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Blood glucose, plasma insulin, and glucagon responses after a 75 g oral glucose-tolerance test were assessed in 9 normal 
controls, 5 obese nondiabetics (ON), 5 obese nondiabetics with fasting hyperinsulinemia (obese “resistant” nondiabetics- 
OR), 9 obese with impaired glucose tolerance (O-IGT), and 9 nonobese insulin-dependent diabetics (IDD). Fasting plasma 
glucagon concentrations were significantly higher in all groups of patients in comparison to the normal controls. Insulin 

secretion, evaluated in all but the IDD, was similar to normal in the ON and increased in the OR and 0-IGT. Normal glucagon 
suppression was observed in the lean controls and ON but not in OR, 0-IGT, and IDD. We suggested that the resistance to 

glucagon suppression after glucose load in the OR and 0-IGT in the presence of increased insulin response could be an 

indication that the A cell participates in the relative insulin insensitivity of these subjects. 

P LASMA GLUCAGON disturbances have been 
described in human diabetes and obesity.‘4 Nor- 

mal, exaggerated, and suppressed A cell function have 
been reported in these two conditions depending upon 
the type of patient and the method employed. 

From the studies of Kalkhoff’s group2*3 it was dem- 
onstrated that the A cell is normal in obese nondiabetic 
subjects. Their accentuated glucagon suppression fol- 
lowing glucose load was dependent on the level of 
plasma insulin secretion. On the other hand, they also 
confirmed that when there is an insulin deficiency 
there is a resistance to glucagon suppression. When 
both situations are associated in obese diabetics, there 
is an A cell insensitivity to the rising plasma glucose 
contingent upon deficient insulin secretion. 

It should be of interest to evaluate the glucagon 
response when the available insulin is antagonized in 
the insulin-sensitive tissues to see if the A cell partici- 
pates in the whole-body insulin resistance. 

A good model for such a situation is the obese 
nondiabetic subjects (indicated as obese “resistant” 
nondiabetics) and those with impaired glucose toler- 
ance (obese IGT) both with fasting hyperinsulinemia 
and demonstrated to have insulin resistance.‘-’ We can 
compare them to obese nondiabetics with normal basal 
and stimulated insulin responses to the glucose load, 
and normal-weight, insulin-dependent diabetics with 
insulin deficiency (nonobese IDD). 

MATERIALS AND METHODS 

Thirty-seven individuals of various ages ranging from 20 to 48 

years were subdivided as follows: normal controls, obese subjects 
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presenting normal glucose tolerance (obese nondiabetics and obese 

“resistant” nondiabetics), impaired tolerance (obese IGT), and 

finally, nonobese insulin-dependent diabetics (IDD) with the dura- 

tion of the disease longer than 5 years, kept on NPH insulin, from 20 

to 70 U/d. 

None of the normal and diabetic subjects weighed more than 10% 

over the ideal body weight. The obese individuals exceeded ideal 

body weight by 25% or more. The pertinent clinical and laboratory 

data on these subjects are shown in Table 1. 

The criteria proposed by the National Diabetes Data Group* were 

used to classify the obese subjects. They considered obese ET to be 

those with fasting venous blood glucose values < 6.7 mmol/L and 

two-hour blood glucose between 6.7 and 10.0 mmol/L. with one 

intervening value 2 10.0 mmol/L following a 75-g oral glucose 

challenge. Normal control and obese groups had negative family 

histories for diabetes and were receiving no medication. 

All individuals had a three-day preparatory diet containing at 

least 300 g of carbohydrate per day. After an overnight fast and 

absolute bedrest for at least one hour, they were submitted to 

standard 75-g oral glucose tolerance test (OGTT). Diabetic subjects 

did not receive their insulin dose at the time of testing. 

Blood samples were withdrawn from the antecubital vein at - 30 

minutes, and immediately before, then at 30, 60, 90, 120, and 180 

minutes after the beginning of the glucose ingestion for the measure- 

ment of glucose, insulin, and glucagon levels. 

For pancreatic glucagon determination, blood was placed 

promptly into heparinized tubes containing 0.04 mL of Trasylol 

(Bayer from SPo Paulo, Brazil; 400 Kallikrein inhibitor units per mL 

of blood). The mixture was immediately centrifuged at 4 OC and 

plasma separated and frozen until assayed. 

Blood glucose was measured with a Technicon Auto-Analyzer by 

the ferricyanide method.’ Plasma immunoreactive insulin (IRI),” 

and glucagon (IRG)” were determined by previously described 

radioimmunoassays (RIA). 

Glucagon RIA was performed employing pork glucagon for 

iodination supplied by NOVO Research Institute (Bagsvaerd, Den- 

mark) and the specific antiserum for pancreatic glucagon, RCSS, 

supplied by Dr S. R. Bloom. The assays were set up with standard 

curves made up in the laboratory control plasma prepared from 

pooled, time-expired blood-bank plasma, which was effectively 

glucagon-free. 

The glucagon RIA presented high sensitivity and the useful range 

of the standard curve allowing measurements from 12 to at least 500 

pg/mL of glucagon. The precision. evaluated through the within- 

and between-assays reproducibility, revealed in the first case coeffi- 

cients of variation (CV) on the order of 14.9%, 5.1%, and 6.3% for 

the plasma samples of low (13.6 pg/mL), medium (65.3 pg/mL), 

and high (104.2 pg/mL) glucagon mean content respectively. In the 
between-assay reproducibility, CVs were 10.7%, 4.6%. and 5.6% for 
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Table 1. Clinical and Laboratory Data of the Study Groups 

Group 

Normal controls 

Mean values k SEM 

Obese nondiabetics 

Mean values + SEM 

Obese resistant non- 

dtabetics 

Mean values + SEM 

Obese IGT 

Mean values 5 SEM 

Nonobese IDD 

Mean values k SEM 

lndwdual 

1 

5 

4 

4 

5 

4 

4 

4 

4 

4 

4.2 + 0.2 

5 

5 

5 

5 

5 

4.9 * 0.1 

5 

6 

6 

6 

5 

5.5 + 0.2 

5 

5 

6 

6 

5 

6 

6 

6 

6 

5.7 * 0.2 

10 

10 

13 

15 

9 

9 

16 

22 

9 

12.5 zk 1.4 

GlUCOSe 

(mmol/L) 

Fastmg Level 

Insulin 

kU/mL) 
Glucagon 

bg/mL) 

2 21 

7 21 

6 38 

15 28 

4 17 

15 42 

7 17 

12 24 

4 17 

8.0 + 1.6 25.0 _t 3.1 

9 42 

5 38 

10 43 

8 49 

11 49 

8.6 * 1.0 44.2 i- 2.1 

18 77 

17 

18 

22 

14 

17.8 t 1.3 

5 

16 

26 

15 

19 

14 

8 

7 

18 

14.2 k 2.2 

129 

100 

87 

105 

99.6 f 8.8 

56 

42 

52 

70 

63 

91 

59 

68 

73 

63.2 + 4.7 

87 

42 

49 

139 

49 

42 

118 

108 

105 

82.1 t 12.5 

l lBW = Ideal Body Weight (Metropolitan Life Insurance table, 1959). 

similar plasmas with glucagon mean levels of 14.6, 68.3, and 110.8 

pg/mL, respectively. The precision profiles indicated that when the 

limit of CV is fixed to the maximum of 10%. the acceptable range for 

glucagon assay is 20 to I I4 pg/mL and 16 to 116 pg/mL for within- 

and between-assays, respectively. For glucagon values in the range 

of 15 to 20 pg/mL the intraassay CV was of the order of 15%.” 

Paired analysis was determined between the fasting and the lowest 
plasma glucagon values (nadir) after glucose. 

The total integrated areas circumscribed by the glucose, insulin, 

or glucagon response curves to OGTT, above or below fasting 

baseline levels, were estimated on an IBM/370-M 155 computer, 

(Slo Paula, Brazil) employing a trapezoidal rule. The data were 

expressed as mmol/L (glucose) or rU/mL (insulin) or pg/mL 

(glucagon) per I80 minutes, respectively. 

Sex 

F 

M 

F 

F 

M 

F 

M 

F 

M 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

M 

M 

M 

F 

F 

M 

F 

M 

M 

Age 
(vr) 

Weight IBW* Treatment 

(Kg) (%) hsul~n: U/d) 

24 47.8 93 

26 73.0 109 

27 44.5 80 

28 65.0 105 

28 68.0 99 

30 63.6 109 

36 68.0 100 

43 53.4 98 

48 7 1 .o 102 

32 f 3 61.6 k 3.5 99.3 i 3.0 

23 88.5 165 

23 103.0 177 

30 100.0 168 

34 99.0 164 

37 104.0 164 

29 ‘- 3 98.9 ? 2.8 167.6 i 2.5 

23 69.0 127 

28 107.0 205 

28 80.5 150 

29 70.7 125 

31 75.0 144 

28 + 1 80.4 + 6.9 150.2 i 14.5 

23 75.0 146 

26 70.0 134 

27 123.0 226 

27 90.4 166 

30 92.0 160 

37 83.0 166 

38 78.0 145 

38 89.0 153 

43 103.9 168 

32 k 2 89.4 + 5.4 162.5 i 8.8 

20 52.0 86 

21 60.0 95 

23 62.0 106 

27 43.0 84 

28 51.8 94 

29 59.0 86 

31 47.0 102 

41 51.7 78 

46 63.3 96 

30 i 3 54.4 k 2.3 91.9 f 3.0 

40 

70 

50 

45 

20 

20 

35 

25 

55 

The statistical analysis was performed by a Student’s f test for 

paired and unpaired observations, defining the significance of the 

difference between the group means. 

RESULTS 

Considering that no significant differences were 
found between -3O- and O-minute blood glucose, 
plasma glucagon, and insulin levels, only the values 
correspondent to the samples immediately before glu- 
cose ingestion were used as the fasting level for the 
data analysis. 

The results of blood glucose, plasma insulin (IRI), 
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and glucagon (IRG) concentrations during the OGTT patients can be considered as presenting impaired 
are indicated in Fig 1. glucose tolerance (IGT). 

Blood Glucose 

Obese nondiabetics (ON) had the mean blood glu- 
cose levels significantly higher than control subjects at 
all times (P < 0.05) except at 30- and 180-minute 
samples. However, all of them were considered to have 
normal glucose tolerance according to the National 
Diabetes Data Group.8 

Finally, in comparison to the other groups, the 
insulin-dependent nonobese diabetics (IDD) presented 
significantly elevated fasting mean level and grossly 
abnormal blood glucose curves during OGTT. 

Plasma Insulin 

The obese, resistant nondiabetics (OR) had signifi- 
cantly higher mean blood glucose levels than controls 
at all times of sampling (P < 0.01) except at 180 
minutes. However, when compared to the ON, they 
only demonstrated significantly higher mean blood 
glucose values at the fasting and 30-minute samples 
(P < 0.05). The other group of obese subjects, glucose 
intolerant, had significantly higher mean glucose levels 
than ON and OR at all times after glucose challenge 
(P < 0.01). However, their mean fasting blood glucose 
concentration was significantly higher when compared 
to the ON (P < 0.01) but not in relation to the OR. The 
0-IGT also presented basal and postchallenge glucose 
mean concentrations significantly higher than the nor- 
mal controls (P < 0.001). According to the previous 
reference (National Diabetes Data Group), these 

The mean basal plasma insulin levels in the normal 
controls and ON were similar. Mean fasting IRI 
values were similar in the OR and 0-IGT and both of 
them were significantly higher than in the normals and 
ON (P < 0.05) (Table 1). The normal controls pre- 
sented the mean peak plasma insulin at 60-minute 
samples after glucose loading. In the ON, the mean 
plasma insulin levels attained a plateau at 60 to 120 
minutes comparable to the normal controls at all times 
except at 90- and 120-minute samples when they were 
significantly higher (P < 0.02). 

The OR had significantly higher mean insulin val- 
ues when compared to the normal controls, ON and 
0-IGT, after glucose challenge, at all times (P < 0.01) 
except at 30 and 180 minutes. The 0-IGT group had 
significantly higher mean plasma IRI than the normals 
at 90, 120, and 180 minutes (P < 0.01). However, 
there were no significant differences in the mean 

1 NORMAL CONTROLS 

PLASYA I RI * 

ON/ml ) 

30 
t BLOOD GLUCOSE PLASMA IRG I 

A 

Fig 1. Blood glucose, plasma insulin (MI). 
and glucagon (IRG) concentrations in nine nor- 
mal, five obese nondiabetic, five obese resis- 
tant nondiabetic, nine obese with impaired 
glucose tolerance, and nine nonobese insulin- 
dependent diabetic subjects during three- 
hour, 75 g oral glucose tolerance test. Means 
? SEM are indicated. Asterisks denote the 

0 30 so 90 120 180 0 30 60 SO 120 100 0 30 (10 SO 120 100 significance of difference among mean of the 
TIME (mln) normal control and other groups, P -c 0.05. 
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insulin levels between the ON and 0-IGT at all times 
of sampling after the glucose load. 

Plasma Glucagon 

Mean basal plasma glucagon levels were signifi- 

cantly higher in all groups of patients studied in 

comparison to the normal controls (P < 0.01). Within 
the obese subjects they were significantly higher in the 

OR in relation to the ON and 0-IGT (P -C 0.01). They 
were higher in 0-IGT than ON (P < 0.01). However, 

the mean fasting levels were not significantly different 

when 0-IGT were compared to IDD. 

mean plasma glucagon curve during OGTT did not 
show the progressive decrease in glucagon values that 

actually presented an increment at the 30-minute 
sample. In the same way, the 0-IGT presented a mean 

glucagon curve with a similar shape presenting values 

significantly higher than in the normal controls and 

ON at all times of sampling (P < 0.001). When 

compared to the OR, the 0-IGT presented signifi- 

cantly lower levels at the 60-, 90-, and 120-minute 

samples (P < 0.05). 

As expected, the normal subjects presented a pro- 
gressive decrease in mean plasma glucagon levels 

during the first hour after glucose load. In the same 

way, the obese nondiabetics also presented a decre- 
ment in the glucagon levels still higher than normal at 

30-minute sample (P < 0.01) becoming similar to the 

normal controls at 60 minutes and afterward. 

Finally, the IDD also without an evident decrease of 
the mean glucagon curve after the glucose challenge 

had significantly higher mean levels in all samples 

when compared to the normal subjects and ON (P < 
0.01) but not in relation to the OR and 0-IGT. 

On the other hand, the OR group had significantly 

higher mean plasma levels than the normal controls 
and ON at all times after glucose load (P < 0.001). 

However, as can be seen from Fig 1, the shape of the 

There was a positive and significant correlation 

between the basal plasma IRI and IRG levels in all 

groups studied (r = 0.58; P < O.Ol), expressed by the 

equation: IRG = 21.05 + 2.78 x IRI (Fig 2). 

The mean * SEM fasting plasma glucagon and 
nadir values (lowest mean t SEM glucagon level) 

after glucose load in all groups of subjects studied are 

shown in Table 2 where it can be seen that the normal 

BASAL PLASMA 

GLUCAGON 

( pg/ml j 

t 

IZO- 

I IO - 

t 

I = 0.58 

p< 0 01 

Fig 2. Relation 
glucsgon levels. 

between basal plasma insulin and 
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Table 2. Fasting and Lowest Plasma Glucagon Levels (Nadir) 
During OGTT in all Study Groups 

Plasma Glucagon IpgfmL; mean k SEMI 

Group Fasting Nadir Time of OGTT 

Normal subjects 25.0 + 3.1 16.7 zk 1.3’ (60 and 90 min) 
Obese nondiabetics 44.2 ? 2.1 18.0 + 2.8t (60 min) 

Obese resistartt 99.6 k 8.8 90.8 f 7.6 (120 min) 
Obese tGT 63.6 k 4.6 67.2 + 6.9 (180 min) 
Nonobese IDD 82.1 t 12.4 81.7 t 15.8 (180min) 

*Significantly lower than fasting (P = 0.05). 
tsignificantly lower than fasting (P < 0.001). 

controls and ON had significant glucagon suppression 
but not OR, 0-IGT, and IDD. 

Total (180-minute) Blood Glucose, Plasma insulin, 

and Glucagon Responses During OGlT 

Fig 3 indicates the blood glucose, plasma IRI, and 
IRG responses from baseline fasting levels up to 180 
minutes testing period. 

The mean total (180-minute) area circumscribed by 
the glucose response curves to OGTT above basal 
levels was not significantly different in the ON, OR, 
and normal control groups. The mean total glucose 
area was, however, significantly greater in the 0-IGT 
group than in the normal control and obese nondiabetic 
groups (P -C 0.001). In the IDD group the mean total 
glucose area, as expected, significantly exceeded the 
correspondent value of the other groups (P < 0.00 1). 

The means of the total incremental insulin areas 
above basal levels were similar in the normal and ON, 
but significantly greater in the OR (P < 0.001) and 
0-IGT (P < 0.05) than in the normals. However, no 

l *** 
IBOmln TOTAL xet 100 min. TOTAL 

BORGHI, WAJCHENBERG, AND CESAR 

significant differences were observed in the mean total 
insulin areas between ON and 0-IGT. The OR pre- 
sented significantly greater mean total insulin area 
than ON and 0-IGT (P < 0.001). 

The mean total integrated glucagon areas below 
baseline values indicated lower suppression in normal 
controls than in ON (P < 0.01). On the other hand, the 
OR, 0-IGT, and IDD did not suppress the plasma 
glucagon levels during OGTT, the mean of total 
(incremental) glucagon areas being similar in all three 
groups. 

DISCUSSION 

There are many observations supporting the concept 
that the A cells are insulin sensitive (like muscle and 
adipocyte) and that insulin is necessary for permitting 
glucose entry in the A cell and subsequent inhibition of 
glucagon release.12 

In obese subjects it has been demonstrated that they 
have insensitivity to insulin’s effects on glucose metab- 
olism in vivo5 and in vitro.‘3m’5 Hatfield and his co- 
workers3 demonstrated during OGTT that obese non- 
diabetics had a greater than normal plasma insulin 
secretion and plasma glucagon suppression than lean 
controls, whereas in the obese diabetics the lower 
insulin secretion was accompanied by a smaller degree 
of glucagon suppression in relation to the obese con- 
trols. They concluded that there was an association 
between the degree of plasma glucagon suppression 
after the oral glucose load and the briskness and 
magnitude of the plasma insulin response in accor- 
dance with the role of insulin release in glucose- 
induced glucagon suppression.‘6 

BLOOD GLUCOSE “,,- 

( mmol/!/lS0min.~ 

ON OR O-IST 

OR- OBESE w RESISTANT” NON-DIABETICS ( 5 1 
IO-~ST~OBESE:‘:“, 1 -Z,‘JOO- NC 1 

IMPAIRED GLUCOSE TOLERANCE ( 0 1 
ID0 - NON-OBESE INSULIN-DEPENDENT 

ON 

-wo- 

Fig 3. Total blood glucose, plasma insulin 
(IRI), and glucagon (WIG) responses above or 
below baseline concentrations during the 180. 
minute test period. Means i SEM are indicated. 
Numbers in parenthesis are numbers of subjects 
in each group. l Denotes significance of the 
difference between means of the normal control 
and other groups (P < 0.001). l * Indicate signifi- 
cance of the difference between means of the 
ON end the other two obese groups and IDD (P < 
0.01). l ** Demonstrate significance of the dif- 
ference between means of the OR and the other 
two obese groups and IDD (P < 0.01). l *** 
Demonstrate significance of the difference 
between means of the 0-IGT and the other 
obese patients and IDD (P < 0.01). 
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However, no studies were yet reported showing a 
perturbation of glucagon release in obese hyperinsu- 
linemic subjects with and without impaired glucose 
tolerance when compared to obese nondiabetics with 
normal fasting IRI. 

those observed within the islets after glucose-induced 
insulin secretion. Weir et alI9 have indicated the impor- 
tance of high intra-islet concentrations of insulin in 
glucose-induced glucagon suppression. 

In the present study the findings of a greater than 
normal insulin secretion in the obese nondiabetic 
hyperinsulinemic group (OR) and obese-IGT would 
indicate that the insulin-responsive tissues are rela- 
tively insensitive to the effects of insulin on glucose 
uptake as previously demonstrated.5m7 The insulin 
insensitivity was accompanied by the lack of suppressi- 
bility of the plasma glucagon following glucose admin- 
istration when compared to the normal control and 
obese nondiabetic normoinsulinemic (ON) groups. 

The decreased insulin sensitivity of A cells in the OR 
and 0-IGT and the insulin deficiency of the IDD 
would have in common a reduced insulin effect at the 
A cell and its consequent lack of glucagon suppressive 
effect of glucose. 

However, at present we should not discard the 
possibility of an abnormality in pancreatic somatosta- 
tin secretion, which has been described in experimental 
insulinopenic diabetes*‘*” but which is different from 
what has been shown in the obese hyperglycemic and 
hyperinsulinemic mouse (ob/ob).” 

The knowledge that there is a highly significant 
correlation between fasting insulin level and degree of 
insulin resistance in human obesity’ and our finding of 
also highly significant correlation between fasting 
insulin and glucagon levels (r = 0.58; P < 0.01) could 
suggest that the greater insulin resistance the higher 
the basal glucagon levels. In effect, it has been shown 
that in the well-known condition of insulin resistance, 
acromegaly, the high-fasting insulin concentrations 
are accompanied by increased glucagon levels and lack 
of pancreatic a-cell suppressibility following glucose 
load even in acromegalics without glucose intoler- 
ance.“,” 

On the other hand, the nonobese IDD, well known to 
have very low residual pancreatic insulin secretion, 
particularly with the long duration of the disease,‘* 
also demonstrated lack of glucagon suppressive effect 
of glucose when compared to normal controls and ON. 
However, no significant differences were observed in 
total glucagon responses among IDD, OR, and 0-IGT 
groups. 

The higher mean fasting blood glucose and plasma 
glucagon levels associated to normal basal plasma 
insulin levels in the ON, when compared to the normal 
subjects, could be an indication of the mild degree of 
insulin resistance at the A cell in the ON. However, the 
glucose-induced insulin release would be sulhcient to 
suppress the increased fasting glucagon levels. Because 
there is a continuum of insulin resistance in human 
obesity,’ we would then envision a progressive parallel 
insensitivity of the A cell to insulin action from the ON 
to the OR and 0-IGT, in the latter the insulin secretion 
after the glucose challenge being inadequate to cope 
with the peripheral resistance and then the develop- 
ment of a state of impaired glucose tolerance. 

The mechanism of the lack of glucagon suppressibil- 
ity in the OR and 0-IGT groups could be related to the 
A cell resistance to the suppressive effects of insulin. 
However, such possibility could not be entirely 
accepted for the IDD group as they certainly presented 
absolute insulin deficiency not corrected by exogenous 
insulin therapy in the usual doses when the insulin 
levels attained at the A cell are probably far below 

However, the interpretation of the results obtained 
with an oral glucose-tolerance test is more complicated 
than just being viewed as glucose stimulation of insulin 
secretion. The role of gut hormones and other factors 
have to be considered in the interpretation of a particu- 
lar insulin or glucagon response. Furthermore, it must 
be considered the role of rate substrate flow as impor- 
tant factor(s) in the determination of fasting plasma 
glucagon concentration in the obese subjects indepen- 
dent of the insulin effects of the glucagon-secreting 
cells.2’~24 

ACKNOWLEDGMENT 

The authors wish to thank Dr L.C. Heding (NOVO Research 

Institute) for her continuous support. 

REFERENCES 

1 Muller WA, Faloona GR, Aguilar-Parada E, et al: Abnormal 

alpha-cell function in diabetes. N Engl J Med 283:109-l 15, 1970 

2 Gossain VV, Matute ML, Kalkhoff RK: Relative influence of 

obesity and diabetes on plasma alpha cell glucagon. J Clin Endocri- 

nol Metab 38:238-243, 1974 

3 Hatfield HH, Banasiak MF, Driscoll T, et al: Glucose suppres- 

sion of glucagon: Relationship to pancreatic beta cell function? J 

Clin Endocrinol Metab 44:108&1087, 1977 

4 Unger RH: Role of glucagon in the pathogenesis of diabetes: 

The status of the controversy. Metabolism 27:1691-1705, 1978 

5. Kolterman OG, Insel J, Saekow M, et al: Mechanism of insulin 

resistance in human obesity. Evidence for receptor and postreceptor 

defects. J Clin Invest 65: 1272-l 284, 1980 

6. Olefsky JM, Reaven GM: Insulin binding in diabetes: Rela- 

tionships with plasma insulin levels and insulin sensitivity. Diabetes 

26:68&688, 1977 

7. Kolterman OG, Gray RS, Griffin J, et al: Receptor and 

postreceptor defects contribute to the insulin resistance in noninsu- 

lin-dependent diabetes mellitus. J Clin Invest 68:957-969. 1981 

8. National Diabetes Data Group: Classification and diagnosis of 



1074 BORGHI. WAJCHENBERG, AND CESAR 

diabetes mellitus and other categories of glucose intolerance. Diabe- 
tes 28:1039-1057, 1979 

9. Hoffman WS: A rapid photoelectric method for the determina- 
tion of glucose in urine and blood. J Biol Chem 120:51-S& 1937 

10. Desbuquois B, Aurbach CD: Use of polyethylene glycol to 
separate free and antibody-bound peptide hormones in radioimmu- 
noassays. J Clin Endocrinol Metab 33:732-738, 1971 

11. Borghi VC, Wajchenberg BL, Albuquerque RH: Evaluation 
of a sensitive and specific radioimmunoassay for pancreatic gluca- 
gon in human plasma and its clinical application. Clin Chim Acta 
136:3948, 1984 

12. Lefevre PJ, Luyckx AS: Glucagon and diabetes: A reapprais- 
al. Diabetologia 16:347-354, 1979 

13. Salans LB, Knittle JL, Hirsch J: The role of adipose size and 
adipose tissue sensitivity in the carbohydrate intolerance of human 
obesity. J Clin Invest 47:153-165, 1968 

14. Harrison LC, King-Roach AP: Insulin sensitivity of adipose 
tissue in vitro and the response to exogenous insulin in obese human 
subjects. Metabolism 25:1095-l 101, 1976 

15. Olefsky JM: The effects of spontaneous obesity on insulin 
binding, glucose transport, and glucose oxidation of isolated rat 
adipocytes. J Clin Invest 57:842-851, 1976 

16. Unger RH: The millieu interieur and the islets of Langer- 
hans. Diabetologia 20: l-l 1, 198 1 

17. Seino Y, Taminato T, Goto Y, et al: Acromegaly: Insensitiv- 
ity of the pancreatic alpha cell to hyperglycemia. Clin Endocrinol 
9:577-581, 1978 

18. Mire1 RD, Ginsberg-Fellner F, Horwitz DL, et al: C-peptide 
reserve in insulin-dependent diabetes. Comparative responses to 
glucose, glucagon and tolbutamide. Diabetologia 19: 183-l 88, 1980 

19. Weir CC, Knowlton SS, Atkins RF, et al: Glucagon secretion 
from the perfused pancreas of Streptozotocin-treated rats. Diabetes 
25:275-282, 1976 

20. Hermansen K: Secretion of somatostatin from the normal and 
diabetic pancreas. Studies in vitro. Diabetologia 19:492-504, 1980 

21. Schusdziarra V: Somatostatin-A regulatory modulator 
nutrient entry and metabolism. Horm Metab Res 12:563-577, 
1980 

22. Pate1 YC, Orci L, Bankier A, et al: Decreased pancreatic 
somatostatin concentration in spontaneously diabetic mice. Endocri- 
nology99:1415-1418, 1976 

23. Rabinowitz DC: Some endocrine and metabolic aspects of 
obesity. Ann Rev Med 21:241-258, 1970 

24. Sims EAH, Danforth E Jr, Horton ES, et al: Endocrine and 
metabolic effects of experimental obesity in man. Recent Prog Horm 
Res 29:457-487,1973 


