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(ABSTRACT)

The objective of this research was to quantitatively assess
the wurinary excretion of glutamine and glycine conjugates in a
free living population of young male adults, in order to estab-
lish a profile of detoxication via amino acid conjugation.
Also, the effect of certain factors (vegetable, fruit, meat, and
charbroiled food intake; tobacco, alcohol, caffeine, and
mari juana use; exposure to chemicals and familial cancer
incidence) on the urinary excretion of the amino acid conjugates
were investigated. Three consecutive 24 hour urines were col-
lected from 40 subjects who complied with a specific collection
protocol. The urine samples were analyzed using a HPLC amino
acid analyzer. The mean conjugated glutamine excreted was 1.30
mmole/24 hr or 8.74 x 102 mmole/mmole creatinine/24 hr. The mean
value for urinary conjugated glycine was 3.91 mmole/24 hr or
26.38 x 10_2 mmole/mmole creatinine/24 hr. For glutamine con-
jugate excretion, vegetable, fruit, alcohol, chemical exposure
and marijuana use showed marginally significant differences among
their subgroups. For glycine conjugate excretion, meat,

caffeine, chemical exposure, cancer and marijuana use showed mar-



ginally significant differences among their subgroups. An
analysis of variance revealed a large degree of between-
subject(inter) and within-subject(intra) variability. The coef-
ficients of wvariation for glutamine and glycine for inter-
variability were 51.1 and 53.4%, respectively, whereas the coef-
ficients of variation for intravariability were 37.3 and 31.4%,
respectively. Probably, the large variability masked any effects
of diet, environment or genetics on the observed urinary con-

jugated amino acid excretion.
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CHAPTER I: INTRODUCTION

Humans are continually exposed to an imposing number and
variety of chemical compounds through a combination of
environmental, occupational, dietary , social, and medicinal
sources. Some of these chemical compounds are indispensible to
life processes, while others are foreign to the normal energy-
yielding and nutrient-utilizing metabolism of +the human (1).
Such non-nutritive foreign compounds are referred to as
xenobiotics (1-3).

The predominant routes by which xenobiotics enter the human
body are gastrointestinal, respiratory, and dermal (3). Absorp-
tion at these portals of entry is dictated primarily by the
lipophilic nature of the xenobiotic. This property of
lipophilicity facilitates both the diffusion of the xenobiotic
through the lipid membranes of many cells, and +the interaction
with various blood 1lipoproteins necessary for its distribution
throughout the body fluids (3,4). Xenobiotics which are absorbed
through the gastrointestinal tract, travel directly to the liver,
via the portal vein, while those absorbed through the skin and
lungs are distribute to various body tissues and organs by more
indirect routes (3). Xenobiotic metabolism occurs to a variable
degree in the portals of entry and in the kidneys; however, both
quantitatively and qualitatively, the liver is the predominant

1



site (3,5).

Although generalizations are tenuous at best, the extremely
diverse and complex metabolism of xenobiotics is conveniently
classified as a bi-phasic process (1-8). Phase I metabolism in-
volves oxidative, reductive, and hydrolytic reactions in which
one or more functional polar groups are exposed or introduced on
the parent compound (2-5). Such polar groups, including;
hydroxyl, amino, carboxyl, and epoxides, provide a reactive site
at which fhase II metabolism can occur (5-8). Hence phase I me-
tabolism not only tends to enhance the water solubility of the
compound, but also generates a metabolite which is suitable as a
substrate for phase 11 metabolism (7,8). A complete discussion
of phase I metabolism may be found in Hodgson and Dauterman (4),
and in Alvares (5).

During phase II metabolism, the parent xenobiotic and/or its
phase I metabolite(s) undergo synthetic reactions which involve
covalent conjugation to an endogenous molecule or grouping,
referred to as the conjugating agent (6-8). There are numerous

classes of conjugation reactions recognized; however, the eight

major ones are glucuronidation (glucose conjugation), sulfation,
methylation, acetylation, cyanide detoxication, glutathione
conjugation, and amino acid conjugation (6,7). In general, the

result of such conjugation reactions is the production of rela
tively non-toxic, water soluble acids which are readily available

for elimination from the body at a considerbly more rpid rate
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than either the parent xenobiotic or its phase I metabolite(s)
(6-8). Indeed, the majority of excretion products from
xenobiotic metabolism are found in conjugated forms (1). A
review of +the phase II conjugation reactions is presented by
Dauterman (8).

The classification of xenobiotic metabolism as a bi-phasic
process erroneously implies a general sequentiality and mutual
exclusiveness between the two phases. In fact, as cited by Dut-
ton (9), “there is no direct linkage of phase I and phase Il
reactions in +the body genetically or topologically. The
processes develop, and are inducible, independently, and can oc-
cur in different areas of the cell.” An individual xenobiotié
and/or its metabolite(s) undergo multiple phase I and phase II
reactions both consecutively agd concurrently (1,7). In some
cases, phase 1 alone generates the excreted metabolite(s), il-
lustrating that conjugation is not inevitable (1,6), while on the
other hand, direct conjugation to a parent xenobiotic frequently
occurs (10). Therefore, as previously stated, generalizations
are tenuous at best.

Further clarification becomes necessary when considering the
overall significance of xenobiotic metabolism. Since the net
result appears to be reduced toxicity and enhanced excretion, the
phase I and phase Il reactions have been popularily referred to
as detoxication mechanisms and the enzymes which catalyze the

events, as detoxication enzymes (1-4). However, both phase I and
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phase II reactions are capable of metabolic activation, in which
case, a biologically inactive compound is converted to one with
considerable toxicological activity (1-10). Indeed, there are
many noted cases in which the intermediary or final effect of
xenobiotic metabolism is intoxication rather than detoxication
(6,7). Therefore, more recently, the term biotransformation has
been adopted to collectively describe all of the phase I and
phase 1II reactions involved in xenobiotic metabolism, without
reference as to the consequences of activation and/or inactiva-
tion (2). Nevertheless, for the majority of xenobiotics, the ul-
timate effect of biotransformation is inactivation and enhanced
excretion (10).

Xenobiotics and/or their metabolites are excreted from the
bédy predominantly in the urine, bile, and feces, but also via
expired air, perspiration, vomitus, hair, and mammary secretions
(2). These pathways of excretion and the various mechanisms
employed are by obligation, identical with those involved in the
elimination of endogenous waste products (11,12). Hence, it
should not be surprising that renal and hepatic pathways of
elimination predominate.

Urinary and biliary pathways of excretion are known to be
complementary; however, the mechanisms which dictated the prin-
cipal routes remain unclear (11-14).

Given this overview of toxicology from exposure to

excretion, it should be evident that the biological response of
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an organism to a xenobiotic is most critically dependent on the
highly complex realm of the phase I and phase II
biotransformation. Unfortunately, most toxicological investiga-
tions have vigorously focused attention on the phase I
biotransfromation, leaving the conjugation reactions relatively
neglected (6). From a pharmacological viewpoint, specifically
product development, therapeutic effectiveness, and safety, such
an emphasis is understandable since that metabolic activation oc-
curs primarily during the phase I biotransformations (5).
However, the consequence 1is a lack of knowledge concerning the
multiple variability factors potentially influencing the conjuga-
tion reactions as a whole (10).

The significance of conjugation as a detoxication mechanism
becomes obvious only when the reaction is impaired due to satura-
tion or to a metabolic defect. In such case the protective effect
is voided and the toxicity is manifested in some manner (6,7).
Salicylate intoxication is one of the examples. The major route
of salicylate metabolism is conjugation with the amino acid
glycine to form salicylurate. At a usual low therapeutic dose,
salicylate is converted to salicylurate and rapidly eliminated
with a half-life of 3-4 hours for adults. However, at a high
therapeutic dose or overdosage, salicylurate formation is com-
pletely saturated and the half-life is prolonged to about 30
hours. Therefore, not only recovery from an overdosage is very

slow, but there is a serious danger of accumulation and toxicity.
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Such intoxication is a common medical emergency which carries a
significant mortality, especially in young children (15).

From an evolutionary viewpoint, when one compares detoxica-
tion capacity and efficiency between lower organisms and more ad-
vanced ones, it is the conjugation reactions where improvement is
mpost often found (1).

Of the eight major conjugation reactions, amino acid con-
jugations were the first to be isolated. In the review of
detoxication mechanisms and their historical aspects, Williams
(16) reported that hippuric acid, which is a glycine conjugate
(or benzoyl glycine), was found by Rouelle in 1784 in cow’s
urine. Williams further noted that later, in 1942, Keller showed
that hippuric acid could be formed from ingested benzoic acid.

Although the amino acid conjugates were the first of the so-
called detoxication mechanisms to have been described, +they are
the least well investigated and understood. This lack of atten-
tion is probably due to the diversity of amino acids in nature
and also the large variations of the amino acids utilized, the
animal species involved, and the structures of carboxylic acid
being detoxified.

The amino acid conjugation reaction, in general, involves a
carboxylic acid compound forming a peptide bond with an amino
acid. The amino acids most commonly encountered in conjugation
reactions are aliphatic and dietarily non-essential such as

glycine, glutamine, ornithine and taurine. Among these four
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amino acids, glycine is +the most wide spread and versatile in
conjugation reactions. It is encountered in all mammals and is
utilized for the conjugation of carboxylic acids of diverse
structure. By contrast, the other three amino acids conjugates
are restricted in terms of either or both their species occur-
rence or the type of acid that can be conjugated. Taurine con-
jugation is restricted to arylacetic and cholic acid derivatives,
but is relatively widespread in its species occurrence, which in-
cludes man. Conversely, ornithine conjugation is versatile for
the range of acids undergoing the conjugation reaction, but it is
found only in some avian and reptilian species. Glutamine con-
jugation is even more restricted in 1its occurrence. It 1is
largely confined to the conjugation of arylacetic acids and only
by anthropoid species including human (17). Given this overview,
glycine, glutamine and taurine appears to be the major amino
acids being utilized in man fér their conjugation reactions.

As part of an overall research project which has as its
principle objective the determination of a profile of the
detoxification pathways in the human, +this study was designed to
specifids conjugates are restricted in terms of either or both
their species occurrence or the +type of acid +that can be

conjugated.



CHAPTER II: LITERATURE REVIEW

Almost all the organic nitrogen necessary for the human body
is derived from dietary protein. Consequently, amino acids which
are basic components of protein would serve an enormous variety
of physiological and metabolic functions. This review of litera-
ture will primarily be concerned with the functions of amino

acids as conjugation agents in the detoxication of xenobiotics.

A. Amino Acid Composition of Urine

There have been some studies regarding amino acid composi-
tion of urine. The complete picture of daily excretion of free
amino acids in normal adults irrespective of dietary habits can
be found in several publications (18,25,28,65).

Figure 1 shows the relative amounts of 23 excreted urine
amino acids in a group of normal healthy adults drawn from a
paper by Soupart (26). Of these 23 amino acids, 22 are free
amino acids and the twenty third is the amino acid derivative
taurine. As shown in the figure, among the 23 amino acids, 9 add
up to approximately 85-90% of total free amino acid excretion,
whereas the other 14 amount to only about 10-15%. Among the 9
amino acids, glycine ranks first (27%) in abundance followed by
taurine, histidine, methylhistidine and glutamine (8%). 1In Table
1, the quantitative data of the 9 amino acids are listed in

8
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, Table 1. Daily urinary output of 23 free amino acids
in 15 normal adult men and women (26)

A. 9 amino acids (85-90% of total) micromoles / 24 hour
‘Range Average
Glycine 710-4160 1687
Taurine 220-1850 812
Histidine 130-1370 790
1-Methylhistidine 130- 930 433
Glutamine x* at least 350
Serine 310-620 T 374
3-Methylhistidine 180-520 323
Alanine 60-500 257
beta-Aminoisobutyric acid 0-500 252
Total at least 5278

B. 14 amino acids (10-15% of total)
Excreted in small amounts (0-300 micromoles)
in the average 65 micromoles

* Minimal values; glutamic acid added to glutamine on a molar
basis since freshy voided urine does not contain glutamic acid.
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decreasing order of average excretion. In agreement

with Stein’s chromatographic analysis(18), Soupart’s (26)
results did not show any glutamic acid value. According to Stein
(18), no appreciable amounts of glutamic acid were found in
freshly voided normal urine; however, it had been noticed that
the glutamic acid content of normal urine increased on standing
even at 4 C. The detection of glutamic acid with stored wurine
was predicted to occur in part from glutamine hydrolysis.
Therefore, the glutamine value shown in Table 1 is actualiy the
sum of glutamine and glutamic acid. However, this glutamine
value is only a minimal estimation since part of +the free
glutamic acid may escape determination by partial cyclization
into pyrrolidone carboxylic acid which does not react with nin-
hydrin (27).

The amino acid elution curve obtained by using the Moore and
Stein method (28) also elucidated that there are about 40 +to 60
different ninhydrin positive substances in normal human urine.
Ninhydrin positive substances include free amino acids, sub-
stituted free amino acids, or amino acid derivatives in which the

amino group stays free, enabling them to react with ninhydrin

(29).
B. Acid Hydrolysis of Urinary Conjugated Amino Acids

Many ninhydrin positive substances are acid-stable which
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means the peak is unaltered in position and undiminished in area
when an acid hydrolysate of urine is chromatographed (10). Upon
acid hydrolysis of the urine, however, there was a marked in
crease in some amino acids (18), especially glycine and glutamic
acid. A marked increase would indicate that a large amount of
these amino acids are normally excreted in a conjugated form.
On the other hand, Stein (18) reported in his study that there
was little or no increase observed for taurine. It thus appears
that the major amino acids utilized for conjugation reactions in
man are glycine and glutamine.

Conjugated amino acids excreted by normal adults consist
primarily of hippuric acid and phenylacetylglutamine (26). This
is in agreement with Soupart’s (29) statement that, "the bulk
excretion of conjugated amino acid is chiefly composed of sub-

stances such as hippuric acid or phenylacetylglutamine and even

some peptides.". The presence of peptide in urine seems very
minute, however, since considerable volumes of urine had to be
processed to recognize the presence of peptides (30). Therefors,

the contribution of amino acid from peptides after hydrolysis
seems insignificant.

Hippuric acid represents a detoxication product of benzoic
acid whereas phenylacetyl glutamine represents a detoxication
product of phenylacetic acid. According to Stein et al.(69), a
normal adult male excretes 1.0 -2.5 gm of hippuric acid per day

which accounts for 65-75 % of the observed conjugated glycine in
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a 24 hr urine (This value is higher than 0.75 -1.00 gm (18) which
Stein previously reported). Phenylacetyl glutamine, which is
another predominant conjugate in urine has been found to be ex-

creted under normal conditions by the adult male to the extent of
250 -500 mg per day (69). This accounts for about 50 % of the
conjugated glutamic acid in urine. In man, phenylacetic acid is
conjugated almost exclusively with glutamine and accounts for 90

% of a 24 hr urine excretion (72).

C. Hepatic and Extrahepatic Distribution of

Amino Acid Conjugation

Aromatic and arylalkyl carboxylic acids commonly undergo me-
tabolic conjugation prior to excretion using either a car-
bohydrate or an amino acid as the conjugating agent. Among mam-
malian species the carbohydrate is usually glucuronic acid, but
in the case of the amino acids, the particular pattern of amino
acids used depends upon the individual species (19). As men-
tioned earlier, glycine, glutamine, and taurine have so far been
shown +to participate in conjugation reactions in man, and fur-
thermore only glycine and glutamine conjugates were excreted in
the significant amount in the urine.

The amino acid conjugates, mainly, appear to be associated
with the organs of elimination, such as kidney and liver. The

relative importance of the two sites varies, however, with
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species and the structure of the acid undergoing conjugation
(17). Von Lehman and his coworkers (20) have investigated in man
the renal contribution to the total glycine conjugation of
aromatic acids. Their research showed that in man some 68% of
the glycine conjugation of salicylate is carried out by the kid-
ney with 32% by the liver. The possible significance of ex-
trahepatic sites (kidney) of glycine conjugation was also inves-
tigated by Caldwell et al. (21) using human cadaver samples for
determining tissue hippuric acid levels. The results showed high
hippuric acid formation in both 1liver and renal tissue, par-
ticularly renal cortex. These studies support the view that the
kidney can be an important site of glycine conjugétion, par-
ticularly if one takes into account the high blood flow and
therefore high xenobiotic delivery rate to this organ, as well as
its intrinsic conjugation activity.

Little is known about the tissue distribution of glutamine
and taurine conjugates. Moldave and Meister (22) have detected
glutamine conjugating activity in both human liver and kidney,
using phenylacetic acid as substrate, but no other tissue was

investigated.
D. Reaction Mechanism

Amino acid conjugation is an endergonic peptide bond syn-

thesis reaction which requires an energy-rich intermediate.
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In general, there are three types of energy-rich compounds
utilized directly in peptide bond formation. These are acyl
adenylates, which are acid anhydride derivatives of AMP (adenylic
acid), acyl derivatives of coenzyme A (CoASH), and acyl phosphate
(31). For the amino-acyl-adenylate and acyl phosphate compounds,
the energy rich bond is a carboxyl group - acid anhydride bond,
whereas for the acyl CoASH compound, it is a thioester bond. In
all cases, however, activation consists of forming an energy-rich
bond, and the source of energy to form these high energy bonds is
derived from breaking a pyrophosphate bond of ATP.

The type of energy rich compound used in peptide bond forma-
tion varies with the kind of peptide synthesis. In the formation
of an amino acid conjugation, the peptide bond is formed by the
reaction of an acyl CoASH compound with an amino group. The
energy in the thiocester bond of CoASH, which is available for
peptide bond formation, originates from ATP. Then the acyl-S-
CoA, an activated intermediate, reacts with an amine to form a
peptide bond. Initially, researchers surmised that the amino
acid conjugation reaction involved a high-energy intermediate
which probably involved an aromatic acid (17). However,
Chantrenne (23) later disproved this hypothesis by demonstrating
that benzoyl phosphate, an aromatic acid, was not the high energy
compound involved, but instead it was the coenzyme A (CoASH)
derivative. In 1953, Schachter and Taggart (24) demonstrated

synthesis, and suggested the following reaction mechanism for
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glycine conjugation reaction.

R COOH + ATP ------—mmmmmmmmommmm o > R CO AMP + PPi
R CO AMP + CoA SH ----==mmmmmmmmmmmoee o > R CO SCoA + AMP
R CO SCoA + H N CH COOH ----—---- > R CONHpCH, COOH + CoA SH

R COOH: carboxylic acid compounds

H,N CH, COOH: glycine

The mechanism of glutamine conjugation reaction appears to
be analogous +to that of glycine involving coenzyme A (CoASH),
ATP, and an activated derivative of the carboxylic acid except
that glutamine, instead of glycine, is conjugated with the car-
boxylic acid. Our understanding of the glutamine conjugate
mechanism is based largely on the study done by Moldave and
Meister (22) who proposed the conjugation reaction of
phenylacetic acid to phenylacetyl glutamine.

In general, most metabolic conjugations involve the interac-
tion of the xenobiotics with the conjugating agent in which one
of the two substrates is in the form of an activated nucleotide
(17). In most cases, the conjugating agent is the one in an ac-

tivated form; however, in the amino acid conjugation, as shown in
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the above reaction, the carboxylic acid substrate itself forms a
thicester with coenzyme A to become activated. The thioester
then reacts with an amino acid. This is one of the unique
characteristics which differentiates amino acid conjugation from
the other conjugation reactions in phase II detoxication

metabolism.

E. Site of Reaction

Another distinct feature of amino acid conjugation besides
the reaction mechanism is the subcellular 1location of the
reaction. Whereas the other conjugation reactions are associated
with the endoplasmic reticulum or cytosol, the amino acid con-
jugation is associated with mitochondria (17). In their early
work, Moldave and Meister 1957 (22) partially purified glutamine
N-phenylacetyl transferase from the mitochondrial fractions of
human liver. Also, more recently, glycine N-acyl transferase was
purified from human mitochondria (32) which further supports the
view of mitochondria as the site of amino acid conjugation. The
mitochondria are the main site of production of acetyl-CoA frag-
ments derived from carboxylic acids during the course of metabo-
lism of amino acids and fatty acids. Because of potential
acylating functions, the excessive amounts of acyl-CoA deriva-
tives must be inactivated. If not disposed of, the acyl-CoA

derivatives might conceivably participate in the non-enzymatic
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acylation of mitochondrial acceptor molecules such as amino
acids, peptides, and protein and thus alter function. Since
there is a need for mitochondria to be protected against exces-
sive amounts of reactive acyl-CoA esters, and amino acid conjuga-
tion is one way of removing these compounds, it is reasonable to
assume that the site of amino acid conjugation lies within the

mitochondria.

F. Factors Affecting Amino Acid Conjugation

Xenobiotic metabolism, including amino acid conjugation, 1is
highly influenced by an extremely large number of variability or
"host" factors (37-41). These factors can be broadly classified
as environmental, physioclogical and genetic. However, there is a
complex and dynamic interrelationship between all variability
factors, irregardiess of such classification (40,41). This com-
plex and dynamic interrelationship makes it virtually impossible
to examine the impact of an isolated variable on the rate and
pattern of metabolism, let alone on the overall toxicity of a
xenobiotic compound (40,41). Therefore, it is understandable why
environmental, physiological and genetic factors influencing the
amino acid conjugation mechanism have not been thoroughly
investigated.

So far, little is known about factors affecting glutamine

conjugation in _vivo. Yet, glycine conjugation has been shown to
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be influenced by some factors, such as, age, disease and interin-
dividual variations.

Studies of hippuric acid formation by Irjala (42) and
Caldwell et al. (21) have shown that glycine conjugation appears
to be at a low level in the fetus and neonates. This
conjugation, however, develops rapidly and results in progres-
sively increased excretion throughout the first year of 1life
(43). Other studies concerning geriatric subjects, as compared
to young adults, revealed that there was an apparent decrease in
the glycine conjugation with increasing age. Stern et al. (44)
indicated that the activity of glycine conjugation decreased in
response to a dose of benzoic acid. Later the reason appeared to
be a reduced availability of glycine in old age, since ad-
ministration of the amino acid restored the ability to convert
benzoic acid to hippuric acid.

The extent of glycine conjugation of a carboxylic acid ap-
peared to be influenced by a number of dysfunctions, particularly
those involving the liver. At one time, the ability to conjugate
an aromatic acid with glycine was used as the basis of a test of
liver function (45). Later, the test fell into disuse since the
occurrence of an impaired glycine conjugation did not always
correlated with the extent or nature of liver damage. In wvitro
studies confirmed that other dysfunction such as kidney disease
could also markedly affect glycine conjugation. Caldwellet al.

(21) found that post-mortem kidney samples from a case of
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systemic lupus erythematosus failed to convert benzoic acid to
hippurate. Kidney is a major site of glycine conjugation of cer-
tain substrates. Therefore, it is no surprise that some
drugs show a slow rate of metabolism in kidney disease. For
example, the antitubercular drug p-aminosalicylic acid (PAS) was
shown to have an infinitely long half life in an uremic patient,
and this was attributed to the slower rate of glycine conjugation
in this condition (46).

There also are marked interindividual variations in the ex-
tent of glycine conjugation of salicylic acid and isonicotinic
acid in man. Alpen et al. (47) found that in four patients, the
extent of conjugation of an oral dose of salicylic acid with
glycine varied from 0-50% of the dose. Peters et al. (48) also
have observed individual variations in the extent of glycine con-
jugation of isonicotinic acid both when the acid was given as
such and as its precursor isonicotinic acid hydrazide.
Nevertheless, neither study determined whether the source of

these variations was genetic or environmental.

G. Justification

Humans are continually exposed +to an imposing number and
variety of xenobiotics through a combination of environmental,
occupational, dietary, social and medicinal sources. Although

xenobiotic metabolism is highly complex, phase II conjugation
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reactions are most often successful in terms of detoxication (1).

Since the development of foreign compound metabolism as a
distinct subdiscipline in the 1950’s, the phase I reactions, most
notably the oxidations, have attracted the most attention. Sinée
phase II reactions involve high energy intermediates, research
has been conducted mainly in intermediary metabolism rather than
biochemical pharmacology and toxicology (10). Nevertheless, it
is the phase II conjugation reactions that are most often
successful in terms of detoxication by ending the biological ac-
tivity of the compound whereas phase I reactions can produce ac-
tive or reactive metabolites (49,50).

This wview of our current knowledge of xenobiotic metabolism
suggests the development of a profile of the detoxification
capability of the body by measuring the end products excreted in
the urine, such as conjugates. Renal excretion demands high
water solubility and a high degree of ionization with no require-
ment for lipophilic/hydrophilic balance. Consequently, small,
highly ionized, highly polar conjugates are preferentially ex-
creted in the urine, whereas large conjugates tend to have suffi-
cient lipophilic character to favor hepatic biliary elimination.
Unlike large glucuronides and glutathione conjugates that are ex-
creted principally in the bile, amino acid conjugates of
xenobiotic acids are mainly excreted in the urine (10). From the
observation of the excretion of aromatic compounds in the rat,

Hirom et al. (13) concluded that the major route of elimination
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for the compounds of less than 350 daltons is urine. Since hip-
puric acid and phenylacetylglutamine, +the most abundant form of
conjugated amino acid, have molecular weights of 179 and 193,
respectively, their primary excretory route would be urine.
Thus it appears that urinary excretion of amino acid conjugates
can be used as a biological parameter of detoxication without too
much concern relative to fecal excretion.

Considering the previous research (56,66) which has been
conducted to examine the urinary excretion of glucuronic acid and
sulfate conjugates of xenobiotics as a parameter of xenobiotic
exposure, it is evident that the need exists for establishing the
pattern of urinary amino acid conjugate excretion on a population
basis. In order to propose a biological threshold limit of ex-
posure and to establish a meaningful interpretation of the health
significance of such a threshold, it is essential to first deter-
mine the range of excretion of urinary amino acid conjugates in a
normal population and to take into consideration the overall ef-
fect of a number of critical variables assessed on this range.
Hence, the purpose of this research will be +to quantitatively
assess the urinary excretion of glutamine and glycine conjugates
in a free-living population of young male adults, in order to es-

tablish a profile of detoxication via amino acid conjugations.

The primary objectives of this research will be:

1. to develop and refine the methodology for quantification of
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glycine and glutamine conjugates;

to determine the range and interindividual variation of
glycine and glutamine conjugate excretion on a twenty-four

hours basis;
to determine the range and intraindividual variation of

glycine and glutamine conjugate excretion over three
consecutive days for a subgroup of the sampled population;

and

to examine the interindividual population profile (objective
2) for correlations between éhe amount of glycine and
glutamine conjugated excreted and the exposure to certain
variables which could affect such a profile; for example,
dietary patterns, caffeine, tobacco, alcohol, marijuana and
also genetic factors such as cancer incidences among family

members.



CHAPTER III: Methodology

A. Subject Recruitment

Preexperimental surveys, food frequency questionnaires and
urine collections were completed two years ago. Details of these
methods can be found in "The Urinary Excretion of Conjugated
Glucuronic Acid in Healthy Male Volunteers” by P.S. Murano (56).
Following is the summary of the procedure.

Healthy adult males who were not taking medications and not
under a physician’s care, . were recruited for the study. Each
subject was required to complete +the preexperimental survey
(Appendix A) prior to urine collection, in an attempt to quan-
titate the frequency of exposure to caffeine, alcohol, tobacco,
social drugs, medications, and environmental xenobiotics. Also,
each subject was required to complete the food frequency ques-
tionnaire (Appendix B) to obtain presumptive evidence of dietary
adequacy and descriptive information on the dietary patterns of
the population.

Three 24-hour urine samples were collected from each
subject. A 24-hour period was defined as beginning with the col-
lection of the second voiding on day one, through the first void-
ing on day two. The total volume and pH of 24-hour urine samples
were determined daily on delivery of the urine sample. Then,
each specimen was subsampled into several aliquots and im-
mediately frozen (-20°C) for future analysis.

24
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B. Variable assessment

1. Dietary Factors Data obtained from the food
frequency questionnaire were used to ascertain the frequency of
consumption of various foods. Frequencies of vegetable, fruit,
and meat consumption were categorized as follows:

Low Ranges (L) = 0-3 times/month

Moderate Range (M) = up to once/day

High Range (H) = more than once/day
Vegetable, fruit and meat intakes were chosen as a potential
variable affecting conjugated amino acid excretion because diets
high in these food items have been associated with an increase in
drug metabolism, thus enhanced drug clearance in human
(57,58,63).

Charbroiled meat intake also was chosen as a potential vari-
able affecting conjugated amino acids and was categorized as
follows:

Low Range (L) = 0-3 times/month

High Range (H) = >3 times/month
Charbroiled meat intake was chosen as a potential variable
because, components such as benzo(a)pyrene in charbroiled foods

have been shown to induce cytochrome P-450, an electron transport

system involved in phase I detoxication reactions (60).

2. Nondietary (Environmental) Factors Preexperimental
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survey data were used to ascertain each subject’s exposure to
various substances. Frequencies of exposure to tobacco, alcohol,
marijuana, caffeine, chemicals (chemicals may be organic solvent
such as xylene, benzene, gasoline, carbon tetrachloride, acetone,
insecticides, and herbicides) were classified as fqllows:
Low (L) = smoking less than 1 cigarette/day
alcohol less than 3 times/month
marijuana less than once/week
caffeine up to 2 cups/week
chemical less than weekly exposure
Moderate (M) = smoking 1-10 cigarettes/day
alcohol up to 68 times/week
marijuana 1-4 times/week
caffeine up to 6 cups/week
chemical less than weekly exposure
with low precaution
High (H) = smoking more than 10 cigarettes/day
alcohol up to 3 times/day or more
mari juana greater than 4 times/week
caffeine a cup a day or more
chemical daily or almost daily exposure
with or without precaution
The nondietary factors were chosen as potential variables because
a few studies have shown that these substances affect drug meta-

bolism by either inducing or inhibiting xenobiotic clearance



27
(59,61,64).

3. Genetic Factors Genetic factors were chosen as a
potential variable affecting conjugated amino acid excretion
since these are considered to be one of the important factors
that makes xenobiotic metabolism of one individual differ from
the other (64). In this study, genetic factors were assessed
solely in terms of cancer incidences among family members.

Yes (Y) = had cancer incidences among the relatives

No (N) = had no cancer incidences among the relatives
C. The Use of Urinary Creatinine

Determination of urinary creatinine was also previously
completed. The within and between subject variability in
creatinine excretion (mg/kg body wt/ 24 hr) were determined for
the population. Subjects whose creatinine excretion exceeded two
standard deviations from the mean were excluded from further
analysis.

In the course of the urinary amino acid conjugate study, the
creatinine concentration(mg/ml) of each urine sample was used +to
determine an appropriate dilution factor for the wurine samples
and to express the concentration of conjugated compound in

mmole/mmole creatinine/24 hr.
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D. Determination of glycine and glutamine conjugates

in urine

The method of Bidlingmeyer et al.(54) was used for the quan-
tification of wurinary conjugated glycine and glutamine. This
method of amino acid analysis is based on the use of the Edman
reagent, i.e., phenylisothiocyanate (PITC). PITC is used for the
quantitative precolumn derivatization of free amino acids. PITC
derivatization results in phenylthiocarbamyl (PTC) derivatives
which then can be separated by High Performance Liquid Chromatog-
raphy (HPLC). A general outline for this procedure is given in
Figures 2 and 3.

Since the urinary excretion of peptides and compounds con-
taining free amino groups other than conjugated amino acids is
negligible in the daily excretion of wurine in healthy adult
population (30), +the assumption was made that their contribution
to measurements of urinary glycine and glutamine was not
significant. Moreover, any substance, including peptides, which
has a molecular weight greater +than 10,000 was removed by
ultrafiltration.

The quantification of the conjugated compounds was done by
calculating the differences of amino acid before and after
hydrolysis. Glycine conjugate, for instance, was determined by
subtracting free prehydrolysate urinary glycine from total

posthydrolysate glycine. For glutamine conjugate determination,
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free urinary glutamine and glutamic acid of prehydrolysate were
subtracted from total glutamic acid, posthydrolysate since free
glutamine converts to glutamic acid upon hydrolysis.

Before determining the urinary excretion of amino acid con-
jugates for the subjects in this study, an amino acid standard
(500 pmol of each amino acid) and a urine sample spiked with 500
pmol of either hippuric acid or serylglutamine were analyzed.
This preliminary study provided information as to whether peptide
hydrolysis was complete. The results showed that 98% of glutamic
acid was released from serylglutamine and 100% of glycine was
released from hippuric acid. Furthermore, the results revealed
that urine had no effect on hydrolysis.

The +total time required for a complete analysis was ap-
proximately 50 hr, and the optimum number of samples per run was
only six. Initially, results from one day urine samples of 117
subjects were to be used to determine interindividual (between
subject) variation, whereas the results from a randomly selected
subgroup of 40 subjects were to be used for intraindividual
(within subject) variation. Bowever, since a previous study of
the urinary excretion of conjugated glucuronic acid (56) in the
same subjects showed similar interindividual variation between
the 117 samples and 40 subsamples, +the urine of a randomly
selected subgroup of 40 subjects were analyzed for determining
both inter- and intraindividual variability of urinary conjugated

amino acids.
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The detailed procedure for urinary conjugated amino acid
determination was as follows. A 1.0 ml aliquot of urine mixed
with internal standard (methionine sulphone, 500 pmol) was fil-
tered through a ultrafiltration device to remove urinary proteins
greater than 10,000 daltons.® Any necessary sample dilution was
done before ultrafiltration.

Filtered wurine (25 ul) was placed in a 6 by 50 mm tube and
dried under vacuum called PICO.TAG work station. After drying,
the sample tube for the free amino acid analysis was placed in a
dessicator and kept in a freezer until further analysis.

For hydrolyzation, 200 ul of 6 N HC1 with 1 % phenol was
;dded to thé reaction Qessel containing individual sample tubes
(Figure 4). This allowed the use of HCl vapor for hydrolysis in-
stead of HCl liguid. Removal of trace levels of oxygen from the
hydrolysis reaction vessel was accomplished by alternate nitrogen
flushing and vacuum evacuation. Then, the reaction vessel was
placed in an oven (105 - 112°C) for 20 to 24 hours. Samples were
dried again using vacuum.

The next step was the derivatization reaction. The method
used a derivatization reagent which was prepared from a 1:1:1:7
ratio of PITC, TEA (triethylamine), water, and methanol. The
reagent was prepared within 2 hr prior to addition. Adding 20 ul
of reagent to the dried sample and sealing it in the vacuum vial
for 20 minutes at room temperature resulted in the formation of

the PTC amino acids. Prior to derivatization, 10 ul of drying
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— reaction vessel

)2 sample tubes

Figure 4. Sample tubes within reaction vessel
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solution containing 1 M sodium acetate, methanol, and TEA (2:2:1)
were added to each sample tube as a buffering reagent. The
reagent was then removed using vacuum. When the sample was ready
for injection, 100 ul of diluent (purchased from Water
Association) was added to dissolve the dried sample.

The PICO.TAG chromatography system (Water Association) was
used for the amino acid analysis (Figure 5). This chromatography
system consists of two M510A solvent delivery systems and an M441
fixed wavelength detector (254 nm) controlled by a Waters 820
controller. The temperature is controlled within +/- 1°C with a
column heater. Samples are injected in volumes of 10 ul using
an M710B WISP(TM) auto injector. The columns are application
specified PICO.TAG columns, packed in 13.25 by 0.75 inch
hardware. It is quality controlled for rapid, high efficiency
using reverse phase separation. The solvent system which con-
sists of eluent 1 (buffer) and eluent 2 (acetonitrile, methanol,

water) was kept under argon with an eluent stabilization system.

E. Data analysis

For the present study, a nonparametric statistical analysis,
i.e. Kruskal-Wallis and Wilcoxon 2-Sample Tests were employed to
test the hypothesis of differences between the respective wvari-
able groups. Additionally, OSpearman Correlation Analysis was

employed to determine the correlation between carbohydrate,
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protein, fat, +total calorie intake and amino acid conjugate
excretion. The results, however, do not confirm any treatment ef-
fect of variables on conjugated amino acid excretion since this
study does not impose a measured quantity of any of the above
variables on the subjects. Instead, it merely obtained intake or
exposure frequency data regarding each variable according to the
recollection of each subject.

For the purpose of the present study, a probability(P) wvalue
of between 0.1 and 0.2 was defined as marginally significant
whereas a P value 1lower than 0.1 was considered statistically

significant.



CHAPTER IV. RESULTS AND DISCUSSION

A. Subjects

The 40 subjects used in this study were derived from a group
of 135 males, mean age 20.7 years. Dietary analysis indicated
the subjects’ food intake to be nutritionally adequate (66).

As mentioned earlier in Chapter III, Section C, three-day
urinary creatinine excretions were measured and analyzed pre-
viously for between-subject and within-subject variability.
Creatinine excretion remained relatively constant for an in-
dividual from day to day. Subjects whose creatinine excretions
were at the extremes of the range (greater than two standard
deviations from the mean which was 24.55 mg/kg of body weigﬁt/24
hr) and/or whose day-to-day creatinine excretions were
inconsistent, were excluded from further analysis.

The mean, standard deviation and range for the wurinary
excretion of amino acids using three-day averages per 24 hr as
shown in Table 2. The inter- and intra- subject variations of

conjugated amino acid per 24 hr are shown in Table 3.

B. Dietary Factors

The mean and standard deviation for the urinary excretion of
conjugated glutamine and glycine per 24 hr according to dietary
variables are listed in Tables 4 and 5. Variables were class

37
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Table 2. Urinary excretion of conjugated amino acids

{(n=40)
Con jugated
amino acid mean + SD * range
Glutamine
mmole/24 hr 1.30 £ 0.66 0.28 -3.97
mmole xlO-Z/mmole creatinine/24 hr 8.74 + 4.40 1.81 -20.77
Glycine
mmole/24 hr 3.91 £ 2.08 0.70 -11.74

mmolé xlO-Z/mmole creatinine/24 hr 26.38 + 15.456 5.18 -87.94

* SD = Standard Deviation
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Table 3. Inter and intra subject variation in urinary excretion
of conjugated amino acid (n=40)

——— - n - - — — ——— - — —— = ———  — ———— —— - —— - - W = — - ——— — ———

Variation
inter CV % Intra CV

Glutamine

mmole/24hr 51.1 37.3
mmole/mmole creatinine/24 hr 50.3 36.0
Glycine

mmole/24hr 63.4 31.4
mmole/mmole creatinine/24hr 58.6 32.8

- - — ————— — ———— ———— ————— — — - ——— — = — — - - — - ——— ———— - ————— — - ——

* CV = coefficient of variation (%)
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Table 4. Urinary excretion of conjugated amino acids
according to dietary factors in
mmole x 10 /mmole creatinine/24 hr

e - — ——— ——— - — - — —— — - ——— = — — ——— = ———— —— ———— — —— ———————— —————

Glutamine Glycine

Parameter Class n mmole x 1072 /mmole creatinine/24 hr
Vegetable L 21 7.72 £ 2.31 % # 23.57 £ 9.34

M 10 10.79 + 5.55 34.71 £21.32

H 9 8.86 + 2.61 23.69 £ 9.40
Fruit L 29 7.96 £ 2.91 x 24.71 £10.21

M 7 11.62 + 5.24 26.23 +14.22

H 4 9.36 £ 2.78 38.79 +£29.66
Meat L 25 8.48 £+ 3.04 29.49 +£15.48 x

M 9 8.35 £ 4.02 22.85 £ 9.53

H 6 10.40 £ 5.15 18.756 + 7.59
Charbroil L 32 8.42 + 3.13 26.65 +13.95

M 0 - -

H 8 10.03 £ 5.11 25.30 £14.25

* Marginally Significant (0.1<P<0.2)

# Mean + Standard Deviation
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Table 5. Urinary excretion of conjugated amino acids
according to dietary factors in mmole/24 hr

Glutamine Glycine
Parameter Class n mmole/24 hr
Vegetable L 21 1.20 £0.45 # 3.79 £1.93
M 10 1.38 +0.62 4.37 £2.04
H 9 1.43 +0.65 3.66 +1.48
Fruit L 29 1.27 +£0.56 3.96 +£1.82
M 7 1.50 £0.57 3.26 +1.48
H 4 1.19 £0.28 4.68 +2.68
Meat L 25 1.20 £0.45 4.20 £2.10
M 9 1.40 £0.71 3.77 £1.30
H 6 1.56 +£0.59 2.90 £1.04
Charbroil L 32 1.26 £0.53 3.93 +1.86
M 0 - -
H 8 1.46 £0.57 3.81 +£1.89

# Mean + Standard Deviation
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ified as low, moderate, or high intake of vegtables, fruit, meat
and charbroiled food.

When expressed as mmole/mmole creatinine/24 hr (Table 4),
excretion of glutamine conjugate showed a marginally significant
difference (0.1<P<0.2) among groups of low, medium and high in-
take of vegetable and fruit. For glycine conjugate excretion,
marginally significant differences were observed among low,
medium and high intake groups of meat only. However, when values
were expressed as mmole/24 hr (Table 5), none of the dietary fac-
tors showed statistically significant differences among each

group for either glutamine or glycine conjugate excretion.

C. Non-Dietary Factors

The amino acid conjugates excreted per 24 hr of the sample
for various environmental factors are given in Table 6 and 7.

Subjects were classified according to their use of tobacco,
alcohol, marijuana, caffeine, and exposure to chemicals as being
low, moderate, or high, and whether or not any incidence of can-
cer was present among their relatives.

When expressed as mmole/mmole creatinine/24 hr (Table 86),
conjugated glutamine excretion for the factor alcohol showed mar-
ginally significant differences (0.1<P<0.2) and the factor chemi-
cal exposure showed significant difference (P<0.05) among low,

medium, high groups. When expressed as mmole/24hr (Table 7),
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Table 6. Urinary excretion of conjugated amino acids
according to nondietary factors in
mmole x 10 /mmole creatinine/24 hr

Glutamine Glycine
Parameter Class n mmole x 10-&/mmole creatinine/24 hr
Tobaco L 36 8.94 £ 3.61 # 26.46 +14.51
M 3 6.24 £+ 3.62 24.14 + 5.87
H 1 .17 £ O 30.27 £ O
Alcohol L 31 8.22 £ 3.32 x 25.84 +£13.68
M 9 10.54 + 4.11 28.26 £15.05
H 0 - -
Mari juana L 35 8.99 £ 3.72 26.22 +14.568
M 2 8.24 + 1.31 23.18 £10.02
H 3 6.20 £ 1.91 30.38 + 5.96
Caffeine L 23 9.01 + 3.93 27.39 £14.98 x
M 5 7.52 £ 3.97 17.45 £ 8.35
H 8 7.81 £ 2.88 30.70 +15.12
Chemical L 20 7.78 £ 3.87 *x 25.61 £ 9.80 x
M 10 11.19 + 2.55 30.36 +12.44
H 10 8.21 + 2.94 23.96 +£21.13
Cancer Y 18 8.90 + 4.63 30.68 £16.93 x%
N 22 8.61 £ 2.55 22.87 + 9.74

# Mean £ Standard Deviation
* Marginally Significant (0.1<P<0.2)

%% Significantly Different (P<0.05)
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Table 7. Urinary excretion of conjugated amino acids
according to nondietary factors in mmole/24 hr

Glutamine Glycine

Parameter Class n mmole/24 hr
Tobacco L 36 1.35 £+0.54 # 3.96 £1.91

M 3 0.86 £0.39 3.56 £1.23

H 1 0.94 £0.0 3.08 £0.0
Alcohol L 31 1.25 +0.56 % 3.89 £1.79

M 9 1.47 £0.42 3.97 £2.13

H 0 - -
Mari juana L 35 1.36 £0.55 % 3.92 £1.93 x

M 2 0.92 £0.02 2.568 £0.72

H 3 0.90 £0.02 4.59 +0.53
Caffeine L 23 1.20 £0.51 3.60 £1.53 x

M 5 1.18 £0.61 2.76 £1.34

H 8 1.27 %0.29 5.23 £2.59
Chemical L 20 1.19 £0.54 % 4.07 £1.97

M 10 1.862 £0.54 4.20 £1.29

H 10 1.20 £0.43 3.28 £2.07
Cancer Y 18 1.23 x0.54 4.34 £2.21 %

N 22 1.36 £0:.54 3.55 £1.44

# Mean + Standard Deviation

¥ Marginally Significant (0.1<P<0.2)
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alchohol, chemical exposure, and marijuana showed marginally sig-
nificant differences.

For conjugated glycine excretion (Table 6), when expressed
as mmole/mmole creatinine/24 hr, marginally significant dif-
ferences (0.1<P<0.2) were observed for the factors chemical
exposure, caffeine, and cancer. When expressed as mmole/24 hr
(Table 7), the factors of marijuana, caffeine, and cancer showed
marginally significant differences, but chemical exposure did not
show any differences among the levels.

The primary objective of this study was to quantify the uri-
nary conjugated amino acids excretion, specifically glutamine and
glycine conjugates, for a free living male population.

The mean urinary conjugated glycine and glutamine excretion
for forty males in this study was lower than the mean values cal-
culated from literature (Table 8). The upper range for glycine
and glutamine conjugate values (Gly: 11.74 mmole/24 hr, Gln: 3.97
mmole/24 hr) for the forty males, however, did compare more
closely to the values calculated from the literature.

Differences between the calculated 1literature values and
those obtained from this study for amino acid conjugate excretion
could be the result of several factors.

First, different analytical methods tend to give different
measures of amino acids. The level of glutamine conjugates cal-
culated from Woodson et al.(68) was obtained using a

microbiological assay. This method determines amino acid
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Table 8. Conjugated amino acids in the urine: comparison with
the literature values

Literature Subject = --------mescmeesemecee e
(n) Glycine(range) Glutamine(range)

Woodson(68) 8 - % 2.15 (0.49 -4.82)

(1947)

Stein(18) )

(1853) 3 10.53 (10.00 -12.53) 3.59 (3.19 -4.35)

West(31)

(1968) - 9.53 (1.73 -17.33) - %

This study 40 3.91 (0.70 -11.74) 1.30 (0.28 -3.97)

- o - ————————- T - ——— - - Gn —— - ———— - - ——— ——— - ——— - — - ———— ————— —— - —— -

* Not reported
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concentration by observing the specific growth requirement of a
known organism which uses only that specific amino acid for its
growth. However, Evered (25) has reported that the urinary free
glutamic acid can be over estimated by microbiological methods,
if decomposition or microbiological availability of combined
glutamic acid, e.g., phenylacetyl glutamine, occurs. Higher con-
jugated glutamine value from the literature, therefore, may be
the result of overestimation of glutamic acid, especially after
hydrolysis. It is speculated that a similar problem might exist
for glycine. Woodson et al.(68), however, did not report the
level of glycine conjugates in their study. Furthermore, Woodson
et al.(68) did not take free glutamine content into account when
determining glutamine conjugates. Failure to subtract any free
glutamine from total glutamic acid a}so may have resulted in an
increased level of glutamine conjugates.

The more recent method, ion exchange chromatography by Stein
- (18), is unaffected by combined or homologous forms of amino
acids. Therefore, it is more accurate within the limits of ex-
perimental error than the microbiological method. However, as
with the microbiological method, Stein’s method did not take free
glutamine into account for glutamine conjugate determination
which may have resulted in higher glutamine value.

Another possible reason for the differences between the
experimental and the literature values may be due to sample

selection and different sample sizes. It is possible that for a
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larger population, as in the present experiment, the normal
range in mmole per day of conjugated amino acid excretion is much
greater and that the published data (calculated literature valuse)
only contained subjects from the upper range. In this study most
of the forty subjects excreted less than 9.0 mmole of conjugated
glycine and 2.0 mmole of conjugated glutamine per day. However,
1 subject did excrete over 9.0 mmole of conjugated glycine and 6
subjects excreted over 2.0 mmole of conjugated glutamine per day.

A third possible reason for the lower amino acid values in
this study, especially glutamine deals with potential losses
during urine storage. Stein (18) noticed from his experiment
that the large quantity of conjugated glutamic acid that wa; ex-
creted in urine was present in some very labile combination.
Therefore, even at 4°C, the labile form of conjugated glutamine
may have escaped the detefmination of conjugated glutamic acid.

The secondary objective of this study was to determine +the
correlation between dietary/nondietary habits of subjects and
their urinary conjugated amino acid excretion levels. The vari-
ables assessed along with a brief description of each can be
found in Chapter III, Section B. To identify any significant
differences in conjugated amino acid excretion at different
levels of dietary and nondietary factors, nonparametric statisti-
cal analyses were performed. The Kruskal-Wallis Test was per-
formed on the means for the dietary and nondietary factors except

cancer and alcohol which were analyzed by the Wilcoxon 2-Sample
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Test. These tests were used to compensate for the large
variability and different sample sizes for each subgroup within a
factor.

The results of +this study showed no statistically sig-
nificant differences among low, medium, high intake groups for
dietary factors. When expressed in mmole/mmole creatinine/24 hr,
only marginally significant (0.1<P<0.2) differences were observed
for several dietary factors, i.e., vegetable, fruit and meat.
However, because of the large variability and vastly different
sample sizes for each group, no important conclusions can be
drawn.

In agreement with results from the present study, Woodson et
al.(68) demonstrated that the amount of all amino acids excreted
by normal healthy human subjects showed no significant variations
among 1individuals, although there was a wide variation in the
type of "normal" diets, caloric intake, urine volume, and total
nitrogen excretion. Eckhardt and Davidson (73) also reported
that a large fluctuation in the type and quantity of protein in-
gested (varied from 50 gm of casein to an estimated 105 gm of
mixed food protein) resulted in only small changes in the urinary
excretion of free and combined amino acids. The study reported
that the ratio of free to combined remained essentially constant
for different protein intakes. This would indicate a propor-
tional decrease in the excretion of amino acids in free and bound

form thus maintaining the overall ratio. According to Stein et
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al.(69) the quantities of hippuric acid and phenylacetyl
glutamine observed in the urines from fasting individuals were
similar to that of nonfasted normal adults which implies that
these amino acid 'conjugates probably are normal metabolic
products, and do not arise‘only as a result of the detoxication
of dietary precursor.

As with the dietary factors, most of the nondietary factors
examined showed marginally significant differences except for
chemical exposure on glutamine conjugate excretion (mmole/mmole
creatine/24 hr) which showed statistically significant
differences. The factors that demonstrated a marginally sig-
nificant difference on conjugated glutamine excretion were
alcohol, marijuana, and chemical exposure whereas in conjugated
glycine excretion, they were marijuana, caffeine and cancer.

The results obtained in +this study are not without
precedent. It has been known that dietary, environmental, and
genetic factors influence xenobiotic metabolism. Gibson and
Skett (64) have summarized the effects of various factors on drug
metabolism as shown in Figure 6 and 7. As shown in Figure 8,
protein and fat exhibit positive correlation which implies +that
increased consumption of these nutrients would increase drug
metabolism. Furthermore, Kappas et al.(63) demonstrated a nega-
tive correlation exhibited by carbohydrate which implies
decreased drug metabolism with increased carbohydrate

consumption. In contrast, it is interesting to note that Spear-
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Prorein
Carbohydrate

Calcium

Far
viramin A
®

Magnesium

Porassium

Copper Niacin
Zinc " Vitamin C
Selenium Vitamin E

lron lodine

Figure 6 : Sumnmary of the effecta of dietary nutrients on
drug metaboliam (64) .
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Pyrolysis products

Alcohol (chronic) Indoles

Drug
merabolism

Alcohol (acute) Tobacco smoking

Marihuana smoking

Figure 7A ¢ Summary of the influence of dietary non-
nutrients on drug metabolism (64) .



Table 9.

Protein

Carbohydrate

Fat

Kilocalories

53

Correlation between nutrient intake and urinary
conjugated amino acids excretion

—— - ———————————————————— — ———————————— T ———————————————

Glutamine Glycine
0.12 -0.23 %
0.10 -0.01
0.07 -0.23 %
0.13 -0.08

- - ————————————————— - ——————————————————————— ——— -

* Marginally significant (0.1<P<0.2)
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man correlation analysis from the present study did reveal a mar-
ginally significant negative relationship between protein intake
and conjugated glycine excretion. Fat intake also showed a mar-
ginally significant negative relationship with conjugated glycine
(Table 9).

As mentioned in Chapter II, urinary amino acid conjﬁgates
excreted by normal adults consist primarily of hippuric acid and
phenylacetylglutamine (26). Benzoic acid, which results in hip-
puric acid as a detoxication process, is present in many fruits
and vegetables, especially in cranmberries and prunes. Some food
products such as ketchup are preserved with 0.1% of sodium ben-
zoate thus contributing to the benzoic acid intake (31). Benzoic
acid can also be formed by the oxidative breakdown of
phenylalanine (22) and extensive aromatization of quinic acid by
bacterial action in the intestine (70, 71). Since quinic acid is
a component of tea, coffee, fruit and vegatables (70), it may be
an important contributor to the normal output of hippuric acid.
Nevertheless, the present study and several reports from other
studies conclude that the relationship between the amount of food
intake containing benzoic acid, phenylalanine or quinic acid and
their contribution to glycine conjugate (hippuric acid) excretion
was not significant.

The relative importance of internal (physiological) and
external (environmental) factors in determining the human

xenobiotic metabolism capacity is open to debate. Two different
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perspectives can be considered. One view is that most of the
differences in drug metabolism are due +to internal factors,
especially genetic differences, whereas the other indicates that
differences are due to external factors including food, alcohol,
and tobacco use (64). The influence of envirommental factors, in
addition to genetic differences, however, is very likely the
cause of the interindividual variation seen in a population.
Vessell (74) suggested that there are possibilities of dynamic
interactions among dietary factors which further adds to the
human drug metabolism along with genetic and environmental
factors. He also explained that because of the interaction among
these multiple factors, conflicting results obtained . from drug
clearance studies resulting in large interindividual variations
are not necessarily contradictory.

In this study the three-day subject means were used to test
significance. This was done to minimize the large interin-
dividual variation, which most likely masks any effects of diet,
environment or genetics upon urinary amino acid excretion.
Unfortunately, the importance of these findings is still unclear
due to the small and uneven sample sizes in the subgroupings.
Also, +the dietary information obtained from the food frequency
questionnaire was to provide qualitative and not quantitative
information. Therefore, the questionnaire did not provide a
clear indication of actual dietary intake of the sample

population. This study will, however, at least stimulate the
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readers into further examination of one or more aspects of the
amino acid conjugation of xenobiotics.

The complexity of the subject matter represented by this
study with its many interactive factors is recognized.
~ Therefore, further research with more control on the subjects’
diet and lifestyle is needed to clarify the conjugated amino acid

excretion pattern of a free-living population.



CHAPTER V. SUMMARY

The amount of urinary conjugated amino acids excreted by a
free-living male population and the effect of certain factors,
i.e., vegetable, fruit, meat, and charbroiled food intake,
tobacco, alcohol, caffeine, and marijuana use, exposure to chemi-
cals and familial cancer incidence were investigated. Three days
of urine samples from 40 subjects who complied with the collec-
tion protocol were analyzed for each subject.

The mean conjugated glutamine excreted was 1.30 mmole/24 hr
or 8.74 x 1072 mmole/mmole creatinine/24hr. The mean values for
conjugated glycine excreted was 3.91 mmole/24hr or 26.38 x 1072
mmole/mmole creat/24hr.

For glutamine conjugate excretion, vegetable, fruit,
alcohol, chemical exposure and marijuana use showed marginally
significant differences among low, moderate and high consumers.
For glycine conjugate excretion, meat, caffeine, Jchemical
exposure, cancer and marijuana use showed marginally significant
differences among low, moderate and high consumers.

An analysis of variance revealed a large degree of between-
subject(inter) and within-subject(intra) variability. Glutamine
and glycine coefficient of variations of intervariability were
51.1% and 53.4%, respectively, whereas intravariability of those
were 37.3% and 31.4%. Probably, the large variability masked any
effects of diet, environment or genetics upon the observed

57
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urinary conjugated amino acid excretion. Therefore, better con-
trolled research is necessary to further clarify the conjugated

amino acid excretion pattern of a free-living population.
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APPENDIX - s

DETOXIFICATION PROFILE STUDY
198
PRE-ZXPEIRIMENTAL SURVEY

Ia order to assess your relacive abilicy to detoxify foreign subscances
(zeaobiotics), ve sust learn about the frequancy of your «xposure to chem. Please
ansver all of che following quascions as sccurataly and as honestly as possidle,
cememdering thac any informacion disclosed, vwill remain confidencial. To ensure
anonywity, please a0Cice the nusber in the space provided above.

This oumder vill De used as a code for purposes of daca analyses.

eEmeTIcs
1. Has anyoae, genatically crelaced to you, ever had aay form of cancer?
(Please circle the appropriace lecter.)
s. Yes ,’ b, No
2. 1f yes, please indicace which relacive by circling the aporopriace lacter.
1f wore than one relacive in each cactegocy had caacer, please indicace how
saay ia the space provided.
s. Mother g. Macernal grandparenc(s)
b. Paches h. Paceraal gramipacenc(s)
¢. Bcochac(s) i. Auac(s)
d. Siscec(s) j. Uncle(s)
e. Soun(s) k. Firse cousiars)
¢. Daughcterz(s)
DIZTARY
1. Afe you a Vegetarian? (Pluase circle the appropriaca leccer.)
a. Ma. M
b. Yas, I avoid all meacs, eg3s, and daicry products.
c. Yas, I avoid all asacs, buc consume eggs and/oc dairy products.
2. During the past moach, on Che average, how sany § oz. cups of hot/iced
coffae did you consume? (Circle the appropriace lectar.)
a. Nons e. 1=2 cup(s)/day
. b, 1=2 cup(s)/vaek €. 3-S5 cups/day
€. J=6 cups/week g. 6~10 cups/day
d. 3=6 cups/waek k. wmote Chan 10 cups/day
3. 1f coffae vas commumed, desucide the kind mesc [requeaciy used.

s. ecaffainaced, inscanc. ¢. dacaffeinacad, drewed.
9. caffainaced, drewed. 4. decaffeinsced, inscaams.
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Duriag :hc.puc moach, did you take any presccipcion medicacion for aay
ceason? (i.e. hypertansion, diabeces, seizure, pain, colds oc flu, insom=
aia, ecc.)

3. Yeas b. No

If yes, please aame the medicacion and escimaca the amount Caken.

Numoer of Days Taxken Numoec of Joses or Pills

J Name of Orug Lasc Monch Taken Cach Dav Used i

EXAMPLE: : . l
AMPICILLIN 10_DAYS 3 TS?2/9AY

Duriag che past moach, did you take any aon—prescoipcion zedicacion for
aay reason? (i.e. aspiria, cough msedicine, vicamia/miaeral/hecd suppie=
sencs, laxacives, aancacids, ecc.)

3. Yes b. No

If Yes, please name the madicacion and escimace the amouat Caken.

Numoer of Doses or ?ills
Taxen Zach Jav Used

Numoer of Davs Taxen
1 ___VName of Orug Lasc Monch
ELAnPLE:
J__EXCZIRIN

|

20 DJAYS ] & 2TLIS /DAY
l
|

I
I
l
l
|
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5=
ENVIIONMENTAL

Ue are iacaresced ia knowing if you are exposed o any chemicals during vork=
hours or wnile pursuing a hobby wnich might effec: your health. Such chemi~-
cals may be organic solvents such as xylene, benzenw, gasoliae, cacdon Catra=
chlocide, acecone, or agencs used in farming such as inseccicides and hechi=
cides. Paincs, glues, and binding agencs could also be included. Plaase
ansver che folloving quescions so that we can assess your leval of exposure.

1. Plaase lisc the names of subscancis which you kaow you have hardled orf
buen «xposed to ia the last month. If you do not know the name, writa a
descciption. We are chieily iaceresced ia organic (cacSombdased) com=
pounds. Such comgounds often have discinctive odorcs. 1If you are doubt ful
abouc vhecher 3 subscance qualifies, lisc it and lac us decide.

EXAMPLE: ACSTONE

a. £.
d. 'S
c. h.
d. i.
.. je

2. Place a scar (*) by each substance lisced abave, wrich you have deen
exposed 2o in the last two weeks.

3. Please RBANK your level of exposure to each subscance (lisced in quescion
1) according %o the following cacagories:

TOAILY OR A0St BAILY OR ALMOST WEZXL? EXPOSURE WEXLT ZXP0SURE
DAILY EXPOSURE. DAILY EXPOSURE. OR LESS. LOow OR LZSS. GREAT
LOW ?RECAUTIONS GREAT PRECAU- PRECAUTION PRECAUTION

TAKEN TO PRE- TION TAKEN TO TAKEN TO PRE- TAKSY T0 PRE~-
VENT IXPOSURE PREVENT EX20- VENT EXPOSURE VEUT XXPOSURS
(VERY HICH) SURE (HICH) (HE_QL[UN) (LOW)

. ' | | |

> I | l

|

c I | I

‘ | 1 |

. | I

¢ |

.

i

b)




b,

6.

10.

-6

To cthe best of your recollection, have you ever been exposed o orgaaic
subscances such u'p“cicidu. oil-based paiacs, ecc., for peciads of cwo
veeks or aore? (Ciccle the appropriace leccer.)

3. Yes b. Ne.

To che des¢ of your recollaction, have you ever sprayed a cropiield wich
an hecbicide or bewn downwind of a farm whicn does? :

a. Yas b, Ne

.If you aasvered yes Co wither questioa % or #5, how long ago did this ex~
posure occus? (Circle the appropriace leccter.)

a. less than 6 moacths ago e, 1=5 years agon
b. 6 monchs = | year ago d. more than 5§ years ago

If you answered ves to either quastions #& or 95, whac was che extenc of
your exposure ac thac time? (Usea the lavels of very high, hign, madiuam,
and low, as defined in quescioa #3 of this section.)

a. Very high c. Medium
d. High d. Low

If you ansvered e¢ither a or b in quascion 37, and {f you can scill remem=
ber the name of cthe subscance(s) Co which you ware exposed, slease lisc
thems below.

Do you have a wood=burning scove or fireplaca ia your home?
a. VYas b. Neo

If yes, how zany days did you use it lasc moach? (Circle the appropriaca
leccac.)

a. None d. 5=5 times/week
b. =2 times/week e. daily
¢. 3=4 cizes/vewk

C. EXSICISE HABITS

1.

How would you classify your daily exercise regime? (Circle the appropei-
aca leccter.) ’

a. lighc (sedeacary)

b. mild (1 HR scructured accivicy, i.e. spoccs, daancs, ecc.) .
¢. wmoderace (l-2 @R/Day, seruccucred accivicy, i.s. spoccs, dancing)
d. vigorous (conscruccion vock, ecc.)



70

i

2. 1If you answered Vigorous above, please describe:

3. Do you participace in any type of marachon races such as running, cycling,
etc?

3. Yas b. No
4. If yes, did this participacion occur within zhe past monch?

a. Yas b. Ne.
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DATE
NUMBER

DETOXIFICATION PROFILE STUOY
1984
FQQD FREQUENCY QUESTIONNA[RE

[. A variety of common food items are listed below according to major food Sata-
gories. Pleise use the following coding system to ingicate how frequently you
consuned each of the foods listed below aver the past month. (Please circle
the appropriate numoer.)

RESPANSE
Never
Jnce a montn
-3 times/montn
dnce 3 weex
=< Cimes/wasx
9=/ t1Imes/aeex
-3 times/aay
d=0 C1I1Mmes/day |
Qver o times/day |

P

m\ou Heqny {4

FI00S COTE

A. ML GaQU?

WNgi12 @ik 4ana 1Ce cream
3kim or low fat milk
Buttermilk

Canned, evaporated milk
Reconstituted powdered milk
Yoqurt, fruit flavored
Yoaurz, olain

8. |Vesc ~alzs

Alraira sprauts
Artichoke

Asoar ajus

Bean sprouts

Beats

Broczali

Brussal sprouts
Caboage

Carrots

Cauliflower

Celery

Chicory

Cucumoers

€ggplant

Green peppers

Beet greens

Chard greens

Callard gresns
Oange!ion greens
Engive or Escarole
Kale greens

Lettuce

& o b b o s
(YO RV N YV YV YT
OV ONOY OV O
NNNNNNY

000000000000 OO0OO0O0OOOOCC ooo0oood
00 00 02 = 02 02 00 0= 1= 12 =0 00 12 0 10 1 == 1 0= 1 1= 0 |00 1o 4t 00 40 4o o
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a0 G OG0 GO 00 €O 00 0O GO 0 GO O GO €O GO O 03 (O O (O O ) 0 0o G 0O G0 M O

mmmmmmummmwmmmwmmmmmmu
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F000S
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READS/CIRE\LS (cone.)

ceaas (conc.)

[~ X-W-Ne

o 0o o= 0=

~ NN

L 2

LR N Y

WA LA A

oo

NN NN

@ O» O (o

Cezeals

2eaa7=Co~eal ceceals
Cocked cersals

Geics, rice or bdarley
Pasci noodlaes

Sran flakes

Whest gem

Pooeacn

CN-N-N-N-N-N-)

o=t 0=t pe g=o s 0o 0|

N 0D N NN

W D D W L2 M

L K A

A LA A AR A WA An

L O W - - - 2

NN NN NN

0 00 G G G 0 o)

IR

Crackers

Sditines or soda
Gecabam

Bucter-type crackers
Wheat or crye vafars
Maczoch or Ovscer

Q000 g

- o e 0

CN N NSNS

D 2 L L

LR A I

(VRVEVEV NV

>0 o000

~N NN NN

Y YYX N

Léegumes
—

Beans (excepc lima)
Peas se leacils

o O

oo 9|

~ 0

- Lo

& &

(L RV

> O

o0 oo

1S5,

8.

Searsny Ve2eZad ies

Cara

Lima beans
Pocaco, white (except fried)
Pumpkia

Wiater squasn, acorm, etc.
Sueet 30C3CO Qr vam

Q0 000G

— e = e =

NN NN NN

. WD W2 2 W ]

oK B R O Y

(L RV RV RV RV EVE

> o o oo o

NN NN

00 0 o @ O

Qther dreaas

E.

Freancn fried pocacoes
Potaco ar cora chips
Other fried saacks
Pancakes or waffles

O O O Q

—— = —

0 1 0

- 2 2

A I o

(VR V RV R V]

o o O O

~N NN~

@ 0 0 O

EaTs

dees or veai

Lamo

Poultry

Pork, ham, or sausage
Shellfisn

Fisa

Liver, kidney or Congue
Cald cues

Hocdogs

E3ss

Peamucbuctar

Cactage cheese

Hard cheeses

000000000V OO0OoCG

00 0t 0o P 0 0 e P P e 0o e

N RN NNONNNNN NN N

(R RS NS R W R DT W O VT I T O OF O VR WP WP Ry WY
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JSofs, soreadadle cheese
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CLle

F. [FAVY

Buitar
Hargarine
Bacan

Crean
Cottonsaed il
Other oils
Nuts
Mayonnaise

L irg

0t 4t =t 9t gt P g p—o o—

LYY

[WE SN W WY W WY WY WEW

LR IR W A AN S

(XU RV NV YV YV YV NY ¥v)

OO OVhO

NN N N NN NN~

G. TATSCICANESUS

4CX pepper
Chaecalate or cocoa
Horsaragisn

(oYeo Yo QO0000O0O0O0OCC]

"
NN'\ﬂ
M“H

» &

wnou

(%]

o Oy O

~

o 00 O 2 00 00 (D GO 00 0O OO (xo

[l. [f there are any foods which are not included in Part [ and which you regue

larly consume, please list delow and indicata the freguency.

PUUUS LJle
Cirreinataq 3a04as J : é 3 0 / g
| J - 4 3 o + 3=
J 1 ¢ 3 9 [/ 3!
J ra d 3 o / 8|
J /4 4 3 8 / 381
g L ¢ 4 4 3 o /7 381
Jy L J J & 35 o / 381
J 3 4 3 8 / 4|
J ¢ 3 & 3 o / 31
J ¢ 3 4 3 8 / 31
J ¢ 3 4 3 o / 4.l
| J Z 3 <« 3 3 / 3.1
i Jd L ¢ 3 4 35 3 /[ o
1} 9 L ¢ 3 4 3 95 + 3

[II. Ouring the past month, how freguently did you consune char-drailed or durnt
(Circle the appropriate lettar.)

fooas?

a. None
B. l-3 times/manth
€. l-3 times/wesk

4-3 times/week
1-2 times/day
over 2 times/day
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3. 1If you smoke, how much of each product do you use?
ace lecter uader each applicable cacegory.)

Cizarecces Cigae
a. less chaa l/day a. lass thaa l/day
b. l=5/day b. l/day
c. 6-10/day c. 2/day
d. ll-15/day d. l/day
e. 16=20/day e. &4/day
g. 21=25/day €. Se/day
g. 26=10/day
h. 30e/day

4. If you smoke, do you cegularly innale the smoke inco your

the appropriace letzar.)

a. Yes, mosc of the Cime.
b. Occasionally, some of the tima.
¢. No, L ery noc to.

(Ciccle the appropri=

3. less than l/day
b. l/day

c. 2day
d. J/day
e. &4/day
£. Se/day

luags? (Ciccle

. [ you use ocher tobacco products, plaase indicace sach form used, and the

frequency vich which each is used. (Please check (v) the appropriace box.)

Monchle
a. Soufs [§]
b. CQheviag Tobacco (]
c. Othec [}

D. OTHER SOCIAL DRUGS

Yeeklv Dailwr

———
———
———

|
8!

Plaase check @) che appropriace box which indicacas the relative frequancy
wizh which you have used the following Cypes of drugs withia cthe lasc moach.

Tcied 'lasc monch

|USDD, Buc | US&d -3 | USD ac | USD ac | ]
Never Noc ina times ia leasc | lease 4 |[usad
lasc moach t:‘._:_u/'ueek ‘tize/veek ‘DAILY'

L. Cacaiae 1 | t

1 0

(LSD. Mescaline)

J. lanaleacs (zlue)

!
2. Hailucinoguns I I '
| ' |

) !

4. Herotin

]

5. Mar:iuana ar dasa
6. Stimulaacs
(Ampnecamines, diet

oills, soewd)
1. Tranquilizecs

(Valium, quaaludes,
onenabacbicol)

3. Octnec Yarcotics
(Cadeina, Ooiua)




c.

l.

2.

Duciog Che past moach, on the average, how aany § nz. cups of hoc/icud Caa
did you consume?

a. Noae e. 1=2 cup(s)/day

b. 1=2 cup(s)/vweek £. 3-5 cups/day

c. J=4 cups/veek 8. 6-10 cuos/day

d. 3=9 cups/veek ° h. wmore than 10 cups/day

I£ Cea vas consumsd, describe the kind mosc frequancly used. (Please
cizcle the appropriace lectur and specify the brand name in the soace’ pro=
vided.)

a. Regular or Black Teas
b. Oriencal or Green Teuas
¢. Rarbal Teas o

Is che teaz described in questioa #5, decaffeinaced? (Circla the appropri-
ace lecter.)

a. Yes b, No ¢. Uncartain
Burincg the past monch, how frequencly did you consume EACH of the follow=

icg kiods of alcoholic deverages? Using the code below, cizcle the number
followiag each product thac most closely corresponds €O your incake.

0. None the encirs Moach
1. 1=3 cimes/monch

2. 1=2 times/wveek

3. 3=4 times/wveek

4, S5=6 cimas/waek

S. oace/day

I 6. 2=3 cimes/day

7. wmore than 3 cimes/dav

a. Beer 0 1L 2 3 4 5 6 7
b, Wine 0L 2 3 & 5 6 7
¢. Mixed Drinks 0 L 2 3 &4 S5 6 7
4. Cordials 01 2 3 46 5 67

TORACCD PRODUCTS

Do you smmoke tobacco products? (Circle the appropriace lecter.)
a. Yas b. No

1f yes, which product(s) do you use? (Cizcle EACH appropriace lecter, acd
spacify the 3rand Name 20sC frequaeacly used.)

a. Cigarectas (beand)
d. Cigars (bcaad)
¢. Pipe Todacco (brand)

————————
d. Othec (descside)
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