
Introduction
A close relationship exists between changes in fat mass
and the regulation of insulin action (1, 2). Insulin
resistance and hyperinsulinemia are present in obese as
well as lipodystrophic individuals, suggesting that
altered adipocyte function may play a role in the regu-
lation of insulin action (1–4). Furthermore, insulin-
sensitizing drugs that target transcriptional regulation
of adipocytes also link insulin responsiveness to
adipocyte function (4, 5). It is quite likely that marked
alterations in lipid fluxes contribute to the pathophys-
iology of insulin resistance in these syndromes (6–10).
However, plasma proteins secreted by adipose tissue
may also influence insulin action in other organs.

Speculation about the potential role of Acrp30 (also
known as AdipoQ, adiponectin, apM1, and GBP28) in
energy balance is based on its discovery in plasma and
its exclusive expression in adipose tissue (11). Indeed,
circulating levels of Acrp30 are elevated during chron-
ic caloric restriction in both humans and mice (12, 13).
In contrast, low levels of Acrp30 in human plasma cor-
relate with high fasting insulin, glucose, and triglyc-
erides as well as higher degrees of obesity (12, 14–16).

Acrp30 mRNA levels in adipose tissue from obese
humans and ob/ob mice are also reduced (17). Fur-
thermore, a diabetes susceptibility locus has been
mapped to chromosome 3q27, the location of the
human Acrp30 gene (18).

Correlative evidence supporting an interaction
between circulating Acrp30 and insulin sensitivity has
recently been reported. Longitudinal studies in rhesus
monkeys revealed that plasma Acrp30 levels declined at
an early phase of obesity, and continued to decrease
after the development of type 2 diabetes (19). Interest-
ingly, in vivo insulin action was most impaired in non-
diabetic obese monkeys with the lowest levels of
Acrp30. Furthermore, in isolated human populations,
plasma levels of Acrp30 were inversely related to fast-
ing insulin levels and insulin resistance (20).

Several laboratories recently examined the effects of
Acrp30 on glucose and lipid metabolism. Berg et al.
reported that a two- to fivefold elevation in circulating
Acrp30 levels transiently reduces plasma glucose levels
in wild-type and diabetic mice (13). The glucose lower-
ing effect of Acrp30 did not coincide with a rise in
insulin; however, subphysiologic amounts of insulin
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Intraperitoneal injection of purified recombinant Acrp30 lowers glucose levels in mice. To gain
insight into the mechanism(s) of this hypoglycemic effect, purified recombinant Acrp30 was infused
in conscious mice during a pancreatic euglycemic clamp. In the presence of physiological hyperin-
sulinemia, this treatment increased circulating Acrp30 levels by approximately twofold and stimu-
lated glucose metabolism. The effect of Acrp30 on in vivo insulin action was completely accounted
for by a 65% reduction in the rate of glucose production. Similarly, glucose flux through glucose-6-
phosphatase (G6Pase) decreased with Acrp30, whereas the activity of the direct pathway of glucose-
6-phosphate biosynthesis, an index of hepatic glucose phosphorylation, increased significantly.
Acrp30 did not affect the rates of glucose uptake, glycolysis, or glycogen synthesis. These results indi-
cate that an acute increase in circulating Acrp30 levels lowers hepatic glucose production without
affecting peripheral glucose uptake. Hepatic expression of the gluconeogenic enzymes phospho-
enolpyruvate carboxykinase and G6Pase mRNAs was reduced by more than 50% following Acrp30
infusion compared with vehicle infusion. Thus, a moderate rise in circulating levels of the adipose-
derived protein Acrp30 inhibits both the expression of hepatic gluconeogenic enzymes and the rate
of endogenous glucose production.
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were required for Acrp30 to suppress glucose produc-
tion in primary hepatocytes. The glucose lowering
effect in vivo was also observed with a proteolytic frag-
ment of Acrp30 by Fruebis et al. (21). Chronic admin-
istration of Acrp30 or its proteolytic fragment
decreased body adiposity and improved glucose toler-
ance in high-fat–fed as well as lipodystrophic models
(16, 21). Finally, Acrp30 may be a target of a class of
drugs that enhances insulin sensitivity, since treatment
of db/db mice with agonists of PPAR-γ receptors
increased circulating Acrp30 levels (13, 16).

In the present study, we used the pancreatic insulin
clamp technique in conscious mice to determine
whether the acute increase in Acrp30 lowers circulating
glucose levels by increasing glucose uptake, decreasing
glucose production, or both. The results indicate that
short-term intravenous infusion of Acrp30 in the pres-
ence of modest hyperinsulinemia inhibits glucose pro-
duction without affecting glucose uptake, glycolysis, or
glycogen synthesis. Thus, suppression of hepatic glu-
cose production is the main mechanism by which
Acrp30 acutely lowers plasma glucose concentrations.
Furthermore, in vivo measurements of hepatic glucose
fluxes and Northern blot analyses point to the gluco-
neogenic enzymes phosphoenolpyruvate carboxykinase
(PEPCK) and glucose-6-phosphatase (G6Pase) as
potential molecular targets of Acrp30 in the liver.

Methods
Animals. Adult male FVB mice (30–35 g) were anes-
thetized intraperitoneally with chloral hydrate (400
mg/kg body wt) and catheterized through the right inter-
nal jugular vein as previously described (22–24). The
venous catheter was used for infusion at the same time
that blood samples were collected from the tail vein. Each
animal was monitored for food intake and weight gain
for 4–5 days after surgery, to ensure complete recovery.

Recombinant Acrp30. Acrp30 was isolated and purified
from 293-T cells stably expressing Acrp30, as previous-
ly described (13).

Measurement of Acrp30 protein levels in plasma. Plasma
Acrp30 was measured by semiquantitative Western
blotting as described (13). This analysis was possible
because Acrp30 protein abundance in both basal and
clamp plasma samples was within the linear portion of
the standard curve. Blots were analyzed with a Phos-
phorImager and quantitated with ImageQuant soft-
ware (both from Molecular Dynamics Inc., Sunnyvale,
California, USA).

Pancreatic euglycemic clamp studies. Euglycemic clamp-
ing was performed in conscious, unrestrained,
catheterized mice as previously described (22–24).
Food was removed for 5 hours before the beginning of
in vivo studies. Mice received a constant infusion of
Acrp30 (20 ng/g/body wt/min) or vehicle at 10 µl/min
for 10 minutes, after which the rate was reduced to 1
µl/min for the remainder of the experiment. The total
dose of Acrp30 was approximately 4 µg/g body wt.
Glucagon was not infused into either group during

the clamp procedure. A solution of glucose (10%) was
infused at a variable rate as required to maintain eug-
lycemia (6 mM). Mice received a constant infusion of
HPLC-purified [3-3H]glucose (0.1 mCi/min; NEN Life
Science Products, Boston, Massachusetts, USA),
insulin (5 mU/kg body wt/min), and somatostatin (5
µg/kg body wt/min). Thereafter, plasma samples were
collected to determine glucose levels (at time = 10, 20,
30, 40, 50, 60, 70, 80, and 90 minutes) and the specific
activities of [3-3H]glucose and tritiated water (at 
time = 40, 50, 60, 70, 80, and 90 minutes). Consecutive
samples were pooled for the assessment of the plasma
insulin and Acrp30 levels. Steady-state conditions for
both plasma glucose concentration and specific activ-
ity were achieved by 40 minutes in these studies. At the
end of the in vivo studies, mice were anesthetized
(intravenous pentobarbital, 60 mg/kg body wt), the
abdomen was quickly opened, portal blood was col-
lected, and each liver was freeze-clamped in situ with
aluminum tongs that were cooled in liquid nitrogen.
The time between the injection of anesthesia and the
freeze-clamping of tissue samples was less than 60 sec-
onds. Tissue samples were stored at –80°C for further
analysis. The euglycemic clamp protocol was approved
by the Institutional Animal Care and Use Committee
of the Albert Einstein College of Medicine.

Analytical procedures. Plasma glucose was measured by
the glucose oxidase method (Glucose Analyzer II; Beck-
man Instruments Inc., Fullerton, California, USA). The
rates of glycolysis were estimated as previously
described (22). Because tritium on the C-3 position of
glucose is lost to water during glycolysis, it is assumed
that plasma tritium is present in either tritiated water
or [3-3H]glucose. Radioactivity of [3-3H]glucose in plas-
ma was measured from supernatants of Ba(OH)2 and
from ZnSO4 precipitates, after each was evaporated to
dryness for the removal of tritiated water. The specific
activity of tritiated water in plasma was determined
from the total counts of the protein-free supernatant
before and after evaporation to dryness (25).

Under steady-state conditions for plasma glucose
concentration, the rate of glucose uptake equals the
rate of glucose appearance (Ra). Ra was determined by
dividing the infusion rate for [3-3H]glucose (disinte-
grations per minute) by the specific activity of plasma
[3-3H]glucose (disintegrations per minute per mg glu-
cose) under steady-state conditions. The rate of glucose
production was therefore obtained from the difference
between Ra and the rate of glucose infusion. The rate of
glycogen synthesis was estimated from the difference
between Ra and the rate of glycolysis. The percentage of
the hepatic glucose-6-phosphate pool directly derived
from plasma glucose (direct pathway) was calculated as
the ratio of liver [3-3H]UDP-glucose specific activity to
plasma [3-3H]glucose specific activity (26).

RNA preparation and Northern blot analysis. Total RNA
from liver was extracted using TRI Reagent (Molecular
Research Center Inc., Cincinnati, Ohio, USA) accord-
ing to the manufacturer’s recommendations. Northern
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blot analysis was performed as described previously.
Total RNA (30 µg) was loaded in each lane. The agarose
gel was stained with ethidium bromide to ensure equal
loading of the total RNA samples. After transfer of
RNA onto a nylon filter by capillary action, the filter
was stained with methylene blue to ensure that an
equal amount of RNA had transferred. Subclones of
murine PEPCK and G6Pase cDNA were isolated by RT
PCR using the following sense and antisense primers:
5′ PEPCK: ACCCCGAAGGCAAGAAGAAATAC; 3′ PEPCK:
GCGTCCGAACATCCACTCCAGCAC; 5′ G6Pase: GCATCT-
GTCAGTCTTATCC; and 3′ G6Pase: GTACAGTGGAGAC-
TATCTG. Radiolabeled probes were prepared by the ran-
dom primer labeling method (Life Technologies Inc.,
Gaithersburg, Maryland, USA) using [32P]dCTP (Amer-
sham Pharmacia Biotech, Piscataway, New Jersey, USA).
After high stringency hybridization and washing, the
membranes were exposed to a Storage Phosphor Screen
(Molecular Dynamics Inc.). Quantitative densitometry
was achieved by scanning laser using a PhosphorIm-
ager (Molecular Dynamics Inc.).

Statistical analysis. Data are presented as mean ± SE.
Statistical analysis was performed using an unpaired,
nonparametric Student t test. Differences were consid-
ered statistically significant at P < 0.05.

Results
General characteristics of the experimental animals. To delin-
eate the effect of increased circulating Acrp30 on
peripheral and hepatic insulin action, 12 conscious
mice were divided into two groups. One group received
a primed-constant infusion of recombinant Acrp30,
and the other received a similar infusion of vehicle.
There were no differences in the mean body weights
between the two groups of mice. Following a fast of
approximately 6 hours (postabsorptive state), the plas-
ma insulin and glucose concentrations were similar in
the two groups (Table 1).

Pancreatic euglycemic clamp studies. In order to assess the
metabolic effects of insulin in vivo, a similar modest
increase in the plasma insulin concentrations was gen-
erated, and the plasma glucose concentrations were
maintained at approximately 6 mM by a variable glu-
cose infusion. Thus, the effects of Acrp30 and vehicle
were compared in the presence of similar steady-state
insulinemia and normoglycemia (Table 1) in conscious
mice. Steady-state conditions for plasma glucose spe-
cific activity were achieved within 40 minutes during
clamp periods (Table 2). Similarly, the rate of accumu-
lation of tritiated water in the plasma compartment,
which reflects its generation from [3-3H]glucose and is
used in the calculation of the rate of glycolysis, was lin-
ear during the last 50 minutes of the clamp study. The
intravenous infusion of recombinant Acrp30 prompt-
ly raised circulating Acrp30 concentrations by approx-
imately twofold (Figure 1a).

Effect of hyperinsulinemia on glucose disposal and on the
partitioning of glucose fluxes. The effect of a similar
increase in circulating insulin concentrations on the
rates of glucose infusion and tissue glucose uptake is
displayed in Figure 1, b and c. All measurements were
performed during the final 50 minutes of the clamp
study, a time when steady-state conditions were
achieved for plasma glucose and insulin concentra-
tions, glucose specific activity, and rates of glucose
infusion. The rates of exogenous glucose infusion (Fig-
ure 1b) required to maintain the target plasma glucose
concentration during the hyperinsulinemic clamp
study were increased by 73% in Acrp30-infused mice
compared with vehicle-infused mice. However, infusion
with recombinant Acrp30 did not significantly alter the
rates of glucose uptake (27.8 ± 3.0 vs. 26.0 ± 2.1 mg/kg
body wt/min), glycolysis (23.1 ± 1.8 vs. 22.8 ± 1.9 mg/kg
body wt/min), or glycogen synthesis (4.6 ± 1.6 vs. 
3.3 ± 1.1 mg/kg body wt/min) in Acrp30 and vehicle
treatments (respective values; Figure 1c).
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Figure 1
(a) Time course of plasma Acrp30 during euglycemic clamps. Representative Western blot analysis of plasma from an Acrp30-infused mouse.
An affinity-purified, 125I-labeled rabbit anti-mouse Acrp30 antibody was used. A single band was recognized at 30 kDa that was increased
by approximately twofold (P < 0.001) from baseline (time = 0). (b) Effect of Acrp30 on the rate of glucose infusion. (c) Effect of Acrp30 on
the rates of glucose disappearance (Rd), glycolysis, and glycogen synthesis. All measurements were obtained while plasma glucose concen-
tration was maintained at approximately 6 mM under steady-state conditions. *P < 0.05 vs. vehicle.



Effect of recombinant Acrp30 infusion on hepatic glucose flux-
es. Figure 2 depicts the rate of endogenous glucose pro-
duction during the pancreatic insulin clamp procedure.
In the presence of similar plasma insulin concentrations,
glucose production was suppressed by Acrp30. In fact,
this marked improvement in the inhibition of glucose
production completely accounted for the increased rate
of glucose infusion during the clamp studies. Next, we
examined the relative contribution of plasma glucose to
the hepatic glucose-6-phosphate pool to determine the
effect of Acrp30 on liver glucose fluxes. Table 2 displays
the [3-3H]UDP-glucose and [3-3H]glucose specific activ-
ities used to calculate the contribution of plasma glucose
(Direct, Table 2) to the hepatic glucose-6-phosphate pool.
The ratio of the specific activity of 3-3H–labeled hepatic
UDP-glucose to that of portal vein plasma glucose pro-
vided an estimate of the contribution of hepatic glucose
phosphorylation (direct pathway). As shown in Table 2,
the contribution of the direct pathway to the hepatic
UDP-hexose pool measured at the end of the clamp stud-
ies was increased by 55% in mice receiving Acrp30 com-
pared with vehicle-infused mice. Data obtained on UDP-
galactose specific activity confirmed the results obtained
with UDP-glucose. These data allowed us to estimate the

in vivo fluxes through G6Pase and the rates of glucose
cycling in the two groups of mice. As shown in Figure 2,
the flux through G6Pase was decreased significantly by
Acrp30, in parallel to the effect on glucose production.
However, despite this marked decrease in overall glucose
output, the rate of glucose cycling was unchanged in
Acrp30-infused mice compared with that in vehicle-
infused mice. Thus, short-term infusion of the adipose-
derived protein Acrp30 leads to marked suppression of in
vivo G6Pase flux, whereas the direct hepatic phosphory-
lation of glucose appears to be enhanced.

Effect of recombinant Acrp30 infusion on hepatic PEPCK
and G6Pase mRNA. Based on the above flux data, we next
explored two potential molecular targets of Acrp30
action in the liver. PEPCK and G6Pase are important
determinants of hepatic glucose fluxes, and their regu-
lation by insulin involves transcriptional events. There-
fore, we assessed the effect of Acrp30 infusion on
PEPCK and G6Pase gene expression in liver harvested at
the completion of the clamp studies. Northern blot
analyses revealed a marked decrease in G6Pase (33 ± 8
and 77 ± 10 arbitrary units (AU), Acrp30 infusion and
vehicle infusion, respectively; P < 0.05) and PEPCK 
(45 ± 12 and 87 ± 15 AU, Acrp30 infusion and vehicle
infusion, respectively; P < 0.05) mRNA levels (Figure
2). Thus, the adipose-derived protein Acrp30 decreased
the hepatic expression of the gluconeogenic enzymes
PEPCK and G6Pase by 48% and 57%, respectively.

Discussion
Across species, insulin resistance is strongly linked to
obesity (1, 2). In the short-term, overfeeding rapidly
leads to impaired hepatic and then peripheral insulin
action in humans (27) and animals (28). The molecu-
lar basis for these associations remains elusive.
Increased flux of free fatty acids has been shown to rap-
idly induce hepatic and peripheral insulin resistance,
and thus may play a significant role in these forms of
insulin resistance (6–10, 29). However, it is also becom-
ing increasingly evident that adipose tissue is not just
a site of energy storage, but is also an active endocrine
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Table 1
General characteristics of mice receiving Acrp30 or vehicle before and
during euglycemic clamp studies

Group Vehicle Acrp30

n 6 6
Body wt (g) 31.9 ± 1.2 32.0 ± 1.8

Basal

Glucose (mM) 5.8 ± 0.5 5.6 ± 0.4
Insulin (µU/ml) 23 ± 3 22 ± 5

Clamp

Glucose (mM) 6.0 ± 0.3 5.9 ± 0.3
Insulin (µU/ml) 32 ± 5 31 ± 4

Mice were fasted for 6 hours prior to plasma sampling. Biochemical
parameters represent the mean ± SE.

Table 2
Specific activities of plasma glucose and hepatic substrates

Time (min) 40 50 60 70 80 90
dpm/nmol

Vehicle 48.3 ± 7.1 47.9 ± 7.5 47.5 ± 6.9 47.7 ± 6.4 45.6 ± 5.7 46.1 ± 6.3
Acrp30 48.3 ± 5.7 48.7 ± 7.9 49.6 ± 6.7 49.4 ± 5.2 44.8 ± 7.9 45.9 ± 5.9

Group [3-3H] [3-3H] [3-3H] Direct
Plasma Glc UDP-Glc UDP-Gal Glc Gal

dpm/nmol %

Vehicle 44.6 ± 4.5 7.1 ± 1.4 7.7 ± 1.6 15.5 ± 2.1 16.1 ± 1.3
Acrp30 46.7 ± 7.9 12.0 ± 3.1 13.1 ± 2.8 24.0 ± 3.2* 24.8 ± 2.9*

The time course of plasma glucose specific activity documents the achievement of steady-state conditions during the clamp procedure. The specific activity of
hepatic substrates was used to calculate the “direct pathway” at the end of the [3-3H]glucose infusions in vehicle- and Acrp30-infused mice. Glc, glucose; Gal,
galactose; Direct, percentage of the hepatic G6Pase pool derived from plasma glucose, calculated as the ratio of the specific activity of liver [3-3H]UDP-Glc or
[3-3H]UDP-Gal to that of plasma [3-3H]Glc.



organ (2). Among the numerous circulating proteins
that are derived at least partly from adipose cells, some
have potent effects on energy metabolism, intermedi-
ary metabolism, and insulin signaling (30–35). Leptin
may act as a positive modulator of insulin (30–33).
TNF-α (34)and resistin act as antagonists of insulin
action (35). The presence of severe insulin resistance in
models of lipodystrophy (4, 32, 36–38) and the ongo-
ing search into the mode of action of PPAR-γ agonists
as insulin sensitizers (5, 36, 37) lend additional support
to this “endocrine hypothesis.” In fact, lack of adipose
tissue appears to result in impaired insulin action due
at least in part to the lack of adipose-derived circulat-
ing proteins, such as leptin (4, 32, 38). Furthermore,
PPAR-γ agonists may regulate the biosynthesis and
secretion of adipose-derived proteins, including resistin
(30) and Acrp30 (13). In this regard, it is of interest that
PPAR-γ agonists are partly effective in the treatment of
obesity-linked type 2 diabetes in aP2/DTA mice whose
adipose tissue was partially eliminated by the fat-spe-
cific expression of diphtheria toxin, but are not effec-
tive in treatment of A-ZIP/F-1 mice that have a com-
plete lack of white adipose tissue (36, 37).

Two recent publications indicate that intraperitoneal
injection of either the full-length or the globular
domain of Acrp30 acutely lowers blood glucose levels
in mice (13, 21). This effect was observed within 2–4

hours of the injection. Importantly, the Acrp30-
induced decline in plasma glucose levels was not
accompanied by a significant decrease in plasma
insulin levels. Indeed, plasma insulin concentrations
were moderately increased (by 72%) in response to
globular Acrp30 fragment in one study (21). In the
other study, the plasma insulin concentration failed to
decrease despite lowering of the plasma glucose con-
centrations in response to full-length Acrp30 (13); this
study also reported an increase in plasma glucagon lev-
els. These reports indicate that circulating Acrp30
could play a role in the regulation of glucose home-
ostasis. These effects may be due to subtle alterations
in glucoregulatory hormones, to decreased rates of glu-
cose production, and/or to increased rates of glucose
uptake. Corollary experiments in ex vivo systems sug-
gested an effect of Acrp30 in the regulation of glucose
output from isolated hepatocytes (13) and in the regu-
lation of fat oxidation in isolated muscle strips and in
a muscle cell line (21).

To gain insight into mechanisms that may be respon-
sible for the blood glucose lowering effect of Acrp30,
we performed pancreatic insulin clamps in conscious
mice in combination with intravenous infusion of full-
length Acrp30 or vehicle. This experimental design was
selected in order to minimize confounding effects of
hypoglycemia and its attendant counterregulatory
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Figure 2
(a) Effect of Acrp30 on the rates of glucose production, G6Pase flux, and glucose cycling. The measurements were obtained while plasma
glucose concentration was maintained at approximately 6 mM under steady-state conditions. (b) Effect of Acrp30 on hepatic mRNA expres-
sion of PEPCK. (c) Effect of Acrp30 on G6Pase. (d) Representative Northern blots of liver samples from Acrp30-infused (first three lanes)
and vehicle-infused (last three lanes) mice.



responses on metabolic and molecular parameters.
Furthermore, the administration of somatostatin
served to prevent changes in glucoregulatory hormones
such as insulin and glucagon during the clamp proce-
dure. Although the inhibitory effect of somatostatin on
plasma glucagon levels may have restrained glucose
production, this effect was similar in both groups.
Finally, administration of glucose tracer allows one to
measure glucose fluxes in vivo. Under these conditions,
the intravenous infusion of Acrp30 rapidly reduced the
rate of glucose production, but did not alter peripher-
al glucose fluxes. The present study provides the first
in vivo evidence, to our knowledge, that an increase in
circulating Acrp30 levels markedly inhibits glucose
production in the presence of experimentally con-
trolled and physiological insulin levels. It should be
noted that while it is likely that these rapid effects of
full-length Acrp30 on hepatic glucose fluxes account
for its acute hypoglycemic action, they do not negate
additional acute or chronic effects of circulating
Acrp30 on glucoregulatory hormones, energy balance,
and lipid metabolism (16, 21).

The Acrp30 used in this study was identical to the
material isolated for the previous study by Berg et al.
(13). However, the total amount of Acrp30 infused into
each mouse in the present study was only 4 µg/g body
wt, whereas a minimum of 28 µg/g body wt was required
to lower blood glucose levels in the previous study (13).
The detectable onset of Acrp30’s metabolic effects also
appeared to be more rapid in the present study. There are
a few considerations that may help reconcile these find-
ings. First, the route and mode of administration may
play a major role. Intravenous administration as a
primed constant infusion is likely to maximize the effi-
cacy and minimize the clearance of Acrp30. Of interest,
following intraperitoneal bolus injections, the peak of
circulating Acrp30 levels occurred 1–4 hours after the
bolus, with a prolonged plateau in circulating levels
thereafter. This is consistent with slow absorption of the
protein from the peritoneal cavity into the plasma com-
partment. Overall, intravenous delivery may more close-
ly resemble Acrp30 secretion from adipose cells. Second,
the measurement of glucose output during pancreatic
clamp conditions may be a more sensitive index of the
metabolic actions of Acrp30 than its blood glucose low-
ering effects. In fact, administration of insulin sensitiz-
ers to nondiabetic animals generally results in lowering
of the plasma insulin concentrations, with minimal
changes in the plasma glucose levels. However, high lev-
els of insulin sensitizers can overwhelm the physiologi-
cal glucoregulatory responses and result in significant
lowering of plasma glucose levels. Thus, it is likely that
larger and more prolonged elevations in circulating
Acrp30 levels may be required to achieve a significant
and consistent decline in the plasma glucose concentra-
tions than are needed to suppress glucose output.

In the presence of pancreatic clamp, short-term infu-
sion of recombinant Acrp30 led to a marked suppres-
sion of endogenous glucose production in conscious

mice. To begin investigating the mechanisms by which
Acrp30 decreases the net production of glucose by the
liver, we estimated the overall rate of glucose output (in
vivo flux through G6Pase) and the relative contribution
of hepatic glucose phosphorylation to G6Pase flux. Our
assessment of G6Pase flux revealed an approximately
60% decrease with infusion of Acrp30 compared with
vehicle infusion. This decline closely paralleled that seen
in net glucose production, suggesting that inhibition of
G6Pase by Acrp30 is a likely mode of action. Of interest,
whereas the rate of glucose output was markedly
decreased in response to Acrp30 infusion, the rate of
glucose cycling was not changed. This was due to a
marked increase in the contribution of plasma glucose
to the hepatic glucose-6-phosphate pool. The latter
observation is consistent with Acrp30 preserving the in
vivo flux through glucokinase. Finally, we also assessed
the effect of Acrp30 on the hepatic expression of PEPCK
and G6Pase. Acrp30 markedly decreased levels of
G6Pase mRNA and PEPCK mRNA in the liver. While it
is likely that the rapid metabolic effects of Acrp30 are
largely due to modulation of enzymatic activity, tran-
scriptional regulation of these two key enzymes may
also contribute to its molecular mechanism of action.

The discovery of potent metabolic actions by this cir-
culating protein that is exclusively expressed in differ-
entiated adipose cells further supports the notion of
crosstalk between energy storage (adipose tissue) and
main insulin target organs such as the liver. In this
regard, it is intriguing that Acrp30 shares sequence
homology with a family of hibernation-regulated pro-
teins, hib 20, 25, and 27, which are differentially
expressed in the livers of active and hibernating ani-
mals (21). In fact, alterations in energy metabolism
during hibernation are tightly linked to dramatic
changes in insulin sensitivity and metabolism of lipid
and carbohydrate in the liver. Future studies will be
needed to delineate whether and how nutrients and
changes in energy storage regulate Acrp30 biosynthe-
sis and its circulating levels.
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