
The determination of protein-
acetaldehyde adducts in alcoholism

Item Type text; Thesis-Reproduction (electronic)

Authors Seeto, Kei Fong, 1961-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:08:45

Link to Item http://hdl.handle.net/10150/278044

http://hdl.handle.net/10150/278044


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1348712 

The determination of protein-acetaldehyde adducts in alcoholism 

Seeto, Kei Fong, M.S. 

The University of Arizona, 1991 

U  M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





THE DETERMINATION OF PROTEIN-ACETALDEHYDE 
ADDUCTS IN ALCOHOLISM 

by 

Kei Fong Seeto 

A Thesis Submitted to the Department of the 
Pharmacology and Toxicology 

In Partial Fulfillment of the Requirements 
For the Degree of 
MASTER OF SCIENCE 

With a Major in Toxicology 
In the Graduate College 
THE UNIVERSITY OF ARIZONA 

19 9 1 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of re-
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to 
borrowers under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his or 
her judgment the proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission must be 
obtained from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

Ribald R. Watson, Ph.D. 
Research Professor 
Family and Community Medicine 



ACKNOWLEDGEMENTS 

It would not have been possible to write this thesis without the 
assistance and support of a number of people. The author wishes to 
express his appreciation to his thesis committee who have taught him 
their correct sequence along his research. Especially, the author 
wishes to thank Dr. Watson, the thesis director, for generous support 
and patient guidance. His constant encouragement also help this 
research run smoothly. The author is indebted to Dr. Consroe for his 
close concern and full support throughout the graduate study, and to 
Dr. Tong for critical discussions in the clinical aspects of 
alcoholism. 

Author's special thanks are going to Wang Yue Jian for his 
collaborative work on the ELISA assay development and Dr. bernhard 
Watzl for feeding the mice, and Raul Martinez for helping the 
fluorospectrophotometer analysi s. 

The author would like to express his appreciation to Dr. C.M. 
Peterson for the collaborative work on fluorescent HPLC analysis. 

The author greatly appreciates Dr. Sipes for his kindness and 
encouragement. 

The author wishes to thank his cousin Alice Chin and Lincoln Chin 
who gave him the love and assistance so that his graduate studies in 
Arizona could be completed. 

Finally, but not the least, the author wishes to thank his parents 
whose expectation and love have been the major motivation for his 
working toward the advanced degree. 

Support of this project was from the interest money earned from 
Dr. Watson's account with the Arizona Foundation. 



3 

TABLE OF CONTENTS 

Page 

LIST OF TABLES 4 

ABSTRACT 5 

INTRODUCTION 6 

EPIDEMIOLOGY OF ALCOHOLISM 6 

DIAGNOSIS OF ALCOHOLISM 6 

THE ROLES OF BIOCHEMICAL PARAMETER IN 
DIAGNOSIS OF ALCOHOLISM 8 

THE SEARCH FOR A BIOLOGICAL PARAMETER 9 

ACETALDEHYDE AND PROTEIN-ACETALDEHYDE ADDUCTS 10 

HAIR ANALYSIS FOR DRUGS OF ABUSE 14 

OBJECTIVES 18 

MATERIALS AND METHODS 19 

RESULTS 24 

DISCUSSION 41 

REFERENCES 46 



4 

LIST OF TABLES 

Page 

Table 1. Reactivities of Anti-Hemocyanin-Acetaldehyde (AA) 
Serum with Protein-Acetaldehyde Adducts and Proteins. ... 27 

Table 2. Reactivities of Anti-Hemocyanin-Acetaldehyde (AA) 
with Protein-Acetaldehyde Adducts and Proteins 28 

Table 3. Reactivities of Anti-Rabbit Keratin-Acetaldehyde 
(AA) with Protein-Acetaldehyde Adducts and Protein 29 

Table 4. Reactivities of Anti-Mouse Keratin-Acetaldehyde 
(AA) with Protein-Acetaldehyde Adducts and Proteins .... 30 

Table 5. Optimal Concentration of Purified Antibody 
(Capture Antibody) to Hemocyanin-Acetaldehyde (AA) 31 

Table 6. Optimal Sample Incubation Time 32 

Table 7. Optimal Concentration of Biotinated Antibody 
(Signal Antibody) to Hemoglobin-Acetaldehyde (AA) 33 

Table 8. Optimal Incubation Time of Biotinated Antibody 
to Hemoglobin-Acetaldehyde (AA) 34 

Table 9. Optimal Concentration of Goat-Anti-Biotin IgG 
(Second Antibody) 35 

Table 10. Comparison of Hair Keratin-Acetaldehyde Levels 
Among Different Alcohol Diets 36 

Table 11. Comparison of Hair Keratin-Acetaldehyde Levels 
Between Five-Week Alcohol Exposure Group and Eight-
Week Alcohol Exposure Group 37 

Table 12. The Effect of Cocaine to the Levels of Hair 
Keratin-Acetaldehyde 38 

Table 13. The Effects of Temperature on the Production of 
Fluorescent Dimedone Derivative of Acetaldehyde 39 

Table 14. Measurement of Hair Keratin-Acetaldehyde by 
Fluorescent HPLC* 40 



5 

ABSTRACT 

Acetaldehyde, the first metabolite of ethanol, has been shown to 

bind to proteins to form protein-acetaldehyde adducts in vivo and 

in vitro. The effects of acetaldehyde have been implicated in 

diseases associated with alcoholism. In the present study, we have 

extended the observations by studying three different 

protein-acetaldehyde adducts in vitro, and hair keratin-acetaldehyde 

adduct in alcohol-fed mice in vivo. Our studies reported here suggest 

that our enzyme-linked immunosorbent assay (ELISA) is able to detect 

the stable protein-acetaldehyde adducts. In our preliminary 

application of the indirect ELISA assay in the chronically alcohol-fed 

mice, we found that there were significantly increased levels of hair 

keratin-acetaldehyde adducts in the 5-week alcohol group, 8-week 

alcohol group, including different alcohol diet groups, compared to 

the normal control group. We suggest that our indirect ELISA assay 

has a potential as a biochemical parameter for alcoholism in the 

clinical settings, although the further study should be performed. 

Fluorescent techniques, including fluorescent HPLC and fluorescent 

spectrophotometry were also discussed. 
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CHAPTER 1. INTRODUCTION 

EPIDEMIOLOGY OF ALCOHOLISM 

The prevalence of alcoholism in the general population and within 

families has increased exponentially, as have the average consumption 

rates in industrialized populations during the past generation. 

Recent surveys have revealed high lifetime rates of alcohol abuse in 

the general population. Averaged across the five sites of 

epidemiologic Catchment Area (ECA) study, life time incidence of 

alcohol abuse plus dependence was 13.5%, with the risk of being 

consistently higher for men than for women regardless of age (60). 

DIAGNOSIS OF ALCOHOLISM 

Diagnosis is a crucial first step in treatment of alcoholism. Its 

fundamental propose is to distinguish clinically significant patterns 

nd consequences of alcohol use from those that are clinically 

insignificant. According to the most recent version of the Diagnostic 

Statistical Manual of Mental Disorders, Third Edition, Revised 

(DSM-III-R) of the American Psychiatric Association (1987). Alcohol 

dependence can now be diagnosed if an individual meets the DSM 

criteria. While the diagnosis of alcohol abuse is still available and 

it is defined by hazardous use of alcohol or alcohol-related 

impairment. 

DSN-III-R Diagnostic Criteria for Psychoactive Substance 

Dependence and Abuse 

I. Dependence 

A. At least three of the following: 
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1. Substance often taken in large amounts or a longer period 

than the person intended. 

2. Persistent desire or one or more unsuccessful efforts to 

cut down or control substance use. 

3. A great deal of time spent in activities necessary to get 

the substance, take the substance, or recover from its 

effects. 

4. Frequent Intoxication or withdrawal symptoms when expected 

to fulfill major role obligation at work, school, or home, 

or when substance use is physically hazardous* 

5. Important social, occupational, or recreational activities 

given up or reduced because of substance use. 

6. Continued substance use despite knowledge of having a 

persistent or recurrent social, psychological, or physical 

problem that is caused or exacerbated by the use of the 

substance. 

7. Marked tolerance: need for markedly Increased amounts of 

the substance (at least a 50% increase) to achieve 

intoxication or desired effect, or markedly diminished 

effect, or markedly diminished effect with continued use 

of the amount. 

8. Characteristic withdrawal symptoms. 

9. Substance often taken to relieve or avoid withdrawal 

symptoms. 
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B. Some symptoms of the disturbance have persisted for at least 

one month or have occurred repeatedly over a longer period of 

time. 

II. Abuse 

A. A maladaptive pattern of psychoactive substance use indicated 

by at least one of the following: 

1. Continued use despite knowledge of persistent or recurrent 

social, occupational, psychological, or physical problems 

that are caused or exacerbated by use of the psychoactive 

substance. 

2. Recurrent use in situations when use is physically 

hazardous. 

B. Some symptoms of the disturbance have persisted for at least 

one month or have occurred repeated over a longer period of 

time. 

C. Never met the criteria for psychoactive substance dependence 

of this substance. 

In devising an assessment system, clinicians usually choose from a 

variety of technique: self-report versus clinician interviews, 

structured interviews versus unstructured interviews, paraprofessional 

interviews versus professional interviews, and screening versus 

diagnostic evaluation (40). 

THE ROLES OF BIOCHEMICAL PARAMETER IN DIAGNOSIS OF ALCOHOLISM 

If alcohol-related disorders were characterized by an unambiguous 

drinking history in all patients, universal development of clinical 
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signs and widely accepted definitions, the identification of a patient 

would be straightforward and the performance of diagnosis could be 

easily made. Unfortunately, each of these areas is problematic in 

clinical practice. First, strong elements of denial complicate 

history-taking in patients who abuse alcohol. Many users of alcohol 

minimize problems related to drinking, and underreport the quantity of 

alcohol consumed. Friends and family members frequently reinforce the 

denial process. Second, patients ingesting similar quantities of 

alcohol manifest striding differences in organ dysfunction and 

psychosocial consequences. Moreover, the ability of the alcohol 

abuser to function effectively at home or in the workplace is 

variable. For the above reasons, there are increasing demands to 

develop biochemical parameters in order to achieve higher degree of 

the accuracy in diagnosis of alcoholism. 

THE SEARCH FOR A BIOLOGICAL PARAMETER 

For years, scientists and physicians have searched for a 

biochemical parameter with sufficient diagnostic efficiency. Lack of 

success to date underscores the difficulty In attempting to 

differentiate excessive alcohol usage in fairly diverse patient 

population. In addition, many parameters are only fleeting 

concommitants of heavy recent alcohol ingestion. Blood alcohol tests 

are useful to indicate recent (24-36 hr) high alcohol use, but not 

chronic or long term high alcohol use. Blood urea nitrogen, serum 

aspartate aminotransferase, uric acid, creatinine have been used 

experimentally as biochemical parameter for alcoholism. One of the 
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major problems of these parameters is that they failed to show 

specificity for alcoholism. The need for new parameters is obvious. 

ACETALDEHYDE AMD PROTEIN-ACETALDEHYDE ADDUCTS 

In experimental research on mechanism of acute or chronic effects 

of alcohol, great attention has been focused on the role that 

acetaldehyde, the first metabolite of ethanol, plays in these actions. 

Acetaldehyde 

The effects of acetaldehyde have been implicated in disease 

associated with alcohol abuse and alcoholism. It is now generally 

believed that an understanding of alcoholism ultimately will come by 

our comprehension of the biological and psychological effects of 

acetaldehyde (1,2,3). Acetaldehyde may explain the pharmacological 

and behavioral effects of alcohol. Cerebral infusion of acetaldehyde 

is actively sought by alcohol-consuming animal, and the rate of 

response was found to correlate subsequently with preference for 

alcohol. Small amounts of acetaldehyde may exhibit the positive 

reinforcing effects associated with alcohol consumption (37). 

Acetaldehyde is a chemically reactive compound and can react with a 

variety of biological compounds, such as protein, lipid, and DNA (1). 

Acetaldehyde is incriminated in the pathogenesis of alcoholic 

hepatitis and fetal alcohol syndrome (7). 

Acetaldehyde-Protein Adducts 

Although the concentration of free acetaldehyde in human blood of 

ethanol-intoxicated subjects ordinarily remain very low. It is 

feasible that some acetaldehyde would bind so strongly to protein that 
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it would not be liberated during any chemical processing. Both 

reversible and stable covalent binding of acetaldehyde to blood 

protein occurs (9,10). Several recent studies suggest exciting new 

pathogenic roles for acetaldehyde that could be mediated via a binding 

to cellular proteins (9). Tuma and associates (9,16) have used 

14 C-labeled acetaldehyde to study the formation of both stable and 

unstable acetaldehyde adducts. Formation of stable adducts was 

enhanced in the presence of reducing agents such as ascorbate. The 

significance of these results, in vivo, may be questioned on the basis 

of the high concentrations used. The same group also reported that 

acetaldehyde metabolically derived from 14 C-ethanol did bind to the 

hepatic protein in liver slice. 

Although only limited data are available on the chemistry of 

protein-acetaldehyde adducts, the free epsllon amino groups of lysine 

residues of protein seem particularly susceptible to Schiff base 

formation with acetaldehyde. Barry et al. (61) observed binding of 

acetaldehyde to hepatocyte membrane proteins and suggested that this 

could activate complement protein compounds ultimately causing cell 

lysis. Related to this Israel et al. (38) have recently demonstrated 

the formation of antibodies against acetaldehyde-contalnlng epitopes 

in protein-acetaldehyde adducts. Such antibodies were shown to react 

with adducts created at acetaldehyde concentrations that may occur in 

alcoholics and were Identified In both alcoholics and chronically 

ethanol-fed mice, making them potentially useful as markers for 

alcohol abuse (29). 
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Formation of Protein-Acetaldehyde Adducts In Vivo 

Lumeng and Mlnter (14) were able to separated human hemoglobin 

Into 13 peaks by using a HPLC system. After Incubation with 

acetaldehyde, hemoglobin showed two distinct fast-moving peaks in the 

chromatogram. The peak areas Increased In a dose-dependent manner 

according to the acetaldehyde concentrations. The fast-moving peaks 

were significantly increased in the alcohol-fed mice when compared 

with their pair-fed controls. 

To assess whether an antibody response against acetaldehyde-

modified protein epitopes is associated with alcohol liver disease, 

Israel and his coworkers (38) measured the serum immunoreactivity 

against proteins modified in vitro by acetaldehyde by an enzyme-linked 

immunosorbent assay in 58 alcoholics with varying degrees of liver 

damage. Alcoholics showed significantly higher titers against 

protein-acetaldehyde conjugates than against the unmodified protein. 

Their data support the idea that binding of acetaldehyde to protein in 

humans generates antigenic determinants which trigger a corresponding 

immune response. This may be Implicated in autoantibody formation and 

liver damage associated with excessive alcohol consumption (38). 

Formation of Protein-Acetaldehyde Adducts In Vitro 

One approach to study the In vitro formation of protein-

acetaldehyde adducts has been used by Medina et al. (18). The 

Investigators obtained radiolabeled protein-acetaldehyde adducts by 

Incubating 14 C ethanol with rat liver slices in the presence of 

inhibitors of protein synthesis. Radiolabeled protein-acetaldehyde 
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adducts decreased when pyrazole, an Inhibitor of ADH, was added to the 

incubation medium. On the other hand, adding cyanamide, an inhibitor 

of aldehyde dehydrogenase, Increased the radiolabeled 

protein-acetaldehyde adducts. These experiment demonstrated that the 

amount of acetaldehyde generated by hepatic alcohol oxidizing enzymes 

is sufficient to form hepatic protein-acetaldehyde adducts. 

Using bovine albumin as the model protein, Tuma et al. (16,17,18) 

have reported that a physiological reducing agent, L-ascorbic acid was 

able to Induce a slow but continuous formation of stable protein-

acetaldehyde adducts in vitro. Even in the absence of ascorbate, the 

proportion of stable protein-acetaldehyde adducts Increased as a 

function of time but the rates of stable adduct formation was slower 

than with the presence of ascorbic acid. 

Current Assays For Detection of Acetaldehyde-Protein Adducts 

1. Fluorigenic High Performance Liquid Chromatographic (HPLC) Assay: 

Peterson et al. (34) reported an improved method for acetaldehyde 

in plasma and hemoglobin-associated acetaldehyde. The assay Is based 

on the reaction of acetaldehyde with two molecules of 

1,3-cyclohexanedione in the presence of ammonium ion to form a 

fluorescent species followed by reverse phase HPLC separation of 

specific aldehyde derived compound. The assay was specific, and has 

sensitivity in the picomole range, the levels of both plasma 

acetaldehyde and hemoglobin-associated acetaldehyde were significantly 

higher in patients reporting to a center for alcohol treatment than 

the levels encountered in teetotalers. 
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2. Immunoassay: 

Lin et al. (32) reported that most of alcoholic patients have 

elevated proteln-acetaldehyde (-AA) adducts in the serum proteins by 

using antibody of proteln-acetaldehyde adducts. They further proposed 

that acetaldehyde binds and modifies the proteins which ead to 

generation of immunoreactlve epitopes. 

In their study, enzyme-linked Immunosorbent assay (EL1SA) was used 

to detect the presence of proteln-acetaldehyde adducts in human serum 

samples. Two methods were compared: 1) direct ELXSA: sample, rabbit 

anti-hemocyanln-AA IgG, and b-galactosidase conjugated goat 

anti-rabbit serum IgG added to a 96-well ELISA plate in a stepwise 

manner; and 2) two-site or sandwich ELISA: serum samples added to an 

ELISA plate that had been precoated with antihemocyanin-AA IgG (the 

capture antibody) and incubated stepwise with blotlnated 

anti-hemocyanin-AA (the signal antibody) and avidin B-gel conjugates. 

Serum protein-AA levels were then assayed by bound B-gel activities at 

405 nm. The data suggested that Sandwich ELISA be more sensitive than 

direct ELISA. Serum protein-AAs reacts more strongly with 

anti-myoglobin-AA IgG than anti-hemocyanln-IgG. The 0D405 nm for sera 

of control subjects and alcoholic patients were 0.036 + 0.033 (n=28) 

and 0.150 + 0.008 (n"28) respectively (32). 

HAIR ANALYSIS FOR DRUGS OF ABUSE 

The national concern about drug of abuse has stimulated the 

development of new technologies for detecting drug use. Hair analysis 

has been proposed as an alternative to urine testing due to the 
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convenience of analysis. Proponents of hair analysis also claim that 

it has other advantages such: it is more difficult to evade or 

confound than urinalysis; it provides a calendar or time lines of past 

drug use; and it can distinguish among low, moderated, and heavy drug 

users (39,40,41,42,43). 

The detection of morphine by radioimmunoassay (RIA) techniques in 

the hair of human subjects was first in 1978 by Baumgartner et al. 

(39). They subsequently extended radioimmunoassay of hair (RIAH) to 

phencyclldine (PCP), cocaine, marijuana, digoxln, methadone, and 

benzodiazepine. These studies demonstrated that hair analysis and 

urinalysis were complementary rather than competing tests. Long-term 

histories (from months to years) are accessible through hair analysis, 

whereas urinalysis provides short-term information of drug use in an 

individual (39). 

The accumulation of drugs in the hair of drug users has been 

confirmed by several independent laboratories in the United States, 

Japan, and Europe (46,47,48,49,50,51,52,53). These investigators also 

extended testing to amphetamine, antipsychotic agents, and nicotine. 

In addition to its obvious utility in the drug abuse area, hair 

analysis also appears promising for monitoring compliance of 

medication intake, for establishing toxic chemical exposure, and even 

for monitoring control of diabetes by measuring the glycosylation of 

hair protein. 
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Methodological Considerations 

Hair analysis consists of three basic steps: 1) collecting the 

sample, 2) preparing the sample, and 3) analyzing the sample. 

Collection procedures for hair analysis of drugs of abuse have not 

been standardized and In most published studies, the samples were 

obtained from random location on the scalp or from unspecified 

locations on laboratory animal. In human, hair is best collected from 

the area at the back of the head called vertex posterior. In this 

area, there is less variability in hair growth rates and the hairs are 

less subject to age and sex-related influences (58). 

The accumulation of drugs in hair has been studied In human 

subjects and animal models. The latter offer the advantage of 

providing carefully controlled conditions unavailable for human 

subjects, and animal hair is also much easier to analyze. One can 

readily obtain a 50-mg hair sample from a 30 g mouse. In contrast, 

cosmetic considerations dictate that only a small fraction of total 

hair be taken from human subjects for analysis (for example, 10 mg). 

For these reasons, as well as for screening in multiple drug use, it 

became necessary to develop hair testing procedures which required 

only between 0.5 to 1.0 mg of hair per drug analysis (59). 

Preparing the Hair Sample 

In analyzing for drugs of abuse, most, but not all laboratories, 

use a wash step. However, there is no consensus or uniformity in the 

washing procedures. Some use detergents or organic solvents. The 

decontamination procedure that have been found effective for human 
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hair involve washing the specimen in 1 ml of ethanol for period of 

15 min in 37°C. Research has shown that most hair samples do not 

exhibit any external contamination (44,56). 

Digesting the Sample 

It depends on the chemical structures of the drugs and the ways in 

which the drugs are associated with hair keratin. 

Analyzing the Sample 

Immunoassays are used as screening tests in most laboratories due 

to their sensitivity, speed and convenience. The most common test is 

RIA. However, one laboratory has reported on the use of fluorescence 

immunoassay. There are no reports in the literature on the use of 

enzyme immunoassay for hair analysis (59). 

Hair Analysis: An Effective Means For Identifying Drug Users 

Several field studies have shown that drug users can be identified 

more effectively by hair analysis than by urinalysis. The higher 

identification efficiency of hair analysis stems from its wide window 

of detection, its resistance to evasive maneuvers, and the highly 

effective drug-trapping mechanism of hair which allows identification 

even for low level drug users. 

The excellent performance of hair analysis has been demonstrated 

in a number of field studies. In previous clinical studies with 

cocaine, heroin, and PCP users. Researchers compared confidential 

self reports with the results of hair analysis and urinalysis, hair 

analysis identified drug users in these populations with 100% 

efficiency; urinalysis, on the other hand, yielded detection 
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efficiencies of only 0, 12, 30% respectively (59). It appears that 

the value of hair analysis for the Identification of drug users Is 

steadily gaining recognition. This can be seen from Its growing use 

In preemployment screening and forensic applications. It Is 

anticipated that hair analysis also will be to a valuable toll for 

guiding the recovery process of people suffering from addictive 

disorders (59). 

Controversies About Hair Analysis 

There is inadequate information on the distribution of drugs 

and/or their metabolite(s) in hair. Before the results of a hair 

analysis can be reliable interpreted, many questions require answers 

(45). Among them are: 

a. What are the mechanisms by which drugs are incorporated into hair? 

b. What is minimum dose required to produce a positive result? 

c. To what extent is externally applied drug retained in hair? 

d. What is effect of various washing procedures In removing 

externally applied drug and internally bound drug? 

e. What is the relationship between the amount of drug used and the 

concentration of drug or its metabolites in hair? 

f. What is the time interval between drug use and appearance of drug 

in the hair shaft? 

CHAPTER 2. OBJECTIVE 

Acetaldehyde-protein adducts are potentially useful for diagnosis 

of alcoholism, as well as for evaluation of alcohol toxicity. A major 
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problem is that acetaldehyde-protein adducts are very difficult to 

detect accurately, since the exact chemical structure of these adducts 

has not be fully delineated. Therefore, the objective of this 

investigation was to set up an enzyme-linked Immunosorbent assay 

(ELISA) to determine hair keratin-acetaldehyde adduct by studying 

three protein models: hemocyanin, hemoglobin, and hair keratin. The 

long-term goal of this research was to determine the significance of 

hair keratin-acetaldehyde adducts in diagnosis of alcoholism. 

MATERIALS AND METHODS 

Mice: Female C57BL/6 mice (3-4 week-old, weighed approximately 

13 g) were obtained from Charles River Breeding Laboratories, Inc. 

(Wlllmington, MA). They were assigned randomly to different groups. 

Diets: Three different alcohol diets were used as follows: 100E 

diet contained 30% fat, 12.5% protein, 27.5% carbohydrate, 30% 

ethanol, and 100 micronutrient (Recommended Dally Allowance). 60E 

diet contained 30% fat, 12.5% protein, 27.5% carbohydrate, 30% ethanol 

and 60% micronutrient (Recommended Daily Allowance). LDE diet 

(Lieber-DeCarli) contained 35% fat, 18% protein, 17% carbohydrates, 

and 30% ethanol. 

LD diet (Lieber-DeCarli): 35% fat, 18% protein, 17% carbohydrate, 

no ethanol. 

Rabbit: New Zealand White Rabbit. Acetaldehyde was obtained from 

Sigma Chemical Co. (St. Louis, MO). 



20 

Rabbit Antibody Sera 

Rabbit antl-hemocyanin-AA and anti-hemoglobin-AA antibody sera 

were taken from the ear veins of the rabbits 1 week after a second 

booster shot. 

Indirect EL1SA For Determining Titer of Rabbit Antibody Sera 

Micro 96-well plates were coated with mouse keratin-acetaldehyde 

(AA), hemocyanin-acetaldehyde (AA), hemoglobin-acetaldehyde (AA) in 

carbonate buffer (pH 9.6) overnight at 4°C. The plates were blocked 

with 1% BSA for 1 hour at 37°C. Then dilution of sera in PBS were 

added to each well and plates were incubated for 1 hour at 37°C. 

After washing with PBST, HRP-goat-anti-rabbit conjugate (1:2500) was 

added to each well for another hour at 37°C. Finally, ABTS 

substrate buffer was added for 15 minutes. The plates were read by 

ELISA reader at 405 nm. Normal rabbit serum and the coated 

corresponding unmodified proteins as antigen were used as control. 

Preparation of Protein A Affinity Column 

Ten mg Protein-A (Sigma) was diluted into 2.5 ml 0.1 M, pH 8.0 

NaHC03 containing 0.15 M NaCl. Then, Protein-A was coupled to 0.7 g 

cyanogen activated Sepharose-4B (Sigma). After coupling, 1 M, pH 8.0 

Tri-Hcl was used as blocking unbound protein sites in the activated 

Sephgarose-4B. The Protein-A affinity column should be washed with 10 

times bed volume of the elutlng buffer (0.6% acetic acid, 0.15 M NaCl, 

oh 2.8) before use. 
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Purification of Rabbit Antlsera 

One ml antl-hemocyanln-AA or antl-hemoglobin-AA rabbit sera was 

diluted In 1 ml PBS containing 0.15 M NaCl and then loaded on the 

Protein-A affinity column, respectively. The column was then washed 

with PBS containing 0.15 M NaCl. After the column was eluted with the 

eluting buffer, the protein concentration of IgG antibody fraction 

collected was determined by Folin-Phenol protein assay (Sigma Kit). 

Preparation of Biotlnated Anti-Hemoglobin-AA IgG 

Anti-hemoglobin-AA IgG (1 mg/ml) was dialyzed against 2 liters of 

0.1 M NaCH03 (pH 8.0) overnight at 4°C. The dialyzed antibody was 

then mixed with biotinyl-N-hydroxysuccinimlde ester (BNHS, Sigma) 

solution at ratio of 1 mg protein to 3 mg BNHS and incubated at room 

temperature for 2 hours. The mixture was dialyzed against 2 liter PBS 

overnight at 4°C and supernatant was stored at -70°C. 

Indirect Sandwich ELISA For Detecting Mouse Keratln-AA 

The micro 96-well ELISA plates were first coated with 

anti-hemocyanin-AA IgG as the capture antibody and incubated overnight 

at 4°C. After washing and drying the plates, the excess 

protein-binding sites on the plates were blocked with 1% BSA. Mouse 

keratin-AA as the positive control and mouse keratin as negative 

control were then added to coated plates, biotlnated 

anti-hemoglobin-AA IgG as the signal antibody was added to the wells 

and incubated for 1 hour at 37°C. Then, goat anti-biotin IgG 

(Sigma) was added to the each well of the each well of the plates for 

another hour at 37°C. Finally, HRP-rabbit-anti-goat IgG was added 
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to each well and Incubated for 1 hour at 37°C. After completely 

washing and drying four times, the bound HRP activity was assayed by 

adding Its substrate solution (ABTS) and the optical density (OD) was 

measured by ELISA reader at 405 nm. 

Hair Keratin Preparation 

One hundred mg hair was treated with 0.2 M B-mercaptoethanol in 

8 M urea (pH 10.5-11) overnight at room temperature. After 

centrifuge, the supernatant was dialyzed under buffer (1 M, pH 7.0) 

for 24 hours. The protein concentration was determined by 

Folin-Phenol protein assay (Sigma Kit). 

Calculations and Statistical Methods 

The data on the protein-acetaldehyde are expressed as units 

(0D405 nm). Results are given as mean + standard deviation (SD). 

Comparisons were assessed by non-parametric assay (Wilcoxon Menn and 

Whitney). The values are considered statistically significant at 

p 0.05. 

Method of the Preparation of Proteln-Acetaldehyde Adducts In Vitro 

Reduced Protein-Acetaldehyde Adduct: Acetaldehyde (final 

concentration, 250 mM) was added to 10 mg of protein in 1 M phosphate 

buffer, pH 7.0 (4 ml, total volume), and incubated at room temperature 

for 1 hr. 100 ul of 5 M sodium cyanoborohydride was then added to the 

protein solution. The mixture was further Incubated at room 

temperature for 2 hr before it was dialyzed against 2 liters of 1 M 

PBS for 24 hr. Non-reduced protein-Acetaldehyde was prepared in the 
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same way as reduced protein-acetaldehyde except no cyanoborohydride 

was added. 

CHD Reagent Preparation: 60 g ammonium acetate was added to 2.1 g 

dimedone (0.12 g/mL isopropanol). The mixture was diluted by D.D. 

1̂ 0 (100 ml). The final reagent was adjusted to pH 5 by HcL. 

Fluorescent Techniques 

Two mL of CHD reagent was added to 2 ml of sample (free 

acetaldehyde, reduced hair keratln-acetaldehyde, non-reduced 

hair-keratin-acetaldehyde), then incubated for 30 min. (at temperature 

varying from 4 to 80°C. The reaction was stopped by putting the 

reaction mixture to 0°C ice bath. The fluorescence was measured at 

exitation wavelength 353 nm, emission wavelength 4.50 nm either by 

fluorescent spectrophotometer (Collaborative work with Dr. Martinez) 

or fluorescent HPLC (collaborative work with Dr. Peterson). 

The purposes of this experiment are to determine the formation of 

hair keratln-acetaldehyde adduct and which species of acetaldehyde is 

detected by fluorescent technique. 
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RESULTS 

ANTIBODY PREPARATION AND CHARACTERIZATION 

Rabbit antibodies were raised against protein-acetaldehyde adducts 

by immunizing the rabbits with hemocyanin-acetaldehyde (AA), 

hemoglobin-acetaldehyde (AA), rabbit keratin-acetaldehyde (AA), and 

mouse keratin- acetaldehyde (AA). These antibodies not only reacted 

with respective acetaldehyde adducts, but also reacted with other 

types of the protein acetaldehyde adducts. Statistically, the 

reactivities for acetaldehyde adducts were significantly higher than 

the unmodified proteins (Tables 1, 2, 3, 4). 

The optimal assay conditions were investigated by using 

hemoglobin-AA as a model, while unmodified hemoglobin was used as a 

control. 

Optimal Coated Concentration of Purified Antibody (Capture Antibody) 

to Hemocyanln-Acetaldehyde (AA) 

The protein concentration of coated antibody to hemocyanin-AA was 

varied from 1.25 to 10 ug/ml. Table 5 shows the results at the 

different concentrations of coated antibody to hemocyanin-AA. The 

sensitivity is greatest at 2.5 ug/ml. 

Optimal Incubation Time of Samples 

The effect of incubation time of samples on sensitivity of 

indirect ELISA was investigated and the results are shown in Table 6. 

The Incubation time was varied from 30 to 150 min. The absorbance in 

both acetaldehyde adduct and control increased as the incubation time 

increased. However, the sensitivity was greatest at 120 min. 
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Optimal Concentration of Signal Antibody (Blotlnated Antibody to 

Hemoglobln-Acetaldehyde Adduct 

The protein concentration of signal antibody was varied from 1.25 

to 10 ug/ml. The sensitivity was greatest at 5.0 ug/ml (Table 7). 

Optimal Incubation Time of Blotlnated Antibody to 

Hemoglobln-Acetaldehyde Adduct 

The incubation time of blotlnated antibody to hemoglobin-AA was 

varied from 30 to 150 min (Table 8). After 90 min, the absorbance in 

both acetaldehyde adduct and control tented to be constant. 

Optimal Concentration of Second Antibody (Goat-antl-Biotin IgG) 

The protein concentration of second antibody (goat-anti-biotin 

IgG) was varied from 2.5 to 20 ug/ml (Table 9). The absorbances in 

both acetaldehyde adduct and control increased as the protein 

concentration of second antibody increased. However, the greatest 

sensitivity was achieved at 10 ug/ml. 

Determination of Hair Keratln-Acetaldehyde Adduct on Alcoholic Mice 

by Indirect Enzyme-Linked Immunosorbent Assay (ELISA) 

The information on the levels of hair keratin-acetaldehyde (AA) in 

different treatment groups can be found in Table 10. Statistically, 5 

week-alcohol group, 8 week-alcohol groups (including LDE, 100E, 60E 

diet groups) and combination group (alcohol plus cocaine) had 

significantly increased levels of hair keratin-AA, compared to normal 

control (p 0.05). 

The cocaine only group also had slightly increased level of hair 

keratin-AA compared to the normal control (p 0.05). Three different 
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alcohol diets were used in order to determine how different nutrition 

status may affect the level of hair keratin-AA (Table 11). No 

significant difference (p 0.05) was found among them in this study. 

The information on two time periods of alcohol treatment can be found 

in Table 12. There was no significant difference (p 0.05) in hair 

kertatin-AA between 5 week-alcohol group and 10 week-alcohol group. 
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Table 1. Reactivities of Anti-Hemocyanin-Acetaldehyde (AA) Serum with 

Protein-Acetaldehyde Adducts and Proteins 

Antigen 0D405 nm + SD 

Anti-hemocyanin-AA 

Rabbit Keratin-AA 

Rabbit Keratin 

Mouse Keratin-AA 

Mouse Keratin 

Hemocyanin-AA 

Hemocyanin 

Hemoglobin-AA 

Hemoglobin 

1.673 + 0.14 

0.106 + 0.02 

1.496 + 0.13 

0.045 + 0.002 

2.560 + 0.021 

2.745 + 0.023 

1.536 + 0.210 

0.056 + 0.005 

All assays done with a 1:6000 dilution of the anti-serum and in 

duplicate. 
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Table 2. Reactivities of Anti-Hemoglobln-Acetaldehyde (AA) with 

Protein-Acetaldehyde Adducts and Proteins 

Antigen 0D405 ran + SD 

Ant i-hemoglobi n-AA 

Rabbit Keratin-AA 0.540 + 0.035 

Rabbit Keratin 0.059 + 0.004 

Mouse Keratin-AA 0.423 + 0.013 

Mouse Keratin 0.166 + 0.013 

Hemocyanln-AA 0.953 + 0.070 

Hemocyanin 0.800 + 0.065 

Hemoglobin-AA 0.864 + 0.063 

Hemoglobin 0.122 + 0.14 

All assays done with a 1:8000 dilution and in duplicate. 



Table 3. Reactivities of Anti-Rabbit Keratin-Acetaldehyde (AA) 

with Protein-Acetaldehyde Adducts and Proteins 

Antigen 0D405 nm + SD 

Anti-Rabbit Keratin-AA Serum 

Babbit Keratin-AA 0.893 + 0.059 

Rabbit Keratin 0.306 + 0.019 

Mouse Keratin-AA 0.844 + 0.060 

Mouse Keratin 0.192 + 0.020 

Hemocyanin-AA 0.991 + 0.072 

Hemocyanin 0.262 + 0.014 

Hemoglobin-AA 0.991 + 0.072 

Hemoglobin 0.259 + 0.032 

All assays done in a 1:1000 dilution of the anti-serura. 
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Table 4. Reactivities of Anti-Mouse Keratin-Acetaldehyde (AA) 

with Protein-Acetaldehyde Adducts and Proteins 

Antigen 0D405 nm + SD 

Anti-Mouse Keratin-AA Serum 

Rabbit Keratin-AA 

Rabbit Keratin 

Mouse Keratin-AA 

Mouse Keratin 

Hemocyanin-AA 

Hemocyanin 

Hemoglobi n-AA 

Hemoglobin 

0.260 + 0.035 

0.181 + 0.011 

0.224 + 0.009 

0.170 + 0.020 

0.168 + 0.015 

0.115 + 0.005 

0.169 + 0.015 

0.145 +0.015 

All assays done in a 1:1000 dilution and in duplicate. 
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Table 5. Optimal Concentration of Purified Antibody (Capture 

Antibody) to Hemocyanin-Acetaldehyde (AA) 

Concentration of Mean 0D4Q5 nm + SD 

Capture Antibody 

ug/ml Hemoglobin-AA Hemoglobin 

0 0 0 

1.25 0.326 + 0.040 0.131 + 0.090 

2.50 0.364 + 0.009 0.136 +0.019 

5.00 0.356 + 0.022 0.146 + 0.016 

10.00 0.371 + 0.021 0.176 + 0.021 

All assays done in duplicate. 

P 0.05 

Mean OD 405 nm in Hemoglobin-AA is higher statistically than Mean 

OD 405 nm in Hemoglobin. 
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Table 6. Optimal Sample Incubation Time 

Mean QD405 nm + SD 

Time (Minutes) Hemoglobln-AA Hemoglobin 

0 0 0 

30 0.354 + 0.007 0.222 + 0.021 

60 0.428 + 0.074 0.234 + 0.012 

90 0.534 + 0.020 0.237 + 0.001 

120 0.602 + 0.042 0.262 + 0.017 

150 0.615 + 0.028 0.299 + 0.022 

All assays done in duplicate. 

P 0.05 

Mean OD 405 nm in Hemoglobln-AA is higher statistically than Mean 

OD 405 nm in Hemoglobin. 
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Table 7. Optimal Concentration of Biotinated Antibody (Signal 

Antibody) to Hemoglobin-Acetaldehyde (AA) 

Concentration of Mean QD405 nm + SD 

Signal Antibody Signal Antibody 

ug/ml Hemoglobin-AA Hemoglobin 

0 0 0 

1.25 0.324 + 0.023 0.122 + 0.008 

2.50 0.390 + 0.023 0.115 + 0.003 

5.00 0.409 + 0.007 0.142 + 0.002 

10.00 0.428 + 0.009 0.205 + 0.025 

All assays done in duplicate. 

P 0.05 

Mean OD 405 nm in Hemoglobin-AA is higher statistically than Mean 

OD 405 nm in Hemoglobin. 
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Table 8. Optimal Incubation Time of Biotinated Antibody 

to Hemoglobin-Acetaldehyde (AA) 

Mean OD405 nm + SD 

Time (Minutes) Hemoglobin-AA Hemoglobin 

0 0 0 

30 0.445 + 0.016 0.219 + 0.022 

60 0.557 + 0.002 0.240 + 0.018 

120 0.639 + 0.004 0.241 + 0.008 

150 0.640 + 0.013 0.263 + 0.009 

All assays done In duplicate. 

P 0.05 

Mean 0D 405 nm in Hemoglobin-AA is higher statistically than Mean 

OD 405 nm in Hemoglobin. 
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Table 9. Optimal Concentration of Goat-Anti-Blotin IgG 

(Second Antibody) 

Concentration of Mean 01)405 nm + SD 

Second Antibody 

ug/ml Hemoglobin-AA Hemoglobin 

0 0 0 

2.50 0.272 + 0.008 0.104 + 0.009 

5.00 0.373 + 0.007 0.126 + 0.012 

10.00 0.447 + 0.026 0.131 + 0.007 

20.00 0.547 + 0.027 0.163 + 0.018 

All assays done in duplicate. 

P 0.05 

Mean 0D 405 nm in Hemoglobin-AA is higher statistically than Mean 

OD 405 nm in Hemoglobin. 
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Table 10. Comparison of Hair Keratin-Acetaldehyde Levels Among 

Different Alcohol Diets 

Diet Alcohol Number of Mice Mean 00405 nm + SD 

LD 0 37 0.234 + 0.097 

LD 30 11 0.514 + 0.179 

100E 30 6 0.471 + 0.115 

60E 30 13 0.487 + 0.149 

All the mice were fed with respective diet in 8-week period. 

All the alcohol diet group had higher statistically 

keratin-acetaldehyde than control group (LD diet without alcohol) 

p 0.05. 

There are no statistically different in keratin-acetaldehyde levels 

among different alcohol diet groups (P 0.05). 
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Table 11. Comparison of Hair Keratin-Acetaldehyde Levels Between 

Five-Week Alcohol Exposure Group and Eight-Week Alcohol 

Exposure Group 

Alcohol Exposure Period Number of Mice Mean 0D4Q5 nm + SD 

5 Week 10 0.459 + 0.179 

8 Week 30 0.490 + 0.148 

*P 0.05 

There is no statistical difference between 5-week alcohol exposure 

group and 8-week alcohol exposure group. 
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Table 12. The Effect of Cocaine to the Levels of Hair 

Keratin-Acetaldehyde 

Treatment Mean OD405 nm + SD 

Control 

Cocaine 

Cocaine and Alcohol 

There are statistically higher keratin-acetaldehyde levels in cocaine 

group and cocaine-alcohol combination group (P 0.05). 

However, there is no statistical difference between cocaine group and 

cocaine-alcohol combination group (P 0.05). 

0.234 + 0.097 

0.331 + 0.106 

0.448 + 0.160 
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Table 13: The Effects of Temperature on the Production of Fluorescent 

Dimedone Derivative of Acetaldehyde 

Temperature Fluorescence + S.D. 

Reduced K-AA Non-reduced K-AA Free AA 

4 0.002 + 0.002 0.002 + 0.001 0.001 + 0.0015 

25 0.0013 + 0.0015 0.159 + 0.023 0.361 + 0.026 

45 0.002 + 0.0026 0.326 + 0.03 0.846 + 0.038 

58 0.0013 + 0.0008 0.367 + 0.04 0.811 + 0.07 

80 0.0013 + 0.0002 0.250 + 0.025 0.557 + 0.028 

K-AA: Hair Keratin-Acetaldehyde Adduct 

Free AA: Standard, in free form 

All the assays were done in triplicate and the constant concentraton 

of acetaldehyde at 20 umol/ml. 
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Table 14: Measurement of Hair Keratin-Acetaldehyde by Fluorescent 

HPLC* 

Group Number of Mice Acetaldehyde um mean + S.D. 

Control 10 0.9+0.2 

Alcohol 10 1.3 + 0.9 

*Collaborative work with Dr. Peterson. 

P 0.05. 

There is no statistical difference In keratin-acetaldehyde between 

control group and alcoholic group. 
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DISCUSSION 

During alcohol ingestion, ethanol is oxidized to acetaldehyde and 

acetate (1). Acetaldehyde may react with macromolecules to form 

acetaldehyde adducts. Several recent reports indicated that 

acetaldehyde can indeed form protein-acetaldehyde adducts in vivo 

(14,15,29). The relevant in vitro studies in the past have shown that 

acetaldehyde interacts with bovine and human serum albumin, crosslinks 

with membrane protein, binds to hemoglobin and forms adducts with 

hepatic proteins (16,17,20,21,22). 

In humans, specific antibodies directed against protein-AAs have 

been found In alcoholic patients, and hemoglobln-AA has been detected 

in red cell lysates of alcohol abusers (35). 

In the present study, we have extended the observations by 

studying three different protein-AA models in vitro, and hair 

keratin-AA in alcohol-fed mice in vivo. 

The analysis of hair for drugs of abuse has recently received 

considerable attention. The concept stems from a simple biological 

principle. As blood circulates, it feeds the hair follicle. If there 

are drugs in the blood stream, small amounts will be left in the core 

of hair shaft. Depending on the amount and duration of drug used, it 

has been proposed that drugs can be detected months after use. 

The studies presented here indicate that acetaldehyde conjugation 

to proteins results in the production of immunodominant antigenic 

determinants. The antibodies produced after immunization with 

protein-acetaldehyde adducts (hemoglobin-AA, hemocyanin-AAA, and 
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Keratln-AA) can recognize small acetaldehyde-containing epitopes in 

macromolecules. To our best knowledge, this would be the smallest 

molecular weight hapten for which antibodies have been raised. The 

studies demonstrate that antibodies toward acetaldehyde-containing 

epitopes in proteins could be raised by immunizing with acetaldehyde 

conjugated to a carrier protein different from one that Is used for 

testing. 

An immunologic approach was employed In this study to detect the 

formation of protein-AAs because it is very sensitive. At least three 

pieces of evidence in our study indicate that this approach is also 

specific; a) hemocyanin (snail), hemoglobin (human), and mouse hair 

keratin are very dissimilar proteins, mere denaturation of these 

proteins due to changes in their secondary, tertiary, or quaternary 

structures which might take place in the presence of high 

concentration of acetaldehyde for preparing the protein-AA adducts is 

not likely to cause them to cross-react. The best explanation for the 

cross-reactions shown in Tables 1, 2, 3, 4 is recognition of the 

acetaldehyde adducts in these modified proteins as epitopes by 

anti-hemocyanin-AA IgG and anti-hemoglobin-AA. b) The data also 

indicate that reducing agent, sodium borohydride does not contribute 

the Immunogencity of protein-acetaldehyde adducts. c) The mouse hair 

keratin-AA was detected by using both anti-hemocyanin-AA IgG and 

anti-hemoglobin-AA IgG. these bindings further suggested that 

acetaldehyde adducts be the common epitope recognized by both 

antibodies. 
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Stevens et al. (15) first report that acetaldehyde can form stable 

adducts with hemogloblin in erythrocytes as well as with serum 

proteins. Subsequently, this finding was confirmed by Lin et al. (32) 

suggesting that ascorbic acid can in part stabilize 

protein-acetaldehyde adducts in plasma. 

Our studies reported here suggest that our assay is able to detect 

stable protein-acetaldehyde adducts, since all the protein-AAs in our 

experiment were treated by dialysis and unstable adducts were not able 

to survive in such dialysis (16,17,33). 

Because we suspected that the presence of keratin-AAs in hair must 

be in minute amounts, we spent great effort to develop the very 

sensitive assay to detect keratin-AA in mouse hair. Theoretically, 

the indirect EL1SA assay should be more sensitive than the direct 

EL1SA assay. The basis for the presumed advantage of indirect kt.tra 

assay is that its binding surface is coated with anti-protein-AA IgG 

as the capture antibody rather than bare plastics as in the case of 

direct ELISA assay. Thus the binding surface in the indirect EL1SA is 

more selective and more sensitive in binding protein-acetaldehyde 

adducts. Additionally, the indirect ELISA also has enhanced 

specificity due to recognition of protein-acetaldehyde adducts by more 

than one antibody. 

In our preliminary application of the indirect ELISA in the 

chronically alcohol-fed mice, we found that there were significantly 

increased levels of hair keratin-AAs in the 5 week-alcohol group, 8 

week-alcohol group, including 100E, 60E, LDE group, and alcohol and 
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cocaine combination group, regardless of the nutrition status. 

Cocaine group also had slightly Increase levels of keratin-M compared 

to normal control group, the significance is not known and further 

study should be performed. 

In summary, the present report is the first hair analysis for 

alcoholism. Our experiments demonstrate that following chronic 

alcohol ingestion, there is an increased level of keratin acetaldehyde 

adducts in mice. This can be detected using our sensitive indirect 

ELISA assay, suggesting a potential usefulness of hair 

keratin-acetaldehyde adduct measurement to detect heavy drinking in 

the clinical setting. 

The Investigation of Fluorescent Technique 

In the first part of the study (Table 13), the fluorescent 

techniques, including fluorescent HPLC and fluorescent 

spectrophotometry were investigated. The data demonstrated that 

fluorescent techniques were only able to detect the unstable 

(non-reduced) protein-acetaldehyde adduct, but not able to detect 

stable (reduced) protein-acetaldehyde adduct. 

In the 8-week period of animal study (Table 14), we failed to show 

there were any significant differences in hair keratin-acetaldehyde 

adducts between alcohol-fed mice and control mice. 

The fluorescent techniques are based on the reaction of 

acetaldehyde (free form) with two molecules of 1,3-cyclohexanedione in 

the presence of ammonium ion to form a fluorescent compound followed 

by reverse phase HPLC separation and measured by fluorescent 



45 

spectrophotometer. The key point here is that only the free form 

acetaldehyde is able to react with 1,3-cyclohexanedione and it is not 

surprising to see stable (reduced) acetaldehyde-protein aducts were 

not detected. 
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