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Purpose: To study the potential drug–drug interactions between tofacitinib and baohuoside I and to provide the scientific basis for 
rational use of them in clinical practice.
Methods: A total of eighteen Sprague-Dawley rats were randomly divided into three groups: control group, single-dose group 
(receiving a single dose of 20 mg/kg of baohuoside I), and multi-dose group (receiving multiple doses of baohuoside I for 7 days). On 
the seventh day, each rat was orally administered with 10 mg/kg of tofacitinib 30 minutes after giving baohuoside I or vehicle. Blood 
samples were collected and determined using UPLC-MS/MS. In vitro effects of baohuoside I on tofacitinib was investigated in rat 
liver microsomes (RLMs), as well as the underlying mechanism of inhibition. The semi-inhibitory concentration value (IC50) of 
baohuoside I was subsequently determined and its inhibitory mechanism against tofacitinib was analyzed. Furthermore, the interac
tions between baohuoside I, tofacitinib and CYP3A4 were explored using Pymol molecular docking simulation.
Results: The administration of baohuoside I orally has been observed to enhance the area under the concentration-time curve (AUC) 
of tofacitinib and decrease the clearance (CL). The observed disparity between the single-dose and multi-dose groups was statistically 
significant. Furthermore, our findings suggest that the impact of baohuoside I on tofacitinib metabolism may be a mixture of non- 
competitive and competitive inhibition. Baohuoside I exhibit an interaction with arginine (ARG) at position 106 of the CYP3A4 
enzyme through hydrogen bonding, positioning itself closer to the site of action compared to tofacitinib.
Conclusion: Our study has demonstrated the presence of drug–drug interactions between baohuoside I and tofacitinib, which may 
arise upon pre-administration of tofacitinib. Altogether, our data indicated that an interaction existed between tofacitinib and 
baohuoside I and additional cares might be taken when they were co-administrated in clinic.
Keywords: drug–drug interaction, pharmacokinetics, tofacitinib, baohuoside I, cytochrome P450

Introduction
Tofacitinib, a pharmacologically active compound possessing a pyrrole [2,3-d] pyrimidine framework, has been sanc
tioned to treat rheumatoid arthritis by the Food and Drug Administration (FDA) in 2012.1,2 Furthermore, it has recently 
received FDA approval in 2018 for the long-term therapy of ulcerative colitis.3 This inhibitor primarily targets Janus 
kinase (JAK)1 and 3, while also exhibiting a lesser degree of inhibition towards JAK2.

Following the administration of tofacitinib via oral route to individuals without any medical conditions, the 
pharmacokinetics parameters showed that the apparent volume of distribution (Vz/F) was 1.24 L/kg, elimination half- 
life (t1/2) was 3.2 hours and about 40% of tofacitinib exhibited plasma protein binding.4,5 Tofacitinib is predominantly 
eliminated from the body through liver metabolism (70%) and renal excretion (30%), with the enzymes CYP3A4 and 
CYP2C19, particularly CYP3A4, being primarily involved in its metabolism.6 The primary metabolic pathways of 
tofacitinib involve oxidation and N-demethylation on the pyrrole-pyrimidine ring and piperidine ring, which 
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subsequently undergo further metabolism to form glucuronate conjugates.4 Tofacitinib exhibits no substantial impact on 
other drugs, including those metabolized by the CYP450 isoenzyme or excreted by the kidneys. Research findings 
indicate that the administration of 30 mg tofacitinib twice daily for a continuous period of 6 days in healthy individuals 
did not result in any alterations in midazolam pharmacokinetics, which was widely used as a benchmark for assessing 
drug-CYP isoenzyme interactions.7 Tofacitinib exhibits interactions when co-administered with inhibitors or inducers of 
CYP3A4. For instance, in patients concurrently using CYP3A4 inhibitors (such as ketoconazole) or a combination of 
CYP3A4 and CYP2C19 inhibitors (like fluconazole), it is recommended to reduce the daily dosage of tofacitinib by half. 
Conversely, the concomitant use of CYP3A4 inducers (such as rifampicin) substantially diminishes the area under the 
curve (AUC) of tofacitinib, resulting in a decrease in efficacy.7 It is postulated that the co-administration of tofacitinib 
with drugs capable of modifying the metabolic activity of CYP3A4 or CYP2C19 may result in alterations in its 
metabolism.

Epimedium, a traditional Chinese herbal medicine extensively employed in clinical and pharmacological studies in 
China, has been demonstrated to possess diverse pharmacological effects, particularly in the areas of hormonal regula
tion, anti-osteoporosis, immune function regulation, antioxidant and anti-tumor properties, anti-aging effects, anti- 
atherosclerosis activity, and antidepressant activity.8 Epimedium has been developed into a wide range of traditional 
Chinese medicine preparations as a common clinical medicine in orthopedics and traumatology in China. Many 
traditional Chinese medicinal preparations have been developed from epimedium, including the Xianling Gubao capsules 
and ZhuangguGuanjie pills, which are still in use today. Icariin, a flavonoside compound extracted from the dried stems 
and leaves of Epimedium, was administered orally to rats, resulting in the identification of seven metabolites in plasma 
except for the prototype drug icariin. Baohuoside I was discovered as the primary metabolite extracted from Epimedium. 
In addition, baohuoside I has various pharmacological activities, such as anti-tumor and anti-osteoporosis properties.9,10

Baohuoside I has been reported as an inhibitor of CXC chemokine receptor 4 (CXCR4) exhibiting apoptotic-inducing 
properties and demonstrating antitumor activity.11 Furthermore, it has been observed that baohuoside I could effectively 
inhibit the metastasis of nasopharyngeal cancer cells. Consequently, it can be considered a promising therapeutic agent 
for the clinical management of nasopharyngeal carcinoma.12 Notably, baohuoside I has been found to possess a higher 
inhibitory effect on osteoclast formation in RAW 264.7 cells compared to icariin, as evidenced by various studies.13,14 

The potential interaction between the coadministration of baohuoside I and tofacitinib warrants further investigation, as 
the impact of baohuoside I on the pharmacokinetics of tofacitinib has not been definitively established. Furthermore, the 
absence of any documented clinical studies examining the combined use of baohuoside I and tofacitinib necessitates 
additional research in this area.

The objective of this study was to investigate the impact of baohuoside I on tofacitinib both in rat liver microsomes 
(RLMs) and in rats. In addition, the metabolic stability of tofacitinib in the presence of baohuoside I was assessed using 
RLMs, and the effect of baohuoside I on tofacitinib was examined in vitro by ultra high-performance liquid chromato
graphy-tandem mass spectrometry (UPLC/MS-MS). What’s more, the plasma samples of rats were also determined by 
UPLC/MS-MS and pharmacokinetic parameters of tofacitinib in rats were analyzed. Our data could demonstrate the 
presence of drug–drug interactions between baohuoside I and tofacitinib, which may provide the scientific basis for 
rational use of them in clinical practice.

Materials and Methods
Chemicals and Biologicals
Tofacitinib (purity > 98%) and baohuoside I (purity > 98%) were purchased from the Guangzhou Zero One 
Biotechnology Co. Ltd. (Guangzhou, China). Midazolam (internal standard, IS; purity > 98%) was purchased from the 
Tianjin KingYork Pharmaceutical Co. Ltd. (Tianjin, China). Acetonitrile and methanol were purchased from Merck Co. 
Ltd. (Darmstadt, Germany). Ultrapure water was obtained by using a Milli-Q water purification system (Millipore, 
Billerica, MA, USA). RLMs were prepared in our laboratory.

https://doi.org/10.2147/DDDT.S436549                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 932

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Animals and Treatment
Male Sprague-Dawley (SD) rats were purchased from the Experimental Animal Center of Wenzhou Medical University. 
Rats were housed in a breeding room maintained at a temperature of 22.5±2.5°C with a humidity level of 60 ± 5% and 
a 12-hour light-dark cycle. They were provided with tap water and common feed. Prior to commencing the animal 
experiments, the rats were acclimatized to the above conditions for a duration of two weeks. All animal experiments were 
approved by the Animal Care and Use Committee of Wenzhou Medical University (No. xmsq2021-0409). We followed 
the GB/T35892 Guidelines for Ethical Review of Animal Welfare and we also follow the rules of 3R laboratory animal 
welfare principles.

Instruments and Operation Conditions
The concentration of tofacitinib were determined by UPLC-MS/MS, comprising an ACQUITY I Class UPLC and 
a XEVO TQD triple quadrupole mass spectrometer (Waters Corp., Milford, MA, USA). The tofacitinib, tofacitinib M8, 
and midazolam were separated on an ACQUITY UPLC HSS T3 Column (2.1 mm×100 mm, 1.8 μm), with the column 
temperature of 40°C. The mobile phase A was acetonitrile, while the mobile phase B was water with 0.1% formic acid 
and 5 mM ammonium formate. The elution process of mobile phase follows a linear gradient in which the concentration 
of acetonitrile increased from 10% to 30% over a period of 0 to 0.5 minutes, rapidly increased from 30% to 95% between 
0.5 to 1.0 minutes, and remained constant at 95% from 1.0 to 2.0 minutes. Subsequently, the concentration decreased to 
10% between 2.0 to 2.3 minutes. The flow rate of mobile phase employed was 0.4 mL/min, and the entire process lasted 
for a duration of 3 minutes.

The mass scan mode utilized in this study was positive ionization and multiple reaction monitoring mode with an 
electrospray ionization source. The precursor ion and product ion were observed at m/z 313.180→149.030 for 
tofacitinib, m/z 299.1620→98.0969 for tofacitinib M8, and m/z 325.9800→291.0700 for midazolam. The optimal MS 
parameters for mass detection of tofacitinib, tofacitinib M8 and midazolam were: 40, 40, and 50 V for Cone voltages and 
30, 30, and 26 V for collision energies, respectively.

Pharmacokinetic Interactions Between Baohuoside I and Tofacitinib in Rats
Eighteen SD rats were randomly divided into 3 groups with 6 rats in each group: control group, single-dose group and 
multi-dose group. The experiment lasted for 7 days. The control group was only fed normal saline for 7 days; the single- 
dose group was fed normal saline for the first 6 days and took 20mg/kg of baohuoside orally once on the seventh day. 
The multi-dose group was given 20mg/kg of baohuoside I orally once a day for seven days. On day 7, Eighteen rats were 
received oral saline (control group) or baohuoside I (single dose group, multiple-dose group), after 30 minutes, then 
received 10mg/kg of tofacitinib orally once. 50 μL blood samples were collected from the tail veins of the rats using 
heparinized glass capillary tubes at various time intervals, including 5, 15, and 30 minutes, as well as 1, 2, 3, 4, 6, 8, 12, 
and 24 hours. In the present study, 100 μL acetonitrile (containing IS) were added in a 1.5 mL Eppendorf tube. The 
resulting mixture was subjected to vortexing for a duration of 30 seconds, followed by centrifugation at a speed of 
12,000 rpm for a duration of 10 minutes. Finally, the supernatant was transferred into a separate sample bottle.10 
microliters of this supernatant were immediately analyzed using a sensitive and reliable UPLC-MS/MS method.

Inhibitory Effects of Baohuoside I on Tofacitinib in RLMs
Based on the evidence from in vivo experiments demonstrating that baohuoside I inhibits tofacitinib metabolism, we 
aimed to investigate the inhibitory effects of baohuoside I in vitro. RLMs were prepared and the inhibitory effect of 
baohuoside I on tofacitinib metabolism was assessed using methods similar to those previously described.15 The volume 
of incubation system was 200 µL, containing 100 mM pH 7.4 potassium phosphate buffer, 0.5 mg/mL RLMs, and the 
varying concentration of tofacitinib (1, 2.5, 5, 10, 25, 50, 100, 200 and 400 μM). The system was preincubated at 37 °C 
for 5 min. The reaction was then initiated by the addition of reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) at a final concentration of 1 mM, and the incubation was continued for 30 min. To determine the half-maximal 
inhibitory concentration (IC50) of baohuoside I, various concentrations of baohuoside I (100, 50, 10, 5, 1, 0.1, 0.01, and 0 
μM) were selected along with 40 µM of tofacitinib, which is close to its Km value. In order to investigate the inhibitory 
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mechanism of baohuoside I on tofacitinib, the two drugs were subjected to incubation at various concentration gradients, 
including 1/4 Km, 1/2 Km, Km, and 2Km of tofacitinib, as well as 0, 1/4 IC50, 1/2 IC50, IC50, and 2IC50 of baohuoside 
I. The incubation procedure remained consistent with the afore mentioned method.

Molecular Docking Simulations
The interaction between tofacitinib and baohuoside I was studied using the Auto Dock 4.2 docking program. Initially, 
crystal structure PDB files of the CYP3A4 protein were obtained from the PDB database website (https://www.rcsb.org/). 
Subsequently, the 3D molecular structures of baohuoside I and tofacitinib were acquired in SDF file formats from the 
Pubchem website (https://pubchem.ncbi.nlm.nih.gov) and converted into PDB files via OpenBabel 3.1.1 to PDB files. 
Finally, proteins and small molecules underwent pretreatment using Autodock Tools 1.5.7 to remove water and introduce 
hydrogen atoms, and then molecular docking was performed with Autodock Vina.

Statistical Analysis
The IC50 value, Lineweaver-Burk plot and plasma concentration–time curves were obtained by GraphPad prism software 
(version 9.0, San Diego, CA, USA). Drug and Statistics (DAS) 3.0 software (Version 3.2.8; Lishui People’s Hospital, 
China) in a non-atrial model was selected to calculate the pharmacokinetic parameters. All data were assessed distribu
tion by using QQ plots. The relevant data was statistically analyzed using SPSS software (version 27.0), including Welch 
ANOVA test with LSD post-hoc test, with a significance threshold of P < 0.05 to for determine significant variations in 
the rubric. Kruskal–Wallis with Dunn’s post-hoc test were used for data that were not normally distributed. The sample 
size was determined according to the resource equation method outlined in the guidelines for the website. The “resource 
equation method” specifies between 10 and 20 acceptable error degrees of freedom in one-way ANOVA. The samples for 
our animal experiments were divided into three groups and based on the formula n ¼ DF=kþ 1 k : groupð Þ, a sample size 
of 5 to 7 individuals was recommended for each group. The sample size was set at six rats per group.

Results
Effects of Baohuoside I on the Pharmacokinetics of Tofacitinib in vivo
Figure 1 exhibited the mean plasma concentration–time curves of tofacitinib in three groups. And the pharmacokinetic 
parameters were determined and presented in Table 1. All data were assessed distribution by using QQ plots as show in 
Figure S1. The control group was Vz/F, 1 single-dose group was Tmax, Vz/F, and multi-dose group were Vz/F which did 
not conform to the normal distribution. Kruskal–Wallis non-parametric tests are used for data that is not normally 
distributed (Tmax, Vz/F), the result is shown in Figures S2–S4. Pretreatment with single- and multi-dose baohuoside 
I resulted in significantly increased AUC(0-t), AUC(0-∞), MRT (0-t), MRT(0-∞), and Tmax values of tofacitinib compared to 

Figure 1 Mean plasma concentration–time curves of tofacitinib in control group, single-dose group, and multiple-dose group.
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the control group. Conversely, the CLz/F values were significantly lower in the baohuoside I pretreatment groups. 
However, there were no significant alterations observed in the t1/2, Cmax and Vz/F values of tofacitinib in the multi-dose 
group following baohuoside I pretreatment. Furthermore, subsequent to baohuoside I pretreatment, there was a marginal 
increase observed in the values of t1/2 and Vz/F with the single-dose group. Conversely, a slight decrease was observed in 
the Cmax value, although no statistically significant difference was found (P>0.05). These results indicate that the 
administration of baohuoside I, whether in single or multiple doses, hinders the metabolic process of tofacitinib in rats.

Evaluation of the Influence of Baohuoside I on Tofacitinib Metabolism in vitro
To investigate the inhibitory effect of baohuoside I on tofacitinib in RLMs. The IC50 value for tofacitinib inhibition was 
determined by detecting tofacitinib in RLMs and baohuoside I, as shown in Figure 2. The Vmax, Km, and IC50 values 
were found to be 4.2824 ng/min/mg, 39.87 μM, and 3.234 μM, respectively. The inhibition mechanism of baohuoside 
I on tofacitinib in RLMs was elucidated in Figure 3. In addition, the Ki and αKi values of tofacitinib in RLM are 5.854 
μM, 6.107 μM, respectively. This result indicates that baohuoside I has a clear in vitro inhibitory effect on tofacitinib, and 
its inhibition mechanism is a mixture of non-competitive and competitive inhibition.

Molecular Docking of Baohuoside I and Tofacitinib
To gain a deeper learning of the interaction mechanism between baohuoside I and tofacitinib, molecular docking analysis 
was conducted using established methods. The results of the simulation performed Pymol revealed that baohuoside 

Table 1 Main Pharmacokinetic Parameters of Tofacitinib in Rats. (n = 6, 
Mean ± SD)

Pharmacokinetic 
Parameters

Control  
Group

Multiple-Dose  
Group

Single-Dose  
Group

AUC(0-T) (μg/L*h) 2559.54±868.12 5174.25±1070.31* 3279.76±437.62

AUC(0-∞) (μg/L*h) 2561.71±865.35 5195.37±1068.28* 3330.69±412.68
MRT(0-t) (h) 1.72±0.33 3.57±0.46* 3.12±0.21*

MRT(0-∞) (h) 1.74±0.36 3.62±0.43* 3.33±0.1*

t1/2 (h) 0.98±0.44 1.17±0.40 1.86±1.03
Tmax (h) 0.50±0.27 3±1.27* 1.50 (1–2)

Vz/F (L/kg) 4.78 (2.18–5.12) 2.76 (2.32–6.75) 7.38 (3.86–18.02)
CLz/F (L/h/kg) 4.41±1.92 2.00±0.43* 3.04±0.35

Cmax (μg/L) 1245.79±574.07 1252.63±339.41 800.89±117.50

Notes: *P < 0.05 indicate a significant difference via the control group. All data were assessed 
distribution by using QQ plots. Non-normally distributed data were presented as median (mi - max) 
while normal distribution data were presented as mean ± SD.

Figure 2 Michaelis–Menten kinetics (A) and the IC50 value (B) of tofacitinib in RLMs.
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I formed a hydrogen bond with arginine (ARG) and Glutamate (GLU) at position CYP3A4 106 with a distance of 3.1 
A and 3.3 A. Similarly, tofacitinib also exhibited interaction with CYP3A4 106 arginine (ARG) with a distance of 3.4 A, 
as shown in Figure 4. This spatial proximity between the two drugs may contribute to their facile interaction.

Discussion
The objective of this study is to investigate the alterations in the pharmacokinetics of tofacitinib in rats subsequent to the 
administration of baohuoside I. Numerous recent studies have examined the pharmacokinetics of tofacitinib in various 
diseases, including liver damage,16 kidney failure,17 psoriasis,18 as well as inflammatory bowel disease.19 However, these 
studies have primarily focused on elucidating the correlation between drug concentration and therapeutic efficacy without 

Figure 3 Lineweaver–Burk plot (A) and the secondary plot for Ki (B) and αKi (C) in the inhibition of tofacitinib metabolism by various concentrations of baohuoside I in RLMs.

Figure 4 (A) Molecular docking scheme of baohuoside I and tofacitinib; (B) Action site between baohuoside I, tofacitinib and CYP3A4 via hydrogen bonding.
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providing a comprehensive explanation of how plasma concentrations differ across diseases in relation to the basis of 
pharmacokinetics.

In the metabolism of tofacitinib, CYP3A4 and CYP2C19 play a significant role in humans, with CYP3A4 being the 
primary enzyme involved.4 Conversely, rats primarily rely on CYP3A1(23)/2 and CYP2C11 for drug metabolism.20,21 It 
is worth noting that there is a high degree of similarity between CYP2C19 and CYP2C11 for human and rat, while 73% 
homology were exhibited between CYP3A4 and CYP3A1(23). The study revealed that CYP3A1(23) and CYP2C11 were 
the main CYPs in rats.22 Furthermore, following oral administration, tofacitinib was swiftly absorbed by the rats, 
resulting in the attainment of peak plasma concentration at approximately 1.1 h. In addition, this investigation demon
strated rapid elimination of tofacitinib from plasma with a t1/2 elimination of 0.98±0.44 h. It is worth noting that drug– 
drug interactions (DDIs) represent a prevalent cause of adverse drug reactions or compromised therapeutic efficacy.23 

Clinical practitioners must be aware of possible DDIs when treating patients. Drug metabolism can be affected by 
irrelevant, synergistic, additive, or antagonistic outcomes. It is critical to be aware of potential DDIs in treating patients in 
clinical practice to adjust drug dosage appropriately.

As the introduction part, Baohuoside I is extracted and isolated from a traditional Chinese herb called Epimedium. 
Epimedium. In China, epimedium, as a commonly used clinical medicine in orthopedics and traumatology, has been 
developed into hundreds of traditional Chinese medicine preparations, such as compound preparations Xianling Gubao 
Capsules and Zhuanggu Guanjie Pills are still in use. However, few studies have been conducted on DDI when tofacitinib 
is administered in combination with traditional Chinese medicine. Therefore, it is of great significance to study the 
interaction between baohuoside I and tofacitinib.

When rats in control group were pretreated with tofacitinib, the AUC(0-∞) value of tofacitinib ranged from 2561.71 
±865.35, the MRT(0-∞) value of tofacitinib ranged from 1.74±0.36, and the Tmax value of tofacitinib ranged from 0.50 
±0.27. In contrast, when rats were pretreated with baohuoside I, the AUC(0-∞) value of tofacitinib ranged from 3330.69 ± 
412.68 (single dose) to 5195.37 ± 1068.28 (multiple dose); the MRT(0-∞) value of tofacitinib each ranged from 3.62 ± 
0.43 (multiple dose) to 3.33 ± 0.1 (single dose); and the Tmax value of tofacitinib ranged from 3 ± 1.27 (multiple dose) to 
1.50 (1-2) (single dose).

The aforementioned findings indicate that the administration of baohuoside I hinders the metabolism of tofacitinib. In 
comparison to the control group, the CLz/F value of tofacitinib decreased by 2.2-fold and 1.45-fold in groups pretreated 
with baohuoside I. These results demonstrate a substantial impact of baohuoside I on the pharmacokinetic parameters of 
tofacitinib in rats. In addition, the multi-dose group exhibited more notable alterations in the pharmacokinetic parameters 
of tofacitinib when compared to the single-dose group, suggesting that the inhibitory effect of baohuoside I could 
potentially be influenced by the frequency and timing of its administration.

It is well established that tofacitinib undergoes hepatic metabolism (70%) and renal elimination (30%), primarily 
mediated by the enzymes CYP3A4 and CYP2C19, with CYP3A4 being the predominant enzyme involved.4 Therefore, it 
is plausible that baohuoside I inhibit the metabolism of tofacitinib by exerting an inhibitory effect on the CYP3A4 and 
CYP2C19 enzymes. Based on the outcomes of in vitro RLM incubation, it was observed that baohuoside I significantly 
impeded the metabolism of tofacitinib in RLM. Furthermore, the application of Michael’s equation to analyze the 
interaction between tofacitinib and baohuoside I revealed the following values: Vmax (4.2824 ng/min/mg), Km (39.87 
μM), and IC50 (3.234 μM), denoting the extent of inhibition exerted by baohuoside I on tofacitinib in an in vitro setting, 
with its inhibition mechanism being a combination of non-competitive and competitive inhibition (as indicated by the 
inequality of Ki and αKi).

Numerous drug interactions are influenced by the chemical composition of the drug and the structure of proteins. 
Research has demonstrated that the relocation of drugs from their protein-binding sites in vitro may potentially alter the 
pharmacological effects of displaced drugs, either enhancing or diminishing their efficacy.24 To assess the molecular 
docking status of baohuoside I, tofacitinib and CYP3A4 enzymes, Pymol was employed for simulation. The results 
showed that baohuoside I interacted with arginine (ARG) at position CYP3A4106 through hydrogen bonding at 
a distance of 3.1A. Similarly, tofacitinib exhibited interaction with CYP3A4 106 arginine (ARG) at a distance of 3.4A.
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These results are of great significance for future clinical research on the interaction between tofacitinib and baohuoside 
I. Extrapolating the present outcomes from rat models to humans suggests that the administration of tofacitinib should be 
modified. However, it is imperative to conduct additional clinical studies to validate the aforementioned findings.

Conclusions
In summary, the findings of this study provide clear evidence that baohuoside I has a significant impact on the 
pharmacokinetic parameters of tofacitinib. Specifically, oral administration of baohuoside I leads to an increase in the 
AUC of tofacitinib, a prolongation of the Tmax, and a decrease in the CL of the drug. Notably, the observed differences 
between the single-dose and multi-dose groups were found to be statistically significant. Furthermore, our results suggest 
that baohuoside I may exert a mixed inhibitory effect on the metabolism of tofacitinib. In addition, it was observed that 
baohuoside I interacts with the 106-position arginine (ARG) of CYP3A4 via hydrogen bonding and this interaction 
occurs in closer proximity to the site of action compared to tofacitinib. Therefore, when taking tofacitinib for rheumatoid 
arthritis, people should pay attention to the intake of food or herbs containing Baohuoside I, and may adjust the dose of 
tofacitinib.
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