New Breakthrough in Sustained-Release Pellets:
How 20% ApexPEA™ Outperforms 99% Pure N,N-
Dimethylphenethylamine Raw Material? — A
Comprehensive Analysis from Formulation Design
to Pharmacokinetics

Introduction: When "High Purity" Is No Longer the Sole
Pursuit — How Formulation Innovation Rewrites the
Landscape of Drug Delivery

In the field of drug development, "high purity = high efficacy” has long been regarded as
an prevailing concept. The 99% pure active pharmaceutical ingre  dient (APl) was once
considered the gold standard for drug efficacy. However, issues such as the "peak-valley
effect” of immediate-release formulations, first-pass metabolism loss, and gastrointestinal
irritation have always been clinical pain points.

In recent years, sustained-release formulations have emerged prominently due to their
advantages in precise release control. Our research team has spent three years carrying out
formulation innovation for N,N-dimethylphenethylamine, breaking through with a 20%
content sustained-release pellet design. Through process optimization and pharmacokinetic
modeling, we have achieved comprehensive surpassing of high-purity raw materials in key
indicators such as bioavailability and.safety. This article will reveal the scientific logic of this
"low-content counterattack” across the entire chain from laboratory to industrial production.

l. Subverting Perceptions: Why Are 20% Content
Sustained-Release Pellets of ApexPEA™ Superior? — Core
Advantages at a Glance

1.Three Core Discoveries Reconstructing Formulation Value

1.Tailored Release Kinetics: The pellet coating technology is like installing an
“intelligent switch" for the drug, enabling demand-driven release in the gastrointestinal tract.
The effective absorption time is extended from 1.5 hours to 6 hours, equivalent to opening a
"long-acting absorption channel" for the drug.

2.Bypassing the Liver 'Security Check": Cleverly utilizing intestinal absorption
pathways reduces first-pass metabolism loss by 30%-50%, allowing more drug to enter the
bloodstream in its "prototype state" for more direct efficacy.

3.Dual Upgrades in Safety: Local drug concentration is reduced by 60%, the gastric
mucosa injury index plummets from 2.7 to 0.9, and the acute toxicity LD50 value increases



by 104%, shifting from "stomach and liver damage" to "mild action" and opening a new
dimension of safe medication.

2. Key Data Comparison

Performance Comparison Analysis of Pharmaceutical Preparations
99% Immediate - release Raw Material
20% Sustained - release Pellets

Advantage Rate (%)
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Il. "Black Technology" of Formulation Design: How Do
Pellets Achieve "Precision Release"? — The Art of Delivery
from Nanometer to Millimeter

1. Quality by Design (QbD): Dressing Pellets in "Intelligent
Coats"

1.1 Double-Layer Coating Structure: Constructing a Drug Release
"Transmission"
Blank Pellet Core (500um Diameter): As the drug carrier, adopts a lactose-

microcrystalline cellulose matrix to ensure uniform pellet core density (0.8-1.2g/cm3), laying a
stable foundation for subsequent coating.

Drug-Loaded Layer (10% Weight Gain): The 20% API is spray-granulated with
polyvinylpyrrolidone (PVP) solution to form a 20-50um drug crystal inlay structure, achieving
a drug dispersion degree RSD < 5%.

Double-Layer Functional Coating:



Barrier Layer (5% HPMC): A pH-responsive hydrophilic gel that swells but does
not dissolve in gastric juice (pH1.2) to prevent premature drug release; it rapidly swells in the
intestine (pH6.8) to form a drug release channel.

Sustained-Release Layer (15% EC): An ethylcellulose hydrophobic membrane
that precisely regulates drug diffusion rate by controlling the coating solution viscosity (25-
30cps) and spray rate (5-8g/min) to form a 0.1-0.3mm thick microporous membrane.

Enteric - coating layer

Isolation layer

Drug - loaded layer

Blank pellet core

Structure Diagram of Sustained - release Pellets

1.2 Particle Size Control: Making Pellets "Uniform Travelers" in the
Gastrointestinal Tract

Key Parameters: Through fluidized bed spray granulation, the pellet particle size is
locked at 800-1000um (D50=900um), a size that precisely matches gastric emptying time (3-

4 hours), avoiding rapid expulsion due to excessively small particle size or gastric retention
due to excessively large particle size.

In Vitro Verification: USP II'method dissolution testing shows (pH6.8 buffer) 5.3%
release at 0.5 hours; 80.2% at 4 hours, and 96.5% at 6 hours. The release curve strictly
conforms to the zero-order kinetic model (R2=0.985), achieving "constant-rate release".

Curve of Drug Release Rate over Time

:‘ 20% Sustained - release Pellets

: 99% Immediate - release Raw Material
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2.Multi-Unit Release System: Solving the "Local Concentration
Overload" Problem

Traditional immediate-release tablets form a "drug cluster" upon disintegration, causing
a sharp rise in local drug concentration (e.g., drug concentration in a certain intestinal area
can reach 1000ug/mL). Sustained-release pellets achieve "dispersed release" through the
following mechanisms:

1.Spatial Distribution Optimization: Each capsule contains 500-800 pellets, which
disperse in different regions such as the gastric antrum, jejunum, and ileum after oral
administration. The drug release range of a single pellet is only 5-10mm, avoiding local
concentration exceeding 200ug/mL.

2.Time-Offset Release: Due to slight differences in coating thickness.(+5%), pellet
release exhibits a "cascade effect" — 20% of pellets release at 3 hours, 30% at 4 hours, and
50% at 5-6 hours, forming a 4-6 hour continuous drug release window.

lll. Pharmacokinetic Revolution: From "Rapid Fluctuation”
to "Steady Release" — How Sustained-Release
Formulations Rewrite Drug Fate

1.Smooth Plasma Concentration Curve: The Golden Balance of
Efficacy and Safety

1.1 Fatal Flaws of Immediate-Release Raw Materials

Peak Concentration Toxicity: Peaks at 1.5 hours (Cmax=1520ng/mL), significantly
exceeding the upper limit.of the therapeutic window (800ng/mL), drastically increasing the
risk of central nervous.system excitation. In experiments, 30% of rats showed convulsive
symptoms.

Trough Concentration Insufficiency: Concentration drops to 380ng/mL after 6 hours,
below the effective therapeutic concentration (400ng/mL), requiring frequent administration
(once every 4 hours) and resulting in poor patient compliance.

1.2 Precision Regulation of Sustained-Release Pellets

Prolonged Plateau Phase: Peaks at 3.8 hours (Cmax=890ng/mL), precisely at the
median value of the therapeutic window, and maintains a concentration of 520-760ng/mL
from 4 to 8 hours, forming a 4-hour "effective concentration plateau phase".

Surge in Bioavailability: AUC0-24 increases from 8450 to 11800ng-h/mL, meaning
that the actual effective drug amount increases by nearly 40% at the same dose. This
implies that clinical dosage may be reduced by more than 30% in the future, further reducing
toxicity risks.



Immediate -

Parameter T e e
Cmax (ng/mL) 1520+ 185 890+102 141.4%
Tmax (h) 1.5 38 153%
AUCOD-24 (ng-h/mL) 8450+1100 1180041450 139.6%

2.Dual Avoidance of First-Pass Effect: BypassingLiver
Metabolism "Traps"

2.1 Liver Metabolism Dilemma of Immediate-Release Raw Materials

Enzyme Saturation Effect: Rapid release causes a sudden increase in portal vein drug
concentration (reaching 2000ng/mL at 1 hour), exceeding the metabolic capacity of CYP3A4
enzyme (maximum processing concentration 1500ng/mL). 30%-50% of the drug is
metabolized in advance, with only 12.3% excreted in urine as the prototype.

Toxicity of Metabolites: The main metabolite, N-demethyl derivative, has central
nervous system excitatory activity. Its plasma concentration in the immediate-release group
reaches 500ng/mL, twice that of the sustained-release group, increasing the risk of
neurotoxicity.

2.2 Breakthrough Strategy of Sustained-Release Pellets

Gradient Release Protecting Enzyme System: Drug release per unit time is reduced
by 60% (from 50mg/h in immediate-release to 20mg/h in sustained-release), keeping
CYP3A4 enzyme in a non-saturated state (metabolic rate maintained at 15mg/h), and
reducing metabolic loss rate from 40% to 25%.

Intestinal Absorption "Green Channel": Approximately 30% of the drug is released at
the terminal ileum, directly entering the systemic circulation through the mesenteric vein and
bypassing the portal vein-liver pathway. The first-pass avoidance rate of this part of the drug
reaches 25%, equivalent to "covertly bypassing" liver security checks.



Superior vena cava
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Schematic Diagram of the Mechanism for Evading the First - Pass Effect

2.3 Pharmacokinetic Comprehensive Optimization

Parent Drug Retention Rate:The proportion of parent.drug in urine increased from
12.3% to 21.8% (p<0.01), indicating that more drug exerts its effect in active form.

Half-life Prolongation:The elimination half-life (t1/23) was prolonged from 2.1 hours to
4.3 hours, which not only reduces the administration frequency but also decreases the
degree of fluctuation (DF) of plasma drug concentration from 180% to 90%.

B Proportion of unchanged drug in urine (%)
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IV. Leap in Safety: From "Stomach and Liver Damage" to
"Mild Action” — The Underlying Logic of Low-Content
Design

1.Gastrointestinal Protection: Providing a "Protective
Umbrella™ for Mucosa

1.1 Cliff-Edge Drop in Gastric Mucosa Injury

Burning Effect of Inmediate-Release Preparations: High-concentration‘drug release
in the stomach (30% release at 0.5 hours) leads to local drug concentration in the gastric
mucosa reaching 500ug/mL, triggering mucosal cell apoptosis. The ulceriindex (Ul) reaches
2.7+0.4, with 3-5 erosions visible to the naked eye in the gastric antrum.

Gentle Release of Sustained-Release Pellets: Gastric release is <10%, local
concentration is maintained below 50ug/mL, the ulcer index drops to 0.9+0.2, and the gastric
mucosa shows only mild congestion without obvious ulcer formation.

Gastric Injury Number of Mucosal Ulcer Depth (um)

Grou i I
P Score Bleeding Points
Immediate -
p , B 1 Efae 20
release Group &/ TV - 42+1.1 150+ 30
Sustained -
release 0.9+0.2 1.1+£0.3 50+15
Group

1.2 Precision Control of Intestinal Osmotic Pressure

Osmotic Shock of Immediate-Release Preparations: 60% drug release in the
intestine within 1 hour causes osmotic pressure to surge to 450mOsm/kg, exceeding the
physiological threshold (320mOsm/kg), leading to intestinal villus cell edema and reducing
villus integrity to 68.5%.

Physiological Adaptation of Sustained-Release Pellets: Sustained release stabilizes
osmotic pressure at 290-320mOsm/kg, close to the normal intestinal environment
(300mOsm/kg), with intestinal villus integrity reaching 92.3%, ensuring that nutrient
absorption function is not affected.

2.Exponential Decrease in Systemic Toxicity

2.1 Acute Toxicity Test: Unveiling the Dose-Survival Curve

Immediate-Release Raw Material: LD50=235mg/kg; when the dose reaches 200mg/kg,
the survival rate is only 65%. Autopsy of dead rats shows a 3-fold increase in brain 5-
hydroxytryptamine concentration, confirming that central excitation leads to convulsive death.



Sustained-Release Pellets: LD50=480mg/kg. When the dose is doubled to 400mg/kg,
the survival rate still reaches 75%, with a 104% reduction in toxicity and no central excitation
symptoms. The cause of death is respiratory depression (related to the slow increase in drug
concentration).

Comparison of Drug Survival Rates at Different Doses

Survival Rate of Immediate - releaze Raw Material (%)

Survival Rate of Sustained - release Pellets (%0)

Survival Rate (%)

Doze (mg'kg)

V. From Laboratory to Production Line: The Quality "Moat"
of Industrial Production

1.Control of Critical Quality Attributes (CQAs): Creating "Zero-
Defect"” Products

Release Consistency: Near-infrared spectroscopy (NIR) online monitoring is used. 100
pellets are randomly selected from each batch to measure 3-hour release, with inter-batch
variation controlled within £5% (significantly exceeding the USP<711> standard of +10%).

Content Uniformity: Through fluidized bed bottom-spray technology, uniform drug
distribution on the pellet core surface is achieved. HPLC determination of 10 samples shows
content RSD<3%, better than the pharmacopoeia requirement of 5%.

Particle Size Uniformity: Equipped with a laser particle size analyzer for real-time
monitoring, the D50 fluctuation range is controlled within £20um, ensuring that each pellet
becomes a "standard traveler".

2. Stability Challenges: Coping with "High Temperature and
Humidity" Tests

2.1 Accelerated Test Data (40C/75% RH, 6 months)



Zero Drift in Release Curve: 3-hour release changes from 58.7% to 55.2% (3.5%
change), far below the ICH Q1E specified drift limit of 10%, thanks to the chemical stability of
the EC-HPMC coating membrane.

Controlled Growth of Impurities: Total impurities increase from 0.8% to 1.2%, below
the quality standard of 2.0%. The main impurity is the API oxidation product, which can be
further inhibited by nitrogen-filled packaging.

2.2 Transport Scenario Simulation

Extreme Low Temperature (-20°C, 24 h): No rupture of pellets was observed, with
drug release variation < 2%, attributed to the antifreeze property of microcrystalline cellulose
in the drug-loaded layer.

Freeze-Thaw Cycle Testing (3 Cycles): The integrity of the coating.membrane
remained at 98%, outperforming the 85% rupture rate of traditional sustained-release tablets.

VI. Future Outlook: From "Formulation Innovation" to
"Precision Medicine" — How Far Are We from Clinical
Application?

1.Scientific Questions to Be Addressed

Clinical Equivalence Verification: Phase |l clinical trials are planned to compare the
bioequivalence of sustained-release pellets and immediate-release formulations, with key
monitoring of clinical indicators such-as 24-hour ambulatory blood pressure and heart rate
variability.

Long-Term Toxicity Puzzle: A 6-month repeated dosing trial is underway to observe
changes in rat liver and kidney function, myocardial cell morphology, etc., with data
accumulation expected-to be completed in 2026.

2. Industry Insights: Redefining "Effective Content™

This study has subverted the traditional perception that "high purity = high efficacy",
proving that through formulation innovation, low-content raw materials can achieve higher
bioavailability and safety. This provides new ideas for the development of highly toxic APIs
and poorly soluble drugs — perhaps the key to drug delivery lies not in "how high the raw
material purity is", but in "how precise the release pathway is".

Conclusion: When Formulation Becomes a
"Pharmacodynamic Amplifier" — A Quiet Medical
Revolution

From aspirin enteric-coated tablets to today's ApexPEA™ sustained-release pellets,
formulation innovation has always been the hidden engine of medical progress. The



counterattack of 20% content ApexPEA™ is not only a victory of a formula but also an
upgrade in the understanding of "drug-body interaction". When we learn to reconstruct drug
release trajectories with engineering thinking and achieve precise coupling of
pharmacokinetic models and formulation processes, the once "impossible" is gradually
becoming a clinical reality.

This revolution starting from pellets may lead us to an era of "low-dose, high-efficacy,
and safer" precision medicine. Within each millimeter-scale pellet lies the infinite possibility
of improving human health.
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