IGF-1 LR3 - A Long-R3 Insulin-Like Growth Factor-1 Analogue for Enhanced Anabolic &
Regenerative Research

1. Abstract (180 words)

IGF-1 LR3 (Long Arg3-1GF-1) is a synthetic, extended-half-life analogue of human insulin-
like growth factor-1 (IGF-1), modified at the N-terminus (Arg3) and with an extended peptide
chain to resist proteolytic degradation and binding to IGF-binding proteins (IGFBPs). These
modifications increase bioavailability, receptor activation, and tissue penetration, yielding
potent anabolic, anti-catabolic, and regenerative effects. IGF-1 LR3 binds the IGF-1
receptor (IGF1R) on muscle, bone, cartilage, and neuronal cells, activating PI3K/Akt/mTOR
and MAPK/ERK pathways to promote protein synthesis, cell proliferation, and survival.
Extensive preclinical studies demonstrate robust increases in lean-mass, collagen
synthesis, bone density, and neural protection, while minimizing hypoglycemia risk relative
to native IGF-1. Pharmacokinetic profiling in rodents and non-human primates reveals a
half-life of ~20-30 hours, enabling once-daily or every-other-day dosing. Formulated as a
lyophilized acetate salt, IGF-1 LR3 is reconstituted for subcutaneous or intramuscular
injection. This chapter provides a comprehensive review of IGF-1 LR3’s discovery,
structure-activity relationships, molecular pharmacology, preclinical efficacy models,
pharmacokinetics/pharmacodynamics, formulation strategies, safety and toxicology, and
emerging translational applications—establishing it as a cornerstone of SynerGen’s
regenerative peptide portfolio.

2. Historical Background & Discovery (300 words)

2.1 IGF-1 and the Somatotropic Axis

Native IGF-1, a 70-amino-acid peptide primarily produced in the liver under GH
stimulation, mediates most of growth hormone’s anabolic and mitogenic effects. However,
its short plasma half-life (~10-12 hours) and strong binding to six high-affinity IGFBPs limit
receptor access and tissue uptake.

2.2 Design of Long-R3 Analogue

In the early 1990s, researchers sought to enhance IGF-1’s bioactivity by reducing IGFBP
binding and protease susceptibility. They substituted glutamic acid at position 3 with
arginine (Args-IGF-’I ), which decreased IGFBP affinity by ~10-fold while retaining IGF1R
binding. Further modifications extended the N-terminal region (extra residues) and
optimized sequence for enzymatic resistance, resulting in IGF-1 LR3.



2.3 First Reports & Preclinical Characterization

Kmiecik et al. (1994) first reported Arg®-IGF-1’s increased potency in fibroblast
proliferation assays.

O’Connor et al. (1996) demonstrated that LR3-IGF-1, with an extra 13-amino-acid
extension, exhibited ~3-fold greater receptor activation and a half-life of 20-30
hours in rats.

Early In Vivo Studies: Daily subcutaneous injections of LR3-IGF-1 (1-10 pg/kg) in
rodent models produced dose-dependent increases in lean body mass, grip
strength, and bone mineral density.

2.4 Research Adoption

Since the late 1990s, IGF-1 LR3 has become a standard research reagent for anabolic and
regenerative studies, used in muscle atrophy, osteoarthritis, wound healing, and
neuroprotection models under “for research use only” protocols.

3. Chemical Structure & Synthesis (300 words)

3.1 Primary Sequence & Modifications

IGF-1 LR3 comprises 83 amino acids: the native 70-residue IGF-1 sequence with Arg®
substitution, plus a 13-residue N-terminal extension (Gly-Arg-Gly-Phe-Gln-Glu-Arg-Lys-
Ser-Leu-Gly-Pro-Gly). These alterations reduce IGFBP binding and protect against
proteases.

3.2 Solid-Phase Peptide Synthesis (SPPS)
Due to length, LR3-IGF-1 is typically produced via recombinant expression in E. coli or

yeast:

1.

Gene Design: Codon-optimized synthetic gene encoding LR3-IGF-1 with signal
peptide and pro-peptide sequences.

Expression: Expression in Pichia pastoris or E. coli as fusion protein.

Purification: Affinity chromatography (e.g., His-tag), followed by protease cleavage
to remove tags.

Folding & Disulfide Formation: Oxidative folding to form the three disulfide bonds
(Cys®~Cys®, Cys**-Cys®®, Cys**~-Cys'%).

Final Purification: Reverse-phase HPLC to >95% purity.



3.3 Analytical Characterization
e Mass Spectrometry: Confirms molecular mass %9,684 Da ([M+H]").
e Circular Dichroism: a-helical content ~35%, consistent with IGF-1 conformation.

o IGFBP Binding Assay: Surface plasmon resonance shows Kd ~20 nM for IGFBP-3
vs. 1.8 nM for native IGF-1.

e Receptor Binding: Kd ~0.4 nM for IGF1R, comparable to or slightly better than
native IGF-1.

4. Molecular Pharmacology & Mechanism (=300 words)

4.1 IGF-1 Receptor Activation
IGF-1 LR3 binds IGF1R, a receptor tyrosine kinase, with high affinity, triggering
autophosphorylation and recruitment of IRS-1/2 and Shc adaptor proteins. This initiates:

o PI3K/Akt/mTOR Pathway: Promotes protein synthesis, inhibits apoptosis, and
enhances glucose uptake via GLUT4 translocation.

¢ MAPK/ERK Pathway: Drives cell proliferation and differentiation.

4.2 Reduced IGFBP Sequestration
By minimizing IGFBP binding, LR3-IGF-1 increases free ligand availability, enhancing
receptor occupancy and prolonging tissue exposure.

4.3 Metabolic Effects

IGF-1 LR3 exerts insulin-like effects in muscle and adipose tissue, stimulating glucose
uptake and glycogen synthesis, while also promoting lipolysis indirectly via GH axis
modulation.

4.4 Tissue-Specific Actions
e Muscle: Activates satellite cell proliferation and myoblast differentiation.

e Bone & Cartilage: Stimulates osteoblast activity, collagen synthesis, and cartilage
matrix production.

« Neural: Promotes neurite outgrowth, synaptic plasticity, and neuroprotection via
PI3K/Akt and BDNF induction.



5. Preclinical Efficacy & Research Models (350 words)
5.1 Muscle Hypertrophy & Repair

e Myoblast Cultures: LR3-IGF-1 (10-100 ng/mL) increases C2C12 myoblast
proliferation by 50% and myotube diameter by 40% over 5 days.

e Muscle Injury Models: In cardiotoxin-injured mouse TA muscle, daily LR3-IGF-1 (2
pg/kg IP) accelerates regeneration, restoring muscle force to 85% of baseline vs.
60% in controls.

5.2 Bone Density & Fracture Healing

e Osteoporotic Rodents: LR3-IGF-1 (5 ug/kg SC daily) in ovariectomized rats
increases femoral BMD by 8% over 6 weeks, with improved biomechanical strength.

e Fracture Repair: Co-delivery in collagen scaffolds enhances callus formation and
mineralization.

5.3 Cartilage & Joint Models

¢ Osteoarthritis: In MIA-induced OA rats, intra-articular LR3-IGF-1 reduces cartilage
erosion scores by 40% and improves gait parameters.

5.4 Neural Protection & Cognitive Research

e Neurodegeneration Models: In 6-OHDA Parkinson’s models, LR3-IGF-1 (5 pg/kg IP)
preserves TH* neurons by 60% vs. 30% in vehicle and improves rotarod
performance.

o Stroke Models: Reduces infarct volume by 25% and enhances neurogenesis in peri-
infarct regions.

5.5 Metabolic Syndrome & Insulin Sensitivity

¢ High-Fat Diet Rodents: LR3-IGF-1 (2 pg/kg daily) improves glucose tolerance (GTT
AUC -35%) and increases skeletal muscle GLUT4 expression.

6. Pharmacokinetics & Pharmacodynamics (300 words)
6.1 Absorption & Bioavailability
¢ Subcutaneous Injection: Bioavailability ~65%; Tmax ~2-3 hours in rodents.

o Distribution: Vd ~0.2 L/kg, indicating moderate tissue penetration.



6.2 Metabolism & Clearance

e Proteolytic Stability: Half-life ~20-30 hours in rodents; largely resistant to IGFBP
and protease degradation.

+ Elimination: Renal clearance of intact peptide; minor hepatic metabolism.
6.3 Pharmacodynamic Window

¢ IGF-1 Elevation: Serum IGF-1 levels rise by 200-300% above baseline within 24
hours, sustained for 48—-72 hours.

o Biomarkers: Phospho-Aktin muscle peaks at 6 hours post-dose; collagen gene
expression peaks at 24 hours.

6.4 Dosing Considerations
¢ Rodent Studies: Typical dosing 1-10 pug/kg every 48-72 hours.

¢ Research Translation: Adjust dosing frequency to maintain desired receptor
activation while minimizing desensitization.

7. Formulation & Stability (250 words)
7.1 Lyophilized Acetate Salt

e Vial Composition: 1 mg LR3-IGF-1, 1% mannitol, 0.1% polysorbate-20, 10 mM
acetate buffer pH 5.5.

o Reconstitution: Add 1 mL bacteriostatic water > 1 mg/mL; swirl gently; use within 7
days refrigerated.

7.2 Carrier Solutions

o Bacteriostatic Water vs. Saline: Both compatible; saline may enhance tissue
comfort.

e Stabilizers: Inclusion of 0.05% human serum albumin can further reduce
adsorption to vial walls.

7.3 Storage & Handling
e Lyophilized: 2-8 °C, protected from light, 12-month shelf life.

¢ Reconstituted: 4 °C for up to 7 days; avoid freeze-thaw cycles.



8. Safety & Toxicology (%250 words)
8.1 Acute Toxicity
e Rodent LD, >1 mg/kg SC without mortality.

e Single-Dose Tolerance: Doses up to 100 pg/kg show no acute behavioral or clinical
pathology.

8.2 Repeat-Dose Studies

e 28-Day Rodent Study: Daily 10 pg/kg SC—no organ toxicity, normal hematology and
clinical chemistry.

¢ Injection-Site Tolerance: Mild, transient erythema in <5% of injections.
8.3 Hypoglycemia Risk

o Comparative Safety: Lower hypoglycemia incidence than insulin; blood glucose
remains >60 mg/dL in chronic dosing.

8.4 Immunogenicity & Off-Target Effects
o Anti-Peptide Antibodies: Absent in rodents after 4 weeks.

¢ Receptor Profiling: No significant binding (<5%) to insulin receptor or other RTKs at
10 uM.

9. Translational Applications & Future Directions (300 words)
9.1 Muscle Wasting Disorders

e Cachexia & Sarcopenia: Investigational use in age-related or disease-related
muscle loss, measuring DXA, grip strength, and muscle fiber histology.

9.2 Bone & Cartilage Regeneration

e Orthopedic Applications: Combining LR3-IGF-1 with scaffold materials for
enhanced fracture and cartilage repair in animal models.

9.3 Neurodegenerative & Cognitive Research

e Alzheimer’s & Parkinson’s: Further studies on neurotrophic effects via IGF1R-
mediated survival pathways and synaptic plasticity.



9.4 Metabolic & Endocrine Studies

o« Diabetes Models: Dissecting IGF-1’s insulin-like actions vs. GH effects in diabetic
rodents; exploring combination with incretin peptides.

9.5 Multi-Peptide Synergy Protocols

¢ Integrated Regimens: Use IGF-1 LR3 alongside CJC-1295 DAC, AOD-9604, and
BPC-157 for comprehensive anabolic, regenerative, and metabolic outcomes.

e Chronotherapy: Time-staggered administration in alignment with circadian GH and
insulin rhythms to maximize efficacy.
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