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Skeletal Muscle Glycolysis, Oxidation, and Storage of an Oral Glucose Load

David Kelley,* Asimina Mitrakou,* Harold Marsh,? Frederick Schwenk,* Jonathan Benn,® Gabriele Sonnenberg,'
Michael Arcangeli,’ Thomas Aoki," John Sorensen,** Michael Berger,' Peter Sonksen, and John Gerich*

*Diabetes Section, Division of Endocrinology and Metabolism, Departments of Medicine and Physiology, University of Pittsburgh
School of Medicine, Pittsburgh, Pennsylvania 15261; *Endocrine Research Unit, Departments of Pediatrics and Anesthesiology,
Mayo Medical School, Rochester, Minnesota 55905; *Department of Medicine, United Medical and Dental Schools of Guys

and St. Thomas Hospitals (St. Thomas Campus), London, United Kingdom SEI 7EH; "Department of Nutrition and Metabolic
Diseases, University of Dusseldorf, Dusseldorf, Federal Republic of Germany; "Division of Endocrinology, Department

of Internal Medicine, University of California, Davis, Sacramento, California 95817; and **American Technology
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B Glucose, [14Clglucose specific activity, [3H]glucose
specific activity,

m Alanine, lactate, pyruvate, 0,, CO,, and insulin
concentrations

B Whole body glucose and lipid oxidation.

B Nonprotein respiratory quotient was calculated from
the calorimetric values and urinary nitrogen excretion,
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Figure 1. Plasma glucose and insulin concentrations and rates of sys-
temic appearance of endogenous glucose, orally administered glu-
cose, and oral plus endogenous glucose after ingestion of a 1-g/kg
glucose load in nine normal volunteers.
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Table 1. Muscle Glucose Metabolism during Assimilation
of Oral Glucose Load

Forearm tissue
(umol/100 mi)* Total body muscle (g)

Owverall Oral glucose Overall Oral glucose

Uptake 40659 268+43 27.3+4.3 17.9+29
Glycolysis 60.2+16.6 37.9+11.5 4.0+15 2.5+09 2.5/17.9=15%
Lactate release 35.6+£12.2 229+78 2.3+1.1 1.5+0.7
Alanine release  30.5+6.0 18.9+3.6 2.1£0.5 1.3£0.3
Pyruvate release —6.4+29 —40+1.8 —-04+0.2 -0.3+0.1 oxipizeD 36%
Oxidation 208+28 138+22 13.6+2.0 8 3\ 259 (37%)
Storage 138+54 91.5+35.4 9.8+3.7 STORED 1 50/0

43g (63%)

* Micromoles as glucose equivalents calculated as (a) sum of lactate,
alanine, and pyruvate release, (b) glucose uptake minus glycolysis
plus oxidation, and (c) as described in Methods.
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Figure 4. Overview of metabolic fate of 68-g oral glucose load in nor-
mal human volunteers. Values for kidney storage actually represent
net uptake and may include glucose that was metabolized.
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W [t is generally regarded that much of the
control over rates of uptake is posited within
the proximal steps of delivery, transport, and
phosphorylation of glucose, with glucose
transport as the main locus of control.

m [150]H,0 , [11C]3-OMG,# [18F]FDG
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FIG. 5. The coeficients of control governing rates of glucose nptake during basal () and insulin () are shown for solens and tibialis anterior
muscle.
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J Appl Physiol 98: 100107, 2005.
Farst published August 13, 2004; doi: 10. 115¥japplphysiol. DD6E6.2004.

Enzymatic regulation of glucose disposal in human skeletal
muscle after a high-fat, low-carbohydrate diet

Tanyva L. Pehleman,! Sandra J. Peters.? George J. F. Heigenhauser,® and Lawrence L. Spriet!
'Department of Human Biology and Nutritional Sciences, University of Guelph, Guelph, Ontario;

*Faculty of Applied Health Sciences, Brock University, St. Catharines, Ontario: and
*Department of Medicine, McMaster University, Hamilton, Ontario, Canada
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Fig. 2. Whaole blood glucose (A and B) and plasma msulin concentrstions (C and £ over time doring an oral glucoss iolerance test afier 2 Con det (A and

#) or a HEALC diet (8 and ¥, o). Valees are means = 5E

1K i u} | SE Duotied lines, mean fasting giucose and insulin concenbraisons. frsers. area under the plucose (fop)
~ - e A o 1 HEN T A i L < P R : -l - T
75.[|:f'|§Uﬂ5$B § insulin {Fofiom) carves afier Con and HFLC dieis, respeciively. *Significanily different from conrol, P = (.03,
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Table 2. Plasma FFA and whole blood B-hydroxybutyrate, glycerol, and lactate responses during an OGIT
after a Con or HF/LC diet
R-Hydroxybutyrate Glycerol Lactate
Time, min
(OGTT) Con HE/LC Con HF/LC Con HF/LC Con HF/LC
—30 0.30=0.08 0.52+0.08* 0.10+0.02 0.31 £0.00* 0.04+0.01 0.05x0.01 04=0.1 03=0.1
0 031007 045=0.06 0.13+0.04 0.28+0.08* 0.05x0.01 0.04+0.01 0.3+0.1 0.1+0.1
30 0.21=0.06 0.27x0.05 0.07+0.02 0.16£0.05 0.030.01 0.03=0.01 04=0.1 0.1%0.1
60 0.12+0.05% 0.12=0.04+ 0.4 +0.01% 0.09 +0.04+ 0.02+0.01% 0.03+0.01" 0402 02=0.1
a0 0.11+0.05% 0.07+0.03% 0.04+0.01% 0.05+0.01+ 0.02x001% 0.02x0.001% 05+02 0.3+0.1
120 0.09+0.03F 0.06=0.04% 0.04+0.01% 0.04 =0.01% 0.020.01F 0.02x0.01% 0.3x0.1 0.2x0.1
150 0.22+0.05 0.27+0.14 0.06+0.02+% 0.07+0.02¢ 0.04+0.01 0.03+0.01 0.2+0.1 0.2x0.1
180 0.40=0.14 047=0.10 0.11£0.04 0.22+0.08 0.04=0.01 0.04+0.01 0.2+0.1 0.3=0.1

Values are means = SE gi\aen in mM. FFA, free fatty acid; OGTT, oral glucose tolerance test. *Significantly different from Con, P <2 0.05. {Significantly

different from basal concentration {—30 and 0 min), P <
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Fig. 3. Fractional velocity of glycogen synthase (GSg) before (0 min) and
durlng an OGTT (75 min). after a Con diet and a HF/LC diet. Values are
means = SE. GS, activity of the glycogen synthase active form [0.1 mM
glucose-6-phosphate (G-6-P))ftotal glycogen synthase activity (10 mM G-6-
P). * Significantly different from 0 min, P << 0.05.
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Fig. 4. Pyruvate dehydrogenase kinase (PDK) activity after Con and HF/LC
diet. Values are means = SE. ® Significantly different from Con, P < 0.05.
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Fig. 5. Pyruvate dehydrogenase in the active form (PDH.) before (0 min) and
during an OGTT (75 min) after Con and HF/LC diets. \mJu:w are means = SE.
ww, Wet wt. 2 Slgmﬁcantl} different from Con, P < 0.05. ® Significantly
different from 0 min. P < 0.05.
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m HK and GS activities. Maximal HK activity
was not altered by the 56 h HF/LC diet (Con;
0.42 + 0.04 vs. HF/LC; 0.36 + 0.04 mol/kg
protein-1 h-1).
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Am J Physiol Regul Integr Comp Physiol 207: RE85-R891, 2009.
First published July 22, 2009; doi:10.1152/ajpregu.90604.2008.

Carbohydrate refeeding after a high-fat diet rapidly reverses the adaptive
increase in human skeletal muscle PDH kinase activity

J. Kent Bigrigg,” George J. F. Heigenhauser,’ J. Greig Inglis,” Paul J. LeBlanc,” and Sandra J. Peters'~

'Centre for Muscle Metabolism and Biophysics, and *Faculty of Applied Health Sciences, Brock University, St. Catharines,
ON; and *Department of Medicine, McMaster University, Hamilton, ON, Canada

Submitted 16 July 2008; accepted in final form 15 July 2009
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Fig. 1. Experimental protocol. Subjects consumed a standardized Pre-diet for
3 days (~50:30:20% of the energy from carbohydrate/fat/protein) followed by
a 6-day high-fat low-carbohydrate (HF/LC) diet (~5:75:20% carbohydrate/fat/
protein). Blood samples and muscle biopsies were taken prior to and following
the HF diet. A single meal of high-glycemic index mixed carbohydrates
(88:5:7% carbohydrate/fat/protein) was given, and muscle biopsies were taken
at 45 min and 3 h after refeeding. Blood samples were taken every 15 min for
the first hour after refeeding and then every 30 min for the remainder of the 3 h.
Muscle biopsies: *blood samples.
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Blood lactate, mM

=30 20 7o 120 170

a0 20 70 120 170
Time, min
Fig. 3. Blood lactate (mM) for 3 h after refeeding of a high carbohydrate meal.
Values are means = SE (n = 6). *Significantly dJ' ferent from O min (P < 0.05).

Plasma Insulin, plu/ml

=30 20 i} 120 170
Time, min

Fig. 2. Blood glucose (mM) and plasma insulin (pIU/ml) for 3 h after
refeeding of a high carbohydrate meal. Values are means = SE (n = 6).
*Significantly higher than 0 min (P == 0.05).
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Table 3. Blood plyvcerol, B-hydroxybutyrate (8-HB), and plasma free fatty acids (FFA). Lipid-related blood parameters
Pre- and Post-HF diet (00 min) and 180 min after refeeding a high-carbohydrate meal

Pre Post, 0 min 13 min 30 min 4% min G0 mun O min 120 min 130 min [ 80 min

Glycerol 0.05z001 008001 0052001 005001 0050005 0043=000* 0042001* 0.04x001% 0042001% 004001
B-HB  0.10x005 042007 0252010 O0l6x006 011=004*  0.09=003* 005002 005x002* 003x001* 0M=001%
FFA 03522001 0860104 0512005% 044=2005% 034=0.04%  0272003% 024=004* 0.152003%F 023x005%%F 0.25=0.06%

Values are means + SE in mmol/l {mM). Lipid-related blood parameters Pre- and Post-HF diet (0 min) and 180 min after refeeding a high-carbohydrate meal.
HF-diet, high-fat low-carbohydrate diet. *Significantly different from 0 min during refeeding; $significantly different from Pre-diet value.
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Fig. 4. Skeletal muscle PDH kinase (PDK) activity (min~") prior to (Pre} and
following (Post) HF diet, and 0, 45 min. and 3 h after refeeding carbohydrates.
Values are means = SE (n = 8 for all time points except at 45 min, where a =
&b *Significantly different from Pre (P < 0.05, unless otherwise indicated),
tsignificantly different from Post-0 min (P < (LO5).
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Fig. 5. Skeletal muscle pyruvate dehydrogenase to the active form (PDHa)
activity. PDHa activity (mmol-min ' kg wet wi™") prior to (Pre) and follow-
ing (Post) HF diet, and 0, 45 min, and 3 h after refeeding carbohydrates. Valuves
are means = SE (n = B for all ime points except at 45 min, where a2 = ).
*Significantly different from Pre (P < 0.05).
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Cactivity increased Post-HF diet, and decreased
n carbohydrate refeeding at 45 min and 3 h,
nectively.

Ha decreased following the HF diet, and was
increased transiently with refeeding at 45 min, but
returned to lower values by 3 h (P =0.025 compared
with Pre).

B These data demonstrate that in human skeletal
muscle, the adaptive increase in PDK activity
following an HF diet is rapidly reversed to Pre-diet
activity levels within 45 min to 3 h, and this is
accompanied by a short-term increase in PDHa
activity.
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Applied Physiology, Nutrition, and Metabolism

-l Physiologie appliquée, nutrition et métabolisme

Short-term high-fat diet alters postprandial glucose
metabolism and circulating vascular cell adhesion molecule-
1 in healthy males

The concentrations of plasma glucose, insulin, glucagon-like peptide-
1 (GLP-1), intercellular adhesion molecule-1 (ICAM-1), and vascular
cell adhesion molecule-1 (VCAM-1)

REBSEEMBASHRLFIRNEL ‘WG, FER G RS R A E 45
M F-1 (VCAM-1) IRERERR 5 —Br BUR & ZBBOE k.
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