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Summary. Plasma insulin values during a 50 g. orM 
glucose tolerance test were measured by immuno-assay 
in 34 control subjects. Peak insulin levels occurred within 
the first 60 minutes and the fasting level was approached 
by 120 minutes. The insulin curve closely resembled the 
blood sugar curve and a significant correlation was 
found between the blood sugar and plasma insulin values 
at 60, 90 and 120 minutes after oral glucose. The results 
suggest that the wide range in plasma insulin response is 
due in part at least to variations in the blood sugar. The 
results also tend to confirm that immuno-reactive insulin 
is biologically significant. 

La r~ponse normale de l'insuline au glucose. Relation 
entre la glycdmie et l'insuline plasmatique. 

Rdsumg. On a mesurd les vMeurs de Finsuline plasma- 
tique, ~ l'aide du dosage immunologique, pendant un 
test de toldranee ~ 50 g de glucose administrd par vole 
orale, ehez 34 sujets tdmoins. Les taux maximums d'in- 
suline se situaient dans les 60 premibres minutes, et 
120 minutes los taux dtaient proches de ceux ~ jeun. La 
courbe de l'insuline ressemblait dtroitement ~ la eourbe 
de la glycdmie et on a trouv6 une relation significative 
entre les valeurs de la glyedmie et de l'insuline plasma- 
tique, 60, 90 et 120 minutes apr~s l'administration orale 

de glucose. Lea rdsultats suggbrent que la large bande de 
variations dana la rdponse de l'insuline plasmatique eat 
due, au moins en partie, aux variations de la glyedmie. 
Lea rdsultats tendent dgalement ~ eonfirmer que l'insuline 
immunordaetive eat biologiquement significative. 

Die normale Insulinaussch~tttung nach Glukosegaben. 
Die Beziehung zwischen Blutzucker und .Plasma-Insulin. 

Zusammenfassung. Die Plasma-Insulinwerte w~hrend 
der oralen Glukosebelastung mit 50 g Glukose wurden 
bei 34 NormMpersonen immunologisch gemessen. Die 
HSchstwerte wurden innerhalb der ersten 60 Minuten 
erreieht, naeh 120 Minuten n~herten sieh die Spiegel 
wieder dem lqfiehternwert. -- Die Insulinkurve /~hnelte 
der Blutzuekerkurve stark. Wir fanden eine signifikante 
Korrelation zwisehen Blutzucker- und Plasmainsulin- 
werten 60, 90 und 120 Minuten nach der orMen Glukose- 
zufuhr. Die Ergebnisse deuten darauf hin, dal] die starken 
Unterschiede in der Insulinausschiittung zum Teil dureh 
Schwankungen der Blutzuckerwerte bedingt sind. Sie 
stiitzen ferner die Anschauung, dal~ des immunologisch 
nachweisbare Insulin biologisehe Bedeutung hat. 

Key-words : Normal Plasma Insulin l%esponse; Glucose 
Tolerance, Relationship, Blood Sugar, Immunoassay. 

Introduction 

I t  has been reported that  the plasma insulin 
response to oral glucose in normal, non-obese individ- 
uals, as measured by immuno-assay, shows a wide 
range (WEL~On~ et el., 1966; BE~so~ and YALow, 
1965). W~LBOR~ et el. (1966) studied normal subjects 
who were not overweight, and were unable to relate 
this wide insulin response to age, sex, percentage 
ideal weight, fat fold thickness or family history of 
diabetes but they did find a tendency for high insulin 
secretors to have higher blood sugars than low insulin 
secretors. RUr, D I e t  al. (1963) found that in normal 
subjects the insulin curves had the same form as the 
glucose curves during oral glucose tolerance tests. 
SAv[OLS and MA~KS (1965a) and GARCIA e ta l .  (1966) 
showed an excellent correlation between the blood sugar 
and serum insulin during intravenous glucose tolerance 
tests. 

The present paper deals with the normal plasma 
insulin response to oral glucose and the relationship 
between the blood sugar and the plasma insulin. 

.Methods and materials 

Normal  subjects. The group consisted of 34 healthy 
volunteers with a negative family history of diabetes. 

None was more than 14~o overweight (Life Extension 
Institute of New York), and all had normal glucose 
tolerance, in that  their blood sugars did not exceed 
110 rag/100 ml fasting, 180 rag/100 ml at 30 minutes, 
and 120 mg/  100 ml at 120 minutes, during the glucose 
tolerance test. 

The 34 subjects comprised 20 males and 14 
females, aged 15--65 years (mean 34 years), and weight 
range 84--114~o (mean 99%) of ideal body weight. 

Test procedure. All subjects were instructed to eat a 
normal diet for at least 3 days prior to the test. A 
standard 50 g oral glucose tolerance test was per. 
formed, bloods being taken fasting and at 30, 60, 90, 
and 120, and in some cases 15 minutes after the oral 
glucose. Plasma insulin was assayed according to the 
immuno-precipitation technique of HxL~s and RA~I)LE 
(1963a). Standards and antisera used, and the accuracy 
of the assay are as described elsewhere (BUCItANA~ 
and McKIDDIE, 1967). 

Blood sugars were estimated as total reducing 
substances using a modification of the ttagedorn- 
Jensen technique on the autoanalyser. 

WELBO~ et el., (1966) have shown that  normdl 
plasma insulin values have a skew distribution and our 
results supported this. Conversion of the plasma 
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insulin values to their respective logarithms produced 
a more symmetrical distribution for statistical 
analysis by Student's 't' test. When the means and 
standard deviations so derived are re-converted to 
their respective logarithms two values for standard 
deviation are obtained because of the skew distribution. 

insulin and blood sugar were calculated for each time. 
There was no significant correlation fasting and at 15 
and 30 minutes, but there were significant positive 
correlations at 60, 90 and 120 minutes: --  r = q- 0.59 
(p. < 0.001); r = q- 0.35 (p < 0.05); and r = 4- 0.35 
(p < 0.05) respectively. 

Results 

The Insulin response after 50 g oral glucose. The 
insulin rise after 50 g oral glucose is shown in Fig. 1. 
The insulin levels at each time were found to be 
distributed in a log. normal fashion. The mean insulin 
levels 4- 1 standard deviation, in # units/ml, were 
fasting, 2n+3~.._13, 15 minutes, 70+~;_ 30 minutes, -~-3s, 
60 minutes, ~+~7. 90 minutes, 2~ +~6" and 120 minutes, " ~ - - 4 5  ~ ~ ' - - 2 0  

19_+~. The mean insulin rise over the fasting level in 
the first hour was 72+~ ~ Funits/ml. All subjects had 
their peak insulin response in the first hour, and in 
every subject there was a fall in plasma insulin at 90 
minutes, and by 120 minutes the plasma insulin had 
approached the fasting level. 

INSULIN RESPONSE IN 34 CONTROL SUBJECTS. 
MEANS -t- IS.D. 
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Fig. l. Plasma insulin response after 50 g oral glucose 
in 34 control subjects. Means ___ Standard Deviation -- 
calculated from logarithmic distribution (see text). 

The relationship of the plasma insulin to the blood 
sugar. The blood sugars in rag/100 ml (mean • 1 
standard deviation) in the 34 control subjects during 
the 50g oral GTT, were found to be: fasting, 91 4- 10; 
15 minutes, 122 4- 41; 30minutes, 129 4- 26; 60minutes, 
101 4- 29, 90 minutes 82 4- 21 and 120 minutes 74 4- 
13. The relationship of the plasma insulin and sugar 
response is shown in Fig. 2. Both curves appear 
similar. Correlation coefficients between the plasma 

BLOOD SUGAR AND PLASMA INSULIN RESPONSE 
IN 34 CONTROL SUBJECTS 
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Fig'. 2. The mean blood sugar and plasma insulin curves 
following 50 g oral glucose in 34 control subjects. 

The relationship of the timing of the insulin response 
to the blood sugar. The subjects were divided into 3 
groups according to the timing of their insulin response. 

A. 'Early '  insulin responders (5 subjects): plasma 
insulin at 30 minutes greater than 20 # units over the 
fasting level, but within 20 ff units of the fasting value 
at 60 minutes. 

]3. 'Intermediate'  insulin responders (14 subjects): 
plasma insulin still elevated at 60 minutes but within 
20 ff units of fasting level at 90 minutes. 

C. 'Late'  insulin responders (t2 subjects): plasma 
insulin still elevated at 90 minutes but within 20 # 
units of the fasting level at 120 minutes. 

The mean insulin and sugar responses of these 3 
groups are shown in Fig. 3. The sugar curves followed 
the insulin response very closely. There was no 
significant difference between the blood sugar levels up 
to 30 minutes, but at 60 minutes the intermediate and 
late insulin responders showed significantly higher 
blood sugars than the early insulin responders (p < 
0.01 and p < 0.001 respectively), and the late insulin 
responders also showed a significantly higher blood 
sugar than the intermediate insulin responders (p < 
0.01). At 90 minutes there was no significant difference 
between the blood sugars of the early and intermediate 
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insulin responders, bu t  the late insulin responders 
showed a significantly greater blood sugar t han  both  
the early and intermediate responders (p < 0.01 and 
p < 0.01 respectively). 

TIMING OF INSULIN AND SUGAR RESPONSE. i'3~ 110 [ 
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Fig. 3. The relationship between the blood sugar and 
plasma insulin levels in the early, intermediate, and late 

insulin responders (for definitions see Text). 

INSULIN AND SUGAR RESPONSE. 
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Fig. 4. The blood sugars of the patients with the 1O high- 
est insulin levels are compared with those of the 10 lowest 

insulin levels. 

The relationship of the degree of insulin response to 
the blood sugar. The mean of the 10 highest plasma 
insulin values at  each t ime interval  was compared 
with the mean  of the 10 lowest. The blood sugar values 
related to  these 10 highest and 10 lowest plasma 
insulins were also compared (Fig. 4). At  60 and 90 
minutes the blood sugar values corresponding to the 
10 highest insulin levels were significantly higher than  
those corresponding to  the 10 lowest levels. However  
the fasting blood sugar values and those at  15, 30 and  
120 minutes were ve ry  similar for the two groups. 

Discussion 

The normal  plasma insulin levels reported by  
different workers show considerable variations (Table 
1). Some of these studies were only on small groups of 

Table 1. The normal fasting insulin levels reported by 
various worlcers using immuno-assay 

Author  Mean 

Range (1%) 
1 Standard  
Deviation (SD) ~o.  of 
or S tandard  error Subjects 
of mean (S.E.I~.) 

BERSON and YALOW (1962) 2i 0--68 (R) 
CEI~.~_SI and LUF~ (1963) 46 36--52 (R) 
HALES and RAND~E (1963) 16 6--25 (1%) 
ET,RICK et al. (1964) 60 ~ 10 (S.D.) 

HIKKILA et al. (1965) 8 =J= 8 
]V[ELANI et al. (1965) 22 • 10 (S.D.) 
SOELDNER and S~ONE (1965) 8.5 • 0.5 

(S.E.M.) 
KA~A~ et al. (1966) -- 10--19 (1~) 
SHELDON et al. (1966) 22 ~= 7 (SD) 
SuSS~AN et al. (1966) 24 =L 15 (SD) 
WELBO~N et al. (1966) 9 -b 6 (SD) 

- -  4 

S~L~ZE~ et al. (1967) 11 -- 1 (S.E.M.) 
BUCHAnAn and I~cKIDDIE 20 ~- 34 

- -13 

30 
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subjects e.g. HALES and I~ANDLE (1963), and KARA~ 
etal .  (1966), and the difference m a y  have occurred by  
chance. The differences between other  groups of results 
m a y  reflect variations in method  of assay and the lack 
of a universal insulin standard.  SAMOLS and BILKUS 
(1964), f rom a s tudy  of the different immunoassay  
procedures, concluded tha t  variat ion in results in their 
hands depended on!y on the var ie ty  of s tandards used. 
However  the difference between our fasting result 
(20+sh and tha t  of W~LBOR~ et al. (1966), 9 +s cannot  -18! -4 
be explained on the s tandard  insulin or insulin antisera 
used, aS they  were identical. Difficulties giving rise to 
variable results occur in the double an t ibody insulin 
assay (SoELDX~R and SLONF~, 1965). Cross reaction of 
the anti-gamma globulin serum with human gamma 
globulin may give rise to spuriously high results 
(WELBO~ etal., 1965), which can be prevented by 
purifying the anti-gamma globulin (WEL]~OR~ and 
F~AS]~a, 1965) or reduced by pre-precipitating the 
anti-insulin serum (I-I~LES and RANDLE, 1963). An 
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inhibitor of the two antibody immunoassay method 
has been reported by Mo~GA~x etal. (1964a), and this 
inhibiter may give falsely high values. The inhibitor 
has been identified as complement (MogGA~ et al., 
1964b; WELBOR~ and FI~ASER, 1965), and can be 
overcome by heparin (WELBOg~ and FgASER, 1965) or 
EDTA (S~ELDON and TAYLoa, 1965). In  the assay 
reported here since EDTA was present in the system 
and pre-precipitation was practised, the above 
difficulties should have been minimised. 

Because of the different doses of oral glucose used 
in tolerance tests in various centres, it is difficult to 
compare the plasma insulin levels after glucose. The 
majority of American workers use the 100 g glucose 
dose, whereas many British workers use the 50 g 
glucose tolerance test. I t  is likely that  the greater the 
dose of glucose, the greater will be the blood sugar rise 
(WEST et al. 1964) and consequently the greater the 
rise in plasma insulin levels. HALES and I~ANDLE (1963) 
showed higher plasma insulin levels in a group of 
subjects receiving 100 g oral glucose, than in a group 
receiving 50 g glucose. 

WELBOg~ et al., (1966) report a fairly large group 
of normal insulin levels after 50 g glucose. Our results 
are similar to theirs in timing and distribution, but our 
mean values at each time are about twice as great as 
theirs. 

I t  has long been known that glucose stimulates the 
secretion of insulin directly (A~DERSON and L o ~ ,  
1947, F~ELD, 1964). We have shown that  the insulin 
response closely follows the blood sugar. However 
statistical correlation between blood sugar and plasma 
insulin could only be found at 60, 90 and 120 minutes, 
but not fasting, or at 15 and 30 minutes. 

During the first 30 minutes after oral glucose, there 
is continuing absorption of the glucose from the gut 
and thus blood sugar and plasma insulin levels may 
not be closely correlated. However by 60 minutes, 
most of the glucose having been absorbed, the blood 
sugar level will more accurately represent insulin 
action and peripheral and hepatic uptake of glucose. 
During the intravenous GTT, the glucose is admini- 
stered rapidly so that correlation between blood sugar 
and plasma insulin may be expected throughout the 
test. (SAbots and MARKS, 1965a; GARCIA et al., 1966). 
The lack of correlation between fasting blood sugar and 
fasting plasma insulin cannot be explained on this 
basis. The stimulatory glucose threshold in the 
pancreas for the release of insulin may vary from 
individual to individual. 

Other factors which must be taken into consider- 
ation during the interpretation of the oral glucose 
tolerance test, are humoral factors released during the 
absorption of glucose which may stimulate insulin 
release (McIN~u et al., 1964). SA~oLs et al., (1965b) 
suggest that  glucagon may be released by oral glucose, 
and glueagon is now known to stimulate insulin secre- 
tion ( S ~ o ~ s  et al., 1965c; CI~OCKFO~D et al., 1966; 
T u ~ E ~  and M c I ~ u  1966). PFEIFFEa et al. (1965) 

and DUPRE et al. (1966) have shown that secretin also 
increases insulin secretion. More recently U~G~a et al. 
(1967) have shown that  pancreozymin, gastrin and 
secretin all stimulate insulin secretion, and that  
pancreozymin is also a potent stimulator of glucagon 
secretion. The insulin secretion after oral glucose may 
be related to some or all of these hormonal factors, thus 
providing an alternative explanation for the lack of 
correlation between blood sugar and plasma in the 
first 30 minutes after the glucose. However, the 
correlation between plasma insulin and blood sugar at 
60, 90 and 120 minutes does emphasize that  the blood 
sugar is an important stimulus for insulin release. 

There is some doubt (u  and BEaSON, 1965) 
as to whether immune-reactive insulin is biologically 
significant. Because of the correlation we have found 
between the blood sugar and plasma insulin responses, 
it seems probable that  immunological insulin has 
biological activity. 
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