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INTRODUCTION: Osteoarthritis is a common degenerative disease of the synovial joint, characterised by metabolic imbalances resulting in characteristic 

degradation of articular cartilage. Subsequently this causes pain, reduced mobility and inflammation. Osteoarthritis is often associated with ageing, and is a 

significant public health concern, with 80% of over 65-year-old being diagnosed worldwide. As a result, it is paramount to elucidate the mechanisms by which 
osteoarthritis develops, in order to identify potential diagnostic biomarkers and therapeutic targets. The horse can be used as a model organism to study 

osteoarthritis due to established similarities between species in osteoarthritic pathogenesis, as well as comparable anatomic structures. Extracellular vesicles 

are nanoparticles secreted by most mammalian cells, (including synoviocytes and chondrocytes), and carry biologically active cargo encapsulated in a 
phospholipid bilayer membrane. These vesicles are paracrine effectors and are involved in cell to cell signaling, eliciting a change in molecular phenotype 

upon fusing with cellular membranes. Raman spectroscopy coupled with infrared spectroscopy (O-PTIR) is a highly sensitive, non-destructive technique that 

are used to determine molecular composition of biological samples based on the vibrations associated to the main molecular constituents commonly found in 
most biological samples such as proteins, lipids, nucleic acids, and carbohydrates.. We hypothesised that with the development of osteoarthritis the extracellular 

vesicle membrane composition changes, contributing towards the propagation of disease throughout the joint.  

 
METHODS: Synovial fluid samples (1ml) from the equine metacarpophalangeal joint were utilized from the University of Liverpool Equine Musculoskeletal 

Biobank (VREC561). Samples were selected on the basis of gross score resulting in a total of 26 samples (control; n= 12 and diseased; n= 14). Synovial fluid 

was hyaluronidase treated (1ug/ml) and extracellular vesicles were isolated using differential ultracentrifugation (Optima XPN-80 Ultracentrifuge, Beckman 
Coulter). Pellets were suspended in 50ul of filtered phosphate buffered saline. Extracellular vesicle samples were then characterized following MISEV 2018 

guidelines, with the use of transmission electron microscopy, nanoparticle tracking analysis (Nanosight NS300, Malvern Panalytical), and Nanoview 

Biosciences Technology, in order to identify exosomal surface markers. Extracellular vesicle samples were then subjected to Raman and infrared spectroscopy 
(O-PTIR). O-PTIR measurements were acquired on single-point mode using a mIRage infrared microscope (Photothermal Spectroscopy Corp., Santa Barbara, 

USA), with the pump consisting of a tunable four-stage QCL device, while the probe beam is a continuous wave (CW) 532 nm laser. Spectral data were 

collected in reflection mode using a 40×, 0.78 NA, and 8 mm working distance Schwarzschild objective. Single-point spectral data were acquired over a 
spectral region of 930−1800 cm−1, with 2 cm−1 spectral resolution and 10 scans per spectrum. Raman data was acquired using a Horiba Scientific iHR-320 

spectrometer coupled to mIRage, using a grating of 600 l/mm, 10 s as acquisition time, spectral region of 500−3400 cm−1, with 2 cm−1 spectral resolution and 

10 scans per spectrum. 
 

RESULTS: Raman and infrared spectral data collected from diseased and control samples were used as input for partial least squares discriminant analysis 

(PLS-DA) in order to classify diseased and control samples. The classification model obtained for the PLS-DA using O-PTIR and Raman data is shown in 
Fig. 1a and 1b, respectively. Bootstrapping was performed 1000 times to permute whether the extracellular vesicle spectrum was disease or control. The output 

shows two distributions; a ‘real’ (in blue) and ‘null/random’ (in red) model, these models displayed poor correct classification rates for both O-PTIR and 

Raman data, indicating no biochemical differences in signal between extracellular membranes from diseased and control samples. 

 

DISCUSSION: Upon data analysis it was found there was no difference in biochemical composition between diseased and control extracellular vesicle 
membranes. Limitations include the power of the study, and severity of osteoarthritic phenotype in sample donors. Further work will look to explore if this 

finding is consistent across biofluids relevant to osteoarthritic disease, and if extracellular vesicle metabolomic and proteomic cargo alters as a result of disease. 

Further methods may look to use nuclear magnetic resonance spectroscopy to explore metabolic and lipidomic components of the EV membrane.  
 

SIGNIFICANCE/CLINICAL RELEVANCE: This study explores the potential contribution of extracellular vesicle membrane composition to disease 

pathology. Using our spectroscopy techniques, we were unable to demonstrate changes in EVs derived from OA SF. As EVs were derived from mild OA 
cases, interrogating severe OA samples further may elucidate changes in composition.  
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Figure 1 - The classification model obtained for the PLS-DA using O-PTIR and Raman data. 
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