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Abstract

In the development of bioanalytical methods, stabilizing drug molecules in biological

matrices is crucial for ensuring reliable exposure data in pharmacokinetic and toxicoki-

netic sample analyses. This study focuses on the evaluation of stabilizing effects on the

synthetic triterpenoid TX101, a cyanoenone triterpenoid Nrf2 activator with known

instability in plasma samples. The molecule’s unsaturated double bond is susceptible

to oxidation, either nonenzymatically via oxygen or enzymatically through cytochrome

P450 enzyme-catalyzed epoxidation. The research explores the impact of antioxidants

(L-ascorbic acid, sodium metabisulfite, sodium sulfite) and P450 enzyme inhibitors

(sodium diethyldithiocarbamate, memantine hydrochloride, 1-aminobenzotriazole) on

TX101 stability in rat plasma samples. Results reveal that adding2.5mg/mL sodiumsul-

fite or sodium metabisulfite effectively inhibits the nonenzymatic oxidation of TX101

to TX101-epoxide, while L-ascorbic acid shows minimal stabilizing effect. Among

P450 enzyme inhibitors, sodium diethyldithiocarbamate and memantine hydrochlo-

ride exhibit modest stabilizing effects, likely attributed to their antioxidant activity.

The developed High-formance liquid chromatography coupled to tandem mass spec-

trometry (LC–MS/MS) method, incorporating Supported Liquid Extraction for sample

cleanup, allows simultaneousmonitoring of TX101 and TX101-epoxide. Application of

this method in a rat dose-range finding study confirms successful inhibition of TX101-

epoxide formation in samples treated with sodium sulfite or sodium metabisulfite.

Overall, the study emphasizes the importance of stabilizers in preventing nonen-

zymatic oxidation reactions during sample storage, providing valuable insights for

bioanalytical method development and validation.

1 INTRODUCTION

Cyanoenone triterpenoids are potent nuclear factor erythroid 2-

related factor 2 (Nrf2) activators that have been identified for the

potential treatment of oxidative and inflammatory stress-related dis-

eases, including chronic kidney disease, liver disease, pulmonary
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hypertension, pulmonary arterial hypertension, and many other

unmet therapeutic diseases such as neurovegetative disorders and

metabolic diseases.1 Synthetic oleanane triterpenoid Omaveloxolone

(SKYCLARYS) as Nrf2 activator was recently approved by the FDA

as the first drug for the treatment of Friedreich ataxia in adults

and children 16 years of age and older.2 As potent antioxidants,
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F IGURE 1 Oxidation of TX101 to TX101-epoxide.

cyanoenone triterpenoids are not stable in plasma samples and readily

oxidised to epoxide form. Figure 1 shows the oxidation of the syn-

thetic cyanoenone triterpenoid TX101 to TX101-epoxide. As a result,

ensuring the stability of cyanoenone triterpenoids in biological matri-

ces throughout the entire process of blood collection and processing,

plasma storage, shipment, and analysis is of paramount importance.

This is crucial for thedevelopment of robust bioanalyticalmethods that

can support pharmacokinetic and toxicokinetic studies and provide

reliable exposure data.

The instability of drugs in biological matrices is often affected

by pH, temperature, light, oxygen, enzymes and occasionally

anticoagulants.3–5 Controlling the pH, temperature, and avoiding

exposure to light are relatively easy to achieve. Adjusting blood pH

to acidic or basic levels during sample collection is less favourable

due to the potential for coagulation and hemolysis of erythrocytes.

Consequently, pH adjustment is typically applied to plasma samples.

However, this practice may not effectively prevent the degradation

of drugs in whole blood during sample collection and centrifugation.

The widely adopted approach to control temperature and prevent

drug molecule degradation involves collecting blood on ice, promptly

centrifuging the blood at 4◦C, storing the resulting plasma samples

at the lowest feasible temperature (e.g., −80◦C), and maintaining the

samples on dry ice during shipment to the bioanalytical lab for analysis.

Photosensitive drug molecules necessitate the processing and storage

of plasma samples under dark conditions. However, the previously

mentioned approaches generally only slow down the reaction andmay

not completely stabilise the unstable drug molecules. Therefore, the

addition of stabilisers, such as antioxidants or enzyme inhibitors in

collection tubes, is often required to effectively protect unstable drug

molecules.

The oxidation of cyanoenone triterpenoids can happen nonenzy-

matically (i.e., oxygen-induced auto-oxidation) or enzymatically such

as cytochromes P450 catalysed olefin epoxidation, especially 2B4 and

2E1 isoforms.6 This study aims to evaluate the stabilising effect of sev-

eral commonly used antioxidants (L-ascorbic acid, sodium metabisul-

phite, and sodium sulphite) and known P450 enzyme inhibitors

(sodium diethyldithiocarbamate, memantine hydrochloride and 1-

aminobenzotriazole) on the stability of a cyanoenone triterpenoid

compound TX101 in rat plasma samples.

2 EXPERIMENTAL

2.1 Chemicals, materials, and reagents

TX101, TX101-epoxide and d3-TX101 were made at Reata Pharma-

ceuticals (Irving, TX, USA). ACS reagent sodium sulphite (≥ 98.0%),

ReagentPlus sodium metabisulphite (≥ 99.0%), ACS grade L-ascorbic

acid (≥99.0%), ACS reagent sodiumdiethyldithiocarbamate trihydrate,

1-aminobenzotriazole (≥ 98.0%), memantine hydrochloride (≥ 98.0%)

were obtained from Sigma–Aldrich (St. Louis, MO). LC–MS grade ace-

tonitrile andmethanol were obtained from EMDMillipore (Burlington,

MA).OptimaLC/MSgrade formic acidwasobtained fromFisherChem-

ical (Fair Lawn, NJ). LC–MS reagent grade ethyl acetate was obtained

from J.T. Baker (Rador, PA). Pooled K3EDTA rat plasma was purchased

fromBioIVT (Hicksville, NY). Deionisedwaterwasmade in house using

a Barnstead GenPure xCAD Plus UltrapureWater Purification System

(Themo Scientific). Novum Supported Liquid Extraction (SLE) 96-well

plate and 96-well collection plate (2-mL conical polypropylene) were

purchased from Phenomenex (Torrance, CA). WatersAcqunity UPLC

700mL round96-well sample plate and silicone96-well platematwere

obtained from Waters Corporation (Milford, MA). 96-Deepwell plate

(1mL) was obtained from Fisher Scientific (Pittsburg, PA).

2.2 Sample preparation

2.2.1 Preparation of spiking solution, quality
control samples and calibration standards

Standard spiking solution and quality control (QC) spiking solution

of TX101 and TX101-epoxide at a concentration of 40,000 ng/mL in

methanol/water (1:1, v/v) were prepared by diluting 0.08 mL freshly

prepared TX101 or TX101-epoxide stock solution (0.5 mg/mL in

methanol) with 0.92 mL of methanol/water (1:1, v/v) and mixing well.

Internal standard (IS) spiking solution at 50 ng/mL was also pre-

pared in methanol/water (1:1, v/v) by diluting d3-TX101 stock solution

(0.5mg/mL inmethanol).

Sodium sulphite and sodium metabisulphite were prepared at a

concentration of 200 mg/mL each by completely dissolving required
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amount of each chemical in deionised water andmixing well by vortex-

ing. Sodium diethyldithiocarbamate trihydrate, 1-aminobenzotriazole

and memantine hydrochloride were prepared at a concentration of

20 mg/mL by dissolving the required amount of each chemical in

deionised water. The solutions were then sonicated for 10 min until

it became clear. Plasma containing 50 mg/mL L-ascorbic acid was

prepared by adding 0.5 g L-ascorbic acid into 10 mL K3EDTA rat

plasma and mixing well by vortexing until all L-ascorbic acid is dis-

solved. Plasma containing approximately 2.5mg/mL of sodium sulphite

or sodium metabisulphite was prepared by mixing 0.125 mL respec-

tive 200 mg/mL aqueous solution with 9.875 mL blank K3EDTA rat

plasma and mixing well by vortexing. Rat plasma containing approx-

imately 2.5 mg/mL sodium diethyldithiocarbamate trihydrate or 1-

aminobenzotriazole or memantine hydrochloride was prepared by

mixing 1.25 mL respective 20 mg/mL aqueous solution with 8.75 mL

blank K3EDTA rat plasma andmixing well.

Three levels of QC samples, HQC (800 ng/mL), Middle QC (MQC)

(40 ng/mL) and LQC (3 ng/mL) were prepared by serial dilution of the

TX101 QC spiking solution (40,000 ng/mL) in rat plasma without sta-

biliser, containing 50 mg/mL L-ascorbic acid or 2.5 mg/mL of sodium

sulphite, sodium metabisulphite, sodium diethyldithiocarbamate, 1-

aminobenzotriazole and memantine hydrochloride, respectively. Only

the LQC andHQC sampleswere used for stability evaluation. After the

initial evaluation, eight levels of plasma standards of TX101 at 1, 2, 4,

15, 50, 250, 850 and 1,000 ng/mL were prepared by serial dilution of

the TX101 standard spiking solution (40,000 ng/mL) in rat plasma con-

taining 2.5 mg/mL sodium sulphite. A separate set of TX101-epoxide

plasma standards (1–1,000 ng/mL) were also prepared and included

in each analytical run to monitor the formation of TX101-epoxide of

the stability samples in matrices with or without stabilising agent. An

example of the preparation of QC samples and plasma standards is

illustrated in Table 1.

2.2.2 Sample extraction

TX101 and TX101-epoxide were extracted from rat plasma samples

using a Novum 96-well SLE plate (part number 8E-S138-FGA). In brief,

an aliquot of 25 µL rat plasma samples were pipetted into the well

of a 1-mL 96-deepwell plate and 20 µL of 50 ng/mL d3-TX101 in

methanol/water (1:1, v/v) was added to each well using a repeat pipet-

ter, except the blank sample where 20 µL of methanol/water (1:1, v/v)

were added. After briefly mixing by vortexing, 300 µL of 0.2% formic

acid in water was added to each well and mixed well by vortexing. The

entire contents from each sample well, approximately 345 µL, were

transferred into the corresponding well of a Novum 96-well SLE (solid

phase extraction) plate using a multichannel pipettor. This SLE plate

was positioned on top of a 2-mL conical polypropylene 96-well plate

within a vacuum manifold setup. The sample solution was allowed to

be completely adsorbed into the sorbent bed for 5 min after the initia-

tion of the process by briefly applying vacuum, followedby the addition

of ethyl acetate (0.6 mL × 2) to each well. The eluent was collected

in the sample collection plate using gravity without vacuum which

takes approximately 20 min. The sample collection plate was placed

under a stream of nitrogen gas (40◦C), until the samplewas completely

dried. The dried sample was reconstituted with 150 µL of acetoni-

trile/water/formic acid solution (40:60:0.1, v/v/v) and mixed well by

vortexing for approximately 1 min. Subsequently, the samples were

transfer to a new WatersAcqunity UPLC 700 mL round 96-well sam-

ple plate and capped with a 96-well silicone mat. The plate was placed

in the High-performance liquid chromatography (HPLC) autosampler

and an aliquot of the reconstituted sample was injected onto an LC–

MS/MS system for quantitative analysis of TX101 and TX101-epoxide

using d3-TX101 as the internal standard.

2.3 UPLC–MS/MS conditions

The UPLC–MS/MS system consisted of a Waters Acquity UPLC sys-

tem and Xevo TQ-S triple quadruple mass spectrometer (Milford, MA).

Chromatographic separation was conducted on an Acquity HSS C18

column (2.1 × 100 mm, 1.8 µm) coupled with an Acquity Vanguard

HSS C18 guard column (2.1 × 5 mm, 1.7 µm). The column temperature

was set at 40◦C and autosampler temperature was set at 4◦C. Mobile

phase A was water/formic acid (100:0.1, v/v), and mobile phase B was

acetonitrile/formic acid (100:0.1, v/v). The total flow rate was set at

0.4 mL/min. The gradient started from 40% B and increased to 80% B

in 1 min, the reached 95% B within 3 min. After maintaining 95% B for

1 min, the gradient returned to the initial condition of 40% B at 4 min

and equilibrated for 1min before next sample was injected.

The mass spectrometer was operated in the electrospray position

ion mode using the following optimised operating parameters: the ion

spray voltagewas 3.5 kV, desolvation temperaturewas 650◦C, the des-

olvation gas flow was 1000 L/h, and the corn voltage and collision

voltage was 54 and 40 V, respectively. Multiple reaction monitoring

(MRM) transitions monitored were: m/z 530.4 → 163.1 (TX101), m/z

546.5→ 163.4 (TX101-epoxide) andm/z 533.4→ 163.2 (d3-TX101).

2.4 Plasma samples from a dose range-finding
study of TX101 in Sprague–Dawley rat

A single-dose range-finding study of two formulations of TX101

(sesame oil vs. aqueous formulation containing 10% polysorbate 80 in

deionised water) was conducted using Sprague–Dawley rats. Total 18

male rats were assigned to three groups (6 rats/group) in the study.

Each animal in groups 1–3 received single PO gavage dose of 10mg/kg

(Group 1: sesame oil formulation), 10 mg/kg (Group 2: aqueous for-

mulation) or 30 mg/kg (Group 3: aqueous formulation). Blood samples

(n = 3 at each time point) were collected via sublingual vein at 1-, 2-,

4-, 8-, 12-, 24- and 48-h post-dose from 3 animals/group at alternating

timepoints. Approximately, 0.5mLbloodwas collected inK3EDTA tube

containing 0.0125mL 100mg/mL sodium sulphite (final concentration

at 2.5mg/mL). The blood samples were centrifuged at 2000 rpm for 10

min at 4◦C, and the processed plasma samples were stored at −80◦C

until shipping to the bioanalytical laboratory for analysis.
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TABLE 1 Preparation of TX101 calibration standards and quality control samples in rat plasma by series dilution.

Concentration (ng/mL) Total volume (mL)

Spiking scheme

Rat plasma (mL) ID and spiking volume (mL)

aSTD. 8 1000 2.00 1.95 cStandard spiking solution, 0.050

STD. 7 850 1.00 0.15 STD.8, 0.850

STD. 6 250 1.00 0.75 STD.8, 0.250

STD. 5 50.0 2.00 1.90 STD.8, 0.100

STD. 4 15.0 1.00 0.70 STD.5, 0.300

STD. 3 4.00 1.00 0.92 STD.5, 0.080

STD. 2 2.00 2.00 1.92 STD.5, 0.080

STD. 1 1.00 1.00 0.50 STD. 2, 0.500

b HQC 800 2.00 1.96 cQC spiking solution, 0.040

MQC 40.0 1.00 0.95 HQC, 0.050

LQC 3.00 1.00 0.925 MQC, 0.075

Notes:
aPlasma standards were prepared in rat plasma containing 2.5mg/mL sodium sulphite.
bQuality control samples (HQC, MQC and LQC) were prepared in rat plasma without stabiliser or containing respective antioxidants (50 mg/mL L-ascorbic

acid, 2.5 mg/mL sodium sulphite, 2.5 mg/mL sodium metabisulphite) or cytochrome P450 inhibitors (2.5 mg/mL sodium diethyldithiocarbamate trihydrate,

2.5 mg/mL 1-aminobenzotriazole, 2.5 mg/mLmemantine hydrochloride).
cThe concentration of standard spiking solution andQC spiking solution concentration is 40,000 ng/mL inmethanol/water (1:1, v/v).

3 RESULTS AND DISCUSSION

The initial evaluation of TX101 stability in rat plasma samples involved

comparing the peak area ratio (analyte/IS) of 3-h stability samples of

low-quality control (LQC, 3.00 ng/mL) and high-quality control (HQC,

800 ng/mL) at room temperature and on ice to freshly prepared QC

samples in the samematrix. These QC samples were prepared without

stabilisers or with respective antioxidants or P450 enzyme inhibitors.

Tominimisematrix interference and enhance throughput in an envi-

ronment without automation, we adopted a supported liquid extrac-

tion (SLE) method using Novum 96-well SLE plates. The established

LC–MS/MSmethodology allows for the concurrent assessment of both

TX101 and TX101-epoxide, enabling the tracking of TX101 degrada-

tion and the generation of TX101-epoxide in stability samples. Figure 2

shows representative chromatograms of a blank plasma sample spiked

with internal standard (Figure 2A) and lower limit of quantifica-

tion (LLOQ, 1.00 ng/mL) of TX101 (Figure 2B,) and TX101-epoxide

(Figure 2C) in the matrix containing 2.5 mg/mL sodium sulphite. There

is trace amount of non-deuterated impurity of TX101 in the internal

standard d3-TX101 and it is less than 20% of the LLOQ of TX101.

The negligible interference at the retention time of TX101-epoxide is

consistent and does not affect the quantification of TX101-epoxide.

After being kept at room temperature or on ice for 3 h, no decrease

in TX101 was observed in QC samples prepared using rat plasma

containing 2.5 mg/mL sodium sulphite or sodium metabisulphite. LC–

MS/MS analysis also showed no presence of TX101-epoxide in those

samples, indicating the stability of TX101 in plasma samples contain-

ing sodium sulphite or sodiummetabisulphite. In contrast, a significant

decrease in TX101 was observed in plasma samples containing no sta-

biliser and other antioxidants or P450 enzyme inhibitors (data not

shown). As a result, freshly prepared rat plasma standards contain-

ing 2.5 mg/mL sodium sulphite were utilised to quantitatively assess

the stabilising effect of other antioxidants and P450 inhibitors in QC

samples. L-ascorbic acid, one of the most frequently used antioxi-

dants in bioanalysis,7–8 was initially evaluated at a concentration of

50 mg/mL in plasma samples. Table 2 summarises the stabilising effect

of L-ascorbic acid (50 mg/mL) on the stability of TX101 at both room

temperature and on ice. In QC samples without any stabilisers, there

was an approximate −26% reduction in TX101. Interestingly, temper-

ature had minimal impact on the stability of TX101, with a −25%

reduction observed on ice compared to a −26% reduction at room

temperature. While L-ascorbic acid at 50 mg/mL exhibited a slight sta-

bilising effect compared to plasma samples without stabiliser, it did

not completely stabilise TX101. Up to a−20% reduction was observed

when samples were stored for 3 h at either room temperature or

on ice.

Since temperature (room temperature vs. on ice) had a minimal

impact on the stability of TX101,we conducted experiments evaluating

the stability of TX101 at room temperature in QC samples contain-

ing 2.5 mg/mL sodium diethyldithiocarbamate, 1-aminobenzotriazole,

memantine hydrochloride, respectively, using freshly prepared stan-

dard curves in rat plasma containing 2.5 mg/mL sodium sulphite. For

confirmation purpose, six replicates of LQC and HQC samples pre-

pared in rat plasma with and without stabiliser (2.5 mg/mL sodium

metabisulphite) were also included in the analytical run (Figure 3).

As previously observed, TX101 is not stable in plasma samples with-

out any stabiliser, approximately −25% reduction was observed after

3 h at room temperature (Figure 3A). Certain isozymes of P450

enzymes have been reported to be present in plasma exosomes.9 In

this study, we assessed the stabilising effect of 1-aminobenzotriazole
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F IGURE 2 Representative LC–MS/MS chromatograms of (A) blank sample spikedwith internal standard; (B) lower limit of quantification of
TX101 at 1.00 ng/mL; and (C) lower limit of quantification of TX101-epoxide at 1.00 ng/mL.

(ABT), a known nonselective cytochrome P450 enzyme inhibitor.10–12

The negligible stabilising effect of ABT on TX101 in the current study

is interesting and suggests that the oxidation of TX101 is unlikely

to be attributed to P450 enzymes (Figure 3B). Both memantine

and sodium diethyldithiocarbamate have been reported to possess

the antioxidant activity and the ability to selectively inhibit certain

P450 isozyme enzymes.13–16 The moderate stabilising effect of both

chemicals on TX101, as illustrated in Figure 3C,D, further suggests

that their impact is mediated by antioxidant activity rather than a

P450 inhibitory effect. Plasma concentration of 2.5 mg/mL sodium

metabisulphite successfully stabilised TX101, with the %bias of LQC

and HQC samples within ± 6% of the nominal concentration after 3 h

of storage at room temperature (Figure 3E). Furthermore, LC–MS/MS

analysis did not detect the presence of TX101-epoxide in any of the

sodium metabisulphite-containing LQC and HQC samples, confirming

the stabilising effect of sodiummetabisulphite.

The performance of the developed method was further demon-

strated during analysis of plasma samples from a single-dose range-

finding study comparing two formulations. All standards and QC

samples met the acceptance criteria (%CV, 15%; %Bias within 15%;

20% for LLOQ) in the analytical run. Figure 4 shows the PK profile of

TX101 in male Sprague–Dawley rats. The absence of TX101-epoxide

in all the samples further confirms that the addition of sodium sulphite

at a concentration of 2.5mg/mL in the blood collection tube effectively

stabilised TX101, and the ex vivo epoxidation of TX101 is most likely a

result of nonenzymatic oxidation.
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TABLE 2 L-Ascorbic acid on the stability of TX101 in rat plasma samples (3 h).

Nominal concentration (ng/mL) Mean (n= 6) measured concentration (ng/mL) %CV %Bias

LQC 3.00a 2.22 15.9 −26.1

3.00b 2.23 3.5 −25.7

3.00c 2.40 4.4 −19.9

3.00d 2.38 2.9 −20.5

HQC 800a 588.57 1.3 −26.4

800b 601.68 2.3 −24.7

800c 640.37 1.3 −19.9

800d 661.68 2.8 −17.9

Notes:
aRat plasma at room temperature.
bRat plasma on ice bath.
cRat plasma containing 50mg/mL L-ascorbic acid at room temperature.
dRat plasma containing 50mg/mL L-ascorbic acid on ice bath.

F IGURE 3 Effect of antioxidants and P450 enzyme inhibitors on the stability of TX101 in rat plasma after 3 h at room temperature. (A) No
stabiliser; (B) plasma containing 0.25% 1-aminobenzotriazole; (C) plasma containing 0.25% sodium diethyldithiocarbamate; (D) plasma containing
0.25%memantine hydrochloride; and (E) plasma containing 0.25% sodiummetabisulphite.

F IGURE 4 Mean TX101 concentrations in male Sprague–Dawley
rats after single-dose administration of TX101 in sesame oil
(10mg/kg) and in aqueous formulation (10 and 30mg/kg).

4 CONCLUSION

We evaluated the impact of various antioxidants and P450 enzyme

inhibitors on the stability of the synthetic cyanoenone triterpenoid

TX101 in rat plasma samples. The LC–MS/MS method developed

for simultaneous analysis of both TX101 and its epoxidation prod-

uct allowed us to assess TX101 stability in biological matrices while

concurrently monitoring potential epoxide formation.

Our findings demonstrate that TX101 in rat plasma samples can be

effectively stabilised by using 2.5mg/mL sodium sulphite ormetabisul-

phite, whether the samples are stored at room temperature or on ice.

Additionally, our data indicate that the epoxidation of TX101 in rat

plasma is a nonenzymatic oxidation reaction occurring ex vivo dur-

ing sample collection, transportation, or processing. As a result, it is

recommended that in-life study sites collect blood samples in tubes

containing sodium sulphite at a final concentration of 2.5mg/mL.

Furthermore, the developed method was successfully transferred

to a bioanalytical Contract Research Organization (CRO), where it
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underwent full validation to support Good Laboratory Practice (GLP)

toxicity and pharmacokinetic studies.

ACKNOWLEDGMENTS

The authors thank Drs. Xin Jiang, Haizhou Sun and Chris Bender of

the Department of Discovery Chemistry, Reata Pharmaceuticals Inc.,

for providing the labelled internal standard. We also thank Professor

F. Peter Guengerich of the Department of Biochemistry, Vanderbilt

University School ofMedicine, for helpful discussion and suggestions.

CONFLICT OF INTEREST STATEMENT

Qingguo Tian and Edward Tamer are employed by and have a financial

interest in Reata Pharmaceuticals, Inc. Lynn Tian is a Chemistry under-

graduate student at Stony Brook University conducting a summer

internship at Reata Pharmaceuticals.

DATA AVAILABILITY STATEMENT

Data are available from the corresponding author upon request.

ORCID

LynnTian https://orcid.org/0009-0008-1241-7520

REFERENCES

1. Dinkova-Kostova AT, Copple IM. Advances and challenges in thera-

peutic targeting of NRF2. Trends Pharmacol Sci. 2023;44(3):137-149.
doi:10.1016/j.tips.2022.12.003

2. https://www.fda.gov/drugs/news-events-human-drugs/fda-

approves-first-treatment-friedreichs-ataxia 02, 2023.

3. Briscoe CJ, Hage DS. Factors affecting the stability of drugs and drug

metabolites in biological matrices. Bioanalysis. 2009;1(1):205-220.
doi:10.4155/bio.09.20

4. Chen J, Hsieh Y. Stabilizing drug molecules in biological samples. Ther
Drug Monit. 2005;27(5):617-624. doi:10.1097/01.ftd.0000170879.

18139.40

5. Hilhorst M, van Amsterdam P, Heinig K, Zwanziger E, Abbott R.

Stabilizationof clinical samples collected for quantitativebioanalysis—

a reflection from the European Bioanalysis Forum. Bioanalysis.
2015;7(3):333-343. doi:10.4155/bio.14.290

6. VazAD,McGinnityDF,CoonMJ. Epoxidation of olefins by cytochrome

P450: evidence from site-specific mutagenesis for hydroperoxo-iron

as an electrophilic oxidant. Proc Natl Acad Sci USA. 1998;95(7):3555-
3560. doi:10.1073/pnas.95.7.3555

7. Hunyadi A. The mechanism(s) of action of antioxidants: from scav-

enging reactive oxygen/nitrogen species to redox signaling and

the generation of bioactive secondary metabolites. Med Res Rev.
2019;39(6):2505-2533. doi:10.1002/med.21592

8. Lu JM, Lin PH, Yao Q, Chen C. Chemical and molecular mechanisms of

antioxidants: experimental approaches and model systems. J Cell Mol
Med. 2010;14(4):840-860. doi:10.1111/j.1582-4934.2009.00897.x

9. Kumar S, Sinha N, Gerth KA, Rahman MA, Yallapu MM, Midde

NM. Specific packaging and circulation of cytochromes P450, espe-

cially 2E1 isozyme, in human plasma exosomes and their impli-

cations in cellular communications. Biochem Biophys Res Commun.
2017;491(3):675-680. doi:10.1016/j.bbrc.2017.07.145

10. Sun Q, Harper TW, Dierks EA, et al. 1-Aminobenzotriazole, a

known cytochrome P450 inhibitor, is a substrate and inhibitor of N-
acetyltransferase. Drug Metab Dispos. 2011;39(9):1674-1679. doi:10.
1124/dmd.111.039834

11. Mugford CA, Mortillo M, Mico BA, Tarloff JB. 1-Aminobenzotriazole-

induced destruction of hepatic and renal cytochromes P450 in male

Sprague–Dawley rats. Fundam Appl Toxicol. 1992;19(1):43-49. doi:10.
1016/0272-0590(92)90026-e

12. LinderCD, RenaudNA,Hutzler JM. Is 1-aminobenzotriazole an appro-

priate in vitro tool as a nonspecific cytochromeP450 inactivator?Drug
Metab Dispos. 2009;37(1):10-13. doi:10.1124/dmd.108.024075

13. Micuda S, Mundlova L, Anzenbacherova E, et al. Inhibitory effects of

memantineonhumancytochromeP450activities: predictionof in vivo

drug interactions. Eur J Clin Pharmacol. 2004;60(8):583-589. doi:10.
1007/s00228-004-0825-1

14. LuppA, Kerst S, Karge E,QuackG, KlingerW. Investigation on possible

antioxidative properties of theNMDA-receptor antagonists ketamine,

memantine, and amantadine in comparison to nicanartine in vitro. Exp
Toxicol Pathol. 1998;50(4-6):501-506. doi:10.1016/S0940-2993(98)
80041-9

15. Mankhetkorn S, Abedinzadeh Z, Houee-Levin C. Antioxidant action of

sodium diethyldithiocarbamate: reaction with hydrogen peroxide and

superoxide radical. Free Radic Biol Med. 1994;17(6):517-527. doi:10.
1016/0891-5849(94)90091-4

16. El-Kadi AO, Bleau AM, Dumont I, Maurice H, du Souich P. Role of

reactive oxygen intermediates in the decrease of hepatic cytochrome

P450 activity by serumof humans and rabbits with an acute inflamma-

tory reaction.DrugMetab Dispos. 2000;28(9):1112-1120. https://dmd.

aspetjournals.org/content/28/9/1112/tab-article-info

How to cite this article: Tian L, TianQ, Tamer E. Screening

stabilisers for cyanoenone triterpenoid TX101 in rat plasma

samples by simultaneous analysis of parent drug and the

epoxidation product. Anal Sci Adv. 2024;5:2300058.

https://doi.org/10.1002/ansa.202300058

https://orcid.org/0009-0008-1241-7520
https://orcid.org/0009-0008-1241-7520
https://doi.org/10.1016/j.tips.2022.12.003
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-first-treatment-friedreichs-ataxia
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-first-treatment-friedreichs-ataxia
https://doi.org/10.4155/bio.09.20
https://doi.org/10.1097/01.ftd.0000170879.18139.40
https://doi.org/10.1097/01.ftd.0000170879.18139.40
https://doi.org/10.4155/bio.14.290
https://doi.org/10.1073/pnas.95.7.3555
https://doi.org/10.1002/med.21592
https://doi.org/10.1111/j.1582-4934.2009.00897.x
https://doi.org/10.1016/j.bbrc.2017.07.145
https://doi.org/10.1124/dmd.111.039834
https://doi.org/10.1124/dmd.111.039834
https://doi.org/10.1016/0272-0590(92)90026-e
https://doi.org/10.1016/0272-0590(92)90026-e
https://doi.org/10.1124/dmd.108.024075
https://doi.org/10.1007/s00228-004-0825-1
https://doi.org/10.1007/s00228-004-0825-1
https://doi.org/10.1016/S0940-2993(98)80041-9
https://doi.org/10.1016/S0940-2993(98)80041-9
https://doi.org/10.1016/0891-5849(94)90091-4
https://doi.org/10.1016/0891-5849(94)90091-4
https://dmd.aspetjournals.org/content/28/9/1112/tab-article-info
https://dmd.aspetjournals.org/content/28/9/1112/tab-article-info
https://doi.org/10.1002/ansa.202300058

	Screening stabilisers for cyanoenone triterpenoid TX101 in rat plasma samples by simultaneous analysis of parent drug and the epoxidation product
	Abstract
	1 | INTRODUCTION
	2 | EXPERIMENTAL
	2.1 | Chemicals, materials, and reagents
	2.2 | Sample preparation
	2.2.1 | Preparation of spiking solution, quality control samples and calibration standards
	2.2.2 | Sample extraction

	2.3 | UPLC-MS/MS conditions
	2.4 | Plasma samples from a dose range-finding study of TX101 in Sprague-Dawley rat

	3 | RESULTS AND DISCUSSION
	4 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


