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Abstract
Introduction—[18F]Nifene is a novel radiotracer specific to the nicotinic acetylcholine α4β2
receptor class. In preparation for using this tracer in humans we have performed whole-body PET
studies in mice to evaluate the in vivo biodistribution and dosimetry of [18F]Nifene.

Methods—Seven BALB/c mice (3 males, 4 females) received IV tail injections of [18F]Nifene
and scanned for 2 hours in an Inveon dedicated PET scanner. Each animal also received a high
resolution CT scan using an Inveon CT. The CT images were used to draw volume of interest
(VOI) on the following organs: brain, large intestine, small intestine, stomach, heart, kidneys,
liver, lungs, pancreas, bone, spleen, testes, thymus, uterus and urinary bladder. All organ time
activity curves had the decay correction reversed and were normalized to the injected activity. The
area under the normalized curves was then used to compute the residence times in each organ. The
absorbed doses in mouse organs were computed using the RAdiation Dose Assessment Resource
(RADAR) animal models for dose assessment. The residence times in mouse organs were
converted to human values using scale factors based on differences between organ and body
weights. OLINDA 1.1 software was used to compute the absorbed human doses in multiple organs
for both female and male phantoms.

Results—The highest mouse residence times were found in urinary bladder, liver, bone, small
intestine and kidneys. The largest doses in mice were found in urinary bladder and kidneys for
both females and males. The elimination of radiotracer was primarily via kidney and urinary
bladder with the urinary bladder being the limiting organ. The projected human effective doses
were 1.51E-02 mSv/MBq for the adult male phantom and 1.65E-02 mSv/MBq for the adult female
model phantom.

Conclusion—This study indicates that the whole-body mouse imaging can be used as a
preclinical tool for initial estimation of the absorbed doses of [18F]Nifene in humans.

Keywords
[18F]Nifene; α4β2; Biodistribution; Dosimetry; PET; Preclinical

© 2012 Elsevier Inc. All rights reserved.

Corresponding Author: Cristian C. Constantinescu, Ph.D., Department Radiological Sciences, University of California Irvine, Medical
Sciences B, B-140, Irvine, CA 92697-5000, Phone: +1 949 824 0709, Fax: +1 949 824 2344, constant@uci.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Nucl Med Biol. Author manuscript; available in PMC 2014 February 01.

Published in final edited form as:
Nucl Med Biol. 2013 February ; 40(2): 289–294. doi:10.1016/j.nucmedbio.2012.11.004.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1. Introduction
Nicotinic acetylcholine receptors (nAChRs) and the α4β2 subtype in particular are of
interest for imaging and therapeutic applications. They have been a target for continued
development of effective PET radioligands as they have been demonstrated to be involved in
cognitive processes such as learning, memory, and control of movement in normal subjects.
The relevance of α4β2 receptor imaging extends to many CNS disorders such as
Alzheimer’s disease [1–4], Parkinson’s disease [5;6], schizophrenia [7], and nicotine
dependence [8;9]. A number of animal model studies have suggested that nicotinic α4β2
receptors have a role in learning and memory [10;11].

PET radiotracers for α4β2 receptors have been developed for human studies. The currently
established agonist PET radiotracer for α4β2 receptors in use in humans is 2-[18F]FA-85380
[12]. The main drawback of this radioligand is the long PET acquisition time usually
required to achieve transient equilibrium (>5 hours) [13]. [18F]Nifene is being developed as
a PET agent with faster kinetics as a potential superior alternative to 2-[18F]FA-85380 for
the non-invasive study of nAChRs in the brain.

[18F]Nifene, an analog of 2-[18F]FA-85380, is a highly selective acetylcholine α4β2
receptor radioligand (Ki= 0.50 nM, [14]) that has been shown to reach equilibrium fast and
yield moderate specific/non-specific ratios in non-human primates in vivo [15]. Rodent
imaging studies using [18F]Nifene have also been reported that showed fast equilibrium and
moderate binding in both thalamic and extra thalamic regions [16]. The same studies also
found low test-retest variability (3% in the thalamus) and demonstrated displacement by
nicotine in vivo. The shorter scan time (60 min) required with [18F]Nifene represents an
advantage in human studies over other tracers with similar characteristics such as 2-
[18F]FA-85380 that require scan times up to 5 hours. The promising characteristics of
[18F]Nifene makes this tracer a good candidate for use in humans. In this work we evaluated
the in vivo biodistribution of [18F]Nifene in the mouse organs using whole-body PET and
CT imaging. Residence times were computed for several mouse organs and absorbed doses
were then derived using the RAdiation Dose Assessment Resource (RADAR) models for
dose assessment developed at Vanderbilt University [17] [18]. The mouse residence times
were extrapolated to humans based on simple assumptions on difference between the
species. We used OLINDA/EXM dosimetry package to derive human organ doses for both
adult female and adult male phantoms based on the projected residence times.

2. Materials and methods
2.1 Tracer Synthesis

[18F]Nifene (or 2-[18F]fluoro-3-[2-((S)-3-pyrrolinyl)methoxy]pyridine) was synthesized as
reported in [14]. The automated radiosynthesis of [18F]Nifene was carried out in the
chemistry-processing control unit (CPCU) box. An Alltech C18 column (10 μm, 250 × 10
mm2) was used for reverse-phase HPLC purification. The specific activity of [18F]Nifene
exceeded 74 MBq/nmol (2 Ci/μmol) at the end of synthesis.

2.2 Subjects
This study was conducted under protocols approved by the Institutional Animal Care and
Use Committee of University of California Irvine. Seven BALB\c mice, 3 males and 4
females (23.4 ± 0.98 g), were used for this study. The animals were separated based on
gender and housed in cages in a climate controlled room (24.4°C), with a 12:12-hour light
cycle. Subjects had free access to food and water during housing. All animals were fasted
for 18–24 hours prior to PET imaging. In preparation for the scans, the mice were induced
into anesthesia with 4% isoflurane.
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2.3 PET and CT scanning
Mice received iv tail injections (7.14 ± 1.79 MBq) of [18F]Nifene off the scanner bed and
then were immediately placed in the mouse imaging chamber for PET acquisition and
scanned for 120 minutes in an Inveon dedicated PET scanner (Siemens Medical Solutions,
Knoxville, TN). The average delay between the time of injection and the start of the scan
was 3.9 ± 1.6 min. The animals were maintained under 2% isoflurane anesthesia throughout
the scanning period. The PET list-mode data were dynamically histogrammed into 23 3D-
sinograms of span 3 and ring difference 79 (4 × 1min, 3 × 2 min, 10 × 5 min, 6 × 10 min).
Following Fourier rebinning the images were reconstructed using a 2D ordered-subset
expectation maximization (OSEM2D) algorithm (16 subsets, 4 iterations, 2 EM iterations)
into 128 × 128 × 159 arrays with a 0.77 mm pixel size and a slice thickness of 0.796 mm.
Random events were subtracted prior to reconstruction. Normalization of detector responses
was performed using a component based method. All dynamic images were automatically
corrected for radioactive decay due to manufacturer software settings. Following the PET
acquisition each mouse received a high resolution CT scan with an Inveon Multimodality
CT scanner mechanically docked to the Inveon PET without being removed from the
scanner bed. The CT scan was performed at 2 overlapping bed positions with detector-
source rotating 360 degrees around the animal with projections acquired every 0.5 degrees
(720 angles). CT images were reconstructed with a cone beam algorithm (bilinear
interpolation, Shepp-Logan filter) into 480 × 480 × 632 image arrays with a 206 μm pixel
size. Following the reconstruction the CT images were spatially aligned to match the PET
images using a fixed, predetermined transformation matrix. In addition to being
reconstructed into an image, the CT data were used for attenuation correction of PET
images. Quantitative calibration of PET images was performed by scanning 6.2 MBq of well
mixed [18F]Nifene and Millipore water solution inside a 56.5 ml plastic container. The
[18F]Nifene activity used in calibration was measured in the same dose calibrator used to
measure the activities administered to the subjects.

2.4 Image Analysis
Processing of reconstructed images was performed with PMOD software package (PMOD
Technologies). The mouse organs were identified and 3D volumes of interest (VOIs) were
manually drawn as irregular contours on the high resolution CT images acquired for each
mouse. VOIs were placed on the following “source” organs: brain, lower large intestine,
small intestine, stomach, heart, kidneys, liver, lungs, pancreas, bone (femur), spleen, testes
(males only), uterus (females only), thymus, and urinary bladder (Fig. 1). The size of each
VOI was smaller than the actual size of each organ in order to reduce the PET effects of spill
in and spillover from adjacent organs. The VOIs representing the cortical bone were
generated by delineating parts of the femur bone. The liver VOI included the gall bladder
which could not be clearly identified on either the CT or PET images. All VOIs were
transferred to dynamic PET images and the decay-corrected mean time activity curves
(TACs) were extracted for each target organ.

2.5 Dose calculations
Following the extraction of time activity curves the residence times of radioactive
[18F]Nifene in each target organ and the absorbed doses in multiple “source” organs were
computed using Matlab. Since in dose calculation the actual activity over time is of interest
the decay correction was reversed prior to computation of residence times using the formula

(1)
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TACcorr is the decay-corrected TAC, is the decay constant for 18F, Δt is the frame duration,
and ts is the start time of each frame. The residence times Ri in the ith organ was computed
using formula

(2)

, where TAC(i,t) is the time activity curve for the ith organ [Bq/cc], Om(i) is the mass of the
ith organ [g], and Ainj is the administered activity [Bq]. The organ masses for the 25g mouse
model were taken from Table 1 in [17] and divided by the average organ density of 1g/cc
before being used in (2). Thus the units for the residence times were [Bq-hr/Bq
administered]. The integral in (2) was computed using area under the curve (AUC) for each
TAC. The AUC between the time of [18F]Nifene injection and start of the scan was
computed assuming linearity. The AUC between the start and the end of the scan was
computed numerically using trapezoidal method. The integral between the end of the scan
and infinity was computed analytically assuming the kinetics was governed by the
radioactive decay of 18F. The residence times for the remainder of the body were computed
by subtracting the sum of all organs residence times from the maximum, physically allowed,
residence time, which for 18F is equal to 2.62 (= T1/2/ln2). The dose absorbed by the ith
target organ was computed as:

(3)

, where R(j) = residence time for the j th organ, DF(j,i) = dose factor between the j th source
organ and the i th target organ

The dose factors, which are a function of mouse weight and relate the residence times in
source organs to the absorbed dose in each target organ, were taken from Table 3 in [17].
Further, the residence times for humans, Rh, were computed from mouse residence times,
Rm by using %-kg/g extrapolation, which assumes proportionality based on weight
difference between species [19]:

(4)

with Oh = human organ weight, Om = mouse organ weight, Bh = human body weight, Bm =
mouse body weight. The human body weight, Bh, and the human organ masses, Oh, were
taken from OLINDA 1.1 for adult female and adult male phantom, respectively. The mouse
body weight, Bm, and the mouse organ masses were those of a 25 g mouse in the RADAR
model [17]. The projected human doses were then computed for both males and female
phantoms using OLINDA 1.1 software package with the human residence times, Rh, as
input.

3. Results
The VOI delineation on CT images is illustrated in Fig. 1 that shows two coronal and one
sagital views of a male mouse. Figure 2 shows whole body mouse PET images from early
(0–30 min) and late (90–120 min) parts of the scan. In the early part of the scan the urinary
bladder, and the kidneys presented the highest [18F]Nifene activity, followed by four organs
with similar activity, namely the liver, pancreas, spleen and stomach. In the later part (90–
120 min) the urinary bladder values were highest, followed by stomach, kidneys and bone.
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The stomach activity is slowly increases up to around 90 min followed by a slow decrease
toward the end of the scan.

The specificity of [18F]Nifene for α4β2 receptors is illustrated in Fig. 2E, which shows
orthogonal PET slices through the brain of one the subjects (average 30–60 min, bottom
row) as well as an overlay with an MR template [20] (top row). Thalamus, a brain region
rich in α4β2 receptors, presents highest tracer uptake. Representative TACs normalized to
the injected activity in source organs are shown in Fig. 3.

Table 1 lists the residence times of [18F]Nifene in all mouse organs. The largest values were
found in urinary bladder (in both genders), liver, bone, small intestine and kidneys. The
largest absorbed dose was received by the urinary bladder (“limiting organ”) of both male
(6.20E+02 ± 2.48E+02 mSv/MBq) and female (9.85E+02 ± 3.24E+02 mSv/MBq) mice
(Table 2). The mean residence times for both adult female and male phantoms are listed in
Table 3 and the mean projected human doses are listed in Table 4. Urinary bladder received
the highest absorbed dose for both male (5.74E-02 ± 1.81E-02 mSv/MBq) and female
(9.32E-02 ± 2.63E-02 mSv/MBq) phantoms. The mean effective doses were 1.51E-02 ±
4.04E-04 mSv/MBq (adult male phantom) and 1.65E-02 ± 8.73E-04 mSv/MBq (adult
female phantom), respectively.

4. Discussion
Biodistribution and dosimetry studies are conducted before a PET radiotracer is used in
humans in order to estimate the internal radiation dose absorbed by each human organ and
determine the occurrence and the number of studies that can be safely conducted. The
availability of preclinical PET and CT scanners and the existence of physical models for
internal dose assessment in small animals allow preliminarily evaluation of tracer
biodistribution in mice or rats and the extrapolation to humans. The absorbed radiation doses
in mouse organs due to the [18F]Nifene radiotracer have been evaluated in this study using
whole-body PET/CT and a mouse model of dose assessment. The mouse data has been
extrapolated to humans based on simple assumptions on differences between species.

Elimination of [18F] Nifene from mouse body occurred via urinary system as indicated by
the kidney activity preceding the urinary bladder as well as by the much higher activity in
the urinary tract than in the digestive system (e.g. stomach, LLI). Urinary bladder was the
‘limiting organ’ with the largest absorbed dose. No voiding urinary bladder model was used
in computations of the residence times. Gallbladder and female mouse reproduction organs
such as uterus and ovaries are not included in the RADAR model at this time and thus we
lumped them with the rest of the body.

Since [18F]Nifene is an analog of 2-[18F]FA-85380 that targets the same class of
neuroreceptors we compared the human doses of [18F]Nifene as projected by this study with
those from a human dosimetry study with 2-[18F]FA-85380 [21]. Comparisons involved
only the male phantom data as in the 2-[18F]FA-85380 study all human subjects were male.
The [18F]Nifene doses were similarly ranked and correlated highly (r = 0.881, p < 0.001) to
those of 2-[18F]FA-85380, with urinary bladder and kidney receiving the highest dose in
both cases (Fig. 4). The dose values for the two tracers were similar in order of magnitude
with the 2-[18F]FA-85380 values generally higher than those of [18F]Nifene. 2-
[18F]FA-85380 is the tracer with higher affinity and therefore increased biological half-life
in regions with specific binding. However, since most of the uptake of the tracer and its
metabolites is nonspecific it is reasonable to believe that differences in specificity
contributes insignificantly to differences in dosimetry.
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Currently it is not readily accepted that dosimetry estimates can be extrapolated from
rodents to humans without validation. Two important factors are to be taken in account
when deriving human doses from mouse data: the tracer metabolic rates in the two species
and the extrapolation method. For this study we assumed that the metabolic rates were
similar in mouse and human. Studies with translocator protein tracers that used the same
mass extrapolation method (Eq.(4)) showed that the effective doses calculated from rat data
were overestimated compared to those measured in nonhuman primates [22]. On the other
hand the results of our previous work [23] in which we extrapolated the mouse dosimetry of
the 5-HT1A tracer [18F]Mefway to human suggested that the urinary organs (bladder and
kidneys) doses derived from the mouse model were underestimated.

One of the goals of a human dosimetry study is to estimate the maximum activity that can be
administered to a human subject without surpassing the dose limits allowed. According to
the federal regulations specified in Title 21 CFR 361.1 [24] the radiation doses to the whole
body, gonads, active blood-forming organs, and lens of the eye should not exceed 50 mSv (5
rem) annually and 30 mSv (3 rem) for a single study. The dose absorbed by all other organs
should not exceed 150 mSv (15 rem) annually and 50mSv (5 rem) per study. According to
the present study the urinary bladder is the limiting organ for [18F]Nifene and therefore sets
the maximum administered activity per study. Based on our projected human doses for
urinary bladder the calculated limits for injected [18F]Nifene activity are 871 MBq (23.5
mCi) for the male model and 536.5 MBq (14.5 mCi) for the adult female model. These
values should allow multiple (> 3) studies per year for each subject. An injected activity of
185 MBq (5 mCi) of [18F]Nifene, adequate for a brain study, would yield a limiting dose of
10.6 mSv for an adult male subject, below Title 21 specifications. In comparison, according
to International Commission on Radiological Protection (ICRP) Publication 106 the adult
limiting dose for [18F]FDG in adults is 0.13 mSv/MBq which translates into 384 MBq (10
mCi) per study.

Although not meant to be a substitute for a complete dose assessment in humans, the current
study is a useful preliminary data set as [18F]Nifene is being translated to humans. As a
future research we are planning [18F]Nifene dosimetry studies in human subjects that will
assist to verify and validate the accuracy of the animal model results presented in this study.
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Fig. 1.
Representative mouse CT images in coronal (Y) and sagital (X) views showing the drawing
of volume of interest (VOIs) on different organs. The CT images were acquired at 2
overlapping bed positions. The VOIs drawn in the same view as the one shown appear as
filled contours while the ones drawn in different view appear as colored contours. The
complete list of VOIs is shown on the right hand side.
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Fig. 2.
Fused PET and CT images with PET images from the first 30 min (A, B) and from 90 to 120
min (C, D) after injection of [18F]Nifene (weighted summation of dynamic frames). The
early image (A) shows higher tracer uptake in the kidney compared with the late images (C)
while the late image (D) shows higher tracer uptake in the urinary bladder than the early
image (B). This illustrates that the elimination of the tracer from mouse body occurs
primarily via urinary system. (E) PET images (30–60 min) of the mouse brain (bottom row)
showing high selective binding of [18F]Nifene in the thalamus (marked with orthogonal
crosshairs), a region rich in α4β2 receptors. Images were co-registered to an MR mouse
brain template (top panel, fused image).

Constantinescu et al. Page 10

Nucl Med Biol. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Representative [18F]Nifene time activity curves (not decay corrected) normalized to the
injected activity from multiple mouse (male) organs. The integral under the curve between
injection and start of the scan was calculated using linear extrapolation of pre-peak data
points. The integral under the curve between end of the scan and infinity was computed
using exponential extrapolation and assuming kinetics were dictated by the radioactive
decay.
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Fig. 4.
Comparison of radiation dose estimate from an in vivo human PET study with 2-
[18F]FA-85380 (values taken from [21], Table 3) and human doses of [18F]Nifene as
projected by this study. Solid line represents the linear regression. Correlation coefficient
and the p values are shown on the plot. The data points corresponding to the urinary bladder
(UB) and kidneys are labeled. Note: The units are different between the axes. However,
since the radiation exposure is from beta particles and gamma-rays, which have a biological
effectiveness factor of 1, one may assume that Gy=Sv.
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Table 1

Residence times (in Bq-hr/Bq administered) of [18F]Nifene in mouse organs.

Source Organ Male average (± SD) Female average (± SD)

Brain 2.88E-02 ± 4.12E-03 2.91E-02 ± 1.80E-03

LLI Content* 2.56E-02 ± 1.02E-02 3.51E-02 ± 1.05E-02

SI Content* 7.80E-02 ± 3.08E-02 1.19E-01 ± 1.94E-02

Stomach Content 1.73E-02 ± 9.66E-03 1.64E-02 ± 4.59E-03

Heart Content 9.71E-03 ± 1.38E-03 9.33E-03 ± 7.20E-04

Kidneys 1.00E-01 ± 5.03E-02 6.21E-02 ± 1.09E-02

Liver 1.56E-01 ± 4.12E-02 1.58E-01 ± 1.13E-02

Lungs 4.32E-03 ± 1.32E-04 3.31E-03 ± 3.59E-04

Pancreas 3.56E-02 ± 1.65E-02 3.67E-02 ± 1.03E-02

Cortical Bone 1.57E-01 ± 5.11E-02 1.11E-01 ± 3.21E-02

Spleen 1.47E-02 ± 4.24E-03 1.31E-02 ± 2.97E-03

Testes 1.22E-02 ± 8.49E-03 N/A

Thymus 6.39E-04 ± 1.44E-04 7.11E-04 ± 6.81E-05

UB Content* 2.99E-01 ± 1.23E-01 4.82E-01 ± 1.57E-01

Uterus N/A 4.67E-03 ± 1.67E-03

Remainder Body 1.70E+00 ± 1.31E-01 1.56E+00 ± 1.76E-01

LLI = lower large intestine, SI = small intestine, UB = urinary bladder
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Table 2

Absorbed mouse organ doses (in mSv/MBq) for [18F]Nifene.

Target Organ Male average (± SD) Female average (± SD)

Brain 2.02E+01 ± 1.84E+00 1.93E+01 ± 8.94E-01

LLI Wall* 1.89E+01 ± 1.58E+00 2.04E+01 ± 2.60E+00

Small Intestine 1.90E+01 ± 1.54E+00 2.15E+01 ± 1.01E+00

Stomach Wall 3.98E+01 ± 1.32E+01 3.75E+01 ± 5.70E+00

Heart Wall 1.85E+01 ± 1.38E+00 1.73E+01 ± 1.20E+00

Kidneys 5.60E+01 ± 2.24E+01 3.89E+01 ± 4.99E+00

Liver 2.54E+01 ± 3.58E+00 2.46E+01 ± 1.90E+00

Lungs 1.93E+01 ± 4.69E-01 1.69E+01 ± 9.62E-01

Pancreas 2.89E+01 ± 7.78E+00 2.84E+01 ± 4.02E+00

Osteogenic Cells 1.75E+01 ± 2.10E+00 1.43E+01 ± 1.41E+00

Spleen 2.98E+01 ± 5.90E+00 2.73E+01 ± 2.42E+00

Testes 2.26E+01 ± 6.49E+00 N/A

Thyroid 1.78E+01 ± 1.14E+00 1.72E+01 ± 1.11E+00

UB Wall* 6.20E+02 ± 2.48E+02 9.85E+02 ± 3.24E+02

Total Body 1.71E+01 ± 3.62E-02 1.71E+01 ± 7.99E-02

LLI = lower large intestine, UB = urinary bladder
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Table 3

Human residence times (in Bq-hr/Bq administered) estimates of [18F]Nifene based on mouse residence times
and modeled organ mass differences between the two species.

Source Organ Male average (± SD) Female average (± SD)

Brain 3.58E-02 ± 5.11E-03 3.30E-02 ± 2.03E-03

LLI Content* 2.98E-03 ± 1.19E-03 4.24E-03 ± 1.27E-03

SI Content* 4.01E-03 ± 1.59E-03 6.00E-03 ± 9.80E-04

Stomach Content 2.03E-02 ± 1.13E-02 1.83E-02 ± 5.13E-03

Heart Content 5.32E-03 ± 7.57E-04 4.19E-03 ± 3.23E-04

Kidneys 4.05E-02 ± 2.03E-02 2.49E-02 ± 4.38E-03

Liver 6.96E-02 ± 1.84E-02 5.59E-02 ± 3.99E-03

Lungs 2.02E-02 ± 6.19E-04 1.34E-02 ± 1.45E-03

Pancreas 4.48E-03 ± 2.07E-03 4.50E-03 ± 1.27E-03

Cortical Bone 3.28E-02 ± 1.07E-02 2.91E-02 ± 8.41E-03

Spleen 9.88E-03 ± 2.85E-03 7.78E-03 ± 1.77E-03

Testes 1.21E-03 ± 8.44E-04 N/A

Thymus 3.89E-04 ± 8.77E-05 4.47E-04 ± 4.27E-05

UB Content* 9.67E-02 ± 3.97E-02 1.27E-01 ± 4.13E-02

Uterus N/A 4.68E-03 ± 1.67E-03

Remainder Body 2.12E+00 ± 1.63E-01 1.62E+00 ± 1.82E-01

LLI = lower large intestine, SI = small intestine, UB = urinary bladder
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Table 4

Human doses (in mSv/MBq) estimates for [18F]Nifene generated with OLINDA 1.1 software using residence
times estimated from the mouse residence times.

Target Organ Male average (± SD) Female average (± SD)

Adrenals 1.29E-02 ± 1.26E-03 1.25E-02 ± 1.15E-03

Brain 8.09E-03 ± 9.55E-04 8.52E-03 ± 2.86E-04

Breasts 8.85E-03 ± 6.47E-04 8.63E-03 ± 9.10E-04

Gallbladder Wall 1.36E-02 ± 1.10E-03 1.25E-02 ± 1.07E-03

LLI Wall* 1.52E-02 ± 6.00E-04 1.65E-02 ± 1.09E-03

Small Intestine 1.41E-02 ± 4.58E-04 1.33E-02 ± 7.30E-04

Stomach Wall 1.92E-02 ± 3.56E-03 1.89E-02 ± 1.38E-03

ULI Wall* 1.31E-02 ± 8.02E-04 1.30E-02 ± 1.03E-03

Heart Wall 1.22E-02 ± 9.17E-04 1.17E-02 ± 1.02E-03

Kidneys 3.11E-02 ± 1.27E-02 2.26E-02 ± 3.03E-03

Liver 1.34E-02 ± 2.41E-03 1.38E-02 ± 9.75E-04

Lungs 9.12E-03 ± 5.14E-04 8.46E-03 ± 4.64E-04

Muscle 1.09E-02 ± 6.66E-04 1.05E-02 ± 8.91E-04

Ovaries NA 1.44E-02 ± 6.65E-04

Pancreas 1.69E-02 ± 4.38E-03 1.73E-02 ± 2.44E-03

Red Marrow 1.01E-02 ± 6.66E-04 9.73E-03 ± 8.63E-04

Osteogenic Cells 1.76E-02 ± 6.93E-04 1.70E-02 ± 3.21E-03

Skin 8.43E-03 ± 5.82E-04 8.10E-03 ± 7.98E-04

Spleen 1.70E-02 ± 3.44E-03 1.61E-02 ± 1.82E-03

Testes 1.17E-02 ± 3.43E-03 NA

Thymus 9.15E-03 ± 7.82E-04 9.60E-03 ± 5.97E-04

Thyroid 1.10E-02 ± 8.62E-04 9.80E-03 ± 1.07E-03

UB Wall* 5.74E-02 ± 1.81E-02 9.32E-02 ± 2.63E-02

Uterus NA 2.15E-02 ± 3.14E-03

Total Body 1.12E-02 ± 7.00E-04 1.10E-02 ± 8.85E-04

Effective dose equivalent 1.68E-02 ± 2.65E-04 1.83E-02 ± 9.74E-04

Effective dose 1.51E-02 ± 4.04E-04 1.65E-02 ± 8.73E-04

LLI = lower large intestine, ULI = upper large intestine, UB = urinary bladder
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