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ABSTRACT

ACETALDEHYDE abppucTs GF HEMOGLOBI N AS A
PCSSI BLE MARKER OF CHRONI C ALCOHOLI SM

Evanthia N D aconi s
Mast er of Sci ence

Youngstown State University, 1984

Despite the fact that extensive and prolonged
i ngestion of alcohol is hazardous to one's health, al cohol
abuse and addiction is on the rise and is a serious problem
in society. Due to the variation in drinking patterns
from culture to «culture, it is difficult to define
al coholism since what is normal for one culture may be
abnormal for another. Neverthel ess, in general, one could
define alcoholism as "the intermttent or continual
i ngestion of alcohol |eading to dependence or harm" The
abuse of alcohol is increasing and is affecting all age
groups of our society; consequently, the nunber of people
requiring treatnent for alcoholism and alcohol related
pat hol ogi es i s increasing. Al though there are tests for
acute alcoholism there do not appear to be any tests
for testing long-term al coholism One possible test nethod
to indicate long-term alcoholism enploys a fraction of
henogl obi n A as an anal yte.

Henmogl obin A makes up about 90% of the adult

henogl obi n.  Chromat ography of a red blood cell henolysate



shows three negatively charged m nor henogl obin conponents
that elute before the main henoglobin A peak and are
Is the nost

hermogl obins  A; Henogl obin A

a®iprBce 1c
abundant mnor henoglobin and its formation represents
a posttranslational glycosylation of Hb A This process
Is slow and non-enzymatic and it occurs continuously
t hroughout the 120-day life span of the erythrocyte. The
gl ycosylation of henoglobin is basically irreversible

making the level of Hb A directly proportional to the

1C
ti me- aver aged concentration  of glucose wthin the
erythrocyte. Therefore the cummulative |evel of Hb Al
I's especially inportant in nonitoring the diabetic patient.
The oxidation of ethanol in the liver leads to
the formati on of acetal dehyde. Acetal dehyde is potentially
nore toxic than ethanol because of its greater reactivity
and lipid solubility. St udi es suggest that henvol ysates

from alcoholic patients have a henoglobin fraction that

has chromatographic properties simlar to Hb Al but
they differ from Hb Al in that they are not bound by
boronated agar ose. These patients have an elevated

concentration of mnor henoglobins but normal anounts
of glycosylated henoglobins. This principle is the basis
of this research

A cation-ion exchange colum in tandem with a
boronated agarose gel colum was used. The cation-ion
exchange colum binds all henogl obi ns except those attached

to glucose or acetal dehyde. The effluent is drained into



t he boronated agarose gel colum. This colum binds the
gl ycosyl ated henogl obin and only the henogl obin containing
acet al dehyde el utes. These prelimnary findings suggest
a direct correlation with acetal dehyde- bound Hb and al cohol

consunption Ilevels over approximately the past thirty

days.
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CHAPTER |

| NTRODUCTI1 ON

A. Abuse of Ethanol

Et hanol, CH,CH,OH, is a straight-chained aliphatic

3772
al cohol whose chem cal structure is as foll ows:

H H
[ |

H— C—C——0H

H H

g all the aliphatic alcohols, "only ethanol has the
appropriate physiological effect, netabolic pathway and
| ow order of toxicity that has resulted in its w despread
use as an alcoholic beverage." (1) Ethanol is also wdely
used as an industrial and | aboratory sol vent.

Al coholic beverages have been known to man for
100,000 years and probably were first encountered as a
result of the natural fernmentation of grapes, grain or
honey during their storage. The ancient Egyptians knew
about wne since the fifth and forth millenium BC The
Bible refers to wne in nany instances, for exanple:

Noah was the first tiller of the soil.

He planted a vi neyard; and he drank of

the wi ne, and becane drunk,

and lay uncovered in his tent . . .
Genesis 9:20-1



Despite the fact that extensive and prolonged

i ngestion of alcohol is injurious to onds health, alcohol
abuse and addiction continues and affects all age groups,
all societies and all cultures today. The consequences
of al cohol abuse represent personal and societal problens.
In 1977, alcohol-related problenms in the United States
cost approximately 45.4 billion dollars. (2)

Lost production, health and nedical expenses,
notor vehicle accidents, violent crinmes, fire |osses and
social responses are a direct result of alcohol abuse.
In 1981, the National Institute on Al cohol Abuse and
Al coholism (NIAAA) reported that alcohol is a factor in
ten percent of all deaths in the United States and that
approximately one in ten adult drinkers is likely to have
a drinking problem or become an alcoholic. (2) These
estimates express the magnitude of the problem and the
i nportance of allocating testing, intervention and treatnent
prograns for al coholismand al cohol rel ated pathol ogi es.

Al cohol abuse results in a wde variety of
psychiatric and physical illnesses such as acute al cohol
I nt oxi cation, psychoses, mal nour i shnent , mal absor pti on,
i ver di sease, and sexual dysfunction. (3)

The death rate for a given age group is greater
among al coholics as conpared to the general popul ation.
G all the age groups, the nortality rate due to al coholism
is greatest in the young and especially fermales. D seases

of the digestive systemsuch as |liver disease, pancreatitis,



and gastritis are the nost comonly found diseases in
al cohol abuse. The influence of the extent and duration
of al cohol abuse resulting in a disease is best seen hy
the incidence of |iver dysfunction. If one's intake of
alcohol is less than 160 g per day an increase in the
duration from 3.5 to 21 years results in a three-fold
increase in the nunber of cases of |Iliver dysfunction.
The consunption of nore than 160 g of alcohol per day
leads to a rise in the probability of liver dysfunction
from 11% to 73% for those whose duration of drinking is
3.5 years to 21 years respectively. (Table 1)

Defining alcoholism can cause confusion, because
what one person |abels as alcoholic another would not.
Al cohol wuse and abuse covers a wde spectrum with one
end involving those who never drink alcohol and the other
end involving those who are addicted to al cohol and who
may be suffering physical, nmental and sociol ogi cal damage.
(3) Therefore, the difficulty in defining alcoholism
Is in deciding where in this spectrumis nornmal and beyond
what point is abnornal. Social and cultural attitudes
i nfluence the concept of normality since what is nornmnal
for one culture nay be abnornmal for another. Ceneral |y
one could define alcoholism as "The intermttent or
continual ingestion of alcohol I|eading to dependency or
harm" (4)

Today, one is faced with the problemof identifying

the chronic abuser of alcohol. There is no one reliable



BELOW 160 g ethanol/day ABOVE 160 g ethanol/day

G oup Dur ati on Nunber ¢ of cases with Nunber % of cases with
years of cases Liver Dysfunction of cases Liver Dysfunction
1 3.5 £ 1.3 74 6 55 ;¢
2 7.8 £ 1.4 76 16 79 37
3 12.8 £ 1.5 30 17 64 40
4 21.1 £ 5.4 6 17 5% 73

Table 1. Influence of Extent and Duration of Al cohol Abuse on Liver Dysfunction (3)



and definitive test method that wll identify the al coholic
early. One could look for signs of cirrhosis, or elevated
enyzne |l evels that reflect the degree of tissue destruction,
or one could even perform a liver biopsy; unfortunately,
the disease nust be in an advanced stage in order to be
detected by these nethods. This research suggests
identifying alcoholism by quantifying the levels of
acet al dehyde- bound henoglobin in the bl ood. This | evel
represents a tinme-averaged accumulation of acetal dehyde
in the blood stream during the 120-day life span of the
erythrocyte.
B. Metabolism, Absorption and Excertionof Ethanol

1. Met abol i sm of Et hano

Et hanol being polar is mscible wth water. It
passes easily through the cell nenbranes by sinple passive
di ffusion due to its snmall size and polarity.

Ethanol is netabolized primarily in the Iliver.
Al cohol dehydrogenase (ADH), a zinc containing metallo
enzynme, is located in the cytosol of the hepatocyte and
oxi di zes ethanol to acetal dehyde. Catal ase and a m crosona
et hanol oxidizing system (MEOS) also oxidize ethanol to
acet al dehyde. A cytopl asm c al dehyde dehydr ogenase oxi di zes
acet al dehyde to acetate. There are two routes acetate
can follow One is that acetate can be oxidized to carbon
di oxi de through the citric acid cycle. Secondl y, acety
CoA, the activated form of acetate can be netabolized
to form fatty acids, steroids, amno acids, and ketone

bodies. (Figure 1)
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The following reaction is catalyzed by al cohol
dehydr ogenase:
CH,CH,0H + NAD" NADH + ' + CcH,CHO

Al cohol dehydrogenase requires nicotine adeni ne di nucl eoti de
(NAD+). During the oxidation of ethanol to acetal dehyde,
NaDp' is reduced to NADH  The conversion of NAD+ to NADH
during the netabolism of ethanol results in a significant
decrease in the overall NAD+/NADH ratioin the liver. This
shift is critical to biochemcal reations, thus, accounting
for sone of the nmetabolic effects of ethanol. The rate
at which ethanol is netabolized depends on the rate at

whi ch the ADH:NADH conpl ex i s reoxidi zed.

2.  Absorption of Ethanol

Et hanol I's readily absor bed from t he
gastrointestinal tract, especially from the duodenum and
jejunum and is excreted in a relatively few hours. Once
in the gastrointestinal tract, the ethanol diffuses rapidly
and uniformy throughout the body water. There is m nimal
absorption of ethanol from the nouth. Another way ethanol
is absorbed into the body is by inhalation of vapor and
by passage across the pul nonary epithelium Et hanol can
al so be absorbed into the blood by any parenteral route
such as intraperitoneal, intrathecal or subarachnoid
injection. (Figure 2)

Absorption of ethanol does not occur through intact
skin since the keratin layer of the skin is inperneable

to ethanol. The urinary bladder is inperneable to ethanol
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and therefore prevents the reakporption of ethanol contained
in urine stored in the bl adder

3. Factors I nfluencing Ethanol Absorption

As nentioned earlier, ethanol is absorbed through
sinple passive diffusion; the higher the concentration
of ethanol the greater the concentration gradient resulting
in a nore rapid absorption of ethanol. The | aws of diffusion
determine the distribution of alcohol in the body. Al so

any factor which helps maintain the concentration gradient

will also enhance absorption. For exanple, efficient
blood flow will quickly renove ethanol from the site of
absorption and pronote absorption. Concentrations of

et hanol above 30 mg/100 mL can cause superficial erosion
henmorrhages, and paralysis of the snooth nuscle of the
stomach resulting in a decrease in the rate of absorption
of ethanol . The rate at which ethanol is ingested wll
affect the absorption. For example, if an alcoholic
beverage is ingested rapidly, the peak blood al cohol |evel
will develop slowy. The absorption of ethanol can be
affected by chemcals other than ethanol in an alcoholic
beverage. Food in the stomach will delay gastric enptying

therefore reducing the rate and efficiency of absorption

of ethanol. The anount and type of food al so has an effect
on the absorption of ethanol. A large anmount of food
wll have a greater effect on ethanol absorption. H gh

protein, high fat, and high carbohydrate-content foods

inhibit the absorption of ethanol. Et hanol absorption
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I's enhanced by rapid enptying of the stomach. Li kew se,

one who has undergone a gastrectony wll have a rapid
absorption of ethanol since the ethanol wll reach the
hi ghly absorptive small intestine nore quickly. Decreasing

body tenperature and nental or physical exercise wll
decrease the rate of absorption of ethanol

4, Distribution of Ethanol in Body Fl uids

Blood flow and perneability wll affect the rate
of equilibrium of ethanol wth tissue. Since diffusion
Is a slow process, an oxgen rich blood supply will speed

up this penetration. Therefore, the brain, |ungs, Kkidney
and liver will reach equilibrium quickly as conpared to
skeletal nuscle which has a poorer blood supply. The
mass of the tissue is also an inportant factor in that
the greater the nmass the slower the rate of equilibrium
Initially, once ingested, alcohol wll diffuse
into the tissues from the arterial blood. This diffusion
will be rapid due to a high solubility of ethanol in blood
and tissue. Once this absorption has been conpleted,
the arterial concentration of ethanol will drop and et hanol
will diffuse into the capillaries and venous bl ood.
Comparing the Ilevel of ethanol in the venous blood to
arterial blood, one wll observe a higher level in the
venous blood because of the lower rates of netabolism
and excretion. The level of ethanol wll peak in the

urine approximately 30-190 m nutes after ingestion.



5. Excretion of E hanol

Usually, up to two percent of alcohol ingested
is excreted unchanged through the wurine, expired air,
and sweat. This value nmay be higher at elevated
tenperatures and at high bl ood al cohol |evels.

Excretion of ethanol through the urinary system
IS a passive process and can have clearances between 0.9
and 12. 7 mL/minute. (2)

The novenment of alcohol into the expired air is
solely a diffusive process. It is not only the alveolar
air that is in equilibriumwth the lung blood but also
the expired air. (5) This is due to the fact that air
in the bronchi cones to equilibrium with the alcohol in
the blood during respiration. Therefore, one could infer
the acute alcohol content of the blood by determning
t he al cohol content of the expired air. (Figure 3)

6. Hepatic Metabolismof Et hanol

The main site of ethanol mnetabolismis the liver.
Approxi mately 75% of a dose of ethanol is elimnated by
hepati c netabolism The liver can netabolize up to 2
nmol e of ethanol/minute, whereas the total extrahepatic
nmet abol i smreaches a maxi numof 0.4 mmol/minute.

Al cohol dehydrogenase (abpH), the m crosomal et hanol
oxi di zing system and catal ase are the three nost inportant
emzymes uUsed for the oxidation of ethanol. Al cohol
+

dehydrogenase whose systenmatic nane is alcohol: NAD

oxi doreductase, is a diner containing 2-25 atons of zinc
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per nol ecule. Chromatographic and el ectrophoretic anal yses
of this enzyne show that it exists as a mxture of
I soenzynmes. In addition to the zinc, this enzynme contains
two sulfhydryl (-sH) containing polypeptide chains that
can be dissociated into two inactive units and reconbine
to give rise to the isoenzymes. (1) The primary site
of action of ADH is the liver although activities have
been denonstrated in other organs such as the stonach,
lung, and kidney. ADH has the ability to convert a whole
range of alcohols to their corresponding aldehydes and
Vi ce versa. However, of all the substrates, ethanol is
the nost readily oxidized substrate.

In addition to ADH, an NADPH dependent m crosonal
et hanol oxidising system (MeQS) can oxidize ethanol.
It has been shown that the activity of MECS is increased
in alcoholic patients as conpared to controls. (3) This
i ncreased activity persists for possible detection for
two to three weeks after wthdrawal. There are other
m cr osonal drug netabolizing enzynes that are also
stimulated by ethanol. This is the reason sober al coholics
are resistant to such drugs as pentobarbital and
nmepr obanat e.

Catalase is primarily located in the peroxisones.
This enzyme along with a hydrogen peroxide generating
system such as xanthine oxidase can oxidize ethanol.

The activity of catalase is limted by the slow rate of



formati on of hydrogen peroxide. (1) Consequently, catal ase
I's not very significant in the netabolismof ethanol

7. Factors | nfl uenci ng Eli m nation and

Met abol i smof Et hanol

The I mmat ur e l'ivers of infants possess
underdevel oped ADH resulting in a reduced netabolism of
et hanol . Lowbirth weight infants given ethanol were
able to elimnate only 50-60% of the adult val ue. Fet al
| ivers possess ADH activity of only three to four percent
of the adult value, whereas, at birth the ADH activity
IS 20% of the adult value. The adult value of ADH activity
I s reached at about five years of age.

Liver danage can also reduce the netabolism of
ethanol. Al coholics with cirrhosis, steatosis, or jaundice
have significantly reduced hepatic ADH activities.

Drugs have the ability to alter the rate of
met abol i sm of ethanol by inducing MECS activity, altering
hepatic blood flow, or by increasing the rate of reoxidation
of NADH For exanple, barbiturates and oral contraceptives
I ncrease ethanol netabolism by inducing the mtochondrial
drug netabolizing system whereas, chloral hydrate inhibits
the nmetabolism of ethanol by inhibiting ADH (Figure
4) This drug causes peak blood ethanol |[evels to be higher
and to be reached earlier. This 1is due to the
trichl oroacet al dehyde which conpetively inhibits  ADH
consequently reducing the netabolism of et hanol to

acet al dehyde by ADH
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ADH
Chl oral hydrate — Trichl oroacet al dehyde
I nhibition
Et hanol 34 Acet al dehyde
ADH

Figure 4  Chloral hydrate Inhibition



Factors such as tinme of day of testing, phase
of the menstrual cycl e, age, race, and genetic
characteristics affect the interpretation of rates of
et hanol netabolism Repeating ethanol clearance tests
on an individual under standardized conditions can give
a wde range of results, all nmaking judgenent of chronic
al coholismdifficult.

C Measuring the Rate of Metabolismof Ethanol

A variety of techniques can be utilized to neasure
the rate of netabolism of ethanol. (One technique deals

with the measurement of the rate of **co production from

2
14¢ labeled ethanel. (6) This neasurenent deals wth
the conversion of ethanol to acetaldehyde and acetate
and the rate with which acetate is oxidized to Co,. A
second technique involves the neasurenment of residual
ethanol in tissues after a controlled dosage. Fi nal |y,
the rate of ethanol netabolism can be neasured by the
rate of di sappearance of ethanol from bl ood.

In general studies seem to agree that alcoholics
show less of a response to a given dose of ethanol than
does a non-alcoholic resulting in the developnent of
tolerance to alcohol. One proposal deals with an increased
rate of alcohol netabolism which results in a decreased
cellular response to ethanol. Researchers believe that
al coholism can be an addiction resulting from the role
of ethanol or acetaldehyde in the in vivo formation of
nor phi ne-t ype al kal oi ds such as al kal oi d

t et rahydr opapaverol i ne (THP). (1)



D B ochemcal Effects of Ethanol

A cohol can elevate, lower or not affect a
bi ochem cal paraneter. This is due to a conplex interaction
of factors such as duration of abuse, extent of abuse,
type of alcoholic beverage, solvent effects of ethanol,
and the presence of disease secondary to ethanol abuse.

1. Water and H ectrol ytes

I ngestion of ethanol results in diuresis, which
occurs during the first few hours after ingestion while
ethanol levels are rising. Wen the ethanol |evels start
dropping, a period of water retention follows. E evat ed
bl ood | evels do not sustain diuresis because the increased
blood osnolality following the initial diuresis pronotes
the rel ease of the anti-diuretic hornone.

Et hanol exerts its diuretic effect by inhibiting
the release of ADH by the supraoptical hypophipial system
This increased water excretion is conpensated by increased
consunption and a shift of water from the intracellular
to the extra-cellular conpartnent.

There has been no significant difference in sodium
and potassium | evels between al coholics and nonal cohol i cs.
Cenerally, any alteration in electrolyte levels in
alcoholics is due to altered renal excretion, decreased
absorption in the snmall intestine and dimnished dietary
I nt ake.

Et hanol also has an effect on nagnesium |evels.

It results in hypomagnesema which is a reduced



concentration of magnesium Lactic acidosis, starvation
ket oaci dosis, protein caloric malnutrition, vomting and
decreased dietary intake are also responsible for this
reduced | evel of magnesiumin al coholics.

Al though admnistration of ethanol reduces blood
concentrations of calcium in chronic alcoholics it has
no effect on acute ingestion. This reduced calcium |evel
I's due to the dimnished intestinal absorption.

A zinc deficiency is of great inportance in that
it could lead to an inpairnent of the activity of alcoho
dehydrogenase which is a zinc netallo-enzyne resulting
I n inmpairment of ethanol netabolism Low | evels of zinc
have been found in al coholics wth |iver disease.

Changes in iron metabolism in alcoholism is due
to a direct toxic effect of al cohol on henogl obi n synt hesi s,
negative vitamn balance, Iliver danmage, altered iron
absorption, and intake of |arge amounts of iron contained
in sone alcoholic beverages. These changes in the
nmetabolism of iron are seen in the anemas associated
with al coholism There are three comon disorders of
i ron metabolismseen in alcoholism iron deficiency anem a,
megal obl astic anemia with high levels of serum iron, and
henochr omat osi s.

Followng the ingestion of ethanol, there is a
shift in the pH of the blood towards acidosis. There
are three basic nechanisns explaining this acidosis. One
Is that ethanol causes a depression of the respiratory

center leading to an increased blood pCo,, resulting in



respiratory acidosis. Anot her mechanism is that ethanol
causes elevated levels of lactate, acetate, free fatty
acids and ketone bodies resulting in metabolic acidosis.
Finally, the endocrine effects of ethanol can cause an
acidosjgs.
2. Enzynes

The activities of many enzynes are affected by
both acute and chronic abuse of ethanol. In a study
conducted by Freer and Statland, the activities of the
followi ng enzymes were nonitored after the ingestion of
ethanol: (7) aspartate and alanine am notransferase,
gamma-glutamyl transferase, |actate dehydrogenase, creatine
phos p hoki nase and al kal i ne phosphatase. (3) The follow ng
graph (Figure 5) shows that there was a significant increase
i n gamma- gl utanyl transferase and al ani ne am notransferase
and a decrease in aspartate am notransferase activities.

3. Proteins

Most of the studies done on serum proteins have
dealt with alcoholics with liver disease. (3) The Iliver
is responsible for the synthesis of nbst proteins except
for the K-—globulins. Therefore, any liver damage wll
be associated with the inability to synthesize these
pr ot ei ns. Generally, these changes are non-specific
O her than liver damage, nmalabsorption, malnutrition and
infection wll cause changes in serum proteins of

al cohol i cs.
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4. Am no Acids

Liver damage will affect the netabolism of am no
acids since the liver is the major site of amno acid
nmet abol i sm In patients with alcoholic hepatitis, the

foll owi ng am no aci ds are el evated: phenyl al ani ne, tyrosine,
trypt ophan, nmethionine, glutamate and aspartate, whereas,
val i ne, 1leucine and isoleucine are decreased. (3) Changes
i n am no aci ds can be secondary to disorders in carbohydrate
nmetabolism  Therefore the catabolic state of the patient
and changes in insulin/glucagon levels can effect the
ability of the liver, nuscle, and fat to use am no acids
as a source of energy. I ncreased |evels of amno acids
reflect the degree of hepatic necrosis. Ceneral ly, any
changes in amino acid netabolism can have an effect on
protein synthesis, gluconeogenesis, and the production
of neurotransmtters.

5. Car bohydrate Metabolism

Et hanol exerts its effect on the netabolism of
carbohydrates to acetate ion, the change in the bal ance
of the NAD'/NADH redox pair during ethanol rmetabolism
and the effect of ethanol on other netabolic systens.

As nentioned before, ethanol is netabolized to
acet al dehyde and then to acetate. Acetyl coa, which is
the active form of acetate, is used by tissue to produce
energy by netabolism through the tricarboxylic acid (Tca)
cycl e. Therefore, acetyl coan levels will be affected

by et hanol metabolism



The tricarboxylic acid cycle is carried out in
the mtochondrion. |Its primary functions are the oxidation
of pyruvate to carbon dioxide coupled with NADH formation,
reoxidation of NADH to NaD' by the electron transport
chain, and the coupling of NADH oxi dation to ATP fornation.
Ethanol's primary effect is the inhibition of the TCA
cycl e. For exanple, the NADH produced during ethanol
netabolism can decrease pyruvate levels resulting in
decreased |evels of oxaloacetate which is the first
component of the TCA cycle. Anot her way the TCA cycle
can be inhibited is by the altered redox state affecting
t he malate/oxaloacetate ratio. These sites of inhibition
can be seen in Figure 6.

In the postabsorptive period after et hanol
I ngestion, there is a hyperglycemc response followed
by hypoglycema. This responseis interpreted as an initial
gl ycogenol ysis fol |l oned by hypogl ycem a due to the depl etion
of glycogen stores.

An increase in serum |ipoproteins is seen in

al coholics. This is due to an increased production and

rel ease of hepatic |ipoproteins or decreased peripheral
upt ake of |ipoproteins due to decreased |ipoprotein |ipase
activity.

An increase in free fatty acids is associated
with large doses of ethanol. This is a result of enhanced
peripheral fat nobilization, through the stinmulation of

the synpathetic nervous system Anot her cause of this
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rise in fatty acids is the decreased breakdown of free
fatty acids in the liver

The hyperlipidema associated wth alcoholism
leads to an alcoholic fatty liver. There are four najor
steps leading to an alcoholic fatty Iiver.

a ) Hepatic mtochondria use ethanol
instead of fatty acids for fuel which leads to fatty acid
accumul ati on.

b.) The excess hydrogen generated by
et hanol netabolismis used up by increased |ipid synthesis.
Et hanol netabolism is associated with an increase in NADH
and a decrease in NAD# levels. This change in cofactor

l evel s inhibits the citric acid cycle resulting in decreased

dietary fatty aci d oxi dat i on and I ncreased
-glycerophosphate | evels. This leads to increased
triglyceride production. In conbination with the acetyl

Coa from the netabolism of ethanol, fatty acids are
pr oduced. Finally, these transformations lead to the
deposit of lipids in the liver.

c.) Fatty acids are nobilized from adi pose
ti ssue by ethanol and accumulate in the liver

d.) Finally, even though there is an
increase in lipid transport fromthe liver, |ipids continue
to increase in the liver and this can be seen in a biopsy

of the liver.
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6. Vitamns

Al coholism leads to a vitamn deficiency through
a nunber of nechanisnms such as inadequate diet, reduced
absorption of vitamns, reduced storage of vitamns and
decreased conversion of vitamns to their netabolicly
active fornms. (3)

Many netabolic processes are vitamn dependent
and a deficiency can result in an inpairment of these
processes. The netabolic pathways dealing with hepatic
oxidation of ethanol and the reoxidation of reduced NAD'
produced during ethanol netabolism are dependent on a
nunber of vitam ns. A deficiency of these vitamns can
have an adverse effect on the netabolism of ethanol.
Figure 7 shows the inportant vitam n-dependent pathways
of ethanol metabolism

E. Testing for Al cohol Abuse

For a clinical test to be an effective marker
of et hanol abuse, It must possesg the follow ng
characteristics:

1. Chronic ingestion of ethanol should result
in a significant and persistent change in the biochem cal
par amet er .

2. This bi ochem cal par anet er shoul d be
detectable for a period of tinme after cessation of drinking.

3. The biochemcal paraneter should not be
significantly affected by acute ingestion of ethanol.

4. Detary factors and other diseases should

not affect this biochem cal paraneter.
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5. The clinical test should be reliable,
convenient and perforned on a readily avail abl e bi ol ogi cal
speci men such as bl ood or urine.

The neasurenent of blood ethanol is the nost direct
nmet hod for determ ning acute al coholic intoxication.

The nmain concern is the detection of chronic abuse

of al cohol . One nmethod is the neasurenent of the ratio
of t he concentrati ons of t he anm no aci ds
al pha-am no-n-butyric acid and 1leucine in plasma. The

ratio of these amno acids remains elevated for several
weeks after cessation of drinking, it isn't affected by
acute ingestion of alcohol andit is not affected by diet.
A problem is that the mechanism by which ethanol affects
t hese am no acids i s not known. Another nethod of detecting
chronic abuse of alcohol is the neasurenent of the extent
of elevation of enzynme |evels. The enzynme level s
proportional to the magnitude of tissue damage and can
be correlated with the extent and duration of ethanol
abuse. The nost inportant enzyme associated wth chronic
et hanol abuse is gamma-glutanyl transferase (GGT). Qhers
are aspartate am notransferase and gl utamate dehydrogenase.
Unfortunately, their activities are affected by drug abuse,
and by various other diseases and so do not fulfill the
previously mentioned criteria.

Due to the lack of a reliable marker of alcohol
abuse, it is difficult to detect chronic al coholism using
| aboratory tests. The tests used presently are neither

sensitive nor specific. For the tine being the tests
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used are the nean corpuscular volunme (Mcv), and the
activities of X -glutamyl transferase and aspartate
am not r ansf er ase. A literature review suggests the
formati on of an acetal dehyde henogl obi n adduct as a reliable
mar ker of al cohol abuse. (8, 9)

F. Storage of Blood Samples

A study was conducted by Wnek and Paul to determ ne
the effects of tine, tenperature, and delayed analysis
on the concentration of ethanol in blood sanples from
living persons. (10) They concluded that al cohol analysis
of blood obtained sterilely from living humans can be
del ayed for as long as 14 days without a significant gain
or loss in alcohol concentration. It did not matter if
the blood sanple was refrigerated or not or whether a
preservative is added to the sanple. On the other hand,
there was a significant change in alcohol content if the
bl ood sanple was taken from a deceased individual. They
found decreases in alcohol content due to oxidation and
i ncreases in alcohol content due to postnortem synthesis
of ethanol by mcrobial fernmentation of glucose.

In conparison, a study was conducted by Smalldon
and Brown also dealing with the stability of ethanol in
stored blood. (11) They found that at no instance was
there an increased concentration of ethanol in stored
bl ood. However, they did find three mechanisns of |oss
of ethanol. One nechanism of ethanol loss in stored bl ood

Is the diffusion of ethanol from inperfectly sealed



containers. Secondly, ethanol is lost by its netabolism
by the growh of mcro-organisns of a preservative.

Finally, ethanol levels were lowered in stored bl ood because
of a tenperature dependent ethanol oxidation reaction.

One solution to producing stable blood ethanol solutions
Is by storing them in deep freeze. The study al so showed
that the oxidation of ethanol in stored blood is caused
by an oxyhenogl obin internedi ate. This oxidation can
be prevented by conpounds which destroy oxyhenogl obin.

This inhibitor of ethanol oxidation should be stable and
effective at |ow concentrations of ethanol. This inhibitor
should prevent the growh of mcro-organisns. These
researchers concluded by suggesting that sodium azide
Is the inhibitor that can effect the |east |oss of ethano

during its storage in bl ood sanpl es.

Proper storage conditions of a blood sanple not
only affect the level of ethanol but also the levels of
acet al dehyde and acet al dehyde- bound  henogl obi n. For
exanple, if the appropriate inhibitor is not added to stored
bl ood, ethanol levels will decrease due to its oxidation.
The oxidation of ethanol results in increased |evels of
acet al dehyde which wll then lead to increased |evels
of acet al dehyde-bound henogl obi n. Therefore, inproper
storage of blood sanples can affect the actual |evels

of acet al dehyde and acet al dehyde- bound henogl obi n.
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Chapter 2

Revi ew of the Literature

d ycosyl at ed Henogl obi n

Acet al dehyde, the first netabolite of alcoho
has been found to form adducts with henoglobin A resulting
in a change in its chromatographic properties. (8) The
adducts mgrate in the henogl obin Aﬁa—c region or "fast"
henogl obin or glycosylated henoglobin fraction. Si nce
acet al dehyde- bound henogogl obin acts |ike henogl obin A
and since this research involves a nodified version of
the fast henoglobin test, it is inportant for one to
under stand t he chem stry of henogl obi n Al (8)

The diversity anong proteins 1S considerably
i ncreased by posttranslational nodifications. A nunber
of proteins owe nmany of their functional properties to
t he coval ent attachnent of carbohydrates at certain residues
in their polypeptide chain. (12) These nodifications my
provi de increased stability or solubility, or even both.
The glycosylation of proteins is especially inportant
in the maintenance of the integrity of plasma nenbranes
and in facilitating the secretion of proteins into the
extracel | ul ar space. (13) However, these types of specific
nodi fications are wusually wunder enzymatic control. On
the other hand, certain proteins can undergo nonenzymatic

gl ycosyl ati on. This reaction depends on the presence
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of a high concentration of free sugar and nonphysi ol ogic
I ncubation conditions. For exanple, the "browning" reaction
is well known to the dairy industry. (14) The browning
reaction occurs when mlk is heated for a long period
of tine. The carbonyl groups on sugars form a Schiff
base adduct with the amno groups on proteins such as
casein. This type of reaction can also nodify insulin
and ol i gopeptides. Unlike the browning reaction, henogl obin
can undergo nonenzymatic glycosylation under physiologic
conditions at a specific site on the protein.

Henogl obin A(ubAa) makes up about 90 percent of
the henoglobin found in adults and children above the
age of six nonths. HbAQx552) Is a tetramer conposed of
two pairs of unlike polypeptide chains. The synthesis
of these chains is controlled by separate genes. The
same holds true for the formation of hemoglobin A, (s j5,)
and HbF(d2Y2). on the other hand, the mnor henoglobins
found in hurman red cells are posttranslational nodifications
of  HbA. Wen a human red blood cell henolysate is
chromat ogr aphed on cati on exchange resin, three negatively-
charged mnor henoglobin conmponents are eluted before
the main HbAa peak. (15) These three mnor henogl obin
conmponents have been designated as henoglobins a

1a’ P1p’

and A 0 the three mnor hemoglobin conponents, HbA

lc¢’ lc
Is the nost abundant. Researchers found that HbAj. "isS

structurally identical to HbA except for an unidentified
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group linked to the termnal amno acid of the beta chains
by nmeans of a Schiff base. (15) Gabbay, Hasty, Breslow,
Ellison, Bun and Gal |l op denonstrated the presence of gl ucose
on the AL henogl obin and that this henogl obin's formation
represents a posttranslational glycosylation of HbA by

a slow, nonenzymatic process which occurs continuously

t hroughout the 120-day life span of the human red bl ood

cell. (15) These sane researchers showed that both HbA,
and HbA,, ~are also posttranslational nodifications of
HbA and may be internediates in the formati on of HbA, -

The difference between HbAa and HbA, I's that HbA, .

has a glucose nolecule bound to the Ntermnus of the
beta chains of the normal adult henoglobin A (16)
(Figure 8)

This reaction is a nonenzymatic condensation of
two abundant reactants, glucose and henoglobin. A schiff
base is forned between the aldehyde of the carbohydrate
and the amnotermnal valine of the beta chain. The
aldemne linkage is further stabilized by an Amadori
rearrangenent to form a ketoam ne bond. (10) This chem ca
nodificationis illustrated in figure 9.

The interest in HDA, geatly increased when it
was di scovered that there is a two- to three-fold increase
In patients with diabetes nellitus which depended on the
degree of hyperglycema. (17) Studies show that the

ket oam ne |inkage characteristic of HbA, Is relatively
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irreversible so the glycosylated henoglobins accunulate
within the erythrocyte during its 120-day Ilife span.
Consequently, the cumulative |evel of HbA| is directly
proportional to the time-averaged concentration of glucose
within the erythrocyte. Therefore, quantification of
HbA, | l evel s represents a potentially valuable index of
|l ong-term blood glucose diabetic control. Short term
fluctuations in blood glucose will mnimally alter the
HbA, |l evel since the reaction progresses so slowy,
whereas, determnations of fasting or postprandial blood

glucose levels represent only an instant in the course

of the diabetic patient. HbA; |l evel s are not reliable
mar ker s of di abetic contr ol in patients with
henogl ohi nopat hi es since HbA, is a nodification of HbaA.

Anot her case where HbA, | | evel s cannot be used reliably jig
for patients having undergone a splenectony. Here the
HbA, levels will be elevated due to the |engthened red
bl ood cel |l survival.

H gh pressure l'i quid chr omat ogr aphy, gel
el ect rophocusi ng, radioi munoassay and colorinmetric test

net hods have enhanced the feasibility of using Hba as

lc
a clinical test. Al of these nethods allow for rapid
and multiple specinen analysis. Studies done by Abraham
and his associates show that no significant anmount of
HbA, is forned when a blood sanple is stored for up to
one nonth at 4°c. (12) The graph in Figure 10 denonstrates

thi s finding.
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Acet al dehyde

The oxidation of ethanol leads to the formation
of acetal dehyde. Acet al dehyde is potentially nore toxic
than ethanol which is due to its greater reactivity and
lipid solubility.

Many studies have been conducted to study the

rel ationship bet ween acet al dehyde and al cohol
consunption. (20) One study conducted by Kor st en,
Mat suzaki , Fei nman, and Luber showed that "bl ood

acet al dehyde levels are much higher at elevated than at
| ow concentrations of ethanol and that this difference
IS greater I n al cohol i cs t han in non- al cohol i c
subj ects" (19), whereas, Majchrowicz and Mendel son reported
that the concentration of acetaldehyde in the blood is
related to the anobunt contained as congener in alcoholic
beverages. (20) Eri kson and Schi cki t f ound t hat
acet al dehyde | evel s were higher in alcoholics. (4)

There are three proposals explaining these
di fferences in acetal dehyde levels. (4) One is that these
di fferences are real and not due to an error in measurenent.
Secondly, the acetaldehyde formation reaction could be
nore promnent in alcoholics. A third possibility is
that the anmount of acetal dehyde disappearing from the
bl ood during preparation for analysis differs in alcoholics

as conpared to controls.

Acet al dehyde- Henogl obi n Adduct
A literature review suggests the formation of

an acetal dehyde henoglobin adduct as a reliable marker
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of al cohol abuse. (8, 9) The adducts magrate in the
henogl obi n Al regi on. Studies done by Stevens found
that the mnor henoglobins were elevated in patients of
al cohol abuse and yet were not diabetic.l3) This fact |eads
to the possibility that specific assays can be devel oped
for chronic alcohol consunption based on the way that

henogl obin A c I ntegrates bl ood gl ucose.

1

The wuse of acetal dehyde henoglobin adducts as
a marker of alcoholismis a controversial issue. Stevens,
Fant|l, and Newman support this theory. (11) They found
that the anmount of henogl obin adducts formed is a function
of the concentration of acetal dehyde to which it is exposed
and that these adducts are signific.antly elevated in
al coholics as conpared to non-al coholics. The sites of
reaction on the henoglobin for acetal dehyde to bind are
valine, |lysine, and tyrosine. It is felt that the
acel al dehyde reacts with the € ~amino group of |ysine and
the &L -amno group of valine through a Schiff's base
reacti on.

St udi es done by Hoberman seemto agree with Stevens®
wor k. (8) Hoberman also found that henolysates from
al coholics contain a henoglobin fraction that has
chromat ographic properties resenbling those of t he

gl ycosyl ated henoglobin (Eba, ) but differing from the

1lc
gl ycosylated henoglobins in that it was not bound by
boronated agarose. (8, 21) He also found that this

henogl obin fraction was significantly greater in al coholics
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t han In non- al cohol i cs. Thi s henogl obin  fraction
co-chromat ographed wth the glycosylated henoglobin on
an ion exchange colum and gave a negative test for
gl ycosyl ated henogl obi n. He also suggests that this
henogl obi n derivative could serve as a marker of al coholism
since it is formed and accunul ated over the 120-day life
span of the erythrocyte simlar to the formtion and
accunul ati on of the glycosyl ated henogl obi n.

On the other hand, a study done by Homai dan, Kricka,
cd ark, Jones and Wi t ehead contradicts Steven's
findings. (22) It is felt by them that acetal dehyde
henogl obi n adducts are an unreliable marker of alcoholism
They confirmed the findings of Stevens that henoglobin
under goes a concentrati on- dependent reaction with
acet al dehyde to preduce an increase in the fast henogl obin
fraction. Even though many authors have reported increased
acet al dehyde concentrations in the blood of alcoholics
after the ingestion of alcohol, Homaidan et.al. suspect
this increase in acetaldehyde is due to artifactua
acet al dehyde formation from ethanol during protein
precipitation and do not feel that enough acetal dehyde
accunul ates to react with henoglobin. They also do not
expect a stable acetal dehyde-henogl obin adduct because
the reaction of acetaldehyde with the amno groups of
protein is a reversible reaction--Schiff base fornmation.
The subsequent Amadori rearrangenent that occurs in

gl ycosyl ated henoglobin cannot occur wth acetal dehyde
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bound henogl obin because there is no k-hydroxyl group
I n acetal dehyde. These researchers believe that this
el evation in m nor henogl obi ns seen i n nondi abetic al coholic
patients is due to adducts forned wth products of
acet al dehyde, aldol or crotonal dehyde or with inpurities
present in acetal dehyde. Aldol is forned by an acid-base
catal yzed condensation of acetal dehyde which |oses water
upon warmng to form crotonal dehyde. These researchers
used cation exchange chromatography which is specific
for glycosyl ated henogl obin rather than acetal dehyde-bound
henogl obi n, whereas, one could use the cation exchange
columm in conjunctionw th a boronated agarose col um which
has the ability to separate glycosylated henoglobin from
acet al dehyde bound henogl obi n.

Even though the wuse of acetal dehyde henoglobin
adducts as a marker of alcoholismis still under debate
It was attenpted in this research to prove that there
Is a correlation between an acetal dehyde henogl obi n adduct
and al coholism and that this acetal dehyde bound henogl obin
Is elevated in chronic abusers of al cohol,

The actual structure of the acetal dehyde henogl obin
adduct has not been illucidated yet, followng is the

structure assuned in this research
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Chapter 3
Met hodol ogy

a mxture of solute nolecules can be separated
by chromatography due to the differences in magration
rates through a porous supporting nedium  The supporting
nmedium is called an adsorbent. The mgration of these
solute nolecules is effected by the flow of the noving
phase which percolates through the stationary phase. In
this investigation two physicochem cal processes are used
to separate the solute nolecules: ion exchange and gel
affinity filtration.
| on Exchange Chromat ography

In ion exchange chromatography, solutes are
separated depending on their differences in sign and
magni tude of ionic charge. This type of chromatography
I's especially used for conpounds sol ubl e i n agueous syst ens,
such as henoglobins, amno acids, proteins and others.
(24) The 1ion exchange resins, whether they be cation
or anion exchange, are insoluble polynmeric substances
containing ionic groups as part of their structure,.

In this investigation, a cation-exchange resin
packed in colums is used. The kit is called Quik-Sep
by lIsolab, Inc. (25) The resin has negatively-charged

functional groups covalently bound to it. There are also



loosely bound cations which are readily available for
exchange with cations of the solute.

A mxture of henoglobins is separated in the
followi ng manner: the positively-charged Hb will exchange
with the 1loosely bound cation and beconme bound to the
negtively-charged resin, a buffer with increased pH is
added causing the Ho to becone nore negatively charged
and eluted fromthe resin by interchanging with the cations.
The glycosylated henoglobins are eluted first and that
S why t hey are call ed f ast henogl obi ns. The
acet al dehyde- bound henogl obi n wi || elute wth t he
glycosylated-hemoglokins.

Affinity Chromatography

Affinity chromatography i s a techni que that isol ates
proteins by taking advantage of the high affinity of
proteins for specific chem cal groups. (26) This technique
first involves attaching covalently a group, "x", to the
colum. This group "X" is recognized by the protein. The
Ki t used S call ed A yc-Affin GHb by | sol ab
I ncorporated. (27) This kit uses boronated agarose Wwhich
will bind the glycosylated henogl obin. Secondly using
the appropriate buffer the unbound protein will be eluted.
Finally, the bound henoglobin is elutedby adding a buffer
containing a high concentration of boronate which wll

di spl ace the col umm-attached gl ycosyl at ed henogl obi n
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Summary of Met hod

In this research ion exchange col unms and boronat ed
agarose columms are enployed. The ion exchange col umms
are used to separate the glycosylated or fast henogl obins
from the other henogl obi ns. The acet al dehyde- bound
henogl obin will elute with the glycosylated henogl obins.
The first effluent from the ion exchange col umm contai ni ng
t he gl ycosyl at ed henogl obi n and acet al dehyde- bound
henogl obin is then allowed to chromatograph through the
bor onat ed agar ose col um. There the gl ycosyl at ed
henogl obins are separated from the acetal dehyde-bound
henogl obi n. The boronated agarose will bind the
gl ycosyl ated henoglobin and allow the acetal dehyde-bound
henogl obin to elute first. This binding is due to the
affinity of boronate groups for cis-diols which is comon
to glycosylated proteins. It is the acetal dehyde-bound
henogl obi n which is of particular interest in this research.

Cyclic voltametry was wused in an attenpt to
identify the oxidation of ethanol to acetal dehyde, but
it failed. Voltametry "is the measurenent of the current
which flows at an electrode as a function of the potentia
applied to the electrode.” (23) The current-potentai
curve is the equivalent of the spectrum obtained in
spect rophot onetry. Cyclic voltametry is wused to study

mechani snms and rates of oxidation-reduction processes.
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Chapter 4

Mat eri al s and Appar at us

Material s

Two Kkits were wused, "Quik-Sep" and "Glyc-Affin
Hb" fromlsol ab | ncorporat ed.
"ouik-Sep" i ncluded the fol | ow ng:

- Colums containing ion exchange resin used to
separate fast henogl obi ns.

- Sanple preparation reagent used to |yse the bl ood
sanpl e.

- Fast Hb Eution Solution used to elute the
gl ycosyl at ed henogl obi ns.

- Elution Agent, other henoglobins used to elute
t he nongl ycosyl at es henogl obi ns.

"Ayc-Affin gub" included the foll ow ng:
- Colums containing boronated agarose wused for
separation of henogl obi ns.
- Sanple preparation reagent used to |yse the blood
sanpl e. . _
- Columm preparation solution used to prepare the
agarose colum prior to sanpl e application.
- First Fraction Elution Agent used to elute the
nongl ycosyl at ed henogl obi ns.
- Second Fraction Hution Agent used to elute the
gl ycosyl at ed henogl obi ns.
Appar at us
Col umtms
The colums used were basically the same except
for the packing nmaterial which differed. One colum used
cation exchange resin and the other used boronated agarose.
There is also a glass plug above and below the packing

material. (Figure 11)
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column

glass plug cation exchange resin

or
bor onat ed agarose

Figure 11. Columm and Conponents



I nstrument ati on

A doubl e beam Beckman (Model 26) spectrophotoneter
was used to nmeasure the absorbance of the effluent at

415 nm



Chapter 5

Procedure and Results

Procedure
Part A

In the first part of this research a whol e blood
sanmple was incubated wth ethyl alcohol and alcohol
dehydr ogenase, ethyl alcohol and acetaldehyde to see if
there was an increase in the fast henoglobin fraction.
(Table 2)

1). 50 uL of blood were henolyzed in 200 wuL of
t he Fast Hb Sanpl e Preparati on Reagent.

2). The colum is prepared by first taking the
top cap off followed by the bottom cl osure and then all ow ng
the columms to drain.

3). 50 pL of the henolysate is added and all owed
to drain.

4). 200 pL of the Fast Ho Elution Solution is
added to initialize the colums and is allowd to drain.
The solution eluted thus far is discarded.

5). The fast henoglobin fraction is eluted by
adding 4 mL of the Fast Hbo Elution Solution. This effluent
is saved for analysis with the spectrophotoneter.

6). The other henoglobin fraction is eluted by
adding 4.0 mL of the El ution Agent, Oher Henoglobins.
This effluent is diluted with 16 mL of H,0.

2
7). The aborbances of the effluent from step



1 2 3

A

10% Acet al dehyde (uL) 50 100 250
VWhol e bl ood (mL) 0.5 0.5 0.5
B

10%EtOH (uL) 50 100 250
Whol e bl ood (mL) 0.5 0.5 0.5
C

ADH. (mL) 0.1 0.1 0.1
104EtOH (uL) 50 100 250
VWhol e bl ood (mL) 0.5 0.5 0.5

Table 2. Preparation of Sanples.
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5 and the diluted effluent from step 6 are neasured at
415 nm usi ng a spectrophotoneter. (Figure 12)

8). If A = absorbance of the Fast Hb fraction
and H= absorbance of the Qher Henogl obins. Then to

calculate 2 Fast Hb = A/(A+5H)100%.

Part B

Wiol e blood was incubated wth acetal dehyde. A
sanple was taken every day for a week and run through
the ion exchange and gel column set up to see if there
was an increase in acetal dehyde- bound henogl obi n.

There was a-05 mL whole bloodto 01 mL acet al dehyde
ratio.

The procedure is as foll ows:

1). A Qyc-Afin GHb colum is prepared by adding
20 mL of GColum Preparation Solution. This eluate is
di scar ded.

2. The next five steps are steps one-five from
part A except that the glycosylated fraction drains into
the preprepared gel-filtration colums. This eluate is
al so di scar ded.

3). In order to obtain the nonglycosylated
henogl obin fraction, one adds 29 mL of First Fraction
Elution Agent to the gel colum. This fraction contains
all the nonglycosyl ated henogl obins. At this point it
should only contain acetal dehyde-bound henogl obin. Thi s

fraction is saved for an absorbance readi ng.



Absorbance
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Figure 12. Characteristic Spectrum of Eluate



51

4). The glycosylated henoglobin fraction 1is
obtained by adding 20 mL of the Second Fraction E ution
Agent to the gel colum. This fraction is also saved
and shoul d contain only gl ycosyl ated henogl obi ns.

5). The absorbance from the eluates from steps
three and four are read using a spectrophotoneter set

at 415 nm

Part C

Whol e blood was obtained from heavy drinkers and
from non-drinkers. The procedure explained in Part B
was repeated except that no acetal dehyde was added to

t hese sanpl es.
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Xesults
Part A
L 4
50001
+
(i2.52)
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—
e
&
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Day 2 4 6
Figure 13. Effect cf Acetal dehyde on Iemoclobin Aje.
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Fi gure 14.

Ef f ect

of

Et hanol

on Henogl obin Ajc.
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Resul ts
Part A
Qs fe3d
400 4 {2y
o
—
<
Q o
i
o | (10.4,2)
Day 2 4 6

Figure 15. Effect of Ethanol and Al cohol Dehydrogenase on
Hermogl obi n Aj.-
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Fi bure 16. Absorbance of Acetal dehyde-bound, G ycosyl ated,

and Total Fast henogl obins vs. Days.

® Total Fast Henogl obin

(+) Nonglycosylated or Acetal dehyde bound henogl obin
3 G ycosyl at ed Henogl obin
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Resul t s
Part C

Prelimnary studi es conparing al coholic to nonal coholic
bl ood have consi stently shown the al coholic blood to be higher

i n acet al dehyde- bound hernrogl obin. (Tabl e 3)

aver age aver age
absor bance absor bance
of al coholic of nonal cohol i c
bl ood bl ood
total fast henogl obin 1.284 0.208
nongl ycosyl at ed or 0.470 0.387
acet al dehyde henogl obi n
adduct
gl ycosyl at ed henogl obi n 0. 183 0.119

Table 3. Al coholic Bl ood vs. Nonal cohol i ¢ Bl ood
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Chapter 6

Concl usi on

A clinical test nmethod has been postulated to
detect a chronic abuser of alcohol where one tests for
the acetal dehyde-bound henogl obi n. It appears that
acet al dehyde the first netabolite of alcohol, accunul ates
in the body and slowy binds to henogl obin. Ther ef or e,
acet al dehyde bound henoglobin levels should represent
t he ti me- aver aged bl ood acet al dehyde | evel
Acet al dehyde- bound henogl obi n can be conpar ed to
gl ycosylated henoglobin seen in diabetics in that
acet al dehyde and glucose bind to henoglobin in the sane
area and acetal dehyde-bound henoglobin and glycosyl ated
henogl obin have the sane ion chronatographic properties.
Therefore, a nondiabetic chronic alcoholic can have a
fal sely elevated glycosylated henogl obin |evel which would
be due to the high concentration of acetal dehyde-bound
henogl obi n rat her than the gl ycosyl at ed henogl obi n

The experinmental part of this research first
i nvol ved adding acetal dehyde, ethyl alcohol and ethyl
al cohol w th alcohol dehydrogenase to three whole blood
sanpl es. One was looking for an increase in the fast
henogl obin fraction. As one can see from the graphs
(Figures 13, 14, 15), there is a steady increase in the

percent of ylysocyl ated hemoglobin fraction with tine.
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The next step was to prove that this rise in the
f ast henogl obin fraction was actually due to the
acet al dehyde- bound henoglobin or simlar species. At
this point, the experinenter needed to separate gl ycosyl at ed
henogl obin from acetal dehyde-bound henogl obi n. This was
acconplished using two colums, an ion exchange and a
bor onat ed agar ose. By using the appropriate buffer, the
i on exchange colum separated the glycosyl ated henogl obi ns
and the acetal dehyde-bound henoglobins from the "other”
henogl obi ns. Ther ef or e, only gl ycosyl at ed and
acet al dehyde- bound henogl obi ns eluted. The eluate directly
drained into the boronated agarose colum. Thi s col um
has the ability to bind the glycosylated henogl obin and
al l ow the nongl ycosyl ated henoglobin to elute first. This
research assuned t hat only gl ycosyl at ed and
acel al dehyde- bound henogl obins eluted to the agarose col um.
Therefore, from the agarose columm, the acetal dehyde-bound
henogl obin or the "nonglycosylated fraction® wll elute
first, resulting in its separation from the glysocyl ated
henogl obin. These results can be seen in figure 16. There
is a steady rise in the total fast henoglobin fraction
This rise is due to the increased acetal dehyde-bound
henogl obin because the nonglycosylated fraction rises
steadily, whereas, the glycosylated fraction renains
basically constant. (Figure 17)

This experinent was perforned on whole blood that

had acet al dehyde added. A suggestion for further research



Figure 17.
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4%§-——————— i on exchange col um

GHb
AcHb

boronat ed agarose col um

4

J/ AcHb

\_/

Arrangement of ion exchange and boronated agarose
col ums.

G ycosyl ated henogl obin (GHb)
Acet al dehyde- bound henogl obi n (AcHb)
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Is to perform this procedure with blood from clinically
eval uated chronic alcoholics to see if there is a consistent
increase in the acetal dehyde-bound hernogl obi n. (Ohe coul d
also look for acetal dehyde-al bumn adducts using ion
exchange chr onat ogr aphy.

A letter requesting whole blood from chronic
al coholics has been sent to D. L M Pass. (See
Appendix A) It is hoped that these sanples can be used
to further support the results of this thesis.

Detecting el evated | evel s of acet al dehyde- henogl obi n
adducts Will aid in screening for chronic alcoholics and
also aid in their treatnent.

This research devised a nethod of separating
acet al dehyde- bound henogl obin from the other henogl obins,

especially henoglobin A with which it usual |y

1lc
co- chr onat ogr aphs. As a prelimnary step, the bloods
of admttedly heavy drinkers and non-drinkers have been
conpared using this nethod (Results Part ¢c). A greater
henogl obi n content of the eluate from the affinity column
is noted for the heavy drinkers than nondrinkers. This
is believed to be due to a greater amount of

acet al dehyde- bound henogl obi n.
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YOUNGSTOWN STATE UNIVERSTY

YOUNGSTOWN, OHIO 44555

APPENDI X A

The College of Arts and Sciences

Dr. LM. Pass o
Youngstown Hospital Association
Y oungstown, Ohio

June 22, 1984
Dear Dr. LM. Pass,

| an a graduate student at Youngstown State University and an working
under Dr. D. Mincey on a research project dealin% with alcoholism. W& would
appreciate i t if you could provide us with humen blood samples from alcoholic
patients in order for us to conduct our research. Enclosed is a copy of the
corresponding information on our research.

Sincerely,

Eva Diaconis
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