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ABSTRACT

About 75% of an I.W. administered dose of tolbutamide in the

sheep could be accounted for in terms of urinary excretion of parent

compound (13%) and metabolites (62%). Of the accountable metabolites,

90% represented hydroxytolbutamide and the balance carboxytolbutamide.

The plasma disposition kinetics of an I. V. bolus of tolbutamide in the

sheep could be described by a one compartment model, or a two compartment

model with a rapid (tº of 0.5 to 1 hr) initial decay phase. The normal

terminal log linear half-life in plasma ranged from 3 to 5.5 hr. The

apparent volume of distribution had a range of 18.5 to 24.5% considering

an average body weight of 50 Kg, while the total body clearance ranged

from 12.7 to 39.1 ml/min based upon total plasma concentration. A

0.9 Gm I. V. bolus of tolbutamide caused a pronounced hypoglycemia

followed by recovery to baseline values in 2 hr.

A two compartment model characterized the plasma concentration

time curve of hydroxytolbutamide after its I.V. administration in the

sheep. In 2 experiments its terminal log linear half-lives were 13.5

and 26 min. While most of the dose (91.8 to 99.9%) was recovered in

the urine, 90% of the recovered product represented the parent compound.

The plasma clearance determined during an I.V. infusion (738 ml/min)

appeared to approximate renal plasma flow. A 250 mg I. V. bolus of

hydroxytolbutamide had no apparent hypoglycemic activity, but rather

a decided diuretic activity described by a positive free water

production.



A 4 Gm I. V. bolus of sulfadimethoxine in the sheep resulted in

a plasma concentration-time curve appearing to be approximately bi

exponential. Kinetic analysis suggested a distribution (*) half

life of 1 hr, terminal half-life of 7.4 hr and a plasma clearance

based upon total concentration of 31.8 ml/min. This dose had an

insignificant hypoglycemic effect. Log unbound plasma concentration

(cr)- and log total plasma concentration (c)- time curves after most

I.V. doses of sulfadimethoxine in the sheep exhibited continual
co oo

curvature. Evaluation of Dose vs ■ Crdt Or ■ Cºdt suggested that
o©

the unbound plasma concentration of sulfadimethoxine dictated the total

body clearance of sulfadimethoxine (235 ml/min).

Tolbutamide (100 mcg/ml) in sheep plasma was bound 85%. The

principle binding site for tolbutamide had an apparent association

constant of 1.1 x 10°M-1 with this binding site concentration

(7.6 x 107*M) approximating twice the albumin concentration. Addition

of sulfadimethoxine (100 and 200 mcg/ml) to sheep plasma containing

tolbutamide (50 mcg/ml) caused a 50 and 100% increase respectively in

the unbound tolbutamide concentration in vitro.

Sulfadimethoxine zero-order infusion (2 Gm/hr x 3 hr) in the

sheep, in the presence of a steady-state tolbutamide plasma concentration

(61 mcg/ml) caused a prolonged increase (100 to 220%) in the unbound

tolbutamide concentration. The extent of the changes suggested that

tolbutamide was protein bound extravascularly and that its distribution

might be limited to the extracellular fluid. The renal clearance of

neither tolbutamide nor hydroxytolbutamide were inhibited by sulfadi

methoxine. Steady-state administration of tolbutamide (95 mg/hr)



followed subsequently by steady-state sulfadimethoxine (285 or 400 mg/hr)

indicated that the unbound tolbutamide plasma concentration dictated its

renal clearance (16.5 ml/min). This co-administration of agents in the

sheep also revealed: 1) the total body clearance of tolbutamide might

be dictated by the unbound tolbutamide plasma concentration (215 ml/min);

2) this total body clearance based upon unbound tolbutamide plasma

concentration changed to 86 and 70 ml/min at steady-state plasma concen—

trations of sulfadimethoxine of 120 and 168 meg/ml respectively;

3) the interaction could adequately be described as metabolic inhibition

and protein displacement of tolbutamide by sulfadimethoxine;

4) calculation of metabolic inhibition constants (Kr (mcg/ml)) allowed

a reasonable description of the interaction of sulfadimethoxine and

tolbutamide in the sheep at steady state.
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CHAPTER I

I. Introduction

Many drugs, both of natural origin or the result of man's synthetic

achievements, have taken their place in the physician's armament against

a host of disease states. Drugs have in fact become the first and often

the only weapon to be employed in many diseases. The co-administration of

various drugs has been a common practise, especially when a patient is

observed to bear concomitant illnesses. This simultaneous administration

of drugs may occur even with a single pathological condition when one drug

alone is known not to provide the necessary action. Self-medication by a

patient provides yet another source of possible ingestion of more than one

drug. Of course the term "drug" should be broadened beyond the regular

physician-prescribed pharmaceutical entities to include materials such as

alcohol, some foods, insecticides, possibly food additives and other

chemical agents.

The mere presence of a drug in the human body may elicit a single

or series of reactions of various types. Many chemical reactions are the

result of a simple mutual presence of two chemicals and thus it should not

be too surprising that reactions occur in the body which cannot be accounted

for by the presence of each single entity when two drugs enter the body

concomitantly. Such unaccountable drug interactions are known to exist in

various forms. stockley" has classified drug interactions as occurring

within particular phases of drug activity, namely (1) the pharmaceutical

phase (involving the release of the drug from the pharmaceutical preparation

and its possible chemical incompatability with other ingredients), (2) the

pharmacokinetic phase (where interactions are mediated by changes in drug

absorption, binding, metabolism and excretion), and (3) the pharmacodynamic



phase (interactions principally mediated at specific sites of drug action).

It should be noted however that any classification is rather arbitrary

since a given drug interaction may occur in a combination or even all of

the 3 phases of activity cited.

Interest in drug interactions has blossomed in recent years as

evidenced by the numerous publications related to this area. There is

little doubt that investigators have only scratched the surface with regard

to adverse drug interactions which either cause deleterious effects or lead

to ineffective therapy. The most information is known about those inter

actions in which the effects of the interaction are readily measurable

(e.g., oral anticoagulants - prothrombin time; antidiabetic drugs - blood

glucose). Lasagna? has commented:

"It is apparent not only that a problem exists but also
that, despite the fairly high frequency of reported
trouble from drugs, the publicized cases constitute
merely the floating tip of an iceberg, with much of the
difficulty remaining hidden beneath the surface of our
awareness."

As the awareness of possible drug interactions increases, it is felt that

more cases will be reported.

Many articles have been written concerning drug interactions, which

are useful, but little more than topographical maps with 1jittle weighting

as to the quantitative significance of any cited interaction. Table I

gives a brief list of some of the contributions in the field.



Table I: Some drug interaction publications

A. Reviews

Title Author (s) Year

Mechanisms of drug interactions Stockley, I.H.” 1971
1. Basic principles

Drug interactions. III. Classes of drugs Hartshorn, E.A." 1970
Interaction of cardiac drugs

Alcohol-drug interactions Parker, W.J.” 1970

Hypoglycemic agents. Their interactions Hussar, D.A." 1970

Drug interaction King, T.M. 7 1967
and Burgard, J. K.

Phenobarbital. Interactions with Cucinell, s.A.” 1972
other drugs.

Drug interactions. Principles and Mannering, G.J.” 1971
problems in relation to drugs of abuse.

Drug interactions in clinical medicine Rosenoer, W.M. 10 1972
and Gill, G. M.

Interactions of drugs and foreign Brown, s.s.” 1972
compounds

B. Books

- - - 12
Hazards of medication Martin, E.W. 1971

Drug interactions Hansten, P.D.13 1973



The many interactions which occur may easily be classified,

according to Hansten,” in the following way: (1) ADME Interactions,

(2) Pharmacologic Interactions, and (3) Miscellaneous Interactions.

Although this division is again somewhat arbitrary due to a possibility

of combinations, yet it will be followed in order to give a brief overview,

illustrating some of the various mechanisms which have been reported in

the literature.

A. "ADME" Interactions:

Drugs may affect the absorption, distribution, metabolism, or

excretion ("ADME") of other drugs. This category then includes those inter

actions in which gastrointestinal absorption of a drug is affected, plasma

protein binding is affected, drug metabolism is altered, or urinary excretion

is enhanced or inhibited.

1. Absorption:

Many drugs are administered orally for absorption along the gastro

intestinal tract. A wide range of conditions may reduce or increase the

rate and extent of drug availability. In a classical example, there is

experimental evidence that tetracyclines complex with di- and trivalent ions

which reduces their absorption through membranes. Antacids containing

ca”, Mg" Or A1+++ may therefore possibly lower the absorption of the

tetracyclines by this mechanism.” Some of the saline purgatives like

magnesium and sodium sulfate cause both dilution of the gut contents as

well as "intestinal hurry" which can reduce the absorption of some

materials.” Theoretically one might expect changes in the pH of the gut

to alter the ionization of many acidic and basic drugs to such an extent

that gross changes would be seen in drug absorption, but there is little

evidence that such changes are of real clinical significane. There has



5.

also been a suggestion that anticholinergics and ganglionic blockers, which

reduce the peristaltic movement of the gut, could affect the absorption of

compounds.

2. Distribution:

Some compounds which enter the body's general circulation are carried

solely in solution in plasma water, but a large number become bound to a

greater or lesser degree to the plasma proteins. Drugs may interact by

competing with one another for the same binding sites, the drug with the

higher affinity for the area displacing the other drug. This competition is

governed by the law of mass action and therefore also depends upon the

concentration of the competing species. The displaced drug, denoted "free"

drug, may thus rise in the presence of another agent, leading to an

exaggerated pharmacologic response or more rapid elimination. The assumption

here is that the free drug is responsible for the therapeutic action as well

as its eventual elimination. The protein-displacement concept has been

forwarded to account for exaggerated responses in the co-administration of a

considerable number of compounds which are highly bound in the blood. These

compounds include the sulfonylureas, anticoagulants, some sulfonamides, some

anti-inflammatory compounds and other agents. The enhanced anticoagulant

response is marked and occurs in nearly all patients treated with phenyl

butazone and warfarin.” Various agents have been shown to enhance the

bacterial activity of sulfonamides, presumably due to protein-displacement.”

3. Metabolism:

Many drugs are chemically changed by the body into less lipid-soluble

derivatives so as to aid in their excretion. This biotransformation is

carried out predominantly by the liver. In response to the presence of



some drugs over a period of time, an increased rate of metabolism is

observed. Enzyme induction has been demonstrated quite substantially with

the barbiturates. Chronic administration of phenobarbital has resulted in

an accelerated metabolism of a variety of drugs such as bishydroxycoumarin,

diphenylhydantoin and antipyrine.” Although enzyme induction is important,

drug interactions which result in enzyme inhibition are of greater concern

since drug activity is increased due to the accumulation upon prolonged

administration, which results from the decrease in metabolism. Of the

enzyme inhibitory drugs, the monoamine oxidese inhibitors are probably the

most notorious, causing a rise in the levels of several biologically active

amines within many tissues. Concomitant administration of agents such as

sympathomimetics (amphetamine, ephedrine, etc.) cause a number of greatly

exaggerated responses such as high blood pressure." The administration

of disulfiram in therapeutic doses to adult males who had received treatment

with phenytoin (diphenylhydantoin) over a period of years resulted in a

100-500% rise in the concentration of serum phenytoin in the course of

9 days, apparently due to a decrease in the rate of degradation of phenytoin.”
The administration of dicumarol to diphenylhydantoin-treated volunteers

caused an increase in the serum-diphenylhydantoin level and a very con

siderable increase in the half-life (9–336 hr) of diphenylhydantoin

evidently due to a metabolic block.”

4. Excretion

Most drugs are excreted through the kidneys. Since most drugs are

either weak acids or bases, they will be present in solution in the tubular

filtrate in both ionized and unionized forms, only the latter being able to

pass through the tubule because of its lipid solubility. The proportion

of molecules in each form depends upon the drug and the pH of the filtrate.



It is quite apparent then that a change in tubular pH which increases the

number of lipid insoluble molecules, may increase the loss of drug in the

urine. However changing pH influences drug elimination significantly only

when the fraction of drug renaly cleared becomes large under the conditions

of interest. Alkalinization of the urine with sodium bicarbonate decreases,

while acidification with ammonium chloride increases the extent of urinary

excretion of unchanged amphetamine after its administration.” Elimination

of potentially toxic drugs may be expedited by appropriate adjustment of

urinary pH. This has already proved useful in phenobarbital and salicylate

intoxications.” In addition to the above mentioned method of excretion,

many drugs and their metabolites are actively secreted by the proximal

tubular active transport mechanism and interactions may arise from competition

for this system. The hypoglycemic action of acetohexamide is enhanced by the

simultaneous administration of phenylbutazone.” This is apparently due

to inhibition of the renal excretion of the active hydroxy metabolite. One

might say that there have been some sweet uses in adversity involving drug

combinations. The acidic drug probenecid which blocks the renal active

transport and thus the excretion of a number of compounds has been used

beneficially to prolong the sojourn of ampicillin in the body thus making

- - - - - - - 2the antibiotic more effective in the treatment of gonorrhoea.

B. Pharmacologic Interations:

Drugs may have additive or synergistic pharmacologic effects resulting

in untoward reactions. On the other hand antagonistic pharmacologic effects

may exist causing a reduction in action. In either of the above cases, the

action may be mediated at the same or different receptor sites. Most

pharmacology texts will give an in depth treatment of various receptor



8.

sites at which certain drugs may act. An example would be the drugs that

act at synaptic and neuroeffector junctional sites such as all preganglionic

autonomic, all postganglionic parasympathetic, and a few postganglionic

sympathetic fibers at which acetylcholine is the neurohumoral transmitter.”

It would then be unadvisable to co-administer a parasympathomimetic and an

antimuscarinic agent. The adrenergic fibers which comprise the majority of

the postganglionic sympathetic fibers have norepinephrine as the neurohumoral

transmitter. Beta-adrenergic stimulation by isoproterendl is specifically

and competitively antagonized by appropriate doses of propranolol. The

phenothiazines are extremely useful in psychiatric disorders when patients

require tranquilization. Yet, because phenothiazines can block alpha

adrenergic receptors, the choice of drugs for the treatment of hypotension

is limited. If the pressor used elicits both alpha- and beta- adrenergic

responses, the net effect during alpha receptor blockade could be beta

mediated arterial dilation and, paradoxically, exaggerated hypotension.

Possible additive action, or potentiation in untoward effects is another

area of pharmacologic interactions which requires caution during the co

administration of drugs. Ethacrynic acid should be used only with extreme

caution in patients receiving aminoglycoside antibiotics such as kanamycin”
since the diuretic can produce ototoxicity which may add to or potentiate

the ototoxicity of kanamycin.

C. Miscellaneous Interactions:

This group is conveniently comprised of those interactions which

cannot be assigned to the above classifications. It would be tedious to

attempt an in depth overview in such a classification as this. Only a few

examples will be given. In some patients, drug toxicity is not produced
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by simple additive effects of drugs given simultaneously. Toxicity appears

as a result of drug-induced changes in the patient. For example, thiazide

diuretics, by producing potassium loss may predispose patients to digitalis

toxicity.” Likewise, reserpine, which depletes myocardial stores of

norepinephrine, may cause undue bradycardia when digitalis is given.”
Antibiotic therapy which alters intestinal flora that normally synthesize

vitamin K, reduces the prothrombinopenic does of warfarin.” It has been

suggested that an interaction might exist between dextroamphetamine and the

penicillins, for Mukherjee” found an increase in the bound fraction of

penicillin G in patients pretreated with the amphetamine. The results

indicated that increased serum protein-being of the antibiotic was due to

a rise in plasma free fatty acid induced by dextroamphetamine. Free fatty

acid in vitro caused an increase in the binding of penicillin G which the

author suggested would decrease the antimicrobial action of the antibiotic.

A pharmacokinetic drug interaction between propranolol and lidocaine has

been found in which the administration of d1-propranolol prolonged the half

life of lidocaine.” The drug interaction occurs in which beta-adrenergic

blockade due to the d1-propranolol decreases cardiac output and liver blood

flow, thus reducing the rate of delivery of lidocaine, whose elimination

is blood-flow limited, to its major site of elimination in the liver.

The previous sections have thus provided a brief overview of some

of the mechanisms of drug interactions. The volume of publications related

to the area attest to its importance. In a study of 1000 consecutive

patients in two medical wards, Sotaniemi and Palva” pointed out that

about 70% of the patients received one to four drugs regularly and 21%

received five or more drugs. Not only does the co-administration of drugs

present a potential for problems, but a number of reviews have been written

recently listing drugs which interfere with clinical laboratory
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31, 32, 33 The general drug co-administration practise along withteSt.S.

the interference by drugs in laboratory tests has placed an extraordinary

strain upon the health professions. Many major health centers are

increasingly employing the computer to screen drug-drug interactions and

drug modifications of laboratory tests. Mercy Hospital in Pittsburgh, pa.”

has such a computerized system. The data base for the system consists of

approximately 7000 individual drug-laboratory test interferences and 10,000

drug-drug interactions reported in the literature. This system has been

used successfully to avert many potential problems.

II A Drug : Tolbutamide

A quick perusal of the literature on drug-drug interations will

reveal that the majority if not all of the reports are merely qualitative.

As the number of these interactions reported grows, it becomes of paramount

importance to have quantitative information concerning a drug interaction.

Information of this type could provide a dosage schedule for interacting

drugs which might reduce or eliminate the untoward reaction without substan

tially reducing the therapeutic effect of each agent. However, before

quantitation of an interaction can be achieved, the exact nature of the

interation must be determined.

Any of a number of drugs could be selected for further study. One

drug which has received wide attention is the oral hypoglycemic agent,

tolbutamide:

CH3 SO2NHCONHCH2CH2CH2CH3

N-(4-methylbenzenesulfonyl)-N'-n-butylurea
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It is a drug widely used, generally on a chronic basis for many years,

particularly by elderly diabetics who are prone to other pathological

conditions which require additional medication. The co-administration of

drugs which then ensues has lead to many reported complications as will be

noted shortly. The next few sections will then deal with the diabetic

condition and the involvement by tolbutamide in the therapy of it, the

metabolism of tolbutamide, and finally drug interactions which have been

reported with tolbutamide.

A. Diabetes and Tolbutamide:

Diabetes mellitus has been recognized as a medical problem for more

than 2000 years and many interesting facets encompass its history.”
The discovery of insulin by Banting and Best” initiated an active therapy

program for diabetes. After the finding by Janbon and co-workers” that

a sulfonamide (p-amino-benzenesulfonamido-isopropylthiadiazole) induced

hypoglycemia, many potential hypoglycemic agents have been investigated

and a few have survived years of rigorous testing to become agents

frequently used in the management of diabetes. Tolbutamide is one of these

agents.

Diabetes mellitus which has been commonly called diabetes, is a

chronic systemic disease which is characterized by disorders in (1) synthesis,

release or utilization of insulin, (2) metabolism of carbohydrate, fat

and protein and (3) the structure and function of blood vessels.” The

connection between the pancreas and spontaneous diabetes was placed on a

firm experimental basis by Mering and Minkowski” who showed that

pancreatectomy in the dog was followed by a permanent and severe diabetic

condition which closely resembled severe diabetes in man. Since the work
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of these researchers, in 1889, the pathology of diabetes mellitus has been

greatly investigated and the role of insulin in the disease has become a

well-documented part of books written concerning the disease.” Recent

investigations into pancreatic function by Grodsky and co-workers” has

lead them to propose a two-compartmental system for insulin secretion.

It consists of a small compartment of stored insulin which is particularly

labile to stimulating agents and a large compartment containing most of

the stored insulin which is relatively stabile, the release from which occurs

at a rate comparatively slower than that from the labile compartment. The

work of this group involved an in vitro perfusion of a functioning rat

pancreas . They have shown under constant glucose infusion, a multiphasic

response exists - an initial prompt release of insulin, then a near loss in

insulin release followed by a secondary progressive rise in insulin secretion.

Constant tolbutamide perfusion causes the immediate release of insulin but,

in contrast to glucose, does not produce the secondary rise in the secretion

"spike" of insulinrate. However it was noted that after the initial

release, the rate fell to a level of about three times the baseline through

out the stimulatory period. Although it is common knowledge that tolbutamide

administration to man or other animals results in insulin release and

subsequent depression of blood glucose, very little has been reported on the

quantitative aspects of this relationship. In rabbits, Hasselblatt and

Bludau" have shown that the hypoglycemia, as measured by area under the

blood glucose depression curve, increases linearly with the logarithm of

the infusion does (mg/kg/hour). At most however these experiments were

carried out for four hours. Baird and Duncan” carried out some experiments

on the hypoglycemic response to tolbutamide in which a dose up to 6 grams

was given orally. They found it difficult to define the relationship of
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dose or plasma level of tolbutamide to the hypoglycemic response. They

found that the plasma levels of tolbutamide resulting from the administration

of the same dose to different patients varied considerably, as did the

sensitivity to the hypoglycemic action. Any attempt to relate the dose of

tolbutamide either to the magnitude or the duration of the response in the

group studied as a whole merely served to indicate trends and to suggest

approximate values which would apply in the majority of cases, rather than

to define absolute values. It was clear also that the same response in

terms of absolute fall in blood glucose concentrations occurred at widely

different levels, not only in different patients, but also in the same

patient. The variation between individuals could be accounted for by

differences in their sensitivity to the hypoglycemic action of the drug.

In any one patient it could be explained by the fact that there appeared

to be an optimum therapeutic plasma concentration of tolbutamide. Above the

optimum level no increase in the intensity of the hypoglycemic response

would result, and in fact a diminished response might occur. It thus

becomes quite difficult to quantitate the tolbutamide generated hypoglycemic

response.

In addition to its action on the pancreas, tolbutamide is known to

elicit extrapancreatic effects which have been reviewed recently.”
These actions are reported to be inhibition of insulinase, regulation of

the ratio of unbound insulin to insulin bound to plasma proteins, increased

uptake and oxidation of glucose by adipose tissue, antilipolytic effect

on adipose tissue, antiketogenic effect on liver, alteration in the rate

of amino acid incorporation into protein, inhibition of transaminase

activity, potentiation of insulin stimulation of muscle carbohydrate

transport, inhibition of glucose output by the liver, and potentiation of

the action of insulin on the liver.
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B. Metabolism of Tolbutamide:

The metabolism of tolbutamide (I) has been studied fairly

extensively. The literature, although occasionally in conflict, indicates

CH
3 SOANHCONHC, H.2 4“9C.

some species differences. Wittenhagen, Mohnike and Langenbeek have reported

that the dog excretes only p-tolylsulfonamide (II) and p-tolylsulfonylurea

(III)*, 44 However, no mention is made of the half-life. Although there

CH3 \ / SO2NH2
II

CH SOANHCONH
2 2KX

III

is some difference of opinion regarding the metabolism in the cat, Larsen

and Madsen” have indicated that the primary elimination product is

N-(4-hydroxymethylbenzolsulfonyl)-N'-n-butylurea (IV). In rats, guinea pigs,

HOCH
2 SOANHCONHC, H.2 4°9XX.

IV

rabbits and man, tolbutamide is converted to hydroxytolbutamide (IV) and/or

carboxytolbutamide (v). “3, 45, 46.

HOOC SOANHCONHC, H.
2 4“9{}
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In man”, tolbutamide (I) is converted almost quantitatively to

hydroxytolbutamide (IV) apparently by NADPH-linked microsomal enzymes.

Not more than 2% of the unchanged drug appears in urine. Hydroxytolbutamide

is further metabolized to carboxytolbutamide (V), presumably by way of

enzymes in the cytoplasmic soluble fraction. All the tolbutamide admistered

can be found as metabolites IV and V in the urine of man. The ratio between

urinary hydroxy- to carboxytolbutamide varies between 1/3 to 1/9. Whereas

carboxytolbutamide is devoid of hypoglycemic activity, hydroxytobutamide

is reported to have marked activity when the same dose as tolbutamide is

administered as an intravenous bolus.” The half-life of tolbutamide is

normally between 4 to 8 hours” and the oxidation of tolbutamide is the

rate limiting step in elimination of this drug and its metabolites from the

body. Subsequent oxidation steps are very rapid and when administered

separately the half-lives of the hydroxy- and carboxy- metabolites are

40 minutes and 20 minutes respectively.”

C. Tolbutamide-Drug Interactions:

Together with the anticoagulants, the interactions with the oral

hypoglycemic agents constitute some of the most adverse clinical cases of

drug interactions. Hypoglycemic crises have been reported when patients,

stabilized on tolbutamide, have added certain other drugs to their drug

therapy. Some of the reviews” 13

50, 51, 52

deal with many of the interactions.

3.
methandrostenolone”, chloramphenicol”, bishydroxy

59, 60

Ethanol

55, 56, 57, 58 61, 62
coumarin , phenylbutazone 5

phenyramidol”, salicylate

sulfaphenazole”, dicoumarol”, isocarboxazid” and phenprocoumon” inter

acting with tolbutamide, have reportedly caused a greater than normal

hypoglycemia. Whereas most of the compounds caused a slowing of tolbutamide
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elimination, alcoholics, due to the ingestion of 1arge quantities of

ethanol, exhibited an increased rate of tolbutamide metabolism.

The most well studied tolbutamide interaction is that between the

sulfonamide sulfaphenazole and tolbutamide. Various authors” 49, 64

have reported that sulfaphenazole increases the half-life of tolbutamide

from the normal 4 to 8 hours to values ranging from 24 to 70 hours.

Clinical crises are reported to arise during an unaltered regimen when

tolbutamide accumulates excessively upon chronic administration in the

presence of sulfaphenazole. Matin et al” were able to quantitate this

interaction. It was found that as a first approximation the elimination

kinetics of tolbutamide in the presence of the inhibitor, sulfaphenazole

could be described as shown in Eq. 1,

Rate of tolbutamide elimination = (#
- T Eq. 1

where T and I were the amounts of tolbutamide and sulfaphenazole in the

body, kT was the rate constant for decay of tolbutamide in the absence of

inhibitor, and Kr was defined as the amount of inhibitor which diminished

the effective kT by one-half (or prolonged the half-life two-fold). It was

found that kr has a value of 200 mg sulfaphenazole, which was small

compared to the 1-2 Gm daily dose of ten recommended for this sulfonamide.

Usually, 0.5 Gm tolbutamide and 1 Gm sulfaphenazole are given orally twice

daily. Substituting the appropriate values, they were able to show that

upon chronic co-administration of the two agents in the usual dosage regimen,

the new half-life of tolbutamide would be 7 to 8 times longer than normal,

and more significantly, the new plateau level of tolbutamide in the body
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would be 7 to 8 times the average plateau level in the absence of the

inhibitor. If it were necessary to give these two drugs in combination it

was apparent that the dosage schedule of tolbutamide would have to be

reduced eight fold to maintain essentially the same amount of tolbutamide

in the body. In any individual the degree of interaction would depend upon

the dosage regimen and half-life for each drug, and the kI in that

individual.

There is evidence that certain compounds interact with tolbutamide

in an indirect way. The reversal of the hypoglycemic effect of tolbutamide

by diphenylhydantoin has been reported.” This interaction is thought to

be mediated via the adrenal glands. These type of interactions however

appear to be of minor importance.

Of particular interest is the paper by Wishinsky and co-workers”

They determined the binding of several sulfonylureas including tolbutamide

to albumins of various species by means of equilibrium dialysis or ultra

filtration. In addition they investigated the effect of salicylate upon

the protein binding of the sulfonylurea drugs under study. They found a

decreased protein binding of tolbutamide to bovine albumin in the presence

of salicylate. It was then suggested that this protein displacement

might account for the increased hypoglycemic effect of salicylate upon the

sulfonylureas. This protein-displacement phenomenon has been suggested

as the mechanism for various drug interactions, although no in vivo

evidence adequately supports this hypothesis. It was then proposed to

investigate the tolbutamide protein-displacement phenomenon further, as

will be indicated in the next section.
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III. Birth of a Research Project

Tolbutamide, an acid, is significantly bound to plasma proteins”
and probably to tissue proteins. Its hypoglycemic activity presumably is

a function of the unbound drug concentration in the plasma and tissue

waters.” Sulfaphenazole, dicoumarol and phenylbutazone are also acids,

highly bound to plasma proteins, and are capable of displacing tolbutamide

and one another from albumin in vitro.” Because of these associations,

protein binding displacement has been intimated as a contributory cause

of the enhanced hypoglycemia experienced when these drugs are used in com

bination with tolbutamide. It is worthwhile then to consider when displace

ment will significantly influence the phamacologic effect of a drug. To

answer this question, one must know whether displacement is from both

plasma and tissue proteins, whether drug clearance depends on the total

(bound and unbound) or unbound plasma concentrations, and whether the drug

is given on a single occasion or continually.

Appreciable drug displacement occurs when a major portion of the

same binding sites are occupied by the displacing agent. Consequently,

to displace drugs with a 1:1 molar binding ratio from albumin, requires

that the plasma concentration of the displacer approaches or exceeds

0.6 millimolar, the concentration of plasma albumin. This would correspond

to a concentration of 180 mcg/ml. for a substance of molecular weight of

300. These plasma concentrations are seen with sulfonamides and salicylates.

Plasma concentrations exceeding 0.6 millimolar are also probably achieved

following the rapid intravenous bolus ( > 10 sec.) of quite modest doses.

These events are likely fleeting, however, as displacer mixes with the

vascular system and distributes extravascularly. The rapid injection of

even larger doses ( > 14 mg/kg) of drugs which reside primarily in plasma,
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may still only produce transient significant rises in the unbound con

centration since displaced drug moves down the newly created concentration

gradient out into the large tissue water space.”
The apparent volume of distribution (Vd) represents that volume which

accounts for an amount of drug in the body (Ab) when the concentration in

the plasma (Cp) is known, i. e. Vd = Ab . If f is used to designate the

fraction of a drug bound in the *. whose volume is 3 liters, then the

fraction of the drug bound to plasma proteins is 38/vd. For a drug like

tolbutamide which is fairly highly bound (9 = 0.95) and with a small Vá,

around 10L, this means that as much as 29% in the body resides on the

plasma proteins. If this entire bound portion were displaced (8–0),
this 29% added to the remaining 71% could only increase the unbound con

centration in the body maximally by 40%. Changes larger than this may be

seen normally in the administration and elimination of the drug. Any

substantial increase in the unbound concentration above that anticipated

from plasma displacement implies that tissue binding is significant and

that displacement from these sites must also have occurred. As a result,

drug displacement is unlikely to be clinically significant unless the

drug is substantially bound and displaced from both plasma and tissue

binding sites.

The preceding discussion relates to a situation where the drug is

given only once in the absence or presence of the suspected displacer.

However, in normal drug therapy, it is more common to give both drug and

displacer on a multiple dosage regimen. Upon a constant drug intake (R*),

the steady state plasma concentration (Cp ...) is defined by Eq. 2,
SS y

O
-R = CLCpse Eq.2

where CL is the clearance of the drug. For a compound whose clearance
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(CL) is dependent upon the total concentration of the drug, the final

steady state total plasma concentration (CPss) should be the same before

or after the administration of a constant multiple dosage regiment of

displacer. However, the value of C* (unbound drug in plasma) would be higher,

dictated by the concentration of displacer in the plasma at steady state.

The situation is different in a case where the clearance of the drug is

dependent upon the unbound concentration (Cf). Since at steady state

& = *ss Eq. 3
"Pss

substitution of Eq. 3 into Eq. 2 yields:

R* = CL. Cf Eq. 4
SS

CK

If clearance is dependent on the unbound pasmas concentration then

CL = CL CO Eq. 5
IIlax

where *max could be either glomerular filtration rate or the maximum

metabolic clearance when X = 1. Displacement of a drug by increasing & ,

would increase clearance. But substitution of Eq. 5 into Eq. 4

R* = CL cf Eq. 6
Imax SS

indicates that at steady state, when rate out balances rate in, the

unbound concentration should be constant and independent of the degree of

protein binding. Between steady states, the unbound concentration may be

greater or less than the *ss' depending upon whether the concentration of

the displacing agent is rising or falling. It should also be noted that

the total steady state drug concentration (CPss) would be *ss from Eq.3.
ÖK
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Since CX would be greater in the presence of displacer, "Pss would be

lower at the steady state when displacer had been co-administered.

The foregoing discussion indicates that when clearance of a compound

is dependent upon the unbound concentration, the steady state co-administra

tion of a drug and its displacers should not likely cause an interaction.

Since it appears that this phenomenon has never been demonstrated, this

project was initiated to investigate more closely the kinetics involved in

protein-displacement by an agent and tolbutamide. The aim was to possibly

demonstrate that at steady state the unbound concentration should be

constant and independent of the degree of protein binding for a drug such

as tolbutamide whose clearance appears to be dependent upon the unbound

concentration.” At the same time one was to be aware of and have at one's

disposal the needed methods to explain an interaction if it proved more

complicated than that envisioned during the preceding discussion.

IV. A Drug Combination:
Tolbutamide and Sulfadimethoxine

In the search for a displacing agent initially, any compound was

considered as long as it was highly bound to plasma proteins. As a result

compounds such as indocyanine green and rose bengal were initially investi

gated in vitro. However, subsequently it was found that sulfadimethoxine (VI)

WI 3

might be more suited as a displacing agent. Anton” reported that sulfa

dimethoxine was highly bound (>90%) to plasma proteins. Christensen et al.”
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reported that when the sulfonamide was given to several tolbutamide-treated

patients, no significant hypoglycemic effect was observed in any of the

patients. Yet, Kristensen and Christensen” reported that sulfadimethoxine

caused a profound increase in the unbound concentration of tolbutamide in

serum. This information then suggested that the tolbutamide-sulfadimethoxine

combination could represent a useful choice to investigate the protein

displacement phenomenon. As will be seen in Chapter II, Experimental

Methods, it was necessary to develop an animal model which would permit a

vigorous investigation of this drug combination. In addition, appropriate

assays and protein binding methods were required and these will be dealt

with as well in Chapter II.



23.

CHAPTER II

EXPERIMENTAL METHODS

Throughout this chapter various designations will be used to

indicate the method of delivering volumes of materials : P = pipette,

D = disposable Pasteur pipette, G = Biopette automatic pipette,

M = microcap, R = repipette delivery system and E = Eppendorf microliter

pipette.

I PHYSICAL

A. Protein Binding Methods:

In 1949, Goldstein.” published his classic review of interactions

between drugs and proteins which surveyed and summarized a rather large

literature and also clearly emphasized the potential importance of protein

binding with respect to the behavior of drugs. The next major review was

published by Meyer and Guttman” in 1968. Their review covers some of the

experimental techniques which have been employed to investigate protein

small molecule interactions, and the methods used to present and to treat

experimental data. Three classical methods used to detect, determine, and

study binding characteristics are equilibrium dialysis, ultrafiltration

and ultracentrifugation. These methods have been employed in the present

study and the technique and equipment used will now be dealt with.

1. Equilibrium Dialysis:

In recent years, equilibrium dialysis has gained a measure of sophis

tication with the development of the Dianorm Equilibrium Dialysis System

(Inno Med, Zurich, Switzerland). The Dianorm system has been especially
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designed to meet the requirements for research in any field of binding

studies and possesses the following: 1) ability to standardize equilibrium

dialysis experiments with the 20 cells which may be run simultaneously;

2) short dialyzing times; 3) small dialyzing volumes of 1 ml or less may

be used; 4) teflon cells are used to minimize adsorption to the cell wall;

5) the binding may be performed at any reasonable temperature between

-10° and 65°c, and 6) the apparatus is easy to use. In the system a semi

permeable membrane separates a dialyzing teflon-cell into two halves. In

the present study, 1 ml plasma was injected into one half-cell and 1 ml

of an appropriate buffer into the other.

Method: a) Membranes:

The day prior to use, Wisking dialysis tubing, 13/16" flat width x

0.025 mm (V.W. R.), was cut to the required size and soaked for at least

15 min. in distilled water. Thereafter the tubing was unfolded and soaked

for 30 min. in 30% ethanol. Then the membranes were repeatedly rinsed with

distilled water, allowed to stand, rinsed, and finally stored in distilled

water until used. Fresh Krebs-Henseleit buffer” pH 7.4 was prepared just

before the start of the experiment. The membranes were then lightly blotted

on tissue paper and soaked in the freshly prepared buffer for 30 minutes.

After lightly blotting again, the membranes were inserted into the cells.

b) Procedure:

After assembly of the cells, membranes and supports, the materials

were introduced into the cells. Two 1 ml tuberculin syringes and appro

priately supplied stubs were used for each cell. One syringe was filled

(1 ml) with plasma containing the drug while the other was filled (1 ml)

with the freshly prepared Krebs-Henseleit buffer. These materials were then

injected simultaneously into the labelled half-cells. After all the

necessary cells were filled, the instrument was assembled and placed into
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a 37°C constant temperature water bath. Unless otherwise noted, dialysis

was allowed to proceed for 6 hrs. Prior to the removal of the apparatus

from the water bath a syringe was prepared for each half-cell. This

involved sharpening a 1 ml tuberculin syrings so that it would accommodate

an Eppendorf pipette tip (100 m cl) and then cutting the tip so that it

would fit into the hole in the half-cell. Banks of 5 cells were removed

from the water bath and each half-cell was quickly emptied with the prepared

syringe and the contents transferred to a labelled disposable culture tube,

with the buffer side representing the plasma wtater half-cell.

c) Cleaning:

After use, the cells were disassembled and each half-cell thoroughly

rinsed with water. After soaking in methanol overnight, the cells were

rinsed with acetone and then allowed to air dry.

2. Ultrafiltration:

Ultrafiltration is a process of selective molecular separation. It

employs membranes with pore diameters which retain solutes and particles of

larger molecular dimensions while passing solvent and solutes of smaller

size. The driving force is generally provided by hydraulic pressure.

Although various techniques and devices have been developed to perform

ultrafiltration, the Centriflo (Amicon) apparatus was utilized. The CF50A

membrane cones were used which have a retention or cut off of 50,000

molecular weight and whose volume capacity is 7 ml when the centrifuge is

fitted with a horizontal swing-head rotor.

Method: a) Sample:

The sample to be subjected to ultrafiltration was weighed (4 Gm)

into a screw cap culture tube. Unless otherwise noted, the tube was placed

in a 37°C water bath for 1 hr. prior to the ultrafiltration procedure.
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b) Procedure:

The Centriflo cones, conical supports and centrifuge tubes fitted

with a 12 x 75 mm disposable culture tube, were assembled and placed in an

International Model UV centrifuge. Thereafter the centrifuge, fitted with

a heating hair dryer and thermometer was run at 2000 rpm for 20 min. and

the dryer adjusted so as to maintain a temperature of 37°C within the

centrifuge. The centrifuge was stopped and the samples were added quickly

to the cones, being careful not to pour the plasma beside the cone. After

the inside of the centrifuge had again reached 37°C by use of the hair dryer,

the centrifuge was started. After the speed had reached 2000 rpm, the

samples were centrifuged an additional 4 min. (timed) after which the

centrifuge was stopped, at all times maintaining the temperature at 37°C.

The plasma water (about 0.4 ml, see page 53) collected in the disposable

culture tube was then ready for analysis.

c) Cleaning:

Only the conical supports required cleaning. They were rinsed with

distilled water, soaked in methanol overnight, rinsed with acetone and then

allowed to air dry.

3. Ultracentrifugation:

Although the modern preparative ultracentrifuge is now used for a very

wide range of different purposes, it has often become the reference method

in determining the protein binding of many compounds. Gravitational force

in excess of 300,000 x g. generated by centrifugal motion is used to

separate large molecules such as proteins and protein-drug complexes from

small molecules such as most drugs. Since the ultracentrifuge is quite

widely used, the next section will only deal with the technique used in this

study.
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Method: The plasma samples were carefully introduced into 7/16 x

2 3/8" Beckman Polyallomar centrifuge tubes so as not to allow air bubbles

to remain in the tubes, and allowing a space of 1/8 to 1/16" between the

meniscus and the top of the tube. The centrifuge tubes were then placed

in the SW-56 swinging bucket rotor and the complete assembly was placed in

a 37°C constant temperature oven unless noted otherwise for 1 hr. prior

to centrifugation. Thereafter the rotor was inserted into a Beckman

L2-65B ultracentrifuge and subjected to centrifugation at 55,000 rpm

(400,000 x g.) for 24 hrs. unless noted otherwise. After completion of

the procedure, the centrifuge tubes were carefully removed from the buckets

on the rotor and the sample (s) of 0.5—1.0 ml (G) were removed from the top

of the liquid, keeping the tip of the biopette as close to the meniscus as

possible at all times. Thereafter these plasma water samples (see page 53)

were placed in disposable culture tubes and were now ready for further

analysis.

B. Radioactivity Measurements:

Radioactivity measurements were made by scintillation counting in

10–15 ml Aquasol (NEN). Although two methods were employed, the basic

preparation of 3H Or 14c containing samples was identical.

Method: 1) Preparation of samples:

A volume of material equivalent to at least 1000 counts per minute

(cpm) was introduced (M) into a glass scintillation vial containing 10-15 ml

Aquasol (NEN). The microcap (M) was then rinsed 3 times with the Aquasol in

the vial. When phase separation was encountered, 200–400 m.c1(G) of water

was added to the vial in order to produce a clear liquid. Thereafter the

sample was counted 3 times for 5 – 10 min. on a Packard Tri-Carb scintil

1ation counter employing the preset *H Or 14c channels. In order to
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relate the observed counts to absolute disintegrations per minute (dpm),

two methods were used. In all cases a blank accompanied the counting which

contained either Aquasol alone, or Aquasol and water equivalent to the

volume of radioactive material added to the vial (cpmblk). The *H blank

had an average value of 23 cpm (a range of 17 to 27 cpm) while the average

value for the 14c blank was 38 cpm (a range of 32 to 43 cpm). The

magnitude of the range reflected the use of different Tri-Carb scintillation

CounterS.

2. Internal standard counting:

At the first counting (epin'), a known amount (dpmstd) of appropriate

14c- toluene) was added to each vial (M) using the sametracer (*H- Or

technique as in part 1). The samples were then recounted (epi■ ). The

absolute radioactivity (dpm) present in the volume of unknown radioactive

material introduced into the vial was then calculated according to Eq. 7.

dpm = (epn' - cpmblk) (dpmstd) Eq. 7
2

cpm - cpm

3. AES ratio counting:

A series of vials containing known amounts (dpmstd) of appropriate

1*c- toluene) in Aquasol were first counted along with atracer (*H- Or

blank (cpmblk), to ensure that all vials contained about the same amount

of radioactivity (t1%). Thereafter to duplicate vials was added an increasing

volume of plasma/water free of radioactivity to act as a quencher. The

vials were then recounted (cpm) and an AES ratio value was simultaneously

obtained. The AES ratio feature of the Tri-Carb scintillation counter,

representing a normalized automatic external standard counting procedure

using an americium-241 and radium-226 compound source, indicates the degree
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of quenching in the sample. Calibration curves (Fig. I and II) were then

constructed for each tracer (*H and 14c) relating AES ratio to counting

efficiency, where counting efficiency was found according to Eq.8.

Efficiency * cpm - cpmblk Eq. 8.
dpmstd

All subsequent countings were then performed in the instrument which

had been used for the construction of the calibration curves. Absolute

radioactivity (dpm) in an unknown sample of known tracer could then be

calculated easily after obtaining its AES ratio and cpm. The AES ration was

used to determine the efficiency from the appropriate calibration curve and

the dpm content were calculated using Eq.9.

dpm - cpm - cpmblk Eq. 9.
efficiency
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C. Thin Layer Chromatography:

Using the method of Thomas and Ikeda” thin layer chromatography

was performed on the urine collected up to 9 hrs after dosing a sheep with

*H- tolbutamide (exchange label, Dr. S. Matin, UCSF). 2 ml (G) of urine

acidified with 0.6 mi (G) HC1 were extracted for 1 hr on a test-tube shaker

with 20 ml ether. The ether layer was removed (D), dried over anhydrous

sodium sulfate and then evaporated under a stream of nitrogen. The resultant

brown residue was dissolved in a minimum amount of methanol and spotted on

a 20 cm x 20 cm x 2 mm silica gel plate (with F254, E.M. Reagents). In

addition, 1 ml (G) urine was extracted in an identical fashion and the

eventual methanolic residue divided into 2 parts. To one part was added

known hydroxytolbutamide and to the other known carboxytolbutamide. These

2 parts were then spotted beside the largest methanol fraction on the plate.

The plate was developed in a 1- butanol: piperidine: water (81:2:17) solvent

system until the solvent front had progressed up the plate a distance of

15-20 cm. After removal from the chromatography tank, the solvent front

was marked and the plate allowed to air dry. Subsequently the plate was

examined under short wavelength ultraviolet light to locate standards as

well as boundaries of the band of spotted urine by means of fluorescence

quenching. Thereafter 1 cm strips of the silica gel were scraped from the

plate and placed in scintillation counting vials along with 15 ml Aquasol.

The vials were shaken, allowed to sit for 30 hrs, shaken again and then

counted on a Packard Tri-Carb scintillation counter.

D. Mass Spectroscopy:

Chemical ionization mass spectroscopy was performed on the urine

of a sheep dosed with tolbutamide in order to further confirm the metabolic
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pattern. Two different methods were used in preparation of the sample for

analysis. In each case the urinary specimen represented a sample collected

1–2 hours after the administration of tolbutamide.

1) Sample Preparation:

a) 5 ml urine acidified with 1.5 ml 6N HC1 were shaken with

5 ml chloroform for 5 min. After centrifugation at 2000 rpm for 10 min. ,

4 ml of the chloroform extract were dried over anhydrous sodium sulfate and

then analyzed.

b) 5 ml urine acidified with 1.5 ml 6N HC1 were shaken 5 min.

with 10 ml ether. After centrifugation at 2000 rpm for 10 min. , the ether

was removed (D) and dried over anhydrous sodium sulfate. The ethereal

extract was then evaporated under a stream of nitrogen after which diazomethane

prepared from Diazald (Aldrich) was added to the residue until a permanent

yellow colour remained. Then the ether and excess diazomethane were removed

with a stream of nitrogen, 0.5 ml chloroform added and the sample analyzed.

2) Sample Analysis:

The mass spectroscopy was performed on an AEI M. S.–9 instrument

employing chemical ionization. The source temperature was 200°C, the

reactant was isobutane and the pressure was 0.4 Torr.

E. Culture Tube Cleaning:

All the Kimax 16 x 125 mm culture tubes and teflon-line screwcaps

were cleaned and reused.

1) Culture tubes:

Initially the tubes were soaked overnight in a Liqui-nox soap

solution, scrubbed, rinsed with distilled water and then heated with
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steaming 30% nitric acid for 3–4 hrs. After cooling, the tubes were

removed, rinsed with distilled water and then dried in an oven. Although

this method was generally satisfactory, occasionally suspected tube con

tamination was encountered in certain assays. Thereafter the preferred

method of Kushinsky and Paul.” was followed. The tubes were treated with

soap solution as before, rinsed with tap water, air or oven dried and then

cleaned 4-5 hrs. in the "cleaning cycle" of a self-cleaning oven. (Sears

Kenmore model # 42.320). A few grains of sugar were placed in one tube as

a check on the cleaning cycle. No contamination problems were encountered

with tubes after implementing this latter procedure.

2) Screwcaps:

After soaking in 30-50% ethanol for one day, the caps were

thoroughly rinsed with distilled water and left overnight in Liqui-nox soap

solution. Subsequently the caps were thoroughly rinsed, replaced in new

soap solution, subjected to ultrasonic (Aerograph ultrasonic cleaner)

treatment for 1 hr., rerinsed thoroughly, then ultrasonicated again in dis

tilled water for 1 hr. The caps were finally rerinsed thoroughly and dried

in an oven.

II CHEMICAL

A. Tolbutamide Assay:

1. Plasma :

a) Introduction:

A number of assays have been devised for the determination of

tolbutamide with varying sensitivities. A method employing the ultraviolet

spectrum of the intact molecule was used by Forist et al” but lacks
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specificity and is generally unsuitable below 10 meg/ml. Since the intact

molecule is rather heat labile, certain workers have first methylated the

molecule and then subjected the methylated tolbutamide to gas chromato—

73, 74. These gas chromatographic methods however are rather tedious.

Use has been made of the spingler” assay by Matin and Rowland” to develop

graphy

a suitable assay for tolbutamide. It basically involves the hydrolysis of

tolbutamide to butylamine followed by reaction of the amine with 2, 4–

dinitrofluorobenzene. This method could be considered non-specific because

tolbutamide, hydroxytolbutamide or carboxytolbutamide all yield butylamine

on hydrolysis. Yet, appropriate solvent extractions separate tolbutamide

from the two latter compounds as will be seen in the "Tolbutamide Metabolite

Assay" section thus proving to be specific and also conveniently simple and

rapid.

b) Preliminary work:

The plasma levels of tolbutamide encountered were most often

75 thatless than 100 mcg/ml. Using the information of Matin and Rowland

1 mcg tolbutamide could readily be determined using their gas chromatographic

procedure, an effort was made to prepare a calibration curve using 2—16 meg

tolbutamide per 100 mcl. plasma with 8 mcg chlorpropamide as internal

standard. Although a reasonable calibration curve was obtained, contamina

tion as evidenced by additional inconsistent peaks created difficulties.

This contamination was eliminated by cleaning the tubes in the assay in a

self-cleaning oven (p. 34), and using freshly prepared 2,4-dinitrofluoro

benzene solution. Thereafter the assay proved very reliable.

c) Assay procedure:

Pipette 100 mel (M) plasma containing 2–10 meg tolbutamide into

a 16 x 125 mm Kimax culture tube fitted with a teflon-lined screw cap.
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Add 0.5 ml (G) water, 100 mcl (E) of aqueous internal standard solution

(6 mog chlopropamide), 1 ml lNHC1 (G) and 10 ml 1% isoamyl alcohol/hexane

(R). Shake manually for 1 min. , centrifuge (International HN-S) at

2000 rpm for 2 min. and transfer (D) about 90% of the top organic phase to

a clean culture tube. Add 1 ml 0.5N NaOH (G), shake for 1 min. and then

recentrifuge at 2000 rpm for 2 min. After aspirating off the top organic

phase add 3 ml redistilled penty 1 acetate (R) and 1 ml 1N HCl (G). Shake

the tube for 1% min. and then centrifuge at 2000 rpm for 10 min. Carefully

transfer (D) about 90% of the pentyl acetate layer to a clean culture tube

(avoid transfer of any aqueous phase). After adding 10 mol (E) freshly

prepared 1% 2,4-dinitrofluorobenzene in redistilled penty1 acetate, heat the

tightly capped tube for 1 hr. at 120°C (oil bath). Upon cooling, inject

1-2 mol of the penty1 acetate into a gas chromatograph equipped with an

electron capture detector and a 3% OV-17 column.

Figure III illustrates gas-chromatographic recorder tracings

obtained by taking 0.1 ml blank plasma (A) and 0.1 ml plasma containing

chlorpropamide and tolbutamide (B) through the outlined procedure. A

Varian 1200 model gas chromatograph was used equipped with a nickel-63

detector, containing a 6 ft. 1/8 inch o. d. glass column packed with 3%

OV-17 on 100–120 mesh, acid washed DMCS chromosorb W. Injection port,

column and detector temperatures were 245, 210 and 310°C respectively.

Carrier gas (5% methane in argon) flow was maintained at 30 ml/min.

Figure IV represents a calibration curve in which 2-10 mog tolbutamide

have been added to 0.1 ml plasma containing 6 mog chlorpropamide. Peak

height ratio of tolbutamide to chlorpropamide (T/C) has been used for

quantitation purposes. It should be noted however that it is the butylamine

derivative of tolbutamide and the propylamine derivative of chlorpropamide

which are in fact measured.
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Fig. III Chromatogram of tolbutamide gas-chromatographic assay using
0.1 ml blank plasma (A) and 0.1 ml plasma (B) containing
6 meg chlorpropamide (C) and 2 meg tolbutamide (T). Injector,
column, detector temperatures were 245, 210 and 310 C
respectively. Attenuation was 4 and range
10-10 amps/mv.
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d) Evaluation of assay:

As can be seen from Fig. III (A), blank plasma was devoid of

any apparent chlorpropamide or tolbutamide peaks. When 6 mog chlorpropamide

was carried through blank plasma an apparent peak height ratio (T/C) greater

than 0.03 was never obtained.

The calibration curves were linear over a 10 fold range. Thereafter

deviation from 1jnearity occurred possibly due to non-linearity of the

electron capture detector response.

Although one sample was never reanalyzed numerous times for statis

tical information, some information may be reported on the variability at

different concentrations during the preparation of the calibration curve on

different days. At 2, 4, 6, 8 and 10 mcg tolbutamide the coefficients of

variation were 5. 2, 1.1, 2.6, 2.1 and 11% respectively.

This assay may be used when carboxytolbutamide is absent or present

in insignificant amounts. Otherwise the method of Matin and Rowland” Imust

be followed. The interference due to hydroxytolbutamide is small, only 1%

of the amount present determined as tolbutamide. Sulfadimethoxine does not

change the gas chromatographic recorder spectrum of plasma devoid of

chlorpropamide or tolbutamide, nor alter the peak height ratio when tolbuta

mide is present at a concentration of 100 mcg/ml.

2. Plasma water:

Plasma water as obtained by ultracentrifugation, ultrafiltration

or equilibrium dialysis was analyzed for tolbutamide content in the identical

way as in part 1. "Plasma". Initially the following modifications were

made: 2 mcg chlorpropamide was used as internal standard, 1.5 ml penty1

acetate was employed, and finally only 10 mcl of 0.2% dinitrofluorobenzene

was added. A volume of plasma water corresponding to a level of 0.25 to
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4 meg tolbutamide was used. A calibration curve was prepared using 0.25

to 4 meg tolbutamide in 100 mcl. whole plasma as seen in Figure V. This

method represents the lower limit to which the tolbutamide assay has been

tested. However after the initial use of this plasma water assay, it was

decided to rather employ the regular tolbutamide plasma assay (Part 1)

but use 0.25 ml of the plasma water. This change in the assay method was

made after the finding that 7 16% of the plasma tolbutamide was found in

the plasma water. As a result the statistical aspects of the plasma water

assay are those found in Part 1.
3. Urine:

a) Introduction:

The determination of tolbutamide in biological fluids as pub

lished by Matin and Rowland” provided for a colorimetric procedure if the

plasma concentrations were greater than 25 mcg/ml. This assay procedure

again involved the hydrolysis of tolbutamide to butylamine followed by

reaction of the amine with 2,4-dinitrofluorobenzene. The assay was easily

adaptable to urine and was employed in the present study.

b) Assay procedure:

Add 1 ml urine (P) corresponding to an absolute amount of

tolbutamide of 25 to 150 mcg to a culture tube. Add 0.5 ml 6N HC1 (G) and

10 ml 1% isoamyl alcohol/hexane (R). Shake manually 1% min. and centrifuge

5 min. at 2000 rpm. Transfer (D) as much of the top organic layer as

possible along with 2 x 1 ml, 1% isoamyl alcohol/hexane washings of the

aqueous layer, to a new culture tube. Now add 1 ml 0.5N NaOH (G) to the

organic phase, shake for 1% min. and centrifuge at 2000 rpm for 5 min.

Aspirate off the organic phase being careful not to remove any aqueous

phase, then add 1 ml 1N HC1 (G) and 3 ml penty1 acetate (R). Shake the tube

for 1% min. , centrifuge 10 min. , at 2000 rpm and then transfer (D) about
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Fig. W: Calibration curve for the gas-chromatographic assay
of tolbutamide (T) in plasma water using 2 meg
chlorpropamide (C) as internal standard.
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2/3 of the pentyl acetate 1ayer to a new culture tube. After adding

20 mcl (E) 5% dinitrofluorobenzene in penty1 acetate and heating 1 hr. at

120°c, a colorimetric measurement is made at 420 nm against an appropriate

blank constituting an analogously heated tube containing 20 mcl (E) 5%

dinitrofluorobenzene in 2 ml pentyl acetate (R).

A Cary-15 model spectrophotometer was used to make the colorimetric

measurements. The concentration in an unknown urine sample was determined

by reference to an absorbance vs tolbutamide concentration calibration curve

obtained by taking 40 to 150 meg tolbutamide in 1 ml blank urine through the

procedure. Figure VI represents a calibration curve obtained during this

study.

c) Evaluation of assay:

The assay proved very convenient and simple. The absorbance

of blank urine taken through the procedure was never greater than 0.01. As

can be seen from Figure VI, good linearity was achieved over a wide concen

tration range. At urinary tolbutamide concentrations of 40, 50, 100, 140

mcg/ml the coefficients of variation were 3.9, 14.2, 4.5 and 5.1% respectively.

Again as in Part 1 these statistical values were obtained as a result of the

preparation of the calibration curve on different days.

The assay procedure may be used when carboxytolbutamide is absent

or present in insignificant amounts. Otherwise additional precautions

must be taken. The interference due to hydroxytolbutamide is small, only

1% of the amount present determined as tolbutamide. The addition of

400 mcg sulfadimethoxine to 1 ml blank urine did not increase its absorbance

nor did it change the absorbance when added to 1 ml blank urine containing

140 mcg tolbutamide.
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B. Tolbutamide Metabolite Assay:

1. Plasma :

a) Introduction:

As indicated in Chapter I, the metabolites of tolbutamide

encountered in the majority of animals including man are hydroxy- and

carboxytolbutamide. Although an assay for carboxytolbutamide has been

reported”, it would not differentiate the parent compound from its oxidation

products. Prescott and Redman” mention the lack of interference of hydroxy

and carboxytolbutamide in their gas chromatographic assay of tolbutamide

but mention no assay for the metabolites. Matin and Rowland” have

developed an assay which will quantitatively estimate each of the oxidized

metabolites when mutually present in plasma or urine. Their assay was modified

because of the finding that the sheep produces very little carboxytolbutamide.

b) Assay procedure:

1 ml plasma (P) corresponding to an absolute amount of 0.5 to

2 meg hydroxytolbutamide is addeed to a 16 x 125 mm Kimax culture tube

fitted with a teflon-lined screwcap. Add 2 ml 1N HC1 (G), 10 ml ether (R),

cap tightly shake manually for 1% min. and centrifuge at 2000 rpm for 10 min.

Transfer (D) the entire ether layer as well as 2 x 0.5 ml ether (R) washings

of the aqueous fraction to a clean culture tube. Add 1 ml 0.5N NaOH (G)

to the ether fraction, shake 1% min. , centrifuge 5 min. at 2000 rpm and then

carefully aspirate off the ether layer avoiding removal of the aqueous

layer. Now add 1 ml 1N CH1 (G) to the aqueous fraction followed by successive

extractions with 10, 5 and 5 ml of 1% isoamyl alcohol/hexane (R), shaking

1 min. , centrifuging 5 min. at 2000 rpm and then aspirating and discarding

the organic phase, being careful not to remove any of the aqueous fraction

each time. Thereafter add 100 mcl (E) of the aqueous internal standard
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solution (1.5mcg chlorpropamide), 1 ml redistilled pentyl acetate (R),

shake 1% min. and centrifuge 10 min. at 2000 rpm. Carefully remove about

3/4 of the pentyl acetate fraction (D) and transfer to a clean culture tube.

Add 20 mel (E) of freshly prepared 0.25% 2,4-dinitrofluorobenzene in re

distilled penty1 acetate and heat the tightly capped tube at 120°C (oil

bath) for 1 hr. After cooling inject 1–2 mol of the pentyl acetate into a

gas chromatograph as indicated in the "Tolbutamide Assay in Plasma" using

the identical instrument column and conditions.

Figure VII illustrates a chromatogram of 1 ml blank plasma con–

taining 1.5 mcg chlorpropamide (A) and 1 ml blank plasma containing 1.5 mcg

chlorpropamide and 0.5 mcg hydroxytolbutamide (B). Figure VIII exhibits

a calibration curve for the assay employing 0.25 to 3 meg hydroxy-tolbuta

mide in 1 ml plasma. The ordinate represents peak height ratio (OH-T/c) of

hydroxy tolbutamide to chlorpropamide. It should be noted again that the

peaks represent the propylamine deriative of chlorpropamide and the butyl

amine deriative of hydroxytolbutamide.

c) Evaluation of assay:

As can be seen from Fig. VII (A), blank plasma gave a small

apparent hydroxytolbutamide peak. This contamination usually resulted in

OH-T/c) of about 0.05. The calibrationan apparent peak height ration (

curves often appeared linear over a 10 fold range, but instances of

considerable non-linearity were evident at times, with the curves linear

only over a 4-5 fold range.

The coefficients of variation at 0.5, 1.0 and 2.0 meg/ml hydroxy

tolbutamide were 26.7, 11 and 13.9% respectively in day to day assays.

This hydroxytolbutamide plasma assay is beset with certain

difficulties. As will be noted, the internal standard is not added until

the initial extractions which remove tolbutamide have been completed.
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Chromatogram of hydroxytolbutamide assay using 1.5 mcg
chlorpropamide (C) in 1 ml blank plasma (A) and 1.5 mcg
chlorpropamide plus 0.5 mcg hydroxytolbutamide (OH-T)
in 1 ml blank plasma (B). Injector, column, detector
temperatures were 245, 210 and 310° respectively.

Attentuation was 4 and range 10-10 amps/mv.
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Fig. VIII: Calibration curve for the gas-chromatographic assay
of hydroxy-tolbutamide (OH-T) in plasma using 1.5 mcg
chlorpropamide (C) as internal standard.
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The variable nature of these extractions in removing some of the hydroxy

tolbutamide is evident in the coefficients of variation. Also, any

remaining tolbutamide after the intial extractions is then determined as

hydroxytolbutamide. The addition of 100 meg tolbutamide to 1 ml plasma and

subsequent analysis for hydroxytolbutamide results in an apparent hydroxy

OH-T/c) of 0.12 to 0.18 which would correspondtolbutamide peak height ratio (

to about 0.25 mcg/ml hydroxytolbutamide. A considerable refinement could be

made to the assay by the use of a more suitable internal standard.

The assay as used will measure all carboxytobutamide as hydroxy

tolbutamide. However since the sheep produces only small amounts of

carboxytolbutamide, this aspect was disregarded.

2. Urine

a) Introduction:

The urinary assay of hydroxytolbutamide again followed the work

done by Matin and Rowland”. Their assay involves a separation of hydroxy

and carboxytolbutamide as well as separation of these metabolites from

tolbutamide. Since the sheep produces very 1ittle carboxytolbutamide, the

assay was modified so that total hydroxy- and carboxytolbutamide were

determined.

b) Preliminary work:

A difficulty encountered during the urinary hydroxy- tolbuta

mide assay was that the final organic extract (hydroxy- tolbutamide fraction)

of blank urine absorbed considerably at 420 mm. Although this absorption

could be reduced by using 0.5% isoamyl alcohol/dichloromethane instead of

penty1 acetate as the final organic extraction solvent, it was still

considerable, and varied for different urine samples. It was also found that

the absorbance of a pentyl acetate extract did not change after the addition
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of 2,4-dinitrofluorobenzene and heating for 1 hr. at 120°C. Therefore it

was decided to maintain penty1 acetate as the organic solvent for extracting

hydroxytolbutamide since use of this organic solvent shortened the assay.

In general it was found that volumes of urine less than 200 mcl gave

absorbance values 1ess than 0.02 when devoid of hydroxytolbutamide.

c) Assay procedure:

100 to 200 mcl (M) urine corresponding to an absolute amount of

hydroxytolbutamide of 25 to 150 mcg is added to a culture tube. Add 1 ml

1N HC1 (G) and 10 ml 1% isoamyl alcohol/hexane (R). Cap tightly and shake

for 1% min. Centrifuge at 2000 rpm for 5 min and remove the organic layer

via aspiration. Wash the aqueous layer with 2 x 1.0 ml 1% isoamyl alcohol/

hexane (R) and also remove the organic layer by aspiration being careful

not to remove any of the aqueous phase. Add 3 ml pentyl acetate (R), shake

1% min. and centrifuge 10 min. at 200 rpm. Transfer (D) about 2/3 of the

penty1 acetate layer to a clean culture tube and add 20 mcl (E) 5% 2,4-

dinitrofluorobenzene in penty1 acetate. Heat the tightly capped tube for

1 hr. at 120°C (oil bath) and after cooling the absorbance is read at

420 mm. against an appropriate blank constituting an analogously heated

tube containing 20 mcl (E) 5% 2,4-dinitrofluorobenzene in 2 ml penty1

acetate (R).

Appropriate standards in 100–200 mcl (M) blank urine must be carried

through the procedure with the unknown samples. An absorbance vs hydroxy

tolbutamide concentration calibration curve is then constructed as seen

in Figure IX.

d) Evaluation of assay:

The assay proved very convenient and simple. The absorbance of

blank urine (100 to 200 mcl.) taken through the procedure was usually less

than 0.02. However, blank urine samples (1 ml) could result in an
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absorbance as high as 0.1. As a result, when large (greater than 200 mel)

volumes of urine were used, the contribution of hydroxytolbutamide was

taken as the difference in absorbance before and after heating of the pentyl

acetate (see preliminary work). When volumes greater than 200 mcl are

used a corresponding adjustment must be made in the hydrochloric acid

initially used.

Statistically the assay had good day to day reproducibility for

the coefficients of variation at 40 and 100 mcg hydroxytolbutamide were

7.2 and 5.4% respectively.

The assay procedure will read all of the carboxytolbutamide as

hydroxytolbutamide. As a result, the term "hydroxytolbutamide equivalents"

has been adopted to indicate all metabolites which according to this assay

would be determined as hydroxytolbutamide. This would naturally include

the small quantities of carboxytolbutamide which the sheep excretes after

administration of tolbutamide. "Total tolbutamide equivalents" excreted

would then include the unchanged tolbutamide plus the hydroxytolbutamide

equivalents (corrected for molecular weight by multiplying by 270).
286

C. Sulfadimethoxine Assay:

1) Introduction:

Several procedures are available for the determination of sulfona

mides. The most commonly employed method involves a colorimetric deter

mination utilizing the well known Bratton-Marshall” assay which will

differentiate between parent sulfonamide (VII) and its N* conjugated

metabolite (VIII).

NH2 S0,NHR

VII



52.

RTCONH SO. NHR

VIII

Certain modifications were made in the procedure for ease of reproducibi

lity. Both the urine and plasma were treated alike.

2. Assay Procedure in Plasma or Urine:

To a culture tube add a volume of plasma, urine or dilutions of

either (M) which corresponds to 10–100 mcg of total sulfadimethoxine. Add

0.5 ml (G) water followed by 2 ml (P) of an acid solution: 120 ml 10%

trichloracetic acid and 100 ml 1N HC1. Wortex well and then centrifuge at

2000 rpm until the solution is clear (10–20 min.). Transfer 1 ml (P) to

a disposable culture tube [ A: for parent sulfonamide; VII ) while the

balance of the solution is transferred (D) to a screw capped culture

tube [ B: for total sulfonamide; VII & VIII]
-

a) Tube [ A: parent sulfonamide ) :

Add 0.2 ml (G) freshly prepared 0.1% aqueous sodium nitrite,

vortex well and allow to stand 5 min. Add 0.2 ml (G) freshly prepared

aqueous 0.5% ammonium sulfamate, vortex and allow to stand 2 min. Add

0.6 ml (G) freshly prepared aqueous 0.1% N-(1-napthyl) ethylenediamine

dihydrochloride, vortex and allow to stand 20 min. Thereafter determine

absorbance at 545 nm against a 0.9% sodium chloride blank taken through

the procedure.

b) Tube [ B: total sulfonamide |
Cap the tube loosely and heat in a water bath at 90°C for 1 hr.

Cool, shake and transfer 1 ml (P) to a disposable culture tube. There

after the same reagents and methods are used as in part a). The absorbance

is also taken at 545 nm against a 0.9% sodium chloride blank carried
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through the procedure.

All spectrophotometric measurements were made on the Cary-15.

The concentration in unknown samples is obtained from a calibration curve

of absorbance vs sulfonamide concentration constructed by taking known

concentrations (10–100 meg) in blank plasma or urine through each assay

procedure. A calibration curve for unconjugate sulfadimethoxine in plasma

can be seen in Figure X.

3. Evaluation of Assay:

Since conjugated sulfadimethoxine was found in plasma initially,

subsequent analysis was confined to part a). The assay proved very

reliable and the interday coefficients of variation at 20, 40, 60, 80 and

100 mcg/ml sulfadimethoxine in plasma were 1.5, 1.3, 2, 2 and 2%

respectively.

The urinary assay present a difficulty and the results and

discussion will be presented in Chapter III.

D. Protein Assays:

Essentially three types of protein analysis were required: total

protein, electrophoretic protein separation, and determination of protein

in plasma water. Plasma water is defined as plasma from which the protein

has been removed by the methods of ultracentrifugation, ultrafiltration

or equilibrium dialysis. Use was made of the Clinical Labs, Moffitt

Hospital, San Francisco to obtain the first two protein analyses: total

protein and electrophoretic protein separation.

1) Total Protein Assay:

Total protein was determined on a Technicon, 2-channel auto

analyzer utilizing the Biuret” procedure. This procedure was performed

by the Clinical Labs, Moffitt Hospital, UCSF.
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2. Electrophoresis:

Electrophoresis of plasma was performed on cellulose acetate using

a Beckman microsome system. Subsequently the protein fractions were

quantitated using a Clifford Densitometer. This procedure was performed

by the Clinical Labs, Moffitt Hospital, UCSF.

3. Plasma Water Protein Assay:

a) Introduction:

Various methods have been reported to determine protein. A

modification was made of the Lowry” method which proved very convenient.

A trichloroacetic acid precipitation was used in the procedure so as to

eliminate materials which might react with the Folin–Ciocalteau reagent.

b) Assay procedure:

Add 100 mcl (M) of the plasma water to a 400 mcl. Beckman micro

fuge tube. Thereafter add 150 mcl (G) of 15% trichloroacetic acid. Vortex

well, allow to stand 15 min. , vortex well again and then centrifuge 5 min.

in a Beckman Spinco Microfuge. Being careful not to remove any of the

precipitate, withdraw as much of the aqueous phase as possible using a

#23 x 2" B–D Special Needle attached to a 1 cc disposable tuberculin syringe.

Cut the tips of the microfuge tubes containing the precipitate and remaing

aqueous medium, and transfer to a 12 x 75 mm disposable culture tube.

Wash 1 ml (G) reagent C (50 ml 2% sodium carbonate in 0.10N NaOH and 1 ml

of 0.5% CuSO4.5H2O in 1% sodium or potassium tartrate) through the micro

fuge tube into a 12 x 75 mm culture tube. Vortex lightly, allow to stand

10 min. , vortex lightly and allow to stand an additional 10 min. , in order

to permit digestion of the precipitate. While vortexing lightly, add

100 mc1 (G) of reagent D 2N Folin–Ciocalteau Reagent (Fisher Labs) mixed

with equal parts water to the culture tube. Allow to stand 1 hr. and

then determine the absorbance at 750 nm using an appropriate blank of
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0.9% sodium chloride taken through the procedure.

Standards must be run with the unknown samples. A 0.01 dilution

of the plasma used to obtain the plasma water, is made with 0.9% sodium

chloride. This stock dilution is further diluted 0.8, 0.6, 0.4, 0.2,

0.1, 0.05 with the 0.9% sodium chloride. These samples along with the

stock dilution then constitute the standards. The resultant calibration

curve, an example of which can be seen in Fig. XI, then relates absorbance

to a dilution factor of the original plasma sample. The protein deter

mination in the plasma water samples will thus give protein content as a

fraction of the original plasma sample.

c) Evaluation of assay:

The assay proved simple and the calibration curve (Fig. XI)

exhibited good linearity. The disadvantage of the assay is that the

absolute quantity of protein in the plasma water is not determined Yet

it does provide information about the relative ratio of protein present

in the plasma water to that originally in the plasma after ultracentrifu

gation, ultrafiltration or equilibrium dialysis. The ability of each of

these methods to provide protein-free plasma water can be seen in Table XVII,

p. 106.

E. Glucose Assay:

Glucose determinations were kindly performed by the Steroid Lab

of the University of California Metabolic Laboratory, San Francisco.

The determination was made on a Beckman Glucose Analyzer which employs

the enzymatic glucose oxidase method.”
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F. Free Fatty Acid Assay:

Free fatty acid determinations were kindly performed by the

laboratory personnel of Dr. R. J. Havel, Cardiovascular Research Institute,

Moffitt Hospital, UCSF. The method followed was that of Dole” which

measures non-esterified (free) fatty acid.

G. Urinary Electrolyte Assay;

Urinary sodium, potassium, chloride and osmolality determinations

were made by the Clinical Labs, Moffitt Hospital, UCSF.
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III BIOLOGICAL

A. Animal Model

Ideally it would be desirable to study all drug-drug interactions

in man. Yet this is not always possible or permitted and as a result

animals are of ten used. Since this project centered around the investiga

tion of a concept which would require vigorous testing, it was decided

to develop an animal model. Due to the multiple large blood samples

required for plasma protein binding studies it was soon realized that

an animal not much smaller than man himself, with a large blood volume

was a necessity. Consequently it was decided to employ the sheep as the

animal model. After assessment of the requirements for the study it was

deemed necessary to have arterial and venous catheters as well as a

bladder catheter, all chronically implanted to permit ready sampling.

All surgeries were performed under sterile conditions.

1. Arterial and Venous Catheters:

The vasecular catheters consisting of 0,09" o. d. tygon flexible

tubing (type S-54–HL, Port Plastics Inc.) were inserted into the saphenous

vein and femoral artery, or the jugular vein and carotid artery of sheep

weighing 40 – 50 Kg. When the saphenous vein and femoral artery of a

hind limb were used, the animal was given spinal anesthesia. This

involved injecting about 2 ml, 2% lidocaine (Zylocain, Astra) sub

cutaneously followed by 2.5 ml tetracaine (Pontocaine, Winthrop, 1 mg/ml)

spinally. Both catheters were then inserted and passed along the blood

vessels so that the end of the venous catheter opened in the inferior

vena cava while the arterial catheter in the abdominal aorta. After

securing the catheters at the point of insertion, the other ends were

passed under the skin and externalized on the side of the animal. Here



60.

a patch pocket was sewn to the skin of the animal, using velcro stripping,

in which the catheters were hidden when not in use.

A similar procedure was used for the jugular and carotid catheters,

except that only 2% lidocaine was used subcutaneously at the site of

insertion in the neck. The arterial catheter was passed in the direction

of the aortic arch while the venous catheter in the direction of the

superior vena cava. The other ends of the catheters were then passed

under the skin and externalized on the dorsal side of the neck. Here

the catheters were merely rolled in a knot and allowed to dangle free.

Points of incision were treated with Neosporin ointment (Winthrop)

to promote healing and prevent infection. When necessary to combat

infection, the animals were given I.M. injections of Streptillin (Trico

Pharmaceutical Co.) or I. V. ampicillin (Polycillin, Bristol). The

catheters were normally plugged with pieces of thick sterile wire. Every

3–4 days the catheters were flushed which involved removing the contents

of the catheters, injection of sterile normal saline and then filling

the catheters with 1000 units/ml, heparin (Lipo-Hepin, Riker). All catheters

were easily connected to sterile disposable syringes using a 15 gauge

luer stub adapter (Clay Adams).

2. Bladder Catheter:

The insertion of a chronic bladder catheter was performed under

general anaesthesia using injectable pentobarbital (Nembutal, Abbott)

administered via the venous catheter. Entrance was made to the peritoneal

cavity by means of a ventral mid-line abdominal incision. A small opening

was made in the fundus of the bladder and a foley 20 FR catheter (Bardex,

165V) was inserted and secured using purse-string sutures after distending

the 5 ml balloon. The free end of the catheter was then passed through
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the peritoneal cavity and externalized at the side of the animal. Here

again it was hidden in a pocket like the vascular catheters when not in

use. The foley catheter was conveniently plugged with the rubber cap

from a 7 ml vacutainer tube. When the bladder catheter was capped the

animal was able to perform normal urinary elimination. Occasionally,

the bladder was flushed with a solution of 1 ml Neosporin G. U. Irrigant

(Burroughs-Wellcome) in 150 ml sterile normal saline to prevent possible

infection.

3. General Comments:

The sheep proved to be a hardy animal and a preparation was

retained as long as 8 months. Great care had to be taken to prevent

infection from setting in at the point of externalization of the

catheters. This infection occurred most readily when the vascular

catheters were placed in the hind limb, resulting in considerable hind

limb inflammation. It was considered more desirable to have the vascular

catheters in the neck region for various reasons: 1) less potential for

infection; 2) pockets sewn to the skin for hind limb catheters needed

to be reattached every 3 weeks due to the growth of wool which caused

the sutures to come out; 3) the animals were not able to walk as well

with hind limb catheters.

4. Location and Care:

When not used for studies, the sheep were kept in 4' x 6' pens.

At all times their diet consisted of alfalfa pellets and water. During

studies the sheep were transferred to special mobile cages which

restricted their movement and yet allowed them to be in a standing or

lying position.
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B. Collection of Samples:

Only arterial blood samples were collected using sterile disposable

plastic syringes (Monoject).

The blood was then immediately transferred to either of two

sterile vacutainer tubes. Blood for glucose assays was placed in 7 ml

vacutainer tubes containing 14 mg potassium oxalate and 17.5 mg sodium

fluoride. The remaining samples were placed in 10 ml vacutainer tubes

containing 143 units sodium heparin. All blood samples were then

centrifuged at 2000 rpm as soon as possible for 10–20 min, whereupon the

plasma was removed (D), placed in appropriate screwcap containers and

frozen until required for analysis.

All urine samples were collected in an appropriate container,

their volumes determined, an aliquot transferred to plastic scintillation

vials and then frozen until required for analysis.

C. Administration of Compounds:

1) Bolus:

Since all compounds used were acids, practically insoluble in

water, they were administered as the corresponding sodium salt. Outside

of tolbutamide (Orinase Diagnostic, Upjohn) which was supplied as the

sodium salt requiring the mere addition of water, all compounds were

dissolved in a minimum of 1–10N NaOH and then diluted with water.

Solutions were made in volumetric flasks, aliquots (P) transferred to

syringes and then administered I. V. through a Millipore filter (0.45/…,

13mm, Millipore Corp.) followed by 10–20 ml normal saline. . All experi

ments were timed (minute timer, Precision Scientific) beginning at the

point when one-half of the solution had been administered.
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2. Infusion:

All compounds given by means of infusion were prepared as

indicated in section 1). Solutions were millipore filtered into a

50–60 ml sterile plastic disposable syringe whereafter they were

administered I. V. using a defined rate with an infusion pump (Harvard

Apparatus Compact Infusion Pump). All experiments were timed from the

first administration of compound.
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IV MATERIALS AND EQUIPMENT

A brief list has been made in Table II and III of major materials

and equipment used in this study together with their source.

Table II: Source of materials

Material

Ampicillin

Aquasol

Carboxytolbutamide

Chlorpropamide
Diazald

2, 4-Dinitrofluorobenzene

Foley catheters

Folin–Ciocalteau Phenol Reagent

Hydroxytolbutamide

*H - Hydroxytolbutamide
2% Lidocaine

Neosporin

3% OV-17 column packing
Sulfadimethoxine

Sulfadimethoxine – 4–14c
Tetracaine

Tolbutamide

Tolbutamide – Ureyl _1*c
3H - Tolbutamide

1*c- Or *H-toluene
Ultracentrifuge Tubes
Ultrafiltration CF50A cones &

apparatus

Vascular catheters

Wisking dialysis tubing

Source

Polycillin, Bristol

New England Nuclear (NEN)

Dr. S. Matin, UCSF

A gift, Pfizer
Aldrich

Pierce Chem. Co.

Bardex 165 V, 20RR, 5cc Balloon

Fisher Labs

Farbwerke Hoechst (a gift)

Dr. S. Matin, UCSF

Xylocaine, Astra

Burroughs-Wellcome

Applied Sci.

Hoffman La Roche (a gift)
Hoffman La Roche (a gift)

Pontocaine, Winthrop

Orinase Diagnostic, Upjohn

Farbwerke Hoechst (a gift)

Dr. S. Matin, UCSF

International Chemical and Nuclear Corp.

Polyallomar, Beckman #328874

Amicon

Port Plastics Inc., Type S-54–HL

Van Waters & Rogers (VWR)
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Table III: Type and/or source of equipment

Equipment

Balance

Constant temperature waterbath
control

Culture tube centrifuge

Dianorm

Electrobalance

Gas Chromatograph

Infusion pump
Kimex culture tubes

Mass Spectrometer

Microfuge

pH meter
Scintillation counter

Self-cleaning oven

Spectrophotometer
Timer

Ultracentrifuge

Ultrafiltration centrifuge
Ultrasonic cleaner

Wortex

Source/Type

Mettler, H–10–T

Precision Scientific

International, HN–S

Inno Med., Zurich, Switzerland

Cahn Gram Electrobalance

Varian, Model 1200

Harvard, compact infusion pump
Scientific Products

AEI M. S. —902

Beckman Spinco Microfuge

Beckman Expandomatic
Packard Tri-Carb

Sears, Kenmore #42320

Cary-15
Precision Scientific

Beckman, L2-65B with SW-56 head

International, Model UV

Aerograph

Clay-Adams, Cyclo Mixer
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CHAPTER III

RESULTS AND DISCUSSION

The Appendix found at the back of the thesis contains experi

mental data values used in the Figures as well as an explanation of

designated abbreviations found in this Chapter.
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I. INTRAVENOUS TOLBUTAMIDE BOLUS

All tolbutamide given to the sheep was administered intra

venously. Unlike the oral route, the intravenous mode guarantees an

accurate assessment of the dose reaching the vascular compartment. A

three-fold purpose existed in intravenous (I.W.) bolus administrations.

Firstly, the bolus was used to determine the metabolic fate of tol

butamide. Secondly, the bolus served to characterize the disposition

kinetics of tolbutamide in the sheep. Finally, the bolus permitted an

appraisal of the pharmacologic response by the sheep to a pulsed dose

of tolbutamide. This delineation will be used to provide the results

and discussion of this section.

A. Metabolic Fate of Tolbutamide in the Sheep:

After the administration of 100 mg tolbutamide containing 2.89 x

107 dpm *H-tolbutamide to sheep #368 and collection of urine for 9 hours,

1.96 x 107 dpm radioactivity was excreted in 430 ml urine. The radio

activity excreted over this period represented 67.8% of the administered

dose. Using the method of Matin” the urine was separated into fractions

representing tolbutamide, hydroxytolbutamide and carboxytolbutamide,

and radioactivity in each fraction was determined. This was achieved

by adjusting the urine to pH 1, extracting with 0.5% isomylalcohol in

dichloromethane and then separating the organic phase with appropriate

buffers. See Table IV for the results.
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Table IV Pattern of urinary radioactivity following
I. V. 100 mg bolus of tolbutamide (3H –
tolbutamide, 2.89 x 107 dpm) to sheep #368

#1
Fraction % dpm

Aqueous after extraction 12.6

Organic 86.5

*:
Total 99.1

Carboxytolbutamide 7.7

Hydroxytolbutamide 73.5

Tolbutamide 1.8

Total organic 83. 0

*1 all values represent Z of total urinary dpm

*2 represents 67.8% of the administered radioactivity

Thin layer chromatography of an ether extract of acidified urine

from the same sheep given the *H-tolbutamide provided additional informa

tion as seen in Figure XII.
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Mass spectral information although not quantitative, yet provided

qualitative information about the contents of either a chloroform or

ether extract of 1 to 2 hr. acidified urine obtained from sheep #1494

after given a 0.9 Gm I. V. dose of tolbutamide. Only the residue after

ether extraction was methylated with diazome thane. Table V summarizes

those mass to charge ratios (m/e) related to tolbutamide or its potential

metabol

were do

ites as a result of oxidation. Only those peaks whose heights

uble the baseline were noted.

Table V Mass spectral data of extracted acidified urine obtained
from sheep #1494 which received 0,9 Gm tolbutamide I. V.

m/e Extracting Solvent Methylated Potential Compound"

271 chloroform In O tolbutamide

285 ether yes methylated tolbutamide

287 chloroform In O hydroxytolbutamide

301 ether yes methylated hydroxy
tolbutamide

315 ether yes methylated carboxy
tolbutamide

329 ether yes dimethylated carboxy
tolbutamide

* m/e corresponds to the protonated compound

Not e: The urine used was that collected in the 1 to 2 hour interval
after the I. V. dose of tolbutamide.

In addition, the regular urinary assay for tolbutamide, and

"hydroxytolbutamide equivalents" (p. 51) was performed after the I. V.

adminis tration of tolbutamide. These results are summarized in Table VI.
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TableVI:UrinarydataafterI.V.
tolbutamidebolusinsheep#1494

Hydroxy-
a Tolbutamide

DoseUrineTolbutamideEquivalentsTotal
%%
Dose

ExperimentDate(mg)Collection(hr)tº(hr)(mg)(mg)(mg)Dose(Corrected) II
2/21/738653011956768679.4
79.6 IV6/6/7386028.812846559369.066.0

**

III4/26/7390010.510.55927133073.4
370.03

*1
half-life
of
terminallinearphaseof10grateof
excretionversusmid-pointtimeplot *2

hydroxytolbutamideequivalentconverted
to
tolbutamideequivalents

*3baseduponestimatethat1/2thedosewouldbe
excretedafteronehalf-life

*4seep.51.
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Discussion:

Administration of tolbutamide to most species results in the

oxidative metabolism to hydroxy- and/or carboxytolbutamide as was

indicated in Chapter I. In many cases the quantitative aspect is miss

ing. A previous report of the metabolism of tolbutamide in sheep has

not been found in the literature. A knowledge of the fate of tolbuta

mide aids in a more complete understanding of the tolbutamide-sulfadime

thoxine interaction. The radioactive work suggests the major metabolite

to be hydroxytolbutamide with small amounts of carboxytolbutamide. Yet

it should be noted that p-hydroxymethylbenzenesulfonamide was found

to possess the same Rf value as hydroxytolbutamide in the TLC solvent

system used. The sulfonamide could therefore be present. A considerable

mass spectral peak of m/e = 188 corresponding to the protonated sulfaona

mide is in evidence. However, a number of major peaks exist at m/e values

less than 200 in the urine of sheep not receiving tolbutamide making it

questionable whether the amide is present. The same may be said for

protonated p-methylbenzenesulfonamide, m/e = 172. With regards to the

mass spectral data, an m/e ratio corresponding to carboxytolbutamide was

not found in the chloroform extract while it did appear when the urinary

extract was methylated. This illustrates the difference in volatility of

the metabolites and points out the necessity of forming volatile

derivatives.

A major contribution of the two sulfonamides mentioned can be

refuted by means of the urinary colorimetric assay. The assay, which

requires the intact alkylurea portion of the sulfonylurea molecule for

detection purposes, thus confirms the major metabolite to be either

carboxy- or hydroxytolbutamide. However, the TLC experiment indicates
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that it must by hydroxytolbutamide. Due to the small amount of carboxy

tolbutamide present which must have resulted from the oxidative metabolism

of a minor portion of hydroxytolbutamide, no attempt was made to assay

for carboxytolbutamide specifically. Rather the urinary assay was

designed to measure total oxidized products (hydroxy- and carboxytolbuta

mide) representative of the p-methyloxidation as a route of tolbutamide

degradation.

The absence of kinetic information and the short collection

time (9 hrs) precludes a statement as to the extent of excretion of

unchanged drug and metabolism to hydroxy- and carboxytolbutamide from

the preliminary experiment with radioactive tolbutamide. The longer

collection time and kinetic information with unlabelled drug (Table VI)

permits a more definitive statement. It appears that of the recoverable

tolbutamide (about 75%) approximately 20% exists as unchanged drug and

80% as hydroxytolbutamide equivalents with the majority (72%) as hydroxy

tolbutamide itself.

Since only about 75% of a tolbutamide dose can be accounted for,

one might speculate about the remainder. The results in Table IV indicate

that a larger Ž of the dose exists in the combined metabolite fraction

than can be assayed for as hydroxytolbutamide equivalents as seen in

Table VI. This difference may be due to the presence of sulfonamides as

mentioned before or even dealkylated sulfonylureas. A word of caution

should be given though, since different animals were used (c. f. Tables IV

and VI). In addition, an unextractable portion of the dose exists in

the aqueous phase and this also remains unidentified.

Conclusion:

About 75% of an I. V. administered dose of tolbutamide in the sheep

can be accounted for in terms of parent compound (13%) and metabolites
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(62%). Hydroxytolbutamide represents about 90% of the accountable

metabolites.

B. Kinetics of Tolbutamide in the Sheep:

Administration of I. V. boluses of tolbutamide to the sheep

resulted in plasma concentration-time curves as seen in Figure XIII.

It should be noted that Experiment I represents a bolus in sheep #368

while Experiments II - V are from sheep #1494. All curves were fitted

by eye. The data may be described by either a 1 or 2 compartment model

as illustrated in Figure XIV. Using conventional methods as described

by Portmann” the data were analysed for kinetic parameters, noting that

residuals were obtained after eye fitting. The parameters for each set

of data appear in Table VII. Plasma analysis for the major metabolite,

hydroxytolbutamide was also carried out in Experiment II and the results

may be seen in Figure XV. The curves were again obtained by eye fitting

of the data. In Figure XVI is found the rate of urinary excretion of

parent tolbutamide again corresponding to Experiment II. Rates of

excretion are plotted against the mid-point of the urinary collection

interval and the lines are drawn visually.

Discussion:

As can be seen from Figure XIII, I. V. administration of tolbuta

mide results in a very rapid distribution of the compound into its

apparent volume of distribution as evidenced by the short or even

insignificant c, phase (fast distribution phase). The apparent volume

of distribution in the sheep represents a value which is close to the

volume of the extracellular space (25% of 50 Kg sheep is 12500 ml). This

is not to indicate though that the apparent volume of distribution is

in fact the extracellular space. Most of the A phases (slow elimination
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Fig. XIII: Semi-logarithmic plot of tolbutamide plasma concentrations
with time following an I. V. bolus of tolbutamide.
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1 Compartment

Wól

Kd

2 Compartment

V1 X —ia—

Fig. XIV: Compartmental models

volume of compartment
first order rate constant
describing the loss of
mass (M) from the compart
Inent.

volume of central compartment

volume of periferal compart
ment

-
V1 + V2

*21 = first order rate constants
describing the transfer of
mass (X) between the two
compartments.

= first order rate constant
describing the loss of mass
(X) from the central compart
ment.
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TableVII:

KineticdataofI.W.

tolbutamidebolus

DoseA–1B &1A,lº,3.

ExperimentSheepDate(mg)Model(mcg/ml)
o■(hr*)
(mcg/ml)(hr*)(hr)(hr“)

I3682/18/729002700.693720.1260.1940.413 II14942/21/73865l----85------ III14944/26/739001*2----77------ IV14946/6/73860241.51.558.50.173
.
3130.745

V
14946/10/739002241.54740.183.2831.21

tº■ hr)”klo(hr’)vi(ml)V,(n1)va(ml)”Cl
(ml/min)” 5.50.21163382977931.522.5 3.00.231----1020039.1 10.60.065----1170012.7 4.00.2678600361.21221238.3 3.80.23091.8421531133735.2

*1
representsCp°in1
compartmentmodel *2hadaverysmall

a■
phasewhichwasneglected

*3
half-life
of
terminallog-linearphase *4plasmaclearance

#5WG=Vdssi.e.V.--V2 Note:seeAppendixfordefinition
ofsymbols



78.

100

50

30

20

10

0.5

0.3

0.2

0.1

o Tolbutamide

D Hydroxytolbutamide
× Residual data (Hydroxytolbutamide)

|- - tº ~ 11 min.

Time (hr)

Fig. XV: Plasma hydroxytolbutamide after 865 mg. I. V.
tolbutamide bolus (Experiment II – Sheep #1494)
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phase) in Figure XIII have about the same half-life. The exception is

Experiment III which is considerably different although it should be

noted that this particular experiment was followed only for about 11

hrs. while the other experiments were followed for 13 to 21 hrs. It

was noted at the time of Experiment III that the sheep had developed

an infection in the hind 1jimb in which the vascular catheters were

inserted. The infection was visible due to the extensive swelling and

wool loss. It is suspected that the infection may have been responsible

for the change in kinetics. Although a culture was not taken of the

infected leg, plasma electrophoresis was performed subsequently on

plasma obtained during (Experiment III) and after (Experiment W) the

infection. These values along with standard values appear in Table VIII.

As can be seen, no differences exist to which the change in half-life

might be attributable. As the Vd is comparable before and during the

infection (Table VII), the data suggests that the clearance is diminished

during the infection. Since most of the tolbutamide is excreted in a

degraded form, one might speculate that the infection caused a change in

activity of the metabolic site resulting in a decreased metabolic rate of

tolbutamide. After removal of the catheters and treatment with I.V.

ampicillin (Polycillin: Bristol) and Topical Neosporin (Burroughs and

Wellcome) the infection cleared up. Subsequent tolbutamide administration

resulted in a return to preinfection kinetics (Experiments IV and W).

This points out a potential problem when using a chronic animal preparation

to investigate the kinetics of compounds. Not only may there be considerable

inter-animal variations, but intra-animal variation may be due to a state

of health in the animal.

The plasma hydroxytolbutamide concentration data in Figure XV

suggest that its disappearance rate from plasma is rate limited by its

rate of formation from tolbutamide. The half-lives of plasma tolbutamide
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Table VIII: Plasma electrophoresis; Sheep – #1494

Plasma Tolbutamide º,” Component Conc. (Gm Ž)

Experiment III 10.6 Total Protein 9.2

(4/26/73) Albumin 2. 3

Alpha 1 0.4

Alpha 2 1.1

Beta 3. 7

Gamma 1.7

Experiment V 3. 8 Total Protein 9. 2

(6/10/73) Albumin 2.7

Alpha 1 0.5

Alpha 2 0.9

Beta 2.6

Gamma 2.5

Normal
-

Total Protein 7.1–8.1

Albumin 3. 1–3.7

Alpha 1 0.8-0.9

Alpha 2
-

Beta 1.0–1.1

Gamma 1.9—2.4

*1 half-life of terminal log-linear phase

#2 Kaneko, J.J.86

and hydroxytolbutamide disappearance appeared to be identical (t, = 3 hr).

Back extrapolation of the terminal linear phase of hydroxy tolbutamide

concentration to time zero and calculation of residuals resulted in a

phase with half-life of about 11 min. This suggested that the half

life for elimination of hydroxytolbutamide was about 11 min. Evidence

to support this will be shown later to indicate that the rate of
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elimination of hydroxytolbutamide is very rapid after an I. V. bolus of

the metabolite. A question may be raised as to the low concentration of

hydroxytolbutamide in plasma relative to that of tolbutamide. Explana

tion for this might lie in 1) a large volume of distribution of

hydroxytolbutamide, 2) only small amounts of it are formed, or 3) it is

very rapidly eliminated. Further reference to this question will be made

in the section on an I. V. bolus of hydroxytolbutamide.

Regression analysis of plasma tolbutamide concentration (Fig. XV)

on the rate of urinary tolbutamide excretion (Fig. XVI) can be seen in

Figure XVII. The plasma concentrations represent those at the midpoint

of the excretion interval. The correlation coefficient, regression co

efficient and intercept with standard errors of estimate are 0.94 (0.14),

0.29 (0.05) and 1.28 (2.40) respectively. It is evident that the rate

of unchanged tolbutamide excreted in the urine is proportional to the

tolbutamide plasma concentration (proportionality constant is renal

clearance) and that the 95% confidence interval for the intercept would

contain Y = O and X = 0.

A further note might be made about the plasma clearance of tolbuta

mide as seen in Table VII. The range is seen to be 12.7 to 39.1 ml/min.

Assuming a negative extrapolation from man (70 Kg) to sheep (50 Kg) then

the cardiac output (8.6% of body weight per min”) in the sheep would be

4300 ml/min. The corresponding plasma output would be 2700 ml/min for a

hematocrit of 0.38°. As can be seen then, plasma clearance of tolbuta

mide is only a fraction of the total plasma circulated per minute. Even

if one were to consider the liver as the sole clearing organ (700 ml/min)

the observed clearance still represents only a fraction of the flow. Once

again, there is room for speculation. The plasma clearance of tolbuta

mide might be related to its unbound concentration.
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Conclusion:

The kinetics of an I. V. bolus of tolbutamide in the sheep may be

described by a one compartment model, or a two compartment model with a

rapid ( 0.- 0.693 to 1.54 hr’) distribution phase. The normal terminal

log-linear half-life in plasma was found to have a range of 3 to 5.5

hr. The apparent volume of distribution (liters) had a range of 18.5 to

24.5% of body weight given a mean body weight of 50 Kg. The total body

plasma clearance of tolbutamide had a range of 12.7 to 39.1 ml/min.

C. Pharmacologic Response to Tolbutamide:

In order to assess the potential hypoglycemic effect of tolbuta

mide, blood was collected in appropriate vacutainer tubes and the

plasma analyzed for glucose. Figure XVIII, Experiment III, represents

the results obtained after a 900 mg bolus of tolbutamide I.W. in sheep

#1494.

Discussion:

It is quite evident that tolbutamide produces a hypoglycemic

state in sheep. It cannot be stated by what means this effect is

produced, although it is probably attributable to an increase in

insulin release from the ■ – cells of the pancreas as discussed in

Chapter I. A more appropriate pharmacologic response index might then

have been circulating insulin levels. A question exists why the plasma

glucose returns to a normal value about 2 hrs after the administration of

the tolbutamide while the plasma level of tolbutamide has only changed

fractionally during this interval. One explanation commonly given is

that compensatory forces in the body mediated by the adrenal glands

attempt to nullify the state of hypoglycemia”. This is possibly the

case. Alternately, tolbutamide may only release a quickly depleted

labile pool of insulin thus causing the transitory effect. Yet
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Fig. XVIII: Plasma glucose after 900 mg I. V. tolbutamide bolus given
over 30 seconds to sheep #1494 (Experiment III)
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another possibility exists. If the release of insulin is dependent upon

the concentration of unbound tolbutamide reaching the pancreas then

the release would be greatest in the first minute or two after admini

stration when most of the dose is present in the vascular system.

Suppose tolbutamide's initial apparent volume of distribution is 6 to

12L (vior Vd, Table VII) and the plasma cardiac output is 2700 ml/min.

If the drug is administered in 30 seconds, then the initial concentration

in the plasma could be in the order of 5 times that found after distribu

tion which might result in a higher unbound fraction and a higher unbound

concentration reaching the pancreas. Yet, greater initial total

tolbutamide plasma concentrations which are also seen according to the

hypothesis could explain the greater initial hypoglycemia resulting

from increased circulating insulin. This thus remains mere speculation.

Preliminary work suggests that the release of insulin in an isolated

perfused rat pancreas depends upon the unbound tolbutamide concentration”

Conclusion:

An I. V. bolus of tolbutamide in the sheep causes a pronounced

hypoglycemia whereafter recovery to baseline values takes place in 2 hrs.
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II INTRAVENOUS HYDROXYTOLBUTAMIDE BOLUS

Hydroxytolbutamide was administered I. V. to determine its dis

position kinetics and to evaluate its hypoglycemic activity.

A. Kinetics of Hydroxytolbutamide:

Administration of I. V. boluses of hydroxytolbutamide resulted in

plasma concentration-time curves as shown in Figure XIX. The two

curves represent a dose of 250 mg. in different sheep. Again, all

curves were fitted by eye and their biexponential character suggested

that they could be described by a 2 compartment model (Figure XIV).

Using the conventional methods as was done with tolbutamide, the data

was analyzed for its kinetic parameters with the results tabulated in

Table IX. The urine for each experiment was collected and analyzed. Urine

from Experiment VI, collected for 20 hrs was analyzed for both parent

hydroxytolbutamide and carboxytolbutamide. Urine from Experiment VII,

collected for 3 hrs was analyzed merely for total metabolite. The results

appear in Table X.

Discussion:

As can be seen in the two experiments, hydroxytolbutamide is very

rapidly eliminated from the body having a terminal log-linear half-life

about 1/12 of that for tolbutamide. This confirms the preliminary

estimate (Figure XV), that the overall elimination kinetics of

hydroxy tolbutamide, given a dose of tolbutamide, is rate-limited by its

formation. Virtually all of the dose could be accounted for in the two

*P*riments and the results further support the suggestion that carboxy

tolbutamide represents a minor metabolic product. The fate of hydroxy

**butamide after its I.V. administration is not necessarily the same as

* after formation at a metabolic site. I.v. administered
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XIX: Plasma hydroxytolbutamide – time plots following an
I. V. bolus of 250 mg hydroxytolbutamide.
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TableIX:KineticdataofI.W.hydroxytolbutamidebolus

kk

DoseA*,BAtº£lº,2.

ExperimentSheepDate(mg)Model(mcg/ml)(min")(mcg/ml)(min
)
(min)(min
)
(min
)

WI#3684/10/722502100.0433.50.027260.0190.044 VII#14944/24/732502220.2314.60.05113.50.0560.082

.
–1;1&2

*10(min")V1(ml)V2(ml)Vd(mlC1
(ml/min) 0.05618520800026.5201490 0.1449.4006420158201350

*1Wö=Wö
,i.e.V.,+V

SS

*2
Plasmaclearance Note:SeeAppendixfordefinition

of
symbols
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Table X: Urinary analysis after 250 mg. I. V. hydroxytolbutamide bolus

Urine Carboxy
Collection Dose tolbutamide Hydroxytolbutamide

Experiment Sheep (hr) (mg) (mg) (mg)

VI #368 20 250 20. 7 229

WII #1494 3 250
-- --

*
Total Metabolite (mg) % Recovery

249. 7 99.9
*1

229. 5 91.8

*1 hydroxytolbutamide equivalents (see p. 51 )

× 2 mg total metabolite × 100
dose

Table XI: Hydroxytolbutamide area analysis in sheep #1494

*
Dose Area % 3,4

Experiment Date Compound (mg) (mcg/ml x hr) Dose

WII 4/24/73 Hydroxytolbutamide 250 3.09°1
-

*:
II 2/21/73 Tolbutamide 865 15. 60 2 138

*
III 4/26/73 Tolbutamide 900 11.02 2 93.5

#1

× 2

#3

#4

#5

A/-, + B/?
trapezoid rule

% resulting in hydroxytolbutamide formation
:k

calculated: (Area T) x 250 x 270 5 100
(Area H) 286
Dose T

Area T = area hydroxytolbutamide generated by tolbutamide

Area H = area hydroxytolbutamide after its administration
Dose T = dose tolbutamide

mol. wt. tolbutamide/mol. wt. hydroxytolbutamide
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hydroxytolbutamide may never reach the metabolic site required for

conversion to carboxytolbutamide due to its own rapid elimination and

partition characteristics.

Use can be made of the area under the plasma concentration

time curve after tolbutamide and hydroxytolbutamide administration to

suggest the fraction of a tolbutamide dose being converted to hydroxy

tolbutamide. The results in Table XI do not appear to be meaningful when

looking at the 7. Dose column. However, it should be pointed out that

Experiment VII was generated two days before Experiment III while

Experiment II was obtained two months before either of these. Experi

ments III and VII were also obtained at a time when the sheep had the

infected hind limb. Thus Experiment III and VII may be very meaning

ful together, suggesting that most of the dose is metabolized to

hydroxytolbutamide. Together with Table VI, the data suggest that a

small fraction of a dose of tolbutamide is excreted unchanged while the

balance is metabolized to hydroxytolbutamide. An unaccounted for

discrepancy exists here since only about 62% of a tolbutamide dose

(Table VI) can be accounted for in terms of hydroxytolbutamide equiva

lents. Possibly an error exists in the area estimate after an I. V.

hydroxytolbutamide bolus or unexpected properties are exhibited after

its I. V. administration. The possible discrepancy in the area estimate

reflects itself in exceedingly high plasma clearance value found in

Table IX. This value (1400 ml/min) appears to exceed the plasma flow

to the kidney (about 90% eliminated unchanged). The question of the

high plasma clearance was further investigated. Freshly drawn blood

(Sheep #1887) was incubated with hydroxytolbutamide at 37° C. The

results could adequately be explained by Equation 9 in which X
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represents the

X = 1 - H Eq. 9

concentration ratio between blood and plasma and H is the hemotocrit.

The experimentally determined value of X was 0.66 while the hematocrit

was 0.39. Equation 9 is then a simplification of Equation 10

X = H + (1 - H) Eq. 10
Kp

used by Rowland” where Kp is the apparent partition coefficient of the

drug between plasma and erythrocytes. When Kp is very high, Equation 10

simplifies to Equation 9.

Blood clearance (CLb) can be calculated from plasma clearance (CLp).

CLb = CLp Eq. 11

X

This would indicate that the blood clearance still exceeds kidney blood

flow. The question remains unresolved.

Conclusion:

A 2 compartment model characterized the plasma concentration-time

curve of hydroxytolbutamide after an I. V. bolus. The terminal log

linear half-life in two sheep was 13.5 and 26 min. While most of the

dose (91.8 – 99.9%), was recovered, the unchanged compound represented

about 90%. The plasma clearance appeared to exceed renal plasma flow.

B. Pharmacologic Response to Hydroxytolbutamide:

Along with the measurement of hydroxytolbutamide in plasma,

Experiment VII served to provide information on the plasma glucose levels.

The results are depicted in Figure XX.

An unexpected response observed was that of a great change in

normal urinary output. The urine samples were then analyzed for total
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Fig. XX: Plasma glucose after 250 mg I. V. hydroxytolbutamide bolus
in sheep #1494 (Experiment VII)
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osmolality and electrolyte content. The results can be seen in Table XII.

Blank urine from two other experiments where hydroxy tolbutamide was not

given was also analyzed for osmolality and electrolyte content.

Discussion:

Although Figure XX seems to indicate that hydroxytolbutamide does

not possess hypoglycemic activity, yet, it should be pointed out that the

dose used was about 1/4 that of tolbutamide which had pronounced plasma

glucose depression activity (Figure XVIII). Were an equal dose used, an

effect might be seen.

Surprisingly hydroxytolbutamide appeared to elicit a decided diuretic

effect. Using the terminology of Goodman and Gilman”, hydroxytolbuta

mide could be classified as a compound resulting in a positive free

water production. In this case, there is a reduction in concentration of

osmotically active solute in the urine. The cited authors indicate that

there is no evidence that the available diuretic drugs directly alter the

action of the antidiuretic hormone itself. Classically, the nephron of

the kidney is functionally organized into 3 zones: proximal convolution,

ascending loop of Henle and distal nephron. Compounds which cause a

positive free-water production are thought to act either by an inhibition

of sodium reabsorption in the proximal tube or an augmented sodium

reabsorption in the most distal nephron where the antidiuretic hormone

exerts its effect. Although the diuretic effect was very visible in

Experiment VII, Experiment VI (Table XII) did not exhibit the same

magnitude of diuresis. Further studies are needed to confirm this action

and then compare equivalent doses of other sulfonylureas. Especially of

interest is the compound chlorpropamide which is reported to possess

antidiuretic activity in man”.
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TableXII:

Urinarydataafter250mgI.V.

hydroxytolbutamidebolusinsheep#1494(ExperimentVII) Experiment
VI

ExperimentVII

AVAV

tAtWolAttAtWolAtNaKC1Osm

Sample(min)(min)(ml)(ml/hr)Sample(min)(min)(ml)(ml/hr)(meg/L)(meg/L)(meg/L)(mostm/Kg) Blank
–120–-

BlankA"-9.2103671243242611249 l303085170Blank#2-6085852223722941605
2704077.116Blank#3-607777634921421540

3902055165l10102716281165170718 4120304386220104929429135106463 515030501003301066396127864277 618030541084401092552104457213 7
120010201250745501032192118563294

660102515020153106551 79030459037196126816 8120303672621921481019
91806042.542.5582271531165

*1
corresponds
toblankof
ExperimentVII *2blankurinefromExperiment

IV *3blankurinefromExperimentVIII
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Conclusion:

A dose of 250 mg hydroxytolbutamide I. V. bolus had no apparent

hypoglycemic activity, but a decided diuretic activity. This diuretic

activity described by a positive free-water production manifested itself

in the formation of osmotically dilute urine.

III INTRAVENOUS SULFADIMETHOXINE BOLUS

The sulfadimethoxine given to the sheep served to assess the

kinetics in this particular species and to determine whether this sufona

mide possessed any hypoglycemic activity. Linkenheimer and Stolzen

berg” have investigated a number of sulfonamides in sheep including

sulfadimethoxine. They have reported a half-life of 8.4 hr. with a

volume of distribution of 310 ml/Kg at a dose of 110 mg/Kg given I. V.

Their volume of distribution was calculated by dividing the dose by the

maximum observed plasma concentration. No compartmental modeling was

done and all data were plotted using linear coordinates. Although the

majority of data will be recorded and discussed in Chapter IV, selected

information will be given at this time.

A. Kinetics of Sulfadimethoxine:

A 4 Gm I. V. bolus of sulfadimethoxine (Experiment VIII) given I. V.

over a period of 4 minutes resulted in the plasma concentration-time

curve as demonstrated in Figure XXI. The Bratton-Marshall assay used to

make the measurements failed to detect the presence of any N* conjugated

derivative of sulfadimethoxine in the plasma. The data of Figure XXI

could be explained by means of a 2 compartment model (Figure XIV) and

thus the resultant pharmacokinetic parameters have been tabulated in

Table XIII after fitting the curve by eye. An attempt was also made to
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Fig. XXI: Plasma sulfadimethoxine after a 4 Gm I. V. bolus of
sulfadimethoxine in sheep #1494 (Experiment VIII)
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recover sulfadimethoxine or its N* conjugated metabolites in urine.

However, it was found that blank urine contained a large component which

gave a sulfonamide reaction. A pH profile extraction was performed
with ether using blank urine and then blank urine containing 50 mcg/ml

sulfadimethoxine. The results given in Figure XXII indicate the

absorbance obtained after Bratton-Marshall assay for blank urine, blank

urine plus 50 mcg/ml sulfadimethoxine, and by subtraction the absorbance

for sulfadimethoxine.

Discussion:

The kinetics of sulfadimethoxine after an I. V. bolus indicate

a distribution half-life of 1 hr and an apparent body elimination half

life of about 7.4 hrs. Although only one bolus is mentioned with more

to follow in Chapter IV, the results mentioned here were used as the

basis for Interaction Study III. It is of interest that the observed

plasma clearance of 31.8 ml/min corresponds to the values obtained for

tolbutamide (Table VII). The low magnitude of the value along with the

knowledge that sulfadimethoxine is plasma protein bound to a considerable

degree (see next section) lend consideration to the hypothesis that the

clearance may depend upon the concentration of the unbound component.

The sulfonamide blank urine reading obtained suggests the

presence of a compound with a diazotizable amino group. Th pH extraction

profile also suggests the presence of an acidic moeity on the compound.

A compound fitting these characteristics would be p-aminobenzoic acid.

However, chemical ionization mass spectral analysis failed to detect a

compound with m/e = 138 corresponding to protonated p-aminobenzoic acid.

The question thus remains unresolved and further work on urinary excretion

of sulfadimethoxine was abandoned.



Table XIII: Kinetic parameters after 4 Gm
sulfadimethoxine I. V. bolus
(Experiment VIII, sheep #1494
4/19/73)

Parameter Value

Dose (gm) 4

Model 2

A (mcg/ml) 105

3 (hr’) 0.693

B (mcg/ml) 183

A (hr") 0.09.4

*i; A (hr) 7.4
-1

k12 (hr ) 0.175
—1

*21 (hr *) 0. 475
—1

*10 (hr ) 0.137

V1 (ml) 13890

V2 (ml) 5110

Vd (ml) 19000
+

CL (ml/min) 31.8

* plasma clearance
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Conclusion:

A 4 Gm I. V. bolus of sulfadimethoxine resulted in a plasma

concentration-time curve described by a 2 compartment model. Kinetic

computation provided a distribution half-life of 1 hr., terminal log

linear half-life of 7.4 hr. and a plasma clearance of 31.8 ml/min.

B. Pharmacologic Response to Sulfadimethoxine:

The results obtained on the possible hypoglycemic effect of

sulfadimethoxine are seen in Figure XXIII. There appears to be a

slight plasma glucose depression. Yet when it is considered that the

dose used was over 4 times that of tolbutamide, then the relative

effect appears to be very small.

Conclusion:

An insignificant hypoglycemic effect was seen in the sheep after

a 4 Gm I. V. bolus of sulfadimethoxine.
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thoxine bolus in sheep #1494 (Experiment VIII)
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IV IN WITRO PROTEIN BINDING

An assessment of the degree of protein binding of compounds has

been performed in vitro for a number of reasons such as attempting to

relate the concentration of the unbound moeity to a pharmacologic

response, attempting to explain a drug interaction or possibly to

explain the compound's pharmacokinetic behavior. In this study, the

purpose of the in vitro binding experiments was to establish baseline

values obtained in vivo and then also to find a compound which would

displace tolbutamide from plasma proteins. No information was found for

the binding of tolbutamide to sheep plasma although it is reported to be

bound 97% to bovine serum albumin at a concentration of 100 meg/ml”.
Of the compounds used, sulfadimethoxine binding has been investigated in

the sheep using whole plasma”. For a concentration less than 50 mcg/ml

a little more than 90% was bound. Between 140 and 200mcg/ml the values

were 90–78% bound, respectively.

In the 1isting of the results, or during the discussion a few

abbreviations will be used. With regards to assay methods, R = radio

activity, B.M. = Bratton-Marshall sulfonamide and GLC = gas liquid

chromatography. When dealing with methods used to determine protein bind

ing, E. D. = equilibrium dialysis, U.C. = ultracentrifugation and U. F. =

ultrafiltration. Throughout this section different whole plasma samples

were used. Table XIV indicates the designations for the various samples

of plasma.
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Table XIV: Plasma sources and designations

Plasma Source Designation

Sample #1, Sheep #368 368A

Sample #2, Sheep #368 368B

Sample #1, Sheep #1494 1494A

Sample #2, Sheep #1494 1494B

Hemolinek, Sample #1 HA

Hemoline”, Sample #2 HB

* Hemoline Pacific, Belmont Ca. 94002

The in vitro protein binding studies have been divided into three

sections – work relating to the binding studies with tolbutamide or

hydroxytolbutamide, binding studies with sulfadimethoxine and finally

displacement studies involving tolbutamide and other agents. In all

cases, Ž unbound was calculated by dividing the radioactivity or concen

tration in the plasma water obtained by E. D., U.C. or U.F., by the radio

activity or concentration in the initial whole plasma, multiplied by 100.

A. Tolbutamide and Hydroxytolbutamide Binding:

Much of the early work in the binding of tolbutamide served not

only to determine, the Ž unbound at various concentrations but also served

to investigate the protein binding determination methods. No including

time required for the preparation of the samples nor their subsequent

analysis, E. D., U.C., and U. F. were performed for 6 hr. , 24 hr., and 4

min. respectively during the binding experiments. As can be seen in

Table XV, the results obtained by the three methods at a tolbutamide

Plasma concentration of 100 mcg/ml are virtually identical. Of interest

as We 11 as was the affect of temperature (25 and 37°C) on the binding

of to lbutamide.
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Table XV: Tolbutamide binding’s using 3 methods at 37°C.

Method Plasma Assay % Unbound

E. D. HA GLC 14.4

U.C. 368A R 14.9

U. F. 368A R 14.6

* Initial plasma concentration of 100 mcg/ml

The results are tabulated in Table XVI.

Table XVI: The effect of temperature on the sheep plasma protein binding
of tolbutamide.

Method Plasma Temp (°C) Assay Tolbutamide conc{mcg/ml) * 7. Unbound

U.C. 368A 25 R 10

11 tº 37 11 10

1 in 25 in 50

it it. 37 1 I 50

11 11 25 rt 100

1 I ! I 37 ! I 100

U. F. 11 25 11 10

rt 11 37 11 10

- 1 In 25 11 50

11 11 37 11 50

11 11 25 11 100

rt 11 37 11 100

* Initial whole plasma concentration

The methods were also investigated to determine the protein content of

10.1

10. 7

12.4

12.7

15.2

14.9

8.9

9.5

11.9

12.0

14.2

14.6

the generated plasma water. As stated in Chapter II, Experimental
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Methods, the protein value obtained represented a fraction of the original

whole plasma. Table XVII summarizes the results.

×
Table XVII: Protein content of generated plasma water 1

Method Temp (°C) Fraction* nk % Protein”

#4
E. D. 37 complete

-
N. D.

U.C. 25 A 3 0.073

11 11 B 3 0.15

rt rt C 3 0.23

11 37 A 3 0.12

11 11 B 3 0.18

! I in C 3 0.20
#5

U. F. 25 complete 5 0.43

ºt 37 it 6 0.87

*1 plasma 368A

#2 complete = bulked plasma water; A = top 1 ml; B
and C are subsequent 1 ml layers

#3 average of n samples expressed as % of plasma proteins
in sheep plasma 368A

*4 not detectable

#5 one sample greater than 1% not included

#6 number of samples

It should be noted that various layers obtained after ultracentrifugation

were analyzed. These layers were 1 ml in volume beginning at the top of

the ultracentrifuge tube. Table XVIII includes all the in vitro tolbu

tamide plasma binding performed.
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Table XVIII: Tolbutamide sheep plasma protein binding at 37°C.

Plasma Method Assay Tolbutamide (mcg/ml) % Unbound

368A U.F. R 10 9.5

11 U.C. II rt 10. 7

HA E. D. GLC 40 9.2

368A U.F. R 50 12.0

7t U.C. rt 11 12.7

HB U. F. GLC 11 14.1

368B U.C. R 11 14.7

11 U. F. 11 ti 16.3

1494 B E. D. 11 11 18.0

HA U. F. GLC 65 10.8

1494A tº " 75 17.4

HA E. D. it 100 14.4

368A U.F. R 11 14.6

in U. C. tº 11 14.9

HA E. D. GLC 200 17. 9

In addition, the Table provides one sample (1494A) which was obtained

after an I. V. bolus of tolbutamide. The data obtained with plasma

sample 368A has been utilized to prepare a Rosenthal plot” of the bind

ing of tolbutamide as seen in Figure XXIV. Equilibrium dialysis was used

to assess the binding of the major metabolite, hydroxytolbutamide, and the

results can be seen in Table XIX.

Table XIX: Hydroxytolbutamide sheep plasma protein binding at 37° C.

Plasma Method Assay Hydroxytolbutamide (mcg/ml) %. Unbound

H. B. E. D. R 2 19. 7

rt in 71 10 21.4

tº 11 11 20 21.0
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;

plasma = 368A

b (bound) = mM

u (unbound) = mM
K - 1.14 x 10" M*

10 r nPt - 7.6 x 107* M

8

6

4 .

2 k.

0.06 0.12 0.18 0.24 0.30 0.36

b

Fig. XXIV: Rosenthal plot of tolbutamide sheep plasma protein
binding after ultracentrifugation at 37°C.
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Discussion:

As can be seen, all 3 methods (E.D., U.C., U.F.) gave essentially

the same result for the binding of tolbutamide. Differences that did

occur as seen in Table XVIII may be attributable to a difference in the

binding seen in a particular plasma sample, which may in turn be a

function of the concentration or inherent binding character of the

binding protein. Electrophoresis was performed on a few plasma samples

with the results of the fractional separation recorded in Table XX.

Table XX: Fractional separation of plasma proteins

Gm/100 ml

Sample Total Protein Albumin Alpha 1 Alpha 2 Beta Gamma

HB 6.9 3.5 0.3 0.7 1. 7

1494B 9. 2 2.7 0. 5 0.9 2.6 2.5

1494c” 9. 2 2.3 0.4 1.1 3. 7 1.7

1494D’” 9.2 2. 7 0.4 1.0 2.4 2.7

*1 plasma from Experiment III

*2 plasma from Interaction Study #3

The differences found with 50 mcg/ml tolbutamide in plasma HB and 1494B

might be due to their difference in albumin content, the protein reported

to be the chief binder of tolbutamide in man”. Other differences which

occur in the same plasma sample with the same concentration of tolbuta

mide but different methods must be attributable to the technique

employed. Of the methods used, U.F. permits the greatest entry of

protein into the plasma water. Since the binding of tolbutamide in sheep

plasma is less than 90%, this protein is of minor consequence. Thus,

due to the short time required for the method, U. F. was selected for
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use in the interaction studies. The Rosenthal” plot of tolbutamide

while limited in data points, yet gives a few indications about the

binding characteristics. The gentle curvature is an indication that

the binding is not limited to one site. Although the line drawn through

the 2 lower concentration points is not the actual line describing the

binding to the predominant site, yet it is an approximation. The associa

tion constant indicates that the binding is moderately strong with the

binding site concentration (nR t = 7.6 x 10-4 M) approximately twice the

albumin concentration (2.7 Gm7). It was interesting to note that hydroxy

tolbutamide was also bound to plasma proteins but apparently to a lesser

degree than tolbutamide.

Conclusion:

The binding of 100 mcg/ml tolbutamide to sheep plasma as determined

by E. D., U.C. and U. F. was found to be 85.6, 85.1 and 85.4% respectively.

Since all methods gave comparable results, U. F. was chosen for subsequent

work due to the short time ( 4 min) required by the method. Tolbutamide

bound to a principle plasma site with an apparent association constant (K)
1

of 1.14 x 10° MT* with the binding site concentration (nPt = 7.6 x 10-4 M )

approximating twice the albumin concentration. Hydroxytolbutamide

(2 – 20 mcg/ml) was found to be bound to sheep plasma 78.5 to 80%.

B. Sulfadimethoxine Binding:

The binding results of sulfadimethoxine are summarized in Table XXI.
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Table XXI: Sulfadimethoxine sheep plasma protein binding
at 37°C

Sulfadimethoxine

Plasma Method Assay (mcg/ml) %. Unbound

1494B E. D. R 12.5 4.9

n i 11 In 25 5.4

in 11 I 50 7.3

11 17 1 - 100 15.2

ni in 11 200 30.4

11 11 ! I 300 40.0

It 11 11 400 46.2

in it in 600 53.8

11 tº 11 800 59.4

HB U. F. 11 100 11.2

It 11 11 200 18.8

11 11 ! I 300 26.6

rt ! I 11 400 33.2

11 E. D. 11 100 11.5

I I it. 11 200 20.0

11 11 in 400 32.5

The results obtained for plasma HB after ultrafiltration have been

illustrated in a Rosenthal plot as seen in Figure XXV.

Discussion:

The same plasma sample, analyzed by U.F. or E. D., gives about the

same binding value. This is surprising because sulfadimethoxine levels

of greater than 100 mcg/ml, using E. D., should give a lower % unbound

value due to the dilution aspect. This problem encountered with E. D.

will become more evident in Chapter IV, when the problem will also be

discussed further. The association constant (K) determined is an apparent
8 - - - - + - -value because the Rosenthal plot 9 exhibits curvature indicative of more
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plasma = HB

b (bound) = mM

u (unbound) = mM

K = 1.54 x 10" M*
nPt - 8 x 10" M

14 r

.

0.16 0.32 0.48 0.64 0.80 0.96

Fig. XXV: Rosenghal plot of sulfadimethoxine binding after ultrafiltration
at 37 C.
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than one binding site. The value obtained (1.54 x 10° MT*) is about

35% higher than that for tolbutamide (1.14 x 10° MT*) but it is interest

ing again that the nPt value (8 x 10-4 M) approximates twice the albumin

concentration. Thus it appears that sulfadimethoxine represents a

logical choice to investigate the interaction hypothesis. This will be

more evident subsequently when it will be seen that sulfadimethoxine

displaces tolbutamide from plasma proteins in vitro.

Conclusion:

Sulfadimethoxine binds to a principal plasma site with an apparent
1

association constant (K) of 1.54 x 10° MT* with the binding site concentra

tion (nP t = 8 x 10-4 M) approximating twice the albumin concentration.

C. Tolbutamide Displacement:

The initial experiments were aimed at finding a compound which would

displace tolbutamide from plasma proteins. Dicloxacillin (Beecham),

indocyanine green (Cardiogreen: Hynson, Westcott & Dunning), sulfa

dimethoxine (Roche) and rose bengal (Mattheson, Coleman & Bell) were

investigated in sheep plasma (HA) with a tolbutamide concentration of 60

mcg/ml. The results are seen in Table XXII.
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Table XXII: Alteration of tolbutamide binding to sheep plasma
(HA) by various agents, determined by U. F. at 37°C

Displacer
Tolbutamide Compound Mol. Conc. Conc. % Unbound

(mcg/ml) Wt. (mcg/ml) (mcM/ml) Tolbutamide

65
-- -- -- --

10.8

60 Diclox— 492 212 0.43 9.5
acillin

rt Indocya- 775 500 0.65 14.6
nine Gr.

11 Sulfadime- 310 216 0. 70 22.3
thoxine

11 Rose 974 710 0. 73 22.6
Bengal

The peculiar result for dicloxacillin was repeated in plasma 368B in

which 50 mcg/ml tolbutamide alone had 14.7% unbound while in the presence

of 50 mcg/ml dicloxacillin this value fell to 9.9%. Thereafter sulfadime

thoxine was investigated further and the summary of results can be seen

in Table XXIII.

Table XXIII: Alteration in tolbutamide (50 mcg/gl) binding to sheep plasma
by sulfadimethoxine (Methods at 37 C)

% Unbound Tolbutamide

Sulfadimethoxine (mc g/ml)
Plasma Method Assay 0 10 20 50 100 200 300 400 600 800

*:3685* U.c. R 14.7 14.2 15.6 16.5 20.9 -
- - - -

" ** U.F. " 16.3 16.8 18.3 19.4 22.9 -
- - - -

HB U. F. GLC 14.1 - - 18.3 21.4 28.5 32.1 35. 2 –
-

1494 B E. D. R 18.0 — – 25.8 32. 7 39.3 43.0 45. 4 49.7 52.8

Note: *2 collected from sheep #368 two days after *1
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Of the results appearing in the Table, plasma HB and 1494B have been

recorded graphically in Figure XXVI.

Discussion:

Of the compounds investigated, three cause a measure of displace

ment while the exception, dicloxacillin, appears to increase the binding

of tolbutamide at the concentration studied. A similar phenomenon to

that seen with dicloxacillin has been observed with phenylbutazone which

has been reported to increase the binding of thiopental to bovine plasma”.
Possibly dicloxacillin, an acidic compound, has an affect upon the structure

of the binding protein(s) causing a liberation of additional binding sites

(increasing nPt) thus causing the increase in binding of tolbutamide. It

is interesting to note that the plasma which had the highest 7, unbound

(368B) tolbutamide before the addition of dicloxacillin exhibited the

greatest increase in Ž bound. Of the compounds investigated, rose bengal

and sulfadimethoxine in the same molar concentration cause the same

degree of displacement. Sulfadimethoxine was chosen for further study.

Sulfadimethoxine appears to be a fairly strong displacer, with

a concentration of 100 mcg/ml. causing a 50% increase in Ž unbound tol

butamide (50 mcg/ml) while 200 mcg/ml appears to double the Ž unbound.

Although both the interactions determined by E. D. and U.F. have been

plotted in Figure XXVI, the results for E. D. are misleading. The E. D.

method allows the unbound moeity of either drug to pass through the

semi-permeable membrane thus in effect causing a dilution of both drugs

in the half-cell which contains the protein. In actual fact, the

results reflect a lower tolbutamide and sulfadimethoxine concentration

at equilibrium. This will be evident in Chapter IV. The E. D. curve in

Figure XXVI would be expected to be higher after about 50 mcg/ml sulfadime

thoxine. However, how much higher the curve should be is complicated
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by the fact that the effective tolbutamide concentration (concentration

of total tolbutamide in the plasma half-cell) has also gone down.

Conclusion:

Dicloxacillin has been shown to decrease while indocyanine green,

sulfadimethoxine and rose bengal have been shown to increase the Ž un

bound tolbutamide in sheep plasma. The increase with sulfadimethoxine

has been about 50% at 100 mcg/ml and 100% at 200 mcg/ml, when using a

tolbutamide concentration of 50 mcg/ml.
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V INTERACTION STUDY ill (Tolbutamide-Sulfadimethoxine)

After the discovery that sulfadimethoxine was capable of signifi

cantly displacing tolbutamide from sheep plasma proteins, interaction

studies were begun in vivo. It was decided that the most sensitive

method of examining the interaction consisted of evaluating the influence

of sulfadimethoxine on steady-state levels of tolbutamide. Calculation

based on previous kinetic data (Table VII, Experiment II) indicated that

a bolus of 510 mg tolbutamide followed immediately with a constant

infusion of 95 mg/hr. should immediately attain and maintain a steady

state plasma concentration of 60 mcg/ml tolbutamide. After 3 hours, a

simultaneous zero-order infusion of sulfadimethoxine (2 Gm/hr) was

initiated and allowed to proceed for 3 hours. Throughout the experiment

blood and urine samples were taken. The animal was allowed food and

water ad-lib. The results obtained for total plasma tolbutamide, unbound

tolbutamide and plasma glucose appear in Figure XXVII. The corresponding

plasma levels of sulfadimethoxine during and after its infusion can be

seen in Figure XXVIII. When the sulfadimethoxine data is plotted semi

logarithmically the post infusion curve exhibits bi-exponential

character with the apparent distribution phase having a half-life of 1.6

hr. and the terminal log-linear phase a half-life of 7.5 hr. Plasma

analysis was also carried out for hydroxytolbutamide and the results are

depicted in Figure XXIX. In addition, urinary analysis was performed

for parent tolbutamide and metabolite measured as hydroxytolbutamide.

The results given as excretion rates per hour appear in Figure XXX.

The total tolbutamide equivalents excretion data points have been

corrected for molecular weight differences between hydroxytolbutamide

and tolbutamide. Some of the urine samples have been pooled and this
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information is provided in the data of Experiment IX. During the first

2 to 3 hours the animal displayed a nervousness which resulted in some

loss of unanalyzed urine via the urethra and the normal collection via

the bladder catheter was impeded.

Discussion:

As can be seen in Figure XXVII sulfadimethoxine has a profound

effect upon the total and unbound plasma concentration of tolbutamide.

The total tolbutamide levels fell indicative of plasma protein

displacement. This fall was accompanied by an expected rise in the un

bound tolbutamide concentration. However, both the magnitude of the

initial changes and the subsequent levels were greater than anticipated.

Table XXIV indicates the Ž unbound tolbutamide in plasma as well as the

% increase in the unbound fraction in the presence of sulfadimethoxine.

The"Ž unbound "values obtained may provide some information about the

actual distribution of tolbutamide. To explain the large increase in

"% unbound" in plasma (98 to 22.1%) several models of drug distribution

were considered. One may compartmentalize the body of the sheep into

4 volumes, 3 of which are real – the plasma, extracellular fluid and

total body water (Figure XXXI). The fourth, the apparent volume of

distribution, as described in Chapter I, was graphically estimated

from Experiment II (Table VII) which represented the results from the

last tolbutamide bolus just before the interaction study. Now, 3 cases

might be envisaged.

Case 1 – drug bound only in Vp: Since the plasma volume (Vp)

represents 18.3% of the apparent volume of distribution (1860/10200 x

100), and assuming about 20% of the drug in Vp is unbound (Table XXIV),

then only 14.6% of a dose would be in a bound form. If all of this
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drug were displaced, then the maximum increase in the unbound fraction

in the body would be 17.1%. However, as will be evident in Case #2,

Case #1 cannot exist for tolbutamide in the sheep.

Table XXIV: Percent unbound tolbutamide in plasma
interaction study #1 (Sheep #1494)

* *
Time (hr) %. Unbound 1 % Increase 2 Sulfadimethoxine (mcg/ml)

1.0 18.2
- -

2.0 20. 0
- -

3.0 22.5
- -

4.0 51. 7 156 155

6.0 64.8 221 288

9. 1 50.4 150 170

12.0 40.0 98 125

14.5 45.2 124 98

*1 obtained from actual data values

× 2 obtained from the mean (20.2%) of the first 3 data points in absence
of sulfadimethoxine

Case 2 – drug bound and the unbound moeity allowed to diffuse into

total body water: To assess the possible changes in Ž unbound with

displacement one needs to determine the fraction of the dose bound in

the body. Using Experiment II, Equation 12 may be written

Dose = Vá Cp Eq. 12

where Cp represents the total tolbutamide plasma concentration. Since

the unbound concentration (CF) in plasma represents 20% of the total

concentration
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Equation 13 applies. Therefore by substitution of Eq. 13 into Eq. 12

and using a Wa of 10.2L,

Dose = 51 CF Eq. 14

The same dose may also be accounted for by Fig. XXXI:

Dose Amount in V2 Eq. 15

1.86 (5 CF) + 28.14 CF + x

where x represents the amount of the dose bound in (V2 - Wp) in Fig. XXXI.

Therefore Eq. 16

x = Dose – 37. 44 Cf Eq. 16

may be obtained. Now dividing both sides of Eq. 16 by Dose and

substituting Eq. 14 for Dose, results in Eq. 17 describing the

x = 1 - 37.44 Cf = 0.265 Eq. 17
Dose
-

51 CF

fraction of the dose bound in (V2 - Vp). Together with the knowledge that

the fraction of the dose bound in the plasma is 0.146, the total fraction

bound in this case would be about 41% of the dose. Total displacement

of the bound drug could maximally produce a 70% increase in the unbound

fraction in the body. Since the results obtained were higher than 70%,

this case may also not apply. A cautionary word might, however, be

added. Possibly the redistribution of the unbound moeity into the cell

is slow relative to displacement thus causing a higher 7, unbound in the

plasma than calculated in Case #2. Also, since the rate of excretion of

total tolbutamide equivalents does not equal the rate of tolbutamide

infusion after the administration of sulfadimethoxine (Fig. XXX), the

amount of undistributed tolbutamide in the body (V2-Vp) could be rising

causing the exaggerated Ž unbound.
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Case 3 - drug bound but the unbound moeity limited to the extra

cellular fluid : Using similar calculations as in Case 2, one arrives at

Eq. 18 which describes the fraction of the dose bound in

= 1 - 19.94 Cf = 0. 609 Eq. 18
51 Cf

Dose

(V1 – Vp). Therefore the total fraction of the drug bound would be

about 75% and displacement could maximally produce a 300% increase in the

unbound fraction in the body. This value exceeds those obtained in the

interaction study and suggests that the actual distribution of tolbutamide

may be limited to the extracellular fluid.

Continuing, if the Ž unbound tolbutamide in any isolated sample is

purely due to displacement by sulfadimethoxine then the value observed

should be obtainable in vitro by the addition of a similar tolbutamide and

sulfadimethoxine concentration. However, the Ž unbound determined at the

resultant sulfadimethoxine levels (Table XXIV) are much higher than would

be approximately expected from the in vitro displacement data (Fig. XXVI).

Either a chemical species is generated in the animal which has potent

displacing properties or another change must have taken place. This

matter will be further discussed in Interaction Study #3.

The secondary fall in plasma glucose levels, generated (Fig. XXVII)

after the initial depression (tolbutamide bolus), may be accounted for by

the substantial and rapid increase in unbound tolbutamide during the

sulfadimethoxine infusion since the unbound tolbutamide concentration is

maximal at the point of greatest glucose depression. Alternately, this

secondary depression of glucose may be due to the presence of sulfadime

thoxine (Fig. XXIII, p.114 ). However the effect seen in the interaction

study appears to be greater than what would be expected from Fig. XXIII.



128.

The explanation for the entire shapes of the total and unbound

tolbutamide plasma curves may be twofold. In either case, however, an

assumption is made about the factor controlling the rate of removal of

tolbutamide. The rate of removal may be dependent upon the unbound

concentration (Chapter I). Alternately, the rate of removal could be

dependent upon the total tolbutamide concentration. This latter method

of removal will be dealt with first.

Case 1 – clearance dependent upon total plasma tolbutamide: In

this case the shape of the curve would reflect only redistributional

changes. Initially sulfadimethoxine would predominantly displace

tolbutamide from plasma proteins with the unbound moeity largely diffus–

ing out of plasma into tissues. Subsequently after sufficient distribu

tion of sulfadimethoxine into tissues, displacement would occur there and

cause a reversal of distribution of some unbound tolbutamide back into

the plasma. Two aspects of the curves, however, cloud this case. First,

the level of total tolbutamide in plasma begins to rise before the point

of maximum sulfadimethoxine concentration. This will occur if sulfadime

thoxine displaces tolbutamide from the tissues to a greater extent than

from plasma proteins. Using the tolbutamide distribution, Case 3, it

can be seen that 80% of tolbutamide is bound in the plasma while

calculations show that about 75% is bound in the tissues. Possibly more

drug displaced off the tissue binding sites enters than leaves the plasma

volume. Although difficult to defend or refute, it seems a remote

possibility. Another contradicting aspect is that the total tolbutamide

levels appear to be higher after 11 hrs. than before the sulfadimethoxine

infusions. According to this case, since the rate of tolbutamide infusion

remains the same, the total tolbutamide concentration should return to
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the presulfadimethoxine level. Yet the presiding problem is that

sulfadimethoxine levels are non-steady-state, hindering the explanation.

Case 2 – clearance dependent upon unbound plasma tolbutamide: In

this case, the unbound tolbutamide concentration would initially rise due

to displacement and then eventually return to the presulfadimethoxine

level as seen in Chapter I. The total level should fall and then due to

the disappearance of sulfadimethoxine, begin to rise and return to the

presulfadime thoxine level when all the sulfonamide has been eliminated.

This case is clouded by the fact that again the total level begins to

rise before the maximum sulfadimethoxine plasma concentration has been

reached and by the fact that the unbound levels remain at a high value

even when sulfadimethoxine plasma levels are dropping. The data could

be explained by this case if in fact sulfadimethoxine was also blocking

the metabolism of tolbutamide. It is felt that this case with the latter

hypothesis might account for the results. Since the sulfadimethoxine

levels are non-steady-state, it is difficult to evaluate at this time.

Subsequent discussion will refer to the hypotheses as Case 1, Case 2 and

Case 2-metabolic block.

The urinary data unfortunately does not provide good base-line

information in the first 3 hours due to urine loss. Total tolbutamide

equivalents excreted per hour should have reached about 75% of the tolbuta

mide infusion rate (Table VI, Experiment II). The regression of urinary

rate of tolbutamide excretion on the total tolbutamide plasma concentration

is seen in Figure XXXII.
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Although the scatter is quite local, the correlation coefficient (r)

of 0.27 indicates a lack of correlation between the two experimental

measurements. However, the correlation coefficient (r) of 0.72 suggests

the rate of urinary tolbutamide excretion is possibly related to the

unbound tolbutamide plasma concentration as seen in Figure XXXIII. Both

of these regression plots were obtained by linear interpolation of

plasma concentrations to coincide with the midpoints of urinary excretion

rates. The reduction in excretion rate of hydroxytolbutamide could be

explained by Case 1 since the urinary curve is a delayed mirror image

of the total plasma tolbutamide up to about 9 hrs., but the reduction in

rate is greater than reduction in total plasma concentration. Thereafter

the excretion rate is still rising while the plasma tolbutamide has levelled

off, contradicting Case 1. The date could also be described by Case 2 –

metabolic block, for the minimum in excretion rate takes place at the

point of maximum plasma sulfadimethoxine. In this case the rise in plasma

unbound tolbutamide should result in greater hydroxytolbutamide excre

tion but due to the metabolic block the excretion is in fact reduced.

This case would also explain why the excretion rate continues to rise after

9 hours. The sulfadimethoxine blocking effect becomes less predominant

with the unbound concentration (still high) causing an ever increasing

excretion rate.

While considerable scatter is present in the plasma hydroxytolbuta

mide levels, coupled with the reduction in its rate of urinary excretion,

the data suggest that sulfadimethoxine might impede the urinary excretion

of this metabolite, because the metabolic rate of conversion of tol

butamide to hydroxytolbutamide has been decreased by sulfadimethoxine.
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Conclusion:

A bolus and constant infusion established a steady state tolbuta

mide plasma concentration of 61 mcg/ml. Sulfadimethoxine zero-order

infusion (2 Gm/hr for 3 hrs) superimposed on an existing and continuing

tolbutamide infusion caused a prolonged increase in the unbound tolbuta

mide concentration ranging from 100–220% above the previous steady state

unbound concentration unaccountable by the mere presence of the determined

sulfadimethoxine plasma levels. This large increase in unbound-concen

trations suggests that the major fraction occurring extravascularly is

protein bound. Although inconclusive, the data suggest that the renal

and metabolic clearance of tolbutamide are dependent upon the unbound

concentration and that sulfadimethoxine is a metabolic inhibitor of

tolbutamide. The results also suggest that sulfadimethoxine decreases

the renal clearance of formed hydroxytolbutamide. Pharmacologically

the data indicates that plasma glucose depression after the initiation

of sulfadimethoxine infusion may be related to the resultant increase

in the unbound tolbutamide concentration.
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VI INTERACTION STUDY 2 (Hydroxy tolbutamide-Sulfadimethoxine)

The observation that sulfadimethoxine administration caused an

apparent decrease in renal clearance of hydroxytolbutamide in interaction

study #1, prompted further investigation. Using kinetic data of Experi

ment VII, Table IX, as baseline information, a zero-order intravenous

infusion of hydroxytolbutamide (155 mg/hr) was initiated in sheep #1494

permitted food and water ad-lib. After 1.75 hr. a simultaneous zero

order sulfadimethoxine infusion ( 2 Gm/hr) was begun and the combined

infusions continued for another 3 hours after which time they both were

discontinued. Blood and urine samples were collected with the results

recorded as Experiment X. The plasma hydroxytolbutamide levels as well

as the urinary hydroxytolbutamide excretion rates from the experiment

can be seen in Figure XXXIV. The corresponding plasma sulfadimethoxine

levels obtained after initiation of its infusion can be seen in Figure

XXXV.

Discussion:

The steady state hydroxytolbutamide plasma concentration reached

appears to be 3.5 mcg/ml. However, sulfadimethoxine appears to temporarily

lower this value a little. This may be due to plasma protein displace

ment of hydroxytolbutamide (bound about 80% - Table XIX) by sulfadimethoxine.

The rate of urinary excretion of hydroxytolbutamide approximates the rate

of infusion of hydroxytolbutamide thus indicating that essentially all the

hydroxytolbutamide is excreted unchanged. The apparent plasma clearance

of hydroxytolbutamide based upon the infusion rate and a plasma concentra

tion of 3.5 mcg/ml is 738 ml/min, a value of about 33% of cardiac

plasma output. Using this clearance value instead of that (1350 ml/min)

found in Experiment VII (Table IX p. 89 ) would result in an area of
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5.65 mcg/ml x hr based upon a hydroxytolbutamide dose of 250 mg (Dose/

clearance = area). If this area value were used in Table XI p. 90 , the

percent of the tolbutamide dose converted to hydroxytolbutamide for

Experiments II and III would be 75.3 and 51.1% respectively. These

values are fairly close to those (54 to 66%) actually found in Table VI

p. 71 . The clearance (738 m 1/min) must indicate that the clearance is

dependent upon the total plasma concentration. Since the urinary excretion

rate has not changed during the sulfadimethoxine co-administration, the

apparent slight drop in plasma hydroxytolbutamide does suggest an

increase in the renal clearance of hydroxytolbutamide. However, consider

able weight is placed on the plasma values at 1.25 and 1.5 hr in order to

make this suggestion for which there is no established explanation. The

results in Interaction Study #1 which suggested a decrease in renal

clearance of hydroxytolbutamide due to the presence of sulfadimethoxine

cannot be due to an interaction by the chemical entities but may be an

artifact of that particular study. It was noted in this connection that

the urinary output after initiation of sulfadimethoxine infusion in

Interaction Study #1 was down (about 25%). A decrease in urine flow might

simply reflect a greater reabsorption of water in the renal tubules, but

this would not be expected to decrease the renal clearance of hydroxy

tolbutamide. Alternately, a decrease in urine flow could be indicative

of a decrease in renal plasma flow. Since the clearance of hydroxytolbuta

mide must be near renal plasma flow, a reduction in renal plasma flow would

result in a decreased clearance of hydroxytolbutamide.

A sample of blood in this study was analyzed for hydroxytolbutamide

and found to have a lower value than that found in its plasma. The blood

concentration was found to equal the plasma concentration if corrected

for hematocrit indicating as shown earlier that hydroxy tolbutamide does
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not appear to partition significantly into red blood cells. It is interest

ing to note that the plasma clearance value obtained in this study (738

ml/min) is much lower than that obtained by an I. V. bolus of hydroxy

tolbutamide (1350 ml/min, Experiment VII, Table IX). Evidently, the I. V.

bolus doesn't provide a good estimate of the area under the curve

although the half-life (13.5 min) obtained from the I. V. bolus study

(Experiment VII, Table IX) is the same obtained from the log-linear plasma

hydroxytolbutamide concentrations after the steady-state infusion is

stopped (Fig. XXXIV). The discrepancy in clearances remains unaccounted

for.

Conclusion:

Sulfadimethoxine ( 2 Gm/hr for 3 hrs) given during steady-state

plasma hydroxytolbutamide (infusion 155 mg/hr) does not decrease the

renal clearance of hydroxytolbutamide which in this study was found to

be 738 ml plasma per minute.
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VII INTERACTION STUDY | 3 (TOLBUTAMIDE-SULFADIMETHOXINE)

After confirmation in Interaction Study #2 that the clearance of

hydroxytolbutamide was not reduced by the co-administration of sufadime—

thoxine, it was decided to repeat Interaction Study #1 except that

sulfadimethoxine was also to be at a steady-state. This would then

permit a more thorough assessment of the interaction between tolbuta

mide and sulfadimethoxine.

In order to facilitate urine flow, the lack of which had presented

a problem in Study #1, the sheep was administered about 2 ml/min (I.W.

drip) normal saline throughout the experiment. The animal was placed in

the experimentation cage the night before the study to alleviate

nervousness encountered in other studies. The study was initiated with

an I. V. bolus of 565 mg tolbutamide followed immediately with a zero

order infusion of 95 mg/hr; a regimen estimated, from previous I. V.

bolus data, to immediately attain and maintain a plasma concentration

of 50 mcg/ml. At 4 hrs, a bolus of 2.44 x 107 dpm *H – hydroxytolbuta

mide was given. Then at 6 hrs the co-administration of sulfadimethoxine

was started using a bolus of 3.2 Gm and a zero-order infusion of 285

*H – hydroxytolbutamide

was administered followed at 14 hrs with a dose of 2.47 x 108 dpm 14c
-

mg/hr. At 12 hrs a repeat dose of 2.44 x 107 dpm

to 1butamide. Then at 19 hrs the sulfadimethoxine administration was

changed – an additional 1.5 Gm bolus given followed by a new infusion rate

of 400 mg/hr. Tolbutamide infusion was halted at 20 hrs while the

Throughout theinfusion of sulfadimethoxine was stopped at 28.5 hrs.

study, blood and urine samples were taken.

Many results have been obtained from this study. Figures XXXVI

a & b indicate what changes took place in total and unbound tolbutamide
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as well as in plasma glucose. The results of the bolus of 14c – tolbuta

mide are seen in Figure XXXVII. The urinary rates of excretion data

of parent tolbutamide, hydroxytolbutamide and total tolbutamide equivalents

are seen in Figures XXXVIII a & b. The corresponding plasma hydroxy

tolbutamide levels are seen in Figures XXXIX a & b while the plasma levels

of sulfadimethoxine are seen in Figures XL a & b . All of the data is

recorded as Experiment XI in the Appendix.

Discussion:

During the discussion, each set of figures will be dealt with

separately. Throughout the discussion. , Phase 1 refers to times 0.6 hrs

when tolbutamide is at steady-state, Phase 2 refers to times 6-19 hrs

when sulfadimethoxine infusion is maintained at 285 mg/hr while Phase 3

encompasses events 19 hrs onwards, i.e. after the second bolus of

sulfadimethoxine followed by the new infusion rate (400 mg/hr). The

tolbutamide picture seen in Figures XXXVI a & b again is rather interest

ing. The initial changes after the first bolus of sulfadimethoxine (6 hr)

again reflect plasma protein displacement of tolbutamide by sulfadime

thoxine. The sharpness in the drop in total plasma, due to extravascular

redistribution of displaced unbound tolbutamide, indicates the rapidity

of the distribution phenomenon. Such results in the time period 6.00 to

6.13 hrs are very similar to those obtained by McQueen and wardell” who

followed the displacement of sulfadoxine by phenylbutazone for 30

minutes also in the sheep. The results in this study (#3) are again very

much like those in study #1 in which the initial changes are followed by

a rise in both total and unbound tolbutamide to a new apparent steady

state at 19 hrs. Using the data in Table XXIII, p. 114 (Plasma 1494B),

certain values for the fraction of tolbutamide unbound ( c( ) could be
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anticipated based upon the sulfadimethoxine concentrations found during

Interaction Study #3. The expected, and found values of c' agree

reasonably well at the 6.85 and 19.97 hr Time point (Figure XLI). However,

thereafter the unbound tolbutamide levels are unaccountably high in the

light of the concurrent plasma sulfadimethoxine levels (Table XXV). The

question arose whether an “N-conjugated sulfonamide metabolite was

generated in sufficiently high concentrations to account for the high

unbound tolbutamide levels. The Bratton-Marshall assay prior to heating

(p. 51 ) will measure all sulfonamides which have an unconjugated *N

position. In the light of evidence that “N-conjugated sulfonamides are

in general more strongly bound to plasma proteins than the parent

sulfonamide.” and could displace tolbutamide, raised the question whether

an accumulation of “N-conjugated metabolite (s) might have occurred to

account for the high values of 2, found.

Table XXV: Fraction unbound plasma tolbutamide ( & ) found and expected
in Interaction Study #3 (5/22/73)

SDM 1 2 *1 1, 2 FFA
Time (hr) (mcg/ml) c{T Found ckT Expected & / ex (mcM/ml)

O
- - - -

0.66

2. O0
-

0. 183
- -

0. 51

6. O0
-

0.185
- -

0.42

6. 05 620 0. 520 0.499 1.04
-

6. O6 525 0. 533 0.468 1. 14
-

6.13 324 0. 515 0.436 1. 18 -

7. O1 190 0.426 0.386 1. 10 0.33

9.04 154 0. 475 0.363 1. 31 0.44

13. 97 124 0.465 0.343 1. 36
-

18.51 122
- - -

0. 52

19 - OO 120 0.485 0.340 1.43
-

19. 97 196 0.410 0.390 1.05
-

* 1 using the presiding sulfadimethoxine concentrations and by linear inter
polation of the data of Table XXIII, p. 114 (Plasma #1494B; 8/17/73)

× 2 non-esterified fatty acids SDM = sulfadimethoxine
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Samples at 7.01, 9.04, 11.00 and 19.00 hrs when analyzed did not contain

detectable concentrations of “N-conjugated sulfadimethoxine metabolite(s)

so this possibility was ruled out. It was decided to analyze some of

the sulfadimethoxine samples to see whether in fact its unbound levels

were also higher than expected. Using the method of equilibrium

dialysis, the fraction unbound sulfadimethoxine ( c. ) at 9.04, 11.00 and

13.97 hrs was found to be 0.33, 0.294 and 0.25 respectively. These values

are higher than would be expected from the equilibrium dialysis data on

the plasma binding of sulfadimethoxine (Table XXI, p. 111 , linear inter

polation). The ratios of c. (found) / ( (expected) for various times have

been plotted for both tolbutamide and sulfadimethoxine in Figure XLII.

Plasma protein analysis was performed on the sample taken at 13.03 hr with

the results seen in Table XX, p. 109 (Sample – 1494 D), almost identical

to other plasma samples analyzed from sheep #1494. Evidently, the

composition of the plasma proteins could not account for the differences

seen. It was then speculated that an endogenous species might have been

generated which would displace both sulfadimethoxine and tolbutamide thus

giving the unaccountably high results. Such a species might be non

esterified fatty acids (FFA). However some discrepancies exist about

the effect of FFA as displacers of drugs from plasma proteins. Rudman

et al. 91 have reported that in vitro palmitate at a molar ratio of 7

times that of bovine serum albumin inhibits the binding of 8 ligands

(including salicylic acid and phenylbutazone) to the protein. However

they indicated the displacement effect was minor or absent in vivo in

rabbits when the FFA concentrations were below 2 meeq/ml. Mukherjee”
has shown the reverse in that the addition of 0.61 to 1.41 mcEq/ml FFA

(palmitate) to human serum causes an increase of 5.6 to 26.5% in the
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binding of benzyl penicillin (3.3 mcg/ml). Although no mention is made of

the FFA concentration in normal serum, the author indicates that when

the FFA concentration is increased by 50% of the original level normally

present in serum, the increment of binding is about 12.5%, while it

exceeds 20% when the FFA concentration is doubled. The explanation for

the observed results by the author is that the FFA changes the affinity

and/or binding sites of the protein thus causing an increase in the

binding of the benzyl penicillin molecule. The results of FFA analysis

of various plasma samples in this present study are recorded in Table

XXV. An apparent depression of the FFA levels could be indicative of the

antilipolytic effects of tolbutamide reported by Feldman and Lebovity”
They report a decrease in FFA after a dose of tolbutamide. The reduction

of FFA in this study might account for some of the decreased binding, but

the apparent rise in FFA after 9 hrs would probably negate the possibility

that lack of FFA accounts for the lower than anticipated binding of both

sulfadimethoxine and tolbutamide at Phase 2 (Figure XLII). In vitro

work would be required to assess the influence of FFA on the binding of

both sulfadimethoxine and tolbutamide.

Plasma *H dpm-time curves found after the administration of *H-

hydroxytolbutamide (2.44 x 107 dpm), before and after the sulfadimethoxine

administration can be seen in Figure XLIII. As can be seen, the lines

appear to both exhibit continual curvature while identical in shape. The

Curve after sulfadimethoxine appears to be lower thus suggesting that

the apparent volume of distribution of hydroxytolbutamide has increased.

It is difficult to assess changes in clearance in Figure XLIII because

1) the lines exhibit continual curvature; 2) since in fact only 0.2

"1 of plasma was counted, the net radioactivity (cpm observed – cpm blank)
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was very low during the latter time points; 3) the I. V. bolus of

hydroxytolbutamide appears to provide a poor estimate of clearance

(p. 87 ). Yet Figure XLIII suggests that sulfadimethoxine does not

change the elimination of hydroxytolbutamide to any great extent.

The administration of “c-tolbutamide at Phase 2 of the study

with the subsequent decay during Phase 2 and Phase 3 resulted in a change

in half life from 3.75 hrs (Phase 2) to 5. 2 hrs (Phase 3 –Figure XXXVII).

The kinetic parameters of Phase 2 are compared to an I. V. bolus of tolbuta

mide given after this interaction study in Table XXVI. Although the

elimination rate constant (k10) and the apparent volumes have not changed

greatly, the resultant clearance of “c-tolbutamide is about 16% higher.

If one can assume that Experiment V provides the apparent volume of

distribution (Vd) of tolbutamide before sulfadimethoxine, then it

becomes apparent that a change in Vd is a poor index of an increase in

the fraction unbound in the body. Usiing the fraction unbound ( ex )

values of Table XXV and the Vd values of Table XXVI, then c{ has not
Wol

remained constant: c. (at 6 hr) = 0. 185 = 1.5 x 107°; c{ (at 19 hr) =
Wol 12212 Vd

3.5 x 10-5 . This suggests that sulfadimethoxine itself and/or changes

produced by it, has caused a significant change in the tissue binding of

tolbutamide. It may also indicate that the distribution of the unbound

tolbutamide molecule is confined to a certain volume. It should be noted

here that the question of the change in half-life of tolbutamide from

Phase 2 (3.75 hr) to Phase 3 (5.2 hr.) will be discussed later.

Again as in Interaction Study #1, the plasma glucose changes

appear to coincide with changes in unbound tolbutamide concentrations.

The return to baseline conditions in Phase 1 and 2 must be accounted for

by readjustment of the body to the challenge of depressed plasma glucose

1evels.
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Table XXVII: Some clearance values of T and SDM determined during
Interaction Study #3

*kºk *:k

t S A T A OH Value
Time Parameter Formula Ro Ro °tt °ut °ts A t A t (ml/min)

steady- CLºt Ro" 95 – 40 — — —
-

39.6
°tt

State CL Ro" 95 — — 7.4 – —
-

214
ut

-C
ut

S
Before CL RO

- - - - - - - -

tS F
tS

Roº CL A OH -
-

40 –
- -

70. 1 29.2
Intt

-

–A–F–
°tt

(Phase 1) CLºut A OH -
-

— 7.4 – — 70. 1 158
—A-E-

Ult

*ett A T
- -

40 – — 7.2
-

3
A t

°tt

CL a T
- -

— 7.4 – 7.2
-

16.2
eut -

A t
C

Ult

*:::::k *:::::k

steady- CLºt Ro" 95 – 40.6 — — —
-

39
°tt

state CL. Ro" 95 — – 18.4 — —
-

86.1
ut -C

Ult

After CL Roº – 285 — — 120 —
-

39.6
tS -C

tS

Roº CL A OH
- -

40 –
- -

55.4 23.1
mtt

A t

C
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Table XXVII (continued)

4 *** oil.” Val
Time Parameter Formula Ro" Roº c C a t . t dºº)

tt ut tS

(Phase 2) *mut A OH
- -

– 18.4
-

55.4 50.2
–A–F–

°ut

*ett A T
- -

40
-

18.2
-

7.6
t

°tt

CL A T
- -

- 18.4 18.2
-

16.5
eut

A t

°ut

* Abbreviations explained in the Appendix

** Mean of 3.88 and 5.45 hr time point

*** Mean of 15.80 and 18.50 hr time point

T = tolbutamide; SDM or s = sulfadimethoxine; tt = total T; ut = unbound T

e = excreted; m = metabolic
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Although the urinary data in Interaction Study #1 were inconclusive,

the data in the present study solidify certain previous observations.

Figure XXXVIII a and b indicate again that in the absence of sulfadime

thoxine about 75% of the infused tolbutamide can be accounted for in

terms of excreted tolbutamide and hydroxy tolbutamide (Phase 1). After the

introduction of the sulfadimethoxine, the rate of excretion of hydroxy

tolbutamide goes down while that of parent tolbutamide goes up. At

Phase 2 some interesting aspects are revealed as summarized in Table

XXVII. Various steady-state clearances have been calculated based upon

either the total or unbound tolbutamide concentration. It can be seen

that the renal clearance of tolbutamide based upon the unbound tolbutamide

levels (CPeut) is the same value (16.2 and 16.5 ml/min). This would

suggest that the renal clearance is dependent upon the unbound concentra

tion. Despite the lack of data over a large concentration range, regression

analysis has been performed, attempting to correlate the rate of urinary

tolbutamide excretion with plasma concentrations of total or unbound

tolbutamide. As seen in Figures XLIV and XLV, the correlation coefficient

(r) using unbound plasma tolbutamide (r = 0.90) is better than when total

plasma tolbutamide concentrations are used (r = 0.59; the plasma values

were obtained for midpoint of excretion intervals by linear interpola

tion). This information adds further weight to the hypothesis that the

unbound plasma tolbutamide concentrations determine the rate of urinary

excretion of tolbutamide. Therefore, by deduction, the total body

clearance of tolbutamide (CLtt) cannot solely be governed by the total

tolbutamide plasma concentrations.

The plasma hydroxytolbutamide levels in this study differ

considerably from those seen in Interaction Study #1. Figure XLVI
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is0.24and3.55respectively).
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exhibits the regression analysis of rate of urinary excretion of

hydroxytolbutamide on the plasma hydroxytolbutamide concentrations

(linear interpolation of plasma data to midpoint of excretion interval).

The value of r = 0.81 indicates a reasonable correlation between the

two experimental determinations. The regression coefficient (slope)

indicates the renal clearance of hydroxytolbutamide to be 522 ml/min.

This value is lower than that (738 ml/min) found in Interaction Study

#2. However when only steady-state conditions are considered, then the

renal clearance of hydroxytolbutamide (–; ;
°öh

) in the absence

(70.1 mg/hr ) or in the presence of sulfadimethoxine (55.4 mg/hr )
1. 48 mcg/ml 1.12 meg/ml

is 790 and 824 ml/min respectively and agrees with the results in

Interaction Study #2 (738 ml/min). The presence of sulfadimethoxine

therefore does not appear to influence the renal clearance of hydroxy

tolbutamide since the difference is within experimental error (5%).

As is readily apparent in Interaction Study #3, the rate of

infusion of tolbutamide (Ro") at steady-state does not equal the rate of

excretion of total tolbutamide equivalents ( A OH + & T ) with the
A t & t

measure able excretion products only accounting for about 75% of R tO " This

indicates that another elimination route or product exists which will be

designated ''x''. Since it has been shown in Interaction Study #2 as well

as during the I. V. boluses of hydroxytolbutamide that greater than 90%

of the administered hydroxytolbutamide can be accounted for as urinary

parent compound leads one to suggest that plasma hydroxytolbutamide does

not undergo further metabolism or extrarenal elimination (via route "x").

However, the present data unfortunately do not permit further elucidation
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". If one can assume unequivocally from Interaction Study #2 thatof ''x

sulfadimethoxine does not alter the renal clearance of hydroxytolbutamide,

then the rate of urinary hydroxytolbutamide excretion can be used to

predict plasma concentrations of hydroxytolbutamide if one considers the

apparent volume of distribution changes of hydroxytolbutamide by sulf

dimethoxine to be minor (*H-hydroxytolbutamide data - Fig. XLII). Given

the rates of urinary excretion of hydroxytolbutamide at Phase 1 and 2 of

70. 1 and 55.4 mg/hr respectively, with a plasma hydroxytolbutamide con

centration of 1.48 mcg/ml at Phase 1, one would predict a plasma level of

# (1.48) = 1.17 mcg/ml hydroxytolbutamide which is very close to that

actually found (1.12 meg/ml).

As has been discussed earlier (p. 160), the renal clearance of

tolbutamide (T) is dependent upon the unbound plasma T concentration (Cut).

Given that the extrarenal T clearance (metabolic) is very 1ow (Cºtt-Clºett;
Table XXVII; p. 158) suggests that the hepatic extraction ratio

(extrarenal clearance/hepatic blood flow) is also very low. This possibly

indicates that the extraction ratio is limited by the unbound T concen—

tration and/or T is a poor substrate for metabolic conversion. It is felt

that the T plasma data seen in Figure XXXVI, p. 140, can be explained if

it is assumed that the extrarenal clearance of tolbutamide is also

dependent upon the unbound T concentration. With this assumption one

would expect the unbound T concentration to return to Phase 1 levels at

steady-state in Phase 2. The continual rise of the unbound T concentration

to a new elevated steady-state level at Phase 2 is compatable with the

results in Interaction Study #1 if one considers sulfadimethoxine to

inhibit the clearance of T in addition to acting as a displacing agent.

The steady-state data seen at Phase 2 should then merely reflect a
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modification of Phase 1 data due to clearance inhibition. The following

general approach will be considered for explanation purposes (reader may

refer back to Chapter I, pp. 16 to 21. The rate of body change of T may be

approximated by Equation 19, where Clºtt is

—dT
- -# = kT T = kTVdGet = CLtt Cet Eq. 19

the total body clearance of T and °tt is the total plasma concentration of

T. In the presence of inhibitor, Equation 20 results.

-dt – kTT – kTVdCtt = *ttºtt Eq. 20dt TH I/ I I
Kr 1 + °/k 1 + “■ ,

I I

If c\, is used to denote the fraction of T unbound (#), then the maximum

total body clearance observed (clearance based upon unbound T ée■ , ) in theCut

absence of inhibitor (Cºma 1) would be CL'tt. The substitution of CLtt
2. o,

into Equations 19 and 20 results in Equations 21 and 22 respectively.

x obs

—dT CL 1. Cut Eq. 21
- - max obs
dt

—dT = CL 1 Cut Eq. 22
-

max obs
dt —H

1 + /k
I

At steady-state, given a zero-order T infusion of Ro", Equations 21 and 22

become Equations 23 and 24 respectively, where

Cut - Ro" Eq. 23
"max obs'
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Cut - Ro"
"max obs' Eq. 24

1 + “/

finally,

*max obs”
-

*max obs' Eq. 25

1 + “/

The maximum total body clearance observed at a steady state of inhibitor

(CL 1 (absence of inhibitor)= Ro" ) would be reduction of CLmax obs
-Cut 2 max obs

by the influence of competitive inhibition. The unbound steady-state T

concentration in the presence of inhibitor (cut”) could then be higher

(same rate of infusion (Ro") of T) as designated by Equation 26 where cut"

is the steady-state unbound T concentration in the absence of inhibitor.

cut”
-

cut" (1 + I/ ) Eq. 26
Kr

Thus if the concentration of inhibitor (I) present is equal to Kr (concen

tration of inhibitor necessary to reduce the rate of T elimination by 1/2),

then the steady-state unbound T concentration (cut”) would be doubled. The

presiding Cet? would then be determined by ** which in turn would depend

on the displacement ability of the inhibitor/displacer upon T. The

elevated cut” at steady-state in Phase 2 could thus be a result of inhibition

of T elimination by sulfadimethoxine.

Without the availability of Phase 3, it would be impossible to test

the proposed mechanism of interaction. The basis for testing the proposed

mechanism lies in the observed change in half-life of T from 3.75 hr in

Phase 2 to 5.15 hr in Phase 3. However first consideration must be given
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as to possible points of interaction by sulfadimethoxine. Figure XLVII

exhibits three proposed ways sulfadimethoxine might interact to reduce

the elimination rate of T. The circled first order rate constants indicate

the routes of inhibition. Tables XXVIII a , b and c summarize some calcu

lations based upon the 3 proposals which will now each be discussed.

Proposal 1 — sulfadimethoxine (SDM) affects the total clearance of

tolbutamide (T). The equations developed in pages 166 to 167 have been

used to calculate various unknown parameters in Table XXVIIIa. The total

SDM plasma concentration (Cts) at steady-state in Phase 2 has been used to

calculate the Kr value (81 mcg/ml) from the CL of 86.1 and 214max obs

ml/min in Phases 2 and 1 respectively. This KI value is then used to

calculate a clearance expected (70 ml/min) in Phase 3 knowing the attending

SDM plasma concentration (Cts = 168 meg/ml). It should be noted that this

Cts value was selected at the 24 hr. point, about half way between the

initiation of SDM-bolus” and the termination of SDM-infusion*, because

steady-state SDM plasma levels were not reached in Phase 3. Then, another

assumption was made in this as well as the other two proposals - that in

the tolbutamide kinetics, clearance - k * Avd (total body clearance10"1
of tolbutamide from a 2 compartment model in the sheep may be approximated

by total body clearance from a one compartment model where A E kd).

This last assumption permitted an appraisal of the change in the volume

term when going from Phase 2 to Phase 3. This appraisal was achieved by

using Figure XXXVII in which the terminal Phase 3 of the curve was back

extrapolated to 19 hrs. (i.e. time when SDM administration changed), and

the change between observed and extrapolated dpm was used as a measure of

the change in the volume of distribution of T. It was thus calculated that

the apparent volume of distribution of Phase 3 (vd’) was 1.1 times that of

Phase 2. This information together with an estimate of the maximum clearance
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PROPOSAL 1.

-Q.
Te = T + HOT + X

PROPOSAL 2

(º), ... "OH OHe
T —ez—' HOT — HOT,
`s kx

Te x—*— x.

PROPOSAL 3

k(º HOT —“— HOT,T Sºzº3. k
ke X xe X

e

T
e

Note:

T = tolbutamide

HOT = hydroxytolbutamide

X = unknown route of elimination or metablic product of T
(see p. 164).

Subscript e denotes excreted

O = points of sulfadimethoxine inhibition

Figure XLVII: Proposed routes by which sulfadimethoxine inhibits
the elimination of tolbutamide in the sheep.



s

Proposal
1of
interactionstudy#3

ParameterFormulaPhase
1
Phase
2
Phase
3

t

Formula

*maxobsRO95=21495=86.1*maxobsl214 =70

Cut7.418.4-168

Cts1++-
1+KT81

I

--120168%l

Cts KCts120 -
ICLbs+- 214 —181

—asope;—l86.1 CLobs max
2

*

Wól-wd"vdºvd.”-1.1Vä” Found
--

3.755.2

t1/2
23

Calculatedtl/2*maxobs?(Vd
)

(3.75)(86.1)(1.1V■ ’)
=5.07

--2*J.

CL22(70)(Vd.2) maxobs"(Vd")

*

designationsexplained
intheAppendix

*

numericalsuperscriptsrefertothephase(i.e.1,2or3) *2
obtained
bybackextrapolation
of
terminallog-linearportionofcurve(Fig.YXXVII).TableXXVIIIa

:
*1valuetaken

at24hr.

to19hrandcomparing
Cp(19hr)tobackextrapolatedvalue.
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TableXXVIIIb
:

Proposal
2of
interactionstudy#3

ParametersFormulaPhase
1
Phase
2
Phase
3

t95

CLRO95+
=
86.1

-

maxobsCut■77–21418.4"maxobs16.5+5571.5

AT7.218.2
=
16.5
=CL

"maxrenalobsTºt#7=16.2T8.Amaxrenalobs16.5

Cut CLCL1.

bs–maxOHobs197.8
–

*maxofobs**214–16.2=197.886.1–16.5=69.
6

—H-—#5
–55
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1+TGE

I
(OH)
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Cts120
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—
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#####
=
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*

designationsexplained
intheAppendix

*

numericalsuperscriptsrefertothePhase(i.e.1,2or3) *1,*2–seeTableXXVIIIa
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2
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-
maxobs
16.5+39.5+16.1

=
72.1
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"
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Cut

CLl

*maxOHobsAOH,70.1
-15835.4
–

50.2maxOHobs158—

At7.418.4Cts163T
39.5 Cut

1+
==1+#5

I
(OH)
-
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2)=19.4CL1

CL
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----
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-
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1
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Cont'd.
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TableXXVIIIc
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(cont'd) ParametersFormulaPhase
1
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2
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values of Phases 2 and 3, was then used to calculate the expected half-life

of T in Phase 3. As can be seen the value calculated for Proposal 1

(5.07 hr) was very close to that actually found (5.2 hr.).

Proposal 2 – sulfadimethoxine (SDM) inhibits only the metabolic

clearance of tolbutamide (T) and the sole route of metabolism is to hydroxy

tolbutamide. The assumptions used in Proposal 1 were used here with one

addition, namely, that the renal clearance of T based on unbound plasma T

concentration (CL ) would remain the same in Phase 3 as inmax renal obs

Phase 2. A value of 65 mcg/ml (Cts) was calculated for *I(OH) which is lower

than the Kr value in Proposal 1. The calculated half-life using this second

proposal (4.97 hr) still compared reasonably with that found (5.2 hr.).

Proposal 3 – sulfadimethoxine (SDM) inhibits only the metabolic

clearance with one Kr value for hydroxytolbutamide formation and another KI I

- tº ºr tº - -

value for the formation of "X *max X obs *max obs *max renal obs

*max OH obs).
The calculations found in Table XXVIIIc indicate that K is 55.9 meg/mlI (OH)

while the K is 114 meg/ml. The same assumptions used in Proposal 2 haveI(x)

been utilized in this proposal. Again the half-life calculated (4.91 hr)

compares well with that found (5.2 hr.).

Three proposals have been forwarded to account for the interaction

of SDM and T based upon the propounded mechanism that T elimination

(metabolic and renal) depends upon the unbound T concentration and that SDM

in addition to being a displacer of protein bound T, acts as an inhibitor

of metabolic elimination of T. All 3 proposal adequately explain the

events in Phases 2 and 3. The question raised then is which of the 3

proposals best satisfy the available information. Proposal 1 can probably

be dismissed because it can be seen in Table XXVII (p. 158) that SDM does
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not change the maximum observed renal clearance of T (CLe ). Thereforeut

SDM must, according to the propounded mechanism, act via Proposals 2 or 3.

Unfortunately, available information does not permit one to accept

unequivocally one of Proposals 2 or 3, but is evident that either adequately

describes the data.

Only 1 hypothesis has been forwarded and 3 proposed mechanisms

within the hypothesis to account for the interaction of SDM and T in the

sheep. Since only steady-state values were used in the suggested hypothesis,

it was determined to use all data as evidence. Since it has been shown

earlier (p. 87 ) that the renal elimination of hydroxytolbutamide (#) is

rate limited by the metabolic formation of hydroxytolbutamide (HOT) from T

then Equation 27 may be written where *mt is the metabolic clearance of T

Eq. 27

based upon T concentration (Ct). Using Equation 20, one could then write

Equation 28 because SDM does not appear to inhibit the renal clearance of

* OH & CL meCt
A t I Eq. 28

1 + /k
I

HOT. By rearranging Equation 28 one obtains Equation 29

Ct ^2 1 1 (I)
a OH T CL * CITK Eq. 29
Tº t mt mt I

which says that a plot of Ct vs inhibitor plasma concentration (SDM)
AOH

A t

should give a straight line with y-intercept of 1 and a positive slope
*nt

of 1 , thus permitting an evaluation of Kr. Using unbound plasma
Cºmtºr
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T (Cut) would give a y-intercept of CL while using total plasmamax OH obs

T (Cet) would yield CI'm This approach might test whether the metabolictt"

clearance of T depends upon ubound or total T. Figures XLVIII and XLIX

represent such least square fitted plots of Interaction Study #3.

Figure XLVIII in fact suggests that one should use °tt' but as can be seen,

the data is too localized in either case to permit an assessment of the

mechanism. Again using the principle that º is rate-limited by its

formation, regression analysis has been performed on # upon unbound

plasma T (Cut) or total plasma T (Cet) with the results plotted in Figures L

and LI, giving correlation coefficients (r) of -0.72 and 0.92 respectively.

This would suggest that the metabolic elimination of T depends upon the

total plasma concentration of T. However such a situation could be

envisaged if in fact the rate of formation of HOT was dependent upon Cut

while displacement and metabolic inhibition of T by SDM took place. A

similar hypothesis was recently forwarded by Jähnchen et al.” who

investigated the influence of phenylbutazone on the disposition of dicumarol

in rats. In diluted serum (1:10) containing 4.4 mg/L dicumarol, the

addition of 80 mg/L phenylbutazone caused a 6-fold increase in unbound

dicumarol. However in vivo phenylbutazone caused no statistically signi

ficant change in dicumarol half-life nor apparent volume of distribution.

Although lacking concrete supporting evidence they suggested that the

in vivo results might reflect a net effect of increased unbound dicumarol

concentration (which could cause a more rapid biotransformation) and an

acute inhibitory effect of phenylbutazone on the biotransformation of

dicumarol. In the present interaction study (#3) one might advance another

hypothesis. Since the renal clearance of T is dependent upon unbound T as

shown, the metabolic clearance could depend upon the total plasma T with
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subsequent possible metabolic inhibition of T by SDM. However this

hypothesis when carried through calculations as in Proposal 2 does not

suggest a change in the half-life of T in Phase 3.

Conclusion:

Interaction study #3 as well as study #1 suggest that a metabolic

interaction exists between tolbutamide and sulfadimethoxine in the sheep.

However clear evidence for a metabolic interaction can only be obtained

from in vitro enzymatic studies. The significance of the interaction might

well be questioned. In this study sulfadimethoxine levels were moderate.

Using Proposal 3 with the same tolbutamide infusion and assuming that the

maximum renal clearance observed remains the same (16.5 ml/min), then the

*max obs calculated for a high steady-state plasma sulfadimethoxine level

of 300 meg/ml would be 52.4 ml/min. The corresponding unbound tolbutamide

plasma concentration would be expected to have a value of about 30 mcg/ml

and the total tolbutamide plasma concentration about 60 to 60 mcg/ml

(ok = 0.5 to 0. 6) depending upon what value of ex (fraction unbound) would

be obtained at that concentration of sulfadimethoxine in the in vivo

setting. As can be seen, the value of total plasma tolbutamide would not

be much higher than that found in the absence of sulfadimethoxine. However

the unbound 1evel has risen dramatically (4-fold). If in fact the unbound

concentration is responsible for therapeutic effect or untoward effects,

then such a change (4-fold) might cause an exaggerated therapeutic response

(hypoglycemia) or toxic symptoms due to untoward effects. This might be

especially true if higher tolbutamide infusion rates than employed here,

were used. Fortunately for the sheep, the renal clearance of tolbutamide
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(corrected for protein binding) appears to be unaffected by sulfadimethoxine

and the renal clearance is dependent upon the unbound concentration of

tolbutamide. This reduces the contribution of the metabolic inhibition to

the ultimate steady-state unbound tolbutamide concentration, for as the

value of cº increases, more of the parent tolbutamide is eliminated renally

per unit time. The significance of an interaction between tolbutamide and

sulfadimethoxine might be much greater in a species like man where supposedly

less than 2% of the dose is excreted unchanged. However the significance of

the interaction would also depend on the effectiveness of sulfadimethoxine

as a metabolic inhibitor of tolbutamide metabolism.

Throughout the calculations of inhibitor constants (Kr), consideration

was only given to the total sulfadimethoxine levels. If the metabolic

clearance of tolbutamide is dependent upon the unbound concentration, then

it might well be the unbound sulfadimethoxine concentration which dictates

the degree of metabolic inhibition. Unfortunately the unbound concentrations

of sulfadimethoxine are not known in Phase 3 to carry out calculations such

as were done for total sulfonamide levels.
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CHAPTER IV

SULFADIMETHOXINE DISPOSITION

I. Introduction:

Widely different plasma sulfonamide concentration-time curves were

observed after boluses of sulfadimethoxine, when plotted on semi-log paper.

A 4 Gm bolus (Fig. XXI, p. 97) seemed to decay log linearly after an

initial apparent distribution phase indicative of a two compartment model

(Fig. XIV, p. 76 ) while on a different occasion a 1 Gm bolus exhibited

continual curvature. With the suggestion that the clearance of tolbutamide

was dependent upon the unbound concentration (Cf) and observing that the

clearance of sulfadimethoxine (CLts) based upon the total plasma concentra

tion (Ces.) was similar to that of tolbutamide (Table XXVII, p. 158 ) it was

suspected that the clearance of sulfadimethoxine was possibly also

dependent upon unbound sulfonamide. Some considerations were then made

with a simple 1 compartment model (Fig. XIV, p. 76 ). Following a single

intravenous bolus dose and denoting Ab as the amount of drug in the body,

Equation 30 follows. From Chapter I, a drug whose clearance is dependent

—d Ab
-H = KdAb = Kdvdcs

-
CLCs Eq. 30

on the unbound concentration and which obeys Equation 31,

CL = & CImax Eq. 31

substituting Equation 31 into Equation 30 yields Equation 32,

Kd – «CImax Eq. 32
WCl
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This equation indicates that a compound whose clearance is dependent upon

Cf would exhibit monoexponential plasma decay provided the ratio &
Wol

remains constant. However if ex varies with concentration, the product

9"max" and hence clearance (CL = KdVd) would not be constant.

Integrating Equation 30 and evaluating between time zero and infinity

results in the familiar Equation 33.

co

Dose = cº■ Ctdt Eq. 33
o

A plot of ■ cedt versus Dose is linear when clearance depends on Ct whereas

if clearance is dependent upon Cf, such a plot would yield a non-linear

relationship. On the other hand, if clearance does depend on Cf, a linear

Dose versus ■ crat relationship results which may readily be seen to follow

by substituting Equation 31 into Equation 33 and realizing that e = Cf:
Ct

oo

Dose = CL ■ Cfdt Eq. 34max Jo

Thus Dose and ■ crat would be linearly related whereas now Dose versus

■ cat would yield a non-linear relationship. An attempt has been made to

graphically illustrate the preceding discussion in Figure LII a) – clearance

dependent upon the total (Ct) concentration; b) – clearance dependent

upon the unbound (Cf) concentration. In case a), a plot of ■ crat would

result in a non-linear relationship while in case b), a plot of ■ cedt would

result in the non-linear relationship. If only relatively small doses of

a compound are used it might be difficult to establish the mechanism of
ge

clearance since a plot of either■ CF Or tdt might appear to give a linear
c

relationship. Yet if a large dose range is used, the mechanism of

clearance should become apparent. It should be noted that in the theoretical
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limiting case where the dose administered is very large so that A approaches

1, both areas (CF Or Ct) will approach the same value. These dose vs area

plots may be regarded as a relatively simple test to evaluate the relation

ship between clearance and concentration. The steady-state approach might

also be used to test the mechanism of clearance. In this case Equations 33

and 34 would result in Equations 35 and 36 respectively where Ro is the

zero-order rate of administration.

*ss = Ro Eq.35
CL

Cfss = Ro Eq. 36
CL

Inax

The same general curves as exhibited in Figure LII would exist if steady

state concentarticris (Cfss Or 9tss) were substituted for ■ º,
Or Cedt and

Ro for Dose and thus could again test the mechanism of clearance.

Due to the difference in kinetics of tolbutamide observed in the

sheep after repeated dosing over a period of time, which could possibly also

occur with sulfadimethoxine, it was decided to give two doses of the sulfona

mide close together and compare the relationships mentioned in Equations 33

and 34 rather than evaluate previous data obtained when doses were given

many weeks apart. Equilibrium dialysis was used to determine the values of

CF at each Ct. However, due to the dilution problems in equilibrium

dialysis it was necessary to prepare a calibration curve relating the Cf
found after dialysis to the Ce in the original plasma sample.f
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II Results and Discussion:

Figure LIII illustrates the family of plasma concentration (Ce)
-

time curves generated after various boluses of sulfadimethoxine in sheep #1494.

As can be seen, only Experiment VIII (4 Gm Dose) appears to exhibit a terminal

log-linear phase.

The unbound sulfadimethoxine concentrations determined using equili

brium dialysis were converted to the corresponding values in the original

plasma sample by means of a calibration curve. The data used to construct

the calibration curve are tabulated in Table XXIX and are plotted in

Figure LIV. The calibration curve was constructed as follows. A series of

known plasma concentrations of sulfadimethoxine were dialyzed (6 hrs) against

Krebs-Henseleit Buffer (Chapter II, p. 23 ) containing 1.124 x 10°dpm 14c
-

sulfadimethoxine. After dialysis was complete the plasma half-cell was

reanalyzed for sulfadimethoxine content while the radioactivity measurements

were used to calculate the Ž unbound drug in the equilibrated plasma

sample. The relationship between original plasma concentration (o), equili

brated plasma concentration (•) and the Ž unbound are indicated in Figure

LIV by the vertical arrows. For example, after equilibration, plasma

which originally contained 400 mcg/ml, then contained 265 mcg/ml sulfadi

methoxine, due to the movement of unbound drug into the protein-free half

cell, with a resultant 46.2% unbound sulfadimethoxine. To find the actual

extent of unbound sulfadimethoxine at 400 mcg/ml one simply moves vertically

from the lower to the upper curve (at 400 mcg/ml) to find that at an

equilibrated dialyzed plasma sulfadimethoxine concentration of 400 meg/ml,

54.5% is unbound. Hence the percent unbound in the original plasma sulfa

dimethoxine sample (400 mcg/ml) must have been 54.5%. The Ž difference

in the fraction unbound before and after dialysis is smallest at the very
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o Experiment VIII – 4 Gm (4/19/73)
in Experiment XIV – 4 Gm (8/14/73)

300 D Experiment XIII – 1.3 Gm (8/8/73)
• Experiment XII – 1 Gm (6/8/73)
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Fig. LIII: Sulfadimethoxine plasma concentrations after
administration of various I.W. sulfadimethoxine
boluses in Sheep #1494.
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Table XXIX: Data for equilibrium dialysis calibration curve (Fig. LIV)

*k *
Original Conc. (mcg/ml) Conc. after dialysis (mcg/ml) 1 %. Unbound 2

800 520 59.4

600 390 53.8

400 265 46.2

300 215 40.0

200 150 30.4

100 84 15.2

50 46 ... 3

25 25 .4

12.5 13 .9

*1 analyzed chemically after equilibrium dialysis (6 hr)

*2 % calculated after equilibrium dialysis using 14c

sulfadimethoxine (1.124 x 10°dpm)
% unbound = dpm buffer side

-
x 100

dpm plasma side

Note: Plasma obtained from sheep #1494 (8/17/73)
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low and theoretically at the very high concentrations. At the lower end

ck (the fraction unbound) is very small with a small fraction of the protein

binding sites occupied, and the small movement of drug from the plasma to

buffer half-cell does little to alter the degree of protein binding. At the

very high concentration & approaches one and for all purposes the effects

of protein binding are not evident.

Unfortunately, after the plasma samples of the two boluses were

analyzed, different 7, unbound values were obtained than expected as seen

in Table XXX. As a result it was necessary to construct a calibration curve

for each sheep plasma of the corresponding experiment. The samples of

plasma collected after the bolus of sulfadimethoxine provided their own

calibration curves as seen in Figure LV in the following way: the initial

total plasma sulfadimethoxine concentration was known; the radioactivity,

after dialysis, provided Ce (fraction of total radioactivity found in bothf

half-cells, present in the buffer half-cell multiplied by initial sulfadi

methoxine total concentration); the radioactivity, after dialysis, provided

the Ž unbound in the equilibrated cells (radioactivity in buffer half-cell

divided by radioactivity in plasma half-cell); total sulfadimethoxine

concentration in plasma half-cell after dialysis was found by subtracting

Cf from the initial total plasma sulfadimethoxine concentration. As can

be seen in Figure LV the plasma samples from the two experiments appeared

to bind sulfadimethoxine differently. In order to ascertain the Ž unbound

for the maximum initial sulfadimethoxine plasma concentrations in each

experiment an estimated extrapolation was made of each upper curve. This

then permitted the calculation of CF (adjust) in Table XXX as described

earlier in Figure LIV. In order to assess the areas of Ct and Cf (adjust)

in Table XXX it was necessary to know time zero concentrations, Cto and

c.” (adjust) respectively. Due to the continual curvature of both log Ct
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TableXXX:Equilibriumdialysis
ofI.V.
bolusesof

sulfadimethoxine
inSheep#1494

Afterdialysis

#3

#1×2
gunboundgunbound

#4

ExperimentTime(hr)Ct
(mcg/ml)
Cf
(mcg/ml)FoundExpected
Cfadjust(mcg/ml) XIII0.6592.413.116.613.721.5 (8/8/73)1.5471.27.911.110.39.3

2.4260.0----
3.9742.53.48.06.83.4 6.1128.21.86.45.62.0 9.1316.2

---- 11.3812.80.65.05.00.6 23.256.50.34.65.00.3 27.135.50.34.75.00.3

#5

Area670.
168.3

XIV0.51206.853.134.630.880.7 (8/14/73)1.71153.93428.323.7
53.2

2.65120.6
----

4.0693.6
12.315.113.717.1 6.5764.86.010.39.77.4 8.5945.03.17.47.23.5 11.2332.4

----
13.4624.21.35.45.01.3 24.2210.00.54.75.00.5 26.028.00.34.35.00.3

#5

Area1353.8259.5
*1
ExperimentXIII
=1.3Gm;ExperimentXIV=4.0Gm. *2

Initialtotalplasmasulfadimethoxine(beforedialysis).
*3fromFigureLIV. *4fromappropriatecalibrationcurve(FigureLV).

O #5

-O-

Area
=

Y[(JCTC2)tº-ti;
C
afterlastdatapoint]
;Ct&CF

estimated
bybackextrapolation.

K
Units
-

(mcg/ml).hr.
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and log Ce with time, no simple solution exists for c.” and c.” (adjust).f

In order to estimate these values, a linear back extrapolation was made

using the two earliest Ct and Ce values in time, and although theyf

undoubtedly are not the actual values, they represent an approximation.

In order to attempt an explanation for the differences seen in

Figures LIV and LV, Rosenthal plots were made using the data of Tables XXIX

and XXX. The results are seen in Figure LVI. It is evident for the three

plasma samples of sheep #1494, that sulfadimethoxine is not bound to only

one site. As a result it is difficult to assess possible differences in

the proteins. However since the slopes are all practically the same in

the initial region (low b) while the intercepts appear to vary somewhat,

it may be that nPt (the total molar concentration of primary binding sites)

is different. Protein analysis on these plasma samples, although not

performed, might have established a difference in albumin or other protein

concentrations thus accounting for apparent differences in n Pt. It would

appear that not enough low concentrations of sulfadimethoxine were employed,

when initially assessing the binding of sulfonamide in plasma HB, and in

fact K and nPt for the primary site are different than proposed in

Figure XXV (Chapter III, p. 112 ). The values for K and nPt of the primary

site reported (from Figure XXV) were 1.54 x 10°M-1 and 8 x 107*M while they

may be closer to 1.1 x 10°MT* and 2.0 x 107*M respectively based upon

Figure LVI.

The results of the calculated areas of Table XXX have been plotted

in Figure LVII. The line describing the Dose vs ■ cat relationship

practically passes through zero thus suggesting that the clearance of sulfa

dimethoxine is dependent upon the unbound concentration *max = 235 ml/min)

and follows the theoretical considerations of Figure LIIb. Provided
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sulfadimethoxine is excreted unchanged in the sheep, this *max would

yield an apparent extraction ratio of about 0.3 (30% of plasma delivered

to the kidney is cleared of unbound sulfadimethoxine). Further, it is

interesting to note that the ratios of areas (Ct to CF) at the 1.3 and 4 Gm

I. V. dose are 9.8 and 5.2 respectively demonstrating convergence of the

curves with increasing dose after some unknown maximum ratio. This again

follows the theoretical considerations of Figure LIIb.

coffey” who gave a theoretical consideration on the effects of

protein binding of drugs on areas under plasma concentration-time curves

developed Equation 37 which is similar to that of Equation 34 (p. 184 ),

where V, is the volume of the plasma compartment and k, the unbound (free)l 2

oC)

—P- - ■ C -dt Eq. 37
O

drug elimination rate constant. However the author failed to extend his

discussion to the use of Equation 37 to establish the method of elimination

of a compound whereas in this chapter it has been shown that obtaining areas

for both Cf and Ct and preparing plots as indicated (Figure LVII) may

provide a quick method of assessing the mode of clearance of a compound.

It should be noted that when the overall elimination of a compound is com

posed of various routes, then the possibility exists that the mode of

clearance (based upon Ct Or CF) for all the routes may not be the same.

As a result neither Dose vs ■ cat
In Or

■ eat will exhibit linearity overo

a wide dose range. o

The bolus of sulfadimethoxine which appeared to have a terminal log

1inear phase (Experiment VIII) was also evaluated for unbound levels and the

results are seen in Figure LVIII. As can be seen, the near linearity of the

terminal phase of the total (Ce) curve, while 2 changes (until about 22 hrs)
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suggests the 2 remains fairly constant (Equation 32, p. 183 ). After
Wól

22 hrs, dº appears to be constant and follows the theoretical considerations

of coffey” who indicated that at sufficiently low concentrations Ct would
Cf

become constant. The results seen in Figure LVIII match general predictions

provided by two publications in which consideration was given to the shape (s)

of the total plasma concentration-time curve (s) given that elimination was

proportional to the unbound concentration of administered drug. Coffey

et allol used predominantly a one compartment model with binding in that

compartment for their predictions, while Krueger-Thiemer et al.” considered

predominantly a two compartment model for their predictions in which binding

took place in the central compartment (plasma volume from which elimination

took place) and unbound drug could equilibrate instantaneously with the

second compartment (residual body water). Both publications however indicate

that a decrease in initial dose would result in total plasma concentration

time curves exhibiting increased linearity. However for sulfadimethoxine in

the sheep (Figure LIII, p. 188 ) this does not appear to be the case. It may

be that unbound sulfadimethoxine distributes non-instantaneously into two

apparent volumes (two compartment model) and that binding takes place in

both compartments. This distribution characteristic could account for the

1ack of linearity of total concentration-time curves at the lower doses

employed.

The fact that & appears to remain relatively constant in
Wól

Figure LVIII may be something unique to this specific bolus, since Figure LIII

indicates that the other 4 Gm bolus (Experiment XIV) does not exhibit the

same linearity, nor do the lesser doses. The results in Interaction Study

#3 (Chapter III, p. 157) suggest that & does not remain constant for
Wól
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tolbutamide although Wa retains a similar value. It is interesting to

note that in the work of Jaehnchen et al”, in which the interaction of

phenylbutazone and dicumarol was studied in rats, phenylbutazone caused a

change in 28 for dicumarol with no statistically significant change in Vd

thus indicating that a did not remain constant for dicumarol. As a
WCl

result it may be that Vå has a limiting value for certain compounds (e.g.

extracullular volume), although this is questionable since it would appear

obvious that the action of compounds like tolbutamide and dicumarol occurs

intracellularly.

The question arises finally whether tolbutamide is capable of

influencing the disposition of sulfadimethoxine. Although this aspect has

not been studied, it should be pointed out that work by Anton”, who among

other things looked at the effect of tolbutamide on the binding of sulfadi

methoxine to undiluted human plasma, demonstrated that the Ž unbound after

the addition of tolbutamide (100 and 300 mcg/ml) changed from a control

value of 3% to 6 and 17% respectively (100 mcg/ml sulfadimethoxine). Thus

tolbutamide is capable of displacing sulfadimethoxine from plasma proteins

and could influence the elimination of the sulfonamide. Since the concentra

tions of tolbutamide employed in the interaction studies were relatively

low (1ess than 65 mcg/ml) one might not expect a change in elimination

kinetics of sulfadimethoxine. It was observed that the plasma kinetics after

administration of sulfadimethoxine in Interaction Study #1 (Chapter III, p. 120 )

were similar to those seen after the I.W. administration of sulfadimethoxine

alone (Experiment VIII, Figure LII, p. 185 ).
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III Conclusion:

The elimination of sulfadimethoxine in the sheep appears to be

dependent upon the unbound plasma concentration with an appropriate total

body clearance of 235 ml/min (based upon unbound plasma concentration).

It has been demonstrated that the mode of clearance of a compound may be

evaluated by performing area analysis of the total and unbound concentrations

after a series of I.W. boluses.
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CHAPTER V

OWERVIEW

The purpose of this research project was to investigate whether

protein displacement was a viable explanation for certain drug-drug

interactions. The hypothesis forwarded was that the presence of a steady

state of displacer should cause no change in the steady-state unbound

levels of the primary protein-bound agent administered, if the clearance

of the primary agent was dependent upon the unbound concentration.

Tolbutamide and sulfadimethoxine, the primary agent and displacer respectively

were selected as model compounds. The project required the development of a

chronic animal preparation. The sheep model proved to be very satisfactory

although the areas of externalization of its catheters proved to be

susceptible to infection. As a result when future studies of this type are

performed, it would be advisable to evaluate organ functions such as kidney

and liver (using appropriate tests or internal marker compounds), registering

any changes which might be very important in kinetic investigations of this

type.

The methods of analysis of the compounds used were generally

satisfactory although a better internal standard should be obtained for the

gas chromatographic assay of plasma hydroxytolbutamide before the internal

standard is added and thus potential errors exist. A possible compound

might be hydroxytolbutamide with the n-butyl side chain replaced by an

n-propyl chain.
O

HOCH2 So, NHCNHCH2CH2CH2

The assay for sulfadimethoxine in sheep urine needs further development due

to interference of some endogenous component. Possibly a fluorometric or

gas chromatogrpahic method would be suitable.
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The administration of tolbutamide in the sheep requires further

investigation to elucidate the fate of the unaccountable 25% of the dose.

This will be most easily carried out with radioactively tagged tolbutamide.

Logical compounds might be conjugates, sulfonamides or dealkylated

sulfonylureas.

Of the protein binding determination methods, ultrafiltration proved

to be simple and fast but required a large volume ( ~ 4 ml) of plasma. When

only small plasma volumes are available, the Dianorm equilibrium dialysis

system is useful but the dilution aspect requires construction of a

calibration curve to obtain the Ž unbound in the pre-dialyzed plasma sample.

The Dianorm system used would be even better if the plasma half-cell were

kept at 1 ml but the buffer half-cell were remanufactured to hold only

0.2 ml. This should increase the region where dilution effects are insigni

ficant by a factor of 5 (Figure LIV, Chapter IV, p. 190).

It has been shown that hydroxytolbutamide has a diuretic effect.

As indicated during its discussion, further work is needed to establish

whether the effect is representative of other sheep or even other species.

Also, the possible diuretic effect of tolbutamide, carboxytolbutamide and

other similar compounds requires co-investigation with such a study

providing possible valuable structure-activity relationships.

It is interesting to find that the clearance (CL) of both tolbutamide

and sulfadimethoxine are about the same in the sheep. It is more interesting

to find that the clearance dependent upon the unbound concentration ("max)
of tolbutamide (Interaction Study #3; 215 ml/min) and sulfadimethoxine

(Chapter IV: 235 ml/in) are about the same. It leads one to suggest that

compounds with a low CL value and exhibiting marked plasma protein binding

may be clearance limited by their protein binding. In this present study,
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more doses of sulfadimethoxine are needed to confirm the observation of

clearance dependent upon the unbound plasma concentration. An unfortunate aspect

of this study is the lack of administration of various sizes of I.W. bolus

of tolbutamide in order to establish unequivocally that its total body

clearance is dependent upon the unbound concentration.

Unfortunately the drug interaction studies have been carried out in

only one sheep. Of major concern is the lack of adequate controls, i.e.

steady-state tolbutamide followed by saline administration only (at the pH

of the sulfadimethoxine solutions). Also, although steady-states, which

demonstrate sensitivity to changes, were predominantly evaluated, it would

be advisable to administer tolbutamide at steady-state but co-administer

sulfadimethoxine at slow changing but increasing rates (provide accumulation)

in order to test more rigorously the equations of inhibition developed

(Chapter III, p. 175).

In the light of the proposed hypothesis stated at the outset of this

Overview, this study was not completed. Possibly indocyanine green might

serve to demonstrate displacement without metabolic inhibition. Yet, the

study illustrated that measuring total drug concentrations is not

sufficient when evaluating drug interactions. The project also illustrated

how interactions of medicinal agents might be studied and how the ensuing

complexities might possibly be analyzed. It also illustrated that mere

analysis of the chemical entities administered or their resultant biotransfor

mation products may not lead to an explanation regarding the extent of

interaction but requires an evaluation of changes in endogenous compounds

which potentially represent an integral part of the interaction. The

beneficial aspects to the study of drug interactions lie not only in the

answers to the mechanisms of the interactions themselves, but on the addition

of information concerning the in vivo effects/changes which are part of the

spectrum of drug actions.
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Vd

Kd

CL

CLI,

CL
p

Cp

Cf

APPENDIX

volume of distribution of a one compartment model;
Vdss of a two compartment model.

first order rate constant of mass elimination from the one
compartment model.

initial concentration (at time zero) of feathered, rapidly
eliminating phase of a biexponential plasma concentration
time curve.

rate constant of rapidly eliminating phase of a biexponential
plasma concentration-time curve; in protein binding: unbound
concentration divided by total concentration in plasma.

initial concentration (at time zero) of the slowly eliminating
phase of a biexponential plasma concentration-time curve.

rate constant of slowly eliminating phase of a biexponential
plasma concentration-time curve.

half-life

volume of central compartment of 2 compartment model.

volume of peripheral compartment of 2 compartment model.

first order rate constants describing mass transfer between
the central and peripheral compartments of the 2 compartment
model.

first order rate constant of mass elimination from the central
compartment of the 2 compartment model.

total body clearance

blood clearance

plasma clearance

plasma volume

total plasma concentration of compound

unbound plasma concentration of compound

concentration ratio of compound between blood and plasma

hemato crit
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Kp

RO

Ctt

Cut

*mtt

mut

*ett

*eut

CPts

RoOH

OH

CPoll

apparent partition coefficient of the compound between plasma
and erythrocytes.

rate of tolbutamide infusion

rate of sulfadimethoxine infusion

total tolbutamide plasma concentration

unbound tolbutamide plasma concentration

total sulfadimethoxine plasma concentration

rate of urinary excretion of tolbutamide

rate of urinary excretion of hydroxytolbutamide

clearance based upon total tolbutamide plasma concentration.

clearance based upon unbound tolbutamide plasma concentration.

metabolic (hydroxytolbutamide) clearance based upon total
tolbutamide plasma concentration.

metabolic (hydroxytolbutamide) clearance based upon unbound
tolbutamide plasma concentration.

renal tolbutamide clearance based upon total tolbutamide
plasma concentration.

renal tolbutamide clearance based upon unbound tolbutamide
plasma concentration.

clearance based upon total sulfadimethoxine plasma concentration.

unknown metabolite (s) or route of elimination of tolbutamide.

total plasma sulfadimethoxine concentration required to reduce
the clearance by 1/2.

rate of formation of hydroxytolbutamide

plasma concentration of hydroxytolbutamide.

total body clearance of hydroxytolbutamide
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Experiment I: Sheep – #368; Dose – 900 mg Tolbutamide; Date – 2/18/72

C,Greg/ml). t (hr)

140 0.17

115 0. 50

95 1.00

80 1.99

63 3.00

46 3.99

33 6.00

10 15.50

5 21.00

* Tolbutamide concentration in plasma
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Experiment II: Sheep – #1494; Dose – 865 mg Tolbutamide; Date – 2/21/73

#1 #2
t (hr) C,(meg/ml) Cog (mcg/ml)

0.25 82 2.5

0. 50 81 2.8

0.75 75 3.3

1.00 67 3.2

2. 00 51 2.6

5.00 26.5 1.1

8.00 12.5 0.6

11.00 6.6
-

14.00 3. 8
-

*1 – tolbutamide plasma concentration

*2 – hydroxytolbutamide plasma concentration

Rate of Tolbutamide urinary excretion

A Ae
t(hr) urine (ml) cu(meg/ml)” 2.É (mg/hr).” midpoint (hr)

0.26 17 40 2.6 0.13

0. 52 22.5 300 26.0 0.39

0.76 17. 5 250 18. 3 0.64

1.02 25 225 21.7 0.99

2.01 130 191 25.1 1.52

5.01 282 118 11.1 3.51

8.02 327 61 ... 6 6.51

11. 05 308 39 4.0 9.53

14.05 311 22 2.3 12. 55

*1 Tolbutamide concentration in urine

*2 rate of excretion
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Experiment III: Sheep – #1494; Dose – 900 mg Tolbutamide; Date – 4/26/73

t (hr) Cp (mcg/ml) * Plasma Glucose (mg%)

0
-

40

0.25
-

20

0. 50 84 26

0.82
-

10

1. 00 71 23

1.50 68 31

2. 00 68 39

3.00 65 40

4.00 59.5 39

6.00 53.5 38

7. 40 47.5
-

10.50 38
-

* total tolbutamide plasma concentration

Experiment IV: Sheep – #1494; Dose – 860 mg Tolbutamide; Date – 6/6/73

Cp (mcg/ml)* t (hr)

60 1.0

32 3.5

15.5 7.8

6.5 12.7

* tolbutamide concentration in plasma
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Experiment V: Sheep – #1494; Dose – 900 mg Tolbutamide; Date – 6/10/73

Cp (mcg/ml)* t(hr)

88 0.28

75 0. 50

67.5 1.00

46.2 2.60

22.6 6.63

1.0 20.00

* tolbutamide concentration in

Experiment VI: Sheep – #368;

plasma

Dose - 250 mg Hydroxytolbutamide;
Date – 4/10/72

Cp (mcg/ml)* t (min)

9. 19 5.2

6.67 10.1

4. 81 15. 0

3. 70 20.1

1.91 30.0

1.23 40.1

1.06 50.0

0. 57 67. 6

0.32 90.1

* hydroxytolbutamide concentra tion in plasma
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Experiment VII: Sheep – #1494; Dose – 250 mg Hydroxytolbutamide;
Date – 4/24/73

Cp (mcg/ml) * t (min) Plasma Glucose (mg%)

0 0 49

10.32 .9 48

4. 16 10.1 48

3. 30 15.0 47

1.68 20.0 44

1. 32 24.9 46

0.97 30.2 46

0. 58 40.0 45

0.37 50.0 48

0.23 60.0 42

* hydroxytolbutamide concentration in plasma
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Experiment VIII: Sheep – #1494; Dose – 4 Gm Sulfadimethoxine;

Date – 4/19/73

cp (neg/ml)” t (hr) Plasma Glucose (mg%) cu (meg/ml)” I ■ T)

0 O 55

-
0.25 43

248 0. 5 51 84.2 (34.0]
220 1.0 53 57.8 (26.3]
176 2.0 51 41.3 (23.5]
140 3.0 51 27.4 (19.6]
114 5.0 55 21.2 [18.6]

96 6.9
-

10.3 (11.3]
81 8.8

-
6.23 [ 7.7]

54 12.3
-

3.24 [ 6.0]
43 14.5

-
2.32 [5.4]

21. 22.8
-

0.93 [ 4.3]
17. 25. 0

-
0.72 [4.1]

15 27. 0
-

0.66 (4.4]

13 29. 0
-

0.56 ( 4.3]

+1

*2

total plasma concentration of sulfadimethoxine

unbound plasma concentration determined by equilibrium

dialysis not corrected for sample dilution
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Experiment
IX:Sheep
–
#1494;Interactionstudy#1;Plasmadata(3/19/73 Time(hr)Total

T
(mcg/ml)Unbound
T
(mcg/ml)Glucose(mg%)SDM(mcg/ml)HO-T(mcg/ml) O--41-- 0.558.3-20-1.0 1.068.8

12.523-1.1 1.560.5
-31-1.2 2.060.8

12.138-1.0 2.560.0-37-1.1 3.064.514.535-1.1 3.550.8-36103l.3 4.050.326.0321551.4 5.046.321.3312251.1 6.048.831.6292881.5 7.154.5
-242331.4 8.057.0-282051.4 9.164.332.4371701.2 10.062.3-371481.6 11.065.5

-331331.5 12.070.0
28.0401251.5 13.266.3

-321151.6 14.567.8
30.6

-98- 15.0
--34-- T=

tolbutamide SDM=

sulfadimethoxine
HO-T
=

hydroxytolbutamide
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Experiment
IX:Sheep
–
#1494;Interactionstudy#1;Urinaryexcretiondata(3/19/73) (cont'd)

*

CollectionTime(hr)Midpt.(hr)T
(mg/hr)HO-T(mg/hr)Total
T
Equiv.(mg/hr)

2

0–0.50.251.92.34.1 0.5–1.00.754.926.730.2 1.0–2.01.503.437.538.8 3.0-4.0%l3.506.548.252.0 4.0—4.54.2510.0
39.046.9 4.5–5.04.7512.032.442.6 5.0–6.55.759.828.536.7 6.5–7.57.0010.7

30.839.8 7.5–10.08.7512.334.745.1 10.0
–
11.010.5019.744.761.9 11.0

–
14.612.8016.3
56.269.4 *12.0–3.0poorurinecollection

*2datavaluehasbeencorrectedformolecularweight(hydroxytolbutamide
x270)

286

T

-

tolbutamide
HO-T

hydroxytolbutamide
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Experiment X: Sheep – #1494; Interaction study #2; Plasma data;
5/22/73

Time (hr) Hydroxytolbutamide (mcg/ml) Sulfadimethoxine (mcg/ml)

0.25 2.23
-

0. 50 2.73
-

0.75 2.73
-

1.25 3. 50
-

1.50 3. 50
-

1. 75 3. 10
-

2.00 3. 20
-

2. 29 3.06 117
2.50 3.24

-

2.75 2.86 149
3.00 2.86

-

3.25 3.06 179
3. 50 3.14

-

3. 75 3. 50 206
4.04 3. 40

-

4.33 3. 20 237
4.54 3.46

-

4. 75
-

261
5. 00 1.44 228
5.31 0.68 209
5. 51

-
208

5.75
-

198
6.00

-
188

18. 87
-

48
22. 28

-
35

25. 13
-

28
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Experiment X:

(cont'd)

Midpoint Time (hr)

Sheep – #1494;

. 13

. 39

.63

. 02

. 75

. 25

. 63

. 88

. 13

. 38

.04

. 66

. 15

.41

.62

Interaction study #2; Urinary excretion data

Excretion Rate (mg/hr)

11.5

111

135

140

144

148

148

154

155

148

149

150
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§

ExperimentXI:Parta):

Sheep
–
#1494;Interactionstudy#3;

Plasmadata;

6/12/73

Time(hr)Ctt(meg/ml)”Cut(meg/ml)”°oh(meg/ml)”Cts(meg/ml)"Glucose(mg%)FFA(men/ml)” O500.66 0.16545 0.3337 0.5037 1.00511.7230 2.00(46)#18.40430.51 3.0043 3.9746 4.1040.51.53 6.0040.07.401.48450.42 6.0529.515.32620 6.0627.014.40525 6.1326.013.40324 7.0130.0
12.800.90190370.33 8.0331.033 9.04(32)#615.20154350.44 10.0033.0

0.9046 11.0013047
4.2640.5 4.5041.5

Cont'd
..



§

ExperimentXI:Sheep
–
#1494;Interactionstudy#3;Plasmadata(cont'd) (cont'd)

#1#2#3#4#5

Time(hr)Ctt(mcg/ml)Cut(mcg/ml)°oh(mcg/ml)Cts(mcg/ml)Glucose(mg%)FFA(mcM/ml) 11.9646 13.0336.0125 13.97(37)#617.2050 14.7538.0
0.98 16.0742 17.6012440 18.5140.61.120.52 19.00(38)*618.4012047 19.2437.5227 19.9736.214.8019643 20.4933.014.98123 19.5240.5208 19.7539.51.23 21.0032.01.07 22.0028.4176 24.0122.50.53168 27.0113.5156 28.4812.0152 29.6010.0132 30.518.5118

Cont'd.
.



§

ExperimentXI:Sheep
–
#1494;Interactionstudy#3; (cont'd)

Plasmadata(cont'd)
Cts(meg/ml)”FFA(mcM/ml)”

Time(hr)Ctt(meg/ml)”Cut(meg/ml)”°oh(meg/ml)”Glucose(mg%) 32.586.1100 34.5482 36.0067 38.3355 50.5520 53.0017 56.0014 *1totalplasmatolbutamide
#2
unboundplasmatolbutamide

*3plasmahydroxytolbutamide
×4totalplasmasulfadimethoxine

*5
non-esterifiedfattyacids *6

estimated



227.

Experiment XI: Sheep – #1494; Interaction study #3; Plasma data

(cont'd) after *C-tolbutamide bolus (2.47 x108 dpm)

Time (hr) Dpm *c/ml
14.25 21050

14.59 16729

14. 75 15702

14. 98 14773

16. 07 10939

17. 60 8298

18.51 6862

19.00 6155

19.24 5569

19.52 5602

19.75 5547

19.97 5260

20.49 4862

21.00 4409

22.00 3967

24.01 3006

27.01 2022

28. 48 1646

29. 60 1448

30.51 1315

32.58 961



§

ExperimentXI: (cont'd)

Sheep
–
#1494;

Interactionstudy#3;

Urinarydata

AT4OHA
Tolb.Eq.

CollectionTime(hr)Midpoint(hr)at
(mg/hr)*l
at

(mg/hr)*
At

(mg/hr)** O
2.001.0021.172.1
89.1

3.00
–
4.75%4
3.886.966.769.9 4.756.105.457.581.884.7 6.109.007.557.851.556.5 9.00

–
11.0010.0017.9
53.268.1 11.00

–
12.5011.7519.456.772.9 12.50

-
14.0013.2517.9
59.073.6

14.00
–
17.6015.8017.963.3
77.7 17.60–19.5018.5518.554.069.5 19.50

–
22.0020.7519.448.164.8 22.00

–
24.0023.0011.536.1
45.6 24.00

–
27.0025.50
7
23.228.6 27.00

–
30.5028.754.414.418.0 32.50

–
36.00%434.251.47.18.1 *1rateof

tolbutamideexcretion
*2rateof

hydroxytolbutamideexcretion(e.(aoh#49)
)*3rateof

tolbutamideequivalentsexcreted
Atat286

correctedformolecularweight.
*4
followsan
interval
oflossof
unanalyzedurine.



229.

Experiment XI: Sheep #1494; Interaction study #3; Plasma data

(cont'd) after *H-hydroxytolbutamide bolus (2.44 x 10'dpm)

A) Before Sulfadimethoxine (Phase 1)

Time (min) Dºn’H/ml
246 2113

253 1250

256 1215

260 986

270 810

285 599

300 511

360 352

660 158

B) After Sulfadimethoxine (Phase 2)

Time (min) Dpm’H/ml
725 1496

730 1092

735 968

740 739

750 704

766 563

782 475

838 317



230.

Experiment XII: Sheep – #1494;

Time (hr)

0. 52

. 58

. 25

20.

29.

65

80

Dose – 1 Gm Sulfadimethoxine;

Date – 6/8/73

Cp (mcg/ml)*

77.5

48.8

21

5.5

3

* sulfadimethoxine plasma concentration

Experiment XIII: Sheep – #1494; Dose - 1.3 Gm Sulfadimethoxine;
Date – 8/8/83

Time (hr) Cp (mcg/ml)*

0.65 92. 4

1.54 71.2

2.42 60

3.97 42.5

6.11 28.2

9. 13 16.2

11. 38 12.8

23.25 6.5

27. 13 5.5

* sulfadimethoxine plasma concentration



231.

Experiment XIV: Sheep – #1494; Dose – 4 Gm Sulfadimethoxine;
Date - 8/14/73

Time (hr) Cp (Mcg/ml) *

0. 51 206.8

1.71 153.9

2. 65 120.6

4.06 93. 6

6. 57 64.8

8.59 45

11.23 32.4

13.46 24.2

24. 22 10

26. 02 8

* sulfadimethoxine plasma concentration






