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Abstract

Amifostine (Ethyol, WR-2721) is a cytoprotective drug approved by the US Food & Drug

Administration for intravenous administration in cancer patients receiving radiation therapy and

certain forms of chemotherapy. The primary objective of this project was to develop orally active

amifostine nanoparticles using spray drying technique. Two different nanoparticle formulations

(Amifostine–PLGA (0.4:1.0 and 1.0:1.0)) were prepared using a Buchi B191 Mini Spray Dryer. A

water-in-oil emulsion of amifostine and PLGA (RG 502) was spray dried using an airflow of

600 Lh�1 and input temperature of 55�C. A tissue distribution study in mice was conducted following

oral administration of the formulation containing drug–polymer (0.4:1.0). The efficiency of encap-

sulation was 90% and 100%, respectively, for the two formulations while the median particle sizes

were 257 and 240nm, with 90% confidence between 182 and 417nm. Since amifostine is metabo-

lized to its active form, WR-1065, by intracellular alkaline phosphatase, the tissue levels of WR-1065

were measured, instead of WR-2721. WR-1065 was detected in significant amounts in all tissues,

including bone marrow, jejunum and the kidneys, and there was some degree of selectivity in its

distribution in various tissues. This work demonstrates the feasibility of developing an orally effec-

tive formulation of amifostine that can be used clinically.

Introduction

Amifostine, also known in the literature as Ethiofos, Ethyol (MedImmune, USA) or
WR-2721, anorganic thiophosphate prodrug, is dephosphorylatedbyalkaline phosphatase
in tissue to the active free thiol metabolite (WR-1065). The drug has been extensively
studied both as a cytoprotective and a radioprotective agent. A major limitation of this
drug however is that it is not orally active (Bonner & Shaw 2002) and must therefore be
administered systemically to be effective. Amifostine is also rapidly cleared from the
body and has a short distribution half-life of 0.9min when administered as a bolus dose
or as a 15-min intravenous infusion (Bonner & Shaw 2002; Cassatt et al 2002; Schuchter
et al 2002). In an attempt to find an alternative route of administration, several investi-
gators have found that, when compared to intravenous administration, subcutaneous
administration provided a more effective dosing regimen, both in terms of a reasonable
AUC and decreased toxicity (Godette 2001; Anne & Curran 2002; Bonner & Shaw 2002;
Koukourakis et al 2002). Attempts have also been made to develop various formulations
of amifostine, such as transdermal patches (Lamperti et al 1990), subcutaneous implants
(Srinivasan 2002), pulmonary inhalers and oral sustained-release microspheres (Fatome
et al 1987). For example, when co-administered with dimethyl sulfoxide (DMSO) as a
transdermal patch, the absorption of amifostine was significantly enhanced (Lamperti
et al 1990). Additionally, oral administration of ethyl cellulose microcapsules containing
amifostine was also shown to provide radiation protection along with decreased toxicity
in mice (Fatome et al 1987). Despite these efforts though, a non-injectable formulation
of amifostine for clinical use is still not available.

Since the oral route of drug administration is the most convenient and popular, our
goal was to develop an orally active biodegradable sustained-release formulation of
amifostine using poly (lactide-co-glycolide) (PLGA) as carrier particles. This goal was



justified based upon earlier work. A number of investiga-
tors had already shown that certain polymers could be
used to carry drug particles across the intestinal mucosa
(Florence 1997; Hussain et al 2001). For example, using
calves, uptake of small resin particles (1–5�m) following
oral administration was demonstrated by the accumu-
lation of these particles in the tonsils, small intestine
and certain lymph nodes (Payne et al 1960). Sanders &
Ashworth (1961) were able to detect a large number of
intact particles in the jejunal epithelial cells of rats follow-
ing oral administration of a concentrated emulsion of
polystyrene latex. Particles of 100–200 nm diameter were
occasionally observed between the microvilli or in the
terminal web and the intracellular spaces of the epithe-
lium, and many more were found in the cytoplasm of the
jejunal epithelial cells where they were always enclosed in
vesicles. Jani et al (1990) reported at least 30% absorption
of 50-nm polystyrene particles following oral adminis-
tration to male rats. Histological studies showed that
6–7% of these particles accumulated in the liver, spleen,
blood, bone marrow and kidneys. Particles of 100 nm to
1�m were found in the serosal layer of the Peyer’s
patches. However, larger particles (3�m) were found to
be absorbed and immobile within the submucosal layers of
the stomach and also of the Peyer’s patches. Eldridge et al
(1990) and LeFevre et al (1978, 1980) also published simi-
lar findings, with particles of 6�m in diameter. Jenkins
and co-workers (Jenkins et al 1994) have reported the size
dependence of uptake over the range of 150–1000 nm.
There are now several reports in the literature on the size
dependence of nanoparticles absorption (Alpar et al 1989;
Jani et al 1989, 1992; Ebel 1990; Bockmann et al 2000;
Powel et al 2000; De Jaeghere et al 2000). In particulate
drug delivery, both the rate and extent of uptake and
translocation are key factors. Eldridge’s data (Eldridge
et al 1990) suggest that the process is relatively rapid with
microparticles appearing in the mesentery lymph and
beginning to accumulate 2 h after a single oral dose.
Recent studies on PLGA particles from 100 nm to 10�m
showed that the former diffused throughout the submuco-
sal layers while the latter were predominantly localized in
the epithelial lining of the tissue (Guterres et al 1995; Desai
et al 1996). It seems that particles in the range 3–10�m
are sequesteredwithin thePeyer’s patches anddonotmigrate
into the mesenteric lymph nodes (Florence & Jani 1993).

In our previous work with amifostine (Pamujula et al
2004), we demonstrated that the drug was compatible
with PLGA and that the microcapsules prepared by sol-
vent evaporation technique showed sustained amifostine
release up to 96 h. These early formulations suffered from
two main disadvantages. Not only was amifostine incor-
poration low (37% or less at 5% loading), but also the
average particle size of the microcapsules was larger than
50�m. Since the biologically effective dose for amifostine
is very high, we projected that the final formulation
needed to contain at least 20% amifostine, and that
the average particle size needed to be less than 10�m, to
allow for successful absorption through Peyer’s patches.
To achieve these goals, we abandoned the solvent
evaporation technique in favour of spray drying. The

spray drying technique consists of converting drug–poly-
mer solution or suspension in a suitable solvent into fine
particles by spraying through an atomization nozzle into
hot air. The solvent within the atomized droplets eva-
porates very quickly and solid nanoparticles and micro-
particles are formed. Mu & Feng (2001) have used this
technique to prepare paclitaxel-loaded PLGA nanoparti-
cles. This technique has also been used by Wang & Wang
(2003) to encapsulate etanidazole. This report now
presents the results obtained from our spray dried
PLGA/amifostine nanoparticles.

Materials and Methods

Materials

The copolymer poly (DL-lactic–glycolic acid), PLGA
50:50 (RG 502; inherent viscosity 0.2 dL g�1) was obtained
from Boehringer Ingelheim (Germany). The surfactant,
L-� phosphatidylcholine was obtained from Avanti Polar-
Lipids, Inc. (Birmingham, AL). Amifostine, chloroform
and dichloromethane were obtained from Sigma Chemical
Co. (St Louis, MO).

Preparation of spray dried nanoparticles

Two different nanoparticle formulations (amifostine–
PLGA (0.4:1.0 and 1.0:1.0), described as formulation A
and B, respectively) were prepared using a Buchi B191
Mini Spray Dryer (Switzerland), with a standard 0.7-mm
nozzle. The inlet air temperature, aspirator, liquid flow
and compressed spray air flow were set at 55�C, 70%,
3.5mLmin�1 and 600Lh�1, respectively. A specific
amount of amifostine (400mg formulation A, 1000mg
formulation B) was dissolved in a specific volume (1mL
for formulation A, 2mL for formulation B) of de-ionized
water and the solution was emulsified in 50mL of dichlor-
omethane containing 1 g of PLGA, RG 502 (Table 1).

Table 1 Physical characteristics of amifostine nanoparticles

Formulation A Formulation B

Efficiency of encapsulation

(%) (s.e.m.)

90.90 (0.16) 100.03 (2.01)

Median particle size (nm)

(90% confidence)

257 (182–417) 240 (182–417)

Morphology Smooth and

spherical

Smooth and

spherical

Zeta potential (mV) (s.e.m.) þ2.8 (1.1) �13.8 (1.1)

Glass transition temperature

(Tg, �C) (s.e.m.)

35.5 (0.10) 36.1 (0.86)

Amifostine melting point (�C) 138.1 (4.4) 141.2 (5.5)

Formulation A: 400mg of amifostine dissolved in 1mL of de-ionized

water; amount of PLGA 1000mg. Formulation B: 1000mg of

amifostine dissolved in 2mL of de-ionized water; amount of PLGA

1000mg. Tg for PLGA (RG 502), 35.11�C. Pure amifostine melting

point, 141.0�C.
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Ethyl acetate (bp 60�C, flash point 43�C) and dichloro-
methane (bp 77�C, flash point, �4�C) are two commonly
used organic solvents for microencapsulation of drugs
(Wang & Wang 2003). Dichloromethane was preferred
over ethyl acetate because of the low flash point and
high boiling point of the latter. The polymer solution
was previously mixed with 1.25mL of lipophilic surfactant
L-�-phosphatidylcholine in chloroform (8mgmL�1). L-�-
Phosphatidylcholine has been used extensively to stabilize
water-in-oil emulsions (Feng & Huang 2001). It has sev-
eral advantages over other lipophilic surfactants (e.g., it is
soluble in many organic solvents, including dichloro-
methane, which is a common solvent used for PLGA
microcapsules). The emulsification was carried out by
sonication at output 4 (50W) for 30 s (ultrasonic probe;
Sonic &Materials Inc., Danbury, CT). When the resultant
emulsion was fed to the nozzle with a peristaltic pump,
atomization occurred by the force of the compressed air,
disrupting emulsion into small droplets. The droplets,
together with hot air, were blown into a chamber where
the dichloromethane was evaporated and discharged
through an exhaust tube. The fine nanoparticles accu-
mulated into the glass collection chamber were collected
and freeze-dried (�20�C; 10� 10�4 mbar; FreeZone 6,
Labconco Corporation, Kansas City, MO) for 24 h for
complete removal of any residual solvent. The processing
conditions used for the preparation of blank nanoparticles
were exactly the same as the drug loaded formulations,
except 1mL of de-ionized water rather than amifostine
aqueous solution was emulsified in dichloromethane.

HPLC Analysis

The analysis of amifostine was performed using a rapid
and sensitive HPLC method (Srinivasan et al 2002). The
chromatographic system consisted of a Waters Model
600 programmable solvent delivery module, Waters
Model 717plus auto sampler (Waters, Milford, MA) and
a BAS LC-44 Model MF-9000 electrochemical detector
(Bioanalytical Systems, West Lafayette, IN). The chroma-
tography was performed under the following specific
conditions: column � bondpack C-18 (Waters 10�m,
3.9� 300mm); mobile phase 96mM monochloroacetic
acid pH2.8, 3mM hexane sulfonic acid, 3.5% acetonitrile
and 1�M 2-mercaptoethylamine. The mobile phase was
vigorously purged with helium gas for 15min before use;
flow rate 1mLmin�1. The detector (Hg/Au electrode)
oxidation potential was set at þ0.2V and the injection
volume was 20�L. The concentration of amifostine in
each sample was determined by intrapolating the peak
height to the amifostine standard curve and each sample
was analysed in triplicate.

Efficiency of encapsulation of amifostine

The efficiency of encapsulation was determined in tripli-
cate by measuring the total amount of amifostine present
in a given sample. A 20-mg sample was dissolved in 1mL
of dichloromethane and the solution was extracted with
10mL of 0.15% aqueous Tween 80. The addition of

aqueous Tween 80 precipitated the polymer and allowed
for the extraction of amifostine into the aqueous phase.
The precipitated polymer was separated by ultracentri-
fugation for 10min and the supernatant was analysed
for amifostine.

Particle size and morphology

Particle size distribution was determined by a Coulter
LS130 analyzer (Beckman Coulter Inc., Fullerton, CA).
This technique measures the size of particles dispersed in
a medium by the scattering pattern of a traversing laser
light. The samples were analysed in de-ionized water
and the Frauenhofer method was utilized to calculate the
size distribution. The particle size calculations assume
the presence of spherical particles and are based on calcu-
lated volumes of spheres. For each sample, a background
run of de-ionized water was performed. A sample of
nanoparticles (2mg) was added to the de-ionized water
in a micro sample cell and counting was performed for
120 s. After subtraction of the background, the particle
size distribution calculation was performed. Each experi-
ment was performed in triplicate. Morphology of the
nanoparticles was examined by using a variable pressure
scanning electron microscopy (SEM) (S-3000N, Hitachi,
Tokyo, Japan). Samples for SEM were mounted on
metal stubs and coated with gold to a thickness of
200–500 Å.

Thermal characterization

Thermal analysis of the nanoparticles was performed by
differential scanning calorimetry (DSC) using a calori-
meter (TA 2920) fitted with a refrigeration unit (TA
Instruments, New Castle, DE). Drug-loaded nanoparti-
cles and pure PLGA (RG 502) were used for thermal
characterization. About 5mg of a sample was weighed,
crimped into an aluminium pan and analysed at a scan-
ning rate of 5�Cmin�1. The glass transition temperature
(Tg) was calculated using TA universal analysis software
by extrapolating the linear portion of the thermograms
above and below the glass transition point and determin-
ing the midpoint.

Attenuated total reflectance (ATR) infra-red

spectroscopic analysis

Infrared spectra of amifostine, PLGA, blank nanopar-
ticles and amifostine-loaded nanoparticles were obtained
using a PerkinElmer Spectrum One spectrometer
(PerkinElmer, Boston, MA). A universal attenuated total
reflectance (UATR) accessory was used and the spectra
were collected with no further processing of the samples.

Zeta potential

The zeta potential of nanoparticles was measured using a
Malvern Zetasizer 2000 (Malvern Instruments, Malvern,
UK). The experiments were performed in de-ionized and
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de-aerated water, and all measurements were performed in
triplicate.

Tissue distribution study

Animals and dosing
Animals were cared for in compliance with protocols
approved by the Xavier University of Louisiana
Committee on Animal Care, and in conformity with the
Principles of Laboratory Animal Care (NIH publication
no. 85-23, revised 1985). Male CD2F1 mice, 25–27 g and
8–10 weeks old, housed 5 per cage in air-conditioned
facility (21� 1�C; 50� 10% relative humidity) had free
access to standard mouse chow and water. The nanopar-
ticles suspended in 0.15% Tween 80 were administered by
oral gavage at a dose equivalent to 250mgkg�1 amifos-
tine. Mice were sacrificed at various times after oral feed-
ing and each time group consisted of three mice. Blood
samples (300�L each) collected from the heart were pre-
cipitated within 1min after collection with an equal volume
of ice-cold perchloric acid–EDTA (0.5M/0.16mM). The
precipitates were centrifuged at 10 000 revmin�1 at 4�C
for 10min and supernatants were stored at �70�C until
the day of analysis. All other tissue samples were stored
unprocessed at �70�C until analysis. In addition, the
femurs were also collected and dropped immediately into
liquid nitrogen followed by transfer to �70�C until the day
of analysis. All analysis was completed within 72h after
collection and the stability of amifostine during this period
at �70�C was confirmed.

Analysis of tissue samples
On the day of analysis, the frozen tissues were homo-
genized in water (20%w/v), precipitated with an equal
volume of perchloric acid–EDTA and centrifuged at
10 000 revmin�1 for 10min at 4�C. The supernatants
were analysed for WR-1065 as described below. The
bone marrow was first flushed with 1mL water and the
mixture was prepared for analysis as done for the tissues.

Since amifostine (WR-2721) is a prodrug and is meta-
bolized to its active form WR-1065 by intracellular alka-
line phosphatase, the tissue levels of WR-1065, instead of
amifostine, were measured. With the exception of the
mobile phase, WR-1065 analysis was done using the
HPLC method described earlier for amifostine. The
mobile phase for WR-1065 consisted of 100mM mono-
chloroacetic acid, pH 2.8, 1.5mM hexane sulfonic acid,
9% acetonitrile and 0.5�M 2-mercaptoethylamine.

Statistical analysis

The efficiency of encapsulation of amifostine, median
particle size, zeta potential and Tg were compared by a
non-parametric test, Mann-Whitney U-test using SAS
software package. A P value of <0.05 was considered as
evidence of a significant difference. All experiments were
conducted in triplicate and the data presented are the
mean � standard error (s.e.).

Results and Discussion

Efficiency of encapsulation

The efficiency of encapsulation of amifostine was deter-
mined by measuring the total amount of amifostine pre-
sent in each 20-mg sample (i.e. core loading experimental),
and comparing this value with the expected amount of
amifostine in each of the samples based on the drug load-
ing during the preparation (i.e. core loading theoretical).
The effect of drug loading was evaluated by preparing two
groups of nanoparticles using 29% and 50%w/w amifos-
tine (Table 1). Both formulations contained the same
amount of PLGA (1000mg). The efficiency of encapsula-
tion of formulation A was approximately 91% and that
of formulation B was 100%. Thus, while formulation
A showed a small amount of drug loss, the formulation
B showed no such loss. Other than the quantity of amifos-
tine used, the only other difference between the methods
used for these two formulations was the volume of water
initially used to dissolve the drug. Formulation A was
prepared with 1mL of water and it was difficult to quan-
titatively transfer the entire amifostine solution to the
PLGA solution; it is this small initial loss that may have
reduced the final drug content of this formulation.

Thermal characterization

The DSC traces obtained from the analysis of the amifos-
tine-loaded nanoparticles (formulations A and B) showed
no significant difference (P>0.05) in the position of the
glass transition temperature (Tg) of PLGA. However,
both of the formulations showed about 5�C increase in
the position of the Tg of PLGA compared with the blank
nanoparticles (Figure 1; only one DSC thermogram of
drug loaded nanoparticles, formulation A, was included
for the clarity of the figure). There was no significant
difference in the position of the melting peak of amifostine
in the nanoparticles when compared with amifostine
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Figure 1 DSC thermograms of PLGA (A), blank nanoparticles (B),

amifostine (C) and amifostine-loaded nanoparticles, formulationA (D).
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alone, although a wider melting endotherm was observed.
When a drug is mixed with a polymer during the prepara-
tion of nanoparticles, there are generally three probabil-
ities: the drug and polymer form a solid solution, in which
case there is a shift in the position of the Tg of the polymer
due to the plasticizing/anti-plasticizing effect of the drug,
and the endotherm for the melting of the drug is absent in
the nanoparticles; the drug is dispersed in the polymer in
an amorphous form, in which case the Tg of the polymer
is not affected and the melting endotherm for the drug is
absent in the nanoparticles; or the drug is dispersed in the
polymer in a crystalline form, in which case there is no
change in the position of the Tg of the polymer or the
melting endotherm of the drug. For the amifostine-loaded
nanoparticles prepared in this study, it appears that, due
to the high drug loading of the nanoparticles, a combina-
tion of two processes occurred during nanoparticle pre-
paration. Part of the amifostine formed a solid solution
with PLGA, causing an increase in the Tg of PLGA by
an anti-plasticizing effect. The remaining portion of the
amifostine was present in crystalline form dispersed in the
polymer as indicated by the absence of any change in
the position of the melting peak of amifostine in the
nanoparticles. The broadening of the melting peak of
amifostine in the nanoparticles can be attributed to the
presence of PLGA, which acts as an impurity.

To further investigate the possible occurrence of che-
mical changes or interaction of amifostine with PLGA,
infrared spectra of amifostine, PLGA, blank nanopar-
ticles and two amifostine-loaded nanoparticles were
obtained, and are shown in Figure 2 (since no significant
differences were observed between formulations A and B,
only one infrared spectra of drug-loaded nanoparticles,
formulation A, was included for the clarity of the figure).
The bands seen in the spectrum of the amifostine-loaded
microcapsules appeared to be a combination of the bands
of amifostine and PLGA alone (Table 2). There were no
changes in the bands corresponding to the functional
groups of amifostine or PLGA after microencapsulation,

indicating the absence of chemical changes in their struc-
tures. Infrared spectroscopy can be used to detect drug–
polymer interactions because such interactions usually
result in changes in the environment of functional groups,
causing changes in the position of the bands that corres-
pond to these functional groups. The absence of any
significant shifts in the positions of the absorption bands
of amifostine or PLGA indicated that no interaction
occurred between amifostine and PLGA during microcap-
sule formation.

Particle size and morphology

Results of the particle size analysis showed that a change
in the drug loading did not significantly affect the median
particle size or distribution. The median particle sizes of
formulations A and B were 257 and 240 nm respectively,
with 90% confidence in the range 182–417 nm (Table 1).
Results of the analysis of surface morphology using scan-
ning electron microscopy are shown in Figure 3. The
nanoparticles of both formulations A and B were spheri-
cal in shape with smooth surfaces. There were no signifi-
cant morphological differences in these formulations but
both formulations contained few collapsed spherical
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Figure 2 FT-IR spectra of PLGA (A), blank nanoparticles (B), ami-

fostine (C) and amifostine-loaded nanoparticles, formulation A (D).

Table 2 Major bands of FT-IR spectra of PLGA, blank

nanoparticles, amifostine and amifostine-loaded nanoparticles,

formulation A

Band

no.

Wave number (cm---1) Blank Amifostine-loaded

Amifostine PLGA

nanoparticles nanoparticles

1 3409 — — 3407

2 — 1751 1750 1751

3 1690 — — 1690

4 1622 — — 1623

5 1528 — — 1529

Figure 3 Typical SEM photograph of the nanoparticles.
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nanoparticles and this was more common for relatively
larger particles. During spraying and atomization of the
liquid some droplets may have been larger than the others
and it is the particles formed from these droplets that may
have shrunken due to solvent evaporation during the dry-
ing process. In general, the particle size distribution of the
nanoparticles from both formulations was highly repro-
ducible. Additionally, the nanoparticles were character-
ized for surface charge by measuring the Zeta potential,
which is dependent on the formulation and processing
conditions, such as amount of drug or surfactant accumu-
lating on the surface during the particle formation.
Surface charge is an important factor in predicting the
interactions between the particles themselves and in
determining their absorption characteristics following
oral administration. While the two formulations had
similar thermal properties and particle size and morphol-
ogy, they had a significantly different zeta potential.
Formulation A, which contained 29% amifostine,
showed cationic charge (þ2.8mV), whereas formulation
B, which contained 50% amifostine, showed anionic
charge (�13.8mV) (Table 1). This difference in zeta
potential may be due to the difference in amifostine con-
tent. Since a cationic surface charge enhances particle
absorption through gastrointestinal mucosa (El-Shabouri
2002), we selected formulation A for our further in-vivo
study.

Tissue distribution

The results of the tissue distribution study in mice are
shown in Table 3. A significant amount of the metabolic
WR-1065 was detected in plasma as early as 30min post-
administration. On the other hand, no WR-1065 was
detected in the plasma at 4 h. Like plasma, the brain,
spleen and muscle also showed no WR-1065 at 4 h sam-
ples. The concentration of WR-1065 found in the brain

was 7.04�g g�1 of tissue at 30min and the concentration
of WR-1065 in these samples at 2 h was below the detec-
tion limit. The fact that WR-1065 was detected in signifi-
cant amounts in all tissues analysed at 30min clearly
demonstrates the effectiveness of orally administered
nanoparticles to deliver the active metabolite in key target
tissues. It is also clear from the data that there is some
degree of selectivity in WR-1065 distribution. For exam-
ple, in the gastrointestinal tract, jejunum had the highest
concentrations followed by the stomach, while duodenum
and ileum had the lowest concentrations. This selectivity
may be related to the absorption behaviour of these tissues
based on the size and charge of the particles. Histological
studies are planned to confirm this possibility. The pre-
sence of significant amounts of WR-1065 in the bone
marrow and kidney is of special interest because protec-
tion of these tissues from radiation damage is key to host
survival and recovery.

Conclusions

The spray drying procedure produced amifostine nano-
particles with suitable properties for oral absorption.
While the drug loading did not affect particle size and
morphology, it did produce opposite surface charges.
The data clearly demonstrate that amifostine nanoparti-
cles given orally do deliver the drug in significant concen-
trations to a variety of tissues including key target tissues.
It is also clear that there is some degree of selectivity in
WR-1065 distribution in various tissues. This selectivity
may be related to the differences in the absorptive capa-
cities of various tissues for the nanoparticles. Histological
studies are planned to confirm this hypothesis and we are
currently evaluating this formulation for radioprotection
efficacy in mice. In summary, this work demonstrates the
feasibility of developing an orally effective formulation of
amifostine that can be used clinically.

Table 3 Concentration of WR-1065 in plasma and various tissue samples collected up to 4 h following oral administration of amifostine

nanoparticles

Tissue Concn of WR-1065 (mgmL---1 for plasma; mg g---1 for all other tissue samples)

30min 1 h 2 h 4 h

Plasma 309 (54) 211 (1.0) 186 (7) NDa

Liver 260 (48) 116 (12) 109 (1.0) 102 (13.2)

Kidney 292 (52) 68 (16) 181 (55) 2.86 (0.86)

Stomach 19 (6) 40 (15.6) 82 (26) 68 (33.5)

Duodenum 2 (0.05) 2.7 (0.1) 35 (3.5) 13 (2.3)

Jejunum 115 (9) 128 (59) 143 (22) 78 (0.57)

Ileum 2.6 (0.5) 1.1 (0.3) 39 (3.5) 37 (16.7)

Bone marrow 60 (4) 36 (8) 15 (5) 21 (7.5)

Brain 7.04 (0.9) 0.3 (0.1) ND ND

Heart 65 (17) 26 (8) 65 (14) ND

Spleen 37 (0.4) 26 (5) 19 (6) 6 (5)

Muscle 40 (10) 26 (9) 40 (11) ND

Data are presented as the mean (s.e.m.). aNot detected.
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