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Oral Eupolyphaga sinensis extract promotes lumbar interbody fusion by enhancing vascularization of cartilage endplate
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Objective: This study aims to investigate the effect of oral Eupolyphaga sinensis (ES) extract on intervertebral fusion in a rabbit model.



Methods: A rabbit lumbar lateral interbody fusion model was established. Different treatments were administered to each group, including the control group (CON), oral ES extract group (ES), interbody fusion group (IBF) and interbody fusion combined with oral ES group (IBF/ES). Ten weeks after surgery, micro-CT was used to assess intervertebral bone fusion. Bone trabecula parameters, including bone volume fraction (BV/TV), trabecular number (Tb.N) and trabecular thickness (Tb.Th), were measured. Histological analyses, including Masson and HE staining, were used to evaluate angiogenesis and bone growth in the endplate.



Results: The micro-CT at the 10th postoperative week showed significant bone tissue regeneration and stable fusion in the IBF/ES groups. Fusion scores, BV/TV, Tb.N and Tb.Th were significantly higher in the IBF/ES groups compared to the other groups. In addition, Masson and HE staining indicated evident vascular ingrowth and new bone formation after oral ES extract treatment. Among the four groups, the IBF/ES groups showed the most significant bone formation and the best fusion effect.



Conclusion: This study suggested that oral ES extract after spine surgery can significantly enhance the effectiveness and success rate of lumbar lateral fusion surgery by promoting endplate vascularization and bone formation.
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1 Introduction

Lumbar degenerative disc disease is a common disabling condition that often leads to back pain, leg pain, and spinal deformities (1). When conservative treatment fails, radiculopathy caused by disc herniation is often treated surgically through lumbar interbody fusion (2). Spinal fusion is a definitive method for treating progressive spinal deformities, instability, and certain spinal infections or tumors (3). At present, there are several surgical methods for spinal fusion, the main difference lying in the surgical approach to the intervertebral disc space. Lateral lumbar interbody fusion (LLIF) directly enters the intervertebral disc laterally through the retroperitoneal space, which can reduce the dissection of the spine and paravertebral muscles. Compared to posterior lumbar interbody fusion (PLIF), LLIF provides more graft space, reduces surgical trauma and intraoperative bleeding, which is more beneficial to postoperative recovery (4–6). Despite these advantages of LLIF, it is still challenging to achieve the interbody fusion. For example, nonunion or postoperative pseudarthrosis is still a major concern (7).

Exploring efficient and convenient fusion strategies is crucial to improving the effectiveness of LLIF. Autologous bone, which does not trigger an immune response, can be used as a scaffold for the growth of blood vessels and bone tissue and provides some biological factors beneficial to osteogenesis. This is considered as the gold standard for interbody fusion (8, 9). However, harvesting autologous bone is accompanied by the risk of surgical complications and surgical pain, which limits the application in LLIF. Previous studies have shown that combining some bone biomaterials with bone morphogenetic protein (BMP) can significantly improve lumbar fusion rate (7, 10). However, excessive use of BMP would lead to adverse events, such as soft tissue swelling, local inflammation, aseptic cyst formation, osteolysis, implant displacement, ectopic bone formation, retrograde ejaculation and radiculitis (11–13). The failure rate of LLIF is between 7%–20% (14–16). In addition to the strategy of using autogenous bone or bone biomaterials during operation, postoperative medication can also improve the fusion effect. Recently, it was reported that in the posterolateral spinal fusion model of rabbits, intramuscular injection of abaloparatide combined with spinal fusion surgery significantly increased the rate and effect of fusion (17, 18). Postoperative drug therapy can achieve significant therapeutic effects and offers higher safety, providing a promising strategy to improve lumbar fusion rate.

In recent years, with the development of bone tissue engineering (BTE), an increasing number of researchers have begun to analyze various bioactive components which are derived from traditional Chinese medicine (TCM) and use them to treat orthopedic diseases. For example, Eupolyphaga sinensis (ES) is a beneficial medicinal insect, commonly used in TCM, having the function of treating fractures. ES belongs to Eupolyphaga, which is widely distributed in Asia such as Thailand, India, Malaysia, and China (19). In TCM, ES is described as having properties of invigorating blood circulation, removing blood stasis, and healing bones and tendons. Due to its accessibility and efficacy, it is widely used in folk medicine for treating orthopedic conditions in China. Previous studies have shown that ES significantly enhances vascular regeneration and promotes bone regeneration (20, 21). At the cellular level, ES can promote the differentiation of rat bone marrow mesenchymal stem cells (BMSCs) towards osteoblasts by regulating BMP (22). From both folk application and scientific research perspectives, it is evident that ES has the ability to promote bone regeneration. This suggests its potential use for enhancing lumbar fusion, although its research and application in spinal surgery are relatively limited at present.

In LLIF, a cage and bone grafts are implanted into the intervertebral space to maintain intervertebral height and provide a scaffold for bone growth. During the fusion process, blood vessels and osteoblasts from cartilage endplate grow into intervertebral space with the support of the graft and cage leading to bone bridging and interbody fusion. Therefore, it is an ideal method to enhance the biological activity of endplate through adjunctive drug therapy based on surgical strategy to promote interbody fusion. The purpose of this study is to enhance the activity of blood vessels and bone cells in the endplate by using ES, thereby improving the lumbar fusion rate.



2 Methods


2.1 Preparation of ES extract

As shown in Scheme 1, the preparation process of ES extract is as follows. Whole Eupolyphaga sinensis (Bozhou medicinal market, Anhui Province) was crushed and passed through a 40-mesh sieve to remove impurities. A total of 100 g ES powder was added to 800 ml of distilled water to prepare an aqueous solution, which was boiled for 40 min and then filtered to obtain the first filtrate. Repeat this process for the residue to collect the second filtrate. The combined filtrates were centrifuged at 8,000 rpm for 20 min, and the supernatant was freeze-dried to obtain the purified ES extract powder. The powder was dissolved in distilled water to make a solution of 5 mg/ml. The total mass of raw ES material was recorded as W1, and the final mass of extract powder was W2. The extraction rate was calculated as follows:



Productratio(%)=W2/W1×100%






[image: Illustration showing the preparation of ES (insect) extract through crushing, dissolving, filtration, and freeze-drying, followed by oral administration to rabbits after spinal surgery. The surgical procedure involves decompression, cage implantation, bone grafting, and internal fixation with titanium components. The ES extract promotes bone regeneration by enhancing proliferation and differentiation of bone marrow stem cells into osteoblasts, osteocytes, and endothelial cells.]
Scheme 1
Schematic of the current study design.




2.2 HPLC

The changes in the ES extract after 3 months at room temperature were analyzed using high-performance liquid chromatography (HPLC). The detection conditions were as follows. Stationary phase: a TMC18 column (150 mm × 4.6 mm, 5 μm) was maintained at 30°C. The mobile phase flowed at a rate of 0.5 ml/min. The injection volume was set to 10 μl. Detection was performed at 254 nm, and the total running time was 10 min. After the procedure, the data was collected and compared.



2.3 Animal model

The animal study adheres to ARRIVE guidelines and has been approved by the Ethics Committee of the Affiliated Hospital of Chengde Medical University (NO.CYFYLL2023244). Twenty-four male Japanese white rabbits (2.0–2.5 kg) were used in the study and randomly divided into four groups (n = 6): control group (CON), oral ES group (ES), interbody fusion group (IBF), and interbody fusion combined with oral ES group (IBF/ES). In brief, anesthesia was induced with 5% isoflurane and maintained with 2.5%–3% isoflurane. The rabbits were placed in the right lateral position, and a 5-cm longitudinal incision was made in the left waist to expose the iliac crest, then the iliac bone was harvested, crushed, and used as bone graft. A longitudinal incision was made in the lumbar dorsal fascia to expose the deep paraspinal muscles, and the muscles were directly dissected to expose the lateral surface of the L4/5 intervertebral disc. After removing the nucleus pulposus and cartilage endplate using specialized tools, a cage and autogenous iliac bone were implanted, followed by fixation of adjacent vertebrae using steel plates and pedicle screws. Finally, the incision was washed with saline, and the muscle and fascia were sutured in layers. In the CON and ES groups, only the nucleus pulposus and cartilage endplate were removed, without implanting the cage and autologous bone. After the surgery, the incision was bandaged with sterile gauze and penicillin (40,000 U/kg) was injected into muscle for 3 days to prevent infection. General condition, wound healing, and nutritional status of the rabbits were monitored and recorded every day. Starting on the third day post-surgery, ES extract was administered in ES group and IBF/ES group at a dose of 160 mg/kg/day, while the same amount of water was administered in the CON group and IBF group. The dosage was adjusted every two weeks according to the weight change till the end of the experiment. All rabbits were euthanized at the 10th week post-surgery, and lumbar specimens were collected and kept in 4% paraformaldehyde for fixation.



2.4 Micro-CT

At the 10th postoperative week, the lumbar specimen was scanned and analyzed by Micro-CT (Bruker Skyscan1176, Switzerland). The parameters used for scanning were 50 kV, 500 mA, scanning mode (360 rotation), exposure time (250 ms), and image resolution of 1,024 × 1,024 pixels. Then Three-dimensional reconstruction of the images was performed using NRECON and CTVOX software. According to the CT results, fusion scores were evaluated by two blind observers. Bone volume to total volume ratio (BV/TV), trabecular thickness (Tb.Th), and trabecular number (Tb.N) were quantitatively analyzed.



2.5 Histological analysis

The specimens were fixed in 4% paraformaldehyde for 48 h, decalcified in 10% EDTA at 4°C, and embedded in paraffin. Sagittal sections (5 μm thick) were cut and stained with hematoxylin-eosin (HE) and Masson's. The angiogenesis and bone growth of endplate were observed under light microscope (DSX 500; Olympus Corporation, Japan).



2.6 Statistical analysis

All data was presented as mean ± SD, and statistical analysis was performed using SPSS 26.0 software. Data was analyzed using a two-tailed t-test (for comparisons between two groups) or one-way ANOVA (for comparisons among multiple groups) to determine the significance of differences at *p < 0.05, **p < 0.01, ***p < 0.001.




3 Results


3.1 Characterization of ES

At room temperature, whole ES was used as raw material to extract effective components (Figure 1A). After filtration and distillation, the extract filtrate was obtained (Figure 1B) and the final product was light yellow powder (Figure 1C). Approximately 16.20 g freeze-dried powder was finally obtained from the initial 100 g raw materials, yielding about 16.20% as calculated by the formula. In the preparation process, most impurities and poorly water-soluble components in whole ES were removed, which helps to avoid some side effects compared to direct decoction. In order to verify the drug stability during postoperative medication, the peak changes of the ES extract before and after storage for 3 months were analyzed by HPLC. As shown in Figures 1D,E, the distribution of absorption peaks was consistent before and after 3 months, indicating that the ES extract powder can be stably stored at room temperature for at least 3 months, which ensures the stability of its pharmaceutical composition and efficacy during the experimental process and clinical medication.


[image: Panel A shows whole and split views of dark-colored insect specimens with visible segmented limbs. Panel B displays a conical flask containing a brown liquid in a laboratory setting. Panel C shows a small container with light yellow freeze-dried powder. Panels D and E present chromatograms with retention times and peak intensities, indicating compound profiles from the samples.]
FIGURE 1
Characterization analysis of Eupolyphaga sinensis (ES) extract. (A) Whole insect of ES. (B) Filtrate of ES extract. (C) Freeze-dried powder of ES extract. HPLC analysis of ES extract before (D) and after (E) 3 months of storage (The vertical coordinates are different due to the different concentrations before and after).




3.2 ES promotes interbody fusion

Rabbit models of lumbar fusion surgery were used in this study. To establish this model, the nucleus pulposus was firstly removed. Next, a titanium cage was implanted, and a steel plate was fixed to the adjacent vertebral body (Figure 2A). At the 10th postoperative week, the intervertebral space with interbody fusion in the IBF/ES group did not show bone gap (Figure 2B). Manual palpation revealed detectable motion at the fusion site. To establish this rabbit model, we customized some surgical tools (Figure 2C). These tools were designed to remove the nucleus pulposus from the narrow lumbar intervertebral space in rabbits, avoiding damage to the internal structures of the spinal canal. An immediate micro-CT scan after operation showed that the cage was well positioned and fixed (Figure 2D).


[image: Panel A shows intraoperative images of the L4–L5 fusion process in a rabbit, before and after cage implantation and fixation with a steel plate. Panel B presents excised lumbar fusion specimens after surgery. Panel C displays two customized metallic surgical instruments on a blue cloth. Panel D includes immediate micro-CT images taken after the operation, showing the cage position and fixation in the operated vertebrae.]
FIGURE 2
Intraoperative and imaging pictures of rabbit lumbar fusion model. (A) Intraoperative picture of L4-5 fusion process. (B) Lumbar fusion specimen after operation. (C) Customized tools used for rabbit fusion models. (D) The immediate micro-CT images after operation.


The results of Micro-CT for each group are presented in Figure 3. No significant differences were observed between the CON and ES groups in the three-dimensional reconstructed images. The laminae of these two groups were complete and the intervertebral height was reduced. In IBF group, the intervertebral space displayed heterogeneous signals and recognizable endplate boundary. In IBF/ES group, there was a clear trabecular connection in the intervertebral space, the bone bridge between the intervertebral space and the endplate disappeared, and the boundary of the endplate was unrecognizable. The fusion score, BV/TV, Tb.N and Tb.Th were further analyzed. In the CON, ES, IBF, and IBF/ES groups, the BV/TV were 20.113 ± 1.370, 24.835 ± 1.489, 33.552 ± 1.848, and 41.512 ± 1.594, respectively, showing significant differences among all groups (P < 0.05). The trabecular thicknesses were 0.097 ± 0.005, 0.138 ± 0.009, 0.174 ± 0.011, and 0.226 ± 0.013, respectively, with significant differences between groups (P < 0.05). The trabecular numbers were 2.097 ± 0.058, 2.363 ± 0.095, 2.601 ± 0.117, and 3.145 ± 0.115, respectively, which were significantly different among the groups, but not between the ES group and the IBF group. The fusion scores were 0.667 ± 0.117, 2.333 ± 0.471, 3.667 ± 0.471, and 5 ± 0.000, respectively, showing significant differences between groups (P < 0.05). Overall, the IBF/ES group had significantly higher fusion scores, Tb.Th, Tb.N, and BV/TV compared with the other three groups (P < 0.05).


[image: Figure showing comparative micro-CT images and quantitative analyses of vertebral bone in four groups: control (CON), oral Eupolyphaga sinensis extract (ES), interbody fusion (IBF), and combined IBF with ES (IBF/ES). Three-dimensional reconstructions show intact laminae and reduced intervertebral height in CON and ES groups; heterogeneous signals and visible endplate boundaries in IBF group; and clear trabecular connections with loss of bone gap and endplate boundary in IBF/ES group. Bar graphs display statistically significant increases in bone volume fraction (BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N), and fusion score in the IBF/ES group compared to other groups.]
FIGURE 3
Micro-CT analysis of the intervertebral region at 10 weeks after operation. A rabbit lumbar lateral interbody fusion model was established. Different treatments were administered to each group, including the control group (CON), oral Eupolyphaga sinensis (ES) extract group, interbody fusion group (IBF) and interbody fusion combined with oral ES group (IBF/ES). Ten weeks later, micro-CT was conducted. n = 6, *P < 0.05; **P < 0.01, ***P < 0.001.




3.3 ES promotes cartilage endplate angiogenesis and bone regeneration

At the 10th postoperative week, HE staining and Masson's trichrome staining are shown in Figure 4. The IBF/ES group showed a complete bony connection between the upper and lower endplates, suggesting that the combination of cage, internal fixation and oral ES achieved the best therapeutic effect. Blood vessels in cartilage endplate region of the CON group and the IBF group were significantly less compared with the ES group and the IBF/ES group, indicating that oral ES significantly increased the blood vessel regeneration in the endplate region. Additionally, in the ES group, a small amount of bone tissue was seen extending from the endplate into the intervertebral space, indicating that the increased blood supply in the endplate region promoted intervertebral bone regeneration. Masson staining further showed that there was significant trabecular formation in and around the cage in the IBF/ES group while there was no significant trabecular structure formation in the IBF group. Similarly, the ES group displayed bony processes in the endplate area, although the absence of a cage and robust internal fixation likely limited the extent of structural fusion.


[image: Histological images comparing vertebral bone healing and endplate vascularization across four groups–CON, oral Eupolyphaga sinensis extract (ES), interbody fusion (IBF), and combined IBF with ES (IBF/ES)–using H&E and Masson's trichrome staining at low and high magnifications. Black arrows indicate bone fusion areas. CON and IBF groups show fewer blood vessels and incomplete bone connections. The ES group displays increased blood vessels in the cartilage endplate region and some bone extending into the intervertebral space. The IBF/ES group exhibits a complete bony bridge between endplates, dense and organized trabecular bone formation, and rich vascularization.]
FIGURE 4
He and Masson staining of the intervertebral region at 10th week after operation. A rabbit lumbar lateral interbody fusion model was established. Different treatments were administered to each group, including the control group (CON), oral Eupolyphaga sinensis (ES) extract group, interbody fusion group (IBF) and interbody fusion combined with oral ES group (IBF/ES). Ten weeks later, samples were collected. Masson and HE staining was performed. n = 6.





4 Discussion

In the historical development of traditional Chinese medicine (TCM), the application of ES and its derivatives in the treatment of orthopedic diseases can be traced back to the Eastern Han Dynasty nearly 2,000 years ago. Classic Chinese medicine, including Synopsis of the Golden Chamber and Compendium of Materia Medica, clearly recorded the safety and effectiveness of oral ES in treating tendon and bone injuries (23). In addition, some studies related to TCM also show that ES has high safety. Previous reports show that ES has a high safety profile in animal research, and an LD50 exceeding 10 g/kg in rats (24). Although ES has a high safety threshold, its effective therapeutic concentration has not been fully studied. Li et al. found that administering ES at 1,000 mg/kg/day significantly promoted the healing of mandibular fracture in rabbits (25). In this study, the raw material dosage of ES was set at 1,000 mg/kg/day, and the actual dosage was 162 mg/kg/day based on the extraction rate of 16.2%. In the previous clinical application and research, ES and its preparations were made into decoction by boiling and eaten immediately. However, this method is affected by variables such as boiling conditions, making dosage control difficult.

In our study, ES extract powder was prepared by freeze-drying, which can form uniform and adjustable drug concentration after dissolution. It is verified that ES powder can be stored at room temperature for at least 3 months, ensuring consistency of composition and efficacy during long-term use. During the experimental period, the freeze-dried ES powder was reconstituted into a 5 mg/ml solution and administered based on each rabbit's weight so that the dose of the extract can be accurately controlled and the influence of dose error on the experimental results can be reduced. Clinically, the drug concentration can be adjusted according to the individual weight difference between rabbits and humans to reduce the total volume.

At present, the extraction methods of ES primarily include water extraction and alcohol extraction. Studies have shown that ES water extract can promote the proliferation of human endothelial cells, whereas alcohol extract inhibit the proliferation of endothelial cells (20, 26). The major components of ES include amino acids, proteins, bioactive peptides, polysaccharides, lipids, alkaloids, nitrogen-containing compounds, nucleotides, fat-soluble vitamins, and inorganic substances. The differences between water and alcohol extraction are largely determined by the solubility characteristics of these components. Components with inhibitory effects on tumor cell proliferation, such as polysaccharides, oleic acid, and unsaturated fatty acids, are more efficiently extracted by alcohol. Components promoting angiogenesis and bone regeneration, such as bioactive peptides, alkaloids, and inorganic substances, are more efficiently extracted using water. ES has diverse biological functions, and different extraction methods can be used to obtain different active components according to practical therapeutic needs (27). However, comprehensive research on the complete chemical composition of ES remains limited and warrants further investigation.

This study is the first to investigate the relationship between endplate changes and interbody fusion using a rabbit interbody fusion model. Previous studies have shown that cages and bone graft serve as scaffolds and growth factors for intervertebral bone growth, thus improving the fusion rate (7). To further clarify the factors that influence interbody fusion, this study compared and analyzed the respective effects of drugs and cage between groups. Compared with the CON group, the ES group exhibited improved bone tissue parameters, likely due to the ability of ES extract which enhances endplate angiogenesis and increases intervertebral blood supply. Wei et al. reported that the culture medium containing ES extract promoted the proliferation of endothelial cells and bone marrow mesenchymal stem cells—two key cell types involved in bone tissue repair (20–22). Abundant local blood supply provides sufficient nutrients and growth factors for bone growth while removing metabolic wastes. The blood supply of intervertebral region decreases with the aging of the body, which makes the promotion of vascular ingrowth become increasingly important for interbody fusion (28). In addition, the ability of ES to promote the proliferation and osteogenic differentiation of bone marrow mesenchymal stem cells is more beneficial to enhance interbody fusion. However, due to the lack of intervertebral support in ES group, the growth of blood vessels and bone tissue into intervertebral space was hindered, resulting in the formation of bony spurs. During the fusion process, the cage and internal fixation device provide stable space support and scaffolding between the upper and lower endplates, thereby facilitating the sustained ingrowth of blood vessels and bone cells into the intervertebral space. This structural support explains why stable bone connection is finally achieved only in IBF/ES group.

Interbody fusion is characterized by “the formation of bone connections between the upper and lower endplates, including bone connections within the endplate and bone bridge connections at the endplate edge” (29, 30). Previous studies reported that the average time required for spinal fusion for small animals such as rabbits and rats was 6–8 weeks (31, 32). However, these studies employed transverse process fusion models rather than interbody fusion. Because the intervertebral region is subjected to higher mechanical stress and has relatively poor blood supply, the fusion process is typically slower and less efficient. Therefore, a more clinically relevant interbody fusion model was adopted in our study, and this model was established according to the fusion cage and graft materials currently used in clinic. Our previous research demonstrated that the lateral lumbar fusion in rabbits achieved a fusion rate of 91.7% at approximately 12 weeks postoperatively (33). However, in the current study, the IBF/ES group achieved bone fusion by the 10th week after operation, and the fusion rate was 100%. These findings suggest that ES extract significantly accelerates and enhances process of interbody fusion.

Cage subsidence and endplate collapse are common complications following lumbar fusion. When the cage sinks, it directly reduces intervertebral height, compromises anterior spinal support, and alters adjacent soft tissue structure, which may ultimately impair the result of surgical decompression. Liu et al. reported a case in which the cage subsidence led to a reduction in intervertebral height and ligament laxity, further compressing nerve roots and led to recurrence (34). Therefore, preventing cage subsidence is crucial for maintaining sagittal balance and optimizing surgical outcomes. Our study not only addressed the issue of improving fusion rates but also the prevention of cage subsidence. Oral ES extract after operation promoted angiogenesis and enhanced bone density in adjacent endplate regions, which may help prevent cage subsidence. The results of micro-CT showed significant increases in BV/TV, Tb.Th, and Tb.N in the adjacent vertebrae of the ES and IBF/ES groups, indicating a beneficial effects of ES extract on surrounding vertebral structures. Finally, the improvement of trabecular structure and the increase of adjacent vertebrae density are beneficial to prevent the loss of intervertebral height caused by cage subsidence.

One possible pathway using oral ES extract is that it can be used as an adjunctive therapy in human lumbar fusion. From a clinical standpoint, lumbar fusion typically involves the use of autologous bone grafts or allogeneic materials to promote bone regeneration. This study demonstrated that oral administration of ES extract significantly promotes angiogenesis and bone regeneration within the intervertebral region. Thus, oral ES extract has the potential to be routinely employed postoperatively for human lumbar fusion, even replacing the need for bone grafts. From the aspect of BTE, although the pharmacological composition, functions and mechanisms of ES are complex, its pronounced therapeutic effects warrant further investigation. Therefore, the future research will focus on the basic research of ES and the development of local application methods of ES drugs from combined BTE.



5 Conclusion

In conclusion, this study suggested that oral ES extract after spine surgery can significantly enhance the effectiveness and success rate of lumbar lateral fusion surgery by promoting cartilage endplate vascularization and bone formation. This study provides preclinical evidence supporting the use of ES extract to promote interbody fusion and highlights its potential application in treatment of bone-related diseases.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by Ethics Committee of the Affiliated Hospital of Chengde Medical University (No. CYFYLL2023244). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

RZ: Data curation, Formal analysis, Investigation, Writing – original draft. JL: Data curation, Methodology, Writing – review & editing. SL: Data curation, Writing – review & editing. HW: Formal analysis, Writing – review & editing. WZ: Conceptualization, Funding acquisition, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by Hebei Provincial Administration of Traditional Chinese Medicine [grant number: 2024045].



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.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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


	1. Ge CY, Hao DJ, Yan L, Shan LQ, Zhao QP, He BR, et al. Intradural lumbar disc herniation: a case report and literature review. Clin Interv Aging. (2019) 14:2295–9. doi: 10.2147/CIA.S228717


	2. Cunningham ME, Kelly NH, Rawlins BA, Boachie-Adjei O, van der Meulen MCH, Hidaka C. Lumbar spine intervertebral disc gene delivery of BMPs induces anterior spine fusion in Lewis rats. Sci Rep. (2022) 12(1):16847. doi: 10.1038/s41598-022-21208-1


	3. Prabhu MC, Jacob KC, Patel MR, Pawlowski H, Vanjani NN, Singh K. History and evolution of the minimally invasive transforaminal lumbar interbody fusion. Neurospine. (2022) 19(3):479–91. doi: 10.14245/ns.2244122.061


	4. Mehren C, Mayer HM, Zandanell C, Siepe CJ, Korge A. The oblique anterolateral approach to the lumbar spine provides access to the lumbar spine with few early complications. Clin Orthop Relat Res. (2016) 474(9):2020–7. doi: 10.1007/s11999-016-4883-3


	5. Park SJ, Hwang JM, Cho DC, Lee S, Kim CH, Han I, et al. Indirect decompression using oblique lumbar interbody fusion revision surgery following previous posterior decompression: comparison of clinical and radiologic outcomes between direct and indirect decompression revision surgery. Neurospine. (2022) 19(3):544–54. doi: 10.14245/ns.2244242.121


	6. Wang YL, Li XY, Liu L, Li SF, Han PF, Li XD. Oblique lumbar interbody fusion versus minimally invasive transforaminal lumbar interbody fusion for the treatment of degenerative disease of the lumbar spine: a systematic review and meta-analysis. Neurosurg Rev. (2023) 46(1):100. doi: 10.1007/s10143-023-02009-0


	7. Meng B, Bunch J, Burton D, Wang J. Lumbar interbody fusion: recent advances in surgical techniques and bone healing strategies. Eur Spine J. (2021) 30(1):22–33. doi: 10.1007/s00586-020-06596-0


	8. Sandhu HS, Grewal HS, Parvataneni H. Bone grafting for spinal fusion. Orthop Clin North Am. (1999) 30(4):685–98. doi: 10.1016/s0030-5898(05)70120-6


	9. Vaccaro AR, Chiba K, Heller JG, Patel TC, Thalgott JS, Truumees E, et al. North American spine society for contemporary concepts in spine care. Bone grafting alternatives in spinal surgery. Spine J. (2002) 2(3):206–15. doi: 10.1016/s1529-9430(02)00180-8


	10. Ozgur BM, Agarwal V, Nail E, Pimenta L. Two-year clinical and radiographic success of minimally invasive lateral transpsoas approach for the treatment of degenerative lumbar conditions. SAS J. (2010) 4(2):41–6. doi: 10.1016/j.esas.2010.03.005


	11. Hustedt JW, Blizzard DJ. The controversy surrounding bone morphogenetic proteins in the spine: a review of current research. Yale J Biol Med. (2014) 87(4):549–61.25506287


	12. Okada R, Kaito T, Ishiguro H, Kushioka J, Otsuru S, Kanayama S, et al. Assessment of effects of rhBMP-2 on interbody fusion with a novel rat model. Spine J. (2020) 20(5):821–9. doi: 10.1016/j.spinee.2019.12.014


	13. Tannoury CA, An HS. Complications with the use of bone morphogenetic protein 2 (BMP-2) in spine surgery. Spine J. (2014) 14(3):552–9. doi: 10.1016/j.spinee.2013.08.060


	14. Formica M, Vallerga D, Zanirato A, Cavagnaro L, Basso M, Divano S, et al. Fusion rate and influence of surgery-related factors in lumbar interbody arthrodesis for degenerative spine diseases: a meta-analysis and systematic review. Musculoskelet Surg. (2020) 104(1):1–15. doi: 10.1007/s12306-019-00634-x


	15. Konomi T, Yasuda A, Fujiyoshi K, Yato Y, Asazuma T. Incidences and risk factors for postoperative non-union after posterior lumbar interbody fusion with closed-box titanium spacers. Asian Spine J. (2020) 14(1):106–12. doi: 10.31616/asj.2019.0024


	16. Zhang H, Miao Q, Hao D, Zhao Q, He S, Wang B. Direction-changeable cage reduces x-ray exposure in treating isthmic lumbar spondylolisthesis: a retrospective study. Am J Transl Res. (2019) 11(2):1066–72.30899406


	17. Arlt H, Besschetnova T, Ominsky MS, Fredericks DC, Lanske B. Effects of systemically administered abaloparatide, an osteoanabolic PTHrP analog, as an adjuvant therapy for spinal fusion in rats. JOR Spine. (2020) 4(1):e1132. doi: 10.1002/jsp2.1132


	18. Morse KW, Moore H, Kumagai H, Hahn W, Koo A, Meyers KN, et al. Abaloparatide enhances fusion and bone formation in a rabbit spinal arthrodesis model. Spine (Phila Pa 1976). (2022) 47(22):1607–12. doi: 10.1097/BRS.0000000000004452


	19. Kim BS, Jin S, Park JY, Kim SY. Scoping review of the medicinal effects of Eupolyphaga sinensis walker and the underlying mechanisms. J Ethnopharmacol. (2022) 296:115454. doi: 10.1016/j.jep.2022.115454


	20. Wei X, Wang J, Deng YY, Shao BH, Zhang ZF, Wang HH, et al. Tubiechong patching promotes tibia fracture healing in rats by regulating angiogenesis through the VEGF/ERK1/2 signaling pathway. J Ethnopharmacol. (2023) 301:115851. doi: 10.1016/j.jep.2022.115851


	21. Wang J, Chen XY, Jiang QY, Deng YY, Xie XQ, Wang CM. Effect of water extract of Eupolyphaga sinensis on cell proliferation of MC3T3-E1, PC12 and HUVEC cells and H2O2 damage repair. Central South Pharmacy. (2020) 18(4):587–90. Chinese. doi: 10.7539/j.issn.1672-2981.2020.04.014


	22. Huang SX. The Effect of Eupolyphaga Extracts on the Osteogenic Differentiation of SD Rat BMSCs and Its Probable Mechanism. Zhengzhou: Zhengzhou University (2018). Chinese.


	23. Fu X, Shao BH, Wei X, Wang HH, Chen X, Zhao TT, et al. Tubiechong: a review on ethnomedicinal uses, bioactive chemical constituents and pharmacological activities. J Ethnopharmacol. (2022) 298:115642. doi: 10.1016/j.jep.2022.115642


	24. Chen JG, Lai WQ, Wang Y. Toxicological assessment of eipolyphagasinenst. Chin J Health Lab Technol. (2007) 17(3):523–5. Chinese. doi: 10.3969/j.issn.1004-8685.2007.03.067


	25. Li WP, Yang HX. Effect of Eupolyphaga sinensis walker on mandibular distraction osteogenesis in rabbits. Zhonghua Zheng Xing Wai Ke Za Zhi. (2013) 29(2):125–30. Chinese.23772492


	26. Zhan YZ, Zhang H, Liu R, Wang WJ, Qi JP, Zhang YM. Eupolyphaga sinensis walker ethanol extract suppresses cell growth and invasion in human breast cancer cells. Integr Cancer Ther. (2016) 15(1):102–12. doi: 10.1177/1534735415598224


	27. Ni LJ, Liu XF, Hu X, Lin WZ, Xu HF, Yu LS. Research progress on the chemical composition of tubiechong. Chin Arch Trad Chin Med. (2024) 42:1–18. Chinese.


	28. Zhong WH, Qi ZX. Effects of eupolyphaga-containing serum on proteomics changes in bone marrow mesenchymal stem cells. Chin J Tissue Eng Res. (2013) 1:98–105. Chinese. doi: 10.3969/j.issn.2095-4344.2013.01.016


	29. Sheng XQ, Yang Y, Ding C, Wang BY, Hong Y, Meng Y, et al. Uncovertebral joint fusion versus end plate space fusion in anterior cervical spine surgery: a prospective randomized controlled trial. J Bone Joint Surg Am. (2023) 105(15):1168–74. doi: 10.2106/JBJS.22.01375


	30. Takami M, Tsutsui S, Okada M, Nagata K, Iwasaki H, Minamide A, et al. Unique characteristics of new bone formation induced by lateral lumbar interbody fusion procedure. Spine Surg Relat Res. (2023) 7(5):450–7. doi: 10.22603/ssrr.2022-0108


	31. Kang Y, Liu C, Wang M, Wang C, Yan YG, Wang WJ. A novel rat model of interbody fusion based on anterior lumbar corpectomy and fusion (ALCF). BMC Musculoskelet Disord. (2021) 22(1):965. doi: 10.1186/s12891-021-04822-4


	32. Virk SS, Coble D, Bertone AL, Hussein HH, Khan SN. Experimental design and surgical approach to create a spinal fusion model in a New Zealand white rabbit (oryctolagus cuniculus). J Invest Surg. (2017) 30(4):226–34. doi: 10.1080/08941939.2016.1235748


	33. Li J, Zhao B, Wang W, Xu Y, Wu H, Zhang W. Improved intervertebral fusion in LLIF rabbit model with a novel titanium cage. Spine J. (2024) 24(6):1109–20. doi: 10.1016/j.spinee.2023.12.011


	34. Liu Y, Li NH. Factors associated with intervertebral cage subsidence in posterior lumbar fusion. J Orthop Surg Res. (2024) 19(1):7. doi: 10.1186/s13018-023-04479-w






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Oral Eupolyphaga sinensis extract promotes lumbar interbody fusion by enhancing vascularization of cartilage endplate

		1 Introduction



		2 Methods



		2.1 Preparation of ES extract



		2.2 HPLC



		2.3 Animal model



		2.4 Micro-CT



		2.5 Histological analysis



		2.6 Statistical analysis











		3 Results



		3.1 Characterization of ES



		3.2 ES promotes interbody fusion



		3.3 ES promotes cartilage endplate angiogenesis and bone regeneration











		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/fsurg-12-1652156-g001.jpg






OPS/images/cover.jpg
, frontiers | Frontiers in Surgery

Oral Eupolyphaga sinensis extract promotes
lumbar interbody fusion by enhancing
vascularization of cartilage endplate







OPS/images/fsurg-12-1652156-i001.jpg
Y
‘ ) E- stsolvmg
Crushing Filtration Filration

Postoperative

Sa __ Proliferation
{ V &

: Bone grafting
v

® — =
‘ ES @ ES extract BMSCs ’ Osleoblast Osteocyte ‘ endothelial cell





OPS/images/fsurg-12-1652156-g004.jpg
A A
w —r@ﬂg‘&?&ui}‘ifl —-.--:-—L‘r %\‘“F
= 3 \ o







OPS/images/fsurg-12-1652156-g003.jpg
IBF/ES

K
Y
K2
3 H %
%
k K
%
© < o~ o
9100s uoish4
! kY
MH ové
* el
w 2 4
[3]
] 'S
%
%
b T O« - o
(Wwuyy) NaL

; S
1
¥ 5
" { ’
w L
%
%
o & = o
s o o o
(ww) yr-qr





OPS/images/fsurg-12-1652156-g002.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





