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ABSTRACT

Androgens have proliferative effects on osteoblasts and increase fracture healing by systemic and local stimulation
of bone formation. The aim of the present study was to evaluate if the systemic stimulation by androgens leads to
increased bone-defect healing. Ten mature, healthy, white Newzealand rabbits were selected and all rabbits were
castrated with scrotal approach. The rabbits were divided into two groups. Four round defect were holed on tibial
shaft with similar distances. The diameter of the holes increased from 1 to 4mm respectively from distal to proximal
part of the tibial diaphysis. Group 1 (5 rabbits) were injected with nandrolone 2 mg/kg body weight
intramuscularly. Group 2 the 5 control rabbits received cyproterone acetate 5 mg/kg body weight orally. For
evaluation of healing process, standard lateromedial and craniocaudal radiographic projection were made before
and immediately after surgery and it was repeated at 15, 30, 45 and 60 days after surgery. There is no significant
difference between two groups on 0, 15" and 30™ days but there s significant difference on 45" and 60" days.
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INTRODUCTION

Bone is a specialized form of connective tissu¢ filmections as an integral part of the locomotytstesm. Bones act
as lever arms during motion, provide resistanceht effects of gravitational force on the body, grdvide
protection and support to adjacent structures. Balse serves as a reservoir of mineral for systemiceral
homeostasis. Normal bone healing is an ongoinggssavhich can be affected by various factors.tkraaepair
and bone healing can be promoted by administratibrsome drugs, among which are growth factors that
parathormone hormone and anabolic steroid hormdney. Sex steroids play an essential role inrttentenance
of bone health throughout life, and the mechani&ysvhich these effects are mediated in a subjeanoth
controversy. Osteoblast cells appear to be stiradlbly androgens in vitro; however their use in Vsztimited due
to the virilizing side effects as well as alteration the lipoprotein profiles. Androgenic-anabofiteroids are
synthetic derivative of the male hormone testosterdNandrolone decanoate is an androgenic anadielioid that
is used for prevent of osteopenia [3], increasiogeomass [4, 5], treatment of osteoporosis [6Yifferent animal
and human cases. Despite the adverse effect a@idteormones. They can be used to stimulate fradealing
without untoward side effects. The effective mag$sanabolic steroids on osteogenesis is demonstrated
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combination with exercise training. Cyproteronetat® CA), an antiandrogenic compound, was used in order to
investigate the role of testosterone in bone grqwtitessesy].

MATERIALS AND METHODS

Investigations using experimental animals were ootetl in accordance with the internationally acedpirinciples
for laboratory animal use and care as found inUh#ed States guidelines (United States Nationatitutes for
Health Publication no. 85-23, revised in 1985) and Ethical committee on animal care approved tioéogol. In
this study, 10 New Zealand 35-36 week old and wegl2.5-3 kg male rabbits were used, and divided two
groups (I and Il) of 5 rabbits each, accordingtte procedure performed. All rabbits were kept idividual cage
during the whole experimental period, under stnygienic conditions and fed with standard ration ritbbits and
water ad labium. All rabbits were castrated witfosal approach.

1) Anesthesia
Under intramuscular Diazepam (1mg/kg) premedicatiod intravenous Ketamine hydrochloride (35mg/kgd a
Xylazine (5mg/kg) general anesthesia.

2)Tibial defect

The diaphysis of (left or right) tibia was expod®dlongitudinal skin incision on the medial aspethind limb;
muscle and fascia were carefully dissected. Foumndalefect were holed on tibial shaft with simiiéstances. The
diameter of the holes increased from 1 to 4mm @spy from distal to proximal part of the tibiaiaphysis.
Muscle, fascia and skin were closed by routineriugu

All of the rabbits were castrated by scrotal apphoat last.

3)Drug administration
The rabbits were randomly divided into two grou@soup 1 (5 rabbits) were injected with Nandrolomagskg
body weight intramuscularly. Immediately after ssmgand followed by once a week for 8 weeks.

Group 2 the 5 control rabbits received cyproteranetate 5mg/kg orally every other day until the @&ls post
operatively.

4)Evaluation of healing process.

Standard lateromedial and craniocaudal radiograptofection were made before and immediately adtegery
and it was repeated at 15, 30, 45 and 60 days sftgery. Radiographic evaluation of bone healilag wWone with
considering the disappearance of radiolucency.

5)Satistical analysis:
Statistical differences between groups were evatlatith mann-whitney u-test to analyze data amaogms. The
significant level was set at p<0.05.

RESULTS

There is no significant difference in the amountcafius formation between group 1 and group 2 Bl day
(figure 1, 2), but there is significant differenoe 30", 45" and 68' day between two groups. In group 1 were filed
1mm and 2mm holes one on"48ay (figure 3), and were filed 3mm and 4mm hole$@" day (figure 5). In group

2 were filed 2mm hole on #5day (figure 4), that there is significant diffecenin two groups on 30till 60" day
(figure 6), but there is no significant differenftem zero till 3¢" day. There is no significant difference between
two groups on 0, T5and 38' days but there is significant difference orf'4d 68 days.
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Fig 1. Survey radiography of group 1 on 3% day

Fig 3. Survey radiography of group 1 on 48 day Fig 4. Survey radiography of group 245" day
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Fig 5. Survey radiography of group 1 on 69 day Fig 6. Survey radiography of grgp 2 on 60" day
DISCUSSION

The stimulation of healing of bone defects witldmgens leads to a significantly higher bone caniteside the
defects. In clinical application, androgens mayabpossibility to increase bone formation, espégcial elderly
patients. Furthermore, it may be possible to shoptestoperative rehabilitation because of the &fe€androgens
on muscles [8]. Nandrolone decanoate makes incrégasbone mineral content [9].a result of study on
ovariectomized cynomollgus monkeys demonstrate ¢bettcal bone formed 1 or 2 years after ovariegtdras a
higher phosphate content, a lower carbonate caonéert more nature collagen cross-links ( nonredeaboss-
link/reducible cross link ratio) than that formedsham-operated control. Treatment with a nandelkb#canoate
reverses most of the ovariectomy induced chemibhahges in the cortical bone to the level of therpvatact
controls, but had a little effect on the trabecudane. This result demonstrated that bone newlyhegized after
ovariectomy is chemically different from healthyngowithin specific bone region, which many conttéto reduce
bone quality in osteoporosis [10, 11, 12]. Anothterdy demonstrated the changes in bone composftatnoccur
with nandrolone treatment, however, are less walracterized [4]. Nandrolone treatment increaseatbuass, it
could not reverse the decrease in bone strengttiadaeariectomy. The results demonstrate that eetoimy and
nandrolone treatment did not affect the degree iokralization as defined by the phosphate/protetiorbut acid
phosphate content in cortical and subchondral veeeincreased by ovariectomy, suggesting this borie less
mature due to increased remodeling that occurs eft&riectomy [4, 10, 12]. In the subchondral aodical bone
regions, ovariectomized monkeys showed a lowet tatdonate content than sham controls, specifichle to the
decrease in labile carbonate content [4, 3]. Intthbecular region, no change of carbonate contastobserved.
Treatment with nandrolone decanoate was found $tome the loss in carbonate [3, 4, 10, 12]. Bodyghie
increased over 50% with administration of nandrel{8]. In another study, two groups were studieictvigroup 1
was treated with estrogen-progesterone and growpag treated with estrogen-progesterone plus nammol
decanoate that the cancellous bone density shaw@drionth an increase of 21% in group 1 and 29%sdnp 2 to
subsequently stay at that level. All these charfges the basal level were highly significant buerta were no
significant differences between the two groups 8, In another study was showed the effects dBhandrolone
decanoate (ND; 50 mg IM every three weeks) on galanetabolism and forearm bone density were stuidied
randomized trial in 35 women receiving long-terneripy with corticosteroids (CST) for rheumatic ds& In
conclusion, nandrolone decanoate therapy may laingbe prevention of CST-induced osteoporosialsd seems
to exert mild inhibition of bone resorption withoaffecting or even stimulating bone formation [8]so was
showed that bone formation is clearly decreaseihdugstrogen-progesterone therapy, it is not aéfirdiy long
term therapy with anabolic steroids [14]. Anothéudy’s results were showed that treatment with nalode
decanoate does increase the bone mineral contewever, this may not be due to a direct increaséadne
formation. The mechanism theoretically is a comtiimaof decreased bone resorption and increasedlenosass,
which both play a beneficial role in conserving bohoss of bone mineral density, anemia, and Hanges also
may occur in unusual and excessive consumptiomafogens [15]. Principally, antiandrogens affettaadrogen-
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dependent organs and functions as for instancessagesexual glands, spermatogenesis, skin anchpkiendages,
libido and potency, male sexual differentiatiomdaudinal bone growth and bone maturation. Phaoteggically, it
is important to distinguish between the steroiddlaadrogens of the cyproterone acetate type amdhdmsteroidal
pure antiandrogens (flutamide, anandron) [16]. ©tgmone acetate is antiandrogenic, it is a quitéergo
progestogen and it is antigonadotrophic. Based lwarmacological and biochemical backgrounds cypooier
acetate is used in the following indications: Argieo mediated disorders of the skin such as acmgytisim,
alopecia, advanced prostatic carcinoma, precoguerty and male hypersexuality [16]. Physiolodifieas of
estrogens, progestin megestrol acetate, medroxgpte@ne acetate including gynecomastia, changdsodty
composition (weight gain, reduced muscle massgeas® in body fat), and changes in lipids, are ¢essmonly
recognized as side effects of androgen deprivatimrapy. In another study cyproterone acetate (Gi),
antiandrogenic compound, was used in order to tigate the role of testosterone in bone growth @sees. The
mineralization processes of the bone matrix weneoat completely blocked and the antlers persistegrowing
throughout the whole year [15, 5].

According to studies and the results of this steelyms despite that there are discrepancies, amitagieroid such
as nandrolone in bone defect can be cause of oaldgposit and faster bone formation.
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