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Purpose: Adagrasib is a selective and reversible inhibitor of KRAS G12C, which significantly delays the progression of solid tumors. 
However, the absorption, distribution, metabolism, and excretion of adagrasib in vivo are unclear. This study explores the absorption 
and distribution of adagrasib in vivo.
Methods: An ultra-high performance liquid chromatography-tandem quadrupole mass spectrometry (UPLC-MS/MS) method was 
established for the determination of adagrasib in the rat plasma and tissue. Sprague-Dawley rats were intravenous administrated (5 mg/ 
kg) and oral administrated (30 mg/kg) with adagrasib, and the plasma concentration of adagrasib was determined. After single oral 
administration of adagrasib (30 mg/kg), the heart, liver, spleen, lung, kidney, intestine, and pancreas were excised. The organs were 
homogenized with saline solution, and the concentration of adagrasib in tissues was determined.
Results: The intra- and inter-day accuracy were from 84.90% to 113.47%, and the precision was within ±15%. The matrix effect and recovery 
were within ±15%. The maximum plasma concentration (Cmax) of adagrasib was 677.45 ± 58.72 ng/mL. The elimination half-life time (t1/2) was 
3.50 ± 0.21 h after oral administration and 2.08 ± 0.54 h after intravenous administration. The oral bioavailability was 50.72%. The highest 
concentrations of adagrasib in liver was 5047.80 ± 676.48 ng/g at 2 h after administration, and it was still detectable at 24 hours after 
administration.
Conclusion: Adagrasib was slowly absorbed and cleared rapidly, and it was also widely distributed in vivo. This study provides 
a potential reference for adagrasib in clinical studies.
Keywords: adagrasib, UPLC-MS/MS, pharmacokinetics, tissue distribution

Introduction
The rat sarcoma (RAS) family genes, including Kirsten RAS (KRAS), Harvey RAS (HRAS), and neuroblastoma RAS 
(NRAS). RAS genes are the most prevalent and foremost genetic alteration in human cancers.1,2 KRAS is the most frequently 
mutated among the three isoforms; indeed, more than 85% are KRAS aberrations. The highest rate of KRAS mutations located 
in pancreatic cancer (−90%), colorectal cancer (30–40%), and lung adenocarcinoma (−32%).3 A total of 80% of carcinogenic 
mutations occur in the codon 12 in KRAS mutated tumors, and the most popular mutation sites are KRAS G12C, KRAS 
G12D, and KRAS G12V.4 Nearly 43% of mutations in non-small cell lung cancer (NSCLC) are KRAS G12C.5

Over the past decades, KRAS oncoprotein was intensively studied, but it has been considered as an “undruggable” target 
because of its high affinity for cytoplasmic GTP, the smooth surface of the RAS protein without a drug binding, multiple upstream 
and downstream regulators enabling multiple resistance mechanisms as well as the ability to bypass signals to overcome 
inhibition.6 The discovery of an allosteric binding site behind the switch II region in KRAS G12C-mutant protein provides the 
possibility of developing inhibitors of the mutated KRAS. Many small molecular compounds have been designed to inhibit the 
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mutated KRAS, with the attempt to target upstream regulators, downstream effectors, and mutant KRAS protein itself.7–10 

However, only Sotorasib (AMG 510) and Adagrasib were approved as a treatment against KRAS G12C-mutated locally 
advanced or metastatic non-small-cell lung cancer due to the poor metabolic stability and/or bioavailability of other 
inhibitors.5,11,12

Adagrasib is a potent, orally available, small molecule covalent inhibitor of KRAS G12C, which irreversibly and 
selectively binds it in its inactive GDP-bound state. It was approved by FDA in 2022 as an oral KRAS G12C inhibitor in 
the treatment of NSCLC. Adagrasib inhibits or delays cancer progression, and reduces NSCLC patient mortality with 
KRAS G12C mutation at a dose of 600 mg by oral administration twice daily.13 In addition, preliminary data indicate 
excellent clinical activity in other cancers with KRAS G12C mutations, including colorectal, pancreatic, and biliary tract 
cancers, as well as other gastrointestinal and non-gastrointestinal cancers.

Few studies are available on the pharmacokinetic studies of adagrasib. Hallin evaluated the concentration of adagrasib in 
H358 tumor-bearing mice plasma after oral administration of 30 mg/kg.12 The concentration was over 1000 ng/mL at 6 h after 
administration, and it was still detectable after 72 h. Du developed a HPLC-MS method and investigated the pharmacokinetic 
of adagrasib in SD rats. The t1/2 was 10.13 h, the time to reach the maximum plasma concentration (tmax) was 6 h, and the 
maximum concentration (Cmax) was 122.3 ng/mL after oral administration (15 mg/kg).14 Fell evaluated the intravenous and 
oral pharmacokinetic parameters of adagrasib in mice, rats, and dogs.15 The t1/2 after intravenous administration (3 mg/kg) was 
1.51 h (mouse), 2.57 h (rat), and 7.56 h (dog). The t1/2 after oral administration of 30mg/kg adagrasib was 0–4.00 h, and the 
Cmax was 252–2410 ng/mL. The oral bioavailability was from 25.9 to 62.9% in the three species. The pharmacokinetic of 
adagrasib was also evaluated in healthy volunteers. The tmax after the administration of the recommended dose of 600 mg was 
4.17 h and the t1/2 was 23.0 h, while the tmax was 2.96 h after multiple-dose administration the Css min was 2,693 ng/mL. 
However, these studies do not completely reflect the absorption, distribution, metabolism, and excretion of adagrasib in vivo. 
Therefore, a reproducible UPLC-MS/MS assay was developed and fully validated for determining the concentration of 
adagrasib in plasma and tissues. Furthermore, the method was successfully used in the pharmacokinetic study of rats and tissue 
distribution after oral and intravenous administration. The results might provide a basis for the clinical study of adagrasib.

Materials and Methods
Chemicals and Reagents
Adagrasib (purity >98%, 20211017) was purchased from Shanghai Ronbio Scientific Co., Ltd (Shanghai, China), and 
Lapatinib-d4 (purity 99.5%, 22T077-Y1) used as the internal standard was purchased from Shanghai, ZZBIO Co., Ltd. 
(Shanghai, China). The chemical structures of adagrasib and Lapatinib-d4 are shown in Figure 1. Formic acid was 
provided by Tianjin Kemiou Chemical Reagent Co. (Tianjin, China). Redistilled and deionized water was used 
throughout the entire study. HPLC grade acetonitrile and methanol were purchased from Merck (Darmstadt, Germany).

Instrumentation and LC-MS/MS Conditions
The concentrations of adagrasib in plasma and tissue homogenate were determined by Waters ACQUITY UPLC system 
(Waters, Milford, MA, USA) and Micro mass Quattro Micro API mass spectrometer (Waters, Milford, MA, USA). The 

Figure 1 Chemical structures of adagrasib and Lapatinib-D4 (IS).
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electrospray ionization source interface was operated in positive mode. The capillary voltage was 3.0 kV, the source 
temperature was 150°C, and the desolvation temperature was 400°C. Desolvation gas flow rate was 800 L/h. The 
collision gas flow rate was 0.17 mL/min. The MS/MS parameters for adagrasib and Lapatinib-D4 are listed in Table 1. 
The fragmentation patterns for adagrasib and the Lapatinib-D4 are shown in Figure 2.

Separation was achieved on an ACQUITYTM UPLC BEH C18 column (2.1 × 50 mm; 1.7 µm). The mobile phases 
were 0.1% formic acid in water (solvent A) and acetonitrile (solvent B), and the flow rate was 0.3 mL/min. The gradient 
program was as follows: 0–0.5 min, 90% A; 0.5–3.0 min, 90%–10% A; 3.0–4.0 min, 10% A; 4.0–4.5 min, 10%–90% A; 
4.5–5.0 min, 90% B. The column temperature was 45 °C, and the injection volume was 5 µL.

Calibration and Quality Control (QC) Sample Preparation
The stock solution of adagrasib was prepared in methanol at 5.586 mg/mL. Working solutions of adagrasib were prepared 
in methanol by diluting the stock solutions, the concentrations were 2.79, 5.57, 11.17, 27.93, 55.86, 111.7, 279.30, 
558.60, 1117.2, and 2793.00 ng/mL. The QC solution was prepared in methanol by diluting the stock solutions, to obtain 
the following concentrations: 2094.75 ng/mL, 837.90 ng/mL, 418.95 ng/mL, 209.47 ng/mL, 167.58 ng/mL, 83.79 ng/mL, 
20.95 ng/mL, 16.76 ng/mL, and 8.38 ng/mL. The Lapatinib-d4 stock solution was 0.507 mg/mL, then diluted in methanol 
to obtain a working solution of 50.70 ng/mL. All stock and working solutions were stored at 4 °C.

Table 1 Optimization of Mass Parameters of Adagrasib and Lapatinib-D4

Compound Precursor Ion (m/z) Daughter Ion (m/z) Cone Energy (V) Collision Energy (V)

Adagrasib 604.22 97.98 18 14

Lapatinib-D4 (IS) 585.21 365.10 50 35

Figure 2 Mass fragmentation pattern of adagrasib (A) and Lapatinib-d4 (B).
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The calibration solution and QC solution of adagrasib (100 µL) were added into centrifuge tubes, and they were 
evaporated under nitrogen. Next, blank plasma or homogenate (100 µL) was added to the tubes and vortex for 5 min to 
prepare the calibration curve samples, plasma QC samples, and homogenate QC samples. Then, the samples of the 
calibration curves and QC were used in the protocol described in the paragraph “Sample preparation”.

Sample Preparation
A simple protein precipitation method was used to extract adagrasib from rat plasma and tissue homogenate. One hundred 
microliters plasma or homogenate was mixed with 100 µL Lapatinib-d4 solution (50.70 ng/mL) and 500 µL methanol. Then, 
the mixture was mixed by vortex for 60s to precipitate proteins. Then, the mixture was centrifugated at 20,800×g and 4 °C for 
10 min, the supernatant was collected and transferred to a new tube and evaporated to dry under nitrogen. The obtained residue 
was reconstituted in 100 mL 10% acetonitrile–90% water (containing 0.1% formic acid) and centrifuged (20,800×g and 4 °C 
for 10 min). Then, supernatant (5 µL) was injected into the UPLC-MS/MS system for analysis.

Method Validation
Method validation was based on the principles of the bioanalytical method validation guidelines,16,17 which including 
selectivity, specificity, carryover, calibration curve, matrix effects, extraction recovery, precision and accuracy, stability.

Selectivity and specificity were validated by comparing the chromatograms of different sources of blank rat plasma, 
blank rat plasma spiked with adagrasib at LLOQ, and the plasma samples after oral administration of adagrasib. Carry- 
over was assessed by the comparison of an extract of blank plasma injected immediately after the injection of the highest 
calibration standard in triplicate.

Linearity was determined by analyzing the calibration curves using 7–9 concentrations. Calibration curves were 
constructed by plotting peak area ratios (analyte/internal standard) versus the concentrations of the calibration solution. 
The LLOQ was defined as the lowest calibration points in the calibration curve.

Intra-day precision and accuracy were evaluated in six replicates at four levels within one day. Inter-day precision and 
accuracy were assessed based on the analysis of the same QC samples on three consecutive days. RSD was evaluated to 
determine precision, and accuracy was represented by a percentage of the nominal concentration (%). The precision 
should be within 15%, and the accuracy should be in 85–115% except for LLOQ (80–120%).

The extraction recovery of adagrasib was assessed by comparing the peak area from six replicate QC samples at LQ, 
MQ, and HQ that were spiked with analytes prior to extraction with the peak area of those that were spiked with blank 
biological samples. The matrix effects were evaluated by comparing the peak areas of the analytes in post-extracted blank 
biological samples spiked with QC samples with those of pure standard solutions with the same concentration that were 
dried directly and reconstituted with the mobile phase. All matrix effects and extraction recoveries were determined at 
three concentrations, and the QC samples were prepared using one source of plasma. The ratio of extraction recoveries 
should be >85% and <115%, whereas the RSD should be <15%.

Three levels of adagrasib QC samples in plasma and homogenates were used to evaluate the stability under different 
storage conditions, it included three freeze-thaw stability (from −20 °C to 25 °C), long-term stability (−80 °C for 14 
days), short-term stability (25 °C for 6 h), and post-processing stability (4 °C for 24h). They were considered as stable if 
the accuracy was 85–115% and precision was within ± 15%.

Animal Study
Forty-five male Sprague-Dawley rats (180–220 g) were purchased from Hubei University of Medicine Animal 
Laboratory (Shiyan, China). Rats were fed for a week at 25 ± 2 °C and 55% ± 5% relative humidity before test. The 
study protocols were approved by the Hubei University of Medicine’s Institutional Animal Care and Uses Committee, 
and all the animal-related experimental procedures were conducted in accordance with the Guide for the Care and Use of 
Laboratory Animals. The animals were fasted overnight before drug administration.

The solutions of adagrasib were performed using solution with an oral dose of adagrasib at a concentration of 3.0 mg/mL in 
5% carboxymethyl-cellulose sodium (the dosage was 30 mg/kg and 10 mL/kg) in pharmacokinetic study. The adagrasib 
solution for intravenous injection was prepared at a concentration of 5 mg/mL in polyethylene glycol 400 and dimethyl 
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sulfoxide (8%). Twenty rats were divided into two groups (n = 10), one for the intravenous administration of 5 mg/kg and the 
other one for the oral administration of 30 mg/kg adagrasib. Rats were slightly anesthetized with ethyl ether before the 
collection of approximately 150 µL from the suborbital vein and placed into heparinized tubes at 0.25 h, 0.50 h, 0.75 h, 1 h, 1.5 
h, 2 h, 3 h, 4 h, 6 h, 8 h, 10 h, and 24 h after adagrasib administration. All rats were treated with the same volume of saline by 
gavage after each three-sample collection. The blood samples were centrifuged at 20800×g and 4°C for 10 min and stored at 
−80 °C.

The tissue distribution study was performed using 25 rats that received a single oral administration of adagrasib at 
30 mg/kg. The rats were anesthetized with ethyl ether at 1.0, 2.0 h, 4.0 h, 8.0 h, and 24 h (n = 5) after administration and 
the blood samples were collected from the abdominal aorta. The rats were perfused with saline solution, and the heart, 
liver, spleen, lung, kidney, intestine, and pancreas were excised. The organs were washed with cold physiological saline 
(4 °C), and all tissue samples of each organ were collected, weighed, and homogenized with saline solution (1:3, w/v). 
The homogenized samples were processed as described in the “sample preparation” paragraph.

DAS 3.2 software package (edited by the Chinese Mathematical Pharmacology Society) was used for the pharmacokinetic 
data analysis, and the non-compartmental model was applied. The Cmax, t1/2, Tmax, AUC0-t, MRT, CL, and Vd were obtained. 
The absolute oral bioavailability F of adagrasib was measured by comparing each AUC 0–t value after intragastric (i.g.) and 
intravenous (i.v.) administration and the equation: F = (AUC i.g./Dose i.g.)/(AUC i.v./Dose i.v.).

Results and Discussion
Method Development and Optimization
Method development was performed by full mass scan and was performed under positive ionization mode and then the 
corresponding product ions for adagrasib and Lapatinib-D4, they were shown in Figure 2. Cone energy and collision 
energy were optimized to achieve optimal intensity. Several mobile phases and additives at different concentrations were 
evaluated. Both methanol and acetonitrile were tested as organic mobile phases, formic acid (0.05%, 0.1%, and 0.2%) 
and ammonium formate (2 mM and 5 mM) were investigated as additives to the mobile phases. The result shows that 
0.1% formic acid was added into aqueous phase cloud to increase the intensity on Acquity UPLC BEH C18 column.

Method Validation
Specificity and Carry-Over
As shown in Figure 3, no obvious interferences were observed in the spiked samples and practical samples. The peak 
area of adagrasib and IS in the blank plasma and tissue homogenate injected after the higher limit of quantification 
sample was 1.6% of the LLOQ and <0.9% of the IS. The result shows that the method had good selectivity and 
specificity in plasma and homogenates, and the carry-over effect conforms the requirement.

Linearity and LLOQ
The calibration curve and linear range of adagrasib in different biological samples are shown in Table 2. The calibration 
curves fitted well, and the correlation coefficient r2 exceeding 0.99. The LLOQ was the lowest point of the calibration 
curve, and the signal-to-noise of LLOQ was higher than 10:1.

Precision and Accuracy
The intra- and inter-day accuracy and precision assessed at four levels of QCs, and the results are shown in Table 3. The 
accuracy of adagrasib ranged from 84.90% to 113.47% in plasma and tissue homogenate. The precisions of adagrasib 
ranged from 1.96% to 10.69%. The accuracy and precisions were within acceptable limits. The results demonstrated that 
the method was reliable and reproducible.

Recovery and Matrix Effect
The matrix effect of adagrasib ranged from 95.80% to 104.83%, and the extraction recovery was between 90.72% and 
103.76% in plasma and tissue homogenate (Table 4); the RSD was <8.81%. These results demonstrated that pretreatment 
of plasma samples and homogenate with protein precipitation resulted in a stable extraction efficiency, and the ion 
suppression or enhancement matrix could be ignored.
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Stability
The result of stability is summarized in Table 5. Adagrasib was stable in plasma samples and homogenate stored at 
room temperature (25 °C for 24 h), in the sampler at 4 °C for 24 h, three freeze-thaw cycles (from −20 °C to 25 °C) 

Figure 3 Typical chromatograms of adagrasib and Lapatinib-d4. (A) Blank rat plasma sample. (B) Blank rat plasma sample spiked with adagrasib at LLOQ and IS at 50.70 ng/mL; 
(C) rat plasma sample at 4 h after oral administration of 30 mg/kg adagrasib spiked with IS (50.70 ng/mL). Number 1 is adagrasib, 2 is Lapatinib-D4 (IS).

Table 2 Linear Ranges, Linear Equations, Correlation Coefficients, and LLOQ of Adagrasib in 
Plasma and Tissue Homogenate

Samples Calibration Equations Standard Curve (ng/mL) r2 LLOQ (ng/mL)

Plasma Y = 0.0513X + 1.6161 5.59–2793.00 0.9974 5.59

Heart Y = 0.0519X + 0.5475 2.79–558.60 0.9982 2.79

Liver Y = 0.0230X + 0.3067 5.59–2793.00 09995 5.59

Lung Y = 0.0506X + 1.1003 5.59–2793.00 0.9983 5.59

Kidney Y = 0.0231X + 0.5102 5.59–1117.20 0.9973 5.59

Spleen Y = 0.0472X + 1.5298 5.59–2793.00 0.9989 5.59

Pancreas Y = 0.0550X + 0.4174 2.79–558.60 0.9977 2.79

Intestine Y = 0.0547X + 0.5124 5.59–1117.20 0.9995 5.59
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Table 3 Intra-and Inter-Day Accuracy and Precision of Adagrasib in Rat Plasma 
and Tissue Homogenate

Samples Concentration 
ng/mL

Intra-Day (%, n=6) Inter-Day (%, n=18)

Accuracy RSD Accuracy RSD

Plasma 5.59 104.87 3.23 102.92 5.68

20.95 107.58 5.73 104.36 5.01

209.47 99.79 3.40 96.80 4.24

2094.75 95.30 3.79 92.65 4.30

Liver 5.59 84.94 7.96 88.01 6.63

20.95 91.68 5.36 92.91 6.18

209.47 95.05 6.25 96.50 5.64

2094.75 89.84 6.47 90.13 5.38

Spleen 5.59 87.89 2.80 93.49 7.15

20.95 105.26 3.12 107.62 3.84

209.47 107.82 1.96 109.09 3.21

2094.75 103.36 2.54 105.98 3.83

Lung 5.59 85.04 3.25 87.42 5.40

20.95 94.11 5.24 91.86 6.43

209.47 101.54 5.61 96.59 5.75

2094.75 97.82 2.23 97.28 5.32

Kidney 5.59 84.93 8.41 96.36 9.91

16.76 104.83 4.31 102.85 4.58

167.58 108.94 5.57 99.83 8.58

837.90 106.34 7.05 95.71 9.38

Intestine 5.59 113.47 5.08 108.37 7.38

16.76 104.56 2.38 100.74 5.15

167.58 93.70 3.22 92.68 3.03

837.90 94.68 3.21 102.24 6.08

Pancreas 2.79 84.90 2.03 86.86 6.13

8.38 97.72 3.52 97.42 4.62

83.79 103.69 3.07 103.75 3.63

418.95 101.69 5.13 102.66 4.51

Heart 2.79 85.53 4.71 99.40 10.69

8.38 107.82 3.69 110.68 3.56

83.79 109.38 3.52 106.20 4.35

418.95 102.97 5.09 102.85 4.51
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Table 4 Matrix Effect and Extraction Recovery of Adagrasib in Rat Plasma and Tissue 
Homogenate (Means ± RSD, n = 6)

Samples Concentration / ng/mL Extraction Recovery / % Matrix Effect / %

Plasma 5.59 94.27±2.17 97.41±6.11

20.95 91.42±6.46 97.27±4.13

209.47 94.31±8.81 98.17±8.09

2094.75 94.58±3.58 97.28±4.45

Liver 5.59 92.40±7.13 100.28±4.86

20.95 94.21±7.89 98.73±4.08

209.47 90.72±5.12 95.84±8.77

2094.75 94.93±7.31 102.67±5.41

Spleen 5.59 94.55±2.87 102.95±3.05

20.95 96.49±5.05 104.03±4.00

209.47 94.57±2.53 97.31±2.03

2094.75 93.99±3.93 98.01±3.15

Lung 5.59 112.61±4.79 104.40±4.21

20.95 101.40±4.61 101.09±5.46

209.47 93.45±4.76 102.51±8.74

2094.75 95.19±5.81 98.50±4.58

Kidney 5.59 95.16±9.71 99.05±6.43

16.76 93.38±6.33 95.94±7.37

167.58 92.11±5.56 95.80±7.27

837.90 97.41±4.80 102.84±7.03

Intestine 5.59 91.40±5.24 104.03±4.98

16.76 102.38±2.18 98.67±3.01

167.58 106.10±3.16 97.32±3.87

837.90 105.76±3.81 104.83±3.31

Pancreas 2.79 95.91±2.88 102.73±6.70

8.38 93.67±6.65 95.21±2.97

83.79 95.42±2.99 98.27±2.75

418.95 103.76±4.59 101.82±3.43

Heart 2.79 94.96±2.35 98.26±5.83

8.38 97.98±5.65 98.43±2.51

83.79 94.08±5.65 98.86±6.20

418.95 91.41±6.22 97.43±3.76
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and at −80 °C for 14 days. The accuracy was between 89.04% and 108.36% in plasma, as well as liver, kidney, and 
pancreas homogenate. All the RSDs were within 7.21%.

Animal Study
Pharmacokinetics Study
Adagrasib was detected in the plasma samples of rats after the injection of 5 mg/kg into tail vein and oral administration 
of 30 mg/kg to rats. The plasma concentration–time curves are shown in Figure 4, and the main pharmacokinetic 
parameters are shown in Table 6. A previous article reported that the Tmax of adagrasib was 4–6 h in mice, rats, and dogs. 

Table 5 Stability of Adagrasib in Rat Plasma and Tissue Homogenate (%, n = 6)

Samples Concentration (ng/mL) Short-Term 
Stability

Post-Processing 
Stability

Freeze-THAW 
Stability

−80 °C for 
14 Days

Accuracy RSD Accuracy RSD Accuracy RSD Accuracy RSD

Plasma 20.95 108.36 5.32 103.89 6.32 94.50 5.61 93.50 3.19

209.47 105.28 4.49 95.66 3.90 95.12 4.30 95.21 4.44

2094.75 95.60 4.10 93.40 5.18 92.79 7.21 91.09 5.08

Liver 20.95 89.04 6.35 91.24 5.90 90.55 4.76 94.21 6.02

209.47 94.29 3.39 95.07 4.21 95.23 2.87 97.03 4.23

2094.75 93.37 4.78 93.13 6.02 94.16 5.03 92.89 3.89

Kidney 16.76 104.23 5.23 104.33 4.18 96.49 4.33 94.50 5.60

167.58 102.48 4.07 103.29 5.14 94.50 4.21 96.12 4.79

837.90 94.69 6.99 96.79 3.78 95.10 7.02 92.17 6.33

Pancreas 8.38 96.22 5.64 98.39 4.53 93.42 6.23 96.33 5.21

83.79 95.08 3.13 95.40 3.45 94.28 4.14 93.75 3.96

418.95 95.87 2.99 93.09 4.51 95.23 4.28 95.15 3.54

Figure 4 Mean plasma concentration - time curves for adagrasib in rats after intragastric administration of adagrasib at 30 mg/kg (A) and intravenous administration at 5 mg/ 
kg (B). Values are expressed as mean ± SD (n = 10).
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The Tmax of adagrasib in this study was 3.20±0.42 h, thus, being in line with previous studies, and suggesting that 
adagrasib was slowly absorbed. The Cmax was 677.45±58.72 ng/mL after oral administration of 30 mg/kg adagrasib, and 
this result agreed with previous studies using H358 tumor-bearing mice and rats after a single oral dose of 30 mg/kg.12,15 

The t1/2 of adagrasib varied among different animals, from 1 h to 10.13 h. The t1/2 was also investigated in healthy 
volunteers, which was 23.0 h after oral administration of 600 mg adagrasib. Our results demonstrated that adagrasib was 
cleared very rapidly, with a t1/2 of adagrasib of 3.50±0.21 h after oral administration and 2.08 ± 0.54 h after intravenous 
administration in rats. Adagrasib disappeared completely from the plasma 10 h after intravenous administration, with 
a very low plasma concentration at 24h after single oral administration. However, Hallin reported that adagrasib was still 
detectable after 72 h in the plasma of H358 tumor-bearing mice after a single oral dose of 30 mg/kg.12 The difference in 
t1/2 might be related to the different animals used and the way of administration. The absolute oral bioavailability of 
adagrasib was also calculated, which was high (50.92%), and it was consistent with previous studies (25.9% to 62.9%).

Tissue Distribution
The tissue distribution of adagrasib in rats was investigated at 1, 2, 4, 8, and 24 h after oral administration of 30 mg/kg. 
Figure 5 shows the wide distribution of adagrasib in the main organ liver, kidney, lung, spleen, heart, pancreas, and intestine. 

Table 6 Pharmacokinetic Parameters of Adagrasib in Rat 
Plasma After Oral Administration at 30 mg/kg and 
Intravenous Administration at 5 mg/kg

Parameters Oral Intravenous

AUC(0-t) / µg/L*h 5697.82±700.49 1864.80±214.61

MRT(0-t) / h 6.44±0.31 4.43±0.54

Cmax / ng/mL 677.45±58.72 855.38±744.24

Tmax / h 3.20±0.42 NA

t1/2 / h 3.50±0.21 2.08±0.54

V / L/kg 26.51±2.54 7.85±1.82

CL / L/h/kg 5.28±0.66 2.64±0.32

F / % 50.92

Abberviation: NA (Not Applicable).

Figure 5 Mean concentration - time profiles of adagrasib in plasma (ng/mL), liver, heart, spleen, lung, kidney, pancreas, and intestine (ng/g) after oral administration of 
adagrasib at a dose of 30 mg/kg. Values are expressed as mean ± SD (n = 5).
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The highest concentrations of adagrasib in liver were 5047.80 ± 676.48 ng/g at 2 h after administration. The highest 
concentrations in kidney, lung, pancreas, and heart were 1787.02 ± 364.44 ng/g, 3897.76 ± 217.27 ng/g, 648.72 ± 305.97 
ng/g, and 70.49 ± 32.73 ng/g, respectively, at 4 h after administration. The highest concentration in spleen was 3891.80 ± 
699.19 ng/g at 8 h after administration. Unlike plasma pharmacokinetics, adagrasib was still detectable in the organs (except 
intestine) at 24 hours after administration. Adagrasib was also measured in the testis, but it was not found. The results showed 
that the concentration of adagrasib in liver, spleen, kidney, and lung increased rapidly after administration, and they were 
higher than the concentration of the drug in plasma at the same time, which is indicated that adagrasib has high affinity to these 
organs. Adagrasib was quickly transferred from serum to the liver, sleep, lung, and kidney, and it was widely distributed into 
the tissues. Notably, the concentration of adagrasib in pancreas is also high, it was similar with the concentration in plasma, 
which indicates that adagrasib also has a high affinity to pancreas, and it may be used to treat with pancreatic tumors caused by 
KRAS G12C mutation.

In this study, the pharmacokinetic and distribution of adagrasib in rats were investigated, but not the metabolism and 
excretion of adagrasib in vivo, which is one of the directions of our next work.

Conclusion
A sensitive, rapid, and reliable UPLC-MS/MS method was developed to evaluate adagrasib in rat plasma and tissue 
homogenate. The established method was successfully applied to the pharmacokinetic study of adagrasib in rats after 
different modes of administration, as well as its bioavailability and distribution. Therefore, the results might provide 
a potential reference for the quantitative determination of adagrasib in clinical studies.

Abbreviations
AUC, area under the plasma concentration–time curve; Cmax, maximum drug concentration; IS, internal standard; LLOQ, 
lower limit of quantification; QC, quality control; RAS, rat sarcoma; UPLC-MS, ultra performance liquid chromato-
graphy-tandem mass spectrometer; t1/2, half-life elimination time; Tmax, time to Cmax; AUC0-t, area under the concentra-
tion–time curve from 0 to the last time point; MRT, mean residence time; CL, clearance rate; Vd, apparent volume of 
distribution.
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