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DMD

CLOCK and BMAL1

BLUNTS CIRCADIAN RHYTHMS:
Melatonin
sleep/wake

Andrews JL. CLOCK and BMAL1 regulate MyoD and are necessary for maintenance of skeletal muscle phenotype and function.
Proc Natl Acad Sci U S A. 2010 Nov 2;107(44):19090-5.

40% REDUCTION IN NUMBER
REMAINDER UNCOUPLED
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Laminin α2 (merosin)
DYSTROPHIN-GLYCOPROTEIN COMPLEX (DGC):

PREVENT MUSCLE CONTRACTION-RELAXATION DAMAGE

PROTEIN RELEASE:
CREATINE KINASE

↑CALCIUM INFLUX

DYSTROPHIN DEFICIT

PROGRESSIVE MUSCLE DEGENERATION

MEMBRANE DAMAGE

MEMBRANE DAMAGEnNOS
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NITRIC OXIDE (NO•) PARADOX IN DMD

NORMAL 
FUNCTION

ISCHEMIA + 
REPERFUSION
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REPERFUSION-INDUCED ROS/RNS

ROS ↑TNFa

↑NO•

↑ONOO‾

↑iNOS

↑O2
‾•

nDNA

damage

mtDNA

Damage

Mitochondrial

Disfunction

↓ATP

CELL DEATH

i-mtNOS ONOO‾
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↓nNOS

↓NO•

↑ROS/RNS

DYSTROPHIN DEFICIT

MUSCLE NECROSIS

nNOS BENEFICIAL iNOS HARMFUL

↑iNOS

↑NO•

INCREASED MUSCULAR DAMAGE

DUE TO NO• DEFICIT

INCREASED MUSCULAR DAMAGE

DUE TO NO• EXCESS

NO•
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THUS, TO REDUCE MUSCULAR NECROSIS IN DMD

nNOS iNOS/i-mtNOS

TO MAINTAIN OR
EVEN INCREASE

TO REDUCE

↓ROS/RNS

↓MUSCULAR NECROSIS ↑MITOCHONDRIAL ATP
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SOURCES OF MELATONIN

Pineal aMT:

[aMT]serum: < 0.5 nM

– Endogenous 
synchronizer

– Crosses all cellular 
barriers

Extrapineal aMT:

[aMT]tissue: < 1-10 µM

• Harderian gland
• Retina
• Immune system
• Intestinal epithelium
• Ovary
• Testicles
• Bone marrow
• Cerebrospinal fluid
• Bile
• NAT and HIOMT are expressed in 

all tissues

?

ANTIOXIDANT

ANTI-INFLAMMATORY
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ENDOCRINE RHYTHMS:

ACTH/cortisol

Thyroid hormones

GH

NON-ENDOCRINE 

RHYTHMS:

Neurotransmitters

Sleep/wake

Activity/rest
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Acuña-Castroviejo et al, Neuroendocrinology 1986; 43:24-31

CLOCK

and

BMAL1
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MELATONIN
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MELATONIN: ANTIOXIDANT
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MELATONIN: ANTI-INFLAMMATORY
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-10 patients 12.8 ± 0.98 years old, Neuropediatric Unit, University 
Hospital of Granada, Spain 

-Genetic diagnoses of DMD

-MELATONIN:

-60 mg at night + 10 mg at morning

MELATONIN IN DMD

BLOOD SAMPLES:

-Antecubital vein at 9:00 hr before, and  3, 6, and 9 mo. after melatonin

-Plasma and erythrocyte aliquots were frozen at -80 °C

x 5-6 
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OXIDATIVE/NITROSATIVE STRESS MARKERS

CELL MEMBRANE DAMAGE: LIPID PROXIDATION (LPO)

INFLAMMATORY RESPONSE: NITRITES (NOx) and CYTOKINES (IL-1β, IL-2, IL-6, INFγ, TNFα)

FREE RADICAL PREVENTION: SUPEROXIDE DISMUTASE (SOD)

ANTIOXIDATIVE DEFENSE: REDUCED (GSH) AND OXIDIZED (GSSG) GLUTATHIONE

GSH REDOX CYCLE: GLUTATHIONE PEROXIDASE (GPx) AND REDUCTASE (GRd)

PLASMA:

EXTRACELLULAR MARKERS

ERYTHROCYTES:

INTRACELLULAR MARKERS
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OXIDATIVE STRESS MARKERS
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INFLAMMATION MARKERS
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INFLAMMATION MARKERS
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INFLAMMATION MARKERS
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Table 1. Biochemical data obtained from DMD patients and controls

Biochemical

Paramenter

Control

(n = 10)

Treatment

Time 0

(n = 10)

3 months

(n = 9)

6 months

(n = 7)

9 months

(n = 5)

CK 38-190 7301 ± 2219 4912 ± 2007 6149 ± 1827 3969 ± 1617

AST 10-38 143 ± 37 110 ± 32 131 ± 26 103 ± 34

ALT 5-41 200 ± 52 170 ± 55 192 ± 39 159 ± 50

γGT 5-40 16 ± 2 15 ± 2 21 ± 2 17 ± 3

LDH 240-480 1362 ± 313 7881 ± 313 1119 ± 263 982 ± 325

Aldolase 3-12 27 ± 7 33 ± 13 27 ± 6 24 ± 8

Myoglobin 28-72 654 ± 127 450 ± 98 505 ± 96 ----

Data are expessed as the means ± SEM.  Enzyme activities are expressed in U/L, and myoglobin concentration in ng/L. CK, 

creatin kinase;  AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGT, gamma glutamyl transpeptidase; 

LDH, lactate dehydrogenase.

web: http://melatonin.ugr.es     

e-mail: dacuna@ugr.es       
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X

MELATONIN

ANTIOXIDANTIVE AND

ANTIINFLAMATORY

ACTIVITIES

SYNCHRONIZES

THE

CIRCADIAN RHYTHMS

NF-kB

iNOS

DMD IMPROVEMENT
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