
the United States. It is likelv that L donovani was of
animal origin, as were other members of the genus, and
in Brazil, foxes are a significant animal reservoir. The
sensitivity of the Brazilian disease to antimonial drugs
does not fit with the resistance of the infantum
subspecies found in Portugal. Today there are epi-
demics of kala-azar among poor children in favelas in
cities of north eastern Brazil such as Teresina, Sao Lui
and Santarem.

Subclinical infections
Recent work has shown that kala-azar is characterised

in the acute phase by leishmania antigens inhibiting
T cell function. T cell function is restored only after
successful treatment, when the result of a skin test is
positive. Longitudinal studies have shown that a
proportion of the population in areas where leish-
inaniasis is endemic have a subclinical infection of
L donovani and that malnutrition is an important factor
determining whether the infection will become clinic-
ally manifest. Malnutrition could be at least partly
responsible for the occurrence of kala-azar in adult
Indians and east Africans.

It may be that leishmania is like Mycobacter-ium
tuberculosis and never disappears completely once the
amastigotes have established themselves in the body.
Several patients who had never had any symptoms of

the disease developed kala-azar after immunosuppres-
sion. I personally attended a man who developed kala-
azar in England 14 years after he had left an area where
it was endemic.

Brazil's control programme for kala-azar incorpo-
rates three measures: treating patients with the first
line drug meglumine antimonate provided by the
ministry, detecting and destroying infected dogs, and
spraying homes and gardens with dicophane (DDT) to
combat the vector Lutzomy,ia longipalpis. It has been
suggested that under epidemic conditions most infected
children should be treated at home rather than over-
strain hospital services. This is logical as hospitals are
full of bacterial pathogens to which patients with active
kala-azar are very susceptible. Children tolerate anti-
monial drugs better than adults, but certain basic rules
must be obeyed. For outpatient treatment the daily
injection is best given at the end of the day, so that the
patients can rest afterwards, and it must be given
slowly if administered intravenously. Patients with
cardiac, renal, or hepatic dysfunction must be carefully
screened before being given antimonial drugs and
alcohol must be avoided during treatment. I shall have
more to say about antimonial drugs in my next
communication.

Leishman V'B. On the possibility of the occurrence of trvpanosointasis in
India. BrtIed_ 1903 i:1252-4.

New Drugs

Lipid lowering drugs

Patricia O'Connor, John Feely, James Shepherd

Background
Atherosclerotic vascular disease, particularly of

coronary arteries, is the leading cause of morbidity and
mortalitv in the Western world. Considerable epidem-
iological data now establish a direct relation between
increased total plasma cholesterol concentrations and
the development of atherosclerosis. A similar link has
been shown for raised concentrations of individual
atherogenic lipoproteins, in particular the low density
lipoprotein (LDL) fraction.' In contrast, a strong
inverse relation has been found between high density
lipoprotein (HDL) cholesterol concentrations and the
risk of coronary heart disease. Though it is not
certain whether increased triglycerides are an inde-
pendent risk factor, high concentrations are usually
accompanied bv low concentrations of HDL, and this
may be their link with coronary risk.
Manv studies have shown convincingly that dietary

and drug induced reductions in cholesterol concentra-
tions are associated with a lower risk of developing
coronarv heart disease." Evidence also exists of not only
a decrease in the rate of progression of atherosclerosis
in patients with established disease, especially of the
coronary arteries, but also of regression when steps are
taken to reduce plasma cholesterol concentrations. X

Regression of xanthomas is commonlv seen when
patients with familial hypercholesterolaemia have their
cholesterol concentrations lowered by drug treatment.'

Increasing awareness in doctors and the general
population that high plasma cholesterol concentrations
are a risk factor for developing coronary heart disease
has led to screening for risk factors in the population at
large, rather than focusing exclusively on people with
established heart disease or a family history of hyper-

lipidaemia, diabetes, or other conditions related to
atherosclerosis.

Hvpercholesterolaemia is common and up to a
quarter of the British population have total plasma
cholesterol concentrations higher than 6-5mmol/l."'
British,'' European," and American' expert panels all
agree on an ideal total plasma cholesterol concentration
of 5 2 mmol/l or less and that people with consistently
raised plasma cholesterol concentrations should be
treated, especially if other risk factors exist; they have
produced comprehensive management guidelines.'

Triglycerides have a more tenuous link with athero-
sclerosis. Recurrent acute pancreatitis, however, is a
recognised complication of severe hypertriglyceridae-
mia (>1O mmol/l) associated with chylomicronaemia.
Current recommendations are to maintain total
triglyceride concentrations at 2 3 mmol/l or less.

Secondary hyperlipidaemia should be excluded in all
patients presenting with hyperlipidaemia. The more
common causative conditions include diabetes,
hypothyroidism, and kidney disease. Drug treatment
with thiazides, I` blockers, oestrogens, or retinoids
may also have an adverse effect on serum lipids, and a
heavy alcohol intake may raise plasma triglyceride
concentrations.

Plasma lipids and lipoproteins
The main lipids are cholesterol, triglyceride, and

phospholipids. They are rendered water soluble by
their association in macromolecular complexes with
proteins formed in the liver and intestine-apolipo-
proteins. These proteins are also important as markers
for lipid particle recognition by specific receptors in
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TABLE i-Classification (Fredrickson) and characteristics ofdyslipidaemias

Fredrickson type:

Plasma lipid I IIa lIb III IV V

Triglyceride +++ N ++ ++ ++ +++
Cholesterol + ++ + +. + N/+ +
Lipoproteins raised Chylomicrons LDL LDL VLDL VLDL VLDL,

VLDL remnants, chylomicrons
chylomicron and their
remnants remnants

N = Normal, + = mildly raised, + + = moderately raised, + + + = severely raised concentrations.
LDL = Low density lipoprotein.
VLDL = Very low density * *

lipoprotein. peripheral tissue and particularly on the surfaces of
liver cells. This function is highlighted by LDL, the
cell uptake and subsequent catabolism of which
depends on the interaction of its apolipoprotein with
specific cell membrane receptors.'4 Three other main
lipoprotein fractions exist, which contain varying
amounts of cholesterol and triglyceride (table I). High
plasma concentrations of these lipoproteins, either
singly or in combination, form the basis of the
Fredrickson classification of hyperlipoproteinaemia.
The figure shows the metabolic interrelation of the

plasma lipoproteins. Each day the average Briton eats
120 g of triglyceride and 500mg of cholesterol. In the
intestine these dietary lipids are packaged into large
triglyceride rich chylomicrons, which are released into
the systemic circulation via the thoracic duct. In the
bloodstream they are hydrolysed by lipoprotein lipase,
releasing triglycerides and generating chylomicron
remnants that are taken up via receptors by liver cells.
This process of exogenous fat metabolism may contri-
bute to HDL formation. Triglycerides are broken into
free fatty acids and provide an important source of
energy. Cholesterol is essential for cell membrane
function and synthesising myelin sheaths and steroid
hormones. Most cells can synthesise cholesterol from
acetate and the bulk of cholesterol synthesis and its
catabolism takes place mainly in the liver. The enzyme
hydroxymethylglutaryl coenzyme A reductase limits
the rate of cholesterol biosynthesis, switching on if
there is intracellular deficiency and offwhen stores are
replete. Further intake of cholesterol from the blood-
stream into cholesterol replete cells can also be
regulated by modulating the number of uptake sites

Pharmacological modulation of
lipoprotein metabolism

(LDL receptors), which are primarily on liver cell
membranes.

In the fasting state endogenously produced triglyce-
rides and cholesterol are transported by very low
density lipoproteins (VLDL), which are produced by
the liver and secreted into the bloodstream. These are
predominantly rich in triglyceride. Lipoprotein lipase
hydrolyses most of the VLDL triglyceride to form
progressively smaller lipoprotein particles called
intermediate density lipoproteins (IDL) and ultimately
LDL, which contain an increasing percentage of lipids
as cholesterol. Some LDL may also be secreted
directly by the hepatocytes. Apolipoprotein B100 is the
dominant apoprotein on these particles.
LDL is catabolised by two pathways: (a) a high

affinity receptor mediated mechanism'4 that, as noted
above, may be suppressed by the endogenous cellular
production of cholesterol and (b) scavenger pathways
independent of receptors. Patients with heterozygous
familial hypercholesterolaemia have about half the
normal LDL receptor activity. This consequently
limits the receptor mediated liver and peripheral tissue
uptake of LDL, which leads to a pronounced rise in
total plasma cholesterol concentrations, often to above
10 mmol/l. This accumulated lipoprotein is channelled
into scavenger macrophages that form foam cells,
which contribute to premature atherosclerosis in people
with heterozygous familial hypercholesterolaemia.
People with the more rare homozygous familial hyper-
cholesterolaemia on the other hand are even more
incapacitated. As they have essentially no LDL
receptors, they develop very high LDL concentrations
and malignant atherosclerosis in early childhood, and
children younger than 10 occasionally present with
myocardial infarction. When LDL excess is present,
some passes through vascular endothelium into the
subendothelial space. Monocytes are attracted,
particularly if the LDL particles are oxidised, and
engulf them to become scavenger macrophages that
soon become fat laden foam cells, unable to migrate
from the space. They, accumulate to form a fatty streak
that, when the endothelium layer is breached, forms
the basis of an atheromatous plaque.
HDL particles are derived from the liver and

LDL = Low density lipoprotein, VLDL = very low density lipoprotein, Statins = Inhibitors of hydroxymethylglutaryl coenzyme A reductase.
IDL = intermediate density lipoprotein, HDL = high density lipoprotein.
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rABLE II-Drug treatment for hyperlipidaentia

Treatmcnt
Plasma lipid raised Lipoprotein accumulation

(Frcdrickson type) First line Second line Combination of choice

Cholesterol LDL (type Ila) Resin Statin or nicotinic acid Resin and statin or rcsin and
nicotinic acid

Triglyceride VLDI (type IV) Fibrate Nicotinic acid Fibrate first then add resini or
Chvlomicrons and VLDL nicotinic acid first then add resin
(typC V)

Cholesterol anid triglyceride (a) VLDL and LDL (type IlIb) Fibratc Nicotinic acid Resin and nicotinic acid or resin
or statin and fibrate or resin and statin

(b) VLDL remnants and Fibrate Nicotitiic acid
chylomicron remnants
(tvpe Ill)

LDI = Low density lipoprotein.
VLDL = Very low density lipoprotein.

intestine during the lipolysis of
role of HDL appears to be j

cholesterol from peripheral tiss
subsequent catabolism. This acti'
basis of its antiatherogenic functii

Recent drug development has
amental understanding of lipid m
to interrupting the pathway at
sites. Interruption at more than oi
of combined treatment for mc
(figure).

Treatment of hyperlipidaemia
The first line treatment of all

lipidaemia is generally agreed t(
control.2 " Such non-pharmaco
generally continued for several
sidering adding drugs. Concentra
triglyceride, or both, can be lowel
alone in many patients. Som
particularly those with severe h
not respond adequately to dietar
lowering treatment should be con
dietary control has failed (if pla
centrations are higher than 6 5 rn

larly important in people with
heart disease or at enhanced ri
condition because ofother risk fac
or cigarette smoking. Diet shoul
hand in hand with drugs if they a

Drug choice
The dominant abnormality (r

trations of cholesterol or triglycet
determines the primary choice o
In some patients combination
doses of two drugs is more efficac
adverse reactions than the full dc

Table III shows the main grc
drugs currently available.

TABLE III- Lipid lowering drugs

Usual change in:

Generic (proprietary) names Cholesterol Triglycerides

Bile acid binding resins
Cholestyramine (Questran)
Colestipol (Colestid)
Fibrates
Clofibrate (Atromid-S)
Bezafibrate (Bezalip)
Gemfibrozil (Lopid)
Fenofibrate (Lipantil)
Nicotinic acid
Nicotinic acid
Acipimox (Olbetam)
Probucol (Lurselle)
Statins
Simvastatin (Zocor)
Pravastatin* (Lipostat)

Down 15-30"o
Down 15-30%

Down 5-15%
Down 5-15%
Down 5-15'lo
Down 15-30%

Down 15-30%
Down 5-15"Yo
Down 5-150

} Down >30"o

*Not marketed to date in United Kingdom.
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Up 5-15o
Up 5-15%

Down 15-30%l
Down >30%0
rnawn ->300/. r

chylomicrons. A key BILE ACID BINDING RESINS

reverse transport of These include cholestyramine and colestipol.
rues to the liver for Cholestyramine has been shown to reduce the risk of
vity is presumably the coronary heart disease, and the long term safety of the
on. drug has been established. 16
,exploited this fund- The resins bind bile acids in the intestinal lumen and
ietabolism with a view thus interrupt their enterohepatic circulation, greatly
a number of specific increasing the excretion of acidic steroids in the faeces.
ne site forms the basis This drain on the bile acid pool stimulates increased
)re resistant patients hepatic synthesis of bile acids from cholesterol.

Consequent depletion of the hepatic pool of cholesterol
results in more LDL receptors on the hepatocytes,
which increases LDL cholesterol uptake from the
circulation.'7 As this mechanism depends on the

patients with hyper- presence of functioning LDL receptors, resins are not
o be diet and weight effective in people with homozygous familial hyper-
ological measures are cholesterolaemia, although they are the treatment of
months before con- choice in the heterozygous condition in which receptors

itions of cholesterol or are deficient rather than absent. It is important to note
red adequately by diet that these agents stimulate VLDL production in the
e people, however, liver and may therefore increase triglyceride concen-
Lyperlipidaemia, may trations. Thus if used in hypercholesterolaemic
y intervention. Lipid patients with marginally or frankly raised VLDL
sidered after adequate concentrations, such as those with type Ilb or type IV
isma cholesterol con- hyperlipoproteinaemia, a second agent such as nicotinic
imolIl) and is particu- acid or a fibrate will be necessary to lower VLDL
established coronary triglyceride concentrations.
sk of developing the The bile acid sequestrants are marketed as powders
:tors like hypertension that must be mixed with water or fruit juice or
d always be continued sprinkled on food (cholestyramine in 4 g sachets,
re used. colestipol in 5 g sachets). The recommendations are to

start with a half a sachet twice a day to minimise side
effects and increase gradually to a maximum of 24 g a
day cholestyramine or 30 g a day colestipol. Most

aised plasma concen- patients show about a 15-30% reduction in LDL when
rides, or both) usually prescribed about 16 g a day cholestyramine"' or about
,f treatment (table II). 20 g a day colestipol. 9 Greater reductions may be seen
treatment with small in people who can tolerate the full doses. Many patients
-ious and causes fewer cannot tolerate the higher doses because of gastro-
se of a single agent. intestinal symptoms, which include a sensation of
ups of lipid lowering fullness, constipation, nausea, and flatulence. Both

drugs may interfere with the absorption of other
anionic drugs including digoxin, warfarin, thyroxine,
and thiazide diuretics if they are given with the resins.
Other medication should therefore be taken at least one

Patient Long term hour before or four hours after the bile acid resin.
acceptability safety Because they are not absorbed these drugs remain the

most suitable treatment for children with heterozygous
Poor Established familial hypercholesterolaemia or women of child-

bearing age, although the resins are not recommended
Gall stones for use during pregnancy.

Good
Down >30- Godl THE FIBRIC ACID DERIVATIVESDown >30% Good to date

The fibric acid derivatives as a group are effective
Down 15-3000 Poor Established triglyceride lowering agents. The use of the parent
Down 15-30% Reasonable Not established

Reasonable Not established compound clofibrate fell abruptly after a primary
preventive study showed that the drug seemed to

Down 5-15"% Good Not established increase death rates.20-2 Nevertheless, clofibrate
retained a role in the management of type III hyper-
lipidaemia-a condition in which cholesterol rich
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VLDL and chylomicron remnant particles accumulate
in the plasma. Bezafibrate and gemfibrozil are now
increasingly replacing clofibrate for this condition.24

Bezafibrate
Though bezafibrate has been shown to be an effective

lipid lowering drug,29 the exact mechanism of its action
is not certain. LDL receptor activity may increase
because of reduced hydroxymethylglutaryl coenzyme
A reductase activity, which results in a fall in plasma
LDL concentration as has been shown in patients with
primary hypercholesterolaemia. Restoring the balance
of triglyceride to cholesterol in the abnormally
triglyceride enriched LDL found in type Ilb hyper-
lipidaemia also possibly restores the normal interaction
of the particles with LDL receptors. As with other
fibrates, bezafibrate limits the production and promotes
the catabolism of VLDL by activating lipoprotein
lipase. The activation of lipoprotein lipase may be at
the root of the increase in LDL that is seen in type IV
patients treated with bezafibrate. Increases in HDL
cholesterol have been reported after long term treat-
ment with bezafibrate. The mechanism is thought to
result from stimulation of apoprotein AI and AII
production.29 Bezafibrate has also been shown to
reduce fibrinogen concentrations, which may also be a
primary risk factor for the development of atheros-
clerosis.26
The recommended dose is 200mg three times a day,

or 400mg once a day in the case of the sustained release
preparation (Bezalip-Mono). Adverse effects are rare
and mainly gastrointestinal. A myositic syndrome has
been reported in patients with poor renal function and
is accompanied by increased activity of creatine
phosphokinase. Impaired renal function has also been
worsened by bezafibrate. Small increases in the
lithogenic index of bile have been reported after short
term treatment with bezafibrate, but no report of an
increased incidence ofgall stones has yet appeared. It is
important to note that bezafibrate is highly protein
bound and may enhance the actions of anticoagulant
drugs by displacing them from circulating plasma
proteins.
The main limitation regarding recommendations

about the use of bezafibrate is the lack of long term
studies that address its effects on death from coronary
heart disease. This is important given the divergent
results for the other fibrates, clofibrate and gemfibrozil.
Until results of long term studies are available the
preventive role of bezafibrate is under suspicion.

Gemfibrozil
Gemfibrozil, though structurally different from the

other fibrates, has a very effective plasma triglyceride
lowering action. It reduces VLDL and apoprotein B
production in the liver and simultaneously stimulates
lipoprotein lipase activity, which results in increased
clearance of triglyceride rich particles.27 HDL choles-
terol concentrations may also rise, but this is often
quite variable.28

Gemfibrozil is well absorbed from the gastrointes-
tinal tract. A steady state is achieved within 7-14 days
with a twice a day regimen. It may undergo some
enterohepatic circulation, although its primary route
of excretion is in the urine.29 The usual dose is 600 mg
twice a day.

Gemfibrozil increases the lithogenic index of bile.
Unlike with clofibrate, however, fewer than 1% of
patients actually develop gall stones, even after treat-
ment for two years.28 Gemfibrozil is highly protein
bound and, as might be expected, enhances the
anticoagulant effect of warfarin. It is well tolerated and
adverse reactions occur in fewer than 10% of patients.
The main side effects are gastrointestinal-abdominal
pain, diarrhoea, and nausea. Uncommon biochemical

abnormalities include increased alkaline phosphatase
and transaminase activities. A few cases of severe
myositis with increased creatine phosphokinase
activities have been described in patients receiving
concomitant lovastatin treatment (see below).29

Gemfibrozil is indicated in patients with appreciably
high serum triglyceride concentrations,'3 particularly
those with type III hyperlipoproteinaemia who have
not responded to dietary and lifestyle modifications. In
patients who present primarily with hypercholes-
terolaemia its use should be limited to those who show
no response to conventional treatment. Combination
treatment with another drug such as a bile acid binding
resin is particularly effective. The response to gemfi-
brozil is somewhat unpredictable and not all patients
respond. Therapeutic trial is therefore recommended
for 3-6 months. If no noticeable response has occurred
then treatment should be changed. The Helsinki heart
study, a primary prevention study in men, showed
that 34% fewer men receiving gemfibrozil, compared
with placebo, developed coronary heart disease in five
years.28

Fenofibrate
Fenofibrate is an analogue of clofibrate, which has

been used in clinical practice in France since 1975.
Various trials have shown that it reduces total plasma
cholesterol concentrations by 20-25% and reduces high
triglyceride concentrations by 40-60%. LDL concen-
trations have been found to fall by 20% in patients with
type IIa hyperlipidaemia and to a lesser extent (6%) in
patients with type IIb. In general, HDL rises by 11-
15%.3031

Fenofibrate is absorbed rapidly as a prodrug and
maximally when given with food. It is activated by
hydrolysis to fenofibric acid in various cells and tissues
including red blood cells, the liver, intestine, and
kidney. It is highly bound to albumin and has an
elimination half time of about 20 hours.32 It is excreted
by the kidney and accumulates in patients with renal
impairment. The recommended dose is 100 mg three
times a day.33 Side effects are generally minor and
similar to those seen with bezafibrate.
Newer fibrates such as ciprofibrate, although not yet

available in the United Kingdom, show promise as
effective hypolipidaemic drugs.34-36

NICOTINIC ACID

Nicotinic acid is a commonly used first line agent for
hypercholesterolaemia (Ila) and cQmbined hyperlipi-
daemia (IIb and IV) in the United States of America.'3
It is a water soluble B vitamin that, when used in
pharmacological doses, lowers VLDL and LDL
concentrations. The exact mechanism of action is not
known. It appears to decrease the formation of trigly-
cerides by reducing the availability of free fatty acids
for the hepatic production ofVLDL. This in turn leads
to a decrease in the production of LDL. Nicotinic acid
is the least expensive lipid lowering agent currently
available, but it is available in 25, 50, and 100 mg tablet
preparations only. Patients generally require doses
increasing gradually from 100mg three times a day to
3-6 g a day (that is, 30-60 100mg tablets a day).
Nicofuranose (Bradilan) is a compound of nicotinic
acid and levulose, and 500mg of nicofuranose is
equivalent to 411 mg of nicotinic acid. The recom-
mended dose is 1-5-3g a day (that is, 6-12 tablets a
day). It should be noted that nicotinamide (niacinamide
or nicotinic acid amide) is ineffective in lowering lipid
concentrations.

Nicotinic acid is well absorbed and is commonly
given with or just after meals to reduce gastrointestinal
disturbance. The drug is not highly protein bound and
the principal route of metabolism is the formation of
N-methyl nicotinamide. Apart from flushing, side
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effects are uncommon and include raised liver enzyme
activities and hyperuricaemia. Glucose intolerance
may occur with high doses. Peptic ulcer disease may be
activated, and less common side effects include
hyperpigmentation of the skin and blurred vision.
Acipimox is a synthetic analogue of nictotinic acid.

Like its parent it acts by inhibiting adipose tissue
lipolysis.3' It reduces plasma lipids and lipoproteins
and increases HDL in types II, III, and IV hyper-
lipidaemia (table II).3 Whereas nicotinic acid may
induce transient impairment ofcarbohydrate tolerance,
acipimox appears to exert a favourable effect on
glucose tolerance in man. The usual dose is 250 mg two
to three times a day. Acipimox also appears to produce
less flushing and gastrointestinal intolerance.
When used alone nicotinic acid at a dose of 3-6 g a

day can result in a 15-40% decrease in triglyceride and
LDL cholesterol concentrations and a rise in HDL
cholesterol concentration of about half that value.
When nicotinic acid has been used in combination with
a bile acid binding resin LDL concentrations in
patients with heterozygous familial hypercholestero-
laemia have been normalised.' Nicotinic acid is also
useful in combined hyperlipidaemia.

In a large secondary prevention study, the coronary
drug project,"9 administering nicotinic acid to men
who had suffered previous myocardial infarction
reduced non-fatal myocardial infarctions without
affecting total death rates. After a mean follow up of 15
years (that is, nine years after the end of the trial) the
death rate in the men treated with nicotinic acid was
significantly lower than that in those given placebo.39
Although there were limitations in the design of this
studv, it is important because it suggests that overall
death rates may be reduced by lipid lowering drugs.

PROBUCOL

Probucol decreases LDL cholesterol concentrations
by no more than about 10%. It also causes a reduction
of up to 25% in HDL cholesterol concentrations.
Despite this HDL reduction, administering probucol
to animals has been associated with regression of
xanthomas and improvement in coronary artery
morphology,4"4 a finding that seems to run contrary to
the suggested protective effect on HDL. The exact
mechanism ofprobucol's action is not known. Probucol
has been shown to increase the fractional catabolic rate
of LDL in patients heterozygous or homozygous for
familial hypercholesterolaemia,4" which suggests that
LDL' reduction in this instance is independent ofthe re-
ceptor pathway. Other studies have shown that pro-
bucol blocks oxidative modification of LDL and
therefore slows down foam cell formation,4" which
could theoretically prevent the development of athero-
sclerosis. This probucol may be exerting its anti-
atherosclerotic effect independently of lipid reduction.

Probucol is well absorbed. It is lipophilic and is
therefore stored in adipose tissue. Detectable concen-
trations may persist for six months after treatment is
stopped. It is therefore not recommended for women
of childbearing age or children. The dose is 500mg
twice a day. Adverse effects are reported in fewer than
10% of patients, the main problems being gastro-
intestinal upset with diarrhoea, flatulence, and
hyperhydrosis. As prolongation of the Q-T interval has
been noted on electrocardiography, the drug may be
contraindicated in patients with ventricular irritability
or an initially prolonged Q-T interval. Until further
information is available probucol is not recommended
as a first line agent.

INHIBITORS OF HYDROXYMETHYLGLUTARYL COENZYME
A REDUCTASE (STATINS)
About two thirds of body cholesterol is synthesised

de novo in the liver and intestine. The rate limiting

enzyme in this synthetic pathway is hydroxymethyl-
glutaryl coenzyme A reductase. This key enzyme
has recently become the target for pharmacological
manipulation, and now specific drugs are available
that can selectively and competitively inhibit its
action, offering a new approach to treating primary
hypercholesterolaemia.
At present three statins (lovastatin, simvastatin,

and pravastatin) have been extensively evaluated.
Lovastatin is currently available in the United States of
America and has been used by over a million patients.
An analogue, simvastatin (Zocor), was released in the
United Kingdom recently; pravastatin is already in use
in other European countries. These drugs act by
inhibiting cellular cholesterol production, depleting
the intracellular pool of the sterol, and in consequence
increasing the expression ofLDL receptors. In patients
with only half the normal complement of receptors
(that is, heterozygous for familial hypercholester-
olaemia) the increased number of receptors promotes
LDL uptake from the bloodstream. The fall in LDL
cholesterol in these patients is 30-40%, which often
normalises previously high plasma cholesterol concen-
trations. If a bile acid binding resin is also given LDL
cholesterol may be reduced by up to 50-60%. Though
nearly all patients with severe hypercholesterolaemia
are now amenable to treatment, those homozygous for
familial hypercholesterolaemia, who have no LDL
receptors, cannot respond. The effect of statins on
triglycerides is variable, although a 5-10% reduction is
common and in some studies a small but appreciable
increase in HDL of 5-15% has also been reported.

Simvastatin is administered as a lactone and acts as a
prodrug requiring conversion to active metabolites in
the body. In contrast, pravastatin is given in the acid
form that is active. Though the in vitro affinity of
simvastatin to hydroxymethylglutaryl coenzyme A
reductase seems to be greater than that of pravastatin,
pravastatin seems to be more selective, affecting largely
the intestinal and liver enzymes. Nevertheless, in
clinical practice both appear to be equally efficacious.
Absorption of these drugs is limited to 30-50% of the
dose at most. Simvastatin undergoes extensive first
pass metabolism. No drug interactions that alter the
liver metabolism of the two drugs have been described
to date. Clinical experience has shown that combina-
tions of lovastatin with cyclosporin, gemfibrozil, or
nicotinic acid can predispose patients to myopathy.43
Caution is therefore advised when using any of the
statins with these agents.
To date statins appear to be free from serious

toxicity. Long term safety evaluation is awaited;
however these drugs should not be used in children or
women of childbearing potential. Studies in dogs have
suggested that lovastatin in extreme doses may lead to
lens opacity, but this has not occurred in man.44 No
deficiencies of cholesterol based steroid hormones,
such as cortisol or sex hormones, have been described
during treatment.
Though the elimination half life appears to be short

(1-3 hours), the duration of enzyme inhibition is much
longer. Initially both drugs were given twice a day, but
there is now evidence that once a day, particularly at
night, may be as effective. This is possibly because
cholesterol biosynthesis takes place largely at night.
Adverse effects have been relatively few-occasional
minor gastrointestinal disturbance in fewer than 5%
and rashes in about 1% of patients. Reversible abnor-
malities of liver function may occur in up to 2% and a
rise in muscle creatine phosphokinase activities in
about 1% of patients.

Simvastatin is first given at 10 mg a day, and the dose
is adjusted according to the response. Most patients
require 20-40 mg daily. This may be taken as a single
dose with the evening meal. Statins are particularly
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well tolerated by patients and are the most effective
agents to date. If their long term safety is confirmed in
large studies they are likely to become first line agents
in the management of hypercholesterolaemia. They
also have a role in patients with combined increases of
cholesterol and triglyceride concentrations. Additional
data on their impact on coronary morbidity and
mortality are necessary, however, before the wide-
spread use of statins is contemplated.

OTHER DRUGS

Neither neomycin or thyroxine is now recommend-
ed. Derivatives of o-3 fatty acids may have some role in
the treatment of hypertriglyceridaemia, but their long
term efficacy and safety has not been proved and some
concern exists about the LDL raising actions of these
agents. Several other compounds that reduce sterol
absorption from the intestine (sucrose polyester,
sitosterol, and neomycin analogues) or that inhibit
enzymes associated with cholesterol esterification
(acyl-cholesterol acyl-transferase inhibitors) are still
under investigation.

COMBINED TREATMENT

When a single agent does not produce an adequate
reduction in cholesterol or does so only by inducing
undesirable side effects, a combination of agents may
be efficacious, rational, and well tolerated by patients.
The choice is often dictated by synergistic mechanisms,
and some examples are shown in table II.

Conclusion
Increasing numbers of highly efficacious and well

tolerated lipid lowering drugs are becoming available.
Though many studies have shown a reduction in the
incidence of cardiovascular events in patients treated
with lipid lowering agents, no study to date has shown
a favourable effect on the overall death rate. Neverthe-
less, these drugs should be regarded as part of the
armoury and must always be combined with dietary
treatment. Attention to other risk factors including
hypertension, smoking, and diabetes is also clearly
indicated.
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Correction

ABC of Transfusion

Testing before transfusion, and blood ordering policies
An error occurred in this paper by Dr Marcela Contreras and
Professor P L Mollison (9 December, p 1448). A sentence was
omitted from the eighth line of the second paragraph, which
should read ". . . be incubated at 37°C for 30-60 min (10 min in low
ionic strength solution), washed thoroughly...

Transfusion of red cells
An error occurred in the legend to a pair of photographs in this
paper by Drs Sally C Davies and Milica Brozovic (27 January,
p 249). The photograph on the right hand side of the pair depicts
microcytic red cells and not macrocytic red cells as printed.
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