[image: image1]Differential effects of clopidogrel and/or aspirin on the healing of tooth extraction wound bone tissue

		ORIGINAL RESEARCH
published: 17 July 2024
doi: 10.3389/fphys.2024.1387633


[image: image2]
Differential effects of clopidogrel and/or aspirin on the healing of tooth extraction wound bone tissue
Jiaping Wang1, Juan Lin2, Xin Song2, Mengting Wang2, Yan Chen2, Ning Luo2 and Xin Wu2*
1Nanjing First Hospital, Nanjing Medical University, Nanjing, China
2Department of Stomatology, Nanjing First Hospital, Nanjing Medical University, Nanjing, China
Edited by:
Marjolaine Gosset, Université de Paris, France
Reviewed by:
Gustavo Vicentis Oliveira Fernandes, A.T. Still University, United States
Yuxiang Fei, China Pharmaceutical University, China
* Correspondence: Xin Wu, darkie777@163.com
Received: 18 February 2024
Accepted: 24 June 2024
Published: 17 July 2024
Citation: Wang J, Lin J, Song X, Wang M, Chen Y, Luo N and Wu X (2024) Differential effects of clopidogrel and/or aspirin on the healing of tooth extraction wound bone tissue. Front. Physiol. 15:1387633. doi: 10.3389/fphys.2024.1387633

Introduction: A multitude of variables influence the healing of tooth extraction wounds, and delayed or non-healing extraction wounds might complicate later prosthodontic therapy. In this research, we analyzed the effects of systemic clopidogrel and aspirin alone or in combination on the healing of tooth extraction wounds in mice in order to provide experimental evidence for the healing of extraction wounds in patients who are clinically treated with the two medicines.Methods: 7-week-old ICR mice were randomly divided into four groups: control group (CON), clopidogrel group (CLOP), aspirin group (ASP), and clopidogrel combined with aspirin group (CLOP + ASP); left upper first molar was extracted, after which mice in 1 week of adaptive feeding, CLOP/ASP/CLOP + ASP groups were respectively administered with clopidogrel (10 mg/kg/d), aspirin (15 mg/kg/d), clopidogrel (10 mg/kg/d)+aspirin (15 mg/kg/d), and the control group was given an equal amount of 0.9% saline by gavage. Mice in each group were euthanized at 14 and 28 days postoperatively, and the maxilla was extracted. The tissues in the extraction sockets were examined using MicroCT and sectioned for HE staining, Masson staining, and TRAP staining, and immunohistochemistry staining (for TRAP, RANKL and osteoprotegerin).Results: MicroCT analysis showed that at day 14, BS/BV was significantly lower in CLOP and CLOP + ASP groups compared to control and ASP groups, while BV/TV, Tb.Th was significantly higher. At day 28, BV/TV was significantly higher in the CLOP + ASP group compared to the CLOP group, with p < 0.05 for all results. HE staining and Masson trichrome staining findings revealed that at day 28, the mesenchyme in the bone was further decreased compared to that at day 14, accompanied with tightly arranged and interconnected bone trabeculae. In the quantitative analysis of Masson, the fraction of newly formed collagen was significantly higher in the CLOP group in comparison with that in the CON group (p < 0.05). At day 14, the ASP group had substantially more TRAP-positive cells than the CLOP and CLOP + ASP groups (p < 0.05). In immunohistochemical staining, RANKL expression was found to be significantly higher in the ASP group than those in the other three groups at day 28 (p < 0.05); OPG expression was significantly higher in the CLOP group and the CLOP + ASP group compared with that at day 14, and was higher than that in the ASP group at day 14 and day 28. OPG/RANKL was significantly higher in the CLOP and the CLOP + ASP groups than in the ASP group (p < 0.05).Conclusion: Clopidogrel alone promotes osteogenesis in the extraction wound, whereas aspirin alone inhibits alveolar bone healing. When the two drugs were combined, the healing effect of the extraction wound was more similar to that of the clopidogrel alone group. These results indicated that clopidogrel could promote the healing of the tooth extraction wound, and neutralize the adverse effect of ASP on osteogenesis when the two drugs were used in combination.Keywords: clopidogrel, aspirin, tooth extraction wound, osteogenesis, osteoclast, drug combinations
1 INTRODUCTION
Tooth extraction causes alveolar bone resorption, and clinical data showed that the most significant changes in the alveolar ridge have been seen in the immediate post-extraction period (Arioka et al., 2022). Many factors affect the healing and remodeling of the alveolar bone, one of which cannot be ignored is the effect of long-term systemic medication on the healing of the bone tissue.
The prevalence of cardiovascular disease has been rising annually in recent years (Yang et al., 2016). The common antiplatelet medications aspirin (also known as acetylsalicylic acid) and clopidogrel (also known as Plavix) are used extensively for the treatment and prevention of cardiovascular illnesses (Dehmer et al., 2016; Hwang et al., 2023). Aspirin is an inhibitor of prostaglandin synthesis (Franceschi and Campisi, 2014). Clopidogrel is a thienopyridine analogue that inhibits platelet function by irreversibly inhibiting P2Y12 adenosine diphosphate (ADP) receptors (Jørgensen et al., 2012), both of which have the potential to affect bone metabolism (Mao et al., 2022). The amount and density of new bone in the alveolar socket can affect the success of subsequent treatment of prosthodontics (Hämmerle et al., 2012; Rezende et al., 2017). For example, the success rate of oral implant surgery and the long-term stability of implants are closely related to the amount and density of bone at the implant site (Ersanli et al., 2004).
Generally, aspirin and clopidogrel, either alone or in combination, need to be taken for an extended period, and patients who require dental extractions need to continue to take the antiplatelet drugs for systemic disease during the healing process of the tooth extraction trauma, regardless of whether the medication is discontinued before or after the extraction (Sadeghi-Ghahrody et al., 2016). Interestingly, the effect of aspirin and clopidogrel, alone or in combination, on the healing of extraction socket bone tissue remains unknown. The healing of extraction sockets has a unique environment (Ito et al., 2022). Therefore, in this study, the mouse models of tooth extraction was constructed (Vieira et al., 2015). The effects of aspirin and clopidogrel, either alone or in combination, on the healing of extraction sockets in mice were investigated using imaging, histology, and immunohistochemistry. This study aims to determine how aspirin, clopidogrel, and their combination affect the healing of bone tissue in tooth extraction wounds, so as to provide a reference for the prognosis of tooth extraction and the following prosthodontics treatment for patients taking these two medications in clinical practice.
2 MATERIALS AND METHODS
2.1 Establishment of animal models
All experimental animals were purchased from Zhejiang Vital River Laboratory Animal Technology Co. Ltd. and male 7-week-old healthy ICR mice (body weight 20 g±3 g) were selected for the study after 1 week of adaptive feeding. The Ethics Committee of Nanjing Medical University (Nanjing, China) approved the study’s ethical components (permission number: DWSY-23013317) and were housed in the Animal Experiment Centre of Nanjing Hospital affiliated to Nanjing Medical University, in which the animal rooms were air-conditioned and maintained at 22°C–24°C, with alternating light and dark cycles every 12 h (light cycle from 7:00 a.m. to 7:00 p.m.). Mice had free access to tap water at all times.
After a week of acclimation and feeding, the experimental mice received an intraperitoneal injection of 1% sodium pentobarbital for general anesthesia. Following anesthesia, the first molar of the left maxillary was extracted. Four groups of sixteen mice each were randomly assigned: the control group (CON), the clopidogrel group (CLOP), the aspirin group (ASP), and the clopidogrel plus aspirin group (CLOP + ASP). Drugs and dosages: 0.9% saline solution as solvent control, 10 mg/kg clopidogrel (MedChemExpress HY17459 United States), 15 mg/kg aspirin (MedChemExpress HY14654 United States), 10 mg/kg clopidogrel +15 mg/kg aspirin, administered by gavage once daily. The dosing cycles were 14 days and 28 days. During the administration period, the solid feed was soaked and softened for mice. After the 14th and 28th days of the administration, eight mice in each group were euthanized, and their heads were fixed in 4% paraformaldehyde solution (for 24 h) for further analysis.
2.2 Micro-CT analysis
After fixation of the mouse head in 4% paraformaldehyde solution for 24 h, high-resolution X-ray 3D imaging of the tooth extraction wound area of the left alveolar bone of the mouse was performed without destroying the samples using a high-resolution Micro-CT system (SkyScan 1176 Bruker, Germany), scanning of the samples was performed at 50 kV and 455 μA with Exposure (ms) = 265 and voxel resolution of 18 µm. The raw data were obtained layer by layer, and 3D reconstruction was performed to analyze the extraction sockets analysis of the Bone surface/volume ratio (BS/BV), Percent bone volume (BV/TV), Trabecular thickness (Tb.Th), and the Trabecular number (Tb.N), amongst other parameters were analyzed.
2.3 HE staining
Histological staining After Micro-CT scanning, the left half of the maxilla of each animal was slowly decalcified in 10% ethylenediaminetetraacetic acid (EDTA) (pH 7.4) for 2 months. All specimens were then dehydrated in a series of alcohol baths and embedded in paraffin. Maxillary alveolar fossa samples were cut into 5 μm thick sections along the sagittal plane direction, stained with hematoxylin (Freethinking FS141500), washed in tap water, alcohol fractionated in 1% hydrochloric acid, rinsed in tap water, stained with eosin stain (FS142500), rinsed in tap water, and dehydrated and sealed.
2.4 Masson staining
The samples were decalcified and sectioned, hematoxylin stained, washed in tap water, differentiated in 1% acid alcohol, rinsed in tap water, rinsed in running water to return the blue color, stained in Lichtenstein’s red acidic magenta solution, slightly washed in distilled water, treated with aqueous phosphomolybdic acid, restained in aniline blue solution, treated with 0.2% glacial acetic acid and dehydrated to seal the slices. HE staining and Masson trichrome staining (Freethinking FH115100) were performed for histological analysis, which was used to observe the tissue changes during the healing process of extraction wounds.
2.5 TRAP staining
TRAP staining was performed with an anti-tartrate acid phosphatase staining kit (TRAP kit) (Servicebio, Wuhan, GR2107063) to observe the osteoclast changes. Paraffin sections were deparaffinized into distilled water, incubated at 37°C in distilled water, then incubated by TRAP staining solution at 37°C for 1 h, rinsed in distilled water, counterstained with hematoxylin on slides, rinsed in distilled water, differentiated by 1% hydrochloric acid in alcohol, counterstained in counter blue solution, washed in water, and then dehydrated and sealed. Multinucleated TRAP-positive cells located within the extraction wound were recorded as osteoclasts, and the number of osteoclasts was calculated using TRAP staining in this way.
2.6 Immunohistochemistry staining for RANKL and OPG
Sections were dewaxed, hydrated, antigenically repaired, cooled to room temperature, and rinsed three times with TPBS; incubated in 3% hydrogen peroxide solution at room temperature, protected from light, and washed with shaking on a decolorizing shaker; serum blocking solution was added dropwise and incubated at room temperature; primary anti-OPG (Affinit dilution of 1:150; DF6824) and RANKL (Affinit dilution of 1:150, AF0313) were added, and the slices were flatly placed in a wet box and incubated overnight at 4°C; horseradish peroxidase-labeled antibody II was added; sections were slightly shaken dry and freshly prepared DAB development solution (Freethinking) was added dropwise in a circle. Control the time of chromogenic development under a microscope; rinse the slices with tap water to terminate the chromogenic development. The sections were washed with tap water to stop the color development.
All above-stained sections were observed under the 200 field of view of an Olympus BX51 orthostatic microscope.
2.7 Statistical analysis
Using CTAN software (version 1.18.8.0, Bruker, Kontich, Belgium), the samples were reconstructed in three dimensions. The volume of interest (VOI) was chosen as the extraction wound area, and measurements of BS/TV, BV/TV, Tb.Th, and Tb.N were obtained.
All graphs were carefully generated and analyzed using GraphPad Prism 9 (version 9.5.1 San Diego, CA, United States), and values are expressed as mean ± standard. When faced with homogeneity of variance, comparisons between multiple groups were made using one-way ANOVA (followed by Tukey’s post hoc test). Welch’s ANOVA was introduced when the variance was heterogeneous, followed by the Games Howell test. A value of p < 0.05 was considered a statistically significant difference.
3 RESULTS
3.1 CLOP and CLOP + ASP promoted alveolar bone healing according to radiographic findings
The 3D reconstruction of the extraction wound’s bone tissue using MicroCT and analysis to find each parameter (Figures 1A–E) revealed that, on day 14, the CLOP and CLOP + ASP groups exhibited a significantly lower BS/BV ratio than the CON and ASP groups (Figure 1B. p < 0.05); the CLOP and CLOP + ASP groups had a significantly higher BV/TV, Tb.Th ratio than the CON and ASP groups (Figures 1C,D. p < 0.05); the CLOP group had a higher Tb.N ratio than the CON and ASP groups (Figure 1E. p < 0.05). After a 28-day administration, all the parameters in the control group showed no statistically significant variations, with the exception of BV/TV, which was significantly greater in the CLOP + ASP group than in the CLOP group (Figure 1B. p < 0.05). The findings mentioned above showed that aspirin prevented alveolar bone healing at the corresponding supplied levels during the healing process of an extraction wound, but clopidogrel enhanced bone tissue healing. When clopidogrel and aspirin were combined, the results were more favorable to the facilitator effect of clopidogrel alone.
[image: Figure 1]FIGURE 1 | Radiographic analysis of tooth extraction wound. (A) Micro-CT and three-dimensional (3D) reconstruction images showed the new bone formamation in tooth extration. (B–E) Parameter analysis of tooth extration. Parameters including bone surface/volume ratio (BS/BV), percent bone volume (bone volume/tissue volume BV/TV), trabecular thickness (Tb.Th)and, trabecular number (Tb.N) were examined on day 14 and day 28. Data are shown as mean ± SD, n = 8/group. *p < 0.05, **p < 0.01 (one-way ANOVA followed by Tukey’s multiple comparisons). 
3.2 Clopidogrel promoted the formation of bone collagen in alveolar socket
Tissue healing in the extraction wound was examined using HE staining and Masson’s trichrome staining. On day 14, the alveolar socket was filled with new bone, but the trabecular arrangement was more disorganized than it was on day 28. On day 28, the mesenchyme in the bone was further reduced, and the trabeculae were tightly connected (Figure 2A). Masson staining showed that more new bone was arranged disorderly and stained blue into cords on day 14. It was statistically significant that the CLOP group produced considerably more collagen than the CON group did. Blue-stained new bone was organized into a network on day 28, and there was a noticeable rise in the quantity of new bone (Figure 2B). The CVFs of the CLOP and CLOP + ASP groups were more significant than the CON group’s (Figure 2C), although there was no statistically significant difference.
[image: Figure 2]FIGURE 2 | Histological changes of tooth extraction. (A) HE staining of new bone. Photomicrographs illustrating the histological findings in the control group (CON), clopidogrel group (CLOP), aspirin group (ASP) and clopidogrel and aspirin group (CLOP + ASP) at day 14 and day 28. Scale bar = 50 μm. (B) Masson’s trichrome staining. Scale bar = 50 μm. (C) Quantitative analysis of newly formed collagen in the extraction sockets. Data are shown as mean ± SD, n = 8/group. *p < 0.05, **p < 0.01 (one-way ANOVA followed by Tukey’s multiple comparisons).
3.3 ASP stimulates osteoclast activity while CLOP and CLOP + ASP groups suppress osteoclast activity in the healing phase of extraction wounds
The analysis focused on the activity of osteoclasts in the alveolar fossa as the tissue from the extraction site healed. To find the percentage of TRAP-positive cells in the CON, CLOP, ASP, and CLOP + ASP groups, TRAP staining was performed (Figure 3A). On day 14, the ASP group had a significantly more significant number of TRAP-positive cells (p < 0.05) than the CLOP and CLOP + ASP groups. On day 14 and 28, however, there was no statistically significant difference between the drug and control groups (Figure 3B). We measured the expression levels of OPG and RANKL. The primary differentiation of RANKL occurs from osteoblasts and their immature precursor cells. Positive cells had blue nuclei and a yellowish-brown extracellular matrix staining due to cytoplasmic RANKL staining (Figure 4A). On day 28, the ASP group’s expression was considerably greater than the expressions of the other three groups (Figure 4C. p < 0.05). OPG is primarily a significant glycoprotein that is released and made by osteoblasts. OPG can bind to RANKL, inhibiting osteoclast maturation and differentiation and stopping excessive bone resorption. OPG staining is cytoplasmic. The nucleus of positive cells is light blue, and the extracellular matrix has a yellow-brown staining (Figure 4B).In this study, OPG expression was significantly higher in the CLOP and CLOP + ASP groups on day 28 compared to day 14 and higher than in the ASP group; on day 28, the CLOP + ASP group’s expression was significantly higher than that of the CON group (Figure 4D. p < 0.05). On day 28, the CLOP and CLOP + ASP groups had significantly greater OPG/RANKL than the ASP group (Figure 4E. p < 0.05). Because OPG inhibits bone resorption, higher OPG/RANKL ratios indicate reduced bone resorption and are often associated with osteogenesis.
[image: Figure 3]FIGURE 3 | TRAP staining. (A) TRAP-positive osteoclasts were detected in each group of tooth extraction. Scale bar = 50 μm. (B) Quantification of TRAP-positive cells. Data are shown as mean ± SD, n = 8/group. *p < 0.05, **p < 0.01 (one-way ANOVA followed by Tukey’s multiple comparisons).
[image: Figure 4]FIGURE 4 | Immunohistochemical (IHC) staining of RANKL and OPG of tooth extration. (A) IHC staining of RANKL of tooth extration. Scale bar = 50 μm. (B) IHC staining of OPG of tooth extration. Scale bar = 50 μm. (C–E) The means of the integrated optical density (MOD) of RANKL, OPG, and OPG/RANKL ratio were shown. Data are shown as mean ± SD, n = 6/group. *p < 0.05, **p < 0.01 (one-way ANOVA followed by Tukey’s multiple comparisons).
4 DISCUSSION
There were four groups in this study: CON, CLOP, ASP, and CLOP + ASP, which was a two-drug combination group. Results indicated that, compared to the CON group, the CLOP group facilitated the healing of extraction wounds. When comparing the ASP group to the CON group, the ASP group prevented extraction wound healing. The CLOP + ASP group was also set up in this study, and the results showed that the combination group was close to the CLOP group alone, which promoted the healing of extraction wounds. When aspirin and clopidogrel are combined at this dosage, the effect of clopidogrel on bone metabolism is greater than that of aspirin, which corrects the negative effect of aspirin on bone metabolism.
Aspirin is a non-steroidal anti-inflammatory drug (NSAID) with several drug mechanisms, including i) it is a non-selective cyclooxygenase (COX) inhibitor, which inactivates COX acetylation through irreversible inhibition of cyclooxygenase (COX), and ii) reduction of prostaglandin (prostaglandin, PG) synthesis, PGE2 is involved in signal transduction between osteoblasts and is essential for differentiation and expression of osteoblasts and osteoclasts (Blackwell et al., 2010) and iii) can affect the production of nitric oxide (NO) and NF-κB, and all of the above mechanisms of action can affect bone metabolism (Carbone et al., 2003). Vestergaard et al. (2012) conducted a population-based epidemiological study in a Danish population to assess the relationship between platelet inhibitor use and fracture incidence. The researchers discovered that clopidogrel did not raise the risk of fracture and that low-dose aspirin did. The authors came to the conclusion that more study is required to ascertain if platelet inhibitors may have an impact on bone metabolism in vivo. Mao and colleagues (Mao et al., 2022) examined how the duration and dosage of clopidogrel and aspirin, either separately or together, affected the risk of hip fractures in individuals with type 2 diabetes mellitus, selecting patients with newly diagnosed T2DM and dividing them into an aspirin monotherapy group (78,522 patients), a clopidogrel monotherapy group (12,752 patients), a doublet therapy group (7,209 patients), and a group that did not take antiplatelet drug group (401,686 cases). The authors found that only higher doses and longer durations of antiplatelet medication (≥3 years) reduced fracture incidence and that lower doses and shorter durations (1–2 years) were even associated with a higher risk of fracture; this clinical study specifically included a combination group, and the results suggest that dual antiplatelet medication does affect bone health. Chen et al. (2011) gave 8.93, 26.79, and 80.36 mg/kg of aspirin daily to 3-month-old ovariectomized rats in order to investigate the therapeutic benefits of aspirin on postmenopausal osteoporosis. They demonstrated that aspirin’s effects on bone were dose-dependent. At day 14, the CLOP group in the current study was considerably higher than the ASP group in BV/TV, Tb.Th, and Tb.N, and significantly lower than the ASP group in BS/BV, according to the data displayed by MicroCT. The ASP group inhibited the healing of extraction wounds compared to the CON and CLOP groups. Depending on the epidemiological studies, different animal models, different dosages administered and maintenance time, the effect of aspirin on human bone health, and more specifically, the effect of aspirin on alveolar bone healing, needs to be supported by more research data.
Clopidogrel is a thienopyridine analogue that irreversibly inhibits the P2Y12 ADP receptor (Jørgensen et al., 2012). Both osteoblasts and osteoclasts have P2Y12 ADP receptors. It was found that clopidogrel reduced the release of alpha and dense granules from platelets by irreversibly binding to the P2Y12 receptor (Garcia et al., 2011) and inhibited the binding of β-3 integrins (Lindemann et al., 2001). The β-3 integrin plays a crucial role in osteoclast formation, adhesion, and bone resorption (Feng et al., 2001). Clopidogrel can act directly on osteoclasts, interfering with osteoclast differentiation and activity, and its effects on bone metabolism depend on different degrees of inhibition (Jørgensen et al., 2012; Mao et al., 2022; Coimbra et al., 2014 constructing an experimental periodontitis animal model, investigated the effects of aspirin and clopidogrel on mesenchymal stem cells in rats with periodontitis. The administration group was given aspirin or clopidogrel daily by gavage, and the animals were executed for three consecutive days to observe the inflammatory process of periodontal disease. It was detected that clopidogrel, but not aspirin, had a preventive effect against bone loss when aspirin and clopidogrel were administered systemically. It was thought that clopidogrel could directly interfere with osteoclast differentiation and activity. Clop’s bone protection in periodontal disease models requires further mechanistic exploration, which may provide insights into new clinical treatment strategies. Coimbra et al., 2015, in studying the effects of aspirin and clopidogrel on mesenchymal stem cells in periodontitis in rats, found that clopidogrel was effective in reducing inflammatory infiltration and increasing the number of osteoblasts and mesenchymal stem cells and had a positive effect on mesenchymal stem cells when repair had already been initiated, whereas aspirin had no significant effect.
Clopidogrel may play a positive role in the tissue repair process. Lillis et al. investigated whether continuous perioperative treatment with clopidogrel had a negative effect on bone healing in a rabbit model of cranial defects. Two circular defects were created in the skulls of 16 male New Zealand White rabbits, which were randomly divided into two groups: one group was given clopidogrel 3 mg/kg per day for 1 week preoperatively, and the other was given only the lysogenic, treatment was continued for 6 weeks postoperatively, and it was found that clopidogrel promotes bone healing during the perioperative period without negative effects (Lillis et al., 2019). In the present study, according to the results shown by MicroCT, the CLOP group could also promote the healing of the extraction wound bone tissue at 14 days. The effect of the dual-antibody combination group was similar to that of the CLOP group. It also promoted the healing of the extraction wound, which further supports the positive role of clopidogrel in bone tissue repair. Clopidogrel is likely to be therapeutic. This study further supports the positive role of clopidogrel in bone tissue repair and the potential therapeutic value of clopidogrel in the healing of extraction wounds.
The RANKL (RANK ligand)/RANK (NF-κB receptor activator)/OPG (osteoprotegerin) system is essential for bone resorption (Kong et al., 1999). RANK is expressed on osteoclasts and their immature precursor cells. Osteoblasts and their immature precursor cells mainly express RANKL. RANKL binds to RANK, promotes osteoclast differentiation and maturation, and inhibits apoptosis (Ono et al., 2020). OPG is an important antagonistic receptor produced by osteoblasts, which can bind RANKL competitively with RANK, and the competitive binding ability of OPG to RANKL is better than that of RANK, so OPG can delay osteoclast differentiation and maturation and inhibit excessive bone resorption by blocking RANK and RANKL binding (Azizieh et al., 2019). Changes in the OPG/RANKL ratio regulate the differentiation and maturation of osteoclasts, and the RANK/RANKL/OPG system may influence bone resorption by regulating the OPG/RANKL ratio (de Molon et al., 2018). A higher ratio of OPG/RANKL aids in producing new bone, whereas a lower value encourages the resorption of existing bone.
In order to quantify osteoclast activity in the context of clopidogrel and aspirin-assisted extraction wound healing, this study calculated the number of TRAP-positive cells and the OPG/RANKL ratio. TRAP-positive cells were significantly more prevalent in the ASP group on day 14 compared to the other groups. On day 28, it was found that the ASP group had lower levels of OPG/RANKL than the other groups. RANKL and OPG expression levels were assessed by IHC staining. The results suggest that aspirin plays a vital role in osteoclastogenesis at this dose, which contradicts previous experiments (Wei et al., 2015; Xin et al., 2023). On the one hand, this could be connected to aspirin’s dose-dependent effect (Kazui et al., 2010). In this study, The dosages of the mice were adjusted to correspond with the regularly prescribed doses of aspirin 100 mg/d and clopidogrel 75 mg/d for adults in the prevention and treatment of cardiovascular and cerebrovascular disorders in the clinic, and the doses of the mice were changed to match the mouse doses. On the other hand, bone regeneration can be divided into intramembranous ossification and endochondral ossification. The extraction socket is repaired by intramembranous ossification, which lacks a cartilaginous appearance, and the healing process of extraction wounds is differentiated from the healing and repair of long-bone fractures so that future studies will need to determine the mechanisms that regulate these two different modes of ossification (Chen et al., 2011).
In this study, we established an animal model of a healthy extraction socket. We investigated how the combined or individual use of aspirin and clopidogrel affected the repair of bone tissue in the extraction socket. Given that clopidogrel has a positive effect on wound healing, future studies will look at the possible effects of topical therapies, including clopidogrel-loaded biocomposites, on the healing of extraction wounds.
There are some limitations to our study; clopidogrel, as a precursor drug, needs to be metabolized in the liver by a variety of drug-metabolizing enzymes to the sulfhydryl-active metabolite, H4, for its antiplatelet effect to be effective (Kazui et al., 2010; Xie et al., 2011). In vitro cellular experiments with clopidogrel active substance lack in vivo metabolic processes in the liver, so we constructed animal models in which clopidogrel is metabolized by the animal to act, facilitating the elaboration of the final phenomenon under study. In dental research, mice and other rodent models are commonly employed and are essential for studying the wound healing process following tooth extractions, as well as the impact of medications on this process. This is an emerging animal model (Bodner et al., 1993; Chew et al., 2022). However, considering factors such as bone structure, size, and growth rate, it has been found that extrapolation from mice to humans still needs to consider the differences between the two (Wancket, 2015). Aspirin and clopidogrel are often used in clinical settings to treat many chronic illnesses, provided that confounding variables are appropriately adjusted for. Future clinical research is necessary to explore the impact of dual antagonists on the metabolism of bone tissue.
5 CONCLUSION
In our study, clopidogrel alone was found to promote bone healing in the extraction wound at the set dose of the drug, whereas aspirin alone inhibited alveolar bone healing accordingly. In the clopidogrel combined with the aspirin group, it was found that the healing of the extraction wound tended to be more similar to the clopidogrel alone group in the presence of the combination, i.e., it contributed to the healing of the extraction wound.
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