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Introduction: There has been a lack of treatments available to lower the frequency of recurrent aphthous ulcers (RAUs) until now. Total glucosides of paeony (TGP) is a botanical drug extracted from the dried roots of Paeonia lactiflora Pall. [Ranunculaceae; Paeoniae Radix Alba]. This study aims to evaluate the efficacy and safety of TGP in the treatment of RAU.
Methods: This study was registered with the Chinese Clinical Trial Registry (ChiCTR1900025623). Patients were randomly assigned to the TGP or placebo group and treated with 1.8 g/day for 24 weeks. Participants were observed for a total of 36 weeks and were asked to record ulcer severity, medication, and adverse reactions in the form of diaries or apps every day. The primary outcome was the monthly ulcer-free interval.
Results: A total of 79 individuals were enrolled, with 40 assigned to the TGP group and 39 to the placebo group. The dropout rate was 18.18%. In the TGP group, the monthly ulcer-free interval was significantly longer than baseline (median, 9.6 days) since weeks 13–24 (median, 18.5 days) (p < 0.05), and after discontinuation, it was further prolonged (median, 24.7 days) than in weeks 13–24 (p < 0.05). In addition, the monthly ulcer-free interval was longer in the TGP group than in the placebo group (median, 15.9 days) at weeks 25—36 (p < 0.001). There were better improvements in the monthly number of ulcers and monthly area of ulcers, and visual analog scoring in the TGP group at weeks 25—36 (p < 0.001).
Conclusion: TGP had a good long-term therapeutic effect on RAU with frequent occurrence.
Systematic Review Registration: www.chictr.org.cn, identifier ChiCTR1900025623.
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1 INTRODUCTION
Recurrent aphthous ulcers (RAUs) with a high incidence rate have a serious impact on patients’ nutrition, communication, and other daily activities (Giannetti et al., 2018). The prevalence of RAU worldwide ranges from 5% to 66% (Bratel and Hakeberg, 2014), and it is approximately 20% in China (Xu et al., 2021). At present, to reduce the occurrence frequency of RAU, clinicians commonly use therapeutic drugs that are mainly associated with regulating immune disorders (Guo et al., 2020; Zhang et al., 2021). Among them, the representative drugs in recent years have been glucocorticoids and thalidomide. However, glucocorticoids’ adverse reactions in the gastrointestinal tract were common (Zhang et al., 2021; Liu et al., 2022). Recent reviews have found that it was difficult to avoid local infections even if the dosage was controlled within 15 mg/day. In patients with obesity, glaucoma, depression, and hypertension, the dose of 5—10 mg/day may also cause varying degrees of adverse effects (Karakas et al., 2016). Although the efficacy of thalidomide in the treatment of RAU has been increasingly recognized, some patients may still experience symptoms such as dizziness, constipation, and rash that are difficult to avoid. On the other hand, its teratogenic effects (Zeng et al., 2020; Amare et al., 2021; Deng et al., 2022) seriously limited its clinical application, especially for young people—a common population with RAU (Cui et al., 2016).
Recent systematic reviews demonstrated that medicinal plants and phytochemicals could be seen as natural, safe, accessible, and inexpensive drugs for the treatment of RAU. They have shown positive effects in shrinking size, reducing pain, and shortening the healing time of ulcers (Shavakhi et al., 2022). However, there has been limited research conducted on the long-term improvement of frequency and severity of RAU over a long period.
Total glucosides of paeony (TGP) is the total glycosides extracted from the dried roots of Paeonia lactiflora Pall. [Ranunculaceae; Paeoniae Radix Alba]. It has good immunoregulatory effects and has been widely used in the treatment of autoimmune diseases such as rheumatoid arthritis, psoriasis, systemic lupus erythematosus, and Sjogren’s syndrome, demonstrating good safety (Jiang et al., 2020; Gong et al., 2022). Previous studies showed the possible mechanism of TGP in the treatment of RAU might include regulating inflammatory factors (TNF-α, IL-1β, IL-6, IL-12, TGF-β, and IL-10) (Shi et al., 2014; Giannetti et al., 2018; Zhao et al., 2018), balancing the ratio of CD4 +/CD8 + T cells (Sun et al., 2000) and Th1/Th17 cells (Kong et al., 2018), inhibiting the sensitivity of T cells to inflammation (Shi et al., 2014), and decreasing the secretion of secretory immunoglobulin A (Peng et al., 2019).
To this end, we conducted a single-center, double-blind, randomized, placebo-controlled parallel clinical trial over 9 months of observation of TGP in the treatment of RAU with high occurrence frequency according to the CONSORT 2010 Statement (http://www.consort-statement.org).
2 MATERIALS AND METHODS
2.1 Participants and recruitment
This study was registered in the Chinese Clinical Trial Registry (http://www.chictr.org.cn) with the registration number ChiCTR1900025623 and was conducted according to the principles of the Declaration of Helsinki. Approval was granted by the Biomedical Ethics Committee of Peking University Stomatological Hospital with the approval number PKUSSIRB-201944046, and informed consent was obtained from all individual participants included in the study.
This study was conducted in the Department of Oral Mucosa, Peking University Stomatological Hospital (tertiary healthcare), from June 2019 to January 2022, including patients who visited the hospital with complaints of RAU.
2.1.1 Inclusion criteria
1) The duration of RAU was longer than 1 year. 2) In the past 6 months, ulcers occurred at least twice a month or were uninterrupted. 3) Patients were classified as having minor RAU (Cui et al., 2016). 4) The age range of participants was 18–80 years. 5) Participants had not participated in any drug trials within 3 months before inclusion.
2.1.2 Exclusion criteria
1) Patients diagnosed with Behcet’s disease. 2) Patients with a systemic disease background, including anemia, immunodeficiency disease, autoimmune diseases, malignant tumors, and severe cardiovascular and cerebrovascular diseases. 3) Patients who had used analgesics within 24 h, antibiotics or anti-inflammatory drugs within 1 month, and traditional Chinese medicine, glucocorticoids, or immunosuppressive agents within 3 months. 4) Patients with long-term diarrhea due to various reasons. 5) Patients with mental disorders and poor compliance, finding it hard to cooperate. 6) Female patients who were pregnant, lactating, or planning to become pregnant during the study.
2.2 Interventions
According to previous reports, the onset time of TGP was expected to be 12–24 weeks (Zhou et al., 2016). Therefore, in this clinical trial, the drug was used for 24 weeks, and the observation of efficacy and safety lasted 36 weeks.
The intervention group took TGP (trade name: Pavlin; produced by Ningbo Liwah Pharmaceutical Co., Ltd., H20055058, lot 191115, Paeonia lactiflora Pall. 0.3 g/capsule, containing 130 mg of paeoniflorin). The extraction process of TGP was as follows: 100 g of sliced dried roots of Paeonia lactiflora Pall. obtained from Changchun was mixed with 400 mL of a 75% ethanol–water solution and heated under the reflux system for 1.5 h for the first and second time and 1 h for the third time. The solution was then filtered and concentrated to the appropriate volume, and NaHCO3 solution was added to adjust the pH to 5.9–6.1. The aqueous solution was extracted with 30 mL of 80% (V/V) butanol–ethyl acetate solution three times at 50°C–65°C, with a target relative density of 1.13–1.20. The extracts were combined, concentrated under reduced pressure, and dried in vacuo to yield dry powder. Finally, a total of 6.8 g of dry powder was obtained. No excipients were added.
The main components of the experimental drug were identified and quantified using a high-performance liquid chromatography (HPLC) system (Agilent, 1260), with an Inertsil C18 column (Elite, Dalian, China, 4.6*250 mm, 5 μm) as the analytical column. The mobile phase was a phosphate buffer [0.05 mol/L dipotassium hydrogen phosphate–0.05 mol/L potassium dihydrogen phosphate solution (80:20), pH 7.4]–methanol (65:35). The flow rate was set to 0.8 mL/min, the injection volume was 20 μL, and the detecting wavelength was 230 nm. The external standard method was applied for quantitative analysis.
Since there were no classical, widely accepted systemic treatment agents for RAU, we used placebo capsules (produced by Ningbo Liwah Co., Ltd., 0.3 g/capsule) as a control. All subjects received 0.6 g of TGP or placebo three times a day. If the patient developed frequent or loose stool or abdominal pain, the dose could be reduced to 0.6 g two times a day temporarily. For ethical considerations, all subjects were required to use mouthwash and topical medication, that is, Kangfuxin liquid (Kunming Sino Pharmaceutical Co., Ltd., GYZ53020054, 50 mL-2 bottles/box) 10 mL each time, rinsing for 1 min, 3 times per day, and Tong Ren Tang Oral Ulcer Powder (Tong Ren Tang Pharmaceutical Factory, Beijing Tong Ren Tang Co., Ltd., GYZ11020184, 3 g/bottle) 0.2 g each time, applying to the ulcers 3 times per day when ulcers occurred.
2.3 Outcome
We determined the outcome indicators by referring to the assessment of disease severity in recurrent aphthous stomatitis stated by Tappuni (Tappuni et al., 2013) and the RAU efficacy evaluation criteria declared by the Chinese Stomatology Association (Said et al., 2013).
We divided this trial into five periods: baseline (-4–0 weeks), 0–4 weeks, 5–12 weeks, 13–24 weeks, and 25–36 weeks. The RAU severity 1 month before entering the trial, recalled by patients at initial diagnosis, was used to calculate each outcome at the baseline, and daily ulcer records were used for the other periods’ outcomes.
2.3.1 Primary outcomes
Monthly ulcer-free interval (interval, days): a total of ulcer-free days in a month.
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where [image: image] = the duration of the observation period in days; [image: image] = the total of ulcer-free days in the observation period, days.
2.3.2 Secondary outcomes
Monthly number of ulcers (number, n): the sum of the number of oral ulcers per day in a month.
[image: image]
where [image: image] = the duration of the observation period in days; [image: image] = number of ulcers on the day [image: image] in the observation period, n.
Monthly area of ulcers (area, cm2): the sum of all the oral ulcers’ area per day in a month.
[image: image]
where [image: image] = the duration of the observation period in days; [image: image] = all the oral ulcers’ area on the day [image: image] in the observation period, cm2.
Since the ulcers need to be recorded by the patients, we divided the size of the ulcers into six grades to improve the operability. We then treated the ulcers as circular, using the median of each grade as the diameter, and calculated the corresponding area (for more details, see Table 1).
TABLE 1 | Ulcer area grading.
[image: Table 1]Pain, assessed by visual analog scoring (VAS): A line segment was divided into ten parts, with 0–10 representing the pain intensity experienced by the patients, where 0 means no pain and 10 signifies the highest level of pain. Patients self-scored their pain according to their symptoms. This result was accessed by calculating the average VAS score for the days with ulcers in a given month.
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where [image: image] = the duration of the observation period in days, [image: image] = VAS on the day i in the observation period, and [image: image] = days with ulcers in the observation period.
2.4 Follow-up
2.4.1 Follow-up procedures
Patients underwent blood routine and blood biochemistry examinations at the initial diagnosis and the end of medication.
Patients were required to take the medication and record any adverse reactions, the severity of ulcers, and their daily medication intake using a diary or app (see Figure 1 for details) every day. The description of stool referred to the Bristol Stool Form Scale (Blake et al., 2016). The previous clinical observation found that it was difficult for patients to strictly distinguish stool characteristics. To improve operability, we simplified it into five categories: nut shaped, sausage shaped but lumpy, sausage shaped, pasty, and watery.
[image: Figure 1]FIGURE 1 | Items for daily medication and ulcer records (through diary or app). Tid, three times per day; Bid, two times per day.
The researchers conducted follow-up visits with the subjects every 2 weeks, either by telephone or video, to ensure that the patients made diary or app records. Patients completed four return visits at 4 weeks ± 5 days, 12 weeks ± 7 days, 24 weeks ± 10 days, and 36 weeks ± 14 days. At each visit, clinicians measured the ulcer size using a caliper and compared it with the patient’s description, and if the descriptions were inconsistent, the patients were corrected.
2.4.2 Follow-up quality control
During treatment, the patients were required to withdraw from the trial if they 1) used less than 50% or more than 100% of the drug, 2) stopped using or used few drugs more than 60 times, or 3) took other traditional Chinese medicine, glucocorticoids, or immunosuppressive agents during the trial.
2.5 Sample size calculation
According to the previous study (Wang et al., 2013), after TGP treatment for RAU, the monthly ulcer-free interval of patients was 12.80 ± 6.97 days in the TGP group and 8.08 ± 6.18 days in the control group. Considering α = 0.05, β = 0.20, and a 20% dropout rate, 37.88 patients were required in each group.
2.6 Random allocation sequence generation and concealment
Subjects in group A and group B were assigned in a 1:1 ratio using block randomization with a block length of four. The random sequence was generated by a professional statistician using SAS 9.4 software. An independent pharmacist placed the TGP capsules in boxes belonging to group A or B and placebo in another. The allocation sequence and blinding code were placed in opaque envelopes and stored in a safe.
2.7 Data entry and quality control
We employed the intention-to-treat (ITT) analysis. The data for all subjects, including those who stopped the trial or were not able to be followed up, were considered in the analysis. We did not make any additions to the missing data.
An electronic data management model was used in this trial. Patient records in the app were directly uploaded to statisticians. For the data in the diary, clinicians and third-party personnel entered them back to back into the EpiData 3.1 database, and the inconsistencies were checked and corrected under supervision.
2.8 Blind methods
The placebo and TGP capsules were produced through the same production pipeline and were identical in terms of color, volume, weight, odor, taste, and packaging. Throughout the trial, the subjects, researchers, and data-entry personnel were blinded to the treatment assignment and only knew the serial number. After completion of the clinical trial and data collection, the statistician opened the envelope to obtain the serial number belonging to group A or B for statistical analysis. The unblinding was completed after obtaining the results to find which group received the drug.
2.9 Statistical methods
Comparisons were made between the two groups with baseline data and before and after stopping medication (i.e., 25–36 weeks versus 13–24 weeks). If the numerical variables conformed to a normal distribution, we used mean ± standard deviation to describe them and a t-test to compare the differences between the two groups. Otherwise, we used the median (interquartile range) to describe and the Wilcoxon non-parametric test to compare the differences between the two groups. For categorical variables, differences between two groups were compared using the chi-square test or Fisher’s exact chi-square test. For intra-group comparison, the Bonferroni correction method was used to adjust the p-value, i.e., P adjust. STATA 13.0 software was used for data analysis, and p < 0.05 was considered statistically significant.
3 RESULTS
3.1 Quality control of TGP
We selected a portion of TGP that was produced in the same batch as fingerprint detection samples. To verify the main components of TGP, we compared the retention time of individual peaks with that of the chemical reference standards. Seven peaks, including paeoniflorin, were detected. The HPLC chromatogram of TGP is shown in Figure 2. The calculated content of paeoniflorin in the drug is 130 mg/capsule, which exceeds the minimum standard of Chinese Pharmacopeia 2020.
[image: Figure 2]FIGURE 2 | Chromatographic profile of TGP. HPLC conditions: C18 column (250 × 4.6 mm id, 5 μm). The flow rate and injection volume were 0.8 mL/min and 20 μL, and the detecting wavelength was 230 nm. Peak 1: gallic acid; 2: catechin; 3: alibiflorin; 4: paeoniflorin; 5: 1,2,3,4,6-penta-O-galloyl-β-D-glucose; 6: benzoylpaeoniflorin; and 7: benzoylalbiflorin.
3.2 Number of subjects
A total of 79 patients with RAU finally signed the informed consent form, but one patient in each group withdrew their consent after obtaining a random number on the same day. Thirty-one patients in the TGP group and thirty-two in the placebo group completed the 9-month follow-up; see Figure 3 for details. The drop-out rate was 18.18%. The follow-up period was 235.7 ± 45.6 days in the TGP group and 242.1 ± 45.9 days in the placebo group. A total of 77 subjects were included in the final statistical analysis.
[image: Figure 3]FIGURE 3 | Participant flowchart.
3.3 Baseline data analysis
The mean age of the patients in the TGP and placebo groups was 42.0 ± 14.5 and 41.2 ± 16.1 years, respectively, with 18 males in each group, accounting for 46.2% and 47.4% of the total. There was no difference in the monthly ulcer-free interval, monthly number of ulcers, monthly area of ulcers, and VAS on the baseline between the subjects randomized to the TGP group and the placebo group. In addition, there were no differences in the factors that may affect the severity of RAU, such as sleep, defecation, mental stress, family history, smoking, alcohol history, dietary habits, course of the disease, and recent blood routine examination results. Thirty-one patients (79.5%) in the TGP group and 32 patients (84.2%) in the placebo group used topical medications to treat oral ulcers during the 4 weeks before entering the trial, and there was no significant difference between groups in the specific drugs used. See Table 2 for details.
TABLE 2 | Demographic and clinical characteristics.
[image: Table 2]3.4 Medication
Patients in the TGP and placebo groups used 5–6 capsules/day on average for 0–24 weeks. There was no significant difference in the number of patients using topical drugs and the days of using topical drugs, as shown in Table 3.
TABLE 3 | Medication and defecation.
[image: Table 3]3.5 Efficacy evaluation
3.5.1 Monthly ulcer-free interval
The monthly ulcer-free interval was prolonged in the TGP group since weeks 5–12 (median, 14.5 days), significantly longer than baseline (median, 9.6 days) since weeks 13–24 (median, 18.5 days) (p < 0.001), and after discontinuation, it was further prolonged (median, 24.7 days) than weeks 13–24 (median, 18.5 days) (p < 0.001). In the placebo group, the monthly ulcer-free interval time was unstable, with an increase from baseline (median, 9.8 days) in weeks 13–24 (median, 20.7 days) (p < 0.001) but a decrease at weeks 25–36 (median, 15.9 days). The monthly ulcer-free interval was longer in the TGP group (median, 24.7 days) than in the placebo group (median, 15.9 days) at weeks 25–36 (p < 0.001).
3.5.2 Monthly number of ulcers
The monthly number of ulcers decreased steadily in the TGP group, with a significant difference from baseline (median, 42.2) since weeks 5–12 (median, 23.0) (p = 0.002), and decreased significantly after discontinuation (median, 7.6) compared with weeks 13–24 (median, 16.0) (p < 0.001). The monthly number of ulcers decreased gradually in the placebo group before week 24, but increased after discontinuation, with a significant difference from baseline (median, 43.5) from weeks 13–24 (median, 15.0) to the end of the trial (p < 0.001). The number of monthly ulcers was significantly less in the TGP group (median, 7.6) than in the placebo group (median, 28.2) at weeks 25–36 (p < 0.001).
3.5.3 Monthly area of ulcers
The monthly area of ulcers tended to decrease in the TGP group at all stages after trial entry (weeks 0–4, median, 1.3 cm2), with a significant difference from baseline since weeks 0–4 (median, 9.0 cm2) (p < 0.001), and decreased significantly after discontinuation (median, 0.2 cm2) compared with weeks 13–24 (median, 1.1 cm2) (p < 0.001). In the placebo group, the monthly area of ulcers gradually decreased during the medication period (weeks 13–24, median, 0.5 cm2) (p < 0.001) but increased at weeks 25–36 (median, 1.5 cm2). The monthly ulcer area in the TGP group (median, 0.2 cm2) was smaller than that in the placebo group (median, 1.5 cm2) at weeks 25–36 (p < 0.001).
3.5.4 VAS
The VAS in both groups gradually decreased during medication (weeks 13–24, median, TGP: 0.9, placebo: 0.8) and increased from the previous at weeks 25–36 (median, TGP: 1.5, placebo: 5.0). Except for the lack of a significant difference between weeks 25–36 (median, 5.0) and baseline (median, 6.0) in the placebo group (p = 0.08), the VAS in the groups were significantly lower than the baseline at other time periods (p < 0.05). Specifically, the VAS in the TGP group (median, 1.5) was smaller than that in the placebo group (median, 5.0) at weeks 25–36 (p < 0.001).
All the aforementioned details are shown in Table 4 and Figure 4.
TABLE 4 | Efficacy of TGP in the treatment of RAU.
[image: Table 4][image: Figure 4]FIGURE 4 | Comparison between total glucosides of paeony capsules and the placebo in the treatment of recurrent aphthous ulcers. (A) Monthly ulcer-free interval. (B) Monthly number of ulcers. (C) Monthly area of ulcers. (D) VAS, visual analog scoring. TGP, total glucosides of paeony capsules. w, week.
3.6 Safety evaluation
The number of people with loose stools or increased stool frequency was much more in the TGP group than in the control group (p < 0.010), but the days with loose stools or increased stool frequency were significantly different only at weeks 13–24 between the two groups (p = 0.018). See Table 3 for details.
Most of the patients with abdominal symptoms (7 in the placebo group and 15 in the TGP group) experienced increased stool frequency or loose stool within 5 days after medication, and only one patient in the TGP group had diarrhea symptoms (watery stools three or more times a day) for 1 day (Nemeth et al., 2022). Five patients showed abdominal distension symptoms at the early stage of medication for 2–3 days. None of the two groups had any symptoms of abdominal discomfort after discontinuation.
There was only one patient who withdrew from the study due to adverse drug reactions. He was assigned to the control group and had a rash with itching after 1-week medication, which was suspected to be drug-related. The patient applied calamine lotion and stopped taking the drug, and the symptoms completely disappeared 1 week later. The patient tried to take the drug again 3 weeks later, but similar symptoms recurred. Therefore, the patient withdrew from the trial, and the rash did not recur.
Blood routine and blood biochemical parameters were normal after treatment in both groups, and there was no difference from baseline.
4 DISCUSSION
Our study showed that TGP could effectively treat RAU. The improvement of the severity of RAU began with a reduction in the monthly area of ulcers and pain (0–4 weeks), followed by a reduction in the monthly number of ulcers (5–12 weeks), and finally, a significant increase was shown in the monthly ulcer-free interval (13–24 weeks). The improvement in the monthly number of ulcers in the placebo group was observed later than that in the TGP group. We observed that the onset time of the primary outcome was 13–24 weeks, which is consistent with a study indicating that the onset time of TGP in the treatment of lichen planus was 4–6 months (Zhou et al., 2016). In addition, our study demonstrated that the objective outcomes of RAU (monthly area of ulcers, monthly number of ulcers, and ulcer-free interval) were further improved in patients in the TGP group after discontinuation, while a “rebound” occurred in the placebo group, and there were significant differences between the two groups. The long-term stable effectiveness of TGP is very important for RAU patients. In this study, the average course of the patients was about 10 years. Most of them tried various treatment methods before, but oral ulcers occurred frequently after drug withdrawal for a period of time. TGP was expected to solve the clinical treatment dilemma of a “rebound” after the withdrawal of most medications.
Mental stress, allergy, family history, smoking, alcohol, poor diet, and irregular living habits promote the occurrence of RAU (Wang et al., 2022). In addition, studies found that platelet count, white blood cell count, red blood cell count, and hemoglobin content were also associated with RAU (Sun et al., 2015; Seckin et al., 2016; Chiang et al., 2019). There was no difference in the aforementioned indicators at baseline, so the relevant effects were excluded. In this trial, different patients might have different descriptions of ulcer areas, so we took the measure of training and corrected the ulcer records at each hospital visit.
Good safety is a significant advantage of TGP. In addition, the TGP capsule, unlike other traditional Chinese medicine that require decoction, offered convenience in terms of portability and administration. This convenience supported its long-term use, enabling patients to achieve consistent and favorable efficacy. The monthly expenditure for RAU patients taking TGP was higher than that for glucocorticoids but lower than that for thalidomide.
Interventions were performed on patients with minor RAU of different genders and ages, allowing most RAU patients to benefit from the conclusions of this study. However, without detailed guidance and supervision from clinicians, it may be challenging for most patients to complete the 6-month medication. Therefore, the results of this trial may demonstrate superior medication effects for common patients with RAU.
In summary, we believe that TGP can significantly reduce the frequency of ulcer attacks without the “rebound” of symptoms after drug withdrawal, with mild adverse reactions. It is recommended to use the drug for more than 4 months to achieve stable long-term efficacy.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Biomedical Ethics Committee of Peking University Stomatological Hospital. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
ZL, XG, YH, and HL contributed to conception and design of the study. ZL and XG organized the database. ZL and ML performed the statistical analysis. ZL, XG, SL, QG, XL, and YH screened possible subjects. ZL wrote the first draft of the manuscript. YW prepared figures 1–3. YH and HL revised the manuscript critically for important intellectual content. All authors contributed to the article and approved the submitted version.
FUNDING
This study was funded by Ningbo Liwah Pharmaceutical Co., LTD. The funders had no role in the study design, data collection and analysis, and decision on publication or manuscript preparation.
ACKNOWLEDGMENTS
Thanks are due to all the patients for their cooperation with this trial. We would like to acknowledge that a previous version of this manuscript has been made available as a preprint on Research Square. The preprint can be accessed at: https://doi.org/10.21203/rs.3.rs-1649224/v1 (Accessed August 3, 2023).
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
 Amare, G. G., Meharie, B. G., and Belayneh, Y. M. (2021). A drug repositioning success: The repositioned therapeutic applications and mechanisms of action of thalidomide. J. Oncol. Pharm. Pract. 27 (3), 673–678. doi:10.1177/1078155220975825
 Blake, M. R., Raker, J. M., and Whelan, K. (2016). Validity and reliability of the Bristol Stool Form Scale in healthy adults and patients with diarrhoea-predominant irritable bowel syndrome. Aliment. Pharmacol. Ther. 44 (7), 693–703. doi:10.1111/apt.13746
 Bratel, J., and Hakeberg, M. (2014). Anamnestic findings from patients with recurrent aphthous stomatitis. Swed. Dent. J. 38 (3), 143–149.
 Chiang, C. P., Yu-Fong Chang, J., Wang, Y. P., Wu, Y. H., Wu, Y. C., and Sun, A. (2019). Recurrent aphthous stomatitis - etiology, serum autoantibodies, anemia, hematinic deficiencies, and management. J. Formos. Med. Assoc. = Taiwan yi zhi. 118 (9), 1279–1289. doi:10.1016/j.jfma.2018.10.023
 Cui, R. Z., Bruce, A. J., and Rogers, R. S. (2016). Recurrent aphthous stomatitis. Clin. dermatology 34 (4), 475–481. doi:10.1016/j.clindermatol.2016.02.020
 Deng, Y., Wei, W., Wang, Y., Pan, L., Du, G., Yao, H., et al. (2022). A Randomized controlled clinical trial on dose optimization of thalidomide in maintenance treatment for recurrent aphthous stomatitis. J. Oral Pathol. Med. 51 (1), 106–112. doi:10.1111/jop.13259
 Giannetti, L., Dello, M., Diago, A., and Lo Muzio, L. (2018). Recurrent aphtous stomatitis. Minerva Stomatol. 67 (3), 125–128. doi:10.23736/S0026-4970.18.04137-7
 Gong, X., Li, H., Guo, H., Wu, S., Lu, C., Chen, Y., et al. (2022). Efficacy and safety of total glucosides of paeony in the treatment of systemic lupus erythematosus: A systematic review and meta-analysis. Front. Pharmacol. 13, 932874. doi:10.3389/fphar.2022.932874
 Guo, X., Han, Y., Liu, Z., Li, S., Huang, G., and Liu, H. (2020). Expert recommendations for prevention, treatment and care of oral ulcers and other mucosal diseases during the coronavirus outbreak. Chin. J. Dent. Res. 23 (2), 95–98. doi:10.3290/j.cjdr.a44744
 Jiang, H., Li, J., Wang, L., Wang, S., Nie, X., Chen, Y., et al. (2020). Total glucosides of paeony: A review of its phytochemistry, role in autoimmune diseases, and mechanisms of action. J. Ethnopharmacol. 258, 112913. doi:10.1016/j.jep.2020.112913
 Karakas, Y., Esin, E., Lacin, S., Ceyhan, K., Heper, A. O., and Yalcin, S. (2016). A case of acanthosis nigricans as a paraneoplastic syndrome with squamous cell lung cancer. OncoTargets Ther. 9, 4815–4820. doi:10.2147/OTT.S95020
 Kong, X., Leng, D., Liang, G., Zheng, H., Wang, Q., Shen, Y., et al. (2018). Paeoniflorin augments systemic Candida albicans infection through inhibiting Th1 and Th17 cell expression in a mouse model. Int. Immunopharmacol. 60, 76–83. doi:10.1016/j.intimp.2018.03.001
 Liu, Z., Han, Y., Lu, M., Jin, J., Guo, X., and Yu, M. (2022). Retrospective cohort study of major recurrent aphthous ulcer. J. Clin. Stomatology. 38 (7), 399–403. doi:10.3969/j.issn.1003-1634.2022.07.005
 Liu, Z., Guo, X., Li, S., Lu, M., Guo, Q., Liu, X., et al. (2022). Efficacy and safety of total glucosides of paeony in the treatment of recurrent aphthous ulcers: a single-center, double-blind, randomized, placebo-controlled clinical trial. Research Square [Preprint]. doi:10.21203/rs.3.rs-1649224/v1(Accessed August 3, 2023).
 Nemeth, V., Fau - Pfleghaar, N., and Pfleghaar, N. (2022). Diarrhea. Tampa, FL: StatPearls Publishing LLC. 
 Peng, J., Lu, X., Xie, K., Xu, Y., He, R., Guo, L., et al. (2019). Dynamic alterations in the gut microbiota of collagen-induced arthritis rats following the prolonged administration of total glucosides of paeony. Front. Cell. Infect. Microbiol. 9, 204. doi:10.3389/fcimb.2019.00204
 Said, A. K., Leao, J. C., Fedele, S., and Porter, S. R. (2013). Focal epithelial hyperplasia - an update. J. oral pathology Med. official Publ. Int. Assoc. Oral Pathologists Am. Acad. Oral Pathology 42 (6), 435–442. doi:10.1111/jop.12009
 Seckin, H. Y., Butun, I., Bas, Y., Takci, Z., and Kalkan, G. (2016). Effects of colchicine treatment on mean platelet volume and the inflammatory markers in recurrent aphthous stomatitis. J. Dermatol. Treat. 27 (4), 389–391. doi:10.3109/09546634.2015.1116680
 Shavakhi, M., Sahebkar, A., Shirban, F., and Bagherniya, M. (2022). The efficacy of herbal medicine in the treatment of recurrent aphthous stomatitis: A systematic review of randomized clinical trials. Phytother. Res. 36 (2), 672–685. doi:10.1002/ptr.7332
 Shi, D., Ma, A., Zheng, H., Huo, G., Yan, H., Fu, H., et al. (2014). Paeoniflorin inhibits the maturation and immunostimulatory function of allergen-induced murine dendritic cells. Int. Immunopharmacol. 19 (2), 221–232. doi:10.1016/j.intimp.2014.02.001
 Sun, A. C. C., Liu, B. Y., Wang, J. T., Leu, J. S., and Chiang, C. P. (2000). Expression of interleukin-2 receptor by activated peripheral blood lymphocytes upregulated by the plasma level of interleukin-2 in patients with recurrent aphthous ulcers. Proc. Natl. Sci. Counc. Repub. China B 24 (3), 116–122.
 Sun, A., Chen, H. M., Cheng, S. J., Wang, Y. P., Chang, J. Y., Wu, Y. C., et al. (2015). Significant association of deficiencies of hemoglobin, iron, vitamin B12, and folic acid and high homocysteine level with recurrent aphthous stomatitis. J. Oral Pathol. Med. 44 (4), 300–305. doi:10.1111/jop.12241
 Tappuni, A. R., Kovacevic, T., Shirlaw, P. J., and Challacombe, S. J. (2013). Clinical assessment of disease severity in recurrent aphthous stomatitis. J. Oral Pathol. Med. 42 (8), 635–641. doi:10.1111/jop.12059
 Wang, T. T., Zhang, X., Wang, J. J., Zhao, R., and Qi, M. (2013). Efficacy evaluation of total paeoniflorin and vitamin B2 in the treatment of recurrent aphthous ulcers. J. Pract. Stomatology 29 (5), 686–689. doi:10.3969/j.issn.1001-3733.2013.05.018
 Wang, Z., Cao, H., Xiong, J., Lu, Y., Deng, Y., Nan, H., et al. (2022). Recent advances in the aetiology of recurrent aphthous stomatitis (RAS). Postgrad. Med. J. 98 (1155), 57–66. doi:10.1136/postgradmedj-2020-139421
 Xu, K., Zhou, C., Huang, F., Duan, N., Wang, Y., Zheng, L., et al. (2021). Relationship between dietary factors and recurrent aphthous stomatitis in China: A cross-sectional study. J. Int. Med. Res. 49 (5), 3000605211017724. doi:10.1177/03000605211017724
 Zeng, Q., Shi, X., Yang, J., Yang, M., Zhao, W., Zhao, X., et al. (2020). The efficacy and safety of thalidomide on the recurrence interval of continuous recurrent aphthous ulceration: A randomized controlled clinical trial. J. Oral Pathol. Med. 49 (4), 357–364. doi:10.1111/jop.12960
 Zhang, R., Jiang, M., Lei, W., and Wang, A. (2021). Malignant acanthosis nigricans with recurrent bladder cancer: A case report and review of literature. OncoTargets Ther. 14, 951–957. doi:10.2147/OTT.S290124
 Zhao, Z., Han, Y., Zhang, Z., Li, W., Ji, X., Liu, X., et al. (2018). Total glucosides of paeony improves the immunomodulatory capacity of MSCs partially via the miR-124/STAT3 pathway in oral lichen planus. Biomed. Pharmacother. 105, 151–158. doi:10.1016/j.biopha.2018.05.076
 Zhou, L., Cao, T., Wang, Y., Yao, H., Du, G., Tian, Z., et al. (2016). Clinical observation on the treatment of oral lichen planus with total glucosides of paeony capsule combined with corticosteroids. Int. Immunopharmacol. 36, 106–110. doi:10.1016/j.intimp.2016.03.035
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 © 2023 Liu, Guo, Li, Lu, Guo, Liu, Wang, Han and Liu. 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/inline_3.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Efficacy and safety of total glucosides of paeony in the treatment of recurrent aphthous ulcers: a single-center, double-blind, randomized, placebo-controlled clinical trial		1 Introduction

		2 Materials and methods		2.1 Participants and recruitment

		2.2 Interventions

		2.3 Outcome

		2.4 Follow-up

		2.5 Sample size calculation

		2.6 Random allocation sequence generation and concealment

		2.7 Data entry and quality control

		2.8 Blind methods

		2.9 Statistical methods





		3 Results		3.1 Quality control of TGP

		3.2 Number of subjects

		3.3 Baseline data analysis

		3.4 Medication

		3.5 Efficacy evaluation

		3.6 Safety evaluation





		4 Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/inline_2.gif





OPS/images/inline_5.gif





OPS/images/inline_4.gif





OPS/images/inline_11.gif
Hylcers





OPS/images/inline_10.gif
VAS;









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-14-1209075-t001.jpg
Description Diameter (cm) Area (cm?)

‘ 1 The point of a needle ‘ 0.1 ‘ 001
‘ 2 Millet ‘ 01<d<02 ‘ 002
‘ 3 Rice ‘ 02<d<03 ‘ 005
‘ 1 Mung bean ‘ 03<d<0s ‘ 013
5 Soybean ‘ 05<d<10
6 Broad bean ‘ <1






OPS/images/fphar-14-1209075-t002.jpg
TGP (N = 39) Placebo (N = 38)

Age,y 420+ 145 4122161 082
Male, n (%) 18 (46.2%) 18 (47.4%) 092
Sleep 085
Fell asleep easily and rarely got up at night 24 (61.5%) 21 (55.3%)
Fell asleep with difficulty or always got up at night 9 (23.1%) 10 (263%)
Fell asleep with difficulty and always got up at night 6 (15.4%) 7 (184%)
Stool shape 075
Nut-shaped, n (%) 2 (5.1%) 3 (7.9%)
Sausage shaped but lumpy, n (%) 7 (17.9%) 4(105%)
Sausage shaped, n (%) 28 (71.8%) 28 (73.7%)
Pasty, n (%) 2 (5.1%) 3(7.9%)
Watery, n (%) 0 0
Stress, n (%) 16 (41.0%) 17 (44.7%) 074
Family history, n (%) 16 (41.0%) 9 (23.7%) 010
Allergic history, n (%) 8 (20.5%) 10 (26.3%) 055
Cigarette use, n (%) 5 (128%) 2(5.3%) 025
Alcohol use, n (%) 4(10.3%) 3(7.9%) 072
Dietary habit 011
Light, n (%) 15 (38.5%) 13 (34.29%)
Normal, n (%) 15 (38.5%) 22 (57.9%)
Spicy, n (%) 9 (23.1%) 3(7.9%)
Topical medication used in the 4 weeks before participating in the trial
Patients who used topical medication, n (%) 31(79.5%) 32(84.2%) 059
Kangfuxin liquid, n (%) 263 2(63) 097
Oral ulcer powder, n (%) 7(223) 7(219) 094
Watermelon frost, n (%) 1(32) 5(156) 009
Topical medication containing hormone, n (%) 6(19.4) 7 (219) 080
Other or unknown topical medication, n (%) 22 (710) 22 (6838) 085

Recurrent aphthous ulcers

Course, years 100 (80, 15.0) 95 (4.0, 13.0) 013
Monthly ulcer-free interval, days 9.6 (19, 15.0) 9.8 (0.0, 155) 082
Monthly number of ulcers, n 42.2 (275, 71.0) 435 (240, 75.0) 078
Monthly area of ulcers, cm® 9.0 (3.1, 164) 65 (28,132) 060

VAS 6(5.8) 6(57) 055

\
Lab data

Hemoglobin, g/L 1420 (1310, 151.0) 139.0 (1270, 151.0) 072
Red blood cell count, x10%/L 47 (43,50) 46 (4.1, 50) 050
Blood platelet count, x10°/L 2260 (1900, 278.0) 249.0 (1800, 284.0) 086
White blood cell count, x10°/L 54 (47, 68) 57 (5.1,68) 021

Data were presented as the number of patients (%), mean + standard deviation, or median (interquartile spacing).
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N=39 N=37 N=38 N=35 N =32

Dosage of TGP, g 1.68+0.18 | 168 +027 | 093 1.62+024 168 +024 015 150 £030 | 1.68%027 003

Frequent or loose stool

Number of people, n (%) 20 (51.3%) | 8 (216%) | 0.007 14 (36.8%) | 2 (5.7%) 0,001 12 (364%) | 0 (0.0%) <0001
Days, days 20 10(00,20) | 007 3.0 00 (00,10) | 0.12 10 0.0 (0.0,00) 002
(1.0, 10.0) (0.0, 10.0) (0.5,7.0)

Externally applied agents ‘

Number of people, n (%) 26 (66.7%) | 19 (51.4%) | 017 30 (78.9%) 22 (629%) 0.3 21 (63.6%) | 17 (531%) 039

Days of external use

Kangfuxin liquid, days 20 10 (10,40) | 018 45 60 055 55 15(10,35) 019
(20,50) (20,110) | (40, 12.0) (15,19.0)

‘Tong Ren Tang oral ulcer powder, days | 4.0 70 (30,90) | 058 50 90 0.10 110 110 079
(3.0,7.) (30,140) | (50,23.0) (50,280) | (7.0,18.0)

Both Kangfuxin liquid and Tong Ren | 6.0 70 048 90 240 026 200 210 089

‘Tang oral ulcer powder, days (15,125) | (35, 145) (40,180) | (60,29.0) (9.0,340) | (8.0,32.0)

Data were presented as the number of patients (%), mean + standard deviation, or median (interquartile spacing).
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