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(ABSTRACT) 

The objective of this research was to quantitatively assess 

the urinary 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 

marijuana 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 10-2 mmole/mmole creatinine/24 hr. The mean 

value for urinary conjugated glycine was 3.91 mmole/24 hr or 

26.38 x -z 10 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 variation for glutamine and glycine for inter-

variabili ty 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 lipoproteins 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 
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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 phase 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 II 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 II 

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 xenobiotic 

and/or its metabolite(s) undergo multiple phase I and phase II 

reactions both consecutively and concurrently (1,7). In some 
~ 

cases, phase I 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 II 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 

(5,7). Therefore, more recently, the term biotransformation has 

been adopted to collectively describe all of the phase I and 

phase II 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 biotranaformation is inactivation and enhanced 

excretion (10). 

Xenobiotics and/or their metabolites are excreted from the 

body 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 

complementary; however, 

pathways of excretion are known to be 

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 is 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-

ranee 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 its occurrence. It is 

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 for 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 (18,25,26,65). 

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%). In Table 

1, the quantitative data of the 9 amino acids are listed in 

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

9 amino acids (85-90% of total) 

Glycine 

Taurine 

Histidine 

1-Methylhistidine 

Glutamine * 
Serine 

3-Methylhistidine 

Alanine 

beta-Aminoisobutyric acid 

Total 

Range 

710-4160 

220-1850 

130-1370 

130- 930 

310-620 

180-520 

60-500 

0-500 

micromoles I 24 hour 

Average 

1687 

812 

790 

433 

at least 350 

374 

323 

257 

252 

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 urine 

was predicted to occur in part from glutamine hydrolysis. 

Therefore, the glutamine value shown in Table 1 is actually 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 50 

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). Therefore, 

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 liver and renal tissue, par-

ticularly renal cortex. These studies support the view that the 

kidney can be an important site of glycine conjugation, 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 f orma-

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 thioester 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 

which 

conjugation reaction 

probably involved 

involved 

an aromatic 

a high-energy intermediate 

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 ----------------------> R CO AMP + PPi 

R CO AMP + CoA SH ---------------------> R CO SCoA + AMP 

R CO SCoA + H N CH COOH --------> R CONHzCHz 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 

thioester 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 location 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 



18 

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, is 

highly influenced by an extremely large number of variability or 

"host" factors (37-41). These factors can be broadly classified 

as environmental, physiological and genetic. However, there is a 

complex and dynamic interrelationship between all variability 

factors, irregardless 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, 

amino acid 

investigated. 

physiological and genetic factors influencing the 

conjugation mechanism have not been thoroughly 

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 life 

(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 vitro 

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 

Nevertheless, neither study determined whether 

these variations was genetic or environmental. 

G. Justification 

acid 

the 

hydrazide. 

source of 

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. Since 

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 view 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-

crated 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; 

2. to determine the range and interindividual variation of 

glycine and glutamine conjugate excretion on a twenty-four 

hours basis; 

3. 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 

4. to examine the interindividual population profile (objective 

2) for correlations between the 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 

of Conjugated 

Murano ( 56) . 

methods can be found in "The Urinary Excretion 

Glucuronic Acid in Healthy Male Volunteers" by P.S. 

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-

ti tate 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 

l. 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, 

(57,58,63). 

thus enhanced drug clearance in human 

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 follows: 

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 6 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 

marijuana 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 
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(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 urine 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 urinary 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 urine 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. However, 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. 4 Any necessary sample dilution was 

done before ultrafiltration. 

Filtered urine (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 HCl with 1 % phenol was 

added to the reaction vessel containing individual sample tubes 

(Figure 4). This allowed the use of HCl vapor for hydrolysis in-

stead of HCl liquid. 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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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. 

for injection, 100 ul of diluent 

When the sample was ready 

(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+/- l."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 vari-

able groups. Additionally, Spearman 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) value 

of between 0.1 and 0.2 was defined as marginally significant 

whereas a P value lower 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 weight/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 urinary 

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) 

Conjugated 
amino acid 

Glutamine 

mmole/24 hr 

mmole x10-z. /mmole creatinine/24 hr 

Glycine 

mmole/24 hr 
. -z. 

mmole x10 /mmole creatinine/24 hr 

* SD = Standard Deviation 

mean ± SD * 

1. 30 ± 0. 66 

8.74 ± 4.40 

3.91 ± 2.08 

26.38 ± 15.45 

range 

0.28 -3.97 

1. 81 -20. 77 

0.70 -11.74 

5.18 -87.94 
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Table 3. Inter and intra subject variation in urinary excretion 
of conjugated amino acid (n=40) 

Variation 

inter CV * Intra CV 

Glutaaine 

mmole/24hr 51.1 37.3 

mmole/mmole creatinine/24 hr 50.3 36.0 

Glycine 

mmole/24hr 53.4 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 

Glutamine Glycine 

Parameter Class n mmole x 10-z/mmole creatinine/24 hr 

Vegetable L 21 7.72 -* 2.31 * # 23.57 ± 9.34 
M 10 10.79 .:i: 5.55 34. 71 ±21. 32 
H 9 8.86 ± 2.61 23.69 .:I:. 9.40 

Fruit L 29 7.96 .:i: 2.91 * 24.71.:H0.21 
M 7 11. 62 .:i: 5.24 26.23 ±14.22 
H 4 9.36 .:i: 2.78 38.79 "'-29.66 

Meat L 25 8.48 ±. 3.04 29.49 ±15.48 * 
M 9 8.35 .:i: 4.02 22.85 ± 9.53 
H 6 10.40 ± 5.15 18.75 ± 7.59 

Charbroil L 32 8.42 .± 3.13 26.65 ..±13.95 
M 0 
H 8 10.03 :.I: 5.11 25.30 ±14.25 

* Marginally Significant (0.l<P<0.2) 

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

Glutamine Glycine 

Parameter Class n mmole/24 hr 

Vegetable L 21 1. 20 :1:0. 45 # 3.79 ..%1.93 
M 10 1. 38 :1:0. 62 4.37 ±2.04 
B 9 1. 43 ±0.65 3. 66 ±1. 46 

Fruit L 29 1. 27 :1:0. 56 3. 96 ±1. 82 
M 7 1. 50 :t:O. 5 7 3. 26 ±1. 48 
H 4 1.19 ±0.28 4.68 :J:2.68 

Meat L 25 1. 20 :1:0.45 4.20 :1:2.10 
M 9 1. 40 ±0. 71 3.77 .:H.30 
B 6 1. 56 ±0. 59 2. 90 .:J:l. 04 

Charbroil L 32 1. 26 ±0. 53 3.93 ±1.86 
M 0 
H 8 1. 46 :J:O. 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.l<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 6), 

conjugated glutamine excretion for the factor alcohol showed mar-

ginally significant differences (0.l<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 .:i:.14.51 
M 3 6.24 ± 3.62 24.14 3:. S.87 
H 1 9.17 ± 0 30.27 ±. 0 

Alcohol L 31 8.22 ± 3.32 * 25.84 :U3.68 
M 9 10.S4 ± 4.11 28.26 .:US.OS 
H 0 

Marijuana L 3S 8.99 ±. 3.72 26.22 :U4.68 
M 2 8.24 ± 1. 31 23.18 ±.10.02 
H 3 6.20 ± 1. 91 30.38 :I;. S.96 

Caffeine L 23 9.01 ± 3.93 27.39 .U.4.98 * M s 7.S2 :!: 3.97 17.4S ± 8.35 
H 8 7.81 ±. 2.88 30.70 :HS .12 

Chemical L 20 7.78 ± 3.87 ** 25.61 ± 9.80 * M 10 11.19 ±. 2.5S 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 * N 22 8.61 :I: 2. 55 22.87 ± 9.74 
-----------------------------------------------------------------
# Mean .±. Standard Deviation 

* Marginally Significant (0.l<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 

Parameter 

Tobacco 

Alcohol 

Marijuana 

Caffeine 

Chemical 

Cancer 

Class 

L 
M 
H 

L 
M 
H 

L 
M 
H 

L 
M 
H 

L 
M 
H 

y 
N 

n 

36 
3 
1 

31 
9 
0 

35 
2 
3 

23 
5 
8 

20 
10 
10 

18 
22 

# Mean + Standard Deviation 

Glutamine 

mmole/24 hr 

1. 35 ±0. 54 # 
0.86 ±0.39 
0.94 ±0.0 

1. 25 ±0. 56 * 
1. 47 ±0. 42 

1. 36 :t:O. 55 * 
0.92 ±0.02 
0.90 ±0.02 

1. 20 ±0. 51 
1.18 ±.0.61 
1. 27 .±0. 29 

1. 19 :i:O. 54 * 
1. 62 ±.0. 54 
1. 20 ±0. 43 

1. 23 ±0. 54 
1.36 .:0.54 

* Marginally Significant (0.l<P<0.2) 

Glycine 

3.96 :1:1.91 
3. 56 :1:1. 23 
3.08 ±0.0 

3. 89 .:U. 79 
3.97 ±2.13 

3. 92 .i.l. 93 * 
2.58 ±0.72 
4.59 ±0.53 

3. 60 ±1. 53 * 
2. 76 ±1. 34 
5.23 ±2.59 

4.07 ±1.97 
4. 20 :i:.l. 29 
3.28 ±2.07 

4.34 ±2.21 * 
3.55 ±1.44 
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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.l<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 literature 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 

Woodson(68) 
(1947) 

Stein(18) 
(1953) 

West(31) 
(1966) 

This study 

Subject 
(n) 

8 

3 

40 

* Not reported 

Conjugate (mmole/24hr) 

Glycine(range) Glutamine(range) 

* 2.15 (0.49 -4.82) 

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

9.53 (1.73 -17.33) * 
3.91 (0.70 -11.74) 1.30 (0.28 -3.97) 
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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 also 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 value) 

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 was ex-

crated in urine was present in some very labile combination. 

Therefore, 
0 

even at 4 C, the labile form of conjugated glutamine 

may have escaped the determination 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 £actors 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.l<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 individuals, 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 

precedent. 

results obtained in this study are not without 

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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Table 9. Correlation between nutrient intake and urinary 
conjugated amino acids excretion 

Nutrients Spearman correlation coefficients 

Glutamine Glycine 

Protein 0.12 -0.23 * 
Carbohydrate 0.10 -0.01 

Fat 0.07 -0.23 * 
Kilocalories 0.13 -0.08 

* Marginally significant (0.l<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 conjugates 

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 cranberries 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. 

differences in drug metabolism 

especially genetic differences, 

One view is that most of the 

are due to internal factors, 

whereas the other indicates that 

differences are due to external factors including food, alcohol, 

and tobacco use (64). The influence of environmental 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 10-~ mmole/mmole creatinine/24hr. The mean values for 

conjugated glycine excreted was 3.91 mmole/24hr or 26.38 x 10-2 

mmole/mmole creat/24hr. 

For glutamine conjugate excretion, vegetable, fruit, 

alcohol, chemical exposure and marijuana use showed marginally 

significant differences among low, 

For glycine conjugate excretion, 

moderate and high consumers. 

meat, caffeine, chemical 

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 
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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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AMP!C:U.I.'f 

'II. Ila 

N...a•r ot O•~• r.-.n 
use ~oncl:I 

10 DAYS 

Nwmi•r ot ~o••s or ?ills\ 
Takotn !acl:I !)av Usotd 

3 'l'Sl''!lA'! 

l. Dl&C'i:ic chc paac soncll., cli.d 70" ca• any 11an-11rHc:-ipcio11 -dicuioa for 
aa, raaaoa? Ci.•. aa,icia, cou1h .. diciac, vic~ia/miaotral/11.crb s1&ppl•-
•11cs, i ... civcs, aacaci4a, ccc.l 

•· Yes 

IU.U-.1'U:: 
E:Cc::l Rt :f 

b. lfo 

NWllllcr oi Oa~s T.aitotn 
L.asc '.'!oncl:I 

~O :lA'!S 

Nwno•r oi Oos~s or 

I. ?!!.:.S :o.w 
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We .are iacerestold io knovin1. if you are ._,~oscd co any chemicals durift§ work-
hours or wni.le pursuing • hobby wi\icll sight cf f•c: your health. Such dlemi-
cus iuy be or;•nic soLvencs suc:h .as llylcne, b•nz•n•, aasoli.oc, car:ioa C•crr 
dlloride, ac•Colle, or q•acs us•d ill far:aing sucll u insect i.c id•s w hcrbi.-
cid•s. PaillCs, slues, and bindiag agencs could also b• iaclud•d. Pl•••• 
•aaver cba follovillg qU11scioos so Chae - can .assess your l•v•l of apo1ur•. 

l. Pl•ue lisc th• 11-s of sullscancois viii.ch you kuov you ·have har•H•d or 
llc•a uposeci co io Ch• lase 1110nth. tf you do llOC kllov th• n••· ~ice a 
d•sc~ipcioa. W. arc cti'!';ily'TaWuced ia oriallic (cu!:ton-!lascdl ca.-
pounds. Suell ca11ouads oic•n have discillccive odon. tf you arc doubc!ul 
allouc "'*'•tiler a sullscaaca qualifies, list it •ad let u1 decide. 

Ct.\.'U'u:: ~A~Q:~TO::.:.;;ME:.:.., ____ _ 
•• f. 
b. ,. 
c. h. 
"· i. 
•• j. 

2. Place a ac•r ( •) by ucll sullscanca lisccd above, ..a icll you hav• b•er: 
upoHll co ia clla l!!i ~ ~ 

J. Pleua INCi: 7CNr Level of apa•ur• ca Heh 1ull1caac• ( liuold ia qucsciaa 
l) accorllillg ca cha faLLovin§ cac•1arics: 

C.Ul.'l il& ~10ST O.Ul.'t oa .U..'lOST wt~U'l WOSiJU: 1.'i~'l a::t10SllU 
DAit:t mosuu:. DAI~Y mosuu. OR USS. I.OW oa r.zss. c:u.u:I 
I.OW l'!ltC.\llTIOMS Cll..\l' PU:C..W- PU:C.un'ION P!lEC.wTION 

I t.\a.'I TO l'!lE- noN ~:i TO TAIU::I to l'llE- ?.uc?:I TO P!E-
vt.'IT mosuu; PllE'IL'fT E:aO- vt.'1T C<l'O SllU VCIT mo SUI.! 

(VUY llIClll SURE ( lfIC"d l (!1!0 tmt) (I.Oil) 

I I I I 

C;.!...------------~--------------.....:.----------------:--------------~ .I 

:I 



lo. To Che bcsc: of yo1U' rec:ol lec:c: i.oa, have you cvot ~ been cxpoud ; 0 organic 
1ua1taac:H auc:h u pesc:icid1u, oi.l-based pa'UiU, ccc:., foe" pe:ioda of c:-.10 

wc&a or mn? (Circ:lc the a1111ropri.ace lecccr. l 

a. 'C•• b. Na. 

5; to ch• bcac of your rec:ollccei.on, have you~ sprayed a c:ro11field 11i.c:h 
aa herbi.c:ide or bat1a downvi.nd of a L'am wh ic:n dOH? 

a. 'CH b. lfo 

6 •• It you aaavar..t yes co eicher qUt11ci.on 14 or w5, hov lone •!O did chis .a-
paaurc oc:=ir? (Circ:lc che a1111ropriacc lecccr.) 

a. l••• chaa & aionc:ha ago c:. l-5 years olC" 
b. 6 manc:ha - 1 year ago d. more than 5 years ago 

7. If you auvarcd y•• to ei.cher que11c:i.ona 1#4 or 95, what 11a1 clte ac:•nc: of 
your D!IO•ut• ac: c:hac: Cimt1? (U1t1 Che L.avela of ve~ high, higil, medium, 
ant lov, u defi.atld i.a queac:i.on 13 of cnis Hc:ei.on.l 

a. Very hi&h 
b. Ri.&h 

8. It :rou aaaverlld eic:nar a or II in queac:i.on #7, and i.t you c:an sc:ill r•--
bcr th• n ... of th• sub1c:anc:e(1) co vili.c:h you ... :• exposed, ,l•aa• tiac 
en- bdov. 

a. 'CH b. No 

10. tf yes, hov sany days did you use i.c lase sonc:h? (Circ:le Che appropriate 
lecccr. l 

•· None 
b. 1-? ti.au/week 
c:. J-·•." c iDH/veu 

Q. Ct!ru:'!SE KA8t?S 

d. 5-~ c iau/ve.U. 
e. daily 

1. How ,....14 y0ta c:lacai.fy ,.our daily .... rc:i•• rcgiaa? (~i.rc:le Che appropri-
ate lee car.) 

a. lisnc: ( aedaacaryl 
b. ai.ld (1 U acruc:c:ur..& acei.vi.c:y, i..a. spores, daac:c, ecc:.) 
c: • .,.darace Cl-? aa/Day, acruc:eurcd aceivi.c:y, i.e. spores, daac:incl 
d. •i1orau1 (c:onac:ruc:c:ion var!&, ec:c:.) 
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3. Do you parci.ci.pac• i.a •II!' cyp• of aa.r.ichoo racH sw;ll u nannin1, c:yctias, 
•c=? 

a. Y•s ll. Mo 

4. If ,...., 4id chis pan:ic:i.pac:ioa oc=ur vi.chin :hot pasc moncll? 

a. Yu ll. !lo. 
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DETOXIFICATION PROFILE STIJOY 
1984 

FOOD FREQUENCY QUESTIONNAIRE 

CATE 
NUMBE~--------

I. A variety of camnon food items are listed tlelow according to major food :Jte-
gories. Pluse use the followfng coding systn to inoicate now frequently you 
consuned eacn of the foods 11 Sted tie low ayer the past montn. (Please :1rcle 
tne appropriate numoer.) 

l,;uuc. i<t.~l'·Jll::i~ 
u Never 
! unce a :nontn 

' z-J t1mes1montn 
J unce a ..ee!t .. Z-" t imes1wee!t I 
~ ~-1 t imes1· .. ee!t 
0 z-J t imes1aav 
I -.-o t imes1aav 
II ave!"' o t imes1aav 

rU\n 1.UUt. 
A. IM11 •. <. GilOUi' 

•no 1e :n1" 4no ice c:-um u 4 ' J .. ~ 0 I d 
~&im or low fat milk 0 l z 3 4 s 5 7 a 
But:e:":lli 1 k 0 l z 3 4 s 6 7 a 
Canned. evaoorated milk a l z 3 4 5 5 7 a 
Reconstituted powc:le!"'ed rai 1 k a l z 3 4 s 6 7 a 
Yogurt. fruit flavored a l z 3 4 5 6 7 a 
Yoaur~, ol ain 0 l 2 3 4 5 6 7 a 

B. VC.'-'C.. ,.,al~~ I 
Al rai ra sgrouts u 4 " J 4 ~ 0 I d 
Art icno&e a l z 3 4 s 5 7 a 
Asoarl9us a l z J 4 s 6 7 a 
Bun sprouts 0 l z J 4 s 6 7 a 
Beets a 1 2 J 4 5 6 7 a 
Broc:olf 0 1 z J 4 s 6 7 a 
Brussel sprouts 0 1 z 3 4 5 6 7 a 
C.l!loage a l z J 4. s.. 6 7 a 
Carrots a 1 z 3 " s 6 7 a 
CdUliflower a 1 z l 4 s 5 7 a 
Cele!"'y a l z 3 4 s 6 7 a 
Chicory a l z 3 4 s 5 7 a 
Cucuamers a l z 3 4 s 6 7 a 
E99plut a 1 z 3 4 5 6 7 a 
Gr-ten Pe!IClll"S 0 1 z 3 4 s 6 7 a 
Beet greens 0 l z J 4 5 5 7 a 
Chard greens 0 l z 3 4 s 6 7 a 
Co 11 ard greens a 1 z 3 4 s 6 7 8 
Danoe!ion greens 0 1 z 3 4 s 6 7 a 
Enoive or Escarole a l z J 4 5 6 7 8 
Kale greens a 1 z 3 4 s 6 7 a 
Lettuce 0 1 z 3 4 s 6 7 a 



rocos 
a. -· -

tt&acar= ir••aa or •••• 
Spi.uch 1rHaa 
?11&"11i.11 sn.u 
l'aabrocaa 
o:aa 
011ioaa 
ladiail•a 
hnl11y 
ParHipa 
lhullarll 
liacalla1a 
Sau•Br~c: 
Scri.q b.aaaa, sr••ll or yel lav 
s-r squaall 
?-..cou 
?ll&'llipa 
V•s•C.ali le j14iC• 
Z..c:ll ini. 

c. F'lWtTS 1 fro1sn. dno!CI or ;uic:c 
,\pph 
.Lppluauce 
apri.c:ica 
laa&aa 
krri.a 
Cherri.a 
Cidar 
Dacu 
Fi.as 
cn,•fr..i.c 
cu, •• 
Hon11y 
ttaqo 
Mel.om 
lfec:ari.ae 
Oraq, 
h!l•Y• 
Pua 
Pear 
Pers~ll 
Pi.aea,ple 
Pl .... 
P~aea 
biaiu 
t'•nae:iin• 

D. I !RE..\llSICZl!L\LS 
I l. 3r11a.ia 

Wll~ce, irellCll, tc.M.~•• 

llbeaC 
lye or poaperllicul 
ltai.a i.11 

-z-

ice l"d"cs l I 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
a 
a 
0 
a 
0 
0 
0 
0 
0 

a 
0 
0 
0 

l 
l 
1 
l 
l 
l 
l 
1 
1 
1 
1 
l 
l 
1 
1 
1 
l 
l 

l 
1 
l 
1 
l 
l 
1 
l 
l 
1 
l 
l 
1 
1 
l 
l 
l 
l 
1 
l 
l 
1 
1 
l 
l 

I 

;: l "' 5 6 1 a 
z l lo ' 6 7 a 
z J lo ' 6 7 a 
z J lo ' 6 7 a 
z 3 lo .5 6 7 
z 3 lo ' 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
% J 4 5 6 7 
z J lo 5 6 7 
z l lo 5 6 7 
z J lo 5 6 7 
z J lo 5 6 7 
z l lo ' 6 7 
z J lo ' 6 7 
% 3 4 5 6 7 

I 

z l "' s 6 1 Ii 
z l lo 5 6 7 a 
z 3 lo 5 6 7 
z J lo 5 6 7 
z l lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z 3 lo 5 6 7 
z J lo ' 6 7 
z J lo 5 6 7 
z 3 lo 5 6 7 
z 3 i. 5 6 7 
z J lo 5 6 7 8 
z 3 .. 5 6 7 8 
z 3 lo .5 6 7 8 
z J lo 5 6 7 8 
z l lo 5 6 7 8 
z 3 lo 5 6 7 a 
z 3 lo 5 6 7 8 
z 3 lo 5 6 7 a 
z J lo 5 6 '7 a 
z 3 lo 5 6 7 a 
? ] "' ' 6 7 8 

z J "' s 0 7 Ii z l lo .5 & 1 a 
z l lo 5 <i 7 a 
? 3 lo ' 6 7 ! 



D. 
I FOODS 
!!lt!.\DS; CZ:U::.\L..i l c:anc. l 
ll. !nau \c:anc.l 

:. 

'"· 

S•1d 
ltlffim 
lolla 
!un.t 
C4::"C.1l~ 

a.~:,r-co-eac c:arcala 
Cookad c:araaJ.a 
eric:1, rica or barley 
PH C.1 aaad l•• 
Ina fl.alcH 
llhoHC &•ca 
Pcac::i~ 

S•lC: 111u or sau 
er.ail• 
S..c:car-cypa c:racX.ra 
Wllau or rye wafers 
itac:ccll or Ov•c•r 
!.4CWllaS 
a ... laac:apc limal 
P•u or l11:ic ih 

.. . 
C4r.s 
t.ima llaaaa 
Pcc.aco, lollaica Cacapc 
Pumiikia 
Wi.ncar squaah, acorn, 
s-.. c ~OC.lCO or .... 

lo. acne:- orea11.1 
i'renc:n. tr i.414 poc .ac:i11a 
Pocaca or car~ c:hips 
Ocher fri.t saaclu 
P3nc&kas or ~af~las 

·-· a •• , •Jr Y•_.'-
I.-o 
Paulc::y 
Park, b•, or •-.1•1• 
ShaUfisll 
Fi.sh 
t.ivar, kidnay or COii&"• 
C:ol4 cues 
&ocda1s 
!;p 
Pea111clluc:car 
C::icc ... =•••• 
Hard Cllaues 
Sac: tarudail le Cllaese 

fri.m) 

ace:. 
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I 

I 

I 

Q 

0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 

Q 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

l 
l 
1 
1 
1 
1 
I 

1 
1 
1 
1 
1 

l 
l 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 

CO~E 

z J lo .s 
% l 4 ' 
% J 4 ' 
2 J 4 ' 

% J lo s 
% l lo ' % J lo ' 2 l lo ' 2 3 lo ' 2 3 lo ' 2 3 lo ' 
2 J lo .s 
2 3 lo ' 2 J lo ' 2 3 4 ' % 3 lo 5 

% l '" s 
2 3 lo 5 

2 j '" .s 
2 3 lo ' 2 l lo ' 2 3 lo ' 2 3 4 5 
2 3 4 ' 

0 7 8 
6 7 a 
6 7 a 
& 1 a 
0 7 8 
6 7 I 
6 7 I 
6 7 I 
6 7 I 
6 7 a 
6 7 a 
0 7 ll 
6 7 8 
6 7 a 
6 7 a 
6 7 8 

ii 1 8 
6 7 s 
6 1 a 
6 7 8 
&"" 7 a 
6 7 a 
6 7 a 
6 7 8 

2 J lo s 6 1 0 
2 3 lo ' 6 7 8 
2 l lo ' 6 7 8 
2 l :. 5 6 1 a 
% J :. s it 1 ll 
2 J lo ' 6 7 a 
z l lo ' 6 7 a 
2 J lo ' 6 7 a 
2 3 lo ' 6 7 a 
% 3 lo ' 6 7 a 
2 3 lo ' 6 7 8 
2 l lo 5 6 7 a 
1 l lo ' 6 7 a 
1 3 lo ' 6 7 s 
2 3 • ' 6 7 I 
1 l 4 ' 6 7 a 
2 3 • ' 6 7 a 
2 3 lo ' 6 1 8 

I 

I 

I 
I 

I 
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r\Juu:::. I 1..1.1.C. 
F. ""' ) 

I 
But :ar ... u L ' J • ' a I d 
r!ar9•rine 0 l .z J 4 5 6 7 s 
Bac~n 0 l z J 4 5 6 7 s 
C:-un 0 1 z J 4 5 6 7 s 
Cottonu!d oil 0 l 2 J ·4 5 6 7 s 
Other oils 0 1 z J 4 5 6 7 s 
Nuts 0 l z 3 4 5 6 7 s 
Mayonui se 0 l 2 J 4 5 6 7 s 
L!l"d I) 1 z ·J 4 5 6 7 s 

G. HL~1.:.:..:..,;~f·..iU:i I I 
1111.icx pepper IJ ~ ' J .. ~ a I a 
Chocolate or cocoa 0 l 2 J " 5 6 7 s 
Hor~e!" !di sn 0 l z 3 4 s 6 7 s 

I I. If there are any foods wrdch are not incl uaea l n ? art [ and ...n ich you r~u­
l •r 1 y co~llllle, please list below and lna1cate the frequency. 

rl'JOOS 
•J • : 0 I 

d i 2 j '1 ' a 

j t ~ s i ? 4 ; 
' a 

I i I ! ! ' a 

i ~ ~ 
' 0 

l ' 0 

j t 2 i .j, ~ ~ ~ .. ' 0 

' 0 

' ' 
III. During the ~ast .110nth, how fr!Quently did you consi.ine :nar-br:iiled or ournt 

fooas? (Circle tlla appropriate letter.) 

a. None d. 4-0 t imes/wee.lt 
b. 1-3 times/month e. 1-Z times/day 
c. l-3 times/.,..~ f. over Z times/day 

d I 

a 
~ 

l 
j 
0 ' 
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l. tf 1CN -k•, hov much of each praciucc 4o you use? (Circle c:he apprapri.-
ace leccar llllder each applicall l• c.ac:e1ory.) 

Charn:H Cisar Pi.ae!ilts 

•• lua Cball 1/4.ay •• 1us chaa l/day •• Leu chaa l/d.ay 
Ill. 1-5/d.ay Ill. 1/d.ay Ill. l/d.ay 
c:. 6-10/d.ay c:. Z/d.ay c. Z/d.ay 
ft. 11-15/d.ay d. l/day d. l/4ay •• 16-?0/d.ay •• 4/d•'! ... 4/day e. Zl-?5/day e. S•/day f. 5•/d.ay 
I· 16-JO/dar 
II. lO-/day 

4. tf 1CN -"· do JOU r .. ularly i.lliwl• cha •-k• i.aco your lua1s? (Circle 
Ch• appropri..ac:e tec:cer.) 

a. TH, ••C: of Che Cima. 
Ill. Occaalaaa11y, •-• of Ch• cima. 
c:. No, t cry aoc co. 

~. U 7'0" ,... acller collacc:o produces, plaue i.ndi.c:.ace •HC:h form uHd, and Che 
freq•ac1 vicll •i.ch eac:la i.a uaed. (Pleua c:hec& (ti) Cb• apprapriau boa.) 

a, Smaff 
II. i:il.vi.1111 "rollac:c:o 
c:. Ocher-----------

D.~~~ 

~nc!:ll., 

LI 
CJ 
(I 

Plaue cbeck c"1 Cb• approttriac:e boa wbi.ch i.ndi.cacu Cha relaci.ve fnquenc:y 
vi::ll wni.ch )llMl U¥e used c:lle followi.1111 cypH of dr..11 vicbia ch• lase 11aac:h. 

1. Coic:.u:ie 
2. ija•l..ciaa1eaa 

(LSD. ~escalinel 

5. ~r~iuaaa ~r ~aan 
6. Sc:waalaau I 

C.i.pnec:~iae1, ~iec 
oi.lls sM•t> 

7. Tr&a11ui.luec1 I 
(Valium, q•iaal...&ea, 
ohen.allarlli. col) 

i. Ocaer ~arcac~c:a 
(Coidei.ne. Oai.um) 

I USil:I, auc If..,• r I !foe: i.a 
Trilld Lase monc:h 

I us~ 1-J I ;isZ!I ac I us~ ac 
c imes ia I Laue l lease: :. 

lase: !llOnc!:I c i=e/veoek · c '-e/t1eek 
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lo. Ouri111 th• paac -ach, an the .wens•, llav caany ~z .• c1.1p1 ac lloc/ic•d c•a 
did 1- coaa.-? 

a. 1'0ae 
II. l•? c1.111(s)/-e1L 
c. J-4 c1.111•/-u 
d. ,_. cvp•/-..& • 

•· l•Z cvp(sl/day 
f. l-5 cvps/day 
I• 6•10 Cl.l?S/day 
II. more tllaa 10 c1.111a/day 

'· If tea vaa cou ... d, ducribe th• ll~ad cao.c fraqvencly 1.1Hd. (Pl•as• 
circle tile appropriar.11 lecccr and specify ch• branii n.-...· iii th• saaca·pr~ 
Tided.) 

a. 1ta1vlar or llack Tau 
b. Oriotacal or Creea Teaa-..-----------~------------
c. Rarbal Teu._ ______________ ~----------~--~ 

6. Is ch• cea described i.a qvascioa "· decaf!aiaaclld? (Circl• Ch• appr09ri-
ac11 leccer.) 

a. Tes II. !Co 

7. O..Ci~ tll• paac -acll, hov !r11q1.1aacly dili Y°" coaa ... EAQI af Cb• fall--
i1:1 kiads af alcoholic 11-eragcs? Usi.111 ;lie c:odc below, circle ell• llUllO•r 
follovi.111 eacll produce chac caoac cloaely c:arrupoads co yovr incae. 

o. ~ae cha eac ~r• :1oacil 
1. 1-l cilla•/-ncb 
2. 1-2 cillas/-• 
J. l-'o cillasl-• 
4. 5-0 cillasl-• 

'· oace/day 
6. 2-l cimes/day 
7. -r• than J cimu/dav 

•• ll••r 0 2 l 4 ' 6 7 
b. lline 0 2 l lo ' 6 7 
c:. ltUted Drinks 0 2 l lo 5 6 7 
d. Carctials 0 2 J lo 5 6 7 

C. ~ P!tCOUC:S 

1. Do 7°" 19111'• cobacca prodvccs? (Circle th• •l'l'l'Clllriace lect•r.l 

b. !lo 

2. If 791, llllicb prodvcc(s) do you 1.11•? (Circle t.\Cll appr09riac11 lccccr, aad 
specify Che lraad :t- ••C !rcq1.1aac1y 1&aed.) 

a. Cisarccus (branil 
b. Ci1an -----.,.(~11-r-aad l 
c. Pipe Tabac:ca (llraniil 
d. Ocher (4cscn.ile) 
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