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Abstract

Levodopa reportedly inhibits insulin action in skeletal muscle. Here we show that C2C12 myotubes
produce levodopa and that insulin-stimulated glucose transport is enhanced when endogenous
levodopa is depleted. Exogenous levodopa prevented the stimulation of glucose transport by insulin
(P <0.05) and increased cAMP concentrations (P < 0.05). The decrease in insulin-stimulated glucose
transport caused by levodopa was attenuated by propranolol (a p-adrenergic antagonist) and
prevented by NSD-1015 (NSD), an inhibitor of DOPA decarboxylase (DDC; converts levodopa to
dopamine). Propranolol and NSD both prevented levodopa-related increases in [CAMP]. However,
the effects of levodopa were unlikely to be dependent on the conversion of levodopa to
catecholamines because we could detect neither DDC in myotubes nor catecholamines in media after
incubation of myotubes with levodopa. The data suggest the possibility of novel autocrine -
adrenergic action in C2C12 myotubes in which levodopa, produced by myotubes, could have
hormone-like effects that impinge on glucose metabolism.
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Introduction

It has been reported that levodopa causes hyperglycemia in laboratory animals and humans
(1-4). Furthermore, it has recently been shown that levodopa decreases insulin-stimulated
glucose transport, glycogen accumulation, and glycogen synthase activity in skeletal muscle
(5). These data suggest that levodopa, or one of its metabolites, could contribute to skeletal
muscle insulin resistance. Consistent with this idea, it has been demonstrated that dopamine,
for which levodopa is a precursor, stimulates a p-adrenergic—dependent increase in CAMP in
muscle cells (6). In addition, f-adrenergic effects of levodopa that are independent of
catecholamine synthesis have been described for neural cells (7-9), although there are currently
no data available for muscle cells in this regard. p-adrenergic action has previously been shown
to attenuate insulin effects (e.g., stimulation of glucose transport and/or glycogen synthase
activity) in skeletal muscle (5,10-12). Because skeletal muscle is responsible for the majority
of plasma glucose that is absorbed in response to insulin (13,14), muscle is an important tissue
for the study of factors that contribute to decreased and/or increased insulin action.
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We hypothesized that insulin action would be improved after the depletion of endogenous
levodopa stores. We also treated cells with exogenous levodopa to examine candidate
mechanisms for the effects of levodopa on insulin action. We hypothesized that endogenous
levodopa would inhibit insulin-stimulated glucose transport in a manner prevented both by a
B-adrenergic antagonist and an inhibitor of DOPA decarboxylase (DDC), which catalyzes the
conversion of levodopa to dopamine.

Materials and Methods

Materials. Purified porcine insulin was obtained from Eli Lilly & Co. (Indianapolis, IN)
and 3H-labeled 2-deoxyglucose (DG) from American Radiolabeled Chemicals (St. Louis,
MO). Cytochalasin B, levodopa, propranolol, NSD-1015 (NSD), a-methyl-L-tyrosine (L-
AMPT), 2DG, tyrosinase, and Besthorn's hydrazone were obtained from Sigma Chemical Co.
(St. Louis, MO).

Cell Culture. Mouse C2C12 myoblasts were purchased from the American Type Culture
Collection (Rockville, MD) and cultured and differentiated as previously described (15,16).
Despite some reports that C2C12 myotubes are unresponsive to insulin (17), in our hands
insulin stimulates GLUT4-dependent glucose transport in C2C12 myotubes (16). To verify
that the myotubes contained GLUT4, we performed Western blots for GLUT4 with myoblasts
(grown in media containing 10% fetal bovine serum), myotubes differentiated for 3 days in
medium containing 2% horse serum (HS) with 100 nM insulin and then an additional day with
2% HS without insulin, or myotubes differentiated for 4 days with medium containing just 2%
HS. All subsequent work was performed after differentiation of myotubes with medium
containing 2% HS and insulin, as previously described (16).

Effects of L-AMPT on Levodopa Content of Cells and Insulin Action. Myotubes were
incubated for 3 hrs in minimal essential medium (MEM) containing 2% horse serum in the
absence or presence of 30 uM L-AMPT, an inhibitor of tyrosine hydroxylase (TH), an enzyme
that catalyzes the conversion of tyrosine to levodopa. After rinsing in Hepes-buffered saline
(HBS; described in the next section), cells were scraped in ice-cold 0.3 M perchloric acid and
gently homogenized in Kontes ground-glass tubes. A portion of each homogenate was stored
at —80°C for bicinchoninic acid (BCA) protein assays. Homogenates were centrifuged for 10
mins at 14,000 g at 4°C, known volumes of the supernatants were neutralized with KOH, the
neutralized samples were centrifuged again, and levodopa concentrations were assayed with a
sensitive spectrophotometric method based on a previously described TH assay (18). The assay
relies on the conversion of levodopa to dopaquinone by tyrosinase and subsequent reaction
with Besthorn's hydrazone to form a pink-colored product with maximal absorbance at 505
nm. With this assay in our hands, levodopa yields a product with an extinction coefficient of
~33,000:-M~L.cm™. L-AMPT does not interfere with the assay.

To determine whether the prevention of endogenous levodopa production would be associated
with increased insulin action, myotubes were incubated for 3 hrs in the absence or presence of
30 uM L-AMPT as previously described. Following the 3-hr incubation, myotubes were
incubated for 20 mins in the absence or presence of 10 nM insulin (with L-AMPT present if it
had been present in the previous step) before glucose transport assays (as described next). In
a separate experiment, glucose transport was assayed in the absence or presence of 10 nM, 50
nM, and 100 nM of insulin. The lowest concentration of insulin for this experiment, 10 nM,
has previously been shown for these cells to be an insulin concentration that is near the threshold
for stimulation of glucose transport (16) and, thus, is an appropriate insulin concentration for
determining whether L-AMPT potentiates insulin action. Myotubes were not serum starved
for this experiment because serum starvation itself increases insulin sensitivity (19) and could
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potentially confound the detection of changes in insulin sensitivity caused by the experimental
treatment.

Levodopa Effects on Insulin-Stimulated Glucose Transport. For the following experiments
in which inhibition of insulin action was expected (as opposed to the expectation of increased
insulin effects in the previous experiment), myotubes were serum starved 3 hrs before the assay
of 2DG uptake, as previously described (15,16). To determine the effects of levodopa on insulin
action and whether the effects of levodopa were preventable with propranolol, myotubes were
first incubated for 30 mins in HBS solution (20 mM Hepes, pH 7.4; 140 mM NaCl; 5 mM KCI;
2.5 mM MgSQy; 1 mM CaCly) containing 5 mM glucose in the absence or presence of 10
uM propranolol. Next, myotubes were incubated in the glucose-containing HBS in the absence
or presence of 15 uM levodopa and with propranolol, if it had been present in the previous
step. Then, the cells were incubated for 20 mins in HBS containing 5 mM glucose in the absence
or presence of 100 nM insulin and in the presence of levodopa and/or propranolol (if they had
been present in the previous step). Thus, there were five treatment groups: control, insulin,
levodopa + insulin, levodopa + insulin + propranolol, and propranolol. Cells were rinsed twice
with glucose-free HBS and incubated at room temperature for 10 mins in 200 pl of glucose-
free HBS containing 3H-labeled 2DG (3 uCi/ml); 10 uM 2DG; and insulin, levodopa, or
propranolol, if they had been present for the previous step. Nonspecific 2DG uptake was
determined by quantitation of cell-associated radioactivity in the presence of 10 uM
cytochalasin B. After transport incubations, cells were rapidly rinsed three times with ice-cold
0.9% saline and lysed in 0.2 N NaOH containing 0.2% sodium dodecy| sulfate. Protein content
of lysates was determined by the BCA assay (Pierce, Rockford, IL), and samples were
neutralized before scintillation counting.

Propranolol experiments were repeated with a lower concentration of propranolol (100 nM).
In some experiments that followed the same design as the previously described propranolol
experiments, cells were incubated in the absence or presence of levodopa, the absence or
presence of insulin, and the absence or presence of 250 uM NSD, a DDC inhibitor, to assess
whether or not NSD would prevent the levodopa-mediated inhibition of insulin-stimulated
glucose transport. This yielded five treatment groups: control, insulin, levodopa + insulin,
levodopa + insulin + NSD, and NSD. Glucose transport assays were performed as previously
described.

cAMP Concentrations. Myotubes were incubated for 30 mins in HBS containing 5 mM
glucose (control) or with the addition of 15 uM levodopa, levodopa with 10 uM propranolol,
levodopa with 250 uM NSD, propranolol, or NSD. Cells were rinsed with ice-cold HBS before
scraping in ice-cold 0.5 M perchloric acid (20). Cell samples were homogenized, assayed for
protein content, and neutralized as previously described for levodopa assay. Neutralized
supernatants were assayed for CAMP with a cycling fluorometric method (5,20).

Western Blot Analyses. Myotubes were rinsed with HBS and scraped in ice-cold HES buffer
containing 20 mM Hepes (pH 7.4), 250 mM sucrose, and 1 mM EDTA. Western blots for
GLUT4 were performed as previously described (21), using an antibody generously provided
by Dr. Mike Mueckler (Washington University School of Medicine, St. Louis, MO). A BALB/
¢ mouse was killed with an overdose of pentobarbital, after which its kidneys were removed
and clamp frozen with tongs cooled in liquid nitrogen and stored at —80°C. The animal
procedure was approved by the Saint Louis University Animal Care Committee. For TH and
DDC Western blots, myotubes and kidney samples in HES buffer were homogenized in Kontes
ground-glass tubes and centrifuged for 10 mins at 14,000 g. After determination of protein
concentration using a BCA assay, samples were subjected to Western blot and enhanced
chemiluminescence detection procedures (5) using antibodies against TH (described next) or
DDC (obtained from Chemicon International, Temecula, CA). The TH antibody was developed
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by Nicole Le Douarin and Catherine Ziller and was obtained from the Developmental Studies
Hybridoma Bank developed under the auspices of the National Institute of Child Health and
Human Development of the National Institutes of Health and maintained by The University of
lowa, Department of Biological Sciences (lowa City, IA). TH and DDC are both expressed in
kidney (22,23), so this tissue served as a positive control for the assays. Peroxidase-conjugated
goat anti-rabbit or goat anti-mouse antibodies were obtained from Pierce Biotechnology, Inc.
(Rockford, IL).

To assess the potential effects of levodopa on insulin signaling, we performed Western blots
for phosphorylated Akt for myotubes incubated for 30 mins in the absence or presence of 15
uM levodopa before a 20-min incubation in the absence or presence of 100 nM insulin with
the continued presence of levodopa, if it had been present at the first step. These myotubes
were scraped and homogenized in buffer-containing phosphatase and protease inhibitors (50
mM Hepes [pH 7.4], 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM MgCl,, 1 mM
EDTA, 10 mM sodium pyrophosphate, 100 mM NaF, 2 mM NagV Oy, 10 pg/ml aprotinin, 10
ug/ml leupeptin, 0.5 ug/ml pepstatin, and 2 mM PMSF; Ref. 24) and centrifuged for 10 mins
at 14,000 g before the resulting supernatants were subjected to Western blotting. Antibodies
against Akt and Akt phosphorylated on T308 were obtained from Cell Signaling Technology
(Beverly, MA).

Voltametric Detection of Catecholamines. Myotubes in six-well plates were rinsed with
HBS, provided with fresh serum-free aMEM, and incubated for 3 hrs in the absence or presence
of 15 uM levodopa. After the 3-hr incubation, the cell media were removed and immediately
assayed for the presence of catecholamines by cyclic voltametry, a technique that has
previously been used by a member of this group to assay dopamine in vivo on a subsecond
time scale (25). Dopamine standards were prepared in aMEM and were identified by previously
established electrophysiologic criteria (25). The working, reference, and counter electrodes
were equilibrated in the samples, controls, and standards before testing. The MEM cell medium
acted as the electrolyte for the system. Data were collected in three-electrode mode. The system
was probed at a scan rate of 0.1 V/sec. CH Instruments (Austin, TX) software was used to
acquire and analyze the voltametric data from a CH700A potentiostat (CH Instruments).

Statistical Analysis. A one-way ANOVA among experimental groups was performed in each
study. Post-hoc comparisons were performed with Fisher's protected least significance
difference tests. A level of P < 0.05 was set for significance for all tests, and all values are
expressed as means  SE. Statistics were performed with SPSS software (version 10.0;
Chicago, IL).

GLUT4 Expression. Under the differentiation conditions of the current study (media
containing 2% HS and 100 nM insulin), GLUT4 content per mg of myotube protein was ~60%
greater than GLUT4 content in myoblasts (P < 0.05) and more than 2-fold greater than GLUT4
content of myotubes differentiated with HS, but not insulin (P < 0.005; Fig 1). The
differentiation medium containing 2% HS and 100 nM insulin was used to obtain all data
(shown next) to optimize the expression of GLUT4 (the insulin-responsive glucose transporter)
on differentiation.

L-AMPT Depletes Endogenous Levodopa Concomitant With Improved Insulin Action.
Myotubes incubated with the TH inhibitor L-AMPT for 3 hrs contained ~90% less levodopa
than control myotubes (P < 0.05; Fig. 2A). The levodopa contents of control myotubes were
within ranges previously reported for levodopa-producing cells in culture (26). Pretreatment
of myotubes with L-AMPT had a permissive effect on the stimulation of glucose transport
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insulin, allowing about a 65% increase in glucose transport above baseline (Fig. 2B). The
insulin concentration (10 nM) used to obtain the data in Fig. 2B was deliberately chosen to be
near the threshold for insulin to stimulate glucose transport in these cells (16) and, therefore,
enhance the ability to detect increased insulin action. Treatment with L-AMPT increases both
insulin sensitivity and insulin responsiveness (Fig. 2C). As shown in Figure 2C, 50 nM and
100 nM insulin both stimulate an increase in glucose transport above the basal level (P < 0.05
and P < 0.005, respectively), although 10 nM insulin did not stimulate glucose transport. L-
AMPT had no effect on glucose transport in the absence of insulin. For myotubes incubated
with 10 nM, 50 nM, and 100 nM insulin, glucose transport values for myotubes treated with
L-AMPT were greater (P < 0.001) than the corresponding values for cells not exposed to L-
AMPT. For myotubes treated with L-AMPT, each increment in insulin concentration produced
acorresponding increase (P < 0.05) in glucose transport. The increase in both insulin sensitivity
and insulin responsiveness caused by L-AMPT is reminiscent of the effects of lithium, which
increase sensitivity and the responsiveness of glucose transport to insulin and other stimuli
(27). In contrast, contraction of muscle (i.e., exercise) stimulates sensitivity to insulin but does
not increase the maximal glucose response to insulin (28).

As shown in Figure 2D, myotubes contain TH, the enzyme that catalyzes the conversion of
tyrosine to levodopa and is inhibited by L-AMPT. These data appear to be the first to
demonstrate levodopa production in muscle and, together with the glucose transport data (Fig.
2B and C), they suggest a role for endogenous levodopa in attenuation of insulin-stimulated
glucose transport.

Levodopa Inhibits Insulin Action. Figure 3 illustrates that levodopa prevents the increase in
glucose transport stimulated by insulin (P < 0.05). Insulin action in the presence of levodopa
was restored by propranolol. These data suggest that the inhibition of insulin action by levodopa
isatleastin parta p-adrenergic effect. Insulin action in the presence of levodopa was completely
restored by inclusion of NSD in the medium (Fig. 4), suggesting a role for an NSD-inhibited
enzyme in mediation of the effects of levodopa on insulin-stimulated glucose transport.

NSD and Propranolol Prevent the Increase in cAMP Concentrations Caused by
Levodopa. Figure 5 shows that myotube cCAMP concentrations were increased more than 2-
fold above baseline in the presence of levodopa (P < 0.001). Propranolol completely abolished
the increase in cAMP concentrations brought about by levodopa (P < 0.001), suggesting that
the levodopa-stimulated increase in [CAMP] was a -adrenergic effect. Prevention of the
levodopa-related increase in [CAMP] by NSD suggests that an NSD-inhibited enzyme mediates
the effects of levodopa on [CAMP].

Effects of Levodopa Are Catecholamine Independent. As previously described, NSD
prevented both the levodopa-related inhibition of insulin action (Fig. 4) and the levodopa-
stimulated increase in [cCAMP] (Fig. 5). NSD is an inhibitor of DDC, the enzyme that catalyzes
the conversion of levodopa to dopamine. However, we detected neither catecholamines in
medium that had been incubated with cells (either in the absence or presence of levodopa) nor
DDC protein in the myotubes (Fig. 6), so we do not believe that DDC mediates the effects of
levodopa on insulin action or cCAMP concentrations. NSD also inhibits monoamine oxidase
(29,30), an enzyme that catalyzes the conversion of levodopa to dopaquinone, suggesting that
dopaquinone or one of its metabolites mediates the catecholamine-independent effects of
levodopa on insulin action and cAMP concentrations.

Effects of Levodopa on Insulin Signaling. As shown in Figure 7, levodopa did not alter the
insulin-stimulated phosphorylation of Akt. Thus, levodopa appears to act in a fashion similar
to caffeine, which increases [CAMP] and inhibits insulin-stimulated glucose transport without
blunting the activation of Akt by insulin (31).
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Discussion

The new information provided by this study is that endogenous or exogenous levodopa (or a
noncatecholamine levodopa metabolite) appears to have hormone-like actions in muscle cells,
impinging on glucose metabolism through a p-adrenergic mechanism. Inhibition of insulin
action by levodopa has previously been reported for skeletal muscle (5), which contains
peripheral nerves (potential sites for levodopa-related catecholamine synthesis) in addition to
muscle fibers. The current data extends previous findings by demonstrating the possibility of
direct DOPAergic action in C2C12 myotubes, independent of catecholamine synthesis.

Accumulating evidence suggests that levodopa has hormone-like or neurotransmitter-like
properties and may function through direct interaction with B-adrenergic receptors without
prior conversion to catecholamines (32,33). For instance, exogenously applied levodopa
stimulates the B-adrenoceptor—dependent release of norepinephrine and dopamine from rat
hypothalamic slices (9). These actions were observed in the presence of a DDC inhibitor, so
they did not appear to be secondary to the conversion of levodopa to dopamine and/or
norepinephrine. In addition, for neurons in several regions of the central nervous system,
levodopa itself has been reported to produce presynaptic and postsynaptic responses (8,7,34).
Although selective p1- and p2-adrenergic antagonists both reportedly interfere with
DOPAergic signaling (35), levodopa does not displace bound 3H-dihydroalprenol (a 8-
adrenoceptor ligand; Ref. 35). In addition, although propranolol prevents actions of levodopa,
it does so in a noncompetitive manner (36). These previous findings suggest that either there
is a separate levodopa receptor (i.e., a receptor that is not an adrenoceptor) that is inhibited by
B-adrenergic antagonists or that it is a levodopa metabolite (not levodopa per se) that binds B-
adrenoceptors. Efforts to identify specific receptors that mediate the hormone-like effects of
levodopa are reviewed by Slominski and Paus (37). The current findings of DOPAergic action
in C2C12 myotubes suggest that signaling properties of levodopa are not limited to neural
tissue.

In addition to inhibiting DDC, NSD also inhibits monoamine oxidase, an enzyme that is present
in skeletal muscle (38) and catalyzes the conversion of levodopa to dopaquinone. In the absence
of any countervailing effects on levodopa action attributable to inhibition of DDC by NSD,
the prevention of the effects of levodopa by NSD suggests that the monoamine oxidase product
dopaquinone or one of its metabolites mediates DOPAergic action in myotubes. Intriguingly,
the dopaquinone synthetic pathway is dysregulated in the Agouti mouse, a model of obesity
and insulin resistance (39). Several dominant mutations of agouti, a secreted paracrine factor
that regulates adipocyte transcription factors, lead to increased body-fat content, insulin
resistance, impaired glucose tolerance, and hyperglycemia (40). Agouti regulates lipid
metabolism and adipogenesis, and altered expression levels of agouti disrupt the control of
body weight in mice (39,41). Thus, there are now two separate lines of evidence (i.e., the current
data and previous reports regarding agouti) that suggest potential roles for levodopa-related
pathways in metabolic regulation.

Skeletal muscle is the primary site of glucose disposal (13,14) and, consequently, glucose
metabolism in muscle plays a significant role in whole-body glucose homeostasis. Emerging
evidence suggests that -adrenergic action or CAMP, a second-messenger mediator of B-
adrenergic signaling, may interfere with insulin signaling and/or stimulation of glucose
transport by insulin (42-44). For example, epinephrine has been reported to prevent stimulation
of muscle glucose transport by a physiologic concentration of insulin (12). In addition, for
transgenic mice with reduced expression of Gsa protein (a key element in signal transduction
for G protein—coupled receptors such as B-adrenergic receptors), responsiveness of skeletal
glucose transport to insulin was increased compared with insulin responsiveness in muscle
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from wild-type littermates (42). The current data suggest that C2C12 myotubes might possess
an autocrine DOPAergic/p-adrenergic system that could impinge on insulin action.

In conclusion, the data illustrate 3-adrenergic inhibition of insulin action by levodopa in cells
that cannot synthesize catecholamines, suggesting that levodopa or one of its noncatecholamine
metabolites has hormone-like effects in C2C12 myotubes. Furthermore, prevention of
endogenous levodopa production potentiated insulin-stimulated glucose transport, suggesting
a novel means for the improvement of insulin action.
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Figure 1.

GLUT4 content of C2C12 myotubes. Under the differentiation conditions for this study (media
containing 2% HS and 100 nM insulin), C2C12 myotubes contain GLUT4, the insulin-
responsive glucose transporter. Values are means with SEs (n = 4 per group). *Greater GLUT4
content than myoblasts (P < 0.05); tgreater GLUT4 content than myotubes differentiated with
HS, but without insulin (P < 0.005).
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Figure 2.

Depletion of endogenous levodopa enhances insulin-stimulated glucose transport. Myotubes

were incubated in the absence or presence of L-AMPT, an inhibitor of levodopa synthesis, for
3 hrs before (A) levodopa assays; (B) assessment of glucose transport rates in the absence or
presence of 10 nM insulin (n=5 per group); or (C) glucose transport assays in the absence or

presence of 10 nM, 50 nM, or 100 nM insulin (n = 7-12 per group). (D) Western blot confirms
the presence of TH, which catalyzes the conversion of tyrosine to levodopa and is inhibited by
L-AMPT. Kidney samples were included as a positive control for TH expression. * Significant
difference (P < 0.05); tsignificantly different from means for control and insulin groups (P <
0.05); Fsignificantly greater than corresponding control group not treated with L-AMPT (P <
0.001), and greater than groups with L-AMPT but with a lesser concentration of insulin (P <
0.05); § @ greater than control without insulin (8P < 0.05;2P < 0.005). Values are means + SE.
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Figure 3.

Levodopa inhibits insulin-stimulated glucose transport in a propranolol-sensitive manner.
Myotubes were assayed for 2DG transport in the presence or absence of 15 uM levodopa,
propranolol, and 100 nM insulin, as described in the Materials and Methods section.
Propranolol is a B-adrenergic antagonist. (A) Transport experiments with 10 uM propranolol.
(B) Transport experiments with 100 nM propranolol. * Significantly different from control,
levodopa + insulin, and propranolol (P < 0.001; n = 6 per group); Tsignificantly different from
all other groups not marked with (P < 0.005; n = 3-6 per group). Bars denote means + SE.
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Figure 4.

The decrease in insulin-stimulated glucose transport caused by levodopa is prevented by
NSD-1015. Myotubes were assayed for glucose transport in the presence or absence of 15
uM levodopa, 250 uM NSD-1015, and 100 nM insulin, as described in the Materials and
Methods section. NSD is an inhibitor of DDC, the enzyme that converts levodopa to dopamine,
and monoamine oxidase, the enzyme that catalyzes the conversion of levodopa to dopaquinone.
*Significantly different from control, levodopa + insulin, and NSD; tsignificantly different
from levodopa + insulin and from NSD (P < 0.05; n = 6 per group). Bars denote means + SE.
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Figure 5.

Levodopa stimulates increased cAMP concentrations. cCAMP content of myotubes was assayed
after incubation in the absence or presence of 15 uM levodopa, 10 uM propranolol, and 250
uM NSD, as described in the Materials and Methods section. * Significantly different from all
groups (P < 0.001; n =5 per group). Bars denote means * SE.
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Figure 6.

C2C12 myotubes do not contain DDC. Mouse kidney served as a positive control for Western
blot analysis of DDC content of myotubes. DDC catalyzes the conversion of levodopa to
dopamine.
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Figure 7.

Effects of levodopa on insulin-stimulated Akt phosphorylation. Western blots were performed
for myotubes incubated in the absence and presence of levodopa and the absence and presence
of insulin to assess T308 phosphorylation of Akt. * Main effect of insulin (P < 0.05; n = 3 per

group).
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