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Insufficient biolubrication leads to a drastic decrease in the quality of life 

associated with chronic pain, irritation, and restricted mobility. With the 

increasing aging population, more and more people worldwide suffer from 

lubrication dysfunction-related conditions like dry mouth, dry eye, and 

osteoarthritis, yielding severe discomfort. Currently, the strategy used to 

restore biolubrication is to overwhelm the natural lubrication system with 

exogenous viscosity enhancer, which shows limited effect. To improve the 

quality of life of patients, it is urgent to develop a new strategy to enhance 

biolubrication. In this context, as introduced in Chapter 1, this thesis presents a 

new approach of utilizing the existing impaired lubricants to repair the 

lubrication systems with the help of biopolymers. This thesis provides new 

insights in restoring the lubrication functionality in the living system. 

In Chapter 2, we took the chronic dry mouth as a consequence of the Sjögrens 

syndrome as an example of an impaired lubrication system. We determined 

the role of recombinant supercharged polypeptides (SUPs) in enhancing 

salivary lubrication. The positively charged SUPs are able to make a layered 

structure with the negative charges of salivary proteins by electrostatic 

interactions. This forms a stable and robust salivary conditioning film (SCF). We 

first determined the optimal molecular weight of SUPs to achieve the best 

lubrication performance by employing friction measurements. Out of a library 

of genetically engineered cationic polypeptides, the variant SUP K108cys was 

identified as the best SUP to restore oral lubrication. This variant, SUP K108cys, 

was used to explore the effects in restoring salivary lubrication of saliva from 

Sjögrens patients in a pre-clinical situation with an ex vivo tongue-enamel 

friction system. Employing K108Cys , the duration of lubrication for SCFs from 

healthy and patient saliva was significantly extended. For patient saliva, the 

duration of lubrication was increased from 3.8 min to 21 min with SUP K108cys 

treatment. Investigation of the tribochemical mechanism revealed that 

lubrication enhancement is due to electrostatic stabilization of the SCFs and 

mucin recruitment, which is accompanied by strong water fixation. 

Intrigued by the positive effects of SUP on the SCF, in Chapter 3, a simpler 

mucoadhesive molecule derived from a natural source, i.e., chitosan catechol 

(Chi-C) was explored for its enhancing effect on salivary lubrication. Chi-C with 
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different conjugation degrees (Chi-C7.6%, Chi-C14.5%, Chi-C22.4%) were obtained by 

carbodiimide chemistry. Chi-C is able to induce a layered structure composed 

of a rigid bottom and a soft secondary SCF (S-SCF) after reflow of saliva. The 

higher conjugation degree of Chi-C generates a higher glycosylated S-SCF by 

mucin recruitment and provides lower friction in vitro. The layered S-SCF 

extends the  lubricating period for saliva of Sjögrens patients over 7-fold on the 

previously introduced ex vivo tongue-enamel friction system. Besides 

lubrication, Chi-C-treated S-SCF reduces dental erosion depths from 125 to 

70μm. Chi-C shows antimicrobial activity against Streptococcus mutans. This 

research confirmed that it is possible to restore the functionality of salivary 

conditioning films to enhance the lubrication at articulating tissues. 

In Chapter 4, we applied our strategy of recruiting natural lubricating 

molecules through the addition of Chi-C12.7% to stabilize the lamina splendens 

in the knee joint. Quartz crystal microbalance with dissipation (QCM-D) was 

used to mimic the formation of lamina splendens and the SyCF on a quartz 

crystal in vitro, known as synovial fluid conditioning films (SyCF), and atomic 

force microscopy was used to measure the nanoscale frictional properties of 

the adhered SyCF. We found clear evidence of glycoprotein (PRG4) and other 

lubricating molecules recruitment by Chi-C by the increased softness of the 

SyCF. The use of Chi-C and the increased softness improved the nanoscale 

lubrication in vitro, since the friction coefficient decreased from 0.06 to 0.03. 

At the macroscale experiments, cartilage damage was induced by 

Chondroitinase ABC to mimic arthritic conditions. The damaging of the 

cartilage increased the coefficient of friction (COF) from 0.07 ± 0.04 (healthy 

tissue) to 0.15 ± 0.03 (after tissue damage) in the presence of synovial fluid. 

After Chi-C treatment of damaged cartilage, the COF fell to 0.06 ± 0.03, which 

is similar to healthy cartilage. This makes Chi-C, a simple, inexpensive, and 

biocompatible mucoadhesive as a promising additive to the natural fluid to 

restore the lubrication. 

From Chapter 2 to Chapter 4, it can conclude that the lubrication between 

tissues can be restored by utilizing the existing impaired lubricants with the 

help of biopolymers. In Chapter 5, we took the meniscus replacement, i.e., 

polycarbonate urethane (PCU) as an example. The problem of PCU implants is 
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that they were not designed to facilitate lubrication in the sliding interface. 

This often leads to inflammation and discomfort. We confirmed that the 

strategy of restoring lubrication by use of the natural lubricating agents is also 

effective in a biomaterial and tissue interface. First we developed an adhesive 

film through layer by layer self-assembly based on two opposite charge 

macromolecular poly-L-lysine (PLL) and mussel-inspired biopolymer hyaluronic 

acid dopamine conjugate (HADN) in a physiological environment. The adhesive 

coating PLL-HADN (78 nm thickness) showed a high adhesive strength (0.51 

MPa) to PCU and high synovial fluid responsiveness. The QCM-D showed the 

formation of a thick and soft layer when these coatings were in contact with 

the synovial fluid. X-ray photoelectron spectroscopy (XPS) and ConA-Alexa 

staining showed clear signs of lubricious protein recruitment on the PLL-HADN 

surface. The efficient recruitment of lubricious proteins by PLL-HADN caused it 

to dissipate only one-third of the frictional energy as compared to bare PCU 

when rubbed against the cartilage. Histology showed that this reduction in 

friction makes the PLL-HADN highly chondroprotective. Thus in this study, we 

have shown that surface recruitment with a strong adsorption of 

biomacromolecules from the surrounding milieu is also an effective strategy 

for biomaterial lubrication.  

In the general discussion of Chapter 6, the major findings of this thesis, and 

possibilities for future research were highlighted. It displays that the strategy 

of lubrication enhancement by restoring the functionality of the natural system 

is available in the short term. This is of major importance with the increasing 

average age of the worldwide population, and the potential discomfort that 

comes with it.  
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