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Summary. The effect of intravenous insulin (7-8 U as 
a bolus injection) on renal haemodynamics and uri- 
nary excretion of albumin and beta-2-microglobulin 
was examined in five recent onset juvenile diabetics. 
Blood glucose concentration was maintained after 
insulin at unchanged or slightly increased levels by 
continuous intravenous glucose infusion (50g/100 
ml, 1.2ml/min). Mean arterial blood pressure 

increased slightly but significantly from 94 _ 
8 mmHg to 99 4- 10 (mean 4- SD) after insulin. The 
rise in heart rate (16 versus 29 beats/min) and in 
plasma noradrenaline (from 0.16 to 0.32 ng/ml ver- 
sus 0.20 to 0.49 ng/ml) was significantly greater in 
the tilted position after insulin. There was no 
decrease in glomerular filtration rate or renal plasma 
flow after insulin, in contrast to the findings after 
intravenous injection of insulin without maintenance 
of plasma glucose. Urinary albumin excretion was 
approximately doubled after insulin, from 6.8 to 
12.Sgg/min. Beta-2-microglobulin excretion de- 
creased but this difference was not significant. - It is 
concluded that the rise in heart rate and plasma 
noradrenaline, and the increase in urinary albumin 
excretion, after insulin, are unrelated to changes in 
blood glucose concentration. It is suggested that 
increased albumin excretion after insulin is due to a 
direct effect of insulin on glomerular endothelial or 
epithelial cells. 
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It is now known that insulin, apart from its influence 
on metabolism and on ion fluxes, has a marked acute 
effect on sympathetic nervous system activity, and on 

the cardiovascular system [1-5]. Despite an increase 
in plasma noradrenaline and heart rate after 
intravenous insulin, arterial blood pressure does not 
increase, and may even fall, in patients with auto- 
nomic neuropathy [6, 7, 8, 9]. Furthermore, insulin 
induced hypovolaemia and increased urinary excre- 
tion of albumin, and increased the number of mi- 
cropinocytotic vesicles in muscle capillary endothelial 
cells [3, 5, 10, 11]. Recent studies in rabbits have 
shown that the rise in heart rate after insulin is not 
mediated by the autonomic nervous system [12]. The 
role of glucose in these changes has not been estab- 
lished and the aim of the present study was to 
examine whether the acute cardiovascular effects of 
insulin are modified when the blood glucose concen- 
tration is kept constant after intravenous insulin. 

Patients 

Five male insulin-dependent diabetic out-patients were studied. 
They were otherwise healthy and received no other medication. 
Their mean age was 29 years and the duration of diabetes aver- 
aged 8 years. None of the patients has clinical signs of peripheral 
neuropathy. Pertinent clinical data are shown in Table 1. Thcy 
were all treated with twice daily insulin and had their last dose of 
insulin 24 h before the investigation. Informed consent was 
obtained from all subjects, all of whom had been previously 
studied [5]. 

Procedure 

The patients were studied in the morning after an overnight fast. 
They were studied lying down, standing up only to pass urine. 
They drank 20 ml of water every 20 min throughout the study, 
starting I h beforehand. Following a resting period of 11/2h 
glomerular filtration rate (GFR), renal plasma flow (RPF), urinary 
albumin and beta-2-microglobulin excretion were measured in 
three 45 min periods before, and three 45 min periods after, insu- 
lin. Insulin 7-8 U (Actrapid, Novo) was given IV as a bolus injec- 
tion. At  the same time an infusion of 50 g/100 ml glucose was 
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Table 1. Pertinent clinical data in the 5 male insulin dependent 
diabetics studied 

Diabetes Usual insulin 
Patient Age % of ideal duration dose 
(no.) (years) body weight (years) (XU/24 h) 

1 36 97 7 64 
2 23 92 10 56 
3 29 109 6 48 
4 29 118 8 60 
5 27 97 10 72 

Patient 4 had mild background retinopathy 
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Fig. 1. Individual plasma glucose concentrations (mg/100 ml) in 
five diabetics examined for three 45 min periods before and three 
45 min periods after intravenous injection of insulin (7 or 8 U) 
with a continuous IV glucose infusion (50 g/100 ml, 1.2 ml/min). 
Results were obtained at 22 and 45 min in each period 

started at a rate of about 1.2 ml/min, and ran throughout the sub- 
sequent 3 periods. Before and after insulin the subjects were tilted 
60 ~ feet-down for 7 min in the beginning of the first and the sec- 
ond clearance period respectively. 

Plasma noradrenaline and adrenaline were measured at the 
end of each 45 min clearance period before insulin, at 45 min after 
insulin and at 6 min during tilting both before and after insulin. 
Plasma glucose concentration was measured at 22 and 45 rain in 
each 45 min period. 

Heart rate and arterial blood pressure were measured twice 
during each clearance period, three times during the first period 
after insulin, and at 2 min intervals during tilting. 

Methods 

GFR and RPF were measured by constant infusion techniques 
using 125I-iothalamate for GFR and 131I-hippuran for RPF [13]. A 
total volume of 50 ml was infused during an experiment. The 
urinary concentration of albumin and beta-2-microglobulin 
(Phadebas beta2-micro Test) was measured by radioimmunoassay 
[14, 15]. Plasma noradrenaline and adrenaline were measured by 
double-isotope derivative assay [16, 17]. Arterial blood pressure 
was measured indirectly by a sphygmomanometer. Mean arterial 
blood pressure was calculated as diastolic blood pressure plus one 
third of the pulse amplitude. Plasma glucose was determined by an 
ortho-toluidine method. The concentrations of sodium, potassium, 
phosphate, calcium, and creatinine were measured by standard 
methods (Technicon Autoanalyzer SMA-10) in serum samples 
taken in the middle of each period as well as in urine samples. The 
Wilcoxon rank test and Student's t-test for paired samples were 
used for testing statistical significance [18]. 

Results 

Mean glucose concentration before insulin averaged 
196 mg/100 ml (range 154 to 257). Figure 1 shows 
changes in blood glucose concentration in each sub- 
ject after intravenous insulin injection with intrave- 
nous glucose infusion. One subject showed a small 
decrease in blood glucose concentration in the first 
period after the injection of insulin. Blood glucose 
concentration increased significantly (2p = 0.038) 
above basal at the end of the second and during the 
third period after insulin. 

There were no significant changes in glomerular 
filtration rate and in renal plasma flow after insulin 
(Table 2). Urine flow, however, decreased signifi- 
cantly (2 p = 0.022) after insulin and averaged in the 
three post-insulin periods only 55% of pre-insulin 
values (Table 2). Mean albumin excretion averaged 
6.8 ~tg/min before insulin and increased to 12.5 ~tg/ 
min after insulin (194% of basal value, 2 p = 0.022, 
Table 3). There was a close correlation between basal 
albumin excretion and the maximal rise in albumin 
excretion after insulin (r = 0.98, 2 p = 0.0031). 
Mean beta-2-microglobulin excretion decreased in 4 
of the 5 diabetics after insulin but the difference was 
not significant (Table 3). 

As expected, plasma noradrenaline and adren- 
aline increased during tilting. Plasma adrenaline did 
not change after insulin while plasma noradrenaline 
was significantly greater in the tilted position after 
insulin (149% of control value, 2 p = 0.019, Table 4). 

Mean arterial blood pressure increased slightly in 
the second period after insulin (from 94 + 8 mmHg 
to 99 + 10 (mean + SD), 2 p = 0.047). Systolic and 
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Table 2. Mean glomerular filtration rate, renal plasma flow and urinary flow in five diabetics examined in three 45 rain clearance periods 
before and three 45 rain clearance periods after intravenous injection of insulin with glucose infusion. Results given as mean _+ SD 

Pre-insulin periods (min) Post-insulin periods (min) 

0-45 45-90 90-135 0-45 45-90 90-135 

Glomerular filtration rate (ml/min) 

130 •  146 _+ 14 136 _+ 9 135 _+ 16 132 -+ 18 124 + 29 

Renal plasma flow (ml/min) 

549 + 9 7  624 + 119 559 _+45 540 + 4 8  545 •  530 _+ 100 

Urine flow (ml/min) 

2.0 + 0.7 2.1 • 1.0 2.8 • 1.5 1.4 _+ 0.4 1.0 + 0.5 1.4 • 0.9 

Table 3. Urinary excretion of albumin (~tg/min) and of fl-2-microglobulin (ng/min) before and after insulin injection with glucose infusion 
in five juvenile diabetics 

Patient Pre-insulin periods (min) Post-insulin periods (min) 

0-45 45-90 90-135 0-45 45-90 90-135 

1 Albumin 4.1 3.7 2.9 3.2 4.3 5.3 
fi-2-microglobulin 140 161 116 62 48 75 

2 Albumin 7.7 4.5 8.4 3.3 20.9 18.6 
/3-2-microglobulin 115 110 163 74 24 74 

3 Albumin 3.2 2.3 2.1 4.2 7.8 4.6 
fi-2-microglobulin 126 122 157 151 86 126 

4 Albumin 22.2 13.2 12.3 8.6 56.9 8.7 
fi-2-microglobulin 73 68 58 64 87 77 

5 Albumin 5.6 4.5 5.1 18.6 12.9 9.5 
/3-2-microglobulin 56 38 43 38 46 16 

Table 4. Plasma noradrenaline (ng/ml) and adrenaline (ng/ml) in the supine position and at 6 min intervals during tilting. Results were 
obtained in five diabetics studied for three 45 min periods before and in the first period after intravenous injection of insulin with glucose 
infusion 

Nos. Pre-insulin periods Post-insulin periods 

Supine Tilted for Supine Supine Supine Tilted for 
at 45 min 6 min at 90 rain at 135 min at 45 min 6 rain 

Noradrenaline ng/ml 
1 0.25 0.58 0.17 0.16 0.29 0.91 
2 0.13 0.19 0.11 0.10 0.11 0.23 
3 0.07 0.19 0.09 0.10 0.17 0.28 
4 0.17 0.31 0.18 0.19 0.30 0.65 
5 0.17 0.35 0.13 0.12 0.11 0.38 

Mean 0.16 0.32 0.14 0.13 0.20 0.49 

Adrenaline ng/ml 
1 0.03 0.04 0.03 0.01 0.01 0.04 
2 0.03 0.05 0.02 0.02 0.02 0.07 
3 0.03 0.06 0.03 0.03 0.03 0.11 
4 0.02 0.04 0.03 0.01 0.03 0.04 
5 0.02 0.03 0.03 0.03 0.03 0.05 

Mean 0.03 0.04 0.03 0.02 0.02 0.06 
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diastolic blood pressure increased by approximately 
the same extent, that is a small rise in diastolic blood 
pressure contributed most to the rise in mean blood 
pressure. There was no difference in arterial blood 
pressure at 6 rain during tilting before or after insu- 
lin. Heart rate was slightly higher in the supine posi- 
tion in the second period after insulin (7% increase, 
2p = 0.038). At 6 rain during tilting heart rate had 
increased 16 beats/min before insulin and 29 beats/ 
min after insulin. This difference is significant (2 p = 
0.0085). 

Renal excretion of several electrolytes decreased 
after insulin as previously described [5], whereas the 
urinary excretion rate of calcium increased from 135 
to 199 ~g/min, 2 p = 0.0078. Despite the unchanged 
GFR a small decrease in the excretion rate of 
creatinine from 1.33 to 1.27 mg/min was found (2 p 
= 0.0094). 

Discussion 

The acute cardiovascular effects of insulin described 
here were not due to hypoglycaemia [3, 5]. It has 
been noticed that the increase in heart rate after insu- 
lin [4, 12] begins a few minutes after the insulin injec- 
tion suggesting that this effect of insulin is not due to 
the fall in blood glucose concentration. The present 
study demonstrates that the rise in heart rate and 
plasma noradrenaline after insulin, as well as the 
increased urinary excretion of albumin were present 
in diabetics in whom blood glucose was maintained at 
unchanged or slightly increased levels by a glucose 
infusion. These effects of insulin were therefore 
unrelated to changes in blood glucose concentration. 
It should be noted that a rather large dose of insulin 
was given as a bolus intravenously, a method of 
administration not strictly comparable to physiologi- 
cal conditions. 

The magnitude of the increase in albumin excre- 
tion after insulin in the present study was very similar 
to that in a previously reported study in which blood 
glucose was allowed to decline after insulin [5]. In 
another study in which no glucose infusion was given 
[3] the rise in heart rate and in plasma noradrenaline 
in the tilted position after insulin were 16 beats/min 
and 59% greater than control values, as compared to 
the 13 beats/min and 49% observed in the present 
study. Changes in heart rate and in plasma nor- 
adrenaline concentration in the supine position were 
somewhat lower in the present study than observed 
previously [3, 5]. 

Urinary excretion of beta-2-microglobulin de- 
creased after insulin in 4 of the 5 diabetics examined. 
Although this change did not reach statistical signifi- 

cance this is most likely explained by the relatively 
small number of patients examined. Glomerular fil- 
tration rate and renal plasma flow did not change 
after insulin plus glucose infusion in contrast to the 
relatively marked changes in these two indices 
observed previously after injection of insulin alone 
[5]. This finding indicates that the increase in albu- 
min excretion after insulin is not simply due to a 
decrease in renal blood flow and in glomerular filtra- 
tion rate. The increased urinary albumin excretion 
after insulin is most likely due to increased trans- 
glomerular passage of albumin. The earlier demon- 
strated decrease [5] in beta-2-microglobulin excre- 
tion after insulin suggests that also tubular reabsorp- 
tion of proteins is increased. 

The effect of insulin on urinary albumin excretion 
may be due to a direct effect of insulin on glomerular 
permeability or mediated via the autonomic nervous 
system. It is of interest in this context that insulin 
receptors in glomeruli have recently been demon- 
strated (K. Kurokawa, Los Angeles, personal com- 
munication). Insulin has been shown to increase the 
number of micropinocytotic vesicles in muscle capil- 
lary endothelial cells in rats [10]. This finding may 
suggest that effects of insulin on albumin excretion 
may be due to a direct effect of insulin on glomerular 
capillary endothelial or epithelial cells. The mecha- 
nism is unknown but may involve an increase in cyto- 
plasmatic calcium concentration and contractile pro- 
cesses. 

The mechanism of the rise in plasma noradren- 
aline after insulin has not been established. The 
increased noradrenaline secretion is unlikely to be 
derived from adrenal medulla because plasma 
adrenaline did not increase. The afferent signal for 
the increased noradrenaline secretion is not known 
but hypovolaemia is likely to play a role [3, 19]. 
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