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ABSTRACT

The blood concentration of agouti-related protein (AgRP), a protein related to
hyperphagia and obesity, is increased in obese human and fasted lean subjects. Since
there is no saturable transport system at the blood-brain barrier (BBB) for circulating
AgRP to reach its CNS target, uptake of AgRP by peripheral organs might be
physiologically meaningful. Using the biologically active fragment AgRP (82-131), we
determined the pharmacokinetics of its radioactively labeled tracer after intravenous
bolus injection, and compared it with that of the vascular marker albumin. AgRP enters
peripheral organs at different influx rates, all of which were higher than into brain and
spinal cord. At 10 min after intravenous injection, the radioactivity recovered in the liver,
which had the fastest influx rate for AgRP, represented intact '’I-AgRP. The adrenal
gland had a moderately fast uptake (but the highest initial volume of distribution),
followed by the heart, lungs, and skeletal muscle. By comparison, epididymal fat, testis,
and pancreas had low permeability to AgRP. Saturation of influx was determined by co-
administration of excess unlabeled AgRP and was shown to be present in the liver and
adrenal gland. The influx rate and initial volume of distribution did not show a linear
correlation with vascular permeability or regional blood flow. AgRP uptake by the liver
and epididymal fat was significantly increased by overnight fasting whereas that by the
adrenal gland was significantly decreased in fasted mice. Thus, the differential uptake of
AgRP by peripheral organs could be a regulated process that is modulated by food

deprivation.
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INTRODUCTION

Obese humans (1) as well as fasted rats (2) and humans (3) all have increased plasma
levels of the agouti-related protein (AgRP). Obesity and its complications cause serious
health problems, but strategies to counteract excessive weight gain are limited (4). AgRP
is a powerful enhancer of food intake (5;6) and its encoding gene is implicated in obesity.
We have shown that single nucleotide polymorphisms (SNPs) of AgRP result in
decreased promoter activity or protein functionality, and that these SNPs are associated
with reduced obesity, a lower incidence of type 2 diabetes, and the prevention of late-
onset obesity in humans (7-9). AgRP is expressed in the arcuate nucleus and adrenal
gland (10;11) and is upregulated in ob/ob and db/db mice (12;13). Transgenic mice
overexpressing AgRP are hyperphagic and obese, and exhibit hyperinsulinemia, late-

onset hyperglycemia, pancreatic islet hyperplasia, and reduced corticosterone levels (14).

Most of the actions of AgRP take place in the hypothalamus, where it is an endogenous
antagonist to MCR-3 and MCR-4 receptors. In addition to the full-length protein, C-
terminal fragments are also bioactive. Intracerebroventricular injection of AgRP(82-131)
induces hyperphagia and obesity in animals (15 - 17). The same fragment increases food
intake and reduces spontaneous locomotor activity (18), and reduces energy expenditure
(19). The effect of AgRP(87-132) in reduction of food intake is mediated by its binding
to melanocortin receptors MC3R, MC4R, and MC5R, counteracting o-MSH (20). With
this evidence for the biological activity of amino acid residues in the 82-131 region of
AgRP, we used AgRP(82-131) in our study. However, it aggregates and crosses the

blood-brain barrier (BBB) only at a slow rate (21). This could explain why



intracerebroventricular AgRP is more potent than short exposure to peripheral AgRP for

stimulation of food intake and reduction of energy expenditure (22).

Nonetheless, emerging evidence indicates not only that hypothalamic AgRP contributes
to obesity, but that peripheral AgRP also plays a significant role in energy balance. Apart
from the arcuate nucleus of the hypothalamus and subthalamic nucleus, a shorter
transcript of AgRP mRNA, missing the 5’ non coding exon but still resulting in full-
length protein, is expressed in the adrenal gland, testis, kidney, and the lungs (23). AgRP
can block the action of o-MSH in the adrenal gland and fat tissue (24;25) and inhibit
ACTH-induced cortisol production in cultured bovine adrenal cells (26). After
electroporation of AgRP ¢cDNA into the leg muscle, there are increases in food intake,
body weight, and serum AgRP levels (27). The effects are likely mediated by peripheral
receptors, as MCR3 and MCR4 are present in the rat adrenal gland (28) and MC4R

expression also occurs in adult rat heart, lung, kidney, and testis (29).

On the one hand, AgRP is produced by selective organs and possibly exerts autocrine or
paracrine roles. The mRNA of AgRP in fasted mice is higher in the hypothalamus,
adrenal gland, and testis, but lower in epididymal fat (30). The changes in AgRP
expression after food deprivation could in turn affect energy balance. On the other hand,
AgRP could also be an endocrine signal since the endogenous protein is detectable in
circulating blood. AgRP plasma levels are higher in obese individuals (1) and are affected
by fasting in humans and rats (2). In our recent fasting studies in mice, there was also an

elevation in blood concentrations of AgRP protein that correlated with increased AgRP



mRNA in selective organs (30). We therefore determined whether the kinetics of
peripheral organ uptake of AgRP is related to its actions in fed and fasted states.
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I-AgRP(82-131) was used in this study because it is the commonly used form
for pharmacological assays and is biologically active. The relative stability of AgRP
during the study period enabled the measurement of the influx rate and volume of
distribution in the brain and peripheral organs. We found an important, although small,
uptake of AgRP by the brain, supporting our previous observation that AgRP can slowly
penetrate the BBB to affect CNS function. Moreover, there was high uptake of AgRP by
liver, adrenal gland, heart, lungs, and skeletal muscle. Part of the differential distribution
of blood-borne AgRP in peripheral organs was a saturable process, as seen in the liver
and adrenal gland. Of particular interest, overnight fasting caused a statistically
significant increase in the uptake of AgRP by liver and epididymal fat, and decrease in

the adrenal gland. Therefore, organ-specific uptake suggests that circulating AgRP is

physiologically important.

MATERIALS AND METHODS

Carrier-free mouse AgRP (82-131)-NH;, was purchased from Phoenix Pharmaceuticals
(Belmont, CA). The peptide was radioactively labeled with '*°I by the chloramine-T
method. In detail, 10 - 40 pg of AgRP (82-131) was incubated with 1 mCi of '*°I (Perkin
Elmer, Boston, MA) after adjusting pH to 7.4 by 0.5 M phosphate buffer. The reaction
was carried out in the presence of chloramine-T (final concentration of 0.13 mg/ml) for 1

min, and terminated by addition of sodium metabisulfite (final concentration of 0.5



mg/ml). The iodination mixture was purified by elution on a column of Sephadex G-10 to
remove free '*°I. Similarly, bovine serum albumin was radioactively labeled with "*'I by
the chloramine-T method and purified on a Sephadex G-10 column. The specific
activities of '’I-AgRP and "*'I-albumin were about 46 Ci/g and 6 Ci/g, respectively.
They were aliquoted and stored at —20 °C until use. At the time of study, the acid

precipitability of both compounds was greater than 98%.

Most studies used 8-12 week-old male C57BL/6J (C57) mice (mean weight of 24.7 g)
unless specified. The C57 mice were bred in our animal care facility. The CD1 mice were
purchased from Charles River at 4-6 weeks of age and used at least one week after
acclimation. The mice were anesthetized by intraperitoneal injection of a mixture of
ketamine /xylazine /acepromazine. The protocol was approved by the Institutional
Animal Care and Use Committee.

To determine how fast and how much '*

I-AgRP was taken up from blood, multiple-time
regression analysis (31;32) was performed. Two groups of mice were studied: those
receiving radioactively labeled tracer only and those receiving excess unlabeled AgRP (1
pg/mouse) to test the possible presence of a saturable transport system (n = 8 - 10
/group). In each group, '’I-AgRP and "*'I-albumin were injected into the exposed left
jugular vein at time O in a bolus of 100 pl of lactated Ringer’s solution containing 1%
albumin (LR/BSA). About 20,000 cpm /ul of radiotracers were injected, corresponding to

about 19 ng of 'I-AgRP and 225 ng of "*'I-albumin in each mouse, respectively. At

various time points between 1 and 30 min (resulting in the longest calculated exposure



time of more than 50 min, as explained in the description of data analysis below), blood
was obtained by transection of the carotid artery, and the mouse was decapitated 20 — 30
sec later. One mouse was used for each time point within the group. The experiment was
repeated four times, using a different group of mice each time. The following organs or
tissues were harvested and weighed: brain, spinal cord, heart, lungs, liver, spleen,
pancreas, adrenal gland, kidney, epididymal fat, soleus muscle, and testis. For the brain,
nine different regions were dissected: frontal cortex, parietal cortex, occipital cortex,
striatum, thalamus, hypothalamus, midbrain, pons/medulla, and cerebellum. The spinal
cord was divided into cervical, thoracic, and lumbar regions. The radioactivity in the
tissue and 50 pl of serum was measured in a y-counter. The tissue/serum ratio of
radioactivity was calculated for each mouse, which represented each time point. The
linear regression correlation between tissue/serum ratio and exposure time was
determined for each group. The exposure time is the integral of serum radioactivity from
time O to time t divided by the theoretical radioactivity at time t, and represents a steady-

state value if the blood concentration of '*

[-AgRP remained constant (32).

Based on established methods, the linear regression correlation between tissue uptake
from blood and the exposure time was determined by the least squares method with the
Prism 3.0 program (GraphPad, Inc., San Diego, CA). The unidirectional influx rate Ki is
reflected by the slope of this linear regression line. This indicates the influx rate and is
expressed as a mean with its standard error. The initial volume of distribution Vi reflects
the binding affinity as well as vascular space in each organ. It is first determined whether

there are differences between or among slopes, and if not, whether there are differences



between or among intercepts. More than two slopes are compared by analysis of variance
followed by Newman-Keuls range test with the standard deviation taken as the standard
error term. Because two means (the slope and the intercept) were calculated from the
data, n-1 was used as the value for sample size (33).

125

To determine the stability of “I-AgRP in-vivo, mice received an intravenous injection of

1. AgRP in LR/BSA at time 0, and were decapitated 10 min after arterial blood was
collected. Reversed-phase high performance liquid chromatography (HPLC) was
performed on serum and the supernatant of tissue homogenates after they were passed
through 0.4 pm syringe filters. The mobile phase was acetonitrile with 0.1%
trifluoroacetic acid, and a linear gradient of 10% to 100% over 30 min was used. The

elution position of intact '**

I-AgRP correlated with the fractions of the stock solution and
was confirmed by greater than 95% acid precipitability with 15% trichloroacetic acid. To
correct for ex-vivo degradation during sample collection and tissue homogenization, a

125

processing control was prepared in parallel by addition of "“"I-AgRP to the test tubes.

125
To assess the actual amount of

[-AgRP taken up by parenchyma as compared with that
trapped in the vasculature, the capillary depletion procedure was performed on samples
collected 10 min after intravenous injection of '*I-AgRP and *'I-albumin. One group of
mice (n = 4) was decapitated immediately after blood was collected from the abdominal
aorta whereas another group of mice (n = 5) received 25 ml of lactated Ringer’s solution

by intracardial perfusion during the time between blood collection and decapitation. The

cerebral cortex from each individual mouse was dissected, weighed, and homogenized in



0.7 ml of capillary buffer (34). The homogenate was mixed thoroughly with 1.7 ml of
26% dextran and centrifuged at 6500 g for 30 min in a swing bucket rotor. The resultant
pellet (capillaries) and supernatant (brain parenchyma) were carefully separated, and their
radioactivity was measured by a dual-channel program in the y-counter. The tissue/serum
ratio of radioactivity for '*’I-AgRP and "*'I-albumin was calculated independently. One-

way analysis of variance was performed between the groups.

In the fasting studies, the control mice were fed a low fat chow diet (12.1 kcal %fat,
mouse Labdiet #5001, Purina Mills, St. Louis, MO) after weaning. The mice were kept
on a 12/12 h light cycle (lights on 6 am and off 6 pm). Overnight fasting (17 h) was
achieved by food removal at 5 pm on the day before transport measurement, and injection
of the radioactive tracer injection was started at 11 am immediately after anesthesia. In
the single-time uptake study with C57 mice, each mouse received '*’I-AgRP in 100 pl of
LR/BSA at time 0 and was decapitated 10 min after arterial blood was collected. Brain,
heart, lungs, liver, pancreas, adrenal gland, epididymal fat, soleus muscle, and testis were
collected and weighed. The mean and standard error of tissue/serum radioactivity were
obtained, and one-way analysis of variance was performed. In the multiple-time

'ZI_AgRP was given at time 0, groups of mice were

regression analysis on CD1 mice,
decapitated at various time points between 1 and 20 min, as specified above, and final

analysis was performed by the least squares method with the GraphPad program.

RESULTS

1. Tissue uptake of '*I-AgRP showed large differences among organs



The decay of radioactivity in serum fit a one-phase exponential decay model; the influx

rates were 0.117 + 0.047 for the group with '*I-AgRP only and 0.093 + 0.025 for the

group with additional unlabeled AgRP at 1 pg/mouse. The half-lives of '’I-AgRP were

5.9 min and 7.4 min, respectively. Since the regression correlation between the tissue

uptake from blood and the calculated exposure time was linear within 30 min actual time

of iv injection, we chose this period to conduct most of the kinetics studies, with the

resulting calculated exposure time extending over 50 min. Table 1 lists the

pharmacokinetic parameters (Ki and Vi) in different regions for both AgRP and the

vascular control albumin.

Table 1. Tissue-specific uptake of '*’I-AgRP as compared with the paracellular
permeability marker "*'I-albumin.

Region AgRP Ki AgRP Vi Albumin Ki Albumin Vi
(ul/g-min) (ulrg) (ul/g-min) (ulrg)

Brain 0.141 £0.025 12.55 £1.00 0.023 +£0.029 8.16 £0.48
Frontal lobe 0.047 £0.040 11.88 £0.95 0.025 +£0.034 8.22 £0.55
Parietal lobe 0.194 £0.052 8.34 £1.34 0.061 +0.044 591 £0.71
Occipital lobe 0.497 £0.105 7.65 £2.56 0.077 £0.149 9.43 +2.43
Striatum 0.306 £0.070 11.71 £1.42 -0.057 £0.028 7.05 £0.46
Thalamus 0.218 £0.153 14.73 £3.15 0.011 £0.027 6.35 £0.43
Hypothalamus 0.118 £0.038 13.46 £0.89 0.004 £0.053 7.36 £0.86
Midbrain 0.037 £0.076 13.86 £1.69 0.114 £0.089 8.34 £1.45
Pons/medulla -0.003 £0.078 18.42 £1.86 0.007 £ 0.060 10.83 £0.986
Cerebellum 0.078 £0.076 16.04 £1.82 -0.046 £0.055 10.94 £0.89
Spinal cord 0.258 £0.042 11.20 £1.00 0.057 £0.038 6.59 £0.62
Cervical 0.40 £0.09 14.12 £2.34 0.093 £0.070 8.62 +1.14
Thoracic 0.18 £0.06 7.01 £1.49 0.022 £0.054 5.13 £0.88
Lumbar 0.15 £0.11 12.73 £2.68 0.035 £0.073 7.31 £1.18
Liver 59.79 £4.27 539.3 £97.19 1.093 £0.208 58.99 +3.40
Adrenal gland 12.69 +£1.48 655.0 £35.50 0.513 £1.439 173.3 £23.46
Heart 7.24 £3.04 164.4 £72.78 1.019 *1.446 104.4 +£23.57
Lungs 571 £2.22 205.3 £53.24 0.358 £0.529 73.59 +8.63
Muscle 3.56 £0.84 69.55 £20.21 0.376 £0.294 14.92 £4.79
Epididymal fat 1.00 £0.29 19.41 £7.02 0.086 +0.039 2.84 +0.63
Testis 093 £0.15 11.82 £3.50 0.303 £0.058 4.50 £0.94
Pancreas 0.71 £0.81 126.0 £19.3 0.044 £0.112 10.18 +1.83
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Figure 1 shows that liver had the fastest entry of '*

I-AgRP, with an influx rate Ki of
59.79 + 4.27 pl/g-min and an initial volume of distribution of 539.3 + 97.2 pl/g.
GraphPad Prism 3.0 program was used to determine the difference between the Ki of the
two groups with or without addition of excess unlabeled AgRP at a dose usually effective
in inhibiting saturable transport across the BBB (35). There was a significant effect of

excess unlabeled AgRP [F(1, 14) = 6.1, p < 0.05]. Such an inhibitory effect suggests that

the influx of AgRP from blood to liver was a saturable process.

The adrenal gland had the second highest influx rate (12.69 =+ 1.48 pl/g-min), but this
was seven-fold lower than that of the liver. The adrenal gland, however, had the highest
initial volume of distribution (655.0 £+ 35.50 ul/g). Excess unlabeled AgRP significantly
decreased the influx rate [F(1,11) = 28.0, p < 0.001] (Fig.2). The differential uptake of

AgRP in various organs is shown in Table 1.

By contrast, the total brain had the lowest influx of '*I-AgRP (Ki = 0.14 + 0.02 pl/g-
min), which is still significantly higher than that of "*'I-albumin (Ki = 0.02 + 0.03 pl/g-
min, a non-significant entry). Excess unlabeled AgRP did not show acute modulation of

the influx rate of '*

I-AgRP to the whole brain, as seen in Figure 3. The experiment was
repeated an additional three times with either the same or higher doses (2 and 5
ug/mouse) of unlabeled competitor. Addition of excess unlabeled AgRP did not affect the

minimal influx of "*'I-albumin, indicating that it did not change the vascular space or

alter general vascular permeability. We also noted that specific brain regions

11



(hypothalamus and striatum) appeared to have saturable influx of '*’I-AgRP and are

further investigating this with multiple approaches.

2. AgRP was relatively stable even in liver 10 min after intravenous delivery

Figure 4 is a chromatograph of radioactivity in liver homogenate obtained 10 min after
intravenous injection of '*’I-AgRP. This correlates with that of the '*’I-AgRP stock
solution (inset). The major peak (fractions 18 — 24) correlated with intact 125I-AgRP from
the stock solution and had an acid precipitability of 98%. This accounted for 83% of the
1257

radioactivity recovered in the liver. The minor peak (fraction 2) correlated with free

that was not acid precipitable and accounted for 3.6% of the total radioactivity recovered.

3. Compartmental distribution showed that significantly more 125I-AgRP entered
brain parenchyma than did B albumin (Fig.5)
Capillary depletion studies were performed on samples from mice 10 min after

'Z1_AgRP. At this time, there was a moderate uptake of '*’I-

intravenous injection of
AgRP into the brain (12.60 + 0.78 pl/g), higher than '*I-AgRP retained in the cerebral
vasculature (3.91 + 0.81 pl/g). Nonetheless, after cardiac perfusion over 50% of the total
amount of AgRP in the perfused brain (5.67 + 0.42 pl/g) was present in the parenchymal
fraction (3.00 + 0.18 pl/g). This is significantly (p < 0.001) higher than the minimal entry
of *'I-albumin (0.41 + 0.05 pl/g). Since brain is the organ with the least influx of AgRP

in the presence of the BBB, it is conceivable that larger amounts of '“I-AgRP have

entered the parenchyma of peripheral organs.

12



4. Fasting selectively caused a significant increase of 125I-AgRP uptake by
epididymal fat and liver and a decrease in the adrenal gland

125

Similar to what was seen in the differential influx of “~I-AgRP in various organs over

time, the uptake of '*

I-AgRP at 10 min after intravenous delivery had great variation
from organ to organ. This was seen in both fed and fasted mice. In mice fed a normal
diet, the liver had the highest volume of distribution (1619.9 + 59.9 ul/g). In the fasted
group, the volume of distribution of '*’I-AgRP in the liver was 2076.8 + 76.7 ul/g. These
values were not corrected for those of albumin. The difference between the two groups
was significant [F(1,7) = 22.8, p < 0.005]. Similarly, epididymal fat had a volume of
distribution of 37.0 £ 1.7 pl/g in the fed mice and 57.8 + 7.2 pl/g in the fasted mice. The
difference between the two groups was also significant [F(1,7) = 9.9, p <0.05].

By contrast to the increased uptake of '*

I-AgRP in liver and epididymal fat after
overnight fasting, the adrenal gland had a significant reduction (p < 0.05) of the volume
of distribution of '*I-AgRP, from 1068.8 + 95.4 pl/g to 797.7 + 59.1 pl/g. The rest of the

organs tested (brain, muscle, testis, pancreas, lungs, and heart) showed no significant

changes in the volume of distribution of '*’I-AgRP after fasting (Fig.6).

To confirm the findings obtained from the C57 mice, a further experiment in CD1 mice
was performed with a multiple-time regression analysis design. Figure 7A shows that the
Ki in the liver was 53.77 + 8.87 nl/g-min and 80.52 £ 7.82 ul/g-min in the fed and fasted
groups, respectively, and their corresponding initial volume of distribution was 356.9 +

112.5 ul/g and 451.6 £ 122.4 ul/g. The difference between the Ki values was significant

13



[F(1,14) = 5.1, p < 0.05]. The epididymal fat had a significant increase in the Vi [F(1,15)
= 7.3, p < 0.05] as shown in Fig.7B. By contrast, the adrenal gland had a significant
decrease in the Vi [F(1,15) = 7.3, p < 0.05] (Fig.7C). The results are consistent with those

seen in the single-time uptake studies above.

DISCUSSION

Our previous study showed that human '*’I-AgRP aggregates in blood and permeates the
BBB slowly (21). There was no saturable influx or efflux transport system for the brain.
Supported by accumulating evidence that peripheral AgRP could be involved in
important physiological functions, and that endogenous AgRP protein is detectable in the
blood circulation, we further determined the kinetics of mouse AgRP influx from blood
to tissue. In addition, we showed that AgRP was selectively taken up by various organs in

the mouse and this uptake was further modulated by fasting.

Since the full-length AgRP is not currently available commercially, we used a bioactive
C-terminal fragment. Although its pharmacokinetic profile might differ slightly from that
of full-length AgRP, it binds to the same receptors and its Ki and Vi should reflect the
specific uptake of AgRP which is present in the blood circulation physiologically. We

first determined the pattern of serum disappearance after an intravenous bolus injection of

I21_AgRP. The kinetics fit a one-phase exponential decay model, indicating that there

125
f

was no significant redistribution o I-AgRP in peripheral organs during the study

period. The serum half-life was comparable to that of some large proteins we have

125

studied (36). This is consistent with reports that “"I-AgRP can polymerize in blood (21),

14



and that endogenous AgRP in the rat can be detected by HPLC and ion-exchange

chromatography (37). Since '*°

I-AgRP (82-131) was relatively stable in blood and tissue
and the influx was linear within the first 30 min, we were able to calculate the Ki and Vi

by standard methods established by us and others over the past two decades (31;32;38).

Of all the tissues tested, liver had the fastest influx rate of AgRP(82-131) and the adrenal
gland had the highest initial volume of distribution. The capillaries in the liver are

fenestrated and this can explain the high permeability to both '*

[-AgRP and the vascular
space marker "*'I-albumin. Even though the liver is the main organ of degradation
because of its large supply of enzymes, HPLC showed that the radioactivity in liver

homogenate mainly represented intact '*

I-AgRP, even 10 min after intravenous
injection. Therefore, the high uptake of AgRP by the liver was explained by its
permeation rather than by accumulation of degraded peptide. The distribution of mRNA
for AgRP (25) and melanocortin receptors (24;39) have been mapped in chicken. Both
AgRP and MC4R are highly expressed in the liver. These results suggest that the
selective uptake of AgRP(82-131) by the liver is probably mediated by the melanocortin

receptors.

The adrenal gland and fat tissue also express high levels of melanocortin receptors (39).
The adrenal gland had the highest volume of distribution despite a moderately high influx
rate; this is probably related to the abundant binding sites of '*’I-AgRP in this organ. The
adrenal gland is a major site of AgRP production and action (30). MC3R and MC4R

expression has been shown in the rat adrenal gland (28) and MC4R expression in rat

15



heart, lungs, kidney, and testis (29). Further evidence that the specific uptake is
independent of vascular permeability and vascular space was shown by the lack of
correlation between the Ki and regional blood flow (40;41).

Consistent with our previous study with the human AgRP fragment in mice (21), murine
AgRP (82-131)-NH; had very limited entry into brain parenchyma. Capillary depletion
studies in the cerebral cortex after removal of residual radioactivity in the vascular bed
showed that about 50% of '*’I-AgRP in the brain actually entered parenchyma at 10 min.
This limited uptake was not mediated by a specific transport system to the whole brain as
shown by the lack of effect of excess unlabeled AgRP. This indicates that high
concentrations of circulating AgRP may have a better chance of permeating the BBB
than if a saturable system limited access to the CNS by the constraints of a ceiling effect.

Having observed the differential uptake of '*

I-AgRP in various organs, we further
examined the changes after overnight fasting. The minimal uptake in the whole brain was
not affected by food withdrawal; however both epididymal fat and liver had a
significantly higher uptake when compared with these organs in the fed mice. By
contrast, the adrenal gland had a significant decrease in the uptake of '*I-AgRP 10 min
after intravenous injection. We propose that the changes in the saturable entry of '*’I-
AgRP, seen in the liver and adrenal gland, were related to fasting-induced metabolic
changes in these organs. In support of this possibility, we have shown that fasting
increases mRNA expression of AgRP in hypothalamus and adrenal gland, but decreases

AgRP mRNA in epididymal fat (30). Therefore, fasting-modulated endogenous AgRP

expression in the organs could directly affect the pharmacokinetics of blood-borne AgRP.
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To summarize, we used AgRP(82-131), a bioactive fragment commonly used in
pharmacological studies, to determine the tissue-specific influx from blood where AgRP
can be detected in physiological conditions. We found that peripheral organs had
selective uptake of AgRP(82-131) at different rates, and that the influx was fastest in the
liver, followed by adrenal gland, then heart, lungs, and skeletal muscle. There was
saturation of the influx in the liver and adrenal gland at the dose tested. Such specificity
coincided with organ-selective changes of AgRP uptake after overnight fasting. Tissue
specificity was further reflected by the significant increase of AgRP uptake by liver and
epididymal fat and significant decrease by the adrenal gland. Therefore, although single
bolus peripheral AgRP may not exert a potent acute effect on food intake and energy
expenditure as centrally administered AgRP does (18;22;42), it could still play important

regulatory roles in situations such as food deprivation.
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FIGURE LEGENDS

125

Fig.1 The liver had the most rapid influx rate of “"I-AgRP. Inclusion of 1 pg/mouse

of excess AgRP caused a significant decrease in the Ki (p < 0.05).

Fig.2 12I_AgRP was taken up rapidly by the adrenal gland. Excess unlabeled AgRP

caused a significant inhibition of the influx [F(1,11) = 28.0, p <0.001].

Fig.3 The influx of '*I-AgRP into the brain was significantly higher than that of

albumin but it was not inhibitable by excess unlabeled AgRP.

Fig.4. HPLC profile of the supernatant from liver homogenate 10 min after iv

125

injection of '*’I-AgRP. The major peak correlated with that of the intact '*’I-AgRP in the

stock solution (shown in inset).

Fig.5 At 10 min after iv injection, substantial amount of '*I-AgRP entered brain
parenchyma and accounted for over 50% of radiotracer in the perfused brain.

Fig.6 After overnight fasting, the uptake of '*

[-AgRP (10 min after iv injection)
was significantly higher in the liver and epididymal fat, and lower in the adrenal gland,

when the fasted mice (n = 4) were compared with the fed mice (n = 5).

Fig.7A Overnight fasting significantly increased the Ki of '*I-AgRP into the liver

[F(1,14)=5.1, p < 0.05].
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Fig.7B The Vi of '"I-AgRP in epididymal fat was significantly increased by
g g p1ididy

overnight fasting [F(1,15) = 7.3, p < 0.05] although the Ki was not changed.

Fig.7C The Vi of '®I-AgRP in the adrenal gland was significantly decreased by
g g

fasting [F(1,15) = 7.3, p < 0.05] although there was no change in Ki.
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Fig.1 The liver had the most rapid influx rate of 125l-AgF&P. Inclusion

of 1 ug/mouse of excess AgRP caused a significant decrease in the
Ki (p < 0.05).
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Fig.2. 125!-}'—‘«gRP was taken up rapidly by the adrenal gland. Excess
unlabeled AgRP caused a significant inhibition of the influx [F(1,11) =
28.0, p < 0.001].
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Fig.3 The influx of 125|-AQRP into the brain was significantly higher
than that of albumin but it was not inhibitable by excess unlabeled
AgRP.
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Fig.4. HPLC profile of the supernatant from liver homogenate 10
min after iv injection of 2°|-AgRP. The major peak correlated with
that of the intact 125I-;*‘l\gRP in the stock solution (shown in inset).
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Fig.5. At 10 min after iv injection, substantial

amount of 125I-AgRF’ entered brain parenchyma
and accounted for over 50% of radiotracer in the
perfused brain.
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Fig.6. After overnight fasting, the uptake of 125I-AgRF’ (10 min after iv
injection) was significantly higher in the liver and epididymus fat, and
lower in the adrenal gland, when the fasted mice (n = 4) were compared
with the fed mice (n = 5).
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Fig.7A.  Overnight fasting significantly increased the Ki of
125_AgRP into the liver [F(1,14) = 5.1, p < 0.05].
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Fig.7B.  The Vi of '?°I-AgRP in epididymal fat was
significantly increased by overnight fasting [F(1,15) = 7.3, p <
0.05] although the Ki was not changed.
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Fig.7C. The Vi of '?°I-AgRP in the adrenal gland was
significantly decreased by fasting [F(1,15) = 7.3, p < 0.05]
although there was no change in Ki.

30



