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Abstract

Intentional self-poisonings with seeds from the yellow oleander tree ( Thevetia peruviana) are
widely reported. Activated charcoal has been suggested to benefit patients with yellow oleander
poisoning by reducing absorption and/or facilitating elimination. Two recent randomised
controlled trials (RCTSs) assessing the efficacy of activated charcoal reported conflicting outcomes
in terms of mortality. The effect of activated charcoal on the pharmacokinetics of 7hevetia
cardenolides has not been assessed. This information may be useful for determining whether
further studies are necessary. Serial blood samples were obtained from patients enrolled ina RCT
assessing the relative efficacy of single dose (SDAC) and multiple doses (MDAC) of activated
charcoal compared to no activated charcoal (NoAC). The concentration of Thevetia cardenolides
was estimated using a digoxin immunoassay. The effect of activated charcoal on cardenolide
pharmacokinetics was compared between treatment groups using the AUCoy4, the 24h Mean
Residence Time (MRT24), and regression lines obtained from serial concentration points adjusted
for exposure. Erratic and prolonged absorption patterns were noted in each patient group. The
apparent terminal half-life was highly variable, with a median time of 42.9h. There was a
reduction in MRT,4 and the apparent terminal half-life estimated from linear regression in patients
administered activated charcoal compared to the control group (NoAC). This effect was
approximately equal in patients administered MDAC or SDAC. Activated charcoal appears to
favourably influence the pharmacokinetic profile of 7hevetia cardenolides in patients with acute
self-poisoning, which may have clinical benefits. Given the conflicting clinical outcomes noted in
previous RCTSs, this mechanistic data supports the need for further studies to determine whether a
subgroup of patients (eg. those presenting soon after poisoning) will benefit from activated
charcoal.

Correspondence: Dr Darren Roberts, Medical School, Australian National University, Acton, ACT, Australia, 0200. e-mail:
Darren.Roberts@anu.edu.au phone: +61 416 088 397.

Potential conflicts of interest:

We declare that we have no conflicts of interest.


http://www.sactrc.org

syduasnue|A Joyiny siapun4 JIAd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Roberts et al. Page 2

Keywords

Thevetia; oleander; pharmacokinetic; poisoning; activated charcoal

Introduction

The yellow oleander tree ( Thevetia peruviana, previously T. neriifolid) is common through
much of the tropics and subtropics.(1) Poisonings are reported widely, but it is only in South
Asia that ingestion of oleander seeds has become a popular means of self harm.(2-5) Each
year there are tens of thousands of yellow oleander poisoning cases in South Asia and
probably hundreds of deaths, given the mortality of 4-10%.(6)

Many cardenolides have been identified in yellow oleander, predominantly thevetin A and
B, but also peruvoside, neriifolin, thevetoxin, ruvoside, and theveridoside. These
cardenolides are structurally similar to the digitalis cardenolides derived from foxglove
(Figure 1).(1;7-9) Despite this similarity, individual cardenolides vary widely in their
pharmacokinetic properties (Figure 1).

Earlier studies assessed the clinical role of Thevetia cardenolides in the management of
congestive cardiac failure,(10-14) and pharmacokinetic studies were conducted in animals,
volunteers and patients with cardiac failure.(8;14-16) The outcomes of some of the
pharmacokinetic studies conflicted in certain respects, for example the extent to which
enterohepatic recycling occurs.(15;17;18) How these outcomes relate to patients with acute
poisoning with plant material has not been defined.

Digitalis cardenolides appear to undergo significant enterohepatic recycling, which is why
human and animal studies have shown increased clearance of digitalis glycosides with
administration of multiple doses of activated charcoal (MDAC).(19-23) In one study the
mean digoxin clearance increased by 47% in volunteers administered therapeutic doses of
intravenous digoxin and oral MDAC compared to volunteers administered intravenous
digoxin alone.(19).

Because of the structural similarity, it was hypothesised that 7/evetia cardenolides also
undergo enterohepatic recirculation, and that MDAC would increase clearance, producing
clinical benefits.(24) Two randomised controlled trials (RCTs) subsequently assessed the
efficacy of MDAC on mortality from yellow oleander poisoning (n=401(25)and n=1515 (at
the final interim analysis) (26)), but the results were inconsistent.(6;27) . Further assessment
of the effect of MDAC on the pharmacokinetics of 7hevetia cardenolides may clarify the
effect of this treatment and guide decisions regarding whether further clinical trials are
required.

The objective of this study is to describe the pharmacokinetics of 7Thevetia cardenolides in
patients with acute intentional self-poisoning with yellow oleander. The effect of activated
charcoal (MDAC or a single dose of activated charcoal (SDAC)) on plasma cardenolide
concentrations is also assessed.

Materials and methods

Clinical

This study was part of a large RCT (ISRCTN02920054) evaluating the efficacy of oral
superactivated charcoal (Carbomix BP, Norit, NL; 2000m?/g) in Sri Lanka. All patients with
a history of acute poisoning were eligible for inclusion in this RCT, except for those under
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the age of 14 years, known to be pregnant, or who reported ingestion of hydrocarbons alone
or corrosives. Patients with acute yellow oleander poisoning were identified by on-site study
doctors on presentation to study hospitals. Written informed consent was obtained prior to
enrolment. Ethics approval was obtained from the Universities of Colombo (Sri Lanka) and
Oxford (United Kingdom).

History of exposure (including the number of seeds) and clinical details were obtained on
presentation and regularly throughout the admission until discharge or death. Patients were
randomised into one of three groups: (1) to receive MDAC (509 dispersed in 300mL water
every 4h for 6 doses); (2) SDAC (50g dispersed in 300mL water on admission) or (3) no
activated charcoal (NoAC). All patients received supportive care, while atropine (usually
0.3-0.6mg/h) and intravenous fluids were administered as needed to maintain a heart rate
above 70 and systolic BP above 80mmHg. Other treatments were determined by the treating
medical team irrespective of their allocation in the RCT. Patients with severe cardiotoxicity
were either administered anti-digoxin Fab antitoxin (when available) or transferred to other
hospitals for placement of a temporary pacing wire because this service was not available in
two of the study hospitals.

Serial blood samples were collected from a sample of patients admitted to Anuradhapura
General Hospital and Kurunegala Teaching Hospital. A blood sample was obtained on
admission, then at 1, 4, 12, and 24 hours after administration of the first charcoal dose, then
once daily until discharge or death, as allowed by clinical factors. Samples were centrifuged
and the plasma or serum was removed and immediately frozen at —23°C until analysis.

Assays developed for use in digoxin therapeutics cross-react with 7hevetia cardenolides
because of the structural similarity.(7;28;29) This cross-reactivity is a convenient means for
approximating the concentration of 7hevetia cardenolides in the plasma of patients who
have been exposed to this plant.(6) Concentrations of digoxin cross-reacting substances
(DXS) were quantified by fluorescence polarisation immunoassay (FPIA) on an Abbott TDx
utilising cross reactivity in the Digoxin Il assay (Abbott laboratories, IL, USA). The assay
performance was monitored with Abbott digoxin controls and the results were as follows
(mean = SD); low: 0.78 pg/L £ 0.1, CV=12.5% n=104; medium: 1.53 pg/L + 0.13,
CV=8.7%, n=105; and high: 3.66 pg/L + 0.23, CV=6.3% n=105. Six patient samples were
tested five times each to determine interassay precision of DXS. Patient results had a CV%
of 7-13 % with a mean + SD of (1) 0.50 + 0.04; (2) 0.31 £ 0.02; (3) 0.26 + 0.04; (4) 0.43 +
0.07; (5) 1.41 £ 0.09; (6) 1.42 + 0.15. These values can be converted to molar concentrations
(nmol/L) by multiplying the pg/L concentration by 1.28.

The sensitivity of the assay was 0.2j.g/L, defined as the lowest concentration of the
cardenolide that had a CV% of 25%. A similar limit of 0.2p.g/L (0.26 nmol/L) for Thevetin
B was reported by Uber-Bucek et al for the digoxin assay.(30)

The baseline (endogenous) concentration of digoxin-like immunoreactive substances (DLIS)
was determined on plasma samples obtained from 197 controls. These were patients with
acute poisoning with substances other than plants (eg. pesticides, medicines) who presented
at the same hospitals. The median DLIS concentration was <0.2.g/L (range 0-0.30p.g/L), so
the lower level of discrimination for DXS concentration for this study was taken to be
0.3pg/L.

To identify sampling errors, such as accessing a vein proximal to an intravenous infusion,

samples were identified where the DXS concentration was very low (generally undetectable)
compared to that of both adjacent serial samples. Sampling from an infusion arm has been
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noted to occur in up to 8% of samples obtained by the same study doctors in other studies
conducted by our Collaboration. Samples where this was noted were not considered further.

Pharmacokinetic Analysis

The pharmacokinetics of 7hevetia cardenolides were described using serial DXS
concentrations during hospital admission. The relatively sparse sampling that was possible
in these patients with acute self-poisoning limits discussion to a general description of the
basic pharmacokinetics. Log-linear decline in three consecutive concentration-time points
(allowing ~10% variation of the middle point) on visual inspection indicated that a patient
was in the elimination phase. It was not possible to determine the pharmacokinetics of
individual compounds because the immunoassay measures the total concentration of cross-
reacting cardenolides in each sample.

Novel methods were used to describe the effect of MDAC and SDAC on the
pharmacokinetics of 7hevetia cardenolides. Pharmacokinetic research in clinical toxicology
is a challenge when the dose consumed is not accurately known and patients present at
variable times post-ingestion. It is further complicated when the poison is a natural product,
such as yellow oleander, composed of multiple potentially active ingredients with unknown
and individual pharmacokinetic properties. Two techniques were used to quantify the effect
of activated charcoal during the first 24h post-admission (see below). A study period of 24h
was chosen as this was the intended duration of treatment with MDAC. Where a blood
sample was not obtained on (or very close to) 24h post-admission, the DXS concentration at
this time was calculated by logarithmic interpolation of the two data points either side of the
24h time point.

In the first approach, we standardised for exposure by determining the area-under-the-curve
(AUC) for each patient in the 24h period post-admission using the trapezoidal method
(AUCy4).(31) Each DXS concentration during that period was divided by the AUC4,
generating a ‘fractional’ DXS concentration (concentration/AUCy,4). This adjustment is
effectively correcting for differences in the fractional dose absorbed (F.D) and clearance
(CL) between individual patients (AUCgy.co =F.D/CL) — see Box 1 for more details. These
results were pooled on the basis of their allocation in the randomised controlled trial and
presented graphically. Trend lines of these three groups were generated by non-linear (first-
order exponential decay) and linear regression using GraphPad Prism (Version 3.02 for
Windows, San Diego, USA). These regression lines were compared using the F-Test to
determine the equation which best fits the data.

In the second approach, the mean residence time (MRT) was calculated for each patient
during the same 24h period (MRTy4). MRT is a dose-independent non-compartmental
method for quantifying the time course of a drug through the body. It reflects the rate of
drug dissolution, absorption from the gut and elimination in an individual.(31;32) MRT can
therefore be used to evaluate the effect of interventions such as activated charcoal which
may alter these pharmacokinetic parameters. Changes in pharmacokinetics from an
intervention can be measured by comparing the MRT of two or more groups in whom
treatment was otherwise standardised.(31) Even when specific information about the dose
and/or pharmacokinetic parameters for the poison are limited, as is the case for Thevetia
cardenolides, the relative effect of this intervention can be quantified.

The MRT»4 was calculated by dividing the area-under- the-moment-curve (AUMC,,) by the
AUC4.(32) The AUMC,,4 was determined using the trapezoidal method for each patient
from concentration-time points obtained during the first 24h of admission.(31) Because
MRT,,4 was determined from data over a 24h period only, the values calculated for each
treatment arm are lower than an MRT calculated using a complete data set (t=0 to infinity).
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As such, times determined from this 24h data are only useful for comparing the relative
MRT,,4 between treatment arms.

Statistical Analysis

Results

Absorption

Statistics were applied to compare the three groups enrolled in the randomised controlled
trial. Continuous variables were compared using the Mann-Whitney test and categorical
variables were compared by the Fisher's exact test. When comparing the differences in
MRT,4 and the gradients of the concentration/AUC4 regression lines between treatments,
the Student t-test was used if the results were normally distributed. Normality was
determined by visual inspection, and confirmed using the Kolmogorov-Smirnov test
(GraphPad Prism) where appropriate. A P<0.05 was taken as statistically significant.

There were 254 patients with acute yellow oleander poisoning who provided multiple blood
samples. Of these, 104 patients were eligible for inclusion in this study after excluding those
who provided samples for less than 24h (eg. consent was subsequently withdrawn, or the
patient was transferred to another hospital for insertion of a temporary pacemaker, or they
died), those with DXS concentrations mostly below the level defined as DLIS (consistent
with minimal or no exposure), and those administered the anti-digoxin Fab antitoxin.
Demographics and basic clinical details of patients who provided serial samples are listed in
Table 1. 15 samples (3% of all samples) suspected of being collected proximal to an
intravenous infusion were excluded from the analysis.

Unpredictable absorption patterns (both intra- and inter-individual) were noted in each
patient group. Ongoing absorption was commonly observed, extending beyond 50h post-
ingestion in some (Figure 2a). Erratic absorption was also noted in each patient group, with
two DXS peak concentrations occurring in a number of the concentration-time profiles. In
57% of patients a single peak DXS concentration (Cmax) was noted at admission (examples,
Figure 2b), which may have been preceded by the true Cmax. In others, DXS concentrations
did not increase above the level of discrimination until more than 6h post-ingestion (Figure
2¢).

The relationship between AUC,4 and the number of seeds ingested is shown in Figure 3.
There is a marked variability in AUC,4 between patients who reported ingesting the same
number of seeds. There is no clear trend towards increased AUC,4 with larger ingestions,
suggesting saturable (zero order) absorption, although other factors may have influenced this
effect, as discussed later.

The time corresponding to the Cmax (Tmax) varied widely, occurring in some patients
beyond 24h and at a high concentration (eg. more than 1.5ug/L, see Figure 4). The random
distribution of concentrations in Figure 4 suggests that absorption is not first order, and that
factors unrelated to dose or the absorption coefficient were influencing the observed
absorption kinetics. One such likely factor was co-administration of atropine, but a clear
relationship between administration of atropine and changes in DXS concentrations was not
observed (data not shown).

Distribution, metabolism and excretion

More rapid disposition is noted in some patients (Figure 2b). The duration of this apparent
disposition phase appears in the order of 6-10h, which is prolonged compared to ~2h for
oral digoxin, depending on the formulation.(33;34) Volume of distribution, metabolism or
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route of elimination could not be estimated from these data. Metabolites of 7hevetia
cardenolides may also cross react with the digoxin assay and contribute to the DXS
concentration. The pharmacokinetics of the metabolites will differ from the parent
compound; for example, they are likely to be more polar which decreases the volume of
distribution (VD). Where bioactivation decreases the VD there is an increase in DXS
concentration compared to the same dose of the parent compound. Depending on the time-
delay for bioconversion, this effect may contribute to the double peaks observed in some
patients (Figure 2a).

Terminal half-life

Log-linear declines in concentration were noted in some patients during the sampling period.
Only 14 (34%) of patients randomised to NoAC entered an apparent elimination phase
during admission. In these patients, the median time to onset of the log-linear decline was
15.8h, and the median terminal half-life was 42.9h (range 13.27-94.24h).

The effect of activated charcoal on Thevetia cardenolide pharmacokinetics

A summary of the pharmacokinetic parameters are shown in Table 2. The baseline
characteristics of each treatment arm were similar, except for gender; all patients in these
groups survived to discharge. Further, the demographics of the included patients did not
differ significantly from those who were excluded. The rate of change in concentration/
AUC,,4 with time was greater for patients randomised to MDAC and SDAC, compared to
NOAC, consistent with increased elimination of DXS (Figure 5). Linear regression best
described the data in each treatment arm, the gradient of which reflects the relative values of
ke (Table 2). This gradient differed significantly for NoAC compared to MDAC and SDAC.
The regression lines were approximately log-linear (Figure 5d), allowing the terminal half-
life of these pooled samples to be estimated (Table 2).

Similar results were noted using the MRT,4 method, where a significantly shorter MRT4
was noted for SDAC and MDAC compared to NOAC (Table 2, Figure 6).

Discussion

To our knowledge, this is the first description of the pharmacokinetics of 7hevetia
cardenolides in acute poisoning. These data were provided by patients enrolled in a
randomised controlled trial assessing the efficacy of activated charcoal. Unpredictable
absorption was noted commonly and this dominated the pharmacokinetic profile. An
apparent increase in clearance of 7hevetia cardenolides was observed in patients
administered either SDAC or MDAC.

Ingestion of pharmaceutical-grade cardenolides, such as digoxin, produces a standard
concentration-time curve with a Cmax, distribution phase and log-linear elimination phase.
(33) This was not noted generally in our patients, for which ongoing cardenolide absorption
appears the most likely explanation, although enterohepatic recirculation may have also
contributed. Log-linear elimination was noted in some patients in this study, suggesting that
absorption was completed earlier in some patients than others.

While slow and variable absorption of cardenolides has been noted previously,(35;36) the
reason for the markedly variable and erratic absorption noted here (Figure 2) is not clear
from data obtained in this study. Processes which alter bowel motility probably contributed,
in particular the effect of intravenous atropine given that anticholinergic drugs slow gut
motility and prolong the absorption phase.(37-43). Other potential contributors include the
slow release of cardenolides from the cellulose matrix of intact particles in the oleander
seeds, which may relate also to the extent to which the seeds were ground up or chewed
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prior to ingestion. This has been noted with digoxin formulations, where bioavailability and
AUC decrease as particle size increases.(34) Further, poorly chewed seeds might not pass
through the gastric pylorus easily. Inhibition of intestinal Na*-K* ATPase by cardenolides
may cause smooth muscle spasm,(10;13;36;44) manifesting as colicky abdominal pain and
diarrhoea,(10) reducing the amount of cardenolides absorbed. The relative influence of each
of these factors is not known.

The poor correlation between AUC»4 and the number of seeds ingested (Figure 3) has been
noted clinically with regards to the severity of cardiotoxicity. Death has occurred after
ingestion of one or two seeds despite admission to a referral hospital experienced in the
management of oleander poisoning.(24;25) In contrast, patients have been discharged from
hospital in good health without requiring pacing or antitoxin after reporting consumption of
ten or more seeds.(5) This poor correlation may relate to variability in cardenolide contents,
capacity-limited absorption from the gut (as suggested in animal studies(36)), or perhaps
more vigorous methods of decontamination by clinical staff in patients who report very large
exposures. Additionally, the force and frequency of spontaneous vomiting may increase as
the exposure increases, improving the efficiency of self-decontamination. Persistent
vomiting is noted with severe poisonings,(6) as well as being an important side effect which
limited the therapeutic use of 7hevetiain cardiac failure.(10;13)

SDAC and MDAC appear to increase DXS elimination to a similar extent (Figures 5d and
6). It is not clear why this is the case since MDAC is thought to increase clearance by
interruption of enterohepatic recirculation of long-acting cardenolides. But clinical benefits
(mortality, secondary outcomes are yet to be reported) were not noted in patients
administered MDAC or SDAC in the RCT from which these samples were obtained,
compared to those not administered activated charcoal.(26) In the other RCT, MDAC was
more effective than SDAC in decreasing mortality, but this trial did not have a control arm
(a group where no activated charcoal was administered) and pharmacokinetic analyses were
not conducted to correlate the clinical outcomes with alterations in the rate of elimination.
(25) Nevertheless, outcomes in the latter RCT are unexpected given that MDAC and SDAC
alter cardenolide pharmacokinetics equally. Of course, if the absorption process is saturable
as the initial modelling of the AUC,4 versus no. of seeds ingested suggested, the effect of
charcoal on AUC,,4 would be expected to be minimal if a large number of seeds had been
ingested.

Atropine may prolong gut transit time to an extent that SDAC is retained long enough to
interrupt enterohepatic recirculation. Alternatively, SDAC and the first dose of MDAC may
sit with the seed fragments as they pass slowly through the gut, reducing absorption. If
charcoal promotes the dialysis of 7hevetia cardenolides across the gut membrane, as noted
with other drugs,(45) then prolonging the gut transit time of SDAC may increase its
effectiveness, if the dose is sufficient. Similarly, co-administration of atropine has been
noted to increase the efficacy of SDAC in volunteer studies.(37)

The effect noted in Figures 5d and 6 might also be due to a change in cardenolide absorption
kinetics. Drug absorption first requires disintegration of the seed, followed by dissolution of
the drug, and then absorption through the gut wall. The overall rate of this process is
dependent on the rate-limiting step. Since drug dissolution is usually rapid (thevetin is water
soluble (46)), absorption kinetics depend on absorption through the gut wall.(31) If this
process is slower than the rate of elimination, absorption kinetics will dominate the
pharmacokinetic profile and prolong the apparent rate of elimination. Administration of
charcoal reversibly adsorbs drugs, after which point the drug is unavailable for absorption. If
the affinity of the drug for charcoal is sufficiently strong, the drug is considered to be
removed from the system and the amount available for absorption is reduced. In the event
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that there is saturable absorption of Thevetia cardenolides, as suggested in Figure 3 and by
others previously,(35;36) their removal from the system will decrease the duration over
which drug absorption will occur. Consequently, the MRT,4 will shorten and the gradient of
the concentration/AUC,4 graph will increase, suggesting a favourable effect from activated
charcoal.

The effects of SDAC and MDAC on cardenolide pharmacokinetics that were noted in this
study may not be readily applicable to all patients with yellow oleander poisoning. Because
serial blood samples could not be obtained in all patients with severe poisoning (and
therefore higher exposures) it is not known whether differences in mortality would be noted
if more patients with severe poisoning were included. While pharmacokinetic data presented
here suggests that SDAC and MDAC are equally effective, this may require treatments such
as atropine to be administered. This is an issue for centres where atropine is not
administered routinely for oleander poisoning and those who use a different regimen (the
ideal dose is not known). To replicate the effect of activated charcoal noted in this study, it
appears necessary for physicians to concomitantly administer atropine using the regimen
described above

It is interesting that the most recent RCT did not improve mortality,(26) yet improvements
in pharmacokinetics were observed from activated charcoal. The reasons for this are open to
speculation, but may relate to absorption of a cardiotoxic dose prior to initiation of charcoal
given that the median time to admission of these patients was 5.0-7.5h. Current
recommendations are that activated charcoal should be administered within 1h of poisoning
if it is to be effective, although this is based on data obtained primarily from pharmaceutical
poisoning. (47) Alternatively, charcoal may have a low adsorptive capacity such that some
cardenolides continued to be absorbed despite administration of charcoal. Another factor is
the low baseline case fatality ratio from yellow oleander poisoning noted in the randomised
controlled trial (4%), which may require a more pronounced effect on pharmacokinetics than
we noted for statistical significance when using mortality as an endpoint. Further, some
patients with the most severe toxicity were excluded from this study by being transferred to
another hospital or administered the Fab antitoxin. While MDAC did not improve survival
for the overall cohort of patients in the RCT at the final interim analysis, the increase in
clearance noted here may suggest that there are individuals who could still benefit from its
administration, in particular those who present to hospital early. This may be worthy of
further investigation, given that activated charcoal is cheap and readily available.

Conclusion

This is the first study to assess the pharmacokinetics of 7hevetia cardenolides in patients
with acute oleander poisoning. In this sample of patients a favourable effect on cardenolide
pharmacokinetics was noted in patients administered activated charcoal. Although potential
trends in charcoal effect were evident, a difference in elimination was not noted between the
two regimens of activated charcoal (SDAC and MDAC) in terms of AUCy4, MRTy,4 OF
terminal half-life. The effect of SDAC or MDAC on cardenolide pharmacokinetics in
patients with severe oleander poisoning has not fully been evaluated. Studies assessing the
effect of early administration of activated charcoal may clarify the role of activated charcoal
in the management of patients with acute yellow oleander poisoning.

Box 1

The effect of dividing concentration by area-under-the-curve (concentration/AUC) is
shown mathematically using single-compartment pharmacokinetics.(31)
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Concentration= (F.Dose.k,) / (V (k, — ke)) . [e_ket - e_kat]

AUC=F.Dose/CL=F.Dose/ke.V

Then:

Concentration/AUC=Kk,.k,/ka — K . [e_ka - e_k‘“]

Changes in the concentration/AUC with respect to time shown graphically will
demonstrate the net balance of k, and ke, reflecting the rates of absorption and
elimination. This will be independent of dose and the effects of charcoal on F. Since
charcoal is not considered to alter k, (assuming that adsorption is an instantaneous and
irreversible process, it will decrease F which is independent of kj), the overall trend in
concentration/AUC noted for each group will be a reflection of ke. As Kk increases, the
gradient of the trend line will move further from the horizontal. Both kj and k are first
order rate constants.

This principle will also hold true if 7/evetia cardenolides display multi-compartment
pharmacokinetics.

[k = absorption constant, ke = elimination constant, t = time, F = bioavailability, V =
volume of distribution, CL = clearance]
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Cardenolide | Sugar | RI R2 R3 R4 RS MW | LogP | Bio- | PO onset tin Vb Protein
avail (Lkg | binding(%)
(o)
Digoxin Di- -H -CH3 -H -H -OH | 780.95 | 0.85 |60-70 | 60-120 20-50h | 6 20
Di-Di minutes
Digitoxin Di- -H -CH3 -H -H -H 76495 |2.44 |>90 2h 3-16d | 0.5 >90
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Di-Di

Thevetin A | Th- -H -CHO -H -H -H 872.96 |-0.08 |NK 2-7h NK NK NK
GI-Gl

Thevetin B | Th- -H -CH3 -H -H -H 858.95 | 1.39 NK 2-7h NK NK NK
GI-Gl

Peruvoside | Th -H -CHO -H -H -H 548.67 |2.25 |50 60 mins | 40-90h | NK 40-50

Neriifolin | Th -H -CH; -H -H -H 534.70 |3.716 | NK NK NK NK NK

Ouabain Rh -OH |-CH,OH |-OH |-OH |-H 584.66 |-1.64 |0-5 N/A 5h NK 0-5

s1duosnuBlA Joyny sispund OINd edoin3 g

cardenolide is metabolised, as noted with peruvoside and digitoxin.(15;16;18;53)

s1dLIOSNUBIA JouIny sispund OINd 8doin3 ¢

Gl = Glucose

Di = Digitoxose

NK = Not known

Figure 1.
Structures of selected cardenolides and their known physicochemical and human

pharmacokinetic properties.(8;13-17;48-52)
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Th = Thevetose

Rh = Rhamnose

N/A = Not applicable

Note: in vivo digitoxin is metabolised to digoxin, thevetin A is metabolised to peruvoside and thevetin B is metabolised to neriifolin.

Some pharmacokinetic parameters are based on early studies using radio labelled cardenolides, so data may not be accurate where a
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Figure2.
Examples of pharmacokinetic profiles of individual patients with acute yellow oleander
poisoning.*

2a. Prolonged and erratic absorption
2b. Apparent rapid disposition post-admission; possibility of ongoing absorption
2c. Delayed onset of absorption with probable ongoing absorption

* level of discrimination represented by dashed line at DXS concentration of 0.3pg/L
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Figure 3.
AUC,,4 vs number of seeds ingested (n=88; the number of seeds consumed by some patients
was not known). Regression line for AUCy4 = [VmXNo. of seeds]/[Kn+ No. of seeds]
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Figure4.

Relationship between peak concentration (Cmax) and the time when this occurs post-

ingestion (Tmax) for all patients (n=104).
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Figure5.

5a. Data points for Concentration/AUC»4 vs time and linear trend line for the MDAC arm of
the randomised controlled trial (n=36, 178 measurements; y = —0.0012x+ 0.057; r2=0.48)
5b. Data points for Concentration/AUC,,4 vs time and linear trend line for the SDAC arm of
the randomised controlled trial (n=28, 134 measurements; y = —0.0011x+ 0.056; r2=0.44)
5c. Data points for Concentration/AUC»4 vs time and linear trend line for the NoAC arm of
the randomised controlled trial (n=40, 189 measurements; y = —0.00058x+ 0.049; 2 = 0.17)
5d. Comparative trend lines of log Concentration/AUC,4 vs time for each arm of the
randomised controlled trial.
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MRT24(h)

Figure6.
MRT4 for each patient according to the treatment arm, including mean values
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Table 1

Summary of demographics of patients who provided serial samples within the randomised controlled trial.

Patients satisfying inclusion criteria

NOAC SDAC MDAC P-value
N= 40 28 36

Gender (M:F) 20:20 8:208 22:148 0.012%
Age (median, IQR; y) 21,5 (17.5-28.5) 22 (18.0-33.0) 22.5 (17.5-28.0) N/S
Time to presentation (median, IQR; h) 6.5 (3.8-12.3) 5.5 (4.0-8.3) 5.0 (3.8-12.5) N/S
No. of seeds (median, IQR) * 3.0 (3.0-5.0;n=34) | 3.5(2.0-5.0;n=26) | 3.0 (2.0-4.5; n=28) N/S

Patients not satisfying inclusion criteria, and excluded from pharmacokinetic analysis t

NoAC SDAC MDAC P-value

N= 33 27 26
Gender (M:F) 18:15 13:14 13:13 N/S
Age (median, IQR; y) 22.0 (18.0-27.5) 22.0 (17.0-31.0) 20 (17.5-32.0) N/S
Time to presentation (median, IQR; h) 5.0 (4.0-9.0) 7.0 (5.0-12.5) 7.5 (3.25-12.0) N/S
No. of seeds (median, IQR) * 4.5(3.0-6.75; n=30) | 4.0(2.0-5.0; n=25) | 5.0 (2.75-6.25; n=24) N/S
Selected reasons for not satisfying criteria:

Death within 24h of admission: 2 3 2 N/S

Administration of Fab anti-toxin 6 4 5 N/S

Insertion of temporary pacing wire 6 5 7 N/S

N/S Non-significant

*

The number of seeds consumed by some patients was not known
§Resu|ts which are significantly different and the corresponding P-value

fAn additional 54 patients provided serial samples, but the DXS concentrations were mostly below the level of discrimination, consistent with
minimal or no exposure. These patients were mostly asymptomatic, although some reported mild symptoms.
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Table 2

Pharmacokinetic parameters of patients who fulfilled inclusion criteria

NoAC SDAC MDAC P-value
Cmax (median, IQR; pg/L) 1.05 (0.75-1.40) 0.98 (0.72-1.50) 1.13 (0.86-1.47) N/S
Tmax (median, IQR; h) 12.1 (5.4-17.4) 7.2 (5.7-13.8) 8.3 (4.8-15.0) N/S
AUC24 (median, IQR; ug.h L) 19.0, 13.7-24.3 17.7,11.1-21.8 17.3,12.8-21.7 N/S
Atropine administered (% of patients) 90.0 85.7 94.4 N/S
Diarrhoea present (% of patients) 20.0 25.0 19.4 N/S
Gradient of linear regression line (m x10™# h%; | -5.8 (-4.0t0-7.5) | -11.3(-9.1t0 -13.4) | -12.2(-10.4 to -14.1) | <0.0001(M),
95% cI1y ' 0.0001(S)
Apparent terminal half-life (ty; h) # 62.9 33.9 323
MRT,, (mean, SD, h) 7 11.21 +/- 1.55 10.36 +/- 1.14 10.20 +/- 0.99 069(?115(?3'

N/S Non-significant

#usually t1/2=0.693/ke,(31) where ke is the gradient of a concentration-time graph. Because the gradient (m) of the regression line in this study
was determined using concentration/AUC24 data points, ke=m.AUC24.

fComparison with NoAC, where respective P-values are shown as S=SDAC and M=MDAC
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