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ABSTRACT 

Acetaldehyde, the first metabolite of ethanol, has 

been implicated in the pathogenesis of alcoholic liver 

disease. In order to investigate a possible immunologic 

mechanism whereby acetaldehyde might exert its toxic effect 

acetaldehyde protein conjuates were prepared and 

characterized. This study demonstrates that acetaldehyde 

conjugated albumin can be an immunogen, can form a more 

negatively charged, more acidic, heterogeneous conjugate 

than albumin and can elicitate a specific rabbit antibody. 

ELISA can be used to assay antibodies produced in response 

to acetaldehyde albumin conjugates suggesting that chronic 

alcohol ingestion can lead the generation of antibodies 

against acetaldehyde conjugated human serum albumin. The 

significance of this study is that it possibly can provide a 

method to investigate the mechanism responsible for the 

sequelae of alcoholism. 
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CHAPTER 1 

INTRODUCTION 

Alcohol is the cause of serious health problems in 

the United States. There are as many as 15 million 

alcoholics in the United States. Approximately 2/3 of the 

adult population use alcohol on occasion and about 12% can 

be defined as "heavy drinkers". In the United States, 

cirrhosis has overtaken diabetes as the fifth cause of death 

(1). Of all medical deaths attributable to alcoholism, 75% 

are the result of liver cirrhosis (1). 

The mechanism for development of liver disease in 

alcoholics is largely unknown but there is speculation that 

acetaldehyde, the first metabolic product of alcohol, is 

directly toxic to the liver (2). Ninety percent of the 

alcohol which is absorbed is metabolized primarily via 

alcohol dehydrogenase, a cytosolic NAD+-dependent enzyme 

which is capable of oxidizing alcohol. Acetaldehyde is then 

further oxidized by aldehyde dehydrogenase, another NAD+-de-

pendent enzyme, to acetate (3). Acetate is then exported 

from the liver as an energy source although some acet-

1 
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aldehyde also escapes from the liver. 

Ericksson and Sippel (3) demonstrated that high 

concentrations of acetaldehyde exist in the circulation of 

alcoholic patients. Korsten et al. (4) reported that some 

toxic effects related to chronic alcohol consumption may be 

due to the altered redox state of acetaldehyde. Lindros et 

al. (5) presented evidence that chronic alcoholics have 

elevated levels of acetaldehyde and that acetaldehyde may 

exert a direct toxic effect on the liver. 

The electrophilic nature of the carbonyl carbon of 

acetaldehyde makes it susceptible to attack by a variety of 

nucleophilic compounds (6). This property allows acet

aldehyde to bind to peptides which contain many nucleophilic 

groups. In 1949 Mohammed, Olcott, and Fraenkel-Conrat (7) 

showed that acetaldehyde at high concentrations reacted with 

pure proteins in solution at physiological pH, and further 

suggested that acetaldehyde combines with the amino groups, 

producing a covalent cross-linkage between protein chains. 

More recently, investigators have found that acetaldehyde 

binds covalently to a variety of proteins including plasma 

proteins (8), erythrocyte membranes (9), hepatic microsomal 

proteins (10) and hemoglobin (11). Studies by Stevens et 

al. (11), Donohue et al. (12) and Tuma et al. (13) have 
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demonstrated that acetaldehyde binding to proteins leads to 

the formation of both stable and unstable conjugates. 

Acetaldehyde can also react with lipids (14) and nucleic 

acids (15) but the reaction products are generally unstable 

and reversible, occurring to a much lesser degree when 

compared to proteins (10, 14). These studies have 

demonstrated that acetaldehyde is capable of reacting with 

proteins to form acetaldehyde-protein conjugates and that 

such binding may interfere with the normal binding of drugs 

and other metabolites. Indeed, studies have demonstrated 

that plasma albumin from alcoholic adults exhibits decreased 

binding for diazepam, tolbutamide and bilirubin (16, 17, 

18). It appears that acetaldehyde may competitively bind to 

albumin resulting in higher free drug concentrations which 

may also induce toxicity in vivo (19). 

Studies by Calugaru et al. (20) have indicated that 

polymerized albumin (MW 400,000) may be recognized as an 

antigen by antibodies in sera from patients with a variety , 

of liver disorders. Furthermore, immunologic factors such 

as acetaldehyde bound to liver membrane may activate C3, the 

third component of complement (21). However, no direct 

evidence exists which demonstrates that acetaldehyde plays a 

role in the development an immunologic response in vivo 
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against acetaldehyde modified cells, cellular components, or 

proteins. 

Acetaldehyde is capable of changing the properties 

of native proteins. Increased amounts of acetaldehyde, 

formed as the result of excessive alcohol intake, may form 

conjugates with human serum albumin as well as with other 

proteins in vivo producing new or altered determinants. 

Such neoantigens may serve as immunogens and lead to the 

generation of antibodies, which, with continued acetaldehyde 

production due to alcoholic intake, could result in 

immunologically-mediated tissue and organ damage. 

The aims of this project were 1) to determine 

whether acetaldehyde rabbit serum albumin conjugates are 

immunogenic in rabbits; 2) to develop an enzyme-linked 

immunoassay (ELISA) to measure antibody response to 

acetaldehyde albumin conjugates; 3) to characterize the 

antigens and antibodies utilized in the assay by 

immunochemical and spectroscopic methods; and 4) to 

determine whether chronic alcohol ingestion can lead to the 

generation of antibodies against acetaldehyde-modified 

proteins. 



CHAPTER 2 

MATERIALS AND METHODS 

Preparation of Protein Acetaldehvde Conjugates as Antigen 

(Aq) 

Lyophilized RSA, HSA, BSA, HGG or BGG (Sigma 

Chemical Co., St. Louis, Mo.) 10 mg/ml prepared in 0.1 M 

PBS, pH 7.2, was added to 114 mM acetaldehyde (Aldrich 

Chemical Co., Milwaukee, Wis.) in 10 mM ascorbic acid (Baker 

Chemical Co., Phillipsburg, N. J.) / PBS solution, pH 7.2, 

in an ice bath followed by incubation at 37°C with gentle 

shaking for 3 days. Conjugates were dialyzed against 6 L 

PBS, pH 7.2, at 4°C for 48 hours to remove free acetalde

hyde. PBS solution was changed every 24 hours. The final 

solution consisted of 5 mg protein, 114 mM acetaldehyde and 

5 mM ascorbic acid in 1 ml PBS. 

Preparation of Ag at Varying Acetaldehvde Concentrations 

Equal volumes of protein solution (10 mg/ml), pre

5 
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pared as described above, were combined under sterile con

ditions with equal volumes of 46 mM, 136 mM, 364 mM, 454 mM, 

and 908 mM acetaldehye, respectively, in 10 mM ascorbic 

acid-PBS. The effect of length of incubation time upon 

conjugate formation was examined by incubating aliquots of 

the same batch of A-RSA conjugate for different periods of 

time. Protein concentration was measured using the Lowry 

assay (22) which does not depend on dye-binding ability and 

can be used with purified albumin preparatons. 

Preparation of Antibody (Ab^ 

RSA or.A-RSA, 1 mg, was suspended in 1 ml complete 

Freund's adjuvant (CFA) (Difco Laboratories Inc., Detroit, 

MI.) and was used for the first injection. Subsequent 

injections were prepared by suspending RSA or A-RSA, 1 mg, 

in incomplete Freund's adjuvant (IFA) (Difco Laboratories 

Inc.). Male New Zealand White rabbits were immunized with 

one subcutaneous (SC) injection of protein-acetaldehyde 

conjugate, 1 mg, in a 1:1 (vol/vol) suspension of saline and 

CFA followed by seven biweekly SC injections in a 1:1 (vol/ 

vol) suspension of saline and IFA. Sera, obtained from 

whole blood by centrifugation (2000 X g for 15 minutes), 

were aliquoted and stored at -20°C. 
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Patient Studies 

Sera were obtained after informed consent from 11 

patients with alcoholic liver cirrhosis and 47 patients 

diagnosed as alcoholics (80+ gms/day) at the Tucson VA 

Hospital and LARC (Local Alcoholism Reception Center). 

Control sera were obtained from normal, healthy, non-

drinking subjects. Human anti A-HSA IgG, IgM and IgA Abs 

were tested. 

Characterization of Antigen (Act) and Antibodies (Ab) 

Zone Electrophoresis 

Zone electrophoresis of native albumin and acet-

aldehyde conjugated albumin was performed on 1% agarose 

plates in Barbital buffer pH 8.6 (Helena Laboratories Inc., 

Beaumont, TX.). Samples, 0.5 ul, were electrophoresed at 15 

mA for 15 to 20 minutes. Gels were fixed in methanol 

(Fisher Scientific Co., F?iir Lawn, N. J.), oven-dried at 

65°C, stained with Amido black staining solution for 60 

minutes, and then destained with acetic acid-methanol 

solution (Me0H:H0Ac:H20 1000:200:1000). 
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Immunoelectrophoresis (IEP) studies 

Proteins were electrophoresed using 1% Barbital 

buffered pH 8.6 agarose plates on Gelbound film (FMC 

Bioproducts Co., Rockland, Maine) at 24 mA for 50 to 60 

minutes and precipitin arcs were developed with goat anti-

rabbit whole serum (Pel Freeze Biologicals Inc., Roger, AK.) 

rabbit anti A-RSA serum at 37°C. After overnight incuba

tion, plates were washed with PBS overnight followed by a 3 

hour wash in distilled, deionized (DDi) H20 and then oven-

dried at 65°C. Gels were stained and destained as described 

above. 

Double Immunodiffusion Studies 

Ouchterlony analysis was performed on slides coated 

with 3 ml 1% agarose using 5 ul of two-fold serial dilutions 

of Ag or 5 ul of different Ags applied to peripheral wells 

and 15 ul of rabbit anti-A-RSA serum applied to the center 

well. Slides were developed at 37°C overnight, washed, 

dried, stained as described above, then destained in 5% 

acetic acid (EM Science Inc., Cherry Hill, N.J.). 
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UV Absorbance of Acetaldehyde Treated Albumin 

The maximum absorption spectra of Ag was determined 

using a Beckman DU-40 spectrophotometer (Beckman Instuments 

Inc., San Ramon, CA.). Protein solutions which contained 

acetaldehyde-treated albumin or albumin 1 mg/ml in PBS, were 

prepared for scanning using PBS as a blank. Absorption 

spectra (220-300 nm range) of samples were recorded to 

observe for shifts in the maximal absorbance wavelength 

following acetaldehyde treatment. The relationship between 

concentration of acetaldehyde used for preparing acetalde-

hyde-albumin conjugates and the UV absorbance was tested at 

277 nm. 

SDS-PAGE 

SDS-PAGE was performed using a modified Laemmli 

procedure for nonreducing and discontinuous protein gels 

(23). A 2-8%, 0.75 mm gradient running gel in 1.5 M Tris-

base (Sigma Chemical Co.) buffer, pH 8.8, was used with a 3% 

stacking gel in 0.05 M Tris-base buffer, pH 6.8. The 

samples were diluted 1:5 in solubilizing solution which 

consisted of 0.05 M Tris-base buffer, pH 6.8, with 4 % SDS 

(Sigma Chemical Co.), 1.8% glycerol (Fisher Scientific Co.) 
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and 1% of a 0.02% bromphenol blue solution (MCB Manufactur

ing Chemist Inc., Cincinnati, Ohio) and boiled in a water 

bath for three to five minutes. Samples were applied to the 

gel and stacked for one hour at a constant current of 15 mA. 

The current was then increased to 25 mA and the gel was run 

for two to three additional hours. The running buffer 

consisted of a Tris-base buffer with 2.9% glycerol, and 0.1% 

SDS. Gels were stained in Coomassie Blue R-250 staining 

solution (1.25 g Coomassie Blue R-250 (Bio Rad Laboratories 

Inc., Richmond, CA.) in 500 ml destaining solution (MeOH: 

HOAC:H20 250:70:680)) for three to twelve hours followed by 

destaining. 

One microliter aliquots were applied to commercial 

8% to 25% gradient gels (Pharmacia Fine Chemicals, 

Piscataway, N. J.) with a sample applicator (Pharmacia Fine 

Chemicals). Electrophoresis, staining and destaining of 

gels were performed using the Phastsystem (Pharmacia Fine 

Chemicals) gradient gel technique. Molecular weights of the 

sample bands were estimated from a standard linear plot 

generated from plotting the log of the molecular weights of 

high molecular weight SDS-PAGE standards (Pharmacia Fine 

Chemicals) vs. the relative mobility of each standard. Re

lative quantities of proteins were determined by densitom-
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eter scanning (Quick Scan R&D, Helena Laboratories Inc.) 

of Coomassie stained gels. 

Isoelectrofocusing of Ag 

One microliter samples of native proteins, RSA and 

HSA, and A-RSA and A-HSA were applied with sample applicator 

(Pharmacia Fine Chemicals) to Phastgel (Pharmacia Fine 

Chemicals), pH 3-9 gel. Electrophoresis, staining, and de-

staining of gels were performed under the control of preset 

program according to manufacturer's instructions. Iso

electric points (pi) were estimated after generating a 

linear plot of the pi of protein pi standards (Pharmacia 

Fine Chemicals) vs. the relative mobility of each band after 

electrophoresis. 

Affinity Chromatography of Ab 

CNBr activated Sepharose 4B (Pharmacia Fine 

Chemicals), 1 gm, was swollen and washed in 0.001 M HC1, pH 

2-3, for 15 minutes. 10 mg protein, RSA, BSA or HSA, in 5 

ml coupling buffer (0.1 M NaHC03 buffer, pH 9, with 0.5 M 

NaCl) was mixed with gel and rotated end-over-end for 2 

hours at room temperature. Unbound Ag was washed away with 
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coupling buffer and the remaining active groups were inacti

vated by incubating with 0.5 M, pH 8, ethanolamine for 2 

hours at room temperature. Three washing cycles were used 

to remove non-convalently adsorbed Ag. Each cycle consisted 

of a wash with 0.1 M, pH 4 acetate buffer in 1 M NaCl 

followed by a wash with 0.1 M borate buffer, pH 8, in 1 M 

NaCl. Samples of rabbit antisera, 3 ml, were applied to 

sepharose-RSA, HSA and BSA columns (0.8 cm x 4 cm) in Tris-

HC1 buffer, pH 8. Sera passing through the column were 

collected and concentrated by pressure dialysis to their 

original volumes and dialyzed against PBS. Sera were 

aliquoted and stored at -20° C. 

ELISA 

The specificity and cross-reactivity of the rabbit 

anti-acetaldehyde antiserum were assessed by ELISA and ELISA 

inhibition tests. Microtiter plates (Dynatech Laboratories 

Inc., Alexandria, VA.) were coated with 100 ul of a 10 ug/ml 

solution of Ag in carbonate buffer, pH 9.6 at 4°C overnight. 

Plates were washed three times with freshly prepared PBS-

Tween (PBS with 0.5% Tween 20), pH 8.2 followed by a DDi H20 

rinse. Sera, 100 ul, in freshly prepared PBS-Tween were 

added to individual wells and plates were incubated for 60 
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minutes at room temperature. Plates were washed again as 

described above and previously determined dilutions of an 

appropriate horseradish peroxidase (HRP) enzyme-labeled 

anti-immunoglobulin (American Qualex Inc., La Mirada, CA.) 

were added to each well. The plates were again incubated 

for 60 minutes at room temperature. After three washes with 

DDi H20, 100 ul of fresh 0.001 M ABTS (2,21-azino-di-(3-

ethylbenzothiazoline-6-sulfonic acid) (Sigma Chemical Co.) 

in 0.01 M citrate, pH 4.2, was added to each well which 

contained 10 ul of 30% H202 per 10 ml of ABTS. After 15 

minutes, the reaction was stopped by the addition of 50 ul 

of 5% SDS. Optical densities (O.D.) for each well were read 

at 405 nm on an automatic microtiter plate reader (Flow 

Laboratories Inc., Mclean, VA.). 

ELISA inhibition tests were performed by incubating 

rabbit antiserum with serial dilutions of inhibiting Ag, 

A-RSA, RSA, A-HSA, HSA, A-BSA and BSA for thirty minutes at 

room temperature prior to performing the ELISA. Percentage 

inhibition was calculated by equation 1. 

Equation 1: %I = ((O.D.q - O.D.^)/ O.D.q) x 100% 

Where O.D.q = optical density without inhibitor added and 

O.D.^ = optical density with inhibitor added. Inhibition 
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curves were generated by plotting % inhibition vs. concen

tration of inhibitor added. Fifty percent inhibition was 

determined by using the inhibition curve. The Ab and 

working dilutions used in this project are listed in Table 

1. 
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Table 1 

HRP labeled antibodies and working dilutions 

Antibody* Dilutions 
(Lot number) 

Goat antirabbit IgG-HRP (H & L) 1:8,000 
(LDP011) 

Goat antihuman IgG-HRP (H & L) 1:10,000 
(HDP004) 

Goat antihuman IgM-HRP (H & L) 1:6,000 
(HBP005) 

Goat antihuman IgA-HRP (H & L) 1:10,000 
(HCP003) 

*A11 HRP labeled anti-immunoglobin antibodies are heavy 
chain and light chain specific. 



CHAPTER 3 

RESULTS 

Browning Reaction of Aq 

The conjugation of acetaldehyde with RSA, BSA and 

HSA was easily verified since the color of the reaction 

mixtures changed from clear to yellow. When various 

concentrations of acetaldehyde were added to protein-PBS 

solutions different degrees of yellowing were observed with 

maximum absorbance at 400 nm. The degree of color change 

varied according to the initial concentration of acetalde

hyde added and with the length of incubation time. The 

degree of yellowing of the same batch of acetaldehyde-

treated protein increased when the length of incubation time 

increased but the changes observed were not as apparent as 

changes due to increased acetaldehyde concentrations 

evidenced by the degree of browning. The ascorbic acid 

control also produced slight browning of the protein 

solution. These changes were monitored by changes of UV 

spectra. 

16 



Zone Electrophoresis of Aq 
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Inspection of the bands from zone electrophoresis of 

RSA and A-RSA in Figure 1 and of HSA and A-HSA in Figure 2 

indicates that acetaldehyde-conjugated albumins migrate more 

rapidly toward the anode than unconjugated native proteins. 

Furthermore, the degree of migration toward the anode is 

affected by the initial concentrations of acetaldehyde added 

as well as by the length of incubation time used to form the 

acetaldehyde conjugates as shown in Figure 3. A-RSA and 

A-HSA which have been treated with the highest 

concentrations of acetaldehyde migrate further toward the 

anode than similar preparations prepared with lower 

concentrations of acetaldehyde. Differences in migration 

are proportional to and vary with the concentrations 

acetaldehyde added to the initial preparation. The net 

negative charge of albumin is increased by the addition of 

acetaldehyde groups. A similar effect of incubation time on 

migration was also observed. The longer the length of 

incubation time used in preparation of conjugates, the 

greater was the anodal migration suggesting that the net 

negative charge had increased in the conjugates. 



Figure 1. Zone electrophoresis of native RSA, RSA with 
ascorbic acid (Asc), and different concentrations 
acetaldehyde (A) conjugated RSA. Lane 1 and 
lane 10 native RSA. Lane 2 incubated RSA. Lane 
3 RSA with 5 mM ascorbic acid. Lane 4 RSA with 
23 mM A. Lane 5 RSA with 68 mM A. Lane 6 RSA 
with 114 mM A. Lane 7 RSA with 182 mM A. Lane 8 
RSA with 227 mM A. Lane 9 RSA with 454 mM A. 
Except for native RSA all proteins were incubated 
at 37° C for 3 days and dialyzed in PBS at 4° C 
for 2 days. A represents acetaldehyde. RSA = 
rabbit serum albumin. 
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Figure 2. Zone electrophoresis of native HSA and different 
concentrations acetaldehyde (A) conjugated HSA. 
Lane 1 native HSA. Lane 2 HSA with 200 mM A. 
Lane 3 HSA with 100 mM A. Lane 4 HSA with 50 mM 
A. Lane 5 HSA with 25 mM A. All samples except 
native were incubated at 37° C for 3 days and 
dialyzed in PBS at 4 C for 2 days. A represents 
acetaldehyde. HSA = human serum albumin. 
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Figure 3. Effect of length of incubation time upon electro-
phoretic mobility of RSA and acetaldehyde treated 
RSA. Lane 1 native RSA. Lane 2-4 samples incu
bated at 37° C incubator for 3 days. Lane 5-7 
samples incubated at 37° C incubator for 7 days. 
Lane 8-10 samples incubated at 37 C incubator 
for 14 days. Lane 2, 5, 8 RSA treated with 
114 mM A. Lane 3, 6, 9 RSA treated with 182 mM 
A. Lane 4, 7, 10 RSA treated with 227 mM A. 
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IEP of Aa and Ab 
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IEP patterns of RSA and A-RSA and HSA and A-HSA are 

shown in Figures 4 and 5. Inspection of precipitin arcs 

produced by A-RSA and A-HSA confirmed that conjugated 

proteins migrated further toward the anode compared to the 

arcs of unconjugated native proteins. The degree of 

migration is dependent on the concentrations of acetaldehyde 

added during the initial preparation of the conjugates. 

With higher acetaldehyde-protein conjugated preparations, 

precipitin arcs were extended and more diffuse, suggesting 

that some degree of heterogeneity was present in the Ag 

preparation. 

Figure 6 illustrates the results of IEP analysis of 

rabbit anti A-RSA sera against RSA conjugates prepared with 

varying acetaldehyde concentrations. Rabbit antisera did 

not react with native RSA or with A-RSA prepared with 23 mM 

acetaldehyde, the lowest concentration used. Precipitin arcs 

were observed with conjugates prepared with 68 mM, 114 mM, 

182 mM and 227 mM acetaldehyde-conjugated preparations. 



Figure 4. IEP of RSA and A-RSA against goat anti rabbit 
whole serum. Lane 1 native RSA. Lane 2 
incubated RSA. Lane 3 RSA with 5 mM ascorbic 
acid. Lane 4 RSA with 23 mM A. Lane 5 RSA with 
68 mM A. Lane 6 RSA with 114 mM A. Lane 7 RSA 
with 168 mM A. Lane 8 RSA with 227 mM A. Goat 
anti rabbit serum is put in every trough. 
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Figure 5. IEP of HSA and A-HSA against goat anti human 
albumin. Lane 2 and 7 native HSA. Lane 3 HSA 
with 25 mM A. Lane 4 HSA with 50 mM A. Lane 5 
HSA with 100 mM A. Lane 6 HSA with 200 mM A. 
Goat anti human albumin is put in every trough. 
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Figure 6. IEP of RSA and A-RSA against rabbit anti A-RSA 
sera. Every lane is same as Figure 4 except 
that rabbit anti A-RSA sera is put in every 
trough. 
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Double Immunodiffusion of Ab 

Both immunized rabbits produced Ab to acetaldehyde 

conjugates. A representative aliquot serum was selected for 

further characterization. Double immunodiffusion patterns 

are shown in Figure 7. Rabbit anti A-RSA serum formed 

precipitin lines with serially diluted A-RSA (1 mg/ml, 0.5 

mg/ml and 0.25 mg/ml) and no precipitin line was formed 

against RSA. Serum from a rabbit immunized with RSA did not 

react with RSA or A-RSA. No reactions were observed with 

prebleeding sera from rabbits immunized with A-RSA. Pre

cipitin reactions between A-HSA, A-RSA, and A-BGG and rabbit 

anti A-RSA sera are shown in Figure 8. One continuous line 

was observed with all three acetaldehyde conjugates although 

the intensity varied. No precipitin lines were observed 

against the native proteins, RSA or HSA. No spur was 

observed at the intersection of the precipitin lines between 

A-RSA and A-HSA and of A-RSA and A-BGG, suggesting that Ab 

activity was directed toward hapten. Following adsorption 

with RSA, HSA and BSA, the antiserum recognized only A-RSA. 

The rabbit anti-A-RSA Ab also reacted with the haptenic 

moiety, acetaldehyde, when it was present on carrier 

proteins other than those used for immunization, thereby 



Figure 7. Double immunodiffusion of RSA and A-RSA against 
rabbit anti A-RSA sera. P prebleed sera from 
A-RSA immunized rabbit. C control rabbit sera 
immunized with RSA. I experimental rabbit 
immunized with A-RSA. 1 1 mg/ml A-RSA. 2 0.5 
mg/ml A-RSA. 3 0.25 mg/ml A-RSA. 4 1 mg/ml RSA. 
5 0.5 mg/ml RSA. 6 0.25 mg/ml RSA. 
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Figure 8. Double immunodiffusion of rabbit anti A-RSA sera 
against with A-RSA, A-HSA, A-BGG, RSA and HSA. 
The precipitin line also reacts with A-BGG , 
evident in original photograph. 
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indicating immunologic specificity for the acetaldehyde 

moiety. 

UV Absorbance of Aq 

Changes in the UV absorption spectra were observed 

in albumin after acetaldehyde treatment. The scanning 

absorbance spectra (220-300 nm) showed a shift in the 

maximum wavelength absorbance from 278 nm (native albumin) 

toward a shorter 276 nm wavelength (Figure 9). There was 

also a concomitant increase in absorbance when increasing 

concentrations of acetaldehyde were utilized for conjugate 

formation up to a plateau of 182 mM acetaldehyde (Figure 

10). The UV spectrum a of an ascorbic acid-RSA protein 

solution showed a maximum absorption wavelength at 271 nm, 

which differed from the maximum absorption wavelength of 

acetaldehyde-treated RSA. The UV absorbance of A-RSA also 

increased with longer incubation times. 

SDS-PAGE of Acetaldehyde Conjugates 

SDS gel patterns of native RSA and of RSA treated 

with various acetaldehyde concentrations are shown in Figure 



Figure 9. UV absorbance spectra for RSA conjugates after 
treatment with different acetaldehyde 
concentrations. 
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Figure 10. The relation between UV absorbance and 
acetaldehyde concentration used in preparing 
conjugates with rabbit albumin. 
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11. Acetaldehyde-albumin conjugates exhibited a marked 

molecular heterogeneity compared to the native protein 

control, as evidenced by a broadening of bands, an increase 

in the number of bands and a shift in the relative amounts 

of protein migrating at each position as determined by 

scanning densitometry of Coomassie blue stained SDS gels. 

As shown in Figure 12, the intensity of the 67,000 Kd 

monomer decreased as the relative intensities of higher 

molecular weight fractions increased, thereby indicating 

that higher acetaldehyde concentrations resulted in cross-

linking of albumin monomers and the production of higher 

molecular weight polymers. The percentage of monomer was 

found to decrease from 88.5% in native RSA to 18.5% in 227 

mM acetaldehyde-treated RSA. The detectable polymer 

increased from 1.5% in native RSA to 31% in 227 mM 

acetaldehyde-treated RSA. Similar pattens of SDS-PAGE were 

observed between A-HSA and HSA. 

Isoelectrofocusina of Acr 

The pi values for the native proteins, RSA and HSA, 

and for acetaldehyde conjugates, prepared with different 

concentrations of acetaldehyde, were calculated from a 

linear plot generated from the of pi standards vs. the 



Figure 11. SDS-PAGE of native RSA and A-RSA. Lane 1 native 
RSA. Lane 2 RSA treated with 23 mM A. Lane 3 
RSA treated with 68 mM A. Lane 4 RSA treated 
with 114 mM A. Lane 5 RSA treated with 182 mM A. 
Lane 6 RSA treated with 227 mM A. 
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Figure 12. Scanning densitometry of 2-8% Coomassie blue 
stained gel showing different intensities of 
different gel fraction. A native RSA. B RSA 
with 114 mM acetaldehyde. C RSA with 227 mM 
acetaldehyde. 
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relative mobility for each standard. The pi was 4.74 for 

RSA, 4.60 for A-RSA, 4.71 for HSA, and 4.47 for A-HSA. These 

results confirmed earlier IEP and zone electrophoresis 

results that acetaldehyde-treated proteins became more 

acidic than their corresponding native proteins due to an 

increase in net negative charge. 

ELISA of Rabbit Ab 

Immunization of rabbits with the homologous A-RSA 

yielded antibodies that reacted at high titer with serum 

protein-acetaldehyde conjugates and at considerably lower 

titer with heterologous conjugates. However, in contrast to 

the precipitation reaction which was non-reactive, the 

antiserum combined with the homologous carrier, but at much 

lower titers. ELISA results (Figure 13 and 14) indicated 

that IgG antibody titers against A-RSA increased in 

acetaldehyde-albumin immunized rabbits, but not in rabbits 

immunized with native RSA. A-RSA immunized rabbits produced 

IgG antibody, as detected by ELISA, with titers greater than 

1:100,000. These titers were detected as early as 4 weeks 

after the first injection as illustrated in Fig. 15. 

Results of ELISA studies which assess the cross-

reactivity of anti A-RSA IgG antibody cross-reactivity with 



Figure 13. ELISA result of rabbit IgG Ab titers against 
A-RSA in rabbit immunized with A-RSA. ,Pre-
bleed ( J, 1st bleed ( —0--rJ , 2nd bleed 
( ....R.- ), bleed ( -  -A  -  )  , 4 ™  b l e e d  
(—3?— ) , 5 bleed ( —©— ) , 6tn bleed 
( —3— ) IgG titers are shown. 
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Figure 14. ELISA result of rabbit IgG Ab titers against 
A-RSA in rabbit immunized with R§A. Prebleed 
( —bleed ( "©— ) ' 2?? bleed 
(-•R- ), 3™ bleed ( -) , bleed 
(—>ji-—), 5 bleed (—0 ), 6rn bleed 
( —H— ) IgG titers are shown. 
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Figure 15. The rabbit anti A-RSA IgG Ab titers during the 
immunization period. IgG titers can reach 1:105 
after 4 weeks later of first injection with 
Complete Freunds adjuvant. 
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a variety of acetaldehyde-conjugated or native proteins are 

illustrated in Figure 16. Unadsorbed anti-A-RSA Ab (1:104 

dilution) had the greatest activity against the immunizing 

Ag, A-RSA. In addition, antibodies against A-HSA, A-HGG, 

A-BSA and A-BGG were also detected but in lower titers. 

Affinity-adsorbed Ab showed a similar reactivity pattern 

against native and conjugated protein but titers were 

decreased after adsorption, with titers reaching a maximum 

of 1:40,000. HGG and BGG produced higher background O. D. 

readings than other native proteins. 

The specificity of rabbit IgG anti A-RSA Ab was 

examined by preincubation of dilutions of serum with various 

amounts of native and acetaldehyde-treated proteins to 

determine if such incubation affected the Ab titers. The 

results are shown in Fig. 17 for anti A-RSA using a 

1:10,000 dilution. A 50% inhibition of unadsorbed anti A-

RSA IgG Ab was achieved by the addition of 458 ng/ml A-RSA 

whereas 278 ng/ml A-RSA inhibited the adsorbed anti A-RSA 

IgG Ab. It took 450 ug/ml of A-HSA to inhibit 36.1% 

activity of adsorbed rabbit anti A-RSA IgG Ab while the same 

amount of A-BSA resulted in 28.4% inhibition of adsorbed 

rabbit anti A-RSA IgG Ab activity. RSA and BSA, at 1 mg/ml, 

inhibited only 21% and 5.8% IgG Ab activity, respectively. 

No significant inhibition was found for HSA with concentra-



Figure 16. ELISA results of rabbit anti A-RSA IgG cross 
reactivity at 1:104 dilution. 
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Figure 17. Inhibition of unadsorbed ( —— ) and affinity-
adsorbed ( -0--- ) A-RSA specific IgG Ab 
activity by preincubation of rabbit antisera 
against A-RSA ( 1:104 dilution unadsorbed rabbit 
sera and 1:10 dilution of adsorbed rabbit sera) 
with various concentrations of A-RSA conjugates. 
The A-RSA specific IgG activity is measured by 
ELISA. The insert is a magnified portion of 
original inhibition curve showing 50% inhibition 
activity of A-RSA. 
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tions of up to 1 mg/ml. These data suggest that rabbit anti 

A-RSA IgG antibodies recognize acetaldehyde-albumin 

conjugated sites and these antibodies appeared to be 

specific for the acetaldehyde moiety. Incubation of A-RSA 

for more than 3 days resulted in loss of antigenic activity 

detected by ELISA as shown in Figure 18. 

E1ISA for anti-A-HSA Human Ab 

Human seum antibodies to A-HSA were detected by 

ELISA but not by IEP or double immunodiffusion in some sera 

from alcoholics. Prelimilary screening tests using the 

ELISA technique demonstrated IgG Ab (titer > 1:10) reacting 

with A-HSA in 8/11 alcoholic liver cirrhosis patients and in 

15/47 patients in an alcoholic rehabilitation program. IgM 

antibodies against A-HSA at titers greater than 1:10 were 

detected in 7/11 patients with alcoholic liver cirrhosis and 

in 33/47 patients in an alcoholic rehabilitation program. 

No anti A-HSA IgG Ab were found in 9 normal, non-drinking, 

control subjects but 4/9 sera contained IgM Ab against A-HSA 

at titers of 1:10. No sera from alcoholic or normal 

subjects contained IgA antibodies against A-HSA. A summary 

is shown in Table 2. 



Figure 18. ELISA results of effect of incubation length 
showing loss of antigenicity of A-RSA. 
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Table 2. ELISA Preliminary Results of Human Subjects 

Antibody Detected 
patient No. of 
group patient 

IgG IgM IgA 
Pos Neg Pos Neg Pos Neg 

Normals 9 0% 0% 44% 56% 0% 0% 

Alcoholics 47 32% 68% 70%+ 30% 0% 0% 

Cirrhosis 11 73% 27% 64% 36% 0% 0% 

* titer <1:20. 
+ titer > 1:40. 
Pos: Positive reaction. 
Neg: Negative reaction. 



CHAPTER 4 

DISCUSSION AND CONCLUSION 

Ethanol is metabolized in the liver primarily via 

alcohol dehydrogenase to acetaldehyde (2). Acetaldehyde 

levels are elevated in chronic alcoholics and it is thought 

that this elevated acetaldehyde levels may be toxic to the 

liver (5). Acetaldehyde, a potent acetylating agent, can 

react with various proteins non-enzymatically to produce 

acetaldehyde-protein conjugates (9-15). Acetaldehyde has 

been shown to alter the electrophoretic mobility of native 

proteins. A-RSA and A-HSA both migrate further toward the 

anode than RSA and HSA thereby indicating that both A-RSA 

and A-HSA have increased net negative charges. Their 

greater net negative charge compared to RSA and HSA 

apparently results from the reaction of acetaldehyde with 

positively charged groups such as lysine residues on the 

proteins (6, 25). The rates of migration toward the anode 

increased as higher concentrations of acetaldehyde were 

utilized, thereby suggesting progressively higher 

conjugation. Similar phenomna with other aldehyde 

conjugates have also been observed. Habeeb et al. (24) had 

44 
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demonstrated that formaldehyde- and glutaraldehyde-treated 

bovine serum albumin conjugates acquire an increased 

electronegative charge due to non-enzymatic aldehyde 

modification. 

Acetaldehyde caused browning of protein solutions 

during the formation of A-RSA, A-HSA, A-HGG, A-BSA and A-BGG 

conjugates through aldehyde-amine addition or condensation 

(6). This type of non-enzymatic browning reaction also 

occurs in the reaction of proteins with reducing sugars, 

particularly glucose, which may glycosylate hemoglobin, 

collagen, crystalline lens, erythrocyte membrane proteins 

and serum proteins (26). The ascorbic acid used to 

stabilize conjugate formation also caused slight browning of 

the protein solutions. However, the browning due to the 

ascorbic acid could be distinguished from browning due to 

acetaldehyde by different UV spectra and absorbance maximum. 

Chronic alcohol consumption not only generates 

acetaldehyde, but also produces excess reducing equivalents, 

such as NADH, which can promote the formation of irrevers

ible and stable conjugates with hepatic proteins (3). 

Therefore, alcoholics may potentially produce an environment 

in vivo for the formation of acetaldehyde-protein conjugates 

replacing the ascorbic acid used in vitro with reducing 

equivalents formed in vivo. 
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The reaction of amino compounds with carbonyl groups 

results in the formation of stable acetaldehyde^protein 

conjugates via Schiff base intermediates (5, 6, 27) . The 

basic mechanism of Schiff base intermediate formation is a 

two-step addition-elimination reaction. The following 

reaction describes the formation of acetaldehyde-protein 

conjugates in the liver during alcohol oxidation. 

Alcohol NAD Acetaldehyde 
•I3-CH2-OH —\—> CH3-CH=O + 
[A] < NADH , 

Protein 
NH2-R 

F 
[i] 

CH3-C-N+H2-R 

0_ 

[ 2 ]  
H 

CH3-P-NH-R 

OH 

CH3-C=N-R (Schiff Base) + H20 

H I 

[A]- •>Reducing Equivalents / Agents 

H-

CH3-CH2-N-R 

Stabilization R'-SH 

H 

CHO-CH—N-R 
"  3  I  I  

SR'H 
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Acetaldehyde produced by oxidation of alcohol may 

interact with amino groups of proteins to form unstable and 

reversible Schiff bases through a carbinol-amino intermedi

ate [1] and intermediate [2] and elimination of water as in 

the diagram shown above. Schiff bases are usually the first 

reaction product of acetaldehyde with proteins. However, 

excessive reducing equivalents, such as increased NADH which 

is generated by alcohol oxidation, may reduce Schiff bases 

and lead to the formation of stable and irreversible 

acetaldehyde-protein conjugates. 

Ascorbic acid, used in this study, can act as a 

reducing agent which converts an unstable Schiff base to a 

stable product. Studies by Steve et al. (11) have shown 

that three amino acid residues in hemoglobin, lysine, 

tyrosine and valine, can bind acetaldehyde and can be 

stabilized by sodium borohydride. Tuma et al. (13) also 

have shown that ascorbic acid enhances acetaldehyde adduct 

formation with cytochrome C, histone and poly-L-lysine and 

can convert unstable acetaldehyde adducts to stable adducts, 

thereby increasing the binding of acetaldehyde to proteins. 

The altered redox state (elevated NADH/NAD ratio) 

may be important in the development of alcoholic liver 

injury since the altered redox state exists particularly 

exaggerated in the centrolobular region of the liver where 
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alcoholic liver injury begins and predominates (28). 

Lindros et al. (29) have suggested that constant exposure in 

the liver to higher levels of acetaldehyde along with the 

altered redox state can be especially damaging to the liver. 

Fantal et al. (25) suggested that the chemistry of the 

reaction of protein amino groups with acetaldehyde showed 

possible rearrangements from Schiff bases but they did not 

propose a mechanism. 

A possible mechanism for a cross-linking reaction 

with adjacent protein monomers is described below : 

Acetaldehyde Protein 
CH3-CH=O + NH2-R 

i 
CHo-CH-NH-R 

I [a] 
OH 

' I 
HO-CH2-CH=N-R [b] 

I 
HO-CH=CH-NH-R [C] 

H  I  
I  1  

(Protein) R-N< 0=CH-CH2-NH-R [d] 

H 

The carbonyl group shown in [d] can serve to attach to other 

monomeric protein amino groups and to produce cross-linkage 
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reulting in molecular heterogeneity of acetaldehyde-treated 

proteins. 

The UV absorbance of A-RSA demonstrated a shift of 

maximum absorbance wavelength to a shorter wavelength from 

278 to 276 nm and also an increase in UV absorbance for the 

highest acetaldehyde concentration used. A similar 

phenomenon was observed by Onica et al. (30) with glutar-

aldehyde-treated rabbit serum albumin. Glutaraldehyde 

treatment resulted in an increase in UV absorption and a 

shift of the maximum UV absorbance from 280 to 268 nm for 

the highest glutaraldehyde concentration used. A 

concomitant increase in absorbance was observed when 

increasing concentrations of acetaldehyde were used for 

conjugate formation up to a concentration of 182 mM 

acetaldehyde, above which a plateau was reached. This 

observation suggests that saturable binding occurs with 

acetaldehyde conjugate formation. SDS-PAGE analysis 

demonstrated that a high degree of molecular heterogeneity 

exists in acetaldehyde-treated proteins. Onica et al. (30) 

reported that glutaraldehyde-treated RSA had similar SDS-

PAGE patterns to acetaldehyde-treated RSA with an increase 

of higher molecular weight polymers which implies that 

acetaldehyde treatment can cross-link proteins. 
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Glucose also has the ability to cross link adjacent 

proteins, forming irreversible advanced glycosylated end 

products (31), which probably contribute to the stiffening 

and loss of elasticity which are characteristic of aging 

tissues or organs. Measurement of glycosylated hemoglobin 

and albumin levels may be clinically useful in the 

assessment of short-term glycemia (26, 34). Acetylated 

hemoglobin may prove useful as a tool to differentiate 

alcoholics from non-alcoholics (35). Acetaldehyde-modified 

albumin may possibly provide another method to clinically 

assess the alcoholism. Acetaldehyde appears to function in 

a similar manner to glucose and, therefore, might even play 

a role in aging. 

The modification produced within homologous 

monomeric albumin by treatment with acetaldehyde could 

confer upon albumin new antigenic determinants, neoantigens, 

or haptenic determinants, and may also alter the molecular 

configuration, i.e. a change of its tertiary structure. The 

parentally immunized rabbit model utilized in these studies 

demonstrates that IgG antibodies can be generated against 

epitopes which contain acetaldehyde residues in acetaldhyde-

protein conjugates. An ELISA method has been developed to 

measure antibodies against A-RSA and other proteins in 

rabbit sera. Acetaldehyde treatment can add similar 
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haptenic determinants to a variety of different proteins, 

particularly albumin and gamma globulin proteins from 

different species which appear to cross-react as shown by 

ELISA. 

An ELISA inhibition study demonstrated that a 

specific rabbit antibody can detect the acetaldehyde moiety 

on different carrier proteins. Acetaldehyde is unsuitable 

for hapten inhibition studies because it is highly reactive. 

Therefore, A-RSA, A-HSA and A-BSA were used for studied of 

hapten inhibition of rabbit antibody against A-RSA. These 

findings are analogous to studies of Patterson et al. (32) 

which demonstrated that new antigenic determinants may be 

generated as a result of formaldehyde-dog serum albumin 

conjugate formation and that this small aldehyde group can 

lead the production of antibody aga.inst it. 

A-RSA preparations show a loss of antigenic activity 

as detected by ELISA with increased incubation times. This 

loss of activity, as measured by decreased ELISA titers, 

might result from immunization of the rabbits with these 

conjugates which were prepared using shorter incubation 

times, i.e. 3 day A-RSA conjugates, which may have favored 

reactivity with antigenic determinants possibly expressed to 

a greater degree in the three day immunogen. On the other 

hand, as a result of physical aggregation of A-RSA or 
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the process of aging there may be a conformational change 

which can block reactive sites. 

Sera from 11 patients with alcoholic cirrhosis of 

the liver and 47 alcoholic patients without known cirrhosis 

were screened for the presence of antibodies to A-HSA and 

native HSA. IgG and IgM antibodies against acetaldehyde-

modified albumin were detected in sera from both groups but 

no IgA antibody was detected. Only IgM antibody, at low 

titer, was detected in 5/9 normal, healthy persons. It is 

possible that antibodies against altered albumin could alter 

the synthesis or catabolism of albumin. It is also conceiv

able that immune complexes containing altered albumin or 

even the development of delayed hypersensitivity to albumin 

might perpetuate liver damage initiated by alcohol. In a 

recent study by Israel et al. (33) the authors suggest that 

acetaldehyde modified proteins may serve as neoantigens in 

the immune system resulting in the generation of antibodies 

and that these antibodies should be of value in the 

identification of alcohol consumption and the relation to 

the organ pathology. They immunized mice with acetaldehyde-

treated human plasma protein and human erythrocyte protein 

to generate antibodies which had titers of 49,207 and 16,400 

respectively which were considerably lower than the rabbit 

antibodies titers produced in this study. Their report 
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not describe which immunoglobin class was detected, nor did 

they test alcoholic sera. The adsorbed rabbit antisera 

produced in the present study could perhaps find use in the 

detection of acetaldehyde conjugates in the fluid or tissue 

phase of the body, and may possibly serve as a tool for the 

elucidation of some of the pathologic events in alcohol 

related diseases. 

Although the mechanism for development of alcoholic 

liver disease still remains unknown, in view of the finding 

that antibodies against A-HSA and HSA can be found in the 

limited patient population described above, one could 

speculate that antibody class switch found between alcoholic 

and alcoholic liver cirrhosis may be associated with the 

liver damage via an autoimmune mechanism. The nature of 

these anti A-HSA antibodies requires clarification by 

further studies. It is necessary to determine the normal 

range for antibodies to A-HSA and to compare results for 

nonalcoholics, alcoholics, patients with alcoholic cirrhosis 

or liver diseases of other types. These preliminary studies 

suggest that acetaldehyde conjugated proteins may represent 

antigens which may be important in the generation of 

alcoholic liver disease. 

Schiff base formation between acetaldehyde and amino 

groups of with subsequent stabilization or rearrangement in 
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vivo may provide a method to investigate biochemical, 

immunological and pathological mechanism responsible for the 

sequelae of alcoholism. 
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Th« University of Arizona 

t Human Subjects Committee 

1609 N Warren (Building 220), Room 112 

Tucson. Arizona 85724 

(602) 626-6721 or 626-7575 

1 December 1986 

Jacob Pinnas, M.D. 
Department of Internal Medicine 
Rheumatology, Allergy, and 

Immunology Section 
Arizona Health Sciences Center 

Dear Dr. Pinnas: 

We have received your project, "Validation of an ELISA for the Detection 
of Antibodies to Acetaldehyde-Albumin Adducts", which was submitted to this 
Committee for review. The procedures to be followed in this study pose no 
more than minimal risk to the participating subjects. Regulations issued by 
the U.S. Department of Health and Human Services [45 CrR Part 46.110(b)] auth
orize approval of this type project through the expedited review procedures, 
with the condition(s) that subjects' anonymity be maintained. Although full 
Committee review is not required, a brief summary of the project procedures is 
submitted to the Committee for their endorsement and/or comment, if any, after 
administrative approval is granted. This project is approved effective 1 
December 1986. 

Approval is granted with the understanding that no changes or additions 
will be made either to the procedures followed or to the consent form(s) used 
(copies of which we have on file) without the knowledge and approval of the 

Human Subjects Committee and your College or Departmental Review Committee. 
Any research-related physical cr psychological harm to any subject must also 
be reported to each committee. 

A university policy requires that all signed subject consent forms be 
kept in a permanent file in an area designated for that purpose by the Department 
Head or comparable authority. This will assure their accessibility in the 
event that university officials require the information and the principal 
investigator is unavailable for some reason. 

Sincerely yours 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committee 

KN/ jm 

cc: David S. Alberts, M.D. 
Departmental Review Committee 
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I, , the undersigned, am being 
invited to participate in the research project entitled 
"Validation of an ELISA for the detection of Antibodies to 
Acetaldehyde-Albumin Adducts" under the supervision of Dr. 
Jacob Pinnas and colleagues at the University of Arizona. 
This study is being conducted with approximately 50 adult 
alcoholic and 100 non-alcoholic volunteers. The purpose of 
the study is to measure and determine normal ranges of 
alcohol related chemicals and antibodies in blood. Study 
procedure will require one venipuncture (insertion of a 
needle into a vein) and collection of thirty milliliter (1/2 
to 1 tablespoon full) of blood. Venipuncture may lead to 
bruising at the puncture site but pain or discomfort should 
be temporary. 

Iwill not be charged for any of the tests nor for medical 
expenses directly related to my participation in the study. 
I will receive $ 10 compensation for my participation in the 
study. I may contact Dr. Pinnas at 626-7942 or at 626-6000 
if I have any problems or questions. No commitment is made 
to provide compensation for any adverse effects of 
participation or any injury. Further information concerning 
the University of Arizona policies in this regard or 
information about the conduct of this study or the rights of 
research subjects may be obtained from Dr. Pinnas. 

I understand that results of this study might not benefit my 
directly but knowledge obtained regarding normal levels of 
antibodies might benefit others. Confidentiality of 
information concerning participants will be maintained. 
This consent form will be filed in an area designated by the 
Human Subjects Committee with acess restricted to the 
principal investigator or authorized representatives of the 
Department of Internal Medicine. 

"I have read the above 'Subject's Consent'." The nature, 
demands, risks, and benefits of the project have been 
explained to me. I understand that I may ask questions and 
that I am free to withdraw from the project at any time 
without incurring ill will. I also understand that this 
consent form will be filed in an area designated by the 
Human Subjects Committee with access restricted to Dr. 
Pinnas or authorized representatives of the Department of 
Internal Medicine. A copy of this consent form will be 
given to me. 

Subject's Signature Date 
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