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Abstract Oleandrin and adynerin are the main toxic components of oleander, an evergreen shrub

or a small tree of the oleander family, which belongs to the class of cardiac glycosides exhibiting

delayed action. The pharmacokinetic differences of oleandrin and adynerin in rats were studied

by ultra-performance liquid chromatography–tandem mass spectrometry (UPLC–MS/MS) under

two different administration modes: oral (5 mg/kg) and sublingual intravenous injection (1 mg/

kg). The chromatographic column was UPLC BEH C18 (50 mm � 2.1 mm, 1.7 lm), and the col-

umn temperature was set at 40 �C. The mobile phase was acetonitrile–water (containing 0.1 % for-

mic acid), with gradient elution, the flow rate was 0.4 mL/min, and the elution time was 4 min.

Electrospray (ESI) positive ion mode detection with multiple reaction monitoring mode (MRM)

was used for quantitative analysis: oleandrin m/z 577 ? 145, adynerin m/z 534 ? 113, and internal

standard m/z 237 ? 135. The established UPLC–MS/MS method was successfully applied to the

pharmacokinetics in rats after administering oleandrin and adynerin. The bioavailability of olean-

drin and adynerin was found to be low, 7.0 % and 93.1 %; respectively.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nerium oleander, also known as oleander or European oleander, is an

evergreen shrub or a small tree of the oleander family, with ornamental

value(Farkhondeh et al., 2020). Oleander is used to treat heart disease,

asthma, cancer, epilepsy, and wound infections, and has anti-

inflammatory properties(Singh et al., 2013, Calderon-Montano et al.,

2015, Mohapatra et al., 2021). It is also one of the most poisonous

plants in the world(Bandara et al., 2010). Incidents of human and live-

stock poisoning and even death due to oleander have been reported

from time to time(Gonzalez-Stuart and Rivera 2018, Karthik et al.,

2020, Guru et al., 2021). The ingestion of oleander produces typical

clinical symptoms of cardiac glycoside toxicity, primarily gastrointesti-
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nal discomfort, nausea, and vomiting, followed by neurologic symp-

toms, including weakness, confusion, and cardiac symptoms; brady-

cardia and atrioventricular block lead to fibrillation usually due to

conduction problems(Ceci et al., 2020, Amend et al., 2021). Oleandrin

and adynerin are the main toxic components of oleander, which are

cardiac glycosides exhibiting delayed action and are distributed in var-

ious parts of oleander plants, including stems, leaves, buds, flowers,

nectar, sap, products of combustion, and so on (Ying et al., 2018,

Suchard and Greb 2021). However, the use of oleander is severely lim-

ited due to its narrow therapeutic window. Therefore, it is necessary to

establish a method to detect the concentrations of oleandrin and ady-

nerin in vivo.

The current in vivo detection methods of oleandrin mainly include

thin-layer chromatography(Blum and Rieders 1987), fluorescence spec-

trophotometry(Datta and Dasgupta 1997, Poindexter et al., 2007),

high-performance liquid chromatography(Namera et al., 1997,

Hamad et al., 2002), high-performance liquid chromatography-mass

spectrometry(Tor et al., 2005, Rui et al., 2017, Zhai et al., 2018,

Ying et al 2018, Wang et al,2000, Anna Carfora et al 2020), Ultra-

performance liquid chromatography-mass spectrometry(Gosetti F.

et al.,2019, Malysheva SV et al., 2020) A few methods have been

reported for simultaneous in vivo determination of oleandrin and ady-

nerin (Rui et al., 2017, Ying et al., 2018). Liquid chromatography–tan-

dem mass spectrometry (LC–MS/MS) combines the advantages of

high separation efficiency of liquid chromatography and strong identi-

fication of MS compounds. It was the ideal method for the in vivo

determination of oleandrin and adynerin. Song et al. established the

LC–MS/MS method for determining oleandrin and adynerin in human

blood with a run time of 10 min for each sample(Rui et al., 2017) and

another 7 min needed for the LC–MS/MS method; the method was

developed by Ying et al(Ying et al., 2018). The comparative fea-

tures of present method with existing methods was showed in Table 1.

Pharmacokinetic properties are important indicators to evaluate

the drug ability of active compounds; however, to the best of our

knowledge, no pharmacokinetic study on oleandrin and adynerin has
Table 1 Summary of oleandrin and adynerin detection methods.

Reference Compound Matrix Extraction Analy

metho

Kimio Hamada Oleandrin Bovine Blood LLE HPLC

Namera A Oleandrin Human Blood LLE HPLC

Jianbo Ying Oleandrin

Adynerin

Blood LLE HPLC

MS

Elizabeth R. Tor Oleandrin Urine

Serum

Liver

methylene

chloride

methylene

chloride

acetonitrile

HPLC

MS

Anna Carfora Oleandrin Human Blood/

Urine

LLE HPLC

MS

Zhai Jin-xiao Oleandrin Blood

Liver

LLE(ethyl

acetate)

HPLC

MS

Wang Xiaomin Oleandrin Human

Plasma

SPE HPLC

MS

Song Rui Oleandrin

Adynerin

Human Blood acetonitrile HPLC

MS

Svetlana V.

Malysheva

Oleandrin Human Urine SPE UPLC

MS

Gosetti F. Oleandrin Bovine Blood SPE UPLC

MS
been reported. Also, although biological detection methods are

involved, no specific pharmacokinetic parameters have been provided.

The pharmacokinetic study of oleandrin and adynerin might provide

useful information for the metabolism of oleander in vivo. The

UPLC–MS/MS technology is advantageous owing to its high sensitiv-

ity, low detection limit, and low sample consumption and is thus

widely used in chemical components, drug metabolism, impurities

identification, and other drug analyses. In this study, a method based

on UPLC–MS/MS was established for determining oleandrin and ady-

nerin in rats, and the pharmacokinetics under different administration

routes (gavage and sublingual intravenous injection) were investigated.

2. Materials and methods

2.1. Reagents and animals

Oleandrin (purity � 98 %, Fig. 1a), adynerin (purity � 98 %,

Fig. 1b), and curdione (internal standard, purity � 98 %,
Fig. 1c) were purchased from ChengDu Mansite Pharmaceuti-
cal Co., ltd. (ChengDu, Sichuan, China). Chromatographically
pure acetonitrile and methanol were purchased from Merck ltd

(Darmstadt, Germany). The ultrapure water (resistance > 18
mX) used in the experiment was prepared using the Milli-Q
purification system (Darmstadt, Germany). Sprague–Dawley

(SD) rats (males, 220–250 g) were obtained from the Animal
Experiment Center of Wenzhou Medical University (Wen-
zhou, China).

2.2. Instrument conditions

Waters’ XEVO TQ-S micro triple quadrupole tandem mass

spectrometer was used to detect oleandrin and adynerin. Data
tical

d

Recovery

(%)

Reporting

Limit

Internal

Standard

Retention time

（min）

88.8–98.7 1.5 ng/mL

90 0.02ug/g

-MS/ 90–92

90–98

0.5 ng/mL

0.5 ng/mL

2.87

2.93

-MS/ 97 ± 5

107 ± 7

98 ± 6

1 ng/mL 7.2

-MS/ 88 1 ng/mL 4.12

-MS/ ˃ 70.5 1 ng/mL

2 ng/mL

4.80

-MS/ 90 1 ng/mL Ouabain 7.4

-MS/ 76.5–95.7

75.2–93.2

0.5 ng/mL

0.5 ng/mL

3.75

3.86

-MS/ 84 ± 10 0.1 ng/mL Digoxin-d3 5.97

-MS/ 62.9–80.5 0.11 ng/mL



Fig. 1 Chemical structures of oleandrin (a), adynerin (b), and

internal standard (c).
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acquisition and instrument control were performed using

Masslynx 4.1 software (Waters Corp.).
Chromatographic conditions: the chromatographic column

was UPLC BEH C18 (50 mm � 2.1 mm, 1.7 lm), and the col-

umn temperature was set at 40 �C. The mobile phase was ace-
tonitrile–water (containing 0.1 % formic acid), with gradient
elution, the flow rate was 0.4 mL/min, and the elution time

was 4 min:0 min–0.2 min, acetonitrile 10 %; 0.2 min–1.0 min,
acetonitrile 10 %–70 %; 1.0 min–2.5 min, acetonitrile 70 %–
90 %; 2.5 min–2.8 min, acetonitrile 90 %–10 %; 2.8 min–4.0

min, acetonitrile 10 %.
MS conditions: nitrogen was used as cone gas (50 L/h) and

desolvation gas (1000 L/h). The capillary voltage was set at
3.2 kV; the ion source temperature was 147 �C; and the desol-

vation temperature was 500 �C. Electrospray ionization (ESI)
positive ion mode with multiple reaction monitoring mode
(MRM) was used for quantitative analysis: oleandrin m/z
577 ? 145 (cone voltage 30 V, collision voltage 22 V), ady-

nerin m/z 534 ? 113 (cone voltage 14 V, collision voltage
12 V), and internal standard m/z 237 ? 135 (cone voltage
36 V, collision voltage 14 V; Fig. 2).

2.3. Standard curve

The stock solutions of oleandrin, adynerin, and internal stan-

dard were prepared in methanol (500 mg/mL), which were then
diluted with methanol to obtain standard working solutions of
oleandrin and adynerin at different concentrations. Both stock

and working solutions were stored at 4 �C. Appropriate
amounts of oleandrin and adynerin working solutions were
added to blank rat plasma, and the concentrations of the alka-
loids in the rat plasma were 0.5, 2, 10, 20, 50, 100, 200, 500,

and 1000 ng/mL; the standard curve range was 0.5–1000 ng/
mL. Quality control samples were prepared in a similar man-
ner at three different plasma concentrations (1, 85, and

850 ng/mL).

2.4. Sample processing

About 50 lL of the plasma sample was thawed in a 1.5-mL
Eppendorf (EP) tube, and 150 lL of acetonitrile–methanol
(9:1, v/v; containing 100 ng/mL of internal standard curdione)
was added to the vortex mixer for 1.0 min and centrifuged at

13,000 rpm and 4 �C for 10 min. About 100 lL of the super-
natant was transferred into the liner tube of the injection bot-
tle, and the injection volume of 2 lL was used to carry out the

UPLC–MS/MS analysis.

2.5. Pharmacokinetics

Oleandrin, at the rates of 1 mg/kg and 5 mg/kg, was adminis-
tered sublingually (IV) and orally (PO), respectively, to six rats
in each group. Adynerin, at the rates of 1 mg/kg and 5 mg/kg,

was administered sublingually (IV) and orally (PO), respec-
tively, with six rats in each group. All experimental procedures
and protocols were approved by the Animal Care Committee
of Wenzhou Medical University (Wydw 2019–0982). About

0.4 mL of blood was drawn from the tail vein, after 0.0833,
0.25, 1, 2, 4, 6, 8, 12, and 24 h, collected in heparinized test
tubes, and centrifuged at 13,000 rpm for 10 min. Further,

100 lL of the supernatant serum was then transferred to a
fresh 1.5-mL EP tube and stored at � 80 �C until analysis.
Pharmacokinetic parameters were statistically calculated using

the pharmacokinetic software (DAS version 2.0).

3. Results

3.1. Selectivity

As shown in Fig. 3, the retention time of oleandrin, adynerin,
and internal standard was 1.98 min, 2.03 min, and 2.25 min,



Fig. 2 Mass spectrum of oleandrin (a), adynerin (b), and internal standard (c).
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respectively. Oleandrin, adynerin, and internal standard were
efficiently separated by an optimized gradient elution proce-
dure, and no endogenous components were observed at the

retention time, which rendered this method to have good
selectivity.

3.2. Standard curve

The calibration curves of oleandrin and adynerin in rat plasma
showed good linearity in the range of 0.5–1000 ng/mL, with

r ˃ 0.99. A typical regression equation of oleandrin in the rat
plasma was as follows:

y1 ¼ 0:0107� 1� 0:0034ðr ¼ 0:9979Þ
where � 1 is the concentration of oleandrin in the plasma

and y1 is the ratio of the peak area of oleandrin to the internal
standard. A typical regression equation of adynerin in the rat
plasma was as follows:

y2 ¼ 0:0007� 2þ 0:0005ðr ¼ 0:9993Þ
where � 2 represents the concentration of adynerin in the

plasma and y2 represents the ratio of the peak area of adynerin
to the internal standard. The lower limit of quantification of
oleandrin and adynerin in the rat plasma was 0.5 ng/mL,

and their detection limit (LOD) was 0.15 ng/mL with a
signal-to-noise ratio of 3.

3.3. Precision, accuracy, recovery, and matrix effects

The intra- and inter-day precision of oleandrin was within
13 %; the intra- and interday accuracies ranged from
91 % to 108 %; the recovery was ˃ 89 %; and the matrix



Fig. 3 UPLC–MS/MS of oleandrin, adynerin, and internal

standard in the rat plasma: (a) blank rat plasma, (b) blank rat

plasma spiked with oleandrin, adynerin, and internal standard.

Table 2 Accuracy, precision, matrix effect, and recovery of oleand

Compound Concentration (ng/mL) Accuracy (%)

Intra-day Inter-day

0.5 91.7 107.4

Oleandrin 1 100.8 99.5

85 92.4 101.0

850 105.9 94.2

0.5 98.9 105.8

Adynerin 1 102.3 101.9

85 98.9 98.9

850 104.7 108.3

Determination of oleandrin and adynerin in rat plasma 5
effect ranged from 90 % to 97 %. The intra- and inter-day
precision of adynerin was within 14 %; the intra- and inter-
day accuracies ranged from 98 % to 109 %; the recovery

was ˃ 86 %, and the matrix effect ranged from 86 % to
94 % (Table 2).

3.4. Stability

The rat plasma was placed in the autosampler for 2 h, and the
plasma samples were pretreated and stored at room tempera-

ture for 24 h. After three freeze–thaw cycles, the stability test
was performed at � 20 �C for 30 days. The accuracy of olean-
drin was between 92 % and 111 %, and the relative standard

deviation (RSD) was within 12 %; the accuracy of adynerin
was between 91 % and 107 %, and the RSD was within
14 % (Table 3). These data indicated that oleandrin and ady-
nerin had good stability.

3.5. Pharmacokinetics

The concentration–time curves of oleandrin and adynerin in

the rat plasma are shown in Fig. 4. The main pharmacokinetic
parameters are listed in Table 4, and the oral bioavailability of
oleandrin and adynerin was low, 7.0 % and 93.1 %,

respectively.

4. Discussion

Oleander has cardiotonic, diuretic, antitumor, analgesic, anti-
tussive, anti-inflammatory, and other effects(Wang et al.,
2000, Calderon-Montano et al., 2013, Pan et al., 2015). Its

main chemical components are cardiac glycosides, steranes,
terpenes, flavonoids, and so on(Mohapatra et al., 2021). Of
these, cardiac glycosides exist in a large variety, are high in
content in oleander, and were found to be the most important

active ingredient of all. Oleandrin was the strongest antitumor
active monomer compound in oleander, but its poor drug-like
properties, low water solubility (<10 lg/mL), and narrow

therapeutic window severely limited its use as an antitumor
agent. Therefore, it was necessary for us to examine its
pharmacokinetics.
rin and adynerin in the rat plasma.

Precision (RSD%) Matrix effect (%) Recovery (%)

Intra-day Inter-day

12.0 12.4 90.1 91.7

10.8 10.9 96.5 89.1

5.7 6.6 96.0 89.3

6.0 8.9 95.0 96.0

11.4 13.7 93.9 86.8

3.3 3.1 90.0 90.5

3.0 7.4 91.8 88.7

6.0 2.0 86.3 92.0



Table 3 Stability of oleandrin and adynerin in the rat plasma.

Compound Concentration (ng/mL) Autosampler (4 �C, 12 h) Ambient (2 h) –20 �C (30 days) Freeze–thaw

Accuracy RSD Accuracy RSD Accuracy RSD Accuracy RSD

1 104.2 7.5 108.5 7.6 104.5 11.7 92.8 11.0

Oleandrin 85 96.5 5.7 106.9 8.6 92.9 5.0 110.4 8.7

850 102.2 4.5 98.2 5.2 108.1 8.8 102.9 7.3

1 105.3 6.5 99.3 3.4 91.5 13.2 93.4 11.2

Adynerin 85 102.2 5.8 106.4 5.7 104.2 6.6 93.0 4.8

850 96.0 4.1 105.0 1.8 102.2 4.9 103.6 5.6

Fig. 4 Concentration–time curve of rats after intravenous (IV,

1 mg/kg) and oral (PO, 5 mg/kg) administration of oleandrin (A)

and adynerin (B).

Table 4 Main pharmacokinetic parameters after intravenous (IV) a

Compound Group AUC(0–t) ng/mL � h AUC(0–1) ng/mL �
Oleandrin PO, 5 mg/kg 6.8 ± 1.4 7.4 ± 1.4

IV, 1 mg/kg 19.3 ± 4.1 19.9 ± 4.2

Adynerin PO, 5 mg/kg 2287.5 ± 350.6 2336.9 ± 382.8

IV, 1 mg/kg 491.4 ± 81.4 495.3 ± 85.5
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The optimal MS conditions were obtained by optimizing
the spray needle voltage, drying gas temperature, capillary

voltage, and shock energy. On comparing the positive and
negative modes, oleandrin and adynerin were found to be
more suitable for ESI positive detection and to have higher

sensitivity. Then, the MS ion scan was carried out by select-
ing a fragment ion with higher abundance as the quantita-
tive ion and optimizing the MS parameters such as cone

voltage and collision energy. The obtained MS parameters
were as follows: the selected quantitative transitions were
oleandrin m/z 577 ? 145 (cone voltage 30 V, collision volt-
age 22 V); adynerin m/z 534 ? 113 (cone voltage 14 V, col-

lision voltage 12 V); and internal standard m/z 237 ? 135
(cone voltage 36 V, collision voltage 14 V). The use of
MRM mode was beneficial for improving the accurate qual-

itative and quantitative abilities of trace target compounds
in complex sample matrices.

In this experiment, the effects of plasma and different pro-

tein precipitants on the extraction efficiency were investigated.
The plasma samples of oleandrin and adynerin with concentra-
tions of 100 ng/mL were prepared from the rat blank plasma,
and the extraction efficiency of acetonitrile, methanol, 10 %

trichloroacetic acid, methanol–acetonitrile (1:1, v/v), and
methanol–acetonitrile (1:9, v/v) were tested. The results
showed that methanol–acetonitrile (1:9, v/v) had the highest

extraction efficiency, and it was selected as the precipitant.
In this study, only 50 lL of plasma was needed for the sample
treatment, and only 0.5 mL of blood sample was needed as

reported in the literature(Ying et al., 2018).
Oleandrin and adynerin are rapidly metabolized in rats,

with the half-life (t1/2) of oral administration being 2.9 ± 0.

3 h and 4.2 ± 0.6 h, respectively. The oral bioavailability of
oleandrin was 7.0 %, whereas that of adynerin was 93.1 %;
the difference in the bioavailability of the two alkaloids
might be due to the difference in their structural formulas.

In this study, a method for the determination of oleandrin
and adynerin in the rat plasma by UPLC–MS/MS technol-
ogy was established. Each sample analysis only needed

4 min, and was applicable to pharmacokinetics and bioavail-
ability in the rat plasma.
nd oral (PO) administration of oleandrin and adynerin in rats.

h t1/2z h CLz/F L/h/kg Vz/F L/kg Cmax ng/mL

2.9 ± 0.3 693.8 ± 118.8 2979.1 ± 785.0 1.4 ± 0.2

2.2 ± 0.5 52.2 ± 11.5 164.1 ± 54.2 45.8 ± 5.1

4.2 ± 0.6 2.2 ± 0.3 13.1 ± 2.1 357.6 ± 69.1

3.0 ± 1.1 2.1 ± 0.3 8.5 ± 2.0 139.3 ± 22.0
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