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The glucose tolerance curve:
Diagnostlc?...Deceptive?

The oral glucose tolerance test is usually
considered the chief means to establish a diag-
nosis of diabetes. The patterns of
plasma glucose disappearance fol-
lowing ingestion of a glucose chal-
lenge can, in most cases, indicate
whether the patient in question is
normal or has diabetes mellitus.
However, it should be remembered
that in certain instances the glucose
tolerance test may be limited and its inter-
pretations distorted by variables caused by the status
of the patient's metabolic system. The patient's age,
bedrest, concurrent infection, concomitant drug
therapy, and testing technique may also influence the
test results. Following is a discussion of practical
factors that can influence the validity of this most
important test.

Are the patient's metabolic mechanisms
in "peak" operating condition?

There is significant diurnal variation in oral glu-
cose tolerance; testing in the morning will result in
lower readings than in the afternoon or evening.
Plasma immunoreactive insulin levels, however, are
highest in a morning test. It would seem advisable to
perform the test at a standard time to avoid the vari-

ation in glucose and insulin levels. It
is important that the patient consume
a high-carbohydrate diet for at least
three days before the test (and longer
if he is undernourished). The metabolic
mechanisms being challenged by the
glucose load should be in "peak" oper-

ating condition before the challenge, so
that the results may be interpreted
against standard criteria. If the pa-
tient's normal carbohydrate intake is
low, his insulin response will tend to be
sluggish and he may very well show a

glucose tolerance curve suggestive
of mild diabetes. This can be pre-

vented by the simple expedient
of reviving the sluggish mech-

anisms through a few days of
pretest carbohydrate "forcing."

Drugs affect glucose tolerance
Certain drugs are known to

affect glucose tolerance. Oral con-
traceptives, glucocorticoids, thiazide
diuretics, and high doses of nicotinic
acid all tend to increase blood glu-
cose. On the other hand, aspirin and
other salicylates can decrease blood
glucose.

Fever impairs glucose tolerance test
Febrile infections impair glucose tolerance in

diabetic patients, and this phenomenon occurs also
in some people who apparently do not have diabetes.
It is of questionable value to test for diabetes in
persons who have signs or symptoms of an infec-,
tion. As standard procedure, body tem-
peratu re shou Id be recorded at the begi n-
ning and end of each glucose tolerance
test. Nevertheless, glucose tolerance
testing should not be performed in
the presence of infection or fever
if standardized results are to be
achieved.

Bedrest distorts!
There is a significant

reduction in glucose toler-
ance during prolonged bed-
rest, and this reduction may
take place in as little as 72 hours after the onset of
absolute bedrest.1 It appears that prolonged physical
inactivity induces peripheral insulin resistance which
in turn causes the muscles to fail to utilize glucose
normally. This fact should be borne in mind when the
need for testing arises in patients who have been sub-
jected to long periods of hospitalization and bedrest.
To obtain meaningful readings in these patients, the
role of physical inactivity should be considered in the
interpretation of glucose tolerance tests, especially
in the bedridden hospitalized patient.

Are older patients actually different?
It appears that the glucose tolerance curve

undergoes changes as the patient ages, and curves



that would be considered diagnostic of
diabetes in a younger patient may not
necessarily indicate diabetes in the older
patient. A recent study2 has shown that
fasting blood glucose was more frequently
over 100 mg/100 ml in females over 60
than in younger age groups, while this
phenomenon was not observed in males.
On the other hand, males and females over
60 showed higher two-hour post-glucose
reading than did younger patients. In males
there was no tendency to increased reading
beyond the 60 to 64 age group,while in females
higher values became more common with advancing age.

Two-Hour Blood Glucose in 1,500 Patients of Different Ages

•180

140

180
Age 50 60 65 70 75 80 85 Yrs 50 60 65 70 75 80 85 Yrs

• Column heights indicate percentage of each group with two-hour blood
glucose readings greater than 120 mg/100 ml
• The height of the shaded portion indicates percentage of readings
over 140
• Black column height indicates percentage of readings above 180

Number in each column refers to number of patients tested

Some authorities feel that the frequency of the
diabetic type of glucose tolerance curve among older
people indicates the importance of glucose tolerance
testing in such patients. The author of the above study
questionsthe meaning of glucose tolerance test results
in the elderly. He points out that "At least it is evident
that results obtained should be evaluted on a com-
pletely different basis from that applied to younger
people!'

Is the curve diagnostic—or reflective
of other illness?

Three types of hyperlipidemia (Types III, IV and V)
are often associated with impaired glucose tolerance.
In Types III and IV, elevated triglyceride levels are
carbohydrate-induced; in Type V, carbohydrates and
fats tend to raise the triglycerides. All three types are
associated with obesity. For practical purposes, ab-
normal glucose tolerance readings in these condi-
tions should be managed as in ordinary diabetes, with
controlled diet, weight reduction, and drug therapy,

©1974 The Upjohn Company

Glucose tolerance is also impaired
during pregnancy, though in many pa-
tients an abnormal curve may be prog-
nostic of the eventual development of
diabetes. Similarly, obese patients may
manifest impaired glucose tolerance.
Although it may not be completely clear
whether these patients have clinical
diabetes, such results should be viewed
with suspicion.

Other disease states in which glu-
cose tolerance may be impaired in-

cludeacromegaly, hyperthyroidism, chronic liver
disease, and diseases involving potassium depletion.
It is important under such circumstances to determine
whether a diabetic curve is actually diagnostic or
secondary to the presence of concomitant disease.

The importance of meticulous technique

Since the concentration of glucose in
capillary and arterial blood isgenerally higher
than in venous blood, the same source
must be used throughout the test, and
the nature of the source taken into con-
sideration in interpretation. It is impor-
tant that whole blood be analyzed
within half an hour after collection (un-
less a preservative such as fluoride is
added), since glycolysis takes place in
whole blood stored at room temperature.
It is also importantto remember that whole
blood values are 10 to 15 percent lower
than plasma values.
References: 1. Lipman, RL, et al.: Diabetes 21:101-107 (February) 1972.
2. Heikinheimo, R.: J. Am. Geriat. Soc. 20:55-58 (February) 1972.

When an oral hypoglycemic agent is
indicated in maturity-onset diabetes

When a definitive diagnosis of non-ketotic
maturity-onset diabetes is made and diet alone

proves insufficient for control, Orinase
(tolbutamide, Upjohn) provides the gradual

blood-sugar-lowering effect that is often desired.
The maximal response to Orinase occurs in 5 to 8

hours; the blood sugar then rises gradually, and by the
24th hour has usually returned to the pretest level.
Orinase should not be used in patients with severe

renal insufficiency.
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tones, lactate, and pyruvate.
Lactic acidosis has a significant
mortality. When suspected, dis-
continue phenformin and institute
bicarbonate infusions and other
ippropriate therapy, even before
the results of lactate determina-
tions are available. It should be
wspected in the presence of a
metabolic acidosis in any diabetic
patient lacking evidence of keto-
icidosis (ketonuria and ketone-
mia) and not intoxicated with
mettianol orsalicylates, or not in
uremic acidosis.
Use special caution after initiation
ofphenformin therapy, after in-
crease of drug dosage, and in
circumstances that may cause de-
hydration leading to impaired

renal function.
f. Warn patients against using alco-

hol in excess while receiving
phenformin, since ethanol and
phenformin potentiate the tend-
ency of each to cause an eleva-
tion of blood lactate levels.

Pregnancy: Use during pregnancy
is to be avoided.
Precautions: Starvation Ketosis:
This must be differentiated from
"insulin lack" ketosis and is char-
acterized by ketonuria, in spite of
relatively normal blood sugar with
little or no urinary sugar. This may
result from excessive phenformin
therapy or insufficient carbohydrate
intake.
"Destabilization" of Previously Con-
trolled Diabetic: When laboratory

abnormalities or clinical illness de-
velop, evaluate electrolytes, pH, lac-
tate, pyruvate, and blood and urine
ketones for evidence of ketoacidosis
or lactic acidosis. With either form,
withdraw phenformin and institute
corrective therapy.
Hypoglycemia: Although hypogly-
cemic reactions are rare when
phenformin is used alone, every
precaution should be observed dur-
ing the dosage adjustment period
particularly when insulin or a sul-
fonylurea has been given in combi-
nation with phenformin.
Adverse Reactions: Principally gas-
trointestinal; unpleasant metallic
taste, continuing to anorexia, nausea
and, less frequently, vomiting and
diarrhea. Reduce dosage at first

sign of these symptoms. In case of
vomiting, the drug should be imme-
diately withdrawn. Although rare,
urticaria has been reported, as have
gastrointestinal symptoms such as
anorexia, nausea and vomiting fol-
lowing excessive alcohol intake.

(B) 98-146-103-G (8/74) DBI 10449

For complete details, including dos-
age, please see full prescribing
information.

GEIGY Pharmaceuticals
Division of CIBA-GEIGY Corporation
Ardsley, New York 10502
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CONTROL
WHEN IT'S

NEEDED
For the diabetic, the crucial control point

may come soon after ingestion of food — when
blood sugar rises quickly and dramatically.
And it is just at this time that Diabinese
(chlorpropamide) facilitates release of needed
insulin.1

Effectively lowers blood sugar
Diabinese brings down elevated glucose

levels smoothly and effectively. However,
food, not Diabinese, has been shown to be the
direct stimulator of insulin release.2

One economical dose a day
Diabinese provides full 24-hour control

of blood sugar. With just one dose a day
to take, patients are more likely to adhere to
treatment schedules, less likely to miss doses
over the long term. Of the leading oral
hypoglycemic agents, Diabinese has the
lowest per-day maintenance cost.

References: I. Gershberg, H. et al.: Scientific
Exhibit, presented at the American Medical Associa-
tion Clinical Convention, Denver, Colorado, Nov. 30-
Dec. 3, 1969. 2. Chu, P.-C. et al.: Ann. Intern.
Med. 68:757. April, 1968.

When diet alone fails in maturity-onset
diabetes and an oral agent is indicated...

Diabinese
(chlorpropamide) Tablets
lowers elevated diabetic
blood sugar levels
Please see following page for Brief Summary of
prescribing information, including adverse reactions
and contraindications.

LABORATORIES DIVISION
PFIZER INC.



EFFECTIVE CONTROL OF B SUGAR

BRIEF SUMMARY
DIABINESE® (chlorpropamide) Tablets
Contraindications: Diabinese is not indicated in patients
having juvenile or growth-onset diabetes mellitus, severe
or unstable "brittle" diabetes, and diabetes complicated
by ketosis and acidosis, diabetic coma, major surgery,
severe infection, or severe trauma.

Diabinese is contraindicated during pregnancy. Seri-
ous consideration should be given to the potential hazard
of its use in women of the childbearing age who may
become pregnant.

Diabinese is contraindicated in patients with serious
impairment of hepatic, renal, or thyroid function.
Precautions: Use chlorpropamide with caution with bar-
biturates, in patients with Addison's disease, in those
ingesting alcohol, antibacterial sulfonamides, phenylbuta-
zone, salicylates, probenecid, dicoumarol or MAO in-
hibitors.
Warnings: DIABINESE SHOULD NOT BE USED IN
JUVENILE DIABETES OR IN DIABETES COM-
PLICATED BY ACIDOSIS, COMA, SEVERE INFEC-
TION, MAJOR SURGICAL PROCEDURES, SEVERE
TRAUMA, SEVERE DIARRHEA, NAUSEA AND
VOMITING, ETC.

HYPOGLYCEMIA, IF IT OCCURS, MAY BE
PROLONGED.

Chlorpropamide-Phenjormin: Dosage of phenformin
should be reduced at the first sign of gastrointestinal
disturbance. Lactic acidosis and ketonuria without hyper-
glycemia have been reported with phenformin therapy
(see phenformin package insert for complete details).
Adverse Reactions: Usually dose-related and generally
respond to reduction or withdrawal of therapy. Generally
transient and not of a serious nature and include anorexia,
nausea, vomiting and gastrointestinal intolerance; weak-
ness and paresthesias.

Certain untoward reactions associated with idiosyn-
crasy or hypersensitivity have occasionally occurred, in-
cluding jaundice (rarely associated with severe diarrhea
and bleeding), skin eruptions rarely progressing to ery-

thema multiforme and exfoliative dermatitis, and prob-
ably depression of formed elements of the blood. With a
few exceptions, these manifestations have been mild and
readily reversible on the withdrawal of the drug.

Diabinese (chlorpropamide) should be discontinued
promptly when the development of sensitivity is suspected.

Jaundice has been reported, and is usually promptly
reversible on discontinuance of therapy. THE OCCUR-
RENCE OF PROGRESSIVE ALKALINE PHOSPHA-
TASE ELEVATION SHOULD SUGGEST THE
POSSIBILITY OF INCIPIENT JAUNDICE AND
CONSTITUTES AN INDICATION FOR WITH-
DRAWAL OF THE DRUG.

Leukopenia, thrombocytopenia and mild anemia, which
occur occasionally, are generally benign and revert to
normal, following cessation of the drug.

Cases of aplastic anemia and agranulocytosis, gener-
ally similar to blood dyscrasias associated with other sul-
fonylureas, have been reported.

BECAUSE OF THE PROLONGED HYPOGLY-
CEMIC ACTION OF DIABINESE, PATIENTS WHO
BECOME HYPOGLYCEMIC DURING THERAPY
WITH THIS DRUG REQUIRE CLOSE SUPER-
VISION FOR A MINIMUM PERIOD OF 3 TO 5
DAYS, during which time frequent feedings or glucose
administration are essential. The anorectic patient or the
profoundly hypoglycemic patient should be hospitalized.

Rare cases of phototoxic reactions have been reported.
Edema associated with hyponatremia has been infre-

quently reported. It is usually readily reversible when
medication is discontinued.
Dosage: The mild to moderately severe, middle-aged,
stable diabetic should be started on 250 mg. daily. Be-
cause the geriatric diabetic patient appears to be more
sensitive to the hypoglycemic effect of sulfonylurea drugs,
older patients should be started on smaller amounts of
Diabinese, in the range of 100 to 125 mg. daily.
Supply: 100 mg. and 250 mg., blue, 'D'-shaped, scored
tablets.
More detailed professional information available on request.

Diabinese
(chlorpropamide) Tablets
when diet alone fails in
maturity-onset diabetes and
an oral agent is indicated

LABORATORIES DIVISION
PFIZER INC



ASSOCIATE DIRECTOR FOR
DIABETES, ENDOCRINE AND

METABOLIC DISEASES
The Public Health Service, National Institutes of
Health, National Institute of Arthritis, Metabo-
lism, and Digestive Diseases, Bethesda, Maryland,
invites applications for the position of Associate
Director for Diabetes, Endocrine, and Metabolic
Diseases, GS-602-15/16, salary range to $36,000,
the salary for employees at this rate, is limited by
5 U.S.C. 5308 to the rate for level V of the Exec-
utive Schedule ($36,000 as of the effective date
of this salary adjustment) per annum. Duties will
include planning and direction of programs of
support for research and training in the diagnosis,
prevention, and treatment of diabetes mellitus and

related endocrine and metabolic diseases. A medi-
cal degree, and extensive experience in basic or
clinical investigations in this area, mandatory.
Must have held position involving program de-
velopment and direction in this area, and have
recognized leadership ability. Must be citizen of
the United States.

Forward resume or Federal Application Form
(SF-171) no later than January 31, 1975 to:
Mrs. June Ardizzone, Personnel Officer, Bldg. 31,
Rm. 9A-34, National Institute of Arthritis, Metab-
olism, and Digestive Diseases.

National Institutes of Health
Public Health Service

Bethesda, Maryland 20014
An Equal Opportunity Employer

ACTA DIABETOLOGICA LATINA, Vol. XI, 1974
The Publishing House « IL PONTE » S.r.l. - Via M. A. Colonna, 21 - 20149 Milano (Italy).

revised editorial format

Editorial Advisory Council: L. Antognetti, Genova; W. J. H. Butterfield, London; /. L. R-
Candela, Madrid; W. Creutzfeldt, Gottingen; P. P. Foa, Detroit; V. G. Foglia,
Buenos Aires; P. Larizza, Perugia; A. Loubatieres, Montpellier.

Editorial hoard: L. Adezati, Genova; P. Brunetti, Perugia; R. Muller, Wiesbaden; E. Pan-
nese, Milano; L. Robba, Bergamo.

Managing Editors: S. Marigo, La Spezia; G. Pozza, Milano.

Ada Diabetologica Latina publishes reviews, original contributions and leading articles con-
cerned with the clinics, the pharmacology, the physiology and the biochemistry
of diabetes. It aims to promote discussion between diabetologists on an inter-
national basis From Vol. VI, 1969 onwards all articles have been bilingual, i.e.
English and one of the Latin languages. Since Vol. XI, 1974 the journal is
published exclusively in English.

Bibliographic data: Acta Diabetologica Latina appears six times a year. The six issues con-
stitute one volume. The first issue of each volume contains subject index, authors
index and volume index of the previous volume. Supplements (monographs,
congress proceedings and information sections) are occasionally published.

Subscription rate per volume US. $ 50, including postage by surface mail. Special rate for
members of diabetology and endocrinology societies. Price per single issue
US $ 10, back issues US $ 20. Sample copies are available on request.



Upjohn

ON THE FRONTIERS OF DIABETIC RESEARCH...

What is Diabetes?

Although a mi*
of ancient Egypt first made reference to dia-

betes mellitus in man, today, nearly 4000 years later, only
meager specific knowledge exists as to the basic cause of the
disease. Without such knowledge it has been possible to
provide for limited control only after diabetes manifests
itself in the form of elevated blood glucose. The possibility
of prevention or even cure of diabetes, however, must de-
pend on a full understanding of the genetic defect and/or
defects underlying the disease. Our current understanding
of diabetes may be compared to our former understanding
of another disease of metabolic abnormality, phenyl-
ketonuria; only when the genetic lesion of that disease was
discovered did it become possible to institute current pro-
grams of treatment.

Basic Diabetes Research at Upjohn
For more than ten years the Diabetes and Athero-

sclerosis Research Group at The Upjohn Company (W. E.
Dulin, Director; G. C. Gerritsen; M. G. Soret; A. Y. Chang)
has addressed itself, in a series of unique experiments, to the
very basic question: What is diabetes? As with all such funda-
mental research, practical results are slow in coming and the
work of the Group has at times raised more questions than
it has been able to answer. It appears now, however, that the
research is moving toward important conclusions which

may, over the next several years,
have significant bearing on our under-

standing of diabetes and, hopefully, on
our ability to control it.

Chinese Hamsters
iddle fifties, a group study-

i., in Chinese hamsters at
| $ l ||Jedical Center,

IRseovered that certain
etes spontaneously. The

Group obtained some of these ham-
controlled inbreeding, succeeded over

ing large numbers of diabetic animals for
study. To assure continuity of the research in the event of a
catastrophe, duplicate breeding stock of all the inbred
families are maintained at another site. These are the only
such colonies in the United States today. In the course of the
research, Upjohn has cooperated with scientists in academic

Normal Chinese hamster,
pancreatic tissue. Note blue-
stained insulin granules which
appear within the beta cells of
the islet of Langerhans.

Diabetic Chinese hamster,
pancreatic tissue. Insulin
granules are almost totally
absent. Though beta cells are
present, there is some de-
granulization and vacuoliza-
tion. The diabetic process is
similar to that observed in
human pancreatic tissue.



centers, both in America and abroad, in various specialized
studies. When possible, these scientists have come to work for
a time in Upjohn laboratories. In other cases, specially se-
lected hamsters were transported to outside research
facilities.

Closer to Man
While other species besides man develop diabetes

spontaneously, the Chinese hamster appears to be the best
laboratory animal model to study, since its disease is re-
markably similar to diabetes in man. Chinese hamster dia-
betes, like human diabetes, is a complex disease. Like
humans, the hamsters have more than one variety of di-
abetes, including the juvenile, insulin-dependent type as
well as the maturity-onset type. They also develop patho-
logical lesions in the retina, kidney, and peripheral nerves,
as do human diabetics.

Diabetes is as complicated genetically in hamsters as it
is in man. The type and severity of the disease appears to vary
with the number of genes involved. Fortunately, genetic
analysis can progress faster in the hamster since two or
three generations can be produced per year.

Hamsters with Diabetic Genes Overeat
Perhaps one of the most significant observations is

that hamsters with diabetic genes have significantly in-
creased food consumption prior to development of clinical
signs of diabetes. Further, if the animal with diabetic genes
were limited to a normal amount of food, onset of diabetes
could be delayed and reduced in severity, and the animal
could have a normal life span of 34-35 months. Those
animals that develop the clinical symptoms have a shorter
life span, which varies with the severity of the disease. Inter-
estingly, decreases in the incidence of human diabetes were

. - • * .

Peripheral diabetic neuro-
pathy; Top photo, Chinese
hamster; bottom photo, 58-
year-old diabetic man. The
encirclement of myelinated
nerve fibers by thin Schwann
cell processes, indicated by
arrows, is a cellular reaction
to chronic demyelination, and
is a characteristic finding in
this condition in both man and
the Chinese hamster.

noted during the siege of Paris in 1870, and during and
immediately after World War II in Europe. It has been
postulated that decreased food intake during these periods
may have delayed the onset of the disease or reduced its
severity to a point where hyperglycemia did not appear.

Implications for the Future
The purpose of the Upjohn Research Group is to

attempt, through its work with the Chinese hamsters, to find
the basic genetic lesion or lesions associated with diabetes.
Such knowledge could provide the information necessary
to predict the disease in humans, to define its exact mode of
inheritance, and to initiate studies aimed at correcting the
defect or defects. Hopefully, it will eventually be possible to
devise methods to prevent the development of the abnor-
malities associated with the disease, if the defect or defects
can be corrected. Such methods may replace all treatment
in use today.

Already, a beginning has been made in the establish-
ment of programs to apply the information gained from the
hamster research. The Upjohn Group is currently working
with pediatric endocrinologists in an attempt to define the
genetics of human diabetes and to confirm retrospectively
whether the discoveries concerning dietary manipulation
in genetically diabetic hamsters can be applied to humans.
Should the results of these investigations be positive, and if
it becomes possible through further work with the hamsters
to identify prediabetic humans before they develop signs of
the disease, an enormous stride will have been made. Even
though the investment in this research is made with no
guarantee, this risk must be undertaken.

Note: For bibliography of published papers, please write to W. E.
Dulin, PhD, Upjohn Diabetes and Atherosclerosis Research Group,
7241-25-9, Kalamazoo, Michigan 49001.

DEDICATED TO HEALTH CARE

Meeting mankind's health needs is a
primary commitment of The Upjohn

Company. This commitment is fulfilled
not only through the production of

today's pharmaceuticals, but even more
importantly, through a continuing

dedication to research and development
of programs directed at discovery of the
therapy and therapeutic approaches of

the future.

Upjohn
The Upjohn Company

Kalamazoo, Michigan 49001
© 1974 The Upjohn Company



U-100 Iletitf (Insulin, Lilly)

, . - • ^ M *•••

ti cTiN ^^^^^^B^P^H

PROW?* ] ^ ^ R ^

Mi

NIX 5-*3*! H|5*fc<-i

SUSPMUgl

10 cc H I

ISTIN* ( h »

iooaNi^f^B^^

LENte H J
UtT
ILETlN

N

100

Eli Lilly and Company
Indianapolis, Indiana 46206

ssion on request.




