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Insulin regulation of muscle capillary permeability

and kidney function

Introduction

It is well established that insulin has important physiologic effect
on the cardiovascular system and the kidney apart from its effect on
metabolism."? Many years ago we observed that the activity of the
sympathetic nervous system increased after insulin administration in
diabetic patients with a blood glucose concentration above normal.>#
The arterial blood pressure was unchanged indicating that the blood
flow was increased in a larger part of the organism. An increase in
blood flow after insulin had already been reported in 1939 shortly
after insulin had been discovered.’

The increase in blood flow depends on several factors such
as insulin dose, muscle mass and sympathetic activity. A marked
increase in blood flow after insulin is seen in the calf due to the
large muscle mass. In the elderly patients and in patients with
autonomic neuropathy the blood pressure may decrease after insulin
administration especially in the standing position. We also showed that
insulin increased the transcapillary escape rate of albumin indicating
that insulin increased the capillary surface exchange area (now named
capillary recruitment).® The insulin mediated increase in blood flow
and capillary permeability during food intake may be of importance
for the distribution of glucose and other substrates to muscles.’

Bonadanna et al.® reported that insulin increased total forearm
blood flow as well as muscle tissue drained by the deep forearm vein.
The increase in the glucose tracer space was approximately 40%.
This change cannot be explained by capillary recruitment but may
be due to recruitment of previously inaccessible interstitial space
(tissue recruitment). The increase in microvascular dilation induced
by insulin is mediated by increments in NO.’

Due to better control of blood glucose concentration in diabetic
patients, there has been a reduction in the number of long-term
diabetic complications, but the smallest decline has been in patients
with renal disease.!® The kidney is sensitive to insulin.! We observed
that insulin administration to TIDM patients with a short duration
of diabetes resulted in a transient increase in albumin excretion in
the urine. There was also a reduction in glomerulus filtration rate
and in plasma flow both these changes were due to a fall in blood
glucose concentration. During an oral glucose load urinary excretion
of albumin increased in normal subjects, but no change was seen in
type T1IDM patients with a short duration of diabetes of less than 10
years unless insulin was given. In long-term diabetic patients with
albuminuria, insulin decreased albumin excretion. The lack of an
increase in albumin excretion after insulin in these patients may be due
to severe morphological changes in glomeruli. Coward et al."! Welsh et
al."> showed that insulin is important for the function of the podocytes.
Deletion of insulin receptors from podocytes resulted in albuminuria
and in the development of glomeruloscleroses in the kidney. It has
recently been demonstrated that defective podocyte insulin signaling,
impairs podocyte function in diabetes.”” The significance of the
increase in albumin excretion after insulin in normal subjects has not
been clarified, but it could be to remove albumin around and between

Volume | Issue 2 - 2017

Niels Juel Christensen

Herlev University, Denmark

Correspondence: Niels Juel Christensen, Professor emeritus,
Herlev University, Hospital Copenhagen, Annasvej 26, Hellerup
2900, Denmark, Tel 004539621966, Email nielsjue@post4.tele.dk

Received: May 05,2017 | Published: June 30,2017

podocyte foot processes, because the glomerulus membrane is not
completely effective in inhibition excretion of albumin.

Long-term diabetic complications are due to insulin deficiency,
which is accompanied by hyperglycemia and glucose toxicity. TIDM
and T2DM patients have a different etiology but the complications
are the same. Note that obese patients with insulin resistance and
normoglycemia will not develop the characteristic long-term diabetic
complications such as diabetic retinopathy, nephropathy (with
few exceptions) and advanced calcified atherosclerosis (medial)
calcification. Medial calcification is closely related to blood flow in
the calf and important for the development of gangrene. New types
of treatments are clearly wanted. As pointed earlier it is unlikely that
long term diabetic complications can be eliminated without a more
physiologic insulin delivery system or alternatively with development
of drugs that can activate insulin signaling pathways in response
to a meal. SGLT-2 inhibitors are a new type of drug treatment, that
reduces glucose toxicity and to some extent normalizes the podocyte
insulin signaling pathway. These drugs limit the progression of
cardiovascular disease and clinical important nephropathy in diabetic
patients. Several new types of treatment are under consideration, so
there is hope for the future.

Acknowledgements

None.

Conflict of interest

The author declares no conflict of interests.

References

1. Christensen NJ. Insulin, cardiovascular function and long-term diabetic
complications. Frontiers in clinical drug research-diabetes and obesity.
2016;3:81-113.

2. Christensen NJ. American physiological society. Living History; 2018.

3. Christensen NJ. Plasma norepinephrine and epinephrine in untreated
diabetics, during fasting and after insulin administration. Diabetes.
1974;23(1):1-8.

MOJ Drug Des Develop Ther. 2017;1(2):49—-50. 49

@ @ @ © 2017 Christensen. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
oy NG permits unrestricted use, distribution, and build upon your work non-commercially.

”IIII Submit Manuscript | http://medcraveonline.com


http://www.eurekaselect.com/148158/chapter/insulin%2C-cardiovascular-function-and-long-term-diabetic-complication
http://www.eurekaselect.com/148158/chapter/insulin%2C-cardiovascular-function-and-long-term-diabetic-complication
http://www.eurekaselect.com/148158/chapter/insulin%2C-cardiovascular-function-and-long-term-diabetic-complication
http://www.the-aps.org/mm/Membership/Living-History/Christensen
https://www.ncbi.nlm.nih.gov/pubmed/4203518
https://www.ncbi.nlm.nih.gov/pubmed/4203518
https://www.ncbi.nlm.nih.gov/pubmed/4203518
https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/mojddt.2017.01.00009&domain=pdf

Insulin regulation of muscle capillary permeability and kidney function

Mogensen CE, Christensen NJ, Gundersen HJG. The acute effect of
insulin on heart rate, blood pressure, plasma noradrenaline and urinary
albumin excretion. The role of changes in blood glucose. Diabetologia.
1980;18:453-457.

Abramson DI, Schkloven N, Margolis MN, et al. Influence of massive doses
of insulin on peripheral blood flow in man. Am J Physiol. 1939;28:124-32.

Gundersen HJ, Christensen NJ. Intravenous insulin causing loss of
intravascular water and albumin and increased adrenergic nervous activity
in diabetics. Diabetes. 1977;26(6):551-557.

Barrett EJ, Eggleston EM, Inyard AC, et al. The vascular actions of insulin
control its delivery to muscle and regulate the rate-limiting step in skeletal
muscle insulin action. Diabetologia. 2009;52(5):752-764.

Bonadonna RC, Saccomani MP, Del Prato S, et al. Role of tissue-specific
blood flow and tissue recruitment in insulin-mediated glucose uptake of
human skeletal muscle. Circulation. 1998;98(3):234-241.

10.

11.

12.

13.

Copyright:
©2017 Christensen 0

Steinberg HO, Brechtel G, Johnson A, et al. Insulin-mediated skeletal
muscle vasodilation is nitric oxide dependent. A novel action of insulin to
increase nitric oxide release. J Clin Invest. 1994;94(3):1172-1179.

Gregg EW, Li Y, Wang J, et al. Changes in diabetes-related complications
in the United States, 1990-2010. New Engl J Med. 2014;370(16):1514—
1523.

Coward RJ, Welsh GI, Yang J, et al. The human glomerular podocyte is a
novel target for insulin action. Diabetes. 2005;54(11):3095-3102.

Welsh GI, Hale LJ, Eremina V, et al. Insulin signaling to the
glomerular podocyte is critical for normal kidney function. Cell Metab.
2010;12(4):329-340.

Madhusudhan T, Wang H, Dong W, et al. Defective podocyte insulin
signalling through p85-XBP1 promotes ATF6-dependent maladaptive ER-
stress response in diabetic nephropathy. Nat Commun. 2015;6:6496.

Citation: Christensen NJ. Insulin regulation of muscle capillary permeability and kidney function. MOJ Drug Des Develop Ther. 2017;1(2):49-50.
DOI: 10.15406/mojddt.2017.01.00009


https://doi.org/10.15406/mojddt.2017.01.00009
https://www.ncbi.nlm.nih.gov/pubmed/6998809
https://www.ncbi.nlm.nih.gov/pubmed/6998809
https://www.ncbi.nlm.nih.gov/pubmed/6998809
https://www.ncbi.nlm.nih.gov/pubmed/6998809
http://ajplegacy.physiology.org/content/ajplegacy/128/1/124.full.pdf
http://ajplegacy.physiology.org/content/ajplegacy/128/1/124.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/863125
https://www.ncbi.nlm.nih.gov/pubmed/863125
https://www.ncbi.nlm.nih.gov/pubmed/863125
https://www.ncbi.nlm.nih.gov/pubmed/19283361
https://www.ncbi.nlm.nih.gov/pubmed/19283361
https://www.ncbi.nlm.nih.gov/pubmed/19283361
https://www.ncbi.nlm.nih.gov/pubmed/9697823
https://www.ncbi.nlm.nih.gov/pubmed/9697823
https://www.ncbi.nlm.nih.gov/pubmed/9697823
https://www.ncbi.nlm.nih.gov/pubmed/8083357/
https://www.ncbi.nlm.nih.gov/pubmed/8083357/
https://www.ncbi.nlm.nih.gov/pubmed/8083357/
https://www.ncbi.nlm.nih.gov/pubmed/24738668
https://www.ncbi.nlm.nih.gov/pubmed/24738668
https://www.ncbi.nlm.nih.gov/pubmed/24738668
https://www.ncbi.nlm.nih.gov/pubmed/16249431
https://www.ncbi.nlm.nih.gov/pubmed/16249431
https://www.ncbi.nlm.nih.gov/pubmed/20889126
https://www.ncbi.nlm.nih.gov/pubmed/20889126
https://www.ncbi.nlm.nih.gov/pubmed/20889126
https://www.ncbi.nlm.nih.gov/pubmed/25754093
https://www.ncbi.nlm.nih.gov/pubmed/25754093
https://www.ncbi.nlm.nih.gov/pubmed/25754093

	Title
	Introduction 
	Acknowledgements
	Conflict of interest 
	References

