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Abstract: The tissue distribution of a peptide related to a family having erythropoiesis stimulating activity, binds to erythropoietin
receptor (EPOr), but has no sequence homology to the human EPOr, was evaluated in albino rats given a single intravenous (IV) or a
subcutaneous (SC) dose of the 14C-Test Peptide at 5 mg/kg. Rats were euthanized at 1, 4, 8, 24, 72, 120, 168, 336, and 672 h post-dose
(IV), or at 1, 24, and 168 h post-dose (SC). Tissue concentration and localization was demonstrated using QWBA and MARG. Drug-
derived radioactivity was distributed to tissues of rats through 672 h and 168 h post-IV or SC dose, respectively. The highest
concentrations of radioactivity found at 1 h post-dose were in the renal cortex and medulla, liver, blood vessels, spleen, and bone
marrow. There was differential distribution between the red and white pulp of the spleen. Similar patterns of tissue distribution were
observed following IV and SC administration. analysis of the kidney showed radioactivity localized to the glomeruli and tubules, which
suggested a route of elimination of drug-derived radioactivity, and/or binding to renal EPOr. MARG results suggested that radioactivity
partitioned into the liver, spleen, lymph nodes and thymus (extramedullary hematopoietic sites). MARG on bone marrow showed a
very high localization, which was likely a function of the known high density of EPOr in the bone marrow. These data suggest that the
Test peptide, which binds to the EPOr, but has no sequence homology to rHuEPO, localizes selectively to known erythropoietic tissues.

Keywords: Tissue Distribution; Erythropoietin Receptor; Quantitative Whole-Body Autoradiography, Microautoradiography

Introduction: Recombinant erythropoietin has been shown to successfully treat anemia in patients undergoing chemotherapy and
those with chronic kidney disease[1]. Several pharmaceutical companies are developing agents to stimulate human erythropoiesis in an
effort to treat this type of anemia. The tissue distribution and positive identification of the EPO receptor (EPOr) is not well understood.
The objective of this study was to evaluate the tissue distribution of a 14C-labeled Test Peptide related to a peptide family having
erythropoiesis stimulating activity, and that binds to EPOr, but has no sequence homology to the human EPO receptor.

Methods: Dose Preparation: The test article peptide (M.W. 4877, free base) was radiolabeled by GE Healthcare (Buckinghamshire,
UK). The dosing formulation was prepared by solubilizing [14C]Test Peptide in 10 mM acetate buffered saline. The same formulation 2
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was used for both IV and SC dose administration. The formulation was determined to be homogeneous and the test article had a
radiopurity of 497%. The specific activity of [14C]Test Peptide in the dosing formulations was determined to be 22.77 mCi/mg of free
test article.

Animal Experimentation: All rats were maintained in an AAALAC International Approved animal facility. The study design and
animal treatments are outlined in Table 1.

Quantitative Whole-Body Autoradiography Analysis: Standard validated QWBA methods [2] were used and are briefly
described as follows. Blood was collected via cardiac puncture for blood and plasma LSC analysis immediately before being
euthanized by submersion in a hexane/dry ice bath. (15 min freeze time). Carcasses were freeze-embedded in a 2%
carboxymethylcellulose. 40 mm thick sections collected using a Leica CM3600 Cryomacrocut, maintained at approximately �201C.
Dehydrated sections were co-exposed with 14C Blood calibration standards, to Fuji Imaging plates for 4 days. Images obtained using
a Typhoon 9410 Phosphor Imager. Tissue concentrations determined by image analysis conducted using MCID Elite Image Analysis
system. The lower limit of quantitation (LLOQ) and upper limit of quantitation (ULOQ) were based on the lowest (0.00084264 mCi/g)
and highest (8.177mCi/g) standards used in the calibration curve. For this study the LLOQ was 0.037 mg equiv/g of tissue and the
ULOQ was 359.113 mg equiv/g of tissue.

Microautoradiography Analysis: Microautoradiography was based on the methods of Stumpf [3] and Appleton [4], and are briefly
described as follows. Group 3 animals were deeply anesthetized with isoflurane and euthanized by whole-body perfusion with
50–100 mL of saline. Bone marrow, kidney, liver, lymph nodes, spleen, and thymus were removed and snap-frozen in Nliq. Samples
were cryosectioned (5mm thick) at approximately �181C under darkroom conditions, and sections were thaw-mounted onto slides
previously coated with nuclear photographic emulsion. Slides were placed into black light-tight slide boxes containing dessicant
and incubated at 41C for 7 days. Some slides were exposed longer to confirm possible changes in radioactive distribution. Slides
were developed in Kodak D19 developer, rinsed in water, fixed, rinsed in water again, and stained with hematoxylin and eosin. The
slides were dehydrated with an alcohol gradient, cleared in xylene and permanently mounted.

Results and Discussion: Tissue Distribution by QWBA and LSC: Whole-body autoradiograms showing patterns of radioactivity
distribution in tissues are illustrated in Figure 1. Concentrations of drug-derived radioactivity in the tissues of rats following IV or SC
bolus administration of [14C]Test Peptide are summarized in Table 2. Drug-derived radioactivity was widely distributed to tissues of
male Sprague-Dawley rats through 672 h and 168 h post-IV or -SC dose. The highest concentrations of radioactivity found at 1 h
post-IV dose were in the renal cortex and medulla, liver, blood vessels, spleen, and bone marrow. Concentrations in the blood
vessels remained relatively high throughout the duration of the study. There was a marked difference in tissue concentrations found
between the red pulp and white pulp in the spleen. The tissue kinetics reflected a more gradual distribution of radioactivity over
time following SC administration compared to an IV administration. Tissue concentrations of radioactivity were typically greater
following IV dosing compared to SC administration. The blood & plasma data suggested that the test article was retained in the
cellular portions of blood. Elimination was incomplete at 672 h post-dose.

Microautoradiography (MARG): Microautoradiographs are not shown. Radioactivity in kidney localized to glomerulii, tubules and
associated ducts, which suggested excretion of drug-derived radioactivity and/or or binding of the radioactive moiety to renal EPO
receptors. Radioactivity in liver samples localized to discrete cellular aspects, which were believed to be hepatocytes and sinusoidal
spaces. Radioactivity in spleen showed a substantial difference in the distribution between white and red pulp, which were
consistent with QWBA results. The red pulp is a site of extramedullary hematopoiesis. Thymus showed radioactivity diffusely
distributed at a low density up to 24 h, but was localized at discrete locations (trabecular regions and reticular cells) at 168 h post-
dose. Lymph nodes showed relatively low levels of radioactivity that appeared to be evenly distributed throughout the tissue.
Radioactivity appeared to partition into lymph nodes where it remained longer than in the blood. Bone marrow showed very dense
localization of radioactivity after a relatively short development time (1 day), which made evaluation difficult. Due to the density of
localization, and sectioning difficulty, no discernable cellular morphology could be identified. It is likely that the radioactivity density
reflected binding to the high density of EPO receptors.2
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Table 1. Study Design and Animal Treatments

Group
Number

Number/Strain/Sex Dose
Route

Dose
Forma

Compound
AF37092 & Target

Dose Level (mg/kg)

Target Dose
Volume
(mL/kg)

Target Dose
Concentration

(mg/mL)

Target
Radioactivity

Level (mCi/kg)

1 9/Sprague Dawley/Maleb IV Solution 5 2 2.5 106.5
2 3/Sprague Dawley/Malec SC Solution 5 2 2.5 106.5
3 3/Sprague Dawley/Maled IV Solution 5 2 2.5 106.5

aIV and SC Dose solution prepared in acetate buffered saline, pH 5–6.
bGroup 1: One rat per group per time point will be euthanized at 1, 4, 8, 24, 72, 120, 168, 336 and 672 h post-dose for QWBA and
blood collection.
cGroup 2: One rat per group per time point will be euthanized at 1, 24, and 168 h post-dose for QWBA and blood collection.
dOne rat per time point will be euthanized at 1, 24, and 168 h post-dose for tissue collection: kidney, spleen, femur (bone
marrow), lymph nodes, thymus, and liver.
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Figure 1. Whole-Body Autoradioluminographs of Rats given a Single IV or SC Administration of [14C]Test Peptide.
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Conclusions: In general, relative tissue radioactivity concentration profiles were similar at comparable time points following IV
and SC administration. The tissue kinetics reflected a more gradual distribution of radioactivity over time following SC administration
compared to IV administration. MARG results suggested that radioactivity partitioned into the liver, the spleen, the lymph nodes
and thymus (extramedullary hematopoietic sites). MARG on bone marrow showed a very dense covering of exposed grains,
which is likely a function of the high density of EPO receptors in the bone marrow. These data showed that this peptide which has
no sequence homology to rHuEPO, localized selectively and in tissues that are believed to have EPOr. We are in the process of
obtaining a specific antibody to confirm EPOr tissue distrubution and co-localization of the test article (14C-Test Peptide) with
the EPOr in MARG samples. Improvements made to the freezing procedure will also be applied in the next experiments to
reduce artifacts.
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