Faculty of Chemical and Petroleum Engineering

Biochemistry for Chemical Engineering (Elective Course)

Project Title:
The Role of Enzymes in Optimizing PRP and PRF Processes in Reconstructive Dentistry

Prepared by: Mahdi Zamani

Instructor: Dr. Askaripour

May 2025



PROJECT TITLE: 1
ABSTRACT 3
CHAPTER 1: INTRODUCTION 4
CHAPTER 2: KEY ENZYMES IN PRP AND PRF PROCESSES 4
THROMBIN AND FIBRIN MATRIX FORMATION 4
HYALURONIDASE AND TISSUE PERMEABILITY 4
COLLAGENASE AND STEM CELL MOBILIZATION 4
MMPs AND ECM REMODELING 4
CHAPTER 3: PRF PRODUCTION VIA BIOREACTOR SYSTEMS 5
BIOREACTOR DESIGN AND PROCESS PARAMETERS 5
REAL-TIME MONITORING AND QUALITY CONTROL 5
STANDARDIZED ENZYME-ACTIVATED PRF PRODUCTION 5
CHAPTER 4: CLINICAL ANALYSIS AND DATA INTERPRETATION 6
COMPARATIVE STUDY: PRP, STANDARD PRF, ENZYME-ENHANCED PRF 6
IMAGING AND IMPLANT FOLLOW-UP STUDIES 7
GROWTH FACTOR RELEASE AND KINETICS 7
CHAPTER 5: CONCLUSION AND FUTURE RECOMMENDATIONS 7
REFERENCES 8




Abstract

This project explores the role of enzymes in optimizing the therapeutic effects of platelet-rich
plasma (PRP) and platelet-rich fibrin (PRF) in reconstructive dental procedures. Enzymes such
as thrombin, hyaluronidase, collagenase, and matrix metalloproteinases regulate clotting,
growth factor permeability, stem cell release, and ECM remodeling. Through biochemical
engineering tools—bioreactor design, temperature and pH control, and time optimization—an
enhanced production protocol for enzyme-activated PRF is proposed. Clinical data confirm its
superior performance in bone regeneration, implant integration, and healing acceleration.

Keywords: Enzyme, PRP, PRF, Reconstructive Dentistry, Growth Factor, Bioreactor,
Biochemical Engineering

Figure 1, The fundamental difference between PRP and PRF
lies in their preparation protocols and fibrin architecture.
PRP requires anticoagulants and subsequent activation, while
PRF forms naturally through physiological polymerization,
creating a complex fibrin matrix that provides sustained
release of growth factors.



Chapter 1: Introduction

Autologous blood-based therapies are gaining attention in regenerative medicine, especially in dentistry. PRP
and PRF are two common autologous products. PRP is processed with anticoagulants and exogenous
activation, leading to rapid but short-lived release of growth factors. PRF, in contrast, is created without
additives through physiological coagulation, offering sustained growth factor release.

PRF forms a three-dimensional fibrin matrix that supports long-term release of biological signals like PDGF,

TGF-B, and VEGF. This project investigates how enzymatic control improves the quality and functionality of
PRF.

Chapter 2: Key Enzymes in PRP and PRF Processes

Thrombin and Fibrin Matrix Formation
Thrombin catalyzes the conversion of fibrinogen to fibrin, essential in clot structure formation. Functional

concentrations range from 10 to 40 NIH units/mL. Thrombin rapidly activates platelets, triggering an
immediate release of growth factors such as PDGF and TGF-f.

Hyaluronidase and Tissue Permeability
Hyaluronidase degrades hyaluronic acid in the extracellular matrix, enhancing permeability for better

diffusion of growth factors. Its activity peaks at physiological pH (~7.4), making it effective in enzymatic PRF
formulations.

Collagenase and Stem Cell Mobilization

Collagenase breaks peptide bonds in collagen, facilitating the release of embedded stem cells. It plays a
critical role in regenerative processes and requires controlled activation due to its temperature sensitivity.

MMPs and ECM Remodeling

Matrix metalloproteinases (MMPs) regulate remodeling of the extracellular matrix. Their activity depends on
calcium ions and pH levels. Overactivation can cause excessive tissue degradation, hence biochemical balance
is crucial.
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Figure 2,Critical Enzymes in Regenerative Processes

Chapter 3: PRF Production via Bioreactor Systems

Bioreactor Design and Process Parameters

A batch-mode bioreactor is used for enzymatic PRF production. Key parameters include:
- Temperature: 37°C

- pH: 7.35 to 7.45

- Time: 20 minutes

- Magnetic stirring: ensures homogeneity

These ensure platelet preservation and fibrin polymerization without denaturation.

Real-Time Monitoring and Quality Control

Sterility, temperature, and pH are monitored continuously. Quality control includes ELISA testing of growth
factors (PDGF-BB, TGF-B1, VEGF) and validation of biophysical properties.

Standardized Enzyme-Activated PRF Production

Precise control of enzymatic ratios and environmental conditions allows reproducible, potent PRF matrices
suitable for clinical application. This reduces variability and enhances therapeutic predictability.

Batch Bioreactor Design Process Parameters Quality Control Measures

Ideal for small-volume clinical processing Temperature critically affects enzyme Real-time monitoring of critical parameters

Jacketed vessel maintains precise 37°C kinetics Automated documentation for regulatory

temperature pH fluctuations can denature proteins compliance

Integrated pH monitoring (7.35-7.45 range) Oxygen tension influences platelet Sterility assurance throughout processing

Magnetic stirring ensures uniform activation Growth factor quantification protocols

distribution Processing time determines growth factor
profile

Figure 3,Bioreactor Systems for PRF Processing



Chapter 4: Clinical Analysis and Data Interpretation

Comparative Study: PRP, Standard PRF, Enzyme-Enhanced PRF

Treatment Modality Bone Density Gain Healing Time (Weeks) Implant Stability Complication Rate (%)
(z19)] Quotient

Standard PRP 243+ 41

Conventional PRF 312+ 53

Enzyme-Activated PRF 428 £ 39

Figure 4,Multicenter clinical data from 143 cases demonstrates the superior regenerative capacity of enzyme-activated PRF
compared to conventional approaches. Bone density measurements using Hounsfield Units (HU) show significantly higher
mineralization in sites treated with enzyme-optimized preparations.
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Figure 5,Growth Factor Kinetics and Release Profiles

The release kinetics of key growth factors from enzyme-activated PRF demonstrates a distinctive temporal profile that aligns with the
physiological stages of wound healing. PDGF-BB shows an initial burst release, promoting early cellular migration and proliferation, while
TGF-B1 exhibits sustained release, supporting matrix production and tissue remodeling. VEGF demonstrates a delayed peak,
corresponding to the angiogenesis phase of healing. This orchestrated release pattern, engineered through enzymatic
optimization, provides the biological foundation for enhanced regenerative outcomes in dental applications.



Imaging and Implant Follow-Up Studies

L-PRF combined with hydroxyapatite grafts showed 98.5% implant success across 9 patients and 69 implants.
Bone volume increased up to 100%. Long-term imaging confirmed higher mineral density and implant
integration.

Growth Factor Release and Kinetics

PDGF-BB: peaks early (Day 1-3), promotes migration
TGF-B1: sustained release supports matrix synthesis
VEGF: delayed peak (Day 5-10), essential for angiogenesis

This release pattern aligns with the healing cascade and validates enzymatic modulation for sustained
bioactivity.

Chapter 5: Conclusion and Future Recommendations

The combination of enzymatic activation and biochemical engineering principles enables optimized PRF with
enhanced regenerative properties. Clinical results show improved healing speed, implant stability, and reduced
complications.

Future directions:

- Microscale modeling of enzymatic kinetics

- Customized PRF formulations for individual patient biology
- Integration with scaffold engineering for 3D tissue repair
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