LIRAGLUTIDE

GLP-1 Receptor Agonist | Incretin Mimetic | Victoza / Saxenda
FDA-Approved (T2D 2010 | Obesity 2014 | Pediatric Obesity 2020)

1. Peptide Description

+ Brand names: Victoza (1.8 mg — type 2 diabetes); Saxenda (3.0 mg — obesity/weight
management)

» Classification: GLP-1 receptor agonist (GLP-1 RA) — incretin mimetic
+ Structure: Acylated 31-amino acid peptide; 97% homology to native GLP-1(7-36) amide

+ Key structural modification: Arg34 substitution + C16 fatty acid (palmitic acid) via glutamic acid
spacer at Lys26 — enables reversible albumin binding; blocks DPP-4 degradation

* Route: Subcutaneous injection, once daily; no significant difference between abdomen and upper
arm sites; thigh reduces absorption by ~22%

+ Half-life: ~13 hours (vs. 1-2 minutes for native GLP-1); albumin binding is the mechanism of
half-life extension

» Bioavailability: ~55% SC; peak concentration at 8—12 hours post-injection

+ FDA approval: Type 2 diabetes (2010); obesity in adults (2014); pediatric obesity age 12+ (2020);
CV risk reduction indication added 2017

+ EMA approval: 2009 (EU)

+ Key trials: LEADER (CV outcomes, n=9,340); SCALE program (4 trials, obesity); LEAD program
(6 trials, T2D)

A BLACK BOX WARNING: Risk of thyroid C-cell tumors observed in rodent studies. Contraindicated in
patients with personal or family history of medullary thyroid carcinoma (MTC) or Multiple Endocrine Neoplasia
type 2 (MENZ2). Human relevance not established.

2. Modes of Action & Mechanisms

GLP-1 receptor binding and glucose-dependent insulin secretion

+ Binds GLP-1 receptors on pancreatic beta-cells (97% homology to native GLP-1) — activates
Class B G-protein coupled receptor (Gs-coupled)

* Adenylyl cyclase activation — increased intracellular cAMP — PKA and Epac2 activation

* Glucose-dependent insulin exocytosis: insulin release occurs only in the presence of glucose —
hypoglycemia risk is inherently self-limiting; this is the fundamental safety advantage over
sulfonylureas

+ Epac2/Rap1 pathway drives the physical exocytosis of insulin granules from beta-cell vesicles
(calcium-dependent)

* CREB phosphorylation (via PKA) — gene transcription for insulin biosynthesis — building insulin
reserves, not just releasing existing stores

Glucagon suppression and hepatic glucose output

+ Suppresses alpha-cell glucagon secretion in a glucose-dependent manner — reduces hepatic
gluconeogenesis



+ Critically: does NOT impair counter-regulatory glucagon response to hypoglycemia — hepatic
glucose output can still be activated when genuinely needed

Gastric emptying, central appetite regulation, and beta-cell effects
» Delays gastric emptying by 13—23% — blunts postprandial glucose excursions; effect is most
pronounced in the first hour post-meal

+ Crosses the blood-brain barrier — activates GLP-1 receptors in the hypothalamic arcuate nucleus
and POMC neurons — reduces hunger signaling, increases satiety

» Promotes beta-cell proliferation and inhibits apoptosis (preclinical); restores beta-cell glucose
sensitivity in T2D — evidence of epigenetic changes in pancreatic tissue

Pleiotropic molecular pathways

+ cAMP/PKA: Insulin secretion and biosynthesis (primary pancreatic pathway)

« Epac2/Rap1: Insulin granule exocytosis (intracellular calcium-dependent)

» PI3K/Akt: Beta-cell survival and apoptosis resistance (preclinical)

+ AMPK activation: Metabolic homeostasis in peripheral tissues — liver, kidney, muscle (preclinical);
AMPK activation also suppresses mTOR, improving autophagy and mitophagy

* NF-kB suppression: Anti-inflammatory effects in endothelial cells — reduces IL-13, TNF-a, IL-6
(preclinical); AMPK activation feeds into this suppression

» Nrf2 upregulation: Master antioxidant transcription factor activation — antioxidant defense
(preclinical)

* SIRT1 upregulation / TXNIP suppression: Renal protective pathway; SIRT1 improves
mitochondrial efficiency and redox balance (preclinical, mouse data)

NOTE: The AMPK/mTOR/NF-kB/Nrf2 axis is the mechanistic foundation for liraglutide's cardiovascular, renal,
hepatic, and neuroprotective effects seen beyond glucose control. AMPK activation drives: improved
autophagy, NF-kB suppression (anti-inflammatory), mTOR modulation (anti-fibrotic, NAFLD protection), and
SIRT1 upregulation (mitochondrial efficiency). These are the pathways behind the LEADER trial outcomes.

3. Main Points of Clinical Relevance

1 First GLP-1 RA to demonstrate cardiovascular mortality reduction — the LEADER trial

LEADER (n=9,340, T2D, high CV risk, median 3.8 years): 13% MACE reduction (HR 0.87, p=0.01); 22%
CV death reduction (HR 0.78, p=0.007); 15% all-cause mortality reduction (HR 0.85, p=0.02). This was
the landmark trial that established the GLP-1 RA class as cardioprotective — not merely
glucose-lowering. Every subsequent GLP-1 RA has been validated against this benchmark. The
mechanism is multi-factorial: weight loss, blood pressure reduction, direct anti-atherosclerotic effects,
and AMPK/NF-kB-mediated endothelial protection.

2 Renal protection — 22% reduction in composite renal outcomes

LEADER renal data: 22% reduction in composite renal outcome (HR 0.78, p=0.003); 26% reduction in
new-onset macroalbuminuria (the primary driver). In patients with eGFR <60 mL/min, MACE reduction
was 31% — greater than in those with preserved renal function. Severe hypoglycemia was 37% lower in
this subgroup. Mechanism: direct renal GLP-1R-mediated effects (SIRT1/TXNIP pathway) plus improved
glycemic control, weight loss, and blood pressure reduction. Liraglutide may delay progression to
dialysis and is not dialyzable due to albumin binding — a practical advantage in CKD management.

3 Meaningful weight loss with T2D prevention in at-risk patients

SCALE Obesity/Prediabetes (n=3,731, no T2D): 8.0% mean weight loss vs. 2.6% placebo; 63%
achieved 25% and 33% achieved =210% weight loss. At 3 years, only 1.8% progressed to T2D vs. 6.2%
placebo — a 71% relative risk reduction. These are real, durable metabolic changes. The SCALE
Diabetes trial (n=846, T2D) showed 3.0 mg was statistically superior to 1.8 mg for weight loss, and 69%
achieved HbA1c <7% on 3.0 mg. The weight loss mechanism combines gastric slowing, hypothalamic
satiety signaling, and reduced caloric intake — not just diuresis.



4 Glucose-dependent insulin release — the intrinsic hypoglycemia protection

Unlike sulfonylureas, liraglutide's insulin-stimulating effect is entirely glucose-dependent. No glucose
present = no insulin spike = no hypoglycemia from the drug itself. This is the mechanism that makes
GLP-1 RAs so clinically favorable in T2D: aggressive glycemic control without the hypoglycemic liability
that limits sulfonylurea dosing. The counter-regulatory glucagon response is also preserved — if blood
glucose drops, the liver can still mount a gluconeogenic response.

5 Pleiotropic cellular effects — beyond glucose and weight

AMPK activation improves metabolic homeostasis in liver, kidney, and peripheral tissues. NF-kB
suppression reduces systemic inflammation and endothelial dysfunction — the mechanistic basis for
plaque stabilization and MACE reduction. Nrf2 upregulation strengthens antioxidant defense. SIRT1
activation improves mitochondrial efficiency and redox balance in the kidney. Beta-cell proliferation and
apoptosis resistance represent genuine epigenetic changes in pancreatic tissue. These pathways
explain why liraglutide's benefits extend to renal protection, hepatic steatosis, neuroprotection, and
emerging applications in substance use disorders.

6 Dose-dependent Gl side effects are real but manageable — slow titration is the solution

Nausea (32—-48%), diarrhea (17—26%), vomiting (12—16%) are predominantly dose-escalation
phenomena. They are transient — typically resolving within 4—8 weeks at a stable dose. The standard
label escalation (0.6 — 1.2 — 1.8 — 3.0 mg weekly) is too fast for many patients. In practice, fewer than
50% can tolerate this pace without significant Gl burden. The educator's approach: halve the escalation
rate, holding at each dose for 2 weeks rather than 1, and never escalating while the patient is
symptomatic. Target weight loss of 0.5-0.75 Ibs/week — within this range, lean mass is preserved and
side effects are minimal.

7 Emerging clinical applications — neuroprotection, NAFLD, opioid use disorder

Liraglutide crosses the blood-brain barrier and activates GLP-1 receptors in mesolimbic reward circuitry
and neuroinflammatory pathways — Parkinson's disease trials are ongoing. LEAN ftrial: small RCT
showed histological improvement in NASH patients via AMPK/mTOR modulation. Pilot data shows
reduced opioid and benzodiazepine cravings via GLP-1R action on reward pathways. Liraglutide
improved glucose tolerance and weight in clozapine/olanzapine-treated schizophrenia patients. These
emerging applications reflect the breadth of the GLP-1R distribution throughout the body and brain.

4. Dosing Instructions & Delivery Options

Victoza — Type 2 Diabetes

Week 1 0.6 mg SC daily Initiation dose — not therapeutic; minimizes Gl side effects during
adaptation

Week 2+ 1.2 mg SC daily Maintenance dose for most patients; assess tolerability before
advancing

If needed 1.8 mg SC daily Maximum approved T2D dose; add for additional glycemic control if 1.2
mg insufficient

Timing Any consistent Independent of meals; rotate injection sites; abdomen or upper arm

time daily preferred

Saxenda — Chronic Weight Management



Standard Educator's Notes
Label Preferred Pace

Week 1 Weeks 1-2 0.6 mg SC daily Initiation; not yet therapeutic weight loss dose

Week 2 Weeks 3—4 1.2 mg SC daily  Advance only if 0.6 mg well tolerated

Week 3 Weeks 5-6 1.8 mg SC daily Hold at this dose if any nausea — do not rush

Week 4 Weeks 7-8 2.4 mg SC daily Reassess Gl tolerance before advancing

Week 5+ Weeks 9-12 3.0 mg SC daily Maintenance target; evaluate at 16 weeks

16-week check 16-week check Assess response (I;)iscontinue if <4% weight loss achieved at full
ose

Key dosing principle: Go slow. The standard label escalation is too aggressive for most patients —
fewer than 50% can complete it without significant Gl symptoms. Double the time at each dose step.
Never advance while the patient is symptomatic. Target weight loss of 0.5-0.75 Ibs/week: this is the
sweet spot where lean mass is preserved, the 'Ozempic face' aesthetic concern is avoided, and Gl side
effects are minimized. Dose lower and slower — not higher and faster. Thigh injection reduces
absorption by ~22%; use abdomen or upper arm. Obtain a baseline eye exam and repeat annually.

5. Evidence Profile

Evidence tier legend: e Human RCT /clinical trial o Animal / preclinical ~ @ In vitro / structural X
Critical gap ~ Theoretical

e LEADER trial: 13% MACE reduction, 22% CV death reduction, 15% all-cause mortality reduction
(n=9,340, T2D, 3.8 years, 1.8 mg)Human RCT — Marso 2016

e LEADER renal: 22% reduction in composite renal outcomes; 26% reduction in new-onset
macroalbuminuriaHuman RCT — Mann 2017

e eGFR <60 subgroup: 31% MACE reduction; 37% lower severe hypoglycemia vs. eGFR =60Human
RCT — Marso 2018

e SCALE Obesity: 8.0% mean weight loss vs. 2.6% placebo; 33% achieved 210% weight loss (n=3,731,
56 wks, 3.0 mg)Human RCT — Pi-Sunyer 2015

e SCALE Prediabetes (3-year extension): T2D onset 1.8% vs. 6.2% placebo — 71% relative risk
reductionHuman RCT — le Roux 2017

e SCALE Diabetes: 3.0 mg superior to 1.8 mg for weight loss; 69% achieved HbA1¢c <7% on 3.0 mg
(n=846)Human RCT — Davies 2015

e HbA1c reduction 1.0-1.5% confirmed across LEAD program (6 trials)Human RCT — LEAD program
Sustained weight loss over 2 years confirmed (Astrup 2012)Human RCT

Delays gastric emptying 13—23%; blunts postprandial glucose excursions (Flint 2013)Human RCT
LEAN trial: liraglutide improved NASH liver histology in small RCTHuman RCT

Liraglutide improved glucose tolerance and weight in clozapine/olanzapine-treated schizophrenia
(Larsen 2017)Human RCT

o AMPK activation in liver and kidney — metabolic homeostasis (Wang 2024, in mice)Animal / preclinical

o AMPK/mTOR modulation — NAFLD protection; NF-kB suppression — anti-inflammatory endothelial
effectsAnimal / preclinical

o SIRT1 upregulation / TXNIP suppression — renal protection pathway (in mice)Animal / preclinical
o Nrf2 activation — antioxidant defense pathway (in mice)Animal / preclinical

o Anti-atherogenic: reduced plaque progression, improved endothelial function (ApoE—/— mice)Animal /
preclinical



o Thyroid C-cell tumor risk (rodent data only — human relevance NOT established)Animal only — not
human

~ Neuroprotection in Parkinson's disease — GLP-1R in brain; trials ongoing with related
agentsTheoretical / early clinical

~ Opioid use disorder: GLP-1R in mesolimbic reward circuitry; pilot protocol underway Theoretical / early
clinical

X Long-term (>5 year) weight maintenance data after cessationCritical gap

X Head-to-head vs. tirzepatide for cardiovascular outcomescCritical gap

X Neuroprotection efficacy in humans — not yet establishedCritical gap

X Optimal liraglutide combination protocols for cellular medicine applicationsCritical gap

Comparative analysis: GLP-1 receptor agonists

Liraglutide Semaglutide (SC) Tirzepatide

Frequency Once daily Once weekly Once weekly

HbA1c reduction 1.0-1.5% 1.5-1.8% 2.0-2.4%

Weight loss 5-8% 10-15% 15-22%

CV outcome trial LEADER (positive) SELECT (positive) SURPASS-CVOT
(pending)

Mechanism GLP-1R agonist GLP-1R agonist Dual GIP + GLP-1R
agonist

FDA approval (T2D) 2010 2017 2022

FDA approval (obesity) 2014 2021 2023

Half-life ~13 hours ~1 week ~5 days

CV mortality data Yes (LEADER) Yes (SELECT) Pending

6. Clinical Considerations

Contraindications
» Personal or family history of medullary thyroid carcinoma (MTC) — absolute contraindication (black
box)
» Multiple Endocrine Neoplasia type 2 (MEN2) — absolute contraindication (black box)
+ Known serious hypersensitivity to liraglutide or any excipient
* Pregnancy — discontinue at least 2 months prior to planned conception; Category X equivalent
» History of pancreatitis — relative contraindication; assess risk-benefit individually
+ Severe renal impairment — limited data; caution and monitoring required
+ History of suicidal behavior or ideation — screen, monitor, and document

Patient selection
+ Ideal T2D candidates: HbA1c 7-10%, BMI 227, inadequately controlled on metformin; particularly
compelling with established cardiovascular disease — this is where the MACE data is strongest

+ ldeal obesity candidates: BMI =30, or BMI 227 with at least one weight-related comorbidity;
motivated for concurrent lifestyle modification; no thyroid cancer risk factors



+ Target weight loss rate: 0.5-0.75 Ibs/week — this preserves lean mass, minimizes aesthetic
concerns, and avoids the Gl side effect cascade from over-aggressive dosing

» Discontinuation criterion (obesity): If <4% weight loss achieved after 16 weeks at the full 3.0 mg
dose, reconsider whether this is the right agent for this patient

Monitoring protocol

Labs / Assessments Clinical Focus

Baseline HbA1c, fasting glucose, CMP, CBC, lipid Exclude contraindications; establish
panel, calcitonin (if indicated), serum metabolic baseline
lipase/amylase, eGFR/creatinine, heart
rate, BP, body weight, waist
circumference; DEXA or InBody; baseline
eye exam

Month 1 Fasting glucose, body weight, Gl Tolerability; dose escalation decision
symptom review, heart rate, BP

Month 3 HbA1c, fasting glucose, CMP, body Glycemic response; dose optimization
weight, waist circumference; clinical
edema and appetite review

Month 6 HbA1c, full metabolic panel, lipid panel, Intermediate efficacy; renal monitoring
eGFR, body composition (DEXA or
InBody)

Month 12+ Full panel as above + calcitonin if Annual safety and efficacy review

indicated + cardiac assessment + mental
health screen + eye exam

Every visit Body weight, waist circumference, BP, Ongoing safety and dose appropriateness
heart rate, Gl symptom assessment

No specific calcitonin monitoring threshold is established — measure at baseline and if thyroid nodules
or symptoms develop. Monitor amylase/lipase if abdominal symptoms emerge — pancreatitis, though
rare (<0.4%), requires prompt evaluation.

Drug interactions & practical cautions

Sulfonylureas Reduce or discontinue when adding liraglutide — combined Gl effects and
hypoglycemia risk; glucose-dependent mechanism of liraglutide does not
eliminate sulfonylurea hypoglycemia risk

Insulin Reduce basal insulin by 10—20% at initiation; fixed-ratio combination
(IDeglira) allows lower insulin doses with better tolerability

Metformin Complementary AMPK mechanisms; generally well tolerated; monitor for
additive hypoglycemia risk in some settings — not a concern with metformin
alone but worth discussing

SGLT2 inhibitors Additive CV, renal, and weight loss benefits; different mechanisms; monitor
for urinary tract infection and dehydration; not a significant hypoglycemia
concern

Oral medications Delayed gastric emptying may slow absorption of time-sensitive oral drugs —

administer those medications =1 hour before liraglutide injection if timing is
clinically significant



Gastric emptying effect Most pronounced in first hour post-meal; clinically relevant for oral thyroid
hormone, warfarin, certain antibiotics — monitor and adjust timing
accordingly

Heart rate elevation +4-9 bpm observed consistently; not a contraindication and not associated

with adverse cardiac outcomes in LEADER; monitor at each visit

Injection site Abdomen or upper arm preferred; thigh reduces absorption ~22%; rotate
sites to prevent lipohypertrophy

Emerging applications — awareness for practitioners

* NAFLD/NASH: LEAN trial showed histological liver improvement; AMPK/mTOR mechanistic
rationale; not yet a standard indication but watch for evolving evidence

* Neuroprotection: GLP-1R in hypothalamus, arcuate nucleus, and mesolimbic pathways;
Parkinson's disease trials ongoing; NF-kB/Nrf2 anti-neuroinflammatory mechanism

* Opioid and substance use disorders: GLP-1R in reward circuitry; pilot protocol underway (Freet
2024); mechanistically rational, clinically early — do not use for this indication outside a protocol

+ Antipsychotic metabolic syndrome: RCT evidence (Larsen 2017) supports liraglutide for
metabolic rescue in patients on clozapine or olanzapine — one of the few evidence-based options
in this population

* Precision dosing after next-gen GLP-1s: After achieving goals on once-weekly semaglutide or
tirzepatide, a transition to low-dose daily liraglutide may offer more granular dose control for
maintenance phase — emerging clinical practice rationale

Clinical bottom line: Liraglutide is the foundational GLP-1 RA — the agent that proved the
class does more than lower blood sugar. LEADER established cardiovascular mortality
reduction; the SCALE program established meaningful, durable weight loss and T2D
prevention. Its glucose-dependent insulin release makes it inherently safe from hypoglycemia;
its multi-pathway AMPK/NF-kB/Nrf2/SIRT1 mechanisms explain benefits that extend far beyond
the pancreas. It has been superseded by semaglutide and tirzepatide for weight loss
magnitude, but it remains a guideline-recommended first-line agent for T2D with established
CVD, and retains clinical relevance for patients where once-daily dosing, precise titration, or
cost is a factor. The key clinical discipline: slow the escalation, target 0.5-0.75 Ibs/week loss,
baseline and annual eye exams, and monitor glucose, lipase, and renal function from the
outset.

Final Note: Where Liraglutide stands in the GLP-1 RA class and the broader peptide landscape

Liraglutide was the first GLP-1 RA to demonstrate CV mortality reduction — a milestone that defined the
therapeutic category. Semaglutide and tirzepatide have since exceeded it on weight loss magnitude
(10-15% and 15-22% vs. 5—-8%) and HbA1c reduction, but they built their regulatory case on the
foundation liraglutide established.

Within the GLP-1 RA class: liraglutide offers the most granular daily dose titration and the longest
post-market safety record. It is the right choice when slow, controlled weight loss is the goal; when a
once-weekly regimen is inappropriate; or when transitioning off a more potent agent into a maintenance
phase. Its shorter half-life vs. semaglutide and tirzepatide also means faster offset if side effects require
holding the drug.

In the context of GH secretagogues and other peptides in this series: liraglutide (and GLP-1 RAs
broadly) serve as the metabolic foundation — optimizing insulin sensitivity, reducing visceral adiposity,
and activating AMPK — before layering GH secretagogues, peptide combinations, or other anabolic



agents. Getting the metabolic state right with a GLP-1 RA first reduces the glucose perturbation risk
associated with GH-axis stimulation and creates a cellular environment where mitochondrial biogenesis
and lean mass gain are more achievable. The sequencing matters: metabolic optimization first, anabolic
support second.
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