechanism of differences in 8-adrenergic response was further examined

by determining B-adrenergic binding capacity in soleus plasma membranes from each
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Table 10. Comparison of B-adrenergic Responses and Binding Capacities in Unweighted

and Denervated Soleus.

Parameter Unweighted Denervated
ISO inhibition of Glycogenesis I ND
ISO stimulation of Glycogenolysis I ND
ISO stimulation of cAMP Production I NC
FOR stimulation of cAMP Production NC NC
B-adrenergic Binding Capacity per milligram muscle I NC
B-adrenergic Binding Capacity per whole muscle NC D

The B-adrenergic responses and binding capacities in 3 d unweighted and
denervated soleus muscles, as compared to weight-bearing controls, are presented below.
Results for B-adrenergic responses are from in vitro incubations containing physiological
concentrations of insulin and 1 pM isoproterenol (ISO) or 300 uM forskolin (FOR). B-
adrenergic binding capacities were estimated by non-linear analysis of
[3H]dihydroalprenolol saturation binding data. I, increased relative to control; D,

decreased relative to control; NC, no change relative to control; ND, not determined.
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condition. Unweighted soleus demonstrated a markedly greater B-adrenergic binding
capacity per milligram muscle, without alterations in receptor number per muscle. These
results are in accord with the idea that membrane receptors are spared during unweighting
atrophy (Chapter 1). Conversely, in denervated soleus, B-adrenergic binding capacity per
milligram muscle was unchanged, whereas binding per rﬁuscle was significantly reduced.
These findings support similar degradation of receptor and non-receptor proteins during
denervation atrophy. Since membrane receptors are degraded primarily in lysosomes,
these results suggest a greatc;,r role for lysosomal proteolysis in denervation, as compared to
unweighting atrophy. Thus, the contrasting B-adrenergic responses and binding capacities
of unweighted and denervated soleii agree with previous observations of different insulin
responses and binding capacities in these two models of reduced use. .

_ Recent evidence from this laboratory has demonstrated inhibition of proteolysis by
in vivo injection of chloroquine, a lysosomotropic agent, in denervated but not unweighted
soleus. In addition, mersalyl, an inhibitor of thiol-proteases (i.e., cytosolic proteases),
was shown to abolish unweighting atrophy between 2 and 3 d. Combined with results
from the present study and earlier investigations, these findings have led to an updated
model of differences in proteolysis between unweighted and denervated muscle (Fig. 15).
In this model, structural protein degradation by cytosolic proteases increases in both
unweighting and denervation atrophy. In contrast, lysosomal proteolysis of membrane
receptors is enhanced only in denervated muscle. Thus, inherent differences in proteolysis

between these two conditions can be linked to alterations in receptor-mediated effects and

ultimately to changes in metabolic response.




106

Weight-bearing Muscle

Unweighted Muscle Denervaoted Muscle

Fig. 15. Model for Accelerated Protein Breakdown in Muscle Atrophy.
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As detailed above, the examination of accelerated protein degradation via study of
differences in hormonal response provides a unique approach to the mechanisms of
proteolysis characteristic of each model of atrophy. Since unweighting and denervation |
represent only two of several forms of muscle atrophy, future investigations of the type
described in the preceding chapters could be utilized to examine mechanisms of proteolysis
in immobilization, cancer cachexia, as well as other types of muscle atrophy. Further
evaluation of the current model could be achieved by combining in vivo injections of
lysosomotropic agents with determinations of binding capacity in unweighted and
denervated muscles. The fate of receptor proteins could also be followed by utilizing a
newly developed antibody to the B-adrenergic receptor. Depending upon the size of 8-
adrenergic receptor-peptide recognized and the minimum detectable quantity of peptide, this
antibody may be useful in identifying proteolytic fragments of the the B-adrenergic receptor
in lysosomal fractions of muscle homongenates. In addition, since the B-adrenergic
receptor has recently been cloned, an antibody for small segments of this protein could be
produced to identify B-adrenergic receptor degradation products within atrophic muscle.
Finally, the marked increase in the application of molecular biological techniques to the
study of muscle atrophy makes it now feasible to examine alterations in the transcriptional
and translational control of lysosomal protease expression during muscle atrophy. Thus,
while the investigations described herein have contributed to the understanding of
mechanisms of proteolysis in unweighted and denervated muscle, a great deal of research

examining these and other types of muscle atrophy remains to be accomplished.
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Figure 16.  Scatchard Analysis of Iodopindolol Binding

Scatchard plot of saturation binding in muscle membranes from three day weight-
bearing, unweighted, and denervated soleii. Estimates of binding affinity (Kd) and
maximal binding capacity (Bmax) calculated by non-linear regression. Each point

represents the mean * SE of triplicate determinations from three to four experiments.
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Table 11. Soleus Iodopindolol Binding per Whole Muscle

Weight-bearing Unweighted Denervated

Bmax 11.2 £0.8 115+ 1.2 7.8% 1.1%
(fmol/muscle)

Values are means + SE for triplicate determinations in 3-4 preparations. * P<0.05
compared to weight-bearing,
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