Int. J. Pharmacol. 2026; 22(1): 46518
https://doi.org/10.31083/1JP46518

Research Article

Effects of Ticagrelor on the Absorption and Metabolism of Imatinib in
Rats

Teng Guo!®, Naling Fan'®, Mingfeng Liu'®, Liying Du'!®, Rui Feng'®, Xinran Chen':*

I Department of Pharmacy, The Fourth Hospital of Hebei Medical University, Hebei Key Laboratory of Clinical Pharmacy, 050011 Shijiazhuang, Hebei,
China
*Correspondence: cxrtht@163.com (Xinran Chen)

Academic Editor: Mehmet Ozaslan

Submitted: 12 September 2025 Revised: 11 December 2025 Accepted: 18 December 2025  Published: 30 January 2026

Abstract

Background: Patients with acute coronary syndrome (ACS) who also have chronic myelocytic leukemia (CML) or gastrointestinal
stromal tumor (GIST) may receive a concurrent therapy of imatinib and ticagrelor. The absorption and transport of both drugs are
influenced by organic anion transporting polypeptides (OATPs), P-glycoprotein (P-gp), and breast cancer resistance protein (BCRP).
Furthermore, both are primarily metabolized by CYP3A4 enzymes. Thus, co-administration may lead to pharmacokinetic interactions.
Therefore, this study aimed to investigate the effect of ticagrelor on imatinib pharmacokinetics in rats. Methods: A total of 30 Sprague-
Dawley (SD) rats were randomly divided into three groups: a control group (imatinib 30 mg/kg), a low-dose experimental group (imatinib
30 mg/kg, ticagrelor 10 mg/kg), and a high-dose experimental group (imatinib 30 mg/kg, ticagrelor 20 mg/kg). All rats received the
appropriate drugs once daily for 14 consecutive days. Venous blood samples were collected at 0, 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24 hours
post-dose on days 1 and 14, and the plasma was isolated. Pharmacokinetic parameters were calculated using DAS 2.0 software. Results:
On day 1, no significant changes were observed in the pharmacokinetic parameters of either imatinib or any associated active metabolite,
N-desmethyl imatinib. However, after 14 days, the high-dose experimental group showed a significant decrease in the area under the
plasma concentration time curve for imatinib from 0 to 24 hours (area under the curve, AUC(_24) and from 0 to infinity (AUCo_ o).
Similarly, the AUCp_24, AUCy— o, and maximum concentration (Cmax) of N-desmethyl imatinib were also significantly reduced in the
high-dose experimental group. In contrast, administering 10 mg/kg ticagrelor did not significantly affect the pharmacokinetics of imatinib
or N-desmethyl imatinib. The trough plasma concentrations (Cmin) of both imatinib and N-desmethyl imatinib were not significantly
altered in any group. Conclusions: Repeated administration of 20 mg/kg ticagrelor significantly inhibited imatinib absorption in rats.
These results suggest that clinical symptoms and imatinib plasma concentration should be monitored when ticagrelor and imatinib are
used concomitantly.
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1. Introduction grelor exposure, elevating bleeding risk, whereas strong
inducers like rifampin accelerate its metabolism, reducing
plasma levels and potentially compromising antiplatelet ef-
ficacy [8]. Moderate CYP3A4 inhibitors, such as diltiazem,
can increase ticagrelor maximum concentration (Cy,ax) and
AUC by 69% and 174%, respectively [9]. Concomitant use
ofthe P-gp inhibitor cyclosporine also significantly elevates
ticagrelor exposure [10]. Additionally, intravenous mor-
phine during the acute phase of ACS can delay and reduce
ticagrelor absorption, potentially retarding its antiplatelet
onset [11].

Ticagrelor is an antiplatelet agent widely used in pa-
tients with acute coronary syndrome (ACS). It exerts anti-
inflammatory, antiplatelet activation and aggregation, va-
sodilatory, and cardioprotective effects through inhibition
of P2Y12 receptors on platelets and the adenosine ENT-
1 transporter on erythrocytes [1]. Ticagrelor has an abso-
lute bioavailability of approximately 36% and is rapidly
absorbed in the intestine [2]. It is primarily metabolized
by CYP3A4 and CYP3AS enzymes [3]. Both ticagrelor
and its active metabolite are substrates of P-glycoprotein
(P-gp) [3]. Notably, ticagrelor is also a potent inhibitor of
several organic anion transporting polypeptides (OATPs),

Imatinib is a cornerstone in the treatment of chronic
myelocytic leukemia (CML) and gastrointestinal stromal

including OATP1B1, OATP1B3, and OATP2B1 [4,5], and
has been shown to inhibit breast cancer resistance protein
(BCRP) [6].

The plasma concentration and clinical efficacy of tica-
grelor are significantly influenced by drug interactions af-
fecting CYP3 A4 activity [7]. For instance, potent CYP3A4
inhibitors like ketoconazole can markedly increase tica-

tumor (GIST). As a tyrosine kinase inhibitor, it suppresses
tumor cell proliferation by selectively inhibiting Ber-Abl
tyrosine kinase activity and platelet-derived growth factor
receptor signaling [12—14]. Imatinib is well absorbed en-
terally, with an average absolute bioavailability of 98%. It
is metabolized predominantly in the liver by CYP3A4 and
CYP3AS, producing N-desmethyl imatinib as its main ac-
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tive metabolite, which exhibits similar in vitro potency to
the parent drug [13]. Imatinib itself can inhibit CYP3A4,
CYP2C9, and CYP2D6. It is also a substrate for vari-
ous drug transporters, including organic cation transporters
(OCT), P-gp, BCRP [15], and OATPs.

The therapeutic efficacy and adverse effects of ima-
tinib are closely correlated with its plasma concentrations.
The B2222 clinical trial established that patients with a
steady-state imatinib Cp,;, above 1100 ng/mL experienced
significantly better progression-free survival [16]. A study
in 327 Chinese patients linked imatinib Cpy, to the inci-
dence of orbital and limb edema, anemia, and rash [17].
Elevated imatinib plasma concentrations (>3200 ng/mL)
are associated with increased risk of severe adverse effects
such as edema, granulocytopenia and pleural pain [18]. N-
desmethyl imatinib is the main active metabolite of ima-
tinib, with its area under the plasma concentration-time
curve from 0 to 24 hours (AUCy_24) being approximately
16% of the imatinib’s [14]. Therefore, monitoring the
plasma concentrations of both imatinib and N-desmethyl
imatinib is crucial for optimizing efficacy and minimizing
toxicity.

Clinical pharmacokinetic studies have demonstrated
significant interactions involving imatinib. The potent
CYP3A4 inducer rifampin decreased imatinib Cy,x and
AUCy_24 by 54% and 68%, respectively, and increase its
clearance by 385% [19]. Conversely, the CYP3A4 inhibitor
ketoconazole increased imatinib Cy,,x and AUC by 26% and
40%, respectively [20]. In a study by Tan et al. [21], it was
found that in mice, metronidazole reduced C,,.x and AUC
of imatinib by 38% and 14%, respectively, and advanced
the time to peak concentration by 50%. Meanwhile, the
AUC in liver, kidney, and brain tissues increased by 1.71-
fold, 2.1-fold, and 2.3-fold, respectively [21]. It was hy-
pothesized that these effects might be related to the inhibi-
tion of P-gp or other efflux transporters.

In summary, the overlapping metabolic and transport
pathways of ticagrelor and imatinib-specifically involving
CYP3A4, OATPs, P-gp, and BCRP-create a high potential
for pharmacokinetic interactions. Furthermore, given that
many patients with CML and GIST are elderly and have a
high prevalence of cardiovascular comorbidities requiring
antiplatelet therapy, co-administration of imatinib and tica-
grelor is plausible [22]. This study therefore aimed to inves-
tigate the effects of single and multiple doses of ticagrelor
on the plasma concentrations of imatinib and its metabolite,
N-desmethyl imatinib, in rats, to provide preclinical data
supporting the safe and effective clinical use of imatinib.

2. Materials and Methods
2.1 Reagent and Equipment

Ticagrelor tablets (Batch: 22310301, specification:
0.09 g) were purchased from Zhejiang Haizheng Phar-
maceutical Co., Ltd. (Taizhou, Zhejiang, China). Ima-
tinib mesylate capsules (Batch: DC7A3023, specifica-

tion: 0.1 g) were from Qilu Pharmaceutical (Hainan)
Co. Ltd. (Haikou, Hainan, China). Calibration con-
trols imatinib mesylate (Batch: 420020-201702, purity:
99.3%), N-desmethyl imatinib (Catalog No.: C12543055,
purity: 84.1%) and tenidazole (Batch: 100336-200703,
purity: 99.8%) were purchased from the Chinese Insti-
tute for Food and Drug Control (Beijing, China). Heparin
Sodium (Batch: F201230705, 2 mL:12,500 IU) was from
Hebei Changshan Biochemical Pharmaceutical Co., Ltd.
(Shijiazhuang, Hebei, China). Ultra-pure water (Watsons
Distilled Water, Batch: 20230715) was purchased from
Watsons Group (Guangzhou, Guangdong, China). Chro-
matographic pure methanol (Catalog No.: A452-4) and
formic acid (Catalog No.: M185-500) were from Thermo
Fisher Scientific (Waltham, USA). Isoflurane (Catalog No.:
R5100) was from Shenzhen Ruiward Life Technology Co.,
Ltd. (Shenzhen, China). Sodium pentobarbital solution
(Batch: Y2023012102) was from Shanghai Xiyao Biologi-
cal Technology Co., Ltd. (Xi’an, Shanxi, China). The anal-
ysis was performed on an ultra-performance liquid chro-
matography system coupled with a Triple Quad 4500 mass
spectrometer from AB SCIEX (Framingham, MA, USA).

2.2 Animals and Handling

SD rats (age: 67 weeks, weight: 200 + 20 g) were
purchased from Beijing Hufukang Biotechnology Co., Ltd.
(License No.: SCXK (Beijing) 2019-0008). All rats were
housed in a specific pathogen-free environment, with room
temperature (23 + 2) °C, relative humidity 60%, and a
12/12-hour light/dark cycle. Standard rodent chow and
water were provided ad libitum. All cages, water bot-
tles, and bedding were sterilized. All experimental proce-
dures were approved by the Animal Ethics Committee of
the Fourth Hospital of Hebei Medical University (Approval
No. 2023206).

2.3 Plasma Samples Collection and Detection

Thirty SD rats were randomly assigned to three groups
(n =10 per group, 5 males and 5 females). Control group:
received imatinib 30 mg/kg once a day for 14 days. Low-
dose experimental group: received imatinib 30 mg/kg and
ticagrelor 10 mg/kg once a day for 14 days. High-dose
experimental group: imatinib 30 mg/kg and ticagrelor 20
mg/kg once a day for 14 days.

Approximately 50—-100 pL blood samples were col-
lected from the orbital venous plexus of each rat at 0, 0.25,
0.5,1,2,4,6,8, 12, and 24 hour post-dose on day 1 and day
14. Prior to blood collection, animals were anesthetized
via inhalation of 2% isoflurane. Samples were placed in
heparin tubes, centrifuged at 12,000 rpm for 10 minutes,
and the resulting plasma were stored at —80 °C until analy-
sis. Upon completion of the experimental procedures, rats
were euthanized. This was performed by first inducing
deep anesthesia via intraperitoneal administration of a 2%
sodium pentobarbital solution at a dosage of 2 mL/kg body
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Table 1. Pharmacokinetic parameters of imatinib after a single dose administration.

Parameters Control group

Low-dose experimental group

High-dose experimental group

AUCO,24 (ng/mLh)
AUCp— o (ng/mL-h)

18,740.040 + 3437.733
18,796.765 + 3389.531

MRTo_24 (h) 7.102 & 2.254
MRTo_ o (h) 7.104 £ 2.188
Tiax (h) 4.200 £ 0.632
Crnax (ng/mL) 2763.000 + 543.978
t1/57 (h) 2.416 £ 0.369
V2z/F (mL/kg) 0.006 & 0.002

20,189.274 + 6168.274
20,260.446 + 6192.265

17,905.013 £ 6055.185
18,014.306 & 5997.448

6.289 £ 0.943 6.585 +1.032
6.363 £+ 0.950 6.839 £+ 1.266
4.600 £ 0.966 4.400 + 0.843
2830.800 £ 547.535 2728.600 £ 1758.899
2.622 + 0.205 2.980 £ 0.956
0.007 & 0.007 0.011 £ 0.015

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Trax, time to maximum concentra-

tion; Cmax, maximum concentration; t; /57, half-life; Vz/F, apparent volume of distribution.

weight, followed by cervical dislocation. Concentrations
of imatinib and N-desmethyl imatinib in each sample were
quantified using ultra-performance liquid chromatography
coupled with a triple quadrupole mass spectrometry system
(UPLC-MS/MS, Triple Quad 4500), in accordance with the
established methodology [23].

2.4 Statistical Treatment

The pharmacokinetic parameters of imatinib and N-
desmethyl imatinib were analyzed using DAS 2.0 soft-
ware (Anhui Provincial Center for Drug Clinical Evalua-
tion, China). Statistical analyses (independent samples ¢-
tests or Mann—Whitney U tests) were conducted using IBM
SPSS Statistics, version 21.0 (IBM Corporation, Armonk,
NY, USA). Data are presented as mean £ standard devia-
tion, and a p value of less than 0.05 was considered statis-
tically significant.

3. Results

3.1 Pharmacokinetic Parameters of Imatinib and
N-Desmethyl Imatinib After Single-Dose Administration
on Day 1

No statistically significant differences were observed
in any pharmacokinetic parameters (AUCy_24, AUCy_ oo,
MRT(),24, MRT(),OO, Tmax: CmaXa Vz/F and CIZ/F) for ei-
ther imatinib or its metabolite N-desmethyl imatinib be-
tween the control and the two ticagrelor co-administered
groups, as Tables 1,2. The plasma concentration-time pro-
files are shown in Figs. 1,2.

3.2 Pharmacokinetics Parameters of Imatinib and
N-Desmethyl Imatinib After Multiple-Dose Administration
After 14 Days

The pharmacokinetic parameters following multiple
doses are presented in Tables 3,4. For imatinib, compared to
the control group, the high-dose experimental group exhib-
ited a significant 24.8% decrease in AUC(y_o4 (p = 0.024),
a21.1% decrease in AUC_ (p =0.019); a 41.3% reduc-
tion in Tyax (p = 0.007); and an 100.0% increase in VZ/F (p
=0.026). For N-desmethyl imatinib, the high-dose experi-
mental group showed a 39.8% reduction in AUCy_o4 (p =
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Fig. 2. Concentration of N-desmethyl imatinib after a single
dose administration.
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Table 2. Pharmacokinetic parameters N-desmethyl imatinib after a single dose administration.

Parameters Control group

Low-dose experimental group

High-dose experimental group

3076.796 + 628.730
3113.839 £ 626.940

AUCO,24 (ng/mLh)
AUCy— o (ng/mL-h)

2539.390 + 1280.753
2564.308 £ 1292.634

2568.636 £ 1577.702
2596.255 £ 1574.982

MRT,_ 24 (h) 6.841 + 0.658 7.281 + 0.760 7.266 + 0.841
MRTo_ oo (h) 7.080 + 0.756 7.679 + 1.027 7.854 + 1.291
Tinax (h) 4.600 £ 0.966 4.800 £ 1.033 5.000 + 1.054
Crnax (ng/mL) 430300 + 113.731 380.760 + 204.462 350.940 + 198.492
t1 /7 (h) 3328 + 0.787 3.051 £ 1.059 3204 + 1.181
Vz/F (mL/kg) 0.049 £ 0.017 0.053 + 0.062 0.119 £ 0.186

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Tpax, time to maximum concen-

tration; Cmax, maximum concentration; t; /»z, half-life; Vz/F, apparent volume of distribution.

Table 3. Pharmacokinetic parameters of imatinib after multiple doses administration.

Parameters Control group

Low-dose experimental group

High-dose experimental group

AUCp_24 (ng/mL-h)
AUCy_ » (ng/mL-h)

72,331.633 £ 12,582.099
76,993.034 £ 10,109.141

Tinax (h) 4.600 + 1.350
Crnax (ng/mL) 6455.000 + 1430.860
ty /2 (h) 5.544 +£3.517
Vz/F (mL/kg) 0.002 - 0.001

67,742.931 £ 18,883.973
71,654.715 £ 19,624.758

54,368.554 £ 19,286.958*
60,783.863 £ 18,145.396*

3.800 & 0.632 2.700 £+ 1.160*
6851.800 £ 1344.155 5369.600 + 1747.379
5.381 £ 0.868 8.496 £ 10.186
0.002 £ 0.001 0.004 + 0.002*

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Tpax, time to maximum concentra-

tion; Cmax, maximum concentration; t; /2% half-life; Vz/F, apparent volume of distribution.

*p < 0.05, compared to the control group.

Table 4. Pharmacokinetic parameters N-demethyl imatinib after multiple doses administration.

Parameters Control group

Low-dose experimental group

High-dose experimental group

AUCO,24 (ng/mLh)
AUCp—_ o (ng/mL-h)

16,037.867 + 9188.001
16,913.721 = 9077.856

Tinax (h) 6.600 + 1.647
Conax (ng/mL) 1480.600 + 850.224
ty /o (h) 5.378 £ 2.001
Vz/F (mL/kg) 0.010 £ 0.007

13,995.303 4 4813.010
14,750.493 £ 4977.298

9649.778 £ 3535.576*
10,503.082 + 3740.980*

6.000 £ 1.650 5.900 £ 1.912
1319.900 + 349.311 835.400 =+ 309.552*
4.887 £ 0.812 6.018 £ 1.089
0.016 £+ 0.011 0.021 £ 0.015

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Tiax, time to maximum concentra-

tion; Cmax, maximum concentration; tq /22, half-life; Vz/F, apparent volume of distribution.

*p < 0.05, compared to the control group.

0.023); a 37.9% reduction in AUCy_, (p =0.019); and a
43.6% decrease in Cyax (p =0.008). Collectively, these data
indicated that repeated co-administration of 20 mg/kg tica-
grelor significantly reduced systemic exposure to both ima-
tinib and N-desmethyl imatinib. The plasma concentration-
time curves of imatinib and N-desmethyl imatinib are de-
picted in Figs. 3,4.

3.3 Ratio of Pharmacokinetic Parameters of N-Desmethyl
Imatinib/Imatinib in Single-Dose and Multiple-Dose
Administration

As Tables 5,6, the pharmacokinetic parameters
of N-desmethyl imatinib/imatinib, including AUCy_o4,
AUCq— oo, MRT_24, MRTg_ o0, Ciax, t1/2Z, showed no
obvious differences between the control group and experi-
ment groups both single- and multiple- dose administration.

3.4 Cyin of Imatinib and N-Desmethyl Imatinib

As Table 7, Cpy, of imatinib and N-desmethyl ima-
tinib showed no significant differences between the control
group and the experiment groups after multiple doses ad-
ministration.

4. Discussion

This study demonstrated that repeated co-
administration of 20 mg/kg ticagrelor significantly
reduced the systemic exposure (AUCy_s4, AUCy_o,) of
imatinib and its active metabolite, N-desmethyl imatinib,
after 14 days. Specifically, the Ty.x of imatinib was
shortened, and its Vz/F increased, whereas the C,,x of the
metabolite decreased. This suggests that ticagrelor inhibits
the absorption, rather than the metabolism, of imatinib.
Since the impact on metabolism appears limited, key
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Table 5. Pharmacokinetic parameters ratio of N-desmethyl imatinib/imatinib after a single dose administration.

Parameters Control group  Low-dose experimental group ~ High-dose experimental group
AUCp_24 (ng/mL-h)  0.172 + 0.064 0.136 + 0.087 0.138 4 0.068
AUCy_ (ng/mL-h)  0.173 £ 0.062 0.137 + 0.087 0.139 4+ 0.067
MRT(_24 (h) 1.013 £+ 0.149 1.170 + 0.129 1.119 4+ 0.149
MRT(— oo (h) 1.047 £ 0.208 1.219 + 0.162 1.158 £ 0.110
Timax (h) 1.100 + 0.211 1.050 + 0.158 1.150 + 0.242
Cmax (ng/mL) 0.156 + 0.030 0.137 + 0.083 0.134 £+ 0.053
t1/27 (h) 1.400 £ 0.349 1.166 + 0.387 1.091 +0.323

Table 6.

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Tmax, time to maximum

concentration; Cmax, maximum concentration; t; /o, half-life.

Pharmacokinetic parameters ratio of N-desmethyl imatinib/imatinib after multiple doses administration.

Parameters Control group  Low-dose experimental group ~ High-dose experimental group
AUCp—_24 (ng/mL-h)  0.210 £ 0.097 0.217 4+ 0.081 0.188 + 0.049
AUCp—_oo (ng/mL-h)  0.210 £ 0.098 0.215 £ 0.078 0.186 £ 0.059
Timax (h) 1.650 £+ 0.904 1.650 £+ 0.474 2.300 £+ 1.006
Cmax (ng/mL) 0.215 £ 0.102 0.202 £+ 0.077 0.169 £ 0.051
t1/22 (h) 1.068 + 0.312 0.943 +£0.279 1.075 + 0.506

AUC, area under the plasma concentration-time curve; MRT, mean residence time; Tmax, time to maximum

concentration; Cmax, maximum concentration; t; /»z, half-life.

Table 7. Cuin of imatinib and N-desmethyl imatinib after multiple doses administration.

Chin Control group

Low-dose experimental group

High-dose experimental group

243.060 £ 135.030
13.634 4 8.287

Imatinib (ng/mL)
N-demethyl imatinib (ng/mL)

282.800 + 103.251
19.520 % 5.600

289.850 + 139.045
17.897 + 8.268

-0 30 mg/kg imatinib

30 mg/kg imatinib +

Fig. 3. Concentration of imatinib after multiple doses admin-
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istration. * p < 0.05, ** p < 0.01, compared with the control
group.

parameters reflecting imatinib’s behavior in plasma—such
as Tiax, t1/o—Wwere not substantially altered.

The observed changes in imatinib pharmacokinetics
may be attributed to multiple potential mechanisms, with
inhibition of OATPs representing a plausible primary path-
way. OATPs, members of the solute carrier superfam-
ily, are widely expressed in pharmacokinetic barrier tissues
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Fig. 4. Concentration of N-desmethyl imatinib after multiple
doses administration. * p < 0.05, ** p < 0.01, compared with
the control group.

such as the gastrointestinal tract, liver, and blood-brain bar-
rier. They facilitate cellular uptake of a broad range of
drugs. OATP1B1 and OATP1B3 are predominantly local-
ized to the sinusoidal membrane of hepatocytes and me-
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diate hepatic uptake, whereas OATP2B1 is more broadly
distributed, including the apical membrane of enterocytes,
where it contributes to intestinal absorption [24].

Early investigations have established that ticagrelor,
at clinically relevant plasma concentrations, is capable of
inhibiting substrate uptake mediated by OATP1BI and
OATP1B3. Recent study have further quantified this in-
hibitory effect of ticagrelor on OATP1B1 and OATP1B3
[25]. A 2022 publication explicitly reported that, in a multi-
drug screening for OATP1B1 interactions, ticagrelor exhib-
ited potent OATP1BI1 inhibition, with a determined half-
maximal inhibitory concentration (ICso) value [26], con-
firming ticagrelor as a direct inhibitor of OATPIB1. Ad-
ditionally, it has been reported that the ICso of ticagrelor for
OATP2BI1 is approximately 2.0 uM [27].

In the present study, multiple-dose administration of
ticagrelor significantly reduced the plasma exposure of both
imatinib and N-desmethyl imatinib, whereas single-dose
treatment showed no significant effect. The observed de-
crease in T and increase in Vz/F for imatinib are con-
sistent with impaired absorption. Considering that tica-
grelor is a known potent inhibitor of OATP1B1, OATP1B3,
and OATP2B1, we hypothesize that it may inhibit both in-
testinal absorption (through competitive or non-competitive
mechanisms) and subsequent hepatic uptake of imatinib,
thereby reducing systemic exposure to imatinib and its
metabolism to N-desmethyl imatinib.

In addition to OATP-mediated effects, the role of ef-
flux transporters and metabolic enzymes must be consid-
ered. P-gp, an efflux transporter expressed in the intes-
tine, liver, and kidney, limits oral bioavailability and pro-
motes excretion of its substrates [28]. Both ticagrelor and
its metabolite are substrates and weak inhibitors of P-gp
[3]. Theoretically, inhibition of intestinal P-gp could en-
hance imatinib absorption, whereas inhibition of biliary P-
gp might reduce its excretion. However, the net effect ob-
served in this study—a reduction in imatinib exposure—
suggests that any potential absorption-enhancing effect via
P-gp inhibition was overshadowed by the dominant OATP-
mediated reduction in absorption and hepatic uptake.

Similarly, BCRP, another efflux transporter expressed
in the intestine and liver, influences drug disposition [29].
Ticagrelor is a weak inhibitor of BCRP, and imatinib is a
substrate. Inhibition of BCRP might be expected to increase
imatinib levels by reducing efflux; however, the observed
decrease in exposure further supports the predominance of
OATP inhibition.

Both ticagrelor and imatinib are substrates of
CYP3AA4. Ticagrelor is primarily metabolized by CYP3A4
and exhibits moderate inhibitory effects on CYP3A4 in
vitro (ICso 8—10 uM), with limited induction potential [30].
Imatinib is also mainly metabolized by CYP3A4/5. The
lack of an increase in imatinib plasma concentrations—
despite both drugs being CYP3A4 substrates—may be
attributed to ticagrelor’s relatively weak CYP3A4 in-

hibitory potency in vivo, coupled with the possibility of
partial induction of alternative metabolic pathways. These
CYP-mediated effects appear insufficient to counteract
the pronounced reduction in imatinib availability resulting
from OATP inhibition.

In this study, Cy,, of imatinib and the active metabo-
lite N-desmethyl imatinib were not significantly reduced.
Therefore, we cannot determine whether ticagrelor is able
to inhibit the clinical efficacy of imatinib or attenuate ad-
verse effects. In future studies, we will continue to inves-
tigate the effects of imatinib Cy,,x and AUC with efficacy
and adverse effects, and the effects of ticagrelor on imatinib
through clinical monitoring of pharmacokinetic parameters
and pharmacologic outcomes in patients treated with tica-
grelor and imatinib. We will also investigate the molecular
mechanisms by which ticagrelor inhibits imatinib absorp-
tion.

In this study, we found that high doses of ticagrelor
decreased imatinib absorption and metabolism. However,
such effects were not observed with low doses or single ad-
ministrations. These results suggested the prolonged com-
bination of imatinib and ticagrelor, their pharmacokinetic
interaction was long-lasting and complex.

Specifically, we noted that rats in the high-dose com-
bination group exhibited signs of increased bleeding ten-
dency compared to the control and low-dose groups. These
observations included mild nasal or oral bleeding during
oral gavage administration, which was likely due to mu-
cosal irritation from the procedure, as well as more rapid
bleeding and prolonged hemostasis time during blood sam-
pling, necessitating extended gauze compression to achieve
complete hemostasis. The observed bleeding tendency at
higher doses underscores the importance of dosage moni-
toring in clinical co-administration scenarios, particularly
in patients who may already be at elevated risk of bleeding.
This supports our study’s objective of identifying safe and
effective dosing strategies when these two agents are used
together.

This study observed substantial inter-individual vari-
ability in plasma drug concentrations at each time point.
Such variability likely arises from the combined effects of
multiple factors, including but not limited to: (1) individual
differences in the gastrointestinal absorption of the drug; (2)
inherent variations in hepatic metabolic capacity and/or re-
nal excretion function among the rats; and (3) operational
deviations of several dozen seconds to one minute from the
predetermined blood sampling time points. During phases
of rapid drug concentration change (e.g., the absorption and
distribution phases), even these minor temporal discrepan-
cies can result in significant concentration differences. De-
spite this variability, the mean plasma concentration-time
curve clearly delineates the fundamental pharmacokinetic
profile of the drug.

This study has several limitations. First, given that
this investigation was conducted in a rat model, extrapola-
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tion of the results to a clinical context warrants caution ow-
ing to known interspecies differences in drug metabolism
and disposition. For instance, the homology between rat
OATP transporters and human SLCO1BI1 is approximately
70%, highlighting a potential limitation in translating these
preclinical findings directly to human applications. Con-
sequently, further clinical data are needed to adequately
assess the influence of ticagrelor on the pharmacokinet-
ics and pharmacodynamics of imatinib in patients. Sec-
ond, although a multiple-dosing regimen over 14 days was
employed, it may not fully reflect the adaptive changes
in enzyme induction or inhibition, or the impact on rele-
vant transporters, that could occur during longer-term co-
administration in clinical practice. Third, while we con-
firmed the existence of this pharmacokinetic interaction,
its precise underlying mechanism remains to be elucidated
through further in vitro studies. Finally, the sample size,
while adequate for the primary endpoints, may have lim-
ited the statistical power to detect significant differences in
some secondary parameters. Despite these limitations, our
findings provide crucial preclinical evidence for a potential
drug-drug interaction between ticagrelor and imatinib and
indicate a direction for future in-depth exploration.

5. Conclusions

This study demonstrated that multiple administrations
of ticagrelor inhibited the absorption of imatinib, result-
ing in decreased AUC of imatinib, as well as reduced Ciy,x
and AUC of N-desmethyl imatinib. This effect may be at-
tributed to the potent inhibition of OATPs by ticagrelor.
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