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inhibited  to yield  the low-ALDH2  Asian phenotype, and opens the possibility for a 

development in the treatment of alcoholism. Antisense oligonucleotides (ASO's) 

provide a possible means by which  ALDH2  gene expression can be specifically 

13VILLS8V 

dopamine-beta hydroxylase and  other enzymes. 5
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administered  the aversive medication disuifiram (Antabusee), affording these 

A  mutation in the gene encoding for mitochondrial  aldehyde dehydrogenase 

specific drug that binds to sulfhydryl groups and not only inhibits ALDH, but also 

enzyme and  results in marked  elevations in blood acetaldehyde upon ethanol  

consumption. The resulting phenotype greatly protects against alcohol abuse and  

individuals the same protection from alcohol  abuse. However, disulfiram is a non- 

(ALDH2) present in some Asians populations, lowers or abolishes the activity of  this 

associated  with many side effects including sensory and motor neuropathies, optic 

alcoholism. The protective Asian phenotype can be elicited in alcoholics who are 
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a long-term aversion to ethanol. Overall, the studies presented  here represent new 

dominant negative mutant of  ALDH2 may also be an effective alternative to develop 

the endogenous rat  ALDH2  activity. These data suggest that gene therapy with  the 

genome. Transduction of  the mutated human ALDH2-2 gene significantly reduced 
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dominant human mutant ALDH2-2  cDNA  was transduced  into a rat hepatoma cell 

long-term inhibition of  ALDH2  gene expression. In these studies, the negative 

transduction approach  was investigated  to assess the possibility of  establishing a 
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unintentional  fall  injuries involved  alcohol. Alcohol  use is also implicated in fatal 

problems associated  with alcohol consumption or abuse. Alcohol involvement is 

generally more common in severe injuries than in more minor injuries, e.g., 41%  

involvement in fatal  automobile crashes, 9%  in injury crashes, and 5% in property 

damage crashes (Fell, 1999). Smith et al. (1999) estimated  that 21-42% of  fatal  

Alcohol  consumption can impair judgement, coordination, and ability to perceive 

any given day (Fuller and Hiller-Sturmhofel, 1999). 
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which  is thought to affect neurotransmitters in key areas of the brain to sustain 
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alcohol free under controlled  conditions due to "alcohol withdrawal  syndrome"  

tremors depending on the degree of  withdrawal  (Fuller and Hiller-Sturmhofel, 

which  include irritability, insomnia, tremors, seizures, hallucinations and delirium 

1999). The treatment  of  choice for AWS is the use of  benzodiazepine which  is a 

(AWS). Alcohol  withdrawal  syndrome includes a variety of symptoms and signs 

be 28-86%  of  homicide offenders, 24-37%  of  assault offenders, 13-60%  of  sexual  

42%; Hingson and  Howland, 1993). 

In addition, alcohol  involvement in perpetrators of violence has been estimated  to 

Holdener, 1993); bicycle fatalities (25%; Abel et al., 1984); and drowning (21- 
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Studies by Volpicelli  et al. (1992) showed  that abstinent male 

naloxone are anticraving medications which  are antagonists of the mu receptor, 

those of  morphine and heroin, and alcohol consumption affects the production, 

which is one of  the subtypes of  the opioid  receptor in the brain (Froehlich, 1997). 
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release and  activity of  these opioid peptides (Herz, 1997). Naltrexone and  
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chemicals called  neurotransmitters which  are responsible for the pleasant effects 

Anticraving Medications. The anticraving medications target  various brain 

the risk  of  relapse, and  includes both  anticraving and aversive medications. 

Pharmacotherapv  can be implemented  shortly after detoxification to assist with 
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behavioral  therapy has been provided  through  Alcoholics Anonymous (AA) 

having the patient use his or her resources to change their behavior. In addition, 

enhancement therapy (MET) which motivates a patient through their recovery by 
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strategies for coping with those situations, as well as to cope with  their cravings. 

help the patient identify high-risk  situations for relapse, learn and rehearse 

therapy used is called Cognitive-behavioral  therapy (CBT). CBT  is designed  to 

change behavior (reducing ethanol  consumption). 
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includes treatment which  is nonpharmacological  with  the objective being to 

alcohol  and prevent delirium tremens (Kaim et al., 1969). Behavioral  therapy 
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reduce their drinking frequency in treated  versus placebo groups (Johnson et al. , 

5HT3 receptor antagonist. Antagonists at the 5HT3 receptor have been shown to 

1996). The most promising serotonergic medication is ondansetron, which  is a 

which  have potential roles in the development of alcohol-use disorders through  

(Loving r, 1997). At least 15  subtypes of  the serotonin receptor exist, some of  

occuring anxiety disorders (Malec et  aL, 1996). Ritanserin is a 5HT2  receptor 
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microsomal ethanol-oxidizing system (MEOS) located in the endoplasmic 

metabolism of  ethanol are the cytosolic alcohol dehydrogenase (ADH), the 

ethanol to acetaldehyde. The three liver enzymes that are responsible for initial 

The metabolism of  ethanol  includes two key steps the first step is the oxidation of  

its effects, one must understand  the general metabolism of ethanol  in the liver. 

Aversive Medication. In order to understand how an aversive medication elicits 

.(666  'uosuyor) solicit-1031e 

increase abstinence rates among early onset patients, it did not assist late onset 

noted that although  ondansetron has been found  to reduce alcohol  drinking and 

drink  (Johnson and  Cowen, 1993 and  Swift et al., 1996). However, it should  be 

reduce the rewarding effects of  alcohol due to suppression of  dopamine release 
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acetaldehyde due to presence of  an aversive medication or genetic mutation in 

above) or (2) a genetic mutation in the ALDH2 gene (ALDH2*2). Elevated blood 
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Accumulations of  acetaldehyde can result 

derived acetalehyde (Klyosov et al., 1996). 

3
 

can become toxic when blood levels are elevated if its metabolism to 

mass 220-250  kDa, resulting in a subunit molecular mass of 55-60  kDa (Weiner, 

The amino acid sequence in the mature rat mitochondria)  aldehyde 

acetalehyde in both  man and  rat. Furthermore, Klysosov et al. have reported  the 
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needed for acetaldehyde metabolism following ethanol consumption. 
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(Stewart et  al., 1996). A  point mutation in an ALDH2 allele (ALDH2-2) renders 

mRNA levels which is consistent  with  the role of  the liver in alcohol  metabolism 

cardiac muscle, and lung (Stewart  et al., 1996). The liver by far had  the highest 

The ALDH2  enzyme is a homotetramer of  equal  subunits (Feldman and 

affinity (low Km) aldehyde dehydrogenase (ALDH2-1) (Yoshida, 1985) is such  a 

(Harada et a1. ,1982; Thomasson et al., 1991, Tu and Israel, 1995). The high- 

Genetic Protection. The most  compelling evidence for any role of  genetics in 

effectiveness in reducing alcohol  consumption (Brewer, 1993). 

S
D

 >
 

	

C
I. 	

I-
 	

a)
  

0
 
5
.
 

m
o

 2
 a

)
 

-4
, 

	

a)
 	

ra
 

=
 

C
)
 
3

 
_

v
 

a
 

70
 

CO
 

1
1

)
 >

 
Z

 
.-4

  

	

CO
 
	

N
 

 3
' 

76
€

 a
)
 

cn
 

5
 c

r
 

(A
 

	

CD
 	

S
 	

--Ti
l 

7
 
=

 
c
'D

 
c5

 
=

 o
h

 Q
. 

c
 s

u
 

=
 

	

 
co

 	
=

 

	

ca
. 	

CL
 

4
7

 5
' 

...a
. 

al
 

7
 

 
(
7
)
 C

D
 2

 
2)

  
 

	

g
 	

...P
- 	

co
 

0
 
x t

.'1  
-•

 
=

 
c
o

 
@

 
9
 

5
 
:5

  
-
A

 

@
(o

 
-c-

  
-
4
 

• 
=

 	
-.1

 
O

. 

	

:-T
, 	

G
) 

5
 
Z

 
C

 
C

D
C

O
 

Z
. 

_
-1

 
m

  
a

)
 W

 

	

 
7S

- 	
.-

. al
 

	

..-
N 	

. 

t E
l

O.  a)
 

`..: 	
3

 	
(c

) 
C

 
0

3  

	

co
 	

(1
) 	

C
O

 

as
 

FD-
CD  

C
U

E
.
 
c
 

2
 

Q
. 

a
)
 
=

 
 

=
 C

D
 C

U
 

0
-
 
K

 
=

 

1:3
7

0
 
O

.
 

CT
) 	

0
 
l
a
 

CD
 

W
 

0
-  
.
9
)
 

CD"
 	

CD
 

3
5

 
a

:
 

N
 

0
)
 c

 
=

 
Q

 
Q

.
 
-
 

C
D

 	
i;

 
Z

 
3
 

a)
 	

a)
 

CL
 	

7
7
 —

 
3
 	

so
:  
3

 
5

C
D

 
O

 
3

 
5

' ca
. 

a
 	

g
 

0
 

"0
 

.7
:i 	

a)
 

c
 

=
 	

3
 

0
. 

 

_
  

O
a

)
 	

(.3
 

-' 	
om

 	
I 

-
,
 
2

-  
C

 
C

 	
CD

 	
g's

. 
--,

, 	
go

 
"Ig

 
Z

 	
n)

 
,-.

.. 	
o

- 

	

t'D
 	

..<
 

N
 c

l 	
cam

 
....

.i. 	
--

, 

S
 

a 	
c

o
 0

 
-.1

1 	
x

 
a)

 

	

 C
D

E
t 	

C
D

 '
<

 

	

ft
 	

co
 

-z-
-- 	

al
 

"
'

. 50
 	

5
-  
m

 
CD

CD
 	

..
-.

 
c

 5
m

 	
a
 

=
 )
 
M

 
c
 

co
 

o
 

C
L

 
 c

 . 
CD

  

	

3
 c

a
:
 	

a
 

5"
  

o
 

5
 	

co
  

0
 

M
 

 cf)  

	

@
 	

E
 

	

0
 	

z
 t

z
 

	

5
. 	

u
) 	

:
 

Q
 
*
N

 
o

'
 

(7
) 	

_.
. 

CO
 

0
) 

	

(;.t
 
J
 	

E
i 

o
) 



O
 

bases with  a sequence complementary to the primary RNA transcripts 

of  antisense oligonucleotides (ASO's) as effective therapeutics. ASO's of  17-21  

1966  t.  lams'  pue  nl  '1766i 

(Harada et  al., 1982, Goedde et al., 1983, Thomasson et al., 1991, Higuchi, 

palpitations (Mizoi  et al., 1983). Many of  the intoxicating effects of  ethanol  are 

accentuated  in subjects carrying the ALDH2-2  allele (Wall  and Ehlers 1995, Wall 

et al., 1999), affording these individuals a marked protection against alcoholism 

There is the obvious need to develop alternatives to disutfiram to mimic the 

States consume two thirds less alcohol  than their ALDH2-1 0
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The prevalence of  alcoholism in subjects who carry the ALDH2-2 allele is 75- 

indicating marked  protection of  the ALDH2-2 allele against alcoholism (Harada et 

ALDH2-1/ALDH2-2  heterozygotes of  Asian origin-born in Canada or the United  

90%  lower than that of  subjects who only carry the active ALDH2-1 form, 

counterparts, while the respective ALDH2-2 homozygotes are virtual abstainers 

(Tu and  Israel 1995). Individuals carrying the ALDH2-2 allele who consume 
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I n principle, an antisense oligonucleotide prevents protein production from a 

ASO can med iate its effects of  reducing the presence of a particular protein . 

targeted RNA of a gene. Many mechanisms have been proposed by which an 

Gene Transcription by RNA Polymerase 

rat ALDH2 that is presented in section II of this thesis. 

the human genome. Figure 1.2  below depicts how an effective antisense 

mRNA) or the mRNA target sequence can i nh ibit gene expression in a specific 

manner because a sequence of  this length  is unl ikely to repeat more than once in 

oligonucleotide (ASO-9) was designed  based on the mRNA target sequence of  
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the mRNA in the cytosol of the cell preventing translation of  the mRNA into the 

Figure 1.3 Occupancy mechanism (Translation Arrest). An ASO  hybridized  to 

Figure 1.3. depicts the general concept of the occupancy mechanism 

occupancy and (2) RNase-mediated  mechanisms 

These mechanisms can be placed into two categories, 



initiation codon (AUG) and results in the inability of  translation machinery 

Translation arrest is the process by which  the ASO  binds to the translation 
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oligonucleotide is reducing protein synthesis by translation arrest alone, then the 

region, others have found that the occupancy of an oligonucleotide in the 3'-UTR  

hybridize to the 3'-polyadenylation signal region of  the p53 tumor necrosis factor 

receptor (Ojwang et  al., 1997). In addition to targeting the 3'-polyadenylation 

receptor type I  (TNFRI) were effective in reducing TNF-alpha binding to this 

polyadenylation could  be inhibited by an ASO  such  that  the mRNA is 

destabilized. An example of  this was demonstrated  in which ASO's designed  to 

to be effective, as well  as, in the destabilization of  the mRNA  structure (Bennett, 

the 3'  end of  the mRNA  stabilizes the message and  is a region in which  

distinguish  between RNase H degradation and  destabilization by an occupancy 

steady-state levels of  mRNA  will remain constant. Other occupancy mechanisms 

can lead  to destabilization of  the pre-mRNA  or mRNA  therefore, it is difficult to 
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and  possibly in DNA  repair (Turchi et al., 1994). According to Crum, RNase H 

removal of the Okazaki  fragments during the synthesis of  the 

subcellular fractionation (Crum et al., 1988). The backbone of  an antisense 

cytoplasmic preparations may have been the result of  leakage from nuclei  during 

RNase Mediated  Mechanism. RNase H  is an enzyme that degrades the RNA 

strand  of  an RNA-DNA  duplex. Mammalian RNase H participates in DNA 
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Figure 1.5. Antisense in the Cell and  RNase H Degradation of  Target mRNA. 

activates RNase H degradation in the cell  is depicted in Figure 1.5 below. 
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aversive medication that were not time-consuming in order to get animals to 

consume a large amount of ethanol in a short period  of time to mimic an alcoholic 

a'
 

0 In order to test an antisense-mediated  gene 

regulation or gene therapy approach, we were first faced  with  the need for a pre- 

approach might provide a means by which the ALDH2*2  transgene can be 

xpressed for a protracted  period of  time (1  month to a lifetime) from a single 

(see above), introduction of  the mutant ALDH2*2 gene by a gene therapy 
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immune response and  longevity of  gene expression observed  with these vectors 
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drinking HAD, and Sardinian alcohol-preferring sP) that consume greater than 5 

g ethanol/kg/day (Lumeng et al., 1995). However, the P line which is perceived to 

meet all the criteria for an animal model of alcoholism (Cicero, 1979), does not 

binge, but rather consumes the 5 g/kg ethanol over a 24 hour period in numerous 

bouts (Murphy et al., 1986). This P line can be trained to binge (1.1 g/kg/hour) by 

restricting ethanol availability to 4 hours or less per day (Murphy et al., 1986). 

Similarly, Sinclair demonstrated that Wistar (outbred strain commercially 

available) and AA (selectively bred) rats could be trained to consume 0.5-1.0 g 

ethanol/kg/hour in a one hour limited-access paradigm after approximately 20 to 

30 days in the described paradigm (Sinclair, 1992). In addition, Samson has 

described a procedure that uses a lade-out" of sucrose from a sucrose-ethanol 

solution (Samson, 1986). In this model, a 20% sucrose solution is presented in 

an operant chamber with a lever to dispense the solution for drinking. Once lever 

pressing is maintain by rats for the 20% sucrose solution, ethanol is then added 

gradually while the sucrose content of the solution is reduced or faded-out. 

Finally, the rats will consume a 10% solution of just ethanol without sucrose 

present and ethanol solutions can be increased up to 40% while maintaining 

responding in the operant chamber. Rats can be trained to consume between 

0.9 and 0.95 g ethanol/kg in a 30 minute session in the operant chamber. 	• 

Disadvantages of Available Animal Models. While Samson's fade-out 

procedure and the limited access paradigm described by Sinclair present valid 

methods for training commercially available stock rats to binge rather than using 

selective breeding to obtain ethanol-preferring rats, these procedures require at 

least 20-30 days of training prior to study initiation. Furthermore, an aversive 

medication such as disulfiram relies on recognition of the substance (ethanol) 
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Consequently, the aim of  the studies in section 1  were to develop an animal  

model  which  would consume large amounts of ethanol  in a short period of time 
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About one half  of  the most  active antisense deoxyoligonucleotides described in 

the literature contain a motif  5'-TCCC-3'  in the molecule (Tu et  al., 1998). In 

rat, efforts were focused  on the antisense approach as a means by which  

Once a "Paradigm to Test A  Drug-Induced Aversion to Ethanol"  (Garver et al. , 

2000) was completed  and a pre-clinical  aversion model  was established in the 

In order to induce naive rats to consume a large amount  of  ethanol  in a very 

short period  of  time, we used a modification of  a procedure first described in 

1961  by Falk, called schedule-Induced polydipsia (SIP) (Falk, 1961). In these 

consume more ethanol  than the inbred Fisher rat (Suziki et al., 1988). 

Furthermore, the selection of  an inbred rat strain allows others to reproduce the 
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studies are contained  within section II  "Eliciting the Low-Activity Aldehyde 

active ASO's targeted  to the 3'  UTR  or intronic RNA  regions using the motif  5'- 

TCCC-3'  in the molecule design, very little was known about  design  of  ASO's 
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DNA can then be transcribed in the late phase by the host cell's DNA-dependent  

terminal-repeats (LTR) at either end  of  the incorporated  provirus. The proviral 

incorporated  by integrase into the host  cell's genome as a provirus with  long- 

transported  into the nucleus of the host cell  that has been infected  and  becomes 

reverse transcnptase and integrase in the cytoplasm. The viral DNA is then 

from two identical  single-stranded  virion RNA molecules that  are associated with 

to the host  cell's receptor, the virion is uncoated and the viral  DNA is synthesized 

phases (see Figure 1.6). Once the viral  particle's envelope glycoprotein attaches 

The retroviral  replication cycle is divided  into early and  late 

transcription using the viral-coded  RNA-dependent DNA  polymerase (reverse 

synthesized  from double-stranded virion 

98J8A8.1 10  SS900.1d e 

a diverse group of  metazoan viruses that have a replication step whereby DNA  is 

Retrovirus Opens Possibility of Gene Therapy. The retrovirus is comprised  of 
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transcribed  into viral  transcripts (RNA) which  are then translated  by polysomes to produce of 

gag, pit, and  poi polyproteins. The env protein is translated after the full-length viral  transcript 

leading to proviral formation. The late phase of  the cycle begins when the proviral DNA is 

has been spliced. These proteins are then processed during viral budding to form mature virions 

transcriptase. The viral DNA is then incorporated  into the host cell's genome via integrase 
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The cis-acting factors include signals present in the viral RNA which interact with  

mediates the cleavage of  gag and pol  polyproteins during virion assembly. 
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including those from mice, rats, chickens, cats, dogs, monkeys and humans. 

This cell  line made it possible to form infectious viruses that were replication 

incompetent after the transfection of  a retroviral vector (plasmid) designed to 

cany a transgene. The virus that is generated can infect and  integrate the 

9v
 ig.  

sl
i 

st
s 

<
 •

 
9 

v 
co

 c
o 

 
E

Pli
e
rd

a
° E

r,
.)  

-E
 i1

 —
 R

ao
p,

_,
 

51
 3

, i
r, a

) 6
 el

 
 

st
 

. 3
%. '

 C
b

 a
 
	 o

 1
:1

 
W

 0
. 

--
 C

 	
to

 
(D

 5
a
) 

- -
k

—
le

?
 0

 
'A

 .
 0

 a
 g

 .
 5

  . •
 • •

 • 
-, 

ti)
 . 

27
 

• 
=

 -
..
 `

-'
 c

o
 
0

  =
 

M
 =

 0
 .

..
. 

0
 s

' 
Q

. 
a

 g
o

 a
 3

 g
c lj

 Z
 C

O
 2

 
-
 

 
3
 C

D
 

$
 @

 S
e 

E
 

.6
, 

g
 §

 c
if

 s
) 

,a
) 

. 
co 

on
 a

 c
ic-

Q c
r, 

—
> 

(. (0,
; 

s--
 .
..
..
 5

 a
 c

r )
, 
r
-

co
 

5
2
 C

D
 -

-"
' 
--

. 
tj

 C
 

CY
 1 

m
  <

 <
 %

) 
2
 I
 7

A
- -  

c
 

-
 e

s
"
 c

i.  
,..

--
 N

..)  
m

- 
C

D
 c

 
	

• 	
* 

7
 m

 0
 —

 (
1
) 

a
 	

p
 c

i-,
 .

, 
.[

 
—

 a>
 

Q
, 
6
 	

S
 --

--
-. 

it 
:a

 .
 

5
 5

  F
• 

g
 
5

  —
 I —

  0
)5
  al
l

, 
1 :
2

 =
 0

 c
) 

ca 
a)  

g
  -7

,-. 
cD5 

E
3

 Z
 

@
 0

 m<
 c

o 
- 0

  8
 m

 
= 

g 
_-

 E
r >

 m
. ..

....
. Y

 
S

 =
 ,-

,-
 "

 (
.4

  7
1

. 
0

 
C

L  
c

o
 2

 ,
,=
- (

c1
 .7

1 
ca

 -
, 

0
  

= 
-
 a

) 
a

) 
>

 e
i 

5t,
  9

.,
 5

 5
:I

 @
 =

 
r
. 

Q
 

5
 IA

 1
')

  C
T

 §
. 
0
 -t
 

0
  c

E
 Q

.. 	
. 
I 
a
) 

-g
  CD

 
 

=
 Z

 	
* 

F
ri

 
0

 C
D

 a
. 	

7
; 

l'.
.)

 _
. 

0 7 
..-0

-,
  C

D 	
=',

 	
a
 

co
.  
0

 .
‹ 	

‹
.
 

>
 

5
  z

 	
ET

; 
Ca

  

-c
 

co
 

cn
 

-
 

z°
  



@
 2

 
0

 
0
 m

 
5
 
3
 
-
E

 
*
 
3
 
a
 
S

I
 
3
 
i
o

+
 
l
e

i  
5

 
S

t
 
3

 
c

 
 

M
 	

0
 
$
.
 
_

CP
,
 
•=

y:
  
=

 
N

 
0
 
-
_
-
,
 
0
 
C

I
)
 
W

 
g

 C
. 

0
 

a
. 

0
1

 3
 

(-
..

. 
(D

 
t.9)

  
m

 
.
.
<

 
3
 C

O
 (

0
 

-
,
 	

CD
 

a
 -

-,
 

=
 
5
.
 
 

S
 

a
  0

 
H

  _
„ 

=
 c

a
lt.
 
	

3
 

c
r
 

a
 

a
- 

0
 
C

D
 

	

3
 
@

 
'6

 
i
i
i
 
s

r
 	

C
O

 
a
)
 
o

 
3
 

s
o

 
a
)
 
.
 

3
 -

±
-
 o

 
0

 
S

t
 
m

 
D

 
(D

 
a
,
 
w

 
6

 
Cl

) 
..

,.
: 

	

3  
5
 	

C
D

 =
I.
 	

3
 

m
 

0
 

0
 

(1
,  
N

.
 
]
 
O

.
 
(
D

 
C

O
 

7
  
0
 

• 
	

c
 
-
i
 
'
5

 
c

 

	

0
 
=

 	
•-•

• 
a

 
3

 C
D

 	
C

l)
<

 
5

3
 	

0
 

.-
+

 
C

l-
 

r
r
i 

C
A

  
-
 
'
;
'
-
:
 
o

 	
1-u

- 
a
) 

5
.
 
o

 
m

 	
5

-1. 
o

. 
x
 

	

-
a

 
>

 
5

' 
n

 
0
 	

3
 

P
)
 
=

i 
6

 
E

. 
@

 
C

L
 

C
 	

*
 
-
b

.
 
C

a
 

2
. 

<
 

.@
 

C
) 

m
  
o

 	
c

p
 -

.-
 

73
 	

-.4
 	

C
r 	

..
..
 	

8
' 

0
 	

...,
 	

e.h.
 

C
 	

N
 	

'C
I 	

0
 	

3
. 	

c-D,
 	

--
1
- 

,
<N

1
 
0

  
C

)
 

S
)
 
>

 
"
‹..
..

. 
W..5

_
  
C

D
 
!
:
:
‹
 

a
 
1

 
3

0
.  
2
-
 
.
-
.
.
 
u

)
 	

@
 

-
7
  
a
.
 	

3
 
'1

3  
o

 
3

 	
0

  
a

. 
r
-
  
p

,
 
a

)
 
<

 
7

.
:
 
0

 
a

l
 
C

 
3
  
c
7
;
 
2
 
m

 
a

 =
 

a 	
z 

a> 	
m

 	
3

 	
r:3

 	
5

  
	

-,
 	

o 
. 	

d=..
 : 	

0
 	

3
 	

a
) 	

u
)
  

›
 g

 
2
1
 *

 
i
 

 „
, 
..
4
 

k  
*
 g

 f
_
.). 

7
6

 
a

)
 
>

 
_

„
 
3

 
‹
 
*
 
m

 	
F

IT
 

CP
D

 
1

3
 

''
''' 

N
i
 
(
7Dh

  P
D

-  
<

 
12

 	
2
 	

m
 	

if
)
 a

l 
0

 	
=

 
m

  
3
 

a
 0

 
g 	

P
a
 2

. 
5
--  
a

)
 c

at
il
  
a

 
m

 	
<

 
.
7

4
 
3

 
.
-
.
 

0
  
P

.
)
 
a

.
 

0
_
 
R

 
a
 	

z
 
3

 	
c

o
 m

- 	
<

. 
C

D
 0

. 

.=
•--
 
C

D
 
0

 
•
-
i
•
 
0

 
5

 
	

'A
.s

. 	
3

 
5

 
c

p
 

3
 	

7
.:

 <
 

	

co
 

.
7

 
0

 	

2
 

g
h

  
c

 
,<

. 
@

 D
 

a
)
 
0
  c

o
 

3
-
  
o

 
7
.
,
 
w

 
”
,
 

8
 
m

 
o

 

.
0

 
a

)
  

o
 

*
 

a 
5

 
CD
 

<
 

u
)  
_

.
 
0

 
CD

 
5

 	
o

 
c
 	

-a
 
c

3"
  
[
I

)  
0
 
M

 
,
.
.
.
.
 	

3
 
O

.
 

5
. 
(
2
, 
18

 	
°
 
<

 	
§
. 

g
  c

i,
 

a
)
 
a
 
c
 
a
 
3
 
L

--.
.
 
3

 
2

.))
 
c

 	
@

 	
z-

 

4
.
2

 
5

 
I
 
.
:
1

 	
-a

 
co

 
g

 
c
p

 
0

 
,
,
,5
 

g
: 

r
i-

 
ric

 
B

 
c
 

m
i-

. 1
2.)

 
=

 
=

,
"
 
=

-
 

m
 

C
 	

5
 r

i3
  
 

	

3
 

3
 
X

 
co

  D
 c

o
 E

s
' 

3
 
5

. 
o

. 
	

m
 

0
 	

3
 
s

o
 
-
.
 	

5
1

' 
fl

 
-
 

	

m w
 
C

D
 
C

 	
-
I
 
>

 
(
D

 	
0
 
•
•
•
•
•
 
m

 
0
 
0
 

-
1
 	

0
 
	

i-
1
 

0
3

 	
R

 
.
1

a
.
 
L
I)

 
 

	

c
o

 	
0

-  
0

 	
m

 	
-
-
:
 

 

C
D

 
1  
-
 
C

D
 	

'
-
'
 
0
 
4
.-
 
F

D
1

  
5

.
  
0

 
C

O
 
C

  
8
 
°
 

0
  

	

Z
 	

0
 	

3
 	

8
 
F

P
  2

, 

	

V
 
M

 
C

 
>

 	
7
 
>

 
	

-0
 

a
o

  
=

 
a

 
,
 
0

 

(D
 

a
 
,
 
.
 
8

 

	

(1
) 	

3
 

	

C
) 

0
 	

0
 
S

 	
0

 
0

 
5

 
a
) 	
I
 
	

.1
- 	

C
r.
 
	

a
) 

	

7
1

  
I
-
 	

-
o

 

YA
 
	

w
 m

  
(
3

.
 
C

A
 
*
 
0

 
0

 
C

D
 

4
Z

 
i
 
8

 

=
 
0
 

	

N
 
5
 
u

)
 
a
)
 

..
4
 	

ic
y

! 	
m

 
3
 
8
.
 

a
 

ifi:
 

.
 
>

 

a
, 	

...
..k

 
 

CD
  
=

 
*
 	

S
 
7

7
.
:
 
2

-
 	

.
,
 
@

 
C

r.
 

5
. 
C

P
, 	

r
'
 	

0
 
"
 
C

 

	

0
 
*
 	

a
 

3
 2

..
. 
	

co
 	

co
 	

0
 

a
)
 
0

 	
.
 
o

 
a

  
O

 
i 
'"
 ;
€
 z

 -
..
 0

) 	
m

 _
., 

s'
: 

i3 
m  
i
 	

5
 

0
  

	

.A
, 	

c
y

 a
_

 
"
 	

(T
P

 
 

...
. 	

1.i 	
5

. 	
...

„ 	
*
 	

2,
 	

6
 	

Ns
. 

C
D

 	
' 

5
 

C
D

  
C

)
 
o

 
9
 	

C
D

 	
X

 
-
 
	

Iv
 	

a
 

	

>
 	

cr 

	

,-
 	

cp
,,.

 .-
 	

,i:
  =

 .
-
 	

6
 *

 	
-
  

x
i
 
0

 
r

in
 
0
 
,
 
0
 
=

 	
c
 	

-,
 

C
D

 
3

 	
I
Q

 
0
 	

g
o

 
@

 
t
o

 

N 
I
 
C

I
 

u
  
a

'
 

3
 
t
o

 
a

 
@

 
	

.-
. 
	

r
-
 	

0
 	

=
 

0
  
1

■
3
 
0
.
)
 

-a
 	

a
 
	

€
1

 3
 

a
)
 
o

 
..
,.

. 
a

  
0
  
a
)
 
a
)
 
0
  
Z

 

	

w
 
3
 
1
7
 
0
 
>

 	

C
D

 
Da

 
w

 

C
 
*
 

	

	
0
 

0
  
M

 
a

'  
z
.
 
a

l
 
:
1

 
	

8
 

3
 
3

 	
o

 	
=

 0
4
 i
i;

 
2

 
1

7
)
 
5

.
 
a

 
]
 
c

o
 

'iv
  
3
 

6
 

.
.
-
 
0
 

m
 

3
 
3

 	
61

. 	
C

D
 
(
D

 
a
  

=
 =

4
-
. 

ig
 =

 	
Q

 	
*
 
=

 
t
v
 

o
 

5
.
 
3
  
<

 
<

 
C

 
0
  
a

 
F

-'
-

a
) 

2
  
3
 
s
)
 

-8
 
1

.
  
.
c

.i
)
 
c
a
 	

m
-
 
-
f
T
-
'
,
.
 
a

  
5

.
 
g

 
-
 
o

 
-
 	

cn
 

0
 	

rn
. 

9„
 

a
  ,
i3

 
-
a

 
5

 	
C

D
 

5
.  
-
.
•
 

C
t
)
 
C

D
 
(
1
)
 

*
 

V
) 5
' 	

o
 

cn
 

a
)
 
*
 

ff
 

g 
-,

 
3

 
C

D
 	

(
D

 
-
•
 
V

 a 
a
)
 
i
 
a
 
5
  
a
 

	

›
 (

D
 -

0
 @

 	
›
 
	

ia
 p

. 	
n.

 
0

. 
0

 
0

 
@

 
v
 
0

 	
c

 
r
-
 	

u
) 	

3
 1

-
 	

0
 

w
 

@
 
0
 
=

 	
to

 c
n

. 
m

. 	
c
 

0
  
5

 	
=

 
5
. 
0
 

a
) 	

a
) 	

5
-  

C
D

 	
C

 
C

 
F

 	
0
 
C

 
2
 

D
 
3

  x
v
 

i
 
a

 
,
 

0)
.

=
  E

fr
) 

x
 

0
,
 
x

.
 
5

.  

0
.
 
*
 
0

_
 
3

 
-

1  
5
 
D

 
3
 	

..71
1 

(
4

,
3

 
h

i
 

0
  
0

 
C

l 
	

0
 .

1
.-

 <
 

z
 
c
 
=

,
.
 

5
 
N

!
 
g

 
a
 

8
 
g

 
r
.
';
 

O
 

,.
.:

 
Q.

 
I
D

 
X

I
 
C

D
 
0
 
I
D

 	
W

I 
	

‘.
7
.
  
3
 
P

I
 

.
n

 
3
'
  
a

 
3

 
1

 
U

) 
.1

.. 	
C

D
 
I
Q

 
w

 
w

 

<
 

(D
 

2
 
o

 	
a
) 

2
 

O
 



Co
 

medium containing 4.5 g/L of  L-glutamine (DMEM) was added  to two 1.5 ml  

GIBCO  BRL  Life Technologies). Oligonucleotides were maintained  throughout 

most studies at 1  AM, however, in some studies lower concentrations of  0.25  or 

purchased  from Sigma Chemical  Co (St Louis, MO). All  other chemicals: 

EDTA, a-ketoglutaric acid, Tris-HCI, trypan blue and Triton X-100  were 

phosphate, 8-NAD+, 13-NADH, dithiothreitol, triethanolamine, ammonium acetate, 

sodium acetate, 2,4-dinitrophenylhydrazine, a
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Chemicals. Acetaldehyde and propionaldehyde (99.8% by assay), pyrazole, 

Section II MATERIALS  AND  METHODS (Supplement to manuscripts) 

X 106  cells/100 mm surface modified  polystyrene tissue culture dish (Becton 
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PLUS reagent and tube 2  contained 126  RI DMEM  and 14  IA  Lipofectamine. The 
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the mitochondria were incubated  for 15  minutes on ice to ensure maximum 

analysis, the mitochondria were thawed  on ice, 1% Trition X-100 was added  and  

-seleinowed aioniosui  anowar  

Triton X-treated mitochondria were transferred  to a 7x20  mm 

cells with a few modifications. Liver (2  g) was removed from each animal, 

Mitochondria from rat livers collected  from control (PBS) and ASO-9-treated 

solubilization of  the mitochondrial  membranes. In some studies (Study III, Table 

animals were isolated in a similar fashion as desribed above for the H4-II-E-C3 

ultracentrifuge tube (Beckman,CA) and centrifuged at 4°C for 30 minutes at 
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reaction mixture containing 150  pg of  soluble mitochondria!  protein, and  was 

(1981) with  minor modifications. The assay was performed  at 37°C in a 400 pl 

activity in the isolated mitochondria was assayed as described by Tank  et al 

Determination of mitochondrial  ALDH  and GDH Activity. 

HCI1V W)  mol 8141  

'piepuels aql  se  upnqie  wruas  au!noq  

Assay Reagent Kit (Pierce, Rockford, IL) as described  by the manufacturer with 

isolated from H4-11-E-C3 cells or liver was determined by the Micro BCA  Protein 

Soluble mitochondria! fraction protein content 

-anoqe paqposap  SE  EJEM 

mitochondria!  resuspension and the ultracentrifugation of  the Triton X-100  lysate 

The centrifugation steps, washes, mixed to bring the volume up to 25 ml. 

Then 20 ml of  isolation buffer was added  to the 5 mi of lysis suspension and  

chamber and homogenized  as described above until cell  rupture was confirmed. 
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ALDH Reactions (400 pl) were performed in microcuvettes at 37°C  

The blank contained 372 pl of sodium pyrophosphate buffer, 8 pl DTT, 8 pi Mg+2  

, 4 pl pyrazole, 4 pl NAD+  and 4 pi acetaldehyde (1 mM) or propionaldehyde (1.4 

mM) stocks 

The sample (solubilized mitochondria) protein) contained 372 pl SPP — sample 

volume, sample (150 pg-volume (p1) depended on mitochondria' protein 

concentration), 8 pl DTT, 8 pl Mg+2  , 4 pl pyrazole, 4 pl NAD+  and the reaction 

was initiated with 4 p1 acetaldehyde (1 mM) or propionaldehyde (1.4 mM) from 

stock solutions. 

ALDH2 activity was determined by recording the change in absorption at 340 nm, 

due to NADH formation, with a Beckman DU®640 spectrophotometer. The 

change in OD was linear with time until nearly 100 % of the aldehyde or 

propionaldehyde was depleted after which any changes in OD stopped fully, 

indicating a high affinity for the ALDH system in liver and H4-II-E-C3 mitocondria. 

ALDH activity was expressed as nmoles NADH/min/mg protein. 

Glutamate dehydrogenase (GDH) was assayed as described by E. Schmidt in 

1983 with minor modifications (Schmidt, 1983). The assay was performed at 

37°C in a 400 Al reaction mixture containing 25 Lig of soluble mitochondria' 

protein, and was initiated by the addition of a-ketoglutarate to a final 

concentration of 6.9 mM. The reaction proceeds as shown. 

a-ketoglutarate NADH + NH4+ 	L(+)-Glutamate + NAD+ + H2O 

33 
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reaction was linear with  time. GDH  activity was expressed  as !moles NADH  

GDH  activity was determined by recording the change in absorption at 340 nm, 

due to NADH oxidation, with  a Beckman DU®640  spectrophotometer. The 

Determination of mitochondria!  ALDH  half life by Cycloheximide. initial studies 

were conducted  to determine the optimal  concentration of cycloheximide required  
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proteins was removed  prior to radioactivity determination. The filter disk was then 

cells were washed 2 x with 5 ml  phosphate buffered saline. Cells were then 

the flask. After the pulse, 35S-methionine was removed from the flask  and  the 

twice with 5 ml of  methionine-free DMEM  (L-glutamine was added) (GibcoBRL 

medium containing serum was removed  from the cells and the cells were washed  

cycloheximide to ensure that they were in a stationary phase. 
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internal  standard  fragment of  429  base pairs. 

and an added reverse primer sequence (R2), was used  to amplify a smaller 

reverse primer (NRP), comprised of  the previous reverse primer sequence (R1) 

Z e.in6u  aes) (6966  

The same forward  primer mentioned  above and  a new 

competitor for primers of  the parent fragment during reverse transcription (as 

purified from a 1%  agarose gel. An internal  standard, which served as a 

min and a final extension at 72 °  C for 10  min and the resulting band  was 

Determination of mRNA expression by Competitive RT-PCR. ALDH  mRNA. 

a parent fragment) were as follows: forward  (F) 5'-ACgTggTggTgATgAAAgTg-3'  

donated by Dr. Henry Weiner of  Purdue University. The primers (specific to 

Competitive RT-PCR  for ALDH was developed  by first designing PCR primers to 

amplify a 584  base pair fragment from the Sprague-Dawley rat cDNA, kindly 

and  reverse (R1) 5'-gATgAAgTAACCACggTCTg-3'. The parent fragment was 

mitochodrial ALDH) used  to generate the 584 base pair fragment (refered to as 

o
 a 

8  
2
 	

e
r'.  

a
 

a)
 	

CO
 

0
 

Z
 

C
D

 >
 

N
. 

a
 

3
 7

3
 

>
 

co
 	

co
  

C
 
j
  

e
L

  

Cz
i cc
  
o

 
0 -«

 

23
 

Q.
 

72
1 

(1/
 

o
 

m
. 

g
 

a
 Q

. 

 

•
 

° cp
 

2
 

°
 

cr)
 

a)
 	

ID
  

fA
  

(1
) 

a
l 
3

 
O

 
-o

 
0

 
N

 
9
 	

0.
 

3
 
3

 

o
 

(3
-  

0
 

o
 

c
o

 
Z

 
•
 
0
 

o
.
 
>

 

CA
) 

1:
3 

o
 

 
C

I 	
D3

  
*.

< 0)
 

 
0)

 	
ca

. 

CD
 

—
 

(l
oi
  

C
)  3
' c

o
5
. 

5
 

cr
) 

8
 

o
 

a
. 

O
 

2
 

67)
.  

o
 

5r? 
cf)

 
CD

 	
O

. 
P

 
S

 

C
  

o • 
="

7• 
0

 
-a

 



as template in the in vitro transcription reaction. 

according to the manufacturers protocol (Life Technologies, NY). The plasmid 

U00.10SUEJI.  QVA  ur  eqi  

DNA  was linearized using Not I restriction enzyme and  then purified  before use 

DNA fragment (rcDNA) was transformed into DH5a Competent E. coli cells 

101.28A  Asp]  j- 39d OLNI NO111/011 

dq treS IN3110VII3 1N3elVd 

(;ea Aaimea-an6erds) VNCI3  ZEICITV 

The in vitro transcription and RNA purification 
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purified  from the gel. The purified  fragment was then amplified  with  a newly 

designed forward primer and  the same reverse primer as mentioned above. The 

RNA  isolated from H4-II-EC-3 cells. The GDH  parent fragment primers were 

(Amersham Pharmacia Biotech, NJ) and  Omniscript RT  (Qiagen, CA) from 

reverse transcription using random hexamers (pd(N)6  20 ng/20 gl  RT  reaction) 

AACTgCTTCTCgCTggCTg-3'). The cDNA template for GDH  was obtained. by 

parent fragment (forward  (F1) 5'-TCCTgggAggTCATCgAAg-3', reverse (R) 5'- 

a/., 1993) (see Figure 2.2). Primers were designed  to amplify a 782 base-pair 
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first strand cDNA synthesis. The parent fragment and internal standard bands 

were analyzed on a Kodak Digital Science Image Station 440CF (Eastman 

Kodak Co, NY) by analyzing the net intensity of the UV/fluorescence emitted by 

the ethidium bromide in the bands. The actual amount of internal standard that 

was needed to compete for amplification with the parent fragment was 

determined by plotting the amount of internal standard against its corresponding 

net intensity ratio (internal standard band I parent fragment band). Assuming a 

linear relationship, the exact amount of internal standard needed to equally 

compete with the amount of sample mRNA present was determined from the 

linear regression equation when y=1. 

Cannula Implantation. Rats were placed under general anesthesia using 

isoflurane delivered by rodent anesthesia inhalation unit. 	Once under 

anesthesia, the animals were catheterized by placing Tygon flexible plastic 

tubing (0.015 1.D X 0.03 O.D) into the femoral artery, and a small rodent trocar 

was used to pass the tubing from the femoral region to the animal's neck region. 

A specially designed protective jacket was used to protect the cannula during a 

five day recovery period. Patency of catheters was maintained by using a lock 

solution containing heparin (444 units/nil), dextrose (22%) and streptokinase 

(16,667 units/m1), and a small piece of monofilament which was inserted at the 

exposed end of the cannula to retain the lock solution. The patency of the 

catheter was ensured by flushing every day with 10 units/ml heparin followed by 

lock replacement to fill the tubing dead volume (approx. 75 jr.1) between flushing 

sessions. 
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for subsequent acetaldehyde determinations. The plasma was then keep at 

immediately on ice and  centrifuged  at 10,000  g for 5 minutes to harvest plasma 

Acetaldehyde Determination by HPLC. Blood  was collected in heparin, placed 

.nive  6  00C /Iw i.  0  le 

Colman Pharmaceutical, Inc. Ridgemont, VA) was administered  as the analgesic 

apposed with stainless-steel suture clips. Buprenorphine (0.3  mg/ml, Reckitt & 

suture (Ethilon®, Johnson and  Johnson, Somerville, N.J). The skin was then 

through  the abdominal  incision and  the muscle layers apposed  with  4-0  Nylon 

The assembled pump filled with the desired solution for delivery was then placed 

pl/hour which  equated to the animals receiving 24/  mg/kg/day. 

Figure 2.3) was placed into the pump body for sustained  delivery rate of  10  
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An Alzet®  minipump 2ML1  (cat. No. 0000323, DURECT  Corp., Cupertino, CA, 

with  betadine, and a midline inscision was made approximately 2-3  cm in length. 

anesthesia, the hair in the animal's abdominal  area was shaved and  scrubbed 

isoflurane delivered  by rodent anesthesia Japun eouo  

Osmotic pump implatation. Rats were placed  under general  anesthesia using 
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minutes, followed  by an increase to 90%  B  over the next 3 minutes, and returned  

went from 30  to 70% B  in the first 10 minutes, was sustained at 70%  B for 5 

loop), a System Gold  Diode Array detector module 168  and  an Ultrasphere ODS  

Solvent Module 125 equipped with  a Rheodyne Model 7725 injection valve (20 pl 
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The samples were extracted  with  the addition of  2 ml  isooctane, and  mixed  by 

c)  aleme  wn!pos  

reaction was stopped  by adjusting the pH  to 4.5-5.0  by addition of  2  ml ice cold  

solution of  2.5  mg/ml  2,4-dinitrophenylhydrazine (DNP) in 6M HCI  solution. The 

present in 4  ml  of  the supernatant was derivatized  with  the addition of  100  pi  of  a 

chloride) and  centrifuged at 10,000  g for 10 minutes at 4°C. Acetaldehyde 

III) was mixed with  4  ml  of  ice cold perchloric acid (0.6 M  in 0.15 M  sodium 

modification of  the method  described  by Lucas (Lucas et  al., 1986). Plasma (250  
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samples were quantified from a standard curve prepared  on the same day the 

of  rat plasma with the samples that were extracted for HPLC analysis. 

derivatives was monitored at 365 nm and the peak height was electronically 
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SUMMARY 

The screening of new agents for aversive therapy of alcoholism requires a simple 

animal model. Animals trained to ingest ethanol solutions which are subsequently 

administered a drug known to produce an aversion to ethanol in humans, do not 

readily make the association between the malaise induced by the aversive drug-

ethanol reaction and the consumption of the same ethanol-containing solution that has 

been consumed previously without ill effects. We report an experimental paradigm in 

which the malaise of the drug-ethanol reaction is quickly recognized by rats as derived 

from ethanol. Disulfiram was used as the model drug. Lewis rats were deprived of 

water for 18 hours after which 6% ethanol was offered as the only fluid. On the first 

hour of ethanol access, both controls (vehicle) and disulfiram (100 mg/kg) treated 

animals consumed intoxicating amounts of ethanol (0.7-0.9 g ethanol/kg). Plasma 

acetaldehyde levels developed were 3-5 11M and 40-50 1AM respectively. After such 

time, disulfiram-treated animals virtually cease consuming alcohol (90% inhibition), 

indicating that the disulfiram-ethanol reaction is associated with alcohol ingestion. 

Control animals continue consuming the alcohol solution for the additional 4-5 hours 

tested. This model should be of value in the testing of new agents that reduce aldehyde 

dehydrogenase levels for prolonged periods for their potential as an aversive treatment 

in alcoholism. 
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INTRODUCTION. 

Disulfiram is an "anti-alcohol" drug that non-specifically inhibits ALDH2-1 by reacting 

with sulfhydryl groups in the enzyme (Weiner,1979; Vallari and Pietruszko, 1982). 

Supervised disulfiram administration is effective in reducing alcohol consumption in 

alcoholics (Brewer,1993). However, the effectiveness of non-supervised disulfiram has 

been criticized (Swift, 1999). In a well controlled study of non-supervised 

administration of disulfiram of 202 subjects, a therapeutic dose of the drug significantly 

reduced the number of drinks consumed daily (Fuller et al, 1986 ). However, the time 

to the first drink was not reduced nor was absolute abstinence. The latter are not 

unexpected; an aversion to ethanol would only occur after the patient challenges the 

effect of the drug. 

Disulfiram has serious disadvantages, including a number of side effects such as severe 

hypotension, parasthesias and motor neuropathies (Gallant,1987; Peachey and 

Annis,1989; Dupuy, et al.,1995) which markedly reduced compliance with self-

administration. In addition, Brewer (1984) and Christensen et al (1991) showed that 

when disulfiram is administered in tolerable doses, only 50% of patients develop the 

disulfiram-ethanol reaction. 

In humans a single gene mutation protects 70-90% against alcohol abuse or 
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alcoholism (Harada, et al.,1982; Thomasson, et a1.,1991; Higuchi, 1994 ; Tu and 

Israe1,1995). Such a gene encodes a high-affinity aldehyde dehydrogenase (ALDH2) 

(Yoshida, et al.,1985), a mitochondrial enzyme that metabolizes acetaldehyde, the 

first product of ethanol oxidation (Svanas and Weiner,1985; Cao, Tu and 

Weiner,1988; Klyosov, et al.,1996). Means to specifically inhibit the transcription or 

translation of this gene on a long-term basis could be used as potential agents for the 

treatment of alcoholism. 

The development of new aversive means to reduce alcohol consumption requires an 

experimental paradigm to test the drug-induced aversion to ethanol. We describe 

studies designed to test the effect of an aversive medication. 

MATERIALS AND METHODS. 

Male Lewis rats (Harlan, Indianapolis, IN) weighing 200-300g, were used. Prior to 

the ethanol consumption studies all rats were acclimated for at least 3 days in either a 

plastic shoebox cage or a specially designed plexiglass cage with stainless steel wire 

bottom. All animals were maintained on a 12 hr light/dark cycle and had free access 

to laboratory rodent diet 5001(PMI Feeds, Inc., St. Louis, MO) and tap water. Finely 

powdered disulfiram was suspended in 1% carboxymethylcellulose (CMC) in saline 

to yield a final concentration of 15 mg/m1 and was administered orally. 
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Animals were administered disulfiram (100 mg/kg) or vehicle (at 9:00 and 10:00 

AM) for 4 days. On the evening of day 3, water was removed for 18 hr while food 

was provided ad-libitum. On the morning of day 4, animals were dosed as described 

above, and two hours later the animals were allowed access to a 6% ethanol solution 

(v/v) as the only fluid. Consumption of the ethanol solution was measured at 1, 2, 3, 

4 and 5 hours. In some experiments plasma acetaldehyde was determined at 0, 1, 3, 

5 and 24 hours after animals were given access to 6% ethanol. For the latter studies, 

blood samples were removed from femoral catheters while the animals were freely 

consuming the ethanol solution. 

Plasma acetaldehyde levels 

Blood was collected in heparin, placed immediately on ice and centrifuged at 10,000 

g for 5 minutes to harvest plasma for subsequent acetaldehyde determinations. 

Acetaldehyde was determined by HPLC using a modification of the method described 

by Lucas et al (1986). Plasma (250 p.1) was mixed with 4 ml of ice cold perchloric 

acid (0.6 M in 0.15 M sodium chloride) and centrifuged at 10,000 g for 10 minutes at 

4°C. Acetaldehyde present in the supernatant was derivatized by the addition 2,4- 

dinitrophenylhydrazine (DNP). The absorbance of the eluted derivatives was 

monitored at 365 nm. A five point standard curve with an acetaldehyde concentration 

range of 0-20 JAM was prepared for HPLC analysis. All samples were quantified 

from a standard curve prepared on the same day the samples were extracted into 

isooctane. The linear correlation of each of the standard curves was 0.991. 
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18-hour water-deprived rats pre-treated  with disulfiram (100 



During the first hour of 6% ethanol presentation, ethanol consumption was similar in 

the disulfiram and vehicle control groups, amounting to 0.87 ± 0.12 g ethanol /kg 

(disulfiram) and 0.69 ± 0.12 g ethanol/kg (controls). However, after the first hour, 

control animals continued to drink the ethanol solution while the disulfiram-treated 

animals virtually ceased consuming it. During the subsequent 4-hour interval (hours 1 

to 5), disulfiram-treated animals consumed 88.1% less ethanol than controls 

(p<0.002). 

In a separate group of disulfiram-treated animals, alcohol consumption and plasma 

acetaldehyde concentrations were measured simultaneously in animals with 

implanted femoral catheters (Figure 2). Data show that disulfiram animals consumed 

the 6% ethanol solution during the first hour of access (0.8 g/kg), as previously 

observed, then stopped consuming ethanol until 4-5 hours when minor ethanol 

consumption was resumed. Alcohol consumption in the first hour led to marked 

elevations in plasma acetaldehyde averaging 59.6 + 11.1 p.M. Acetaldehyde levels 

were reduced to 24.4 + 10.811M by the third hour and 4.0+ 1.11.1M at 5 hours. 

ALDH2 activity and acetaldehyde levels 

Three hours after the administration of 100 mg/kg disulfiram (given daily for 4 days), 

liver mitochondrial aldehyde dehydrogenase activity was found to be inhibited by 

87% (p< 0.0001) when compared to that in control animals given the vehicle. Under 

the same conditions, the administration of ethanol (1g/kg orally) increased plasma 

acetaldehyde from 5.0 ± 0.2 I.LM (before ethanol) to 41.9 ± 4.9 	one hour after 
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carbimide every second  day for  10  days  led  to  only minor reductions (10%)  in ethanol  

consumption, despite the fact  that  disulfiram (50  mg/kg/day) and  calcium  carbimide 

Subsequent  administration  of  disulfiram or calcium 

/day) for 3  days  led  to only small  reductions (20%)  in  

water or 10%  ethanol  for 14  days, the subsequent  administration  of  disulfiram (100  
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consumption  and  the malaise  that  ensues. This  is  less feasible with  

Alcoholics given disulfiram  are  normally informed  of  the dysphoria that  may result  

animals. Earlier work, which  led  to  the present  study, suggests  that  animals  which  

from the disulfiram-ethanol  reaction., and  thus  a guided association can  be  made 

administration of  ethanol  (p<  0.001). In  line with  studies by Ericsson  and  co-workers 
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Such  a paradigm requires (i) that ethanol  be consumed  for the first time by animals that 

which allows fluid  deprivation of the animals to slightly less than 24 hours. 

effect was fully demonstrable in as short as 5 hours following ethanol  presentation, 

d Yamamoto,1998) that a robust conditioned taste aversion quickly 

established (Barber, et al.,1998; Nolan, et a1.,1997; Scalera, Grigson and  Norgren, 

noxious substance or a noxious condition (the ethanol-disulfiram reaction). It is well 

taste aversion paradigm in which  a novel taste is paired with the 
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10 minutes per day. Cyanamide, an inhibitor of  aldehyde dehydrogenase, increased, 

for about 60 days to consume alcohol  solutions which were available to the animal  for 
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The use of  the limited access paradigm to assess the effect of  aversive medication has 
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activity and which result in increases in acetaldehyde levels comparable to those seen in 

abuse and  alcoholism (Harada, et a1.,1982; Higuchi,1994; Thomasson, et al.,1991; Tu 

and Israe1,1995). In ALDH2 deficient individuals the oral consumption of 0.5 

ethanol yielded  plasma acetaldehyde concentrations of 35.4 uM as compared  to 2.1 uM 

to reduce variability and  increase inter-laboratory reproducibility 

Data obtained after the disulfiram dosing regimen described indicates that a strong 
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Overall, studies presented  show that a simple 

in controls (Harada, Agarwal and Goedde, 1981). 

activity of 87%. This reduction in activity is in line with  the reduction of  aldehyde 
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LEGENDS TO FIGURES. 

Figure 3.1. 	Aversion to ethanol induced by disulfiram administration. 

Cumulative ethanol consumption (g/kg) of 6% ethanol (v/v) in control ( vehicle) and 

disulfiram-treated animals at hourly intervals for the first 5 hours of fluid re-access. 

Closed circles represent animals that received disulfiram (100 mg/kg, i.p., n=6). Open 

circles represent animals that received vehicle (n=6). Values given as means (± 

SEM). Ethanol consumption in the first hour was not different between the two 

groups. However, ethanol consumption in the following 1 to 5 hours was 88% 

(p<0.002) lower in disulfiram-treated animals than in controls. 

Figure 3.2. Alcohol consumption and acetaldehyde levels in disulfiram-treated 

rats. Cumulative consumption of 6% ethanol (v/v) at 1, 2, 3, 4 and 5 hours and 

plasma acetaldehyde concentrations at 1, 3 and 5 hours in disulfiram-treated (100 

mg/kg, i.p.) unrestrained animals with exteriorized femoral cannulas. Values are 

given as mean (± SEM). Open circles represent ethanol consumption (g/kg) and 

filled squares represents plasma acetaldehyde concentrations (.1M) in the same 

animals (n=3). Standard error bars for acetaldehyde at 5 hours are encompassed by 

the symbol. 
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Intravenous administration of ASO-9. Male Lewis rats (Harlan, Indianapolis, IN) 

net intensity ratio (internal standard  band /  parent fragment band). Using a linear 
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Statistical  analysis was performed for the data sets in Microsoft  Excel 1997. 
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studies were conducted to determine whether ASO-9 reduced ALDH2-1  mRNA  

exact mechanism by which  this molecule elicited  its effects was unknown. Thus, 

While ASO-9 proved to be very effective in inhibiting the synthesis of  ALDH2, the 

inhibited by >95%  following the 24  hours of  exposure to ASO-9 (Table 4.1) . 
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ILZ) 4-ZHCl1v  uewn4  ytrnn  peonpsue4  Rao elaH  

the rate of  incorporation of 35S-metioninine into total  proteins. 0
1
  

values in 24  hours. The calculated half-life of the mature ALDH2  in the mitochondria 

incorporation of  35S-sulfate, and  it was not further reduced  by increasing the 

concentration of  5 pg/m1  produced the maximal inhibition of  35S incorporation. At 

this concentration of  CHX  methionine-derived  33S  incorporation was inhibited  by 

these conditions, ALDH2 activity in the H4  cells was reduced  by 56%  from control 

85%  over 24  hours. The residual  incorporation could be due to posttranslational  

hour incubation of  H4  cells with ASO-9, mitochondria!  ALDH2  activity was 

deoxyoligonucleotide #9  (ASO-9), the most effective of  9 antisense molecules 

We present here the results of  antisense phosphorothioate 

reduced  by 54.9  ± 10.7%  (mean ± SEM). Lipofectamine alone or lipofectamine +  

concentrations of CHX. Cell  viability under these conditions exceeded  90%. Under 

was 21.6 hours. Such  a half-life is in line with a half-life of  22 hours reported  for 

containing the TCCC  motif  studied. Data in Table 4.1 show that following a 24- 
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mRNA  levels of  ALDH2  and of  glutamate dehydrogenase (GDH), 

the less effective the modified ASO-9  became (Table 4.2; experiments 4  and 6). 

In vivo inhibition of ALDH2  activity and  mRNA  by antisense oligonucleotide AS0-9  

and was both  sequence and gene specific for ALDH2, we determined whether this 

(ii) mRNA  levels The specificity of ASO-9 was also demonstrated  by determining 

Since ASO-9 proved to be most effective in reducing ALDH2 activity in cell culture 

mitochondria! enzyme, in the same cells. Figure 4.1 shows the reduction in mRNA 

ALDH2 afforded  by ASO-9  (see: panne) Al) and its ineffectiveness on GDH mRNA 

molecule could also reduce the activity of hepatic ALDH2  in vivo. The activity of 

located in the "TCCC"  motif. The studies showed that mismatches of  2-, 3- or 4- 

tested  by incubating cells with phosphorothioate oligonucleotides containing 2-, 3- 

or 4-base mismatches compared  to ASO-9. One of  the mismatches was always 

RT-PCR as described  in Methods. Table 4.2  shows that following a 24  h  treatment 

'H  aseNu  sisAlcupity  

Reduction in ALDH2 mRNA  levels induced  by AS0-9  on H4  cells 

with  AS0-9, ALDH2 mRNA  in the H4 cells was reduced  by 84.8 ± 4.7 %. This result 

suggests that the mechanism of  action for ASO-9 is likely mediated by RNA 

The steady-state level of  ALDH2 mRNA was determined  by quantitative competitive 
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interval is shown in Figure 4.2. Initial  ethanol  consumption was similar both the 

reduction in ethanol consumption after the first bout indicates an aversion to the 

fluid offered. Cumulative ethanol  consumption (mean ± SEM) at each hourly 

mg/kg/day intraperitoneally. Three days after pump implantation, animals were 

that developed  by Garver et al  (2000) to test a drug-induced  aversion to ethanol. 

Rats were surgically implanted  with  osmotic pumps which delivered ASO-9 at 24 

9 on ALDH2  gene expression (Tables 4.3  and  4.4). 

ethanol (Table 4.4) . Glutamate dehydrogenase activity and GDH  mRNA levels 

were not affected  by ASO-9, thus also demonstrating in vivo the specificity of  ASO- 

activities and  plasma acetaldehyde levels. Treatment with ASO-9  led  to a 50%  

reduction in ALDH2 mRNA  compared to PBS control  animals (Table 4.3). 

expression (mRNA) were also determined  in vivo. 

GDH  was determined as a control  mitochondrial  enzyme. ALDH2  and GDH  gene 

administered  for 4 days via an indwelling femoral vein catheter with  either ASO-9 

(15 mg/kg) or PBS. Twenty four hours after the last dose of ASO-9 or PBS animals 
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ASO-9  targeted exon 2, it was possible that  the antisense 

inhibitory effects on the ALDH2  enzyme activity with ASO-9  being the most 

190  snapnu  aqi  

effective ASOs had  targets mainly in intron and 3'-untransialed  regions, 

molecule led  to the the finding that steady-state mRNA  levels are significantly 

In the studies presented  here, nine ASO's were designed which  incorporated  the 

postulated  that the TCCC mediated mechanism of  antisense action was localized in 

TCCC motif  (15) targeting exons (a message also present  in the nucleus), since 

reduced  by these ASOs. Since RNase H  only exists in the nucleus and the most 

Present knowledge indicates that there are two major mechanisms of  antisense 

ASO-9. Actual  remaining activity at  24 hours was 55%. 

ALDH2-1  synthesis was calculated to occur following a 24  hour incubation with 

cells. Given a 22  hour half-life for the mature enzyme, an inhibition of 95% in 

synthesis of  mitochondrial aldehyde dehydrogenase ALDH2-1 in rat hepatoma 

deoxyoligonudeotide (ASO-9) was specific and  effective in reducing the de novo 
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translation rather than to RNase H  mediated hydrolysis. 

mechanism of ASO-9 might have been due to occupancy-mediated  inhibition of 

11  aupnalep  of  law  ui  

Furthermore, ASO-9  was specific for its ALDH2  target since ALDH2  mRNA  levels 

oligonucleotide with  4-base mismatches from ASO-9  was essentially inactive. 

bases, the oligonucleotide's ability to inhibit ALDH mRNA  levels was reduced. 
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A true antisense mechanism was demonstrated by the fact that as the number of  

additional  transcriptional arrest by occupation cannot be ruled  out. 

ASO-9 is more likely one involving mRNA hydrolysis by RNase H, although  some 
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can inhibit gene expression through Watson-Crick  DNA-RNA hybridization in a 

sequence complementary to the primary RNA  transcripts or the mRNA sequence 

Theoretically, an antisense phosphorothioate oligonucleotide of  17-21  bases with  a 

that reported  previously for large doses of  disulfiram. 

to control  animals. Overall, ASO-9  showed an effectiveness in the same order as 

alcohol consumption after experiencing the ASO-ethanol  reaction when compared 

drug (Garver et  al., 2000). Animals treated  with  ASO-9 showed  a 61%  reduction in 
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We further determined if  treatment of  ASO-9 would establish an aversion to ethanol  
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control (PBS) animals. In the same animals, ASO-9 did not modify the activity of  

ASO-9 elicited  a four-fold increase in plasma acetaldehyde levels versus that in 

activity was reduced  by 40%. Administration of ethanol to animals pre-treated with  

the oligonucleotide, hepatic ALDH2  mRNA  was reduced  by 50%  and  ALDH2  

intravenously for 4  days and  animals were sacrificed 24 hours after the last  dose of  

(without liposomal  conjugation) ASO-9 O
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Studies presented  in this communication provide a strong proof of principle that 

resulting in (i) low liver mitochondria! ALDH2-1  activity, (ii) elevated plasma 

inhibition of  ALDH2  gene expression can mimic the ALDH2-2  Asian phenotype, 

acetaldehyde levels following the administration of  ethanol and (iii) an aversion to 
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Data show cumulative ethanol  consumption (g ethanoVkg) 
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The PA317  cell line was transfected with  the purified  vector DNA by using 

(Mediatech,Cellgro®,VA), 10% fetal bovine serum (Life Technologies, NY) in 5%  

in Dulbecco's modified Eagle's medium containing 4.5 gIL  of  L-glutamine 

form the CaPO3-DNA complex for transfection of  PA317  cells. Solution #1  of  

Calcium Phosphate to complex with  the DNA. Two solutions were prepared to 

T4  DNA  ligase (cat. # M180A, Promega, Madison, WI). 

The backbone of  the pLNCE  vector with  the Hind  III  sticky ends was ligated  using 

tube was then centrifuged at 12000  X  g for 20 minutes and the supemate was 

removed. The DNA pellet was washed with 1 ml 70%  ethanol  (v/v). The DNA  

was added  and vortexed  for 1  minute followed  by centrifugation at 12000  X  g for 

2 minutes. Again, the upper aqueous phase was transferred  to a fresh  tube and 

(1
1 

o
 

5
 	

. 
ro
 

cE,
  

3
 

5
. 

(
D

 2
 

=
. 

• 
*
 

O
 

v
 

W
 

C
 

E
  

cnC. 
 

C) o
 

(0
 

C
T

 5
 

CD
 

co
' 

• 
>

 
it

 	
ILO

 

7
i 

1—
 a

) 

O
 

1:1
 

• 
0

 
CO

 
a 

8
_
 2

 
N

 2
, 

*
 

a)
 
'0

 

co
 

27
 

3
 (

0
.  co5
  

-S
I 

3
 

(1:
 

110)
 

O
 

W
 

C
A

 	
e

L
  

g
 

C
.
 

5
 
5
 

cb
 

3
 C

O
 

a
 1

3
 

s
 

cb
n

  

m
 

g
 

—
 

0
_
 m

 

o
 

a
 

0-• 
F

D
 

4
4

 8
 

C
 

<
 r

-
t
 

1
, 

a
)
 

g.
 

C
D

 0
. 

-0
 

0
 

Z
 

0
 
I
D

 
O

 
U

)  
3
 	

(1)
 

ro
 

• 
g

 

cu
 

0
) 

1%
.) 	

CD
 

7
 

SR
 

0
  

N
Z
  

co
  

o
 

>
 

O
 

cp
 

o
 

 

0‹
 

C
D

 C
 

a
 
3
 

ro
 

• 
o

 
a
 

0.)
 	

0
1
 

c
 

co
 	

ID
 

3
 

3
 

0
3
  g.
  

o
h

 3
 

a)
 

3
 

fir
 

5
; 

C
D

 

C
CD
 

3
 
a

.
 

o
 

1‘
) 

C
▪ 	

.71
 

0•
 
<

 

3
 
E

 
3
 

F
. 

call
 

c
o

 0
 

a
)
 
0
 

17
1 

CD
 

a
  

0
 

9
- 



	

3
 

0
 
_

1
 
	

3
 
0

 
*
 

	

E
T

 	
0

 
z
 
a

)
 

>
 
(
7

)
 

C
P

 	
a

)
t
O

 

• 
a 	

..
7

 	
5

 	
(-

.)
 	

=
 •

 

	

=
 
'
-
-
 
n

 	
9

 
	

g
 

	

Si'
 

8
 

4
 c

.D
, 	

7
3

 
g

 
0

 	
ci

 	
a

r 
—

 
,c--

 	
cra

 	
x 	

C
D

 
0
.
 

Co
) 	

3
' 	

C
D

 

	

0
 
0

 	
=

 
0

 

	

R
. 
g

ir
 	

a
 

(•
D

 

g
 	

g
.--

1-
 	

3
 . 

	

N
 	

3
 
D

-  
a

•
 
t
i
5

 
I 

	

ii
i 

"
0

 	
c

o
 .

.-
. 

o
 

3
 
	

co
 

e
 

- 
	

0
 

	

(o 	
=-

 

	

*
 a

 	
a 

to
 

of  culture medium 24 hours prior to this addition of CaPO3-DNA  complex. Cells 

polypropylene tube (Falcon 352063, 12X75 mm, 

100  ml of  HEPES(10 mM, 2.603  g/L). 
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added  on to the previous reverse primer sequence (R1)(see below). 

The new reverse primer contained  a new sequence at  its 3'-end  (R2) which  was 
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Figure 5.3. Empty pLNCE  vector DNA  isolated from DH5c E. coli that were 
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concentrations of  59.6  ± 11.1 RikA  and 8.3 ± 1.9  p.M, respectively. In the absence 

dehydrogenases and  not just ALDH2, as ASO-9, it is expected  that animals 

established  aversion to ethanol in the presence of  ASO-9 measured  as a 45%  

The animal  model  that we designed  was very effective at demonstrating an 

reduction in ethanol consumption. This reduction in ethanol  consumption of 

that produces the dysphoria that leads to the aversion to ethanol  consumption. 
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