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SUMMARY 
 

Introduction:  

Serum amyloid A (SAA) in synovial fluid has recently been used as a marker for 

septic arthritis in horses. The objective of this study was to report the effect of intra-

articular administration of amikacin on 1) SAA; total protein (TP), nucleated cell 

count (NCC) and differential nucleated cell count (DNCC) in the synovial fluid of 

equine healthy joints, and 2) SAA concentration in systemic blood. 

 

Material and Methods:  

A prospective, two-period, cross-over study was performed using 6 horses 

determined to be healthy based on clinical, lameness and haematological 

examinations. Each horse’s intercarpal joint received one of two treatments: 

repeated arthrocentesis (CG) or repeated arthrocentesis and intra-articular 

administration of 500 mg of amikacin sulphate (TG). Arthrocenteses, and synovial 

fluid and systemic blood sample collections were performed every 48h (baseline, 48, 

96, 144 and 192h). Systemic SAA and synovial SAA, TP, NCC and DNCC were 

measured in all samples. Clinical and lameness examinations were performed daily. 

A 20-day washout was allowed between treatments.  

Treatments were compared using cross-over ANOVA, Student T and MannWhitney 

U tests. Significance level was set at p<0.05.  

 

Results:  

Horses did not show lameness throughout the study. One horse was excluded from 

the study due to unrelated respiratory disease. Serum amyloid A concentrations in 

serum and synovial fluid did not vary during the study in either group and remained 

below the lower limit of quantification. Baseline values for TP, NCC and DNCC were 

not statistically different between groups. Total protein values for TG were 

significantly higher than for CG after the first sample (p<0.05). In both groups NCC 

 
 
 



xiii 
 

increased significantly (p<0.05) after the first sample but values remained within 

normal ranges throughout the study. No significant changes were found in DNCC.  

 

Conclusion:  

Repeated arthrocentesis alone or in combination with intra-articular amikacin did not 

affect systemic or synovial SAA concentrations in healthy horses. In contrast, 

synovial TP and NCC values increased over time; some of the TP values observed 

were within the range reported for septic arthritis. Synovial SAA could serve as a 

more reliable marker than TP and NCC when evaluating the clinical progression of a 

joint that has being treated with repeated intra-articular administration of amikacin. 
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CHAPTER 1: INTRODUCTION 

 

Joint disease can reduce the performance and future competitiveness of sport 

horses due to non-responsive osteoarthropathy with consequences such as chronic 

pain, joint stiffness and overload laminitis of the contra-lateral limb (1-3). Therefore, 

research in the field of diagnosis and treatment of equine articular disease has been 

quite extensive over the last decades (4). 

Septic arthritis is one of the most feared and severe osteoarthropathies in horses of 

all ages. Survival rates vary according to the age group affected. In foals, discharge 

rates from hospital after intensive treatment are lower (62%) than in adult horses 

(85%) due to concurrent conditions such as osteomyelitis, multiple joint involvement, 

hypogammaglobulinaemia and multisystemic disease (5). Only 48% of 

Thoroughbred foals discharged after being treated for septic arthritis started in at 

least one race in their career (6). Rates of return to previous performance in adult 

horses after synovial sepsis have been reported. In one study, only 56% of the adult 

horses were able to return to racing (5). In another report, 11 of 12 horses were able 

to return to racing (7).   

Early recognition and aggressive treatment of joint sepsis has been associated with 

better prognosis for survival and return to athletic function than delayed treatment in 

adult horses (1, 4). Horses treated within the first 24 hours after contamination of a 

synovial structure (open joint injury) were less likely to develop infectious arthritis 

and more likely to return to normal performance than horses treated after 24h (8). 

However, in some cases, aggressive treatment after several days from the initial joint 
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contamination can also lead to satisfactory outcomes with horses returning to 

previous athletic function (7, 9). 

Intra-articular antimicrobial therapy remains a mainstay in the treatment of septic 

joints (10). It is easy to perform and achieves high concentrations of antimicrobials in 

the synovial fluid, thus increasing the drug efficacy (11). However, successful 

treatment of synovial sepsis requires multi-modal therapy. In a report where open 

drainage of the infected joint was evaluated, the surgical technique used was found 

to be as important as the use of intra-articular antibiotics for the resolution of the 

synovial sepsis (12).  

To diagnose and monitor the progression of joint sepsis, serial analysis of different 

inflammatory markers in synovial fluid are frequently used (13-18). Synovial total 

protein (TP) concentration and total nucleated cell count (NCC) typically increase in 

the presence of articular infection, and their decline generally serves as a guideline 

to discontinue the local administration of antimicrobials (13, 19). However, repeated 

arthrocentesis alone (18) as well as single intra-articular administration of antibiotics 

(20), both commonly performed during the treatment of septic joints, can cause an 

increase of total protein concentration and total cell count in the synovial fluid. 

Therefore, there is a need to find new synovial inflammatory markers that could help 

the equine practitioner recognize the progression of the disease and decide on the 

discontinuation of local administration of antibiotics when succeeding with the 

treatment. 

Serum Amyloid A (SAA) is an inflammatory protein that has been recently used as a 

marker for inflammation in various species (21-25). Serum amyloid A values in 

serum and synovial fluid are increased in the presence of septic arthritis and did not 
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increase in response to repeated arthrocentesis (18, 26-29). However, the effect of 

the intra-articular administration of amikacin on the concentration of synovial SAA, 

TP, NCC and differential nucleated cell count (DNCC) in horses has not been 

evaluated.  

Amikacin is commonly used in clinical cases since it has the best antimicrobial 

activity against the bacteria most frequently isolated from septic joints in horses (30). 

This study was designed to evaluate the articular inflammatory response to repeated 

intra-articular administration of amikacin sulphate by measuring SAA concentration, 

total protein concentration and total nucleated cell count in the synovial fluid of 

healthy horses. In addition, the effect on SAA concentration in the systemic blood 

was evaluated. If no changes on synovial SAA concentration are observed from 

baseline values after repeated intra-articular administration of amikacin, SAA could 

serve as a more reliable marker than total synovial protein and nucleated cell count 

when monitoring the progression of equine joints treated with intra-articular amikacin. 

 

 

 

 

 

 

 

 

 
 
 



4 
 

CHAPTER 2: LITERATURE REVIEW 

 

2.1 The inflammatory response of the synovial structure to bacterial infection 

The articular inflammatory response to infection is mediated by the innate immune 

system directed towards the elimination of the microorganism and the repair of 

damaged tissue (31). Healthy synovial structures are able to control synovial 

contamination with a certain amount of bacteria and impede their proliferation (32). 

In a previous in vitro study, 10g of normal equine synovial membrane were capable 

of neutralizing 100 colony-forming units of Staphylococcus aureus (33). When 

infection and proliferation of bacteria occur, the joint usually produces the most 

exaggerated inflammatory response described within the synovial environment, and 

this response is determined by factors such as host immunity, number of inoculated 

bacteria and bacterial virulence (32). The degree of tissue damage caused by the 

inflammatory response varies according to the host age, host debilitation, duration of 

infection, bacterial virulence and pre-existent joint disease (32). 

The initiator for the local inflammatory response is the release of molecules by the 

injured tissue. Reactive oxygen species (O2
-, H2O2, OH and NO), arachidonic acid 

metabolites and modified host proteins are released and induce the migration and 

activation of cells such as neutrophils and macrophages, and the production of large 

protective molecules like antibodies and complement components (31). 

Synoviocytes and neutrophils respond to the stimulus by releasing cytokines such as 

interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour necrosis factor-α (TNF-α), free 

oxygen radicals, and destructive enzymes such as lysozime, elastase, cathepsin G, 

gelatinase and collagenase (34). All these products contribute to the disruption of the 
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blood-synovial barrier, facilitating the articular access of many nonspecific mediators 

that amplify the inflammatory cascade leading to further activation of synoviocytes 

(32). Total protein content in the synovial fluid also increases because of the 

increased capillary permeability, which allows high molecular weight proteins (mainly 

globulins) to enter the joint (35). Activation of chondrocytes is mediated by IL-1, TNF-

α and free radicals. Activated chondrocytes release matrix metallo-proteinases 

(MMPs) (stromelysin, collagenase, gelatinase) which decrease proteglycan 

synthesis (34). These MMPs are responsible for the cartilage breakdown leading to 

the development of osteoarthritis (3).  

If the amount of inflammatory molecules released by the injured tissue is high, a 

systemic reaction may be induced, leading to an acute phase response (APR) (31). 

The APR is composed of a serial of local and systemic changes that involve many 

cell types and organs (36). Several proteins are released into the systemic 

circulation during an APR and are called acute phase proteins (APPs) (31). 

The acute phase proteins are produced mainly by the hepatocytes after being 

stimulated by IL-1, TNF-α, and especially IL-6 (31). Their synthesis and release 

usually begin few hours after injury (31). The APPs include complement 

components, clotting molecules, protease inhibitors, and metal-binding proteins (31). 

The major APPs have very low or undetectable plasma levels in healthy animals, but 

their concentrations can rise more than 100-1000 times during an APR (21). The 

clinical use of serum amyloid A (SAA), an APP very sensitive to inflammation, has 

recently been investigated in equine medicine (21). 
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2.2 The acute phase protein equine serum amyloid A (SAA) and its use as a 

marker for inflammatory processes 

The acute phase protein SAA is an immunomodulatory protein that regulates the 

immune response by attracting neutrophils, monocytes and T cells (31, 37). Serum 

amyloid A is an apolipoprotein and circulates in plasma bound to the fraction 3 of 

high density lipoprotein (HDL3) (38, 39). It is degraded in the liver (40) and has a 

short plasma half-life, which has been estimated to be from 75 to 80 minutes in mice, 

with a 95% clearance from plasma 6 hours after the synthesis has stopped (41). 

Therefore, plasma levels of SAA decrease soon after synthesis ceases (21). 

Serum amyloid A is a good marker for inflammation. It has very low basal values 

which can increase up to 1000 times during APR (24). Its serum levels are not 

affected by sex (except for a moderate increase after parturition), and mild changes 

have been reported between different age groups (24). Concentrations of SAA can 

rise to different ranges depending on the amount of tisular damage. These 

concentrations decrease quickly after resolution of the tisular damage because of the 

SAA’s short half-life (21, 24). In humans, its concentration in serum rises to higher 

levels in response to bacterial stimulus than to viral infection or non-infectious 

inflammation (42).  

Equine SAA is a 9-11 kilodalton apolipoprotein (24, 39) mainly synthesized by the 

liver in response to inflammation and infection (22, 39). Three SAA isoforms have 

been recognized in the equine serum (22, 28). The basal values of SAA in serum of 

healthy horses are <30 mg/l (24, 43-45), with certain variability observed depending 

on the measurement assay used (21). In horses with experimentally-induced 

inflammation (by intramuscular administration of turpentine oil) SAA concentrations 
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rose within 6 hours and reached their serum peak concentration 2 days later with an 

up to 20-fold increase from pre-treatment values (24).  

Extrahepatic synthesis has been reported in various species such as rabbits, minks, 

mice (46), horses (28) and humans (46, 47). The presence of SAA in human 

synovial fluid has an important role in the pathogenesis of inflammatory arthritis 

(rheumatoid arthritis, psoriatic arthritis, sarcoid arthritis, and undifferentiated arthritis) 

by inducing the production of MMPs, which are associated with cartilage 

degeneration (48-50). In horses, five isoforms were reported in synovial fluid in 

experimental arthritis induced by intra-articular injection of lipopolysaccharides (LPS) 

(28). Three of these isoforms were also found in serum and the remaining two only in 

synovial fluid. These findings indicate that isoforms produced in the liver can access 

the synovial cavity and that synthesis of equine SAA also occurs intra-articularly. In 

humans it has been demonstrated that synoviocytes, macrophages and endothelial 

cells are responsible for the extrahepatic synthesis of SAA (48). 

Serum amyloid A concentration in synovial fluid in horses have recently been shown 

to serve as a good marker for infectious arthritis and tenovaginitis, reflecting changes 

in inflammatory activity (18). In healthy equine joints, synovial concentrations of SAA 

were lower than the lower limit of detection of the assay (0.48 mg/l) (28). When the 

effect of repeated arthrocentesis on inflammatory markers in the equine joint was 

evaluated (18), synovial TP concentration remained significantly increased from 

baseline from the second to the last arthrocentesis. In contrast, in the same study, 

concentrations of SAA in synovial fluid remained at baseline values (18). In another 

study, the intra-articular inoculation of LPS caused an increase in synovial fluid SAA 

concentration that reached a 100-fold increase peak 48 hours after inoculation (28). 

A systemic response also occurred and was characterized by increased production 
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of SAA in serum by the liver. The magnitude of the systemic and articular responses 

was dependent on the intra-articular LPS dose. 

 

2.3 Determination of SAA concentration in equines 

Different methods have been used for measurement of SAA in equines. These 

methods include electroimmunoassay (25), single radial immunodiffusion (24), slide 

reverse passive latex agglutination test (51), enzyme-linked immunosorbent assay 

(ELISA) (52) and latex agglutination immunoturbidometric assay (43). In addition, a 

commercially available immunoturbidometric assay (LZ test SAA)1 that was first 

developed for the measurement of human SAA, has been validated in horses (44). 

This method has an acceptable intra- and inter-assay variability with better precision 

at intermediate and high SAA concentrations compared to low SAA concentrations. 

This imprecision at low SAA concentrations has limited clinical significance as 

horses develop high SAA concentrations during the inflammatory response (25, 27, 

43, 44). This immunoturbidometric assay is automated and fast, and is being used in 

some diagnostic laboratories in Europe and the United States for routine SAA 

measurements on horse serum and synovial fluid (21).  

 

2.4 Amikacin sulphate as a local antibiotic for septic arthritis  

Amikacin sulphate belongs to the family of aminoglycoside antimicrobials, which also 

include streptomycin, neomycin, gentamicin, tobramycin and kanamycin (51). 

Aminoglycosides are composed of an hexose nucleus, which is bound to two or 
                                                        
1 Eiken Chemical Co, Ltd., Tokyo, Japan. 
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more amino sugars by a glycoside linkage (51). Aminoglycosides act like mild polar 

basic structures and are hydrosoluble, which difficults their diffusion through cell 

membranes (51). Their mechanism of action is exerted intracellularly where they 

bind to 30S ribosomal subunit inhibiting the synthesis of proteins with a bactericidal 

effect (51). Their spectrum of activity includes mainly gram negative bacteria (53). As 

their penetration into the bacteria is oxygen-dependent, they are ineffective against 

anaerobic bacteria and their activity is also diminished in acidic environments such 

as abscesses (53). Aminoglycosides are concentration-dependent antibiotics and 

exert prolonged post-antibiotic effects. They have a half-life of 1-2 hours and are 

eliminated mainly by glomerular filtration (53). The use of most aminoglycosides is 

associated with toxic effects to the kidney, ear and vestibular apparatus (51). 

Amikacin sulphate has become the preferred intra-articular antimicrobial for the 

prevention and treatment of equine joint sepsis (53). In a retrospective study, 

amikacin was the only antimicrobial highly effective against 95% of the bacteria 

isolated from horses with postoperative septic arthritis including Staphylococcus 

spp., Enterobacteriaceae spp. and Pseudomonas spp. (30). Intra-articular 

administration of 250-500 mg of amikacin sulphate every 24 to 48 hours is commonly 

used for the treatment of septic arthritis (54-56). This therapy achieves high peak 

antimicrobial concentrations in synovial fluid and these concentrations remain above 

the reported minimum inhibitory concentration (MIC) for most equine pathogens for 

prolonged periods of time (56, 57). A single administration of 500 mg of amikacin into 

the radiocarpal joint of horses produced synovial concentrations of amikacin that 

remained above the reported MIC for most equine pathogens for 72 and 48 hours in 

normal and inflamed joints, respectively (11). Repeated intra-articular administration 
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of amikacin is most commonly performed via arthrocentesis every 24 to 48 hours 

when treating septic arthritis in horses (55, 56). 

A single intra-articular administration of 500 mg of amikacin did not produce any 

cytological or clinical evidence (i.e., lameness) of chemical synovitis in healthy 

horses (11). However, amikacin exerted toxic effects on equine chondrocytes in 

explant cultures (58). The effect of repeated intra-articular administration of amikacin 

on synovial SAA concentration, TP, NCC and DNCC has not been investigated in 

horses. 
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CHAPTER 3: OBJECTIVES AND HYPOTHESES 

  

3.1 Study objectives  

• To evaluate the articular inflammatory response to repeated arthrocentesis 

and repeated intra-articular administration of amikacin sulphate by measuring SAA 

concentrations, total protein and total nucleated cell count in synovial fluid of equine 

healthy joints. 

• To evaluate the systemic inflammatory response to repeated arthrocentesis 

and repeated intra-articular administration of amikacin sulphate by measuring SAA 

concentrations in serum. 

 

3.2 Hypotheses 

• Serum amyloid A synovial concentrations in the equine intercarpal joint will 

not show increased values, after repeated (every 48 hours) arthrocentesis or after 

repeated (every 48 hours) intra-articular administration of amikacin in healthy horses. 

• Total protein and total nucleated cell count in synovial fluid of the intercarpal 

joint will increase after repeated (every 48 hours) arthrocentesis or after repeated 

(every 48 hours) intra-articular administration of amikacin in healthy horses. 

• Serum amyloid A concentrations in the systemic blood will not increase from 

baseline values, after repeated (every 48 hours)  arthrocentesis or after repeated 

(every 48 hours) intra-articular administration of amikacin in healthy horses. 
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CHAPTER 4: MATERIALS AND METHODS 

 

4.1 Study Design 

The study was approved by the Animal Use and Care Committee of the Faculty of 

Veterinary Science, University of Pretoria. A prospective, two-period, cross-over 

study was conducted on a total of 6 horses.  Each horse received a total of 2 

treatments that were administered to the front limbs in a randomized sequence. 

Randomization was performed by the flip of a coin. A wash-out period of 20 days 

was allowed between treatments (Appendix A).  

- Control Group (CG): Arthrocentesis of the intercarpal joint was performed 5 

times with an interval of 48h between arthrocenteses. A sample of synovial 

fluid (~1.5 ml) was collected each time. Amikacin sulphate (500 mg) was 

injected into the intercarpal joint after the last synovial fluid collection 

(Appendix B).  

- Treatment Group (TG): Arthrocentesis of the intercarpal joint was performed 5 

times with an interval of 48h between arthrocenteses. A sample of synovial 

fluid (~1.5 ml) was collected each time. Amikacin sulphate (500 mg) was 

administered into the intercarpal joint after collection of the synovial fluid 

sample at each sampling time (Appendix C). 
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4.2 Study Setting 

The study was performed at the Equine Clinic of the Onderstepoort Veterinary 

Academic Hospital (OVAH), Faculty of Veterinary Science, University of Pretoria, 

South Africa. 

4.3 Study Population and Sampling 

Six Nooitgedacht mares from the Onderstepoort Teaching Animal Unit (OTAU) 

breeding herd of the University of Pretoria were included in this study. The mares 

were determined to be clinically healthy based on physical examination 

(temperature, heart rate, respiratory rate, thoracic and abdominal auscultation and 

evaluation of mucous membranes). Horses were free of musculoskeletal disorders 

as determined by complete lameness examination including palpation of limbs and 

gait evaluation at the walk and trot. In addition, a complete blood cell count was 

performed in all horses before the beginning of each study period. Horses with 

abnormal results in the complete blood cell count were rejected. Horses did not 

receive any medical treatment for at least six weeks prior to entry the study. 

All horses were sedated with romifidine (0.02 mg/kg – 0.03 mg/kg, intravenously) for 

collection of synovial fluid samples. The dorsal aspect of the selected intercarpal 

joint was clipped and aseptically prepared as previously described (59). Using sterile 

technique and with the carpus in semiflexion, approximately 1.5 ml of synovial fluid 

was collected in each horse. A 38 mm long, 22 gauge needle attached to a 3 ml 

sterile syringe was inserted into the intercarpal joint using a dorso-lateral approach 

(lateral to the extensor carpo-radialis tendon) (60). After collection of the sample the 

needle and syringe were removed from horses in the control group except for the 

last arthocentesis. After the last arthrocentesis, the syringe was detached from the 
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needle and the needle was used to inject 500 mg of amikacin sulphate (2 ml) 

(Amikacin-Fresenius2) into the joint. In horses in the treatment group, after collection 

of the each synovial fluid sample 500 mg of amikacin were injected into the joint in 

the same manner. The same procedure was repeated every 48 hours for a total of 5 

arthrocenteses during 10 days. All arthrocenteses were performed by the same 

investigator (AST) 

A sample of venous blood was collected from all horses at each time point by 

puncture of the right or left jugular vein using a 21 gauge, 38mm needle attached to 

a tube holder with a clot activator vacuum tube3. These blood samples were then 

used for the determination of systemic SAA concentrations. 

Physical and lameness examinations were performed on the horses every 24 hours 

during the study and 24 hours after collection of the last sample. Lameness was 

graded in a scale from 0 to 5 according to the AAEP (American Association of 

Equine Practitioners) guidelines (60). The lameness examinations were videotaped 

for blind evaluation by one of the authors of the study (LRM). 

 

4.4 Sample analysis 

An aliquot of the synovial fluid sample was used to measure TP concentration (g/dl) 

by use of a standard refractometer4. The remaining synovial fluid was then 

                                                        
2 Intramed, SA 

3 Becton, Dickinson and Company© BD Vacutainer®, USA  

4 A.S.T. Inc., Japan 
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transferred into an EDTA tube. An aliquot of this fluid was immediately analysed for 

NCC using an automated haematology analyzer5. 

The synovial sample was centrifuged for 5 minutes, on a 1341g centrifuge6. The 

DNCC was obtained by examination of a smear of the precipitate after staining with 

a commercially available haematoxylin-eosin (H&E) stain7 following the 

manufacturer’s instructions. The percentage of neutrophils was calculated. All the 

smears were evaluated by the same experienced clinical pathologist that was 

blinded to the treatment. Supernatant was stored under -80 ⁰C for further SAA 

determination.  

The venous blood samples were centrifuged for 5 minutes on a 1341g centrifuge8. 

The serum was separated and stored at -80⁰C for further SAA determination.  

Serum and synovial SAA determinations from all samples were performed at the 

same time once the collection of samples was finalized. The measurement of SAA 

concentrations was performed using an automated chemistry analyser9 according to 

manufacturer’s instructions with a commercially available human SAA turbidometric 

immunoassay10 previously validated for equine use (44).  

                                                        
5 ABBOTT, Cell-Dyn® 3700 System, USA 

6 Hettich Zentrifugen, Rotofix® 32A, UK 

7 Rapidiff 1®, Clinical Sciences Diagnostics, SA 

8 Hettich Zentrifugen, Universal® 320, UK 

9 COBAS INTEGRA 400 plus, Roche Laboratories, Switzerland 

10 Eiken SAA TIA 

 
 
 



16 
 

All measurements were made at the Clinical Pathology Laboratory of the Department 

of Companion Animal Clinical Studies, Faculty of Veterinary Science, University of 

Pretoria. 

 

4.5 Evaluation of performance of the assay 

The in-house performance of the assay was evaluated using synovial fluid and 

serum samples obtained from clinical cases. For serum, a sample from a horse with 

increased SAA because of African Horse Sickness was used. For synovial fluid, a 

sample from a horse with increased SAA concentration in synovial fluid because of 

septic arthritis was used. Three independent, 5-serial dilutions for each sample type 

(synovial and serum) were prepared using the diluents provided with the SAA 

measurement kit. The SAA concentration in all these dilution samples was measured 

and analytical validation parameters calculated. All these dilutions and 

measurements were performed by the same trained laboratory technician. 

Based on these measurements, for SAA in synovial fluid the lower limit of 

quantification was 0.05 mg/l, the upper limit of quantification was 129 mg/l, the 

coefficient of determination was >0.90, and the intra-assay variability range from 1 to 

10%.  

For SAA in serum, the lower limit of quantification was 0.21 mg/l, the upper limit of 

quantification was 186 mg/l, the coefficient of determination was >0.90 and the intra-

assay variability range from 0.8 to 16%. 
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4.6 Data Analysis 

Descriptive and comparative statistic analyses were applied to the results. All the 

statistical procedures were done by Statistical Analysis System11. Dependent 

variables were evaluated over a relatively long period of time. Therefore, a scheme 

for repeated samples based on the area under the curve (AUC) was applied (61). 

The area under protein concentration curve, area under the number of nucleated 

cells curve, and area under the percentage of neutrophils in synovial fluid were 

estimated following the trapezoidal rule (62). The areas under the curve for each 

dependent variable were calculated with the following equation (61). 

AUC0-96=0.5 ݅=0݊−1AUC0-192=0.5 ݅=0݊−1(Yi + Yi+1)* (ti+1-t i) 

Where “t” is sampling time and “y” the observed outcome. 

Prior to the selection of the statistical test, the normality of the data was assessed by 

Shapiro-Wilk and Kolmogorov-Smirnov statistical tests (level of significance P<0.05). 

Cross-over analysis of variance (ANOVA) was implemented for the statistical 

comparison of areas under the curve of total protein, nucleated cell count and 

percentage of neutrophils between the two groups. Mann-Whitney U test was 

applied to compare statistically the dependent variables between both treatment 

groups at each sampling time and each sampling time versus (vs.) baseline within 

each group. Unpaired Student T test was applied to compare statistically the 

changes from baseline of protein concentrations. Significant differences for fixed 

effects for all the statistical comparisons were set at the p<0.05 level.  

Mean values and standard deviation for total protein and total nucleated cell count at 

each sampling period were calculated.  

                                                        
11 SAS Institute, version 9.2, Cary, NC, 2011. 
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Due to the small number of samples with values of SAA above the limit of 

quantification in serum and synovial fluid, SAA results were not compared 

statistically but analyzed descriptively. 
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CHAPTER 5: RESULTS 

 

Horses used in this study ranged from 2 to 3.5 years of age (2.67 ± 0.76 years) and 

weighed between 302 and 450 kg (400 ± 58.4 kg).  All horses were mares. 

All 6 mares were healthy on clinical and haematological evaluations at the beginning 

of each study period. Daily clinical examinations performed during the study revealed 

no abnormalities in 5 of the six horses. One mare (Horse 4) was excluded from the 

study as on day 7 of CG because of developing a mild increase in rectal temperature 

(38.4 ⁰C), increased respiratory rate (24 breaths per minute), abnormal respiratory 

sounds on thoracic auscultation, increased abdominal respiratory effort and 

intermittent non-productive cough. Haematological analysis performed on the day 

when the abnormal clinical signs were noted (day 7) showed increased 

concentration of fibrinogen (9.00 g/l; normal reference values 2.00 to 4.00 g/l). 

Serum SAA concentration was also increased (86.1 mg/l; normal reference values 

<30.0 mg/l) (24) (Table 5). Repeated haematological analysis on day 9 revealed 

fibrinogen of 6.00 g/l. These findings were not considered to be a complication of the 

study, and the mare was excluded from the study. All mares remained free of 

lameness for the duration of the study. 

Horse 5 required the administration of a higher dose of romifidine (0.04 mg/kg – 0.08 

mg/kg) to allow safe arthrocentesis. All arthrocentesis where performed successfully. 

The needle was only replaced on Horse 2 on the 1st sampling time of TG, Horse 3 on 

the 4th sampling of TG, and on Horse 6 on the 4th sampling of CG (Tables 6, 9 and 

12).  
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5.1 Protein concentrations in synovial fluid 

Synovial protein concentrations (mean ± SD; g/dl) at each point in time for CG and 

TG are presented in Figure 1 and Table 1. Individual synovial protein concentrations 

are included in Table 6. Synovial TP baseline values (mean ± SD; g/dl) were not 

significantly different (p>0.05) between CG (1.06 ± 0.18) and TG (1.02 ± 0.13). 

Protein AUC0-192 (g*h/dl) for CG (262 ± 79.8) was significantly lower (p<0.01) than for 

TG (621 ± 91.2).  

Synovial protein concentrations in CG ranged from 0.80 to 3.10 g/dl with a mean ± 

SD of 1.30 ± 0.54 g/dl during the study. When synovial protein values in CG were 

compared with baseline values a significant difference was only found at 96h 

(p=0.03) (Figure 1 and Table 7). In TG, synovial protein concentrations ranged from 

0.90 to 6.00 g/dl with a mean of 3.12 ± 1.36 g/dl during the study and values 

increased significantly when compared with baseline after the first injection of 

amikacin and remained increased throughout the study (p<0.01) (Figure 1 and Table 

7). When protein values at each sampling time were compared between treatments 

significant differences (p ≤0.03) were found at sampling times 48h, 96h, 144h, and 

192h (Table 1 and Table 8). 
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Figure 1 - Mean ± SD total synovial protein (TP) (g/dl) in 5 horses after repeated arthrocentesis (CG) or 
repeated arthrocentesis and administration of amikacin (TG) into the intercarpal joint. Synovial fluid 
samples were collected at time points 0, 48, 96, 144 and 192 hours. *Significant difference (p<0.05) with 
baseline value (time 0h). 

 

Treatment 0h 48h* 96h* 144h* 192h* 
CG 1.06 ± 0.18 1.33 ± 0.48 1.92 ± 0.78 1.2 ± 0.43 1.02 ± 0.08 
TG 1.02 ± 0.13 3.1 ± 0.98 3.12 ± 0.58 4.04 ± 0.72 4.32 ± 0.95 

Table 1 - Mean ± SD synovial total protein (TP) (g/dl) in 5 horses after repeated arthrocentesis (CG) or 
repeated arthrocentesis and administration of amikacin (TG) into the intercarpal joint at each sampling time 
(hours). Sampling was performed at 0, 48, 96, 144 and 192 hours (h). *Significant difference (P=<0.05) 
between CG and TG. 

 

5.2 Nucleated cell count (NCC) in synovial fluid 

Nucleated cell count values (mean ± SD) at each point in time for CG and TG are 

presented in Figure 2 and Table 2. Individual synovial NCC concentrations are 

included in Table 9. Baseline NCC values (mean ± SD; value x 109 cells/l) did not 

differ significantly between CG (0.06 ± 0.03) and TG (0.06 ± 0.04) (p= 1). Nucleated 

cell count AUC0-192 (count x109*h/l) of CG (136 ± 95.9) and TG (281 ± 252) did not 

differ significantly (p=0.3).  
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Values of NCC in CG range from 0.04 to 3.36 x 109 cells/l with a mean ± SD of 0.61 

± 0.70 x 109 cells/l; and in TG, values range from 0.02 to 6.31 x 109 cells/l with a 

mean ± SD of 1.34 ± 1.67 x 109 cells/l. When compared with baseline, NCC values 

were significantly higher at all sampling times (p<0.05) in both CG and TG (Figure 2 

and Table 10). When NCC values at each sampling time were compared between 

treatments a significant difference (p<0.05) was observed only at 192h (Table 2 and 

Table 11). Values of NCC peaked at 96h in both CG and TG (Figure 2). 

 

 

Figure 2 - Mean ± SD synovial nucleated cell count (NCC) (x109 cells/l) in 5 horses in response to repeated 
arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal 
joint. Sampling was performed at time points 0, 48, 96, 144 and 192 hours (h). *Significant difference (<0.05) 
with baseline value (time 0h).  

 

Treatment 0h 48h 96h 144h 192h* 
CG 0.06 ± 0.03 0.54 ± 0.46 1.33 ± 1.20 0.68 ± 0.42 0.45 ± 0.22 
TG 0.06 ± 0.04 0.63 ± 0.37 2.49 ± 2.38 1.85 ± 2.21 1.68 ± 1.14 

Table 2 - Mean ± SD synovial nucleated cell count (NCC) values (x109 cells/l) in 5 horses in response to 
repeated arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the 
intercarpal joint at each sampling time (hours). Sampling was performed at 0, 48, 96, 144 and 192 hours (h). 
*Significant difference (P=<0.05) between CG and TG. 
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5.3 Percentage of neutrophils in synovial fluid 

The percentage of neutrophils (mean ± SD) at each sampling time for CG and TG 

are presented in Table 3. Individual values of percentage of neutrophils for horses 

included in the study are presented in Table 12. The percentage of neutrophils at 

baseline did not differ significantly between treatments (p>0.05). The percentage of 

neutrophils AUC0-192 (count x109*h/l) revealed no significant difference between CG 

and TG (p= 0.22).  

Values for percentage of neutrophils in CG range from 0.00 to 79.0% with a mean ± 

SD of 17.2 ± 17.4%. In TG, the percentage of neutrophils range from 0.00 to 24.0% 

with a mean ± SD of 9.16 ± 8.20%. No significant difference was found when 

comparing percentage of neutrophils in synovial fluid at baseline with each time point 

in both treatments (Table 13). When comparing percentage of neutrophils between 

CG and TG at each point in time, no significant differences were obtained (Table 14). 

 

TREATMENT 0h 48h 96h 144h 192h 
CG 11.8 ± 14.8 24.2 ± 10.2 32.0 ± 29.3 8.00 ± 6.32 9.80 ± 7.29 
TG 5.60 ± 9.53 5.80 ± 4.60 8.80 ± 3.35 10.4 ± 9.07 15.2 ± 10.9 

Table 3 - Mean ± SD percentage of neutrophils (%) in synovial fluid of 5 horses in response to repeated 
arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal joint 
at each sampling time (hours). Sampling was performed at 0, 48, 96, 144 and 192 hours (h). 

 

5.4 Serum amyloid A in synovial fluid 

Synovial SAA concentrations are detailed in Table 4. Only horse 4 in TG showed 

values higher than the lower limit of quantification (LOQ; 0.05 mg/l) (Table 4). Horse 

number 4 was eliminated from the statistical analysis in both treatments but SAA 

concentrations are included in Table 4. 
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TREATMENT HORSE SAA 0h 
 

SAA 48h 
 

SAA 96h 
 

SAA 144h 
 

SAA 192h 
 

 
 

TG 
 

1 <LOQ <LOQ <LOQ <LOQ <LOQ 
2 <LOQ <LOQ <LOQ <LOQ <LOQ 
3 <LOQ <LOQ <LOQ <LOQ <LOQ 
4 <LOQ <LOQ <LOQ <LOQ <LOQ 
5 <LOQ <LOQ <LOQ <LOQ <LOQ 
6 <LOQ <LOQ <LOQ <LOQ <LOQ 

 
 

CG 
 

1 <LOQ <LOQ <LOQ <LOQ <LOQ 
2 <LOQ <LOQ <LOQ <LOQ <LOQ 
3 <LOQ <LOQ 0.03 <LOQ <LOQ 
4 <LOQ <LOQ 0.23 <LOQ <LOQ 
5 <LOQ <LOQ <LOQ <LOQ <LOQ 
6 <LOQ <LOQ <LOQ <LOQ <LOQ 

Table 4 - Serum amyloid A (SAA) values (mg/l) obtained in synovial fluid of 6 horses subjected to repeated 
arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal 
joint. Time 0 corresponds to baseline values. Sampling was performed at time points 0, 48, 96, 144 and 192 
hours. Lower limit of quantification (LOQ) was 0.05 mg/l. 

 

5.5 Serum amyloid A in serum samples 

Systemic SAA protein concentrations are detailed in Table 5. Horse number 4 

showed increased SAA values at time 144h during CG and this horse was eliminated 

from the study due to clinical signs of systemic respiratory disease. The rest of the 

samples showed SAA values ≤ 18.42 mg/l and most of the samples remained below 

the lower limit of quantification (LOQ; 0.21 mg/l). 
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TREATMENT HORSE SAA 0h 
 

SAA 48h 
 

SAA 96h 
 

SAA 144h 
 

SAA 192h 
 

 
 

TG 
 

1 <LOQ <LOQ <LOQ <LOQ <LOQ 
2 <LOQ <LOQ <LOQ <LOQ <LOQ 
3 <LOQ <LOQ <LOQ <LOQ <LOQ 
4 0.02 <LOQ <LOQ <LOQ <LOQ 
5 <LOQ <LOQ <LOQ 0.01 <LOQ 
6 0.15 <LOQ <LOQ <LOQ <LOQ 

 
 

CG 
 

1 <LOQ <LOQ <LOQ <LOQ <LOQ 
2 <LOQ <LOQ <LOQ <LOQ <LOQ 
3 <LOQ 18.42 0.43 <LOQ <LOQ 
4 0.86 5.04 14.63 86.06 0.77 
5 <LOQ <LOQ <LOQ 8.64 0.73 
6 <LOQ <LOQ <LOQ <LOQ <LOQ 

Table 5 - Serum amyloid A (SAA) values (mg/l) obtained in blood samples from 6 horses subjected to 
repeated arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the 
intercarpal joint. Time 0h corresponds to baseline values. Sampling was performed at time points 0, 48, 96, 
144 and 192 hours (h). Lower limit of quantification (LOQ) was 0.21 mg/l. 
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CHAPTER 6: DISCUSSION 

 

The study presented in this dissertation was designed to imitate the common 

practice performed when evaluating and treating an equine septic joint in the clinical 

setting. For this reason, collection of synovial samples and intra-articular 

administration of amikacin where performed every 48h. Amikacin was selected for 

this study because it has best antimicrobial activity against the bacteria most 

frequently isolated from septic joints in horses (30). The injection of a placebo 

substance such as lactate ringer solution (LRS) or saline solution, was not performed 

in the control group because it is it is not relevant clinically as equine practitioners do 

not inject a placebo solution when evaluating a suspected septic joint. The need for 

administration of amikacin after the last sample collection in the control group is 

questionable but was performed as protective measure. The study protocol 

simulated clinical practice and therefore offered an accurate representation of what 

happens within a joint after performing several sample collections and repeated 

intra-articular administration of amikacin. This brings clinical relevance to this study. 

All arthrocentesis where successfully performed except in three different times where 

the needle was replaced and arthrocentesis was performed again (Tables 6, 9 and 

12). Statistical analysis of the effect of these three incidents could not be performed 

due to the small number of animals.  

The normal value for TP in synovial fluid is < 2.5 g/dl (3) and values can increase in 

mild synovitis (<3 g/dl), after arthrocentesis (1.5-2.5 g/dl), and arthrocentesis 

combined with balanced electrolyte solution injection (3-4 g/dl), local anesthetics 

(2.5-4 g/dl), gentamicin (4.5-6 g/dl) or 10% DMSO solution (2.5-4 g/dl) (3). In our 
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study, TP significantly increased from baseline only at 96h after repeated 

arthrocenteses; however, all TP values remained within the normal range with the 

exception of one sample (horse 5 at 96h). This is in agreement with a previous study 

where repeated arthrocentesis with injection of LRS in the digital flexor tendon 

sheath (DFTS) did not increase protein significantly at any sampling time (20). In 

contrast, repeated arthocenteses combined with a single intra-articular saline 

solution administration produced a significant increase of synovial TP concentration 

within 4h after the first arthrocentesis and TP remained increased thereafter for the 

remaining of the study (18). Mean TP values in that study seem to be slightly higher 

than those observed in this study, but most of the values remained ≤ 3.5g/dl (18). 

The use of a more frequent sampling protocol (18, 20), along with intra-articular 

saline solution injection (18), rather than LRS (20) after each arthrocentesis might 

have caused a more prominent inflammatory reaction accounting for the observed 

differences between those studies and the present, where no fluid was injected into 

the joint. 

On the other hand, repeated intra-articular administration of amikacin produced TP 

values above normal published values (< 2.5 g/dl) (1, 3, 13, 63) in all horses from 

time 48h (4 horses) or 96h (1 horse) and these values remained elevated until the 

end of the study. In fact, many of the samples at 144h and 192h were ≥4.00 g/dl, 

values that are typically associated with septic synovitis (1, 3, 13, 63). When the 

effect of a single intra-thecal administration of amikacin (250 mg) was evaluated in 

the DFTS, TP values increased significantly after 12h (2.3 ± 0.8 g/dl) and decreased 

slowly afterwards (20), but those values remained below those typically associated 

with septic arthritis. Similarly, in a study performed by Taintor et al (11), a single 

intra-articular administration of 500 mg of amikacin did not produce an increase in 
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synovial TP values above clinically normal published ranges. Differences in the 

frequency of amikacin administration (single dose vs. 5 doses in this study), the 

response to centesis of the synovial structures being evaluated (joint vs. tendon 

sheath), antimicrobial pharmaceutical preparation as well as total dose administered 

per horse (large horses receiving a lower net dose than smaller horses) might 

explain different results.  

Amikacin sulphate and mepivacaine hydrochloride have been shown to cause mild 

toxic effects on equine articular cartilage explants (58). Transient synovitis has also 

been observed after intra-articular administration of pharmaceuticals such as 

gentamicin (64, 65), mepivacaine hydrochloride and lidocaine (60) in healthy horses. 

Such synovitis was attributed to a direct chemical effect (gentamicin) (64, 65) or a 

reduction of pH in the synovial environment (lidocaine) (66). There is a possibility 

that amikacin causes chemical inflammation of synovial structures; however, the 

study presented here was not designed to evaluate such hypothesis and further 

research is needed in this area.  

From the horses included in our study, synovial TP values were highest in horse 3, 

reaching values of 5.20 g/dl and 6.00 g/dl at 144h and 192h, respectively, and after 

repeated intra-articular administration of amikacin. This horse had the lowest body 

weight (302 kg) and therefore received the largest amikacin dose in relation to its 

body weight in comparison with the rest of the horses. This may indicate a 

relationship between the intra-synovial dose and the magnitude of the inflammatory 

response and should be further investigated.  

Blood contamination during sampling could have increased synovial TP values. The 

effect of blood contamination on synovial TP levels was not evaluated; however, 
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arthrocentesis of the intercarpal joint using a dorsal approach has a low degree of 

difficulty (1 out of 3, being 3 the most difficult) (59) and all arthrocenteses were 

performed by the same operator (AST). 

Normal reference values for NCC in synovial fluid are <0.5 x 109 cells/l (3). Increased 

NCC are typically observed in the presence of a septic process (>20 x 109 cells/l), 

mild synovitis (<0.25 x 109 cells/l) and after arthrocentesis (1-4 x 109 cells/l) (3). 

Intra-articular injection of different compounds also has an effect on NCC. Increased 

NCC in responses to intra-articular injection of balanced electrolyte solution (6-45 x 

109 cells/l), local anaesthetics (2-10 x 109 cells/l), gentamicin (8-40 x 109 cells/l) and 

10% DMSO solution (6-20 x 109 cells/l) have been reported (3). In our study, 

repeated arthrocentesis as well as repeated arthrocentesis combined with amikacin 

administration caused an increase in synovial NCC when compared with baseline 

values, and NCC values remained ≤6.31 x 109 cells/l. Differences between groups 

were only observed at 192h where the group receiving amikacin had higher NCC 

than the control group. The increased NCC values found after repeated 

arthrocentesis in our study are similar to those previously reported (3). The highest 

NCC after amikacin administration was observed in horse 3 and this is probably the 

result of the higher relative dose received by this horse.   

The single intra-articular administration of amikacin produced an increase in synovial 

NCC reaching a peak (median value of 1.16 x 109 cells/l) 24h post-administration 

(11). In our study, the highest mean NCC value was reached after the second 

administration of amikacin (96h from baseline) with a mean ± SD NCC of 2.49 ± 2.38 

x 109 cells/l.  
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The NCC values observed in our study after repeated intra-articular administration of 

amikacin are similar to those reported after administration of local anesthetics (3). 

Higher values, consistent with those observed on septic synovitis were observed 

after single administration of LRS or amikacin into the DFTS (20). Greater difficulty in 

accessing a tendon sheath (difficulty grade of 3 out of 3, being 3 the most difficult) 

(59) linked to a higher risk of blood contamination of the synovial fluid sample and a 

greater sensitivity of sheaths to centesis might explain differences between studies.  

For the comparison of DNCC between groups, the percentage of neutrophils was 

used as this marker is commonly used clinically and normal and pathological values 

have been widely published (1, 3, 13, 63). The normal value for percentage of 

neutrophils in equine joints is <10% and a marked increase (>90%) typically occurs 

in septic arthritis (3). Toxic changes to the neutrophils are also relatively common in 

the presence of sepsis (3). Increased percentage of neutrophils is also observed in 

mild synovitis (<10%), after arthrocentesis (50%), and after intra-articular injection of 

balanced electrolyte solution (80%), local anesthetics (60%), gentamicin (50%) and 

10% DMSO solution (>50%) (3). In our study, some horses showed values higher 

than those reported to be normal; however, values remained lower than the values 

observed in septic processes and toxic changes of the neutrophils were not 

observed. Centesis of the DFTS showed values higher than those reported here 

(20). As previously discussed greater difficulty in accessing a tendon sheath leading 

to more trauma as well as greater sensitivity of sheaths to centesis might account for 

the observed differences. 

A high percentage of neutrophils was observed in one of the mares (79%) (CG, 96h); 

however, the total NCC was 1.29 x 109 cells/l and no toxic changes to the 

neutrophils were observed. Values of percentage of neutrophils should always be 
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correlated directly with NCC values as they are mathematically dependent and 

sepsis should be considered in the presence of other consistent parameters and 

clinical signs. 

In humans, synovial SAA synthesis is associated with cartilage degeneration during 

rheumatoid processes and it accurately reflects changes in inflammatory joint 

disease being the best marker available (26, 48). In our study, repeated 

arthrocentesis every 48h did not show a detectable increase in SAA concentrations 

in serum or synovial fluid supporting previous reports (18). Repeated arthrocentesis 

with and without the intra-articular administration of amikacin might not exert a 

sufficient inflammatory response to stimulate serum and synovial SAA synthesis to 

reach values higher than the detection range of the test used. Another explanation 

for these results is that as described in humans, SAA concentrations in serum rises 

to higher levels in response to bacterial stimulus than to viral infection or other kinds 

of inflammation (42). The same phenomenon could be occurring in horses. Synovial 

and serum SAA in horses suffering from septic arthritis were reported to be >1000 

mg/l and >1500 mg/l respectively (18). In our equine hospital, concentrations of SAA 

in synovial fluid collected from septic arthritis typically ranges from 60 mg/l to 850 

mg/l (unpublished data).  In addition, SAA has a very short half life in serum. In mice, 

the half-life of SAA in serum is 75-80 minutes with a 95% clearance from plasma 6h 

after the synthesis has ceased (41). This brings the possibility that SAA 

concentrations could have risen but then decreased before the next sampling was 

performed (48h after) and the increased levels were not detected in our 

measurements. However, to the authors’ knowledge the half-life of SAA in synovial 

fluid has not been reported. The fact that SAA values were not detected after 

repeated arthrocentesis and repeated arthrocentesis with the administration of 
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amikacin every 48h, and that synovial SAA increased to high levels during septic 

arthritis (18, 28), suggest that measurement of synovial SAA might be valuable when 

monitoring clinical cases. 

Limitations of this study include the limited sample size (5 horses after one was 

excluded). In addition, all horses received the same amount of amikacin (500 mg) 

intra-articularly regardless of their body weight, and a specific dose per kilogram was 

not calculated. Although this is a common clinical practice, potential local side-effects 

of a 500 mg dose of intra-articular amikacin might be more pronounced in smaller 

animals as suspected in horse 3. Joint distention was not recorded and graded even 

though it was subjectively noticed in some horses and information of sampling 

difficulty or percentage of blood contamination was not systematically recorded. 

Although this information might have been useful for evaluation of synovial TP and 

NCC, this is consider of marginal importance due to the low degree of difficulty of the 

arthrocentesis technique and the fact that all the centesis were performed by the 

same person (AST). Based on the short half life of SAA in serum, more frequent 

arthrocenteses might have helped elucidate if a short-lived increase in synovial SAA 

occurred. However, the authors elected not to sample more frequently as such 

practice does not reflect the clinical approach and such detailed evaluation of SAA 

response was beyond the scope of this study.  

An interesting and incidental finding not related to the purpose of this study is the 

SAA levels found in Horse 4. The increase in SAA measurement in serum and its 

correlation with clinical signs of systemic illness shows the quick SAA response to 

inflammation and its potential use as a real time monitoring APP. Various studies 

have demonstrated that SAA in serum is a reliable marker of most forms of tissue 
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injury, infection and inflammation that is rapid and reflects the extent and activity of 

disease (24, 25, 43, 67). 

The methods used to measure TP, NCC and DNCC are widely accepted and used in 

clinical equine practice (13). All these measurements were performed by the same 

experienced professional in the Clinical Pathology laboratory of our institution. The 

method used in this study to measure SAA in synovial fluid and serum (human SAA 

turbidometric immunoassay) has been validated previously for use in horses (44) 

and has been used by other equine investigators (18, 28). In addition, this method is 

currently being used in some diagnostic laboratories in Europe and the United States 

for routine SAA measurements on horse serum and synovial fluid (21). An in-house 

evaluation of performance of the assay was also performed. The results from this 

evaluation show a lower limit of quantification and intra-assay variability for serum 

and synovial fluid, similar to previous studies (44). Lower limits of quantification are 

not considered necessarily important as in clinical cases, SAA in serum and synovial 

fluid increase to high levels (18, 28). A clinical case of African Horse Sickness was 

used for the evaluation of the assay for serum samples, as this pathology produces a 

high inflammatory response in the body with the concurrent increase in SAA on 

serum. 

The results of this study suggest that repeated intra-articular administration of 

amikacin produces a mild to moderate synovitis characterized by increased synovial 

total protein concentration and nucleated cell count. These values, especially TP, 

could rise to ranges consistent with septic arthritis and therefore, special attention 

should be paid when evaluating these synovial markers in joints being treated with 

repeated intra-articular administration of amikacin. Contrary to these findings and as 

hypothesized initially, concentrations of SAA in synovial fluid and serum did not 
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exhibit any change when evaluations were performed every 48h. Values were lower 

than the test’s detection range in most of the samples. Based on the findings in our 

study, and considering the highly increased synovial SAA concentrations in the 

presence of joint sepsis as observed in previous studies (18, 28) and in our hospital 

population, synovial SAA could be a more specific marker for septic processes than 

TP and NCC since it was not influenced by repeated arthrocentesis and repeated 

administration of amikacin in the commonly used schedule (every 48h). These 

findings contribute to the knowledge of SAA behavior in normal horses and its use 

when evaluating a joint that has been subjected to intra-articular amikacin 

administration. To the best of the authors’ knowledge no previous studies have 

evaluated the effect of repeated doses of amikacin on synovial SAA, TP, NCC and 

DNCC. 
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CHAPTER 7: CONCLUSIONS 

 

Based on the results of the present study we can conclude that: 

- Repeated anthrocentesis and intra-articular administration of amikacin every 

48h can cause an increase in the synovial total protein concentration to 

values consistent with septic arthritis. 

- Repeated anthrocentesis alone or in combination with intra-articular 

administration of amikacin can cause a mild increase in synovial nucleated 

cell count, although these values were typically lower than those commonly 

observed in the presence of joint sepsis. 

- Serum amyloid A in synovial fluid was not affected by either the repeated 

arthocenteses or repeated intra-articular administration of amikacin. 

Therefore, SAA could serve as a better marker for synovial sepsis than 

synovial total protein or nucleated cell count when evaluating a joint that has 

been previously sampled or treated with intra-articular amikacin. 

- The test used (Eiken SAA TIA) for the measurement of SAA seems to perform 

reliably in different laboratories. 
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TABLES 6 to 14 

 

TREATMENT HORSE TP 0h TP 48h TP 96h TP 144h TP 192h 
 

TG 
 
 
 

1 1 3.9 3.9 3.9 4 
2 0.9* 1.5 2.3 4 4 
3 1.1 3 3.3 5.2* 6 
5 1.2 3.2 2.9 3.2 4 
6 0.9 3.9 3.2 3.9 3.6 

 
 

CG 
 
 

1 0.8 0.8 1.3 0.8 1 
2 1.1 1.1 1.1 1 1.1 
3 1.3 1.3 2.1 1.3 1.1 
5 1 2.1 3.1 1.9 0.9 
6 1.1 1.2 2 1* 1 

Table 6 - Total protein (TP) (g/dl) in synovial fluid of horses included in the study (n=5), in response to 
repeated arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the 
intercarpal joint. Time 0h corresponds to baseline values. Sampling was performed at time points 0, 48, 96, 
144 and 192 hours (h). *Samplings where the needle was replaced. 

 

Treatment 0h vs 48h 0h vs 96h 0h vs 144h 0h vs 192h 
TG <0.01 <0.01 <0.01 <0.01 
CG >0.05 0.03 >0.05 >0.05 

Table 7 - P values when comparing total protein (TP) (g/dl) in synovial fluid at 48, 96, 144 and 192 hours (h) 
with baseline values (0h) of horses included in the study (n=5), in response to repeated arthrocentesis (CG) 
or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal joint. 

 

Treatment 0h 48h 96h 144h 192h 
CG vs. TG >0.05 <0.01 <0.03 <0.01 <0.01 

Table 8 - P values when comparing total protein (TP) (g/dl) in synovial fluid at 0, 48, 96, 144 and 192 hours 
(h) between repeated arthrocentesis (CG) and repeated arthrocentesis with administration of amikacin (TG) 
into the intercarpal joint. 
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TREATMENT 
 

HORSE 
 

NCC 0h 
 

NCC 48h 
 

NCC 96h 
 

NCC 144h 
 

NCC 192h 
 

TG 

 

1 0.04 0.74 0.96 0.38 2.53 
2 0.05* 0.79 3.26 1.78 0.84 
3 0.15 1.12 6.31 5.69* 3.24 
5 0.02 0.21 0.46 0.92 1.14 
6 0.06 0.30 1.48 0.51 0.65 

CG 
 
 
 

1 0.04 0.96 1.05 0.69 0.36 
2 0.05 0.05 0.82 0.43 0.29 
3 0.12 0.52 1.29 1.22 0.63 
5 0.04 1.07 3.36 0.96 0.76 
6 0.05 0.14 0.16 0.14* 0.25 

Table 9 - Nucleated cell count (NCC) (count x109 cells/l) in synovial fluid of 5 horses included in the study, in 
response to repeated arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) 
into the intercarpal joint. Time 0h corresponds to baseline values. Sampling was performed at time points 0, 
48, 96, 144 and 192 hours (h). * Samplings where the needle was replaced. 

 

Treatment 0h vs 48h 0h vs 96h 0h vs 144h 0h vs 192h 
TG 0.01 0.01 0.01 0.01 
CG 0.04 0.04 0.01 0.004 

Table 10 - P values when comparing nucleated cell count (NCC) (count x109 cells/l) in synovial fluid at 48, 96, 
144 and 192 hours with baseline values (0h) of 5 horses included in the study, in response to repeated 
arthrocentesis (CG) or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal 
joint. 

 

Treatment 0h 48h 96h 144h 192h 
CG vs. TG 1 >0.05 >0.05 >0.05 <0.05 

Table 11 - P values when comparing nucleated cell count (NCC) (count x109 cells/l) in synovial fluid at 
0, 48, 96, 144 and 192 hours (h) between repeated arthrocentesis (CG) and repeated arthrocentesis 
with administration of amikacin (TG) into the intercarpal joint. 
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TREATMENT 
 

HORSE 
 

%N 0h 
 

%N 48h 
 

%N 96h 
 

%N 144h 
 

%N 192h 
 

TG 

 

 

1 0 5 10 15 19 
2 0* 1 11 4 10 
3 22 7 9 24* 32 
5 0 13 11 7 12 
6 6 3 3 2 3 

CG 
 
 
 

1 4 20 11 16 16 
2 3 14 25 4 18 
3 6 41 79 12 10 
5 8 21 39 8 3 
6 38 25 6 0* 2 

Table 12 - Percentage of neutrophils for each horse included in the study (n=5), in response to repeated 
arthrocentesis (CG) and repeated administration of amikacin (TG) into the intercarpal joint. Sampling was 
performed at time points 0, 48, 96, 144 and 192 hours (h). Time 0h corresponds to baseline values. 
*Samplings where the needle was replaced. 

 

Treatment 0h vs 48h 0h vs 92h 0h vs 144h 0h vs 192h 
TG >0.05 >0.05 >0.05 >0.05 

CG >0.05 >0.05 >0.05 >0.05 

Table 13 - P values when comparing percentage of neutrophils (%) in synovial fluid at 48, 96, 144 and 192 
hours with baseline values (0h) of 5 horses included in the study, in response to repeated arthrocentesis 
(CG) or repeated arthrocentesis and administration of amikacin (TG) into the intercarpal joint. 

 

Treatment 0h 48h 96h 144h 192h 
CG vs. TG >0.05 >0.05 >0.05 >0.05 >0.05 

Table 14 - P values when comparing percentage of neutrophils (%) in synovial fluid at 0, 48, 96, 144 and 192 
hours (h) between repeated arthrocentesis (CG) and repeated arthrocentesis with administration of 
amikacin (TG) into the intercarpal joint. 
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APPENDICES 

 

Appendix A – Sampling time line scheme. Each part was assigned to either CG or TG by the flip of a coin.  

 

 

Appendix B – Time line scheme for horses subjected to repeated arthrocentesis (CG). 
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Appendix C - Time line scheme for horses subjected to repeated arthrocentesis with intra-articular 
administration of amikacin (TG). 

 

 

Appendix D - Standardized data recording sheet for synovial total protein. 
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Appendix E - Standardized individual data recording sheet for clinical and lameness examination. 

 

 
 
 




