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PANCREATIC BETA CELL FUNCTION AND PERIPHERAL ACTIVITY
OF INSULIN IN MATURITY ONSET DIABETICS—EVALUATION BY

MATHEMATICAL

V. Mohan, A. Ramachandran,** C,

SUMMARY

Evaluatien of the Pancreatic beta cell
function and peripheral activity of in-
sulin in diabetics were done using recent-
ly described mathematical formulae.
Diabetics in general, had decreased beta
cell function as well as impaired peri-
pheral activity of insulin. In diabetics
with ideal body weight, the chief defect
was diminished insuling output which
was directly proportional to the severity
of diabetes. In obese diabetics, the main
defect was at the periphery, and except
in those with severe diabetes, beta cell
function was better maintained. Appli-
cation of these mathematical formulae
helps in a clearer understanding of the
kinetics of insulin and pathogenesis of
diabetes in various types of diabetics.

INTRODUCTION

The common parameters employed in
assessing the functions of the beta cell of
the pancreas are the insulin response to
glucose load, the insulin/glucose ratio
(I/G) and the insulinogenic index (A 1/
A G). Recently, it has been demonstrat-
ed by Sluiter and associates,!* 2 that these
parameters, being dependent on the -abso---
lute blood glucose levels are liable to
gross variations even in the same indivi--
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dual. Based on certain mathematical
deductions, these authors have put forth
new parameters to evaluate the B cell
function, the peripheral activity of insulin
and also a glucose tolerance parameter,
during oral G.T.T. They have demon-
strated that these parameters are reprodu-
cible and provide a glucose-independent
judgement of the Insulin response.
“Applying the formulae propounded by
the above authors we have tried to eva-
luate the B cell response and the periphe-
ral activity of insulin in different groups
of diabetics. ' )

MATERIAL AND METHODS

One hundred newly detected maturity
onset diabetics attending the Diabetes
Research Centre, Madras, were taken up
for this study. There were 65 men and

“35 women in the age group of 30 to 60
years. None of them had received any
+reatment for diabetes: - 78 patients were
of ideal body weight (IBW) and 22 were
“obese. (> 115% of IBW). .

Twenty normal volunteers were taken
-as controls. An oral glucose tolerance test
was done in every individual and at the
same time samples were collected for
radioimmunoassay of insulin. The glucose
loads given were 50 gms, 75 gms and 100
gms depending on whether the patients
were lean, of IBW or obese respectively.
The blood sugar was estimated by the
Ortho-toluidine method.? Immunoreactive
insulin (IRI) was measured by the
method_of Herbert et gl using the radio-.
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immunoassay kit supplied by the Bhabha
Atomic Research Centre, Bombay.

The mathematical parameters applied
were the following:

(a) The corrected Insulin Response:
(CIR) This is an evaluation of the beta
cell function,

II x 100

CIR — where I is the

G (G — 170)
insulin concentration in pg/100 ml
pu/ml and G, the glucose concentration
in mg/100 ml.

In this study, we have calculated the
CIR at the peak glucose level (CIRp) as
it usually represents the maximum re-
sponse.

(b) Peripheral insulin activity: (A)

104
A =

where Ip and Gp are the
Ip Gp

insulin and glucose values at the glucose

peak in pu/ml and mg/100 ml respective-

ly.

These parameters were applied and
various groups of diabetics were com-
pared.

RESULTS

The severity of diabetes was graded as
follows based on the G.T.T. (Table 1).

The values for the insulin response in
diabetics, when compared to the controls
showed that both the insulin output
(CIRp) and the peripheral activity of in-
sulin (A) were low in diabetics (Table
2). The difference was highly significant
statistically (P < 0.001).

Effect of Body Weight

Body weight is known to be a major
factor influencing the beta cell function.
Hence diabetics with IBW and obesity
were studied separately. The resulits are
shown in Table 3.

Significant lowering of CIRp was
seen in the diabetics with IBW as well as
in the obese diabetics (P < 0.001). How-
ever, obese diabetics had higher CIRp

TABLE 1—Gradation of Severity of Diabetes

Severity of Diabetes

Fasting blood sugar

Peak blood sugar

mg/100 ml mg/100 ml
Mild <120 <200
Moderate 121 to 180 >300
Severe >180 <300
TABLE 2.-—CIRp and a In controls and Diabetics
Parameter Controls Diabetics P value
Mean *+ SD Mean *= SD
CIRp . 1.7 =1.1 0.39 = 0.4 <0.001
A 1.14 = 0.6 0.62 = 0.86 <0.001
TABLE 3.—Effect of body weight on CIRp and A
Parameters Controls Diabetics Diabetics
(20) IBW (78) obese (22)
CIRp -+ SD 1.7 £1.1 0.32 = 0.3 0.64 = 0.7
g o P <0.001 P <0.001
A = 8D 1.14 = 0.6 0.7 = 0.7 0.34 = 0.4
P <0.01

P <0.001
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than those with IBW. This difference was
also statistically significant (P < 0.01).
This showed that obese diabetics had
better insulin output than those with ideal
body weight,

Similarly, the A values were also sig-
nificantly lower in both groups of diabe-
tics compared to controls. (P < 0.01 in
IBW group, P < 0.001 in obese). Com-
paring the two groups of diabetics with
- ach other, the A value was significantly
lower in the obese diabetics (P < 0.001)
showing that the peripheral activity of in-
sulin was greatly impaired in the obese
group.

Effect of Severity of Diabetes

The effect of severity of diabetes on
CIRp and A values was assessed sepa-
rately in diabetics with ldeal body weight
and obese diabetics, Table 4 presents the
data in IBW patients.

The CIRp was low in all three sub-
groups of IBW diabetics (P < 0.001).

-3

There wag a progressive fall in beta ceil
function with increasing severity of dia-
betes,

The peripheral activity of insulin, how-
ever, was not influenced by the severity of
diabetes in the patients with IBW. Table
5 shows the effect of severity of diabetes
on these parameters in obese diabetics.

In the obese patients, the beta cell funec-
tion was maintained fairly well in the
mild and moderate groups. However, in
severe diabetics, the CIRp was very low.

The peripheral activity of insulin was
very low in all obese diabetics, irrespec-
tive of the severity of the disease.

DISCUSSION

In order to understand the kinetics of
insulin and get a clear insight into the
pathogenesis of diabetes, accurate assess-
ments of beta cell function and peripheral
activity of insulin are essential. Measure-
ment of the IRI response to glucose
stimulus alone does not provide much

TABLE IV.--CIRp and A in relation to severity of diabetes

In diabetics of IBW

IBW Diabetics

P ¢ Control
arameiers (20) Mild Moderate Severe
(37) (24) amn
CIRp = SD 1.7 =11 0.5 = 0.18 0.14 < 0.12 0.033 = 0.03
P <0.001 P <0.001 P <0.001
A + SD 1.14 = 0.6 0.66 = 0.39 0.85 +1.0 0.59 =*= 0.6
P <0.01 N.S. P <0.01
TABLE V.—CIRp and A in relation to severity of diabetes
Iu Obese Patients
Obese diabeties
Parameters Control Mild Moderate Severe
(8) ¢)] (5)
CIRp = SD 1.7 =11 0.96 = 0.98 0.64 = 0.44 0.18 = 0.22
N.S. P <0.01 P <0.001
A = SD 1.14 = 0.8 0.26 = 0.12 0.21 = 0.44 0.4 =+ 0.3
P <0.001 P <0.001 P <0.001
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information as the IRI responses are
highly variable, Moreover, it does not
give a correct idea of the peripheral
activity of insulin.

By applying the above mathematical
formulae, it ig possible to differentiaie
between the bets cell response and the
peripheral activity of insulin,

In this study, application of these for-
mulae in diabeticg with different body
build and severity has provided interest-
ing information,

In diabetics with IBW the chief defect
is impairment of the beta cell function as
shown by low insulin output (CIRp). The
insulin output is inversely proportional
to the severity of diabetes. Though there
is some decrease in the peripheral activity
of insulin, it is not highly significant, nor
is it related to the severity of diabetes, in
these individuals,

In obese diabetics, the chief defect is at
the periphery where there is consider-
able impedement to the action of insulin.
The obese diabetics have 3 relatively
better output of insulin than those with
IBW, but in the severe diabetics, it is very
low,

The mathematical applications are use-
ful in quantitative and differentia] assess-

R. 8. Mani and Dr. K, B. Shah of the Isotope
division for all their help and encouragement,

1.

ment of the beta cell response and the -

periphers] activity and thus aids in better -
understanding of the kinetics of insulin. Tt
is well known that immuno reactive jn.

sulin (IRI) response to ‘glueose load  is
influenced by the severity of diabetes and
the body weight, 510

relationships of thege parameters- more
clearly. :
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