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ABSTRACT

The primary objectives of this project are to study the acute and short-term
effects of parenteral nutrition (PN), a specific route of nutrient delivery, on metabo-
lism, protein binding and renal excretion of drugs. Lidocaine and ampicillin were
chosen as model compounds. Before this project was conducted, an HPLC assay

was developed to evaluate lidocaine metabolism in detail.

The acute effects of PN on lidocaine and ampicillin pharmacokinetics were
studied in healthy human volunteers. There was no acute effect of PN on the
pharmacokinetics of ampicillin, and, renal functions, including glomerular filtra-
tion rate (GFR), remain unchanged in healthy human volunteers. Similarly, there
was no acute effect of PN on pharmacokinetics of lidocaine in healthy human

subjects.

The effects of acute (co-infusion) and short-term (7 days in wivo infusion)
PN treatments on hepatic lidocaine elimination were studied using an isolated
rat liver perfusion technique. No acute effect of PN on lidocaine elimination was
ol?served. However, compared to livers isolated from chow-fed animals, hepatic
clearance and hepatic extraction ratio for lidocaine were reduced by 29.8% and
31.1%, respectively, in rats after 7 days of PN (p< 0.05). Moreover, mass balance
at steady state showed that recovery was higher for lidocaine (46.5% (PN) vs.
25.6% (chow-fed), p< 0.05) and lower for the aryl methyl hydroxylation product
of lidocaine, MeOH-LIDO, (0.21% (PN) vs. 2.75% (chow-fed), p< 0.05) in the

v



PN group compared to ;:ontrols. These data combined with the results from the
human studies show that PN and drug interaction is highly dependent upon the
period of PN exposure; and PN-induced alteration of lidocaine elimination is more
likely due to a secondary effect on hepatic function of parenteral nutrients rather

than a direct competition between drug and nutrient for hepatic enzyme sites.

The effects of PN and nutritional status on lidocaine pharmacokinetics were
conducted in a pilot study in pigs. The preliminary results indicate that PN
and nutritional states significantly affect lidocaine disposition; PN lowers lido-
caine binding to serum proteins, however the extent of PN and drug interaction

is unlikely to be dependent upon the subject’s nutritional status.
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CHAPTER 1

INTRODUCTION

1.1 Parenteral Nutrition (PN) — An Overview

Parenteral Nutrition (PN) is defined as the administration of nutrients by the
intravascular route. Common PN solutions contain amino acids, carbohydrates,
lipids and other essential components such as vitamins, minerals and other trace
elements. As a general guide, PN therapy is indicated when a patient is unable
to tolerate adequate enteral nutrition for prolonged periods. Criteria for placing a
patient on PN include inadequate food intake for 7 to 15 days, loss of 7% to 10% of
pre-illness body weight, and abnormalities in certain anthropromorphic measures

(Corcoran 1986).

After many years of investigation in parenteral feeding (Barker 1904, Du-
drick and Rhoads, 1971, Cuthbertson 1980, Levenson et al 1984), the ability to
supply complete nutritional support intravenously was finally realized in 1967 ( Du-
drick et al. 1968, Wilmore and Dudrick, 1968). Since then, the use of PN has
become widespread and has proved to be one of the major advances in medical
care in this century (Klein and Nealon, 1988). According to 1984 statistics, $432

million was spent on PN solutions in the United States alone (Piech 1985).

The success of PN therapy is due to its widespread application in surgical
and medical disorders. Surgical recO\;ery has been improved with the incorpora-
tion of PN therapy (Mullen et al. 1980, 1982). Several medical disorders which

1



3
have been resistant to other therapy are trested with PN therapy (McSweeney
1983). Patients suffering from a variety of gastrointestinal diseases, pancreatitis,
major burns and cancer are the prime candidates for PN therapy. These patients
are in negative nitrogen balance because of rapid protein breakdows: {catabolism)
in meeting the daily energy requirements. A 7-day fast depresses liver protein by
40%, gastrointestinal protein by 28%, and kidney protein by 20% {Addis et el.
1936). Catabolic states vary from the less extreme condition of proteir. v calorie
deficiency to the more extreme cases of classic malnutrition and starvation. Good
nutrition is necessary for normal growth and development as well as cell function
and regeneration. Without adequate nutrient intake, synthesis of protein, includ-
ing drug metabolizing enzymes, is slow, healing is delayed and body resistance to
disease is decreased. PN therapy is designed to prevent and reverse these adverse

effects of inadequate enteral nutrient intake.

However, since 1971 it has been realized that the use of PN , may also cause
catheter-related and metabolic complications (Peden et al. 1971 )- With increasing
experience and subsequent improvement in insertion techniques, catheter design,
pétient monitoring, and formula composition, the rate of complications associated
with the use of PN has been dramatically reduced. Abnormalities associated with
the liver and biliary tract, however, still occur often and in some instances may
result in significant morbidity (Bower, 1983, Roy and Belli, 1985, Baker and

Rosenberg 1987, Klein and Nealon, 1988).



1.2 Parenteral Nutrition and Pharmacokinetics

Numerous studies have shown that nutrient and nutritional states can sub-
stantially alter drug disposition in animals and humans (Hathcock and Coon, 1978,
Roe, 1988, Anderson 1988, Yang and Yoo, 1988). However, the pharmacokinetic
behavior of drugs in parenterally nourished patients has received little attention.
This may be partly because PN therapy is often associated with different disease
states, variable nutritional status and/or multiple pharmacotherapy administered

during PN, complicating PN-drug interaction.

1.2.1 PN and Nutritional Status

The elimination of most drugs from the body involves the processes of both
metabolism and excretion. The hepatic metabolic enzymes, which are proteins,
play an important role for the biotransformation and subsequent elimination of
drugs not easily cleared through the kidney. Clearly, proteins are required for
the synthesis of these enzymes and therefore any nutritional state which reduces
the availability of amino acids could be expected to reduce the amounts of drug
metabolizing enzymes. This can occur in the patients who require PN therapy.
Because the enteral calorie intake is low, protein will be catabolized and used as

a source of energy, reducing the availability of amino acids for enzyme synthesis.

It is conceivable that PN may have conflicting effects on the hepatic elim-
ination of drugs. First, therapeutic use of PN is designed to maintain normal

nutritional status and to supply extra or special nutrients to correct deficits or
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heal injuries (McSweeney 1989). This rehabilitation, in theory, should enhance
drug elimination from the body on a chronic basis by improving the nutritional
status of the patient because a good nutritional status is necessary for maintaining
normal function of the hepatic enzyme system. In humans, the clearance of an-
tipyrine has been used as an index to assess the microsomal oxidative capacity of
the liver. Studies have shown that a reduction in the metabolism of antipyrine in
protein-calorie malnourished children can be reversed within a month of starting
on a high-protein, high-calorie diet (Homeida et al. 1979, Narang et al. 1977).
This observation suggested that drug metabolism is impaired in malnourished

children and that impairment can be rehabilitated with an improved diet.

On the other hand, in humans, prolonged infusion of PN may cause hepatic
dysfunction (Bowyer et al. 1988), the frequency of which was related to the
duration of PN infusion (Merritt, 1980). Serum transaminases, bilirubin, and
alkaline phosphatase levels become elevated, representing hepatocyte injury and
intrahepatic cholestasis (Grant et al. 1977, Stein et al. 1 980). Theoretically, these
PN-associated abnormalities in the liver should induce a decrease in hepatic drug

elimination.

Several studies in animals and humans suggested that PN infusion can sig-
nificantly influence hepatic drug elimination. For example, in humans, antipyrine
clearance, which is reduced in protein-calorie malnourished patients, could return
to normal after a month of PN therapy ( Tranvouex et al. 1985). In animals,
healthy rats had 24 % and 57 % lower content and activity, respectively, of hep-

atic cytochrome P45 and 71 % lower hepatic pentobarbital clearance after 7 days
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of PN compared with animals fed with standard laboratory rat chow ad libitum
(Knodell et al. 1980 and 1984). There is an apparent discrepancy between animal
and human studies. Differences in the duration of PN and nutritional status or
species differences in hepatic drug clearance could conceivably account for some
of the discrepancy. However, both an increase and a decrease in antipyrine clear-
ance have been reported in two separate human studies. Antipyrine clearance
was decreased by 34% in post-operative patients receiving an amino acid-dextrose
solution for 7 days (Burgess et al. 1987) but increased by 87% in previously mal-
nourished subjects undergoing nutritional repletion with 8 days of PN therapy
(Pantuck et al. 1985). The major difference between the two studies is the nutri-
tional status of the subjects used. Therefore, these results suggest that underlying
nutritional status is an important determinant for the study of PN and drug in-
teraction. The effects of PN on hepatic drug elimination could be qualitatively

and quantitatively different in different nutritional status.

Moreover, the ability to clear drug from the body is nutritional status depen-
dent. With improvement of the nutritional status of a patient during a course of
PN therapy, the ability to clear drug from the body would be enhanced accordingly.
Thus, it is obvicus that PN therapy poses some very fundamental and practical
clinical questions about the safety and efficacy of drug therapy. Adjustment of
dosage regimens may be required in patients with variable nutritional states dur-
ing a course of PN, particularly for drugs that have narrow therapeutic indices.
Unfortunately, the effects of PN on drug elimination in different nutritional status

have not been investigated.



1.2.2 PN and Protein Binding

Many nonpolar weakly acid/weakly basic drugs are present in the blood in
the form of a complex with plasma proteins such as albumin and a-1-acid glyco-
protein, to facilitate their movement through the circulation. The protein bound
drug is a large complex which cannot easily cross cell membranes and therefore
has a restricted distribution. The protein bound drug is also assumed to be phar-
macologically inactive. In contrast, the unbound drug crosses cell membranes
and interacts with receptors to produce pharmacologic effects. Moreover, only un-
bound drug is assumed to be cleared by eliminating organs, including the liver and
kidney. Clearly, drug binding rests at the very interface between pharmacokinetics

and pharmacodynamics.

Previously, it had been assumed that the extraction of low clearance drugs
was sensitive to changes in the protein binding, whereas the extraction of high
clearance drugs was not (Pang and Rowland, 1977). Experimental findings of
alteration in diazepam extraction witls alteration in protein binding (Rowland et
al. 1983, 1984) prompted re-examination: of these assumptions. The experimen-
tal results suggested that hepatic extraction of high clearance drugs (and hence
bioavailability) is also sensitive to protein binding changes (Rowland et al. ! 984,

Byrne et al. 1985).

In addition to drugs, plasma proteins bind and facilitate the transport of a
number of physiologic substances through the plasma. Among these are bilirubin
(Odell, 1979), bile acids (Gree'et al 1971), nonpolar amino acid such as trypto-

phan (Cunningham et al. 1975) and free fatty acid (FFA) (Spector, 1 975). High
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concentrations of circulating nutrients in the blood stream during PN may al-
ter drug plasma protein binding by either competing with the drug for common
protein binding sites or producing conformational changes in the structure of the
drug binding sites. This competition theoretically alters the pharmacokinetics and
pharmacologic effectiveness of the drugs because of an increase in the fraction of
unbound drug. It is obvious that drugs which are extensively bound to the plasma
proteins are affected more. For example, both concentration and turnover of FFA
are increased by PN supplemented with lipid (Skutches et al. 1952, Tulikoura and
Huikuri, 1982). The drug displacing action of elevated FFA is well known and
occurs with a number of highly bound drugs such as salicylic and valproir acids

and phenytoin (Zimmerman et al. 1981).

Decreased drug protein binding could also result indirectly from PN. Pro-
gressive hepatobiliary dysfunction is a common side effect of PN. With advancing
liver damage, basal hepatic functions, including albumin synthesis and export,
diminish, and albumin concentrations in intravascular and interstitial spaces fall
(Lanza-Jacoby et al. 1982). This trend toward reduced drug binding capacity may
be further exacerbated by the elevated bilirubin and bile acids that accompany
PN-induced liver injury (Grant et al. 1977, Riely et al. 1979). Unfortunately, this

important aspect of PN-drug interaction has received little attention.

1.2.3 PN and Drug Metabolism

Many drugs are cleared from the body by metabolism and the chemical

reactions concerned in the drug metabolism are classified as Phase I and Phase
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II reactions. The liver is by far the most important organ in drug metabolism
even though intestinal tissue, lung, and kidney also contain appreciable amounts

of metabolizing enzymes.

Phase I (or called functionalization) reactions usually convert the parent
drug to a more polar metabolite by oxidation, reduction, or hydrolysis. Oxidation
processes are by far the most common and important Phase I reactions and are
catalyzed by a cytochrome P4so-dependent enzyme system generally known as
mixed function oxidase (MFO). The resulting metabolite may be more active than
the parent molecule (which may then be designated as a prodrug), less active, or
inactive. The purpose of Phase I reactions is to introduce a polar functional group

into the drug molecule.

Phase II reactions, which are also called synthetic or conjugation reactions,
involve coupling between the drug or its metabolite and an endogenous substrate,
such as glucurcaic acid, sulfate, or an amino acid to form water-soluble conjugated
products. Phase II reactions are catalyzed by many conjugative enzymes and need
a source of energy for their accomplishment. Conjugated metabolites are readily
excreted in the urine and are generally devoid of pharmacological activity and

toxicity.

PN may affect Phase I and/or Phase II metabolism of drugs by altering t.. -
composition and activity of drug metabolizing enzymes. With drugs that e
metabolized by different and/or competing parallel pathways, a change in compes

sition of cytochrome P4s9 isoenzymes may alter the relative importance of these
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pathways because the same nutrient component may induce and/or inhibit differ-
ent isoenzymes differently. For example, a study has shown that the food-induced
increase in plasma propranolol concentration is accompanied by a reduction of area
under drug concentration-time curve (AUC) of conjugated propranolol (Liedhoim
and Melander, 1986). As there seems to be no consistent reduction of the hy-
droxylated or dealkylated metabolites of propranolol ( Walle et al. 1981), it seems
possible that one or more specific nutrients may selectively inhibit the primary
conjugation of propranolol. Therefcre, it is extremely important to evaluate indi-

vidual metabolic pathways while considering a nutrient effect on drug metabolism.

Some experiments have shown that hepatic drug clearance changed with the
use of PN in human (Anderson et al. 1988). Both an increase (Tranvouez et
al. 1985, Pantuck et al. 1984 and 1985) and a decrease (Burgess et al. 1987)
in antipyrine clearance have been reported. However, the concentrations of an-
tipyrine metabolites were not measured in these studies, therefore, how PN af-
fects drug metabolism is unclear. Knodell et al. (1979, 1980 and 1984) studied
the metabolism and disppsition of meperidine and pentobarbital in healthy rats
and found that PN significantly changed pharmacokinetic and metabolic parame-
ters. Decreased clearances of meperidine and pentobarbital and decreased maximal
velocities (Vmax) for pentobarbital hydroxylation and meperidine demethylation
were found in the livers of parenterally fed animals. Unfortunately, these studies
did not systematically investigate the effects of PN on the same substrate in dif-
ferent and/or competing parallel metabolic pathways. Therefore, the mechanisms

by which PN may affect various hepatic drug metabolic pathways remain to be
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established. Moreover, the way PN influences drug elimination by conjugation is

unclear.

1.2.4 PN and Hepatic Blood Flow

Besides hepatic metabolizing enzymes, hepatic blood flow may also be an
important factor for hepatic drug elimination, especially for drugs with a high ex-
traction ratio. This is because, for a highly extracted drug, the hepatic extraction
ratio is a monotone decreasing function of hepatic blood flow. For example, acute
exercise may produce large increases in cardiac output, but redistribution of blood
leads to a significant reduction in liver blood flow. Not surprisingly, the steady
state plasma concentration of lidocaine, a drug with a high hepatic extraction, was
increased by strenuous exercise (Sweeney 1981). On the other hand, as expected
for a drug with a low hepatic extraction, the clearance of antipyrine was unaffected

by exercise (Swartz et al.1974).

Some studies found that in humans, a protein-rich meal increased splanchnic
blood flow (of which hepatic blood flow is a part) by an average of 35% in the
first hour and hepatic blood flow by an average of 91% 2 hours after eating, but
found no change in hepatic blood flow after a carbohydrate-rich meal (Brandt et al.
1955, Orrego et al. 1965). These observations suggest that intake of certain enteral
nutrients does influence hepatic blood flow rate. Howevér, according to preliminary
results in our laboratory, electromagnetically measured hepatic blood flow was only
increased by 15% when anesthetized pigs received PN, and there was no change

in the hepatic blood flow when the animals received normal saline (unpublished
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data). Recently, Fabri et al. (1987) reported that after 7 days of PN treatment
there was no statistically significant change in the clearance of indocyanine green
(ICG), an indicator used to measure hepatic blood flow, in patients who were
not on PN prior to the experiments and had normal liver function. Based on
these results, it is unlikely that PN infusion could cause a substantial alteration
in hepatic blood flow. Therefore, hepatic blood flow may not be an important

contributor to PN induced alteration in hepatic drug elimination.

1.2.5 PN and Renal Drug Clearance

Renal excretion is a major route of elimination for many drugs. In general,
drugs which are water soluble, have low molecular weight (<300), or are not
significantly metabolized by the liver will be eliminated by renal excretion. The
processes by which a drug is excreted via the kidney may include any combination
of three pre. .ses, i.e. glomerular filtration, active tubular secretion and tubular

reabsorption.

Amino acid infusion has been shown to double creatinine clearance and in-
crease renal plasma flow (Graf et al. 1983, Meyer et al. 1983). This observation
implies that renal drug clearance may be altered by PN therapy. In theory, an
increase in renal plasma flow during PN may elevate the clearance of a number
of drugs excreted mainly by the kidney. This potential influence of PN on renal
drug elimination may be involved in different processes of renal drug excretion.
It has been reported that in humans, decreased protein intake can reduce renal

plasma flow, creatinine clearance, and the clearance of some substances excreted
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principally through the kidney (Kitt et al. 1989). However, there was no avail-
able information in the literature with respect to the effect of PN on renal drug

elimination.

1.2.6 Acute PN-Drug Interaction

It has been noticed that while the concomitant intake of food can enhance
the bioavailability of certain drugs by reducing their presystemic metabolism; re-
peated intake of protein-rich and/or charcoal-broiled food can reduce the plasma
level of many drugs by the enzyme-inducing effect of protein/benz(a)pyrene ( Me-
lander and McLean, 1983, Anderson et al. 1979 and 1985, Kappas et al. 1976 and
1978, Fagan et al. 1987). These observations suggest that the food effect on drug
disposition is dependent upon the duration of the food intake; concomitant and
repeated food intake may cause contrary effects on drug disposition via different
mechanisms. Accordingly, acute and chronic PN infusion may also have differ-
ent effects on drug disposition. This necessitates both acute and chronic studies

concerning the PN-drug interaction.

The acute effects of food on the presystemic metabolism of drugs have been
extensively studied ( Welling, 1977, Roe, 1979, Melander and McLean, 1983, Me-
lander et al. 1988.). Some of the presystemically cleared drugs have a higher
bioavailability when taken together with food. While concomitant food intake may
increase the bioavailability of propranolol by 50-100 % when the drug is given in
the conventional rapié-release formulation, there is no such effect when it is given

in a slow-release formulation (Byrne et al. 1984, Liedholm and Melander, 1 986).
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These findings indicate that, while this food effect can be quite pronounced, it is

also quite transient.

It was believed that transient changes in hepatic blood flow in response to
a meal could account for nearly all of the increase in the AUC of propranolol
(McLean et al. 1978 and 1980, Olanoff et al. 1986), but it is becoming apparent
that mechanisms involving changes in hepatic blood flow, protein binding, and
intestinal and hepatic metabolism may all contribute to the food effects (Svensson
et al. 1983, Corbett et al. 1986, Mods et al. 1988). Recently a new, plausible,
mechanism was proposed in which hormonal regulations may play an important

role in metabolic enzyme activities in the presence of enteral nutrients (Semple et

al. 1990).

It is conceivable that PN infusion may cause an instant elevation of the con-
centration of circulating nutrients in the blood stream. These high concentrations
of nutrients in the blood may acutely compete with drugs for the metabolic en-
zyme sites in the liver because the major enzyme systems that metabolize drugs are
also responsible for the metabolism of a variety of other exogeous and endogenous
compounds, including macronutrients. These nutrients may also acutely compete
with drugs for the plasma protein binding sites because some drugs and nutrients
may share the same binding sites. As a result of the competition, lipophiliq drugs
could be displaced from both the hepatic metabolizirig enzyme sites and the pro-
tein binding sites, which in turn would acutely alter drug elimination from the
body during PN infusion. In contrast to studies of the acute effects of food, there

are no published reports dealing with the acute effects of PN on drug elimination.
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1.2.7 Nutrient Components and Drug Disposition

Studies to identify dietary components that can influence drug metabolism
have been conducted more recently. The metabolic clearance of antipyrine was
increased in patients following consumption of a high protein diet for two weeks
(Conney et al. 1977). The consumption of a high carbohydrate diet for the same
period of time did not significantly alter antipyrine clearance from its baseline
values determined when patients were on their usual diet. Fagan et al. (1987)
have also observed in human volunteers that a high-protein diet (40% of total
calories) caused a higher metabolic clearance of theophylline and propranolol than
a low-protein diet (10% of total calories). These results indicate that dietary
protein can accelerate the metabolism of these representative substrates of the

mixed function oxidase system in humans.

The individual effects of protein, fat and carbohydrate on the metabolism
of some aromatic or chlorinated hydrocarbons have been separately assessed by
feeding rats with various test diets (Nakajima et al. 1982). The results have shown
that the rate of microsomal metabolism of these chemicals increased linearly with
increasing carbohydrate intake independently of protein or fat intake. This finding
is not at all in conflict with the earlier findings that a high-protein diet incre;ases
and a low-protein diet decreases, the metabolism of some foreign compounds,
and it seems that it is not protein but carbohydrates in the diet that actually

determines the hepatic metabolism (Seto and Nakajima, 1987).

The mechanisms of protein and, in particular, carbohydrate effects on the

mixed function oxidase in humans have not been established. Increased dietary
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protein augments hepatic microsomal cytochrome P450 content, liver weight and
mitotic indices in animals (Argyris 1971, Campbell and Hayes 1974); these effects
are similar in many respects to the inducing effects of phenobarbitals. Certain
amino acids such as tryptophan and oxidised sulphur amino acids may increase
liver protein synthesis and induce the mixed function oxidase system in animals
and in liver cell cultures (Arcos et al. 1980, Evarts and Mostafa 1981, Paine 1976,

Sidransky 1986, Wheeler et al. 1985).

Dietary protein not only affects the mixed function oxidase system in hu-
mans, but also alters kidney function. Decreased protein intake can reduce renal
plasma flow, creatinine clearance, and the clearance of a number of substances

excreted principally by the kidney in human (Kitt et at 1989).

In comparison to a fat-free diet, feeding a corn oil diet to rats caused an
increase in the microsomal metabolism of a variety of substrates, including hexo-
barbital, aminopyrine and ethylmorphine ( Wade, 1986). Many studies have sug-
gested that a 10% corn oil diet increases the activities of drug-metabolizing en-
zymes, whereas others have reported that 3% dietary corn oil is sufficient for such
increases (Norred and Wade, 1973, Rowe and Wills, 1976). However, isocaloric
exchanges of saturated fat, unsaturated fat and carbohydrate do not appear to
influence the metabolism of antipyrine and theophylline by the mixed function

oxidase system in humans (Anderson 1979).

Studies to identify the specific nutrient component in PN regimens which

may alter drug disposition are limited. Antipyrine metabolism was increased by
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24% in healthy adults after one day of intravenous infusion of amino acids ( Pantuck
et al. 1984) and antipyrine metabolism remained the same with a change of
dextrose concentration in PN solution from 13% to 25% (Pantuck et al. 1985).
These observations suggest that amino acids in PN solution may be a determinant
for altering drug disposition. Burgess et al (1987) found that antipyrine clearance
was decreased by 34% in post-operative patients receiving an amino acid-dextrose
solution for 7 days; but the reduction in antipyrine clearance could be prevented
by the inclusion of lipid calories within the PN regimen. Thus, it is possible
that specific nutrient components in PN solution may significantly affect drug

disposition.

In summary, according to the above discussion, it is highly probable that,
with PN therapy, the metabolism and excretion patterns of drugs will be signif-
icantly different from those seen in the absence of PN therapy. The result could
vary from one in which the concentration of drug in the blood is reduced to a
sub-therapeutic level, to one in which the blood drug concentration is so high that
it is toxic. To minimize this possibility, it is essential to have a thorough under-
standing of PN and drug interaction. This is the objective of the present proposed
research. Furthermore, to understand the influence of PN on drug elimination,
it is necessary to systematically assess various possible mechanisms and factors
which may affect PN and drug interaction, such as different hepatic pathways of
drug metabolism, hepatic and renal blood flow, protein binding and the time of

exposure to PN therapy.
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1.3 Lidocaine

Lidocaine, N,N-diethylglycine-2,6-xylidide (Fig. 1.1), is the most frequently
used drug for initial parenteral therapy of acute ventricular arrhythmias (Benowitz
and Meister 1978). It is also widely used as a local anesthetic and significant

systemic absorption often occurs (Covino 1972).

1.3.1 Pharmacockinetics
1.3.1.1 Absorption

Lidocaine is well absorbed after an oral administration but it is subjected
to extensive hepatic first pass metabolism (Boyes et al. 1971). Only one-third
of the drug reaches the general circulation after oral administration in human
(Boyes et al. 1971). Consequently, the concentration of the drug attained in
plasma is lower after an oral dose as compared to an identical intravenous dose.
The lower plasma lidocaine concentration may have caused therapeutic failure in
some patients (Parkinson et al. 1970). After a large oral dose (> 500 mg), many
patients experienced nausea, vomiting and abdominal discomfort which is thought
to be associated with high plasma concentrations of toxic metabolites produced
by first pass metabolism (Boyes et al. 1971). Thus, this route of administration

is not preferred.

1.3.1.2 Distribution

Lidocaine is extensively distributed in tissues (Benowitz et al. 1974, Ahmad

and Medzihradsky 1971). Approximately 50 to 70% of the drug is bound to plasma
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Figure 1.1  Schematics of lidecaine metabolism in humans and animals.
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protein. Lidocaine has been shown to specifically bind to a-1-acid glycoprotein
(AAG) with high affinity and low capacity characteristics (Routledge et al. 1980).
In addition to binding to AAG, approximately 30 to 40% of lidocaine that is bound

at therapeutic concentrations is associated with albumin (McNamara et al 1981).

After an intravenous bolus injection in normal subjects, the plasma lidocaine
profile can be described by either a two or three compartment open model ( Tucker
and Boas 1971). Pharmacokinetic parameters (clearance, half-life and volume of
distribution) calculated from either model showed no significant difference (D’Ar-
genio and Schumitzky 1979). From the practical point of view, a two-compartment
open model adequately describes lidocaine’s plasma profile (Singh and Kocot 1976,

Boyes et al. 1971, Thomson et al. 1978 and Nation et al. 1977).

1.3.1.3 Metabolism

Based on the structure of the drug, three siies are susceptible to metabolic
attack: the tertiary amino group, the amide linkage and the aromatic ring. The
tertiary amino group is susceptible to N-oxidation and oxidative N-deethylation.
The amide linkage is susceptible to hydrolysis by microsomal amidases. The aro-

matic ring and the aryl methyl groups are also susceptible to hydroxylation.

The metabolic fate of lidocaine has been extensively studied in various
species (Keenaghan and Boyes 1972, Strong et al. 1973, Nelson et al. 1977,
Mihaly et al. 1978, Coutts et al. 1987). Three new in vitro metabolites have been
recently reported. The products of N-oxidation (Patterson et al. 1986) and hy-

droxylation of the aryl methyl group (Fujite et al. 1985, Kaweai et al. 1986) have
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been identified in rat liver microsomes. The third in vitro new metabolite identified
in the rabbit-liver homogenate was 2-amino-3-methyl-benzoic acid, a product of
oxidation of aryl methyl group and amide hydrolysis of lidocaine (Kammerer and
Schmitz, 1986). More recently, a new in vivo metabolite, 3-hydroxyl-N-glycyl-2,6-
xylidine which is a product of m-hydroxylation and N-deethylation of lidocaine,
has also been isolated and identified in rat urine by Coutts et al (1987). However,

the Phase II metabolism of lidocaine is not well characterized.

Lidocaine is almost completely metabolized in the liver (Keenaghan and
Boyes 1972). In human less than 5 % of intact drug was recovered in urine after
an oral or parenteral dose. The major metabolic pathways for lidocaine involve
N-deethylation and aromatic ring hydroxylation. Ring hydroxylation is viewed
as a high-affinity, low-capacity system and N-deethylation as a low-affinity, high-
capacity system in lidocaine metabolism (Bahr et al. 1977). The deethylation
processes are similar in humans and enimals, whereas, the hydroxylation processes
are species dependent (Keenaghas and Boyes 1972). For example, in humans,
p-hydroxylation dominates, whereas m-hydroxylation is more important in rats
(Keenaghan and Boyes 1972). The proposed metabolic pathways in humans and
animals are shown in Fig. 1.1. However, there was no HPLC assay available to
simultaneously separate and quantitate lidocaine and its all known and /or possible

metabolites, especially the p-hydroxylated metabolites of lidocaine.

N-deethylation metabolites, N-(N-ethylglycyl)-2,6-xylidine (MEGX) and N-

glycyl-2,6-xylidine (GX), were commonly detectable in the blood of patients after
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receiving lidocaine (Strong et al. 1978). They share some of the pharmacological
properties of lidocaine, and may be responsible for central nervous system toxicity
(Halkin et al. 1975). Narang et al. (1978) studied the anti-arrhythmic and toxic
effects of MEGX and GX. They have found that MEGX has around 83%, and GX

around 10% of the antiarrhythmic activity of lidocaine.

1.3.1.4 Excretion

Although biliary secretion has been reported in rats, there is no evidence
of biliary secretion in humans (Gillis 1989). In humans approximately 80 % of
an intravenous dose was recovered in urine, of which about 70 % was 4-hydroxy-
2,6-xylidine (4-OH-XYL), a compound without any demonstrated pharmacologic
effect, which was found mninly in conjugated forms. Because about 20% of a dose
remains unaccounted for in human urine, it is possible that hepatic metabolism of
lidocaine involves as yet unidentified metabolic pathway(s) in humans. Another
possibility is that some of the known metabolites were lost during the storage

and/or analysis procedures due to the instability of those metabolites.

1.3.2 Rationale for Choosing Lidocaine as A Model Drug

Lidocaine is a highly extracted drug and its clearance is dependent upon
hepatic blood flow (Nation et al. 1977). Therefore, a change in hepatic blood flow

potentially induced by PN could have a significant impact on lidocaine clearance.

Lidocaine is highly extracted and almost completely metabolized by the liver

(Pang and Rowland 1977, Keenaghan and Boyes, 1972), therefore it is suitable
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for use in “one-pass” isolated perfused rat liver studies. Lidocaine is also exten-
sively used in drug metabolism studies (Pang and Rowland 1977), and recently,
axcessment of lidocaine metabolism as a quantitative liver function test has been
suggested ( Oellerich et al. 1989). Its major primary elimination pathways are N-
deethylation and aromatic ring hydroxylation. In addition, primary metabolites
of lidocaine either undergo further N-deethylation, ring hydroxylation and amide
hydrolysis or conjugate with sulfate or glucuronic acid. Thus, the measurement
of various metabolites of lidocaine allow the evaluation of the effects of PN on

various drug metabolic pathways.

Like many basic and lipophilié drugs, lidocaine is specifically bound to AAG
(Routledge et al. 1980) and has been used as a model drug to study protein binding
changes during different disease states. Lidocaine is about 70 % bound to plasma
proteins (Routledge et al. 1980) and has a similar chemical structure to certain
aromatic amino acids, such as L-tryptophan and L-phenylalanine in PN solution.
Therefore, measurement of alteration of plasma lidocaine protein binding during
PN infusion may reflect the potential competition for binding sites from certain

asomatic amino acids.

Choosing lidocaine as a model drug in the study of PN and drug interaction
may allow the elucidation of the effects of PN on hepatic blood flow, various drug
metabolic pathways in the liver, protein binding and volume of distribution of

drugs.
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1.4 Ampicillin

Ampicillin, (6R)-6-[a-D-phenylglycylamino]-penicillanic acid (Fig. 1.2) is
the prototypical agent of S-lactam antibiotics and frequently used in the treatment
of respiratory-tract infections, urinary-tract infections and enteric infections (Rey-

nolds, 1989).

1.4.1 Pharmacokinetics

1.4.1.1 Absorption

Ampicillin is stable in acid and is well absorbed from the gastrointestinal
tract after oral administration (Mandell and Sande, 1985). Food can interfere
with the absorption of ampicillin so doses should be taken 30 minutes. to an hour
before meals. Peak concentrations in plasma are obtained in about 1 to 2 hours
and following a dose of 500 mg by mouth are reported to range from 2 to 6 pg/ml

(Barza and Weinstein 1976).

1.4.1.2 Distribution

Ampicillin is widely distributed and therapeutic concentrations can be achie-
ved in ascitic, pleural, and joint fluids. This drug diffuses across placenta into fetal
circulation and the drug can be detected in the milk of nursing mothers ( Taky:
1970 ). About 20 % of the drug is bound to plasma proteins and the plasma half-
life is about 1 to 2 hours, but this may be increased in neonates and the elderly

(Triggs et al. 1980, Sabra et al. 1973).
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Figure 1.2  Chemical structures of ampicillin and its metabolites.
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1.4.1.3 Metabolism

In studies involving healthy subjects, about 21% of a dose of ampicillin (250
or 500 mg) has been reported to be metabolized. Ampicillin is metabolized to
SR, 6R-penicilloic acid and 5S, 6R-penicilloic acid in man (Bird et al. 1988), but
piperazine-2.5-dione has also been detected in human urine following administra-
tion of ampicillin by mouth (Haginake and Waka: 1986). The chemical structures

of ampicillin and its metabolites are depicted in Fig. 1.2..

1.4.1.4 Excretion

Renal elimination of ampicillin occurs partly by glomerular filtration and
partly by tubular secretion. In renal failure patients, there is decreased renal tubu-
lar secretion as well as decreased glomerular filtration of ampicillin and ampicillin
plasma half-lives of 7 to 20 hours have been reported (Hori et al. 1983). About
20 to 40 % of an orally administered dose is excreted unchanged in the urine in
the first 6 hours after a dose; urinary concentrations range from 0.25 to 1 mg/ml
following a dose of 500 mg. Following parenteral administration about 60 to 80%
is excreted in the urine within 6 hours (Reynolds 1989). Ampicillin appears in the
bile, undergoes enterohepatic circulation, and is excreted in appreciable quantities

in the feces (Mandell and Sande, 1985).

1.4.2 Rationale for Choosing Ampicillin as A Model Drug

In order to examine the potential effects of PN on renal drug elimination,

ampicillin is chosen as another model drug in this project. More than 80% of
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this drug is removed by the kidney in the intact form. Its renal clearance is sub-
stantially higher than glomerular filtration rate which indicates that renal active
secretion does occur. Since creatinine clearance is to be‘ monitored throughout the
study, measurement of ampicillin clearance during PN will give more information
with respect to the effects of PN on renal drug excretion by various processes via

the kidney.

1.5 Rationale for Choosing the in vitro and in vivo Animal Models
1.5.1 In witro Isolated Rat Liver Perfusion Model

Isolated rat liver perfusion experiments offer a convenient means of study-
ing the liver’s contribution to drug metabolism. Since both organ and cellular
integrity are maintained, these studies more adequately represent the in vivo situ-
ation than do studies with microsomes or isolated cell preparations. The advantage
of using rat liver perfusion, in particular the single pass system, is that it allows
researchers to single out parameters which may influence hepatic drug clearance
and study them individually. In addition, the use of a single pass system allows
drug metabolism to be investigated at steady state. The ability to measure the
rate of drug metabolism at a constant drug input rate is an unique feature of this
system compared with other preparations (i.e., cell preparations or microsomal
preparations). Although hydroxylation of lidocaine is probably different in rats
compared to humans (m-hydroxylation in rat vs. p-hydroxylation in human), the

deethylation pathways are similar (Keenaghan and Boyes 1972).
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1.5.2 In_vive Pig Model

The pig has been used frequently as an tn vivo model in PN research (Buck-
ley et al. 1985) because its nutritional requirements are very similar to humans
(McCraken 1980 and Dodds 1982). In addition, there are many similarities in car-
diovascular system, gastrointestinal tract, renal physiology, and liver blood flow
(~ 25 ml/min.kg) between the pig and humans (Egger et al. 1974 and Earl et
wi. 1964). Furthermore, according to our laboratory’s preliminary pig study, the
metabolic protile of lidocaine in the pig is closest to that of humans in that p-

hydroxylation is an important metabolic pathway.

1.6 Hypotheses

This project aims at testing the following hypotheses:
1. PN increases drug renal clearance secondary to an elevation in glomerular

filtration rate (GFR) and renal plasma flow (RPF).

o

PN and drug interaction depends upon the duration of PN administration.
3. PN inhibits different metabolic pathways in the liver differently.

4. PN lowers binding of drugs to sevu and/or tissue proteins.

5. The extent of PN and drug interaction depends upon the subject’s nutritional

state.

1.7 Objectives

The objectives of this project are to use two model drugs, lidocaine and
ampicillin to study the detailed mechanisms of PN and drug interactions. The

specific objectives of this project are:
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. to develop sensitive, specific and convenient HPLC assays capable of measur-
ing lidocaine and its aromatic ring and aryl methyl hydroxylated metabolites
in biological samples.

. to study lidocaine metabolism in detail.

. to evaluate acute effects of macronutrients in PN on ampicillin pharmacoki-
netics, specifically on renal clearance in human.

. to delineate acute effects of macronutrients in PN on lidocaine pharmacoki-
netics, specifically on hepatic metabolism in human.

- to study both the acute and the short-term effects of PN on lidocaine hepatic
elimination using an isplated rat liver perfusion model.

. to initiate a pilot study in pigs:

a. to study the effects of PN and nutritional state on the disposition of
lidocaine.

b. to study the effects of PN and nutritional state on the serum protein

binding of lidocaine.
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CHAPTER 2

A NEW HPLC ASSAY FOR LIDOCAINE AND ITS METABOLITES:

APPLICATION TO STUDY 4-HYDROXYLATION!

2.1 Introduction

The in vivo metabolism of lidocaine has been studied extensively in various
species ( Keenaghan and Boyes, 1972, Strows et al. 1973, Nelson et al. 1977, Mi.
haly et al. 1978, Coutts et al. 1987, Thomson =t al, 1987). Lidocaine is rapidly me-
tabolized mainly to phenolic compounds which are excreted in urine as conjugates
in all species, but the relative amounts of these phenolic metabolites vary with the
species. In humans, for example, the most abundant urinary metabolite of lido-
caine is 4-hydroxy-2,6-xylidine (4-OH-XYL), while in rats, 3-hydroxy-lidocaine (3-
OH-LIDO) and 3-hydroxy-N-(N-ethylglycyl)-2,6-xylidine (3-OH-MEGX) are more
prominent. It has also been claimed that 4-hydroxy-lidocaine (4-OH-LIDO) is a
significant metabolite (up to 5%) of lidocaine in rats { Thomas and Meffin 1972),
and may be an intermediate in the metabolism of lisicaine to 4-OH-XYL in man
(Mihaly et al. 1978). Other investigators (Nelson et al 1977) have speculated that
4-hydroxylated metabolites of lidocaine may be excreted in low concentrations in

human urine.

Preliminary results in our laboratory suggest that the major urinary metabo-
lite of lidocaine in human, 4-OH-XYL, is formed from a number of probable precur-

sors such as 4-OH-LIDO, 4-hydroxy-N-(N-ethylglycyl)-2,6-xylidine (4-OH-MEGX)

! A version of this chapter has been published in J Chromaiogr Biomed Appl423: 199-206, (1987)
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and 4-hydroxy-N-glycyl-2,6-xylidine (4-OH-GX) in addition to 2,6-xylidine (2,6-
XYL). This observation has revived an interest in studying lidocaine metabolism
in detail because p-hydroxylation is the most dominant process for the elimina-
tion of lidocaine and its metabolites in human. To date, no one has isolated and

quantified all of these 4-hydroxylated precursors of 4 OH-XYL in human.

In order to study lidocaine metabolism in human and animals, and to elu-
cidate mechanisms by which PN may influence lidocaine metabolism, it is imper-
ative to have an assay which is capable of measuring lidocaine and all its known
and/or possible metabolites. A search in the literature showed that most assays
provide measurements -of lidocaine and its two active N-deethylated metabolites
N-(N-ethylglycyl)-2,6-xylidine (MEGX) and N-glycyl-2,6-xylidine (GX) (Hignite
et al. 1978, Nation et al. 1979, Hill et al. 1980, Ahmad and Medzihradsky 1971,
Benowitz and Rowland 1978, Benowistz et al. 1974, Holt et al. 1979, Luzzi et al.
1984). Tam and coworkers (1984) have separated five and quantitated four of the
lidocaine metabolites (MEGX, GX, 3-OH-LIDO and 3-OH-MEGX) from perfused
rat liver samples. Kawai et al. (1985) reported a similar separation of the same
metabolites. There is no HPLC assay available to separate and quantitate lido-
caine and its known and/or possible metabolites, especially the p-hydroxylated
precursors of 4-OH-XYL, in human. In this study we decided to develop a simple
high-performance liquid chromatographic (HPLC) method which could be used to
measure lidocaine and nine of its known and/or possible metabolites in human.
In addition we have initiated a piiot study in pigs specifically to investigate the

p-hydroxylation pathway of lidocaine.
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2.2 Experimental

2.2.1 Reagents and Chemicals

The hydrochloride salts of lidocaine and its metabolites, MEGX, GX, 3-
OH-LIDO, 3-OH-MEGX, 2.6-XYL and 4-OH-XYL, were kindly supplied by Astra
Pharmaceuticals (Mississauga, Canada). 4-Hydroxylated products of lidocaine (4-
OH-LIDO, 4-OH-MEGX and 4-OH-GX) were synthesized in our laboratory from
N-chloroacetyl-4-hydroxy-2,6-xylidine and structures were confirmed by combined
gas chromatography-mass spectrometry (GC-MS) (Coutts et al. 1987). Procaine
hydrochloride, purchased from K & K Labs. (Plainview, NY, grade), was used as
the internal standard. Acetonitrile (HPLC grade), ethyl acetate (BDH analytical
reagent), acetic anhydride, phosphesic acid and triethylamine (TEA) were pur-
chased from Fisher Scientific (Fairlawn, NJ, U.S.A.). The other chemicals used

were reagent grade.

2.2.2 Human Studies

Patients with suspected myocardial infarction were recruited into the lido-
caine trial conducted at the Foothills Hospital. The sub-protocol published by
Rademaker et al. (1986) for lidocaine infusion and blood sampling was used with
slight modifications. Briefly, the patient was given two 100-mg lidocaine-HCL
loading doses 30 minutes apart. Infusion (3 mg/min) began immediately after
the first loading dose for a period up to 48 hours. Additional blood samples were

withdrawn from the patient up to 10 hours post-infusion. Total urine was collected
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from the beginning of lidocaine infusion until 72 hour post-infusion. Since most
of the plasma samples collected in this trial were analyzed prior to the develop-
ment of this method, the post-infusion profile of only one patient is reported to

demonstrate the applicability of this assay. Urine samples from another patient

were also analyzed.

2.2.3 Pig Studies

Following an overnight fast, a Yucatan Miniature pig received a bolus injec-
tion of 4-OH-LIDO and 4-OH-MEGX (4 mg/kg) intravenously on separate occa-
sions 10 days apart. The urine samples were collected and recorded for 48 hrs. A

20 ml aliquot of each urine samples were stored at -20°C.

2.2.4 Sample Treatment

2.2.4.1 Plasma

All labware used was made of glass. The caps of tubes were either made of or
lined with Teflon. A stock solution containing the hydrochloride salts of lidocaine
and its metabolites (except 4-OH-XYL) was prepared by dissolving these com-
pounds in blank human plasma. This stock solution was stable for at least a week.
The stock solution of 4-OH-XYL was also prepared in the blank human plasma
and had to be prepared daily because it was unstable. Adequate concentrations of
lidocaine and its nine metabolites were obtained by spiking appropriate quantities
of the above two stock solutions and diluting to the proper volume with blank hu-

man plasma. The concentration range of the standards studied was between 0.2
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and 5.0 ug/ml for all the components except 4-OH-XYL (highest concentration
was 20 pg/ml). To 0.5 ml of plasma standard or patient plasma was added 0.5
ml of 6 N hydrochloric acid. To hydrolyze conjugates, the mixture, in a tightly
capped glass tube, was incuba‘ed at 100°C for 45 min. After cooling to room
temperature, 0.5 ml of 6 IV sodium hydroxide, 1 ml of 0.15 M sodium phosphate
buffer (pH 6.8) and 0.1 ml of internal standard (20 pg/ml in water) were added.

The pH of the resultant mixture was approximately 8.5.
2.2.4.2 Urine

The preparation of urine standards was similar to that of the plasma stan-
dards except the concentration range of 4-OH-XYL was extended to 500 pg/ml.
To 0.1 ml of urine standards or patient or pig urine was added 0.10 ml of 6 N
hydrochloric acid. The rest of the acid hydrolysis procedures were the same as
described for the plasma samples except 0.1 ml of 6 N sodium hydroxide was used

to neutralize the acid after incubation.

2.2.5 Aqueous Acetylation

‘The method of Coutts et al. (1987) was used. Approximately 1.5 g of
potassium bicarbonate were added to the acid-hydrolyzed plasma or urine samples.
To the mixture were added 300 ul of acetic anhydride and when effervescence
stopped, the solution was vortexed (IKA-VIBRAX-VXR, Terrochem, setting at
1000) with 6 ml of ethyl acetate for 10 min. After centrifugation (1000 g) for

10 min, 5 ml of the organic layer were removed and dried under a gentle stream
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of nitrogen. The residue was reconstituted with 300 ul of the mobile phase, and
50-200 ul were injected into the HPLC system. Because it lacks free amino or

phenolic groups, lidocaine was not acetylated during the derivatization procedure.

2.2.6 Chromatography

The HPLC system (Waters Assoc.) consisted of two M-45 pumps, and M-480
variable-wavelength UV detector (set at 200 nm), an automatic sampler {WISP,
model 721) and data processing station (Model 840). Separation of lidocaine and
its derivatized metabolites was achieved using a 5um C;s reversed-phase Nova-Pak
cartridge (11.5 cm x 8 mm I.D.). The aqueous mobile phase (~ pH 3) consisted of
12% (v/v) acetonitrile, 0.1% (v/v) phosphoric acid and 0.15% (v/v) triethylamine,

and was pumped at a flow rate of 2 ml/min.

2.3 Results

2.3.1 Human

Figs. 2.1 and 2.2 are the HPLC traces of human plasma and urine, re-
spectively. The blank samples showed the absence of endogenous interference.
Lidocaine and the acetylated derivatives of the metabolites were well separated
to allow accurate quantification. Calibration curves prepared for the standards
were linear (r? >0.99) in the concentration ranges studied (0.2 - 500 pg/ml for
4-OH-XYL and 0.2 - 5 ug/ml for the rest). Each calibration curve consisted of

at least five points and each point was determined in triplicate. The coefficients
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of variation (mean + %S.D.) were 4.68 + 3.88% for plasma and 3.10 + 3.43% for

urine. The ranges were 0.2 - 15.5 and 0.13 - 17.4%, respectively.

4-OH-XYL was the major metabolite present in plasma (Fig. 2.1). Its
concentration was higher than that of lidocaine. The level of MEGX and GX
was approximately an order of magnitude lower tisn that of 4-OH-XYL. The
m-hydroxylated metabolites of lidocaine and MEGX and p-hydroxylated metabo-
lites of lidocaine, MEGX and GX were absent in plasma. 2,6-XYL, the reported
precursor of 4-OH-XYL (Keenaghan and Boyes 1972), was not detectable. The
post-infusion profiles of lidocaine, MEGX, GX and 4-OH-XYL are shown in Fig.
2.3. The time courses of lidocaine, MEGX and 4-OH-XYL were parallel.

Althougtl: the decline of lidocaine concentration was apparently non-linear,
it cannot be eutablished at this time whether the elimination of lidocaine after
prolonged infusiin is non-linear because samples were not collected at frequent

enough intervals. i.lore studies are required.

Similar to the plasma profiles, 4-OH-XYL was the most abundant metabo-
lite in the urine (Table 2.1). It accounted for 80% of the administered dose. The
rest of the metabolites consisted of approximately 5% of the dose. In this par-
ticular patient, both the m- and p-hydroxylated metabolites of lidocaine and its

N-deethylated metabolites were present.

In addition to the p-hydroxylated precursors of 4-OH-XYL, the levels of the
other metabolites were similar to those reported in the literature ( Keenaghan and
Boyes 1972). It is interesting to note that 2,6-XYL was not detected in plasma

and urine.
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Figure 2.1  Chromatograms obtained from blank (A), spiked (B) and pa-
tient plasma (C) samples. The concentration of each spiked
component was 5 ug/ml, except 4-OH-XYL (20 pg/ml). The
signals were measured in mV.
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Table 2.1  Urinary recovery of lidocaine and its metabolites after a course
of lidocaine infusion in a patient with suspected myocardial

infarction.
Compound Recovery (%)
Lidocaine 21
MEGX 1.7
GX 0.55
4-OH-LIDO 0.28
4-OH-MEGX 0.06
4-OH-GX 0.24
4-OH-XYL 80.1
3-OH-LIDO " 0.13
3-OH-MEGX 0.04
Total 85.2

2.32 Pig

The total recoveries of 4-OH-LIDO and 4-OH-MEGX and thei'r&met-abolites

are quantitated as molar concentration of the free base and shown in Table 2.2.
About 17 % and less than 1 % of 4-OH-XYL was formed from a separate intra-

venous bolus of 4-OH-MEGX and 4-OH-LIDO, respectively.

2.4 Discussion

In order to characterize the metabolismn of lidocaine in detail, it became clear

in our study that an improved analytical procedure caﬁable of isolating, separating
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Table 2.2  Urinary recoveries of 4-OH-LIDO and 4-OH-MEGX and their
metabolites after an intravenous dose of 4-OH-LIDO and 4-

OH-MEGX (4 mg/kg) on separate occasions in a Yucatan
Miniature pig.

Compound Recovery (% dose)
4-OH-LIDO 4-OH-MEGX
4-OH-LIDO 60.80 --
4-OH-MEGX 3.95 68.66
4-OH-GX 1.57 0.88
4-OH-XYL 0.72 16.64
Total 67.04 86.18

and quantifying known and possible in vivo metabolites of lidocaine was required.

In the present study, a new HPLC assay has been developed.

Phenolic metabolites of lidocaine, MEGX and GX are amphoteric com-
pounds and difficult to extract efficiently from aqueous solutions. Using the aque-
ous acetylation method which was developed by Coutts et al. (1987), it was found
that the efficiency of acetylation and extraction was complete. This conclusion
was drawn when the HPLC trace of & second ethyl acetate extract was found to
be devoid of any metabolites of lidocaine and derivatives of these metabolites. The
derivatives formed were stable and no significant degradation of these derivatives

was observed after 10 days of storage at -20°C.

The acetylation procedure also enhanced the separation of lidocaine and
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its metabolites. An essential feature of the envisaged method was that it would
distinguish structural isomers. For example, underivatized m- and p-hydroxylated
lidocaine and MEGX isomers failed to be separated by us using the same HPLC
condition and by Nelson et al(1977) using the direct insertion probe and chemical-
ionization mass spectrometry, whereas separation was complete after acetylation

(see Figs. 2.1 and 2.2).

A number of 3-blockers, such as propra.noldl, nadolol, pindolol, acebutolol
and metoprolol, and calcium channel blockers, such as verapamil and diltiazem,
which might be given to the patients along with lidocaine, have been found not to

interfere with the assay.

The separation of 2,6-XYL and 3-OH-LIDO was less than optimal, but the
accuracy of measuring these compounds was not adversely affected. It was deter-
mined that the level of 2,6-XYL was very low in our patient population and, in
many cases, it was undetectable. Furthermore, 3-OH-LIDO was not always de-
tected in our subjects either. In addition the acetate derivatives of 3-OH-MEGX
and 4-OH-MEGX had long retention times, which made HPLC separation time-
consuming (run time > 60 minutes). The third major disadvantage of this assay
was that the acetylation products had low detector sensitivities. The detection
limit of this assay is 0.1 ug/ml for lidocaine and its metabolites when 0.5 ml of

plasma or 0.1 ml of urine was used.

Lidocaine metabolism has been a major subject of research in the past (Kee-

naghan and Boyes 1972, Nelson et al. 1977, Mikaly et al. 1978). The previous
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identified major lidocaine metabolic pathway in human was that first, lidocaine
was N-deethylated to form MEGX, which could either further N-deethylated to
GX or amide-hydrolized to 2,6-XYL. Then, 2,6-XYL was p-hydroxylated to 4-
OH-XYL which was a major urinary metabolite and excreted in urine mainly as
conjugates. No one has investigated the process by which lidocaine and its two
N-deethylated metabolites, MEGX and GX were first converted in man to their
4-hydroxylated counterparts, and one, two or all three of these 4-hydroxylated
metabolites were subsequently enzymatically (amidase) hydrolyzed to 4-OH-XYL
(Fig. 2.4), even though this possibility was implied by the detection of 4-OH-LIDO

in infants ( Mihaly et al. 1978).

In the present study, using this newly developed HPLC assay all of three
p-hydroxylated precursors of ¢ 4#{-Xy L jiuve been isolated and identified in hu-
man (Table 2.1). Traces of 4-OH-LIDO, 4-OH-MEGX and 4-OH-GX (< 0.6 % of
an intravenous dose) were recovered in the urine of patients with or without my-
ocardial infarction. This observation suggests that in addition to N-deethylation,
p-hydroxylationi could also be an importaat primary pathway in human. There-

fore, lidocaine metabolism was more complicated than previously reported.

We have further investigated the possibility that in the pig mcdel, 4-OH-
XYL was also formed from 4-OH-LIDO and 4-OH-MEGX in addition to 2,6-XYL.
Preliminary experimental data in the pig indicated that 4-OH-XYL was formed
from both of 4-OH-LIDO and 4-OH-MEGX in the different ratios. Compared

with 4-CH-MEGX, even less 4-OH-LIDO (< 1%) was converted to 4-OH-XYL.
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This observation is consistent with the previous results obtained in the rabbit
liver microsomal study in which MEGX was found to be rapidly hydrolyzed to
2,6-XYL, while lidocaine or GX could not be hydrolyzed in this way (Hollunzer,
1960). 1t is possible that both MEGX and its 4-hydroxylated product may be
more susceptible to the amidase hydrolysis; whereas lidocaine and 4-OH-LIDO

are not. More studies are required to confirm this deduction.

In conclusion, we have demonstrated that this newly developed HPLC assay
czi: e used to study lidocaine pharmacokinetics in humans and animals. Traces
of A-OH-LIDO, 4-OH-MEGX and 4-OH-GX were isolated and quantitated in hu-
man urine, confirming that lidocaine, MEGX und GX were converted to their
4-hydroxylated counterparts. Two of these prec.rsors of 4-OH-XYL, 4-OH-LIDO
and 4-OH-MEGX, do metabolize to 4-OH-XYL in the pig. These results sug-
gested thaﬁ lidocaine metabolism in human was more ¢omplicated than previously
identified and that p-hydroxylation could also be an important primary pathway

in human.
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CHAPTER 3

QUANTIFICATION OF THREE MAJOR LIDOCAINE

METABOLITES AND THEIR CONJUGATES IN HUMAN URINE?

3.1 Introduction

Lidocaine metabolism has been a subject of interest for a number of years
(Keenaghan and Boyes 1972, Nelson et al. 1977, Pang et al. 1986, Coutts et
al. 1987). The major primary pathway of lidocaine biotransformation in hu-
man is apparently N-deethylation followed by secondary oxidation, hydrolysis and
conjugations (Keenaghan and Boyes 1972). Recently, we found that in addition
to N-deethylation, p-hydroxylation could also be an important primary pathway
in human (Tam et al. 1987). Consistent with the literature results (Keenaghan
and Boyes 1972, Boyes and Keenaghan 1971), we have also found that N-(N-
ethylglycyl)-2.6-xylidine (MEGX), N-glycyl-2,6-xylidine (GX) and 4-hydroxy-2,6-
xylidine (4-OH-XYL) are the major metabolites in patients with suspected my-

ocardial infarction (Tam et al. 1987).

The Phase II metabolism of lidocaine is not well characterized because most
studies used acid to hydrolyse the conjugates (Boyes and Keenaghan 1971, Mihaly
et al. 1978). It is well known that this method is not discriminatory. Enzyme
hydrolysis was used by Nelson ei al. (1977) to study the conjugates of lido-

caine metabolites. These investigators reported that in healthy human volunteers

2A version of this chapter has been accepted for publication in Pharm Res on November 20,
1989
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MEGX was not conjugated, 60 to 68% of an oral dose of lidocaine was excreted in
the form of glucuronide and/or sulfate conjugates of 4-OH-XYL, and the enzymes

used to hydrolyze conjugates somehow interfered with the extraction of GX.

We have also found that 4-OH-XYL, in its free form, is highly unstable in
neutral and alkaline solution. More than 50% decomposition occurs within 24
hours at room temperature. It is questionable, therefore, whether the recovery of

4-OH-XYL after the traditional 24 hour incubation with enzymes is quantitative.

Based on the ava‘lable information, it is apparent that the traditional enzyme
h; Arolysis method for quantifying conjugates of lidocaine metabolites is not of an
adequate accuracy. The method reported by Eichelbaum et al. (1981 ) was found
by us to be unsuitable for improving 4-OH-XYL stability. Therefore we decided to
develop an analytical procedure which would permit quantitative measurements
of thzse lidocaine metabolites without significant decomposition and allow study

of Phase Il metabolism of lidocaine.

3.2 Materials and Methods

3.2.1 Chemicals and Enzyme Solution

The HCI salts of MEGX, GX and 4-OH-XYL were kindly supplied by As-
tra Pharmaceuticals (Missasauga, Ontario, Canada). A-Glucuronidases (E. Coli
type VII, lyophilized; and H. pomatia type H-1) and sulfatase (limpets type V,
lyophilized) were purchased from Sigma (St. Louis, U.S.A.). All other chemicals

were reagent grades.
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Three kinds of enzyme solutions were prepared by dissolving appropriate
amounts of each of the three enzymes in appropriate solutions. 8-Glucuronidases
type VII solution {400 Sigma Unit, U/ml) was prepared in 0.075 M pH 6.8 potas-
sium phosphate buffer solution; 3-Glucuronidase type H-1 solution (500 U/ml)
and sulfatase type V solution (9 U/ml) were prepared in 0.2% sodium chloride

solution.

3.2.2 Urine Samples

Aliquots of urine samples from seven patients with suspected myocardial
infarction who were admitted to the lidocaine trail ( Rademaker et al. 1986) were
pooled. These patients were given two 100 mg intravenous bolus injections of
lidocaine HCl 30 minute apart., followed by infusion (3 mg/min) immediately
after the first bolus dose. The duration of infusion ranged from 16 to 48 hour.
Individual urine samples, including a pre-dose specimen, were collected until 72
hour post-infusion. Unless otherwise specified, all of the following studies relating

to hydrolysis are performed in tightly capped (teflon lined) glass tubes.

3.2.3 Enzvme and Acid Hydrolysis

3.2.3.1 Enzyme hydrolysis

To an aliquot of 0.1 ml patient or spiked urine sample containing a mixture of
MEGX, GX and 4-OH-XYL (concentration fange from 4 - 600 x g/ml) was added
one of the thiee enzyme solutions (0.1 ml) and 0.5 ml buffer solution (0.075 M pH

6.8 potassium phesphate and 0.1 M pH 5 sodium acetate for type VII and type
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H-1 of B-Glucuronidase respectively, and 0.2 M pH 5 sodium acetate for sulfatase
type V). Then each sample was diluted to 1.5 ml with deionized water. For each
of the control samples, 0.1 ml of the buffer solution was added in place of the
enzyme solution to maintain the sample volume. All samples were incubated at
37°C for a maximum of 36 hours. For quantitative measurements, these samples

were purged with a gentle nitrogen stream for 1 minute prior to incubation.

3.2.3.2 Acid hydrolysis

To 0.1 ml of patient urine or spiked urine sample containing a mixture of
MEGX, GX and 4-OH-XYL (concentration range from 4 - 1,000 p g/ml) was
added an equal volume of 6 N HCl. All samples were incubated at 100°C for a
maximum of 2 hours. After cooling to room temperature, 0.1 mi «f 6 N sodium

hydroxide and 1 m! of 0.15 M sodium phosphate buffer (pH 6.8) were added.

3.2.4 Analytical Methods

The treated samples were quantified using the method of Tam et al. (1987).
Briefly, to the treated samples about 1.5 g of potassium bicarbonate and 0.1 ml
of internal standard solution (Procaine, 20 pg/ml) were added. The samples were
aqueous acetylated under mild basic condition (pH ~ 8.5) using acetic anhydride.
The derivatives were extracted with ethyl acetate. Organic layer was removed
and dried under a gentle stream of nitrogen. The residue was reconstituted with
mobile phase for HPLC analysis. Chromatographic separation was achieved using

a 5 um C,3 Nova-Pak cartridge (11.5 cm x 8 mm L.D.). Mobile phase, consisted
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of acetonitrile 12 % (v/v), phosphoric acid 0.1 % (v/v) and triethylamine 0.15 %
(v/v) in water, was pumped at 2 ml/min. The UV response of each derivative was
measured at 214 nm. The concentration ranges of standard solutions prepared for
the three metabolites in this study were from 10 to 1,200 ug/ml for 4-OH-XYL,

10 to 25 pg/ml for MEGX and 4 to 8 ug/ml for GX.

3.2.5 Data Analysis

All samples were prepared in triplicate and the results were recorded as
mean £ SD. It was assumed that acid hydrolysis released free MEGX, GX, and
4-OH-XYL from all forms of conjugates of these three lidocaine metabolites. A

two-tailed t test (p = 0.05) was used to evaluate differences between groups.

3.3 Results

3.3.1 4-OH-XYL

Type VII B-Glucuronidase, which contained no sulfatase, is the most efficient
enzyme in hydrolyzing 4-OH-X YL glucuronide (Fig. 3.15.). The maximum yield of
aglycone was achieved within 30 minutes, whereas it required 24 hours for the type
H-1 enzyme, which is a mixture of §-Glucuronidase and sulfatase, to hydrolyze the
conjugate. The yield was significantly lower with type H-1 than with type VII (346

E 20 vs. 484 of £ 23 ug/ml, p<0.05). Sulfate-conjugate and free (unconjugated)
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4-OH-XYL were not detected in the patient urine when the samples were treated

with type V Sulfatase or buffer containing no enzyme (Fig. 3.1a).

The decrease of free 4-OH-XYL levels in the enzyme hydrolysis-time curve
(Fig. 3.1a.) is most likely due to the instability of 4-OH-XYL. This hypothesis
is supported by the continuous decomposition of authentic 4-OH-XYL when it
was incubated with enzymes (Fig. 3.1b). However, the enzyme preparations
apparently make little contribution to the rate of 4-OH-XYL Aecomposition since
the concentration profiles derived from the use of enzyme preparations and buffer
controls are superimposable. It is shovm in Fig. 3.1b that the rate of 4-OH-XYL

decomposition is pH dependent, higher at pH 6.8 than at pH 5.0.

nade to stabilize 4-OH-XYL using the method of Eichelbaum

bic acid and sodium bisulfite were added to the incubation

-onats up to 0.43 and 32 mg/ml of each agent, respectively.

to prevent decomposition. However, 4-OH-XYL was sta-

. ..ot the samples containing its conjugates were purged with nitrogen for

1 minute prior to incubation with enzymes (Fig. 3.2a & 3.2b).

Maximal hydrolysis of the conjugates was achieved within 45 minutes with
the type VII enzyme plus nitrogen pretreatment. This result is not significantly
different from that obtained after acid hydrolysis (1164 + 27 vs. 1204 + 40 pg/ml),
suggesting that 4-OH-XYL is present in the patient urine only in the form of
glucuronide. This observation is further substantiated by the absence of sulfate

conjugate (Fig. 3.2a). It is interesting to note that the yield of 4-OH-XYL after
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type H-1 treatment is slightly lower (~ 8%) than that obtained using type VII

enzyme (p < 0.05). This could reflect some decomposition of 4-OH-XYL after

prolonged reaction (36 hours or more).

3.32 MEGX

MEGX is present in the patient urine in its free form, and as sulfate and
glucuronide conjugates (Table 3.1). The hydrolysis of the glucuronide and sulfate
conjugates was relatively rapid. A maximum yield of MEGX was obtained within
an hour with type VII 8-Glucuronidase and within 2 hours with type V sulfatase
treatment. However, it took 12 hours for the glucuronide and sulfate conjugates
to hydrolyze when type H-1 enzyme was used. The recovery of free MEGX from
type H-1 enzyme hydrolysis was equal to the sum of the free MEGX released from
the type VII B-glucuronidase and type V sulfatase, suggesting that these enzymes
could be used to quantitatively measure the conjugates of MEGX. Hydrolysis of
the patient urine samples with acid provided a higher MEGX yield than that
obtained by hydrolysis with type H-1 enzyme (31.3 & 3.4 vs 21.5 + 1.1 pug/ml, p
< 0.05), indicating the presence of other conjugates of MEGX in the urine. MEGX
is stable during acid or enzyme treatments. Purging the sample with nitrogen did

not change the yield of MEGX.

333 GX

The treatment of patient urine with type H-1 and type VII 8-glucuronidase

showed that no significant amounts of glucuronide and sulfate conjugates of GX
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Table 3.1 Mean 3 SD recovery of various forms of 4OH-XYL, MEGX
and GX in pooled patient urine.

Form of Excretion Recovery (%)
4-OH-XYL MEGX GX
Glucuronide 96.7+£7.01 16.6+4.5 -
Sulfate - 6.6 £1.8 -
Other conjugates -- 31.9+4.4 9.4£10.0
Free - 44.946.8 90.6+10.5

were excreted (Table 3.1). Although acid hydrolysis gave a slight increase in the
GX response (6.04 + 0.37 vs. 5.09 £ 0.33 ug/ml p< 0.05), this result suggests
GX is present mostly in the free form. GX was stable to both enzyme and acid

treatments, and nitrogen treatment did not change the yield.

3.4 Discussion

3.4.1 Methods for Stabilizing 4-OH-XYL

The mechanism of 4-OH-XYL decomposition has been studied ( Torok-Both
1987). It was found that this metabolite is primarily oxidized to the ¢orresponding
p-quinone via the intermediate imine. TLis reaction requires oxygen and is pH
dependent. The metabolite is most stable under highly acidic condition and the
stability of this compound decreases rapidly as pH increases. Since the enzymes
function optimally at pH 5 and 6.8, it is at these pH values that the rate of 4-OH-

XYL decomposition are high (Fig. 3.1b). There are two approaches to stabilize
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this etabolite. One is to use antioxidants. This method was used suecessfully
to stabilize norantipynine (Eichelbaum et al. 1981), but 4-OH-XYL could not be
stabilized using this method. The reason could be due to the higher affinity of
4-OH-XYL towards the primary reactant, oxygen. The second approach is to
remove oxygen entirely from the reaction mixture. Purging the aqueous sample
with nitrogen seemed to provide the answer to this stability problem. Whether this
simple method is applicable to other unstable metabolites remains to be tested. We
have used this method to study the conjugation of the three lidocaine metabolites

and the results are listed in Table 3.1.

There was no free 4-OH-XYL detected in the pooled urine samples. Exten-
sive conjugation and/or instability of unconjugated 4-OH-XYL could contribute
o this observation. It would be extremely difficult to accurately measure free 4-
OH-XYL in uriae, if it were present, because the decomposition of this metabolite
is extyernely rapid (Fig. 3.1b). This suggests that significant decomposition can

occur in the iadder and/or upon storage.

It is igi=swsting to note that previous investigators (Boyes and Keenaghan,
1971, Keenaghen and Boyes 1972, Mihaly et al 1978) have not identified any
problems with the stability of -OH-XYL. This could be due to the fact that acid
hydrolys—is was used most of the time to release 4-OH-XYL from the conjugate,
and 4-OH-XYL is more stable under acidic than Basic and/or neutral conditions.
We have noticed that, under acidic conditions and at concentrations higher than

20 pg/ml, the decomposition kinetics of 4-OH-XYL is apparently zero order (~
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0.14 pg/min). Since the rate of reaction is slow, the impact on the recovery of 4-
OH-XYL at high concentrations (> 1,000 xg/ml) is minimal. Again the nitrogen
pretreatment to remove dissolved oxygen correcis the problem. Therefore, it is

advisable to use nitrogen pretreatment for all samples prior to acid hydrolysis.

Based on the results of this study, the quantification method reported by
Nelson et al. (1977) may not be appropriate. These investigators added deuterated
4-OH-XYL to fresh urine samples and assumed that the deuterated standard had
the same stability as the conjugated metabolite. This assumption is incorrect
because the decomposition profile of 4-OH-XYL is vastly different from that of
the conjugate, which accounts for most if not all of the 4-OH-XYL in urine. The
conjugate, according to our experience, is stable for at least six months upon
storage (-20°C), whereas, the half-life of 4-OH-XYL is only about 10 days under

identical conditions.

34.2 MEGX and GX

Although a literature report indicates that MEGX is not excreted in con-
Jugated form (Nelson et al. 1977), at least three conjugates of MEGX are found
in the patient urine (Table 3.1). This discrepancy could be related to a number
of factors, which include difference in analytical methods, in subject populations
and in t_he dosages used. The discrepancy cannot be attributed to the different
enzymes used to hydrolyze the urine samples. The type H-2 enzyme used by
Nelson et al. (1977) was similar to the type H-1 enzyme used in this study. In

fact, we have confirmed that type H-2 B-glucuronidase (500 U/ml) does hydrolyze
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our urine samples. The amount of free MEGX released by type H-2 enzyme was
virtual identical to that produced by type H-1 enzyme. There is not enough in-
formation to evaluate potential differ .~ in the subject populations, therefore,
no conclusion can be made. The dosu;. ¢ lidocaine used in this study is higher
than that reported by Nelson et al. (1977), therefore, it is likely that Phase II
metabolism of MEGX could be concentration related. In a lidocaine study, where
healthy subjects received singie intravenous doses of lidocaine (1 mg/kg), which
was considerably less than the 250 mg oral dose used in the study of Nelson et
al. (1977), we found MEGX glucuronide in the urine of these human volunteers.
Although other MEGX conjugates could not be found, the reasons for the discrep-

ancy between the two studies remain unclear.

The analytical method used by Nelson et al. (1977) did not permit the
investigators to study GX conjugation because the type H-2 enzyme used to hy-
drolyze GX conjugates interfered with the extraction of the metaboiite. We have

circumvented the problem by acetylating free GX in aqueous solution prior to its

extraction (Tam et al. 1987).

3.4.3 Effects of Enzyme Concentration

The concentrations of enzyme preparations used in the present study were
confirmed to be adeguate. When the concentration ¢ type VII and type H-
1 enzymes were increased threefold (from 400 to 1200 and 500 to 1500 U/ml,

respectively), the difference in yields of 4-OH-XYL and MEGX was found to be

less than 2%.
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In conclusion, we have shown that the traditional methods of hydrolyzing
conjugates with acid and enzyme preparations have to be used with caution when
dealing with an unstable metabolite. A case in point is the quantification of 4-OH-
XYL conjugates. Additional procedures such as pretreatment of aqueous s.slutions
of conjugates with nitrogen gas may have to be incorporated in order to ensure
proper quantification of unstable metabolites. Furthermore, we have revealed that
MEGX forms at least three conjugates and GX exists mainly in its free form in

the urine of patients receiving lidocaine.
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CHAPTER 4

THE ACUTE EFFECTS OF PN ON RENAL AMPICILLIN

CLEARANCE IN HEALTHY HUMAN VOLUNTEERS?

4.1 Introduction

Parenteral nutrition _ ) is a widely used medical technique whereby hy-
pertonic solutions of glucose and protein, with or without a lipid component, are
delivered intravenously to maintain normal nutrition in subjects unable to ingest
adequate oral nutrients. At the same time, it has been reéognized that renal phys-
iologic function, e.g. glomerular filtration rate (GFR), significantly altered with
the use of PN (Ben;qoa et al. 1983, Graf et al. 198%). However, the influence
of administration of PN solution on reﬁa.l drug clearance has received little at-
tention. For example, intravenous infusion of an admixture of ampicillin and PN
solution may result in > 10 fold difference in plasma ampicillin concentrations
from similar doses of ampicillin ( Colding et al. 1982). It is not clear whether the
altered pharmacokinetic profile of ampicillin in patients receiving PN is the re-
sult of their physiochemical interaction in the delivery system (Feigin et al. 1979,
Colding and Andersen 1978) or the result of altered physiologic funetion due to
PN, for t;xa.mple, altered GFR (Bengoa et al. 1983, Graf et al. 1988), which could
in turn affect ampicillin pharmacokinetics. Many antibiotics including ampicillin,

are thought to be reasonably compatible with PN solutions when administered as

3 A version of this chapter has been accepted for publication in JPEN August 29, 1989
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a co-infusion rather than as an admixture with PN solution in the bag or bot-
tle (Trissel 1988). However, there are limited data on the pharmacokinetics of

ampicillin when co-infused with PN.

This study aims to determine the effects of PN solution, in particular, amino
acid infusion on the pharmacokinetics of ampicillin given as a co-infusion (via a
separate vein) during PN. The hypothesis to be tested is that ampicillin clearance

increases during PN secondary to the amino acid induced elevation in GFR.

4.2 Methods

4.2.1 Subjects

Eight healthy, young adult non-smokers (4 males and 4 females, 20-28 years
of age) were recruited for the study. The demographic data for these subjects are
listed on Table 4.1. Their height and weight ranges were 155 to 179.5 cm and 46
to 82 kg respectively. Body mass index (weight (kg) / height (m)?) (Garrow and

Webster 1985) was in the generally acceptable range of 19 to 26 for all subjects.

Written informed consent was obtained from each subject. This research
protocol was approved by the Ethics Review Committee for Human Experimen-
tation of the Universit of Aibarta. The study was performed at the Clinical

Investigations Unit at the University of Alberta Hospital.
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Table 4.1  Demographic data for eight healthy human volunteers.

Subject Sex Age(yrs) Height(cm) Weight(kg) Smoking
MF F 26 155.0 46.0 No
CE F 20 172.5 80.4 No
GW F 21 170.5 63.5 No

LD* F 25 167.0 71.2 No
GT M 25 169.2 55.4 No
ED M 28 172.2 65.0 No
TR M 24 177.0 68.0 No
GB M 25 179.5 82.0 No
Mean 24 171.0 66.4
+SD - 2.6 7.8 12.0

* Voluntarily withdrew after 1 study period.

4.2.2 Study Design and Sample Collection

Following an overnight fast, each subject received a single intravenous dose
(250 mg) of ampicillin sodium (Penbrient, Ayerst Lab, Montreal, PQ.) in associ-

ation with each of three nutrient regimens.

Two intravenoiis regimens and one enteral regimen were used. The first
intravenc'ms regimen cousisted of a standard solution for peripheral PN in use
at the University of Alberta Hospital; each liter of PN solution contains 100 g
dextrose, 37.5 g amino acids (Travasol, Baxter-Travenol Lab., Malton, Canada),

50 mmol sodium, 50 mmol petassium, 3 mmol magnesium, 3 mmol calcium, 11
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mmol phosphate, 1 ml multiple trace elements (MTE-4, NovaPharm/LyphoMed,

Pharmaceutical Co., Markham, Canada) and 10 ml multiple vitamins (MV1-1000,
SABEX international Ltd., Montreal, Canada). The second intravenous regimen
consisted of 10% dextrose water (D10W) with all additives as the PN solution
except for amino acids, calcium and phosphate. All intravenous solutions were
prepared by the hospital pharmacy under aseptic conditions. No intravenous lipid
emulsion was used in this study. The third nutrient regimen consisted of a meal
containing simila.r fluid volume (1 L), caloric (490 kcal / 2058 kJ), protein (37.5

g) and sodium (66 - 77 mmol/L) content as the PN solution and prepared in the

diet kitchen.

Two peripheral intravenous catheters were inserted in each subject, one in
each arm prior to the experiment. One catheter was used for nutrient infusion
and the other was for ampicillin infusion and blood sampling. One liter of each
intravenous solution was infused over a 12 hour period. The intravenous solutions
were infused in a random order within a 24 hour period. Four patients received
PN as the initial infusion. The parenteral and enteral studies were performed at
least 28 days apart. Each subject was allowed water as the only enteral intake and

remained ¢; bed rest during each study.

Each (250 mg) dose of ampicillin was reconstituted with sterile water imme-
diately prior to intravenous injection over 5 minutes into a vein in an extremity
not receiving the intravenous nutrient. Ampicillin was administered 2 hours af-

ter commencement of each intravenous nutrient regimen. For the measurement
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of ampicillin concentration, blood samples (5 ml) were taken at 0, 5, 10, 15, 20,
30, 45, 60, 90, and 120 minutes, and thereafter at 1 to 2 hourly intervals up to
a total of 10 hours from the time of ampicillin administration. The blood sam-
ples were collected into polypropylene tubes and stored at 4°C for one hour prior
to centrifugation. After separation, serum was stored at —20°C until analysis.
Each subject was asked to void prior to Ampicillin injection, and the volume of
each subsequent void, including the last sarnle at 10 hours after injection, were
recorded. A 20 ml aliquot of each urine sample was frozen immediately at —20°C,
and all urine and serum samples were analyzed for ampicillin within 12 hours after
completion of each study. In addition, serum and urine creatinine concentrations
were measured. A sample of each void was also tested for glucosuria (Chemstrip,
Boehringer Mannheim Canada, Dorval, PQ). With the enteral nutrient regimen,
ampicillin was given 4 hours after the ingestion of a standardized meal. Blood and
urine saniples were collected over a 10 hour period and measured for ampicillin

and creatinine and tested for glucosuria as described above.

4.2.3 Sample Analysis

4.2.3.1 Measurement of ampicillin

Ampicillin was measured by a modified high performance liquid chromatog-
raphy (I:IPLC) technique as described by Vree et al. {1978). Briefly, each 100 ul
aliquot of serum or urine sample, diluted 1 : 10 with water, was mixed with 0.1 ml
of 10 pg/ml solution of N-ethyl-N-methyl-glycine-2,6-xylidide as internal standard

(1.S.) and 0.4 ml of Perchloric acid (0.33 N). After centrifugation (13,500 g for
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3 minutes), 100 ul of the clear supernatant was injected onto the HPLC system
(Waters Associates, Mississauga, Ont. Canada) which consisted of a M-45 pump,
a Model 441 UV detector (set at 214 nm), an automatic sampler (WISP, Model

721) and a data processing station (Model 840).

Separation was achieved using a 5 um C,4 reversed-phase Nova-Pak cartridge
(11.5 cm x 8 mm I.D.). No interfering peaks were observed in blank serum and
urine (Fig 4.1 and 4.2). The aqueous mobile phase: for serum samples consisted
of acetonitrile (12% v/v), phosphoric acid (0.09% v/v) and triethylamine (0.07%
v/v); for urine samples consisted of acetonitrile (11% v/v), phosphoric asid (0.06%
v/v) and triethylamine (0.05% v/v), and was pumped at a flow rate ¢t ¢ ml/min.
Before each series of detenrﬁ;ation two standard curves were constructed for serum
and urine, respectively. The concentration ranges for the standards used in this
study were 0.3 - 5 pg/ml for serum and 0.3 - 50 ug/ml for urine. The limit
of detection for ampicillin was 0.5 ug/ml for both serum and urine samples. The
coeficient of miation over the examined concentration ranges for serum and urine

was < 5%.

4.2.3.2 Measurement of creatinine

Creatinine was measured by Jaffe reaction after removal of protein and non-
creatinine chromogens following adsorption of the creatinine onto a cation ex-
change (-Dowex) resin. Creatinine was eluted from the resim with alkaline picrate
prior to its determination (Stoten 1968). Coefficient of wariation for the assay was
< 6%. The reference range of serum creatinine concentrations in healthy adults is

50 to 110 pmol/L.
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Figure 4.1  Chromatograms obtained from blank (A), spiked (B) and pa-
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ampicillin was 5 pg/ml and the signals were measured in mV.
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4.2.4 Treatment of Data
4.2.4.1 Pharmacokinetic analyses

- Serum drug concentration-time data were analyzed using model-independent
pharmacokinetic methods ( Gibaldi and Perrier 1982). The terminal elimination
rate constant, 3, was calculated from the best-fit line through the log-linear termi-
nal phase of the curves. The area under the plasma drug concentration versus time
curves was calculated from time zero to infinity (AUC = AUC,-; + AUC;_o).
AUC~, was calculated using the linear trapezoidal method and AUC, o, was cal-
culated by dividing the concentration measured at time t (last sampling point) by
B. Terminal elimination half-life (T%) was obtained from the quotient of 0.693/8.
Total body clearance (CLt), renal clearance (CLr), volume of distribution at
steady state (Vg4ss) and fraction of drug excreted unchanged in the urine (F,)

were calculated with the following equations:

CLt = Dose / AUC
CLr = ) X./AUC
Vdss = Dose / (8 x AUC)
F, = Z Xu / Dose
where, )" X, is the total amount of unchanged ampicillin excreted in the urine.

Pharmacokinetic data analyses were performed using JANA and NONLIN soft-

ware programs (Statistical Consultaints Inc., Lexington, KY).

4.2.4.2 Creatinine clearance
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Creatinine clearance (CL¢,) was calculated using the standard formula UV /P
(Pitts 1974), where CLc is expressed in ml/min.; U = urine concentration of cre-
atinine in pmol/L; V = urine flow in ml/min.; P = plasma or serum creatinine

concentration in pmol/L.

4.2.4.3 Statistical methods

Group comparison for each measured and calculated variable employed one
way analysis of variance with repeated measures (Bolton, 1984). A p value of 0.05

was used to judge significance. All values are presented as Mean + SD.

4.3 Results

The results for 7 subjects are reported here; one female subject voluntarily
withdrew after 1 study period. Pharmacokinetic parameters for individual sub-
jects after the three nutrient regimens are reported on Tables 4.2 to 4.4. There were
no significant differences in any of the m=asured or calculated variables regardless
of the nutrient regimens (Table 4.5). Crossover analysis of our data showed no
significant differences in ampicillin kinetics between intravenous nutrient groups
regardless of the sequence of infusion. Ampicillin was undetectable in the serum
beyond 6 hours after injection in all subjects (Fig. 4.3). Serum creatinine concen-
trations ranged from 54 to 94 umol/L and were normal. Creatinine clearance with
enteral, intravenous D10W and PN were 119 + 21 ml/min., 125 + 32 ml/min.
and 125 + 48 ml/min respectively, and were not significantly different. Based on
our data, the statistical power for detecting a change in ampicillin clearance at
one standard deviation above the mean using conventional method (Bolton, 1984)

was 77% at an a level of 0.05.
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Table 4.2  Pharmacokinetic parameters of ampicillin in individual sub-
jects who received single intravenous dose of ampicillin (250
mg) with enteral nutrient.

Pharmacokinetic Parameters®
Subject AUC T2 Vdss CLr CL~ F.x100%

MF 965 50 0.26 1.6 54 29
CE 493 36 0.21 4.5 6.2 72
GW 835 43 0.21 1.8 4.5 39
GT 1137 36 0.14 3.6 4.0 89
ED 1516 57 0.11 1.8 2.5 74
TR 718 39 0.19 4.9 49 99
GB 583 35 0.19 4.3 5.3 81

Mean 892 42 0.19 3.2 4.7 69
+SD 352 8.4 0.05 1.4 1.2 25.7

* AUC, pgxmin/ml; T2, min; V4, L/kg; CLg, ml/minxkg; CLT, ml/minxkg.

4.4 Discussion

PN is a widely used medical technique. However, the potential influences
of PN on drug disposition have not been investigated properly. This study was
specifically designed to evaluate the acute effects of PN on renal drug clearance.
Ampiciliin was chosen as a model drug in this study because renal clearance is its
major elimination pathway and occurs partly by glomerular filtration and partly
by tubular secretion ( Hori et al. 1983). Therefore its use may reflect a number of

potential mechanisms by which PN can induce alterations in drug renal clearance.
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Table 4.3  Pharmacokinetic parameters of ampicillin in individual sub-
jects who received single intravenous dose of ampicillin (250
mg) with D10W.

Pharmacokinetic Parameters*

Subject AUC Ti/2 Vdss CLr CLt F.x100%
MF 1167 43 0.23 3.9 4.7 83
CE 638 33 0.17 4.9 4.8 102
GW 877 37 0.16 4.6 4.4 105
GT 543 | 42 0.35 4.8 8.2 58
ED 938 44 0.20 3.9 4.0 97
TR 1092 32 0.15 2.7 3.2 82
GB 612 50 0.28 5.1 5.0 102

Mean 838 40 0.22 4.3 4.9 90
+SD 246 6.5 0.07 0.8 1.6 16.8

* AUC, pgxmin/ml; T/, min; Vg, L/kg; CLr, ml/minxkg; CLt, ml/minxkg.

Pharmacokinetic studies on the disposition of ampicillin are extensively re-
ported (Foulds, 1986). However, there are limited data on the specific role of
parenteral nutrient regimen on the pharmacokinetics of ampicillin. The marked
variability in plasma ampicillin concentration when it is delivered as an admixture
with PN (Colding et al. 1982) presumably was associated with the variable loss of
ampicillin in PN in vitro (Feigin et al. 1979, Colding et al. 1978, Trissel, 1988).
We did not ctudy patients already receiving PN to avoid potential interference

with the pharmacokinetics of amapicillin from underlying disorders, differsat nu-
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Table 4.4  Pharmacokinetic parameters of ampicillin in individual sub-

- jects who received single intravenous dose of ampicillin (250

mg) with PN.
Pharmacokinetic Parameters*

Subject AUC Ti/2 Vdss CLr CLt F.x100%
MF 1441 40 0.16 3.1 3.8 81
CE 577 27 0.20 5.5 5.4 103
GW 684 38 0.25 4.5 5.5 81
GT 598 25 0.29 5.3 7.5 71
ED 880 43 0.17 2.7 4.2 65
TR 1089 30 0.14 2.1 3.2 64
GB 1024 58 0.14 3.3 3.0 109

Mean 809 | 37 0.19 3.8 4.7 82
+SD 313 11.4 0.06 1.3 1.6 17.8

* AUC, pgxmin/ml; T/, min; Vdss, L/kg; CLRr, ml/minxkg; CLt, ml/minxkg.

tritional status of the patients or other pharmacotherapy usually administered to
the patient (Pantuck et al. 1984, Bidlack et al, 1986, Anderson et al. 1988 ). Our
study design also allowed the use of different routes of nutrient intake in the same
subject which would be impossible in patients requiring total parenteral nutrition.
Thus, our study design eliminated the drawbacks associated with cross-sectionai

studies in a non-homogeneous population.

Our data showed that the pharmacokinetic profiles of ampicillin were similar

regardless of the nutrient regimen. After an intravenous injection of 250 mg of
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Mean = 5D pharmacokinetic parameters of single intravenous

dose of ampicillin with different nutrient regimens.

Kinetic Parameters Nutrient Regimen
Enteral DiowW PN
AUC (ugxmin/ml) 8924352 8381246 8991313
T, /2 (min) 42+8.4 40+6.5 37+11.4
Vass (L/kg) 0.19+0.05 0.2210.07 0.19+0.06
CLRr(ml/minxkg) 3.2+14 4.3+0.8 3.8+1.3
CLt(ml/minxkg) 4.7+1.2 4.9+1.6 4.7£1.6
Fyx100%5 69+25.7 90+16.8 82+17.8

Values = Mean + SD of seven subjects. No significant difference among groups in
pharmacokinetic parameters for ampicillin, p> 0.05.

ampicillin, the mean values for terminal T% of about 0.7 hours, Vyss of about
0.20 liters/kg, and 70 to 90% excretion of ampicillin in the urine are comparable
to other reported data with subjects receiving unspecified nutrient intake ( Foulds
1986); to detect a smaller alteration (less ¢than one standard deviation from the
mean) in ampicillin clearance among different nutrient regimens would require
a larger sample size. This is probably not justified because small alterations in

ampicillin clearance have no significant clinical consequence.

Theoretically, the use of PN may affect the stability and pharmacokinetic
profile of ampicillin in a number of ways. physiocochemical conditions in PN
solution such as pH and concentration of the nutrients are important in the deter-

mination of ampicillin stability in vitro (Feigin e¢ al. 1978, Colding et al. 1978,
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Trissel, 1988). However, any physicochemical interaction between PN and ampi-
cillin was eliminated by our study design of infusing ampicillin through a venous
site away from the intravenous nutrient infusion. Contamination from the previ-
ous intravenous ampicillin infusion was avoided by carefully flushing the catheter

with saline.

Parenteral nutrients may affect protein binding and drug metabolism. How-
ever, only about 20% of the circulating ampicillin is protein bound ( Triggs et al.
1980) and more than 80 % of ampicillin excreted intact in the urine (Reynolds
1989). Thus, the metabolic profile of ampicillin is unlikely to be affected to a

significant extent with the use of amino acid-containing solutions.

Another possibility for PN to alter the pharmacokinetic profile of ampicillin
is with increased GFR during PN, by as much as 100% comp ared to saline infusion
(Bengoa et al. 1983, Graf et al. 1983). The majority of ampicillin is normally
excreted in the urine (Foulds 1986) and its clearance is significantly influenced by
altered GFR. In the present study, the rate of amino acid infusion from PN was 75
g per day. This amount of amino acid intake is comparable to the recommended
nutrient intakes (RNI) for healthy adults and is about 50% lower than the rate of
amino acid infusions which are reported to increase the GFR (Bengoa et al. 1983,
Graf et al. 1983). The stabic GFR as indicated by stable creatinine clearance in
our subjects during the study period, at least in part, is related to the normal
amino acid/protein intake in our subjects. This is consistent with other reports

that amino acid infused at the rate of 1 g/kg/day maintained GFR in the normal
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range (Bengoa et al. 198%) and that GFR generally is thought to increase by
about 20% -when protein intake is greater than RNI (Bosch et al. 1983, Bergsirom

et al 1985, Brouhard et al. 1987).

Theoretically, an increase in renal plasma flow (RPF) during amino acid
infusion (Meyer et al. 1983) may increase renal tubular secretion of ampicillin and
is reflected by an increase in total body ampicillin clearance during PN. The stable
total body and renal clearance of ampicillin and the stable creatinine clearances

in our subjects would support an absence of increase in RPF during PN.

In the present siudy, measurement of pharmacokinetic profile of ampicillin
beginning at 4 hours after a meal was designed to minimize the alteration in
hemodynamic and hormonal changes which may affect GFR and consequently
ampicillin clearance (Bosch et al. 1983, Bergstrom et al. 1985, Brouhard et al.
1987). This design also avoided any potential hemodynamic changes associated
with prolonged severe restriction in protein and caloric intake beyond the “stan-
dardized” overnight fast (Kitt et al. 1989). Thus the results from the “enteral”

regimen may be considered as basal ampicillin clearance.

Glucose and salt overload may increase renal filtration rate, and theoretically
nicillin excretion in urine may also be increased. However, glucose and salt

. - subjects were within the normal limits.

*iie present sti:dy, there was no glucosuria aand the use of D10W, with
the same additives as in PN solution, was designed to rule out any volume effect

on GFR from intravenous infusion and to rule out the potential effect of other
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nutrients on the pharmacokinetic profiles of ampicillin. Calcium and phosphate
were not added to the D10W to avoid the risk of precipitation ( Venkataraman et

al 1988). However, calcium and phosphate per se have not been reported to alter

ampicillin pharmacokinetics.

The stability of total body and renal clearance of ampicillin with all nutrient
regimens also would indicate that under normal circumstances, PN solution is un-
likely to affect urinary excretion of ampicillin. We conclude that in the presence of
2 normal Gr'R, the use of PN with amino acid content similar to the recommended

i ~em ntake is unlikely to affect the pharmacokinetics of ampicillin.
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CHAPTER §

-THE ACUTE EFFECTS OF PN ON LIDOCAINE
PHARMACOKINETICS IN HEALTHY HUMAN VOLUNTEERS!

5.1 Introduction

The pharmacokinetics and metabolism of certain drugs in animals and hu-
mans have been shown to be influenced by Parenteral nutrition (PN) therapy
(Anderson. 1988). For example, healthy rats had 24% and 57% lower content and
activity, respectively, of hepatic cytochrome P,sq and 71% lowe;' pentobarbital
hepatic clearance after 7 days of PN compared with animals fed with standard
laboratory rat chow (Knodell et al. 1984). Our preliminary results in minipigs
after 7 days of PN showed that the total body clearance (CLt) and the steady
state volume of distribution (V4qs,) of lidocaine, another drug metabolized by the
cytochrome Pg50 enzyme system, were reduced to half of those of the enterally fed
controls (Ke et al. 1987). In human, the clearance of antipyrine has been used as
an indicator of oxidative metabolism by the cytochrome Pysy enzyme system to
assess for nutrient-drug interaction. Antipyrine clearance was decreased by 34% in
post-operative patients receiving amino acid-dextrose solution for 7 days ( Burgess
et al. 1987); was increased by 24% in healthy adults receiving intravenous infu-
sion of amino acids for only one day after a 4-day isocaloric infusion of dextrose
(Pantuck et al. 1984), and increased by 87% in previously malnourished subjects

undergoing nutritional repletion with 8 days of PN therapy (Pantuck et al. 1985).

4 A version of this chapter has been published in Ther Drug Monit 12: 157-162, (1990)

93



94

Preliminary studies in our lahoratory (Tam et al. 1984) showed that high
concentrations of amino acids can competitively inhibit the metabolism of lido-
caine in isolated perfused rat livers as another potential mechanism for altering
drug metabolism. Thus, it is possible that specific nutrient components of the
parenteral solution, the duration of administration and/or the nutritional status

of an individual, may significantly affect drug metabolism.

This study was designed to examine in healthy humans, the acute effect
of PN, specifically the effect of amino acid infusion on the pharmacokinetics of
a model compound, lidocaine. We aim to test the hypothesis that amino acid

infusion would result in a decreased metabolism of lidocaine.

5.2 Methods
5.2.1 Subjects

Eight healthy, young adult non-smokers (4 males and 4 females, 20-28 years
of age) were recruited for the study. The demographic data for these subjects are
listed on Table 4.1. Informed written consent was obtained from each subject. The
study was approved by the Ethics Review Committee for Human Experimentation
of the University of Alberta and performed at the Clinical Investigations Unit at

the University of Alberta Hospital.

5.2.2 Study Design and Sample Collection

Following an overnight fast, each subject received a bolus injection of li-

docaine HCl (1 mg/kg, IMS Ltd, Mississauga, Ont, Canada) intravenously in
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association with each of three nutrient regimens. The nutrient regimens included:
1) a standard peripheral PN solution in use at the University of Alberta Hospital;
each liter of PN solution contains 100 g dextrose, 37.5 g amino acids (Travasol,
Baxter-Travenol Lab., Malton, Canada), 50 mmol sodium, 50 mmol potassium, 3
mmol magnesium, 3 mmol calcium, 11 mmol phosphate, 1 ml multiple trace ele-
ments (MTE-4, NovaPharm/LyphoMed, Pharmaceutical Co., Markham, Canada)
and 10 ml multiple vitamins (MV1-1000, SABEX international Ltd., Montreal,
Canada); 2) 10% dextrose water (D10W) without amino acids, containing the
same additives as the PN solution except for calcium and phosphate; 3) an enteral
meal containing similar fluid volume (1 L), caloric (490 kcal / 2058 kJ), protein
(37.5 g) and sodium (66 - 70 mmol/L) content as the PN solution. Water, but no

food, was allowed by mouth during the three study periods.

Two peripheral intravenous catheters were inserted in each subject, one in
each arm, prior to the experiment. One catheter was used for nutrient infusion
and the other was for lidocaine infusion and blcod sampling. One litre of a study
intravenous solution (PN or D10W) was infused over 12 hour followed immediately
by a 12 hour infusion of the other intravenous solution. The order of the infusion of
intravenous regimens was randomly assigned. The enteral and parenteral studies
were performed at least 28 days apart. The subjects remained at bed rest during

each study period.

Lidocaine was infused over a 5 minute period, commencing 2 hours after the

initiation of each intravenous nutrient regimen and 4 hours after a standardized
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breakfast meal. Three ml of blood from the sampling catheter was discarded
immediately prior to each blood sampling. Blood samples (5 ml) were taken at
0, 5, 10, 15, 20, 30 and 45 minutes and 1, 1.5, 2, 3, 4, 6 and 8 hours after drug
administration. Blood samples were collected into polypropylene tubes and stored

at 4°C for one hour prior to centrifugation. After separation, serum was stored at

-20°C until analysis.

5.2.3 Sample Analysis
5.2.3.1 Measurement of total lidocaitze and its metabolites

The concentration of total lidocaine and its metabolites, N-(N-ethylglycyl)-
2,6-xylidine (MEGX) and N-glycyl-2,6-xylidine (GX) in the serum were measured
using a slightly modified version of the HPLC method reported by Narang et al.
(1978). Briefly, a 1 ml serum sample was transferred to a 10 ml glass test tube
containing 0.1 ml of 10 pg/ml solution of N-ethyl-N-methyl-glycine-2,6-xylidide
as internal standard (1.S.), and then 0.1 ml of 1 M NaOH solution and 6 ml of
methylene chloride were added. After mixing on a vortex mixer (IKA-VIBRAX-
VXR, Terrcchem, setting at 1,200), the mixture was centrifuged (1,000 g) for 10
min, and the organic layer was removed and evaporated under a gentle nitrogen
stream. “The residue was mixed thoroughly with 300 ul of a pH 2.2 HCI solution

and then a 100 ul aliquot of this solution was injected onto the HPLC.

The HPLC system (Waters Associates, Mississauga, Ont, Canada) consisted

of a M-45 pump, a Model 441 UV detector (set at 214 nm), an automatic sampler
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(WISP, Model 710B) and a data processing station (Model 840). Separation of
lidocaine and its two metabolites was achieved using a 5 pm C,3 reversed phase
Nova-Pak cartridge (11.5 cm x 8 mm I.D.). No interfering peaks were found
in blank serum (Fig. 5.1). The aqueous mobile phase, which consisted of 17%
(v/v) acetonitrile, 0.1% (v/v) phosphoric acid and 0.15% (v/v) triethylamine, was
pumped at a flow rate of 2 ml/min. The limits of quantification for lidocaine and
its two metabolites were 0.05, 0.02 and 0.02 ug/ml, respectively. The examined
concentration range was 0.2 - 5 ug/ml for lidocaine and its metabolites in serum
and the coefficient of variation over the examined concentration range for the

measurement of each compound was <5%.

5.2.3.2 Equilibrium dialysis

Serum protein binding was measured using an equilibrium dialysis technique
(Routledge et al. 1980). The pH of the stored serum samples was adjusted to pH
7.4 prior to the binding study with 1.0 M phosphoric acid and 0.1 M sodium
hydrochloride. A 0.7 ml aliquot of a serum sample was added to a 1 ml Teflon
equilibrium dialysis cell (Spectrum, Los Angeles, CA). Dialysis was performed
against an equal volume of pH 7.4 isotonic phosphate buffer, containing 0.5%
.(w/ v) sodium chloride and 200 ng/ml }4C lidocaine HCl with specific activity 52.0
mCi/mmol (New England Nuclear, Boston, MA). The buffer and serum compart-
ments were separated by a dialysis membrane (Cellulose tubing, Sigma, St. Louis,
MO, molecular size cut off over 2,000) and the cells were rotated for 4 hours in a

37°C water bath. Preliminary studies demonstrated that it required 4 hours for
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Figure 5.1  Chromatograms obtained from blank (A), spiked (B) and pa-
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lidocaine binding to reach equilibrium. The activity of labelled lidocaine in each
side of the cell was measured by a liquid scintillation counting method (Routledge
et al. 1980) using a 1217 PackBeta liquid scintillation counter (LKB WALLAC,
Turku, Finland). The fraction of unbound lidocaine in serum (fu) was calculated
as the ratio of absolute disintegration rates in buffer and serum. The concentration
of unbound lidocaine was calculated by multiplying the HPLC measurements of

total lidocaine concentrations by the fraction of unbound lidocaine in serum.

5.2.4 Treatment of Data

5.2.4.1 Pharmacokinetic analyses

Nonlinear regression prcgrams, JANA {Metzler et al. 1974) were used to fit
the serum drug concentration versus time data. Following single intravenous dose
administration, the area under the serum drug concentration curve (AUC) was
calculated from the time of administration to infinity by the linear trapezoidal
rule, where the area from the last data point (C.) to infinity was caculated by
C: / B. The apparent elimination rate constant, 3, was calculated from the best-
fit line passing through the log-linear terminal phase of the curves. Terminal
half-life (T} ), total body clearance (CLT) and volume of distribution at steady
state (Vyes) were calculated with the following equations (Gibaldi and Perrier,

1982): .

Ty =069 /8
CLt = Dose / AUC

Vdss = Dose / ﬂ x AUC
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Lidocaine pharmacokinetic data analyses were performed using NONLIN software

program (Statistical Consultaints Inc., Lexington).

The maximum serum MEGX concentration (Cpax) and the time to achieve
this value (Tpax) were obtained directly from the concentration versus time data.
The AUC of MEGX from time zero to infinity was calculated using a non-compart-

mental program called LAGRAN (Rocct and Jusko, 1989).

5.2.4.2 Statistical methods

Sample size calculation (Steel and Torrie 1980) was based on published li-
docaine pharmacokinetic data in humans (Benet and Sheiner. 1985). The sample
size in this study should be adequate to detect a decrease in lidocaine clearance in
the intravenous nutrient groups at one standard deviation below the mean of the
enteral group with an alpha value of 0.05 and beta value of 0.2. Group compari-
son for pharmacokinetic parameters and carryover effect from infusion of different
intravenous nutrients were performed by repeated measures analysis of variance
(Bolton 1984). The level of significance was set at p=0.05 and all values were

presented as mean £ SD.

5.3 Results

The results for 7 subjects are reported here; one female subject voluntarily
withdrew after 1 study period. The concentration of GX in serum was below the
quantification limit in all subjects. The time courses for serum concentrations of

total lidocaine, free lidocaine and MEGX were not significantly different during
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the three nutrient regimens (Fig. 5.2). Pharmacokinetic parameters for lidocaine:
CLt, T,} » Vdss and AUC; for MEGX: Crax, Tmax and AUC in individual subjects

are shown in Tables 5.1 to 5.3.

Crossover analysis of our data indicate that the sequence of intravenous
nutrient infusion had no significant effect on lidocaine disposition. The kinetic
parameters of lidocaine (CLr, T%’ Vdss and AUC) and MEGX (Cpax, Tmax and
AUC) obtained during PN and D10W were not significantly different from each
other. Similarly, there were no significant differences between the kinetic results
obtained from each of the two intravenous nutritional regimens and the enteral
study (Table 5.4). Furthermore, lidocaine serum protein binding remained un-
changed [f.,‘ : 0.34% 0.066 (PN) vs. 0.36 + 0.050 (D10W) vs. 0.33 + 0.053

(enteral)] during the three nutrient regimens.

5.4 Discussion

The use of PN has increased markedly over the past two decades. At the same
time, PN therapy has posed some very fundamental and practical clinical questions
regarding the safety and efficacy of concurrent drug therapy. To date only limited
data on potential interaction between intravenous nutrients and drugs exist. This
study was specifically designed to evaluate for a potentially acute nutrient-drug

interaction during PN administration.

In the present study, we used healthy subjects instead of patients already re-

ceiving PN to avoid potential interference from underlying disease states, variable
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Table 5.1  Pharmacokinetic parameters of lidocainé and MEGX in indi-
vidual subjects who received single intravenous dose of lido-
caine HCl (1 mg/kg) with enteral nutrient.

Total lidocaine MEGX

SUbjeCt CLT Tl /2 Vd” AUC Cma,x Tmax .A;UC

MF 6.49 76.8 0.72 150.9 0.049 45 10.9
CE 8.26 51.4 0.61 117.7 0.037 30 7.8
GW 11.55 104.1 1.45 78.5 0.035 45 9.3
GT 10.60 95.7 1.39 88.4 0.057 45 12.0
ED 7.30 61.2 0.65 130.2 0.058 20 9.1
TR 4.87 73.3 0.52 201.3 0.064 30 11.4
GB 5.94 91.9 0.79 160.3 0.049 45 6.5

Mean 7.86 79.2 0.88 132.5 0.050 37.1 9.6
+SD 2.45 19.1 0.38 42.7 0.011 10.35 1.99

CLt, ml/minxkg; T, /2, min; Vyes, L/kg; AUC, pgxmin/ml; Cpax, gg/ml; Thax,
min.

nutritional status or other pharmacotherapy administered concomitantly during
PN. This study design also allowed the comparison of the effects of different routes
of nutrient intake using the subject as his or her own control. Thus, our study
design“eliminated some of the drawbacks associated with cross-sectional studies in

a non-homogeneous population.

In the enteral feeding group, we chose to infuse lidocaine beginning at ¢

hours after & meal to avoid any potential effects from prolongec fasting beyond
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Table 5.2  Pharmacokinetic parameters of lidocaine and MEGX in indi-
vidual subjects who received single intravenous dose of lido-
caine HCI (1 mg/kg) with PN.

Total lidocaine MEGX
Suhject CLT T1/2 Vd” AUC Cm;x 'rrngx AUC
MF 6.78 63.5 0.62 144.0 0.027 20 10.6
CE 5.35 142.7 1.10 166.2 0.058 30 7.7
GW 6.60 46.3 0.44 150.0 0.066 20 7.9

GT 9.08 71.3 0.93 108.2 0.046 60 10.2

ED 6.87 80.4 0.80 139.4 0.051 30 13.8

TR 10.86 50.9 0.80 89.6 0.043 45 10.9

GB 8.39 63.5 0.77 117.3 0.054 20 10.1

Mean 7.70 74.0 0.78 130.6 0.049 32.1 10.2
+SD 1.85 323 0.21 26.7 0.013 15.23 2.05

CLt, ml/minxkg; T, /2, min; Vqss, L/kg; AUC, pgxmin/ml; Crax, #g/ml; Tmax,
min.

the standardized overnight fast and to minimize the influence of meal-induced
alteration in hepatic blood flow (McLean et al. 1978) and hepatic drug metabolism
(Liedholm and Melander 1986). Thus the results from the enteral regimen may
be considered as baseline values. In the intravenous nutrient studies, lidocaine
administered at 2 hours after the initiation of nutrient infusion. This protocol
was based on the assumption that serum concentration of most infused amino
acids have reached steady states (Chemi et al. 1978) and our preliminary rat

liver perfusion studies (Tam et al. 1984) indicated that competitive interaction



105

Table 5.3  Pharmacokinetic parameters of lidocaine and MEGX in indi-
vidual subjects who received single intravenous dose of lido-

caine HCI (1 mg/kg) with D10W.

Total lidocaine MEGX

SubjeCt CLT T1/2 VdSS AUC Cmax Tmax AUC

MF 6.65 98.0 | 094 | 1423 | 0.038 45 8.4
CE 4.54 96.7 | 0.63 | 207.3 | 0.050 30 8.8
GW 8.80 929 | 118 | 109.2 | 0.072 30 7.7
GT 7.58 828 | 091 | 1192 | 0.042 45 11.9
ED 4.19 850 | 0.51 | 2317 | 0.055 30 10.1
TR 5.86 69.2 | 059 | 163.0 | 0.046 30 15.9
GB 9.81 | 103.0 | 146 | 975 | 0.059 45 8.6

Mean 6.78 89.6 0.89 152.8 0.051 36.4 10.2
£SD 2.10 11.5 0.34 50.8 0.011 8.02 2.86

CLt, ml/minxkg; T2, min; Vg, L/kg; AUC, pgxmin/ml; Crmax, pg/ml; Tmax,
min.

for enzyme substrates is demonstrable after 30 minutes of amino acids infusion.
Thus, a 12 hour infusion of PN should adequately reflect the acute effects of amino

acid infusion on lidocaine pharmacokinetics.

Lidocaine was chosen for this study because its use may reflect a number
of potential mechanisms by which PN can induce alterations in drug metabolism.
This allows the study of potential competition for a hepatic cytochrome Pysq en-

zyme system (Keenaghan and Boyes 1972, Tam et al. 1987), because certain
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Table 5.4 Mean + SD pharmacokinetic parameters of lidocaine and MEGX
after single intravenous dose of lidocaine HCI (1 mg/kg) with
different nutrient regimens.

N.R. Total lidocaine MEGX
CLt TI /2 Vdss AUC Cmax Tmax AUC
Enteral |7.8612.45 | 79.24+19.1 | .88+.38 | 132.5+42.7 | .050+.011 | 37.1+10.35 9.6+1.99
PN 7.701.85 | 74.0£32.3 | .78£.21 | 130.6£28.7 | .049+.013 | 32.1%15.23 | 10.2 £2.05
D10W |6.78+2.10 { 89.6+11.5 | .89+.34 | 152.8+£50.3 | .051+.011 | 36.4+8.02 10.2 £2.86

Values = mean * SD of seven subjects. No significant differences among the three nutrient
regimens in the pharmacokinetic parameters for lidocaine and MEGX were detected (p> 0.05).
Abbreviations:

N.R.= Nutrient regimens; CLt, ml/minxkg; Ty, min; Ve, L/kg; AUC, ugxmin/ml; Cmax,
pg/ml; Tmax, min.

aromatic amino acids in PN have similar chemical structures and undergo the
same aromatic ring p-hydroxylation pathway in the liver as lidocaine. Alteration
of serum protein binding of lidocaine may reflect the potential competition for
binding sites from certain aromatic amino acids, such as L-tryptophan and L-
phenylalanine. N-deethylation is a major primary hepatic metabolic pathway for
lidocaine in human ( Keenaghan and Boyes 1972) and the measurement of metabol-
ically active deethylation products (Burney et al. 1974), MEGX and GX, may

increase understanding of the mechanisms involved in nutrient-drug interaction.

There were no significant differences in the pharmacokinetic parameters of
lidocaine and MEGX obtained during PN and D10W regimens. Thus, it is unlikely

that lidocaine-induced enzyme inactivation occurred when the subjects received
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two intravenous injections of lidocaine (1 mg/kg) 12 hours apart. In contrast,
previous studies in our laboratory (Saville et al. 1989) showed that N-deethylation
of lidocaine decreased in the isolated perfused rat livers from the animals that
received a pretreatment with an intravenous injection of lidocaine (10 mg/kg).
Differences in the dosage of iidocaine used and/or species differences in hepatic
metabolism for lidocaine conceivably could account for some of the discrepancies

in lidocaine pharmacokinetics between our animal and human data.

The pharmacokinetic data for lidocaine in this study are comparable to that
reported in the literature (Rowland et al. 1971, Nation et al. 1977, Benet et
al. 1985). Based on the‘composition of our intravenous solutions, it appears
that amino acid infusion as part of routine PN does not acutely alter lidocaine
metabolism and does not interfere with serum protein binding of lidocaine. The
similar MEGX serum concentrations among the three nutrient regimens would
further support the contention that routinely used PN probably does not acutely
influence lidocaine metabolism. The unquantifiable amount of the active metabo-
lite, GX, in this study probably reflects the small yield of the metabolite from a

single dose of lidocaine.

The effect of PN on lidocaine metabolism in our human study differs from
that observed using the minipig model (Ke et al. 1987). Duration of PN adminis-
tration may influence lidocaine metabolism and explain the differences observed.
Altered liver function ( Merritt 1986) and hepatic drug metabolism (Knodell et al.
1980 & 1984) have been reported even after one week of PN. In our human sub-

Jects, lidocaine was co-infused within 2 hours after commencement of PN, whereas
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lidocaine was administered after 7 days of PN in the minipigs. In the present
study, one standard deviation for lidocaine clearance is about 30% of the mean
clearance value, and is similar to the reported value (Benet et al. 1985). Thus, to
detect smaller differences in pharmacokinetics of lidocaine would require a much

larger sample size of healthy volunteers and is probably of no clinical relevance.

The changes in hepatic oxidative metabolism demonstrated by our data us-
ing lidocaine as a model compound contrast with the data using antipyrine as
a model compound. Both an increase (Pantuck et al. 1984 & 1985) and a de-
crease (Burgess et al. 1987) in antipyrine metabolism have been reported. The
discrepancies between the reported studies and our study also may be related to a
more prolonged period of PN administration (> 1 week) (Pantuck et al. 1985 and
Burgess et al.1987) or ‘to the higher rate of amino acid infusion (up to 184 g/day)
(Pantuck et al. 1985) uss in other studies. It is also possible that factors respon-
sible for altered oxidative metabolism of antipyrine need not necessarily have the
same effect on all other oxidatively metabolized drugs such as lidocaine, since there
exist different isoenzymes of cytochrome P,so which are under separate regulatory
control (Lu and West 1979). Differences in the nutritional status and underlying
disease state of the subjects, and the theoretical potential for enzyme induction
from prolonged PN are other possible confounders for nutrient-drug (including li-
doca.in;e) interaction. In the present study, we demonstrated that at the usual rate

of amino acid infusion there is no acute effect of PN on lidocaine pharmacokinetics.
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CHAPTER 6

EFFECTS OF PN ON HEPATIC ELIMINATION OF LIDOCAINE:

A STUDY USING ISOLATED RAT LIVER PERFUSION®

6.1 Introduction

The use of parenteral nutrition (PN) is an accepted technique to achieve or
maintain normal nutritional status in subjects unable to tolerate adequate oral
nutrients. However, PN has recognized complications ( Gutcher and Cutz 1986,
Merritt 1986, Klein and Nealon 1988) and hepatic drug clearance may be altered
with the use of PN (Knoéell et al. 1980 and 1984, Pantuck et al. 1984 and
1985, Burgess et al. 1987, Anderson, 1988). For example, pentobarbital hep-
atic clearance and cytochrome P4so content and associated enzyme activities in
liver were lower in healthy rats after 7-days of PN than in animals fed standard
laboratory chow ad libitum (Knodell et al. 1980 and 1984). The clearance of
antipyrine, another drug widely used as an index of hepatic oxidative drug me-
tabolizing activity, was decreased by 35% in post-operative patients after 7-days

of amino acid-dextrose infusion (Burgess et al. 1987).

Preliminary data from our laboratory showed that the total body clearance
(CLt) and the steady state volume of distribution (Vdss) of lidocaine, a drug
extensively metabolized by a hepatic cytochrome Pyso enzyme system, were re-

duced by 50% in pigs after 7 days of PN when compared to normally fed control

5 A version of this chapter has been submitted for publication in J Pharmacol Ezper Ther (1990)
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animals (Ke et al. 1987). However, recent data from this laboxfatory in healthy
human volunteers who received an intravenous bolus of lidocaine HCI, beginning
2 hours after the commencement of a standard PN solution, showed that lidocaine
pharmacokinetics remained unchanged in contrast to what occurred in enterally
fed controls (Ke et al. 1990). Differences in the duration of PN, the rate of its
administration, or species differences in hepatic metabolism for lidocaine ( Keenag-
han and Boyes, 1972) could, conceivably, account for some of the discrepancies in

lidocaine clearance between our animal and human data.

The present study was designed to define better the role of PN in lidocaine
metabolism with the use of the isolated rat liver perfusion model. We aimed to
determine the hepatic lidocaine elimination in the isolated perfused liver model

during acute infusion of PN and after 7 days of in vivo PN administration.

6.2 Methods

6.2.1 Experimental Procedures

A total of 24 male Sprague-Dawley rats weighing 195-240 g were used as
the source of isolated livers. Details of isolated liver perfusion technique were
reported previously (Tem et al. 1987a). The portal vein and inferior vena cava
of the isolated liver were cannulated and the liver was perfused with oxygenated
(95:5 oxygen: carbon dioxide) Kreb’s bicarbonate buffer (Ross, 1972), pH 7.4,
containing 2 g of dextrose/L at a flow rate of 3-5 ml/min/ g of liver via the portal |

vein catheter. The viability of the liver was confirmed by monitoring the rate of
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oxygen consumption, which was within the normal ranges reported by Bloxam
(1973%) as measured by oxygen monitor (YSI Model 53, Yellow Springs Instrument
Co., Inc. Yellow Springs, OH); the same aspartate and alanine aminotransferase
levels in perfusate effluent at 0 and at 80 min; the stable concentrations of lidocaine
and its metabolites in the perfusate effluent at steady state during continuous

lidocaine infusion; and the physical appearance of the liver.

6.2.1.1 Co-infusion study

Livers were isolated from 12 animals that had free access to standard labora-
tory rat chow (Wayne Rodent Plox 8604-00, Continental Grain Company, Chicago,
IL) and water. The “one-pass” perfusion method was used in the study. In 6 livers
(the experimental group), lidocaine and PN solution were co-infused via the portal
vein catheter (inlet) starting 20 minutes after the isolation and catheterization of
each liver. Lidocaine (0.9 mg/ml) was infused at a rate of 0.097 ml/min via a
Harvard pump (Model 600, Harvard Apparatus Co., Inc., Dover, Mass) and PN
solution was co-infused at 0.123 ml/min using another Harvard pump (Model 940,
Harvard Apparatus, South Natick, Mass). In another 6 livers (the control group),
lidocaine was infused at the same rate as the experimental group while normal
saline was co-infused at 0.123 ml/min. Lidocaine and PN or lidocaine and saline
were infused for 80 minutes. This period was shown to be sufficient for the system
to app;oach steady-state conditions for lidocaine and its metabolites ( Tam et al.
1987a). The inlet concentration of lidocaine (C;,) was determined by averaging
3 samples (0.5 ml each) taken from the inlet at 2, 30 and 60 minutes from the

beginning of lidocaine infusion.
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The concentrations of lidocaine and its metabolites (Cout) were measured

from effluent taken from the inferior vena cava catheter (outlet) at 0, 1, 3, 5, 7, 10,
15, 20 minutes and then at 10 min interval until 80 min. Each liver was blotted

dry after each study and its weight was recorded.

6.2.1.2 Post PN study

Twelve animals received jugular venous cannulation 8 days prior to isolation
of the livers. Six animals (experimental group) received PN solution for 7 days
at 65 ml per 24 hours by using a volumetric infusion pump (Model 922, IMED
Corporation, San Diego, CA). A small harness was attached to the back of each
animal and the infusion line was passed through a coiled metal spring mounted on
a swivel (Rodent Single Channel Swivel, Alice King Chatham Medical Arts, Los
Angeles, CA) to allow the animal to move freely in its cage. Six animals (control
group) with jugular venous catheter in situ were allowed free access to a standard
laboratory rat chow and water for 7 days. Livers from both groups of animals were
isolated on the eighth day after jugular venous cannulation. Each liver was infused
with the same lidocaine solution and at the same rate as the co-infusion study.
Measurement; of samples were made at the inlet for lidocaine, and at the outlet
for lidocaine and its metabolites, and liver weights were obtained as described in

the co-infusion study.

The contents of PN solution were similar to those reported by Popp and
Wagner (1984), and Knodell et al. (1984). Each liter of PN solution contained

242 g dextrose, 52 g amino acids (10% Travasol with electrolytes, Baxter-Travenol
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Lab., Malton, Canada), 2 ml of the multivitamin preparation (MVI 1,000, Aqueous
Multivitamin IV infusion USV Canada Inc.) and 2.25 mmol of calcium gluconate
(10% calcium gluconate injection, SQUIBB Canada Inc., Montreal, Canada). The

same PN solution was used in in vivo and in vitro (liver perfusion) studies.

Blood was collected from the portal veins of the 12 animals immediately
prior to catheterizing the liver, and the serum was separated immediately after
biood clotting. Serum amino acids concentrations were measured with a fluores-
cence amino acid analysis system which utilized o-phthaldialdehyde as a precol-
umn derivatizing agent and ethanolamine as internal standard (Jones and Gilligan
1988). The quantification of individual amino acid derivatives was reproducible

within an average deviation of £1.5% (Sedgwick 1987).

The animal experimentation met the guidelines of the Canadian Council on
Animal Care and was approved by the Health Sciences Animal Welfare Committee

of the University of Alberta.

6.2.2 HPLC Assay

6.2.2.1 Chemicals and reagents

Samples of lidocaine, N-(N-ethylglycyl)-2,6-xylidine (MEGX), N-glycyl-2,6-
xylidine (GX), 3-hydrqu-lidoca.ine (3-OH-LIDO) and 3-hydroxy-N-(N-ethylgly-
cyl)-2,6-xylidine (3-OH-MEGX) were gifts from Astra pharmaceuticals (Missis-
sauga, Canada). N-(N,N-diethylglycyl)-2-hydroxymethyl- 6-methylaniline (MeOH-

LIDO) and N-(N-ethylglycyl)-2-hydroxymethyl-6-methylaniline (MeOH-MEGX)
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were synthesized in our laboratory and their chemical structures and purity were
confirmed by NMR, elemental analysis and GC/MS (Coutts et al. 1987). Al

solvents and reagents were from commercial sources.

6.2.2.2 Sample preparation

Lidocaine and its six metabolites (identified immediately above) in the rat
liver perfusate samples were simultaneously separated and quantified using a mod-
ification of our previously reported procedure (Tam et al. 198 7a). Briefly, 100ul of
a 20 pug/ml solution of N-ethyl-N-methyl-glycine-2,6-xylidide in water wa§ added
as internal standard (1.S.) to 1 ml aliquot of the rat liver perfusate samples. The
solution was adjusted to pH 8.5 with excess potassium bicarbonate (~1 g) and
8 ml of mechylene chloride was added. The mixture was shaken with a vortex
mixer (IKA-VIBRAX-VXR, JANKE and KUNKEL, setting at 1,200) for 10 min-
utes and centrifuged at 1,000 g for 10 minutes. Organic phase (6 ml} was removed
and evaporated to dryness under a gentle stream of nitrogen. The residue was
reconstituted in 300 ul of 0.005 M HCI. Between 50 to 200 ul of the sample was

injected onto the HPLC column.

6.2.2.3 Standard curves

Standard solutions were prepared by spiking 1 ml volumes of the Kreb’s
bicarbonate buffer with various concentrations (0.01-5 ug/ml) of lidocaine and its
six metabolites. The calibration curves were constructed by plotting the peak
area ratio of lidocaine and each of its metabolites to that of the internal standard

versus the respective concentration of the drug and its metabolites.
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The limit of sensitivity of this assay was 0.05 ug/ml for lidocaine and 0.03
pug/ml for its six metabolites when a 1-ml aliquot of perfusate sample was used.
With one exception, the extraction recovery of lidocaine and its metabolites, in
the concentration range studied (0.02-5 ug/ml), was in excess 90% from 1 ml
aliquots of perfusate samples. Under these conditions GX recovery was about
50%. Between-day variation in analyses of standard samples containing lidocaine
and its metabolites (concentration ranged from 0.03 to 3 ug/ml) were <10%. No
significart loss of lidocaine or its metabolites was observed after 1 month of storage

at -20°C.

6.2.2.4 Apparatus

The HPLC system (Waters Associates, Mississauga, Ont, Canada) consisted
of a M-45 pump, a model 441 UV detector (set at 214 nm), an automatic sampler
(WISP, Model 721) and a data processing station (Model 840). Separation of
lidocaine and its six metabolites was achieved using a 5 um C;g 11.5 cm x 8 mm
LD. reversed-phase Nova-Pak Cartzridge (Fig. 6.1). The aqueous mobile phase
contained 10% (v/v) acetonitrile, 9.06% {v/¥} phosphoric acid and 0.07% (v/v)

triethylamine, and was pumped at a flow rate ¢ 2 ml/min.

6.2.3 Pharmacokinetic Analyses

The time to reach steady state (t,s) was statistically determined according
to Saville et al., (1989a). The steady state concentrations for lidecaine and its
metabolites were calculated by averaging the concentration data from t,, to time

80 min.
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Figure 6.1  Chromatograms obtained from blank perfusate sample (A),
perfusate spiked with lidocaine and its six metabolites (B) and
a perfusate efluent sample (C) collected at 5 minutes after
commencement of continuous portal venous lidocaine infusion
(Cin = 3.5 u g/ml). The concentraiion of each spiked compo-
nent was 1 u g/ml. The signals were measured in mV.
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The efficiency of the liver in removing lidocaine at steady state was expressed

by the following equations ( Gibaldi and Perrier, 1982):

Vss = Q X (Cil\ - CO“‘) (1)
E= (Cin - Cout)/cin (2)
Cly= QxE (3)

where, V,, is velocity of drug elimination across the liver at steady state, Q is buffer
perfusion rate, Ciy is inlet drug concentration, Coy, is effluent drug concentration,

E is drug extraction ratio and CLy is hepatic drug clearance.

6.2.4 Statistical Method

All ¢ata are reported as mean =+ SD. The two-tailed Student t-test was used,

and the level of significance was set at p=0.05.

6.3 Results

6.3.1 Hepatic Lidocaine Elimination with Co-Infusion of PN

There were no significant differences in the concentration versus time pro-
files for lidocaine and its metabolites between lidocaine-PN or lidocaine-saline co-
infusion studies (Fig. 6.2). There were no significant differences between groups in
the calculated pharmacokinetic parameters (Table 6.1); or in the total recoveries

of lidocaine and its metabolites at the steady state (Table 6.2).
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Representative concentration vs. time profiles for lidocaine
and its metabolites in the perfusion efluent of the lidocaine-
PN (A) and lidocaine-saline (B) ¢o-infusion studies.



Table 6.1

co-infusion and the post PN studies.
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Kinetic parameters for lidocaine from perfused rat liver in the

Co-infusion Post PN

Kinetic Parameters | Lidocaine Lidocaine PN Sham Operated
-PN -Saline infusiorn chow-fed
Q (ml/min) 27.68+1.48 | 27.49+1.90 | 26.68+0.17 26.82+0.42
Cin (ug/mi) 3.57+£0.34 3.48+0.32 3.34+0.15 3.36+0.17
Cout (pg/ml) 0.89+0.09 0.84+0.08 1.57+0.17* 0.86--0.10
Vs (pg/min) 73.72+5.22 | 71.65+3.64 | 47.63+6.65* 68.09+4.46
E 0.75+0.05 0.76+0.05 0.53+0.07* 0.774£0.06
CLy (ml/min) 20.7%:&1.29 20.99+1.34 | 14.29+1.96° 20.35+2.03

Values = mean + SD of six isolated liver perfusions in each study group.
* Significantly different from chow-fed group in the post PN study at p< 0.05.

6.3.2 Hepatic Lidocaine Elimination After 7 Days of PN

There were no significant differences in the rate of weight gain (5.71 + 0.87
g/day (PN) vs. 5.18 + 1.00 g/day (chow-fed)), absolute liver weight (8.16 £ 0.61
g (PN) vs. 8.25 + 1.30 g (chow-fed)) or the liver weight as percent of body weight
( 3.46 % 0.27 % (PN) vs. 3.31 % 0.33 % (chow-fed)) between animals receiving

PN or chow-fed during the 7-day study period.

Portal vein amino acid levels after 7-days of PN or chow-fed are shown in
Table 6.3. Serum concentration of citrulline was significantly decreased, whereas
phenyalanine, serine, histidine and glycine were significantly increased in the ani-

mals that received 7-days of PN when compared to the chow-fed animals.
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Table 6.2  Recoveries of lidocaine and its metabolites in effluent perfusate
samples at steady state in the co-infusion and the post PN
studies.

Co-infusion (%dose) Post PN (%dose)
Compound Lidocaine Lidocaine PN Sham Operated
-PN -Saline infusion chow-fed
Lidocaine 24.924+5.39 23.52+4.83 46.58+:7.28* 25.56+5.59
MEGX 12.64+1.59 12.80+2.39 12.13+4.15 13.38+3.28
3-OH-LIDO 7.81+1.37 8.76+1.53 7.43+2.01 9.11+1.90
3-OH-MEGX | 1.51+0.43 1.8940.35 1.2840.58 1.70+0.31
MeOH-LIDO | 2.85+0.68 2.94+0.67 0.21+0.01* 2.75+0.58
MeOH-MEGX | 0.41+0.09 0.44+0.07 0.42+0.10 0.43+0.09
GX -+- -%- -+- -%-
TOTAL 50.41+6.34 51.34+7.32 68.44+5.65* 52.38+5.43

Values = mean + SD of six isolated liver perfusions in each study group.
* Significantly different from chow-fed group in the post PN study at p< 0.05.

Lidocaine concentrations in the efRuent (Fig. 6.3) were markedly elevated

at the steady state in the post PN group when compared to

chow-fed animals

(1.57 £ 0.17 ug/ml vs. 0.86 + 0.10 pg/ml, p< 0.05) (Table 6.1). The calculated

pharmacokinetic parameters showed that Vg,,,

PN group, even though buffer perfusion rate

E and CLy were lower in the post

(Q) and C;, were similar between

groups (Table 6.1). Recovery at steady state was higher for lidocaine and lower

for MeOH-LID? in the PN group,

3-OH-MEGX and MeOH-MEGX were similar between groups

whereas the recoveries for MEGX, 3-OH-LIDO,
(Table 6.2). GX
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Table 6.3  Portal vein amino acid concentrations in rats after 7-days of
parenteral nutrition and in Chow-fed rats.

Compound Parenteral Nutrétit;n Chow-fed
Aspartic acid 87.39+35.95 96.28+25.21
Glutamic Acid 284.56+95.87 290.05+69.69
Asparagine 53.07+9.11 69.04+13.00
Serire 517.14+134.65" 331.54+67.55
Glutamine 431.78+90.06 454.151+97.67
Histidine 103.90+28.08* 51.05+24.83
Glycine 1026.18+413.34* 417.65+80.04
Threonine 414.231+145.04 347.924+39.73
Citrulline 43.07+9.24* 74.42+£11.44
Arginine 172.77+116.94 119.524+70.73
Taurine 607.68+105.80 412.06+120.99
Alanine 850.58+175.82 744.76+£181.25
Tyrosine 96.45+7.15 99.6018.73
Tryptophan 67.69+24.86 65.21+23.50
Methionine 86.391+38.87 51.93+10.85
Valine 214.40+33.58 184.761+24.74
Phenyalanine 100.24+23.06* 67.18+14.64
Isoleucine 145.51+27.01 138.85+18.73
Leucine 171.51+18.85 167.21+26.28
Lysine 763.84189.83 785.84+160.77

Value = Mean + SD in pumol/L for six animals in each group
* Significantly different between groups, p<0.05. Two tailed Student-t test.

concentration was too low in the efluent to be accurately quantitated.
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Figure 8.3  Representative concentration vs. time profiles for lidocaine
and its metabolites in the perfusion efluent of isolated livers
from rats given 7-days of PN (A) or chow-fed (B) animals.
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6.4 Discussion

PN may compromise hepatic function (Klein and Nealon, 1988) and may
affect hepatic drug elimination (Knodell et al. 1980 and 1984, Anderson, 1988).
However, the mechanisms by which PN affects hepatic drug elimination are not
clearly defined. Our experiments using the isolated liver perfusion technique, an
acceptable model for the determination of hepatic lidocaine elimination (Pang and
Rowland, 1977 and Tam et al. 1987a), were designed specifically to determine the
competitive inhibition of lidocaine metabolism by parenteral nutrients and the

effect on hepatic lidocaine elimination after a period of PN infusion in vive.

Lidocaine was chosen as a model drug for this study because its use may
reflect a number of potential mechanisms by which PN can induce alterations in
drug kinetics. It is suitable for use in the “one-pass” isolated perfused rat liver
model because it is highly extracted (Pang and Rowland, 1977) and almost com-
pletely metabolized by the liver (Keenaghan and Boyes 1972, Tam et al. 1987b).
In the rat, the major primary metabolic pathway for lidocaine is via aromatic ring
m-hydroxylation %hich is catalyzed by a hepatic cytochrome P4s0 enzyme system.
Our experimestal erodel is suitable for the study of potential competition for the
P4so enzyme system because certain aromatic amino acids in PN have similar
chemical structures to lidocaine. Other primary metabolic pathways for lidocaine
that occter in the liver are N-deethylation and aryl methyl hydroxylation. Primary
metabolites of lidocaine are further metabolized by N-deethylation, ring hydroxy-

lation and/or amide hydrolysis (Tam et al. 1987b) or by conjugation with sulfate
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or glucuronic acid. Our modified HPLC assay eﬁmigated potential interferences
from amino acids in PN solution and allowed simultaneous separation and quan-
tification lidocaine and six of its metabolites: 3 primary metabo)’: s (3-OH-LIDO,
MEGX and MeOH-LIDO) and 3 secondary metabolites (3-OH-MEGX, GX and
MeOH-MEGX) within 20 minutes. Thus monitoring of tiie levels of primary and
secondary metabolites of lidocaine Qould further allow the determination of the

effects of PN on lidocaine metabolism by various pathways in the liver.

In the co-infusion study, there were no significant differences between the
PN and saline groups in the calculated hepatic kinetic parameters: Vdss, E and
CLy, for lidocaine elimination, or in the dose recovery for lidocaine at the steady
state. These data are consistent with the findings in our human study (Ke et
al. 1990). In addition, the concentration of parenteral nutrients co-infused with
lidocaine into the portal vein was at least three times the concentration of nutrients
presented to the liver from our in vive jugular venous infusion. This observation
supports the thesis that parenteral nutrients are unlikely to compete directly with
lidocaine for hepatic enzymatic sites. Our previous observation (Tam et al. 1984)
of a competitive inhibition of lidocaine metabolism from infused amino acids in
isolated perfused rat liver may be the result of a higher rate of amino acids infusion

(100 mg/min in the earlier study vs. 6.4 mg/min in the current study).

In the post PN studies, the C,,. of lidocaine at the steady state was increased
by 82%, and both hepatic clearance and hepatic extraction ratio for lidocaine were

reduced by about 30% when compared to the chow-fed animals. Several factors
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may be important in the reduction in hepatic lidocaine clearance after 7 days of
PN administration. The similarities in the calculated kinetic parameters for and
dose recovery of lidocaine at steady states from both the sham-operated group and
saline co-infusion group completely ruled out the possible influence from surgical
and anesthetic procedures. It may be argued that the PN regimen used in this
study was not appropriate to maintain normal growth of the animals, and malnu-
trition may have lowered hepatic enzyme functions ( Campbell and Hayes, 1976).
However, there was no significant difference in the nutritional status between PN
or chow-fed groups in the present study, at least with respect to the rate of body

weight gain, absolute liver weight or liver weight as percent of body weight.

Specific nutrients in PN, probably amino acids, may be the principal cause of
the reduction in hepatic lidocaine elimination. In humans, antipyrine metabolism
was not altered with an increased calorie intake by increasing dextrose concen-
tration from 13% to 25% in the PN solution (Pantuck et al. 1985). However,
antipyrine metabolism was increased by 24% in healthy adults receiving intra-
venous infusion of amino acids for only one day after a 4-day isocaloric infusion
of dextrose ( Pantuck et al. 1984). Direct infusion of amino acid solution into the
portal vein of rats over 3 days resulted in significantly decreased pentobarbital
and mepridine metabolism in hepatic microsome studies (Knodell et al. 1984).
A high plasma level of glycine is thought to be important in the development of
hepatic dysfunction in in vitro guinea pig liver explants studies (Johnson et al.

1975). In this study, serum levels of several amino acids including glycine were
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significantly elevated in rats after 7-days of PN. Therefore, it is plausible that a

change in hepatic drug metabolizing functions occurred in our post PN rats.

Unlike our previous observations of in vivo metabolism of lidocaine in rats
(Coutts et al. 1987), 3- and 4-hydroxy-2,6-xylidine were not detected in perfusate
samples prior to or after acid hydrolysis. In the present study, conjugates of
ring hydroxylated and aryl methyl hydroxylated, and N-deethylated metabolites
of lidocaine also were not found in the efluent. GX concentration was below the
quantification limitation. The lack of mass balance at steady state is consistent
with earlier observations (Pang et al. 1986, Tam et al. 1 987a) that at low C;,
(<12 g g/ml), up to 50% of the infused lidocaine is unaccounted for at steady
state. Another explanation of the relatively low material balance noted in this
study is that hepatic metabolisxﬁ of lidocaine involves as yet unidentified metabolic
pathway(s). The latter hypothesis is supported by the finding that more than 95%
of infused labeled lidocaine was recovered in the effluent of isolated perfused rat

liver (Saville, 1989b).

® the post PN rats, e material balance at steady state was significantly
hﬁher than the chow-fed animsgls. This increase was mainly attributed to the
increase in the recovery of lidocaime in the effluent, suggesting unknown metabolic
pathways were inhibited. Similagy, aryl methyl hydroxylation was grossly inhib-
ited as indicated by the dramatic reduction of MeOH-LIDO recovery in the post
PN group. Interestingly, they®ecoveries of the major primary metabolites of lido-

caine, such as MEGX ad 3-OH-LIDO, were unchanged between the experimental
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and the control groups. These observations suggest that the aryl methyl hydrox-
ylation and other unidentified metabolic pathway(s) of lidocaine were selectively

inhibited by j:arenteral nutrients.

It is interesting that the levels of the ring hydroxylated and N-deethylated
metabolites of lidocaine are not increased, when other metabolic pathways are
selectively inhibites. Since MEGX and 3-OH-LIDO are further metabolized via
the same pathways, namely, ring hydroxylation and N-deethylation, respectively,
it is postulated that sequential inhibition may be involved in such a way that the
levels of primary metabolites are maintained. However, this hypothesis is unlikely
to be a real mechanism because the “one;pass” rat liver perfusion model favors
primary metabolic pathways. Using the “enzyme-distribution” hypothesis (Pang
et al. 1986), one may be able to explain why the levels of N-deethylated and ring
hydroxylated metabolites of lidocaine remained constant. If lidocaine was exposed
to the N-deethylating and ring hydroxylating enzymes prior to the selectively
inhibited ones, and if the former enzymes were not inhibited, one would expect
that the levels of 3-OH-LIDO, 3-OH-MEGX and MEGZ. would remain constant.

More studies are required to clarify this hypothesis.

We conclude that in the isolated rat liver perfusion model, there is no direct
competition for lidocaine metabolism during acute infusion of PN. However re-
ductior of hepatic lidocaine elimination can occur after 7 days of PN. We suggest
that the reduction in hepatic lidocaine elimination occurs as result of selective
inhibition of hepatis enzyme activities such as those involved in the aryl methyl

hydroxylation ana unidentified pathway(s).
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CHAPTER 7

EFFECTS OF PN AND NUTRITIONAL STATUS ON

LIDOCAINE PHARMACOKINETICS: A PILOT STUDY IN PIGS®

7.1 Introduction

Numerous studies have shown that diet composition and nutritional status
can substantially alter drug disposition in animals and humans (Campbell and
Hayes, 1974, Bidlack et al. 1986 and Anderson 1988). Altered enzyme activities
with changes in nutritional status can influence pharmacokinetics. In humans,
the clearance of antipyrine has been used as an index for assessment of the mi-
crosomal oxidative capacity of the liver. Studies have shown that a reduction in
the metabolism of antipyrine in protein-calorie malnourished children can be re-
versed within a month of starting a high-protein, high-calorie diet (Homeida et al.
1979, Narang et al. 1977). These observations suggest that drug metabolism is

dependent upon the nutritional status of a subject.

Parenteral nutrition (PN) may significantly influence drug disposition. For
example, antipyrine clearance was decreased by 34% in post-operative patients
receiving an amino acid-dextrose solution (Burgess et al. 1987); was increased by
24% in'hea.lthy adults receiving intravenous infusion of amino acid for only one day
after 4 days isocaloric infusion of dextrose (Pantuck et al. 1984); and increased

by 87% in previously malnourished subjects undergoing nutritional repletion with

SPart of the results of this chapter has been published in J Pharm Sci 76: S77, (1987)
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PN therapy (Pentuck et al. 1985). The major difference among these studies is
nutritional status of the subjects and these findings imply that the nutritional
status and underlying disease state of the subjects are important confounders for

PN and drug interaction.

This pilot study was designed specifically to evaluate whether the pig is
a good model to examine the effect of PN and different nutritional states on
pharmacokinetics of 2 model compound, lidocaine. We aim to test the hypothesis
that the effects of PN on drug disposition could be different in different nutritional

states.

7.2 Methods

7.2.1 3in _vivo Pig Model

One male Yucatan miniature pig and two male commercial piglets were used
in this pilot study. The Yucatan miniature pig is a good in vive model for studying
potential interaction between drug and PN, but its use is more costly compared
with the use of commercial piglets. According to the preliminary study in our
laboratory, the pharmacokinetics of lidocaine in commercial piglets were similar
to those in the Yucatan miniature pig. For this reason, commercial piglets were

also used.

Two catheters were surgically implanted into the inferior vena cava. The
downstream catheter was used for PN and lidocaine administration. The upstream

catheter was used for blood sampling. After surgery, the pigs were given 7-10 days
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for recovery. Heparin locks (~ 0.5 ml, 1,000 units/ml) were used to maintain
catheter patency. During experiments, heparin (20 units/ml) in saline was used in
between sampling to fill the catheters, as it has been found that this concentration

did not interfere with lidocaine serum protein binding.

7.2.2 Experimental Design and Sample Collection

Two protocols were designed in this pilot study. The objective of the first
protocol was to delineate the effects of PN and nutritional status on lidocaine
pharmacokinetics. Four different nutritional states were tested in sequence, namely
normal enterally fed (control), after a 48 hour fast (fast), then initiation of PN
infusion (fast+PN) and after a 7-day PN infusion (PN). The pig received a single
intravenous infusion of lidocaine HC1 (50 ug,/kg.min) for 4 hours using a Volumetric
infusion pump (model 922, IMED corporation, San Diego, CA) on the morning
(~ 9:00) of day 3 of fast, day 1 and day 8 of commencement of PN administration.
PN infusion was continued for 8 days. In the enteral control study, lidocaine HCI
was infused after an overnight fast and food was not allowed until 4 hours after
the start of lidocaine infusion. Blood samples (3 ml) were taken at appropriate
time intervals for 8 hours after drug admindstration. Blood samples were collected
into glass tubes with Teflon lined caps. The serum was separated immediately
ﬁpon clotting of the blood and was stored at —20°C until analysis. Only one set
of data was successfully collected from a commercial piglet (pig # 4) following this

protocol.

The second protocol was designed to compare lidocaine pharmacokinetics in

pigs after short-term (7 days) PN infusion with enterally fed controls. A crossover
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experimental design was adopted to evaluate potential effects of lidocaine-induced
enzyme inactivation (Saville et al. 1989). ‘When the animal was on PN study first,
the pig received regular food for a week prior to the next study. Due to the 72 hours
urine collection was scheduled after lidocaine HCl administration, the crossover
studies (post PN and control) were performed 10 days apart. The infusion of PN
and lidocaine HCl (50-75 ug/kg.min) administration were conducted in exactly
the same way as in the first protocol. Blood samples wer2 collected as described
in the first protocol. One commercial piglet (# 5) and ene Yucatan miniature pig
(# 12) were studied using this protocol. Urine samples were also collected from
pig #12 before and at 12 hour intervals after drug administration for 72 hours.
The volume and pH of urim; were measured and an aliquot of 20 ml was stored at

—20°C until analysis.

The control animals received a 1.3 kg/day of pig finisher ration (Supplied
by the University of Alberta Feed Mill) which provided 182 g protein and 3,100
Kcal/day of digestible energy. The animals on PN infusion received 40 ml/kg.day
of PN solution. The PN solution consisted of 25% dextrose and %.33% Travasol

with electrolytes and vitamins (Baxter-Travenol Lab., Malton, Canada).

7.2.3 Sample Analysis

7.2.3.1 Measurement of lidocaine and its metabolites in serum and urine.
The concentration of lidocaine and its nine known and possible metabo-

lites, including p-hydroxylated (4-OH-) derivatives of lidocaine (LIDO), N-(N-

ethylglycyl)-2,6-xylidine (MEGX), N-glycyl-2,6-xylidine (GX) and 2,6-xylidine (2,
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£-XYL); m-hydroxylated (3-OH-) LIDO and MEGX; MEGX; GX and 2,6-XYL,
in the serum and urine were measured using a HPLC assay recently developed
in our laboratory (Tam et al. 1987). The major procedures of the assay include
acid hydrolysis of conjugates of lidocaine metabolites, aqueous acetylation of the
metabolites under mild basic conditions (pH ~ 8.5), then extraction of lidocaine
and its derivatized metabolites under basic conditions with ethyl acetate. After
extraction, the organic layer was removed and dried under a gentle stream of ni-
trogen. The residue was reconstituted with HPLC mobile phase and injected onto
the HPLC system (Waters Associates, Milford, Mass.) which consisted of a M-45
pump, Model 441 UV detector (set at 214 nrn), an automatic sample processor
(WISP, Model 721) and data processing station (Model 840). Separation was
achieved using a 5 um C,s reversed-phase Nova-Pak cartridge (11.5 cm x 8 mm
ID). The aqueous mobile phase consisted of acetonitrile (12 % v/v), phosphoric
acid (0.1 % v/v) and triethylamine (0.15 % v/v), and was pumped at a flow rate

of 2 ml/min.

7.2.3.2 Equilibrium dialysis

Lidocaine serum protein binding was measured using an equilibrium dialysis
technique (Routledge et al. 1980). The pH of the stored serum samples was
adjusted to pH 7.4 prior to the binding study. A 0.7 ml aliquct of a serum sample
was added to a 1 ml Teflon equilibrium dialysis cell (Spectrum, Los Angeles, CA).
Dialysis was performed against an equal volume of pH 7.4 isotonic phosphate

buffer, containing 0.5% (w/v) sodium chloride and 200 ng/ml **C lidocaine HCl
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with specific activity 52.0 mCi/mmol (New England Nuclear, Boston, MA). The
buﬁ'ex; and serum compartments were separated by a dialysis membrane (Cellulose
tubing, Sigma, St. Louis, MO, Molecular size cut off over 2,000) and the cells
were rotated for 4 hours in a 37°C water bath. Preliminary studies demonstrated
that it required 4 hours for lidocaine binding to reach equilibrium. The activity
of labelled lidocaine in each side of the cell was measured by a liquid scintillation
counting method (Routledge et al. 1980) using a 1217 PackBeta liquid scintillation
counter (LKB WALLAC, Turka, Finland). The fraction of unbound lidocaine in
serum (fu) was calculated as the ratio of absolute disintegration rates in buffer

and serum.

7.24 Treatment of Data

Standard methods were used for calculating the non-compartmental kinetic
parameters: the area under serum drug concertration versus time curve from
time zero to infinity (AUC), total body clearance (CLt), volume of distribution
at steady state (Vg4,s) and mean residence time (MRT) after each intravenous
dose (Gi.~ldi and Perrier 1982). Lidocaine pharmacokinetic data analyses were
performed using a non-compartmental program called LAGRAN (Rocci and Jusko,

1983).

The paired two-tailed Student t-test was used to test for statistical differences
in lidocaine pharmacokinetic parameters between the 7-day PN treatment and

control studies. The level of significance was set at p=0.05.
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7.3 Results

7.3.1 Protocol I

The time courses of serum lidocaine concentration in pig # 4 in four differ-
ent nutritional states are shown in Fig. 7.1. The steady state level of lidocaine
increased by approximately 50% when the animal was starved for 48 hours com-
pared with control. The initiation of PN infusion on the following day did not
significantly alter the steady state level of lidocaine compared with the fast study.
However, when the animal received PN infusion for 7 days, the steady state level of
lidocaine increased more than two-fold when compared with the control state (en-
teral feed). The calculated I;ha.nna.cokinetic parameters CLy, V4es and MRT for
lidocaine are shown in Tables 7.1. These results indicate that PN and nutritional
states of subjects can significantly influence the disposition of lidocaine. Serum
lidocaine protein binding was altered in different nutritional states and lidocaine
protein binding was significantly decreased (~ 10%) after 7 days of PN infusion

compared to control (Fig 7.2).

7.3.2 Protocol II

After 7 days of PN infusion, CLT and V4, were reduced by 54% and 53%, re-
spectively, when compared to those of controls (p< 0.05), whereas MRT remained
relatively constant (Table 7.2). Urine data in one pig (# 12) echoes the serum
data (Table 7.3). In conjunction with the overall reduction in lidocaine clearance,

the percentage of intact drug excreted into urine was increased after 7 days of PN
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Table 7.1  Pharmacokinetic parameters of lidocaine during a 4 hour con-
tinuous intravenous infusion of lidocaine HCI (50 £8/kg-min)
in pig #4 under different nutritional states

Nutrition CLt (L/min) MRT (min) Viss (L)
Fed 3.90 150.0 591.2
Fast 1.91 160.0 383.0

Fast-TPN 2.02 140.0 177.8
TPN 1.32 150.0 207.3

infusion, whereas the urinary excretion of p-hydroxylated metabolites of lidocaine,
4-OH-GX and 4-OH-XYL, wxu decreased. In addition, the recovery in urine of
the amide hydrolyzed metak«ite of lidocaine (2,6-XYL), was also lower. How-
ever, the levels of MEGX ana in, N-deethylated metabolites of lidocaine, were
higher in the post PN study than in the control. m-Hydroxylated metabolites of
lidocaine, 3-OH-LIDO and 3-OH-MEGX were relatively constant between the two
treatments. No carryover effect was observed. Thus, it is unlikely that potential
lidocaine-induced enzyme inactivation has any significant effects on the present

study.

Serum amino acid levels of pig # 12 after 7 days of PN or enteral feed are
shown in Table 7.4. The levels of alanine and glycine in the serum were increased
by 57% and by 79% after 7 days of PN treatment when compared to the enteral

feed study.



144

Table 7.2  Pharmacokinetic parameters of lidocaine in enterally fed and
in 7 day PN treated pigs that received a 4 hour intravenous
infusion of lidocaine HCl (50-75ug/kg.min).

Pig # 4 5 12
Body Weight 26 27 T4

(kg)

Dose 50 50 75
(pg/kg-min)

*CTL | PN | %A |CTL | PN | %A |CTL | PN | %A

CLr (L/min) { 39 | 13| 67 | 85 | 17| 51 | 47 | 26| u
Vass (L) 501 | 207 | 65 | 475 | 280 | 41 | 731 | 340 | 54
MRT (min) | 150 |160| 7 | 140 {170 | 21 | 160 | 130 | 19

* CTL = control, PN = parenteral nutrition, %A = percent difference between
the two conditions.

7.4 Discussion

PN may affect pharmacokinetics (Anderson 1988, Knodell et al. 1980 and
1984) and these effects of PN on drug disposition may be different with a change
in nutritional status. However, the effects of PN on drug elimination in different
nutritional states have yet to be investigated. This pilot study was designed to set
up an animal model which allowed us to mimic several different nutritional states,
and to delineate the effects of PN and nutritional states on lidocaine pharmacoki-

netics.

It is not surprising that the lidocaine clearance was reduced by 51% after a
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Table 7.3 72 hour urinary recoveries of lidocaine and its metabolites after
a 4 hour intravenous infusion of lidocaine HC} (75 4#g/kg-min)
in pig #12 that received enteral feeding and a 7 day PN regi-

men.

Compound Control (%dose) PN(%dose)
LIDO 23.8 33.7
MEGX 0.4 2.3
GX 1.2 3.1
2,6-XYL 6.6 2.2
4-OH-LIDO 0.2 0.2
4-OH-GX 3.8 2.1
4-OH-XYL | 25.5 15.8
3-OH-LIDO 3.0 2.1
3-OH-MEGX 0.4 0.5
TOTAL 64.9 62.0

48 hour fast since fasting, similar to malnutrition, has been shown to lower hepatic
enzyme activities ( Yang and Yoo, 1988). The initiation of PN infusion on the next
day did not significantly alter the lidocaine clearance compared to the fasted state.
This observation is consistent with the findings in our healthy human experiment
(Ke et al. 1990) and isolated rat liver co-infusion studies. ‘Thus it is unlikely that
nutrients in the PN solution directly compete with lidocaine for hepatic enzyme
sites at the present PN infusion rate. However, lidocaine clearance was reduced by
more than 50% after 7 days of PN infusion when compared to control, which was in

agreement with the results from our post PN study in heaithy rats. Therefore, the
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Table 7.4  Serum amino acid concentrations in pig #12 after T-days of
PN and after enteral feeding.

Compound Concentration (umol/L)
PN Enteral-fed ' Change (%)

Methionine 20.10 9.85 T104.1
Alanine 164.06 104.72 T 56.7
Lysine 134.00 68.50 195.6
Isoleucine 98.30 74.13 T 32.6
Tyrosine 41.50 65.20 1 36.3
Arginine 116.20 75.80 1 53.3
Glycine 356.90 v T 78.5
Asparagine 9.50 1500 1 36.7
Serine 34.00 ST 128.1
Histidine 37.40 27.90 T34.1
Threonine 60.30 45.30 T33.1
Phenyalanine 52.77 48.68 184
Tryptophan 41.50 65.22 1 36.0

preliminary data from the pig combined with the results from our acute and short-
term effects of PN studies in healthy humans and/or rats suggest that the extent
of interaction between PN and lidocaine is probably independent of the nutritional
status of subjects. The CLt of lidocaine in the control experiments was more than
twice the liver blood flow rate, which supports the literature observation that the
lung, in addition to the liver, may play an important role in lidocaine elimination

in the pig (Bertler et al. 1978).
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The reduction in lidocaine clearance after 7-days of PN treatment could be
caused by several factors. A reduction in hepatic blood flow during PN infusion
may cause a decrease in clearance of lidocaine since the elimination of lidocaine
is hepatic blood flow rate dependent (Nation et al. 1977). Contrarily, according
to our preliminary results in anesthetized pigs, the electromagnetically measured
hepatic blood flow was increased by approximately 15% when PN was infused.
No such increase was found when normal saline was infused at the same rate.
However, this small change in hepatic blood flow could not account for such a
large change in lidocaine clearance. Moreover, there was no significant change in
the clearance of indocyanine green (ICG), an indicator used to measure hepatic
blood flow, in patients afte; 7 days of PN treatment (Fabri et al. 1987). These
results suggest that alteration of hepatic blood flow during PN infusion could not

be a reason for the decreased lidocaine clearance after 7 days of PN infusion.

In humans, prolonged infusion of PN may cause hepatic injury (Bowyer et
al. 1985), the frequency of which is related to the duration of PN infusion (Merritt
1986). In pigs, one week of PN treatment did not result in hepatic abnormalities
{Buckley et al. 1985). Our preliminary studies in pigs showed that the levels of
alanine and aspartate aminotransferase were stable during a course of PN therapy.
Furthermore, autopsy performed after our experiments, did not show any gross
signs of liver pathology. Thus, all evidence pointed toward a reduction in hepatic

lidoczine clearance without obvious liver damage.

Certain amino acids in PN solution may be important for altering drug

elimination. For example, in humans, antyprine metabolism was not altered with
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an increased calorie intake by increasing dextrose concentration from 13% to 25%
in the PN solution. However, antipyrine metabolism was increased by 24% in
healthy adults after one day of intravenous infusion of amino acids subsequent to
4 days isocaloric infusion of dextrose (Pantuck et al. 1984). Healthy rats had
lower hepatic pentobarbital clearance after 7 days of PN compared to animals
fed with standard lab chow, and this reduction was directly related to the amino
acid concentration in PN solution (Knodell et al. 1984). High plasma levels of
alanine and glycine are thought to be important in the change of hepatic function
in in vitro guinea pig liver explants studies (Johnson et al. 1975). In the present
study, significant elevations in serum levels of alanine (57 %) and glycine (79 %)
were found in a pig receiving 7 days of PN infusion as compared to the enterally
fed condition. Similar elevation in plasma levels of these two amino acids were
also found in rats receiving PN solution for 7 days, which was thought to be
partly responsible for the decreased hepatic pentobarbital clearance (Knodell et
al. 1984). Therefore, PN-induced alteration in drug elimination is probably due to

a secondary effect on hepatic function exerted by PN, presumably certain amino

acids.

Consistent with a significant reduction in lidocaine clearance, more intact
drug was excreted in the urine after 7-days of PN infusion compared to control,
whereas the urinary excretion of p-hydroxylated metabolites of lidocaine, 4-OH-
GX, 4-OH-XYL and amide hydrolyzed metabolite of lidocaine (2,6-XYL) were
decreased in urine. These results support the contention that the two metabolic

processes, p-hydroxylation and amide hydrolysis, were inhibited after 7 days of
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PN. Based on the urinary recovery data of lidocaine and its metabolites from
one pig, the increased levels of the deethylated metabolites, MEGX and GX, may
be a result of reduction of p-hydroxylation processes. Meanwhile, PN is unlikely
to significantly affect m-hydroxylation of lidocaine and MEGX, because the uri-
nary excretion of 3-OH-LIDO and 3-OH-MEGX were not significantly different
between PN treatment and controls. These clservations are also consistent with
the observations from our post PN study in the rat that reduction of lidocaine
elimination after 7 days of PN occurs as result of selective inhibition of hepatic

enzyme activities. More pig studies are needed to confirm these results.

Information relating to the effects of PN on the binding of drugs to serum
proteins and tissues is limited, therefore the effects of PN on the distribution of
drugs are not understood. Qur data showed that the Vg4, of lidocaine was reduced
significantly after 7 days of PN infusion in pigs. The net result of simultaneous
reduction of CLt and Vy,, of lidocaine is that the MRT stays relatively constant
in different nutritional states (Table 7.1 and 7.2). This observation prompted us
to measure the serum protein binding of lidocaine which may partially explain the

reduction of Vgs during PN administration in pigs.

The preliminary results showed that upon a 48 hour fast, the fraction of
unbound lidocaine ( f, ) was reduced (Fig. 7.2). This could be due to the increase
in the level of a-l-acid glycoprotein (AAG), which binds lidocaine significantly
(Routledge et al. 1980). A recent study showed that AAG levels increased in mal-

nourished subjects and subsequently propranolol binding was shown to increase
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significantly (Jagadeesan and Krishnaswamy 1985). The binding of lidocaine de-

creased once PN was initiated and the serum protein binding was reduced by about

10% after 7 days of PN treatment compared to control.

These observations suggested that the constituents of PN. prpbably amino
acids, compete with lidocaine for protein binding sites. The circulating metabolites
of lidocaine were less likely to displace lidocaine from serum protein sites in a
course of PN because the lidocaine metabolites were weakly bound to protein
(McNamara et al. 1981) and their levels were reduced during PN administration.
However, the reduction of serum protein binding could not explain why the V4, of
lidocaine decreased during PN. It is possible that PN also competes with lidocaine
for binding sites at the tissue level. The net result was that the reduction in tissue

binding is higher than the reduction in serus gytiein b, Qing.

We conclude that PN and nutritional status can significantly influence phar-
macokinetics and metabolism of lidocaine in pigs. However, the preliminary results
from our pilot pig experiments suggest that the extent of PN and drug interaction
is independent of the subject’s nutritional ‘status. We have also found that the
serum protein binding of lidocaine was different in different nutritional states and
the serum protein binding of lidocaine was reduced by about 10% after a week of
PN treatment compared with the control. We suggest that the reduction in lido-
caine clearance after 7 days of PN infusion occurs as & result of selective inhibition
of hepatic enzyme activities such as those involved in p-hydroxylation and amide

hydrolysis pathways.
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CHAPTER 8

GENERAL DISCUSSION AND CONCLUSIONS

Parenteral nutrition (PN) is a widely used medical technique whereby hyper-
tonic solutions of dextrose and amino acids, with or without a lipid component, are
delivered intravenously to establish normal nutrition in subjects unable to ingest
adequate oral nutrients. However, the effects of PN on pharmacokinetics have to
date received little attention ( Corcoran 1986). The objectives of this study were
to consider how and why drug kinetics may be changed by PN therapy and to

evaluate various possible mechanisms involved in PN and drug interactions.

It is conceivable that PN administration may cause an instant elevation of
concentrations of circulating nutrients in the blood stream. These high concen-
tration of nutrients in blood may compete with drugs for hepatic enzymes sites, if
they have similar chemical structure and/or follow metabolic pathways similar to
those followed by drugs in the liver; these nutrients may also compete with drugs
for protein binding sites, if they share the same binding sites with drugs. Based on
this competition hypothesis, PN infusion may acutely influence the disposition of
drugs. Amino acid infusion has been shown to double creatinine clearance (CL¢;)
and increase renal plasma flow (Graf et al. 1989, Meyer et al. 1983). This obser-
vation implies that renal drug clearance may be altered by PN therapy. Prolonged
infusion of PN may compromise hepatic function { Klein and Nealon, 1988) and
may affect hepatic drug elimination (Anderson, 1988). This necessitates studies of

154
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the short-term effects of PN on the pharmacokinetics of drugs. Moreover, differ-
ence in the nutritional states of subjects is another possible confounder of PN-drug

interactions.

Two drugs were used for this particular project. Ampicillin was chosen as
a model compound for the evaluation of potential effects of PN on renal drug
excretion. Choosing lidocaine as another model drug may allow the elucidation of

the effects of PN on hepatic blood flow, drug metabolism and protein binding.

Lidocaine metabolism has been a subject of interest for a number of years
(Keenaghan and Boyes 1979, Nelson et al. 1977, Coutts et al. 1987). However,
the metabolic pathways of lidocaine are still not fully elucidated. In humans, 4-
hydroxy-2,6-xylidine (4-OH-XYL) is the most abundant urinary metabolite, which
accounted for more than 70% of an intravenous dose of lidocaine. Some investiga-
tors (Nelson et al., 1977, Mikaly et al. 1978) have speculated that 4-hydroxylated
metabolites of lidocaine may be the intermediates in the metabolism of lidocaine
to 4-OH-XYL in addition to 2,6-xylidine (2,6-XYL) and may be excreted in low
concentrations in human urine. More recently, 4-hydroxy-N-(N-ethylglycyl-2,6-
xylidine (4-OH-MEGX) was detected in a patient’s urine ( Torok-Both, 1 987), fur-
ther supporting these hypotheses. In order to study lidocaine metabolism in detail,
and to elucidate mechanisms by which PN may influence lidocaine metabolism, it
is imperative to have a HPLC assay available to separate and quantitate lidocaine
and all of its known and/or possible metabolites, especially the p-hydroxylated
precursors of 4-OH-XYL in humans. In this project a new HPLC assay was devel-

oped to simultaneously separate and quantitate lidocaine and its nine metabolites
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in biological samples. Traces of 4-hydroxy-lidocaine (4-OH-LIDQ), 4-OH-MEGX

and 4-hydroxy-N-glycyl-2,6-xylidine (4-OH-GX) were identified and quantified in
human urine by using this new assay. Furthermore, 4 OH-LIDO and 4-OH-MEGX
were experimentally confirmed to be biotransformed to 4-OH-XYL in a pig that
received an intravenous injection of 4-OH-LIDO and 4-OH-MEGX on separate oc-
casions. These findings suggest that in addition to N-deethylation, p-hydroxylation

may also be an important primary pathway in humans.

Potential acute effects of PN on renal ampicillin excretion in human were
investigated. % here were no significant differences in the glomerular filtration rate
(GFR), as indicated by creatinine clearance and ampicillin pharmacokinetic pa-
rameters, including area under the serum drug concentration-time curve from time
zero to infinity (AUC), terminal elimination half life (T4 ), volume of distribution
at steady state (Vg4ss), total body clearance (CLt), renal clearance (CLR) and the
amount of intact drug excreted in urine between PN treatment and control study.
These results indicate that the use of PN with amino acid content similar to the
recommended nutrient intake does not have any acute effect on the pharmacoki-
netics of ampicillin in healthy subjects. Furthermore, renal ampicillin clearance
is substantially higher than GFR which indicates that active renal secretion oc-
éurs. Thus, it is unlikely that PN has any acute effects on active renal secretion
of ampicillin, based on the results that both GFR and ampicillin clearance were

similar between the experimental and control groups.

Potential acute effects of PN on hepatic lidocaine elimination were studied in

humans and in the isolated rat liver perfusion model. Lidocaine pharmacokinetics
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including AUC, T 1 Vdss, CLT, serum lidocaine protein binding and concentration-
time course of the active metabolite of lidocaine, N-(N-ethylglycyl)-2,6-xylidine
were not different between PN treatment and controls. These data suggest that
at the usual rate of amino acid infusion there is no acute effect of PN on lidocaine
pharmacokinetics in healthy human. Acute effects of PN on hepatic lidocaine
elimination were also not observed in the isolated rat liver perfusion model. Thus,
it is unlikely that amino acids in the PN solution directly compete with lidocaine

for hepatic enzymatic sites at the present rate of amino acid infusion.

A short term effect of PN on hepatic lidocaine elimination was studied using
the in vitro isolated rat liver perfusion model and an in vive pig model. Hepatic
clearance and hepatic extraction ratio for lidocaine were reduced by 29.8% and
31.1% (p< 0.05), respectively, in healthy rats receiving 7 days of in vivo PN
infusion compared with chow-fed animals. In a pilot study in pigs, after 7 days of
PN infusion, CLt and Vs, were reduced by 54% and 53% (p< 0.05), respective.y,
when cornpared with controls. These observations are consistent with reports
(Knodell et al. 1980 and 1984) that hepatic pentobarbital clearance was lower in
healthy rats after 7 days of PN compared to animals fed standard laboratory chow
ad libitzwn. Combined with the results from our study of the acute effects of PN,
these data support the hypothesis that PN induced alteration of drug elimination is
iieee libiely due to a secondary effect on hepatic function from parenteral nutrients,
presumably one or more =mino acids, rather than an acute and direct competitive

effect of nutrients with the drug for metabolic enzymes in liver.
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Mass balance in the effluent at steady state showed that recovery was higher
for liducaine ¥46.6% (PN) vs. 25.6% (chow-fed), p< 0.05) and lower for N-
(N,N-diethylglycyl)-2-hydroxymethyl-6-methylaniline, an aryl methyl hydroxyla-
tion product of lidocaine (0.21% (PN) vs. 2.75% (chow-fed), p< 0.05) in rats re-
ceiving 7 days of PN compared to chow-fed controls. Recoveries for N-deethylated
and m-hydroxylated metabolites of lidocaine were similar between PN and chow-
fed groups. In pigs, consistent with a significan! reduction in lidocaine clearance,
more intact drug was excreted in urine after 7 ¢fays of PN infusion, whereas the
urinary excretion of p-hydroxylated metabolites, 4-OH-GX and 4-OH-XYL, and
amide hydrolysis metabolite, 2,6-XYL, was decreased. As a result of reductions
in p-hydroxylation and amide hydrolysis processes for lidocaine metabolism, the
levels of N-deethylated metabolites of lidocaine excrested in urine were higher in
post PN study than controls. Meanwhile, the urinary excretion of m-hydroxylated
metabolites of lidocaine were similar between the two treatments, indicating that
a short-term of PN infusion did not affect the m-hydroxylation pathway in the
pig. These findings suggest that reduction of hepatic lidocaine elimination after 7
days of PN occurred as result of selective inhibition of hepatic enzyme activities
such as those involved in the aryl methyl hydroxylation pathway in rat, and the

p-hydroxylation and amide hydrolysis pathways in the pig.

The short term effect of PN on renal function was investigated in rats and in
one pig. The creatinine clearance (CL¢,) on day 1 and day 7 after the commence-
ment of PN administration were similar (0.603 + 0.17 ml/min (day 1) vs. 0.673

+ 0.14 ml/min (day 7)) in 6 rats. The preliminary data from one pig also showed
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that CLcr did not change while receiving 7 days of PN treatment compared to
the enterally fed condition (37 ml/min (PN) vs. 38 ml/min (Fed)). These results
suggest that short term PN infusion did not influence GFR as indicated by the

unchanged CLc; at the present infusion rate of PN.

A pilot study was designed specifically to examine the effects of PN and
nutritional states of subjects on lidocaine disposition. An in vive pig model was
set up to mimic several nutritional states. After a 48 hour fast lidocaine clearance
was reduced by 51% compared with control. The initiation of PN infusion on
the next day did not significantly alter lidocaine clearance compared to the fasted
state. This observation is consistent with the results from our acute effects of
PN studies in healthy humans and in isolated livers from healthy rats in that PN
infusion does not acutely affect lidocaine pharmacokinetics. However, after 7 days
of PN infusion in one pig that had a 72 hour fast prior to initiation of PN, CLt and
Vs for lidocaine were reduced by 66% and 65% |, respectively, when compared
to control. These results are also in agreement with the data from our short-term
effects of PN study in healthy rats. In addition, we have also found that the
serum protein binding of lidocaine was different under different nutritional states
of subject. Thus, the preliminary results from the pig experiment suggest that
PN and nutritional states can significantly affect lidocaine pharmacokinetics, but
the extent of interaction between PN and lidocaine is unlikely to be dependent
upon the nutritional status of subjects. More studies are required to confirm this

observation.
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Furthermore, the combined data from our acute and short-term PN studies
in humans and in animals support the contention that. the alteration of lidocaine
clearance is unlikely to be due to PN-induced changes in hepatic blood flow rate.
In the isolated rat liver perfusion study the buffer perfusion rate was maintained
the same for all the livers. However, a significant reduction in hepatic lidocaine
clearance was observed in rats receiving 7-days of PN infusion compared with the
chow-fed animals, suggesting that hepatic blood flow may not be a significant
determinant for PN-drug interaction. In addition we also found that serum pro-
tein binding of lidocaine was significantly reduced (~ 10%) after a week of PN

treatment compared with that of control studies in pigs.

_Interactions +1 nutrient components in PN regimens were not
conducted i~ _ effect of lipid, an essential component in PN
regimens. ' not. evaluated, ;although it has .been reported
that the 1 : tipyrine induced by infusion of amino acid-
dextrose sot - e prevented by the inclusion of lipid calories within the

PN regimen (Burgess et al. 1987). More studies are required to clarify the lipid

effects on drug disposition.
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