Selective Androgen Receptor Modulation
Androgens are a class of hormones responsible for male secondary sex characteristics.  These hormones serve as ligands that bind to cellular androgen receptors (ARs).  The AR is involved in a complex signal transduction pathway that ultimately results in greater expression of specific genes.  It has been proposed that the AR lies in the cytoplasm until an androgen binds and then the AR moves into the nucleus to bind the transcription factor II F (TFIIF) and the TATA binding protein (TBP) ultimately associating with the promoter regions of particular genetic sequences.  The androgen receptor also recruits coactivators such as transcriptional mediator/intermediary factor (TIF2), androgen receptor-associated protein (ARA70), and cAMP response element binding protein (CBP) to assist in its transcriptional enhancement (Cato, 1998).
 For my discussion, I will mention two physiologically important androgens:  testosterone (T) and 5α-dihydrotestosterone (DHT).  These two naturally occurring androgens affect the AR in different ways.  T is typically associated with all of the positive effects that androgens have on the male system:  namely, the development and maintenance of muscle tissue, spermatogenesis, and sexual development.  DHT has gained notoriety for causing undesirable effects such as:  hair growth, acne, and prostate enlargement (Morales, 2002).  It is important to mention, that the body enzymatically converts T to DHT (see figure 1).
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Figure 1 (Messer, 2000)
There are various situations in which the male body might produce less than physiologically desirable levels of androgens.  These conditions include hypogonadism, infertility, and aging.  As males age, their endogenous production of testosterone decreases leading to muscular deterioration (sarcopenia).  This muscular deterioration results in decreased quality of life and ultimately a dependent state of living.  Therapeutic tactics have been developed to replace the fading androgen production with androgens of synthetic origin.  These measures are not without side effects, as they can lead to enlargement of the prostate, and even possibly induce prostate malignancies (note that these effects are DHT-like).  Physicians have ways of fine tuning the administration of these synthetic androgens to hopefully avoid potentially negative outcomes, but the medical community has want of a better solution (Morales, 2002).
Modern research has given rise to a genre of compounds known to selectively interact with the AR in the beneficial ways that T does, and yet they almost completely avoid DHT-like effects.  These compounds are known as selective androgen receptor modulators (SARMs).  In the research by Marhefka et al., a series of SARMS have been synthesized that are not structurally related to steroid hormones.  The variety of compounds synthesized in this study were basically analogues of one another with slight functional group modifications.  Each of these compounds was subject to an assay of its affinity for the AR and in vitro functional activity in comparison to DHT (see table 1).

	
	X
	R
	Ki (nM)
	Relative Activity

	DHT
	-
	-
	0.27
	100

	R-2
	S
	NHC(O)CH3
	4.90 ± 0.20a
	50a

	S-5
	O
	F
	6.11 ± 0.19
	43.40 ± 2.60

	R-5
	O
	F
	225 ± 15
	N.D.

	S-6
	O
	NHC(O)CH3
	3.98 ± 0.70
	92.92 ± 7.00

	S-7
	O
	C(O)CH3
	36.6 ± 2.4
	9.67 ± 1.50

	S-8
	O
	C(O)CH2CH3
	6.07 ± 0.14
	75.41 ± 11.50

	S-9
	O
	Cl
	9.56 ± 0.66
	64.01 ± 11.20

	S-10
	O
	Br
	11.64 ± 0.36
	17.02 ± 2.90

	S-11
	O
	I
	29.96 ± 2.69
	16.00 ± 2.90

	S-12
	O
	CH3
	34.77 ± 3.50
	8.95 ± 2.50

	S-13
	O
	OCH3
	13.69 ± 0.68
	17.40 ± 3.30

	S-14
	O
	NHC(O)OC(CH3)3
	336 ± 71
	4.43 ± 1.30

	S-15
	O
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	16.97 ± 0.64
	12.43 ± 1.90

	S-16
	O
	NCS
	4.62 ± 0.26
	82.92 ± 13.00

	S-17
	NH
	F
	7.96 ± 0.43
	21.33 ± 2.22

	S-18
	NH
	NHC(O)CH3
	128 ± 5.97
	5.18 ± 1.40


Table 1

Next these species were subject to an assay of anabolic (T-like) and androgenic (DHT-like) properties (see table 2).  This assay used the size of the levator ani muscle as a marker of anabolic activity and the size of the prostate as a marker of androgenic activity.

	
	prostate
	seminal vesicle
	levator ani muscle

	intact control
	100
	100
	100

	castrated control
	6.2 ± 2.5
	8.1 ± 1.8
	40.9 ± 9.4

	TP
	76.1 ± 4.0
	68.7 ± 5.3
	73.7 ± 13.0

	S-5
	13.8 ± 1.8
	11.6 ± 1.5
	74.3 ± 2.1

	S-6
	33.8 ± 11.4
	28.2 ± 5.5
	99.8 ± 9.6

	S-9
	26.8 ± 3.9
	27.5 ± 8.1
	116 ± 7.3

	S-10
	15.0 ± 2.3
	9.9 ± 1.1
	63.0 ± 6.7


Table 2

The data presented in this study seems to show that one particular SARM, S-6, retains most of the activity of DHT at the AR and it goes on to elicit effects similar to T in maintaining muscle mass, yet it causes a decrease in the size of the prostate.  For any patient undergoing androgen replacement therapy, this is exactly the kind of chemical profile they hope for.  Through creative laboratory chemistry, it would appear that this study has given rise to a chemical species that allows a patient to “have his cake and eat it too.”  In the future, populations with androgen deficiencies will doubtlessly turn to chemicals like these to help them maintain muscular size and strength into old age as they avoid the pitfalls of current androgen replacement therapy.  Aging, itself, might take on new meaning as these chemicals become available.  I foresee the possibility of a man’s physical deterioration stopping at middle age, and his physical composition remaining constant until the time of his passing.  The stoppage of age-related muscular deterioration can also lend itself to the preservation of man’s other functioning (a man who is strong can exercise, and through exercise he can preserve the functioning of his heart and vessels to a much greater extent than his weak, bed-ridden counterpart).
In summary, androgen receptors are responsible for signal transduction events that can be either beneficial or problematic depending upon the specific androgen ligand.  As a man ages, his ability to produce androgens and benefit from their production decreases.  For him, the current treatment strategy is the infusion of steroidal androgens of synthetic origin.  These treatment strategies are a double bladed sword in that they can sometimes cause more harm than good.  Through creative chemistry, we are witnessing the birth of a new generation of AR ligands that selectively elicit the desirable effects of androgens while omitting the undesirable effects.  As such, these selective androgen receptor modulators will likely play a role in our future as we try to maintain our quality of life into old age.
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