The Effects of Angiotensin-Il on Lipolysis in Humans
Raymond R. Townsend

Adipocytes express many of the proteins of the renin-angiotensin system including angiotensinogen and AT,-receptors. A
principal function of adipocyte tissue is the provision of energy substrate through lipolysis. This study was undertaken to
determine if angiotensin-ll (Ang-Il) infusion or blockade of the renin-angiotensin system by angiotensin-converting enzyme
(ACE) inhibitor therapy with enalapril altered lipolytic activity and substrate oxidation. Eleven healthy male subjects were
enrolled in the first study and postabsorptive whole-body lipolysis activity was measured using a stable isotope of glycerol
(®Hs-glycerol). Substrate oxidation was determined using indirect calorimetry in the Clinical Research Center. Subjects were
then sequentially treated with low-dose Ang-ll infusion (0.3 and then 1.0 ng/kg/min) on separate days, and the lipolysis and
oxidation studies were repeated. Lastly, each subject was treated with 2 weeks of ACE inhibitor with enalapril (20 mg daily)
and underwent lipolysis and oxidation studies for a fourth time. In a second study, 14 healthy male subjects were enrolled and
underwent an identical baseline lipolysis and substrate oxidation assessment. These subjects then received an Ang-ll infusion
at pressor doses (10 ng/kg/min), and changes in lipolytic activity and substrate oxidation were measured again. In the first
study, there was no effect on lipolysis activity from low-dose Ang-ll infusion (baseline lipolysis activity (mean = SD) 2.06 +
0.55 umol/kg/min, 2.10 = 0.69 pmol/kg/min after 0.3 ng/kg/min, and 2.32 + 0.56 pmol/kg/min after 1.0 ng/kg/min) or
enalapril therapy (2.35 = 1.00 umol/kg/min). In the second study, the larger dose of Ang-Il increased blood pressure by 14/17
mm Hg, but there was no effect on lipolysis activity (1.36 = 0.49 umol/kg/min v 1.63 = 0.82 umol/kg/min). Substrate
oxidation rates were largely unaffected by Ang-Il infusions or enalapril therapy. There was no evidence that treatment with
subpressor or pressor dosages of Ang-ll produced a significant alteration in lipolytic activity. Moreover, blockade of the
renin-angiotensin system with enalapril was equally unremarkable in its effects on whole-body lipolysis. These data support
the general concept that the renin-angiotensin system in adipocytes serves more to regulate the regional blood flow to
adipose tissue and the size and number of fat cells rather than participating directly in the regulation of energy substrate.
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HE RENIN-ANGIOTENSIN system regulates blood pres- through the AT-receptor, and fat cells express Afileceptors

sure and salt and water balance through well-describean their surfacé.However, it is not clear to what extent Ang-I1,
processes that revolve around the generation of angiotensin-ivhether derived internally or generated remotely, influences fat
(Ang-I1).1 Ang-ll causes vasoconstriction, reduces urine so-cell metabolism. In particular, because lipolysis represents a
dium excretion, stimulates aldosterone secretion, increasegrincipal adipocyte metabolic process, and because therapy
thirst, and augments sympathetic neural actiity.the clas- ~ with drugs, such as diuretics (which increase plasma renin
sical pathway of the renin-angiotensin system, the kidney is thectivity), increase triglyceride concentratiohserhaps through
major source of circulating renin activity, which generates increasing fatty acid efflux by stimulation of adipocyte lipoly-
angiotensin-I from the parent protein angiotensinogen. CircuSis, the hypothesis that Ang-Il may influence lipolytic activity
lating angiotensinogen is largely produced by the liver. Oncewas generated. Consequently, this study was undertaken to
angiotensinogen is cleaved to angiotensin-I, endothelium in th&@valuate the effects of Ang-Il on lipolytic activity. Doses of
lung vasculature and elsewhere convert angiotensin-I to Ang-11Ang-1l, which lack a blood pressure response as well as dos-
In the past 2 decades, several lines of research have providédges that produce a significant blood pressure increase, were
evidence that there are also tissue renin-angiotensin systemdsed. In addition, subjects also received the angiotensin-con-
which function on a local levél Among the tissues possessing verting enzyme (ACE) inhibitor enalapril for 2 weeks to deter-
a local renin-angiotensin system, adipocytes have been showiine the effect of reduced Ang-Il formation on lipolysis. In-
to possess several features of the renin-angiotensin syﬁem'dlrect calorimetry was performed on each subject to determine

although the precise function of Ang-Il in adipocyte metabo- Whether ch_anges in Iipoly_tic act_ivity, if they occurred, would be
lism, particularly with respect to lipolysis, is unclear. accompanied by alterations in substrate (carbohydrate and

Ang-Il exerts virtually all of its significant clinical effects lipid) oxidation.

MATERIALS AND METHODS

From the Department of Medicine, University of Pennsylvania, Subjects
Philadelphia, PA. Two protocols were used in this investigation. A total of 22 male
Submitted July 10, 2000; accepted September 23, 2000. subjects were recruited for these studies. Subjects were recruited by

Supported by General Clinical Research Center (GCRC) Grant No.advertisement and word of mouth and were reimbursed a nominal sum
MO01-00073, American Health Association (AHA) (Texas Affiliate) for participation. All procedures were approved by the Institutional
Grant No. 92G-620, and by National Institutes of Health (NIH) Grant Review Board of The University of Texas Medical Branch, and each
No. K24-DK-02684. subject gave informed, written consent.

Address reprint requests to Raymond R. Townsend, MD, University After enrollment, each subject underwent a standard history and
of Pennsylvania, 210 White Bldg, 3400 Spruce St, Philadelphia, PAphysical examination. Laboratory evaluations included a complete bio-

19104. chemical profile. Each subject underwent a 3-hour oral glucose toler-
Copyright© 2001 by W.B. Saunders Company ance test (OGTT). A Diabetic OGTT, as determined by the National
0026-0495/01/5004-0026$35.00/0 Diabetes Cooperative Group recommendations on oral glucose toler-
doi:10.1053/meta.2001.21021 ance testir§, resulted in exclusion from participation.
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A FIRST STUDY
Low Dose Ang-1I Infusion Enalapril 20 mg/day
Time Baseline (2 weeks) | 0.3 ng/kg/min 1 ng/kg/min (1 week) (2 weeks) Enalapril
0600h-0900h Ang-lI infusion | Ang-II infusion
0700h-0900h | *H;-glycerol H;-glycerol *H.-glycerol 2H;-glycerol
0800h,0900h | Calorimetry Calorimetry Calorimetry Calorimetry
(Consecutive days)

B SECOND STUDY
Pressor Dose Ang-1{ Infusion
Time Baseline (Next day) | 10 ng/kg/min
0600h-0900h Ang-II infusion
Fig1. (A)Sequence of events | 97004-0900h | *H,-glycerol H,~glycerol
in the first study; (B) sequence of - .
. 0800h,0900h | Calorimetry Calorimetry
events in the second study.
First Study except that subjects received an intravenous infusion of Ang-Il (0.3

In this first study, subjects were first evaluated in the postabsorptivegg/gk:r:m:igr?tn tarlltee?risr:t?:\)//eirc])i;-.th?]/ggrmlpr;;:r:em:nstegzn?h(;?z)ll-t)léghICh
state, followed 2 weeks later by repeat studies while receiving 2 A . . o .

; - lycerol infusion and calorimetry determinations were still performed
subpressor doses (0.3 and 1.0 ng/kg/min) of Ang-Il, and finally 3 Week%gtween 7:00 to 9:08m. Blood prilessure and heart rate were I{r)nonitored
after that after 2 weeks of enalapril therapy administered as 10 m A T . . . ;

P Py gat 10-minute intervals throughout the Ang-Il infusion using a Dinamap

twice a day, including the final morning of study. Figure 1 diagrams the . -
sequence in the first and second studies. Subject participation Iastedaéjtomated blood pressure monitor (Critikon, Tampa, FL). No plasma

total of about 5 weeks. Subjects were admitted to the General Clinical €™ activity sampling was performed during the Ang-Il infusion

Research Center (GCRC) at 5:00 to 6188 the evening before the studies. Subjects returned for a final study 3 weeks later during the last
study. A 12-hour urine sample for urea nitrogen excretion was collecte weeks of which enalapril therapy was given as 10 mg twice a day.

from 6:00 pm through 6:0@m. In both studies (this first 1 and the he study was rep(_eated (with renin sampllng)z and all subj_ect_s _r(_ecelved
hdose of enalapril at 6:08v to ensure continued ACE inhibition.

second), the studies were performed in the sequences outlined, as ea]a% nin samolin rformed show blockade of the renin-angiotensin
period of isotopic equilibrium was followed by a euglycemic clamp, the eni sa'pl gwas.pe ormed show blockade ot the renin-angiotensi
system with enalapril.

results of which have been previously publisié#l.The protocol
sequence of studies was based on the euglycemic clamp investigations.

On arrival, each subject was given a standard meal at 5:30 to 6:06econd Study
Pm. After 6:00Pm, only water was allowed. At 6:08v on the morning In the second study, 14 subjects were recruited for 2 studies, iden-
of each study, intravenous catheters were inserted in each arm. Ong 1 the procedures outlined previously, performed on 2 consecutive
catheter was placed in the hand or wrist and warmed to 55 to 60°C (tQjays. Three of these subjects participated in the first study 1 year before
“arterialize” the blood"), and all blood samples were withdrawn from - gnrqjling in the second study. Seven subjects underwent a baseline
this catheter. The other catheter was placed in the opposite forearm angdy,qy on the first day, with a pressor dose infusion of Ang-Il (10
used for all infusions. The subjects were at rest for approximately 1ng/kg/min) on the second day. Seven subjects underwent the pressor
hour before isotope infusion studies were initiated. In the baselinejgse infusion of Ang-Il on the first day, followed by the baseline study
study, beginning at 7:08u, a primed infusion ofHs-glycerol Witha o, the second day. As with the first study, Ang-Il infusions were begun
priming dose 2.2umol/kg bolus over 30 to 40 seconds) was given, shortly after intravenous catheter placement so that lipolytic determi-
followed by a constant infusion (0.1ig/kg/min). Use of this rate of  nations and indirect calorimetry were performed between 7:00 to 9:00
isotope infusion in prior studies achieves isotopic equilibrium at about,, Bjood pressure and heart rate were monitored at 10-minute inter-
90 minutes and plasma enrichment (in both the first and second study)y|s throughout the Ang-Il infusion using an automated blood pressure

with *Hg-glycerol of approximately 4%. After 105 minutes, plasma was monitor. No subject required discontinuation of Ang-Il infusion for
sampled from the warmed hand féis-glycerol isotopic enrichment safety purposes.

and plasma unesterified fatty acid concentrations at 5-minute intervals

(total of 4 samples over 15 minutes). The 4 determinations of glycerol
enrichments were averaged to determine the whole-body IipolyticAnalyses

ratel213 Plasma catecholamines and plasma insulin concentrations Plasma catecholamine levels were determined by radioenzymatic
were obtained after 1 and 2 hours “i.-glycerol infusion. A supine  assay. Normal range for supine plasma norepinephrine is 200 to 400
plasma renin activity was obtained at 8:@@ following 1 hour of pg/mL. Plasma insulin levels were determined by radioimmunoassay
2Hg-glycerol infusion in the baseline study and during the study per (INCSTAR, Stillwater, MI). Plasma glycerol concentrations were mea-
formed after 2 weeks of enalapril therapy (see below). Indirect calo-sured with an AutoAnalyzer (Bayer-Technicon, Tarrytown, NY). En-
rimetry was performed at the end of the first and the second hour ofichment of plasma witfH-glycerol was determined by gas chroma
2Hg-glycerol infusion, and substrate oxidation rates were derived usingography/mass spectroscopy using an MSD 5971 system (Hewlett
standard formule on the averaged readings. After study completion, Packard, Palo Alto, CA) with an HP-1 1% 0.2 mm fused silica
subjects were discharged from the CRC and returned 2 weeks later farapillary column after formation of the trimethyl-silyl derivati¥eThe
consecutive studies over 48 hours, performed in an identical fashionrate of appearance of glycerol (Ra glycerol) was determined using the
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Steele equation for steady state isotope kinéfid®asma fatty acids

5A FIRST STUDY B SECOND STUDY

were determined using gas chromatography. Plasma renin activity was 5
determined using the method of Sealey and Lafdgh.
ge 41 41

Data x \g 3 | 3]

All data are expressed as meanSD. Data in the first study were %% 2 | % % % 2|
compared using a repeated measures analysis of variance (ANOVAY g
(Sigmastat; Jandel Scientific, San Rafael, CA) with post hoc compar—&’ * 14 1 % }
isons performed using Tukey’s test. If data failed normal distribution 0 0

testing, a repeated measures ANOVA on ranks was performed. Data in 0.6 - 0.6 -

the second study were evaluated using a pairedt. AP value less
than .05 was considered significant. < 0.5 0.5,
&E 0.4 | 0.4 |
RESULTS <5 03 - } 0.3 | ~
The demographic characteristics of the subjects are shown ilﬂ E 0.2 | + } 0.2 |
Table 1. T 0.1 0.1 |
In the first study, basal postabsorptive whole-body lipolytic 0.0 ) 0.0
rates were compared with lipolytic rates after 0.3 ng/kg/min 20 . 20 -
and 1.0 ng/kg/min of Ang-1l and then after 2 weeks of therapy -»
with the ACE inhibitor therapy. Figure 2A shows the whole g 16 1 16
body lipolysis rate (represented by the Ra glycerol), plasma-2¢ 12 12 | '
free fatty acid concentration, plasma insulin concentration, andzi 8 5 8| %
plasma norepinephrine concentrations. There were no statistig ]
cally significant differences between the baseline control, the3 4 4 4 4
subpressor Ang-1l infusions, or the enalapril therapy. o~ 0 0.
In the second study, the same data are plotted on Fig 2Bw 300 300 .

There were no statistically significant differences between theg

control baseline studies and the use of pressor doses of Ang-liz 250 250
In the first study, the plasma renin activity at 84@ during 200 { 200

the basal infusion was 1.& 0.2 ng/mL/h compared with 150 | % 150 | %

12.1* 3.1 ng/mL/h after enalapril therapf (< .01), indicat- 100 | : % 100 |

ing significant blockade of renin-angiotensin system was 50 | 50 |

achieved.

NOREPINE
pg/ml

M

There were no increases in blood pressure during the subpress& 0 ) S 0
doses of angiotensin infusion. With the larger dose of angiotensin® a4 o J - o
(10 ng/kg/min), the supine systolic blood pressure increased from % c c <Zt “f, c
127+ 3 mm Hg to 141+ 4 mm Hg. The supine diastolic pressure g g S w 5 =

increased from 72£ 2 mm Hg to 89+ 2 mm Hg.
Resting energy expe_ndltl_Jre and substrate oxidation data afterFig 2. (A) Whole body lipolysis rate (represented by Ra glycerol)

2 hours of’Hg-glycerol infusion are presentedTrable 2. In the (top panel), plasma-free fatty acid concentration (upper middle pan-

second study, the calorimetry data in 1 subject were not bel), plasma insulin concentration (lower middle panel), and plasma

obtained due to technical difficulties with the calorimeter. In norepinephrine concentrations (bottom panel). First study: O, indi-

general, differences in substrate oxidation and resting energgf’tes_ basal condition; m, Ang-ll infusion at 0.3 ng/kg/min; 4, Ang-ll

. . “infusion at 1.0 ng/kg/min; ®, enalapril therapy 20 mg daily for 2

expenc_iltu_r_e between the treatments \{verg Sma”_and not CIInI\'Neeks prior. (B) Second study: O, basal condition; ®, Ang-ll infusion

cally significant. The carbohydrate oxidation during the 1 ng/at 10 ng/kg/min. Data shown are mean = SD.

kg/min infusion of Ang-Il was significantly higher than during

the basal, 0.3 ng/kg/min, or enalapril regimens during the first

study (Table 2). As shown in Fig 2A, the plasma fatty acid

concentrations tended to be lower during the 1 ng/kg/min

Table 1. Demographics of Subjects

First study (n = 11)

Ang-ll infusion (P = .056), but this was not due to a difference
in whole-body lipolytic rate, or was a reduction of plasma fatty
acid concentration evident during the higher (10 ng/kg/min)
dose infusion of Ang-Il in the second study (Fig 2B).

Age (yr) 25+ 6
BMI (kg/m?) 228 +2.7
Glucose (mg/dL) 100 = 12 DISCUSSION

Second study (n = 14) The data show no effect of an Ang-Il infusion on basal
Age (yr) 29+9 whole-body lipolytic rates or plasma fatty acid concentrations,
BMI (kg/m?) 23.2x27 whether given in subpressor concentrations or in dosages that
Glucose (mg/dL) 92 £ 10

Abbreviation: BMI, body mass index.

increase blood pressure. In addition, interruption of the renin-
angiotensin system with the use of the ACE inhibitor, enalapril,
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Table 2. Resting Energy and Substrate Utilization in Postabsorptive State

0.3 ng/kg/
Basal min 1.0 ng/kg/min Enalapril
First study
Resting energy expenditure
(kcal/kg/h) 23.6 = 2.1 21.9+23 23117 20.8 = 2.9%
Carbohydrate oxidation
(mg/kg/min) 1.3+0.8 1.4+ 0.8 2.4 + 0.61 1.3+ 0.6
Lipid oxidation (mg/kg/min) 0.92 = 0.33 0.75 = 0.37 0.48 = 0.311 0.66 = 0.28
Second study (n = 13, data absent on 1 subject)
Basal 10 ng
Resting energy expenditure
(kcal/kg/h) 24.2 = 0.9 25.1 £ 0.8
Carbohydrate oxidation
(mg/kg/min) 1.8+0.2 2.1+0.2
Lipid oxidation (mg/kg/min) 0.75 = 0.09 0.72 = 0.11

*P < .05 compared with basal.
TP < .05 compared with basal, 0.3 ng/kg/min and enalapril.

was not associated with detectable alteration in whole-bodylow would increase during fasting (from less vasoconstriction
lipolytic activity. The changes in substrate metabolism duringresulting from less local angiotensinogen production) and
the different treatment periods were small and limited to ablood flow would decrease during feeding (from more vaso-
statistically significant increase in glucose oxidation with a constriction resulting from more angiotensinogen production)
commensurate decrease in lipid oxidation during the 1 ng/kgto expedite fatty acid availability for fuel during fasting and
min Ang-ll infusion and a small, but statistically significant, limit fatty acid egress during feeding. On the other hand,
decrease in resting energy expenditure after the enalapril treaAng-Il binding to adipocyte AT-receptors in vitro stimulates
ment. The absence of significant changes in insulin or catthe production of prostacycli#?. Prostacyclin is vasodilatory
echolamines, primary regulators of lipolytic activity, are also and serves as a local mediator of increased blood flow. Pros-
consistent with a lack of effect of Ang-Il on lipolysis in the tacyclin also regulates adipocyte cell differentiaéiband stim-
doses used in this study. ulates hyperplasia in adipocyt&sThus, stimulation of the
Mammalian fat cells possess the messenger-RNA for angioAT ,-receptor in adipocytes by Ang-ll with subsequent prosta
tensinogen and express the angiotensinogen prégeithus,  cyclin release may facilitate the expansion of the fat cell mass
the active moiety of the renin-angiotensin system (Ang-Il) is through mechanisms, which increase blood supply and promote
potentially available at the level of the adipopcyte. Human fatadipocyte growth. The ability of fat cells to promote angiogen-
cells express the Affreceptor the principal receptor through esis in a manner that is preventable by prostaglandin blockade
which the clinical actions of Ang-Il are mediated. In adipo- with indomethacin further supports tHs.
cytes, increases in intracellular calcium accompany increases in A stable isotopic tracer of glycerol was used to measure
lipolysist Typically, when the AT-receptor is stimulated by lipolysis in this study. Isotopic tracers of glycerol are felt to be
Ang-ll, activation of G proteins leads to stimulation of phos- superior to using other aspects of the lipolytic pathway (such as
pholipase C resulting in an increase in inositol-1,4,5 triphos-unlabelled fatty acids)? Because the tracer was infused sys-
phate (IP3) and diacyglycerol. IP3 generation results in artemically, the lipolytic rate measured is whole-body and not
increase in cellular calcium concentratiénThus, it was hy-  limited to adipose tissue. Consequently, it is not possible to
pothesized that Ang-Il stimulation of adipocytes could also differentiate effects on adipose tissue from other tissues pos-
increase lipolysis. However, no changes in whole-body lipoly-sessing lipolytic capacity such as skeletal muscle. However, the
tic activity were detected in the current study despite thesecontribution of these other tissues in postabsorptive, hormal
previous findings. The observations in the current study weraveight, healthy individuals is likely to be small, and it is
interpreted as indicating that stimulation of the Ang-Il recep- probable that these data represent predominantly the adipocyte
tors in adipocytes serves a function other than lipolytic regu-contribution to whole-body lipolysis.
lation. The changes noted during calorimetry were generally con-
Alterations in nutritional status regulate the release of angio-sistent with the absence of change in lipolytic activity. How-
tensinogen from fat cells in rodents. Starvation reduces adipoever, at the 1 ng/kg/min Ang-1l infusion, glucose oxidation was
cyte angiotensinogen release, while feeding nearly doubles thkigher, and lipid oxidation lower compared with baseline,
angiotensinogen release compared with control condifidns. Ang-Il at 0.3 ng/kg/min, and the enalapril treatment in the first
Increased angiotensinogen output increases the available subtudy, without a detectable change in energy expenditure dur-
strate for Ang-IlI production. This was reasoned to occur as &ang this dose of Ang-Il infusion. Possibly, at the 1 ng/kg/min
means to regulate blood flow through adipose tissue duringlose, a small increase in glycogenolysis by Arig-tind a
fasting and feeding. In this hypothesis, adipose tissue bloodeciprocal increase in re-esterification within fat cells (neither
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of which was measured in this study) occurred providing morethat the power behind the study is inadequate to have detected
glucose for substrate oxidation and reducing the flux of fattya significant difference in lipolytic rate. It is also possible that
acid into the circulation. The differences in resting energya longer period of angiotensin infusion could possibly bring out
expenditure after enalapril therapy were only significantly dif- differences in lipolytic activity not evident within the approx-
ferent when compared with the baseline study. No explanatioimately 3 hours of infusion used in this investigation.
for this was apparent from the data obtained in the first study. In summary, although adipocytes possess many aspects of the
There was no effect on plasma insulin concentrations duringenin-angiotensin system including the expression of-fetep
any of the conditions in the first or second study, and thetors, there was no evidence in this study that stimulation of these
insulin-stimulated glucose uptake during a euglycemic clampAT1-receptors with subpressor or pressor dosages of Ang-Il pro-
was unaffected by either lower dose of Ang-Il or enalapril in duces a significant alteration in lipolytic activity. Moreover, block-
the first study?. The pressor doses of Ang-Il infusion given in ade of the renin-angiotensin system with enalapril was equally
the second study increased glucose uptake during the euglycenremarkable in its effects on whole-body lipolysis. These data
mic clamp study, which followed the baseline isotope infusion support the general concept that the renin-angiotensin system in
period through an effect on skeletal muscle blood fléw. adipocytes serves more to regulate the regional blood flow to
Because a total of only 11 subjects in the first study and 14adipose tissue and the size and number of fat cells rather than

in the second study were investigated in this study, it is possiblgarticipating directly in the regulation of energy substrate.
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