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Single intra-articular (IA) injection of long-acting local anesthetics such as bupivacaine is commonly used clinically for postoperative analgesia, in particular, after arthroscopic surgery. Despite their widespread use, the side effects of IA bupivacaine on joint cartilage as well as hepatotoxic and nephrotoxic effects remain to be elucidated. The aim of this study is to assess the in vitro effect of bupivacaine 5% on donkey chondrocytes at different time points, in addition to the in vivo effects of a single IA bupivacaine injection on the middle carpal joint in a group of 10 clinically healthy adult male donkeys. In phase I, the effect of in vitro treatment with bupivacaine 5% or saline 0.9% on freshly isolated donkey chondrocytes for 30, 60 min, 24, 48, and 96 h was investigated using MTT and LIVE/DEAD assay. In phase II, in vivo effects of single injection of bupivacaine on the middle carpal joint of the donkey were evaluated compared with saline 0.9%. Biochemical analysis of collected serum and synovia was performed. Additionally, articular cartilage damage was evaluated using radiography, computed tomography (CT), catabolic marker expression via quantitative polymerase chain reaction (qPCR), and histopathological examination 96 h after injection. Our results showed that after a 30-min exposure to bupivacaine 5%, the viability of donkey chondrocytes was 97.3 ± 4.4% and was not significantly affected at the indicated time points (n = 8, p < 0.05). No significant changes in biochemical analytes of serum and synovial fluid following IA bupivacaine injection were observed, compared with saline injection (n = 5 for each group, p < 0.05). Furthermore, in vivo IA injection of bupivacaine revealed no significant differences in radiography, CT scan, gene expression of cartilage catabolic biomarkers, and histopathological examination. These results provide an evidence for the safety of bupivacaine on the donkey cartilage.
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INTRODUCTION

Arthroscopic knee surgery is a commonly performed orthopedic surgery (1, 2). Postoperative pain and delay of recovery are common consequences of such surgery in humans and animals (3, 4). Single intra-articular (IA) administration of long-acting local anesthetics is a widely utilized approach for pre- and post-operative analgesia after arthroscopic surgeries due to simplicity and low economic costs (5). Despite their extensive use, concerns of chondrotoxicity have been recently raised especially for bupivacaine, levobupivacaine, ropivacaine, mepivacaine, and lidocaine (6–9).

In vivo and in vitro effects of IA bupivacaine on chondrocytes have been varied with some reports showing chondrotoxicity while others showing no adverse effects (10–18). For instance, Park et al. have suggested that IA administration of bupivacaine may induce a marked chondrotoxicity based on in vitro viability results after exposure of equine chondrocytes to bupivacaine 0.5% (18). On the contrary, in vivo IA injection of bupivacaine was reported to have anabolic effects on equine cartilages, as evidenced by a significant increase in markers of cartilage matrix synthesis and a decrease in markers of collagen degradation (17). In the latter study, the authors hypothesized that the lack of chondrotoxicity observed in vivo, compared with that noticed in cell culture (18), might be attributed to dynamic changes of bupivacaine concentrations in joints (17).

Different studies have identified additional biomarkers of cartilage matrix degradation including matrix metalloproteinases (MMPs), metallopeptidase with thrombospondin type 1 motifs (ADAMTS), and cartilage oligomeric matrix protein (COMP). Such biomarkers could aid in the detection of early toxic effects of IA injection of therapeutics on the cartilage in vivo (19, 20). To our knowledge, the effect of IA bupivacaine injection on these catabolic markers of the articular cartilage has not been elucidated yet. Hence, the present study aimed to investigate the possible changes in the gene expression of those cartilage damage biomarkers following IA bupivacaine injection. Moreover, the study also aimed to analyze the serum amyloid A (SAA) level (as an inflammatory marker), hepatic enzyme activity, blood urea nitrogen (BUN), and creatinine levels. Finally, radiographic examination, computed tomography (CT) scanning, and histopathology were performed to explore the effect of bupivacaine on the cartilage of the middle carpal joint.



MATERIALS AND METHODS

The study protocol was designed according to the Guidelines for Animal Experimentation and with the approval of the Committee of Research Facilities, Faculty of Veterinary Medicine, Assiut University, Egypt, and was conducted in accordance with the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines. The current study was divided into two phases. The first phase of the study (phase I), in vitro experiments, was performed to check the effect of bupivacaine on the viability of donkey chondrocytes. The second phase of the study (phase II), in vivo experiments, was done by injection of bupivacaine or saline in the middle carpal joint of 10 donkeys.


Donkey Chondrocyte Isolation

Primary culture of chondrocytes obtained from articular cartilage was aseptically harvested from the metacarpophalangeal joints of a male donkey (3 years old with a body condition score of 5), euthanized for reasons unrelated to this study. Briefly, nine pieces of 0.5 cm2 with 2 mm in thickness from the cartilage surface covering the distal metacarpus, proximal phalanx, and proximal medial and lateral sesamoid bones were rinsed in Dulbecco's phosphate-buffered saline without Ca+2 and Mg+2 (D-PBS). After enzymatic digestion in 0.25% collagenase type I (Sigma-Aldrich, MO, USA) in high-glucose Dulbecco's modified Eagle's medium (DMEM; Invitrogen, CA, USA) containing 10% heat-inactivated fetal bovine serum (FBS; Hyclone, Logan, UT, USA), the cell suspension was filtered to remove undigested cartilage fragments. The filtered fluid was centrifuged at 100 × g for 5 min, then the supernatant was discarded. The cell pellet was resuspended in high-glucose DMEM containing 10% FBS and 1% penicillin/streptomycin. The cell suspension was cultured in a 5% CO2 and humidified atmosphere at 37°C until formation of monolayers suitable for propagation. The chondrocytes of the first passage were used in the various assays.



Viability Assay

A suspension of 30 × 103 donkey chondrocyte (counted by a hemocytometer) was cultured in 48-well plates (SPL Life Sciences Co., South Korea) and was divided into four treatment groups. Each group was treated with one of the following experimental agents to 200 μl of culture media: (1) 200 μl of saline solution 0.9% (Elnasr Pharmaceuticals Chemicals Co., Cairo, Egypt), (2) 200 μl of bupivacaine 5% (Sunnypivacaine, Sunny medical Co., Cairo, Egypt), (3) untreated cells as a negative control group, and (4) dimethyl sulfoxide 20% (DMSO; Merck, Darmstadt, Germany) as a positive toxic group, for 30, 60 min, 24, 48, and 96 h. At different time points, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed (21). Briefly, 50 μl of MTT solution (5 mg ml−1; Sigma-Aldrich) was added to each well and incubated at 37°C for 4 h. After discarding the medium containing MTT, 250 μl of DMSO was added to all wells to dissolve the formazan into a purple solution. After a 10-min incubation, 100-μl aliquots from the wells were pipetted into another 96-well plate (SPL Life Sciences Co.). The newly developed color was quantified by recording the absorbance at a wavelength of 570 nm with a spectrophotometer. The cell activity was represented as the percentage of activity expressed by cells compared with the negative control.

To qualitatively assess the cell viability after 96 h, staining with a LIVE/DEAD assay kit (Calcein-AM/ethidium bromide homodimer; Invitrogen) was performed, and imaging using a fluorescence microscope (Olympus, Tokyo, Japan) was performed.



In vivo Study in Donkeys

A group of 10 clinically healthy adult male donkeys (1.5–2 years old) weighing 265 ± 27 kg (mean ± standard deviation) was included in the experiment. The animals were housed at the Veterinary Teaching Hospital, Assiut University, and were fed twice daily. Before the study, the animals were examined clinically and radiographically to exclude any abnormal condition of the right carpal joint. The right carpal joint of each donkey was used in this experiment to evaluate the in vivo changes following IA administration of bupivacaine HCl 5%. The donkeys were randomly and equally (online randomization website http://www.randomization.com) assigned to two groups (five animals for each group); the first group received bupivacaine HCl 5%, while the second group received saline 0.9% as a negative control group. Group assignments were concealed in sealed envelopes.



Intra-articular Injection

The intra-articular (IA) injection was performed as previously described (8, 17) after sedation of animals with xylazine HCl 2% (Xyla-Ject, ADWIA Co., Cairo, Egypt) in a dose of 2 mg kg−1 body weight. Aseptic preparation of the injection site was performed by scrubbing the skin area over the right carpus using povidone iodine, then sprayed by alcohol 75%. The carpal joint was flexed, and a sterile 20-gauge needle was inserted into the middle carpal joint, then 5 ml of bupivacaine HCl 5% or saline solution 0.9% was injected. Animals were evaluated daily during the study period for any signs of hyperthermia, changes in the heart and respiratory rates, joint effusion, abnormal gait, and pain in the injected limbs.



Blood Collection and Analysis

Whole blood samples of the donkeys were collected from the jugular vein, in 5-ml plain vacutainer tubes (Biomedica Alex Co., Alexandria, Egypt) before IA injection, and 24, 48, and 96 h after injection. The samples were centrifuged for 15 min at 1,500 × g speed, and sera were then harvested and preserved at −20°C until used. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), BUN, and creatinine levels were measured via commercial test kits (Spinreact, Girona, Spain), using a UV spectrophotometer (Optizen 3220 UV, Mecasys Co. Ltd, South Korea).



Synovial Fluid Analysis

Synovial fluid (SF, 1 ml) was obtained from the right middle carpal joint prior to drug injection, and 24-, 48-, and 96-h postdrug injection. The site for arthrocentesis was aseptically prepared. The carpal joint was flexed followed by aspiration of SF with a sterile needle on heparinized vacutainer tubes (Biomedica Alex Co.). SF was mixed thoroughly to avoid any coagulation and used for biochemical analysis. SAA was analyzed using donkey SAA ELISA Kit (MyBiosource, San Diego, CA, USA). Also, the biochemical constituents of SF including AST, gamma-glutamyl transferase (GGT), lactate dehydrogenase (LDH), and total proteins were measured via commercial test kits (Spinreact), using a UV spectrophotometer.



Radiographic Evaluation

Lateromedial and dorsopalmar radiographs were taken for six donkeys (n = 3 for each group) to evaluate the articular cartilage damage at 96 h post-injection using a fixed X-ray apparatus (50 kV and 15 mA s−1) (Philips Super 80 CP, Germany). Animals were restrained in lateral recumbency under the effect of sedation with xylazine HCl 2%.



Computed Tomography Scanning

Euthanasia of six donkeys (n = 3 for each group, randomly selected using online randomization website http://www.randomization.com) by intravenous injection of xylazine HCl 2% (1 mg kg−1) followed by sodium thiopental (40 mg kg−1, Sandoz GmbH, Kundl, Austria) was performed according to the AVMA instructions (22) 96 h after IA injection. Euthanasia was approved by the Committee of Research Facilities, Faculty of Veterinary Medicine, Assiut University, Egypt. The right forelimbs were separated at the level of the shoulder joint. Computed tomography of the carpal joint using a Philips 128 slice scanner apparatus was performed (n = 3 for each group). Sagittal, dorsal, and transverse images were obtained, and the distance between the slices taken was 0.5 cm.



Quantitative Polymerase Chain Reaction

We investigated the possible effects of bupivacaine on the gene expression of different catabolic markers including MMP-3, MMP-13, ADAMTS-5, and COMP. After euthanasia, total RNA was isolated from chondrocytes of the harvested joints (n = 3 for each group) and transcribed into cDNA using the NucleoSpin RNA Mini kit (Macherey-Nagel GmbH & Co., Germany) and TOPscrip RT DryMIX (Enzynomics, South Korea), respectively. Quantitative real-time polymerase chain reaction (PCR) was performed using TOPreal qPCR 2 × PreMIX (Enzynomics) on a StepOnePlus real-time PCR system (Thermo Fisher Scientific) following the recommendations of the manufacturer. The relative gene expression was calculated by the comparative Ct (2−ΔΔCt) method with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal control. The primer sequences used for qPCR are listed in Table 1.


Table 1. Sequences for quantitative polymerase chain reaction (qPCR) primers.
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Histological Examination

Full thickness articular cartilage samples were surgically obtained from the right middle carpal joints with a diameter of 5 mm. Sampling sites were chosen to represent varying areas of thick and thin cartilage regions. Then the samples were flushed with PBS and fixed in neutral-buffered formalin for 48 h. The fixed specimens were decalcified by immersing in EDTA solution for 3 weeks and then processed by the conventional paraffin embedding technique. Sections of 4-μm thickness were stained by hematoxylin and eosin (H&E) according to the method described by Bancroft and Layton (23).



Statistical Analysis

Results are presented as means ± standard deviations. Statistical analysis of the data by two-way ANOVA followed by Tukey's HSD post-hoc test was performed using SPSS software (Version 21; IBM Corp., Armonk, NY, USA). The results of the qPCR were analyzed by Student's unpaired t-test. Values of p < 0.05 were considered significant. A sample size of 10 donkeys was used as this was the maximum number of animals able to be accommodated with the available resources.




RESULTS


In vitro Effect of Bupivacaine on the Donkey Chondrocytes

The MTT assay results (Figure 1A) revealed that the percentage of live donkey chondrocytes in the group subjected to a 30-min exposure to bupivacaine 5% was 97.3 ± 4.4% and was not significantly affected at the different time points (p < 0.05). Saline 0.9% group did not display any cytotoxic effect on donkey chondrocytes. Only a few cells of donkey chondrocytes were positive to EthD-1 staining after exposure to saline or bupivacaine, as shown in Figure 1B, which shows the cell viability after 4 days of culture, indicating that viability was maintained over time upon culture of cells. The results showed that DMSO had a significant toxicity on the donkey chondrocytes (Figure 1B).


[image: Figure 1]
FIGURE 1. In vitro viability testing. (A) 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay for evaluating the viability of donkey chondrocytes after exposure to saline 0.9% or bupivacaine 5% for 30, 60 min, 24, 48, and 96 h. Error bars represent means ± standard deviation (n = 8). (B) Cell viability using LIVE/DEAD assay for donkey chondrocytes after exposure to normal saline 0.9% or bupivacaine 5% for 96 h. Live cells were stained green, while dead cells were stained red (magnification = ×10).




Physical Examination Findings

Clinical examination of donkeys showed no fever or changes in the heart and respiratory rates. No abnormal gait was observed in donkeys during the study. Moreover, no joint effusion or swelling after IA injections of bupivacaine 5% or saline 0.9% were recorded.



Biochemical Analysis of Serum

As shown in Table 2, biochemical analysis of serum ALT, AST, ALP, BUN, and creatinine levels revealed a non-significant difference in animals receiving an IA injection of bupivacaine 5% compared with animals injected with saline 0.9% (p < 0.05).


Table 2. Biochemical analysis of serum.

[image: Table 2]



Synovial Analysis

All parameters used for evaluation of synovia including SAA, AST, GGT, LDH, and total proteins, showed non-significant differences in donkeys injected by bupivacaine 5% when compared with those injected with saline 0.9% (Table 3) (p < 0.05).


Table 3. Synovial fluid (SF) analysis.
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X-Ray and Computed Tomography Scanning

None of the animals treated with bupivacaine 5% or saline 0.9% in their carpal joints demonstrated significant radiographic changes (Figure 2A). This was also confirmed by CT scan (Figure 2B) that demonstrated normal cartilage morphology without chondrolysis or loss of the cartilage layer, with a similar joint space. These results were congruent with the clinical examination of the animals that revealed no joint effusion or swelling after IA injections of bupivacaine 5% or saline 0.9%.


[image: Figure 2]
FIGURE 2. Imaging of the carpal joint. (A) Radiography of the carpal joint after 96 h of saline 0.9% or bupivacaine 5% IA administration. (a,c) Latero-medial view, and (b,d) anteroposterior view. (B) Transverse computed tomography bone window for the carpal joint after 96 h of saline 0.9% or bupivacaine 5% IA administration. (a,e) Transverse CT scans at the level of the trochlea radii. (b,f) Transverse CT scans at the level of the proximal carpal row. (c,g) Transverse CT scans at the level of the distal carpal row. (d,h) Transverse CT scans at the level of the proximal part of the metacarpus. 1. The distal extremity of the radius. 2. Radial carpal bone. 3. Intermediate carpal bone. 4. Ulnar carpal bone. 5. Accessory carpal bone. 6. First carpal bone. 7. Second carpal bone. 8. Third carpal bone. 9. Fourth carpal bone. 10. Third metacarpal bone. 11. Second metacarpal bone. 12. Fourth metacarpal bone.




Quantitative Polymerase Chain Reaction

The qPCR results (Figure 3) showed that the gene expressions of MMP-3, MMP-13, ADAMTS-5, and COMP in the saline 0.9% group were 1.15 ± 0.12-fold, 1.08 ± 0.21-fold, 1.27 ± 0.27-fold, and 0.95 ± 0.21-fold, whereas in the bupivacaine 5% group, the gene expressions were 1.07 ± 0.19-fold, 0.94 ± 0.18-fold, 1.11 ± 0.3-fold, and 1.23 ± 0.23-fold, respectively, with no significant differences with the negative control group (normal donkey chondrocytes), confirming the absence of the chondrolysis process and cartilage damage.


[image: Figure 3]
FIGURE 3. The catabolic activity after IA of bupivacaine injection. The mRNA expression of catabolic factors, matrix metalloproteinases (MMP)-3, MMP-13, ADAM metallopeptidase with thrombospondin type 1 motif 5 (ADAMTS5), and cartilage oligomeric matrix protein (COMP) was measured by quantitative real-time polymerase chain reaction (PCR). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. Bars represent means ± SD, n = 3 for each group.




Histological Evaluation

Histopathological examination of donkey cartilage revealed well-arranged chondrocytes in bupivacaine 5% treated joint compared with joints injected by saline 0.9%, confirming the harmless effect of bupivacaine injection in the carpal joint of the donkey (Figure 4).
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FIGURE 4. Histopathological examination of donkey cartilage. (A) Histological samples of carpal joint injected by normal saline 0.9% showing the normal cartilage architecture. Magnified superficial zone and intermediate zone showing that the chondrocytes are well-arranged (B). (C,D) Joints injected by bupivacaine 5% showed similar architecture to control saline group cartilage with few chondrocytes degeneration (arrows). SZ, superficial zone; IZ, intermediate zone; CZ, calcified zone; Bo, bone area. Scale bar = 50 μm, n = 3 for each group.





DISCUSSION

The purpose of this study was to evaluate the safety of IA injection of bupivacaine in donkeys. To this purpose, we conducted an in vitro assay to evaluate the cytotoxic effect of bupivacaine on donkey chondrocytes as phase I. Additionally, we investigated the safety of bupivacaine on donkey cartilage in vivo after a single IA administration as phase II. Therefore, we concluded that bupivacaine appeared to be safe on the donkey chondrocytes.

Quero et al. have reported that bupivacaine may have either proliferative effects or concentration-dependent cytotoxicity, upon addition to the culture of human degenerate intervertebral discs. They observed that a dose of 0.05% bupivacaine enhanced the cell proliferation up to 170%, but higher concentrations (≥0.1%) resulted in a severe chondrotoxicity with almost 100% cell death (24). Our findings detected no effect for bupivacaine on the donkey chondrocytes. The mechanisms investigating the chondro-proliferative or chondrotoxic effects of local anesthetics including bupivacaine have not been explained yet. Bogatch et al. have suggested that the cellular effects of the compounds may be attributed to the indirect physical or chemical interactions with the culture medium constituents causing formation of needle-like crystals and resulting in chondrocyte death (25). They detected <5% of bovine chondrocyte death when the anesthetics (lidocaine or bupivacaine) were instilled to chondrocytes alone or in PBS-diluted solution. However, when lidocaine was mixed with culture medium or SF, 99.2 and 96.3% of chondrocyte death occurred, respectively (25). In our study, no significant toxic effect was observed when bupivacaine 5% was mixed with media.

Bupivacaine is extensively metabolized by the hepatic cytochrome P450 system and excreted by the kidneys. Neurological and cardiovascular complications are the main side effects associated with amide local anesthetics; however, bupivacaine-induced liver injury and cholestasis have been reported with epidural or local administration for the treatment of chronic or postoperative pain (26, 27). Lee and Kwak described the occurrence of acute liver injury as a significant complication associated with IA bupivacaine administration after bilateral total knee arthroplasty in an old man with a history of liver transplantation. Hepatic enzyme levels of AST and ALT increased to more than 10 times the upper reference range after the conclusion of surgery and remained enormously high during the postoperative period (28). Lee et al. reported that continuous epidural infusion of bupivacaine 1% resulted in impaired renal functions at day 1 and day 2 after ischemia–reperfusion injury in rats (29). To date, extensive evaluation of hepatotoxicity or renal toxicity in equine due to bupivacaine has not been performed. To explore whether the IA injection of bupivacaine has a systemic effect, we analyzed serum levels of ALT, AST, ALP, BUN, and creatinine. Our findings revealed no significant changes in those analytes, indicating that bupivacaine 5% is non-toxic at this concentration for the liver and kidneys in donkeys.

Serum amyloid A (SAA), a major acute-phase protein, was suggested to be locally synthesized in the inflamed joint of horses (30). It was also reported to be elevated in SF from inflamed synovial structures (31). In addition, serum enzyme activities of ALP, LDH, and creatine kinase (CK) were elevated significantly in acute equine arthritis (32). Total protein concentration, AST, ALP, and LDH were reported to be increased significantly in SF of horses with acute and chronic arthritis and also in response to lipopolysaccharide-induced synovitis in horses (32, 33). In the current study, no significant differences were detected in the SF composition of SAA, AST, GGT, LDH, and total protein levels following single IA bupivacaine injection compared with the control group, confirming the safe effect of bupivacaine on synovia.

Cartilage matrix degradation is associated with the release of MMPs. MMPs, concomitant with ADAMTS, induce degradation of all extracellular matrix constituents including COMP. MMP-3 and MMP-13 were increased in experimental animal models of osteoarthritis (OA) as well as in human OA cartilage (34–36). MMP-13 overexpression in a murine model resulted in a phenotype with articular cartilage destruction (37). Early stages of articular cartilage degeneration were accompanied by upregulation of COMP mRNA expression in a transgenic mouse model of OA (38). Furthermore, knockout of the ADAMTS-5 gene prevented cartilage degradation in a murine knee OA model (39). Recently, Moon et al. demonstrated that the mRNA expressions of MMP-3, MMP-13, and ADAMTS-5 were significantly attenuated in IL-1β-stimulated human OA chondrocytes, using ursodeoxycholic acid (40). Our results revealed no significant changes in the expressions of MMP-3, MMP-13, ADAMTS-5, and COMP between bupivacaine and saline-injected donkeys. These results were in the same line with other investigators who indicated that bupivacaine has no catabolic effect (17). Future investigation of markers of articular cartilage damage or inflammation markers, such as inflammatory cytokines or nuclear factor kappa B (NFkB), cyclooxygenase-2 (COX-2), nitric oxide synthase-2 (NOS-2), interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) should be considered (41, 42).

A histologic assessment of the articular cartilage was performed, and no pathologic effects on the donkey cartilage were detected, contrary to previous in vivo investigations that reported articular cartilage chondrolysis in rats (43) and rabbits (44). Other reports have detected severe chondrolysis after continuous IA infusions of bupivacaine and not in case of single injections of local anesthetics (45). Single IA administration of bupivacaine has been used in human and equine joints without clinically apparent chondrotoxic effects for many years. However, this does not confirm that there is no subtle negative effect of single IA injection on diseased articular cartilage as others have shown (12, 16, 18, 43).

There are several limitations in the present study. First, the assessment was performed on normal healthy joints. The same doses of local anesthetics injected into osteoarthritic or inflamed joints could potentially have different effects. Second, the effects of a single dose of each compound were evaluated in vivo. The dose that we administered was based on clinically used doses and not on relative potency that remains unknown with respect to IA use of local anesthetics. As dose-dependent toxicity has been previously established with bupivacaine, increased doses may also have enhanced effects (10). Finally, CT arthrography is considered as the best option with high sensitivity for cartilage damage detection in the equine (46); however, we used plain CT for detection of the cartilage damage. Similarly, plain X-ray gave a limited information about cartilage damage in our study. Plain X-ray was reported to remain as a “surrogate marker” for indirect evaluation of cartilage destruction, even with the rapid progress in imaging techniques (47).

In conclusion, the results of the in vitro assay and in vivo IA injection suggest the safety of a single dose of bupivacaine on the donkey cartilages up to 96 h.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The study protocol was designed according to the Guidelines for Animal Experimentation and with the approval of the Committee of Research Facilities, Faculty of Veterinary Medicine, Assiut University, Egypt and conducted in accordance with the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines.



AUTHOR CONTRIBUTIONS

KH designed and conducted the study, acquired and interpreted the data, performed the statistical analysis, wrote the manuscript, and reviewed the analysis of the data. AA and AS acquired and analyzed the data and wrote the manuscript. AN acquired and interpreted the data and wrote the manuscript. All authors reviewed the manuscript and approved the final version for publication.



ABBREVIATIONS

MMPs, matrix metalloproteinases; ADAMTS, metallopeptidase with thrombospondin type 1 motifs; COMP, cartilage oligomeric matrix protein; SAA, serum amyloid A; CT, computed tomography; BUN, blood urea nitrogen; DMEM, Dulbecco's modified Eagle's medium; SF, synovial fluid; FBS, fetal bovine serum; DMSO, dimethyl sulfoxide; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase: LDH, lactate dehydrogenase; qPCR, quantitative polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.



REFERENCES

 1. Wei J, Yang HB, Qin JB, Kong FJ, Yang TB. Single-dose intra-articular bupivacaine after knee arthroscopic surgery: a meta-analysis of randomized placebo-controlled studies. Knee Surg Sports Traumatol Arthrosc. (2014) 22:1517–28. doi: 10.1007/s00167-013-2543-7

 2. McIlwraith CW, Nixon AJ, Wright IM, Boening KJ. Chapter Four - Diagnostic and surgical arthroscopy of the carpal joints. In: McIlwraith CW, Nixon AJ, Wright IM, editors. Diagnostic and Surgical Arthroscopy in the Horse (Third Edition). Edinburgh: Mosby (2005). p. 47–127. 

 3. Zhou Y, Yang TB, Wei J, Zeng C, Li H, Yang T, et al. Single-dose intra-articular ropivacaine after arthroscopic knee surgery decreases post-operative pain without increasing side effects: a systematic review and meta-analysis. Knee Surg Sports Traumatol Arthrosc. (2016) 24:1651–9. doi: 10.1007/s00167-015-3656-y

 4. Schumacher J, Boone L. Local anaesthetics for regional and intra-articular analgesia in the horse. Equine Veterinary Education. (2021) 33:159–68. doi: 10.1111/eve.13235 

 5. Sun Q-B, Liu S-D, Meng Q-J, Qu H-Z, Zhang Z. Single administration of intra-articular bupivacaine in arthroscopic knee surgery: a systematic review and meta-analysis. BMC Musculoskeletal Disord. (2015) 16:21. doi: 10.1186/s12891-015-0477-6

 6. Breu A, Rosenmeier K, Kujat R, Angele P, Zink W. The cytotoxicity of bupivacaine, ropivacaine, and mepivacaine on human chondrocytes and cartilage. Anesthesia & Analgesia. (2013) 117:514–522. doi: 10.1213/ANE.0b013e31829481ed

 7. Grishko V, Xu M, Wilson G, Pearsall AW IV. Apoptosis and mitochondrial dysfunction in human chondrocytes following exposure to lidocaine, bupivacaine, and ropivacaine. JBJS. (2010) 92:609–18. doi: 10.2106/JBJS.H.01847

 8. Knych HK, Mama KR, Moore CE, Hill AE, McKEMIE DS. Plasma and synovial fluid concentrations and cartilage toxicity of bupivacaine following intra-articular administration of a liposomal formulation to horses. Equine Vet J. (2019) 51:408–14. doi: 10.1111/evj.13015

 9. Damjanovska M, Cvetko E, Kuroda MM, Seliskar A, Plavec T, Mis K, et al. Neurotoxicity of intraneural injection of bupivacaine liposome injectable suspension versus bupivacaine hydrochloride in a porcine model. Vet Anaesth Analg. (2019) 46:236–45. doi: 10.1016/j.vaa.2018.09.044

 10. Chu CR, Izzo NJ, Coyle C, Papas NE, Logar A. The in vitro effects of bupivacaine on articular chondrocytes. J Bone Joint Surg Br Vol. (2008) 90:814–20. doi: 10.1302/0301-620X.90B6.20079

 11. Chu CR, Izzo NJ, Papas NE, Fu FH. In vitro exposure to 0.5% bupivacaine is cytotoxic to bovine articular chondrocytes. Arthroscopy J Arthroscopic Related Surg. (2006) 22:693–9. doi: 10.1016/j.arthro.2006.05.006

 12. Dogan N, Erdem A, Erman Z, Kizilkaya M. The effects of bupivacaine and neostigmine on articular cartilage and synovium in the rabbit knee joint. J Int Med Res. (2004) 32:513–9. doi: 10.1177/147323000403200509

 13. Karpie JC, Chu CR. Lidocaine exhibits dose-and time-dependent cytotoxic effects on bovine articular chondrocytes in vitro. Am J Sports Med. (2007) 35:1622–7. doi: 10.1177/0363546507304719

 14. Lo IK, Sciore P, Chung M, Liang S, Boorman RB, Thornton GM, et al. Local anesthetics induce chondrocyte death in bovine articular cartilage disks in a dose-and duration-dependent manner. Arthroscopy J Arthroscopic Related Surg. (2009) 25:707–15. doi: 10.1016/j.arthro.2009.03.019

 15. Nole R, Munson NM, Fulkerson JP. Bupivacaine and saline effects on articular cartilage. Arthroscopy J Arthroscopic Related Surg. (1985) 1:123–7. doi: 10.1016/S0749-8063(85)80042-6

 16. White K, Hodgson D, Hancock D, Parry B, Cordell C. Changes in equine carpal joint synovial fluid in response to the injection of two local anesthetic agents. Cornell Vet. (1989) 79:25–38.

 17. Piat P, Richard H, Beauchamp G, Laverty S. In vivo effects of a single intra-articular injection of 2% lidocaine or 0.5% bupivacaine on articular cartilage of normal horses. Vet Surg. (2012) 41:1002–10. doi: 10.1111/j.1532-950X.2012.01039.x

 18. Park J, Sutradhar BC, Hong G, Choi SH, Kim G. Comparison of the cytotoxic effects of bupivacaine, lidocaine, and mepivacaine in equine articular chondrocytes. Vet Anaesthesia Analgesia. (2011) 38:127–33. doi: 10.1111/j.1467-2995.2010.00590.x

 19. Peffers MJ, Collins J, Loughlin J, Proctor C, Clegg PD. A proteomic analysis of chondrogenic, osteogenic and tenogenic constructs from ageing mesenchymal stem cells. Stem Cell Res Ther. (2016) 7:133. doi: 10.1186/s13287-016-0384-2

 20. Rousseau JC, Delmas PD. Biological markers in osteoarthritis. Nat Clin Pract Rheumatol. (2007) 3:346–56. doi: 10.1038/ncprheum0508

 21. Kumar P, Nagarajan A, Uchil PD. Analysis of cell viability by the MTT assay. Cold Spring Harb Protoc. (2018) 469–71. doi: 10.1101/pdb.prot095505

 22. AVMA. Panel on Euthanasia. AVMA Guidlines for the Euthanasia of Animals: 2020 Edition. Americal Veterinary Medical Association (2020). Available online at: https://www.avma.org/KB/Policies/Documents/euthanasia.pdf 

 23. Bancroft JD, Layton C. The hematoxylin and eosin, connective and mesenchymal tissues with their stains. In: Suvarna KS, Layton C, Bancroft JD, editors. Bancroft's Theory and Practice of Histological Techniques. 7th ed. London: Philadelphia Churchill Livingstone (2013). p. 173–86. 

 24. Quero L, Klawitter M, Nerlich AG, Leonardi M, Boos N, Wuertz K. Bupivacaine–the deadly friend of intervertebral disc cells? Spine J. (2011) 11:46–53. doi: 10.1016/j.spinee.2010.11.001

 25. achi DG, Kyle B, Popinchalk S, Howell MH, Ge D, You Z, Savoie FH. Is chemical incompatibility responsible for chondrocyte death induced by local anesthetics? Am J Sports Med. (2010) 38:520–6. doi: 10.1177/0363546509349799

 26. Yokoyama M, Ohashi I, Nakatsuka H, Mizobuchi S, Toda Y, Matsumi M, et al. Drug-induced liver disease during continuous epidural block with bupivacaine. Anesthesiology. (2001) 95:259–61. doi: 10.1097/00000542-200107000-00038

 27. Chintamaneni P, Stevenson HL, Malik SM. Bupivacaine drug-induced liver injury: a case series and brief review of the literature. J Clin Anesth. (2016) 32:137–41. doi: 10.1016/j.jclinane.2016.01.035

 28. Lee JE, Kwak KH. A liver transplant recipient with possible bupivacaine-induced liver injury caused by intra-articular injection after total knee arthroplasty: a case report. Medicine. (2018) 97:e12481. doi: 10.1097/MD.0000000000012481

 29. Lee HT, Krichevsky IE, Xu H, Ota-Setlik A, D'Agati VD, Emala CW. Local anesthetics worsen renal function after ischemia-reperfusion injury in rats. Am J Physiol Renal Physiol. (2004) 286:F111–9. doi: 10.1152/ajprenal.00108.2003

 30. Jacobsen S, Niewold TA, Halling-Thomsen M, Nanni S, Olsen E, Lindegaard C, et al. Serum amyloid A isoforms in serum and synovial fluid in horses with lipopolysaccharide-induced arthritis. Vet Immunol Immunopathol. (2006) 110:325–30. doi: 10.1016/j.vetimm.2005.10.012

 31. Stack JD, Cousty M, Steele E, Handel I, Lechartier A, Vinardell T, et al. Comparison of serum amyloid A measurements in equine synovial fluid with routine diagnostic methods to detect synovial infection in a clinical environment. Front Vet Sci. (2019) 6:325. doi: 10.3389/fvets.2019.00325

 32. Bashandy M, Ibrahim A, El-Olemy K, El-Ghoul W, Morgan H. Clinicopathological, radiological and synovial fluid evaluations in common musculoskeletal affections in horses. Glob Vet. (2014) 13:889–97. doi: 10.5829/idosi.gv.2014.13.05.86242 

 33. Campebell R, Peiró J, Valadão C, Santana A, Cunha F. Effects of lidocaine on lipopolysaccharide-induced synovitis in horses. Arquivo Brasileiro Med Vet Zootecnia. (2004) 56:281–91. doi: 10.1590/S0102-09352004000300001 

 34. Dean DD, Azzo W, Martel-Pelletier J, Pelletier JP, Woessner JF Jr. Levels of metalloproteases and tissue inhibitor of metalloproteases in human osteoarthritic cartilage. J Rheumatol. (1987) 14(Spec No):43–4.

 35. Huebner JL, Otterness IG, Freund EM, Caterson B, Kraus VB. Collagenase 1 and collagenase 3 expression in a guinea pig model of osteoarthritis. Arthritis Rheum. (1998) 41:877–90. 

 36. Tanaka S, Hamanishi C, Kikuchi H, Fukuda K. Factors related to degradation of articular cartilage in osteoarthritis: a review. Semin Arthritis Rheum. (1998) 27:392–9. doi: 10.1016/S0049-0172(98)80019-X

 37. Neuhold LA, Killar L, Zhao W, Sung ML, Warner L, Kulik J, et al. Postnatal expression in hyaline cartilage of constitutively active human collagenase-3 (MMP-13) induces osteoarthritis in mice. J Clin Invest. (2001) 107:35–44. doi: 10.1172/JCI10564

 38. Salminen H, Perala M, Lorenzo P, Saxne T, Heinegard D, Saamanen AM, et al. Up-regulation of cartilage oligomeric matrix protein at the onset of articular cartilage degeneration in a transgenic mouse model of osteoarthritis. Arthritis Rheum. (2000) 43:1742–8. doi: 10.1002/1529-0131(200008)43:8<1742::AID-ANR10>3.0.CO;2-U

 39. Glasson SS, Askew R, Sheppard B, Carito B, Blanchet T, Ma HL, et al. Deletion of active ADAMTS5 prevents cartilage degradation in a murine model of osteoarthritis. Nature. (2005) 434:644–8. doi: 10.1038/nature03369

 40. Moon SJ, Jeong JH, Jhun JY, Yang EJ, Min JK, Choi JY, et al. Ursodeoxycholic Acid ameliorates pain severity and cartilage degeneration in monosodium iodoacetate-induced osteoarthritis in rats. Immune Netw. (2014) 14:45–53. doi: 10.4110/in.2014.14.1.45

 41. Castro Martins M, Peffers MJ, Lee K, Rubio-Martinez LM. Effects of stanozolol on normal and IL-1β-stimulated equine chondrocytes in vitro. BMC Vet Res. (2018) 14:103. doi: 10.1186/s12917-018-1426-z

 42. Wojdasiewicz P, Poniatowski ŁA, Szukiewicz D. The role of inflammatory and anti-inflammatory cytokines in the pathogenesis of osteoarthritis. Mediators Inflamm. (2014) 2014:561459. doi: 10.1155/2014/561459

 43. Chu CR, Coyle CH, Chu CT, Szczodry M, Seshadri V, Karpie JC, et al. In vivo effects of single intra-articular injection of 0.5% bupivacaine on articular cartilage. J Bone Joint Surg Am. (2010) 92:599–608. doi: 10.2106/JBJS.I.00425

 44. Gomoll AH, Kang RW, Williams JM, Bach BR, Cole BJ. Chondrolysis after continuous intra-articular bupivacaine infusion: an experimental model investigating chondrotoxicity in the rabbit shoulder. Arthroscopy. (2006) 22:813–9. doi: 10.1016/j.arthro.2006.06.006

 45. Busfield BT, Romero DM. Pain pump use after shoulder arthroscopy as a cause of glenohumeral chondrolysis. Arthroscopy. (2009) 25:647–52. doi: 10.1016/j.arthro.2009.01.019

 46. Lohmander LS. What is the current status of biochemical markers in the diagnosis, prognosis and monitoring of osteoarthritis? Baillieres Clin Rheumatol. (1997) 11:711–26. doi: 10.1016/S0950-3579(97)80006-4

 47. Suarez Sanchez-Andrade J, Richter H, Kuhn K, Bischofberger AS, Kircher PR, Hoey S. Comparison between magnetic resonance imaging, computed tomography, and arthrography to identify artificially induced cartilage defects of the equine carpal joints. Vet Radiol Ultrasound. (2018) 59:312–25. doi: 10.1111/vru.12598

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Hussein, Abdelbaset, Sadek and Noreldin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-08-661426-t001.jpg
Primer

Matrix metallopeptidase 3 (MMP-3)

Matrix metallopepticase 13 (MMP-13)

ADAM metallopeptidase with thrombospondin type 1
motif 5 (ADAMTSS)

Cartilage oligomeric matrix protein (COMP)

Glyceraldshyde-3-phosphate dehydrogenase (GAPDH)

Sequences

F5'-GCAAGGGACGAGGATAGCAA-3
R5'-TGCATCACCTCCACAGTGTC-3
F5'-AGAAGACTGCAGCGAACTCC-3
R&'-TGCCAGTCACTTCTAAGCCG-3
F&'-CGAGCGGGAAAGAGTTGTG-3
R&'-ACTCCATCCACCAGCAAACG-3'
F5'-GAACTGCAAGAGACCAACGC-3'
R&'-GTCACACTCCATCACCGTGT-3'
F&'- CTTGTCTCCCTCAGATTTGGC-3'
R5-AAGGGGTCATTGATGGCGAC-3

Accession number

XM_014860021.1

XM_014860022.1

XM_014866273.1

XM_014865279.1

XM_014866500.1





OPS/images/fvets-08-661426-t002.jpg
Parameter Group

ALT (UAL) Saline
Bupivacaine
AST (UL) Saline
Bupivacaine
Alkaline phosphatase (U1) ~ Saline
Bupivacaine
Urea (mg/dl) Saline
Bupivacaine
Creatinine (mg/d) Saline
Bupivacaine

Day 0 (before IA injection)

135+ 4.96
1233 £2.88
228.15 £ 2.41
2175+ 1225
105.5 + 13.43
120 + 8.07
20+9.89
21+£721
1.14 £ 007
115+ 0.15

24-h post-1A injection

16 + 5.65
18.66 £ 7.50
217.02 + 39.56
226.33 £ 3.0556

101 £ 21.21

114.33 = 10.62
19+£2.82
1763 £9.23
11£0.28
1.19 + 0.09

48-h post-lA injection

16.07 + 6.97
17.07 + 3.89
206 + 11.31
219.33 + 8.08
98 + 12.82
108 + 19.07
21 +£856
21.33 + 493
1.42 +£039
11£02

96-h post-lA injection

16.76 + 3.88

11.18 £ 4.12
227.6 +21.92
22566 = 11.01
105 + 11.31
103.66 £ 22.18

17.8 + 4.69

16.66 + 4.16

1£028

1.36 £ 0.38

Serum samples were analyzed for ALT, AST, alkaline phosphatase, urea, and creatinine after intra-articular (IA) injection of bupivacaine 5% or normal saline 0.9% (n = 5 for each group).
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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