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Abstract. Age-related changes in binding of 1251-bovine GH to liver membrane fractions were 
measured in female Long-Evans rats 2, 6, 12, and 20 months of age. Specific GH binding did 
not change between 2 and 6 months of age but increased significantly at 12 and 20 months of 
age. Scatchard analyses showed that the plots were curvilinear and consisted of high- and low- 
affinity binding sites. The age-related increases in binding sites were mainly due to an increase in 
number of low-affinity binding sites. Serum somatomedin-C (SM-C) levels in 20-month-old rats 
were about half those in the 6-month-old rats. Twice daily injections of ovine GH (2 mg/kg body 
wt) for 7 days depressed liver GH binding and increased serum SM-C levels in 19-month-old 
female rats, but had no effect on GH binding in 2-month-old female rats. These results suggest 
that the increase in liver GH binding sites and the decrease in SM-C secretion are associated with 
our previously reported decrease in GH secretion in old female rats. o 1987 society for Experimental 
Biology and Medicine. 

Growth hormone (GH) is the most impor- 
tant protein anabolic agent in the body and is 
essential for protein synthesis throughout the 
lifespan. The protein-anabolic actions of GH 
are believed to be mediated mainly via so- 
matomedins which are produced primarily by 
the liver in response to GH stimulation (1,2). 
GH is normally secreted in pulses (3, 4) and 
has been shown to decline with age in male 
(5) and female (6) rats. Plasma levels of so- 
matomedins, when measured by bioassay or 
radioreceptor assay, also decrease with age in 
the rat (7, 8), probably reflecting the decline 
in GH secretion during aging. 

The ontogeny of liver GH binding in male 
and female rats has been studied from birth 
to sexual maturity (9), but there are no reports 
on possible changes in GH binding in the liver 
of old rats. It was of interest, therefore, to de- 
termine whether there were changes in liver 
GH receptors in female rats of different ages, 
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and whether such changes may be related to 
somatomedin-C (SM-C) secretion. The effects 
of GH administration on liver GH receptors 
and SM-C secretion in old and young female 
rats were also investigated. 

Materials and Methods. Animals. Long- 
Evans female rats were obtained from Harlan 
Sprague-Dawley, Inc. (Indianapolis, IN). They 
were housed in a temperature-controlled room 
(22°C) on a 14:lO 1ight:dark cycle (lights on 
at 0700 h), and food and water were provided 
ad libitum. Daily vaginal smears were collected 
for at least 2 weeks prior to initiation of ex- 
periments. Young estrous and middle-aged 
and old constant estrous females were used in 
order to equalize possible effects of the estrous 
state on GH receptors and SM-C secretion by 
the liver. 

GH receptor preparation. Preparation of GH 
receptors from liver was based on the method 
of Posner et al. (10). The animals were decap- 
itated and the liver was quickly removed, 
weighed, and rinsed in ice-cold 0.3 M sucrose. 
After rinsing, the liver was minced and ho- 
mogenized with a Teflon-glass homogenizer 
in 10 vol (w/v) of 0.3 M sucrose. The homog- 
enate was centrifuged at a speed of 600g for 
15 min and the resultant supernatant was cen- 
trifuged at 15,OOOg for 20 min. The superna- 
tant was then ultracentrifuged at 100,OOOg for 
60 min. The resultant pellet was suspended in 
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Tris-Ca2+ buffer (25 mM Tris-C1, 10 mM 
CaC12, pH 7.4). Protein was measured by the 
modified Lowry method of Hartree (1 1) using 
bovine serum albumin (BSA) as the reference 
standard. 

Iodination of bGH. Bovine GH (NIADDK- 
1-1) was iodinated by a modified lactoperoxi- 
dase-glucoseoxidase method. The labeled 
hormone was purified on a 1 X 40-cm Seph- 
adex G-75 column equilibrated with 0.01 M 
phosphate buffer (pH 7.4). Specific activity of 
labeled bGH was 91 pCi/pg. 

Binding studies. All binding studies were 
carried out in triplicate by competitive binding 
techniques using polypropylene tubes ( 12 
X 75 mm) prewashed with 5% BSA. The re- 
action mixture (500 pl) consisted of a 100 p1 
membrane preparation (300 pg of membrane 
protein), 100 p1 of 1251-labeled bGH (approx- 
imately 100,000 cpm), 100 p1 of labeled bGH 
(500 ng, NIADDK-bGH-B1) when required, 
and 25 mM Tris-C1 (pH 7.4) containing 10 
mM CaC12 and 0.1% BSA. Incubation was 
continued at room temperature (23°C) for 20 
hr with constant shaking. The reaction was 
terminated by the addition of 3 ml of ice-cold 
incubation buffer. Bound and free hormones 
were separated by centrifugation at 2500 rpm 
for 30 min at 4"C, and the bound 11251-bGH 
in the precipitate was counted by an auto- 
gamma counter (counting efficiency, 64%). 

Specific binding was calculated from the dif- 
ference between total binding and nonspecific 
binding. Nonspecific binding was determined 
by incubating labeled bGH with an excess (500 
ng/tube) of unlabeled bGH. Specific binding 
was expressed as a percentage of the total ra- 
dioactivity of labeled bGH added to the in- 
cubation mixture (300 pg membrane protein). 
In preliminary binding experiments it was 
found that specific binding '251-bGH to liver 
membrane preparations was dependent on 
time, temperature, pH, and concentrations of 
labeled hormone and membrane preparation. 
The maximal binding was reached by 16 hr 
and no further increase was observed by 42 hr 
at 23°C. The optimal pH was between 7.0 and 
7.4. Hormone specificity was checked by add- 
ing various amounts of unlabeled bGH 
(NIADDK-bGH-Bl), rat GH (NIADDK- 
rGH-I-5), and rat prolactin (NIADDK-rPRL- 
1-5). Displacement of 1251-bGH binding oc- 
curred with 1 ng per tube of bGH and rGH, 

but no displacement occurred by addition of 
rat prolactin in the range of 1 to 500 ng per 
tube. 

Scatchard analysis was based on the bind- 
ing-inhibition experiments ( 12). Curvilinear 
plots were derived and were considered to 
consist of two binding sites (1 3). The affinity 
and number of binding sites were analyzed by 
the method of Rosenthal(l4). 

In one experiment, membrane preparations 
were treated with MgC12 to deplete endoge- 
nous ligands, using a modification of the 
method of Baxter et al. (1 5). Membrane prep- 
arations (4 mg protein in 1 ml Tris buffer, pH 
7.4) were mixed with 4 ml Tris-buffer con- 
taining 3.8 M MgC12 (3.0 M final concentra- 
tion). After 5 min incubation at room tem- 
perature, 15 ml ice-cold Tris-buffer containing 
I0 mM CaC12 and 0.1% BSA was added to the 
mixture and centrifuged at lOOOg for 20 rnin 
at 4°C. The resultant precipitate was sus- 
pended in the incubation buffer. 

Ovine GH efects on GH binding and serum 
SM-C levels. Ovine GH (oGH) (NIADDK- 
oGH-13) was dissolved in 0.01 M NaHC03 
(pH 8.5) and injected sc twice daily (9:OO AM 
and 5:OO PM) for 7 days at a dose of 2 mg/kg 
body weight into 2-month-old estrous rats and 
19-month-old constant estrous female rats. 
Sixteen hours after the last injection, the rats 
were killed and the liver and trunk blood were 
collected for assay of SM-C. 

Radioirnrnunoassay (RIA) of SM-C. Serum 
SM-C levels were measured by RIA using 
antiserum (CH549/805C) and 1251-SM-C 
kindly supplied by Drs. Underwood and Van 
Wyck of the University of North Carolina, and 
the National Hormone and Pituitary Program, 
NIH. The reference preparation used was 
59Thr-SM-C (AMGen Biologicals, Thousand 
Oaks, CA). Serum samples were extracted by 
an acid-ethanol method ( 16), slightly modi- 
fied. Serum sample (50 pl) was added to 0.8 
ml of a mixture of 87.5% ethanol and 12.5% 
2 N HCl acid (vol/vol) in 12 X 75-mm poly- 
propylene tubes, and 150 pl of 0.25% BSA. 
These were allowed to stand at room temper- 
ature for 30 min and centrifuged at 3000 rpm 
for 30 min. The supernatant (50 pl) was trans- 
ferred to polypropylene tubes containing 700 
p1 assay buffer (0.05 Mphosphate buffer, 0.05 
MNaC1,O.Ol MEDTA, 0.002% NaN3, 0.02% 
protamine sulfate, 0.25% BSA, pH 7.5). 
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In the SM-C assays, 100 p1 of sample or 
SM-C standard, 100 pl of antiserum (final di- 
lution, 1:7,000), 100 pl of '251-SM-C, and 400 
pl of assay buffer were added to 12 X 75-mm 
polypropylene tubes. Incubation was carried 
out at 4°C for 42 hr. Bound and free hormones 
were separated with IgG Sorb (The Enzyme 
Center Inc., Malden, MA); 50% inhibition of 
binding was 1.1 pg/tube. Since it was necessary 
to kill the rats in order to remove the liver for 
binding assays, pulsatile GH secretion could 
not be measured in these rats. 

Statistics. Data for age-related changes in 
GH binding (Table I) were analyzed by the 
Kruskal-Wallis method and the Mann-Whit- 
ney U test. In other experiments, individual 
differences were analyzed by the Mann-Whit- 
ney U test. 

Results. GH binding in liver and serum so- 
matomedin-C levels. Specific GH binding in 
liver membranes did not change between 2 
and 6 months of age, but rose significantly in 
12- and 20-month-old female rats (Table I; P 
< 0.01, 6 months vs 12 months). Serum SM- 
C values in 20-month-old female rats (324.0 
k 23.1 ng/ml, n = 7) were significantly lower 
than those in 6-month-old female rats (640.5 
f: 102.2 ng/ml, n = 6, P < 0.01). 

Scatchard plot analyses of specific binding 
of GH were carried out in 6- and 19- to 20- 
month-old rats (Fig. 1, Table 11). Scatchard 
plots were curvilinear and consisted of two in- 
dependent classes of binding sites. Resolution 
of these curves showed that the higher affinity 
sites were unchanged, but the number of low- 
affinity binding sites in the old female rats was 

TABLE I. SPECIFIC BINDING OF '251-LABELED bGH TO 
LIVER MEMBRANE PREPARATIONS OF FEMALE 

RATS OF DIFFERENT AGES 

Age Reproductive No. of Specific binding 
(months) state rats (% of total)" 

2 Estrus 5 8.13 +0.65b 
6 Estrus 6 7.34 k 0.69 

12 Constant estrus 7 13.64 2 0.64 
20 Constant estrus 7 12.27 + 0.25 

Significant age-related changes were observed in the 
12- and 20-month-old as compared to the 2- and 6-month- 
old rats (P -= 0.00 1 ,  Kruskal-Wallis test). 

Mean k SE. 
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FIG. 1 .  Typical Scatchard plots of GH binding in liver 
membrane preparations of a young 6-month-old estrous 
female rat (0) and an old 20-month-old constant estrous 
female rat (0). Points represent the means of three deter- 
minations. 

significantly higher than that in young control 
rats (P < 0.05). 

Efect of oGH injections on liver GH binding 
sites and serum SM-C levels in young and old 
female rats. Injection of oGH twice daily for 
7 days significantly decreased the specific 
binding of GH in the liver membranes of old 
females when compared with control values 
(P < 0.05, Table 111), but had no effect on liver 
binding sites in young females. When MgC12 
was added to the incubation mixture, it did 
not significantly increase the liver binding of 
GH from oGH-treated rats. Therefore, the de- 
crease in GH binding in the liver of old oGH- 
treated rats was not due to occupation of 
binding sites by the exogenously administered 
oGH. The specific GH binding in liver of old 
control rats was higher than that in liver of 
young control rats (P < 0.01). 

Serum SM-C levels in old control rats were 
significantly lower than those in young control 
rats (P < 0.05). oGH treatment significantly 
increased serum SM-C levels in the old rats 
(P < 0.05), but had no effect in the young rats. 
Thus oGH injections reduced the number of 
GH binding sites in the liver, but at the same 
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TABLE 11. ASSOCIATION CONSTANTS ( K )  AND CONCENTRATIONS (n) OF HIGH- AND LOW-AFFINITY GH BINDING 
SITES IN LIVER MEMBRANE PREPARATIONS IN YOUNG AND OLD FEMALE RATS 

High-affinity sites Low-affinity sites 

Age Reproductive No. of nl (fmole/ nz (fmole/ 
(months) state rats K1 (&-I) mg/protein) K2 (&-I) muprotein) 

6 Estrus 5 8.56 f 0.9 1 " 26.2 f 4.8 0.25 f 0.03 2 5 3 f  25 
19-20 Constant estrus 4 9.98 f 1.22 30.5 f 4.5 0.30 f 0.10 454 f 102* 

a Mean f SE. 
* P < 0.05, significantly different from 6-month-old rats. 

time increased SM-C secretion in the old fe- 
males. 

Discussion. These results show that GH re- 
ceptors in the liver membranes of untreated 
12- and 20-month-old female rats were sig- 
nificantly greater than those in 2- or 6-month- 
old female rats, and this increase was mainly 
due to elevation in the number of low-affinity 
binding sites. The physiological significance of 
the differences in the two types of GH binding 
sites in the liver is unknown at present (13). 
We recently reported reduced pulsatile GH 
secretion in middle-aged and old as compared 
to young female rats (6), but could not mea- 
sure pulsatile GH secretion in the present 
study since it was necessary to kill the rats for 
liver removal. In this study, oGH administra- 
tion to old female rats reduced the number of 
liver GH receptors, indicating that an inverse 
relationship may exist between GH secretion 
and liver GH receptors in old female rats. It 
is possible that liver GH receptors increased 

in the old rats in order to enhance the sensi- 
tivity of the liver to the reduced levels of cir- 
culating GH (up-regulation). 

Serum SM-C levels were lower in the 20- 
month-old constant estrous females than in 
the young females, in agreement with the re- 
port by Florini et al. (7, 8), who observed re- 
duced levels of somatomedins in old as com- 
pared to young rats. The significant decrease 
in serum SM-C levels appears to be associated 
with the reduction in serum GH levels in the 
old rats. In elderly humans, a similar age-re- 
lated decrease in both GH and SM-C secretion 
was reported (1 7). 

Injections of oGH restored serum SM-C 
levels in the old female rats to the same levels 
present in young females, but produced no 
change in serum SM-C levels in the young fe- 
males. This suggests that the production of 
SM-C may already have been maximally 
stimulated by the high circulating GH levels 
in the young rats, whereas SM-C secretion was 

TABLE 111. EFFECT OF OVINE (oGH) INJECTED TWICE DAILY FOR 7 DAYS ON LIVER GH 
RECEPTORS AND SERUM SM-C LEVELS IN FEMALE RATS 

% Specific binding (% of total) 
Age 

(cyclic state, No. of Non-MgC1, Serum SM-C 
months) Treatment rats treated MgCl, treated (numu 

2 (estrus) Controls 5 6.72 f 0.5" 7.37 f 0.96 916.2 f 56.7 
902.4 f 41.7 O G H ~  5 5.29 f 0.4 6.17 f 1.76 

12.57 f 1.4**** 17.27 f 2.55**** 608.4 f 16.7*** Controls 5 
19 (constant estrus) oGHb 5 7.99 f 0.90* 6.42 f 1.58** 1267.8 f 105.7** 

" Mean f SE. 
oGH (2 mg/kg) was given sc twice daily for 7 days. 
* P < 0.05, **P < 0.01; significantly different from controls of the same age. 

*** P < 0.05, ****P < 0.01; significantly different from the corresponding group of young rats. 
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not maximally stimulated in the old females 
because of the low secretion of GH. Several 
reports have indicated that GH can regulate 
its own receptors; e.g., infusion of rat GH was 
reported to induce GH receptors in the liver 
of young rats (18). In the present study, the 
liver of young female rats did not respond to 
oGH injections for the reason already stated 
above, and perhaps also because of differences 
in the source of GH hormone, the different 
method of GH administration, and the influ- 
ence of other hormones. Both insulin ( 19) and 
thyroxine (20) have been reported to alter the 
binding of GH to liver membranes, and these 
hormones may be involved in the age-related 
difference observed in GH receptors in the 
present study. Roth (21) has suggested that 
changes in hypothalamic function may be 
partly responsible for altered receptor levels in 
some tissues with aging. 
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