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ABSTRACT

Background. Nerium oleander Linn is native of Mediterranean regions of Africa and
Europe, where it is used in folk medical practices. The whole plant is known to be toxic.
Various studies have shown its antimicrobial and anticancer properties. Oleandrin, the
main toxic component in Nerium oleander is an inhibitor of P-glycoprotein. Cardiac
glycosides, including oleandrin, are substrates of P-glycoprotein. The presence of
other inhibitors in the alcoholic extract may potentially modify the pharmacokinetics of
oleandrin. Given the therapeutic potential and the associated toxicity of the alcoholic
extract, it is important to investigate the kinetics of oleandrin within this extract.
Purpose. The objective of this study was to determine the pharmacokinetic
parameters in mice following oral and I.V. administrations of a hydroalcoholic extract
of Nerium oleander. Methods. Pharmacokinetic investigations of oleandrin, a
cardiotonic glycoside and main active compound in Nerium oleander, were conducted
in mice following intravenous administration (30 mg/kg) and oral administration (150
mg/kg) of the hydrolcoholic extract of Nerium oleander. For the oral route, seven times
were chosen for the mice sampling. Four times were chosen for the intravenous route.
Three mice per group were used at each time point. In the excretion study, seven mice
were housed in a mouse urine collection device and a dose of 150 mg/g was
administered. A urine sample was collected after 48 hours. Oleandrin was measured
by LC-MS/MS validated method. MS data were acquired in the positive ion
electrospray ionization (ESI) mode. Two deuterated internal standards, cocaine-d3
and digoxin-d3, were used. The retention times were 8.47 min for oleandrin, 4.78 min
for deuterated internal standard cocaine d3 and 5,37 min for deuterated internal
standard digoxin d3. Results. The equivalent doses of oleandrin administred to mice
were 1710 ug/kg for the oral route and 342 ug/kg for the intravenous route. Oleandrin
was rapidly absorbed after oral administration (Cmax at 10 min). The AUCO-inf
(ug/L*min) values obtained after intravenous and oral dosing were 34797.7 and
107222 respectively, resulting in an oral bioavailability of 61.6 %. The apparent volume
of distribution (Vss) was 0.55 L/kg and Clearance CIT was 0.01 kg* L/min.
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1. INTRODUCTION

Nerium oleander Linn (Figure 1) is a member of the Apocynaceae
family. It originates from Mediterranean regions in Africa and
Europe (1). N. oleander is an attractive shrub typically reaching
heights of 2 to 5 meters, distinguished by smooth stems
containing a thick, whitish latex. Its leaves are persistent,
leathery, elongated, lanceolate, smooth, and have very short
petioles (2). The flower buds, resembling torches, open into
fragrant blooms (2). The flowers range in color from white to pink
to deep red, each featuring five spreading petals (1).

Figure 1. Nerium oleander

N. oleander is documented in numerous traditional
pharmacopeias in its native regions, traditionally employed for
treating ailments such as leprosy, malaria, venereal diseases,
scabies, skin conditions, diabetes, and as an abortifacient (1-4).
The entire plant is toxic, whether fresh or dried, and remains
poisonous even after boiling (2). Every part of the plant contains
cardiac glycosides, including the stems, leaves, young shoots,
flowers, nectar, sap, and residues from combustion (1,5).

The presence of cardiotonic glycosides, particularly oleandrin
(Figure 2), renders N. oleander similarly toxic to digitalis (6).
Ingestion can lead to systemic toxicity, predominantly affecting
the heart, digestive system, and nervous system in both humans
and animals (1,2,5,6). However, alongside its toxicity, therapeutic
potential has been identified. Oleandrin has exhibited
neuroprotective and antiglioma effects(7). Extracts from the
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leaves have demonstrated antimicrobial and anti-cancer

properties (2,8-16).

Figure 2. Oleandrin (24)

Some compounds of a methanolic extract of Nerium oleander are
expected to be lead compounds in development of anti-
multidrug resistance (MDR) cancer agents (17). One mechanism
of MDR involves P-glycoprotein overexpression (17). P-
glycoprotein inhibitors reverse P-glycoprotein mediated efflux
enhancing drug transport across the epithelial membrane. These
inhibitors influence metabolism, absorption, distribution, and
elimination of P-glycoprotein substrates thereby modulating
pharmacokinetics(18,19). This action is one of the mechanisms of
action for bioenhancers of herbal origin(18). Oleandrin is an
inhibitor of P-glycoprotein(7) while cardiac glycosides like
digoxine are substrates for P-glycoprotein(20-22). If oleandrin is
a substrate of P-glycoprotein, the presence of other inhibitors in
the alcoholic extract could modify the pharmacokinetics of
oleandrin. Due to the therapeutic interest(17) and the toxicity
(23) of the alcoholic extract studying the kinetics of oleandrin
within this extract holds significant importance.

The aim of this study is to determine pharmacokinetic
parameters in mice following oral and I.V. administrations of
hydroalcoholic extract of Nerium oleander.

2. MATERIAL AND METHODS
Oleander extract

Following macroscopic and microscopic identification, 270 grams
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of dried N. oleander leaves powder was macerated in 70 %
ethanol at a ratio of 1 volume of powder to 4 volumes of solvent
for 48 hours at room temperature. The resulting hydroalcoholic
extract was obtained through filtration. Subsequently, a second
filtration was performed on the oleander extract after treatment
with 10% lead acetate to remove impurities. Ethanol was
removed from the filtrate through evaporation under reduced
pressure using a rotavap (Blchi Rotavapor R-200). The resulting
extract underwent freeze-drying for 30 hours (Christ’LCG) and
was stored in a freezer.

Animals

The subjects were 12-week-old male Swiss mice, obtained from
the Department of Pharmacy, Faculty of Medicine, Constantine 3
University, Algeria. Their average weight was 21,8 g + 20% for the
plasma study and 23g £ 20% for the excretion study. Food and
water were available ad libitum. The animals were housed in a
standard controlled environment with a temperature range of 22°
C and relative humidity of 55 %. Experimentally naive mice were
used in each experiment, with three mice per group at each time
point.

Pharmacological studies in mice

Oral studies: mice were fasted during eight hours and a dose of
150 mg/g was administered by gastric feeding tube. Seven times
were chosen for the mice sampling : 10, 20, 30, 40, 60, 120, 180
min. Retro-orbital sampling were performed at defined times.
Blood samples were collected in tubes with heparin and
centrifuged at 3500 tr/min for 10 min to obtain plasma. The
samples obtained in each group were processed together.
Plasma (0.2+0.5 ml) was frozen at -60° C until analysis.

I.V. studies : mice were fasted during one hour and a dose of 30
mg/g was administered by intravenous injection into the tail vein
after dilatation. Four times were chosen for the mice sampling :
10, 30, 60, 120 min. Retro-orbital sampling were performed at
defined times. Blood samples were collected in tubes with
heparin and centrifuged at 3500 tr/min for 10 min to obtain
plasma. Samples obtained in each group were processed
together. Plasma (0.2+0.5 ml) was stored at -60°C until analysis.

Excretion : seven mice were fasted one hour and a dose of 150
mg/g was administered by gastric feeding tube and housed in a
mouse urine collection device(25). A urine sample was collected
at 48 h. Urine was centrifuged at 3500 tr/min for 10 min and
supernatant was stored at -60°C until analysis.

Sample preparation

One mL of sample (oleander extract, plasma, urine) was mixed
with 10 pL of the deuterated standard solution (cocaine-d3 [0.5
pg / mL] and digoxin-d3 [2 pug / mL]) and 2 mL of acetonitrile
(standards were obtained from Sigma-Aldrich for Oleandrin, LGC
Standards for Digoxin-d3 and Lipomed for Cocaine-d3). The
mixture was centrifuged at 3000 g for 10 minutes using Fisher
Bioblock Scientific’Sigma 2-6E. The ACN fraction of the
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supernatant was evaporated using Techne®Sample Concentrator
2475-1100500 set at 45°C. Oasis HLB cartridges (3 mL, 60 mg)
from Waters® were conditioned with 1 volume of MeOH and of 1
volume deionized water. The supernatant of the pretreated
sample was passed through the cartridges. The cartridges were
eluted with 3 x 0.5 mL of MeOH, the solvent was then evaporated
under 45 ° C and the extract was redissolved in 50 pl of mobile
phase buffer (5 mM acetate buffer pH = 4.5 / ACN, 90/10),
vortexed and centrifuged at 14000 g during 4 min. The
supernatant was analysed.

LC-MS/MS analysis

An UHPLC-HRMS / MS on Ultimate 3000 (Dionex®) coupled with
a Q-Exactive (Thermo®) was used in all analysis. The analytical
column was a C18 2,1 x 150 mm (1,8 um) (Waters® UPLC Acquity
HSS). The injection volume was 10 uL. The mobile phase
consisted of 2 mM formate buffer pH = 3.0 / ACN 0.1% formic
acid at a flow rate of 0,4 mL/min under a gradient of 5% to 95%
of ACN 0.1% formic acid over 17 min. All the reagents were of LC-
MS grade. The retention times were 8.47 min for oleandrin, 4.78
min for deuterated internal standard cocaine d3 and 5,37 min for
deuterated internal standard digoxin d3. MS data were acquired
in the positive ion electrospray ionization (ESI) mode, using the
following conditions: sheath gaz flow rate : 60 ; sweep gaz flow
rate : 5; spray voltage ( |kV| ) : 2 ; capillary temp (°C) = 300 ; gaz
heater temp (°C) : 250 ; scan type : full MS ; duration : 0.5 — 11
min ; scan range : 120 — 1050 m/z.

The mass transitions were 577,3381 and 578,3410 m/z for
oleandrin, 801,4801 and 802,4833 m/z for digoxin-d3, 307,1737
m/z for cocain-d3.

Pharmacokinetic analysis

The computer software PK Solver 2.0 was used for calculation of
pharmacokinetic parameters (t1/5, Tmax, Cmaxs AUCpz1, Cly,
and V) through standard non compartmental analysis of

plasma concentration-time data.

3. RESULTS
Oleander extract

The amount of oleandrin in the extract was 11,4 g of oleandrin
by kg of extract. The equivalent doses of oleandrin administred
in mice are then 1710 ug/kg for P.O. and 342 ug/kg for I.V.

Plasma oleandrin in mice after I.V. and P.O. administration of
extract

Oleandrin concentrations in plasma after LV. and P.O.
administration of the hydrolacoholic extract are presented in
Figure 3 and calculated from the eq dose of oleandrin. After P.O.
administration, oleandrin was rapidly absorbed with a maximum
concentration (Cmax) of 1471,3 ug/L achieved the first time
sampling 10 min (Tmax). The oral bioavailability (F) was 61,6 %
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and was calculated according to the following formula
F % = (AUC o-infr.0. / AUC c.inf1v. X Dose 1v. /Dose p.0.) X100

Pharmacokinetic parameters derived according to I.V. and P.O.
administration of oleandrin extract are summarized in Table 1.

Cumulative excretion

Forty-eight hours after mice received a P.O. dose of extract 150
mg/kg (1710 ug/kg eq. dose of oleandrin), 437,7 ng/mL of
oleandrin were excreted in 6,2 mL of urine. This represents
0,986% of the initial dose administred.
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Figure 3. plasma concentrations of oleandrin after P.O. and I.V.
administration.

4. DISCUSSION

LC-MS/MS which provides rapid and unequivocal determination
of oleandrin (26), was used to determine the amount of
oleandrin in biological fluids and the hydroalcoholic extract. The
latter, made it possible to estimate the equivalent dose of
oleandrin administered in mice.

Oleandrin in the hydroalcoholic extract has been absorbed faster
(Tmax 10 min in the present study) than oleandrin alone (20 min
in Ni et al.’s study) (27). The bioavailability is also twice greater
(61% in this study versus 30 % in Ni et al.’s study)(27). The
presence of other compounds in the extract may increase the
rate of absorption and the amount absorbed. As previously
documented, mice administered oleander extract exhibited
elevated levels of oleandrin in their brain and plasma compared
to mice given an equal amount of oleandrin alone. This indicates
that certain additional constituents within the oleander extract
might augment oleandrin's capacity to penetrate the blood-brain
barrier (27), as could potentially affect gastrointestinal
absorption.

The initial elimination of oleandrin from plasma was swift. The
half-life (t1/2) was notably prolonged in mice following oral (P.O.)
administration compared to intravenous (l.V.) administration.
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Corresponding findings have been documented (27).

Table 1. Pharmacokinetic parameters of oleandrin in mice.

Route of administration Per os intravenous
Eg-Dose (ug/kg) 1710 342

Tmax (min) 10 /

Cmax (ug/L) 1471,3 613,9

T1/2 (min) 91,6 48
AUCO-inf (ug/L*min) 107222 34797,7

CIT (kg*L/min) 0,015 0,01

Vss (L/kg) / 0,55
Bioavailability (%) 61,6% /

eq dose: equivalent dose; Tmax: maxium time ; Cmax: maximum
concentration ; t1/2 : Half-life ; AUC : area under curve ; CIT : total clearance ;
Vss : apparent volume of distribution at steady state

Given that the average blood volume in male mice is
approximately 85 mlL/kg, with a hematocrit of 47% (28), the
volume of distribution was calculated to be 12 times greater than
the plasma volume. This suggests significant diffusion of
oleandrin into tissues.

Twenty-four hours after mice were administered a P.O. dose of
oleandrin extract, approximately 1% of the equivalent oleandrin
dose was detected in urine. This aligns with previous research
indicating that 60% of administered oleandrin is recovered in
feces (27).

Although blood and urine samples were gathered in this study,
these measurements may not capture potentially significant
interindividual differences.

Additional studies are necessary to establish the
pharmacokinetic characteristics of oleandrin across diverse
routes of administration, various animal species, different
dosage levels, and varied formulations.
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LC-MS : Liquid chromatography—mass spectrometry

MS : mass spectrometry

tl/z : Half-life

Tmax : Time of maximum concentration observed

Crmax : Maximum concentration

AUC : area under curve

Cly : total clearance

Vss apparent volume of distribution at steady state

P.O. : per os

eq dose : equivalent dose

REFERENCES

10.

Bandara V, Weinstein SA, White J, Eddleston M. A review of the natural
history, toxinology, diagnosis and clinical management of Nerium oleander
(common oleander) and Thevetia peruviana (yellow oleander) poisoning.
Toxicon. 2010 Sep;56(3):273-81.

Hammiche V, Merad R, Azzouz M. Plantes toxiques a usage médicinal du
pourtour méditerranéen [Internet]. 2013 [cited 2018 Jul 12]. Available from:
http://public.eblib.com/choice/publicfullrecord.aspx?p=1697114

Bellakhdar J. La pharmacopée marocaine traditonnelle: médécine arabe
ancienne et savoirs populaires. Paris: Ibis Press; 1997. 764 p.

Hammiche V, Maiza K. Traditional medicine in Central Sahara:
Pharmacopoeia of Tassili N’ajjer. J Ethnopharmacol. 2006 May;105(3):358—
67.

Langford SD, Boor PJ. Oleander toxicity: an examination of human and animal
toxic exposures. Toxicology. 1996 May;109(1):1-13.

Hugues T, Arnoult M, Beau N, Yaici K, Mélandri P, Saoudi N, et al. Intoxication
volontaire au laurier rose ; cas clinique et revue de la littérature. Ann Cardiol
Angéiologie. 2012 Apr;61(2):128-31.

Elmaci i, Alturfan EE, Cengiz S, Ozpinar A, Altinoz MA. Neuroprotective and

tumoricidal activities of cardiac glycosides. Could oleandrin be a new weapon
against stroke and glioblastoma? Int J Neurosci. 2018 Sep 2;128(9):865-77.

Turan N, Akgtin-Dar K, Kuruca SE, Kilicaslan-Ayna T, Seyhan VG, Atasever B,
et al. Cytotoxic effects of leaf, stem and root extracts of Nerium oleander on
leukemia cell lines and role of the p-glycoprotein in this effect. J Exp Ther
Oncol. 2006;6(1):31-8.

Apostolou P, Toloudi M, Chatziioannou M, loannou E, Knocke DR, Nester J, et
al. AnvirzelTM in combination with cisplatin in breast, colon, lung, prostate,
melanoma and pancreatic cancer cell lines. BMC Pharmacol Toxicol
[Internet]. 2013 Dec [cited 2018 Jul 13];14(1). Available from:
http://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/2050-
6511-14-18

McConkey DJ, Lin Y, Nutt LK, Ozel HZ, Newman RA. Cardiac glycosides
stimulate Ca2+ increases and apoptosis in androgen-independent, metastatic
human prostate adenocarcinoma cells. Cancer Res. 2000 Jul 15;60(14):3807—
12.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

BATNA JOURNAL OF MEDICAL SCIENCES
2024, VOL. 11, NO. 3, 326-330
DOI: 10.48087/BJMS0a.2024.11307

Pathak S, Multani AS, Narayan S, Kumar V, Newman RA. Anvirzel, an extract
of Nerium oleander, induces cell death in human but not murine cancer cells.
Anticancer Drugs. 2000 Jul;11(6):455-63.

Smith JA, Madden T, Vijjeswarapu M, Newman RA. Inhibition of export of
fibroblast growth factor-2 (FGF-2) from the prostate cancer cell lines PC3 and
DU145 by Anvirzel and its cardiac glycoside component, oleandrin. Biochem
Pharmacol. 2001 Aug 15;62(4):469-72.

Hong DS, Henary H, Falchook GS, Naing A, Fu S, Moulder S, et al. First-in-
human study of pbi-05204, an oleander-derived inhibitor of akt, fgf-2, nf-kB
and p70s6k, in patients with advanced solid tumors. Invest New Drugs. 2014
Dec;32(6):1204-12.

Pan Y, Rhea P, Tan L, Cartwright C, Lee HJ, Ravoori MK, et al. PBI-05204, a
supercritical CO2 extract of Nerium oleander, inhibits growth of human
pancreatic cancer via targeting the PI3K/mTOR pathway. Invest New Drugs.
2015 Apr;33(2):271-9.

Hussain MA, Gorsi MS. Antimicrobial Activity of Nerium oleander Linn. Asian
J Plant Sci. 2004 Feb 1;3(2):177-80.

El Sawi NM, Geweely NS, Qusti S, Mohamed M, Kamel A. Cytotoxicity and
Antimicrobial Activity of Nerium oleander Extracts. J Appl Anim Res. 2010
Mar;37(1):25-31.

Zhao M, Bai L, Wang L, Toki A, Hasegawa T, Kikuchi M, et al. Bioactive
Cardenolides from the Stems and Twigs of Nerium oleander. J Nat Prod. 2007
Jul;70(7):1098-103.

Kesarwani K, Gupta R. Bioavailability enhancers of herbal origin: An overview.
Asian Pac J Trop Biomed. 2013 Apr;3(4):253-66.

Varma M. P-glycoprotein inhibitors and their screening: a perspective from
bioavailability enhancement. Pharmacol Res. 2003 Oct;48(4):347-59.

Rautio J. IN VITRO P-GLYCOPROTEIN INHIBITION ASSAYS FOR ASSESSMENT
OF CLINICAL DRUG INTERACTION POTENTIAL OF NEW DRUG CANDIDATES: A
RECOMMENDATION FOR PROBE SUBSTRATES. Drug Metab Dispos. 2006 Jan
13;34(5):786-92.

Srivalli KMR, Lakshmi PK. Overview of P-glycoprotein inhibitors: a rational
outlook. Braz J Pharm Sci. 2012 Sep;48(3):353-67.

Langenhan JM, Peters NR, Guzei IA, Hoffmann FM, Thorson JS. Enhancing the
anticancer properties of cardiac glycosides by neoglycorandomization. Proc
Natl Acad Sci. 2005 Aug 30;102(35):12305-10.

Botelho AFM, Santos-Miranda A, Joca HC, Mattoso CRS, de Oliveira MS,
Pierezan F, et al. Hydroalcoholic extract from Nerium oleander L.
(Apocynaceae) elicits arrhythmogenic activity. J Ethnopharmacol. 2017
Jul;206:170-7.

Oleandrin | C32H4809 - PubChem [Internet]. [cited 2018 Jul 14]. Available
from: https://pubchem.ncbi.nlm.nih.gov/compound/oleandrin#section=Top
Kurien BT, Everds NE, Scofield RH. Experimental animal urine collection: a
review. Lab Anim. 2004 Oct;38(4):333-61.

Tor ER, Filigenzi MS, Puschner B. Determination of Oleandrin in Tissues and
Biological Fluids by Liquid Chromatography-Electrospray Tandem Mass
Spectrometry. J Agric Food Chem. 2005 Jun;53(11):4322-5.

Ni D, Madden TL, Johansen M, Felix E, Ho DH, Newman RA. Murine
pharmacokinetics and metabolism of oleandrin, a cytotoxic component of
Nerium oleander. J Exp Ther Oncol. 2002 Oct;2(5):278-85.

Riches AC, Sharp JG, Thomas DB, Smith SV. Blood volume determination in
the mouse. J Physiol. 1973 Jan;228(2):279-84.

To cite the article: Abdennour S et al. Pharmacokinetics of Oleandrin Following Administration of a Nerium oleander Extract in Mice. Batna J Med Sci 2024; 11(3): 326-330



