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Comment

—to: Krebs M, Brehm A, Krssak M et al.
(2003) Direct and indirect effects 
of amino acids on hepatic glucose 
metabolism in humans. 
Diabetologia 46:917–925

To the Editor: The paper by Krebs et al. [1] illustrates a poten-
tial difficulty in the interpretation of measurements of gluco-
neogenesis in man, which applies to the large number of pub-
lished studies using similar techniques. In these papers, total
gluconeogenesis is estimated by subtracting net glycogenolysis
(measured by tracking hepatic glycogen content using nuclear
magnetic resonance) from endogenous glucose production
(EGP) (measured isotopically using [6,6-2H2]glucose). We
have pointed out [2] that this calculation ignores the possible
effect of hepatic intralobular functional heterogeneity.

The estimation of EGP depends on the rate of dilution of
glucose-specific activity by new unlabelled glucose, the latter
principally derived in the fasting state from hepatic periportal
gluconeogenesis and hepatic glycogenolysis. As blood passes
down the hepatic sinusoid, the specific activity of its glucose
content is diluted by unlabelled glucose. During the subse-
quent passage through the perivenous zone, uptake of glucose
[2, 3] reduces the amount of this decreased specific-activity
glucose that eventually reaches the assumed single compart-
ment volume of glucose distribution. Thus this compartment
receives a lower amount of diminished specific-activity glu-
cose than it would in the absence of perivenous glucose uptake
(PVGU), and EGP is underestimated to varying degrees, de-
pending on the conditions. It follows that when the rate of gly-
cogenolysis is subtracted from EGP, the remaining new glu-
cose production is underestimated.

Biological considerations suggest that the interpretation of-
fered by Krebs et al. could be correct in the particular circum-

stances of their study. But the fact that technology permissible
in man does not allow estimation of PVGU should not cause
investigators to lose sight of the possibility that results ob-
tained with techniques like those used in [1] could have a very
different explanation from those commonly offered. The alter-
native explanation is that increases in EGP could be due to
failure of PVGU, rather than increased gluconeogenesis. An
example of this mechanism is seen in adult rats fetally pro-
grammed by maternal protein restriction to develop glucose in-
tolerance; their perfused livers overproduce glucose, largely
because of failure of perivenous glucose uptake as a result of
localised perivenous depletion of glucokinase [2, 3]. In these
studies measurements of hepatic glucose uptake, gluconeogen-
esis and glycogen were made directly, by methods not involv-
ing isotopic dilution. The point is of practical importance, as
knowledge of the precise biochemical pathology could influ-
ence the development of therapeutic strategies in Type 2 diabe-
tes.

S. P. Burns, R. D. Cohen
Department of Diabetes and Metabolic Medicine, St Bartholo-
mew’s and The London School of Medicine and Dentistry, The
Royal London Hospital, London, UK

References

1. Krebs M, Brehm A, Krssak, M et al. (2003) Direct and indi-
rect effects of amino acids on hepatic glucose metabolism in
humans. Diabetologia 46:917–925

2. Murphy HC, Regan G, Bogdarina IG et al. (2003) Fetal pro-
gramming of perivenous glucose uptake reveals a regulatory
mechanism governing hepatic glucose output during refeed-
ing. Diabetes 52:1326–1332

3. Burns SP, Desai M, Cohen RD et al. (1997) Gluconeogene-
sis, glucose handling and structural changes in livers of the
adult offspring of rats partially deprived of protein during
pregnancy and lactation. J Clin Invest 100:1768–1774

R. D. Cohen (✉), Department of Diabetes and Metabolic
Medicine, St Bartholomew’s and The London School of Medi-
cine and Dentistry, The Royal London Hospital, Whitechapel
Road, London, E1 1BB UK
E-mail: rcohen@doctors.org.uk

Abbreviations: EGP, endogenous glucose production; PVGU,
perivenous glucose uptake.

DOI 10.1007/s00125-003-1254-x
Received: 9 September 2003 / Revised: 9 September 2003
Published online: 15 November 2003
© Springer-Verlag 2003

4. Emsley A, Jeremy JY, Gomes G, Angelini GD, Plane F
(1999) Copper interacts with homocysteine to inhibit nitric
oxide formation in the rat isolated aorta. Br J Pharmacol
126:1034–1040

5. Emsley A, Plane F, Miller A, Jackson CL, Jeremy JY (1998)
Homocysteine, oxidant stress and vascular disease. Vasc Dis
1:3–8

6. Mansoor MA, Bergmark CB, Haswell SJ, Savage IF, Evans
PH, Berge RK, Svardal AM, Kristensen O (2000) Correlation
between plasma total homocysteine and copper in patients
with peripheral vascular disease. Clin Chem 46:385–391

7. Shukla N, Marshman N, Emsley AM, Taberner P, Jeremy JY
(2001) Copper augments impaired endothelium-dependent
relaxation of the aorta of the diabetic rabbit. Fund Clin 
Pharmacol 49:7P224 (Abstract)

Dr. Jamie Y. Jeremy (✉), Heart Institute, Bristol Royal
Infirmary, University of Bristol, Bristol, BS2 8HW United
Kingdom
E-mail: j.y.jeremy@bris.ac.uk
Abbreviations: SOD, Superoxide dismutase; NO, nitric oxide.


