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Objective: The association between testosterone replacement
therapy and cardiovascular risk remains controversial. Blood vis-
cosity is a known individual risk factor for cardiovascular disease
mortality. The objective of the present study was to investigate the
effects of the long-acting injectable testosterone undecanoate (TU)
on risk factors of cardiovascular disease.

Methods: In total, 24 male New Zealand white rabbits (2.5 kg) were
randomly divided into 3 groups of 8. Group 1 was used as control.
Group 2 was castrated bilaterally and Group 3 was administrated
with 6 mg/kg of TU at day 1 and 6 weeks after castration. Whole
blood viscosity, total plasma testosterone, hemoglobin (Hb), hema-
tocrit (Hct), fibrinogen (FBN), total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) levels were measured at baseline,
6 weeks and 18 weeks.

Results: In the control group, whole blood viscosity and FBN were
significantly increased at 6 and 18 weeks. Castration significantly
increased the levels of TC, TG, HDL-C and LDL-C, but decreased
Hct and Hb. In the TU injection group, whole blood viscosity was
markedly decreased in all share rates, whereas the FBN level was
increased. Hb and Hct showed a tendency for higher concentra-
tion at 6 weeks.

Conclusions: Long-acting injectable TU provides another reliable
treatment option for testosterone replacement therapy. Moreover,
the patients may receive additional beneficial effect in lowered
whole blood viscosity.

Introduction

of male reproductive tissues and in the maintenance of male
characteristics.! Testosterone levels decline gradually with
age, and testosterone deficiency can cause significant mor-
bidity and substantial reduction in quality of life.

Male hypogonadism, affecting about 30% of men between
the ages of 40 and 79 years,? is a clinical condition in which
abnormally low serum testosterone levels are found associ-
ated with typical symptoms, including diminished libido

and sense of vitality, erectile dysfunction, reduced muscle
mass and bone density, depression and anemia.? Although
many of these symptoms can be relieved by restoring serum
testosterone levels to the normal range, there is consider-
able controversy about the potential risks of testosterone
replacement therapy.

An increasing incidence of hematopoietic disorders is a
risk of testosterone use. Testosterone increases erythropoi-
etin production by hypertrophy of renal tissue, particularly
in high doses.* Activation of androgen receptors in erythroid
cells appears to be necessary for testosterone to develop an
erythropoietic effect in the bone marrow.’ Drastic eleva-
tions of hematocrit (Hct) may be detrimental to patients
with underlying coronary, cerebral or peripheral vascular
disease by possibly causing an increase in blood viscosity
and increased risk of thrombosis.®® However, no causal rela-
tion has been found between higher testosterone levels and
cardiovascular disease.”’ On the contrary, recent studies
strongly suggest that testosterone has beneficial effects on
vascular reactivity in men with coronary artery disease or
heart failure failure." '3

Despite this controversy, testosterone supplementation
has increased substantially over the last decade due to
its wide range of benefits; new testosterone formulations
and treatment modalities provide patients with additional
options. Nowadays, injectable, transdermal, buccal and
oral testosterone formulations are available for clinical
use; injectable testosterone is the most preferred and reli-
able treatment. Testosterone undecanoate (Nebido, Bayer
Pharma, Berlin, Germany) is a long-acting testosterone
undecanoate (TU) preparation for intramuscular injection
(1000 mg). The injections are generally well-tolerated and
multidose pharmacokinetics showed that most hypogonadal
men would receive adequate replacement with physiologi-
cal ranges of serum testosterone when administered 6 weeks
after the first injection followed by injections every 12 week
thereafter.1>

Whole blood viscosity and its role in cardiovascular dis-
ease have become an area of increasing research interest.
Whole blood viscosity has been independently correlated
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with the major risk factors for cardiovascular disease, and
has been revealed to play an important role in the pathogen-
esis of atherosclerosis. The correlation between testosterone
replacement therapy and blood viscosity remains unclear.
Only one study has investigated blood viscosity concerning
various shear rates.'®

The objective of our study was to evaluate the effect of
long-acting injectable TU on blood viscosity in castrated
rabbits over 18 weeks.

Methods

Animal preparation and blood sampling

This study was approved by the Animal Care Committee
of the Chonbuk National University. In total, 24 male New
Zealand white rabbits averaging 2500 g (3 months old) in
weight were used. The rabbits were housed individually
with a 12-hour light cycle and room temperature of 20°C.
Animals were fed a commercial rabbit diet ad libitum for
18 weeks. The rabbits were randomly divided into 3 groups
of 8. Group 1 was kept intact as the control. Groups 2 and
3 were bilaterally castrated through 3-cm scrotal incisions,
under anesthesia with ketamine (35 mg/kg) and xylazine
(5 mg/kg). In Group 3, a physiological level of TU (6 mg/kg)
was intramuscularly injected in the gluteal region followed
by a second injection administered 6 weeks later."”

Blood samples were obtained via antecubital venipunc-
ture at baseline, 6 and 18 weeks for hematology, includ-
ing Hb, Hct, FBN, total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), total plasma testosterone
and whole blood viscosity. Time of blood sampling was
7 am to 11 am; all the blood samples were tested within
3 hours. Hb concentration and Hct levels were measured
using standard techniques in a commercial clinical labora-
tory, as part of complete blood counts.

Measurement of biochemical and hematologic analyses

Serum concentrations of TC, HDL-C and TG were deter-
mined using an AU-600 autoanalyzer (Olympus, Tokyo,
Japan) using commercial kits (Randox Laboratories, San
Francisco, CA). Serum LDL-C concentration was calculated
using the Friedewald formula. FBN concentration was mea-
sured with Fibriquik kit (Organon Teknika, Durham, NY) on
a trombolyzer analyser.

Measurement of total plasma testosterone
Blood was collected from rabbits into plastic tubes contain-

ing anticoagulant (0.129 M trisodium citrate) in a blood-
to-anti-coagulant v/v ratio of 1:9. The citrated blood was

immediately centrifuged at 1760 g for 15 minutes at room
temperature to obtain plasma. Total plasma testosterone was
measured using the ADVIA Centaur Immunoassay System
(Bayer HealthCare, Tarrytown, NY).

Measurement of whole blood viscosity

Immediately after venipuncture, whole blood viscosity was
measured on a viscometer (BIO-VISCO, Jeonju, Korea). In
this instrument, blood is maintained at 37 °C during the entire
measurement. The EDTA (ethylenediaminetetracetic acid)-
preserved blood is injected into the U-shaped disposable
capillary assembly to fill one vertical tube. The vertical tubes
are filled with blood to unequal heights, thereby providing the
pressure gradient for flow in the capillary. The measurement
is started by allowing flow to occur, thus altering the heights
of blood in the two vertical tubes. Optical sensors detect the
two heights as a function of time; the height data are digi-
tized and analyzed immediately by a computer attached to
the viscometer, and graphical and tabulated viscosity-shear
rate results are generated by the computer.'®1

Statistics

Statistical analyses were performed with SPSS software,
10.01 (SPSS, Chicago, IL). Data were analyzed using one-
way analysis of variance (ANOVA) followed by least signifi-
cant difference (LSD) post-hoc test for multiple comparisons
between pairs. Results are reported as mean =+ standard error
and differences were considered as significant at p < 0.05.

Results

I(huTges in hematological parameters and total plasma testosterone
eve

At baseline, no difference was found among the three
groups. In Group 1 (the control group), the FBN level was
significantly increased at 6 weeks and 18 weeks when com-
pared with baseline. TC, TG, HDL-C and LDL-C levels were
significantly increased in the castration group (Group 2).
Castration decreased the FBN level when compared with the
control group, but it was still markedly higher than at base-
line. TU injection elevated platelet and FBN levels, whereas
the concentration of TC was decreased. At 6 weeks, Hb
level in TU group (Group 3) showed a tendency for higher
concentration. At 18 weeks, Hct and Hb levels were signifi-
cantly decreased in Group 2 (Table 1).

Changes in whole blood viscosity

There was no difference among the three groups in whole
blood viscosity at baseline (Fig. 1a). In Group 2, whole blood
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Table 1. Changes in hematological parameters and plasma testosterone

Parameters Baseline 6-week 18-week

Control Castration Castration+TU Control Castration Castration+TU Control Castration Castration+TU
e BT e amyan W % o my s xom
H g/ 4B TS gy TS 208 gy TME 08,
Hot (%) 0% B sgrsass o0 BT gggmgy B2 M 359308
g noay 2% TS e X0 L mem o gme mom e
T (mgial) BB IO gy BE BRI g0, BB SUE g,
T6 (mgal) TBIS T2 gy TRAL BT 00 RIS BZ e
HDL-C (mg/dL) 7 BR ewmer 07Y P01 qezazze 000 24 1s94.a10
LDL-C (mg/dL) 1302772 12(;?861 3.1920.62 136.1768 172-_%‘1, 3.38+1.12 136%15 1131 '1241 4.21+1.62
fr'lgjnrz‘f)tesmsmr°”e = e 025:015 %% - 0.20:0.19  0.3:0.13 - 0.34 £0.17

Data are expressed as mean + standard error of the mean; a: p < 0.05 intergroup comparison with baseline; b: p < 0.05 compared with control. The values of control are considered as
standard. TU: testosterone undecanoate; Hb:hemoglobin; Hct: hematocrit; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein

cholesterol.

viscosity values at lower shear rates (1, 2, 5, and 10/second)
were significantly lower than control group (Figs. 1b, Fig.
1¢). TU injection in this group significantly deceased whole
blood viscosity than control group at all shear rates and
castration group at low shear rates (1, 2, 5, and 10/second)
(Fig. 1b, Fig. 1c). At 6 and 18 weeks, whole blood viscosity
was significantly increased at low shear rates (1, 2, 5 and
10/second) in Group 1 (Fig. 2).

Discussion

Testosterone replacement therapy may be beneficial for men
with cardiac disease. In a study of testosterone replacement
therapy for men with cardiac disease, 22 men with chronic
stable angina treated with transdermal testosterone replace-
ment therapy had greater angina-free exercise tolerance than
24 placebo-treated controls.? Direct injection of physiologic
levels of testosterone into the coronary arteries led to an
increase in mean coronary artery diameter and blood flow
as compared with baseline.?’

Testosterone plays a role in cardiovascular morbidity and
mortality by modulating risk factors of atherosclerosis and
vascular function. However, the mechanisms have been
unclear.

Blood is a non-Newtonian fluid and its viscosity depends
upon many factors like shear rate, Hct, red cell deformabil-
ity, plasma viscosity and red cell aggregation. The physi-
ological fluidity of blood in the macrocirculation is main-
tained by high flow forces acting in the large vessels, while
the individual determinants of bulk viscosity determine its
fluidity in the microcirculation. The rise in plasma viscosity
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in clinical and nonclinical situations is mainly attributed to
a rise in FBN concentration, with a lesser contribution by
globulins, TC and TG. These parameters and the Hct value
define whole blood viscosity. FBN and plasma viscosity have
been positively correlated with age, with a steady rise in
FBN values in men and women noted after 30 years of age.?
Blood viscosity measurements play an important role in
the development and progression of various hematology
related diseases, such as cardiovascular diseases, coronary
artery disease, stroke and hyperviscosity syndrome.'®23
Several viscometers to measure whole blood viscosity have
been developed and used to perform the clinical research
and to make the standard data of human in clinical trials.
The pressure-scanning capillary viscometer measures the
viscosity of whole blood over a range of shear rates with-
out the use of anticoagulants.’" It has been used in some
countries, but not available in most clinical laboratories.
In our study, increased FBN was observed in all groups,
but in Group 3, the TU injection elevated FBN levels less
than in Group 1 (the control group). Although the FBN level
was increased in the castration group compared with base-
line, it was much lower than in the other groups.
Castration significantly increased TC, TG, HDL-C and
LDL-C levels and may be attributed to the decrease of
hepatic lipase (HL) and lipoprotein lipase (LPL) activities
due to the absence of gonadal hormones.?*?> Basaria and
colleagues studied the effect of testosterone supplementa-
tion in men 65 years old and over with mobility limitations
and low serum levels of testosterone. They found that the
application of a testosterone gel was associated with an
increased risk of cardiovascular adverse events.?® However,
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Fig. 1a. Changes of whole blood viscosity in each group at baseline. Each point
represents mean = standard error; *p < 0.05 vs. control; #p < 0.05 vs. castration
group.

meta-analyses of previous trials of testosterone therapy have
not shown significant increases in cardiovascular risk.272®
The apparent discrepancies may relate to the differences
between the effects of endogenous hormones and those of
pharmacologic hormonal therapy, as well as differences in
the duration of exposure. However, the lack of elevation in
whole blood viscosity in the castration group was due to
the decreased Hct and Hb levels. Testosterone administra-
tion did not affect serum TG level, but this parameter was
significantly higher in Group 2 (the castration group) than
in Group 3 (the testosterone group). This result may be due
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Fig. 1¢c. Changes of whole blood viscosity in each group at 18 weeks. Each point
represents mean = standard error; *p < 0.05 vs. control; #p < 0.05 vs. castration
group.

Fig. 1b. Changes of whole blood viscosity in each group at 6 weeks. Each point
represents mean = standard error; *p < 0.05 vs. control. #p < 0.05 vs. castration
group.

to the decreased activity of LPL, which hydrolyses TG in the
absence of testosterone.?® Testosterone could enhance the
platelet count by stimulating the proliferation of erythroid
and myeloid progenitors as well.?” In Group 3, where a
dose of TU was injected a day after castration, HL and LPL
activities did not decrease and there was no “roller coaster”
effect on Hct.

FBN, Hct and plasma viscosity are individual risk fac-
tors for coronary heart disease mortality.?83° However, the
association with whole blood viscosity remains unclear. This
is because large-scale epidemiological studies usually mea-
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Fig. 2. Changes of whole blood viscosity in the control group. Each point
represents mean = standard error. CG: control group; *p < 0.05 vs. baseline.
Solid circle is baseline. Open circle is 6 weeks after study. Solid triangle is 18
weeks after study.
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sure plasma viscosity and not whole blood viscosity since
whole blood viscosity measurement requires sophisticated
apparatus due to the non-Newtonian behavior of blood.*' In
a study involving 1142 male myocardial infarction patients,
a positive relationship was found between plasma viscosity
and the severity of coronary heart disease, even after adjust-
ing groups for age, FBN and use of diuretics.*?

In our study, increased whole blood viscosity levels in
Group 1 (the control group) were correlated to the elevated
level of FBN in plasma. Although a lower FBN level was
observed in Group 2 (the castration group), higher TC, TG,
HDL-C and LDL-C levels might elevate the whole blood vis-
cosity. Decreased blood viscosity in Group 3 (the TU group)
was the result of a reduction of TC concentration. Based on
these results, TU provides another reliable treatment option
for testosterone replacement therapy. Moreover, patients
may receive additional benefits in lowing whole blood vis-
cosity. However, the hematological results observed with
TU should not be extrapolated to other testosterone prepa-
rations.

Conclusion

through the modulation of whole blood viscosity. However,
clinical trials are needed to clarify the role of testosterone
in the cardiovascular system induced by blood viscosity.
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