
0021.972x&w$03.00/0 
Journal of Clinical Endocrinology and Metabolism 
Copyright 0 1996 by The Endocrine Society 

Vol. 81, No. 10 
Printed in U.S.A. 

Sublingual Testosterone Replacement Improves Muscle 
Mass and Strength, Decreases Bone Resorption, and 
Increases Bone Formation Markers in Hypogonadal 
Men-A Clinical Research Center Study* 

C. WANG, D. R. EYRE, R. CLARK, D. KLEINBERG, C. NEWMAN, 
A. IRANMANESH, J. VELDHUIS, R. E. DUDLEY, N. BERMAN, T. DAVIDSON, 
T. J. BARSTOW, R. SINOW, G. ALEXANDER, AND R. S. SWERDLOFF 

Departments of Medicine, Pediatrics, and Radiology, Harbor-University of California-Los Angeles 
Medical Center (C.W., N.B., T.D., T.J.B., R.S., R.S.S.), Torrance, California 90509; the Department of 
Orthopedics, University of Washington (D.R.E.), Seattle, Washington 98195; the Department of 
Medicine, Duke University Medical Center (R.C.), Durham, North Carolina 27710; the Department of 
Medicine, New York University and New York Veterans Administration Medical Center (D.K., C.N.), 
New York, New York 10010; Medicine Service, Salem Veterans Administration Medical Center (AI.), 
Salem, Virginia 24153; the Department of Medicine, University of Virginia Health Sciences Center 
(J.V.), Charlottesville, Virginia 22908; BioTechnology General Corp. (R.E.D.), Iselin, New Jersey 
08830; and the Department of Psychology, University of New Orleans (G.A.), New Orleans, Louisiana 
70148 

ABSTRACT 
To study the effects of androgen replacement therapy on muscle 

mass and strength and bone turnover markers in hypogonadal men, 
we administered sublingual testosterone (T) cyclodextrin (SLT; 5 mg, 
three times daily) to 67 hypogonadal men (baseline serum T, ~8.4 
nmol/L) recruited from 4 centers in the U.S.: Torrance (n = 341, 
Durham (n = 121, New York (n = 91, and Salem (n = 12). Subjects who 
had received prior T therapy were withdrawn from injections for at 
least 6 weeks and from oral therapy for 4 weeks. Body composition, 
muscle strength, and serum and urinary bone turnover markers were 
measured before and after 6 months of SLT. We have shown previ- 
ously that this regimen for 60 days will maintain adequate serum T 
levels and restore sexual function. 

Total body (P = 0.0104) and lean body mass (P = 0.007) increased 
with SLT treatment in the 34 subjects in whom body composition was 
assessed. There was no significant change in total body fat or percent 
fat. The increase in lean body mass was mainly in the legs; the right 
leg lean mass increased from 8.9 2 0.3 kg at 0 months to 9.2 t 0.3 kg 
at 6 months (P = 0.0008). This increase in leg lean mass was asso- 
ciated with increased leg muscle strength, assessed by leg press (0 
months, 139.0 2 4.0 kg; 6 months, 147.7 2 4.2 kg; P = 0.0038). 

SLT replacement in hypogonadal men led to small, but significant, 

decreases in serum Ca (P = 0.0029) and the urinary calcium/creat- 
inine ratio (P = 0.0066), which were associated with increases in 
serum PTH (P = 0.0001). At baseline. the urinarv tvne I collagen-cross 
linked N-telopeptideslcreatinine ratio [75.6 + 7:9 nmol bonecollagen 
equivalents (BCE)/mmoll was twice the normal adult male mean 
(41.0 t 3.6 nmol BCE/mmol) and was significantly decreased in re- 
sponse to SLT treatment at 6 months (68.2 ? 7.7 nmol BCE/mmol; P = 
0.0304) without significant changes in urinary creatinine. Serum 
skeletal alkaline phosphatase did not change. In addition, SLT re- 
placement caused significant increases in serum osteocalcin (P = 
0.0001) and type I procollagen (P = 0.0012). Bone mineral density did 
not change during the 6 months of SLT treatment. 

We conclude that SLT replacement therapy resulted in increases 
in lean muscle mass and muscle strength. Like estrogen replacement 
in hypogonadal postmenopausal females, androgen replacement ther- 
apy led to decreased bone resorption and urinary calcium excretion. 
Moreover, androgen replacement therapy may have the additional 
benefit of increasing bone formation. A longer term study for several 
years duration would be necessary to demonstrate whether these 
changes in bone turnover marker levels will result in increased bone 
mineral density, decreased fracture risks, and reduced frailty in hy- 
pogonadal men. (J Clin Endocrinol Metab 81: 3654-3662, 1996) 

I N MEN WITH androgen deficiency, long term loss of bone 
and muscle mass may lead to physical frailty, increased 

risk of fracture, and inactivity. Androgen receptors are 
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present in osteoblasts, and androgens exert direct effects on 
proliferation, cytokine / growth factor production, and bone 
matrix production in bone cells (l-lo). Reduced bone mass, 
mainly cortical bone loss, occurs in patients with delayed 
pubertal development, as in Klinefelter’s syndrome, idio- 
pathic hypogonadotropic hypogonadism, and constitutional 
delayed puberty (11-15). Decreased bone mineral density 
(BMD), usually more marked in vertebral bone, and in- 
creased fracture risks occur in postpubertal androgen defi- 
ciency states such as castration, hyperprolactinemia, an- 
orexia, and acquired hypogonadism in long distance runners 
(16-19). Androgen replacement therapy after the onset of 
puberty in hypogonadal men results in small to moderate 
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increases in BMD (19-22), but may not restore bone mass to 
the normal range (23, 24). In these prior studies, parenteral 
testosterone (T) has been the mainstay of androgen replace- 
ment. The changes in bone resorption and formation markers 
in response to androgen replacement have not been com- 
prehensively studied. 

Androgen deficiency also leads to decreased muscle mass 
and strength. In normal men, lean body mass, muscle mass, 
and muscle protein synthesis increased with T treatment 
(25-27). In young as well as elderly hypogonadal men, re- 
placement doses of T resulted in positive nitrogen retention 
and increases in lean body mass, muscle strength, and skel- 
etal muscle protein synthesis (28-31). All of these studies 
used parenteral T enanthate as androgen replacement. 

To further examine the effects of T replacement on bone 
and muscle, T was administered in the form of sublingual T 
cyclodextrin (SLT) to 67 hypogonadal men. In this prepara- 
tion, T complexed with 2-hydroxypropyl-P-cyclodextrin, a 
compound with a macro-ring structure that has a backbone 
composed of glucopyranose units. When dissolved in saliva, 
the cyclodextrin permits the solubilization of T, which is then 
absorbed by the oral mucosa. We have previously reported 
pharmacokinetic and bioefficacy data in hypogonadal men 
treated with sublingual T for a 2-month period (32). In the 
present study, the effects of SLT replacement on serum and 
urine markers of bone formation and resorption and on bone 
mineral density, muscle strength, and body composition 
were assessed before and during a 6-month treatment period. 

Subjects 

Subjects and Methods 

Sixty-seven hypogonadal men (75% Caucasian, 9% Black, 6% Asian, 
and 10% Hispanic), aged 19-60 yr, were recruited from four centers 
[Harbor-University of California-Los Angeles (UCLA) Medical Center, 
n = 34; Duke University Medical Center, n = 12; New York University 
and V.A. Medical Center, n = 9; and Salem V.A. Medical Center, n = 
121. The admission criteria required a baseline serum T concentration of 
less than 8.7 nmol/L (250 ng/dL). Other than hypogonadism, the pa- 
tients were in good health. To qualify for admission, all patients had a 
serum prostatic-specific antigen (PSA) level less than 4 mg/L, a maxi- 
mum urine flow of over 13 mL/s, and a digital rectal examination that 
showed no irregularities or nodules. Twenty-six patients had testicular 
disease (e.g. Klinefelter’s syndrome, anorchia, and postorchidectomy), 
27 had hypothalamic-pituitary disease (Kallman’s syndrome, pituitary 
tumor, and hypothalamic-pituitary dysfunction), and the remaining 14 
had low T and normal gonadotropin levels. The precise cause of hy- 
pogonadism in these 14 patients was not clear. Of the 67 patients, 10 had 
never received T treatment. The remaining 57 patients were withdrawn 
from their parenteral or transdermal preparation for at least 6 and 4 
weeks, respectively. Twenty-five of the 67 patients participated in a 
previous pharmacokinetic study of SLT (32) at least 1 yr before the 
current study. After admission to the study, all subjects received SLT 
(Biotechnology General Corp., Iselin, NJ; 5 mg, three times per day) for 
6 months. The SLT tablets were administered usually 1 h before or after 
a meal. 

Study design 

The patients were assessed clinically (including digital rectal exam- 
ination and urine flow measurements) before treatment and 3 and 6 
months after treatment with 5.0 mg SLT, three times a day. Prostate 
ultrasonography was performed on all subjects at 0 and 6 months, and 
all films were read by a single radiologist (R.S.). Anthropometric mea- 
surements, including height, weight, skin-fold thickness (measured with 
a Lange caliper at the triceps and subscapular sites), and body circum- 

ferences (chest, right mid upper arm, waist, hip, and right thigh), were 
assessed by trained dietitians or nurses at 0, 3, and 6 months. 

Blood samples for T, free T, dihydrotestosterone (DHT), and estradiol 
(E2) were drawn at each of the visits 30,15, and 0 min before and 30,60, 
and 120 min after SLT administration. Samples for FSH and LH deter- 
minations were drawn at 0 and 120 min. Complete blood count, clinical 
chemistry, lipid profile, ISA, sex hormone-binding globulin (SHBG), 
and 3a-androstanediol glucuronide (3oi-diol G) levels were measured at 
time zero (fasting) at each visit. Serum for measurements of bone turn- 
over markers, including PTH, bone-specific alkaline phosphatase, os- 
teocalcin, and type I procollagen, and 2-h fasting timed urine collections 
for calcium, creatinine, and type I collagen cross-linked N-telopeptides 
(N-telopeptides) determinations were obtained at 0, 3, and 6 months. 

For the subjects assessed at the Harbor-UCLA Medical Center (n = 
34) several additional tests were performed at 0 and 6 months. Total as 
well as regional body composition and BMD were assessed by dual 
energy x-ray absorptiometry (DEXA), using Hologic QDR 2000 (Ho- 
logic, Waltham, MA). The one-repetition maximum technique was used 
to measure arm and leg muscle strength in bench press and seated leg 
press exercises. Twenty-four-hour urine collections for creatinine and 
3-methyl-histidine assays were assessed after 3 days of a meat-free diet 
in the home environment. 

Sexual function was assessed by questionnaires answered daily by 
the patients for 7 consecutive days before and at monthly intervals after 
SLT treatment. The subjects rated their levels of sexual desire, enjoy- 
ment, and performance using a seven-point Likert-type scale, previously 
described (32). All questionnaires were processed at a single center. 

The study protocol was approved by the institutional review board 
of each of the centers. Written consent was obtained from each subject. 

Assays 

All complete blood counts and clinical chemistry samples were mea- 
sured by the hospital laboratory at each center. All serum hormone 
assays and bone turnover markers were measured at Harbor-UCLA 
Medical Center, except when indicated. Serum T and EZ were measured 
by sensitive RIA, using reagents from ICN (Costa Mesa, CA). Serum 
DHT was measured after extraction followed by Celite column chro- 
matography with reagents from ICN. Serum free T was measured by the 
same sensitive RIA after equilibrium analysis. Serum SHBG was mea- 
sured by RIA, and serum FSH and LH were measured by fluoroimmu- 
noassays with reagents from Delfia (Wallac, Gaithersburg, MD). Serum 
3cY-diol G levels were measured using a RIA kit from DSL (Webster, TX). 
Serum PTH and osteocalcin were measured by two-site immunoradio- 
metric assay kits from Nichols’s Institute (San Juan Capistrano, CA). 
Serum skeletal alkaline phosphatase was measured by immunoradio- 
metric assay using the Tandem-R-Ostase kit from Hybritech (San Diego, 
CA). Serum type I procollagen was measured using a RIA kit from 
Incstar Corp. (Stillwater, MN). Urinary N-telopeptides were measured 
by a specific immunoassay developed in Dr. Eyre’s laboratory (33). All 
samples from a single subject were measured in the same assay. The 
coefficients of variation for all hormone and bone turnover marker 
assays were: intraassay, 4-10%; and interassay, 7-15%. Samples con- 
taining low or high hormone or bone marker levels were reassayed after 
increasing sample volume or adjusting sample dilution to ensure that all 
levels measured would have the best possible precision and accuracy. 

Statistical analyses 

The overall study design was a one-way repeated measures ANOVA 
with between two and seven levels of the repeated measure, time. Before 
analysis, eachvariable was examined to determine whether it conformed 
to a normally distributed variable. If the variable was normally distrib- 
uted or could be transformed, the standard parametric ANOVA was 
used. If only two time points were recorded, then paired t tests were 
used. If the ANOVA was significant, then two sets of contrasts were run: 
first comparing all subsequent values to the initial time point, then a 
“profile” analysis comparing adjacent time points. If the data could not 
be transformed to fit a normal distribution, Friedman’s test was used, 
followed by pairwise comparison using least square means or rank. As 
the subjects were recruited from four different sites, the differences 
between sites were tested using a one-way ANOVA or Kruskal-Wallis 
test on the initial measurement of each variable. Scheffe’s method was 
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used for multiple comparisons after a parametric ANOVA; otherwise, 
pairwise contrasts on rank were computed following a method outlined 
by Marscuilo and McSweeney (34, 35). Contrasts were computed if the 
overall ANOVA effect was significant. The dichotomous variables were 
compared using a 2 test. In general, there were no significant differences 
among study centers for the compound measured at Harbor-UCLA 
Medical Center, but some differences in the clinical chemistry measure- 
ments were noted that were probably the result of interlaboratory vari- 
ations. These differences were not considered to be clinically significant, 
so the data from the four centers were analyzed and reported as a group. 

The area under the curve (AUC) described by serum hormone levels 
(T, free T, DHT, and E2) was computed using the trapezoidal method 
from the samples taken 30, 15, and 0 min before (these three samples 
were pooled) and 30, 60, and 120 min after the administration of 5 mg 
SLT at 0,3, and 6 months. All statistical analyses were performed using 
the Statistical Analysis System (SAS Institute, Cary, NC) version 6.08 for 
Windows. The significance level for each test was set at 0.05. All data in 
the tables and figures are expressed as the mean of the raw data -f SEM. 

Results 

Serum hormone levels 

The mean levels and AUCs of serum T, free T, DHT, and 
E, before and after the first dose of 5.0 mg SLT and subse- 
quent sampling before and after the morning dose at 3 and 
6 months are shown in Table 1. The administration of 5.0 mg 
SLT led to abrupt increases in T, free T, DHT, P, DHT/T ratio, 
and E,. The mean AUC of serum T, free T, and DHT during 
the 2 h after the SLT dose did not change with time. The 
AUCs described by E, levels at 3 and 6 months were signif- 
icantly higher than those on day 1 (P = 0.0001). As shown in 
Table 2, androgen replacement with SLT led to small, but 
significant, suppression of LH levels in both hypergonado- 
tropic (P = 0.0007) and hypogonadotropic patients (P = 
0.0123). Similarly, serum FSH levels were significantly sup- 
pressed with SLT treatment (hypergonadotropic, P = 0.0169; 
hypogonadotropic, P = 0.0001). SHBG levels decreased (P = 
0.0001) and 3a-diol G levels increased (P = 0.0001) signifi- 
cantly at 3 and 6 months of SLT treatment. 

Anthropometry, body composition, and muscle strength 
(Table 3) 

Body weight and body mass index increased with T re- 
placement. Both parameters were significantly higher at 3 
and 6 months (P = 0.0001 for both) than before treatment. The 
body circumferences measured at the chest, waist, thigh, and 
midarm showed significant increases after treatment com- 
pared to baseline (chest, P = 0.029; waist, P = 0.023; thigh, 
P = 0.0104; midarm, P = 0.030). The waist to hip ratio was 
also increased at 3 and 6 months (P = 0.0076). The subscap- 
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sular skin-fold thickness showed a very small increase (P = 
0.0024). 

As shown in Table 4, the total body mass, as measured by 
DEXA, increased significantly with T treatment (P = 0.0104), 
confirming the results from the weight measurements. This 
increase was due mainly to an increase in lean body mass 
(P = 0.007). The regional lean body mass in the legs was 
significantly increased after 3 months of SLT replacement 
(month 0: left leg, 8.6 -+ 0.3 kg; right leg, 8.9 ~fr 0.3 kg; month 
6: left leg, 8.8 2 0.5 kg; right leg, 9.2 t 0.3 kg; P = 0.012 and 
P = 0.0008 for left and right legs, respectively), but that in the 
arms was not. The total body fat and percent fat showed no 
significant change with treatment. Bone mineral density (to- 
tal body, hip, and spine) showed no significant change dur- 
ing the 6-month treatment with SLT. Twenty-four-hour uri- 
nary creatinine and 3-methylhistidine also showed no 
significant change. Muscle strength with leg press, as as- 
sessed by the one-repetition method, was significantly in- 
creased at 6 months (P = 0.0038), whereas there was no 
change in the upper body strength assessed by arm press 
(Table 4). There was no significant correlation between the 
increase in lean mass and the increase in muscle strength in 
the legs in each subject. 

Serum calciotropic hormone and bone turnover markers 
(Figs. 1 and 2) 

Serum calcium levels decreased significantly at both 3 and 
6 months with SLT replacement compared with baseline 
levels (P = 0.0029). Mean baseline PTH levels (16.7 ? 1.4 
rig/L) were within the normal adult range (2-62 rig/L). 
Compensatory increases in serum PTH occurred with the 
decreasing serum calcium levels. Serum PTH levels were 
significantly higher at 3 and 6 months compared with base- 
line levels (P = 0.0001); the PTH level at 6 months was 
significantly higher than that at 3 months. Urinary markers 
of bone resorption were measured in fasting 2-h timed urine 
collections and expressed as urinary calcium/ creatinine and 
N-telopeptide / creatinine ratios. With SLT treatment, the uri- 
nary calcium / creatinine ratio decreased significantly (P = 
0.0066). The mean baseline mean urinary N-telopeptide/ 
creatinine ratio [75.6 2 7.9 nmol bone collagen equivalents 
(BCE) / mmol creatinine] in the hypogonadal men was about 
twice the mean in normal adult men (41.0 ? 3.6 nmol BCE/ 
mmol). There was a significant decrease in the urinary N- 
telopeptide / creatinine ratio after 6 months of SLT replace- 
ment (P = 0.0304) compared with the baseline value. The 

TABLE 1. Serum T, free T, DHT, and EJevels and area under the curve (AUC) before and after SLT treatment in hypogonadal men 
(n = 67 subjects) 

Serum level AUC after SLT (5.0 mg)” 

HOl-mOlle 
Normal male range 

Day 1 

Before 30 min 
Day 1 Month 3 Month 6 

T (nmol/L) 8-28 4.13 + 0.40 45.24 t 2.35 46.0 ? 2.1 49.0 -+ 2.7 48.7 -c 2.4 
Free T (nmoLL) 0.06-0.25 0.09 + 0.01 0.73 + 0.04 0.80 -c 0.04 0.76 t 0.04 0.78 -+ 0.04 
DHT (nmol/L) 0.5-3 0.49 2 0.05 3.05 2 0.20 4.67 I! 0.25 5.19 2 0.35 4.79 t 0.31 
E, (pmol/L) 26-128 69.50 -t 4.92 91.0 -c 5.17 190.8 t 10.8 248.9 k 13.3” 248.1 i- 10.7” 

a AUC described by serum hormone levels, expressed as nanomoles per L&I for T, free T, and DHT and picomoles per L/h for E,. 
b P < 0.001 compared with day 1. 
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TABLE 2. Serum LH, FSH, SHBG, and 3o-diol-G levels before and after SLT treatment in hypogonadal men (n = 67 subjects) 
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Hormone Normal male range 
0 months 

Serum levels 

3 months 6 months 

LH (III/L) 
Hypogonadotropic (n = 27) 
Hypergonadotropic (n = 26) 
All (n = 67) 

FSH (IU/L) 
Hypogonadotropic (n = 27) 
Hypergonadotropic (n = 26) 
All (n = 67) 

SHBG (nmol/L) 
3wDiol-G (nmol/L) 

0.3-8.0 
1.72 ? 0.24 

16.97 2 1.60 
7.98 2 1.09 

0.5-7.0 
2.52 k 0.39 
28.7 2 3.5 

13.0 i- 2.1 
6-48 30.6 2 2.4 
2-26 11.2 i 1.9 

1.39 + 0.25” 1.38 k 0.24” 
14.37 + 1.41” 12.57 i- 1.19” 
6.47 t 0.95” 5.80 ? 0.82” 

1.78 2 0.28” 
26.3 + 3.7” 
11.3 t 0.1” 
26.1 + 1.8” 
26.2 + 4.3” 

1.68 t 0.16” 
24.1 -+ 3.3” 
10.4 2 1.8” 
26.0 +- 1.9” 
19.3 5 2.2” 

a Significantly different from month 0. See text for levels of significance. 

TABLE 3. Effect of SLT treatment on anthropometric measurements (n = 67 subjects) 

0 months 3 months 6 months 

Wt (kg) 
Ht (cm) 
BMI 
Chest circumference (cm) 
Thigh circumference (cm) 
Arm circumference (cm) 
Waist circumference (cm) 
Hip circumference (cm) 
Waist to hip ratio 
Tricen skinfold thickness (mm) 

87.4 k 1.9 
176.6 ? 1.2 

28.0 i 0.5 
105.7 i- 1.1 

52.8 t 0.6 
33.9 ” 0.5 
98.7 i 1.4 

101.0 2 1.3 
0.98 k 0.00 
20.1 t 1.0 

Subscapular skinfold thickness (mm) 21.1 2 0.8 

a Significantly different from month 0. See text for levels of significance. 

88.9 2 1.9” 
176.4 t 1.2 
28.5 2 0.5” 

106.4 t 1.2” 
53.4 2 0.7” 
34.1 t 3.7” 
99.6 2 1.4” 

100.5 + 1.4 
0.99 + 0.00” 
20.2 + 0.9 
22.1 rt 0.8” 

TABLE 4. Effect of SLT treatment on body composition, BMD, muscle strength, and mass (n = 34 subjects) 

89.2 2 1.9” 
176.4 + 1.2 
28.6 k 0.5” 

106.5 k 1.1” 
53.5 2 0.6” 
34.2 2 3.8” 
99.8 2 1.4” 

100.5 2 1.4 
0.99 t 0.00” 
20.5 + 0.9 
22.6 i 0.8” 

0 months 6 months 

Body composition 
Total body mass (kg) 
Total body fat (kg) 
% Fat 
Total lean mass (kg) 
Bone mineral content (BMC kg) 

BMD (g/cm’) 
Total 
Hip 
Spine 

Muscle metabolism markers 
Urinary creatinine (g/day) 
Urinary 3-methyl-histidine (Fmol/day) 

Muscle strength 
Arm press (kg) 
Len mess (ke) 

86.9 t- 2.6 
28.0 t 1.9 
31.6 2 1.5 
56.2 k 1.5 
2.17 t 0.08 

1.091 5 0.023 
0.997 2 0.027 
1.039 ? 0.037 

1.63 + 0.06 
200.3 2 13.1 

41.7 2 1.6 
139.0 -+ 4.0 

88.7 z 2.6” 
28.9 2 1.9 
31.8 2 1.5 
57.1 z 1.5” 
2.18 t 0.08 

1.088 t 0.022 
0.997 2 0.026 
1.048 2 0.039 

1.58 2 0.09 
228.7 t 17.6 

43.0 t 1.7 
147.7 + 4.2” 

a Significantly different from month 0. See text for levels of significance. 

decrease in the urinary N-telopeptide / creatinine ratio was 
not due to increases in urinary creatinine, but mainly to 
decreases in the excretion of N-telopeptides. There were sig- 
nificant negative correlations between all the above param- 
eters at baseline and the changes at 3 and 6 months (Fig. 2). 
Subjects with the highest serum calcium, urinary calcium/ 
creatinine ratio, and urinary N-telopeptide / creatinine ratio 
at baseline showed the largest decrease in these markers of 
bone resorption with SLT treatment. Subjects with the lowest 
PTH level showed the largest elevation of PTH with SLT 
treatment. The changes in serum PTH levels and urinary 
calcium/ creatinine or N-telopeptide / creatinine ratios after 
SLT therapy did not show significant correlation with each 
other. 

The mean basal osteocalcin level in the hypogonadal men 
(4.7 ? 0.3 mg/L) was within the normal adult male range 
(l-8 mg/L; Fig. 1) Serum osteocalcin showed a significant 
increase with time of SLT treatment (P = 0.0001). The levels 
at 3 and 6 months were higher than values before treatment 
and that at 6 months was significantly higher than that at 3 
months. Before treatment, mean serum type I procollagen in 
hypogonadal men (107 ? 5 mg/L) was within the range for 
normal adult men (58-268 mg/L). Serum type I procollagen 
levels showed significant increases with treatment (P = 
0.0012). The levels at 3 and 6 months were significantly 
higher than that at 0 months. Serum bone-specific alkaline 
phosphatase at baseline (10.7 ? 0.8 mg/L) was within the 
normal adult male range (1-19 mg/L) and showed no sig- 
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FIG. 1. Serum and urinary bone marker levels in hypogonadal men FIG. 2. Correlation between baseline serum and urinary bone 
before (0 months; hatched bar) and after 3 months (shaded bar) and marker levels and the changes in these parameters atIer replacement 
6 months (open bar) of SLT (5.0 mg, three times per day) treatment. therapy with SLT (5.0 mg three times per day) for 3 months (baseline) 
See text for significance levels. The urinary calcium/creatinine ratio in hypogonadal men (r = regression coefficient). The urinary calcium/ 
is expressed as millimoles/millimoles, and the urinary IV-telopeptidel creatinine ratio is expressed as millimoles/millimoles, and the uri- 
creatinine ratio is expressed as nanomoles of BCE/millimoles of nary N-telopeptide/creatinine ratio is expressed as nanomoles of BCE/ 
creatinine. millimoles of creatinine. 

nificant change with SLT replacement. Regression analyses 
showed a negative correlation between the change in type I 
procollagen at 3 and 6 months from the baseline level (Fig. 
2). This indicates that the lower the initial type I procollagen 
levels, the greater the increase with SLT treatment. Changes 
in serum osteocalcin had no relationship with the baseline 
levels. The changes in serum levels of osteocalcin after SLT 
treatment were significantly correlated with the changes in 
serum type I procollagen (r = 0.34; P = 0.0043) and alkaline 
phosphatase levels (r = 0.38; P = 0.0013), and the serum 
levels of the latter two bone formation markers were also 
significantly correlated with each other (r = 0.34; P = 0.0045). 

distinguished by their age, diagnosis, or previous replace- 
ment history. None of these bone resorption or formation 
markers was correlated with the baseline T levels or the 
increase in AUC described by the serum T levels after the 
administration of SLT. 

Sexual function 

Further examination of the data from each patient did not 
identify subjects that could be classified as responders (i.e. 
with most changes in both bone resorption and bone for- 
mation markers) or nonresponders. The subjects with the 
greatest decreases in the N-telopeptide / creatinine ratio were 
not the same ones who had the greatest changes in other bone 
turnover markers. Furthermore, these patients could not be 

There were significant increases in the scores for sexual 
desire (month 0,2.67 + 0.17; month 3,4.00 + 0.18; month 6, 
3.72 ? 0.19; P = O.OOOl), enjoyment of sex with partner 
(month 0, 3.24 t 0.24; month 3,4.27 2 0.26; month 6,4.64 2 
0.28; P = 0.0032), enjoyment of sex without partner (month 
0,2.54 t 0.23; month 3,3.83 + 0.22; month 6,3.85 rfr 0.26; P = 
0.0004), number of erections (month 0,0.32 + 0.04; month 3, 
0.48 + 0.04; month 6, 0.49 + 0.05; P = 0.0046), satisfaction 
with the duration of erection (month 0,3.56 + 0.24; month 3, 
4.63 2 0.25; month 6,4.58 + 0.22; P = 0.0019), and the number 
of ejaculations (month 0, 0.10 2 0.02; month 3, 0.20 2 0.02; 
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-0.3 1 ’ , , , , 

2.1 2.2 2.3 2.4 2.5 
Serum Calcium(nmol/L) 

At Baseline 

0 10 20 30 40 50 
Serum Parathymid Hormone 

(rig/L) At Baseline 

Urine CalciumICreatinina 
At Baseline 

I= 
i 

0 50 loo 150200 
Urine N-TelopeptideKreatinine 

At Baseline 

0 2 4 6 810 
Serum Osteocalcin(ufgL) 

At Baseline 
Serum Prccollagen(ugR) 

At Baseline 



EFFECTS OF SLT ON MUSCLE AND BONE 3659 

month 6, 0.22 + 0.03; P = 0.0087). The sexual motivation 
summary score (mean scores of sexual desire, sexual day- 
dream, anticipation of sex, and flirting by subject) increased 
from 0.81 2 0.05 at 0 months to 1.25 -C 0.06 at 1 month, 1.22 + 
0.06 at 3 months, and 1.12 t 0.06 at 6 months (P = 0.0001). 
The sexual performance summary score (mean score of num- 
ber of erections, ejaculations, and orgasm) also increased 
from 0.17 -+ 0.02 at 0 months to 0.32 2 0.03 at 1 month, 0.28 + 
0.02 at 3 months, and 0.29 2 0.03 at 6 months (P = 0.0001). 

Side-effects of SLT replacement 

There was no increased acne or gynecomastia or change in 
body hair with SLT treatment. Systolic BP showed no change, 
but diastolic BP decreased from 78.9 2 1.3 mm Hg at baseline 
to 76.5 + 1.4 and 74.9 2 1.2 mm Hg at 3 and 6 months, 
respectively (P = 0.0034). Hematocrit and hemoglobin levels 
did not increase with treatment. Serum urea nitrogen (month 
0, 5.5 + 0.3; month 3, 5.2 ? 0.2; month 6, 4.8 + 0.2 nmol/L; 
P = 0.0007), phosphate (month 0,1.19 ? 0.02; month 3,1.09 + 
0.02; month 6, 1.01 -+ 0.02 nmol/L; P = O.OOOl), alanine 
amino-transaminase (month 0,45.5 t 4.3; month 3,33.1 -C 2.2; 
month 6, 32.8 2 2.2 U/L; P = O.OOOl), and aspartate amino- 
transaminase (month 0,31 2 3.0; month 3,28.9 ? 1.5; month 
6, 22.9 +- 1.3 U/L; P = 0.0001) significantly decreased with 
treatment. Serum cholesterol, low density lipoprotein cho- 
lesterol, high density lipoprotein cholesterol, and triglycer- 
ides showed small and nonsignificant decreases with SLT 
replacement (high density lipoprotein cholesterol: month 0, 
1.01 2 0.04; month 3, 0.97 ? 0.03; month 6, 0.95 2 0.03 
nmol/L; P = 0.074, not significant). 

The maximum urine flow rate decreased with treatment 
over time (P = 0.0010; Table 5). Urine flow rates at baseline 
were higher than at 3 and 6 months. Serum PSA levels 
showed a small, but significant, increase with T replacement 
(P = 0.0039). Serum PSA levels at baseline were significantly 
lower than those at 3 and 6 months; however, the levels were 
not different between 3 and 6 months. Ultrasonography of 
the prostate gland showed small, but significant, increases in 
length (P = 0.0033), width (P = O.OOOl), and volume (P = 
0.0001). One of the 67 subjects complained of urgency and 
frequency at the 3 month visit after the onset of SLT treat- 
ment. At his pretreatment visit, his digital rectal examination 
showed a mildly enlarged prostate with no other abnormal- 
ity. The maximum urine flow was 13.9 mL / s, serum PSA was 
3.4 mg/ L, and ultrasonography showed an enlarged prostate 
measuring 5.4 X 5.6 X 3.7 cm consistent with benign prostate 
hypertrophy. At his 3 month visit, he complained of urgency 
and marked increased frequency. His maximum urine flow 
was 13.7 mL / s, and his PSA was 11.3 mg / L. T treatment was 

withdrawn, and he was referred to a urologist, who diag- 
nosed prostatitis. After treatment with a course of antibiotics, 
his symptoms markedly improved, and serum PSA fell to 6.1 
mg/L. Needle biopsy of the prostate showed benign pros- 
tatic hypertrophy. None of the other subjects had any symp- 
toms or signs of prostate disease before or during SLT 
replacement. 

Discussion 

Our studies confirmed our previous observation (32) that 
SLT administration at 5 mg led to marked increases in serum 
T, free T, DHT, and E, within 30 min, and repeated sublin- 
gual administration gave the same pharmacokinetic profile. 
The serum hormone levels attained in this study were similar 
to those previously reported (32). The bioefficacy of SLT 
administration as a form of androgen replacement was ev- 
idenced by the small, but significant, suppression of FSH, 
LH, and SHBG levels. Such small decreases in gonadotropin 
and SHBG levels could be related to the short residence time 
of T in plasma after SLT replacement. Moreover, clinical 
efficacy was evident from the marked improvement in sexual 
motivation (sexual desire and enjoyment of sex with and 
without partner) and sexual performance (number of erec- 
tions, satisfaction with erections, ejaculation, and inter- 
course). More importantly, this study showed that SLT ad- 
ministration had significant positive effects on muscle and 
bone within a 6-month period. 

There was a weight gain of an average of less than 2 kg. 
The weight gain was accompanied by very small increases 
(0.5-I cm) in arm, thigh, chest, and waist circumferences. 
There was a very small increase in subcapsular skinfold 
thickness (-1 mm). The overall assessment by anthropom- 
etry showed a generalized increase in both lean and fat mass 
values. Objective and more precise assessment of body mass 
by DEXA confirmed the increase in total body mass and 
demonstrated that this increase was mostly due to an in- 
crease in lean body mass. Neither the total body fat nor the 
percent body fat was significantly changed by SLT treatment. 
The lean body mass showed an increase of about 1 kg. Most 
of the increase in lean body mass was in the legs. The markers 
of muscle mass (urinary creatinine excretion) and muscle 
metabolism (3-methylhistidine) were not affected by SLT 
administration. The urine collections were performed after a 
3-day meat-free diet while the subjects were free-living at 
home. The compliance of the subjects with the dietary re- 
quirement could have influenced the significance of these 
data. Using one-repetition maximum measurements for leg 
and arm press as an assessment of muscle strength, we found 
significant increases in strength in the legs of about 7-8 kg, 

TABLE 5. Effect of SLT treatment on markers of prostate function (n = 67 subjects) 

0 months 

Maximum urine flow (mL/s) 23.8 2 1.2 
Serum PSA (pg/L) 0.66 -+ 0.09 
Prostate vol (cm31 22.6 + 1.3 

Length (cm) 4.04 2 0.09 
Width (cm) 4.32 5 0.08 
Anterior-posterior diameter (cm) 2.33 2 0.06 

a Significantly different from month 0. See text for levels of significance. 

3 months 

21.7 t 9.7” 
0.77 t 0.09” 

6 months 

20.9 2 1.4” 
0.73 ? 0.08” 
25.0 t 1.4” 
4.17 c 0.07” 
4.50 t 0.07” 
2.47 -t 0.07 
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on the average. In a preliminary report, Bhasin et al. (28) 
studied the effects of 10 weeks of weekly im injection of T 
enanthate in five hypogonadal men. Using underwater 
weighing and deuterium water methods, these investigators 
showed a mean increase of 6 kg in lean body mass, whereas 
body fat decreased by 4%. Magnetic resonance imaging stud- 
ies in these five men showed increases in the cross-sectional 
area of both arm and thigh muscles. The more marked in- 
crease in muscle mass demonstrated in this preliminary 
study could be due to the difference in the methods of as- 
sessment of lean body mass. DEXA allows the noninvasive 
precise assessment of body composition, which is the more 
practical and accurate method of measurement in a study 
involving a sample size of over 30 subjects. The lesser de- 
crease in percent body fat and increase in lean body mass 
found in the present study were more likely due to the dose 
and form of T replacement. In this study, androgen replace- 
ment was given as SLT (5 mg, three times a day), whereas in 
Bhasin’s study, T enanthate (100 mg weekly; 300 mg/21 
days) was administered. In our previous study (32) we 
showed that the AUC described by the serum T levels over 
a 20-day period after a single im injection of 200 mg T en- 
anthate was 2-fold higher than that produced by the admin- 
istration of 5.0 mg SLT, three times a day. Thus, the less 
marked effect of SLT on body composition can probably be 
ascribed to either the lower or the less sustained levels of 
serum T achieved with SLT compared to T enanthate. Fifty- 
seven of 67 subjects were withdrawn from T replacement 
before participation in the study. The withdrawal period of 
4-6 weeks might not have allowed adequate time for rever- 
sal of body composition to the basal hypogonadal levels. 
Associated with the small increase in lean body mass in- 
duced by SLT replacement was the increase in muscle 
strength, especially in the legs, where the increase in lean 
body mass was maximum. The increase in muscle mass 
induced by androgens is most likely the result of enhanced 
muscle protein synthesis (25). It is not known whether pro- 
longed treatment with SLT will lead to further increases in 
lean body mass and muscle strength and decreases in body 
fat that are associated with the administration of higher doses 
of parenteral testosterone in hypo- or eugonadal men 
(25-28). 

In addition to the positive effect on muscle, SLT admin- 
istration in hypogonadal men led to significant and consis- 
tent decreases in serum calcium, urinary calcium, and N- 
telopeptide excretion associated with increases in serum 
PTH levels. These changes in bone resorption markers par- 
allel the alterations of these parameters in hypogonadal post- 
menopausal women after estrogen replacement therapy. In 
postmenopausal women, bone resorption induced by estro- 
gen deficiency leads to small transient increases in serum 
calcium, decreases in PTH secretion, and decreases in tubular 
resorption of calcium. Estrogen replacement therapy re- 
verses these changes, leading to decreases in total serum 
calcium, increases in serum PTH, and decreases in urinary 
calcium and pyridinoline excretion (36-40). Estrogens cause 
increases in renal tubular reabsorption of calcium as a result 
of the elevation of serum PTH that occurred with estrogen 
inhibition of bone resorption (40). SLT is converted to a small, 
but significant, extent to estrogen. Thus, the action of SLT on 

decreasing bone resorption markers could be mediated via 
the conversion to estrogens. 

Our data also showed that SLT replacement in hypogo- 
nadal men resulted in significant increases in osteocalcin and 
type I procollagen, although no significant change in skeletal 
alkaline phosphatase was noted. Osteocalcin, an osteoblas- 
tic-specific noncollagenous protein; type 1 procollagen pep- 
tides released during the processing of collagen; and serum 
skeletal alkaline phosphatase are considered to reflect os- 
teoblastic activities and are markers of bone formation (41- 
43). Our data suggest that androgens, in the form of SLT in 
this study, in addition to decreasing bone resorption cause an 
increase in bone formation. This finding is similar to the 
recent reports showing that in postmenopausal women, 19- 
nor-testosterone (nandrolone) as well as methyltestosterone 
in combination with estrogen resulted in increases in bone 
formation markers, whereas estrogens alone suppressed 
these markers of bone formation (44, 45). It should also be 
noted that the changes in bone markers were most marked 
in subjects who had the highest bone resorption and lowest 
bone formation markers. The decreases in serum calcium and 
urinary calcium and N-telopeptide excretion were most 
marked in subjects who had highest baseline values. These 
subjects did not have any distinctive clinical characteristics, 
such as age, diagnosis, or T withdrawal period compared to 
those in the other patients. Similarly, the increases in PTH 
and osteocalcin were most marked in subjects who had the 
lowest baseline levels. Possibly because this was only a 
6-month study, despite the decreases in bone resorption 
markers and increases in bone formation markers, no sig- 
nificant increase or decrease in BMD was observed. This was 
not unexpected, as the effects of hormone replacement in 
previous studies in hypogonadal men or women were not 
evident by BMD measurement until after at least 1 yr of 
treatment. Moreover, as most of our hypogonadal subjects 
had received prior T therapy and the wash-out period was 
relatively short (4-6 weeks), regression of BMD to the hy- 
pogonadal state may not have occurred by the time of in- 
stitution of SLT treatment. Thus, it might be even more 
difficult to demonstrate any increase in BMD in our subjects 
compared to that in subjects with previously untreated 
hypogonadism. 

Androgen replacement therapy administered three times 
a day as SLT (5.0 mg) did not lead to significant increases in 
acne or gynecomastia. There were no adverse effects on 
kidney or liver function or the hematocrit. There were slight, 
but nonsignificant, decreases in serum high density lipopro- 
tein cholesterol. As expected, prostate size was slightly in- 
creased, and serum PSA levels rose with androgen replace- 
ment therapy at 3 months, but remained within the normal 
range for adult men. At 6 months, there were no further 
increases in PSA levels. The increase in prostate volume was 
similar to those previously reported for T replacement in 
hypogonadal men (46). One subject was discontinued from 
the study because of a marked increase in urinary symptoms 
at the 3 month visit. Treatment with antibiotics relieved his 
symptoms and decreased his serum PSA levels. This history 
was suggestive of an acute episode of prostatitis. Biopsy of 
the prostate showed the presence of benign prostatic hyper- 
plasia, with no evidence of malignancy. 
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We conclude from this study that short term (6-month) 
administration of SLT (5 mg three times per day) to hypogo- 
nadal men resulted in restoration of relatively normal sexual 
function. In addition, despite the lower T level achieved 
(compared to parenteral T) and the short residence time in 
plasma (several hours), SLT was able to increase lean body 
mass, improve muscle strength, reduce serum and urinary 
markers of bone resorption, and increase serum markers of 
bone formation. Although it has been perceived by many 
clinicians that androgen replacement therapy should pro- 
vide a steady and constant level of serum T (47), these data 
on positive effects of SLT on bone, muscle, and sexual func- 
tion suggest that intermittent high pulses of T can be effective 
therapy. Furthermore, it is not known whether androgen 
replacement should provide serum T levels in the low nor- 
mal or midnormal range. Low normal levels of T have been 
shown to restore adequate sexual function in hypogonadal 
men (48,49). Whether similar lower levels of T will maintain 
bone and muscle mass is unclear. T undecanoate, an orally 
active T ester not available in the United States, but with a 
similar pharmacokinetic profile as SLT, has been shown to 
increase fat-free mass and height velocity in adolescent boys 
with constitutional delayed puberty (50). Longer term stud- 
ies will be necessary to demonstrate whether such changes 
in muscle mass and strength and bone turnover markers will 
result in increased physical activity and BMD, and reduction 
of the fracture risks and frailty present in elderly hypogo- 
nadal men. 
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be postmarked by February 28, 1997. Late re-registration begins March 1, 1997. The late re-registration fee 
of $1485 includes a $225 non-refundable penalty fee. The final deadline for postmark of re-registration 
material is March 31,1997. 

Each application will be considered individually and must be acceptable to the Subboard of Pediatric 
Endocrinology. Please contact the ABP for eligibility requirements. 

Site assignment is based on the date of receipt of the application or the re-registration material. There may 
be limited seating at some sites, so early registration is suggested. 

Please direct inquiries to: American Board of Pediatrics, 111 Silver Cedar Court, Chapel Hill, NC 27514-1651. 
Telephone: (919) 929-0461; Fax: (919) 929-9255. 


