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Abstract: Anabolic steroid compounds are widely used for the increase of muscle mass, density of bone and athletic
ability. The present study conducted to evaluate the effects of nandrolone decanoate (ND), one of the anabolic steroid
compounds, on disuse muscle atrophy and healing process of bone in dogs. Twenty physically healthy dogs of both
sexes were used in this experiment and divided into three groups: group A (control), group B (low dose ND-1.5 mg/
kg) and group C (high dose ND-7.5 mg/kg). One-mm strip of full thickness bone was excised from the radius below
the pronator teres muscle for the artificial fracture and then the fractured ends were fixed in apposition with bone plate
leaving 1 mm gap, and finally immobilized externally by Robert John’s bandage for 4 weeks. ND was administered
intramuscularly once a week for 8 weeks. Body weight, muscle mass change and fracture gap of the bone were evaluated
immediately after surgery, and 2, 4, and 8 weeks after surgery. The rates of muscle mass change 8 weeks after surgery
were -2.75£0.16%, 1.68%£0.11% and 1.74£0.48% in groups A, B and C, respectively. The significant increase (p<0.05)
of muscle mass increments were found in the treated groups. The fibrous connective tissue layer in the fracture gaps
of the treated groups increased more than the control, especially in the group C at 4th week. More dense fibrous connective
tissue were found in the treated groups at 8th week. Collectively, our results suggested that ND was an effective anabolic
agent for the immobilized disuse muscle and bone healing.
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Introduction

Postoperative immobilization of fracture is an important
technique for the quick and unhindered healing of bone. But
prolonged immobilization may cause disuse muscle atrophy
and reduce physiological forces®?. Delay or failure of heal-
ing in bone fracture is a common clinical problem confronting
the veterinary surgeon. One of the treatment options for these
problems is the administration of anabolic androgenic ste-
roids agent.

Nandrolone decanoate (ND) therapy for patient with muscle
atrophy can increase the muscle mass by protein synthesis in
the skeletal muscle or connective tissue’. It has been known
that steroid testosterone can increase the rate of muscle pro-
tein synthesis and promote muscle development®. It has also
demonstrated that ND pretreatment can alter morphological
and cell cycle regulator expression related to muscle growth
at the onset of functional overload”. The effectiveness of ND
in human and rat skeletal muscles appeared to depend on its
combination with exercise training®. It has been demon-
strated that, at least partly, anabolic steroids increase the bone
density by stimulating bone formation'™.

The aim of the present study is to evaluate the effects of
ND on immobilized skeletal muscle atrophy and bone heal-
ing in dogs.
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Materials and methods

Experimental animals

Twenty mixed breed dogs (3.3~5.5 kg and 2~4 years) were
divided randomly into three groups: group A (control), group
B (low dose ND, 1.5 mg/kg), and group C (high dose ND,
7.5 mg/kg). The dogs were allowed for free movement in the
cage and adequate food, and water was provided ad libitum.

Induction of radial fracture

[) Anesthesia

General anesthesia was induced with thiopental sodium, 15
mg/kg intravenously, (Pentothal sodium®, Joongwei Co.,
Korea) and maintained with 2% of isoflurane (Aeranc®,
llsung Co., Korea). Lactated Ringer’s solution with 5% dex-
trose (10ml/kg/h, TV, Deahan hartmandex®, Deahan Pharm
Co., Korea) was administered during the surgical procedure.

I1) Radial fracture

The diaphysis of radius was exposed by longitudinal skin
inciston in the craniomedial aspect of forelimb and careful
dissection of muscle and fascia. About 1 mm length of full
thickness radius bone was excised with oscillating bone saw
just below the pronator teres muscle. Two ends of the frac-
tured bone were fixed in straight by bone plate leaving 1 mm
gap between the ends. Muscle, fascia and skin were closed
routinely by suturing, and the external surface was supported
by Robert John’s bandage. The bandage was removed after 4
weeks of immobilization and the dogs were allowed free
movement in the cage.
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Nandrolone decanoate administration

The dogs of group B were injected with ND (Deca-Dura-
bolin® 50 mg/mi, Hanhwa Co., Korea), 1.5 mg/kg body weight
and those of group C, 7.5 mg/kg, intramuscularly immedi-
ately after surgery followed by once a week for 8 weeks. The
control dogs received 0.1 ml/kg of sterile saline once a week.

Evaluation

1) Body weight

Body weights of two dogs in the control and four dogs in
each treated groups were measured using electric balance
(AND F-150D®, AND Co., Korea) with accuracy within
10 g, before surgery, 2, 4 and 8 weeks after surgery respec-
tively.

1) Muscle mass

Muscle mass of two dogs in the control and four dogs in
each treated groups was measured with tapeline at proximal
one fourth of antebrachium before surgery, and 2, 4 and 8
weeks after surgery.

111) Radiographic examination

Lateromedial and craniocaudal radiographs of the ante-
brachium were made before and immediately after surgery, 2,
4 and 8 weeks after surgery. Radiographic evaluation of bone
healing was done with a maximum score of 6”. The scoring
was based on: 0=no calcification, 1=patchy-calcification, 2=
patchy calcification on both fractured ends, 3=calcification
takes the appearance of callus, 4=calcification takes the
appearance of callus on both fractured ends, 5=callus bridg-
ing across the fractured gap, 6=continuity of bone trabecu-
lae. Two radiologists, unaware of the treatment given, read
the x-rays of the fractured gap for scoring.

IV) Histological examination

Two dogs in the control and four dogs in each treated
groups were euthanized for histological examination at 4th
and 8th week respectively. The specimens were fixed in 10%
buffered formalin, and decalcified in decalcifying solution
(Plank-Rychlo solution) and were taken for routine hematox-
ylin and eosin (H & E) staining for light microscopic exami-
nation.

Statistical analysis

Data were shown as means T standard deviations and the
significance level was set at p<0.05. For the comparison of
increments of body weight and muscle mass among the
groups one way ANOVA test was performed followed by
multiple pair-wise comparisons using the Turkey and Dun-
can’s tests.

Results

Body weight

Weight gain rates in the groups A, B, and C 8 weeks after
surgery were 1.33+0.14%, 11.81£0.25% and 12.21+0.44%,
respectively (Table 1). Significant weight gain was recorded
in the groups B and C than that of the group A from 2 weeks

after surgery (p<0.05). There was no difference of weight
gain rates between the groups B and C in each week.

Muscle mass

Decreased muscle mass in all dogs untill 2 weeks after
immobilization of the antebrachium was recorded. The mus-
cle mass of antebrachial girth in the groups A, B and C 8
weeks after surgery changed to -2.75+0.16%, 1.68+0.11%
and 1.74+0.48%, respectively (Table 2). The enlargement of
girth at antebrachium is significantly higher in the treatment
groups than that in the control 4 and 8 weeks after ND treat-
ment (p<0.05). However, there were no remarkable differ-
ences in muscle mass growth between the groups B and C.

Atrophied muscle mass in the treatment groups was not
fully recovered within first 4 weeks but got the initial shape
after 8 weeks. A little outgrowth of muscle mass was found
in the ND treated group at the 8th week compared with the
initial unaffected state. However, the control group failed to
get the full recovery of muscle mass even after 8 weeks.

Radiographic findings

The fractured ends begin to lose their sharp margin, as well
as callus was formed in each side of the bone at 2nd week
after fracture. The callus was continued to grow and began to
make a bridge between the fractured gap 4 weeks after sur-
gery. A complete bridge was built by callus at 8th week.
There was no significant difference in radiographic score

Table 1. The increment of body weight after the treatment of
nandrolone decanoate in dogs

Group Weeks
2 4 8
A 0.6240.374*  0.98+0.15* 1.33£0.14%
B 3.23+0.37% 7.22+0.96%°  11.81x0.25%
C 3.51+0.165 8.69£0.61%  12.21+0.44%

Data are expressed as mean % of initial body weight = SD.
Group A : control, group B : treatment with 1.5 mg/kg ND, group
C ; treatment with 7.5 mg/kg ND.

& b.¢=Gjonificant difference(p<0.05) in row.

A.B__

= Significant difference (p<0.05) in column.

Table 2. The effect of nandrolone decanoate on the disuse
muscle mass of the radius in dogs

Group Weeks
2 4 8
A -340£0434 31520344 -2.7540.16%
B 23.17£0.07*  -1.54£033%  1.68+0.11%
C 232120394 21.75+0.30% 1.74+0.48%

Data are expressed as mean % of initial muscle mass = SD.
Group A : control, group B : treatment with 1.5 mg/kg ND, group
C : treatment with 7.5 mg/kg ND.

~b.e— Gipnificant difference (p<0.05) in row.

A-B=Significant difference (p<0.05) in column.
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Table 3. Healing of the fractured gap after the treatment of

nandrolone decanoate in dogs assessed by radiographic inter-
pretation (scoring)

Group Weeks
2 4 8
A 1.75+0.50 3.25+0.96 5.50%0.71
B 1.38%£0.54 3.381£0.82 5.25+0.36
C 1.6310.54 3.75+0.50 5.50+0.71

Radiographic score was expressed as mean + SD.

among the groups (Table 3).

Histological examination

The fibrous connective tissue layer was found in the frac-
ture gap of the treatment groups at 4th week (Fig 1). There
were no such ingrowths of fibrous connective tissues in the

control group. More dense fibrous connective tissue was
found in treated groups B and C at 8th week.

Discussion

Immobilization, disuse, and aging have been documented
to produce change in the major functional elements of muscle
fiber, such as decrease in muscle mass and strength®'. Cast or
bandage immobilization technique is commonly used in
orthopedics and two weeks of immobilization is sufficient to
induce muscle atrophy.

In the present study, the changed rates of muscle mass in
the ND treated groups were significantly greater than the
control 4 weeks after treatment. This result is similar to that
of previous report in which ND caused hypertrophy of
immobilized and nonimmobilized skeletal muscle in a seden-
tary rabbit model”®. Our result is contrary to the views that

Weeks

Group

Fig 1. Histological findings revealed the changes in the fibrous connective tissues at the site of the fractured radius in all groups at
4 and 8 weeks after surgery (H&E, 100X). The arrow-heads at 4th week and arrows at 8th week indicate fibrous connective tissue
layer. More dense fibrous connective tissue was found at the arrow of 8th week tissue of groups B and C.
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the use of anabélic—androgenic steroid lead to muscle hyper-
trophy only in conjunction with strength training®. It is
reported that treatment with ND increased the synthesis of
muscle or connective tissue protein®. Insulin-like growth fac-
tor I, growth hormone, testosterone, and estrogen stimulate
formation and maintenance of muscle mass in older hu-
mans™". Anabolic response based on increased sensitivity of
the muscle cells to insulin-like growth factor T and fibroblast
growth factor. Testosterone and its pharmaceutical derivatives
are potent regulators of skeletal muscle mass and have
growth effect on the muscle of female, normal male and
hypogonadal male™.

Significant difference of muscle mass changes were not
appeared between the treated groups B and C throughout the
study period. Joumaa et al*' reported that there were no dose-
dependent changes in the experimental procedure of ND.
However, Bisschop ef al* reported high-dose treated animal
showed stunted growth from 2 weeks. But there were wide
dose ranges (1 mg/kg to maximum 25 mg/kg) of ND prac-
ticed by other investigators"'®. Minimum dose rate is prefer-
able for the full recovery of muscle mass to the pre-
intervention state. In the present study, treatment of disuse
muscle atrophy with ND at the dose rate of 1.5 mg/kg body
weight was enough to increase the muscle mass to gain the
full thickness as before surgery.

In this study, weight gains in the treated dogs were signifi-
cantly (P<0.05) greater than the control after 2 weeks of
treatment. This result is consistent with those of others who
have shown that anabolic-androgenic steroid treatment can
increase the lean body mass®". With this result, significant
increments of muscle mass took 2 weeks more than the
increments of body weight. These findings are consistent
with those of Forbes et al'? who suggested that systemically
administered ND does not act selectively on immobilized
muscle. The increments of muscle mass in the treated groups
were about 2 times greater during free movement period than
those during immobilized period. This result is agreeable with
previous findings that anabolic androgenic steroids treatment
combined with exercise training can increase the rate of mus-
cle protein synthesis and promote muscle development®.

ND is a synthetic, anabolic androgenic steroid that has
been used for many years in treatment of osteoporosis'>*"%.
The effectiveness of ND in treatment of osteoporosis has
been established, but the insight mechanism remained
unexplored'’. In the current study, fibrous connective tissue
layer at the fractured gap in the treated groups B and C were
thicker than group A at 4 weeks after ND treatment. These
findings are similar to that of report described the effect on
bone mass in ND treated ovariectomized rat”™. Androgens
are shown to stimulate human and murine osteoblastic cell
proliferation in vitro and to induce expression of the osteo-
blast line differentiation, marker alkaline phosphatase, pre-
sumably through an androgen receptor-mediated mechanism'**.
More dense fibrous connective tissue was found in the

treated groups at 8th week in this investigation. The histolog-
ical findings indicated that large fibrous connective tissue in
treated groups at 4th week changed into bone at 8th week.
ND has effects on osteoinduction by which undifferentiated
mesenchymal cells transform into osteoblast after coming
into contact with bone matrix.

Higher physiological level of anabolic steroid has been
reported to decrease appetite, convert testosterone to oestra-
diol, reduce the natural production of testosterone and down-
regulate the androgenic-binding receptor’. In an animal
model, we could not observe any side effects associated with
short-term (8-week) anabolic-androgenic steroid treatment.
The present study suggested that the treatment of ND was
effective for disuse muscle atrophy and bone healing.

Conclusion

Dogs treated with nandrolone decanoate showed signifi-
cantly increased body weight gain from 2 weeks after treat-
ment (p<0.05) and muscle mass growth from 4 weeks. The
fibrous connective tissue layer at the fractured gap was larger
in the ND treated groups at 4 weeks after treatment and
became more dense at 8 weeks. The present study suggested
that the treatment of ND was effective for disuse muscle
atrophy and the bone healing,
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