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ABSTRACT

The effects of three different Nigerian meals on the

bi oavail ability and phar macoki neti c profiles of
chl orpropanmide were studied in healthy subjects and in
freshly diagnosed Type Il diabetic patients. The batch of

chl orpropam de tablets and the meals used were pre—analyzed
using official nmethods- The tablets complied with the B.P.
(1988) requi renents stated under the monogr aph for
chl orpropam de and the meals contained high carbohydrate
contents of 80.5% 76.0% and 84.5% for mai ze, cassava and

yam flour meals respectively.

Plasma |evels of chlorpropanm de were determ ned using
HPLC met hod. In addition, glucose |evels were nmeasured by a
standard gl ucose oxidase nethod (Martinek, 1964). Hi gher

| evel s of chl or propani de were observed when the drug was
adm nistered in fasting state conpared with concomtant
adm ni stration of drug with maize, and cassava flour meals.
Concomitant adm nistration of the drug with yam flour nea

however increased chlorpropam de levels in healthy subjects
and had no effect on chlorpropamde |levels in diabetic
patients. Significantly |owered postprandial plasm gl ucose
increments were observed when 250ng chl orpropam de tablet
was taken with each neal than when each neal was taken
al one, and the glucose |evels were even |lowered when the

drug was taken 30min prior to neal ingestion conpared with

Viii



when the drug was taken conconmitantly with each meal. No
significant postprandi al plasma glucose increments were
observed in healthy subjects.

The pharmacokinetic parameters were calculated by a
conput er progr amre KI NEMP? Adm ni stration of

chl orpropam de concomtantly with each nmeal conmpared with

the fasting state affected some absorption paramet ers
(lagtime, t max, Cmax, ka and tl/2x), the extent of
absorption, vol ume of distribution and the elimnation

parameters calculated in this study were not significantly
af fect ed by any of the meals. Some phar macoki neti c
par amet ers (lagtime, Cmax, t max, ka, tl/2x and vd)
calculated for the healthy subjects and diabetic patients
were significantly different. There was a relationship
between the hypoglycaemic responses and chl orpropam de
| evel s attained after adm nistration of the drug to healthy
volunteers but no direct relationship was found for the
patients. Lower and statistically significant | evel s of
chl orpropanmi de were detected in saliva conmpared with the
pl asma. The saliva and plasma (S/P) ratio was |ess than
unity at each sampling point and there was a correlation
between the saliva and plasm concentratons of chlorpropa-

m de measur ed
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CHAPTER ONE

INTRODUCT 10N

1.1 Pharmagokinetics

FPharmacokinetics is the study of the rate process-—
es asspciated with absorption, distribution and elimi-
nation of a drug, i.e. guantitating drugs and or metabo—
lite levels in body fluids,; tissues and excreta at any
point in time from the moment of administration wuntil
@limination from the body is complete (Kaplan and Jack,
1980). Clinical pharmacokinetics is a health sciences
discipline which deals with the application of pharma—
cokinetics to the safe and effective therapeutic man-—
agement of the individual patient (Sadee and Beelen,

1980).

Absporption is the process by which a drug proceeds
from the site of administration to the site of peasure-
ment within the body. There are several sites at which
drugs are comnonly administered. These sites may be
classified as either intravascular or extravascular,
Intravascular administration refers to the placement of
a drug directly intoc the blopod, pither intravencusly or
intra—arterially. Extravascular modes of administra-—
tion include the aral, sublingual, buccal, intramuscu-—

tar, subcutaneous, and rectal rouvtes. To enter the



bload, drug administered extravascularly mist be abs-—
sorbed: no abscrption step is reguired when a drug is
atdministered intravascularly {(Rowland and Tozer,

19B0a).

Distribution is the process of reversible transfer
of a drug to and from the site of measurement. Once
absorbed, a drug is distributed to the various tissues
of the body. The rate and extent of distribution are
determined by how well each tissue is perfused with
blood, the bhinding of drug to plasma proteins and to
tissue components, and the permeability pf tissue

membranes of the drug (Rowland and Tozer, 1580a).

Elimination is the irreversible loss of drug from
the site of measurement. Eliminpation occurs by two
processes, metabolism and excretion. Metaboliem is the
conversion of one chemical specie toc another. Excre—
tion is the reversible loss of the chemically unchanged
drug. The two principal organs of elimination, are
liver and kidney. The kidney is the primary site for
excretion of the chemically uwnaltered, or unchanged
drug. The liver is the usual organ of drug metabolism;
however, the kidney and other organs can alsp play an
important metabelic rele for certain drugs (Rowland and

Tozer, 1980a).



The primary standard of a pharmacokinetic study is
baset! upon the data obtained following intravenous
administration. Since the entire dose administered is
placed directly into the blood stream following in-~
travenous administration, the pharmacokinetic parame-—
ters opbtained are unaffected by all the potential
rate-limiting and metabolic factors associated with

drug absorption following other routes.

In pharmacokinetics, attempts are made to describe
a biplogical event in mathematical terms, usually by
developing mathematical models to represent the body as
a system of compartments, even though these compart-
ments often have no apparent physiologic or anatomic
reality. The one compartment model, the simplest model
depicts the body as a single homogenecus uanit. This
model]l is particularly useful for the pharmacokinetic
analysis of blood, plasma or serum concentrations,
salivary and wurinary excretion data for drugs which
rapidly distribute between plasma and other body fluids

and tissues upon entry into the systemic circulation.

To assume the body bebhaves as a one—-compartment
model dops not necessarily mean that the drug concen-—
trations in all body tissues at any given time are the
same. However, a one—compartment model (Fig. la) does

assume that any changes that occur in the plasma gquan—



titatively reflects changes ococurring in tissue drug
levels., A second criterion for uwtilizing a one-com—
paritment model is that drug elimination occurs from the
body in a first—order fashion (i.ep., the rate of elimi-
nation of drug fraom the body at any time is progportion-
al to the amount of drug in the body at that time).
The proportinality constant relating the rate and
amount is the first-order elimination rate constant
1

which has units of reciprocal time {for example, min *,

br 1} (Bibaldi and Perrier, 1975a).

Half-life is one of the most useful pharmacokinet—
ic parameters cbhbtained following drug administration.,
The half-life of a drug is the time required to reduce
the post-absorption concentration of a drug in  the
blood stream by fifty percent. It is calculated by
dividing 9.693 by the calculated scope af each exponen—
tial phase of multiphasic blood level curve (Wagner,

19380).,

Another pharmacokinetic parameter in frequent use
is the area under the curve of blood level versus time.
The methods of calculating this parameter are discussed
hy wvarious authors {(Koup and Gibaldi, 1980; Wagner,

19801},
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The volume of distribution is used to relate the
plasma concentration to the amount of drug in the body
during the elimination phase. It is calculated by
dividing the total amount of drug in the body by the
plasma concentration. Total body clearance is a param—
eter used to guantify drug elimination. Experimental-
1y, total body clearance is calculated by dividing the
systemically available dose of a drug by the area under
the plasma concentration-time curve produced by that
dose. In pharmaccokinetic terms. total body clearance
iz the product of rate constant and volume of distribu-—
tion. It is the sum of individual clearances of the
drug by the various argans and tissues of the body.
For a drug that is pliminated sclely by renal excretion
and hepatic biotransformation., total clearance is the
sum of renal and hepatic clearance (Rowland and Tozer,

19805} .

Tvc compariment Model: When plasma drug levels are
measured at early time periods after intravenous
administration, an initial distributive phase often can
be described kinetically. This distributive phase may
last from a few minutes to several hours. The drug
entering the body (input) does not instantly distribute
{equilibrate) between the blood and those opther body

fluids or tissues which it eventually reaches (Fig.



ib). The distribution of the drug in blood and other
soft tissues, on the other hand occurs at different
rates. Eventually a steady state will be reached which

terminates the "distribution" phase (Ritschel, 1980).

Three compartment Model: If the drug is distributed to
a significant degree in deep depots, such as fat and
bone, or 1is tightly bound in some other tissues, a
third compartment may become distinguishable. Thus,
the three compartment model embodies models one and two
plus an additional tissue compartment {Por tmann,

1970).

The term bicavailability has been defined as the
rate and extent to which the active drug ingredient or
therapeutic moiety is absorbed from a drug product and
becomes available at the site of action which is
normally estimated by its concentration in body fluids,
rate of excretion, or acute pharmacological effect
(Wagner, 1980). According to this definition, the
absorption of an intravenously administered drug is
rapid and complete. However , for reasons of
convenience and stability, most drugs are administered
orally. Therefore, their rate and extent of absorption

in an individual are usually not precisely known



(Blanchard and Sawchuk, 1979).

Ripavailability or bicequivalence studies are
usually based on measurement of the active drug moiety
and/or its metabolite({s) in biological fluids as a
function of time. Biocavailability testing in humans
usually dictates that the biological fluid sample be
limited to blood, urine, or saliva. Drug is adminis—
tered to subjects who are usually in the fasting state
(approximately 12 hours) and who are not permitted food
for several hours after receiving drug. Blood samples
are then collected after drug administration at a
frequency sufficient to permit an estimate of peak
plasma or serum concentration of active drug and the
total area under the plasma level versus time curve.
In wmost studies where oral dosage forms are compared,
the sampling times after each drug administration will
be identical. A typical plasma concentration versus
time curve that may be obtained after oral administra-

tion of a solid dosage form is shown in Figure 2.

Inspection of Figure 2 permits one to observe the
major biocavailability parameters — peak plasma concen—
tration (Cmax.), time to achieve peak plasma concentra-—
tion (tmax.), and area under the plasma level versus
time curve (AUC). The first two parameters, Cmax and

tmax, are related to and used as measures of the rate
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Fig.z2 A typical plasma concentration-time curve.



of availability from the dosage form.The extent of
absorption froam the dosage form is related te the third

parameter, AUC.

Determination of the ‘absolute’ bioavailahility of
a drug usuvally involves a comparison of AUC obtained
following oral and intravenous administration (for
which instantanecu=z and complete bipavailability is
assumed } af the drug. For practical reasons,
intravenous administration is often not possibie, and
in such rases ‘relative’ bicavailability is determined
by comparing the AUC's of the test drug and a secondary
reference s=tandard such as an orally administered
salution of the drug or a dosage form which has been
accepted as a standard (Gibaldi and Perrier, 1975b;

Blanchard and Sawchuk, 1979).

There are a number of circumstances which arise
making it quite difficult to determine the availability
of a drug following administration of a single dose.
The plasma levels of certain drugs may be very low such
that an assay method sensitive enough to measure these
levels may not be available. Other drugs have very
long half-lives, and the determination of the total
area under a plasma concentration—time curve requires
plasma samples to he obtained for excessively long

periocds of time. Thus it is sometimes desirable to
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determine availability based on steadv-state plasma
drug levels following multiple dosing (Gibaldi and

Perrier, 1975b).

For the estimation of availability, determination
of AUC is required. The most commonly emploved methods
far calculating AUC's are the "cut-and-weigh" method,
employment of planimeter and application of trapezoidal

rule {(Gibaldi and Perrier, 1975c}.

Some important areas of application
of bipavailability are:
a. Determination of those formulation factors that
alter the bicavailability of an active ingredient in a
drug product or products.
b. Establishing a generic hipequivalence ar
biovineguivalence of two or more dirug products bor
formuilations.
c. Determnining the effect of foocd on the absorption of
an active ingredient in a drug product or formulation.
d Establishing that one drug interferes with the
ébsnrptiun of another drug, and how o avoid the
interaction.
e. Determining whether increasing age or specific
disease states influence the absorption of an active
ingredient in a drug product or formulation.

f. Assessment of the magnitude and variability of the

[
)
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*first pass’ effect with specific drugs after oral
administration and the degree to which other routes of
administration, such as rectal, nasal or buccal

administration, avoid this effect.

A large number of factors have been shown poten—
tially to interfere with drug absosrption. The degree
of change in clinical response which may accompany
altered drug bicavailability is a function both of the
drug’'s mode of action and also the extent of biocavail-
ability wvariance. It may be difficult to identify a
clinical change with altered drug bicavailability due
to the many factors contributing to, and the often
subjective nature of assessing clinical response.
Never theless, several reports have documented actual
changes in clinical response which have been associated
with bicavailability. Other reports have strongly
suggested that changes in the bicavailability of a
particular drug would have clinical implications. Most
of these compounds have well defined blood or tissue
level for therapeutic effect, steep dose-response
relationships or narrow therapeutic indices, or have
suitable absorption or elimination mechanisms (Blan—

chard and Sawchuk, 1979). When considering the clini-



i3

cal implications of drug bicavailability changes,
whether the cause is a pathological condition, drug
interaction, food interaction, product substitution or
any other factor, it is appropriate to divide bipavial-
ability changes into three major groups: those which
have definitely caused changes in clinical response,
those which have not been shown to cause clinical
changes but are likely to do so, and those which could
bring about c¢linical changes in extreme situations

(Blanchard and Sawchuk, 1979).

ds ipav 1 ich a r
clinical response:

Instances where marked clinical changes have been
associated with impaired drug biocavailability have been
described for Ampicillin (Jordan et al., 1981),
Ketoconazole (Mannisto et al., 1982), Rifampicin
(Polasa and Krishnaswamy, 1983), Blipizide (Sartor et
al., 1982) and Glibenclamide (Wahlin-Boll et al.,

1980).
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2. Binavailability changes which are likely to have
clipical effects:

If a drug meets any of the aforementioned
.criteria, it is likely that a change in drug
bipavailability will have a measurable clinical effect.
Included amongst these drugs are the cardiac
glvecosides, anticcagulants, antihypertensive agents,
anticonvulsants, antinepoplastic agents and inorganic
ions such as lithium. However, in the maiority of
tases, levels pf these compounds in the body greatly
exsceeds the minimum required for activity, and small
changes in bipavailability are unlikely to be of

clinical significance (Blanchard and Sawchuk, 197%).

3. Bioavailability changes which could bring about

clinical changes in extremg situations:

A clinical change will occur for all drugs,
provided that the change in bipavailability is
sufficiently large. The clinical effect may be altered
by changes in either the rate or extent of drug

absorption (Blanchard and Sawchuk, 1979).
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1.4 Factprs Influencing Drug Biocavailability

The compressed tablet is the most widely used oral
dosage form. and is also most commonly involved in drug
bicavailability and bioequivalence problems. This is
not suprising owing to the reduction in drug surface
area in the compressed formulation and the wide variety
of drug forms, tabletting methodologies, excipients and

coating that are used.

Absorption may be affected not only by the

different dosage forms, but also by similar dosage

forms from different manufacturers and different
batches of a dosage form from a single source. The
most common conventional oral dosage forms, in

decreasing order of relative dissolution and absorption
rates are solutions, suspensions, capsules, tablets,

coated tablets and sustained-released preparations.

Dosage—form related factors which can produce
profound differences in bicavailability include
formulation and manufacturing wvariables such as
particle size, the chemical form and solubility of the
drug; the type and quantity of excipients used; the
compaction pressure and other factors (Blanchard and

Sawchuk, 1979).



16

Dosage form properties often account for some
modification in the pharmacological activity of
therapeutic agents by altering their intrinsic
absorption pattern. The schematic diagram in Figure 3
shows drug concentration in the blood as a function of
time after oral administration of a fixed amount of
drug in three different dosage forms designated 1, 1II,
and 11Y. The properties of the dosage forms in this
hypothetical example produce a change in the overall
absorption rate which is reflected in the blood level-
time curve. Activity occurs when the blood concentra-
tion reaches the minimum effective drug level (Figure
4). The onset of pharmacological action is signifi-
cantly earlier with formulation I than with formulation
11, and is never attained with formulation 111
(Blanchard and Sawchuk, 1979). The duration of the
clinical effect is often reflected by the length of
time that the blood level of drug is equal to or higher

than the minimum effective level.

Again it can be seen from the example in Figure 3
that the duration of effect obtained from formulation I
is significantly longer than that obtained after equal
dose of formulation I1I. From this general example, it
can be seen that dosage form factors have a significant

effect on the onset, duration and intensity af
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pharmacolocgical action of a particular active

component.

The various formulation and dosage form related
factors which have been extensively discussed by Poole
(1979), Wade (1976) and many other authors includes
particle s=size; crystal form, salt, complex, pH and
solubility characteristics. Other factors are excipi-
ents and adjuvants as well as manufacturing methods.
Foole (1979}, showed that bipavailability of some drugs

have been improved by particle size reduction.

The crystal form in which a drug is presented to
the patient is an important factor influencing the
bicavailability of drugs. The crystal form of a drug
substance may change because the substance exhibits
polymorphism. Polymorphism has been reported to be
relatively common, being exhibited by at least one-
third of all organic compounds. Apart from the poly-
morphic forms in which substances may exist, they can
alsp pocur in non—crystalline or amorphous forms. The
energy reﬁuired for a molecule af a drug to escape from
a crystal in which it is located is very much greater
than that required 1o escape from an armophous powder.
Therefore, the amorphous form of a compound is always
more soluble than the corresponding crystalline form

and may exhibit correspondingly different therapeutic
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properties (Poole. 1979). Examples of drugs in which
this has been observed in vitrpo are novobiocin and

chloramphenicol.

The property of many organic medicinal compounds
to form solvent addition compounds or solvates may also
affect their bicavailability. When water is the
solvent associated with the drug moiety, the solvate
form is called a hydrate. The solubility and rate of
solution of a solvate may significantly differ from
that of non—-solvated form of the drug. Drugs for which
significant differences in dissolution rates have been
observed include caffeine. theophylline and

glutethimide (Poole, 1979).

Complex formation 1s a mechanism that can
influence the biopharmaceutical properties of a drug.
Drugs may interact reversibly to form complexes with
substances occurring in the body, with other drugs or
with pharmacclogically inactive components of the
pharmaceutical dosage form. Such a drug complex may
differ in its physico-chemical properties from the pure
drug. For instance, its ability to permeate biological
membrane may become altered. Such complexes are thus
pharmacologically inactive since dissolution prior to

drug absorption usually fails to occur (Poole, 1979).
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The effect of complexation on drug absorption
depends on the magnitude of the stability constant of
the complex. Frequently, there may be little or no
effect on the rate of absorption and on the overall
biocavailability. However, some drugs which are intrin-
sically poorly absorbed can be converted to non-—
absorbable complexes under certain circumstances and
their biocavailability is further decreased. Complex
formation according to Poole (1979), can be used in
formulation of dosage forms in order to increase solu-
bility or stability of drug substances or drug
products. The drug complex in such systems 1s diluted
in the biological fluids after administration which
results in the dissociation of the complex with little
or no effect on the overall absorption properties of

the active compound.

The components in a dosage form other than the
active drug substance may influence the absorption and
subsequently the performance of a drug product. These
additives or excipients may either facilitate or inhib—
it the absorptive process. The impor tance of
excipients 1in the determination of the final drug
effect was clearly demonstrated by an outbreak of
phenytoin toxicity in Australia. The toxicity occurred
when patients previously maintained in a stable dose of

‘Dilantin’ capsules in which calcium sulphate had been
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used as inert excipient, were given capsules
{containing same guantity of active compound) but with
the calcium sulphate substituted for lactose as "inert’
excipient. Presumably, the inorganic ion had comple)xed

with phenytoin reducing the absorption (Wade, 1976).

The role of surface active agents 1s more complex
and not always easy to predict. These substances are
frequently used to increase solubility or act as
emulsificants, but they may either increase or decrease
absorption depending on the agent, the quantity, the
route of administration, the drug in question and the
nature of formulation. It was reported that these
surface active agents may change the absorptive surface
itself in the small intestine, and that in other cases,
the agents promote micelle formation, thus enabling
lipid soluble substances to disperse in an aqueous

medium (Wade, 1976).

Interaction between drugs and dosage forms may
influence the rate and extent of drug absorption. Such
interactions may be direct, as 1in chelation of
tetracycline by polyvalent metal ions, or indirect as
with the increased rate of acetaminophen absorption due
to the stimulating effect of metoclopromide on the
stomach emptying rate. However, propantheline reduced

the rate of acetaminophen absorption by delaying the
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stomach emptying rate (Welling, 1980).

The wvolume of co-administered fluid may have a
considerable effect on drug absorption. #Although from
a purely physical view-point, drug absorption might be
expected to occur more readily from concentrated
solutions than from dilute solutions, the reverse
appears to be the case. Increased drug bicavailability
from dilute solutions may be related to the tendency
for a compound to follow net mucosal to serosal fluid
flux when hypotonic soplutions are introduced into
gastrointestinal tract. However, it may be related
also to more rapid stomach emptying of large fluid

volumes.

Influence of food and specific dietary components
on drug absorption has been extensively reviewed by
Winstanley and Orme (1989);3 Hayes and Borzelleca
(985). The reviews reflect the complex and unpredict-
able nature of drug-food interactions, and the diffi-
culty of establishing patterns which may be used as
guidelines for optimum drug therapy in relation to
food. The presence of food had been shown to decrease,
delay, increase and or not to affect drug absorp-
tion. Observed effects have been influenced by the
type of drug and dosage form, the nature and size of

meal, fluid intake, the conditions of the subject and
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the time sequence between eating and drug administra-

tion.

Although drug bioavailability studies are
routinely carried out in healthy human subjects, drugs
are administered in practice to patients who may be
suffering from a wvariety of illnesses. Diseases
affecting the cardiovascular system, the liver and the
gastrointestinal tract may alter circulating drug or
metabolite level after oral dosing. Surgical removal
of part of the gastrointestinal tract reduces the
absorption of most compounds, suggesting that patients
who have undergone such procedures may need to be
monitored carefully when taking drugs whose absorption

efficiency is critical.
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CHAPTER TwWO

LITERATURE REVIEW
2.1 History and Chemistry of Sulphonylureas

Chlopropamide 1is one of the sulphonylureas which
finds i1its greatest usefulness in subjects with Type 11
Diabetes wmellitus. Diabetes mellitus is a metabolic
disease characterised by hyperglycaemia and eventually
glycosuria. It is caused by the inability of tissues
to carry out normal metabolism of carbohydrate, fat and
protein, due to an absclute or relative lack of insu-—
lin. An  absolute lack of insulin is found in some
diabetic patients who develop the disorder early 1in
life (Juvenile or growmth-onset). Relative insulin
deficiency 1is usually found in those diabetics who
develop the disease later in 1life (adult-onset or

maturity-onset) (Aguwa, 19846).

Insulin is by no means an 1ideal treatment for
diabetes, the realisation of this fact has led to a
great deal of research to develop more effective ways
of treating the disease. As a consequence of this

urge, two guanidine derivatives, synthalins A and B
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were introduced into diabetes therapy in the 1920°'s.
Although they were less toxic than guanidine, they had
no therapeutic advantage over insulin. It was shown
that prolonged use of these synthetic derivatives could
result in renal and hepatic damage and consequently
their use was discontinued in early 1930's (Dlaniyi.
1989). The hypoglycaemic action of certain
sulphonamides was first recognised by Ruiz in 1930 but
it was not until 1942 that Johnson and co-workers,
working on S—isopropyl—-2-sulphanilamido-1,3,4 =
thiadiazole {as a potential antithyroid drug),
recognized the hypoglycaemic property. This search led
Loubatieres to produce a series of analogues in order
to study structure-activity relationships. The first
clinically useful drug was produced in 19535 by Frank
and Fuchs, a compound originally known as B255, now
officially known as carbutamide. Since that time there
has been a steady flow of structural modifications
which had led to a group of relatively safe and
effective oral hypoglycaemic agents being introduced

into clinical practice (Dlaniyi, 1989).
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Chemistry:

The general structure of the sulphonylureas

consist of three portions:—

Sulphony lurea nucleus

Ar————e———— 80y - MHCOMNH—~——-——-- R
Aryl Moiety Urea Moiety Alkyl aroup
Variation of the aryl moiety proved most useful. The

para-NHz group was shown to be unnecessary and replaced
by a methyl group to give the drug "Tolbutamide™.
While being an effective hypoglycaemic agent,
tolbutamide was rapidly metabolised by oxidation of the
p—methyl group to a carboxyl function and esxcreted.

Replacement of the methyl group by halogen (chlorine)
gave a compound with increased patency and longer
action. From a series of chloroaryl! compounds pre—
pared, the Z-propylderivative was the most effective
and was given the generic pame of chlorpropamide,
Madification af the urea molety led to loss of activi-
ty whilst variation in the alkyl =side chain showed
that 3 or 4 carbon atoms gave optimum activity. The
alkyl group confers lipophilic properties on the mole-
cule. iLater development included the introduction of
aceiohexamide and tolazamide. The structures of chlor-—

propamide and tolbutamide are shown in Figure 3S.



28

a. CL—©-502-NHCONH-(CH2)2-CH3

Chlorpropamide  Diabinese (R)
1-[ P-Chloropheny! ) Sulphonyl )1- 3 - Propylurea

b CHs @—SOZ—NH-CONH-(CHZ)3-CH3

1-Butyl- 3(P - tolyl - Sulphonyl) urea

Fig. 5. Structures of (a) Checapropamide and (b) Tofbutamide.
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-2 Absorption and Metabolism

Chlorpropamide has long been thought to be almost
totally excreted unchanged in the urine {Balant, 1981).
However, Brotherton st al. (1967) using chrematographic
techniques identified two metabolites {p~chloarobenzene
sulphonylurea and p-chlorobenzene sulphonamide) in  the
urine of diabetic patients. The proportion of the drug
hetabolised varied in different individuals on long

term therapy.

Taylor {1972) idéntified two additional
metabolites, Z2-hydroxychlorpropamide and I
hydraxy:hlnrprnpamide from the urine of four diabetic
patients receiving 250-400mg of chlorpropamide daily.
He reported that the unchanged drug accounted for 95
percent of total drug and metabolite concentrations in
Plasma. According to Jackson (19469), it may take as
long as 96 hours for BO-90 percent of chlorpropamide to
be escreted in the urine and complete elimination of

the drug takes 3-7 days.

Chlorpropamide is readily abzorbed from the
gaastrp-intestinal tract and is extensively bound to
plasma proteins. The half-life in plasma is abput 35
hours. It 4is partly metabolised in the liver to

metabolites with some hypoglvcaemic activity; the
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metabolites and the unchanged drug are excreted in the

urine (Martindale, 1989).

2.3 Therapeutic Significance

Chlorpropamide 1is an oral hypoglycaemic agent
useful for the management of hyperglycaemia in
Type 11 diabetics. Hypoglycaemic agents are orally
effective in lowering blood glucose levels and are also
safe, while being more convenient and more acceptable
than insulin to many patients. These agents are not
recommended for Type 1 diabetics, pregnant women, those
who have renal disease or those whose hyperglycaemia

can be controlled by diet (Aguwa, 1984).

The use of oral hypoglycaemic agents in maturity-
onset diabetes suffered a setback after the publication
of a study by the University Group Diabetes FProgramme
(UGDF}. This was a study commenced in 1961 to evaluate
the use of oral agents in the prevention of the long-
term complications of diabetes. Several centers
involving 12 different clinics were used. About 1000
patients participated in a random double blind study in
which diet alone, tolbutamide, insulin and phenformin
were compared. The summary of the findings revealed

that there were more cardiovascular related deaths in
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patients treated with the oral agents than in those on
placebos. Those who were treated with diet and insulin
had better results. As a result of the study many
patients were removed from oral agents and placed on a
diet/or insulin treatment. Patients who can be placed
on oral hypoglycaemic agents include those who show
evidence of pancreatic reserves, that 1is individuals
who require less than 40 units of insulin daily for
control. The pancreatic daily insulin output is be-
tween 40 and 60 units. Such patients are usually
diagnosed after the age of 40 and are not obese. The
older the patient at the onset of diabetes the better
the chance of satisfactory control with oral hypogly-—

caemic agents (Aguwa, 198646).

hani b ti
The mechanism of anti-diabetic action of
sulphony lureas is controversial. While some

investigators stress the importance of stimulation of
insulin secretion and/or beta cell hyperplasia (beta
cytotropic action}), others have shown that the chronic
antidiabetic activity of sulphonylureas does not result
in increased insulin secretion. This suggests that one
or more extrapancreatic actions are involved in the

anti-diabetic effect of these agents {(Lebovitz et al.,
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A direct drug effect on tissup insulin sensitivity
has been claimed {Kolterman gt al., 1984; Ward et al.,
198%). All sulphonvylureas used to treat non—insulin-—
dependent diabetes cause the beta-cell to secrete
insulin, probably by binding o the cell surface
membranes, reducing the ocutflow of potassium from the
cell and increasing the inflow of calcium. Calcium
binds to the protein calmadulin, which mediates micro—
filament contraction, and so facilitates the secretion
of insulin granules. 1In vitro experiments the
insulin-releasing eftfects depend on the concentration
of drug. There are 1000-fould differences in potency in
these in yitrp studies between tolbutamide and gliben-—
clamide, but there is npo evidence that efficacy differs
among the clinically useful sulphonylureas in  the

systems used (Ferner, 198B8).

Sulphonylureas may have extrapancreatic
hypoglycaemic effects in addition to their effects on
the secretion of insulin. There is evidence for (and
sometimes against) actions on insulin receptor numbers
or atfinity. A body of work now favours the idea that
sulphony lureas affect insulin action at a post receptor
site, but do not consistently increase the npumber or

affinity of receptors. Hepatic and muscle glucose



33

uptake or glycogen degradation may be altered, and
there continues to be an interest in the ability of
sulphonylureas to inhibit ketogenesis, perhaps by

inhibiting carnitine acyltransferase (Ferner, 1988).

The obhservation of a raised plasma insulin to o
peptide ratio has led to the suggestion that decreased
hepatic insulin extraction is a direct drug effect
(Scheen et al., 1784}). Toplbutamide decreases insulin
eaxtraction in the perfused rat liver (Marshall et al.,
1270) . If this is the case, the lesser amount of
insulin interacting with and taken up by hepatocytes is
relatively more potent in decreasing net hepatic
gluccose ocutput in the presence of the drug (Taylor and

Agius, 1988}.

Joxicity

Chlorpropamide has occasionally been implicated in
bhone-~marrow depression. A transient fall in white cell
count has been neoted, alsc severe leucopenia, pancyto-
penia and fatal bone marrow aplasia with agranulocyto-

sis (Jackson, 196%9)}.

Chlorpropamnide can couse jaundice but less frep—
quently, wsually of less severity and of a different
type. In the general run of patients it produces no

changes in liver function (Jackson, 1969).
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Fatients taking chlorpropamide may become sensi-—
tive to alcohol. They develop flushing, headache,
nausea/vomitting and thoracic discomfort similar to
that following disulphiram ("Antabuse(R)") within 5-10
minutes of drinking small guantities of alcohol. Ae
many as one—third of the patients may be affected to
some extent. The mechanism is not clear. The serum
levels of acetaldehyde and S—hydroxy—indoleacetic acid
are apparently not raised {Jackson, 1969). Effects on
electrolyte bhas also been observed and 1t has been
reported that sulphonylureas cause hyponatremia (Nes—
bel, 17277).

Overdose of Chlorpropamide: More than 500mg of chlor—
propamide daily were used in the early trials and

produced a high incidence of gastrointestinal side

effects; unpleasant taste in the mouth, general
malaise, weakness, ataxia and dizziness (Jackson,
19469).

Preparation and Dosage

Chlorpropamide (Diabinese) is marketed in the form
of 100-and 250mg tablets. 200mg daily dose will
maintain a plasma level of about 10mg per 100ml, while
minimum and maximum effective concentrations are
achieved with 100 and 500mg, respectively. Higher

doses than this are dangerous because of cumulative
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elevation of the drug blood levels. Infact, the lower
the dose, the safer the drug, so that a starting dose
250mg or less is recommended. The danger of severe
hypoglycaemia from higher doses is greatest in the

elderly and mild diabetics (Jackson, 196%).

2.4 Biochemical Basis of Diabetes

Diabetes mellitus is a complex disease
characterized by a grossly abnormal pattern of fuel
usage -~ overproduction of glucose by the liver and
underutilization by other organs. Diabetes refers to
the excessive urination in the disease and mellitus is
from Latin, meaning sweetened with honey, and refers to
the high level of glucose in the urine. Mellitus
distinquishes the disease from diabetes insipidus which
is caused by impaired renal reabsorption of water

(Stryer, 1988a).

There are two major clinical syndromes of
diabetes: One characterized by insulin dependence and
early age of onset with weight 1loss and ketonuria,
insulin—dependent diabetes mellitus (IDDM), and the
second characterized by a relatively later on—-set,
insensitivity to insulin and partial insulin deficiency
non—insulin—dependent diabetes mellitus (NIDDM) (Taylor

and Agius, 1988).

of



Normally the level of glucose in the blood wvaries
only within narrow limits; it rarely rises above
120mg/100m]1 or falls below 60mg/100ml. Maintenance of
a normal blood sugar level is essential because some
tissuesz, for example the brain, rely on glucose for
their metabolism. A fall in blood glucose below a
level of about 3I0mg/100ml causes serious disturbance of
mental function which may ciilminate in COMmA .
Conversely, a rise in blood glucose produces osmotic
diuresis and dehydration. There is a mechanism by
which the level of blood glucose is maintained within
the normal range both after eating a carbohydrate meal

and during starvation (Dakley gt al.. 1975).

Blped sugar rizes after a meal containing
carboyhydrate, due principally tno the breakdown of
starch to glucopse. The glucose is then absorbed and
carried in the portal vein te the liver. In the liver
glucose is stored as the polysaccharide glvoogen.
After an excess of dietary carbeohydrate, glucose is
synthesized into glyrogen. Conversely, in times of
shortage of carbohydrate, glycogen is brokendown to
glucose and released into the blood stiream. The
transformation of glucose to glycogen is shown in
Figure &. it is first phosphorylated oo glurcose—6—

phosphate and then converted to glucose—-1-phosphate.
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The glucose—-1-phosphate adds glucose to the end of
existing glycogen molecules, thus lengthening the
chain. The pathway involved in glycogen breakdown
differs however, from the pathway of glycogen
synthesis, different enzymes being involved at two key
stages in the process: phosphorylase, which
produces glucose—1-phosphate from glycogen by adding on
phosphate groups and glucose—-b-phosphatase which
hydrolyses glucose—46-phosphate to give free glucose.
Both enzymes are influenced by the activity of
hormones. For example, glucagon and adrenaline raise
blood glucose by activating phosphorylase which de—
pletes liver glycogen. This activation of phosphorylase
involves the intervention of the intracellular messen—
ger substance, cyclic-AMP (adenosine monophosphate).
Galactose, fructose and a number of other sugars less
commonly present in foodstuffs are converted into

glucose or glycogen in the liver (Oakley et al., 1975).

Just as complex carbohydrates are broken down into
simple sugars in the gut, proteins are similarly split
into amino acids. Amino acids, like sugars, are
absorbed into the portal blpod stream and carried to
the liver. They may also be used to synthesize protein
in muscle or kidney. Certain amino acids can be
metabolised to glucose. This process 1s especially

important in starvation, which if prolonged, may lead



GLYCOGEN \
SYNTHESIS ' P_HI?SPHORYLASE

GLUCOSE -1- PHOSPHATE

v

GLUCOSE - 6 - PHOSPHAT
P E HATE

GLUCOSE

\ GLUCOSE-6

PHOSPHATASE

Fig. 6. Synthesis and breakdown of glycegen (from Oakley et al. 1975).
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to severe loss of body protein by its conversion into
glucpse in order tp maintain the blood sugar level
{Dakley et al., 1975). The low blood sugar level leads
to decreased secretion of insulin and increased secre-—
tion of glucagon. The dominant metabolic proresses are
the mobilization of triacvilglycerols in adipose tissue
and gluconeogenesis by the liver. The liver obtains
energy for its own needs by oxidizing fatty acids
released from adipose tissue. The concentrations of
acetyl CofA and citrate consequently increase, which
switches off glvcolysis. The uptake of glucose by
muscle is markedly diminished because of the low insu-
1lin 1level, whereas fatty acids enter freely. Conse—
gquently muecle alsp shifts from glucose to fatty acids
for fuel. The RBR-oxidation of fatty acids by muscle
halts the conversich of pyruvate into acetyl CoA.
Hence, pyruvate, lactate and alanine are exported to
the liver for conversion into glucos=e. Proteolysis of
muscle protein provides some of these three—carbon
precursers of glucose. Glycerol derived from the
cieavagé of triacylglycerols is another raw material
for the synthesis of glucose by the liver. The most
important change after about three days of

starvation is that large amounts nof acetoacstate, 33—
hydroxybutyrate and acetone are formed in the liver,

and are released in the blood and carried to the brain
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(Figure 7). Gluconeogenesis depletes the supply of
oxaloacetate, which 1is essential for the entry of
acetyl CoA into the citric acid cycle. At this time
ketone bodies become the major fuel of the brain.
These changes in fuel usage are accompanied by a rise
in the level of ketone bodies in the plasma. The
ketone bodies are excreted in the urine, and acetone,

which is vplatile is also excreted through breathing.

61 Jusis fastuteT f Q1 :

Glycolysis 1is the sequence of reactions that
converts glucose into pyruvate with the concomitant
production of ATP (Stryer, 1988b). In all cells there
is a common system for the metabolism of glucose. In
this process the six—carbon molecule is broken down to
three carbon substances. Pyruvic acid is the end
product of glucose metabolism in mammalian tissues,
although under conditions of oxygen lack this may be
reduced to lactic acid. The transformation of glucose
by this pathways is shown in Figure 8. There are a
number of important points of control of glycolysis,
one involves the phosphorylation of glucose to
glucose-&6-phosphates another involves the further
phosphorylation of fructose—1-phosphate to fructose 1,
6—diphosphate; these two phosphorylation reactions, as

well as the rate of transport of glucose across the
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ACETO ACETATE—s D —3 —Hydroxybutyrate

V
ACETONE + CO,

Fig. 7. Relationships 0f ketone bodies (f{nom Oaktey et at., 1975).
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The glycolytic pathway (§rom Sthyen, 198§).
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cell wmembrane, determine the rapidity of glucose flow
thraough the glucclytic pathway. Normally, pyruvic acid
iz metabolised to give the two—carbon compound, acetyl
coenzyme-A, which is then oxidised to ecarbon dioxide
and water. The series of reactions which sffect this
pxidation was first elucidated by Krebs and is  termed
the tricarboxylic acid cycle. The cycle involves
addition of acetyl cpenzyme-A to oxaloacetic acid to
form citrate which is then transformed into a number of
other odi and tricarboxvylic acids (Figure ). The
tricarboxylic cycle narmally takes place in the
mitonchondria which are small intracellular bodies where
most of the energy of living cells is derived from
pridative processes, By way of glycolysis and the
Krebs cycle there is therefore a complete pathway for
the oxidation of glucrose tp carbon dioxide and water

(Qakley et al.. 1973).

Glucpneggenesis

Bluconepgenesis is the synthesis of glucose frﬁm
non-carbohvdrate precursors (Stryer, 1988c). The
process is important for the maintenance of blood sugar
in periods of food deprivation. It is greatly
accelerated in diabetes where protein breakdown
contributes substantially to the rise in blood sugar

(Dakley et al., 1975). The process is alsc important

th
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Fig. 9. Tricarboxylic Acdd cycle [grom Oakley et al., 1975).



45

during periods of intense exercise (Stryer, 1988c).
The gluconeogenic pathway converts pyruvate into
glucose. Noncarbohydrate precursors of glucose enter
the pathways chiefly as pyruvate, oxaloacetate, and
dihydroxyacetone phosphate (Figure 10). The major
noncarbohydrate precursors are lactate, amino acids,
and glycerol. Lactate is formed by active skeletal
muscle when the rate of glycolysis exceeds the
metabolic rate of the citric acid cycle and the
respiratory chain. Amino acids are derived from
proteins in the diet and during starvation from the
breakdown of proteins in skeletal muscle. The
hydrolysis of triacylglycerols in fat cells yields
glycerol and fatty acids. The enzymes of
gluconegenesis are located in cytosol. The major site
of gluconsogenesis is the liver. Gluconeogenesis also
aoccurs 1in  the cortex of the kidney, but the total
amount of glucose formed there is about one—-tenth of
that formed in the liver because of the kidney’'s
smaller mass. Very little gluconeogenesis takes place
in the brain, skeletal muscle, or heart muscle. Rather
gluconeogenesis in the liver and kidney helps to
maintain the glucose level in the blood so that brain
and muscle can extract sufficient glucose from it to

meet their metabolic needs (Stryer, 1988c).
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Fig. 10. Gluconeogenic Pathway {grom Stryen, 1988].
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F abolism

Fat consists of a combination of fatty acids with
glycerol. It is stored in adipose tissue cells
subcutaneously, in the omentum and around the viscera.
The first stage in fat breakdown is the hydrolysis of
neutral fat to give free fatty acids and glycerol. This
process 1is requlated by a number of hormones such as
growth hormone, glucagon and adrenccorticoid hormone

(ACTH) .

In adipose tissue free fatty acids are produced by
the action of lipase and transported to other sites
where they are further metabolised. While carbohydrate
stores provide a source of energy in case of a short
term need, fat provides a store of oxidisable material
available in conditions of prolonged carbohydrate
shortage. Thus fat stores are readily broken down in

starvation (Dakley et al., 1975).

Hyperlipidaemi in_di t 1
Lipoproteins are responsible for the
transportation of lipids from the intestines as

chylomicrons, and from the liver as very low density
lipoproteins (VLDL), to most tissues for oxidation and
to adipose tissue for storage. Lipid is mobilized from
adipose tissue as free fatty acids (FFA) attached to

serum albumin. Abnormalities of lipid metabolism occur
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at the sites of production or utilization of
lipoprotein, causing various hy po- or
hyperlipoproteinemias. In diabetes mellitus, insulin

deficiency causes excessive mobilization of FFA  and
underutilization of chylomicrons and VLDL, leading %o

hypertriacylglycerolemia {(Mayvyes, 1990).

Lipid and lipoprotein abnormalities are common in
the diabetic population as insulin deficiency and
insulin resistance affect key phnzymes and pathways  in
lipid wmetabelism {Orchard, 1990}, In addition, post
transcriptional modification of the apopratein
components of plasma lipoproteins by glycosvylation may
interfere with the binding of lipoproteins to important
cell surface receptors and alter their metabolism (Tan

and Betteridge, 1991).

In Type 1 (IDDM) diabetic subjects in good
glycaemic control, lipid levels are similar to normal
controls, whereas those with poor control usually have
elevated ievels, Hence well-controlled Type 1
diabetics have normal level of triglyceride,
cholesterol, Low-density lipoproteins (LDL) cholesterol
and Very low-density lipoproteins (VLDL) triglyceride.
High-density lipoproteins (HDL) levels, while 1low in
untreated or poorly controlled Type 1 diabetic pa-—-

tients, are similar to appropriate non-diabetic control
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subjects or even raised in patients established on

insulin therapy (Tan and Betteridge, 1991).

Patients with Type 2 (NIDDM) diabetes are much
more likely to have an abnormal lipid profile. The
most common abnormality is hypertriglyceridaemia. VLDL
triglyceride can be S0-100% higher than control
subjects. There is no consistent pattern with regard
to concentration of total plasma cholesterol and LDL
cholesteral. HDL concentration has been found in  many
studies to be reduced in Type 2 diabetic patients.

VLDL clearance may be reduced in untreated or

poorly controlled Type 1 diabetic patients as the
enzyme lipoprotein lipase is dependent on adeqguate
insulin concentration for full activity. This
situation is reversed with insulin therapy and VLDL
kinetics in patients on optimum therapy tend to be

normal.

In Type 2 diabetic patients, there is general
agreement that VLDL production is increased but the
mechanism 1is not known. It 1is not clear whether
hyperinsulinaemia associated with 1insulin resistance
directly stimulates VLDL production, or relative
insulin deficiency at the cellular level secondary to
insulin resistance leads to overproduction of VLDL. In

addition to quantitative changes in VLDL, qualitative
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changes in the lipid and apoprotein composition also
ococur. There is an increase in the triglyceride
content of WVWLDL with a corresponding increase in
particle size. Alteration of apoprotein content with
an increased ratio of apoprotein C-II11 to C-1I1 has been
described and this may be of importance as apoprotein
C-II1 is an inhibitor of lipoprotein lipase while
apoprotein C-I! is an activator of the enzyme. LDL
levels are generally raised in poorly control led
patientse but return to levels similar to control
subiects when normoglycaemia is achieved. LDl levels
are more likely to be elevated in Type 2 diabetic

patients (Tan and Petteridge, 1791).

In  wvitro and in_vivo experiments have shown that
insulin increases LDL receptor activity. A further
factor which may alter LDL receptor binding is
qlycosylation of the lysine residues of LD apoprotein
B. LDiL isolated from diabetic patients has beren shown
to have up to 5% lvsine residues glvcosylated., three to
four-fold higher than control subjects. Whether this
will significantly affect binding still remains to be
proved. The enrichment of LDL with triglvceride seen
in diabetic patients may alsc rause decreased binding

and uptake by cells (Tan and Betteridge, 1991).
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In Type 1 diabetic patients, plasma HDL

concentrations, particularly the HDL fraction which is

most closely associated with protection against
vascular disease, are normal or raised. In Type 2
diabhetic patients, HDL. tends to be 1ow. One

explanation is that the hydrolysis of triglyceride—
rich lipoproteins is reduced in Type 2 diabetic
patients with a consequent reduction in transfer of
surface compoenents to the HDL fraction. Other fatctors
are also involved and an inversg retationship,
independent of WDL, has beenn shown between plasma
insulin and C~peptide levels and HDL in Type 2 diabetic
patients. Activity of the liver enzyme hepatic lipase
which is important in HDL metabolism appears to be
elevated in these patients. Several gualitative
changes in HDL  have been described, particularly
enrichment with triglyceride, depletion of apoprotein A
anq an increased ratio of cholestercl to protein. The
significance of these changes needs further

clarification (Tan and Betteridge. 1991).

Insulin Biosynthesis

Insulin is synthesized as a precursor moleculas,
proinsulin, which is converted within the pancreatic
beta cell to insulin (Rubenstein et al., 1972; Horuit:z

et al.,. 1275). Insulin synthesis within the heta cell
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cytoplasm first involves the formation of pre—proinsu-
lin under the influence of messanger—RNA. Ribosomes
transfer RNA amino acids to make the 4, B and C chains
of proinsulin (Figure 11). The chains., linked in the
order AC-BR are formed cliose to the microsomal mem—
brane. The gpre-hormone sequence is cleared away 50D
that folded proinsulin with its A, B and T chains can
be identified in the cyitpplasmic reticulum. Secretion
granules containing the A and B chains of insulin
separated from the connecting peptide appear in the
region of the Golgi zones of the beta cell cytoplasm,
ultimately to be secreted from the cell by emioccytosis

{Bloom, 198B0).

Structure and properties of Froinsulin and Insulin

Erainsulin consists of a single polypeptide chain
ranging in length from 78 (dog)} to 8&6 (bhuman, pig,
horse, rat) amincacid residues. The variations in
length in the mammalian proteins poccur only in the
connecting polypeptide portion which links the carboxy
terminus of the insulin R to the amino terminus of the
insulin A chain (Figure 12}, The known mammalian
praihsulinE have pairs of basic residues at pither end
of the connecting peptide which link the connecting
pelypeptide to the insulip chains. These residues  are

excised during the conversion of proinsulin to insulin,
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giving rise to native insulin plus the remainder of the
connecting polypeptide segment lacking amino - or
carboxyterminal basic residues. This peptide is

designated connecting—-peptide (Rubenstein et al., 19735).

Insulin is a polyvpeptide consisting of 2 chains, A
and B, linked by 2 interchain disulfide bridges that
connect A7 to B7 and AZ0 to R1Z. A third intra—-chain
disulfide bridge connects residues & and 11 of the A
chain. The location of these 3 disulfide bridges is
invariant, and the A and B chaing have 21 and 30 amino

acids respectively, in mbst species (Granner, 199Q).

Déspite its cnnsidérably larger size, proinsulin
is closely similar to insulin in many properties,
including splubility, igneiectri: point, self
associative properties and reactivity with dinsulin
antisera. The connecting peptide (C-peptide) is folded
aver a portion of the surface of the insulin molecule,
but it does not completely mask the "active site",
since intact proinsulin exhibits 3-5 percent biological
activity of insulin in several systems in vitro (Blie~

mann and Sorensen, 1970).



Plasma C-peptide as an indicator gf insulin secretion

The plasma C-peptide concentration has been
interpreted as a semiguantitative measwure of insulin
secretion in a variety of clinical situations (Polonsky
and Rubenstein, 1984). The most important assumptions

on which these methods depend are az follows:

1. C—ﬁeptide and insulin are secreted on an eguimblar
basis from the pancreas. FPolonsky et _al. {(1983),

performed in vivo studies in dogs and the C-peptide and
insulin  concentrations were measured directly in  the
portal vein. Under Basal conditions; a=s well as after
stimilation by intravenous glucose, this ratic varied
between 1.1 and 1.6 which is very close to the
thepretical walue pf 1.0. BSimilarly, in the portal
vein of man during periods of stimulation of insulin
secretion, the C-peptide: insulin molar ratio

approiximates 1.0 (Horwitz, et al., 1975).

2. The hepatic extraction of C-peptide is negligible
under physiologic conditions., Although there is a
great deal of experimental evidence that is consistent
with a negligible hepatic extraction of C—peptide, most
of these studies are not conclusive. In human
subjects, Horwitz gt al. (19753), noted a portal to

peripheral C-peptide ratic of 1.4 in the fasting state,
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and this value increased to 2.7 two minutes after the
start of a rapid intravenous glucose infusion. Because
hepatic vein C-peptide concentrations were not
measured, it was not possible to calculate the hepatic
C-peptide extraction accurately in the study. However,
since hepatic wvein C-peptide concentrations are
intermediate between those in the portal vein and
periphery, the observed ratios are consistent with, but

do not prove, negligible hepatic C-peptide extraction.

3. The metabolic clearance rate (MCR) of C-peptide is
constant under physiologic conditions and over a wide
range of plasma concentrations. AN important
prerequisite for the use of C-peptide as an indicator
of insulin secretion is the demonstration that 1its
metabolic clearance rate is constant under different
physiological circumstances and over the range of
plasma concentrations usually encountered in these
situations. The MCR of C-peptide has been studied
under basal conditions in laboratory animals and man.
Constant i1infusion studies performed in the rat using
C-peptide isolated from bovine pancreas indicated that
its metabolic clearance rate (4.6 + 0.2 ml/min) was
independent of its plasma concentration over a range of
Ing/ml to more than 15ng/ml (Katz and Rubenstein,
1973). Similarly, the metabolic clearance rate of

infused dog C-peptide (11.5 + 0.8ml/kg/min) was
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constant at concentrations encountered under normal
physiologic cirmumstances (Polonsky et al., 1983).
Because of lack of availability of sufficient
quantities of bhuman C-peptide this question has not
been adequately evaluated in man. Faber et al. (1978),
were able to study the MCR of synthetic human C-peptide
in normal control and type 1 diabetic subjects by
analyzing the exponential decay curves after single-
daose injections. The C-peptide MCR NET
indistinquishable in control and type 1 diabetic
subjects. In a single subject, the C-peptide MCR
measured by the constant—-infusion technigue was
comparable with that obtained after bolus injection,
and was found to be independent of 1ts plasma
concentration. It should be stressed that the lack of
additional data on C-peptide kinetics in human subjects
has forced investigators to use the mean result from
the above experiments for all calculations in which the
insulin secretion rate is derived from peripheral C-
peptide levels. The limitations pf this situation are:
i. all the experiments reported by Faber et al. (1978).
were performed under fasting conditions and their
application to other situations, such as after meal
ingestion, in obesity and cirrhosis is currently un-

known .



11; The use of a single value for the C-peptide MCR
does not permit investigators to assess the potential

variability in this parameter in different subjects.

iii. The resolution of plasma C—peptide decay curves
“into more than one exponential as was carried out in
the =study using the single-injection technigue (Faber
et al., 19278), is a difficult and at times arbitrary

procedure; particularly when the plasma concentrations
are low. The difference between resulis obtained with
this technigue and those derived from other methods bof
calculating the C-peptide MCR (such as the constant-—
infusion technigue) are vyet to he determined. Untill
it ig possible for each investigator to study the MCR
of C-peptide in individual subjects and use these data
for the calculation of C-peptide secretion rates., the
validity of using the results of Faber gt _al. (1978}

for all studies will not be known.

Metabolic conseguences of lack of Insulin

In diabetes mellitus, because of an inadequate
insulin secretion, or an inadeguate tissue response to
inswlin, there is deficiency of insulin actions.
Transport of glucose into musele and adipozme tissue is
restricted, and blood glucose therefore rises. In

addition, the breakdown of neutral fat to free fatty
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acids and glycerol is increased and there is a rise in
the fatty acid content of the blood. The increased
catabolism of fatty acids by the liver results in a
greater production of ketone bodies which diffuse out
from the liver and pass to the muscles for further
oxidation. As the diabetic state worsens the ketone
body 1levels increases and, as the capacity for their
oxidation 1is exceeded, ketosis become progressively
more severe. Less amino acids are taken up by tissues
and protein breakdown is greatly increased. At the
same time the enzymes responsible for gluconeogenesis
are activated by the absence of insulin with a conse-
quent increase in the production of glucose, mainly
from the liver at the expense of protein. The lack of
insulin depresses protein and fat synthesis and. when

prolonged, leads to an increase in their breakdown.
These changes can be reversed by insulin, although
some, such as the reversal of gluconeogenesis, may take

many hours (Oakley et al., 19735).

Since all tissues require insulin (bound to the
receptor site) for glucose metabolism and normal
cellular function, all steps leading to and including
this binding are logical sites for genetic errors that
could result in diabetes. This permits the speculation
as to the location of the primary defects. Among these

defects might be an inability of the pancreas to
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synthesize, =tore, and relepase appropriate amounts of
insulin in response to need; errors in the transport of
insulin to the target tissues; incompetent of insulin
recepior sites that interfere with the normal binding
of insulin; a deficiency in glucose tolerance factor
that facilitates insulin binding to the receptor site
and erxtess levels of other hormones that inter fere or
compete with insulin for the binding site (Berdanier,

1974).

Other hormones and the control of blood sugar

Besides insulin there are gther hormones which
significantly influence the control of blood sugar.
The mopst important of these are growth hormone,

glucagon, adrenaline, ACTH and adrenal steroids.

Growth bormone: BGrowth bhormone regulates metabolism in

the growth period and probably alsoc in states of
carbohydrate deprivation, such as fasting. Growth
hormone also increases the breakdown of fat, thereby
sparing oxidation of carbohydrate and increasing blood

glucose.

Glucagon: Glucagon, produced in the A cells of the
igslets of Langerhans, opposes the action of insulin and
raises blood glucose. It does this by increasing

glycogen breakdown (by raising levels of cyclic-AMP in
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the liver) and also by increasing gluconeogenesis.
Glucagon acits by activating phosphorvlase. Glucose-1-
phosphate is readily converted to glucose—-6—phosphate

which is readily hydrolysed to give free glucnse.

Adrenaline: Like glucagon, adrenaline raises blood
sugar. Ry raising the level of cyclic—AMP in liver the
activity of liver phosphorvlase is increased and
glvycogen is broken down to glucose. Another important
effect of adrepaline is to inhibit the secretion of
insulin. This effect may be especially important in
praoducing the hyperglycaemia of adrenaline-secreting

tumours.,

Adrenocorticotropic hormone (ACTH) and Adrenal steroids

Adrenal steroid=zs, particularly those with an
oxygen atom at position 11 on the steroid ring. may
raise blopod sugar and increase glycogen experimentally.
The same effect is produced indirectly by ACTH produced
by the pituitary. In man, the diabetogenic effects of
adrenal steroids such as tortisone are well known,
Cushing's disease, in which steraids are produced in
excess, and steroid therapy quite commonly lead to mild
diabetes and, conversely, in Addison’'s disease, in
which there is steroid deficiency, there is increased

insulin sensitivity. Adrenal steroide therefore have a
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significant influence on carbohydrate metabolism.,
Their principle mode of action is to arcelerate
gluconeogenesis from tissue protein by increasing

enzyme activity in the liver. This effect ot =sterecids
is important in starvation and in diabetic ketosis,
Adrenal steroids may alsc limit glucose uptake by cells

{Dakley et_al., 1973).

2.8 Feod and drug interactions

Food can be described as what one takes into the
body system. which when digested nourishes the body to
maintain life and sustain or promate growth while drug
ise a chemical compound of synthetic., natural or
biological origin which interacts with animal cells and
the resultant action may be o cure or to reduce iltl
effects in the human or animal body. Unless advised to
the contrary, patients Ffrequently take drugs with
meals, the meal time acting as a suitable reminder.
Evidence has shown that the presence of food in  the
gastraointestinal tract (61 tract), and in particular
the stomach, can have a marked vet unpredictable effect
on drug absorption {(Welling, 19773 Melander, 19783

Toothaker and Welling, 198C).

The eprxtent +to which food may alter circulating

levels of an orally dosed compound i= freguently far
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greater than that which may occur due to changing a
drug brand or formulation, so that the enormous
expense involved in producing a particular drug
formulation may be wasted if due attention is not paid
to this easily controllable and yet often ignored

factor (Welling and Tse, 1982).

Food components may interact directly with drugs
in a variety of ways, these generally leading to
decreased drug availability. Examples are chelation of
drug by polyvalent metal ions (Dearborn et al.. 1957),
or complex formation with proteins (Kohn, 1961). Food
can also act as a mechanical barrier, preventing drug

access to the mucosal surface of the intestine.

The formulation in which a drug is administered is
likely to have a profound effect on the outcome of a
particular food-drug interaction. Solutions and sus-—
pensions are generally less susceptible to the influ-
ence of food than other dosage forms because of their
greater mobility within the gastrointestinal tract and
the relative ease with which they pass from the stomach
into the small intestine. On the other hand, enteric
coated tablets are particularly susceptible to food
interactions, as the presence of food may cause the
intact dosage form to remain in the stomach for several

hours after dosing.
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Interactions between food components and porally
administered drugs may have threee possible outcomes.
Drug absorption may be decreased, not affected or
increased., and all of these have been ocbhserved {Welling
and Tse, 1982). Food has been shown to reduce the
bioavailability pf the nopn-esterified penicillins
{(Cronk et al., 19240), ampicillin {Jordan et _@al.,
1981 and amoxycillin {Welling, 1977}, Similarly the
absorption of many of the cephalosporins is either

delaved or reduced by food (McCracken et al.. 1978).

Most studies carried out on erythromycin base in
" plain tablets or capsules have reported that food
delays and/or reduces drug bicavailability {(Josselyn
and Sylvester, 1702; Smitbh et 2l1., 1983). The majority
of the studies with coated tablets reported that

absorption is either delayed or unaffected by food
{Smith et al., 1953; and Bachtol et _al.,

1979). Dthers however , have reported reduced
absorption af erythromycin base from enteric coated
tablets in non-fasting individuals {Maytvla et al.,
1978). The abseorption of erythromycin base from
capsules containing enteric coated pellets was delayed,
but not reduced, when they were taken immediately

following a standard breakfast (Rutland et al.. 1979).
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Fond intake reduces the bicavailability of
rifampicin {Acncella, 1978B; Polasa and Krishnaswamy,
1983} and isoniarid (Melander et al., 1974a). Mannisto
et al (1982} have shown that the AUC for ketoconazple
is significantly reduced by a high carbohvdrate low fat
meal . Food delayed but did not reduce the extent of
metronidazole absorption in healthy subjiects and

patients {(Melander gt _al., 1977a). Absorption of the

antifungal agent griseofulvin was increased by fatty
meals (Crounse, 19613 Kabasakalian et al., 1770}, but
appears to be unaffected by high protein or high
carbohydrate meals (Crounse, 1941}). Co-administration
with food increases the bipavailability of
nitrofurantoin by up to 400X (Bates et al.., 1974;
Rosenberg and Rates, 1974). This pffect is maximal for
those formulations of the drug with  the poorest
dissolution characteristics, suggesting that the effect
is at least in part due to better dissolution resulting
from delayed gastric empiving (Rosenberyg and Bates,
1976). Nigerian fatty meal significantly increased the
extent of absorption of nitrofurantoin, the fatty meal

gave rise to 404 increase in the bipavailability pf the

drug (Ogunbona and Dluwatodima, 1986).

In rontrast to these observations concerning
nitrofurantcin, the bicavailability af the newer

quinclone antibiotics (e.g. ciprofloxacin) is nat
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greatly perturbed by food (Neuman, 1988).

Mebendazole, when given to fasting healthy
subjects, achieved plasma concentrations below 18nmole
/Lz when the same dose was given to the same subjects
with fatty food, the peak plasma concentrations were
21, 112 and 142nmole/ L and AUC was similarly
increased (Munst et al., 1980). Flubendazole, a p-fluoro
derivative of mebendazole, when given with a fatty
meal, like mebendazole gave a higher plasma

concentrations (Michiels et al., 1982).

One study reported that food had no effect on
pivampicillin absorption (Foltz et al., 1971), but
others have demonstrated a distinct reduction in
circulating antibiotic levels due to food (Bergan,
1972; Magni and Siovall, 1972). In a study in which
pivampicillin was administered to healthy volunteers,
mean peak serum antibiotic levels were reduced from 4.5
to 3.3mg/L by the presence of food and the area under
the serum level curve was reduced from 15.3 to 8.0mg

/L (Fernandez et _al., 1973).

Two studies have shown that the absorption of
cephalexin may be significantly reduced when ingested
following a meal. Peak serum levels of antibiotic
activity were reduced to 12mg/L following single 500mg

doses in non-fasted individuals compared to 18mg/L in
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fasted individuals and urinary recovery was also
reduced from 78-100% to S50-70%4 of the dose (Mavers et
al., 19469). Cephalexin absorption was also reduced by
concomitant administration of milk in children

(McCracken et _al., 1978).

Reduced biocavailability of tetracyclines due to
chelation with heavy metal ions, and binding to
macromolecules is well documented { Neuvonen and
Turaka, 1974; Schumacher, 1975 and Braybrooks et al.,
1973). While the absorption of all the oral
tetracyclines is reduced to a similar extent by ion
salts (Neuvonen et al., 1970), doxycycline absorption
is affected less than the other tetracyclines by milk
and dairy products { Neuvonen et al., 1971).
Doxycycline absorption is also influenced by solid
diets than tetracycline or demethylchlortetracycline

(Rosenblatt et al., 1967 and Welling et _al., 1977a).

Harvengt et al (1973) compared the absorption of
cephradine and cephalexin after oral doses to six
fasted subjects and then to the same subjects 30 min
after breakfast. Serum levels of both compounds were
depressed at 30 min after the non-fasting dose, but
peak drug levels, times of peak levels, and also the
total urinary recovery of antibiotic activity were all

unaffected. In a subsequent study by Mischler et al.
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(1974), cephradine absorption was shown to be markedly
delayed when it was administered immediately after a

meal.

While the availability of most sulphonamides is
delayed by food (Melander et al., 1976b), the
availability of sulpbamethoxydiazine is increased
(Kaumeier, 1979; Kaumelier et al., 1979). Food caused a
delay in absorption of sulphamethoxydiazine, and peak
drug levels in plasma were not reached until 10h after
dosing, compared to 7h in fasting individuals.
However, peak plasma concentrations were bhigher, and
the area under the plasma curve was almost doubled.
High fat meals appear to bhave a greater effect on
sulphamethoxydiazine availability than high

carbohydrate or high protein meals.

High carbohydrate diet greatly prolonged the
half-life of theophylline in children, whereas high
protein diet markedly decreased the half-life (Feldman
et al., 1980). Heimann et _al (1982) reported that the
rate of theophylline absorption was significantly
decreased when the drug was given with food; mean
maximum serum concentrations were reached after 4.7h
instead of 1.6h under fasting conditions. However, the

amount of the drug absorbed did not differ between the



70

two groups. Food did not influence the absurptinn of
theophylliine from Theolin Retard. The bipgavailability
was complete (3% after 30h) hoth with food and without
food, and np difference was found in tha time to peak
of the plasma concentration curve (7h). The absorption
characteristics did not change with intake of breakfast

(Sips et al., 1984).

Melander and Wahlin-Boll {1978) have shown that
the extent of absorption of dicoumarol is significantly
increased by food., Melander ef al. (1977h) reported an
enhancement of canrenone binavailability from spirono—
lactone by fopod. The results of their study indicates
that more canrenone enters the general circulation when
spironolactone is taken together with food than when

the drug is taken in the fasting state.

The intestinal abzsorption ot propranclol,
metoprolol and labetalol is virtually complete
{Winstanley and Orme, 1989). but administration of the
drugs to non-fasted subiects significantly increases
their bioavailability {Melander gt al., 1977cy
DaﬁEEhmend and Roberts, 1982). Food ha=s been shown to
increase the bipavailability of preopafencne in  healthy

volunteers (Axelson et al., 1978). A high-protein meal

has been reported tp have no effect on verapamil

hipavailability {Woodcock et al., 1986) . The
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bipavailability of the hydrophilic drug atenol has been

reported to be reduced by food (Melander et _al., 1979).

The anticholinergic effects of propantheline are
inhibited when given with food (Ekenved et al., 1977).
Kennedy and Wade (1982) reported that food delayed the
absorption of phenyteoin but there was no difference in
the total bicavailability as determined by the area
under the plasma concentration-time curve. The effect
of food on the pharmacodynamics of tolmesoxide had also
been studied. Food caused a significant reduction in
the peak plasma concentration and a significant 1in-—
crease in the time to reach peak plasma concentration

of the drug (Elliott et al., 1982).

Food has been shown to decrease the absorption of
paracetamol but area under the blood concentration time
curve did not differ significantly (McGilveray and
Mattock, 1972). In another study, paracetamol is not
affected by fat or protein meals but carbohydrate -
rich meals reduced the rate of absorption of the drug

{(Clement, 1978).

koo and Greebiatt (1980), demonstrated that
ingestion of quinidine with a standard breakfast
affects the rate but not the extent of qguinidine
absorption from the gastrointestinal tract. Conney et

al. (1976) reported that a diet containing charcoal-
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broiled beef markedly decreased the plasma levels of
phenacetin without appreciably influencing the plasma
concentrations of phenacetin’s metabolite N-acetyl-P-

aminophenol, or the plasma half-life of phenacetin.

Concomitant administration of food was found to
have little effect on the bipavailability of
glibenc! amide (Sartor et al., 1980a). However, food
intake significantly delayed the absorption of
glipizide both in diabetic and in normal subjects
(Wahlin—-Boll et al., 1980). #Antal et al (1982), observed r
difference in peak serum concentration of tolbutamide
or the time of its occurrence and the rate of
absorption in diabetic patients. They however observed
a statistically significant decrease in the extent of

the drug absorption when taken with meal.

Melander et al. (1977d}, demonstrated that food
enhances the bioavailability of hydralizine 2-to 3-fold
both when non coated and coated tablets are used.
Asprin absorption is influenced by food ingestion, the
peak concentration of unchanged aspirin was 40 to S0X
reduced by food and the rate of absorption was also
decreased by food (Koch et _al., 1978). Food has been
shown to reduce the inhibitory effects on both gastric
and salivary secretion of the anticholinergic drug

propantheline (Gibaldi and Grundhofer, 1975). This
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drug should be given between meals 1f 1its maximum
antisecretory effects are reguired. Alcohol
bipavailability is reduced when taken with food but
the rate of absorption is not affected, suggesting that

alcohol interacts with food in the gut lumen (Welling

A high protein diet reduces the plasma levels of
Levodopa used in treating parkinson’'s disease {Sweet
and Mcbowell, 1974). On average, a diet containing
iess than 10g protein daily almost doubles the plasma
concentration. Thise effect may be euplained in two
ways. Firstly, by delaying gastric emptying, the meal
causes leveodopa tc be retained in the stomach and
degraded. Secondly, digestion librates amino acids
from the protein which compete with levodopa for active
uptake in the small intestine which is its major site
of absorption. Beta-adrenergic blocking agents, hydra-
lazine and methoxypsoralen also show increased absorp-—
tion when given with food (Toothaker and Welling,
1980). Food changed the distribution of diazepam
(Naranjo et _al., 1980). When fats are eaten following
an intravenous injection of diazepam the plasma concen-—
tration of unbound {(and thus active) diazepam rises,
probably because diazepam is displaced from binding to
plasma and tissue protein by fatty acids (Naranjo et

al 1980).

===
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2.6 Dbjective and Scope of the Study

Oral administration of drugs is convenient and linking
drug doses to daily routines such as meal times can  improve
compliance (Haynes et al., 1979}. However, interindividual
variation in drug response, particularly following oral
administration, has long been a problem. Since this
variation can result in therapeutic failure or drug toxicity
{FRoutledge, i9a8}). In the past, variatipn in the
composition, strength or formulation of the drug has often
been responsible for such problems; Nowadays, atleast in
the ‘developed world’ such formulation problems are rare,
even 5o dose-response relationships still vary from patient
to patient (Winstanley and Orme, 1989). While such wvaria-—
tion may result from pharmacodynamic factors, pharmacokinet-

ic factors are also important (Winstanley and Orme, 1989).

Many | factors which influence
pharmacokinetic/bioavaialability data can be changed by
food, both ‘acutely’, if a drug is taken with a meal and
‘chronically’, where regularly consumed food items influence
drug dispositiaon. The npature of these interactions is
complicated and is & fumnction cf the type and size of the

meal, the chemical and physical Fform of the drug, the dosage
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form and the time relationship between eating and drug
administration. It should be noted that as well as
changing the pharmacokinetic of some drugs, food can alter

their pharmacodynamic effects (Winstanley and Orme, 1989).

The effect of food intake on the absorption of drugs
has received much attention in recent years. Published
reviews of this topic have demonstrated that drug food
interactions may result in reduced, delayed or increased
absorption, or there may be no effect at all (Toothaker and
Welling, 1980). The clinical significance of these
interactions depends both on the type of drug and the extent
of change in absorption. Since a specific drug—food
interactions may be a result of physiological changes in
gastrointestinal tract, or physico-chemical interactions
with the drug molecule itself, it is difficult to make
general rules regarding potential interactions. Therefore,
it is best to evaluate a potential interaction on an
individual drug basis, in a group of subjects 1in a

population at risk (Antal et al., 1982).

The best diet for diebetic patients has been a
controversial issue for many years and still has not been
resolved satisfactorily (Grundy, 1991). There has been, and
continues to be disagreement among workers in the field of

diabetes as to the relative merits of a high-carbohydrate
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versus a low-rcarbohvdrate diet in the treatment of diabetics

{Fajans, 1972}.

The discovery of insulin in 1921 made it possaible to
liberalize carbohydrate diets intake. 1In 1923 Geyelin began
tc prescrihe high-—carbohydrate dietse to diahbetic patients
treated with insulin. In 1935, after reviewing 10 years of
his experience with the high-carbohydrate, low-fat diet, he
concluded that the increased effectiveness of insulin  that
consistently followed the institution of a high—
carbohydrate diet was "chiefly dependent on the degree to

which fat i=s curtailed" (Goodhart and Shills, 1978).

Raizing carbohvdrate intake from 40 tno 60 percent had
tbeen reported to have no deleterious effect in diabetic
patients (Ernest et al., 1965). The reole of carbohydrate
intake in the control of the plasma lipid levels was noted
by Stone and Connor (12465). They increased the carbohydrate
intake from 40 +ton &4 percent, together with other
manipulations of the diet, and noted improvement in  the
hyperglycaesia, hypertriglvceridemia and hypercholesteroclemia
in their patients. Their goal was to keep their patients 5
to 10 pounds under their average body weights. They
suggested that even less fat be included in the diet than
previous observers had advocated and they believed that the
restriction of dietary fat would help lower the incidence of

cardiovascular - renal disease. They also observed that
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"potential diabetes can be activated and mild diabetes can
be made severe by rigid restriction of carbohydrate.
However, Burns-Cox (1969) reported that a high intake of
refined carbohydrate results in an increased incidence of
atherosclerosis in diabetics, but this has been seriously

challenged.

Brunzell et al. (1971), demonstrated an improved glucose

tolerance with high carbohydrate feedings in mild diabetics
by maintaining the subjects with mild diabetes on basal (45
percent) and high (85 percent) carbohydrate diets in order
to evaluate the effect of increased dietary carbohydrate in

diabetes mellitus.

Weinsier et al (1974} studied the effect of high and
low carbohydrate diets on diabetes control, insulin
secretion and bleood lipids. Despite an increased
carbohydrate load from 40 to 60 percent (with fat decreased
from 45 to 25 percent), insulin secretory capacity was
maintained, serum cholesterol was not altered by the change
in dietary fat and the high-carbohydrate intake did not

increase the mean level of serum triglycerides.

Simpson et_al. (1979), demonstrated an improved glucose
tolerance in Type 1 and Type 2 diabetic patients by raising
the patients carbohydrate intake from 40 to 60 percent.

Their results were more impressive in Type 1 than in Type 2






