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Abstract

Objective—The pathophysiological response to burn injury disturbs the balance between skeletal 

muscle protein synthesis and breakdown, resulting in severe muscle wasting. Muscle loss after 

burn injury is related to increased mortality and morbidity. Consequently, mitigation of this 

catabolic response has become a focus in the management of these patients. The aim of this review 

is to discuss the literature pertaining to pharmacological interventions aimed at attenuating skeletal 

muscle catabolism in severely burned patients.

Data selection—Review of the literature related to skeletal muscle protein metabolism 

following burn injury was conducted. Emphasis was on studies utilizing stable isotope tracer 

kinetics to assess the impact of pharmacological interventions on muscle protein metabolism in 

severely burned patients.
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Conclusion—Data support the efficacy of testosterone, oxandrolone, human recombinant 

growth hormone, insulin, metformin, and propranolol in improving skeletal muscle protein net 

balance in patients with severe burns. The mechanisms underlying the improvement of protein net 

balance differ between types and dosages of drugs, but their main effect is on protein synthesis. 

Finally, the majority of studies have been conducted during the acute hypermetabolic phase of the 

injury. Except for oxandrolone, the effects of drugs on muscle protein kinetics following discharge 

from the hospital are largely unknown.
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1. Introduction

Severe thermal injury, defined as wounds compromising more than 40% of the patient’s 

total body surface area (TBSA), is followed by a severe hypermetabolic response [1] and 

dramatic elevations in the protein synthesis and breakdown rates [2]. The efflux of amino 

acids from skeletal muscle in response to burn injury is thought to supply substrate for vital 

processes such as wound healing, immune function and hepatic protein synthesis [3, 4]. 

Although necessary for recovery, this pathophysiologic response leads to an extensive loss 

of skeletal muscle protein that is not easily reversed by aggressive nutritional support alone 

[5].

Prolonged catabolism of lean body mass (LBM) has been associated with detrimental 

outcomes such as muscle weakness, immune-suppression, impaired wound healing [6], 

severe growth arrest [7], delayed recovery and rehabilitation, and even decreased survival 

rates [8]. Thus, amelioration of skeletal muscle loss to improve strength and function and to 

decrease physical and functional impairment is of major importance for enhancing the 

recovery process and improving survival rates in severe burn victims.

The purpose of this review is to discuss the current data pertaining to the effects of 

pharmacological interventions on muscle protein synthesis, breakdown and net balance 

(synthesis minus breakdown) following a major thermal injury.

2. Acute Burn-Induced Changes in Skeletal Muscle Protein Kinetics

In otherwise healthy humans, muscle mass is maintained through a dynamic balance 

between protein accretion and protein degradation [9]. To evaluate the impact of the burn 

injury on muscle protein metabolism, Biolo and colleagues [5] determined protein synthesis 

and breakdown rates and also transmembrane transport of amino acids in 18 normal 

volunteers and 19 acutely burned adult patients. In the post-absorptive state, the absolute 

rates of muscle protein synthesis and breakdown were elevated in the burn group by 50% 

and 83%, respectively. Thus, the marked increase in muscle protein breakdown rate was not 

matched by a synthetic response of the same magnitude, leading to a significantly more 

negative net protein balance in the burn group.
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Further, the rate at which amino acids were delivered to the leg was 2–3 times greater in the 

burn cohort due to a two-fold elevation in the rate of leg blood flow. However, absolute 

inward amino acid transport into the muscle was not significantly different in patients 

compared to controls. In fact, after normalizing for the delivery rate to the leg, the capacity 

of the transport systems was found to be attenuated by 50–63% in the burn group. On the 

other hand, the efflux of amino acids being traced was 50% greater in the burn patients 

compared to the control subjects.

Under normal circumstances, amino acids in the free intracellular pool can derive either 

from the breakdown of proteins or from the inward transport of amino acids. In the 

aforementioned study, the rate of intracellular appearance of essential amino acids increased 

following burn trauma. For example, the intracellular concentration of leucine was 1.7- fold 

greater in burn patients than controls (358 vs. 206 nmol/ml). Interestingly, this occurred 

despite an impaired amino acid transport system, suggesting that amino acids in the 

intracellular free pool may derive primarily from the breakdown of muscle protein (figure 

1).

The profoundly elevated muscle protein breakdown would saturate the intracellular free pool 

of amino acids leading to a concurrent elevation in the rate of muscle protein synthesis [5], 

since the availability of free amino acids is an important limiting step in this process [10]. 

However, this elevation in protein synthesis is not adequate to compensate for the increased 

rate of protein breakdown, which over time results in muscle wasting.

3. Prolonged Muscle Catabolism in Patients with Severe Burns

Muscle protein loss is a characteristic feature of the post-burn hypermetabolic stress 

response. However, alterations in muscle protein kinetics continue long after wound healing 

and discharge, as demonstrated by Hart et al. [11]. Twenty five children with >40% TBSA 

burns underwent protein kinetic studies, body composition analyses and metabolic rate 

measurements at 6, 9 and 12 months post-burn. Skeletal muscle protein net balance was 

dramatically negative even at 6 and 9 months post-burn [11]. However, at 12 months, 

amelioration of the rate of protein breakdown was related to an improvement in net balance, 

which was not significantly different from that of unburned young adults, who served as 

reference group, in the post-absorptive state. Although limited by the absence of reference 

values for healthy children, this study suggests that severely burned patients approach 

normal protein kinetics over time, but that this may take a significant amount of time.

Interestingly, the changes in muscle protein net balance matched the reductions in resting 

energy expenditure (REE) and improvements in body composition over time. Whole body 

DEXA scans showed a progressive decline in lean body mass from the discharge time-point 

until 6 and 9 months post-burn, but accretion at 12 months post-burn. On the other hand, 

REE decreased from a striking 179% of age-predicted REE at baseline to a still significantly 

elevated 115% at 12 months post-burn.

Although accretion of lean body mass has been reported at 1 year post-burn, burn survivors 

may not reach normal values even three years after injury [12]. This may be related to 

relentless disturbances in the growth hormone axis, reduced insulin sensitivity and 
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prolonged inflammation, all of which contribute to up-regulation of proteolytic pathways 

and muscle atrophy [13].

4. Pharmacological Interventions and Muscle Protein Kinetics in Patients 

with Severe Burns

4.1 Testosterone and Oxandrolone

Testosterone, an anabolic steroid, increases lean body mass in healthy young adults in a dose 

dependent manner [14]. It also stimulates muscle protein synthesis without affecting amino 

acid transport into the skeletal muscle, thus, suggesting that the anabolic effects of this drug 

in healthy subjects is mediated through an increased efficiency in the utilization of amino 

acids deriving from protein breakdown [15]. However, the hepatotoxic and masculinizing 

effects of testosterone may limit its therapeutic use. On the other hand, oxandrolone, a 

synthetic testosterone analogue, has minimal virilizing effects, is cleared by the kidneys, and 

has been approved for and successfully used in chronic wasting syndromes, including burn 

trauma [16].

Acute Effects of Testosterone and Oxandrolone on Muscle Protein Kinetics—
The decreased androgen environment found in severe burns [17] is a component of the 

hormonal cascade that favors the persistent loss of skeletal muscle protein. Interestingly, 

oral treatment with oxandrolone in burned adults during the acute hospitalization can reduce 

nitrogen and weight loss [18]. Moreover, Ferrando et al. [19], showed that intramuscular 

administration of testosterone enanthate (200 mg/wk) for two weeks in severely burned 

adult patients improved muscle protein retention. In this study, protein accretion was mainly 

the result of a 45% decrease in the rate of muscle protein breakdown (Table 1) which was 

also accompanied by decreased outward transport of amino acids from skeletal muscle. 

Although no changes in muscle protein synthesis were seen, testosterone improved protein 

synthesis efficiency (PSE), meaning that there was an increase in the fraction of amino acids 

from the intracellular pool that were incorporated into bound muscle protein.

In healthy volunteers, testosterone improves muscle protein accretion by increasing protein 

synthesis without significantly affecting protein breakdown. The different effects of 

testosterone in burned and healthy subjects may be because protein synthesis, although 

insufficient to counter-balance protein balance, is already nearing maximum rates in burned 

adults. On the other hand, in children the acute anabolic effects of oxandrolone seem to be 

achieved through different mechanisms. Fourteen severely burned children with delayed 

admissions (>7 days post-burn) received 0.1 mg/kg of oxandrolone twice a day for seven 

days [20]. Contrary to burned adults, the improvement in protein net balance over the 

intervention period was due to an elevation in muscle protein synthesis rate rather than a 

decrease in protein breakdown. The treated group exhibited a 140% increase in protein 

synthesis whereas the placebo group showed a slight, but not significant, decrease. The 

inward transport of amino acids into the muscle did not change with oxandrolone, whereas 

PSE increased by 151%.
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The authors suggested that the discrepancy in the mechanism by which oxandrolone exerts 

favorable outcomes on muscle protein metabolism in children and adults may be related to a 

greater capacity for protein synthesis during childhood. Indeed, it has previously been 

shown that children are less catabolic than adults following burn injury as a result of a 

greater synthetic capacity of skeletal muscle [21].

Long Term Effects of Oxandrolone on Muscle Protein Kinetics—When 

administered in a dose of 10 mg twice a day, oxandrolone has been shown to decrease 

weight loss and improve muscle strength and endurance in burn adults [16]. Patients (n=7) 

were started on oxandrolone once their REE was <130% of age predicted, at which point 

they were considered to be in the recovery phase of the injury. After 3 weeks of 

intervention, maximal effects were seen in the group receiving a combination of 

oxandrolone, exercise and a high protein diet (2 g∙kg−1∙day−1) vs. high protein intake plus 

exercise alone. In children, prolonged administration of oxandrolone yields similar results 

[22]. The addition of three months of exercise to 12 months of oxandrolone therapy resulted 

in significant accretion of lean body mass and bone mineral content which were still evident 

up to five years post-burn. Oxandrolone-treated children also improved muscle strength and 

were able to overcome the severe growth arrest associated with burn trauma even after 

discontinuation of treatment.

How the long term effects of oxandrolone on lean body mass and muscle strength relate to 

changes in skeletal muscle protein kinetics have not been assessed in burn adults. In children 

on the other hand, stable isotope studies have been conducted by our group [23]. The 

administration of oxandrolone at 0.1 mg/kg twice a day from admission until 6 months post-

injury did not lead to differences in leg muscle protein kinetics compared to a control group. 

However, adding a 3-hour continuous infusion of mixed amino acids resulted in 

improvement in protein net balance in the treated group. Although protein synthesis 

increased in both groups during the infusion of amino acids, net gain of muscle protein was 

significant only in oxandrolone-treated kids. This was mainly due to changes in the rate of 

protein breakdown which increased by 36% in the control group, whereas it decreased by 

4% in the intervention group in the amino acid period.

Thus, it seems like the long term accrual of muscle protein with oxandrolone treatment is 

due to an increased response of skeletal muscle to anabolic stimuli (e.g., amino acids and 

exercise), rather than an elevated net balance in the basal state. This suggests that adequate 

dietary protein quality and quantity, as well as exercise, should be paired with oxandrolone 

treatment for months following burn trauma in order to achieve further deposit of muscle 

protein [24]. While a limitation of this study was that muscle protein synthesis and 

breakdown were estimated as rate of disappearance and appearance of an amino acid tracer 

out of and into the circulation, and no incorporation into the bound protein from the 

intracellular free amino acid pool was assessed, it still demonstrates a positive impact of 

oxandrolone treatment on protein kinetics, even long time after discharge.
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4.2 Recombinant Human Growth Hormone (rhGH)

Following a major burn, dramatic changes occur in the growth hormone/IGF-1/IGFBP-3 

hormonal axis. In children, serum levels of IGF-1 and its binding protein IGFBP-3 are 

persistently low for up to three years post-burn [25]. Further, these findings are associated 

with severe growth arrest, as evidenced by dramatic height velocity delays up to three years 

post-burn [7]. Exogenous administration of rhGH, however, can successfully revert this 

condition [26], promote accretion of lean body mass [27], decrease wound healing time [28], 

and improve nitrogen balance [29] in the burn population.

It is believed that the anabolic effects of rhGH are mediated through increased stimulation of 

IGFBP-3 and IGF-1 synthesis in the liver [30]. In addition, IGF-1 is thought to regulate 

muscle proteolysis by preventing the overexpression of muscle specific E3 ubiquitin ligases 

atrogin-1 and MuRF-1 [13]. The effects of rhGH on muscle protein kinetics after discharge 

from the hospital have not been assessed. However, in acutely ill burned children, rhGH 

improves protein net balance (Table 1) [31]. When administered from admission to 

discharge from the ICU at a dose of 0.2 mg∙kg−1∙day−1, muscle protein synthesis increased 

by 2.4-fold, whereas protein breakdown did not change. The studies using 15N-lysine as 

tracer were conducted between the second and third week post-burn and were 

complemented with a hyperinsulinemic-euglycemic clamp during the last two hours of the 

infusion protocol.

Insulin at a dose of 250 mU/m2 did not further stimulate protein synthesis, breakdown or net 

balance in the rhGH-treated patients. On the other hand, protein synthesis and net balance 

were significantly improved in the control group during the insulin clamp. These findings 

suggest that insulin and rhGH may work via a common mechanism as they do not have 

additive or synergistic effects on muscle protein synthesis. The fact that levels of IGF-1 

were two times higher with rhGH in the treated group supports the argument that beneficial 

effects of rhGH on skeletal muscle are in part mediated by IGF-1 [32]. In adddition, 

glucagon and insulin plasma levels increased with rhGH treatment. Thus, it is also possible 

that the anabolic effects of rhGH on muscle protein may be mediated in part through an 

elevation in plasma insulin concentrations.

In the long term, rhGH administration promotes accretion of lean body mass. Analysis of 

body composition in children receiving rhGH from discharge to 12 months post-injury 

showed significant and sustained improvement in lean body mass even one year after 

discontinuation of treatment. Whether accretion of skeletal muscle in chronically treated 

burn patients is achieved through sole stimulation of protein synthesis, as seen in the acute 

state, remains unknown [30].

The use of rhGH in acute severely ill patients has been limited due to reports of increased 

morbidity and mortality (40%) after treatment in critically ill nonburned adults [33]. In burn 

adults, administration of rhGH has been linked to hyperglycemia and increased 

hypermetabolism [18], wheras in children administration of rhGH attenuated the 

hypermetabolic response [27]. Indeed, no significant adverse effects were reported when 

rhGH was used in the acute hypermetabolic phase of the injury in burn children [28]. The 

different responses evoked by rhGH in children and adults suggests that age may be a 
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predictive variable of outcome in this patient population and that, as for oxandrolone and 

testosterone, the effects of rhGH on skeletal muscle protein synthesis and breakdown may 

also exhibit variations with age.

4.3 Insulin

Severe burn injury causes insulin resistance and profound changes in glucose metabolism 

which contribute to adverse outcomes [34]. Yet, despite the decreased effects of insulin on 

peripheral glucose metabolism, muscle cells retain some insulin sensitivity which is 

evidenced by supression (although not normalization) of muscle protein breakdown in 

response to insulin [35]. Indeed, exogenous administration of insulin in severely burn 

patients results in improvement of skeletal muscle net protein balance. Interestingly, 

amelioration of muscle catabolism is achieved through different mechanisms depending on 

insulin dosage.

Effects of High Doses of Insulin on Muscle Protein Kinetics—Sakurai and 

colleagues [36] determined protein kinetics in nine severely burned patients before and after 

seven days of continuous insulin infusion (7.5 mU∙kg−1∙min−1; Table 1). Patients received 

enteral nutrition (82% carbohydrates, 15% protein and 3% fat) throughout the stable isotope 

infusion studies. Despite adequate nutritional intake, there was a large negative balance 

between protein synthesis and breakdown. Conversely, after the insulin treatment period, the 

rate of phenylalanine inward transport increased by 535%. Likewise, protein synthesis rate 

exhibited a dramatic 384% increase when compared to the pre-insulin period. Even though 

protein breakdown also increased with insulin infusion, the elevation was less than two-fold 

leading to improved protein net balance.

In conclusion, insulin in a high dosage ameliorates mucle protein loss predominantly by 

stimulating protein synthesis, possibly through an elevated inward transport of amino acids. 

However, the increased synthetic rate may in turn stimulate protein breakdown in order to 

preserve the intracellular pool of amino acids, which makes protein synthesis sustainable. Of 

importance is the finding that high doses of insulin appear to counteract the severe 

deficiency in the inward amino acid transport associated with burn injury.

Effects of Submaximal Doses of Insulin on Muscle Protein Kinetics—
Administration of insulin requires close clinical monitoring due to the risk of hypoglycemia. 

Subsequently, using lower dosages of insulin to improve muscle protein kinetics may be a 

more preferable strategy. To investigate the effects of a submaximal dose of insulin on 

amino acid kinetics and protein net balance, patients with ≥60% TBSA burns were randomly 

assigned to receive standard care (n=5) or exogenous insulin (n=8) at an average of 2.6 

mU∙kg−1∙min−1 [37]. Protein synthesis, measured using leucine tracer, was 165% greater in 

the treated group (347±64 vs. 131±25 mmol∙min−1∙100 ml of leg−1) (Table 1). On the other 

hand, protein breakdown, as well as inward and outward transport of amino acids, were not 

different between groups, suggesting that insulin at a low dose increases protein synthesis by 

promoting a more efficient utilization of amino acids derived from protein breakdown.

Preservation of the anabolic response to insulin in the presence of affected peripheral 

glucose uptake is in agreement with other studies showing that protein catabolism is not 
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completely mediated through a defect in glucose metabolism [35]. Further, the effects of 

insulin on protein kinetics are dose dependent with high dosages of insulin resulting in 

increased amino transport and muscle protein turnover, and lower doses improving protein 

synthesis efficiency.

4.4 Metformin

Insulin insensitivity and hyperglycemia have been associated with increased muscle 

catabolism in severely burned individuals [38]. Metformin, an anti-hyperglycemic drug in 

the biguanide family, lowers blood glucose levels by reducing hepatic glucose production, 

reducing glucose absorption by the intestines, and by increasing glucose uptake and 

utilization by peripheral tissues. In contrast to insulin, the risk of hypoglycemia is minimal 

with metformin [39], making it an attractive glucose lowering agent.

In an attempt to assess the effects of metformin on glucose and muscle protein metabolism 

following burn injury, Gore and colleagues [40] studied severely burned adults in the acute 

period post-injury. Patients were randomized to receive placebo (n=5) or metformin (n=8). 

Stable isotope infusion studies were conducted before and after the intervention in both 

groups. After seven days of treatment, endogenous glucose production decreased by 51% 

with metformin treatment. In addition, glucose clearance and oxidation increased by 87% 

and 56%, respectively. As a result, serum glucose levels were significantly lower in the 

metformin group vs. placebo (139±25 vs. 184±56 mg/dl) after the intervention.

Interestingly, despite decreased endogenous glucose production and increased glucose 

clearance and oxidation, metformin treatment did not decrease the rate of muscle protein 

breakdown. Certainly, it would be expected that a reduction in gluconeogenesis would lead 

to a decreased demand of substrate (amino acids) from skeletal muscle, and thus reduced 

protein breakdown rates. Similarly, a shift in the utilization of amino acids as fuel toward a 

greater oxidation of glucose should primarily decrease muscle protein breakdown. However, 

the improvement in net balance reported in the intervention group was mainly due to an 

elevation in the rate of protein synthesis and not to changes in protein breakdown. This 

suggests that the anabolic effect of metformin in burn patients is mediated by improving the 

state of insulin resistance associated with the stress response to burn injury. Indeed, the 

infusion of insulin after seven days of metformin treatment further increased the rate of 

muscle protein synthesis [40], supporting the notion that metformin enhances the tissue 

response to insulin.

Metformin provides beneficial effects on glucose metabolism and skeletal muscle protein 

kinetics. However, lactic acidosis, a rare but severe complication has been linked to 

metformin treatment particularly in acutely ill subjects with some degree of renal 

dysfunction [41]. As burn patients are prone to multiorgan dysfunction including acute 

kidney injury [42], caution of use and close monitoring are warranted.

Insulin resistance and muscle wasting are chronic complications of burn trauma [11, 43]. 

Metformin not only targets both complications, but is also economically beneficial and can 

easily be administered orally. These advantages make it an attractive alternative for the long 

term treatment of insulin resistance and skeletal muscle loss. Although no severe 
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complications have been reported in the burn population, larger studies are needed to assess 

safety and efficacy in both the acute and long term setting.

4.5 Propranolol

Hypermetabolism is a hallmark of the metabolic response that follows severe thermal 

injuries [1], and occurs in concert with hyperactivity of the sympathetic system [44]. This 

stress response has been associated with altered lipid [45, 46] and protein [5] metabolism, 

resulting in the erosion of lean body mass [45]. To attenuate the pathophysiologic response 

to burn injury and decrease muscle wasting, blockage of the adrenergic stimulation has been 

studied extensively in this patient population.

Propranolol, a nonselective β-blocker, successfully decreases heart rate, myocardial oxygen 

consumption [47, 48] and resting energy expenditure [1, 49] in severely burned patients. To 

further study the effects of propranolol on hypermetabolism and muscle protein net balance, 

25 pediatric patients with burns encompassing >40% of the TBSA were enrolled in a 

prospective randomized trial during the acute hospital stay [50]. Thirteen children received 

oral propranolol for two weeks, and 12 served as controls. To achieve the study goal of a 

20% decrease in heart rate from baseline, propranolol was given in a daily dose of 2 

mg∙kg−1∙day−1 divided into four doses, and adjusted to a total average of 6.3 mg∙kg−1∙day−1.

Propranolol treatment did not alter skeletal muscle proteolysis (Table 1). The intracellular 

appearance of phenylalanine, which represents protein breakdown, was not different from 

that of controls. On the other hand, the mean rate of intracellular utilization of 

phenylalanine, i.e., protein synthesis, was greater in propranolol treated patients. Because 

protein synthesis increased with propranolol, muscle protein net balance was positive in the 

intervention group after two weeks of treatment, while it remained negative in the control 

group (0.035 ± 0.011 vs. −0.042 ± 0.016, µmol∙min−1∙100 ml of leg volume−1; P=0.001). 

This improvement was not accompanied by significant changes in the inward and outward 

transport of phenylalanine from skeletal muscle. However, protein synthesis efficiency at 

post-treatment was greater in the propranolol group compared to control (61 ± 3% vs.39 ± 

6%, P=0.03). Further, changes in skeletal muscle protein kinetics with propranolol treatment 

occurred concomitantly with a decline in the resting energy expenditure and better 

preservation of the fat free mass and lean body mass, as demonstrated by analyses of body 

composition.

In summary, short term propranolol treatment attenuates muscle wasting in severely burned 

patients mainly by increasing protein synthesis and muscle protein synthesis efficiency, 

while protein breakdown remains unchanged. The effects of long term propranolol treatment 

on muscle protein metabolism in patients with large burns remain unknown.

4.6 Ketoconazole

The stress response triggered by burn injury is associated with elevated levels of cortisol 

[12]. Ketoconazole, an imidazole antifungal agent, diminishes the synthesis of cortisol by 

blocking the P450-dependent enzyme system. It was hypothesized that ketoconazole would 

mitigate muscle protein wasting by decreasing cortisol secretion in severely burned children 
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[51]. To test this hypothesis, patients were randomized to receive either placebo (n=32) or 

ketoconazole (n=17; 5 mg/kg every 12 hours) throughout their initial admission. Protein 

kinetic studies were performed five days after the first excision surgery and again two weeks 

later.

Ketoconazole decreased urinary cortisol to normal values in the treatment group by post-

burn day eight, whereas urinary catecholamines, serum cytokines and resting energy 

expenditure remained unchanged. When protein synthesis and protein breakdown were 

assessed, no difference between placebo and ketoconazole treated subjects were found 

(Table 1). Interestingly, this study suggests that cortisol may not regulate muscle protein 

degradation post-burn, instead, catecholamines, cytokines, and other stress hormones may 

be more potent regulators of the hypercatabolic response triggered by burn injury.

5. Summary and Conclusions

The pathophysiologic stress response induced by major thermal trauma is characterized by 

profound and long lasting inflammatory, metabolic, and hormonal changes. Under these 

circumstances, skeletal muscle supplies other tissues with amino acids in order to ensure 

survival. However, this compensatory response eventually results in muscle wasting and 

increased morbidity and mortality. As a result, pharmacological strategies have been 

implemented in an attempt to attenuate the burn-induced catabolic state.

Stable isotope tracer kinetic measurements across the leg have been successfully used to 

determine the burn-induced changes in skeletal muscle protein kinetics. These analytical 

tools have yielded better understanding of the effects of different pharmacological 

interventions on muscle metabolism, whereas future genomics and proteomics approaches 

will more fully elucidate their mechanistic actions.

Most pharmacological agents reviewed here improve muscle protein net balance, and their 

effects on protein kinetics seem to depend on the patient’s age, dosage, and probably also 

time post-burn. Certainly, improvement in net balance with these drugs is mainly due to 

increments in protein synthesis and/or protein synthesis efficiency, with minimal or no effect 

on protein breakdown. For instance, acute administration of testosterone in adults improves 

PSE, whereas in children oxandrolone improves both PSE and protein synthesis rates. Six 

months of administration of oxandrolone in children increases the response of the skeletal 

muscle to anabolic stimuli such as amino acids and exercise. The responsiveness of skeletal 

muscle protein synthesis to these drugs is facilitated by the increased availability of 

intracellular amino acids derived from the elevated protein breakdown. Except for 

oxandrolone, the effect of other drugs on muscle protein kinetics following discharge from 

the hospital is largely unknown. Finally, multicenter trials would provide more solid 

evidence of the efficacy of these drugs, and potentially lead to improved treatment of this 

patient population.
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Highlights

• We discuss data pertaining the effects of drugs on skeletal muscle metabolism

• Protein synthesis is the most responsive parameter to pharmacological 

interventions

• Patient’s age, drug dosage and time post burn affect the response to these drugs

• The effects of most drugs following discharge from the hospital is largely 

unknown
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Figure 1. 
Schematic representation of the pathophysiologic findings in skeletal muscle protein kinetics 

contributing to muscle wasting following a major burn injury. Increased protein breakdown 

and decreased inward transport of amino acids relative to the inflow of amino acids are two 

important mechanisms.
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