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 Identifying the appropriate therapy for the problem of exposure to muscular wounds is 

an essential issue in people and in animals, especially racing animals such as horses, in 

whom muscular function is part of life. This study investigates the hypothesis that local 

application of the steroid nandrolone decanoate to the masseter muscle accelerates the 

healing as combined with pathological repair. The rabbits were split into two equal groups 

at random. The first group (ten rabbits), known as the control group, had surgery and 

received distilled water injections. The second group (ten rabbits) had surgery and received 

intramuscular injections of nandrolone decanoate 10 mg/kg once daily from the first day 

after surgery to day of sacrifice. Five rabbits from groups A and B were sacrificed on the 

third and seventh days. All animals were euthanized, and then masseter muscle tissue was 

removed for histological analysis. Three days following the surgical wound, a microscopic 

inspection of the control group's muscular wounds revealed severe myositis with 

inflammatory exudate cells, hemorrhages, and necrotic myofibrils. Acute myositis wound 

site with inflammatory exudate cells, atrophy and increase in connective tissue was present 

after seven days. Three days following the surgical wound, a microscopic examination of 

the treated group's muscular wounds revealed mild myositis with inflammatory cells, 

vitreous degeneration, and muscle fiber atrophy. Following seven days, mild myositis with 

inflammatory cell infiltration, muscle fiber atrophy, and hyaline degeneration manifested at 

the site of wound. On the 3rd day of treatment period, the levels of serum TGF-1β and IGF-

1 in the groups of study indicated a highly significant difference, however on the seventh 

day; there was no difference between the groups. Local Nandrolone decanoate helps hasten 

the healing of muscle wounds. 
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Introduction 

 

Anabolic androgenic-steroids are one of synthetic 

testosterone derivatives that are designed to increase 

anabolic activity while decreasing androgenic side effects. 

They have become extremely well-known in the previous 50 

years (1-3). AAS have a wide range of medicinal 

applications. It can be use in treatment the muscle wasting as 

well as a number of other chronic illnesses like cancer, 

kidney failure, cirrhosis, lung disease, and muscular 

dystrophy may all benefit considerably from AAS's anabolic 

effects (4,5). The research in the context of protracted 

immobility. Preclinical investigations have demonstrated 

beneficial outcomes in the Period following injury of spinal 

cord that is characterized by loss of volumetric muscle and 

bone weakness (6,7). The positive impact of AASs on 

strength and muscular mass is becoming clearer. The 

anabolic effects of AASs in the muscles have recently been 

advocated as a way to enhance postoperative healing, 

including recovery from muscular injuries. However, it is 
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still unclear exactly what part their administration played in 

those processes (8). Although skeletal muscle is known to 

have, a considerable capacity for self-repair, more severe 

wounds may result in incomplete or delayed healing that is 

compounded by fibrosis. There is a link between testosterone 

and the procedures involved in muscle regeneration, 

according to preclinical investigations. AASs impact on 

muscle regeneration has only been examined in a small 

number of research, and the available information is 

inconsistent. In an intramuscular toxic injection study, Ferry 

et al. (9) investigated the nandrolone decanoate effects on the 

extensor soleus and longus digitorum-muscles. Researchers 

discovered that nandrolone decanoate increases soleus 

muscle mass in comparison to controls (9). Giving 

nandrolone decanoate will boost muscle regeneration, which 

is permitted depending on the quantity and shape of the 

muscle fibers present in such muscles, according to the 

findings of additional preclinical investigations (10,11). 

Preclinical outcomes may change depending on type of 

muscle injury sustained, dosage and duration of androgen 

treatment, and the outcome variables. The androgens’ role in 

stimulating regeneration of muscle has not yet been studied 

in humans. Additional clinical research will be required to 

fully realize the therapeutic implications of AAS in surgery. 

This will be done in the clinical sectors in order to better 

characterize their effects on tissues and generate better 

therapy regimens. These studies will aid in determining how 

the testosterone and AAS affect regeneration of the muscle, 

as well as the appropriate dose and period for potential 

clinical advantages. In some clinical settings, such as a 

muscular injury, there are evidence that AASs improve the 

biological healing environment and speed up recovery after 

surgery. Despite the fact that study on this topic is ongoing, 

the most recent studies have not offered credible evidence in 

favor of or against the usage of AAS systems. (12). IGF-1 is 

essential for tissue restoration since it has the power to 

promote wound cell activity. Although liver-derived IGF-1 

is released locally by wound cells and is present in high 

concentrations in the bloodstream, it is unknown if these 

substances have any impact on the healing of wounds (13). 

TGF is a family of growth factors that affects numerous 

cellular functions. The TGF-1, 2, and 3 isoforms are 

produced as inactive precursors that need to be activated 

before attaching to the TGF-1β receptor. Each of the three 

isoforms is present during wound healing (14). The use of 

anabolic steroids to help muscle tissue repair is still 

debatable. This experiment tests the idea that, when used in 

conjunction with surgical repair, the nandrolone decanoate is 

injected locally. to the masseter-muscle promotes healing. 

 

Materials and methods 

 

Ethical approval 

The experiment for this study was put into practice after 

receiving approval from the Research Ethics Committee and 

the Scientific Committee at the Department Basic Dental 

Sciences, College of Dentistry, University of Mosul, 

approval No. UoM-Dent/A.82/22. 

 

Animals 
The study used twenty local male rabbits, ranging in age 

from 11 to 12 months and weighing 1-1.5 kg. Animals were 

kept individually in cages with specific circumstances 

temperature 25±2°C/12:12 hr light-dark cycle, free reach to 

water, and a regular food (15). 

 

Surgical procedure 

Ketamine-hydrochloride in a dose of 50 mg/kg and 5 

mg/kg xylazine-hydrochloride was administered 

intramuscularly to anesthetize the animals (16). The surgical 

space area was shaved, then cleaned with distal water and 

sterilized with povidone iodine solution. The sedated animal 

was then placed on its ventral side on the surgical pad. With 

a surgical blade no. 15 and forceps, a 1 cm is a long of 

incision was created in animal skin and deep within the 

masseter muscle (17). Later, with the primary purpose of 

promoting healing, the wounds were sutured with absorbable 

sutures. Only on the first day did the animals given 

antibiotics and painkillers. The rabbits were split into two 

equal groups at random. The first group (10 rabbits), known 

as the control group, had surgery and received distilled water 

injections as their only medical care. The second group (10 

rabbits). The treatment groups. From the first day of surgery 

to the day of euthanasia, the rabbits received intramuscular 

injections of nandrolone conjugates 10 mg/kg once day using 

a Mantoux syringe. 

In accordance with the day of euthanasia, five rabbits 

from group A and, group B was sacrificed on the third and 

seventh days. Blood was drawn from rabbits for the purpose 

of collecting serum for bio-chemical parameter analysis. 

Serum was separate by centrifugation, stored at -20°C, 

pending analysis with rabbit transforming growth factor 

(TGF-1) ELISA kit BT LAB (Bioassay Technology 

Laboratory) Cat No-E0133.Rb and IGF-1 (CLIA) kit 

MAGL.UMI®. Moreover, masseter muscle-containing 

tissues are surgically removed, cleaned with physiological 

saline, and put in 10% formalin for morphological and 

histological analysis. A pathologist evaluated these sections 

for histological alterations. 

 

Statistical analysis 

The study data statistically analyzed by one way 

ANOVA test and between groups were analyzed by 

Duncan's Multiple Range Test. 

 

Results 

 

Clinical observations 

The veterinarian was constantly monitoring the animals. 

Except for local alterations in the wound region relative to 



Iraqi Journal of Veterinary Sciences, Vol. 37, No. 4, 2023 (949-956) 

951 

 

the control group, no toxicities, fatalities, atypical symptoms 

and signs in the activity, behavioral-pattern, or other clinical 

signs were noted during the period of study in any of the 

treated groups. 

 

First 3 days 

According to Tables 1 and 2, the IGF-1 and TGF-1 levels 

in all research groups. revealed a significant increase in the 

IGF-1 and TGF-1 levels in the treatment group compared to 

control groups at the 1st 3 days (Figures 1 and 2). 

 

Second 7 days 

TGF and IGF revealed a very substantial distinction. As 

indicated in tables 3 and 4. After seven days of the trial, there 

were significant decrease the IGF-1 and TGF-1 levels in the 

treatment group compared to control groups. No discernible 

distinction can be seen between the other groups (Figures 3 

and 4).  

 

 

 

Table 1: Comparison of serum IGF between treated groups 
 

 Squares Sum df Mean Square F Significant 

Between-Groups 10683.989 2 5341.995 99.562 0.000** 

Within Groups 643.860 12 53.655   

Total 11327.849 14    

** Highly Significant at P≤0.01. 
 

Table 2: Comparison of TGF in serum between groups 
 

 Squares Sum df Mean Square F Significant 

Between-Groups 0.087 2 0.043 30.723 0.000** 

Within Groups 0.017 12 0.001   

Total 0.104 14    

** Highly Significant at P≤0.01. 
 

 
 

Figure 1: IGF measurements at the end of the first three days. 

 
 

Figure 2: TGF-1β measurements at the end of the first 3days. 
 

Table 3: Comparison in IGF between treated groups 
 

 Squares Sum df Mean Square F Significant 

Between-Groups 2555.041 2 1277.521 6.724 0.011** 

Within Groups 2279.908 12 189.992   

Total 4834.949 14    

** Highly Significant at P≤0.01. 
 

Table 4: Comparison in TGF-1β between treated groups 
 

 Squares Sum df Mean Square F Significant 

Between-Groups 0.071 2 0.035 38.828 0.000** 

Within Groups 0.011 12 0.001   

Total 0.082 14    

** Highly Significant at P≤0.01. 
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Figure 3: IGF measurements at the end of the 7 days. 

 

 
 

Figure 4: TGF-1β measurements at the end period of 7 days. 

 

Histopathological findings 

Microscopic analysis for muscular wounds of the control 

group after three days of surgery revealed severe myositis 

with inflammatory exudate cells, hemorrhagic myofibers, 

and necrotic myofibers (Figures 5-8). An acute myositis 

wound site with inflammatory exudate cells, atrophy, 

hemorrhage, and an increase in connective tissue was present 

after 7 days (Figure 9). Three days following the surgical 

wound, a microscopic examination of muscular wounds of 

the treated group's revealed mild myositis with inflammatory 

cells, hyaline degeneration, and muscle fiber atrophy 

(Figures 10 and 11). Following 7 days, the wound site 

displayed mild myositis with inflammatory cell infiltration, 

muscle fiber loss, and glassy degeneration (Figures 12 and 

13). 

 

 
 

Figure 5: photomicrograph of rabbit masseter muscles of the 

control after 3 days showing the site of wound with severe 

myositis (M) composed of inflammatory exudation cells 

(IE), congested blood vessel (C) and necrotic muscles fibers 

(N). H&E stain, 40X. 

 

 
 

Figure 6: photomicrograph of rabbit masseter muscles of the 

control group after 3 days showing the site of wound with 

severe myositis (M) composed of inflammatory exudation 

cells (IE), hyaline degeneration (H) and necrotic muscles 

fibers (N). H&E stain, 100X. 

 

 
 

Figure 7: photomicrograph of rabbit skeletal muscles of the 

D2 group (surgical wound with D.W) after 3 days showing 

the site of wound with severe myositis (M) composed of 

inflammatory exudation cells (IE), hyaline degeneration (H) 

and necrotic muscles fibers (N). H&E stain, 100X. 
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Figure 8: photomicrograph of rabbit masseter muscles of the 

control after 7 days showing the site of wound with severe 

myositis with inflammatory exudation cells (IE) composed 

of polymorph (P) and mono nuclear (M) inflammatory cells, 

increased vascularization (V) and necrotic muscles fibers 

(N). H&E stain, 400X. 

 

 
 

Figure 9: photomicrograph of rabbit masseter muscles of the 

control group after 7 days showing the site of wound with 

severe myositis (M) composed of inflammatory exudation 

cells (IE), necrotic muscles fibers (N) with atrophy (A), 

hemorrhage (H) and increased connective tissue (CT). H&E 

stain, 100X. 

 

 
 

Figure 10: photomicrograph of rabbit masseter muscles of 

the treatment group after 3 days showing mild myositis with 

inflammatory cells (IC), hyaline degeneration (HD) and 

atrophy (A) of the muscle’s fibers. H&E stain, 100X. 

 
 

Figure 11: photomicrograph of rabbit masseter muscles of 

the treatment group) after 3 days showing mild myositis with 

mild inflammatory cells infiltration (IE), atrophy of muscles 

fibers (A) and hemorrhage between it (H). H&E stain, 100X. 

 

 
 

Figure 12: photomicrograph of rabbit masseter muscles of 

the treatment group (surgical wound with treatment) after 7 

days showing moderate myositis (M) with inflammatory 

cells infiltration (IC), atrophy (A) and hyaline degeneration 

(HD) of the muscles fibers (A). H&E stain. 

 

 
 

Figure 13: photomicrograph of rabbit masseter muscles of 

the treatment group (surgical wound with treatment) after 7 

days showing moderate myositis (M) with inflammatory 

cells infiltration (IC), atrophy (A) and hyaline degeneration 

(HD) of the muscles fibers (A). H&E stain, 100X. 
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Discussion 

 

Although anabolic steroid use has been shown to affect 

skeletal muscle, little is known about how much faster 

muscle will regenerate after an injury. The aim of this 

research was to ascertain whether nandrolone decanoate 

topical injection enhances muscle regeneration and repair 

following a surgical incision. Exogenous stimulants have 

been studied in animal models to stimulate muscle 

regeneration following various muscle injuries. Nandrolone 

decanoate was externally administered to non-castrated rats 

in a prior study, and the results demonstrated its positive 

effects on calf muscle regeneration following a crush injury. 

Anabolic steroid use after muscle damage caused by snake 

venom in healthy rats also promotes the growth of soleus 

muscle mass (18-21). Further research is required on the 

modification of exogenous nandrolone decanoate for muscle 

regeneration. Moreover, nandrolone decanoate had an 

interest in mice that successfully recovered from muscle 

graft surgery (22,23). Although anabolic steroids' ability to 

regulate muscle regeneration following injury has been 

thoroughly studied (24,25), their impact on these 

regenerative mechanisms has not yet been fully appreciated. 

The first events of skeletal muscle regeneration following 

damage resemble those of healing and typically call for the 

simultaneous control of inflammation, extracellular matrix 

remodeling, and myofiber development (26,27). Moreover, 

anabolic steroids have improved control over the activity of 

immune cells, fibroblasts, and myogenic precursors, all of 

which are essential for any tissue regeneration (28-32). The 

idea was that administering nandrolone decanoate would 

promote the development of tiny muscle fibers and IGF-1 

signaling during the first 14 days of regeneration, supporting 

and promoting improved muscle growth 42 days after injury. 

Different skeletal muscles' sensitivity to levels of circulating 

androgen had been noted (33). 

In a study, anabolic steroids were used to see how well 

they would help skeletal muscle regenerate after being 

injured by bupivacaine. After 5, 14, and 42 days after starting 

treatment, nandrolone decanoate injection alone boosted the 

expression of muscle proteins. At 14 days of healing, 

nandrolone decanoate enhanced protein expression in 

damaged muscle by three times over the control level. When 

injured muscles were given nandrolone decanoate, protein 

expression was dramatically increased compared to control 

muscles. The synergistic effects of damage and nandrolone 

decanoate on muscle growth and regeneration suggest that 

injured muscles treated with nandrolone decanoate will be 

more responsive to androgens. Accelerating the formation of 

muscle mass by nandrolone decanoate during injury healing 

may depend on androgen receptor stimulation of the target 

gene's transcription. 

The findings of the present investigation showed that 

nandrolone decanoate has a faster effect on muscular injury 

recovery within a few days. There is proof that nandrolone 

decanoate -induced myofiber development in injured 

muscles starts at an early stage of the recovery process. 

Increased fiber is the main cause of the faster nandrolone-

induced muscle growth after recovery. Within a few days of 

healing, nandrolone decanoate-treated injured muscles 

showed a considerable elevation of the gene expression of 

skeletal actin, an important sarcomere protein. This 

important extrapolation suggests that the muscle fibers 

stimulated by regeneration, and anabolic-steroid treatment 

are in an active state of recovery, where they are growing. 

The most recent results build on earlier trials to show that 

anabolic steroid therapy can quicken the repair of injured 

muscles by accelerating an early muscular response. Two 

main processes can help steroid-induced healing. The first is 

that the nandrolone decanoate group experienced an increase 

in IGF-1; the second is that there may be a potential increase 

in muscle development as a result of the administration of 

nandrolone decanoate. The substantial rise in microfibrils 

observed with damage and nandrolone decanoate is evidence 

that the two components combined can promote fibril 

production (34). 

TGF-1 levels increase over the course of the 

investigation; the third day of the trial saw the greatest 

increase. Platelets emit substantial levels of TGF-1 shortly 

after infection (34). Neutrophils, macrophages, and 

fibroblasts are drawn to the initial rise in active TGF-1 

produced by platelets, and as a result, these cell types raise 

TGF-1 level in another cell. Also, to the active-forms, latent 

TGF-1 is also produced and locked away in the wound 

matrix, where it is released over time by proteolysis 

enzymes. TGF-1 is always present during the wound healing 

process thanks to this combination of cellular sources and 

buffering (35). Our findings are in line with those of Rorison 

and colleagues, who discovered that in case with successful 

healing of burn in the first two-weeks following damage, 

plasma TGF-1 rapidly surged to much higher level and then 

swiftly declined. 

IGF-1 levels varied during the time of the current 

investigation. The concentration increased on the third day 

and fell to virtually normal level at the end of the study, 

which is consistent with the fact that IGF-1 concentrations 

changed during therapy. Due to the elevated IGF-1 observed 

in the Nandrolone decanoate group infection, we used the 

IGF-1 and TGF-1 to measure the effect of nandrolone 

decanoate (36). IGF-1 also regulates cell proliferation, 

differentiation, and survival, which is essential for growth 

and development during adolescence and for maintaining 

homeostasis in adult tissues (37). The key growth- factor 

involved in every step of the healing is TGF-1. It contributes 

to cutaneous fibrosis in patients who have undergone 

profound trauma, surgery, or injury (38). 

Along with being simple to acquire and measure in vitro, 

TGF-1 has been found to be effect on a number of wound 

healing processes, such as the inflammation, the 

angiogenesis, the fibroblast proliferation, and the collagen 
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synthesis (39,40). This research has several restrictions. 

Short study length and small sample size. Yet we think that 

topical anabolic steroid use has certainly positive effects on 

masseter muscle rehabilitation. To verify these findings, 

additional research is required. 

 

Conclusion 

 

The direction of recovery might be changed by 

administering nandrolone locally to the wounded rabbit 

muscle. Complementary pharmacological treatments may 

help the facial muscles repair and recover after surgical 

wounds. 
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آثار ديكانوات الناندرولون الموضعي على عامل نمو 

التحول بيتا والعامل شبيه الأنسولين الأول في الشفاء 

 من جرح العضلة
 

 تمارة مازن العبدالله و فيحاء ازهر المشهداني
 

، جامعة الموصل، الأسنان، كلية طب الأساسيةفرع علوم طب الأسنان 

 الموصل، العراق

 

 الخلاصة

 

إن تحديد العلاج المناسب لمشكلة التعرض للجروح العضلية هو أمر 

أساسي عند الإنسان والحيوان، وخاصة حيوانات السباق مثل الخيول، 

حيث تكون الوظيفة العضلية جزء من حياتها. تبحث هذه الدراسة في 

الفرضية القائلة بأن التطبيق المحلي لمركب الناندرولون ديكانوات 

العضلة الماضغة يسرع من عملية الشفاء عندما يقترن  الستيرويد على

بالإصلاح الجراحي. تم تقسيم الأرانب إلى مجموعتين متساويتين بشكل 

عشوائي. المجموعة الأولى )عشرة أرانب(، والمعروفة باسم مجموعة 

السيطرة، خضعت لعملية جراحية وحُقنت بالماء المقطر. خضعت 

لعملية جراحية وحقنت عضليا  المجموعة الثانية )عشرة أرانب(

ملغم / كغم مرة واحدة يوميا منذ اليوم الأول بعد  10ناندرولون ديكانوات 

الجراحة. تم تخدير خمسة أرانب من كل من المجموعة أ و ب في اليوم 

الثالث والسابع. تم قتل جميع الحيوانات بطريقة القتل الرحيم، وتمت إزالة 

التحليل النسيجي. بعد ثلاثة أيام  راءإجأنسجة العضلة الماضغة لغرض 

من الجرح الجراحي، كشف الفحص المجهري للجروح العضلية 

لمجموعة السيطرة عن التهاب عضلي حاد مع خلايا إفرازات التهابية 

موضع الجرح كان فيه التهاب عضلي حاد  أنونزيف عضلي ونخر كما 

النسيج الضام بعد  مع وجود الخلايا الالتهابية وضمورا ونزيفا وزيادة في

 إجراءفي المجموعة المعاملة بعد ثلاثة أيام من  أماسبعة أيام من المعاملة. 

الجرح الجراحي، فقد كشف الفحص المجهري للجروح العضلية 

للمجموعة المعالجة عن التهاب عضلي خفيف مع خلايا التهابية، وتنكس 

ب خفيف في أيام، ظهر التها 7زجاجي، وضمور الألياف العضلية. بعد 

العضلة مصحوبا بارتشاح الخلايا الالتهابية، وضمور الألياف العضلية، 

وتنكس زجاجي في موقع الجرح. خلصت الدراسة انه في اليوم الثالث 

من فترة المعاملة، أشارت مستويات عامل نمو التحول بيتا والعامل شبيه 

لاف مهم الأنسولين الأول في المصل في مجاميع الدراسة إلى وجود اخت

جدا، بينما لم يكن هناك فرق في اليوم السابع من المعاملة. يساعد 

  الناندرولون ديكانوات المحلي على تسريع التئام جروح العضلات.
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