
and path analysis suggest an adverse ef- 
fect of annual oxidant concentration on 
the proportion of total cover represented 
by native species of coastal sage scrub. 
Further tests suggest that oxidants are 
affecting community structure not only 
by reducing the total cover of native spe- 
cies, but by reducing species richness 
and equitability. These tests are relative- 
ly standard methods, and their results 
are consistent with other studies on the 
effects of pollution on community struc- 
ture (11, 16, 17). It must be recognized, 
however, that such synecological meth- 
ods, like epidemiological methods exam- 
ining the effects of pollution on public 
health, can only suggest likely causal 
routes of damage. Actual demonstration 
of an effect of oxidants on particular 
coastal sage species must await laborato- 
ry experiments. In view of the impor- 
tance of the natural functioning of coast- 
al sage scrub to the environment and 
economy of southern California (18), 
these results suggest the value of initiat- 
ing such laboratory experiments prompt- 
ly. 
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A decrease has been observed in the 
number of insulin receptors in lympho- 
cytes and hepatocytes that have been 
grown in the presence of insulin (/). 
Thus, it has been suggested that "down 
regulation" of receptor binding by in- 
sulin itself explains the apparent insulin 
resistance noted in certain clinical states 
characterized by hyperinsulinemia (2). 
Obesity is commonly associated with an 
increase in the concentration of serum 
insulin and an apparent resistance to the 
action of exogenous insulin (3). Several 
studies (4) indicate that obese patients 
have decreased insulin binding to circu- 
lating monocytes and isolated fat cells, 
which suggests that a defect in the inter- 
action between insulin and its receptor 
may account for the apparent insulin re- 
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sistance of obese persons (2). In one 
study (5), however, no defect was found 
in the binding of insulin to fat cells from 
obese patients; their insulin resistance 
was attributed to a defect in intracellular 
glucose metabolism. 

We investigated insulin binding to cir- 
culating monocytes in 27 massively 
obese patients prior to giving them in- 
testinal bypass surgery (6). These pa- 
tients had been observed in our clinic for 
2 to 3 months before our investigation. 
They were instructed to maintain their 
usual diet and level of activity. Their av- 
erage weight gain during this period of 
time was 0.7 + 0.3 kg per month (mean 
? standard error). Blood was obtained 
on the morning after the patients were 
admitted to the hospital and had fasted 
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Insulin binding Serum insulin Fig. 1. Serum insulin concentrations during 
* fasting and insulin binding in obese patients 

and in controls of normal weight. Males are 
a) 12.O 60 denoted by 0 and females, by *. Mean serum 

0 - ? ^ insulin was 33 + 3 ,tU/ml (mean + standard 
? _ oo ** error) in obese patients and 12 - 1 ,uU/ml in 
E * = controls. Insulin binding was 6.2 + 0.5 per- 
O ,,8 * * O " cent in obese patients and 6.8 + 0.4 percent 
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3 in controls. [Insulin was measured by immu- 
0' 

S. - * i *$* * '- noassay (/1).] The method for determining the 
u ?88 g. 8 E binding of insulin to circulating monocytes 

O 4- 8 8.* g has been described by de Meyts (12). Mono- 
|* CB;* 20 c nuclear leukocytes were separated from 

0:1 -. 
* 

o? 
?** whole blood by centrifugation on a Ficoll-Hy- 

_0 o paque gradient. Approximately 25 million 
0 0 cells were incubated for 90 minutes at 25?C in 

Normal Obese Normal Obese Hepes buffer [4-(2-hydroxyethyl)-1-pipera- 
zineethanesulfonic acid; 0.5 ml] containing 

0.2 ng of l25I-labeled insulin per milliliter; incubations were performed in triplicate and sampled 
in duplicate. The cellular pellet was collected and washed in a Beckman microcentrifuge. The 
percentage of 125I-labeled insulin that was specifically bound (percentage total minus percentage 
bound in the presence of 50 /ug of unlabeled insulin per milliliter) was expressed per 107 mono- 
cytes (identified by staining with nonspecific esterase). Samples from obese patients were as- 
sayed at the same time as samples from control subjects. In nine controls, the data plotted are 
means of multiple determinations. 
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Insulin Receptor Binding in Obesity: A Reassessment 

Abstract. A defect in the binding of insulin to circulating monocytes occurs when 
obese patients are hospitalized and fed a liberal carbohydrate diet. Under ordinary 
circumstances, most obese patients have normal insulin binding despite very high 
concentrations of serum insulin. These results showy that insulin does not necessarily 
regulate its own receptor in vivo-as it does in vitro. 
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for 10 hours. Serum insulin and insulin 
binding to monocytes were compared to 
that of 19 control subjects of normal 
weight. As shown in Fig. 1, serum in- 
sulin concentrations during fasting were 
markedly elevated in the obese patients 
(33 + 3 compared to 12 ? 1 /xU/ml, 
P < .001, Student's t-test). All but five 
obese patients had serum insulin concen- 
trations that were higher than the highest 
concentration among the controls. Mean 
insulin receptor binding did not differ be- 
tween obese and normal subjects 
(6.2 ? 0.5 compared to 6.8 + 0.4 per- 
cent, P > .10); however, eight of the 27 
subjects showed less insulin binding than 
the control with the least amount of bind- 
ing. The patients with reduced insulin re- 
ceptor binding did not differ from the 
others in fasting serum insulin concen- 
tration (34 ? 6 compared to 32 + 4 /JU/ 
ml), glucose (87 ? 3 compared to 91 ? 2 
mg/100 ml), or in the severity or duration 
of their obesity. 

Studies that report a defect in insulin 
binding in massive obesity (4, 7) have 
primarily concerned female patients who 
were hospitalized and given a liberal car- 
bohydrate diet. The only study that 
failed to show this defect (5) resembled 
ours in that almost half of the subjects 
were male and their diets had not been 
restricted. We, therefore, considered the 
possibility that a liberal carbohydrate 
diet could in itself affect insulin binding 
in obese patients. Figure 2 shows data 
for six obese patients. Hospitalization on 
a 45 percent carbohydrate isocaloric diet 
resulted in a significant (P < .01) de- 
crease in insulin receptor binding occur- 
ring at insulin concentrations in the in- 
cubation medium ranging from 0.2 to 100 
ng/ml. Although serum insulin concen- 
trations increased (from 40 ? 5 to 
52 ? 9 A/U/ml, P < .10), there was no 
correlation between insulin binding and 
serum insulin. In response to the 45 per- 
cent carbohydrate diet, insulin binding 
became abnormal in four of the six pa- 
tients. Patients A, B, and C (Fig. 2) were 
then placed on a carbohydrate-restricted 
diet (10 percent carbohydrate, 40 percent 
protein, 50 percent fat) for 7 days. In- 
sulin binding increased (34 + 13 percent) 
in all three patients to within the normal 
range. Serum insulin concentrations 
showed no consistent changes and re- 
mained grossly elevated (59 ? 15 ,tU/ 
ml). 

Our results help to explain some of the 
apparent contradictions related to insulin 
receptor binding in massive obesity. 
Most obese patients have normal insulin 
binding under ordinary circumstances. 
But when they are hospitalized on a 45 
percent carbohydrate diet, a defect in in- 
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sulin binding is induced that is not pres- 
ent when their diet and activity are un- 
restricted and that does not occur in sim- 
ilarly treated subjects of normal weight 
(8). 

The reduction in insulin binding in the 
obese patients whose data are shown in 
Fig. 2 could be explained had they been 
consuming, prior to hospitalization, a 
diet 'low in carbohydrates. Such a diet 
would be unusual in obese subjects and 
was not suggested by their dietary his- 
tories. A second factor to consider is a 
change in physical activity. Prior to hos- 
pitalization, these patients had been em- 
ployed, or engaged in household duties. 
Although ambulation around the ward 
was encouraged, the obese patients were 
far less active than were thin subjects ad- 
mitted for similar studies. Since exercise 
increases insulin binding (9), it is pos- 
sible that decreased physical activity in 
the obese patients could have contrib- 
uted to the reduction' in insulin binding. 

Decreased receptor binding in patients 
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Fig. 2. Effects of a diet high in carbohydrates 
on insulin receptor binding. Four obese men 
(0) and two obese women (S) were studied at 
a clinical research center before and after 4 
days of a controlled isocaloric diet (45 percent 
carbohydrate, 20 percent protein, and 35 per- 
cent fat). The caloric content for males was 30 
kcal/kg for the first 100 kg of body weight and 
12 kcal/kg beyond 100 kg. For females, the ca- 
loric content was 28 kcal/kg for the first 100 kg 
and 10 kcal/kg thereafter. No patient demon- 
strated a weight change during hospital- 
ization. The shaded areas indicate the range 
of serum insulin and insulin binding in the 
controls shown in Fig. 1. For analytical meth- 
ods used, see the legend to Fig. 1. To exclude 
the possibility that changes in binding were 
due to interassay variation, an internal control 
of IM-9 cultured human lymphocytes was in- 
cluded in each assay. The reduction in binding 
to the freshly isolated monocytes was associ- 
ated with a 3.5 percent (not statistically signif- 
icant) increase in binding to the cultured lym- 
phocyte standard. 

with insulin-secreting tumors (10) is the 
clinical correlate of the down regulation 
of insulin receptors that occurs when 
cells are cultured in the presence of a 
high concentration of insulin (1). Our 
data indicate that most obese patients 
have normal insulin binding despite hy- 
perinsulinemia. Thus, hyperinsulinemia 
does not necessarily lead to down regula- 
tion of insulin receptors in vivo. Insulin 
resistance in most obese patients ap- 
pears to be caused by a metabolic abnor- 
mality beyond the receptor level. 
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