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24In this perspective article, we review the effects of selected anabolic hormones on the motoric system and spec-
25ulate on the role these hormones may have on influencing muscle and physical function via their impact on the
26nervous system. Bothmuscle strength and anabolic hormone levels decline aroundmiddle age into old age over a
27similar time period, and several animal and human studies indicate that exogenously increasing anabolic hor-
28mones (e.g., testosterone and insulin-like growth factor-1 (IGF-1)) in aged subjects is positively associated
29with improvedmuscle strength.Whilemost studies in humans have focused on the effects of anabolic hormones
30onmuscle growth, few have considered the impact these hormones have on the motoric system. However, data
31from animals demonstrate that administering either testosterone or IGF-1 to cells of the central and peripheral
32motor system can increase cell excitability, attenuate atrophic changes, and improve regenerative capacity of
33motor neurons. While these studies do not directly indicate that changes in anabolic hormones contribute to re-
34duced human performance in the elderly (e.g., muscle weakness and physical limitations), they do suggest that
35additional research is warranted along these lines.
36© 2015 Published by Elsevier Inc.
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41 1. IntroductionQ3

42 Forty-two percent of the 37.3 million older adults in the United
43 States report having one or more physical limitations performing daily
44 tasks that are essential for maintaining independent living (Seeman
45 et al., 2010). By 2030, this age group is expected to increase to approx-
46 imately 71.5 million, representing 20% of the U.S. population (CDC,
47 2008Q4 ). With the increase in the aging population, weakness and associ-
48 ated conditions (e.g., sarcopenia, dynapenia and frailty) in the elderly
49 are a growing concern. For instance, a loss of voluntary muscle strength
50 predisposes elders to a 4-fold increase in functional limitations and a 2-
51 fold increase in mortality (Manini et al., 2007). While most studies ex-
52 aminingweaknesswith aging have examined the role of skeletalmuscle
53 atrophy (Visser et al., 2005, Newman et al., 2006, Manini et al., 2007),
54 other findings suggest that alterations in the aging nervous system
55 also underlie loss or inconsistencies in muscle function (e.g., strength
56 & power) (Laidlaw et al., 2000, Kido et al., 2004, Christie and Kamen,

572006, Clark and Taylor, 2011, Manini and Clark, 2012). In phase with
58the declines in neuromuscular function is the decline in hormone levels
59with aging, particularly several circulating factors thought to have ana-
60bolic effects (e.g., steroid hormones, growth hormone, and IGF-1).
61While a majority of studies in humans have independently examined
62age-related changes in endocrine and nervous system functions, few
63have integrated these separate concepts to identify possible neuroendocrine
64changes associated with aging that influence the motoric system (defined
65herein as the central and peripheral components of the nervous system spe-
66cific to muscle force generation and control), which could conceptually
67serve as a mechanistic underpinning of the reduced muscle function, and
68arguably physical function, observed with advancing age. Human studies
69examining increasedmuscle strength andphysical functionwith elevat-
70ed endogenous hormone levels or exogenous hormone replacement
71have examined muscle function, but to our knowledge, none have
72placed particular emphasis on endocrine actions on components of
73the motoric system. Conversely, most human studies examining the ef-
74fects of steroids on the nervous systemhavemostly examined cognitive
75outcomes without particular emphasis on themotor system or physical
76function and/or strength. Thus, a gap exists in the literature for human
77studies examining the role of anabolic hormones (testosterone and
78insulin-like growth factor 1) on the motor system with respect to de-
79clining muscle and physical function with aging. Herein, we present a
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80 perspective article on the effects of selected anabolic hormones on the
81 motoric system form and function to raise awareness, and increase dis-
82 cussion, of the potential role that anabolic hormones may have on
83 influencing muscle and physical function via their impact on the
84 human nervous system. Although not heavily examined in humans,
85 we review the few studies in the human literature that have examined
86 the role of anabolic hormones on the motoric system.We also cite rele-
87 vant studies from the robust body of non-human animal work that have
88 examined theneuroprotective and/or neuroregenerative roles of testos-
89 terone and insulin-like growth factor 1 (IGF-1) on the motoric system,
90 and the translational implications from animals to humans will be
91 discussed.

92 2. The potential role of hormones in the aging motoric system

93 It is widely accepted that nervous system functions decline in
94 humans with aging, particularly in the cognitive domains, which are
95 reviewed elsewhere (Jagust, 2013, Samson and Barnes, 2013). Separate
96 studies have also indicated age-related functional declines in the human
97 motor system at the levels of the cortex, spinal cord, andmotor neurons
98 (Wagman and Lesse, 1952, Kido et al., 2004, McGinley et al., 2010, Kaya
99 et al., 2013, Yao et al., 2014). In the cortex, a cross-sectional study of
100 magnetic resonance brain images of living individuals ranging in age
101 from 18 to 93 years suggests that cortical thinning occurs by middle
102 age with areas near the primary motor cortex showing prominent atro-
103 phy (Salat et al., 2004), and a cross-sectional analysis of human cadavers
104 who died without neurological signs found a 43% volumetric reduction
105 in the premotor cortex neuron perikaryon size in individuals over
106 65 years of age in comparison to adults younger than 45 years (Haug
107 and Eggers, 1991). In addition to anatomical andmorphometric changes
108 to the cortex, functional measures are also altered with aging. We have
109 observed thatmotor cortical excitability is reduced in older adultswhen
110 compared to young adults (McGinley et al., 2010), and recently reported
111 that weaker seniors have reducedmotor cortical excitability (specifical-
112 ly, higher levels of long-interval intracortical inhibition, which is classi-
113 cally believed to be mediated by GABAB-mediated inhibition) when
114 compared to their stronger counterparts (Q5 Clark et al., 2014, Abstract
115 proceeding from International Conference on Frailty and Sarcopenia,
116 Barcelona, Spain). Differences in brain region activation with motor
117 tasks have also been observed in older adults, when compared to
118 young adults, as fMRI measurements indicate that there is less laterali-
119 zation of activated brain regions (Mattay et al., 2002), and this change is
120 evident during both concentric and eccentric contractions (Yao et al.,
121 2014). Functional decreases in spinal excitability, assessed via the H-
122 reflex, have been reported with advancing age in humans (Kido et al.,
123 2004). Additionally, declines in peripheral motor neuron anatomy and
124 physiology have been observed. More specifically, nerve conduction ve-
125 locity decreases in humans around the 5th decade (Wagman and Lesse,
126 1952), while motor neuron loss starts around the 6th decade
127 (Tomlinson and Irving, 1977), arguing for a possible neural mechanism
128 of weakness in the elderly although it should be noted that the results
129 from Tomlinson and Irving have not been replicated in animals due to
130 their use of non-stereological techniques (Tomlinson and Irving,
131 1977). Power declines are apparent in the upper and lower extremities
132 by age 40 years, and strength declines occur between 50 and 60 years
133 with a much more rapid rate of loss occurring after 60 years
134 (Deschenes, 2004), which is in line with the observations of decreased
135 nerve conduction and motor neuron loss. Our recent findings also sug-
136 gest an interrelationship between functioning motor unit number and
137 muscle strength in older adults with a reduced number of estimated
138 functioning motor units being related to muscle weakness (Kaya et al.,
139 2013). Thus, it is clear that with advancing age there is a plethora of
140 form and function changes in the motoric system, and it is likely that
141 these changes are linked to impairments in physical performance.
142 In addition to the age-related motoric system changes, decreases in
143 hormone production occur in a similar time frame with studies

144indicating low testosterone levels correlating to higher rates of
145sarcopenia or fall risks in men (Szulc et al., 2004, Orwoll et al., 2006).
146Do the declines in hormones/circulating factors mediate declines in
147the motor system? Evidence from animal parabiosis studies suggest
148that linking the circulatory systems of young mice and old mice en-
149hances skeletalmuscle regenerative capacity in oldmicewith nodetect-
150able negative effects in young mice (Conboy et al., 2005). The evidence
151for circulating factors has also been replicated as blood fromyoungmice
152injected into oldmice improvesmotor performance (Sinha et al., 2014).
153In addition to possible influences on muscle tissue, recent evidence has
154emerged indicating that circulating factors also have a profound influ-
155ence on the nervous system, as Villeda et al. observed improved cogni-
156tive function in old mice injected with serum from young mice, while
157Ruckh et al. observed remyelination is enhanced in older mice via para-
158biosis with young mice (Ruckh et al., 2012, Villeda et al., 2014). Taken
159together, the data suggest the decline of circulating factors with aging
160may be a critical mechanism driving age-related alterations in the
161motor system. These data also raise the question of “Which
162hormone(s) (or other circulating factors) exert effects on themotor sys-
163tem?” In the following sections, we review the current literature with a
164critical eye on whether testosterone and/or insulin-like growth factor 1
165(IGF-1) impact motor system form and function. Although growth hor-
166mone (GH) levels have a positive relationship with IGF-1 levels, discus-
167sion of GH function on the motoric system will not be specifically
168discussed herein due to the relatively limited number of investigations
169examining the effects of GH on the motoric system.

1703. Testosterone Synthesis and Actions on the Motoric System

171With advancing age in men, free and total testosterone begin to de-
172crease between the third to fifth decade of life, and this decline con-
173tinues progressively thereafter (Harman et al., 2001). Additionally,
174endogenous testosterone release pulses are lower in frequency and
175amplitude at night in middle-aged men compared to young men
176(Luboshitzky et al., 2003). Because animal and human research has sug-
177gested that testosterone is neuroprotective and exerts effects at a varie-
178ty of themotoric segmental levels (i.e., the brain, spinal cord and motor
179neurons, etc.) (Bialek et al., 2004, Fargo et al., 2009), it is likely that age-
180related testosterone decline may lead to declines in strength and phys-
181ical performance via the motoric system. The interpretation of the data
182in women is preliminary because of the limitations of total and free tes-
183tosterone assays. A task force appointed by the Endocrine Society pub-
184lished a position statement emphasizing that T values across the
185lifespan in women are not accurate (Rosner et al., 2007). However, a
186study using a validated liquid chromatography-tandemmass spectrom-
187etry (LC–MS/MS) method for measuring T reported T levels were 1.8
188times higher in pre-menopausal women with an average age of
18935 years compared to post menopausal women with an average age of
19059 years (Rothman et al., 2011).
191In animals, the effects of testosterone on the neuromuscular system
192have been studied, perhaps most extensively, in the spinal nucleus of
193the bulbocavernosus (SNB) (Breedlove and Arnold, 1980). In male
194rats, the SNB is a pool of around 200 motor neurons that innervate the
195bulbocavernosus (BC), levator ani, and the external anal sphincter
196(Breedlove and Arnold, 1980, 1981, Schroder, 1980, McKenna and
197Nadelhaft, 1986). In female rats, the perineal musculature is greatly re-
198duced, and the SNB contains around a third of the motor neurons in
199males that primarily innervate the external anal sphincter (Breedlove
200and Arnold, 1981, McKenna and Nadelhaft, 1986, Ueyama et al., 1987).
201Testosterone establishes the sex difference early by preventing normal
202cell death as prenatal block of androgen receptors (AR) with the anti-
203androgen flutamide in males results in the loss of the motor neuron
204pool (Breedlove and Arnold, 1983a) while perinatal testosterone propi-
205onate treatment of females preserves the nucleus (Breedlove and
206Arnold, 1983b, Nordeen et al., 1985, Sengelaub and Arnold, 1986). The
207early regulation of SNB motor neuron number is thought to be due to

2 K. Oki et al. / Experimental Gerontology xxx (2015) xxx–xxx

Please cite this article as: Oki, K., et al., The effects of testosterone and insulin-like growth factor 1 on motor system form and function, Exp.
Gerontol. (2015), http://dx.doi.org/10.1016/j.exger.2015.02.005

http://dx.doi.org/10.1016/j.exger.2015.02.005


Download English Version:

https://daneshyari.com/en/article/8263742

Download Persian Version:

https://daneshyari.com/article/8263742

Daneshyari.com

https://daneshyari.com/en/article/8263742
https://daneshyari.com/article/8263742
https://daneshyari.com

