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ABSTRACT

Growth Hormene (GH) is an anabolic hormone re-
sponsible for the somatic growth of young people,
However, there is a progressive decline of the level
of GH secretion with age where its levelin old peopie
is 20% of peak puberty level. Similarly, the level of
insulin-like Growth Factor | {IGF-I), the local media-
tor of GH action, is also reduced significantly with
age. Several studies in the last decade have tried to
use GH replacement therapy in attempts to alieviate
some ot the age-accelerated symptoms. GH admin-
istration to elderly peopie have improved nitrogen
retention and reduced urinary excretion of phos-
phate, sodium and nitrogen, In elderly people over
60 y old, provision of GH for 6 mo improved lean
body mass by 8.8% and decreased fat tissue by
14.4%. Other reports also claimed that GH had posi-
tive effect on increasing bone cortical strength in
aging 24 mo old male rats. One of the main target
tissues for GH is the skeletal Mmuscle, especially in
the process of differentiation of muscle cells to form
postmitotic myotubes and myofibers. Studies onthe
effects of GH on skeletai muscles of aging systems
have ted to some mixed results, Some early studies
have shown that GH administration to old rats can
improve muscle mass and denervation associated
with muscie atrophy. Other studies on GH-deficient
adult humans also ¢laimed that GH can consider-
ably improve muscle volume in these patients. More
recent studies in models of muscte immobilization
of old animale have shown that GH had a very
positive influence in reducing muscle damage asso-
ciated with immobilization, However, studies on
adult patients suffering from post polio syndrome of
Muscle weakness have shown no improvement by
GH treatment. Stmitarly, studies on the effect of GH
on muscle strength in elderly people subjected to
resistance exercise demonstrated that training in-
deed increases muscle strength. But addition of GH
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to the regimen of elderly subjects did not further
increase the effect of training slonse. Thus, it ap-
pears that GH may have positive effect on agingand
particularly in aging skeletal muscles; however,
other studies could not corrobarate this positive
effect. More work is needed to ascertain the effect
and mode of action of GH in aging animals and
humans.

INTRODUCTION

Growth hormone {GH) is one of the important hormones
secreted from the pituitary gland and its main funciion is
to control the sornatic growth after birth. In aessence, this
hormone is a mixture of at least six different proteins of
which the dominant type is a polypeptide of 191 amino
acids with two disulfide bridges with molecular weight of
22,000 daltons (1, 2). The hommone is secreted in
periodic rhythms of about 7-8 times in 24 h with peak
secretionatthe beginning ofthe sleep periodat night (3).

GH amounts to about 10% of the dry weight of the
pituitary. Traditionally, it was possible 1o isolate it fram
the gland by standard biochemical technigues. How-
ever, today, with the advance of genetic engineering
technigues, a mass production of recombinant human
GH and other recombinant animals GH(s) are being
manufactured commercially.

The biological action of GH begins with its binding o
GH receptors present on the membranes of the target
cells (4, 5). Skeletat muscles are ¢ne of the most
important target tissues for the action of GH. Other
tissues like liver, adipose tissue, ovary, kidneys and
cells like lymphocytes, chondracytes, stc., were aiso
shown to possess GH receptors.

Foilowing GH binding taits targetreceptor, acascade
of events take place in thase tissues which result in the
production of family of protein called somatomedins.
These are polypeptides that ware first described by
McConaghey (6); because of having characteristics
similar o insulin, they were ealled insulin fike growth
factors, or IGF(s). The IGF(s) are the local mediators of
GH action in the target tissues, Their main function is 1o
accelerate tissue proliferation and growth.

Among the IGF(s), the most studied one has been
IGF-| which was shown to be secreted by both paracrine



and autocrine mechanisms (7), and to ba produced by
tissues like fiver, muscle and cartilage (8-10). Since
IGF(s} levels and mode of action depend on GH secre.-
tion, it has been shown that in old people thers was a
marked reduction in IGF-T serum concentration com-
pared to young ones (11),

Effects of GH on Skeletal Muscles

The axis of action of GH starts with the release of growth
hormane releasing hormones (GHRH) from the hypo-
thalamus. The latter triggers the release of GH from the
piluitary to the bloodstream where a GH binding protein
(BP) was identified which partially carries some of the GH
in blood to its target argans. Eventually, GH is recognized
and is bound to the GH receptars, which inftiate the
intracelular cascade of events leading to the induction of
IGF{s) in these target tissues, to the synthesis of new
proteins and other intracellular matabolic events.

It has been shown that IGF-Tis an important factor in
regeneration and growth of skeletal muscies (12-13).
Ewton, et al. {14), using in vitro studies, found that in
early developmental stages of sketetal muscle from the
stage of myoblast to myotubes, IGF(s) have direct sffect
on development. However, in later stages of differentia-
tionfrem myotubes to myofibers, GH has direct effect on
muscle development. Other researchers have found
that IGF-1 may have effect on muscie differentiation also
in the absence of GH by activating satellite celis which
are muscle progenitor cells capable of differentiating
into myoblasts (15-17).

In a later work (18), it was shown that IGGF-I was
responsible for specific induction of gene expression of
muscle protein called myagenin, It is this protein that
was implicated in the terminal myogenic differentiation
of muscle celis to form postmitotic myotubes {(18). In
other studies of muscla injury and ischaemia, thare wasg
a prolitaration of muscle satellite cells and elevation of
IGF-I which led to prompt muscle regeneration (17).

While IGF is now considerad important for muscle
growth and developmant (myogenesis), it is believed
that IGF-ll is ar important growth factor prenatafly and is
mostly associated with forming the connection between
nerve cell branches and muscles {synaptogenesis) (19).
The interrelation between exercise, GH and muscle
buildup has been studied extensively. Exercise and
Intense muscle activity tend to raise the levels of human
GH {20, 21). Other studies have found that also the leve!
of IGF-lis elevated as a conse quence of physical activity
{8, 22). Mowever, Yarasheski and co-workars could not
find any positive effect of GH on muscle anabolism in
young men subjected to resistance training (23).

The effect of GH administration to rats on glucose
transport and utilization in skeletal muscle has been
studied by several investigators, Dimitriadis of a/ (24)
hava found thata single injection of GH did not increase
the rate of glucose transpornt within 1.2 h after injection,
but 12 h Jater, the sensitivity of glucose transpont to
insulin was increased. Howaver, prolonged traatment
with GH decreased the rate of glucose transport and

40

glycogen synthesis at physiological levels of insulin {24).
Similar observations were made by Carles and Bohn
{25}, who showed that 10 d of twice daily injections of GH
decreased by 20-30% the basa) glucose transportin rats
of various ages (9, 20 and 31 mo). Thus, evidence
indicates that skeletal muscle is one of the prime tissues
influenced directly by GH, Through proteins, carbohy-
drate and fat metabolism, GH conirels the grawth and
proper maintenance of skeletal muscles,

Aging and Growth Hormone

Rudman et al. (26) have investigatad the progressive
decline of GH secration and decline in the level of IGF-
1 from the third ta the ninth decades in humans, n 55%
af subjects over 69 y ald, no release of GH (<4 ngymL)
was detected, either at day or at night.

In subjects whose IGF-1 levels were around §.98 W/
mL, peak day release of GH was 5.39 ng/mi and peak
night retease was 14.10 ng/mlL. These values were
found to be much lower than the peak day and night
release of young people ages 20-29, which weare 7.27
mL and 20.38 mg/mL, respectively. This consistent
decline in GH levels with age was further discussed in
carlier reviews (26, 27). However, in a more recent
review by Ho and Hofiman (28), a description of six
different studies was reperted which showed that mean
GH secretion in 24 h increases by 100% from early
puberty to late pubery and then declines rapidly in the
twenties, reaching anly 20% of secration of late puberty
value in peaple over 60 y old (28).

From the above findings itwas quite natural to assume
that GH repfacement therapy should be attempted on
aging populations. Indeed several works have been
published in the last decade where provision of GH to
aging animals and humans have been tried. Ina study of
elderly adults who lost weight due to nonmalignant
illness, awell balanced nitrogen sufficient dist was given
in the control periods. Afterwards, in the experimental
periads of four days each, g supplement of 25 and 50
mg/g of GHwas administered to thase patients. Signiii-
cant increase in nitrogen retention was ohserved after
the experimental periods which led tothe conclusion that
avenduringadequate nutritional intake, low doses of GH
improve mitrogen retention in underweight aduits (29).

GH administration fo elderty men and women over 60
fora period oi one week increasedthe lovels of [GF-land
reduced the daily urinary excretion of nitragen, phos-
phate and sodium (30). In another study Rudman et al.
(31) have given h-GH o 21 healthy people ages 61 to 81
¥ who had plasma IGF-| concentration of less than 350
ufL for a period of B mo treatment. The results showed
that IGF- fevel rase to youthful range of 500 to 1500 uf
L. in the control group who recsived no treatment there
was no change inIGF-I valugs. In the group receiving h-
GH there was an 8.8% increase in lean body mass, a
14.4% dacrease in fattissue and a 7.1% increase in skin
thickness (p <0.05 in all cases). No significant changes
were observed in the control group. The authars con-
cluded “that diminished secration of GH is respongsible,
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in part, for decrease of iean body mass, the expansion
of adiposetissue mass, and the thinning of the skin that
occur in old age (31)." However, some criticism of the
above study was that this work was lacking a placebo
control group (32).

Another recent work has studied the eftect of h-GH on
the composition cortical strength of bones from 2 y ald
male rats (33). Daily injection of h-GH for 20, 40 and 80
days te these rats compared to contral saline injected
animals showed 400 and 800% increase in mineraj
deposition rate at 40 and 80 day groups, respectively.
The mechanical analysis showed increased strength of
the diaphyseal bone after h-GH administration {33).

From the above studies it appears that administration
of GH to older individuais increased the level of HGF-1
and subsequently there was anincrease inlissue buildup
and protein synthesis. However, a recent paper by
Zachwieja et al (34) could not detect any increase in
albumin synthesis in older adults treated with h-GH (34).

Growth Hormone and the Aged Muscie

The aging skeletal muscle has been a subject of exten-
sive research in the past decade. The physictogy and
biochemistry of muscles in aging systems has been
reviewed recently (35). As we have seeninthe provious
sections, skeletal muscle is one of the prime target
tissues responsive to GH action.

Since the level of GH and IGF-I are significantly
diminished with age, the issue as o how responsive are
muscles of old animals and humans to GH has been
studied quite extensively in the past few years. Early
studies in adults and old rats have shown that GH
administration can improve muscle regeneration (36,
37). In rats that underwent denervation of muscles, GH
treatment could reduce to some extent the denervatian-
associated muscle atrophy (38). In another work,
Jorgensen et al. {38) have reported that GH administra-
tion to GH-deficient adult humans can considerahly
improve musele volume in these patients.

Using the hind limb muscles of aging rats, a model of
plaster of paris castimmobilization has been developed
(39-42). Using this model it was possible to show that
castimmoabilization for 4 weeks causes a30-40% reduc-
tion in muscle mass of mist hind fimb muscles. Applica-
tion of rat-GH could ameliorate to a great extent this
muscle degeneration. Other criteria for muscle damage,
such as changes in muscle enzyme aclivities and oxida-
tion of muscle proteins due to immohilization, were also
protected by GH administration {39-42).

External fixation (EF) of the limbs has been shown o
be a more drastic technique of immabilization than
plaster of paris. {43} Using the EF technigue, ofd rats
were immobilized and treated with rat-GH. Table 1
shows the loss of weights of gastrocnemius and quadri-
teps muscles. Indeed hoth muscles lose a significant
weight due to EF. But provision of GH slows down this
weight loss, especially in the gastrocnemius muscle.
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Table 1. Changesinthe gastrocnemiusand quadriceps muscles welghts
of 26 mo old female Wistar rats after right hind limb external
fixation for 4 weeks and 3 weeks of rat-GH agministration,

4 weeks
external fixation
conlrpd  immebiized  control
leg (L1} leg {Rt.) leg (L1}

4 woeks gxlemal
fixation 4 3 whs r-GH
immaobilized

leg (Rt)

gastrocnemius

welght {(myg) (N=5} 1117£116° 623+65° 1198470" 870+56"

average waight
loss (mg) 484 319

significance
control vs.
immobilized leg

% change

*p <0.001 "B =0.001

-43.3£10" -26.5+3 8™

significance b
of % change of
EF vs. EF + GH

quadriceps

weight (mg) (N=4) 1629:184° 1046152 1613+78°
averaga weight
Inss (myg) 583 409

p<0.02

1204527

significance
control vs.
immabiiized lag

p <001 ‘p <01

% change -35.813.5 -25.524.9

significance of
% change
EF vs EF + GH

*p <0.05

* P was calculated using paired student’s t-test,
“* P was calculated using indepandent student's t-togl.

From Table 1 and the above discussion it seems that
GH has a positive effect in slowing down muscle dam-
age due to immabilization. it should be noted, however,
that GH did not have any sffect on soleus muscle of hind
limb suspended young rats (44). Soleus hypertrophy
due to h-GH administration was cbserved only in the
control rats (44). Interestingly, work in our laboratory
{(unpublished) also showed that yourng rats were less
responsive to exogenous GH administration, probably
due to the endogenous high level secretion of GH.

Other recent reports have claimed that GH may have a
pasitive effect on ading muscles. De Luca et al, {45} have
shown that chronic treatment of 23 mo oid famale Wistar
rats resulted in an improved membrane electrical proper-
ties of extensor digitorum longus muscle. In a very recent
report (33), administration of h-GH to 2 y old rais for 80 d
increased muscle weight of injected animals by a rangs of
19-31%. Thus the weighis of soleus, anterior thialis and
extensor digitorum fongus increased by 28%, 31% and
19.2% respectively in GH treated old rats compared 1o
saline injected rats. Alt these elevations were statistically
significant {33). Eflect of administration of GH to aduit rats
ages 9, 20, 31 mo on skeletal muscle glucase transport
was studied by Cartee and Bohn (25). Although skeletal
muscle level of Glut-1 and Giut-4 did not change with GH
treatment, maximal glucoss transport was reduced 40%
by h-GH treatment only in the 31 mo old rats {25).



Growth hormone replacement therapy has been at-
tempted in growth hormene deficient hypopituitary adults,
These paople quite often complatn of being tired and
muscle weakness. In a recenl study GH was givento 14
such patients and other 14 age- and sex-matched pa-
tients serveg as controls (48). Following GH replace-
ment, muscle isometric strength increased significantly
{p <0.05) as did other parameters of muscle function
such as half relaxation time which was shorer in GH
treated patierts {46). A similar study was conducted by
Sartorio and Narici {47) who provided h-GH to GH-
deficient aduits (GHD patients) for 6 mo. They con-
cluded that GH treatment did have some positive influ-
ence in increase of muscle size and strength in GHD
patients. Similarly to GHD patients, many polio survivors
develop what is now known as posi-polio syndrome
manifested by muscle weakness and fatigue. Several
reports in the last few years have shown that polio
survivers have lower levels of IGF-| compared ta age-
maiched controls (48). However, althcugh administra-
tion of h-GH to polio survivors tended to raise the IGF-I
serum levels to normal ranges, no eonsistent changes
in muscle strength were observed in the GH-treated
groups (49).

Finally, several studies on the effect of h-GH on
muscie growth and strength in eldery people subjected
to resistance exercise have been attempted (50, 51).
Although strength training did increase muscle strangth
and decreased fat mass, freatment of elderly subjects
with GH did not further imprave the effect of training
alone (50, 51). Thesa final results with strength training
were similar to the findings with polio patients, but were
in contrast to the positive eHects that GH had on GHD
patients.

CONCLUSION

GH is responsible for the somatic growth after birth.
However, its level of secration and action is dragtically
reduced afler puberty and after cessation of bodily
growth. Also, the level of insulin like growth factor-1
(IGF-1 ), which is the local mediator of GH, is also
diminished considerably in advanced age. Thus, at-
tempts to replace and provide GH to elderly humans and
animals have shown positive results in some cases,
while in other studies effects wers less impressive.

Some studies have indicated that long-term provision
of GH may increase muscle mass during aging. Also in
models of muscle immobilization of oid animals, GH had
a very positive influence in curtaiting muscle damage
associated with immobilization. However, no effect of
GH on exercising muscles of aging individuals were
observed. In conclusion, the effect of GH on aging
systems in general and on aged muscles in particular is
still not clear. More work and repetitions of some studies
are needed to ascertain the influence and mode of action
of GH in aging systems.
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