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N-Acetyl-L-Cysteine Reduces Fibrosis and Improves Muscle
Function After Acute Compartment Syndrome Injury

Benyam Yosef, MD, PhD*; Yu Zhou, PhD†; Kathryn Mouschouris, MS†; James Poteracki, MS†;
Shay Soker, PhD†; Tracy Criswell, PhD*†

ABSTRACT Introduction: Upon injury, skeletal muscle undergoes a multiphase process beginning with degeneration
of the damaged tissue, which is accompanied by inflammation and finally regeneration. One consequence of an injured
microenvironment is excessive production of reactive oxygen species, which results in attenuated regeneration and
recovery of function ultimately leading to fibrosis and disability. The objective of this research was to test the potential
of the antioxidant, N-Acetyl-L-Cysteine (NAC), as a mediator of reactive oxygen species damage that results from
traumatic muscle injury in order to support repair and regeneration of wounded muscle tissue and improve function
recovery. Materials and Methods: Adult female Lewis rats were subjected to compartment syndrome injury as previously
published by our group. Rats received intramuscular injections of NAC or vehicle at 24, 48, and 72 hours postinjury.
Muscle function, tissue fibrosis, and the expression of myogenic and angiogenic markers were measured. Results:
Muscle function was significantly improved, and tissue fibrosis was significantly decreased in NAC-treated muscles.
Conclusions: These results suggest that NAC treatment of skeletal muscle after injury may be a viable option for the
prevention of long-term fibrosis and scar formation, facilitating recovery of muscle function.

INTRODUCTION
Musculoskeletal disorders are a primary cause of disability
in the military and civilian populations.1 Extremity trauma
resulting from high-energy explosives is a devastating
consequence of combat injury. Studies showed that 54%
of evacuated wounded service members have extremity
injuries. More than one-quarter of all extremity war injuries
involve fractures; 82% of these are open.1,2 The Military
Extremity Trauma Amputation/Limb Salvage Study showed
that major lower-limb trauma sustained in the military results
in significant disability.3 Acute compartment syndrome (ACS)
is a condition in which increased pressure within the fascicles
of the skeletal muscle compromises the circulation and
function of the tissues therein, resulting in tissue ischemia and
necrosis. ACS is a major contributor to long-term morbidity
and disability as a result of combat-related injuries to the
extremities. Sequelae of an increase in intracompartmental
pressure include ischemia, necrosis, and nerve damage. If
untreated, ACS may lead to limb amputation, multiple organ
failure, and death.

Skeletal muscle has an innate ability to heal after injury;
however, this regenerative capacity is compromised in cases
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of severe injury, disease, or age. Despite the remarkable regen-
erative capacity of skeletal muscle, the healing process is
often slow resulting in incomplete functional recovery and
nonresolved tissue fibrosis.4 Despite the prevalence of muscu-
loskeletal injuries and decades of medical research, our under-
standing of the pathophysiology of musculoskeletal injuries
is limited, and as such has hindered the development of new
therapeutics.

The formation of dense scar tissue after injury is a major
impairment to the recovery of muscle function after injury
and can lead to muscle contracture and chronic pain, resulting
in decreased mobility and quality of life. Irrespective of the
primary cause of injury (contusion, strain, or laceration), the
basic biological processes occurring in scar formation are
identical.4 Fibrotic lesions are the result of abnormal healing
and are dependent on a cascade of multiple processes induced
by injury such as poor perfusion and the persistent activation
of inflammatory cells and cytokines.5,6 Transforming growth
factor β (TGFβ) is a major mediator of the fibrotic response
after injury.7,8 The use of antifibrotic agents, such as Losartan,
an angiotensin II receptor blocker, and TGFβ inhibitor, have
been purported to reduce fibrosis and improve both muscle
regeneration and function after minor injuries such as contu-
sion and lacerations.9,10 However, there are conflicting data
on the long-term beneficial effects of Losartan and its ability
to improve muscle function after severe injury or disease.11,12

Moreover, Losartan may have off target effects on nonskeletal
muscle tissues because of its ability to modulate the renin-
angiotensin system.13

N-Acetyl-L-Cysteine (NAC) is a cysteine precursor of
glutathione synthesis and a potent antioxidant, which has
been US Food and Drug Administration approved for over
40 years to treat acetaminophen toxicity, acute liver fail-
ure, and diseases characterized by low glutathione levels.14,15
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The microenvironment of injured tissue is characterized by an
excessive presence of reactive oxygen species (ROS), which
play a crucial role in the pathophysiology of scar forma-
tion.16–19 There is overwhelming in vitro and in vivo evidence
for the use of NAC as a protective agent against pathologic tis-
sue fibrosis and cell death caused by oxidative stress in injured
tissue.20–23 In this study, we examined the effect of NAC
treatment on the recovery of skeletal muscle function using
a rat model ACS.24 We found that NAC treatment resulted in
a significant decrease in ROS production, decreased fibrotic
deposition, and a corresponding significant increase in the
restoration of muscle function. These results suggest that early
treatment with NAC after an acute injury may benefit long-
term muscle function and improve patient mobility and quality
of life.

MATERIALS AND METHODS

Injury Model

All animal studies were approved by the Wake Forest
University Institutional Animal Care and Use Committee
and were conducted in accordance with National Insti-
tute of Health (NIH) guidelines. Adult female Lewis rats
(11–12 months of age; Harlan Laboratories, Indianapolis,
Indiana) were anesthetized with isoflurane before injury.
ACS muscle injury was performed as previously described.24

Briefly, neonatal blood pressure cuffs (Tempa-Kuff, size
#2; Trimline Medical Products, Branchburg, New Jersey)
were tightened around the left hind limb, proximal to the
tibialis anterior (TA) muscle, and held at a pressure of 120 to
140 mmHg for 3 hours. Rats were euthanized at 4, 7, 14, and
28 days after injury.

Intramuscular NAC Administration

NAC (80 mg/kg/day) (Sigma Aldrich, St. Louis, Missouri)
was dissolved in phosphate buffered saline (PBS) and adjusted
to physiological pH (7.35–7.45) with 10 M sodium hydrox-
ide.25 Rats were randomized to receive either intramuscular
injection of NAC or an equivalent volume of vehicle (PBS)
into the TA muscle.26 A total of three doses were given 24,
48, and 72 hours after injury.27

In Vivo Muscle Function Test

The contractile function (ie, torque-frequency relationship)
of the left anterior crural muscles was measured in vivo
before and 7, 14, and 28 days after injury via stimulation
of the peroneal nerve, as previously described.24 Anterior
crural muscle function was assessed by measuring maximal
isometric torque as a function of stimulation frequency (1–
200 Hz). Data were analyzed using a custom-made Labview-
based program (provided by the US Army Institute of Surgical
Research, Houston, Texas).

Tissue Analysis

Muscle tissues were harvested, weighed, and processed
for histology at the indicated time points. Fibrosis was
quantified from Masson’s trichrome stained sections using
the Threshold Color plugin for ImageJ software version 1.44
(NIH, Bethesda, Maryland). The same set threshold was used
for all samples analyzed. The data were calculated in pixels
as percentage fibrotic regions/total tissue area. At least six
different animals were used per group, and 10 to 12 muscle
sections were analyzed per animal.

Nitro-tyrosine staining was used for an indirect measure-
ment of the presence of ROS28 and quantified using ImageJ
software. At least three different animals were used per group,
and 10 to 12 muscle sections were analyzed per animal.
CD146 staining was used to assess the total number of blood
vessels and the diameter of blood vessels per high powered
field at 7 days postinjury. At least three different animals were
used per group, and six muscle sections were analyzed per
animal.

Analysis of Myofiber Cross-Sectional Area

To assess muscle fiber cross-sectional area, transverse muscle
sections (8 μM) were stained with hematoxylin and eosin
(H&E). Stained sections were visualized, and pictures were
captured using an Olympus DP80 microscope. Fiber cross-
sectional area was measured using ImageJ software. Three
different animals were used per group, and 6 muscle sections
were analyzed per animal.

Real-Time Quantitative Polymerase Chain Reaction

RT-QPCR was performed on muscles isolated at 4 and 14 days
after injury. Day 28 was not analyzed because of the finding
of no functional differences between the NAC- and PBS-
treated groups. Total ribonucleic acid (RNA) was isolated
from the harvested TA muscles using the PerfectPure Fibrosis
Tissue Kit (5 PRIME, Gaithersburg, Maryland) according
to the manufacture’s protocol. Quantitative polymerase chain
reaction (qPCR) was performed in 20-mL reactions in 96-well
plates using cDNA samples generated from 12.5 ng of total
RNA. The TaqMan probes (Applied Biosystems, Foster City,
California) specific for rat genes are as follows: Transforming
Growth Factor β1 (TGFβ1) (Rn01475963_m1), Myostatin
(MSTN) (Rn00569683_m1), CD31 (Rn01467262_m1), Vas-
cular Endothelial Growth Factor (VEGF) (Rn01511601_m1),
Paired box (Pax)7 (Rn01518732_m1), myoblast determina-
tion protein 1(MyoD) (Rn00598571_m1), Myogenin (MyoG)
(Rn00567418_m1), and Glyceraldehyde-2-Phosphate Dehy-
drogenase (GAPDH) (Rn01775763_g1) genes (Applied
Biosystems/Life Technologies, Carlsbad, California). Super-
oxide dismutase (Sod1) primers (catalog# RQP049577) were
obtained from GeneCopoeia (Rockville, Maryland). A qPCR
for using rat HIF1 primers (F: gtcaccacaggacagtacagga;
R: gaagggagaaaatcaagtcgtg) was performed using SYBR
Green PCR kit (Qiagen, Carlsbad, California). A qPCR
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FIGURE 1. Effect of NAC on reactive oxygen species in injured muscle. Nitro-tyrosine staining of TA muscles harvested 4 days after injury. Red arrows
indicate individual myofibers in order to highlight staining. The number of nitro-tyrosine (+) cells was quantified using ImageJ software. All data are expressed
as mean ± SEM. Asterisk indicated significant difference (p < 0.001) between phosphate buffered saline (PBS) and NAC-treated injured muscles.

was performed using the Applied Biosystems 7300 Real-
Time PCR System (Applied Biosystems/Life Technologies,
Carlsbad, California). Relative quantification of PCR products
were based upon the value difference between the target gene
and GAPDH.

Statistical Analyses

All tissue analyses were performed by one individual blinded
to the experimental groups. Data were analyzed using Prism
Software (GraphPad Software, San Diego, California) or
Microsoft Excel (Redmon, Washington). Each functional
and morphological measures (dependent variables) were
compared among groups in response to changes in treatment
and time (independent variables). Since these outcome
measures could be expressed on a continuous scale, we
examined all outcomes of interest using a 2-way analysis of
variance (ANOVA) model with these two factors (treatment
and time) included. In the event of a significant ANOVA,
post-hoc means comparison testing was performed with
Fisher’s least significant difference correction or with Tukey’s
honestly significance difference tests. Data are presented as
mean ± standard error of mean. A p-value of < 0.05 was
considered to be statistically significant.

RESULTS

Effect of NAC on Reactive Oxygen Species in
Injured Muscle

Prior studies have shown that the lipid peroxidation product
nitro-tyrosine can be used as an indirect marker of ROS levels

in injured tissue.28 Therefore, nitro-tyrosine was used as an
indicator of the activity of NAC on the ROS levels in the
compartment syndrome injured muscles. Immunohistochem-
ical analysis of TA muscles stained with anti–nitro-tyrosine
antibodies (red arrows) showed that treatment with NAC
significantly reduced the amount of ROS in the injured tissue
compared to PBS-treated injured muscles at 4 days postinjury
(Fig. 1).

Effect of NAC on Skeletal Muscle Function after
Injury

Isometric torque was examined as a measure of muscle func-
tion before and on days 7, 14, and 28 postinjury. As expected,
injured muscles showed a significant decrease in force genera-
tion compared to contralateral uninjured muscles regardless of
treatment at days 7 and 14 and 28 days after injury (Fig. 2A).
However, NAC treatment resulted in significantly higher max-
imum force production 7 and 14 days after injury, as compared
to PBS-treated muscles (Fig. 2B). By 28 days after injury,
approximately 75% of muscle function was restored regard-
less of treatment with no difference in function between NAC-
and PBS-treated groups (Fig. 2A and B).

Effect of NAC on Muscle Fibrosis Following Injury

Masson’s trichrome stained muscle tissue sections were used
to quantify tissue fibrosis in uninjured, NAC-treated and PBS-
treated TA muscles 14 and 28 days postinjury. Treatment
with NAC resulted in a significant reduction in tissue fibrosis
compared to PBS-treated injured muscles (Fig. 3A). There
was no significant difference between NAC-treated injured
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FIGURE 2. Skeletal muscle function after injury. Isometric torque curves (A) per Nmm/kg/body weight 7, 14, and 28 days after injury. (B) Maximum isometric
torque measured 7, 14, and 28 days postinjury. All data are expressed as mean ± SEM. Asterisks indicate significance between PBS- and NAC-treated muscles.
Single asterisks refer to significant differences between PBS- and NAC-treated injured muscles. Day 7: ∗p < 0.0295, day 14: ∗p < 0.048. All data are expressed
as mean ± SEM.

muscles and uninjured muscles. TGFβ, MSTN, and SOD1 are
genes known to play an important role in tissue fibrosis and
scar formation.29,30 Quantitative reverse-transcription poly-
merase chain reaction was used to examine the expression of
these genes 4 and 14 days after injury. At 4 days postinjury,
treatment with NAC resulted in an increase in expression of
TGFβ approaching significance (p < 0.051) and a significant
increase in SOD1 expression (p < 0.017). No change in MSTN
expression in comparison to PBS-treated injured muscles
was detected (Fig. 3B–D, left column). In contrast, 14 days
after injury, TGFβ expression was decreased in NAC-treated
muscles as compared to PBS-treated muscles (p < 0.09). The
expression of MSTN and SOD1 was significantly decreased
(p < 0.039 and p < 0.022 respectively) in the NAC-treated
injured muscles as compared to the PBS-treated injured mus-
cles (Fig. 3B–D, right column).

Effect of NAC on Vascularization of Injured Tissue

Early neovascularization is necessary for tissue regeneration
and functional recovery after injury. CD146 staining was used
to quantify the number and diameter of blood vessels per

high powered field in PBS- and NAC-treated injured muscles
7 days postinjury (Fig. 4A–C). NAC treatment resulted in
increased numbers of blood vessels compared to PBS-treated
animals as well as increased blood vessel diameter between
NAC- and PBS-treated animals (Fig. 4B and C). Expression
of the angiogenic markers HIF1, CD31, and VEGF was deter-
mined by qPCR in PBS- and NAC-treated muscles 4 and
14 days post injury. Treatment with NAC resulted in a signif-
icant increase in these angiogenic markers compared to PBS-
treated muscles 4 days postinjury (Fig. 4D–F, left column).
At 14 days postinjury, HIF1 and CD31 were significantly
decreased, or approaching significance, in the NAC-treated
muscles as compared to the PBS-treated muscles (Fig. 4D–F,
right column).

Effect of NAC on Muscle Regeneration

Immature and regenerating myofibers have a smaller cross-
sectional area (CSA) than mature myofibers. To further ana-
lyze the state of muscle tissue regeneration, myofiber CSA
was determined from H&E stained muscle tissue samples
14 days postinjury (Fig. 5A and B). The NAC-treated muscles
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FIGURE 3. Effect of NAC on muscle fibrosis following injury. (A) Masson’s trichrome stain was used to visualize collagen deposition in tissue 14 and
28 days after injury. The amount of collagen staining per tissue was determined using ImageJ software as described in methods. The double asterisk refers
to significance between PBS-treated injured muscles and uninjured muscles (∗∗p < 0.002), and the single asterisk refers to significance between PBS- and
NAC-treated injured muscles (∗p < 0.012). (B) The expression of genes involved in fibrosis (TGF(B), MSTN(C), and SOD1(D)) was assessed by qPCR at 4
(left column) and 14 (right column) days after injury. The double asterisks refer to data approaching significance (Day 4: TGFβ ∗∗p < 0.051; day 14: TGFβ∗∗p < 0.09), and single asterisks refer to significant data (Day 4: SOD1 ∗p < 0.017; day 14: MSTN ∗p < 0.039; SOD1 ∗p < 0.022). All data are expressed as
mean ± SEM.

contained larger myofibers, which are characteristic of more
mature skeletal muscle fibers as compared to the PBS-treated
muscles.

Skeletal muscle regeneration depends on activation of
satellite cells and their potential to differentiate and mature
into new fibers.24,31 The myogenic transcription factors Pax7,
MyoD, and MyoG were analyzed via qPCR in PBS- and
NAC-treated muscles 4 and 14 days postinjury. Treatment
with NAC resulted in a significant decrease in MyoG gene
expression compared to PBS-treated muscles at 4 days after
injury (Fig. 5C–E, left column). At 14 days postinjury,
the expression of both MyoD and MyoG was reduced in
NAC-treated muscles as compared to PBS-treated muscles
(Fig. 5C–E, right column). No significant difference in Pax7
expression was detected at either time point.

DISCUSSION
Skeletal muscle has a tremendous innate regenerative capac-
ity; however, after a severe injury or an injury to a frail or ill
patient, the regenerative capacity is attenuated resulting in a
slower healing process, which often culminates in incomplete
functional recovery and favors the formation of dense scar
tissue. Despite recent advances in medicine and our growing
understanding of the pathophysiology of muscle injury, there
has been little progress in the development of new therapeutic
approaches to enhance regeneration and recovery of function.
The presence of excessive unresolved fibrotic scar tissue is

a major hindrance to the recovery of full muscle function.
Prior data examining the efficacy of antifibrotic agents to treat
skeletal muscle fibrosis is controversial. Antifibrotic agents
that have shown encouraging results in preclinical studies,
but early clinical studies have limited success in improving
muscle function.7,12 For example, Losartan has been shown
to reduce fibrosis in skeletal muscle but was shown to lack
efficacy in the fibrotic model of volumetric muscle loss.12

Limitations in the efficacy of current treatments for skeletal
muscle injuries might be due to the hostile microenvironment
caused by injury or diseases, which often lead to inflamma-
tory infiltrates promoting ROS production and further tissue
damage. Therefore, antifibrotic treatments that include antiox-
idants may prove to have greater efficacy than an antifibrotic
alone.

In the present study, we investigated the effect of the antiox-
idant NAC on skeletal muscle regeneration after injury using
a rat compartment syndrome injury model. The biological
action of NAC is mediated via glutathione, which is a free
radical scavenger leading to reduction of O2

− and H2O2. The
NAC has been shown to reduce oxidative stress and inflamma-
tion in different tissues and disease states, such as ischemia,
leading to better outcomes.32–35 For example, NAC use during
liver inflammation due to injury has been associated with a
reduction in liver damage.33 Additionally, NAC has shown
clinical efficacy for the treatment of idiopathic pulmonary
fibrosis.22 Our data showed that administration of NAC was
associated with decreased ROS production (Fig. 1), decreased
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FIGURE 4. Effect of NAC on the vasculature of injured tissue. (A) CD146 stain of representative sections of muscle from uninjured, PBS-, and NAC-treated
injured muscles 7 days postinjury. CD146 stained sections were used to quantitate (B) the number of blood vessels per high powered field (percent uninjured)
and (C) the diameter of blood vessels (percent uninjured). Asterisks refer to significant changes between NAC- and phosphate buffered saline (PBS)-treated
injured muscles (B—∗p < 0.050; C—∗p < 0.043). Expression of genes involved in angiogenesis (D) HIF1, (E) CD31, and (F) VEGF were measured using
qPCR 4 and 14 days postinjury. Single asterisks refer to significant differences between PBS- and NAC-treated injured muscles (Day 4: HIF1 ∗p < 0.017;
CD31 ∗p < 0.019; VEGF ∗p < 0.012; day 14: HIF1 ∗p < 0.043). The double asterisk refers to data approaching significance (Day 14: CD31 ∗∗p < 0.071).
All data are expressed as mean ± SEM.
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FIGURE 5. Effect of NAC on muscle regeneration. (A) H&E staining was used to observe the morphology of uninjured, phosphate buffered (PBS)-, and
NAC-treated injured muscles at 14 days postinjury. Single myofibers are outlined in black. Black arrows indicate mature myofibers, and white arrows indicate
immature regenerating myofibers. (B) Myofiber CSA was determined from H&E stained sections. The single asterisk refers to significant differences in
myofiber size between PBS- and NAC-treated injured muscle (∗p < 0.003). Expression of myogenic markers (C) Pax7, (D) MyoD, and (E) MyoG were
measured using qPCR at 4 and 14 days postinjury. Single asterisks refer to significant differences in expression between PBS- and NAC-treated injured
muscles (Day 4: MyoG ∗p < 0.039; day 14: MyoD ∗p < 0.003; MyoG ∗p < 0.001). All data are expressed as mean ± SEM.

fibrosis (Fig. 3), and increased recovery of muscle function
(Fig. 2) in a rat model of experimental stroke (30-minute MCA
occlusion and 24 hour of reperfusion) when administered at
the time of reperfusion (0 hour) and then 6 hour later. The
rationale of using NAC at these times was based on previ-
ously published data showing beneficial effects when used

before ischemia.35 The focus of this research is post-insult
(ischemia) NAC treatment, as that would be more relevant
in the clinical scenario. NAC reduced infarction very sig-
nificantly in all six consecutive coronal sections measured
as infarct area (Fig. 1A). Furthermore, treatment of NAC
decreased infarct volume in both cortex and striatum, although
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more significantly in cortex (Fig. 1B). NAC has been used in
various studies as an antioxidant because NAC is a precursor
of glutathione.36 Glutathione is well known to protect brain
from ischemic injury37. Treatment with NAC resulted in a
significant increase in glutathione content in both cortex and
striatum regions. The significance of glutathione enrichment
has been investigated in the focal cerebral ischemia model38,
and therapeutic use of NAC in other disease states has been
reviewed.39 The NAC seems to have some benefits for cer-
tain cancers but may also have side effects, such as causing
oxidative damage to cellular and isolated DNA.40 In our
model, NAC did not protect at very low (50 mg/kg) or high
(500 mg/kg) doses administered at 0 hour and repeated at
6 hour after reperfusion. Highly protective doses were 150 and
250 mg/kg. Because NAC has a short half-life and crosses the
blood-brain barrier41, we chose to use repeated, lower doses
effective in a rat model.

The body’s response to injury is to limit the extent of
tissue damage due to the toxic microenvironment (immune
infiltrates and necrotic tissue) by walling off the damaged
areas with collagen, resulting in fibrotic depositions that limit
regeneration of healthy tissue.34 Under normal conditions, the
profibrotic pathways are terminated after the initial damage is
controlled.42,43 However, in abnormal regeneration, the profi-
brotic signaling pathways persist and uncontrolled synthesis
of collagen results in prolonged fibrotic scar formation and
functional impairment.34,44

Transforming growth factor β is a potent mediator of the
fibrotic response in various tissues.45 Myostatin, a member of
the TGFβ superfamily, is known to induce fibrotic pathways
in skeletal muscle while inhibiting skeletal muscle matura-
tion.29 In contrast, SOD1 has been shown to be induced
in postischemic tissues and is involved in regulating anti-
inflammatory pathways as indicated by the SOD1−/− knock
out mice that show an accelerated aging phenotype.46,47 In the
present study, TGF-β and SOD1 levels were found to be sig-
nificantly increased in the NAC-treated muscles at 4 days after
injury (Fig. 3B–D, left panels). Transforming growth factor
β, MTSN and SOD1, expression was suppressed in the NAC-
treated muscles at 14 days after injury as compared to PBS-
treated muscles (Fig. 3B–D, right panels). These data suggest
that NAC treatment after injury accelerates the resolution of
the inflammatory phase after injury leading to reduced tissue
fibrosis (Fig. 3) and increased functional recovery (Fig. 2).

Although administration of NAC was associated with an
indirect measure of decreased ROS production, decreased
profibrotic gene expression, and decreased fibrotic tissue, it is
unclear if the reduction in ROS due to NAC treatment directly
resulted in these changes. We cannot exclude the possibility
that NAC might indirectly act to enhance muscle regeneration.
Further investigation is required to determine the mechanism
by which NAC affects these changes.

Vascular injuries lead to cessation of blood flow resulting
in ischemia, hypoxia, and tissue necrosis. Rapid revascular-
ization and tissue perfusion is essential to maintain tissue

integrity.48 One potential mechanism with which NAC could
improve tissue regeneration is through the enhancement of
neovascularization. Studies have demonstrated that NAC can
promote angiogenesis and clearance of ROS during wound
healing.49 In this study, we showed that NAC treatment sig-
nificantly increased the numbers and diameter of blood ves-
sels as well as the expression of vascular markers (HIF1,
CD31, VEGF) after injury as compared to PBS-treated mus-
cles. These data suggest that process of neovascularization
was accelerated by NAC treatment (Fig. 5). Further study is
required to determine the mechanism by which NAC increased
angiogenesis.

Although this study provides important mechanistic
insights into the protective role of NAC on muscle injury,
several questions still remain. First, this study was limited to
adult female rats and did not examine the effect of NAC on
their adult male counterparts. Older rats were used because of
their prolonged regenerative capacity as compared to young
rats as previously demonstrated.50 Female rats were chosen
because of the demonstration of increased tissue fibrosis
after compartment syndrome injury as compared to age-
matched male rats (data not shown). Further experiments
will involve repeating the NAC treatment in adult male
rats. Second, despite the fact that NAC-treated groups had
improved function at day 14 postinjury compared to PBS,
we were unable to detect any differences in function at
day 28 postinjury between PBS- and NAC-treated rats,
respectively. The tremendous regeneration capacity of rats
results in resolution of injury within weeks, resulting in a
small window for therapeutic improvement.24,50 However,
treatment with NAC resulted in decreased MyoD and MyoG
expression and larger muscle fiber cross section, suggesting
that NAC-treated muscle is at a more progressive stage of
regeneration.

In conclusion, our data revealed that administration of
NAC after injury was associated with lower levels of ROS
and tissue fibrosis, along with an increase in myofibers size
(maturity) and vascularization. Enhanced tissue regeneration
was associated with improved skeletal muscle function. NAC
may be a viable option as a target for future therapeutic
intervention in skeletal muscle injury. Further work needs to
be done to determine the molecular mechanisms underlying
these alterations in regeneration.
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