


CONTENTS

@ Introduction

@:L Collagen Structure and the Role of Hydroxyproline

5 Collagen Peptides and Bioactive Hydroxyproline-Containing Sequences
@ Mechanistic Pathways in Skin, Joints, and Bones

Clinical Evidence

ﬂ,@ Freshwater vs. Marine Collagen: A Clear Advantage

@ @ Vinh Wellness Collagen: Clinically Proven, Sustainably Sourced

ﬂ.g Conclusion

APPENDIX

ﬁl' @ References



While countless beauty products promise
miracles and supplements flood the market
with bold claims, the real breakthrough
lies in understanding a remarkable amino
acid that most people have never heard of:

Hydroxyproline.

OH

This singular compound transforms ordinary
collagen into an extraordinary healing

force. Hydroxyproline, isn't just another
ingredient—it’s the master key that unlocks
collagen’s true potential.

This whitepaper outlines the science of
hydroxyproline and its impact on cellular repair
and skin health. It explains how freshwater
fish collagen from Vinh Wellness delivers
superior results that surpass traditional
marine sources, along with the benefits of our
sustainable sourcing practices.

Prepare to discover how the clinical evidence
surrounding the study transforms our
understanding of how hydroxyproline-rich
peptides benefit key tissues in the body and
why this innovative approach represents not
just an advancement in health and beauty
solutions—but a complete paradigm shift
toward more effective, sustainable wellness.
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Collagen Structure and
the Role of Hydroxyprolin

pically Gly-X-Y, where X and Y are frequently

oline ana hydroxyproline, respectively. Glycine, being
the smallest amino acid, allows the tight packing of
three alpha chains into a triple helix, while hydroxyproline
forms hydrogen bonds that stabilize this helical structure
(Campos et al., 2021).

Without adequate hydroxyproline, the triple helix
denatures at physiological temperatures, reducing
collagen’s biological integrity.

There are 28 known types of collagen, among which Type
| is the most abundant and found primarily in the skin,
tendons, bones, and ligaments. Type Il is prominent in
cartilage, while Type lll is found in skin and blood vessels.
Hydroxyproline is present in nearly all fibrillar collagen
types and serves as a biochemical marker for collagen
content and turnover.

Collagen fibers Collagen molecules

Alpha chain

Collagen fibers

Figure 1. Hierarchical structure of collagen from amino acids to collagen fibers.

The illustration shows collagen organization beginning with glycine (GLY), proline (PRO), and hydroxyproli
residues forming a-chains, which twist into triple-helix collagen molecules. These molecules further a
fibrils and collagen fibers, contributing to the structural integrity of connective tissues.
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Collagen Peptides and Bioactive
Hydroxyproline-Containing Sequences

Collagen peptides are produced by enzymatic
hydrolysis of native collagen, yielding low-molecular-
weight peptides such as dipeptides and tripeptides.
These include Gly-Pro-Hyp, Pro-Hyp, an

Hyp-Gly — compounds proven to exert physiological
effects beyond simple nutritional value.

Due to the high concentration of proline and
hydroxyproline, collagen peptides exhibit greater
resistance to enzymatic degradation than most
dietary proteins. Specifically, the Pro-Hyp bond is
sterically protected due to the pyrrolidine ring of
proline and the hydroxyl group of hydroxyproline,
which hinder enzymatic access (Subhan et al., 2014).

As aresult, peptides like Gly-Pro-Hyp are
absorbed intact in the small intestine via
oligopeptide transporter PEPT1 (Lee et al., 2022).

Studies show that plasma levels of hydroxyproline-
containing peptides peak within 2—4 hours of
ingestion and may remain detectable in tissues

such as skin for up to 14 days. These peptides
stimulate fibroblasts, chondrocytes, and osteoblasts,
activating signaling pathways that promote collagen
synthesis, extracellular matrix remodeling, and
anti-inflammatory effects (Sibilla et al., 2015).

Scientifically Validated Mechanism of Action
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Figure 2. Mechanism of action and absorption pathway of hydrolyzed collagen peptides.

Hydrolyzed collagen peptides (GPH) are absorbed in the small intestine either as free amino acids via amino acid
transporters or as intact di- and tripeptides via the PepT1 transporter. Once in circulation, they selectively reach
collagen-rich tissues and stimulate fibroblasts, chondrocytes, and osteoblasts to enhance collagen synthesis and inhibit

matrix degradation.



Mechanistic Pathways in
Skin, Joints, and Bones
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Fibroblasts in the dermis respond to
hydroxyproline-rich peptides through
two mechanisms:

@ Structural substrate provision
Free amino acids such as glycine, proline,
and hydroxyproline support collagen and
elastin synthesis.

Biochemical signaling

Gly-Pro-Hyp acts as a signaling ligand,
binding to receptors on fibroblasts to
upregulate gene expression of collagen
types l and lll, hyaluronic acid, and elastin.

These mechanisms enhance skin elasticity,
hydration, and firmness, and reduce wrinkle depth
and skin roughness (Lee et al., 2022).

JOINTS

In articular cartilage, collagen peptides stimulate
chondrocytes to:

@ Produce type |l collagen and proteoglycans

@ Increase hyaluronic acid production
for lubrication

@® Reduce pro-inflammatory cytokines
suchasIL-1B and TNF-a

These actions restore cartilage matrix integrity,
improve joint cushioning, and reduce pain and
stiffness (Lee et al., 2023).

BONES

Hydroxyproline-containing peptides promote
bone health via:

@ Stimulating osteoblast activity,
enhancing collagen matrix formation

@ Inhibiting osteoclast-mediated
bone resorption

@ Improving calcium retention
in the bone matrix

These effects contribute to increased bone
mineral density and reduced risk of osteoporosis
(Hwang et al., 2024).



Table 1. Biological Mechanisms of Collagen Peptides in Skin, Joints, and Bones

TARGET TISSUE

CELLTYPE

MECHANISM OF ACTION

PHYSIOLOGICAL
OUTCOME

« Free amino acids support
collagen and elastin synthesis.

« Gly-Pro-Hyp and similar
peptides act as ligands to
stimulate production of collagen,
elastin, and hyaluronic acid.

« Improved skin elasticity
and hydration
« Enhanced structural integrity

« Improved joint cushioning
and lubrication

« Reduced stiffness and pain

« Support for cartilage
regeneration

Stability

Protease
i

«  Proline & hydroxyproline
limit protease action

« Collagen peptides
retain bloactivity

Absorption

Intestinal absorption
of small peptides
Transport in the bloodstream

Mechanisms of Action

In Skin

e S

« Fibroblast stimulation
» Collagan, elastin,
hyaluronic acid synthesis

2N

Vo i

In Joints

« Chondrocyte stimultation
« Cartilage, proteoglycan, HA
synthesis

Health Benefits

« Improved skin elasticity
« Better Joint Function
« Bonesupport

Figure 4. Overview of the stability, absorption,
mechanisms of action, and health benefits of
hydroxyproline-rich collagen peptides.

Hydroxyproline and proline residues
protect collagen peptides from enzymatic
degradation, allowing intact peptides to be
absorbed via the intestine.

Once distributed to peripheral

tissues, they stimulate fibroblasts and
chondrocytes to enhance the synthesis

of collagen, elastin, hyaluronic acid, and
proteoglycans, leading to improved skin
elasticity, joint function, and bone support.



Ci

inical Evidence

Supporting Hydroxyproline-Rich Collagen

8

L

b s

2 - 4 WEEKS 12 weeks
@ @ @
LAl o
1008 @ 35% mummmn=
Qg R smmmm 249%
Skin Hydration Dermal Facial Nail 35% Reduction in wrinkle scores
Density Lifting Smoothness 24% Improvement in facial wrinkles

Several clinical trials have consistently
demonstrated that hydroxyproline-
enriched collagen peptides contribute to
significantimprovements in skin elasticity,
wrinkle reduction, joint function, and
bone density. A randomized, double-
blind, placebo-controlled clinical study
published in the Journal of Food and
Nutrition Research (2022) confirmed that
low-molecular-weight collagen peptides
(LMWCP), particularly rich in bioactive
tripeptides like Gly-Pro-Hyp, significantly
enhanced skin hydration, dermal density,
facial lifting, and nail smoothness. Notably,
the benefits were observed as early as 2—4
weeks and were maintained even after
supplementation ceased, indicating both
rapid and lasting efficacy (Lee et al.,2022).

Furthermore, a triple-blind, placebo-
controlled clinical study published in the
Journal of Cosmetic Dermatology (2020)
revealed that 12 weeks of freshwater fish
collagen supplementation led to a 35%
reduction in wrinkle scores and a 24%
improvement in facial wrinkle appearance.
The study, conducted on women aged 45—
54, also reported enhanced skin elasticity,
hydration, firmness, radiance, and overall
skin quality. The collagen supplementation
was found to be safe, well-tolerated, and
effective in supporting healthy skin aging
(Evans et al.,2020).

Bone-related studies also show increased
levels of osteocalcinand P1NP with collagen
peptide intake, indicating enhanced bone
formation activity (Hwang et al., 2024).
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Figure 3. Digestive absorption and skin-targeted mechanism of orally ingested collagen peptides.

Following oral intake, collagen peptides are enzymatically digested into dipeptides, tripeptides, and free amino acids,
which are absorbed in the small intestine and distributed via the bloodstream. In the skin, peptides bind to fibroblast
receptors, stimulating the synthesis of collagen, elastin, and hyaluronic acid, thus promoting dermal matrix regeneration.

Similarly, a clinical trial published in the Journal of Functional
Foods (2023) reported that a daily intake of 4 g LMWCP over 12
weeks led to a significant reduction in knee joint pain among
osteoarthritis patients. Improvements were measured through
the WOMAC index and Visual Analog Scale (VAS), with the
treatment group showing marked progress compared to the
placebo, supporting the role of hydroxyproline-rich collagenin
joint health and osteoarthritis management (Lee et al.,2023).



Freshwater vs. Marine Collagen:

A Clear Advantage

Fish-derived collagen has garnered
increasing attention as a preferable
substitute for traditional mammalian
collagen. This is largely due to rising
concerns over zoonotic disease
transmission, such as foot-and-mouth
disease (FMD) and bovine spongiform
encephalopathy (BSE)—as well as religious,
ethical, and dietary restrictions that limit
the use of bovine or porcine-derived
products. Within the spectrum of piscine
collagen, both marine and freshwater
species offer distinct compositional
characteristics. However, emerging
scientific evidence and industrial adoption
trends increasingly highlight freshwater fish
collagen—particularly from warm-water
species such as Pangasius hypophthalmus
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as a more functionally potent and
structurally resilient option.

Marine collagen, commonly extracted

from cold-water species including cod,
haddock, and pollock, is characterized by
its high solubility and low molecular weight.
Nevertheless, adaptation to cold marine
environments typically results in reduced
levels of hydroxyproline and proline—two
amino acids integral to the stabilization of
collagen'’s triple-helical conformation andits
thermal and enzymatic resistance.

As aresult, marine-derived collagen often
exhibits lower denaturation temperatures
and diminished functional stability, especially
under physiological or high-temperature
processing conditions.




AspaticAcid 5.91%

P

Q/\Ianine 4.97%

Conversely, collagen derived from
freshwater species cultivatedin
warm climates, such as Pangasius
hypophthalmus, has demonstrated
a more mammalian-like amino acid
composition, with hydroxyproline
content often exceeding 11%.

This elevated concentration

of hydroxyproline plays a dual
role—serving both as a structural
stabilizer and as a bioactive signaling
molecule involved in cellular processes
such as fibroblast activation and
extracellular matrix synthesis.

As a result, their collagen is better suited
for applications that demand resistance
to heat and biological degradation.

In addition to its compositional and
functional advantages, freshwater fish

Proline 13.75%

4-Hydroxyproline 11.35%

e

collagen offers enhanced sustainability
and traceability. Controlled aquaculture
systems enable standardized production,
reduced ecological impact, and full
traceability from source to final
product—features that are increasingly
critical for compliance with international
regulatory standards and for meeting
consumer expectations in high-end
nutraceutical and cosmeceutical markets.
Collectively, freshwater fish collagen
offers several distinct advantages—the
superior hydroxyproline content,

it's biochemical resemblance being
closer to human collagen, enhanced
thermal and enzymatic stability, and
environmentally responsible sourcing.
These combined benefits position
freshwater fish collagen—especially
from warm-water species—as a highly
compelling and effective option for
promoting skin health, joint functionality,
and facilitating bone regeneration,
surpassing conventional marine collagen
in both performance and versatility.

Following oral intake, collagen
peptides are enzymatically digested
into dipeptides, tripeptides, and free
amino acids, which are absorbed in
the small intestine and distributed
via the bloodstream.

In the skin, peptides bind to
fibroblast receptors, stimulating
the synthesis of collagen, elastin,
and hyaluronic acid, thus promoting
dermal matrix regeneration.

Figure 5. Amino acid composition of Vinh Wellness collagen
tripeptides GPX-4 highlighting the dominance of glycine,
proline, and hydroxyproline.




Vinh Wellness Collagen:
Clinically Proven, Sustainably Sourced

Vinh Wellness Collagen represents a premium portfolio of
freshwater fish collagen peptides developed to meet the growing
demand for clean, effective, and traceable health ingredients.

Sourced exclusively from Pangasius hypophthalmus raised in
controlled aquaculture environments, our collagen is produced
using a proprietary enzymatic hydrolysis process that mimics
natural digestion.

This method ensures optimal molecular weight distribution and

preserves bioactive peptide sequences—including Gly-Pro-Hyp
tripeptides—known to support skin, joint, bone, and connective
tissue health.

COLLAGEN TRIPEPTIRE
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Beyond functionality, our production
model emphasizes environmental
responsibility and ingredient transparency.

Compared to marine or mammalian collagen
sources, freshwater fish collagen offers key
sourcing advantages:

LOWER ENVIRONMENTAL IMPACT

Pangasius aquaculture requires fewer
natural resources and generates
less ecological disruption compared
to marine harvesting or traditional
livestock farming. Our farming
operations are certified by globally
sustainability standards, including ASC,
Global G.A.P., and BAP, demonstrating
our commitment to responsible
environmental, social, and animal
welfare practices.

CONTROLLED SOURCING

In addition, we implement strict raw
material control protocols to ensure
product safety and compliance. Particular
attention is given to chemical residue
monitoring, with a focus on Nitrofuran
metabolites (SEM, AOZ, AMOZ, and AHD),
in accordance with European regulatory
standards. This reinforces our dedication
to delivering safe, high-quality ingredients
that meet the expectations of international
nutraceutical and food markets.

With full farm-to-finish traceability, we ensure consistent quality, food safety, and
compliance with international regulatory standards.

SINGLE-SOURCE CONSISTENCY

Vinh Wellness collagen is extracted exclusively from a single species raised under
tightly controlled conditions. This ensures superior batch-to-batch consistency

and a clean, stable amino acid profile.

UPCYCLED RAW MATERIALS

We promote circular economy principles by utilizing fish skins and other
by-products from Pangasius processing, significantly reducing waste and

maximizing resource efficiency.
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The most abundant structural proteinint M
human body, accounting for approximately
30% of total protein mass. S

Whether your formulation goal is beauty-from-within, joint mobility, bone strength,
or cosmeceutical innovation, our collagen range delivers the flexibility, purity, and
scientific credibility today’s brands require.

Table 2: Product specifications of Vinh Wellness collagen peptide portfolio

MOLECULAR RECOMMEND DAILY

PRODUCT NAME PEPTIDE TYPE e e e APPLICATIONS DOSAGE (G/DAY)
1,000- 2000 Da Functional Food & 5
2000-3000Da Lo ?

Nutraceuticals.

Functional Food &
N Beverage,

(*) Clinical study supported for skin beauty
(**) Clinical study supported for skin beauty, joint &bone health, hair strength
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Conclusion

Hydroxyproline plays a pivotal role in collagen’s structural
integrity, bioavailability, and associated health-promoting
properties. Freshwater fish collagen, characterized by
its naturally higher hydroxyproline content, presents a
scientifically validated and effective option for individuals
seeking high-quality collagen supplementation.

By leveraging these intrinsic advantages, freshwater
fish collagen emerges as a premium bioactive ingredient
within the nutraceutical and cosmeceutical sectors. Its
superior efficacy in supporting skin health, joint function,
and overall well-being positions it as a preferred choice in
advanced product formulations.

As the global demand for collagen continues to rise,
selecting hydroxyproline-rich sources will be critical
to maximizing clinical outcomes and driving future

innovations in collagen-based health solutions. ;‘-"
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