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Introduction: Triamcinolone acetonide (TA) is commonly used in the treatment of various inflammatory conditions. To ensure its efficacy and safety, it is important to accurately determine its concentration in human plasma and evaluate its bioequivalence. In this study, an efficient ultra-performance liquid chromatography-electrospray ionization-tandem mass spectrometry (UPLC-ESI-MS/MS) method was developed for the quantification of TA in human plasma after a single intramuscular injection. The internal standard used in this method was cortisone acetate (CA).
Methods: TA and CA were extracted from plasma using ethyl acetate and N-hexane (4:1, v/v), separated on a C18 reverse-phase column with a mobile phase of acetonitrile-water containing 1% formic acid (55:45, v/v), and analyzed by UPLC-ESI-MS/MS. Multiple-reaction monitoring was performed using the transitions m/z 435.4→397.3 for TA and m/z 403.4→163.1 for CA.
Results: The developed UPLC-ESI-MS/MS method demonstrated linearity over a concentration range of 0.53–21.20 ng/mL, with a lower limit of quantification of 0.53 ng/mL. The intra- and inter-run precision values ranged from 3.007% to 9.960% and 3.528% to 11.26%, respectively. The intra- and inter-run accuracy ranges were −1.962% to −6.577% and −3.371% to 0.348%, respectively. The matrix effect, extraction recovery, and stability of TA all met the acceptance criteria recommended by the National Medical Products Administration (NMPA) for bioassays. In healthy volunteers who received a single intramuscular injection of 80 mg of either the test or reference formulation of TA, various pharmacokinetic parameters were determined. Cmax was found to be 8.616 ± 1.232 and 8.285 ± 1.218 ng/mL for the test and reference formulations, respectively. Tmax was approximately 1.833 ± 0.243 and 1.861 ± 0.230 h. The t1/2 was calculated to be 181.249 ± 78.585 and 201.782 ± 83.551 h. AUC0-720 was 835.642 ± 297.209 and 830.684 ± 331.168 ng h/mL, AUC0-∞ was 991.859 ± 355.939 and 1018.665 ± 420.769 ng h/mL for the test and reference formulations, respectively. The average relative bioavailability of TA, determined using AUC0-720, was 105.4 ± 26.9%. Bioequivalence was evaluated through variance analysis and a double unilateral test, and the 90% confidence intervals of AUC0-720, Cmax, and AUC0-∞ were 92.8%–113.4%, 99.1%–109.1%, and 89.7%–110.9%, respectively (all p > 0.05).
Discussion: These results met the bioequivalence criteria set by the NMPA, indicating that the developed UPLC-ESI-MS/MS method accurately determined TA concentrations in the plasma of healthy Chinese volunteers and that the test and reference formulations exhibited bioequivalence in these individuals.
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INTRODUCTION
Triamcinolone acetonide (TA) is a new synthetic fluorine long-term corticosteroid used for the corticosteroid treatment of various diseases. It has a molecular formula of C24H31FO6 and a molecular weight of 434.48. Its white crystalline powder is odorless, soluble in acetone and water, and slightly soluble in chloroform and ethanol.
TA is mainly used to treat allergic diseases, skin diseases, diffuse rheumatoid arthritis, and other connective tissue diseases when the patient is severely debilitated and has failed to respond to conventional drugs. When oral corticosteroids are not feasible, intramuscular injection is significantly effective for these diseases. TA can also be injected intraarticularly or intracapsularly and administered directly to the tendon sheath or joint capsule.
The anti-inflammatory immunity mechanism of TA is to reduce congestion, reduce capillary permeability, inhibit the movement of inflammatory cells (lymphocytes, granulocytes, macrophages, etc.) to the inflammatory site, prevent inflammatory mediators (such as kinins, histamine, and slow reactive substances) from reacting, inhibit phagocytic cell function, stabilize the lysosomal membrane, prevent complements from participating in the inflammatory response, and inhibit the repair of tissue damage after inflammation.
TA has shown good clinical results in treating inflammatory and allergic diseases ([Bielory et al., 2009; Weinstein et al., 2009; Cleary et al., 2010; Leder et al., 2011)]. However, due to its rapid destruction in the liver when administered orally, it is ineffective in this route ([Shin et al., 2000)]. Intramuscular or other methods of administration ([Soma et al., 2011; McLeod et al., 1985)] are necessary to bypass the first-pass effect that may occur with oral administration and ensure proper absorption of the drug. Several high-performance liquid chromatography (HPLC) (Döppenschmitt et al., 1996; Choi et al., 2000; [Shin et al., 2000; Vieira et al., 2010; Amran et al., 2011)], HPLC-mass spectrometry (MS) ([Silva et al., 2009)], gas chromatography (GC)-MS ([Courtheyn et al., 1998)], HPLC-tandem MS (MS/MS) (Taylor et al., 2004; Lim et al., 2006; Qu et al., 2007; De Orsi et al., 2008; [Herrero et al., 2013; Matabosch et al., 2014)], and ultra-performance liquid chromatography (UPLC)-MS/MS (Liu et al., 2015; [Sun et al., 2018; )] methods have been reported for the determination of TA. The most sensitive assay is the UPLC-ESI-MS/MS method with rabbit plasma, which uses a liquid-liquid extraction and has a lower limit of quantification (LLOQ) of 10 pg/mL ([Sun et al., 2018)]. However, there are currently no available studies on the pharmacokinetics and bioequivalence of TA in human plasma after intramuscular injection. Therefore, it is necessary to establish a efficient method to address this issue.
This study presented the successful development and validation of a highly sensitive UPLC-electrospray ionization-(ESI)-MS/MS method for quantifying TA in human plasma using liquid-liquid extraction, with an impressive LLOQ of only 0.53 ng/mL. This method was then used to investigate the pharmacokinetics and bioequivalence of intramuscularly administered TA in healthy Chinese volunteers, yielding valuable data on the behavior of TA in human plasma.
MATERIALS AND METHODS
Formulations and subject selection
In this study, the test formulation was TA injection (40 mg/1 mL/ampule, lot no. 221027, expiration date September 2023), provided by Shenyang Everbright Pharmaceutical Co.Co., Ltd., whereas the reference formulation was TA injection (40 mg/1 mL/ampule, lot no. 133, expiration date November 2023), manufactured by Laboratorio Italiano Biochimico Farmaceutico Lisapharma S. p.A. Eighteen healthy male volunteers, ages between 20 and 27 years and weighing between 56 and 82 kg, were selected based on inclusion criteria. Participants signed informed consent forms, underwent comprehensive physical examinations at the First Clinical Hospital of China Medical University before the experiment, and completed blood, urine, liver, and kidney function tests that were all normal. The medical professionals who conducted the experiment closely monitored blood collection times, and two nurses were responsible for blood collection. The study was conducted at the National Institute for Drug Clinical Experiments, First Affiliated Hospital of China Medical University.
Study design
To explore the bioequivalence of the test and reference formulations of TA after intramuscular injection, an open, randomized, single-dose crossover experiment was conducted with 18 healthy volunteers divided into two groups of 9. Group T received the test formulation before the reference formulation, whereas Group R received the reference formulation first, followed by the test formulation. The administration of each formulation was separated by a 6-week interval. Before injection of either formulation, blood samples were taken from the participants, and at 7:00 a.m., an 80 mg test or reference formulation was administered intramuscularly. Blood samples were taken at regular intervals of 0.5, 1.0, 1.5, 2.0, 3.0, 5.0, 8.0, 12.0, 24.0, 48.0, 96.0, 192.0, 336.0, 504.0, and 720.0 h after administration, with 3– to 5 mL venous blood drawn from the upper limb and stored at −20°°C until analysis. A standard low-fat meal was given 4.5 h after administration. After the first test period was completed, the same procedure was repeated in the second period after a 6-week clean-out period.
Chemical materials
The purity of TA (Figure 1A) and cortisone acetate (CA; Figure 1B) was 99.8% and 99.6%, respectively, which were obtained from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Ultra-pure water was prepared from Millipore (Bedford, MA, USA), and HPLC-grade acetonitrile was obtained from Merck (Darmstadt, Germany). Analytical-grade ethyl acetate was obtained from Sinopharm Chemical Reagent Co.Co., Ltd. (Shenyang, China). The blank plasma used in the experiment was obtained from the General Hospital of Shenyang Military.
[image: Figure 1]FIGURE 1 | Positive product ion MS of TA (A) and CA (B) with the [M + H]+ ion as a precursor at m/z 397 for TA and 163 for CA.
Instrumentation and conditions
The UPLC-ESI-MS/MS equipment used in the experiment included an ACQUITY™ ultra-performance LC quaternary pump, an ACQUITY™ autosampler, and a Micromass®® Quattro Premier XE ES-MS/MS equipped with an ESI ion source (Waters Corp., Milford, MA, USA). Data acquisition and analysis were performed using Masslynx version 4.1. UPLC separation was carried out on an ACQUITY™ BEH C18 column (50 × 2.1 mm, 1.7 μm, Waters Corp.) at 40°°C. The mobile phase was a mixture of acetonitrile/water containing 1% formic acid (55:45, v/v), and a constant mobile phase flow rate of 0.2 mL/min was employed throughout the analysis. The total run time was 2.0 min. Nitrogen was used to assist nebulization during UPLC-ESI-MS/MS, and MS detection was performed using an electrospray ion source in the positive ionization mode. The ion spray for TA was optimized at a spray voltage of 3000 V and a capillary temperature of 350°°C, with the nitrogen sheath, ion sweep, and auxiliary set at 45, 10, and 10 psi, respectively. Collision energies of 13 V were optimized for TA and CA, and multiple-reaction monitoring (MRM) was used for data acquisition. MRM fragmentation transitions were m/z 435.4→397.3 for TA and m/z 403.4→163.1 for CA, with a scan dwell time of 0.2 s set for each channel.
Plasma sample processing
In this study, 500 µL plasma was taken, and 50 µL of 40% acetonitrile aqueous solution was added. Then, 50 µL of 500 ng/mL CA internal standard (I.S.) solution comprising of 40% acetonitrile-water mixture was added. The mixture was vortexed for 1 min before adding 3 mL ethyl acetate/hexane (4:1, v/v). The solution was vortexed for 3 min minutes and centrifuged at 4000 rpm for 10 min, then the supernatant 500 µL was taken and transferred to a separate tube. The residue was dried under a stream of nitrogen and dissolved with 100 µL mobile phase. The mixture was vortexed for 1 min at 15,000 rpm. After centrifugation for 3 min, 10 µL supernatant was injected for analysis.
Method specificity
The primary excimer ions generated by TA and CA under the ESI(+) mode were m/z 435.4→397.3 and 403.4→163.1, respectively. During quantitative analysis, they were used as product ions to monitor TA and CA. Blank plasma collected from six different individuals was processed according to the sample processing method, and a 10 µL sample was injected to obtain a typical chromatogram (Figure 2A). A certain concentration of the standard solution and I.S. was spiked into blank plasma, and the chromatogram was obtained using the same method (Figure 2B). Chromatograms were also obtained from plasma samples collected from healthy subjects after intramuscular injection (Figure 2C). The retention times of TA and CA were 0.92 and 1.09 min, respectively. Results indicated that endogenous substances in the blank plasma did not interfere with TA and CA determination.
[image: Figure 2]FIGURE 2 | UPLC-ESI-MS/MS chromatogram of TA in plasma. (A) Chromatogram of the blank plasma sample. (B) Chromatogram of blank plasma spiked with TA (10 ng/mL) and I.S. CA (50 ng/mL). (C) Chromatogram of the plasma sample obtained from subject 7 after intramuscular injection of 80 mg reference formulation at 504.0 h.
Matrix effect
As the UPLC/MS/MS detection method was based on soft ionization MS, the possible dielectric effects in the analysis process were investigated by preparing two samples: one with 500 µL blank plasma and the other with 500 µL deionized purified water. Then, 50 µL low, medium, and high concentrations (1.06, 5.30, and 21.20 ng/mL) of TA solutions were spiked, and three samples were analyzed for each concentration level. A 10 µL sample was injected, and the chromatogram was recorded to obtain the peak area response values of TA and CA. The matrix effect was determined by comparing the mean peak area of the sample prepared with blank plasma to that of the same concentration sample prepared with deionized purified water. The matrix effects were 95.788%, 100.954%, and 101.079% for the three concentrations, respectively, ranging from 85% to 115%. The I.S. matrix effect was 100.554% (Supplementary Table S1).
Calibration curve and LLOQ
For each concentration point of the designed calibration curve, 500 μL blank plasma was taken, and a series of standard solutions were spiked to prepare TA plasma standard series samples corresponding to concentrations of 0.53, 1.06, 2.12, 5.30, 10.60, and 21.20 ng/mL. Following the “Plasma sample processing” method, each concentration was used for single sample analysis, and 10 µL was injected. The chromatogram was recorded, with TA blood concentration as the abscissa and TA and CA peak area ratio as the ordinate. The weighted least-squares method was used for regression analysis, and the obtained linear regression equation was the calibration curve. The results of the 3-day validation method and the calibration curve regression equations for each batch of the methodology are presented in Supplementary Table S2. Figure 3 shows a typical calibration curve. Supplementary Table S1 shows each concentration point of the standard curve. According to the calibration curve, the linear range of TA was 0.53– to 21.20 ng/mL, and LLOQ was 0.53 ng/mL. Supplementary Table S3 shows the accuracy and precision results of LLOQ.
[image: Figure 3]FIGURE 3 | Calibration curve of the plasma drug concentration of TA measured by UPLC-ESI-MS/MS. (A) Calibration curve for day 1. (B) Calibration curve for day 2. (C) Calibration curve for day 3.
Precision and accuracy
For each concentration, 500 µL blank plasma was taken, and quality control (QC) samples with low, medium, high and TA concentrations (1.06, 5.30, and 21.20 ng/mL, respectively) were prepared according to the method described in “Calibration curve and LLOQ” and processed according to the “Plasma sample processing” method. Five samples were analyzed for each concentration level, and the continuum determination was performed over 3 days. The measured TA concentration in the QC sample was calculated based on the calibration curve of the same day. The accuracy and precision of this method were calculated based on the measured TA concentration in the QC sample. The intra- and interday precision and accuracy checks are presented in Supplementary Tables S4a, b, respectively.
Extraction recovery and relative recovery
For each sample, 500 µL blank plasma was taken, and TA QC plasma samples with low, medium, and high concentrations (1.06, 5.30, and 21.20 ng/mL) were prepared according to the method described in “Precision and accuracy” and processed according to the “Plasma sample processing” method. Three samples were analyzed for each concentration level. Another 500 µL blank plasma was taken for each sample and processed according to the “Plasma sample processing” method (without adding 50 µL of 40% acetonitrile aqueous solution). The obtained supernatant was spiked with 50 µL of the corresponding concentration standard solution, vortexed and mixed for 1 min, and blow-dried under a stream of nitrogen, and the residue was dissolved with 100 µL mobile phase. After vortexing for 1 min at 15,000 rpm, the solution was centrifuged for 3 min, and 10 µL supernatant was injected and analyzed to obtain the corresponding peak areas (average of three determinations). Extraction recovery was calculated as the ratio of the peak areas of the two treatments for each concentration. The recovery rates of low, medium, and high concentrations of TA (1.06, 5.30, and 21.20 ng/mL) were 77.406%, 80.110%, and 99.000%, respectively, and the recovery rate of the I.S. was 90.251% (Supplementary Table S5a). Using 500 µL blank plasma for each sample, 1.06, 5.30, and 21.20 ng/mL TA QC plasma samples were prepared according to the “Precision and accuracy” method and processed using the “Plasma sample processing” method. Three samples were analyzed for each concentration level, and the concentration of the QC samples was calculated based on the calibration curve of the day. Relative recovery was calculated as the ratio of the measured concentration to the spiked concentration for each concentration level. The relative recoveries of this method were 112.358%, 103.874%, and 102.898% at low, medium, and high concentrations of TA (1.06, 5.30, and 21.20 ng/mL, respectively; Supplementary Table S5b).
Sample stability
For each sample, 500 µL blank plasma was used to prepare TA QC plasma samples with low, medium, and high concentrations (1.06, 5.30, and 21.20 ng/mL) as described in “Precision and accuracy,” with three samples per concentration level. QC samples were processed according to “Plasma sample processing” and left at room temperature for 24 h for determination. In Supplementary Table S6a, the treated TA plasma samples were stable for 24 h at room temperature. QC samples were prepared and stored at −20°°C for 120 days, processed separately using the “Plasma sample processing” method, and determined. In Supplementary Table S6b, TA plasma samples stored at −20°°C were stable for 120 days. Furthermore, QC samples were prepared and subjected to three freeze-thaw cycles, with the concentration calculated after each cycle. After processing using the “Plasma sample processing” method, TA plasma samples were stable after three freeze-thaw cycles (Supplementary Table S6c). To evaluate their stability, the TA stock solution (200 ng/mL) and the I.S. stock solution (500 ng/mL) were stored at 4°°C for 30 days. Afterward, 10 µL was injected and analyzed to obtain the corresponding peak areas (Supplementary Table S7). Results showed that TA and I.S. stock solutions were stable within 30 days at 4°°C. Overall, the analytical method met the requirements of relevant regulations and could be used to determine TA plasma concentrations in pharmacokinetic studies.
RESULTS
Determination of plasma samples and analysis of results
The TA plasma concentrations in healthy subjects were determined at each time point after intramuscular injection of the reference and test formulations (Supplementary Tables S2, S3, respectively). The corresponding plasma concentration-time curves are displayed in Figures 4, 5. The mean plasma concentration-time curve for all 18 healthy subjects is shown in Figure 6.
[image: Figure 4]FIGURE 4 | Plasma concentration-time curve of TA after intramuscular injection of 80 mg test formulation in 18 healthy subjects.
[image: Figure 5]FIGURE 5 | Plasma concentration-time curve of TA after intramuscular injection of 80 mg reference formulation in 18 healthy subjects.
[image: Figure 6]FIGURE 6 | Mean plasma concentration-time curves of test and reference formulations of TA injection after intramuscular injection of 80 mg in 18 healthy subjects.
Data processing
The plasma drug concentration-time points of all 18 healthy subjects after intramuscular injection were collected and entered into a Masslynx 4.1 workstation for data analysis. DAS 2.0 was used to calculate the pharmacokinetic parameters and bioequivalence. The trapezoidal method was applied to calculate AUC0-720 and AUC0-∞ using the concentration-time curves. Furthermore, t1/2 was calculated from the concentration-time point of the elimination phase using the semilogarithmic mapping method. The measured Tmax and Cmax and the obtained pharmacokinetic parameters are presented in Supplementary Tables 8, 9. The relative bioavailability (Fr) was calculated using the AUC0-720 of the test and reference formulations with the formula: Fr = (AUC test formulation / AUC reference formulation) × 100% (Supplementary Table S10).
Pharmacokinetic cCalculations and bBioequivalence
After intramuscular injection of 80 mg test and reference formulations in healthy subjects, the pharmacokinetic parameters obtained were as follows: Cmax was 8.616 ± 1.232 and 8.285 ± 1.218 ng/mL, Tmax was 1.833 ± 0.243 and 1.861 ± 0.230 h, t1/2 was 181.249 ± 78.585 and 201.782 ± 83.551 h, AUC0-720 was 835.642 ± 297.209 and 830.684 ± 331.168 ng h/mL, and AUC0-∞ was 991.859 ± 355.939 and 1018.665 ± 420.769 ng h/mL, respectively. The average relative bioavailability of TA was 105.4% ± 26.9%, as calculated by AUC0-720. The 90% confidence interval (CI) of the test formulation AUC0-720 was 92.8%– to 113.4% of the corresponding parameters of the reference formulation, and the 90% CI of the test formulation Cmax was 99.1%– to 109.1% of the corresponding parameters of the reference formulation. The 90% CIs of AUC0-∞ of the test formulation was 89.7%– to 110.9% of the corresponding parameters of the reference formulation (Supplementary Tables S11–S13). The evaluation of bioequivalence was performed according to the protocol requirements, indicating that if the 90% confidence limit of AUC0-∞ and Cmax for the test formulation were within 80%– to 125% and 70%– to 143%, respectively, compared to the reference formulation, the test formulation would be considered bioequivalent. In this study, the test formulation met these criteria ([National Medical Products Administration and Center for Drug Evaluation, 2009)], indicating that it was bioequivalent to the reference formulation.
Tolerability
No adverse effects were reported for the 18 healthy subjects during the bioequivalence experiment, indicating that both formulations were well tolerated at the doses tested. After the experiment, four subjects (2, 4, 15, and 20) reported cough, hoarseness, runny nose, and other symptoms during follow-up physical examinations. The doctor’s diagnosis concluded that the symptoms were due to influenza, likely unrelated to the experimental drug. The study period coincided with a particularly cold winter season, which may have contributed to the onset of cold symptoms. All subjects fully recovered from the cold symptoms, as confirmed by telephone follow-up after the end of the study. The comprehensive evaluation of clinical examination and doctor’s consultation indicated that the experimental drug did not contribute to the reported symptoms.
DISCUSSION
In this study, the developed ethyl acetate/hexane (4:1, v/v) liquid-liquid extraction method was superior to other extraction methods. Compared to the different ratios of solvent combinations, such as dichloromethane/methanol, the ethyl acetate/hexane method provides a higher yield and selectivity for TA extraction from human plasma. Its low sample volume requirement and shorter extraction time make it more efficient than conventional methods. Its selectivity and accuracy were compared to other methods published in the literature. They were found to be more successful in terms of recovery of TA from human plasma ([Qu et al., 2007; Lim et al., 2006; Shen et al., 2010)]. The percentage extraction of TA using the ethyl acetate/hexane (4:1, v/v) method was significantly higher than that obtained by other extraction methods ([Taylor et al., 2004; Lim et al., 2006; Matabosch et al., 2014; Liu et al., 2015; Sun et al., 2018; Yao, Q et al., 2020)]. Overall, these results demonstrated the superiority of the ethyl acetate/hexane (4:1, v/v) liquid-liquid extraction method developed in terms of effectiveness, cost-efficiency, and simplicity compared to other methods.
UPLC-ESI-MS/MS is a chromatographic technique that uses MS as detectors. It combines the high separation capability of UPLC with the high sensitivity and selectivity of MS, making it a powerful tool in drug metabolism and pharmacokinetic studies. In this study, UPLC-ESI-MS/MS was used to develop a efficient method to analyze TA in human plasma. This method showed impressive selectivity, sensitivity, and specificity, leading to accurate compound quantification. UPLC-ESI-MS/MS facilitated fast and precise analysis, reducing the time and cost of analysis compared to traditional methods, for example, HPLC, HPLC-MS, HPLC-MS/MS, GC, and GC-MS, among them, the GC related methods also require the analyte to be volatile, this may have a detrimental effect on the analyte and lead to an increase in the detection limit, while also making the sample preparation process more complex and time-consuming. The HPLC or HPLC-MS/MS are inferior to the method used in this study in terms of separation efficiency, sampling volume, sensitivity, throughput, precision, and accuracy. Additionally, although other literature reports used the same method as this study, their tested samples were mostly non-biological or non-human samples. Therefore, this study is the first to apply this method to determine the bioequivalence of TA in human samples. The application of this novel method for evaluating TA bioequivalence after a single intramuscular injection in healthy volunteers demonstrated its ability to accurately determine the pharmacokinetic parameters of the drug. Overall, this study highlighted the importance and uniqueness of UPLC-ESI-MS/MS as an innovative analytical tool in pharmaceutical research and development.
In this study, 18 healthy subjects were randomly cross-injected with 80 mg TA test formulation and 80 mg TA reference formulation. The plasma TA concentration was determined by the UPLC-ESI-MS/MS method. After reviewing the literature, results of pharmacokinetics parameters of TA in healthy people after intramuscular injection measured by UPLC-ESI-MS/MS method were not reported. Although some studies measured the TA metabolite concentration in urine after intramuscular injection ([Matabosch et al., 2014)], there were some differences in pharmacokinetic parameters between humans and animals ([Soma et al., 2011; Liu et al., 2015; Sun et al., 2018; Yao, Q et al., 2020)], which may have been caused by the difference in species. There were also some differences in the pharmacokinetic parameters of healthy people between the dosage forms (Lim et al., 2006; [Qu et al., 2007; Shen et al., 2010)], which may have been caused by different dosage forms. Results of methodological verification showed that the linear range of the calibration curve of TA plasma concentration was 0.53– to 21.20 ng/mL (rr2 > 0.99), and LLOQ was 0.53 ng/mL. The intra- and interday coefficients of variation and the relative recovery rate of extraction also met the requirements of biological sample analysis. The reliability and accuracy of this test method were confirmed. The efficient assay is suitable for pharmacokinetic studies of TA in human subjects.
The concentration-time curves of the 18 healthy subjects after intramuscular injection of the two formulations showed good fitting relationships (Figures 4–6), suggesting that the two formulations were bioequivalent in vivo. The trapezoidal area method estimated the relative bioavailability at 105.2% ± 26.1%. Other pharmacokinetic parameters also demonstrated that the metabolic process and pharmacokinetic parameters of the two formulations in healthy subjects were bioequivalent. Statistical analysis, including three-factor analysis of variance, one-way and two-tailed t-tests, and (1-2α) CI analysis, showed no significant differences in the main pharmacokinetic parameters between the two formulations, indicating that the test and reference formulations were bioequivalent in healthy people.
CONCLUSIONS
Based on the experimental results described above, the test and reference formulations were bioequivalent in healthy Chinese-fasted male volunteers who received a single 80 mg TA injection. Results confirmed that the formulations met the bioequivalence definition of the NMPA regulatory guidelines.
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