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Introduction

sensitivity.

This study investigates how saturated fat differently affects overweight and lean individuals' insulin

Conclusions

individuals.

This study shows impaired insulin sensitivity from saturated fat exposure to muscle cells
derived from overweight individuals, but does not show the same effects in leaner
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Thrush AB, Heigenhauser GJ. Mullen KL, Wright DC, Dyek
DJ. Palmitote acutely induces insulin resistance in isolated
muscle from obese but not lean humans, Am J Physiol Regal
Integr Comp Physiol 204 RI205-R1212, 2008, First published
February 27, 2008; doi: 1001 132ajpreg. 009092007 —Exposure 1o
high fanr; ids (FAs) induces whole body and skeletal muscle insulin
resistance. The globular form of the adipokine, adiponectin (gAd),
stimulates FA oxidation and improves insulin sensitivity; however, its
ahility 1o prevent lipid-induced insulin resistance in hllmanx has not
been tested. The purpose of this study was 1o determine ) whether
acute (4 b} exposure to 2 mM palmitate would impair insulin signaling
and ghicose transport in isolmed human skeletal muscle, 2) whether
muscle from obese humans is more susceptible w0 the effects of
palmitate, and ) whether the presence of 2 mM palmitae ~
pgfml gAd (P+gAd) could prevent the effects of palmitate, Insul
stimulated {10 mUiml) glucose transport was not different, rel
control. following exposure to palmitate {— 10%) or P+ gAd
lean muscle, In ohess muscle, ihe ahsodute i increase in glucos trln-..
port from hasal 1o insuli lated i was f
decreased following palmitate { —35%) and P+ gAd { —36% ) exposure
teomtrol vs, palmitate; comrol vs, P+gad, P < (005). There was no
difference in the absolute increase mo glucose ransport between
palmitate and P+gAd, in ing that in the presence of palmitate,
gl did nedt improve glucose transport, The polmitate-induced reduc-
tion in insulin-stimulaed glicose n—..m..x.n in musele from obese
duals may have been due to reduced Ser Akt {control vs.
itate; P+pAd, P < 0051 and Akt substrate 160 {AS160) phos-
almitate; P+ gAd, P < 0L05). FA Liomn
ificantly increased in muscle of lean and obese individuals in
the presence of gAd (P < 0.03), suggesting that the stimulatory
effects of gAd on FA axidaion may not be sufficient 1o entirely
prevent palmitate-induced insulin resistance in obese musche.

fairy acids; glucose transport; fat oxidation: adipomectin recepeor
isoform |; adiponecting dinbetes

IT 15 WIDELY CONSIDERED THAT abnormal muscle fatty acid (FA)
metabolism, leading to the accumulation of intramuscular lip-
ids, may be an imp factor in the develop of insulin
resistance, Recent research suggests that reactive lipid species,
such as long-chain fatty acyl-CoA, ylglyeerol, and cer-
amide, play a causative mole in the progression of insulin
resistance (%, 10, 34). Acutely. the infusion of a lipid emulsion
for several hours (4, 13, 16, 34) can induce whole body insulin
resistance. Exposure o high circulating FA for 4-6 h can
impair skeletal muscle insulin signaling in rodents (34) and
humans (16) and ex vivo in isolated rodent solews muscle (1,

Address far rc|1r|||( requests and other camespandence; A, B, Thrush, Depe,
| . - -

27). However, we are unaware of any study that has examined
the direct effects of FA on insulin-signaling and glucose
transport in an ex vivo isolated human muscle preparation,
therehy avoiding the systemic effects associated with lipid
sion. The metabalic 15 of high FA on skeletal muscle

i
have also not yet heen compared between lean and obese
humans.

Adiponectin is a 30-kDa adipokine that improves insulin

sensitivity by affecting liver .md s.kclmn] muscle glucose and
lipid ismil11,29, i circulates in plasma
primarily in a high molecular weight multimeric form, and its
concentration is reduced in obesity (14). However, it is the
truncated globular form of adipone lm {gAd) that has potent
metabolic effects in skeletal muscle (11, 29, 33), Skeletal
muscle exg y the adif in receptor iso-
form 1 (AdlpuR]] to which L_Ad specifically binds (31). The
regulation of AdipoR1 expression in human muscle is contro-
l: mENA content has been demonstrated to be both
unLh.mLﬂJ (23) and increased in obesity (3, 11) and decreased
in individuals with a family history of type 2 diabetes (12}
However, AdipoR1 protein content has not wet been compared
in shele cle of and obese humans.

gAd el its insulin-sensitizing effects through increased
insulin-stimulated glucose uptake and FA oxidation (7. 32) and
increased GLUTS translocation (8) in skeletal muscle. These
effects are likely mediated. in pan, through the phosphoryla-
tionfctivation of AMP-activated protein kinase (AMPK) (11,
209, 32), The stimulatory effects of gAd on AMPK activation
are blunted in muscle from obese humans
reductions in the
transport (7, 1) T is in whether |hc
effects of gAd are impaired in the presence of high palmitate or
whether gAd can prevent palmitate-induced insulin resistance.

The objectives of the present siudy were o determine
whether 1) 4 h of exposure to high concentrations of palmitate
would impair insulin signaling, glecose ransport, and FA oxida-
tion in isolated human rectus abdominus muscle; 2) whether
muscle derived from obese subjects was more susceptible
1o FA-induced insulin resistance than from lean subjects;
) whether the presence of gAd in the incubation medium

could p the insulin d iti effects of pulmi-
tane: .nnd 4 finally, .’\thuRl protein content was measured in
muscles from lean and obese subjects, as this had not previ-

ously been reported and L‘uu]rJ potentially explain differences
in gAd action in skeletal muscle from lean and obese humans,
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Intro

Intro: Abnormal muscle fat metabolism (within the muscle cells) leads to
accumulation of fats within the muscle cells, it is believed, and this
contributes to insulin resistance. Labs have indicated that a number of
different types of fat molecules (like diacylglycerols and ceramides) play
a causative role in insulin resistance. Exposure to fats by blood infusion
over hours or days leads to reduced insulin sensitivity (greater insulin
resistance). High circulating free fats in the blood stream increases
insulin resistance in animal models, as well as in humans.

Adiponectin is a hormone released by fat cells and improves insulin
sensitivity (reducing insulin resistance) in muscle and in liver (by
increasing fat oxidation and glucose uptake). It usually circulates in a
globular form and is then truncated/cut to an active form, which can affect
muscle by binding the adiponectin receptor. Adiponectin increases insulin
sensitivity by increasing insulin stimulated glucose (blood sugar) uptake
into the cells - this is possible through the activation of the AMPK
molecule. Adiponectin's ability to activate AMPK is reduced in obese
individuals.
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We hypothesized that palmitate would induce insulin resis-
tance 1o a greater degree in muscle from obese individuals and
that this would be at least partially corrected by gAd. We also
hypothesized that AdipoR 1 prodein content would be reduced
in skeletal muscle from obese individuals and that this may. in
part, explain the reduced responsiveness to gAd in obese
muscle.

METHODS

Subjects. Nineteen lean (hody mass index <26 kgim?, mean 24.0
0.6 kg/m®) and 16 obese (body mass index =29 kg/m®, mean 35.4 &
2.1 kg/m®) women participated in this study. Subjects were admitted
o MeMaster Medical Centre in Hamilton, ON, for abdominal hyster-
ectomies or other abdominal surgeries. Subjects gave informed writ-
ten consent prior to participating in this sudy. This study adhered w0
the principles of the declaration of Helsinki Code and was spproved
by McMaster University and University of Guelph ethics commitiees.
Al subjects had maintiined the same body mass for the past year,
were pondiabetic, nonsmokers, and sedentary. Subjects were screened
for any medications {e.g.. 1o control blood pressure or lipids, glucnse
tolerance, e1e.) of diseases that might ierfere with the results of the
study,

evoke @ significant increase in glueose iransport and FA metabolism
in isolated rodent and human muscle (7. 29, 32). Incubations were
in Jeml glass ion vials, and all buffers were
pregassed and maintained al a constant emperature of 30°C in a
shaking water bath. Muscles were regassed afier 2 h of incubation. A
low concentration of insulin was included in all mcubamm iwmrnl.
palmitate, P+ gad) and | (basal and
glucose transpon, FA oxidation, insulin signaling, muscle viability)
buffers (14.3 wUiml) e maintain visbility (300,

Musede viebilire, In preliminary experiments, ATF and phospho-
creatine contents were measured spectrophotometrically (2) o con-
firm muscle vishility (7). Muscle samples were frozen in liguid
mitrogen immediately following excision (0 min) or following 4 b of
incubation. Muscle ATP {0 min, 20.8 * LT 4 h. 183 * L7 pmolig
dry wt) and phosphocreatine (0 min, 560 + 23; 4 h, 524 + 54
pmolig dry wi) content was maintained throughowt the incubation.

Gilucose rransporr. Six muscle sirips were used to measure basal
{withoat insulin) and insulin-stimulated Ginsulin, 10 mUiml) glicose
{3-0methylglucose) transport, following each of the three conditions
{eontrol, palmitate. P+gAd). The procedure for assessing glucose
transport has previously been described in more detail (24, 30),
Briefly, following the initial 4-b incubation, musele strips were
transferred into 2 ml of pregassed KHB comaining 8 mM glucose and
32 mM mannitol in the absence or presence of insulin (10 mUdml;

ample preparation. Following an overnight fast (1213 h) general
anesthesia was induced with 2 sh and

by fentanyl and rocuronium volatile :me-Ihrtlc mixture, Venos
blood samples were collected in a $-ml sodium-beparinized wbe
during anesthesia, A skeletal muscle biopsy (3 > 2 1 cm) from the
rectus abdominus was excised al resting length perpendicular 1o the
direction of the muscle fibers and placed immediately into gassed,
madified, ice<cold Krebs-Henseleit buffer (KHB) containing 8 mmolA
elucose for ransport 1o the laboratory (~3 min). In the same bee-cold
buffer solution, 611 muscle strips weighing 25 mg were separnted
from the musele samgle and elamped at resting length. Any addition
tisspe not used for incubations wos immediately frozen in liquid
nitrogen and stored Tor the analysis of AdipeR1.

The experimental protocol is shown in Fig. 1. Muscle samples were
placed immediately in gossed (95%0,-5% C0u) preincubation KHB
containing 8 mmol] glucose and 4% BSA (FA free), for 20 min in a
shaking water hath at 30°C, Muscle samples were then transferred into
imcubation bulTers of control (same as preincubation baffer, contrel);
2 mM palmitate or 2 mM palmitare + 25 pgiml gAd (P+gAd:
recombinant human gpAd; cat, no, 450-21; Peprotech, Oitawa, ON,
Canada) and incubated for 4 ho This concentration of palmitate i the
upper physiokgical limit ohserved in humans and can induce insulin
resistance in 46 b in isolated rodent musele (1, 27). The supraphysi-
ological concentration of gAd used has previously been shown o

in all slepsh mn a gently shaking water bath,
Muscle srips were washed (2 % 10 min) with glucose-free KHE
containing 4 mM pyruvate and 36 mM mannitol, Muscle sirips were
subsequently incubated for 200 min {insulin) or 40 min (basal) i KHE
containing 4 mM pyruvate, 8 mM 3-0-*H]methyl-o-glucose (0.8
wCiimly and 32 mM ["Clmannitel (0.3 wCidmly, Glucose transpost
was ined @ the ol i 3o *H methyl-
o-glucose,

FA metabalism, FA metabolism was assessed during the final hoar
of the 4 b incubation period. Briefly, muscles incubated in either
pulmlmc or P+gad were d 1o a 20-ml glass illation vial

i 2 ml of the same i ion buffer, but with the addition
of 05 U |hn| of [1-"Cfpalmitate {Amersham, Oakville, ON, Canada)
w0 measure exogenous palmitae oxidation and the incorporation of
palmitate inin endogenous lipid pools us previously described (251,

g 4 h ol incubation in esther control,
nples were transferred o a vial

palmitate, or P+ g-\d. miuscle s

wnt.llmng the same incubation buffer with the d&ldlllm! of 1 mLI.frnI

content with insulin .~||muln(|nu Muscle samples were then bloted,
cut free of clamps, weighed, and immedistely frozen in liguid N2 until
further analysis. Akt phosphorylated an Serd 73 (Ser Ak Sama Cruz
Biotechnology, Samia Cruz, CA), Akt phosphorylated at the Thra(s

Fat ouidation

4 hrincubaton: P Prghd

I?cmn t

mmutm«

3 b incubation [ ug pakmitate

1 hr incubation

A hrincubation: C. P, PegAd

Fagmn T
pre inc

Fig. 1. Experimental protocol. €, contral. P,
palmitae; gAd, ghobular adiponecting pre-

TEsss 3.00H) Murt-D.Glucche
transgort (40 min incubsbon)

nsulinstimulated glucose transpest
4 br incubation: €, P.F+ghd

inc. preincubation. t=mmn
fruing
Inaulin sigralting

4 4
Tirmuin-stmutatnd {10miieL) |
30+{H] Methy-O-Glucose
ransport (20 min incubason)

4 hr incubiation: ©. P, Paghd

omn 1

e inc:

g = 11, lean and cbase
Pre inc in control tuser

Froeze in lquid N,
10 min irsuin
Stimulaton {10miimL)

AIP-Regul Integr Comp Physiot » VOL 25¢ + AFRIL 206 « www.ajpneg.org

o journals physiology.ong|

Study 31 Page 2

fajpregu s Unay of Maryland Hith Sei Human Srve Lab (134.192.107.056) on February 2, 2022

Study Design/Figure 1
Researchers recruited 19 lean (24 BMI) and 16 overweight (35 BMI)
women for the study. All participants were weight stable for the last year.

Participants came to the laboratory fasted (12-18 hours) and had muscle
biopsies taken, then the researchers plated these muscle cells on dishes
and took measurements of fat utilization (fat oxidation), blood sugar
uptake (glucose transport), insulin induced glucose transport, as well as
insulin signaling in these cells without manipulation, then incubated with
either nothing (control), 2mM palmitate (saturated fat), or palmitate
(saturated fat + adiponectin) for 4 hours (this is the upper physiological
level of palmitate found in the blood, but a supraphysiological
concentration of adiponectin).




EFFECTS OF PALMITATE AND gAd IN HUMAN MUSCLE R1207

iThr Ak Santa Cruz Bedechnology), unghosphorylated Akn {Santa|
Cruz Biotechnology ), and phosphorylated Akt substrate 160 (AS 160)|
at Thid2 (P-ASI60; Medicorp, Monireal, OB, Canada) was mea|

Table 1. Subjecr characreristics

sured. Thirty 1o fifty milli of musclel
was stored in Tiquid nitmgen for the analysis of AdipoR1 {(ABCAM,
Camibridge, MA).

Muscle sumples were homogenized as previously described (28))
Fillty micrograms of the tissoe lysate for insulin-signaling proteins and)

Charscieristics Lean
Age, yr 47+2
Body mass, kg 610225
BMI, kgim’ 24006

Fasting blood ghicose, mmell
Fusting plasma isssulin, penol/l

60 pg for AdipoR | were solubolized in 43 Lacmmeli’s buffer, boiled]  HOMA-IR 5. 3
at $5°C for 5 min, and then resolved by SDS-PAGE, Lean and obese|  Fasting free fity acid, mmal/l 039=0.06
muscle samples were run on the same gclw Giels were wet fi Fasting plasma wgiml 13.0£0.5
i diffuoride (insulin-si. 2 profeins) or nitrocell Fasting plasma lepein, ngfml (RS 654"

hm::utfl\dqul 200 mASLE by membranes. Insulin-signaling mem-
branes were blocked for 3 h [2.5% BSA (Ser Akt, Thr Akt Aki), 7.5%|
BEA (P-AS1600], and AdipoR 1 membranes were blocked for | h (5%
nonfat milk) all in Tris-buffered saline with 0.01% Tween. Mem-|
branes were incubuted overnight at 4°C with primary antibodics

(insulin signaling 1:500, AdipoR 1; 1:1.000, in blocking buffer). Men

Diata ase means + SE. BML body mass indes; HOMA-IR, homeostasis
moded af assessment comparing insulin resistance. *Significantly different
from dean, |-tailed wnpaired Hest (P < O0.01F Tsignificamly different from
lean, I-tailed unpaired est (< D05, Ssignificantly different fram lean,
T-tailed uspaired Hest (P < DOKHI

Table 1

The participants were the same age (middle aged, 47 years old), but had different
BMI (higher on the obese individuals), higher fasting insulin (higher on the obese),
higher insulin resistance (obese), lower adiponectin (obese), and higher leptin
levels (obese).

branes were washed and then incubated for | b with the secondary
antibody (insulin-signaling anti-rabbit, AdipoR1 donkey anti-goat
horseradish peroxidase). Membranes were washed again, and proteins
wene detected using enhanced chemiluminescence method (Syngene
Chemigenius?; PerkinElmser. Waltham, MA). Inmunoreactive bands
wene quantifiad using densitometry (Gene Tools software, PerkinElmer),
Equal loading was confirmed using nonspecific protein staining with
Ponceau-5 stain (Sigma Aldrich, Cakville, ON, Canada).

Blood biochemistry, Two hundred microfiters of whole blood were
added w | ml of ice-cold 0.6 mM perchloric acid and immediately
centrifiuged at 10,000 g for 2 min. The perchboric acid extrict was
frozen at ~80°C for subsequent Aourometrse analysis of blood glu-
cose (2). The remaining blood was centrifuged ot 10,00 ¢ for 2 min
and aliquots of plasma were collected and frozen, Plasma insulin,
adiponectin, and leptin were measured using commercially available
radivimmunoassay kits (Linco Research, St Charles, MO0, Plusma
free FA was measured u fally available

The homenstasis model of assessment used to compare insulin
resistance was significantly greater in obese individuals (P <
0.05), indicative of whole body insulin resistance in this
pulation.
Skeletal muscle glicose transport, Basal glucose transport
was not dlchrcnl following exp(;ulc to palmitate or P+ gAd in
A

hasal glucose transport under all conditions in both lean and
obese ndividuals (7 < 0.001; Figs
In Jean individuals, there was no
insulin-stimulated glucose transport with exposure to palmitate
{—1Fw) or P+gAd (+3%) compared with control (Fig. 34).
The absolute mn.rea:ee in glucose transpont from basal o insu-
if-

ng a
assay kit (NEFA C test kit; Wako, Richmond, VA

Codewlations ard sfatistival anelvses. All data are presemted as
means = SE. Two-w, mpca!ed -measures ANOWVA was performed o
detect di ’ I glucase uptike be-
tween incubation conditions {control vs. palmlmm va, PrpAde A
one-wiy ANOVA wos used to analyze within-group (Jean, obese)
differences of Western blot analysis (control vio palmitse v
P+gAd). A Swdent-Newman-Keuls post hoc test was used to check
significant differences revealed by the ANOVA, One-tiled paired
t-tests were used for within group (palmitate vs. P+gAd in lean or
obesel analysis of FA metabalism. A one-tailed, unpained rtest was
wsed for between- -group (lean vs. obese) analysis of body

(Fig. 2C) was not significantly

in this p

Fcrenl wmong the three |
(P = 0.66),

In contrast, insulin-stimulated glucose transport was reduced
by 20% in isolaed muscle from obese individuals when ex-
posed 1o palmitate (palmitate vs. control, P = 0.003). When
£Ad was also incleded (Fig. 28), there was a trend toward a
reduction in insulin-stimulated  glecose transpont compared
with control (control vs, P+gAd, —12%, P = 0.09). The
inclusion of gAd tended to increase ins stimulated glucose
transpor oomp:med with palmitate (+ I.S%] but this also did

blood parameters, and AdipoR 1 protein analysis. Significance was
accepted at = 0,05, and trends were marked in parentheses (005 =
P 0000

not reach signifi {P+gAd vs. P =007}, When
glucose transport was expressed as an absolute increase in
respmlse [0 insulin, both palmitate and P+ gAd conditions were
lower than control, {palmitate vs. control, —55%;

The: madel of was usesd pare insulin
resistance [HOMA-IR = {fasting glicose * fasting insuliny22.5]
between lean and obese, where a larger number indicates a greater
bevel of insulin resiatance (17, 22).

RESULTS

Subject characterisiics. Subject characteristics are shown in
Table 1. Obese individuals had significantly greater body mass
and body mass index (+34%. and +32%. respectively, P <
L0001 compared with lean individuals, Blood glucose and
plasma free FA were not different between lean and obese
individuals. Fasting plasma insulin and leptin were signifi-
cantly higher in obese individuals (4 33% and +67%, respec-
tively, P < 0.01) compared with lean individuals, whercas
p]:lmu adiponectin was significantly lower (—42%, P < (L01).

P+gAd vs, control, —36%, P = (L05). There was no signifi-
cant difference in the absolute increase in glucose transpon
between palmitate and P+gAd in skeletal muscle from

duals (P+gAd vs. palmitate, P = 00.3). This indicates that
palmitate induced insulin resistance in skeletal musele from
obese individuals, but the inclusion of gAd was unable to
completely prevent this,

Insulin-signaling proveins, The effects of palmitate and
P+gAd conditions relative to control on Ser- and Thr-phos-
phorylated Akt unphosphorylated Akt and P-AS160 follow-
ing acute insulin stimulation in lean and obese individuals are
shown in Fig. 3. Palmitate or P+gAd did not significantly
affect insulin-signaling protein content or phosphorylation in
muscle from lean individuals (total Akt, Thr Akt Ser Akt
P-AS160; Fig. 3, A, €, E. and G, respectively). In skeletal
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Fig. 2. Glucose transport in skeletal musche of lean and abese humans. Effects of lang-term expesure (4 by of control, 2 mM palmitate, and 2 mM palmitase +
c in skeletal muscle of lean (n = 8 A} amd obese (0 = §: 8 bumans. € and £ absolute
tively. in response to palmitate and P+ gAd. Data was calculated by subtracting the respective
sl plucose uptake from insulin-stimubated ghicos uptake. Basal ad insulin-stimulsted ghacose trampont was assessed over 40 and 20 min, respectively.
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Figure 2

The researchers are testing glucose uptake into the cells, with and without insulin stimulation,
in lean and obese individuals. C = Control media (no added saturated fat or adiponectin); P =
Palmitate (saturated fat) addition to the cells; P+gAd: Palmitate + globular adiponectin addition
to the cells.

Primary Results

- Basal glucose uptake is the same for lean and obese.

- Glucose transport/uptake was increased with insulin stimulation.

- Glucose uptake was dampened by palmitate, but somewhat rescued by adiponectin (only in
obese).

Saturated fat (palmitate) reduces insulin mediated glucose uptake in obese
derived muscle cells only (no such effect in lean derived muscle cells). However, adiponectin
(at extremely high levels) recovers some of the insulin mediated glucose uptake in obese
derived muscle cells only.

muscle Trom obese individuals, total AU was not different
following palmitate or P+gAd exposure relative o control
(Fig. 38). There was a nonsignificant reduction in Thr Akt

phosphorylation fi with pal (—35%)
and P+gAd (=37%) compared w||I| mmm] (Fig. 3D, P =
0.13). Ser Akt ph yla reduced

(= 58% ) when exposed 10 palmitate in ~sl:=||.|..|| muscle of obese
individuals {Fig. 3F, control vs, palmitate, P < (LG0T}, When
gAd was included with Ser Akt ylation
remained significantly reduced (—39%) compared with control
(eontrol vs, P+gAd, P < 0L001). In the presence of gAd, Ser
Akt phosphorylation tended to be increased compared with
palmitate (palmitate vs, P+gAd, P = 0L07), Phosphorylated
ASI60 (Fig. 3H) was also significantly reduced following
exposure to palmitate (—32%) and P+gAd (—38%) in muscle
from obese individuals (control vs, palmitate. control vs.
P+gAd, P < 0.05).

Skeletal muscle FA metabolism. The effects of pubmitate and
P+gAd on FA metabolism are shown in Table 2 and Fig. 4. The
inclusion of gAd resulted in increased palmitate oxidation (Fig.
4) and total palmitate uptake (Table 2} in muscle from both
lean and obese individuals (Fig. 4, P = 0.05), There was no
significant difference in FA incorporation into lipid pooll. 1|| thc

muscle from obese but not Tean individuals; this coincided with
impaired Ser Akt and AS160 phosphorylation, which were also
only apparent in the obese muscle. The inclusion of gAd did
not restore insulin-stimulated glscose ransport o control val-
ves or prevent the reduced phosphorylation of Ser Akt and
AS160. In the presence of high palmitate, gAd was able to
stimulate FA oxidation in both lean and obese muscle, sug-
pesting that the inability to restore insulin sensitivity was not
fully a function of gAd resistance. It may be pmslhl.c th.ll under
acute {4 h) ¢ it either sti FA was
insufficient, or th |||lu|h, of the s |n|ul.|l|0n was nol large
enough to prevent | duced insulin in obese
individuals. There was a small, nonsignificant reduction (—20¢%) in
AdipoR1 prodein content in obe: scle compared with lean.
It is uncertain whether this was a physiologically relevant
e car the change in AdipoR1 being
s still able o
ightly lower in

us our o
stimulate FA oxidation, although this wa
obese than in muscle from lean individuals.

Isoluted rectus abdominus muscle sirips, as used in the
present study, are a unigue model that allows for the in vito
assessment of human muscle metabolism in isolation of sys-
temic influences (15). Rectus abdominus muscle has a rela-

presence of gAd in skeletal muscle of lean or obese
compared with palmitate {Table 2).

AdipoRi. AdipoR1 protein content was 20% lower in skel-
etal muscle of obese individuals; however, this was not signif-
icant (Fig. 5).

MSCUSSION

This study demonstrated that 4 h of 2 mM palmitate expo-
sure can induce insulin resistance in isolated rectus abdominus
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tively even distrit of Type T and la fibers, with a small
portion of Type [Tb fibers, making it slightly less glycolytic but
comparable to the more commonly used vastus lateralis muscle
{26). Furthermare, citrate synthase activity is similar between
rectus abdominus and vastus lateralis. which indicates a com-
parable oxidative capacity (7). It should be recognized that, as
with any in vitro model, extrapolation 1o the in vivo condition

must be cautions. Furth other skeletal sclesfiby
types may not necessarily respond similarly.
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Fig. 3. Tnsulin signaling in skebetal mscle
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tent and phosphorylation in skelctal mmscle
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the: samme: etter ane non significantly differem,
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Figure 3

This data shows the expression levels of particular proteins/molecules that are key to the insulin
signaling cascade within the muscle cells. Threonine and serine phosphorylation of Akt activate Akt.
AS160 is a protein involved in the activation of the GLUT proteins that allow glucose into the cell from
the media/blood (more phosphorylation at that location - threonine 642 - activates AS160 to allow
more insulin signaling. C = Control media (no added saturated fat or adiponectin); P = Palmitate
(saturated fat) addition to the cells; P+gAd: Palmitate + globular adiponectin addition to the cells.

Primary Results

- Total Akt levels are unaffected by palmitate.

- Phosphorylation of Akt at Threonine is unaffected by palmitate.

- Serine phosphorylation of Akt is reduced by palmitate, but somewhat recovered by adiponectin (in
obese)

- AS160 phosphorylation is reduced by palmitate, but not recovered by adiponectin (in obese).

Note: There are no loading controls for these proteins (except the total Akt) - so, we are simply taking
the researchers' word that the conditions were equally measured - this enough to dismiss this data
entirely, if you do not believe the researchers.

Insulin signaling is somewhat dampened by palmitate (saturated fat) in obese
derived muscle cells only, with a partial recovery when adiponectin is exposed to the cells. No effect
is experienced in lean derived muscle cells.

Effecr of palmitare and gAd on skeletal muscle glicose
transport. The exposure of skeletal muscle to 2 mM palmitate
fior 4 b induced insulin resistance in skeletal muscle of obese,
bat not lean, individuals. Skeletal muscle of obese individuals
15 often characterized by impaired glucose transport (7. 1%) and
abnormal FA metabolism (20), including increased sarcolem-
mal FAT/CD36 content (6, 21) and increased lipid content (6.
18). Due to an increased tendency to take up and store FA, it

AJP-Regul fntegr Comp Physiol « VOL 254 « APRIL

hy is maore

ible 1o duced insulin resi . which is
demonstrated by the findings of this siwdy. It is perhaps
surprising that we did not demonstrate a palmitate-induced
decrease in insulin-stimulated glucose transport in muscle from
lean individuals. However, it is possible that a longer exposure
o palmitate, i.c., =6 h, would indeed have induced insulin
resistunce, which has previously been shown in isolated soleus
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is 1o hyy
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Table 2. Farry acid incorporation into DAG and TAG pools

Lean Dhese
Faity Acid
Metabalistn Falmite PegAd [rr— Pgad

Lipid Incorportion

DAG 115249 259+44

TAG [AE R 482491

Total £7E152 T4

Toaal palmitate
uptake WEI=104 16282213 12542147  1565=2180

Ervigdarion-ro-Esterification Rarka

OX/DAG 18=03 2R=08 2404 17=10

OXTAG 1001 [IEETIN] 1421 24204
Data are means + in nmalig; kean individuals. n ohese individuals,

n o= 8 DAG, di yeerol, TAG, ri; voerol, P+pAd. palmitae +
ghobular adiponectin; OX. axidaticn. Oxidation to-esterification rativ: palmi
tate oxidation. mmolig (shown in Figure 5): *F vs, # = pAd, < 005, |-aiked
paired r-test,

muscle from lean nondiabetic rodents (1), Nonetheless. the
important finding of our study is that in a defined 4-h period,
palmitate was able to induce insulin resistance in muscle from
obese, but not lean, individuals.

An unexpected observation in this study was that insulin-
stimulated glucose ransport was not different
and obese individuals in the absence of palmitate. Certainly, it
is well recognized that glucose transport may be reduced in
| musele of obese individuals (7, 193, The phar
Im{u.al dose of insulin used in this study was chosen because it
is known to maximally stimulate glucose trunsport inan
isolated muscle preparation, Thus, we cannot dismiss the
possibility that maximal stimulation may have overcome
any impairment in insul timulated glucose transport. and
that this impairment may have been evident in the presence of
a lower, submaximal insulin dosage.

It has previously been shown that gAd stimulates glucose
transport in skeletal muscle from lean and obese individuals
and that this effect is additive o insulin (7). In the present
study. the inclusion of gAd did not completely prevent palmi-
tate-induced insulin resistance in obese muscle, The absolute
increase in glucose transport from basal o insulin-stimulated
-mdmu wis slightly grester when gad was. included [P+gM]

i with palmi bhut this
1'cn:nt from umtml. indicating that gAd did not restore insulin-
stimulated glucose transport, In lean individuals, insulin-
ulated glucose fransport was also unaffected by the presence
of gAd.

ACTS OF PALMITATE AND gAd IN HUMAN MUSCLE
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Fig. 5. Adiposectin ro isoform 1 (AdipoRt1) protein comtent m skeletal
musche from bean and obese humans. Skeletal muscle AdipoR1 receptor
protein content in skeletal muscle from lesn (v = 83 and obese {u = 7) humass,
Data are means =

In the present study, the stimulatory effects of gAd in the
absence of palmitate were not measured due to the limited
number of viable strips that could be procured for incubation
from a given rectus abdominus sample. As a result, we cannot
conclude whether gAd was able to independently stimulate
slucose transport. However, n has prr\lmnl)' been shown in

the presence of a high palmitate concentration (P+gAd con-
dition) may have prevented this additive effect, i.e., induced
eAd resistance.

Effects af palmitate and gAd on ing proleing,
The present study demonstrated that exposure to palmitate
significantly reduced Ser Akt phosphorylation (—538%) and
1\,mlcd 10 mluc:, Thr .'\kl phosphorylation (=33%) under

This is in with previ-
ous -ludlu in rat soleus muscle (27) and C2C12 muscle cell
(9, In accordance with the reduction in Akt phosphoryla
AS160 phosphorylation was also reduced by 35%. which has
also been shown in modent soleus muscle (1), In C2C12
myocyies exposed to palmitate, ceramide content increased
and inhibited insulin signaling by stimulating the d.cphmphnr-
ylation of Akt (%), therefore preventing the phosphoryl:
AS160. In the present study, the impaired insuli
elucose transport in mu\cl.c rmm obes ndividualei ma
have been the result of p Juced I
which prevented the phn\phory]a(mn of Akt and ASI60. In
skeletal muscle from lean individuals, palmitate exposure had

fin-sig

v also

A 1 B 100:
Fig. 4. Fany acid oxidation in skelesal mus- £ - b
cle of lean and vhese humans, The effects of 75
long-term exposare (4 0 of 2 mM palmitane
and (P+ gAd) on fatty acid oxidation in skel 2% —_ % 50 T
ctal sl of lean v = 5: Ab and obese E E
(n = 8 ) bumans. Duta ane means = SE = £
significantly diffenent from pali- £
niled paired ries; 01, signifs & o«
ey different from padnitae, |-sibed puired
L] [ Pigad F Peghd
Lean Coese
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no significant effect on any of the |||snl|n-<|gnalmg pmhcms
that were measured, consistent with the lack of 1 in

RI211

ohl.l:rw:d in lean muscle, suggests that there may not have heen
ally i

insulin-stimulated glucose transport, Due to tissue constraints,

iy siologi reduction in this receptor. Unfor-
lunale]y. Ihﬁ ﬁndlng_ does not clarify the current controversy

ceramide content and other lipids were not in this
study, and so a definitive role of reactive lipid species cannot
be determined.

Effects of palmitate and gAd on FA metabolism. gAd stim-
ulates FA oxidation in homan (7, 11} and rodent (24, 32)
musele. However, obesity may reduce the sensitivity of muscle
o the acute stimulatory effects of gAd on AMPE sctivation
and FA oxidation. For example, a greater concentration of gAd
is required o stimulate FA oxidation in myotubes culiured
from obese human muscle (11). Also. gAd-stimulated J"A

of AdipoR1 in lean and obese muscle.
Perspectives and Significance

There are several important and novel findings of this study.
First and most importantly, we demonsteated that in a 4-h
period, 2 mM palmitate directly induces insulin resistance in
isoluted skeletal muscle from obese, but not lean, individuals,
This is with aur oby d itate-induced inhibi-
tion of ASI60 and Akt phmphurylallon in the obese group.
Also of 5|gn|l'|u|m‘c was the inability of gAd 1o restore skeletal

oxidation is blunted in isolated muscle from obe::e. P
with lean, humans (7). In addition to this, gAd £ imulate
FA oxidation in isolated rat soleus muscle following 4 wk of
high-fai feeding (24).

In the present study, gAd stimulated FA oxidation in the
presence of high palmitate in muscle from both lean and obese
individuals. This finding differs from our previous report (71 in
which gAd-induced FA oxidation was significantly impaired in
obese muscle. However, in our previous study, which used a
0.5 mM palmitate incubation medium, and @ shorer period of

gAd FA ion in skeletul muscle of
lean and ohe:se humans by 69% and 30%, respectively (7). In
the present study, the relative increase in FA oxidation was
much less: —30% in lean, and ~20% in skeletal muscle from
obese individuals. Indirectly, this suggests that the longer
exposure to a high palmitate concentration may have reduced
the stimulatory effects of gAd on FA oxidation.

The fact that palmitate-induced insulin resi was not
alleviated in obese muscle by gAd strongly suggests that the
stimulatory effects of gAd on FA oxidation were insufficient 1o
prevent insulin resistance, Whether a greater increase in palmi-
tate oxidation would have proved beneficial is unknown. How-
ever, it should be noted that the stimulatory effect of gAd on
palmitate oxidation was slightly reduced in obese (+20%)
compared with lean {+30%) individuals: Accordingly, we did
not ohserve any impairment in insulin-signaling proteins in the
presence of palmitate, with or without gAd in muscle from lean
individuals. Overall, the data indicates that obese muscle is
more hle 1o the deri | effect of palmi and this
could not be rescued gAd. Furthermore, our data suggests
that high palmitate impairs the ability of gAd 1o independently
xl:mulnle gluoo::e transport prior o any loss of stimulation of
FA ie., acute of gAd resi

muscle i d glucose ransport in the presence of
hlgh pn]nulzlt: in thh Zroup. dcsplte a small, albeit significant,

1 The acc Jation of lipid
specics {mamldl: and dizcylglycerol) have not yet been mea-
sured in intact human muscle exposed to palmitate, and should
be assessed as a polential mediator of lipid-indeced insulin
resistance in this model.
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