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Abstract

Objective—This study investigated whether arginase contributes to endothelial dysfunction and
hypertension in obese rats.

Design and Methods—Endothelial function and arginase expression were examined in skeletal
muscle arterioles from lean and obese Zucker rats (ZR). Arginase activity, arginine bioavailability,
and blood pressure were measured in lean and obese animals.

Results—Arginase activity and expression was increased while global arginine bioavailability
decreased in obese ZR. Acetylcholine or luminal flow caused dilation of isolated skeletal muscle
arterioles but this was reduced or absent in vessels from obese ZR. Treatment of arterioles with a
nitric oxide synthase inhibitor blocked dilation in lean arterioles and eliminated differences among
lean and obese vessels. In contrast, arginase inhibitors or L-arginine enhanced vasodilation in
obese ZR and abolished differences between lean and obese animals, while D-arginine had no
effect. Finally, mean arterial blood pressure was significantly increased in obese ZR. However,
administration of L-arginine or arginase inhibitors lowered blood pressure in obese, but not lean
animals, and this was associated with an improvement in systemic arginine bioavailability.

Conclusions—Arginase promotes endothelial dysfunction and hypertension in obesity by
reducing arginine bioavailability. Therapeutic approaches targeting arginase represent a promising
approach in treating obesity-related vascular disease.
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Introduction

Methods

Materials

Obesity is a major public health problem affecting more than 30% of the adult population in
the United States. Obesity is the principal causative factor in the occurrence of insulin
resistance and type 2 diabetes, and is an independent risk factor for the development of
cardiovascular disease, including hypertension.? It is estimated that at least 75% of the
incidence of hypertension is related directly to obesity, and that the combination of obesity
and hypertension is a major contributor to cardiovascular morbidity and mortality.3 While a
number of pathogenic factors have been implicated in obesity-associated hypertension,
endothelial dysfunction characterized by decreased bioavailability of nitric oxide (NO) and
impaired endothelium-dependent vasodilation is a key component that links obesity to the
rise in total peripheral resistance noted in obese hypertensive patients.# Endothelial
dysfunction, including blunted NO-dependent vasodilator responses, has been documented
in obese subjects and animals.® In this respect, the obese Zucker rat (ZR) is a well-
established genetic model of obesity that has been extensively used to characterize vascular
abnormalities associated with excessive weight gain.® Due to a non-functional leptin
receptor and consequent hyperphagia, homozygous (fa/fa) ZR develop characteristic
features associated with human obesity, including hyperlipidemia, insulin resistance, and
hypertension.®:” Moreover, obese ZR exhibit pronounced impairment in NO-dependent
arteriolar vasodilation that encompasses multiple vascular beds, including skeletal
muscle.>8:9

Although many factors can trigger endothelial dysfunction, recent work has identified
arginase as a potent inducer of endothelial malfunction. Arginase is the central enzyme of
the urea cycle that metabolizes arginine to ornithine and urea. Two distinct isoforms of
arginase, arginase | and Il, exist that display different tissue distribution and subcellular
localization but similar enzymatic properties.1%11 Significantly, arginase can provoke
endothelial dysfunction by competing with endothelial NO synthase (eNOS) for substrate,
arginine, resulting in arginine deficiency and impaired NO synthesis.1%-12 Interestingly,
studies from our laboratory and others found that arginase contributes to endothelial
dysfunction in various pathological states, including diabetes, atherosclerosis, aging,
hemorrhagic shock, and hypertension.seé 10-12

Despite intensive investigations, the mechanisms by which obesity promotes hypertension
are not completely known. Moreover, while the importance of endothelial dysfunction in
contributing to high blood pressure in obesity is well appreciated, no effective therapeutic
strategies are currently available to prevent abnormalities of resistance arteries in obese
individuals. Given the recent emergence of arginase as a key driver of arginine catabolism,
the present study investigated whether arginase contributes to systemic arginine
bioavailability, endothelial dysfunction, and hypertension in obese ZR.

Arginine, heparin, acetylcholine, and N®-nitro-L-arginine methyl ester (L-NAME) were
from Sigma (St. Louis, MO); N®-hydroxy-nor-L-arginine (OHNA) and S-(2-boronoethyl)-
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L-cysteine (BEC) were purchased from EMD Biosciences (San Diego, CA); L-
[guanido-14CJarginine (52 mCi/mmol) was from Amersham (Arlington Heights, IL). All
other reagents were from Fisher Scientific (Houston, TX).

Male obese (fa/fa) and lean (Fa/?) ZR were obtained from Harlan (Indianapolis, IN) and
used for experiments between 12-14 weeks of age. Animals were housed under controlled
temperature and humidity, with ad libitum access to tap water and standard rodent chow
(Harlan Teklad, Madison, WI1). All experimental procedures were approved by the
institutional animal care and use committee and conform to the Guide for the Care and Use
of Laboratory Animals published by the US National Institutes of Health (NIH Publication
No. 85-23, revised 1996).

Blood Chemistry and Tissue Collection

Rats were weighed, anesthetized with isoflurane, and femoral arterial catheters implanted for
blood collection and determination of blood glucose (Accu-Check Compact, Roche
Diagnostics, Indianapolis, IN) and lipid profile (Cardio-Check PA analyzer, QAS, Orlando,
FL). Additional blood was collected in tubes containing EDTA and plasma obtained by
centrifugation. Plasma levels of specific proteins were determined using commercial ELISA
kits for insulin (Cayman Chemical, Ann Arbor, MI), tumor necrosis factor-a (TNFa)
(Thermo Scientific, Waltham, MA), and oxidized low-density lipoprotein (oxLDL)
(Mercodia, Winston Salem, NC). Circulating levels of amino acids were quantified by ion
exchange chromatography (Molecular Genetics Laboratory at Baylor College of Medicine,
Houston, TX). Global arginine bioavailability, which is a more sensitive indicator of
disturbances in arginine metabolism than levels of individual amino acids, was calculated as
the ratio of plasma arginine to the sum of plasma ornithine plus citrulline.1314 Following
blood collection, animals were heparinized (1000U/kg, iv) and the thoracic aorta and gracilis
anticus muscles removed.

Arginase Assay

Vascular arginase activity was determined by measuring the formation of [14CJurea from L-
[guanido-14CJarginine, as we previously described.1® For plasma arginase measurement,
plasma samples were depleted of urea using Centricon YMZ10 filters (Amicon Inc, Beverly,
MA) and subsequent urea formation from exogenously applied arginine determined by
absorption spectroscopy, using a commercially available kit (QuantiChrom™ Arginase
Assay Kit, BioAssay Systems, Hayward, CA).

Arginase and eNOS expression

Arginase expression was monitored by quantitative real-time PCR. Total RNA was
extracted using TRIzol reagent and reverse transcribed to cDNA using iScript cDNA
synthesis kits (Bio-Rad, Hercules, CA). Quantitative real-time PCR was carried out using
SYBR Green Supermix (Bio-Rad, Hercules, CA) in a SYBR Green Cylcer iQ™ 5 RT-PCR
detection system as previously described.1518 Transcript levels were quantified using the
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AACT method using 18 S rRNA as a control, and presented as fold increase over tissues

from non-obese animals.

Arteriolar Endothelial Function

First-order gracilis arterioles were isolated from the hindlimb of rats and cannulated at both
ends with glass micropipets in a vessel chamber (Living Systems Instrumentation,
Burlington, VT). The chamber was continuously perfused with Krebs buffer (in mM; 118.5
NaCl, 4.7 KCl, 1.4 CaCly, 1.2 KH,POy, 1.1 MgSOy, 25.0 NaHCO3, and 11.1 dextrose)
gassed with 14% O, and 5% CO,, balanced with N5, in a non-circulating system. For
internal diameter measurements, the vessel chamber was mounted on an inverted
microscope fitted with a video camera that was connected to a computer equipped with
video dimensioning software (ImagePro Express, Media Cybernetics).

For acetylcholine experiments, the proximal micropipette was connected to a pressure servo-
controller and the distal micropipette to a closed stopcock to achieve and maintain 80 mmHg
constant luminal pressure with no flow. Following a one hour stabilization period, drugs
were added to the superfusion buffer 20 minutes prior to the administration of acetylcholine.
Increasing concentrations of acetylcholine were added to the superfusion buffer and internal
diameter recorded for each concentration of acetylcholine. For flow experiments, both the
proximal and distal micropipettes were connected to pressure servo controllers and an inline
microflowmeter (Living Systems Instrumentation). Drugs were included in the luminal
buffer. Proximal and distal pressures were adjusted equally in opposite directions to
maintain midline pressure at 80 mmHg and establish graded levels of luminal flow.

Blood Pressure Measurements in Awake Animals

Animals were anesthetized with isoflurane and fitted with femoral arterial catheters.9
Following a three-day recovery interval, inline blood pressure was measured daily using a
pressure transducer coupled to a polygraph system (Biopac Systems, Santa Clara, CA).
Animals received a continuous infusion of the arginase inhibitor BEC (55.6ug/hour, ip) or
isotonic saline via osmotic pumps (ALZA Corporation, Palo Alto, CA) for 6 days.
Alternatively, other animals were treated with OHNA (50 mg/kg, ip) or received L-arginine
(10 g/L) in the drinking water for 6 days.

Data Analysis

Results

Results are expressed as the means + SEM. Statistical differences between groups were
evaluated with a Student’s two-tailed t-test or by ANOVA with the Tukey post hoc test
when more than two treatment regimens were compared. A value of P < 0.05 was
considered statistically significant.

Baseline body weight and metabolic parameters of lean and obese ZR are summarized in
Table 1. Body weight and circulating levels of cholesterol, triglycerides, glucose, insulin,
TNFa, and oxLDL were significantly increased in obese ZR relative to lean animals.
Vascular arginase activity was also elevated in obese ZR and this was paralleled by a
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significant increase in the expression of both arginase | and II mMRNA in gracilis muscle
arterioles without any change in eNOS expression (Figures 1A and B). A greater than three-
fold increase in plasma arginase activity was also detected in obese ZR (Figure 1C).

Endothelial function was severely compromised in obese animals. Administration of the
endothelium-dependent vasodilator acetylcholine stimulated a concentration-dependent
increase in the diameter of skeletal muscle arterioles isolated from lean ZR (Figure 2A).
Acetylcholine also induced a dose-dependent dilation in arterioles from obese ZR but the
increase in vessel wall diameter was significantly attenuated compared to arterioles isolated
from lean animals. Inhibition of NOS with L-NAME markedly decreased acetylcholine-
mediated vasodilation in lean animals while it minimally altered the response in obese
animals (Figure 2B). Furthermore, L-NAME eliminated the difference in acetylcholine-
mediated dilation between lean and obese arterioles. Since arginase expression is elevated in
gracilis muscle arterioles of obese animals, we determined whether arginase was responsible
for impairing endothelial function in these animals. Pretreatment of blood vessels with the
arginase inhibitors, BEC or OHNA, enhanced the response of obese arterioles to
acetylcholine and abolished the difference between obese and lean vessels (Figure 2A).
Similarly, addition of the arginase and eNOS substrate, L-arginine, to the superfusion buffer
abrogated differences in acetylcholine-mediated vasodilation between lean and obese rats
(Figure 2C). In contrast, D-arginine, which is not a substrate for either enzyme, failed to
normalize acetylcholine-mediated responses between the two groups of animals (Figure 2D).

Endothelial function was also examined in response to a receptor-independent stimulus,
fluid flow. Step-wise increases in luminal flow resulted in dilation of arterioles isolated from
lean ZR but not in arterioles from obese ZR (Figure 3A). Pretreatment of vessels with L-
NAME prevented flow-mediated vasodilation in arterioles isolated from lean animals
demonstrating that the dilator response to flow is strictly dependent on NOS activity (Figure
3B). In addition, pretreatment of arterioles with the arginase inhibitors, BEC or OHNA,
restored flow-induced dilation in obese arterioles and abolished the difference between lean
and obese vessels (Figure 3A). Furthermore, acute in vitro pretreatment of blood vessels
with L-arginine reestablished flow-induced dilation in obese arterioles and nullified the
difference in vasodilation between the two groups of animals (Figure 3C). However, D-
arginine failed to restore flow-induced dilation in obese arterioles (Figure 3D).

Since plasma arginase activity was elevated in obese ZR, we examined whether arginine
bioavailability was altered in these animals. Indeed, there was a striking 30% decline in
plasma arginine concentration and a corresponding rise in the arginase product, ornithine
(Figure 4A). Significant increases in citrulline, the branched chain amino acids, (leucine,
isoleucine, and valine), and the aromatic amino acids phenylalanine and tyrosine were also
detected in the plasma of obese rats. However, the plasma concentration of other essential
amino acids (histidine, lysine, methionine, and threonine) was unchanged in obese animals.
Furthermore, global arginine bioavailability was reduced by approximately 50% in obese
ZR (Figure 4B). We attempted to normalize systemic arginine bioavailability in obese ZR
by administering L-arginine in the drinking water. Following 6 days of L-arginine
supplementation, global arginine bioavailability was increased in obese and lean ZR but
levels in obese rats remained significantly lower than that observed in lean animals (Figures
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4B). Similarly, chronic delivery of the arginase inhibitor BEC for 6 days elevated global
arginine bioavailability in both obese and lean animals; however, bioavailability remained
significantly lower in obese rats (Figure 4B).

Notably, administration of L-arginine or BEC normalized blood pressure in obese animals.
Mean arterial blood pressure was significantly elevated in obese ZR and L-arginine or BEC
evoked a significant drop in blood pressure after two days of treatment and this decrease in
blood pressure was sustained for 6 days (Figures 5A and C). Likewise, treatment of obese
ZR with OHNA for 6 days reduced blood pressure in these animals (Figure 5E). In contrast,
L-arginine, BEC, or OHNA had no effect on arterial blood pressure in normotensive lean
ZR (Figures 5B, D and E). Furthermore, treatment of obese or lean ZR with L-arginine or
BEC had no significant effect on animal weight and circulating levels of cholesterol,
glucose, triglyceride, and insulin (Table 2).

Discussion

The present study demonstrates that arginase plays a fundamental role in promoting
endothelial dysfunction and hypertension in obesity. We found that arginase activity is
increased in blood vessels and plasma of obese ZR and this is associated with a significant
decline in plasma arginine and global arginine bioavailability. We also discovered that
skeletal muscle arteriolar endothelial function is compromised in obese ZR and that acute
pretreatment of isolated blood vessels with L-arginine or arginase inhibitors restore
endothelium-dependent vasodilator responses in obese animals. Moreover, we demonstrated
that chronic administration of L-arginine or an arginase inhibitor improves systemic arginine
bioavailability and normalizes blood pressure in hypertensive obese ZR. These findings
indicate that arginase contributes to endothelial dysfunction and hypertension in obese ZR
by restricting arginine availability.

The obese ZR is a well established genetic model of obesity that exhibits many of the
metabolic abnormalities found in overweight humans. We found that obese ZR have
elevated levels of circulating insulin, cholesterol, triglycerides, and glucose. Furthermore,
we show that arginase activity is elevated in obese ZR. A significant rise in arginase activity
is observed in blood vessels from obese ZR and this is associated with increases in vascular
arginase | and 1l expression independent of any alteration in eNOS expression, indicating
that obesity can differentially affect the expression of L-arginine metabolizing enzymes. The
underlying mechanism responsible for the induction of arginase in the vessel wall of obese
animals is not known. While hyperglycemia can induce arginase expression, the modest
elevation in blood glucose observed in obese ZR is unlikely to elevate arginase activity.1
Instead, increases in circulating TNFa and oxLDL that are detected in obese rats may
contribute to the induction of arginase activity since both factors are known to stimulate
arginase expression.12 In addition, elevations in plasma insulin may contribute to the rise in
vascular arginase activity in obese ZR since insulin is able to stimulate arginase expression
in endothelial cells.1®

We also found that plasma arginase activity, which arises from arginase 1,19 is markedly
elevated in obese ZR. Since arginase | is most abundantly expressed in the liver and because
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hepatic damage is present in obese ZR,20 the release of arginase by hepatic cells may
contribute to the increase in plasma arginase in obese rodents. Consistent with this notion,
serum arginase | is a highly sensitive marker for liver injury.2! Furthermore, as arginase | is
induced in monocytes of overweight adult subjects,22 these cells may also contribute to the
rise in plasma arginase activity. Our finding that plasma arginase activity is up-regulated in a
genetic animal model of obesity is in agreement with studies in mice showing that a high
fat-high cholesterol diet increases plasma arginase and with recent clinical reports
demonstrating that circulating arginase | is elevated in obese subjects.22-24 Interestingly,
serum arginase | correlates with body mass index and other phenotypic biomarkers of
obesity, and may serve as an early predictor for the development of diabetes mellitus.23:25

We also observed marked disturbances in the concentration of amino acids in the plasma of
obese ZR. Most striking, a prominent decrease in plasma arginine and global arginine
bioavailability is detected in genetically obese rats. A decrease in arginine bioavailability
has also been noted in diet-induced obese mice,26:27 suggesting the presence of a
generalized arginine deficiency state in obesity. The finding that systemic arginine
bioavailability is diminished in obesity may be of clinical significance since reductions in
arginine availability are associated with increases in cardiovascular disease and
mortality.13:14 We also show that the decrease in plasma arginine in obese rats is mediated
by increases in arginase activity since it is accompanied by elevations in the arginase
product ornithine and improved following arginase inhibition. Consistent with previous
reports in obese humans and rodents,26:28-30 an increase in the concentration of branched
chain amino acids is observed in the plasma of obese ZR, probably due to reductions in the
activity of enzymes involved in branched chain amino acid metabolism.2” In addition, the
rise in circulating citrulline in obese animals may reflect a larger flux of arginine through the
hepatic urea cycle, increased intestinal synthesis, and/or reduced renal metabolism.26 The
rise in plasma phenylalanine and tyrosine noted in our study is consistent with previous
reports in obese humans and may reflect alterations in liver function.2931

We also demonstrate that arginase plays an integral role in promoting endothelial
dysfunction in obesity. As with previous reports,®9 we found that obese ZR exhibit
pronounced endothelial dysfunction. Gracilis muscle arterioles isolated from obese animals
display attenuated endothelium-dependent dilator responses to acetylcholine and fail to
dilate in response to flow. Interestingly, the endothelial dysfunction observed in obese
vessels is likely due to reduced production of NO since the NOS inhibitor L-NAME
selectively impairs the vasodilatory response of lean vessels and is able to eliminate
differences in both acetylcholine- and flow-mediated vasodilation among lean and obese
animals. Significantly, acute pretreatment of isolated arterioles with arginase inhibitors,
BEC or OHNA, restores flow-mediated dilation in obese arterioles and abolishes differences
in endothelial responses to acetylcholine and flow between obese and lean vessels,
suggesting that elevated vascular arginase activity contributes to endothelial dysfunction in
obese arterioles by restricting NO synthesis. Consistent with a role for arginase in depleting
substrate for eNOS, we found that acute exogenous administration of L-arginine to blood
vessels mimics the action of BEC or OHNA and normalizes acetylcholine- and flow-
induced dilation in arterioles from obese animals. In contrast, the inactive isomer, D-
arginine, fails to restore arteriolar dilation in obese vessels. Our findings in genetically obese
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rats are consistent with a previous study showing that L-arginine administration improves
endothelium-dependent relaxation in dietary-induced obese hamsters,32 further implicating
an arginase-mediated functional arginine insufficiency in obesity.

We also show for the first time that arginase contributes to the development of hypertension
in obesity. Mean arterial blood pressure is elevated in obese ZR but chronic administration
of BEC or OHNA lowers blood pressure in these animals without affecting blood pressure
in lean normotensive rats, suggesting that increases in arginase activity contributes to the
development of hypertension in obesity. Interestingly, arginase has been implicated in
mediating hypertension in diabetic and fructose-fed insulin-resistant rodents, suggesting a
critical role for this enzyme in promoting metabolic stress-induced hypertension.33:34 In
addition, we found that chronic administration of L-arginine normalizes blood pressure in
obese ZR and this is associated with an increase in arginine bioavailability. In contrast, L-
arginine supplementation fails to lower blood pressure in lean ZR despite a significant
increase in global L-arginine bioavailability. The selective blood pressure lowering effect in
response to L-arginine administration or arginase inhibition is consistent with the notion that
eNOS-mediated NO production is substrate-limited by arginase in obese but not lean ZR.
Limitations in substrate availability in obesity may also contribute to the preferential
vasodepressor action of acute L-arginine infusions noted in obese hypertensive relative to
lean normotensive subjects.3°

Restoration of arginine bioavailability following arginase inhibition may improve vascular
function in obesity via multiple mechanisms. Since arginine is required for functional
coupling of eNOS, increases in arginine bioavailability may protect against the uncoupling
of the enzyme and better defend against the endogenous eNOS inhibitor, asymmetric
dimethylarginine, which is increased in obesity.36 Furthermore, by augmenting NO
synthesis, elevations in arginine may counteract the enhanced release of vasoconstrictors
and diminished production of vasodilators seen in obesity. The NO-mediated vasodilatory
action of arginine may be further amplified by its ability to suppress circulating levels of
angiotensin 11 via the inhibition of angiotensin-converting enzyme.3” Moreover, as arginine
can directly scavenge and inhibit superoxide formation, rises in arginine concentration may
limit the degree of oxidative stress in obesity.3”

Finally, the antihypertensive effect observed with BEC, OHNA, or L-arginine in obese ZR
is not secondary to improvements in body weight or circulating levels of glucose,
cholesterol, triglycerides, or insulin. Inability of arginase inhibition to modify blood lipids is
consistent with previous work in atherogenic animals.3® The lack of improvement in the
metabolic profile of obese rats may also arise from the short duration of treatment. Indeed,
longer duration of L-arginine supplementation has been demonstrated to improve body
weight and insulin sensitivity in obese rodents and humans 3940 while sustained arginase
inhibition for 6 weeks ameliorates insulin-resistance in fructose-fed rats.34

In conclusion, the present study identifies arginase as a critical mediator of skeletal muscle
arteriolar endothelial dysfunction and hypertension in obesity. We found that vascular and
plasma arginase activity is increased in obese ZR and this is associated with impairments in
systemic arginine bioavailability and endothelial function. Importantly, pretreatment of
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blood vessels with L-arginine or arginase inhibitors restores endothelium-mediated
vasodilation in arterioles from obese animals. Moreover, we discovered that chronic
administration of L-arginine or an arginase inhibitor improves global arginine bioavailability
and normalizes blood pressure in obese ZR. These results provide novel insight regarding
the role of arginase in obesity, and establish arginase as a potential therapeutic target in
treating obesity-related alterations in arginine bioavailability and vascular disease.
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What is already known about this subject?

e  Obesity is an independent risk factor for the development of cardiovascular
disease, including hypertension.

»  Obesity is associated with impaired endothelial cell function.

» Arginase can trigger endothelial cell dysfunction and hypertension by limiting
arginine availability.

What does this study add?

»  This study found that arginase activity is increased in blood vessels and plasma
of obese animals and this causes a significant decline in arginine bioavailability.

e This study demonstrated that correction of the arginine deficit via the use of
arginase inhibitors or dietary supplementation of arginine restores endothelial
function and blood pressure in obesity.

»  This study identifies arginase as a promising therapeutic target in treating
obesity-related hypertension.
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Obesity stimulates vascular arginase activity and expression, and plasma arginase activity.
Obesity increases arginase activity in the aorta (A), arginase (Arg) | and II, but not
endothelial nitric oxide synthase (eNOS), mRNA expression in gracilis muscle arterioles
(B), and arginase activity in the plasma (C). Results are means + SEM (n=4-

5). "Statistically significant effect of obesity.
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Figure 2.

Obesity-induced impairment in acetylcholine (Ach)-mediated vasodilation is corrected by
arginase inhibition or L-arginine administration. Ach-mediated increases in luminal
diameter of gracilis muscle arterioles are reduced in obese relative to lean Zucker rats (ZR)
and this is reversed by S-(2-Boronoethyl)-L-cysteine (BEC; 100uM) or N®-hydroxy-nor-L-
arginine (OHNA,; 100uM) (A). N®-nitro-L-arginine methyl ester (L-NAME; 1 mM)
attenuates Ach-mediated vasodilation (B). L-Arginine (1 mM) (C), but not D-arginine (1
mM) (D) restores Ach-mediated vasodilation in obese ZR. Results are means £ SEM (n=4—
6). “Statistically significant effect of obesity.
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Obesity-induced impairment in flow-mediated vasodilation is corrected by arginase
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inhibition or L-arginine administration. Flow-mediated increases in luminal diameter of
gracilis muscle arterioles are reduced in obese relative to lean Zucker rats (ZR) and this is
reversed by S-(2-boronoethyl)-L-cysteine (BEC;100uM) or N®-hydroxy-nor-L-arginine
(OHNA;100uM) (A). N®-nitro-L-arginine methyl ester (L-NAME; 1 mM) blocks flow-
mediated vasodilation (B). L-arginine (1 mM) (C), but not D-arginine (1 mM) (D) restores
flow-mediated vasodilation in obese ZR. Results are means = SEM (n=4-6). *Statistically

significant effect of obesity.
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Figure 4.
Obesity inhibits plasma arginine concentration and global arginine bioavailability. Plasma

amino acid concentrations in lean and obese Zukcer rats (ZR) (A). Global arginine
bioavailability is improved by dietary L-arginine supplementation (L-Arg; 1% in drinking
water for 6 days) or arginase inhibition (intraperitoneal administration of S-(2-boronoethyl)-
L-cysteine (BEC; 55.6ug/h for 6 days) (B). Results + SEM (n=5-8). *Statistically significant
effect of obesity. TStatistically significant effect of L-arginine or BEC. Arg, arginine; Orn,
ornithine; Cit, citrulline; Leu, leucine, lle, isoleucine; Val, valine; Phe, phenylalanine; Tyr,
tyrosine; His, histidine; Lys, lysine; Met, methionine; Thr, threonine.
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Obesity-induced hypertension is reversed by arginase inhibition or L-arginine
administration. Mean arterial blood pressure (BP) is reduced in obese, but not lean, Zucker
rats (ZR) by dietary L-arginine supplementation (L-Arg; 1% in drinking water for 6 days)
(A and B) or arginase inhibition (intraperitoneal administration of S-(2-boronoethyl)-L-
cysteine (BEC;55.6pg/h for 6 days) (C and D). N®-hydroxy-nor-L-arginine (OHNA;50
mg/kg, ip, daily for 6 days) reduces mean arterial BP in obese, but not lean, ZR (E). Results

are means + SEM (n=5-6). "Statistically significant effect of obesity.
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Table 1

Characteristic features of lean and obese Zucker rats.

Lean ZR  Obese ZR

Body weight (g) 344+8 522+7"
Glucose (mg/dL) 1317 159+10"
Total cholesterol 69+4 96+7"
Triglycerides (mg/dL)  33#5 467+54%
Insulin (ng/ml) 1.9+0.3 22.8+45°
TNFa (pg/mL) 88+7 177401
OXLDL (U/L) 30203 79405

Values are expressed as the mean+SEM (n=6-12). ZR, Zucker rats; TNFa, tumor necrosis factor-a; OXxLDL, oxidized low-density lipoprotein.

*
Statistically significant effect of obesity.

Obesity (Slver Soring). Author manuscript; available in PMC 2016 January 31.
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Metabolic parameters in obese and lean Zucker rats (ZR) following administration of L-arginine or S-(2-

boronoethyl)-L-cysteine (BEC).

H,0 (drinking water)  L-Arginine (drinking water) Saline (ip) BEC (ip)
Lean ZR
Body weight (g) 368+11 355+10 372+13 36616
Glucose (mg/dL) 124+8 11847 12046 116£12
Total cholesterol (mg/dL) 757 7845 7216 71+9
Triglycerides (mg/dL) 2946 3347 3448 3245
Insulin (ng/ml) 1.5+0.5 22404 2.4+0.8 1.8+0.6
Obese ZR
Body weight (g) 548+7" 535+16" 552¢10"  544+13"
Glucose (mg/dL) 14946 1599 153+12° 15627
Total cholesterol (mg/dL)  g5+7* 102+8" 087" 90+10"
Triglycerides (mg/dL) 455+21" 488+35" 495+33" 436156
Insulin (ng/ml) 19.2+4.1" 22.3+54" 18.4+4.4" 147459

Dietary L-arginine (1% in drinking water for 6 days) or intraperitoneal BEC administration (55.6ug/h for 6 days). Values are expressed as the mean

+SEM (n=5-8).

*
Statistically significant effect of obesity.
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