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LITERATURE REVIEW



INSULIN

Von Mering and Minkowski, in 1889, showed that removal of the
pancreas of dogs caused serious disturbances of. glucose metabolism, with
elevation of the blood glucose concentration and the clinical picture éf
diabetes mellitus. The assumption that this effect wés due to removal
of a necessary hormone was confirmed in 1921 when Banting, Best and
MacLeod prepared a pancreatic extract capable of decreasing blood-glucose
concentration. This substance, insulin, has since been purified and its

composition determined.7

Biosynthesis

Insulin is synthesiéed by the beta cells of the islets of Langerhans
as a single chain precursor, proinsulin, which is later cleaved to insulin.
Biosynthesis of proinsulin occurs on the rough endoplasmic reticulum, is
passed into the Golgi apparafus and transferred to storage granules formed
by vesiculation from the Golgi periphery. Insulin is released from beta
cells by extrusion (emiocytosis) of intact granules.65 Transformation of
proinsulin to insulin by proteoiytic cleavage occurs either in the Golgi

45,68976 In either case, inSUlin

.apparatus or during granule maturation.
rather than proinsulin is the storage and secretory form of the hormone:

however, small amounts of proinsulin do escape into the circulation.

" ’ ; , " . 3
Proinsulin does cross-react to some degree with antibodies to insulin.

Circulating Insulin

The earliest attempts to determine insulin in body fluids depended
on bioassay in animals ma&e sensitive by hypophysectomy and adrenalectomy.
In vitro assays using tissue slices to measure the glucose uptake replaced

earlier techniques. It became apparent that measurement of glucose uptake



is, by itself, nonspecific for the action of insulin. A more precise
method of measuring insulin was introduced by Berson and Yalow, who used
antibody against insulin to measure the concentration of immunologically

45,68,76 Immunoreactive insulin

reactive insulin-like material in plasma.

(IRI) rises éppropriately after a glucose lead, is absent after pancreatec-

tomy and is absent from the plasma and pancreas of juvenile diabetics.

It is now generally accepted that immunoreéctive insulin is the mnst_speci-.

fic and reliable measurement of biologically active insulin available,
Insulin is secreted directly into the portal vein, with 40 per cent

or mofe removed by the liver; consequently the concentration of insulin

in the portal vein is three to ten times greater than in peripheral

b 26 This portal-peripheral gradient is of physiological signi-

plasma.
ficance inasmuch as small increments in insulin secretion may result in
alterations of hepatic glucose metabolism in the absence of changes in

periﬁheral glucose utilization.5’28

CONTROL OF INSULIN SECRETION

It is not yet possible to determine directly the rate of insulin
secretion, and calculationé of insulin delivery rates involve a large
number of assumptions and fail to take into account the portal-peripheral

26,79 Studies with radioiodinated insulin reveal a

insulin gradient.
direct linear correlaﬁion between insulin degradation and plasma insulin
concentration over a wide range of steady state insulin levels, suggésting
lack of saturability of the insulin removal mechanism.77 It appears

that changes in plasma insulin concentration reflect changes in hormone

secretion rather than alterations in the rate of insulin removal.6



Effect of the administration of carbohydrate
Among the factors capable of stimulating insulin secretion,
glucose is preeminent. However, the precise mechanismrof glucose action
on the beta cells to cause insulin release has not been entirely clarified.76
In vitro studies have demonstrated that in addition to glucose, other
metabolizable sugars (e.g., mannose) stimulate insulin release; whereas
galactose, which is not metabolized by the islet-cell, does not stimulate
secretion.46 Inhibitérs of glucose metabolism such as mannoheptulose
(which blocks phosphorylation of glucose) interfere with glucose-stimulated
insulin secretion.46 Apparently, it is not glucose but a metabolite formed
within the beta cell which ultimately gives rise to discharge of secretory‘
granules.5’18 Data implying a requirement for glucose metabolism by the
beta cell have been taken from in vitro incubation studies using pieces
of pancreas or isoclated islets, When rat pancreas was pérfused, non-
metabolizable sugars such as galactose and glucosamine have been effective
insulin secretogoues. The theory has béen proposed that a "glucoreceptor"
situated on the beta cell membrane maf be stimulated by glucose or by other
sugars.18’48 Further metabolism of glucose within the beta cell may
increase the response generated by initial contact with the glucoreceptor.
The adenyl cyclase system is an intricate part of the secretory
mechanism of insulin, but the precise manner in which cyclic AMP augments
insulin secretion has not been identified.15’18’48’55
A characteristic feature of the insulin response to glucose is its

9,68,69,76,79 An initial rapid secretory burst begins

biphasic nature.
within two minutes and declines over the ensuing three to five minutes,
A second phase, characterized by a more gradual increase in insulin levels,

begins about five to ten minutes after the injection of a large bolus of

glucose and gradually declines as the plasma glucose returns toward a



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH THE ORIGINAL
PRINTING BEING
SKEWED
DIFFERENTLY FROM
THE TOP OF THE
PAGE TO THE
BOTTOM.

THIS IS AS RECEIVED
FROM THE
CUSTOMER.



normal level. Puromycin, an inhibitor of protein synthesis, prevents
the second phase but has no effect on the early phase of insulin release.25
These observations suggest that insulin exists within the beta cell as
a two-pool systeﬁ.69 An immediate release pool of preformed insulin is
rapidly discharged during the early secretory phase, while a delayed

release pool, composed of newly synthesized insulin, small amounts of

proinsulin and some stored,rpreformed insulin, is gradually discharged

during the second phase.6,69,76,79

Gastrointestinal hormones

In addition to its direct action on the beta cell, a major stimulus
to insulin secretion occurs as a result of the interaction ofrglucose
with receptors outside the pancreas but within the gastrointestinal tract.
As a result, the plasma concentration of insulin is higher after adminis-
tration of a given dose of glucose into the jejunum than when it is given
intravenously.

The mechanism by which glucose administered into the intestinal tract
stimulates insulin release is related to hormones released by cells of

Lttt There is general agreement

the stomach or upper small intestine.
that intravenously administered secretin, pancreozymin, and gastrin
enhances insulin release.22 0f these hormones, secretin probably has an
importdnt physiclogical reole in insulin response to carbohydrate ingestion.
The action of secretin may involve direct effects on thg beta cell, par-
ticularly on the immediate releasable pool, as well as potentiation of
insulin release in response to hyperglycemia.4 |

Another factor which may contribute to carbohydrate induced insulin

release is "gut glucagon" or "glucagon-like immunoreactivity' (GLI).



This polypeptide hormone of extrapancreatic origin, produced by the upper
portion of the intestinal tract, cross-reacts immunologically with gluca-
gon and stimulates insulin secretion. In contrast to pancreatic glucagon,
GLI lacks glycogenolytic or gluconeogenic activity, and its secretion ié

stimulated rather than inhibited by glucose ingestioﬁ.75’82’90’92

Amino acids

Ingestion or intravenous administration of proteins or amino acids
stimulate insulin-secretion, although the exact means by which these
substance stimulate the release of insulin is not clear. Probably more
than one mechanism is involved since patients who respond to the intraven-
ous infusion of leucine may not respond to the other amino acids, and

diazoxide suppresses insulin release after leucine but not after arginine.zé’?6

Feedback control of insulin secretion

Both glucose and glucogenic amino acids have a feedback control
loop in their relation to insulin secretion. Each stimulates the release
of insulin when its concentration in the plasma is increased. In each
instance insulin increases the entry of the stimulating substance into
cells and into the formation of polymers (glycogen or protein). In the
case of glucose, increased oxidation to carbon dioxide and water occurs
as well. As a result of these effects of insulin, the concentration of
glucose and of amino acids in the plasma is decreased, the stimulus to

secretion of insulin its removed and the feedback loop is completed.

Other hormones
A variety of hormones have been demonstrated to influence insulin

secretion both in vivo and in vitro. Growth hormone administratiom, in



normal subjects, induces an elevation in basal insulin levels which
precedes a change in blood glucose, suggesting a direct beta-cytotropic
effect of this hormone.Z?

A stimulatory action of glucagon on beta cell secretion has been
demonstrated with the perfused pancreas,37 and with,physioldgic doses of
this hormone administered in vivo via the portal vein.43’?5 Interest
in glucagon as a possible regulator of insulin secretion was initially
evoked by the report that glucose ingestion was associated with a rise
in serum glucagon levels which preceded the increment in serum insulin.73
Subsequently, the seeming hyperglucagonemia caused by carbohydrate inges-
tion was demonstrated to be entirely due to an elevation in the plasma
concentration of the gastrointestinal factor (GLI) which cross-reacts

564 Inasmuch as alpha cell

immunologically with pancreatic glucagon.
secretion is decreased by glucose, it is unlikely that endogenous pan-
creatic glucagon contributes significantly to the physiologic regulation
of insulin secretion.80

Adrenocorticosteroids increase gluconeogenesis and impair glucose
utilization by insulin requiring cells which results in hyperglycemia.
Hyperinsulinemia is greater than would be expected for the hyperglycemia
alone; this is a consequence of peripheral insulin resistance. An endo-
genous hyperaminoacidemia is also induced which, along with the insulin
resistance of the alpha cells, results in,hyperglucagonemia.56’67

Hyperinsulinemia has been observed with exogenous administration of
estrogens, progestins and parathyroid hormone. Since glucose levels are

not decreased in these situations, it may be inferred that resistance to

the effectiveness of insulin accompanies these hormonal changes.7



PHYSIOLOGIC ACTION OF INSULIN

Although the most dramatic effect of insulin is its ability to
reduce the concentration of glucose in plasma, insulin influences fat and
protein metabolism as well. Insulin stimulates synthesié of glycogen in
liver and muscle, and fat in liver and adipose tissue. Protein synthesis
is stimulated and insulin is eésential for growth and maturation. Plasma
potassium, free fatty acid and free amino acid concentrations are decreased
in association with these functions.84 The actions of insulin om the
majﬁr metabolic fuels are synergistic so that the net result is conserva-

tion of body fuel supplies.

Insulin receptor

It has been shown that insulin must become bound to a specific
protein in the plasma membrane in order for it to exert its action.
Insulin binding is limited almost entirely to the plasma membrane, with
none attached to nuclei, microsomes, mitochondria, or other cytoplasmic
components. When insulin is covalently bound to agarose beads, it is
still bioclogically active.ll This suggests that the insulin receptor is
on the surface of the cell membrane. The receptor has a high degree of
specificity for binding insulin and insulin derivatives.l8 Physiologic
changes that decrease insulin action, produced by hydrocortisone or fast-

ing, do not alter insulin bin‘ding.l?”67

Effects on carbohydrate metabolism
Although direct action of insulin on the liver was long the subject
. of debate, it is currently recognized that the liver occupies a central

role in the action of insulin on carbohydrate homeostasis. The membrane



of the liver cell is freely permeable to glucose. The level of insulin
in portal blood is three to ten fold greater than in peripheral bloodﬁ'26
and absorbed hexoses reach the liver via the portal vein prior to delivery
to peripheral tiSSues.5
The effects of insulin on the liver differ from those on other target
tissues. Insulin acts on the liver not only to promote glucose uptake
but to suppress intracellular processes involved in glucose production
and release and this action is mediated by altering enzyme activity rather
than by directly influencing transport processes. Small increases in
glucose concentration and insulin secretion result im an effect on the
liver in the absence of stimulation of peripheral glucose utilization,S’28
In view of the permeability of the hepatocyte to glucose, uptake of
glucose In the liver is not rate-limiting. A crucial step in the glyco-
lytic pathway involves the phosphorylation of fructose-6-phosphate by
phosphofructokinase. In the absence of insulin, the activity of this
enzyme is diminished favoring reversal of the glycolytic scheme and the
formation of glucose.5 i
Insulin activates glycogen synthetase within minutes after it is
administered. Glycogen accumulation is further facilitated by insulin.
inhibition of phosphorylase, the enzyme catalyzing the rate-limiting
step in glycogen breakdown. Insulin decreases the output of glucbse
from the liver not only by its action on glycogen synthesis and breakdown,
but also by inhibiting gluconeogenesis.13’28
Unlike the situation in the hepatocyte, at physiological concentra-
tions of plasma glucose, the rate of entry of the sugar into themuscle

cell is the rate-limiting step. A major effect of insulin in this tissue

is to control the transport of glucose across the cell membrane.l
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In the fat celi, the situaticn is similar to muscle, in that

insulin acts primarily to stimulate transport of glucose across the cell

membrane.

Effect on fat metabolism

In the liver the synthesis of fatty acids is reduced when insulin
is absent but is restored to normal by insulin administration. Although
the insulin deprived liver does not synthesize fatty acids actively, it
is capable of esterifying free fatty acids with glycerol, which can be
activated in the liver by phosphorylation under the control of glycero-
phosphokinase. The availébility of this enzyme in liver cells permits
the esterification of fatty acids in the absence of glycolytic breakdown
of glucose to ac-glycerophosphate.

In adipose tissue the formation of fatty acids in the absence of
insulin is affected much as it is in the liver. 1In addition, the absence
of phosphorylated 3-carbon compounds derived from glycolysis, especially
u—glycefophosphate, prevents esterification of the free fatty acids which
are constantly being released from the triglycerides of the fat cell.

The rate of triglyceride breakdowm is increased in the absence of insulin.
This is due to an increase in a hormonally sensitive lipase, the activity _
of which is normally inhibited by insulin. The administration of insulin
restores the glycolytic pathway providing a-glycerophosphate, enhancing
fatty acid synthesis, and reducing triglyceride breakdown, returning the

metabolism of the fat cells to normal.

Effects on amino acid and protein metabolism
Insulin increases uptake of most amino acids into muscle, but may

be difficult to demonstrate unless the simultaneous stimulation of protein
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synthesis is blocked. Growth studies of insulin deprived animals and
human beings indi;ate that the effect of insulin on growth is a general
one, involving almost all tissues. The effects of growth hormone on
somatic protein synthesis cannot be observed unless adequate amouhts of

insulin are available.84

METABOLISM OF INSULIN

Insulin is rapidly removed from the blood by the liver, which clears
about 40 to 60 percent of the hormone presented to it in a single pas-
sage.s’él Most of the insulin taken up by the liver is destroyed by
"insulinase" activity, especially glutathion-insulin transhydrogenase,4
which reduces the disulfide bonds joining the A and B chains ﬁhich,
separately, are inactive.

In the kidney, insulin is apparently filtered by the glomerulus and
concentrated in the pro#imal tubule cells, where it is absorbed and
destroyed., In patients with renal insufficiency insulin uptake by the

kidney may fall to 9 per cent.30 This results in diminished insulin

requirements for patients with certain chronic renal disease.
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GLUCAGON

Shortly after the discovery of insulin, Kimball and Murlin described
the presence of a substance in pancreatic extracts which caused an increase
of blood glucose concentrafion when injected intravenously and which they
named "glucagon".

The alpha cells of the islets of Langerhans of the pancreas are
believed to be the.course of glucagon Based on the following evidence:
(1) The concentration of glucagon is 10 to 20 times higher in the pan-
creaticoduodenal venous blood than in peripheral blood; (2) Extracts of
the uncinate process of the dog pancreas, which lacks alpha cells, lack
glucagon activity; (3) Extirpation of all of the dog pancreas except the
uncinate process decreases pancreaticoduodenal veinous glucagon concen-

tration to undetectable levels.26’80

GLUCAGON IN PLASMA

The determination of the concentration of pancreatic glucagon in
plasma by immunoassay techniques has been fraught with difficulty.39’82
Most anti-glucagon sera prepared by immunization of rabbits with pan-
creatic glucagon reacts to varying degrees with a glucagon-like material
(glucagon-like immunoreactivity, GLI) derived from the gastrointestinal
tract.23 This material differs in chemical structure and biologic activity

571,80,80,33 . Gu1 frem the gastrointes-

from true pancreatic glucagon.
tinal tract is biologically and immunclogically indistinquishable.from
pancreatic glucagon or true glucagon. One source of true or pancreatic
glucagon, as shown by histochemical techniques, is from alpha cells in the
stomach and duodenum in man85 and the stomach in the dog.75 These alpha
cells are indistinquishable from pancreatic islet alpha cells.?S’91 GLI
represents over 80 per cent of the total measurable plaéma glucagon in the

fasting state.57’64’85,92
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Mechanism of glucose control of glucagon secretion

It is reasonable that the secretory activity of cells designed to
maintain an appropriate rate of endogenous glucose production should vary
inversely with their own supply of fuel. Glucagon éecretion, ig_gigig,
can be decreased By energy-vielding fuels, such as glucose, free'fatty
acids, and ketones, and this suppression can be prevented'by blocking ATP
formétion.s4 Agents that block intracellular glucose metabolism, such
as 2-deoxyglucose or mannoheptulose, when given intravenously, result in
paradoxical'hyperglucagénemia despite the presence of extracellular
hyperglycemia.62 Insulin lack, whether produced by anti—insulin'serum,
alloxan, or streptozotocin, also results in paradoxical hyperglucagonemia
irrespective of the magnitude of hyperglycemia. Moreover, the glucagon
response to a vafiety of stimuli is greatly exaggerated during insulin

insufficiency.62’74’86

In experimental diabetes loss of the response to
extracellular'hyperglycemia is instantly corrected by insulin, even in
very small amounts,‘suggesting that the alpha cell is an insulin-requiring
cell, Severe insulin lack is, therefore, a cause of increased basal
glucagon secretion, and in the asbence of insulin, the alpha cell is

incapable of responding appropriately to plasma glucose concentration,20’23’86

Glucose ''need"

Cerebral glucose delivery is endangered in starvation, hypoglycemia,
strenucus exercise, and during peripheral vascular collapse. In each of
these situations, glucagon secretion rises to a varying degree, and insulin
secretion eithar remains in the basal level or decreases to subbasal levels,
i.e., the molar ratio of insulin to glucagon is decreased. This increases

the hepatic production of glucose.16’51
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In normal subjects starvation is accompanied within 48 hours by a
rise in plasma glucagon, averaging approximately 50 per cent, and a 60

1,84 The molar insulin:glucagon ratio is

per cent decline in insulin.
reduced. Howevér, as starvation continues glucagon declines to slightly
above baseline levels. The recession of the plasma glucagon level from
its 4B-hour peak coincides with decreased cerebral glucose requirements
resulting from increased central nervous system utilization of ketones as
a fuel,14 an adaptation that reduces the need for gluconeogenesis.12’81
When arterial glucose concentration declines, glucagon secretion
rises dramatically and insulin falls. At glucose levels less than
60 mg/dl hyperglucagonemia is invariably present.64 This is the case in

L and sulfonylureas,l0 and in

acute hypoglycemia induced by insulin,
chronic hypoglycemia caused by phloridzin administration.87

The enormous increase in fuel consumption generated by strenuous
exercise is associated with a marked increase in hepatic glucose produc-
tion. In dogs and man exercise is accompanied by a progressive increase
in plasma glucagon concentrations to four to six times the normal basal

.3’29’84 The marked hyperglucagonemia is accompanied by a rise in

level
glucose, excluding hypoglycemia as the stimulus to glucagon secretion.
In rats the response of the islets to exercise is apparently mediated by
catecholamine secretion and/or sympathetic nerve discharge to the islets
of Langerhans.

Impaired cerebral blood flow may be the most desperate category of
glucose need, involving an immediate threat to cerebral nutrient delivery
and to live itself. Glucagon levels rise in many types of shodk;21’ﬁl’7l

in normal man traumatic shock elicits hyperglucagonemia that averages four

. - 84
times the normal basal concentration;49 cardiogenic shock in man and
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hemorrhagic shock in dogs49 are also associated with striking hyperglu-
cagonemia, even though concomitant hyperglycemia is the rule. 1In each of
these conditions insulin concentrations are in or near the normal basal
range and are low in relation to the aécompanying hyperglycemia. The-
decreased molar insulin:glucagon ratio increases arterial glucose con-
centration and maintains more adequa;e cerebral glucose delivery in the
face of a declining cerebral blood flow. |
Hyperamincacidemia may, in a sense, be regarded as a form of glucose
need. Infused aﬁino acids or ingested protein, in a normal well-fed
individual, stimulates the release of insulixi,s4 without which incorpora-
tion of the ingested amino acids into protein cammot occur.- The aminogenic
rise in insulin allows glucose to move from extracellular to iIntracellular
space; glucose concentration remains constant, although its turnover
increases, presumably because precisely the amount of glucose required

61,52 The magnitude of the glucagon response

is released from the liver.
to hyperaminoacidemia varies with the need for an increase in hepatic
“glucose secretion. If exogenous glucose is available, as when carbohydrates
are consumed with proteins, this action of glucagon is unnecessary and
glucagon secretion does not oceur. Hyperglycemia completely prevents
amincogenic release of glucagon in normal subjects.ﬁl’ﬁz’go’84
It is known that.thé primary source of glucagon is the alpha cells
from the islets of Langerhans but several investigators have reported a
persistent, glucagon-like immunoreactivity in the plasma of depancreatized
dogs. Some investigator557’92 report that both fractions of gastrbintes-
tinal glucagon (true glucagon and GLI) are increased in the plasma of

depancreatized dogs, while otherszo report that only true glucagon is

increased and GLI remains at normal levels. The glucagon of depancreatized



16

dogs mimics the secretory behavior of pancreatic glucagon with respect

to its response to arginine, insulin or somatostatin infusion.20’57’58'92’93

EFFECTS OF GLUCAGON

Although a variety of biologic effects have been attributed to glu-
cagon, the physiologic role of this hormone has been difficult to assess.
A proper experimental model for glucagon deficiency has ﬁot been developed.

Glucagon has a hyperglycemic action resulting primarily from stimula-
tion of hepatic glycogenolysis. In addition, studies with perfused liver
have demonstrated that glucagon enhances, gluconeogenesis as indicated
by increased incorporation of carbon from amino acids and lactate into
glucose, and increased urea formation. |

Glucagon is believed to enhance glycogenolysis and glyconeogenesis
by interacting with a hormone sensitive adenyl cyclase present in the
plasma membrane of hepatic cells. The increase in intracellular cyclic
AMP results ultimately in an elevation in phosphorylase activity and in
more rapid conversion of pyruvate to glucose. The hyperglycemic effects
of glucagon do not involve alterations in peripheral giucose utilization.8

Glucagon has also been implicated in the regulation of lipid metabo-
lism. Administration of small doses of the hormone to anesthetized dogs
results in an elevation in plasma free fatty acids.47 In céntrast,
administration of large doses of glucagon to normal man results in an
initial fall in plasma FFA followed by arsecondary rise.l4 It is probable
that the early fall in FFA is not a direct effect of glucagon but a con--
sequence of glucégon-stimulated insulin seéretion demonstrable when glucagon

is administered in pharmacologic but not in physiologic doses.7
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INSULIN/GLUCAGON RATIO

In a net sense, insulin and glucageon exert diametrically opposing
actions upon hepatic glucose balance. Glucagon, through powerful gluco-
neogenic and glycogenolyfic effects, promotes hepatic glﬁcose production,
while iﬁsulin opposes these actions.

The relative concentrations of these two hormones in the portal vein
controls the uptake énd release of glucose into the blood by the livér.26
These hormones also control the disposition of other nutrients in tissues
thfough out the body in accordance with energy needs and the supply of
exogenous fuels in the environment. An increase in the concentration of
insulin perfusing the liver, relative to that-of glucagon, decreases
glucose production and favors net storage of glucose, sparing available
amino acids from gluconeogenesis for other purposes such as protein syn-
thesis. An increase in glucagon concentration relative to that of insulin
increases glycogenolysis and glﬁconeogeuesis, using available amino acids
for glucose productinn.26;8l

The calculated molar ratio of insulin to glucagon varies, depending
on conditions of energy availability. After a carbohydrate meal, when
the liver is storing glucose at a maximal rate, the insulin/glucagon ratio
is about 70:1. After an overnight fast, when the liver is producing
'glucose,.thé ratio is about 3:1 and after a three-day fast, when gluco-

8
neogenesis is maximal, the ratio declines to less than 1:l. Estd 08
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RADIOIMMUNOASSAY

Radioimmunoassays are based on the ability of an unlabeled antigen
(Ag) to competitively inhibit the binding of labeled antigen (Ag*) by
antibody (Ab). The process may be viewed as a simple competition in
which Ag reduces the amount of freg Ab, decreaéing the availability of
Ab to Ag*. When the assay is performed, Ag* and Ab are incubated together
in the presence and absence of saﬁples containing unlabeled Ag. After
equilibration free Ag* and Ag*-Ab are separated. Commonly used separa-
tion procedures include solid phase absorption, precipitation of Ap*-Ab
complexes with either a second antibody or a salt, and chromatoelectro-
phoreis. Ag**'Ab (or free Ag*) is then determined by radiocactive counting.
The antigen concentration of the samplé is determined by comparing the
diminished Ag* binding of the sample to that of a standard curve
obtained by adding graded, known amounts of Ag to Ag* and Ab. A new
standard curve is determined in each assay to allow for variation in

‘antigen binding from assay to assay.66’78



