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In this study, we investigated the influence of glucose administration on binding and 
degradation of '*I-insulin by receptors on erythrocytes as well as on insulin and 
C-peptide serum levels in 15 patients after myocardial infarction and in 15 
age-matched healthy persons. Venous blood samples were taken directly before and 
at 30, 60 and 120 minutes after oral administration of 75g of glucose. In the collected 
blood samples serum glucose, insulin and C-peptide levels were determined. Binding 
and degradation of '**I-insulin by specific receptors on red blood cells were evaluated 
using the method described by Gambhir and modified by the authors. Serum insulin 
and C-peptide levels were significantly higher while binding of '*I-insulin to 
erythrocytes was decreased in patients after myocardial infarction. These results 
seem to support the hypothesis that insulin resistance and hyperinsulinism play 
a role in the pathogenesis of ischaemic heart disease. Impaired degradation of 
'25T_insulin during the oral glucose tolerance test in the patients after myocardial 
infarction indicates that insulin resistance is located at the receptor level. 
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INTRODUCTION 

Hyperinsulinism and insulin resistance, defined as the decrease in 
insulin-induced glucose uptake by peripheral tissues, have recently been 

considered independent risk factors of ischaemic heart disease (1—3). The 
impaired response to insulin of glucose transport in skeletal muscle can be due 
to a decreased amount of available glucose transport protein (GLUT4) and/or 

to its diminished degree of translocation from the microsomal intracellular
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compartment (4). Some authors also suggest decreased blood flow as a possible 
reason for reduced glucose uptake (5,6). Since the initial phase of insulin 
metabolic action is to bind to specific receptors located on the cell surface, the 
binding and degradation of 'I-insulin by its receptors on erythrocytes in 
response to glucose intake is widely used to investigate the insulin resistance 
phenomenon. In the present study we attempted: to investigate the insulin 
resistance phenomenon in patients after myocardial infarction. To this end we 
evaluated changes in serum glucose, insulin and C-peptide levels as well as in 
'*T-insulin binding and degradation rate during a glucose tolerance test in 
these patients and compared the results to those found in normal subjects. 

MATERIAL AND METHODS 

The study group consisted of 15 male patients admitted to the Cardiac Rehabilitation Hospital 
in Poznan and the control group of 15 age-matched healthy volunteers. All the patients had in the 
previous 3—6 months suffered from uncomplicated Q-wave myocardial infarction documented by 
chest pain, evolving electrocardiogram changes and increases in plasma enzyme levels. Subjects 
who suffered from diabetes or hypertension, had effort angina or complex arrhythmias, low 
ejection fraction (<40% estimated by ultrasound echocardiography) or low exercise tolerance 
(<100 watts on the cycloergometer) were not included into the study. There was no significant 
difference in age, height, body weight and body mass index between the patients after myocardial 
infarction and the control group (Table 1). Consent to participate in this study, which was accepted 
by the local ethics committee, was obtained from all subjects. 

Table 1. Age, height body weight and body mass index in patients after myocardial, infarction 
(MIC) and the control group (CG). 

  

  

  

Feature Patients after myocardial Control group 
infarction 

x min max x min max 

Age [years] 44.1 40.0 50.0 42.6 36.0 49.0 
Height [cm] 172.6 165.0 181.0 170.6 165.0 180.0 
Body weight [kg] 81.5 69.0 94.2 80.4 | 65.0 101.0 
BMI [kg/m?] 27.2 23.8 30.8 26.8 22.6 29.5                   

On admission the patients were subjected to an oral glucose tolerance test. Both in the patients 
and the control group the test was performed after an overnight fast. The patients were not given 
any drugs for 24 hours before the test. A standard load of 75g of glucose dissolved in 300ml of 
distilled water was administered over 5 minutes. Peripheral venous blood was taken directly before 
(fasting level) and at 30, 60 and 120 minutes after glucose administration. In the collected blood 
samples serum glucose level was determined using the Cormay test, serum insulin level was 
evaluated by the radio-immunological method of double antibodies with the RIA-INS test 
produced by ORiPi Otwock — Świerk and C-peptide concentration was measured by means of the 
Biodat — Serono test. 

Binding and degradation of '*I-insulin by specific receptors on red blood cells were evaluated 
using the method described by Gambhir (7) and modified by the authors. This modification
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consisted in the use of constant concentrations of 'I-insulin (0.9pg/0.1ml) and bovine insulin 

(2.41U/0.1ml). Marked insulin produced by ORiPi Otwock — Swierk was used. The global activity 

equals about 10 uCi. The radioactivity of the samples was determined with a Scalar A-224 type 

gamma counter and the amount of '*I-insulin was calculated on the assumption that one impulse 

corresponds to 2 x 10~* pg of '*I-insulin. As each measurement was done in triplicate, the mean 

values were calculated for further analysis. In order to illustrate the changes in the analyzed 

parameters at 30, 60 and 120 minutes following glucose intake, the percent values of the change 

with reference to initial value were calculated from the formula: 

i__ 40 

to 
  *100 

where: t; = value obtained at 30, 60 or 120 minutes after glucose intake 

t, = value obtained before glucose administration (fasting level) 

Statistical analysis was performed with use of Student-t test and repeated measures ANOVA. 

RESULTS 

Patients after myocardial infarction had significantly higher serum insulin 

and C-peptide levels at the beginning of the test as well as at 30, 60 and 120 

minutes after glucose intake in comparison with the control group (Table 2). 

Also, the glucose level and the binding of '*°I-insulin to erythrocytes at 60 and 

120 minutes after glucose administration differed significantly between these 

two groups. There was no significant difference in degradation of '**I-insulin by 
erythrocytes during the glucose tolerance test , only value obtained before the 

test was significantly higher in the patients. Statistical analysis shows that all 

examined parameters (except '*I-insulin degradation) were significantly 
different in the compared groups. 

Table 3 presents the analysis of the Freedman — ANOVA variations for 

the changes in the level of the examined parameters in reference to t, during the 

OGGT- test among the groups. There was also a comparison between the 

groups done by the Student- t test. It shows that the increases of glucose insulin 

and C-peptide levels are statistically significant (p<0,01) as far as the binding is 
concerned, statistically significant differences were noted for t3) and to, and 

teo and ty . In the control group, significant increases at all time points were 

noted only in case of levels of insulin and C-peptide. Glucose concentration 
was significantly increased in reference to tę at 30 and 60 minutes. Insulin 
binding was significantly decreased at 30 minutes, and insulin degradation was' 

increased at 120 minutes. A comparison of changes in analysed parameters in 

reference to ty between the two groups shows that changes in insulin levels 

were significantly different at all time points while there was no difference in 
insulin degradation. Changes in glucose concentration differed significantly at 
tgo-ty and t;+9-to, in C-peptide levels at tęg-to, and in insulin binding at t;>9-ty. 

23 — Journal of Physiology and Pharmacology



842 

Table 2. Serum glucose, insulin, C-peptide levels and '?*I-insulin binding and degradation before 
and at 30, 60 and 120 minute after oral glucose intake in patientsafter myocardial infarction (MIC) 

and control group (CG). 

  

  

  

    
  

  

    

  

      

  

      

  

              
  

MIC CG Average 

Feature t, difference Student's 
t-test 

x+SD x+SD x MIC—xCG 

0 77.6 + 10.25 76.6 + 7.96 1.00 0.24 

Glucose [me hdl] 30 | 126.7+21.68 111.8 + 18.91 14.87 1.65 

60 | 131.1+35.69 94.7 + 13.02 36.33 2.93 ** 

120 | 103.1 + 32.42 76.8 +8.12 26.33 2.40 ** 

Test ANOVA 25.44 ** 21.36** 

0 16.2 + 11.34 7.7 £4.52 8.51 2.14** 

Insulin 30 84.1 + 44.56 47.5 + 18.43 36.65 2.34 ** 

[ulU/ml] 60 | 100.7+51.21 36.7 + 14.28 63.99 3.67 ** 

120 53.2 + 30.02 24.5 + 13.02 28.68 2,10) ** 

Test ANOVA 27.13 ** 23.16 ** 

0 2.9 +0.66 1.6+0.49 LJ 4.82 ** 

C-peptide 30 7.5 + 1.35 6.7 + 2.06 0.8 1.14 

[ng/ml] 60 9.9 + 2.05 6.6+ 1.27 33 4.26 ** 

120 8.4 + 3.08 5.2+1.41 3.2 2.83 ** 

Teat ANOVA 28.09 5% 20.23 ** 

0 0.68 + 0.22 0.73 +0.19 — 0.05 0.49 

Binding 30 0.50 + 0.22 0.44 + 0.70 0.06 0.66 

[р2/10' ВВС] 60 0.41+0.15 0.68 +0.31 — 0.27 2.15 * 

120 0.64 + 0.17 0.93 +0.32 —0.27 2.65 * 

Test ANOVA 19.06 ** 15.24 ** 

0 8.70 +2.67 5.05 + 2.57 3.65 3.16 ** 
Degradation 30 7.84 + 3.17 5.25 + 2.43 2.59 2.04 

[pg/10'* RBC] 60 8.53 + 4.06 6.34 + 2.37 2.19 1.49 

120 9.72 + 4.95 6.96 + 2.64 2.76 1.53 

Test ANOVA 0.87 6.60 

*р < 0.05 

**р < 0.01 
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Table 3. Statistical analysis of changes of parameters with reference to ty. 

Student’t 

Feature At MIC CG t-test 

Амс w Асс 

At, —Ato t-test At, —Aty t-test 

Glucose 30—0 49.09 9.51 ** 35.22 7.19 ** 1.90 
[mg/dl] 60—0 53.48 6.00 ** 18.15 4.51 ** 3.27 ** 

120—0 25.53 3.52 ** 0.20 0.18 3.03 * 

Insulin 30—0 67.94 6.59 ** 39.80 8.08 ** 2.24 * 
[ulU/ml] 60—0 84.48 6.55 ** 29.10 8.18 ** 3.68 ** 

120—0 36.96 4.93 ** 16.80 4.89 ** 2.22 * 

C-peptide 30—0 4.63 14.61 ** 5.03 9.06 ** — 0.66 
[ng/ml] 60—0 6.99 14.21 ** 4.95 14.34 ** 3.9 ** 

120—0 5.46 7.20** 3.60 8.37 ** 1.96 

Binding 30—0 —0.19 — 3.45 ** — 0.28 — 3.83 ** 1.18 
[pg/10*? 60—0 —0.27 — 3.32 ** — 0.04 — 0.46 — 1.53 
КВС] 120—0 — 0.04 — 0.58 0.20 2.14 — 2.53 * 

Degradation 30—0 —0.86 —1.38 0.20 0.18 0.88 

[pg/10'* 60—0 —0.17 — 1.24 1.29 1.82 — 1.15 
ВВС] 120—0 1.02 0.80 1.91 23a" — 0.54 

*р < 0.05 
**р < 0.01 

Fasting '°I-insulin binding to its receptors on erythrocytes was not 
significantly lower in patients after myocardial infarction compared to the 

control group (Fig. 1). However, the kinetics of '*I-insulin binding during the 
oral glucose tolerance test was different. In normal subjects, the 25T_-insulin 

binding decreased over the 30 minutes after glucose administration, then 

increased, and 120 minutes after glucose administration was even higher than 

at the beginning of the test. In contrast, in the study group the lowest insulin 

binding rate was observed 60 minutes after glucose intake and at 120 minutes it 
was equal to the initial value. Also, the kinetics of *I-insulin degradation by 
red blood cells was different in both groups (Fig. 2). The fasting degradation of 

257 insulin was significantly higher in patients after myocardial infarction. In 
response to glucose intake, the degradation rate gradually increased in the 

control group while it did not change significantly in the study group. 
It is of interest that there was an inverse relationship between the binding of 

'25T_insulin and serum insulin level both in the control group and in the patients 
(Fig. 3). The alterations in C-peptide serum level during the test paralleled the 
changes in insulin concentration (Fig. 4). The changes in serum glucose 

concentration corresponded to the alterations in insulin level with the 

23*
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Fig. I. Changes in '*I-Insulin binding during oral glucose tolerance test 

10 w Percent changes with respect 
to initial values (1=0) 

60 
8 С 

; SJ 

RA OI 
CRY RA с 6 ~ AW A © 5 SA Ха . R = 3 A RD SSS IJ x PRA SS8s RY s а NN NN NS 

= 4 NA NZ NU 
RZ SS R 

я RR ORANY 

AJ AU NY 
2 0 

0 -20 
0 30 60 120 30/0 60/0 120/0 

ma Patients after myocardial infarction - (MIG) 

Control group - (CG)   
  

Fig. 2. Changes in degradation of '*I-Insulin during oral glucose tolerance test 
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Fig. 5. Changes in glucose concentration during oral glucose tolerance test 

difference that the fasting glucose level was equal in both compared groups 

(Fig. 5). The glucose curve was normal in the control group whereas in the 

study group it was shifted in time (maximum value at 60 minutes), while at 120 

minutes glucose level was 40% higher than at the beginning, indicating glucose 
reduced glucose tolerance. 

DISCUSSION 

Our findings concerning serum insulin level and peripheral insulin 
resistance in patients after acute myocardial infarction agree with the results 
obtained earlier by other authors in studies of subjects with ischaemic heart 
disease (8—10) as well as with our own observations in essential hypertension 
(where the disturbances were even more pronounced) (11). 

Insulin serum concentration two times as high in patients after myocardial 
infarction than in the control group (Fig. 3), accompanied by significantly 
higher C-peptide level, indicates increased insulin secretion by pancreatic islet 
cells and insulin resistance at the receptor level. Impaired '*°I-insulin binding to 
specific receptors on erythrocytes in comparison with healthy subjects supports 
the receptor defect hypothesis. There is an inverse correlation between insulin 
binding and insulin concentration, that is a higher insulin concentration 
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implicates a lower insulin binding rate. Also the achieved coefficient of 
correlation seem to prove that. 

The negative correlation (r = —0,64) (p<0,05) between the '*I-insulin 
binding and level of insulin serum in blood serum as well as positive 

correlation (r = 0,65) (p< 0,05) between insulin and rate of degradation by the 

membrane enzyme were noted. Such correlations were not found in patients 

after myocardial infarction. 

Kahn and co-workers (4) observed a reversible, during 8—12 weeks, 

decrease in binding of '*I-insulin to platelets during acute myocardial 
infarction despite low insulin concentration has already been observed. This 

phenomenon could be explained by the increase in catecholamine 

concentration (12); however, a correlation between the catecholamine level and 

the '"T-insulin binding rate has not been found. Decreased insulin binding to 
platelets resulted in platelet resistance to prostacycline PGI,, which seemed to 

be of considerable importance to clot formation. 

In the present study, we have found decreased fasting '**I-insulin binding to 

erythrocytes accompanied by a two times as high insulin concentration in 

patients who had myocardial infarction 3—6 months earlier. After glucose 

intake (Table 3) in the group of patients after myocardial infarction, the 

difference in the insulin binding in t3g and tgo tO tg is statistically significant, 

while in the control group a significant increase of insulin binding was 

observed only at 30 minutes. When comparing the both groups, significant 

difference was found exclusively at t+49—t9. These results can be attributed to 

the impaired insulin receptor affinity or the "down regulation” phenomenon 

(13—15). There are no data indicating a decrease in the number of insulin 

binding sites on cell membranes in ischaemic heart disease. However, it has 

been found that insulin resistance in hypertensive patients is associated with 

the reduction in the number of insulin receptors on erythrocyte surface (16). 

The diminished fasting '**I-insulin binding to erythrocytes in patients after 
myocardial infarction was even more distinct after glucose intake (Table 2, Fig. 

1). In healthy subjects the highest insulin concentration and the lowest insulin 

binding rate were found at 30 minutes after glucose administration (r = —0,86) 
(p <0,05). At 120 minutes the insulin binding was even higher than at the 
beginning (r = —071) (p<0,05). In contrast, in the study group the highest 

insulin concentration and the minimum binding level were noted at 60 minutes. 

It is worth noting that among the patients after myocardial infarction the high 

correlation (p< 0,05) between the glucose and insulin level in 30, 60 and 120 
minutes (respectively r = 0,64; 0,57; 0,56) was noted. 

The binding rate did not return to the initial value within 2 hours. We 

suppose this difference can be attributed to the dissimilar kinetics of '*I-insulin 
degradation by receptors on erythrocytes in the two groups. '*I-insulin 
degradation had decreased at 30 and 60 minutes after glucose intake in the
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patients whereas in normal subjects it tended to increase in the course of the 
glucose tolerance test. Similar disturbances were found earlier in subjects with 
essential hypertension (11). Significant changes in binding of '5I-insulin by 
receptors on erythrocytes without concomitant changes in 'I-insulin 
degradation seem to support the hypothesis of the negative feedback between 
binding of insulin and insulin levels (13). Abel and co-workers (17) observed 
a decrease in the first-phase insulin release from pancreatic islet cells in 
response to glucose loading in patients with primary hypertension. They 
supposed this phenomenon was responsible for delayed maximum insulin and 
glucose concentrations and indicated insulin resistance in these patients. 

The significant difference in the kinetics of '°I-insulin binding between the 
control group and the patients after myocardial infarction is followed by 
different changes in glucose concentration (Fig. 5). This relationship indicates 
that insulin resistance at receptor level implicates glucose intolerance (4). The 
results could not be influenced by age-related glucose intolerance described by 
Chen (18), as the mean age did not differ between the two groups (Table /).The 
influence of obesity on the receptor affinity to insulin, which was acknowledged 
in the previous papers (13—15), сап Ъе excluded because the mean body weight 
did not differ in both groups. 

So, the picture of the changed glucose curve in patients after myocardial 
infarction as compared to the control group may prove the impairment glucose 
uptake by peripheral tissues. It may also show diminished recruitment of 
insulin dependent glucose transporters (19). It is noteworthy that systematic 
aerobic physical exercise in patients rehabilitated after acute myocardial 
infarction reduces glucose concentration and peripheral insulin resistance (20). 

CONCLUSIONS 

The results allow for the following conclusions: 
1. Statistically significant higher level of glucose and insulin in patients after 

myocardial infarction during the OGGT- test as compared to healthy 
people shows the smaller glucose tolerance. 

2. The results of insulin resistance at the erythrocytes level in patients after 
myocardial infarction is statistically significant lower value of the '°I-insulin 
binding. 
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