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Abstract

The biodistribution of [1-**C]ethanol in rodents was examined to determine sites of
concentration of ethanol or its metabolites that may contribute to its toxicological and
pharmacokinetic characteristics. Following intravenous administration of [1-**C]ethanol in
mice, radioactivity showed a widespread distribution amongst body organs. Determination of
the proportion of tissue radioactivity accounted for by volatile [1-*C]ethanol versus non-volatile
14C metabolites indicated that tissue radioactivity was mostly in the form of the latter, even as
early as 5 min post-injection, indicating a rapid metabolism of the radiolabeled ethanol to labeled
metabolites. In a separate study, radioactivity was imaged using whole-body autoradiography
following intravenous administration in rats. High levels of radioactivity were observed in the
Harderian gland, preputial gland and in the pancreas at 15 and 60 min post-injection. High levels
of radioactivity were also apparent at the later time point in the intestinal tract, indicating
hepatobillary excretion of radiolabeled metabolites. Moderate levels of radioactivity were
present in the liver, lungs, salivary glands, bone marrow and kidney cortex. In conclusion,
following intravenous [14C] ethanol administration, radioactivity initially distributes widely
amongst body organs but concentrates in specific tissues at subsequent time points. Especially
notable in the current study was the high concentration of radioactivity accumulating in the
pancreas. It isthustempting to speculate that the well-documented high incidence of pancregtic
disease in observed in human chronic acoholism may be related to a propensity of this organ to

accumul ate ethanol and/or reactive ethanol metabolites.
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Determining the biodistribution of drugs in the body following oral or systemic
administration is of value both for guiding toxicological studies and for identifying sites of
retention of the drugs that can account for pharmacokinetic behavior. Drug levelsin tissues for
biodi stribution studies can be quantified either using mass spectrometry for drugs that
incorporate only stable isotopes, or by using autoradiography and/or scintillation counting for
radiolabeled drugs.

In the case of ethanol, pharmacokinetic measurements on plasma ethanol levelsin human
studiesindicate that ethanol has a volume of distribution approximating that of total body water
(0.5-0.7 L/kg) and that it rapidly distributes to tissues. In animal studies, biodistribution
determinations have mostly concentrated on determining the pharmacokinetics of brain uptake of
ethanol (Sunahara et al., 1978; Richardson et al., 1987; Smolen and Smolen, 1989; Robinson et
al., 2000; Gulyas et a., 2002; Jamal et al., 2003; Quertemont et al., 2003; Peris et al., 2006).
These studies have employed both radiolabeled and unlabeled forms of ethanol and have
indicated that ethanol rapidly enters the brain following systemic administration and brain levels
equilibrate with blood levels.

Compared with brain studies, relatively few studies have been conducted on the whole-
body organ distribution of ethanol or its metabolites. We are aware of only two animal studies
that have measured the biodistribution of radiolabeled ethanol across multiple body organs (Ho
et a., 1972; Akesson, 1974). Both of these studies used a film autoradiographic approach and a
non-quantitative analysis of radioactivity levelsin theimages. In the present study a more
extensive and quantitative analysis of the whole-animal biodistribution of radioactive ethanol in
rats was undertaken using phosphoimaging. Tissue dissection and counting experiments in mice

were also conducted to determine the time-course and relative proportions of unchanged [1-
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14Clethanol versus radiolabeled metabolites in various organs. Additionally, the effect of an
alcohol dehydrogenase inhibitor on the radioactivity accumulation was evaluated. The goal of
the [**C]ethanol experiments in the present study was to identify sites of concentration of ethanol
or its metabolites that may contribute to toxicological and pharmacokinetic characteristics of this

substance.

Materialsand Methods

Animalsand drugs: Tissue dissection and counting studies were performed using male Swiss-
Webster mice (Taconic farms, Germantown, NY) weighing between 20-30 g. Autoradiographic
studies were performed using male Sprague-Dawley rats (Taconic, Germantown, NY') between
200 -350g. [1-**C]ethanol (1 mCi/ml in ethanol) was obtained from American Radiolabeled
Chemicals (St. Louis, MO). 4-methylpyrazole was obtained from Sigma-Aldrich (St. Louis,
MO). All animal studies were approved by the Brookhaven National Laboratory animal care and

use committee.

[1-**C]ethanol biodistribution in mice. Mice were administered 1.6 mg (2 uCi; 72 KBq) [1-
14Clethanol in saline viaatail vein and sacrificed by decapitation after 5— 60 min. A blood
sample was collected in a heparinized tube at the time of sacrifice and centrifuged to obtain
plasma. Organs were dissected, frozen and weighed. Each organ was then homogenized in 2 ml
of CAPS buffer, pH 10.0 and the homogenate divided into two portions. One portion was

counted directly by liquid scintillation counting to determine total radioactivity in the tissue. The
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second portion was used to determine the percentage of radioactivity in the tissue that was non-
volatile. For this0.5 ml unlabeled ethanol was added and the homogenate was evaporated to
dryness overnight under vacuum. The dried homogenate was resolubilized in Solvable (Packard,
Meriden, CT) and radioactivity counted in aliquid scintillation counter (Tricarb 1600, Packard).
Alkaline conditions were used in the drying step to retain any radiolabeled acetate or bicarbonate
assalts. Thus volatile radioactivity most likely represents unmetabolized [1-**C]ethanol,
although a small fraction could represent the proximal metabolite, [**C]acetaldehyde. [1-
14Clethanol spiked into one of the tissue samples was used to verify effective removal of volatile

[1-*C]ethanol by the drying step (approximately 94 %) in initial studies.

Whole-body autoradiography in rats. Rats were lightly anesthetized with isoflurane and a
catheter secured in atail vein. They were then allowed to awaken in arestraint device,
administered 32 mg (40 uCi; 1.4 MBq) [1-**C]ethanol in saline viathe tail vein catheter and
returned to their home cage. After either 15 min or 60 min following the [1-**C]ethanol
administration the rats were sacrificed by isoflurane overdose followed by snap freezing in adry
ice-hexane dlurry. A blood sample was taken immediately prior to freezing the animal by
cardiac puncture. For autoradiography, the frozen carcasses were sectioned using a whole-body
cryosectioning instrument (custom-made) and the frozen sections covered in Mylar film and
exposed to phosphor screens at —30°C to prevent loss of [1-*C]ethanol from the section.
Exposure to the phosphor screens was continued for 40 h following which the screens were
removed and scanned in a phosphorimager to image radioactivity. To enable quantification of
the radioactivity levels in the sections, tissue punches were made in various locationsin the

sections (liver, rump and shoulder) using a12 mm diameter cork borer, followed by weighing
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and digestion of the tissue punchesin Solvable® (Packard), addition of scintillation cocktail and
counting in a scintillation counter.

To determine the radioactivity accounted for by non-volatile metabolites, sections from
onerat at each sacrifice time point were subjected to a freeze-drying procedure and then

reimaged on the phosphor screens.

Data analysis: For the mouse [1-**C]ethanol biodistribution study, D.P.M. values were
converted to % ID/g. To calculate the percentage of radioactivity that was non-volétile, the
radioactivity following vacuum drying of the homogenates was divided by that in the original
homogenates.

For the whole-body autoradiography in rats, mean pixel values for regions-of interest
(ROIs) drawn over the images were converted to D.P.M. values by comparison with the direct
scintillation counting of punches taken from the sections and the radioactive blood sample.
Radioactive gelatin standards placed on each plate were additionally used to verify the D.P.M.
values and the linearity of the phosphor screen response. D.P.M. values were then converted to
% injected dose/g (% 1D/g) by assuming an average tissue density of 1 g/ml and dividing by
radioactive dose of **C administered to the animal.

For the whole body autoradiograph sections subjected to freeze-drying, quantitation was
similar to that in the frozen sections except that D.P.M./g values in the tissue punches taken from
the sections were converted to D.P.M./g original wet weight by recording the loss of weight in
adjacent punches from the drying step. Thiswas to facilitate direct comparison of radioactivity

levelsin the dehydrated versus frozen sections.
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Results

[1-**C]ethanol biodistribution in mice. A study on the time-course of [1-**C]ethanol

bi odi stribution following intravenous administration was conducted in mice (fig. 1). Following
administration, radioactivity was present in all organs dissected. After 60 min, radioactivity
levels declined from their initial values by between 60 to 75 %. The decline of tissue
radioactivity in the brain and kidney was approximately in proportion to that in the plasma
whereas that in the liver was slower. At al time points, the brain contained significantly less
radioactivity than that in the other tissues.

To determine the percentage of tissue radioactivity at the different time points that was
accounted for by volatile [1-**C]ethanol relative to that of non-volatile [1-**C]ethanol
metabolites, a sample of the tissue homogenates from each mouse was vacuum dried under
alkaline conditions prior to counting. This procedure indicated that the majority of the
radioactivity in the tissues was accounted for by non-volatile [1-**C] metabolites, even at the 5
min time point (fig. 1). Similar percentages of non-volatile radioactivity (89 — 99 % non-volatile

at 60 min) were also observed in spleen, muscle, lungs and intestine (data not shown).

Whole-body autoradiography in rats. To obtain a more detailed image of the radioactivity
distribution following [1-**C]ethanol administration, a whole-body autoradiography study was
conducted in rats (fig. 2 and table 1). Radioactivity following intravenous [1-**C]ethanol
administration in the rat showed a widespread distribution amongst body organs, especially at the

early (15 min) time point. Highest levels were apparent in the Harderian glands, salivary and
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preputial glands and in the pancreas. Significant levels were also present in the liver, lungs,
stomach wall and bone marrow. Brain levels of radioactivity were below those in the blood at
both the early and late (60 min) time points.

To estimate the relative proportions of radioactivity in the sections accounted for by
volatile ethanol versus non-volatile radiolabeled ethanol metabolites, sections from one animal
from each of the 15 and 60 min time points were freeze-dried and re-imaged (fig. 3 and table 2).
When calculated relative to the original wet weight of the section, the overall radioactivity levels
were lower in the dehydrated sections compared to that in the corresponding frozen sections,
reflecting aloss of volatile [ 1-'*C]ethanol from the section. The greatest difference was apparent
at the 15 min time point. At the 60 min time point only aminor level of the radioactivity was
represented by volatile [1-'*C]ethanol in most tissues examined. However, some organ-to-organ
differences in the amount of radioactivity accounted for by [1-**C]ethanol were observed, with
greatest levels of volatile radioactivity observed in the Harderian and especially the preputial
glands and the lowest levelsin the liver, kidney and pancreas.

To gain further insight into the relative contributions of [1-**C]ethanol versus
["C]ethanol metabolitesin accounting for the distribution of radioactivity in various organs, two
rats were administered the alcohol dehydrogenase inhibitor, 4-methylpyrazole (30 mg/kg, i.p.),
30 min prior to the [1-**C]ethanol administration and sacrificed at 15 or 60 min following **C
administration (fig. 4). After imaging of the sections, the sections were freeze-dried and re-
imaged as previously. When compared to the untreated rats, in the 4-methypyrazle treated rats,
the % ID/g values for **C (table 3) were significantly higher in the brain but lower in the
pancreas and Harderian glands at both the 15 and 60 min time points. % ID/g valuesin the heart,

kidney, liver, muscle and preputial glands though were approximately similar.  Freeze-drying
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and re-imaging the sections indicated that a much higher percentage of the radioactivity was
volatile in the 4-methylpyrazole treated animals than in untreated animals, especially at the 60
min time point, this being consistent with inhibition of [1-**C]ethanol metabolism by this

compound.

Discussion

The main pathway for initial ethanol metabolism in animalsis viaalcohol
dehydrogenase. This enzyme is most abundant in the liver, but lower levels are also found in
other organs (Kovar et al., 1983). Following oxidization of ethanol to acetaldehyde, the
acetaldehyde is oxidized further to acetate by aldehyde dehydrogenase. The acetate may then
enter the tricarboxylate cycle (Isselbacher and Greenberger, 1964a; Isselbacher and Greenberger,
1964b) or the long-chain fatty acid synthesis pathway (Hakkinen and Kulonen, 1959; Smith and
Newman, 1960). Carbon atoms from labeled acetate are ultimately oxidized to carbon dioxide
by the tricarboxylate cycle, but are also incorporated into other compounds, including the amino
acids glutamate and aspartate, that are metabolically connected to cycle intermediates. Thus
depending on the time after [1-'*C]ethanol administration and the physiological state of the
animal, residual radioactivity from [1-**C]ethanol will represent different combinations of
ethanol, acetaldehyde, acetate, bicarbonate, intermediary metabolites, and more complex
molecules.

In the mouse experiment in the present study, overall radioactivity levelsin the brain,
liver and kidney declined in approximate proportion with that in the plasma. Interestingly, a

majority of the radioactivity in the plasma and tissues was in the form of non-volatile

10
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[Y"C]metabolites, even at the 5 min time point. Ethanol is metabolized under saturating
conditions at a constant rate (zero order) of about 700 mg/kg/h in the mouse (Marshall and
Owens, 1955) and the actual amount of ethanol delivered to the mice in the current study was
relatively small (80 mg/Kg). Thismay account for the relatively rapid conversion of [1-
14C]ethanal to non-volatile metabolite observed in the study.

A more detailed picture of the biodistribution of radiolabeled ethanol and its metabolites
amongst various organs was obtained in the present study using whole-body autoradiography in
rats. Thisrevealed high concentration of radioactive material at both the 15 min and 60 min time
points in glandular structures such as the Harderian, salivary and preputial glandsaswell asin
the liver and pancreas. In the case of the liver, the high levels of radioactivity in thisorgan is
consistent with its central rolein ethanol metabolism and in biosynthesis of proteins and complex
lipids.

Examination of the loss in radioactivity from freeze-drying the sections indicated that, at
the 15 min time point, approximately half of the radioactivity in the sections was volatile,
assumed to mostly represent that due to unmetabolized [1-**C]ethanol. However, at the 60 min
time point only a minor loss in radioactivity by drying the sections was observed. The latter
indicates that most of the ethanol had been converted to non-volatile metabolites by thistime
point. Thetime-course for conversion of ethanol to non-volatile metabolites was slower in the
rat autoradiographic studies than in the mouse studies, cons stent with the larger body size of this
species. By way of comparison, blood half-life of ethanol following a pharmacological
intravenous dose (250 mg/kg) in ratsis approximately 30 min (Caballeria et al., 1989). Thisis

slower than the rate of loss of volatile material observed in the present rat autoradiographic

11
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study, although since lower ethanol doses were used in the present study (~ 90 mg/kg) afaster
rate of metabolism in the present study is to be expected.

Especially notable in the current study was the high concentration of radioactivity in the
pancreas, which was significantly above that in most of the other major organs, including the
liver. High levels of radioactivity in the pancreas were also apparent in whole-body
autoradiographic images of amonkey fetus taken following [**C]ethanol administration to the
mother in the study by Ho et al. (1972). These observations areintriguing in view of the well-
documented occurrence of pancreatitis in chronic alcoholism (Singh and Simsek, 1990; Apte et
al., 1998; Apteet al., 2006). It isthustempting to speculate that the susceptibility of this organ
to damage may be related to a high propensity to accumulate ethanol and/or reactive metabolites
from ethanol metabolism. Pancreatic acinar cells are capable of metabolizing ethanol via both
the oxidative and non-oxidative pathways (Haber et al., 1998; Haber et a., 2004; Gukovskaya et
a., 2002). The latter occurs by esterification of ethanol with fatty acids, resulting in the
formation of fatty acid ethyl esters (Wilson and Apte, 2003). The products of both oxidative
metabolism of ethanol (acetaldehyde and reactive oxygen species) and non-oxidative metabolism
of ethanol (fatty acid ethyl esters) have deleterious effects on pancreatic tissue (Nordback et al.,
1991; Wilson and Apte, 2003). In the present study the accumulation of radioactivity from
[**C]ethanol in the pancreas was diminished in the rats given prior treatment with 4-
methylpyrazole. This suggest that at least part of the accumulation and trapping of **C in this
organ involves metabolism of [*C]ethanol by alcohol dehydrogenase rather than via non-
oxidative pathways. The metabolism and trapping of radiolabeled ethanol may occur either
directly by the organ itself or by the accumulation and trapping of circulating **C metabolites

(e.g. acetate). Further studies with radiolabeled ethanol and ethanol metabolites on isolated
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pancreatic tissue would be needed distinguish between these possibilities. In comparing the
relative importance of the oxidative and non-oxidative pathways in the pancreas, it has been
observed that in isolated rat pancreatic acini incubated in alcohol, the rate of oxidative
metabolism is 20 fold higher than the rate of non-oxidative metabolism (Gukovskayaet al.,
2002; Haber et al., 2004). Thiswould be consistent with the accumulation of **C in the pancreas
observed in the present study resulting primarily from oxidative pathways of metabolism.
However, it should also be noted that fatty acid ethyl ester formation is much enhanced in
animals treated with 4-methylpyrazole (Manautou and Carlson, 1991), suggesting that these
compounds may nonetheless have made up a significant component of the residual non-volatile
metabolitesin the case of the 4-methylpyrazole treated animals.

The preputial gland was observed to exhibit a high uptake of radiolabel in the current
study, with most of the radioactivity volatile, even at the 60 min time point. The preputial gland
of rodents appears to be specialized for synthesis of pheromones (Novotny, 2003), but the human
preputial gland has been implicated as atarget of maternal drinking (Amankwah et al., 1982).
Since ethanol is not expected to be a substrate for active transport processes, ethanol
accumulation in this structure could be explained by passive transfer of ethanol from blood
during the initial distribution phase to a tissue compartment from which it is denied ready access
back to the circulation. Because of the involvement of the preputial gland in pheromone
synthesis, it is possible that the trapping mechanism may involve incorporation of the radiolabel
into a volatile pheromone compound.  Since the accumulation of [**C]ethanol in the preputial
gland was little affected by prior dosing of the animal with 4-methylpyrazole this may suggest

that any such metabolic trapping mechanism for ethanol in this gland occurs mostly via anon-
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oxidative mechanism, such as esterification for example, rather than via products from alcohol
dehydrogenase activity.

Particularly high levels of radiolabel were observed in the present autoradiographic study
in the Harderian gland. The Harderian glands are exocrine glands that are present in rodents,
birds, amphibians and reptiles but are vestigial in primates (Buzzell, 1996). Their main
secretory product islipid (Buzzell, 1996). The marked accumulation of radiolabel from ethanol
in these organs isthusintriguing. The trapping mechanism appears to involve at least in part
alcohol dehydrogenase activity, since the accumulation of radiolabel in these organs was
significantly lowered in the rats given prior treatment with 4-methylpyrazole.

Thelevel of radioactivity in the brain following [**C]ethanol administration to the rats
was low and below that in the blood. This suggests an exclusion of charged or polar circulating
radiolabeled metabolites of ethanol by the blood-brain barrier. Thisis supported by the fact that
ahigher level of radiolabel was observed in the brain when the rats were pretreated with 4-
methylpyrazole, in which plasma levels of unmetabolized [**C]ethanol will be higher. An
obvious candidate for the [**C] metabolites which were present in the brain in the untreated rats
is[*C]acetate, since recent work implicates acetate as an energy substrate of the brain,
especially during alcohol intoxication (Cruz et al., 2005; Volkow et a., 2006).

Although radioactivity in the blood and most organs dropped between the 15 min and 60
min sacrifice time pointsin the rats, radioactivity levelsincreased substantially in the lumen of
the small intesting, likely reflecting partial elimination of ethanol or its metabolites via the
hepatobiliary system.

In conclusion, our quantitative whole-body imaging study of intravenous [ 1-**C] ethanol

using phosphor-screen autoradiography supplements older non-quantitative studies using
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photographic film. Highest concentrations of **C were imaged in Harderian and preputial
glands, intestinal contents, and pancreas. This study isthe first autoradiographic study to image
the whole-body biodistribution of radiolabeled ethanol in a quantitative manner, and significantly
extends earlier and less detailed non-quantitative studies. The study also provides initial animal
data to support future PET studies to examine the biodistribution and pharmacokinetics[*'C]

radiolabeled ethanol in clinical studies.
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Figure Legends

Fig. 1. Time course of total radioactivity (filled squares) and the percentage of tissue
radioactivity in the form of non-volatile metabolites (open circles) following intravenous

administration of [1-'*C]ethanol to mice.

Fig. 2. Whole body autoradiography in arat sacrificed at 15 min (sections A and B) and 60 min

(sections C and D) following intravenous administration of [1-*C]ethanol.

Fig. 3. Comparison of the radioactivity in whole-body autoradiography sections before and after
freeze-drying sections to evaporate volatile radioactivity. Sections were taken from an animal
sacrificed at 15 min (section A and B) or 60 min (section C and D) after [1-*C]ethanol
administration. Images on the left are before drying the sections and on the right after drying the

sections.

Fig. 4. Whole body autoradiography in rats pretreated with 4-methypyrazole prior to [1-

14Clethanol administration. Animals were sacrificed at 15 min (section A) or 60 min (section B)

following [1-**C]ethanal.
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TABLE 1

Regions-of-interest (ROI) analysis to quantify levels of radioactivity in various tissues from

whole-body autoradiography in rats.

Data represent the means (£ SEM) from whole-body autoradiography conducted on three

separate rats at each of the 15 min and 60 min sacrifice time points. Values are expressed as %

ID/g in the left column and as tissue to blood ratios in the right column.

15min 60 min
Organ %I1D/g Tissue:Blood %I1D/g Tissue:Blood
ratio ratio
Adrenal gland 0.28 £0.03 0.90 +0.03 0.25 £0.05 1.68 +0.12
Blood 0.31 £0.02 1.00 +0.00 0.15 £0.02 1.00 +0.00
Bone Marrow 0.35 £0.01 1.13 £ 0.07 0.38 £ 0.05 2.56 +0.07
Brain 0.16 +£0.03 0.49 +0.05 0.13 £0.02 0.87 £0.03
Cecum 0.14 +0.02 0.43 +£0.05 0.27 £0.05 1.79 £0.04
Epididymis 0.22 +£0.03 0.70 £0.13 0.20 £0.03 1.33 +0.09
Eye 0.20 +0.04 0.64 +£0.10 0.18 +0.02 1.26 +£0.82
Fat (neck) 0.31 +0.04 0.99 +0.11 0.34 £0.10 2.31 £0.70
Harderian gland 142 +0.15 455 £0.21 3.00 £0.95 19.32 +3.11
Heart 0.39 +£0.03 1.27 +0.09 0.19 +0.03 1.25 +0.03
Intestine contents 0.60 +0.24 1.89 +0.78 1.49 +0.47 10.01 +£2.93
Intestine wall 0.45 +0.06 143 £0.10 0.54 +0.13 3.52 +0.23
Kidney cortex 0.86 +0.14 2.74 +£0.25 0.44 +0.07 2.93 +£0.07
Kidney medulla 0.39 +£0.08 1.25 +0.17 0.26 £0.04 1.77 +0.17
Liver 0.44 +0.07 1.39 £0.13 0.45 +0.07 3.05 +£0.25
Lung 0.43 £0.05 1.38 +0.09 0.36 £0.05 240 +£0.15
Muscle 0.26 +0.03 0.81 +£0.05 0.14 +0.02 0.93 +0.07
Pancreas 0.75 £ 0.09 239 £0.19 0.89 £0.15 5.94 +£0.05
Preputial gland 1.00 +0.01 344 £0.34 118 £0.16 7.93 +0.41
Prostrate gland 0.37 £0.05 1.25 £ 0.06 0.36 £ 0.05 2.56 +0.59
Salivary gland 0.59 +0.04 1.88 +0.06 0.71 £0.14 4.71 £0.35
Seminal vesicle 0.17 £0.01 0.55 +£0.02 0.10 +£0.08 0.61 +0.17
Spinal cord 0.13 £0.01 0.42 +£0.02 0.13 £0.03 0.85 £ 0.06
Spleen 0.55 +0.06 1.76 £0.15 0.45 +0.29 2.83 +£0.36
Stomach contents 0.08 +0.02 0.25 £ 0.05 0.08 +£0.04 049 +0.17
Stomach wall 0.50 +0.05 1.61 £0.13 0.54 +0.07 3.67 £0.15
Testis 0.21 +£0.02 0.68 +0.09 0.24 +0.06 158 +0.14
Thymus 0.33 £0.00 1.07 +0.06 0.30 £0.04 2.03 £ 0.06
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TABLE 2
Region-of-interest (ROI) analysis to quantify loss of radioactivity in the whole-body sections
from freeze-drying the sections.
% ID/g values calculated from the ROIs drawn prior to drying the sections are shown on the | eft
and the approximate percent radioactivity remaining in the ROIs following drying on the right.

Data from one animal for each of the two time points.

15 min 60 min

Organ %ID/g % Remaining %ID/g % Remaining

after after

dehydration dehydration

Blood 0.31 21 % 0.11 87 %
Brain 0.15 39 % 0.09 87 %
Harderian gland 147 32% 2.24 65 %
Heart 0.34 55 % 0.14 93 %
Kidney 0.54 53 % 0.29 100 %
Liver 0.39 42 % 0.33 99 %
Muscle 0.23 43 % 0.10 87 %
Pancreas 0.61 61 % 0.68 89 %
Preputial gland 1.00 7% 1.01 19%
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TABLE 3
Quantification of the levels of radioactivity in various tissues from whole-body autoradiography
in two rats pretreated with 4-methylpyrazole.
% ID/g values calculated from the ROIs drawn in the sections prior to freeze-drying are shown
on the left and the approximate percent radioactivity remaining in the ROIs following drying and

re-imaging the sections on theright. Data are from one animal for each time point.

15 min 60 min

Organ %ID/g % Remaining %ID/g % Remaining

after after

dehydration dehydration

Blood 0.34 11% 0.26 17 %
Brain 0.27 14 % 0.17 28 %
Harderian gland 0.53 28 % 0.71 45 %
Heart 0.29 12 % 0.22 17 %
Kidney 0.45 36 % 0.37 48 %
Liver 0.36 19 % 0.34 26 %
Muscle 0.27 11% 0.22 14 %
Pancreas 0.42 24 % 0.44 41 %
Preputial gland 0.82 26 % 1.18 13%
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