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ABSTRACT

Background: Sickle cell disease (SCD) is a hereditary haemoglobinopathy with a high
prevalence in sub-Saharan Africa. It is characterised by chronic haemolysis, inflammation, and
recurrent vaso-occlusive episodes that contribute to progressive organ dysfunction. Skeletal
muscle involvement in SCD is increasingly recognised, yet the role of muscle regulatory factors
such as myogenin, a key transcription factor involved in muscle differentiation and regeneration
remains poorly understood.

Aim: This study aimed to evaluate the relationship between serum myogenin levels and disease
severity in individuals with SCD in steady state, and to assess its association with anthropometric
indices across different haemoglobin phenotypes.

Materials and Methods: This cross-sectional comparative study included 90 participants
recruited using simple random sampling method: 30 HbSS patients in steady state, 30 HbAS
individuals, and 30 HbAA controls, aged 10-50 years. Serum myogenin levels were measured
using enzyme-linked immunosorbent assay (ELISA). Anthropometric parameters were assessed

58



OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

and body mass index (BMI) calculated. Disease severity in HbSS participants was evaluated
using the Adegoke and Kuti sickle cell disease severity scoring system. Individuals with
cardiovascular disease, inflammatory disorders, renal disease, obesity, pregnancy, or metabolic
conditions were excluded. Statistical analyses included ANOVA and correlation testing to
evaluate group differences and relationships between variables.

Results: HbSS participants had significantly lower BMI compared to HbAA and HbAS groups
(p = 0.001), despite no significant difference in age across groups. However, serum myogenin
levels did not differ significantly among HbAA, HbAS, and HbSS participants (p = 0.967).
Correlation analysis showed no significant association between myogenin and BMI (r = 0.017, p
=0.931) or age (r = 0.003, p = 0.986), although BMI was strongly positively correlated with age
(r=0.801, p=0.001). Notably, there was a statistically significant moderate inverse correlation
between myogenin levels and disease severity in HbSS patients (r =—-0.387, p = 0.035).
Conclusion: This study demonstrated that while individuals with SCD exhibit significant
nutritional deficits, as reflected by reduced BMI, these do not directly influence circulating
myogenin levels. The observed inverse relationship between myogenin and disease severity may
suggest that myogenin may serve as a marker of disease-related muscle dysfunction rather than
genotype or nutritional status.

Recommendations: Further longitudinal and mechanistic studies are needed to validate
myogenin as a biomarker and explore its potential role in therapeutic strategies targeting muscle
health in SCD.

Key words: Sickle cell anaemia, Sickle cell disease, myogenin, biomarkers, body mass index.

INTRODUCTION

Sickle cell disease (SCD) represents one of
the most prevalent monogenic disorders
globally, affecting approximately 50 million
people worldwide, with Nigeria bearing the
highest burden of 4-6 million cases.! The
disease results from a point mutation in the
B-globin gene, leading to the production of
abnormal hemoglobin S (HbS), which
polymerizes under deoxygenated conditions,
causing red blood cells to assume a
characteristic sickle shape.?

The clinical manifestations of SCD extend
beyond  hematological = complications,
significantly impacting multiple organ
systems, including the musculoskeletal

system.> While vaso-occlusive crises and
chronic hemolysis are well-documented
pathophysiological mechanisms, the role of
muscle-specific ~ factors  in  disease
progression and severity remains poorly
understood.* This knowledge gap is
particularly significant given that muscle
wasting, and reduced muscle mass are
common complications in SCD patients,
contributing to reduced quality of life and
increased morbidity.

Myogenin, a muscle-specific transcription
factor belonging to the MyoD family, plays
a crucial role in skeletal muscle
development, repair, and regeneration.
Previous studies have demonstrated elevated
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myogenin expression in various muscle-
wasting conditions and skeletal myopathies,
suggesting its potential role as a
compensatory mechanism in muscle repair.’
However, despite the prevalence of muscle-
related complications in SCD, no previous
studies have investigated the relationship
between myogenin level and disease severity
in SCD patients.

This study aimed to bridge this critical
knowledge gap by examining the
relationship between serum myogenin level
and disease severity in patients with
homozygous sickle cell disease (HDbSS).
Understanding this  relationship  could
provide new insights into disease
progression mechanisms and potentially
identify novel therapeutic targets for
managing SCD-related muscle
complications.

MATERIALS AND METHODS
Study Site This research was carried out in
Nnamdi Azikiwe University Teaching
Hospital (NAUTH), Nnewi, Anambra State,
Nigeria.

Study Design: A
comparative study was carried out to
evaluate the serum level of myogenin and its
correlation with disease severity in subjects
with sickle cell disease in their steady state.
Selection of sickle cell subjects as well as
the control group (HbAS and HbAA) was
done by simple random sampling method. A
total of 90 subjects were recruited for the
study which includes 30 homozygous sickle
cell (HbSS) subjects, 30 heterozygous sickle
cell (HbAS) and 30 normal subjects
(HbAA). The selection of the steady state
group was dependent on subjects not

cross-sectional

OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

experiencing crisis for at least 2 weeks; not
receiving blood transfusion for at least 3
months, and not having fever for at least 2
weeks prior to the study. Full blood count
results of the subjects were used alongside
other criteria, to estimate severity scoring in
homozygous sickle cell disorder in steady
state and crisis.

Sample Size Determination

Sample size was calculated wusing the
Cochran’s Formula as given below:

_ Z%pll-p)
1=

Where n= sample size; Z = 1.96 (95%
confidence level); p = 0.04 (SCD prevalence
in Nigeria = 4.0% ¢ and d = 0.05 (absolute
error or precision level).

_ 1.962 + 0.04(1 - 0.04)
"= 0.052

n=59.00

However, in order to increase the statistical
power of the study, a total of 90 participants
were recruited into the study using simple
random sampling method. Participants were
comprised of 30 homozygous sickle cell
(HbSS) subjects, 30 heterozygous sickle cell
(HbAS) and 30 normal subjects (HbAA).
Inclusion Criteria: Homozygous sickle cell
disease (HbSS) subjects in steady state,
heterozygous sickle cell subjects (HbAS)
and normal healthy subjects (HbAA) all
within the age range 10-50 years.

Exclusion Criteria: Subjects outside the
age range of 10-50 years, individuals with
known cardiovascular and inflammatory
disease (autoimmune disease), obesity, renal
disease, pregnancy, metabolic disorders such
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as diabetes, subjects on medication such as
non-steroidal  anti-inflammatory  drugs
(NSAIDs).

Ethical Approval: The ethical approval for
this research was obtained from Nnamdi
Azikiwe University Teaching Hospital
Ethics Committee in agreement with the
Helsinki declaration by the World Medical
Association (WMA) on the ethical principles
for medical research involving human
subjects.’

Informed consent: Prior to the study,
written informed consent from the subjects
and or their guardians (for minors) was
obtained.

Sample Collection Blood samples were
collected aseptically, and serum was
separated and stored at -20°C until analysis.
Hemoglobin genotype was determined using
cellulose acetate electrophoresis.®
Parameters Assayed: Serum myogenin
levels were measured using an enzyme-
linked immunosorbent assay (ELISA).
Disease severity in HbSS participants was
evaluated using the Adegoke and Kuti sickle
cell disease severity scoring system based on
anemia, complications, white blood cell
counts, transfusion rates, and crisis
frequency in line with prior studies.’

Body mass index (BMI) measurement:
BMI was calculated using the following

formula'®!! as given below:
Weight(kg)
oM — et
Height< (m*-)

A measuring tape was fastened to a piece of
wood to determine height, and an electronic
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weighing scale was used to estimate the
body weight.

Statistical Analysis The data were
presented as mean+SD and the mean values
of the control and test group were compared
by Analysis of Variance (ANOVA), posthoc
test and Pearson’s correlation coefficient
using Statistical package for social sciences
(SPSS) (Version 26.0) software. Statistical
significance was set at p < 0.05.

RESULTS

Table 1 show the mean anthropometric
values in different blood genotype groups
(HbAA, HbAS and HbSS). The One-way
ANOVA revealed no statistically significant
difference in the mean age between groups
(F = 0.525; p = 0.593). However, a
significant difference was observed in the
BMI (F = 16.927; p=0.001) when compared
across the groups. The BMI did not differ
significantly in the HbAA participants when
compared to the HbAS group (p = 0.906),
but the BMI was significantly decreased in
sickle cell patients when compared with
HbAA and HbAS subjects (p = 0.001),
respectively.

Table 2 shows the mean level of Myogenin
in subjects with homozygous sickle cell
disease (HbSS) and the control groups
(HbAA and HbAS). There was no
significant difference in the mean serum
level of myogenin in the different
hemoglobin phenotype groups (F = 0.034; p
= 0.967). No significant difference was
observed in the mean level of myogenin
between HbAA and HbAS subjects (p =
0.963), between HbAA and HbSS (p
0.989) and between HbAS and HbSS (p
0.992).
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Table 3 shows the correlation of BMI, age
and Myogenin with disease severity in
subjects with sickle cell anemia in steady
state. No correlation was observed between
BMI and Myogenin in sickle cell anemic
patients (r = 0.017, p = 0.931). A positive
correlation was observed between BMI and
age in sickle cell anemic patients (r = 0.801,
p =0.001). No correlation was observed also
between age and Myogenin in sickle cell
anemic patients (r = 0.003, p = 0.986).

Table 4 shows the correlation of BMI, age
and Myogenin with disease severity in
subjects with sickle cell anemia in steady
state. No correlation was observed between
disease severity and Age (r = -0.068, p =
0.719) and between disease severity and
BMI (r = -0.174, p = 0.356) in sickle cell
anemic patients. A negative correlation was
observed between disease severity and
Myogenin level (r =-0.387, p = 0.035).

Table 1: Anthropometric values in different blood genotype (HbSS, HbAA and HbAS)

Groups N Age(years) BMI (kg/m?)
AA 30 25.03+£5.72 23.81+2.77
AS 30 23.50+4.54 23.49+2.19
SS 30 24.93 £ 8.52 19.90 + 3.52
F-value 0.525 16.927
P-value 0.593 0.001*

AA vs AS (p-value) 0.632 0.906

AA vs SS (p-value) 0.998 0.001*

AS vs SS (p-value) 0.669 0.001*

*P-value is statistically significant at <0.05.

Table 2: Mean level of Myogenin in different haemoglobin phenotype groups (HbSS,

HbAA and HbAS)

Groups Myogenin
AA (n=30) 31.70 £ 9.13
AS (n=30) 31.97 £6.00
SS (n=30) 31.47 +6.98
F-value 0.034
P-value 0.967

AA vs AS (p-value) 0.963

AA vs SS (p-value) 0.989

AS vs SS (p-value) 0.992

*P-value is statistically significant at <0.05.
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Table 3: Correlation of anthropometric values (BMI and Age) with Myogenin in subjects

with sickle cell anaemia in steady state

Variable N r- value p-value
BMI VS MYOGENIN 30 0.017 0.931
BMI VS AGE 30 0.801°" 0.001*
AGE VS MYOGENIN 30 0.003 0.986

*P-value is statistically significant at <0.05.

Table 4: Correlation of Myogenin, BMI and Age with disease severity in subjects with

sickle cell anaemia in steady state

Variable N r- Value p-value
Disease Severity Vs Myogenin 30 -0.387" 0.035*
Disease Severity Vs Age 30 -0.068 0.719
Disease Severity VS BMI 30 -0.174 0.356
*P-value is statistically significant at <0.05.

DISCUSSION resulting  inflammatory  response  as

Sickle cell disease (HbSS) is an autosomal
recessive genetic disorder of the red blood
cell.'”? affecting approximately 1-3% of
populations within the states in Nigeria.'?
Increasing  evidence  points  towards
oxidative stress, vasooclusion and the

responsible for the increased organ and
system involvement in sickle cell disease.'*
The activity and expression of myogenin has
been shown to be controlled by the balance
between the pro-inflammatory and anti-
inflammatory cytokines and these factors are
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shown to be induced in sickle cell anemia.
Skeletal muscle hypertrophy and hypotrophy
have been documented to occur due to
imbalance  between these group of
cytokines.!®

This study examined anthropometric
characteristics, myogenin levels, and their
association with disease severity in
individuals with sickle cell disease (SCD) in
steady state. While our findings provide
useful insights, a more critical evaluation
highlights both agreements and
inconsistencies with existing literature,
particularly  regarding  the
regulation of muscle regeneration in chronic
disease.

The anthropometric findings (Table 1)
showed that individuals with HbSS had
significantly lower BMI compared to HbAA
and HbAS groups (p = 0.001), despite
similar age distribution. This is consistent
with established evidence that SCD is
associated with chronic undernutrition,
increased resting energy expenditure or
metabolic demand, and recurrent illness, all
of which contribute to reduced body mass
and impaired growth. However, a critical
observation is that despite this significant
reduction in BMI, there was no
corresponding alteration in myogenin levels
(Table 2) or correlation with BMI (Table 3).
This contrasts with evidence from muscle-
wasting conditions where nutritional deficits
and catabolic states are often associated with

complex

dysregulation of myogenic regulatory
factors, including myogenin.'® 7 The lack of
association observed in this study suggests
that BMI may be an insufficient proxy for
muscle mass or muscle metabolic activity,
and therefore may not adequately reflect the
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biological processes regulating myogenin
expression. It also raises the possibility that
in steady-state SCD, nutritional deficits
alone are not sufficient to disrupt muscle
differentiation pathways.

The lack of significant difference in
myogenin levels across haemoglobin
phenotypes (Table 2) also warrants critical
consideration. While this suggests that
genotype alone does not influence myogenin
expression, it contrasts with findings in
chronic inflammatory and degenerative
muscle conditions, where myogenin is often
altered as part of a regenerative response.
1819 One possible explanation is that the
study population was in a steady state,
where acute inflammatory or hypoxic
triggers that typically activate myogenic
pathways are minimal. Another possibility is
methodological, suggesting that circulating
myogenin may not accurately reflect tissue-
level activity, where most myogenic
processes occur. This limitation has been
highlighted in studies showing that
myogenin expression is tightly regulated
within muscle tissue and may not be reliably
detected in systemic circulation.?

The correlation analysis (Table 3) revealed
no relationship between myogenin and BMI
or age, despite a strong correlation between
BMI and age. This finding reinforces the
concept that myogenin reflects localized
cellular processes such as satellite cell
differentiation rather than systemic or
demographic variables.?’ However, this also
limits its clinical applicability, as it suggests
that myogenin cannot be easily inferred
from routine clinical parameters.
Furthermore, ageing is known to impair
muscle regenerative capacity and reduce

64



expression of myogenic markers under stress
conditions.?'*? The absence of such an effect
in this study may reflect the relatively young
population studied of our participants, or
maybe due to the insufficient age variability
in our sampled population.

The most significant finding of this study is
the inverse relationship between myogenin
and disease severity (Table 4). This suggests
that as disease severity increases, myogenin
levels decrease, indicating impaired muscle
regenerative capacity. This is supported by
mechanistic studies showing that chronic
inflammation and inflammatory mediators
such as TNF-a can suppress myogenin
expression and inhibit myogenic
differentiation.? Similarly, reduced
myogenin expression has been associated
with impaired muscle repair and muscle
wasting in chronic disease states.!6?*
However, this finding is not entirely
consistent across the literature. Some studies
report increased myogenin expression in
response to muscle injury, reflecting an
adaptive or compensatory mechanism
response.'®? This apparent contradiction
may be explained by disease stage. For
example, in early or moderate disease,
myogenin may be upregulated to promote
repair, whereas in chronic or severe disease,
persistent inflammation and repeated injury
may exhaust regenerative capacity, leading
to reduced expression. This concept is
supported by studies showing that in
prolonged disease states, muscle
regeneration becomes ineffective despite
ongoing damage.?®?” Therefore, the negative
correlation observed in this study likely
reflects advanced impairment of muscle
regenerative signalling in more severe SCD.
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Another critical limitation is that myogenin
is primarily a tissue-specific marker, and its
measurement in serum may not accurately
represent its functional activity within
muscle. This methodological issue may
partly explain the weak or absent
associations with BMI, age, and genotype.
This is because some studies have shown
that direct tissue-level assessment provides
more reliable insight into myogenic
activity?®, suggesting that future research
should incorporate muscle biopsies or even
more sensitive molecular techniques.
Generally, our findings indicate that while
HbSS individuals exhibit clear nutritional
deficits (Table 1), these do not directly
influence myogenin levels, and genotype
alone is not a determinant of myogenin
expression (Table 2). Instead, myogenin
appears to be more closely linked to disease
burden and chronic pathophysiological
stress, as reflected in its inverse association
with disease severity (Table 4). This
suggests that myogenin may serve as a
marker of functional muscle impairment
rather than structural or nutritional status.

Conclusion

This study provides important insight into
the relationship between myogenin and
disease severity in sickle cell disease. While
significant reductions in BMI were observed
in HbSS individuals, these did not
correspond to changes in myogenin levels,
highlighting the limitation of anthropometric
measures in reflecting muscle biology.
Critically, the study demonstrates a
significant inverse relationship between
myogenin and disease severity, suggesting
that worsening SCD is associated with
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impaired muscle regenerative capacity.
When interpreted alongside  existing
evidence, our finding suggests progressive
exhaustion of muscle repair mechanisms
under chronic inflammatory and hypoxic
stress. Hence, our study challenges the
assumption that myogenin is influenced by
genotype or nutritional status alone and
instead positions it as a potential marker of
disease-related muscle dysfunction.
However, its clinical utility is limited by
methodological constraints and variability in
its expression across disease states.
Therefore, we recommend that future studies
should adopt longitudinal designs and
integrate  molecular, functional, and
inflammatory markers to better define the
role of myogenin in SCD progression and its
potential as a therapeutic target.

Acknowledgment: The authors are
sincerely grateful to the participants in this
study.

Author contributions: MPO, OCE, OMO
conceptualised and designed the study. ESC,
OEC, IAC, OSC, MCC-M, OSE, NEE and
OVC contributed to implementation of the
project and revision of the manuscript. All
authors were involved in the writing and
revision of the manuscript. The authors read,
approved the final manuscript and agree to
be accountable for all aspects of the work.

Data availability: The data used to support
the findings of this study are available from
the corresponding author upon reasonable
request.

Funding: Self-funded.

OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

Conflict of Interest: The authors declare no
conflict of interest in the conduct and
publication of this work.

REFERENCES

1. Aygun B, Odame 1. A global
perspective on sickle cell disease.
Pediatr Blood Cancer. 2012;
59(2):386-90.
https://doi.org/10.1002/pbc.24175

2. Saraf SL, Molokie RE, Nouraie M,
Sable CA, Luchtman-Jones L,
Ensing GJ, et al. Differences in the
clinical and genotypic presentation
of sickle cell disease around the
world. Paediatr Respir Rev. 2014;

15(1): 4-12.
https://doi.org/10.1016/1.prrv.2013.1
1.003

3. Thomas AN, Pattison C, Serjeant
GR. Causes of death in sickle-cell
disease in Jamaica. Br Med J (Clin
Res Ed). 1982; 285(6342):633-635.
https://doi.org/10.1136/bm;j.285.6342
.633

4. Singh PJ, Shrivastava AC,
Shrikhande AV. Prenatal diagnosis
of sickle cell disease by the
technique of PCR. Indian J Hematol
Blood Transfus. 2015; 31(2): 233-
241. https://doi.org/10.1007/s12288-
014-0427-8

5. Buckingham M, Montarras D.
Skeletal muscle stem cells. Current

Opinion in Genetics Development.

2008; 18(4):330-336.
https://doi.org/10.1016/i.ede.2008.06
.005

66



OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

6.

10.

11.

World Medical Association. World
Medical Association Declaration of
Helsinki:  ethical principles for
medical research involving human
subjects. JAMA. 2013;
310(20):2191-2194.
https://doi.org/10.1001/jama.2013.28
1053

Buttarello M, Plebani M. Automated
blood cell counts: state of the art.
Am J Clin Pathol. 2008; 130(1):104-
16.
https://doi.org/10.1309/EK3C7CTD
KNVPXVTN

Okocha CE, Manafa PO, Igwe CN,
Okite UP, Onah CE, Efobi C.
Adiponectin and Disease Severity in

Sickle Cell Anemia  Patients
Attending a  Tertiary  Health
Institution in Nnewi, Southeast

Nigeria. Front Genetics. 2022; 13:
799425.
https://doi.org/10.3389/fgene.2022.7
99425

WHO. Physical status: the use and
interpretation of  anthropometry.
Report of a WHO Expert Committee.
World Health Org Techn Report
Series. 1995; 854:1-452.

Ogbodo EC, Onah CE, Meludu SC,
Ogbodo MC, Ezeugwunne IP,
Ehiage FA, Analike RA, Mbam RE.
Anthropometric  Indices,  Blood
Pressure and Some Apolipoproteins
in older Adults in Nnewi, Southeast
Nigeria. Afr J Biomed Res. 2024;
27(1): 39- 47.
https://doi.org/10.4314/ajbr.v27il.5
Issa A, Ibrahim OR, Ibraheem RM,
Lawal AF, Abdulbaki M,

12.

13.

14.

15.

16.

AbdulKadir MB, Alabi BS, Ernest
KS. Prevalence of sickle cell disease
and sickle cell traits among children
and adolescents in Nigeria: a
systematic review and meta-analysis.
Syst Rev. 2025; 15(1): 32.
http://doi.org/10.1186/s13643-025-
03029-1

Mwaiswelo RO, Mawala W, Iversen
PO, de Montalembert M, Luzzatto L,
Makani J. Sickle cell disease and
malaria: decreased exposure and
asplenia can modulate the risk from
Plasmodium falciparum. Malar J.
2020; 19(1): 165.
https://doi.orgl10.1186/s12936-020-
03212-w

Nwogoh B, Adewoyin AS,
lheanacho OE, Bazuaye GN.
Prevalence of "hemoglobin variants
in Benin City, Nigeria. Annals of
Biomed Sci. 2012; 11(2): 60-64.
Platt OS. Sickle cell anemia as an
inflammatory disease. J Clin Invest.
2000; 106(3):337-338.
https://doi.org/10.1172/JC110726
Burks TN, Marx R, Powell L,
Rucker J, Bedja D, Heacock E, et al.
Combined effects of aging and
inflammation on renin-angiotensin
system  mediate  mitochondrial
dysfunction and phenotypic changes
in cardiomyopathies. Oncotarget.
2015; 6(14):11979-11993.
https://doi.org/10.18632/oncotarget.3
979

Ramamoorthy S, Donohue M, Buck
M. Decreased Jun-D and myogenin

expression in muscle wasting of

human cachexia. Am J Physiol

67



OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

17.

18.

19.

20.

Endocrinol Metab. 2009; 297(2):
E392-401.
https://doi.org/10.1152/ajpendo.9052
9.2008.

Castillero E, Martin Al, Nieto-Bona
MP, Fernandez-Galaz C, Lopez-
Menduifia M, Villania MA, Lopez-
Calderon A. Fenofibrate
administration to  arthritic rats
increases adiponectin and leptin and
prevents oxidative muscle wasting.
Endocr Connect. 2012; 1(1):1-12.
https://doi.org/10.1530/EC-12-0003.
Wanschitz JV, Dubourg O, Lacene
E, Fischer MB, Hoftberger R, Budka
H, Romero NB, Eymard B, Herson
S, Butler-Browne GS, Voit T,
Benveniste O. Expression of
myogenic regulatory factors and
myo-endothelial ~ remodeling in
sporadic inclusion body myositis.
Neuromuscul Disord. 2013; 23(1):
75-83.
https://doi.org/10.1016/;.nmd.2012.0
9.003.

Ganassi M, Badodi S, Wanders K,
Zammit PS, Hughes SM. Myogenin
is an essential regulator of adult
myofibre growth and muscle stem
cell homeostasis. Elife. 2020;
9:e60445.
https://doi.org/10.7554/eLife.60445.
de Carvalho Neves, J., Rizzato, V.
R., Fappi, A., Garcia, M. M., Chadi,
G., van de Vlekkert, D., Zanoteli, E.
(2015). Neuraminidase-1 mediates
skeletal regeneration.
Biochimica et Biophysica Acta
(BBA)-Molecular Basis of Dis.
2015; 1852(9): 1755-1764.

muscle

21.

22.

23.

24.

25.

van der Poel C, Gosselin LE,
Schertzer JD, Ryall JG, Swiderski K,
Wondemaghen M, Lynch GS.
Ageing  prolongs
marker expression in regenerating rat
skeletal muscles after injury. J
Inflamm (Lond). 2011; 8(1): 41.
https://doi.org/10.1186/1476-9255-8-
41.

Chen HJ, Wang CC, Chan DC, Chiu
CY, Yang RS, Liu SH. Adverse
effects of acrolein, a ubiquitous

inflammatory

environmental toxicant, on muscle
regeneration and mass. J Cachexia
Sarcopenia Muscle. 2019; 10(1):165-
176.
https://doi.org/10.1002/jcsm.12362.
Ono Y, Sakamoto K.
Lipopolysaccharide inhibits
myogenic differentiation of C2CI12
myoblasts through the Toll-like
receptor 4-nuclear factor-xB
signaling pathway and myoblast-
derived tumor necrosis factor-a.
PLoS One. 2017; 12(7): e0182040.
https://doi.org/10.1371/journal.pone.
0182040.

de Oliveira Nunes Teixeira V,
Filippin LI, Viacava PR, de Oliveira
PG, Xavier RM. Muscle wasting in
collagen-induced arthritis and disuse
atrophy. Exp Biol Med (Maywood).
2013; 238(12):1421-1430.
https://doi.org/10.1177/15353702135
05961.

Zhu J, Li Y, Lu A, Gharaibeh B, Ma
J, Kobayashi T, Quintero AJ, Huard
J.  Follistatin skeletal
muscle healing after injury and
disease through an interaction with

improves

68



OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

26.

muscle regeneration, angiogenesis,
and fibrosis. Am J Pathol. 2011;
179(2): 915-930.
https://doi:10.1016/j.ajpath.2011.04.
008.

Clark AT, Song J, Yao X, Carlson D,
Huebinger RM, Mei Liu M, Madni
TD, Imran JB, Taveras LR, Weis
HB, Arnoldo BD, Phelan HA, Wolf
SE. Muscle Homeostasis s
Disrupted in Burned Adults. J Burn

27.

Care Res. 2020; 41(1):33-40.
https://doi.org/10.1093/jber/irz190.
Schaaf GJ, van Gestel TJ, Brusse E,
Verdijk RM, de Coo IF, van Doorn
PA, van der Ploeg AT, Pijnappel
WW. Lack of robust satellite cell
activation and muscle regeneration
during the progression of Pompe
disease. Acta Neuropathol Commun.
2015; 3: 65.
https://doi.org/10.1186/s40478-015-
0243-x.

69



