[image: image1.jpg]it blotogical sciences play an important part in our everyday lives.
Interface deals with the ways in which biological knowledge is being
used in our society, for both the individual and the community.

A case of diabetes

Jon, a 25-year-old research technician, was brought to the hospital’s
Accident and Emergency Unit by his two flatmates. His friends said
he had been complaining of feeling generally unwell the previous day,
with headache and blurred vision. He seemed confused and drowsy.
According to his friends, Jon was diabetic and had to inject himself
with insulin but he was not always careful about what and when he
ate, and his drinking habits sometimes made him forget to take his
insulin

The doctor immediately recognised signs of dehydration — Jon’s
mucous membranes were dry, his skin was wrinkled and inelastic,
and his eyeballs were sunken. His blood pressure was low and his
pulse fast. His breathing was deep and rapid, and his breath smelt
of acetone

Jon provided a urine sample, and test results showed high levels of
both glucose and ketone (see Box 2) bodies. A blood sample was
sent to the clinical laboratory for urgent analysis. Jon was admitted
to the diabetes ward on the basis of a preliminary diagnosis of
diabetic ketoacidosis (see Box 2). The laboratory data from his tests
are shown in Table 1. Based on this information Jon was given an
intravenous drip containing physiological salt solution and insulin
(4 units of fast-acting insulin per hour). His urine, which would
normally be sterile, contained microorganisms — later identified as
Escherichia coli — and antibiotics were prescribed for his urinary
infection. Jon's blood sugar level was monitored every hour, and
within 4-6 hours he was showing signs of improvement. As his blood . . R
chemistry returned to normal, the composition of the insulin infusion DlabEtes mellitus: definition
and salt solution was adjusted. The treatment continued for 24 hours and types

and within 2 days the signs of dehydration and ketoacidosis had
disappeared. Jon’s condition was stabilised and he was discharged
from hospital.

People with type 1 diabetes may depend on daily injections of insulin.

Diabetes mellitus describes a condition that has been
around for at least 2000 years. It is characterised by exces
sive output of sweet-tasting urine and weight loss. The name
derives from the Latin diabetes — meaning siphon, referring
T\'pc I diabetes is the most common serious metabolic to the frequent drinking and urination, and mellitus -
disease in the world. It affects millions of people. Type 1 meaning of honey, i.e. sweet-tasting

diabetes — also called insulin-dependent diabetes (see Box 1)
— affects around 1 in 150 of the UK population. This means
that in any school or college there will be some students
whose lives depend on regular injections of insulin. For these
individuals, the relationship between blood glucose concen-
tration and insulin is a critical feature of daily life — but the
rest of us rarely give a moment’s thought to the regulatory
mechanisms that keep our blood glucose concentration within
fairly narrow limits (approximately 3.5-6.5 mmol dm=3).
When these regulatory mechanisms fail, the consequences
can be severe. Jon's case represents a typical example of the
problems faced by patients who are insulin-dependent. Diag- Type 2 diabetes is the most common form. It appears most
often in middle aged adults - usually over the age of 40,
S0 it is commonly called adult onset diabetes, However,
adolescents and young adults are developing type 2
diabetes at an alarming rate in the Western world, where
obesity and physical inactivity are major risk factors. Type 2
diabetes develops when the body does not make enough
insulin and does not efficiently use the insulin it does make
(insulin-resistance)

There are two main types of diabetes
type 1 diabetes
type 2 diabetes

Type 1 diabetes usually develops in children and young
adults and accounts for 5-15% of diabetic patients. In type 1,
the pancreas makes little or no insulin as a result of destruc
tion of the pancreatic B-cells due to an autoimmune disorder
that leads the body's antibodies to attack its own B-cells
Without daily injections of insulin people with type 1
diabetes will not survive.

nosis and treatment require a basic understanding of the
metabolism of glucose and fatty acids, and the role of insulin.

Understanding the complications associated with diabetes
requires an appreciation of how the metabolism of carbohy-
drates and fats, particularly in the liver, is controlled. It is the
hormones insulin and glucagon that bring about this control.
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[image: image2.jpg]Both hormones are synthesised in the pancreas — glucagon
by the a-cells and insulin by the B-cells. The secretion of
these hormones into the blood is largely dependent on the
circulating blood glucose concentration.

After digesting a meal, all the products of digestion are
transported across the gut wall into the blood. The resulting
increase in the blood glucose concentration prompts the
pancreas to release insulin. The insulin then increases the
rate of glucose uptake in insulin-responsive tissues such as the
liver, muscle and adipose tissue. The insulin works by stimu-
lating the carriers in the plasma membrane that are respon-
sible for moving glucose into the cells.

In essence, insulin signals ‘fed’. It stimulates the body to
store its main fuels — carbohydrate and fat. The increased
glucose arriving in the liver and muscle cells is converted to
glycogen (see Figure 1A). At the same time, fatty acid
synthesis is stimulated in the liver. Fatty acids are not soluble
in aqueous solution, so they need to be wrapped up in
specialised proteins to form complexes known as very low
density lipoproteins, which allow fats to be transported in
the blood to the adipose tissue. When increased amounts of
glucose and fatty acids enter adipose tissue, they result in the
synthesis and storage of fat (triglycerides).

In contrast, glucagon is secreted by the pancreas in response
to a low blood sugar level in the ‘fasting’ state — between
meals and overnight (see Figure 1B). Glucagon stimulates the
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Figure 1 Control of the blood glucose level by the liver: (A) after a meal,
(B) after an overnight fast.

liver to convert glycogen to glucose, which is released into
the blood. It also promotes glucose synthesis from small
molecules, such as pyruvate and certain amino acids, via the
gluconeogenesis pathway. In addition, glucagon acts on
adipose tissue to break down fat stores so that fatty acids can
provide an alternative energy source and spare the blood
glucose, which is needed especially by the brain.

Table 1 Laboratory test on Jon's blood plasma and urine samples

Value in Normal range
patient’s blood in healthy person

Plasma components

Glucose/mmol dm=3 3510 3365
pH 705 7.3-75
Urea/mmol dm—3 16 2575
Na*/mmol dm= 152 135-145
HCO,/mmol dm™3 1) 24-35
Urine components

Glucose: dipstick —— —ve
(graded -ve to +++)

Ketone bodies: dipstick ++ -ve
(graded -ve to +++)

Protein*: dipstick - -ve

*Urinary protein test positive value reflects urinary tract infection.
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Out of control

Insulin-dependent diabetes is a common, serious metabolic
disease resulting from a lack of insulin because the B-cells of
the pancreas have been destroyed by the immune system.
Because insulin has such widespread effects on the tissues of
the body, the disease has a complex array of disturbances to
carbohydrate and fat metabolism and consequent effects on
normal physiology. In the absence of insulin, the entry of
glucose into cells is impaired and so blood sugar concentration
remains high after a meal. In spite of this abundance of
glucose in the blood, tissues are deprived of this important
energy source and react to what they perceive is a starvation
state. Glucagon is therefore released and stimulates the liver
to switch to oxidising fat (rather than glucose) to provide
ATP (see Box 2). Fat deposits in adipose tissue are mobilised
to make fatty acids available as the major energy source.
People with diabetes, if untreated, experience severe loss of
weight as fat reserves and then muscle tissue are used to
supply the body with energy.

Once the glucose concentration in the blood plasma rises
above 7mmoldm=, it rises above the kidney threshold and
the kidney automatically excretes all the glucose above this

2CH3CO-SCoA
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2CoASH oH

2CH3COCH,COOH —>—> CH3CHOHCH,COOH
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Figure 3 Generation of ketone bodies from acetyl coenzyme Ain diabetes.
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value. The glucose that should be stored is thus lost in the
urine. The osmotic effect of all this glucose means that equiv-
alent amounts of water accompany the glucose into the urine
and so an untreated diabetic patient becomes both dehy-
drated and hungry.

Case history discussion

When Jon came to the hospital he was exhibiting classical
symptoms of a patient with type 1 diabetes who had failed to
take his insulin. The high blood glucose concentration
(hyperglycaemia) caused by the lack of insulin causes an
excessive excretion of glucose in the urine (glucosuria) and
large loss of water. The consequent dehydration results in
decreased blood volume, the blood pressure therefore falls,
and the pulse accelerates as the heart seeks to pump the blood
around faster. In these circumstances, kidney function is
impaired and the state of dehydration means that the concen-
tration of blood constituents rises — for example, the
increased concentrations of Na* and urea (see Table 1) are
indicators of dehydration.

The other critical metabolic change is the acidosis associated
with ketone body production (see Box 2). Normally, most of
the acid produced by metabolism is in the form of carbon
dioxide and is readily excreted by the lungs. In contrast,
ketone bodies cannot be exhaled, and the high blood concen-
tration overwhelms the kidney’s capacity to maintain
acid-base balance. At the increased acidity in the blood, the
concentration of hydrogencarbonate ion (HCO;") falls and
more carbonic acid (H,CO;) is formed (see Figure 4), which
stimulates the respiratory centre in the brain to remove excess
carbon dioxide — so explaining the patient’s deep and rapid
breathing. The combination of dehydration and acidosis can
quickly lead to coma as brain metabolism and function
become impaired. It is also relevant to mention Jon’s urinary
tract infection as an additional stress on the body, which can
upset the patient’s hormonal balance.
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Normal equilibrium
€Oz + Hy0 === H,C03 === H*+ HCO3"

Addition of H* derived from organic acids:

b
COz + Ho0 € —— HpCO03 *—5—H*+ HCO5~

Figure 4 Effect of organic acids on plasma bicarbonate.

Fortunately for Jon and the millions of other patients with
type 1 diabetes, the pharmaceutical industry mass-produces
insulin, which provides a life-saving treatment if not a cure.
In Jon’s treatment in hospital, the intravenous drip slowly
replenished the body water and restored both extracellular
and intracellular electrolytes. The blood pH returned to
normal, and control of the patient’s diabetes can be established
by the appropriate daily dose of insulin and with advice and
support on diet and lifestyle.

A biotech company in India where insulin is made from yeast, genetically
engineered to obtain the human insulin protein.

This article is based on an analogous case history described in
Schwarz, V. (1984) A Clinical Companion to Biomedical Studies,
2nd edn, W. H. Freeman, pp. 50-54.

Mike Grant is Emeritus Professor of Medical Biochemistry at the
University of Manchester and an editor of BIoLOGICAL SCIENCES
Review. Allister Grant is a Consultant Hepatologist at Leicester
Royal Infirmary.
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