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Background: Periarticular injections with a combination of local anesthetics, non-steroidal anti-inflammatory analgesics (NSAIDs), and epinephrine are becoming increasingly popular in the perioperative analgesia of artificial joint replacement. However, data on the efficacy and safety of local injection NSAIDs are still scarce. The purpose of this study was to investigate the efficacy and safety of a local injection of Flurbiprofen Ester Lipid microspheres into the inflammatory model of femoral shaft closed fractures in rats.
Methods: A systemic inflammatory model was induced in SD rats (60) by closed femoral shaft fracture; 12 non-fractured rats were used as the blank control group (group A). The systemic inflammation model of 60 rats was divided into 5 groups (12 in each group); Group B: intramuscular injectionof the same amount of normal saline at different time points as a negative control; Group C: intravenous injection of Flurbiprofen Ester microspheres (4.5 mg/kg) at different time points; Group D: intramuscular injection of Flurbiprofen Ester microspheres (2.25 mg/kg) at different time points; Group E: intramuscular injection of Flurbiprofen Ester microspheres (4.5 mg/kg) at different time points; Group F: intramuscular injection of Flurbiprofen Ester microspheres (9 mg/kg) at different time points. The behavioral test observed the behavior of the rats. Then, the inflammation factors of CRP, IL-6, COX-1, COX-2 and TNF-αby ELISA were recorded.
Results: Through the behavioral test it could be found that the effect of the intramuscular and intravenous injections of Flurbiprofen Ester microspheres was similar. Fracture rats with a local injection of Flurbiprofen Ester microspheres showed lower inflammation levels measured by COX-1, CRP, and TNF-α compared with the control group. Pathological sections at 24, 48, and 96 h after surgery did not display any local muscle necrosis at the local injection site. These findings suggested that a Flurbiprofen Ester microsphere muscular injection exhibited a similar effect to an intravenous injection.
Conclusion: The local injection of Flurbiprofen Ester microspheres significantly reduced the inflammatory response in fracture rats and did not increase the risk of muscle necrosis, suggesting its feasibility in local injection analgesia.
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INTRODUCTION
Multimodal analgesia has become the standard analgesia regimen for the postoperative treatment of total knee and total hip arthroplasty (Elmallah et al., 2018; Yu et al., 2018). Excellent perioperative analgesia helps to accelerate postoperative rehabilitation, improve patient satisfaction, and obtain satisfactory joint function (Lavernia et al., 2008). A periarticular injection is a critical component of the multimodal pain management program (Zhang et al., 2018). The current clinical use of multiple mixed analgesic injections aims to improve the analgesic effect, extend the use time, and reduce the local inflammatory response (Ross et al., 2017). However, there is still no agreement on the composition of the mixed drug regimen for injection around the hip and knee joint, so there is currently little standardization of the mixed drug regimen in clinical practice.
Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cyclooxygenase (COX), and prevent the body from producing proinflammatory mediators, such as prostaglandins (Lee et al., 1999). Peripheral prostaglandins sensitize pain receptors, increase the firing rate of nerve fibers, and increase the duration of action potentials, leading to increased hyperalgesia in the brain (Romsing and Moiniche, 2004). Wen et al. (2013) reported that the peripheral administration of NSAIDs alleviated both mechanical joint pain and hyperalgesia, and reduced the sensitivity of pain receptors in animal models of arthritis. In theory, a periarticular injection of a mixed drug containing NSAIDs may help reduce surgical inflammation and, ultimately, postoperative pain. However, after the peripheral administration of NSAIDs, the following questions remain: 1) whether it can reduce the level of systemic inflammatory response; 2) whether a local injection can increase the risk of muscle necrosis at the injection site. 3) is there a theoretical risk of increased levels of NSAIDs in plasma? Although it has been reported (Pinsornsak et al., 2017) that the addition of ketorolac to the mix for an injection around the knee decreased pain scores and opioid consumption, at present all commercially available NSAIDs drugs do not include a topical injection as a method of use.
Flurbiprofen Ester lipid microspheres (Kaifen, Beijing taide pharmaceutical co., ltd.) is a non-steroidal targeted analgesic drug. Flurbiprofen axeti is a prodrug of flurbiprofen, which is obtained by esterification of flurbiprofen. Flurbiprofen is a widely used non steroidal anti-inflammatory drug. It plays an anti-inflammatory and analgesic role by inhibiting the activity of prostaglandin synthase cyclooxygenase. This product has powerful anti-inflammatory, analgesic and antipyretic functions, small therapeutic dose and low side effects. Ester microspheres is a microsomal dispersion system with fatty oil as soft matrix and encapsulated by phospholipid membrane. The average diameter is 200 nm. The outer membrane is lecithin and the inner layer is soft matrix oil, in which lipid soluble drugs are encapsulated. It can reduce the synthesis of prostaglandin through the peripheral inhibition of COX, and ease the hyperalgesia caused by surgical trauma (Sugimoto et al., 2016). Lipid microsphere preparation has a stronger efficacy, a faster onset, and a longer duration, and is less likely to cause gastric mucosal injury and other adverse reactions (Fukumoto et al., 2018). However, its analgesic and anti-inflammatory effects have not been confirmed through a local injection. This study investigated the safety and efficacy of Flurbiprofen Ester microspheres by a local intramuscular injection in mice, which might provide a preclinical reference for a periarticular injection of this compound.
MATERIALS AND METHODS
Animals
The use of rats conformed to the Guiding Principles in the Care and Use of Animals approved by the Council of the China Physiology Society and was approved by the Ethics Committee of Peking Union Medical College Hospital (approval number XHDW2017-022). Three-month-old male SD rats (body weight approximately 200 g) were used and maintained under climate-controlled conditions on a 12-h light-dark cycle at 22–24°C with a relative humidity of 50%–55%.
Drugs and Reagents
Flurbiprofen Ester microspheres were purchased from Beijing Taide pharmaceutical co., ltd. (Beijing, China). Cyclooxygenase 1 Assay Kit (HL199), Cyclooxygenase 2 Assay Kit (H200), C-reactive protein Assay Kit (H126), Interleukin -6 Assay Kit (H007) and Tumor Necrosis Factor-α Assay Kits (H052) were purchased from Nanjing Jiancheng Bioengineering Institute (China). Hematoxylin (517-28-2) and eosin (15086-4-9) were purchased from Bmresco. An invert microscope (NIKON CI-S) was purchased from NIKON (Japan).
Surgical Technique for the Induction of a Closed Femoral Shaft Fracture
Male SD rats (12 per group) were subjected to a closed bilateral femoral shaft fracture of the right leg with femoral shaft puncture fixation followed by the laboratory anesthesia program with ketamine (40 mg/kg) (Wanfu Biological Technology Co., Ltd. Changshu, Jiangsu China) and toluene thiazide (5 mg/kg) (Fuzhou Tengyuan Biological Co., Ltd. Fujian, China), the left leg was not treated (Gilley, 2002; Freeman et al., 2008).
Experimental Design and Flurbiprofen Ester Microspheres Injection
The 72 animals were randomly allocated into six groups. The blank control group (Group A) animals (n = 12) were normal rats, and an equal amount of saline solution was injected; the negative control group (Group B) animals were with a fracture (n = 12), and an equal amount of saline solution was injected; the positive control group (Group C) animals were with fracture (n = 12) and Flurbiprofen Ester microspheres (4.5 mg/kg) were injected intravenously once immediately after the fracture and 24 h after the fracture, respectively; in the three experimental groups (n = 12, respectively Group D, E, F), Flurbiprofen Ester microspheres (2.25 mg/kg, 4.5 mg/kg, 12 mg/kg) were injected into the adductor muscle of the fractured lower limb immediately after the fracture, and then intravenous injected (4.5 mg/kg) once 24 h later.
After the intravenous injection site was tail vein of the rat, the needle diameter was 1 ml syringe, the dilution was saline (50 mg + 50 ml) for 55 ml, the drug specifications was 5 ml/50 mg; the injection volume was 1 ml. Day 1, day 3, and day 7 after administration, four rats were taken from groups A, B, C, D, E, and F, respectively. The serum was obtained through the abdominal aorta of rats to detect IL-6, TNF-α, CRP and other indicators and evaluate the effect of systemic inflammation; the muscle tissue at the injection site was taken for pathological detection and the staining to understand the muscle necrosis.
Preparation and Treatment of Specimens
Serum was taken after the fractures and the injection of Flurbiprofen Ester microspheres at different times. The rats were killed at different time points (24, 48, and 96 h after the operation) through an injection of 10–15 ml of air in the syringes. The muscle tissue was then immediately taken from the injection site. Finally, the muscle tissue was fixed in a 4% neutral formalin solution and prepared for the following HE stain analysis.
Radiography Analysis
The X-ray procedures were similar to that of previous studies (Yang et al., 2015). Briefly, fracture morphology was detected by digital X-ray equipment (Siemens, Chicago, USA).
Behavioral Assessments
After surgery at 1 h, the cumulative pain score was selected (Møiniche et al., 2002), every 5 min as a point. In order to ensure the objectivity of the score, the observer did not know the details of the experimental group. Instead of real-time observation, the observer continuously photographed the animal behavior, and then the observer scored the pain behavior of the rats through the video. It was very convenient to record the time and duration of rat action on the video tape. Finally, an objective pain score was obtained. The pain behavior was divided into four grades: the double hind feet bisect the ground, no abnormal activity-score 0; fracture side palmar slight contact with the ground, activities with claudication-score 1; fracture side foot lift, do not contact the ground-score 2; the rats licked, bit or twitched their fractured feet-score 3. Then we evaluated the behavior of the rats by pain intensity scoring (PIS), the calculation method as PIS=(T1+2*T2+3*T3)/5*60, T1, T2, and T3 respectively at the appearance time (second) of level 1, 2, and 3 at 5 min.
Enzyme-Linked Immunosorbent Assay
1.5 ml blood of each mouse was taken to be centrifuged under the condition of 4°C, 3,000 r/min, and a 10 cm centrifugal radius for 10 min, and then the blood was stored at 20°C. The contents of inflammatory factors such as Cyclooxygenase 1 (COX-1), Cyclooxygenase 2 (COX-2), C-reactive protein (CRP), Interleukin -6 (IL-6) and Tumor Necrosis Factor-α (TNF-α) were detected by an enzyme-linked immunoassay kit (Anderson et al., 1996). All the operations were strictly carried out in accordance with the kit instructions.
Hematoxylin-Eosin Staining
After treatment with different amounts of the drug, the muscle tissue was fixed with 4% paraformaldehyde for 48 h, then, the samples were embedded in paraffin, cut into 4 mm-thick sections and dehydrated with gradient ethanol. After that, the sections were stained with HE and assessed with the optical microscope (Zhang et al., 2019).
Data and Statistical Analysis
All data were presented as mean (95% confidence interval). The data passed normality and equal variance tests and was analyzed by one-way ANOVA followed by an unpaired Student’s t-test with a multiple comparison post hoc test. A significant difference was defined as a p < 0.05.
RESULTS
Closed Femoral Shaft Fracture Model
Through X-ray testing, we could see that the fracture model was successfully established, as shown in Figure 1, and the other experiment could be followed up.
[image: Figure 1]FIGURE 1 | X-ray of the closed femoral shaft fracture Model.
Behavioral Test
The scoring results of the pain learning test are shown in the following Table 1. Through the analysis of the regular mice in the model group, we found that with the extension of modeling time, the pain of the mice significantly increased, and the pain reached the maximum intensity at 40 min, which initially indicated that our model was successfully established (Figure 2A). Then, we made the comparison in the intra group within 60min. The pain was alleviated by an intravenous injection of Flurbiprofen Ester microspheres (4.5 mg/kg); after 15 min, the pain was noticeably relieved and at 40 min, there was no change, which had a certain statistical significance (p < 0.05) as shown in Figure 2B. From Figure 2E, we can see that the pain could diminish with the amount of Flurbiprofen Ester microspheres (9 mg/kg) in the muscular injection, having a similar effect to the intravenous injection (p < 0.05), and the pain level was reduced by a muscular injection of Flurbiprofen Ester microspheres (4.5 mg/kg), but without statistical significance, excluding 30, 50, and 55 min (Figure 2D). The pain level could not be relieved by a Flurbiprofen Ester microsphere muscular injection (2.25 mg/kg) (Figure 2C). Finally, we compared the pain levels in different groups at the same time. We found that the pain level from a muscular injection or intravenous injection of Flurbiprofen Ester microspheres was not reduced at 20 min, and the pain even became more serious than the negative control group (Figures 3A–D). From 25 min, the pain began to subside (Figures 3E–L), however, the pain was not reduced by a muscular injection of Flurbiprofen Ester microspheres (2.25 mg/kg) compared to the negative control group (Figures 3E–L). Compared to the negative control group, the pain was reduced significantly by a muscular injection of Flurbiprofen Ester microspheres (4.5 mg/kg and 9 mg/kg) from 30 min (Figures 3F–L), and through the intravenous injection of Flurbiprofen Ester microspheres (4.5 mg/kg), from 40 min (Figures 3H–L). There wasa similar effect when amounts of Flurbiprofen Ester microspheres of 4.5 mg/kg and 9 mg/kg were injected intravenously and into the local muscular respectively, but there was no significant difference. So, as concluded in the behavioral test, we noticed that the effect of the intramuscular and intravenous injections of Flurbiprofen ester microspheres was similar.
TABLE 1 | The score of behavioral test.
[image: Table 1][image: Figure 2]FIGURE 2 | The pain behavior level of rats by different flurbiprofen ester microspheres delivery system in 60 min. (A) The pain behavior level of negative group in 60 min; (B) The pain behavior level of positive group in 60 min; (C) The pain behavior level of experimental group (2.25 mg/kg) in 60 min; (D) The pain behavior level of experimental group (4.5 mg/kg) in 60 min; (E) The pain behavior level of experimental group (9 mg/kg) in 60 min.
[image: Figure 3]FIGURE 3 | The pain behavior level by different delivery system in different time. (A) The pain behavior level by different delivery system in 5 min; (B) in 10 min; (C) in 15 min; (D) in 20 min; (E) in 25 min; (F) in 30 min; (G) in 35 min; (H) in 40 min; (I) in 45 min; (J) in 50 min; (K) in 55 min; (L) in 60 min.
The Expression of Inflammatory Cytokines by ELISA
We further investigated whether Flurbiprofen Ester microspheres affected the expression level of inflammatory cytokines when the different delivery systems were used. Our results showed that the level of COX-1 in groups C, D, E, and F was significantly lower compared to the negative control group at 48 h, but only groups C, E and F had a significant difference with group B (p < 0.05) at 24 h, which indicated an intravenous and high-dose local administration of Flurbiprofen Ester microspheres can inhibit the production of COX-1. When comparing this to the intravenous (Group C), the high dose of Flurbiprofen Ester microspheres through intramuscular injection (Group F) had no significant difference at each time point. These results showed that local drug delivery was effective (Figure 4A). However, for COX-2, we did not achieve a positive result (Figure 4B). Then, when we tested the expression of CRP, we found that the serum level of CRP at 48 h was increased in the rats with femoral shaft fractures. When treated with Flurbiprofen Ester microspheres, the serum level of CRP decreased at 48 h. However, in the rats treated with an intravenous injection of Flurbiprofen Ester microspheres (4.5 mg/kg) and a muscular injection of Flurbiprofen Ester microspheres (9 mg/kg), the serum level of CRP was significantly reduced (p < 0.05) at 24 h. This demonstrated the effectiveness of the intramuscular injection (Figure 4C). Also, the serum levels of TNF-α were reduced in groups C, D, E and F compared to group B, but without a significant statistical difference (Figure 4D). Finally, we found that the level of serum IL-6 increased after fracture at 48 h (Figure 4E). These findings suggested that a local muscle injection of Flurbiprofen Ester microspheres had a similar effect to that of an intravenous injection.
[image: Figure 4]FIGURE 4 | The level of COX-1, COX-2, CRP, TNF-α and IL-6 in the serum after treatment with flurbiprofen ester microspheres by different delivery system. (A) The level of COX-1 in the serum by different treatment of flurbiprofen ester microspheres; (B) the level of COX-2 in the serum by different treatment of flurbiprofen ester microspheres; (C) The level of CRP in the serum by different treatment of flurbiprofen ester microspheres; (D) The level of TNF-α in the serum by different treatment of flurbiprofen ester microspheres; (E) The level of IL-6 in the serum by different treatment of Flurbiprofen ester microspheres, *p < 0.05.
Histochemistry of the Muscle Tissue for the Rats
The histochemistry (HE) analysis (24, 48, 96 h) of the muscle tissue showed no muscle necrosis in the normal group, but obvious necrosis in the closed femoral shaft fracture model group (Figures 5A,B). After treatment of Flurbiprofen Ester microspheres by intramuscular injection at different doses, there was no obvious muscle necrosis (Figures 5C–F).
[image: Figure 5]FIGURE 5 | Histopathological evaluation of the leg muscular tissue after injected flurbiprofen ester microspheres by intramuscular and intravenous at 24, 48, and 96 h. (A) The blank control of normal rats injected saline solution; (B) The negative control of the closed femoral shaft fracture injected saline solution; (C) The positive control of the closed femoral shaft fracture by intravenous injection flurbiprofen ester microspheres 4.5 mg/kg; (D) The experiment group of the closed femoral shaft fracture by intramuscular injection flurbiprofen ester microspheres 2.25 mg/kg and; (E) 4.5 mg/kg; (F) 9 mg/kg.
DISCUSSION
After intravenous administration, Flurbiprofen Ester microsphereare rapidly hydrolyzed by enzymes in the blood into the active metabolite Flurbiprofen, which can obtain a high blood concentration and produce a rapid and powerful analgesic effect (Sun et al., 2013; Lin et al., 2014). Like other NSAIDs, Flurbiprofen blocks the biosynthesis of prostaglandins by inhibiting COX activity, thus playing an analgesic role (Zhou et al., 2019). The dispersion system of nano-level particles that form when drugs are dissolved or dispersed in the matrix of lipid components is called the lipid microsphere (Sznitowska et al., 2017). The lipid microsphere is an ideal drug carrier due to its excellent safety, stability and biocompatibility. It can significantly reduce drug irritation and adverse reactions (Jaspart et al., 2005; Wosicka-Frąckowiak et al., 2015). The drug is encapsulated in the particle and can be released continuously. Also, the drug is good at targeting, has a particle size of about 200 nm, and will not block the capillary (Weber et al., 2014). Moreover, it can accumulate in tissues with leaky vessels (such as tumors and inflammation), which means an enhanced permeability and retention (EPR) effect (Kobayashi et al., 2013). Thus, the lipid microspheres had a natural passive targeting effect. Due to the targeted impact of Flurbiprofen Ester microspheres, we hypothesized that a local injection of Flurbiprofen Ester microspheres could rapidly act around the wound with the most severe inflammatory response, and more effectively reduce the local inflammatory response to alleviate pain, and to reduce the systemic inflammatory response through systemic absorption. However, the safety of a local injection has not been reported on in previous studies.
The lower limb anatomical structure of SD rats is clear, and the modeling process is relatively simple, with excellent model stability. At present, the femoral shaft closed fracture modeling method is a ripe model (Xing et al., 2013) that is simple to operate and easy to create and replicate, and the systemic inflammation model is closer to the clinical disease model (Weckbach et al., 2012). So, in this study, the safety and efficacy of a local injection of Flurbiprofen Ester microspheres was evaluated in this model.
The pain behavioral test is a required method to assess the safety and efficacy of the drug. Our results showed that an intramuscular injection of Flurbiprofen Ester microspheres was effective compared to the negative control group, while compared to the positive control, there was no obvious difference. Hence, intramuscular and intravenous injections of Flurbiprofen Ester microspheres had a similar analgesic effect.
To further evaluate the effect of an intramuscular injection of Flurbiprofen Ester microspheres, we detected the systemic inflammatory factors COX-1, COX-2, CRP, TNF-α and IL-6. NSAIDs can interfere with the metabolism of arachidonic acid by inhibiting the activity of COX, reduce the production of prostacyclin synthase, and then decrease the synthesis of prostaglandin, relieving the pain sensation after surgery, and thus performing an analgesic role (Seibert and Masferrer, 1994; Sinatra, 2002). Our result showed that the levels of COX-1 in groups C, D, E, and F were significantly lower compared to the negative control group at 48 h. Still, only groups C, E and F showed a significant difference (p < 0.05) at 24 h, which indicated the intravenous and high-dose local administration of Flurbiprofen Ester microspheres could inhibit the production of COX-1. But these two groups had no significant difference at every time point. These results confirmed the effectiveness of local drug delivery (Figure 4A). However, for COX-2, we did not achieve a positive result (Figure 4B). It may be that Flurbiprofen Ester microspheres mainly acted on COX-1 but had little effect on COX-2. In addition, the increase of COX-2 indicated that there were still other factors that affected its production. Thus, the specific mechanism needs further study.
CRP is an acute-phase protein, which is a plasma protein produced by the liver that rises sharply during infection or tissue damage (Kawai, 2000). As an acute protein, CRP is induced in synthesis by inflammatory mediators, and its elevation is closely related to the degree of inflammatory injury (Rückerl et al., 2007). Our research found that the serum level of CRP at 24 h was increased in the rats with femoral shaft fractures. This indicated that CRP as markers of an inflammatory response steadily increased after surgery, and it was sensitive to the fracture strike, which can reflect the inflammatory response state of the body to some extent. Rats in groups C and F were treated with Flurbiprofen Ester microspheres, and compared to group B, CRP showed a significant decrease with a statistical difference (p < 0.05) at 24 h. The result proved that Flurbiprofen Ester microspheres can effectively reduce systemic the inflammatory response in both intravenous and topical use. In groups D, E and F, compared to group C, there was no significant difference, but group F showed a similar effect to group C, which demonstrated the effectiveness of the intramuscular injection (Figure 4C). The abnormal increase of CRP illustrated that there were other factors that influence its production, and that the mechanism needs further research.
TNF-α is produced by mononuclear macrophages and is involved in fever, inflammation and immune regulation (Fukaya et al., 2013). TNF- plays an important role in the physiological function, immune regulation and anti-infection process of the body (Bauer et al., 1996). We discovered that the serum level of TNF-α in groups C, D, E and F was without significant statistical difference compared to group B (Figure 4D). However, the level of TNF-α decreased in all treated groups, which indicated that Flurbiprofen Ester microspheres played a role in fractures when injected intravenously and intramuscularly.
Il-6 is a potent inflammatory cytokine and is at present generally regarded as one of the indicators reflecting the inflammatory state of the body (Hoffmann et al., 1994). Our result found that the level of serum IL-6 increased after fracture at 24 h, the level of IL-6 was reduced only through an intramuscular injection of Flurbiprofen ester microspheres (9 mg/kg), however, the level of IL-6 increased with an intravenous (4.5 mg/kg) and intramuscular injection (2.25 mg/kg and 4.5 mg/kg), which showed IL-6 was more sensitive to a fracture and can reflect the body’s inflammatory response to a certain extent (Figure 4E).
We found that an intramuscular injection of Flurbiprofen Ester microspheres of 2.25 mg/kg, 4.5 mg/kg and 9 mg/kg did not cause muscle necrosis compared to the negative and positive control group in histochemistry (Figure 5). This result indicated that Flurbiprofen Ester microspheres are safe through local drug delivery.
This study tried to simulate the clinical practice of a local injection of Flurbiprofen Ester microspheres and tried to verify the effectiveness of Flurbiprofen Ester microspheres by detecting the pain behavior of the model rats and the inflammatory indicators in the serum of rats. Due to the individual differences of rats, the detected indicators were biased, and statistical analysis could not be conducted completely. However, the design of this study was rigorous. The sample size of each group was 12, and the negative control group and the blank control group can ensure sufficient statistical efficiency to explain the problem. On the other hand, the behavioral test (after modeling) can better illustrate the effectiveness of the use of Flurbiprofen Ester microspheres. Studies also showed that the detection of inflammatory factors and COX can be used to illustrate the effectiveness, and the results were objective and reliable. How to combine the two ways to illustrate the effectiveness of the local application of Flurbiprofen Ester microspheres can be further studied.
There are still some limitation in this study. Firstly, Lack of research on the influence of formula particle size, and lack of particle characterization of formula, such as SEM or TEM, XRD and incompatibility. In addition, Due to limited research funding, we may not be able to complete morphological experiments such as scanning electron microscopy for this drug.
In conclusion, Flurbiprofen Ester is a new type of NSAIDs, its local injection significantly reduced the inflammatory response in rats with systemic inflammation of closed femoral shaft fractures. Also, it did not increase the risk of muscle necrosis, suggesting the feasibility of its application in local injection analgesia.
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.
ETHICS STATEMENT
The animal study was reviewed and approved by Ethics the Committee of Peking Union Medical College Hospital (approval number XHDW2017-022).
AUTHOR CONTRIBUTIONS
H-MP was involved in drafting the manuscript and revising it critically for important intellectual content; KX and WZ made substantial contributions to conception and design of the work; Y-JW, Y-YB, WW, and W-WQ made substantial contributions to the acquisition, analysis, and interpretation of data for the work; X-SW participated in supervision and data interpretation; All authors given final approval of the version to be published.
FUNDING
This work was supported by the Fundamental Research Funds for the Central Universities (No. 3332018138).
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.
REFERENCES
 Anderson, G. D., Hauser, S. D., McGarity, K. L., Bremer, M. E., Isakson, P. C., and Gregory, S. A. (1996). Selective Inhibition of Cyclooxygenase (COX)-2 Reverses Inflammation and Expression of COX-2 and Interleukin 6 in Rat Adjuvant Arthritis. J. Clin. Invest. 97, 2672–2679. doi:10.1172/JCI118717
 Bauer, C., Roth, W., Bahrami, S., and Marzi, I. (1996). Attenuation of Shock-Induced Inflammation in the Rat Liver Depends on the Time of TNF-Alpha Inhibition. J. Mol. Med. (Berl) 74, 51–58. doi:10.1007/BF00202072
 Elmallah, R. K., Chughtai, M., Khlopas, A., Newman, J. M., Stearns, K. L., Roche, M., et al. (2018). Pain Control in Total Knee Arthroplasty. J. Knee Surg. 31, 504–513. doi:10.1055/s-0037-1604152
 Freeman, K. T., Koewler, N. J., Jimenez-Andrade, J. M., Buus, R. J., Herrera, M. B., Martin, C. D., et al. (2008). A Fracture Pain Model in the Rat: Adaptation of a Closed Femur Fracture Model to Study Skeletal Pain. Anesthesiology 108, 473–483. doi:10.1097/ALN.0b013e3181649351
 Fukaya, S., Matsui, Y., Tomaru, U., Kawakami, A., Sogo, S., Bohgaki, T., et al. (2013). Overexpression of TNF-α-Converting Enzyme in Fibroblasts Augments Dermal Fibrosis after Inflammation. Lab. Invest. 93, 72–80. doi:10.1038/labinvest.2012.153
 Fukumoto, A., Tajima, K., Hori, M., Toda, Y., Kaku, S., and Matsumoto, H. (2018). Analgesic Effect of S (+)-flurbiprofen Plaster in a Rat Model of Knee Arthritis: Analysis of Gait and Synovial Fluid Prostaglandin E2 Levels. J. Pharm. Pharmacol. 70, 929–936. doi:10.1111/jphp.12914
 Gilley, R. S. (2002). Influence of Glucocorticoid and Bone Morphogenetic Protein on Fracture Healing Using a Rat Closed Femoral Fracture Model. Minneapolis,US: University of Minnesota. 
 Hoffmann, R., Henninger, H. P., Schulze-Specking, A., and Decker, K. (1994). Regulation of Interleukin-6 Receptor Expression in Rat Kupffer Cells: Modulation by Cytokines, Dexamethasone and Prostaglandin E2. J. Hepatol. 21, 543–550. doi:10.1016/s0168-8278(94)80099-5
 Jaspart, S., Piel, G., Delattre, L., and Evrard, B. (2005). Solid Lipid Microparticles: Formulation, Preparation, Characterisation, Drug Release and Applications. Expert Opin. Drug Deliv. 2, 75–87. doi:10.1517/17425247.2.1.75
 Kawai, T. (2000). Inflammatory Markers, Especially the Mechanism of Increased CRP. Rinsho Byori 48, 719–721. [Article in Japanese].
 Kobayashi, H., Watanabe, R., and Choyke, P. L. (2013). Improving Conventional Enhanced Permeability and Retention (EPR) Effects; what Is the Appropriate Target?Theranostics 4, 81–89. doi:10.7150/thno.7193
 Lavernia, C., Cardona, D., Rossi, M. D., and Lee, D. (2008). Multimodal Pain Management and Arthrofibrosis. J. Arthroplasty 23, 74–79. doi:10.1016/j.arth.2008.03.012
 Lee, A., Cooper, M. G., Craig, J. C., Knight, J. F., and Keneally, J. P. (1999). The Effects of Nonsteroidal Anti-inflammatory Drugs (NSAIDs) on Postoperative Renal Function: a Meta-Analysis. Anaesth. Intensive Care 27, 574–580. doi:10.1177/0310057X9902700603
 Lin, X., Zhang, R., Xing, J., Gao, X., Chang, P., and Li, W. (2014). Flurbiprofen Axetil Reduces Postoperative Sufentanil Consumption and Enhances Postoperative Analgesic Effects in Patients with Colorectal Cancer Surgery. Int. J. Clin. Exp. Med. 7, 4887–4896. 
 Møiniche, S., Kehlet, H., and Dahl, J. B. (2002). A Qualitative and Quantitative Systematic Review of Preemptive Analgesia for Postoperative Pain Relief: the Role of Timing of Analgesia. Anesthesiology 96, 725–741. doi:10.1097/00000542-200203000-00032
 Pinsornsak, P., Nangnual, S., and Boontanapibul, K. (2017). Multimodal Infiltration of Local Anaesthetic in Total Knee Arthroplasty; Is Posterior Capsular Infiltration worth the Risk? a Prospective, Double-Blind, Randomised Controlled Trial. Bone Jt. J 99-B, 483–488. doi:10.1302/0301-620X.99B4.BJJ-2016-0877.R1
 Romsing, J., and Moiniche, S. (2004). A Systematic Review of COX-2 Inhibitors Compared with Traditional NSAIDs, or Different COX-2 Inhibitors for post-operative Pain. Acta Anaesthesiol. Scand. 48, 525–546. doi:10.1111/j.0001-5172.2004.00379.x
 Ross, J. A., Greenwood, A. C., Sasser, P., and Jiranek, W. A. (2017). Periarticular Injections in Knee and Hip Arthroplasty: Where and what to Inject. J. Arthroplasty 32, S77–S80. doi:10.1016/j.arth.2017.05.003
 Rückerl, R., Greven, S., Ljungman, P., Aalto, P., Antoniades, C., Bellander, T., et al. (2007). Air Pollution and Inflammation (Interleukin-6, C-Reactive Protein, Fibrinogen) in Myocardial Infarction Survivors. Environ. Health Perspect. 115, 1072–1080. doi:10.1289/ehp.10021
 Seibert, K., and Masferrer, J. L. (1994). Role of Inducible Cyclooxygenase (COX-2) in Inflammation. Receptor 4, 17–23.
 Sinatra, R. (2002). Role of COX-2 Inhibitors in the Evolution of Acute Pain Management. J. Pain Symptom Manage. 24, S18–S27. doi:10.1016/s0885-3924(02)00410-4
 Sugimoto, M., Toda, Y., Hori, M., Mitani, A., Ichihara, T., Sekine, S., et al. (2016). Analgesic Effect of the Newly Developed S(+)-Flurbiprofen Plaster on Inflammatory Pain in a Rat Adjuvant-Induced Arthritis Model. Drug Dev. Res. 77, 20–28. doi:10.1002/ddr.21288
 Sun, M., Liao, Q., Wen, L., Yan, X., Zhang, F., and Ouyang, W. (2013). Effect of Perioperative Intravenous Flurbiprofen Axetil on Chronic Postmastectomy Pain. Zhong Nan Da Xue Xue Bao Yi Xue Ban 38, 653–660. doi:10.3969/j.issn.1672-7347.2013.07.001
 Sznitowska, M., Wolska, E., Baranska, H., Cal, K., and Pietkiewicz, J. (2017). The Effect of a Lipid Composition and a Surfactant on the Characteristics of the Solid Lipid Microspheres and Nanospheres (SLM and SLN). Eur. J. Pharm. Biopharm. 110, 24–30. doi:10.1016/j.ejpb.2016.10.023
 Weber, S., Zimmer, A., and Pardeike, J. (2014). Solid Lipid Nanoparticles (SLN) and Nanostructured Lipid Carriers (NLC) for Pulmonary Application: a Review of the State of the Art. Eur. J. Pharm. Biopharm. 86, 7–22. doi:10.1016/j.ejpb.2013.08.013
 Weckbach, S., Perl, M., Heiland, T., Braumüller, S., Stahel, P. F., Flierl, M. A., et al. (2012). A New Experimental Polytrauma Model in Rats: Molecular Characterization of the Early Inflammatory Response. Mediators Inflamm. 2012, 890816. doi:10.1155/2012/890816
 Wen, Z. H., Tang, C. C., Chang, Y. C., Huang, S. Y., Chen, C. H., Wu, S. C., et al. (2013). Intra-articular Injection of the Selective Cyclooxygenase-2 Inhibitor Meloxicam (Mobic) Reduces Experimental Osteoarthritis and Nociception in Rats. Osteoarthr. Cartil. 21, 1976–1986. doi:10.1016/j.joca.2013.09.005
 Wosicka-Frąckowiak, H., Cal, K., Stefanowska, J., Główka, E., Nowacka, M., Struck-Lewicka, W., et al. (2015). Roxithromycin-loaded Lipid Nanoparticles for Follicular Targeting. Int. J. Pharm. 495, 807–815. doi:10.1016/j.ijpharm.2015.09.068
 Xing, D., Ma, X. L., Ma, J. X., Wang, J., Chen, Y., Yang, Y., et al. (2013). Biomechanical Study on Open Fracture Model with Plate Fixation Compared with Closed Fracture Model with Intramedullary Nail Fixation in Rats. Zhongguo Gu Shang 26, 676–680. [Article in Chinese].
 Yang, G. E., Duan, X., Lin, D., Li, T., Luo, D., Wang, L., et al. (2015). Rapamycin-induced Autophagy Activity Promotes Bone Fracture Healing in Rats. Exp. Ther. Med. 10, 1327–1333. doi:10.3892/etm.2015.2660
 Yu, S., Dundon, J., Solovyova, O., Bosco, J., and Iorio, R. (2018). Can Multimodal Pain Management in TKA Eliminate Patient-Controlled Analgesia and Femoral Nerve Blocks?Clin. Orthop. Relat. Res. 476, 101–109. doi:10.1007/s11999.0000000000000018
 Zhang, L. K., Ma, J. X., Kuang, M. J., and Ma, X. L. (2018). Comparison of Periarticular Local Infiltration Analgesia with Femoral Nerve Block for Total Knee Arthroplasty: a Meta-Analysis of Randomized Controlled Trials. J. Arthroplasty 33, 1972–e4. doi:10.1016/j.arth.2017.12.042
 Zhang, X., Wang, X., Hu, X., Chu, X., Li, X., and Han, F. (2019). Neuroprotective Effects of a Rhodiola Crenulata Extract on Amyloid-β Peptides (Aβ1-42) -induced Cognitive Deficits in Rat Models of Alzheimer's Disease. Phytomedicine 57, 331–338. doi:10.1016/j.phymed.2018.12.042
 Zhou, Z. J., Tang, J., Li, W. H., and Tao, W. D. (2019). Preoperative Intravenous Flurbiprofen Reduces Postoperative Pain and Inflammatory Cytokines in Elderly Patients after Hip Arthroplasty. Exp. Ther. Med. 17, 354–358. doi:10.3892/etm.2018.6911
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.
Copyright © 2022 Peng, Xiao, Zhu, Wang, Bian, Wang, Qian and Weng. 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/fphar-13-769577-g005.gif





OPS/images/fphar-13-769577-t001.jpg
Time
(min)

GroupB  GroupC  GroupD  GroupE  Group F
Ave SD Ave SD Ave SD Ave SD Ave SD
23 05 35 05 21 03 27 05 86 05
25 05 34 05 22 04 26 05 383 05
25 05 30 05 22 04 25 05 3.0 0.7
26 05 29 03 26 05 25 05 27 05
27 05 28 06 27 05 24 05 24 05
28 04 25 05 T 05 24 03 e 0.4
28 04 23 05 28 04 24 05 21 03
30 00 20 00 29 03 24 05 20 00
30 00 20 00 30 00 23 05 20 00
30 00 20 00 30 00 22 04 20 00
30 00 22 06 80 00 22 04 20 00
30 00 20 00 30 00 23 05 20 00





OPS/images/fphar-13-769577-g003.gif
LA
!j' r'
1T |

i]il i

Eini:i |
1‘]]!. |






OPS/images/fphar-13-769577-g004.gif
............

]
............

ononen






OPS/xhtml/nav.xhtml
Contents

		Cover

		The Effect of a Local Injection of Flurbiprofen Ester Microspheres on Systemic Inflammatory Model Rats With a Closed Femoral Shaft Fracture		Introduction

		Materials and Methods		Animals

		Drugs and Reagents

		Surgical Technique for the Induction of a Closed Femoral Shaft Fracture

		Experimental Design and Flurbiprofen Ester Microspheres Injection

		Preparation and Treatment of Specimens

		Radiography Analysis

		Behavioral Assessments

		Enzyme-Linked Immunosorbent Assay

		Hematoxylin-Eosin Staining

		Data and Statistical Analysis





		Results		Closed Femoral Shaft Fracture Model

		Behavioral Test

		The Expression of Inflammatory Cytokines by ELISA

		Histochemistry of the Muscle Tissue for the Rats





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

The Effect of a Local Injection of
Flurbiprofen Ester Microspheres
on Systemic Inflammatory Model

Rats With a Closed Femoral Shaft
Fracture





OPS/images/fphar-13-769577-g001.gif





OPS/images/fphar-13-769577-g002.gif
bl >

a2

Puin Sehedor Lavel

e )

FrnganairLovel

PainSenaviorLavel O

T i)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





