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The Swift Increase in 
Alcohol Metabolism (SIAM) 
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THURMAN, R. G., B. U. BRADFORD AND E. GLASSMAN. 7tie sn'ift increase ill ah'ohol metabolism (SLAM) in four 
inbred strains of  mice. PHARMACOL BIOCHEM BEHAV 18: Suppl. 1, 171-175, 1983.--Ethanol metabolism increases 
two to three hours after the administration of ethanol. This phenomenon, called the Swift Increase in Alcohol Metabolism 
(SIAM), has been compared in four inbred strains of mice (DBA/2J; C3H/HeJ; AKR/J; C57BL/6J). Basal rates of ethanol 
elimination were determined in individual mice after intraperitoneal injections of ethanol. Little variability in this basal rate 
of ethanol elimination was observed within each strain. Mice were then exposed to ethanol vapor for 4 hours. In both 
injected and treated mice the dose of ethanol was varied to produce blood ethanol levels ranging from 50 to 250 mg%. 
Ethanol elimination increased maximally 1.5 to 4-fold in all four strains following 4 hours of vapor treatment at the same 
blood ethanol level; however, the dose at which the maximal increase occurred differed among the strains. DBA/2J mice 
exhibited a maximal increase in the rate of ethanol elimination when ethanol concentrations were in the range of 30 to 50 
mg~; the increase was smaller as the dose was increased. In contrast, AKR/J and C57BL/6J mice required 100 to 150 mg% 
ethanol to activate SIAM. These data indicate clearly that the SIAM effect is a common phenomenon, and that dose- 
response relations differ in various inbred strains of mice. 

Strain differences Alcohol metabolism Mice Ethanol 

E V I D E N C E  exis ts  tha t  e thano l  m e t a b o l i s m  in h u m a n s  is 
u n d e r  genet ic  con t ro l .  Fo r  example ,  m o n o z y g o t i c  twins  have  
very  high c o n c o r d a n c e  ra tes  for  e thano l  e l imina t ion  [9]. The  
biological  sys tem(s)  r e spons ib le  for  this  o b s e r v a t i o n ,  how- 
ever ,  r emain  to be identif ied.  P r e s u m a b l y  one  or  more  rate-  
de t e rmin ing  fac to r  in e thanol  m e t a b o l i s m  is u n d e r  genet ic  
regulat ion.  

Chron ic  t r e a t m e n t  wi th  e thano l  inc reased  the  ra te  o f  
e thanol  e l imina t ion  in ra ts  [2,7] and  a lcohol ics  [6]. This  in- 
c rease  in the  ra te  of  e thanol  e l imina t ion  has  a lso b e e n  
d e m o n s t r a t e d  wi th in  severa l  hours  a f te r  one  acute  dose  of  
e thanol  in ra ts  in vivo and  in the isolated,  pe r fused  ra t  l iver  
[8,11]. This  p h e n o m e n o n  has  been  def ined as the  swift in- 
c rease  in a lcohol  me tabo l i sm (SIAM).  S I A M  is t hough t  to 
resul t  f rom a s t imula t ion  of  A T P a s e  act iv i t ies  by e thano l  
wh ich  leads to e n h a n c e d  e lec t ron  flux in the  mi tochondr i a l  
r e sp i ra to ry  cha in .  This  inc reases  the  ra te  of  r e sp i ra t ion  and  
t u r n o v e r  of  N A D H  which  in tu rn  acce le ra t e s  the  ra te  of  
e thano l  me tabo l i sm (Fig. I). 

The  SIAM effect  has  been  s h o w n  to be  he r i t ab le  in the ra t  
[8]; howeve r ,  genet ic  analys is  in the ra t  is expens ive  and 
t ime consuming .  The re fo re ,  the  p r e s e n t  s tudy  was  in i t ia ted 
to d e t e r m i n e  if S I A M  m u t a n t s  exis t  in one  or  more  inbred  
s t ra ins  o f  mice.  

METHOD 

Mouse Strains 

Male mice f rom four  inbred  s t ra ins  (DBA/2J ;  C 3 H / H e J ;  
A K R / J ;  C57BL/6J)  e m p l o y e d  in these  s tudies  were  ob ta ined  
f rom the  J a c k s o n  L a b o r a t o r y ,  Ba r  Ha rbo r ,  ME.  They  were  
all well-fed adul ts  b e t w e e n  25-35 g and  were  eight  to twe lve  
weeks  old. 

Determination o f  Breath Ethanol Concentrations 

Blood e thano l  c o n c e n t r a t i o n s  were  ca lcu la ted  f rom 
m e a s u r e m e n t s  of  b rea th  e thanol .  Individual  mice were  forced 
to b r ea the  in a 2.75 ml c losed  vesse l  for  17 sec to ensu re  
max ima l  equ i l ib ra t ion  be tween  b r e a t h  and  v a p o r  in the  
b r e a t h a l y z a t i o n  c h a m b e r .  Af te r  equi l ib ra t ion ,  a 1.0 ml sam- 
ple of  exha l ed  b r e a t h  was in jec ted  into a gas c h r o m a t o g r a p h .  
The  gas c h r o m a t o g r a p h  used was a Hewle t t -Packa rd  Model  
5720 equ ipped  wi th  a f lame ion iza t ion  de tec to r .  The  appara-  
tus con ta ined  a six-foot long by 1/4 inch ca rbowax  60/80 
co lumn.  The  opera t ing  p a r a m e t e r s  for  all e thano l  de t e rmina -  
t ions were  as fol lows:  oven ,  110°C; de t ec to r ,  250°C; in jec t ion 
port ,  250°C; ca r r i e r  gas f low rate ,  80 ml/min.  A peak  cor re-  
spond ing  to e thano l  wi th  a r e t en t i on  t ime of  a b o u t  50 seconds  
was c o m p a r e d  wi th  e thano l  s t anda rds  [12]. E thano l  concen -  
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MECHANISM OF SIAM 
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FIG. 1. Scheme depicting the swift increase in alcohol metabolism. Ethanol causes a release of 
catecholamines and stimulates the release of glycogen. As ethanol is continually introduced into the 
liver, glycogen reserves are depleted and a build-up of ADP occurs. The ADP enters the mitochondri- 
on and stimulates oxygen uptake and the reoxidation of NADH. 

trat ions in blood corre la ted linearly with breath ethanol  (data 
not  shown). The concentra t ion  o f  ethanol  vapor  in the inha- 
lation chamber  was also measured  routinely by gas chroma-  
tography.  

Treatment with Ethanol 

Adult  male mice rece ived  var ious doses  o f  ethanol  intra- 
peri toneally.  Basal rates o f  ethanol  el iminat ion were  deter-  
mined by taking multiple breath samples every  20 to 30 min 
(see Fig. 2). Other  groups of  mice were  placed in Plexiglas 
chambers  ( 5 0 x 5 0 x 4 0  cm) with free access  to food and water  
and exposed  to various concent ra t ions  of  ethanol vapor  for 
periods ranging from 0 to 8 hours (see Figure legends for 
details). At the end of  the vapor  t reatments ,  rates of  ethanol  
el imination were  determined without  injecting additional 
ethanol  (Fig. 2). 

Fo r  some exper iments ,  groups of  mice were  given ethanol  
ei ther  by injecting different doses  (<0 .5-3 .0  g/kg) intraperi- 
toneally or  by varying the flow rate of  ethanol  vapor  into the 
chamber  to obtain blood ethanol ranges from <50 to 250 
mg%. 

Statistical compar i sons  were made  using S tudent ' s  t-test 
for non-paired data. 

RESULTS 

The Swift Increase in Alcohol Metabolism (SIAM) 

A typical exper iment  o f  the type carried out in this study 
is presented  in Fig. 2 for mice from the AKR/J  strain. Two  
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FIG. 2. Example of the swift increase in alcohol metabolism in the 
AKR/J mouse. Ethanol (2.0 g/kg, IP) was given and a rate of ethanol 
elimination was determined by taking repeated breath samples dur- 
ing 2 hours (see Method section). Mice were also placed in a Plexi- 
glas chamber filled with ethanol vapor. After treatment for 4 hours, 
the mice were removed from the chamber and the rate of ethanol 
elimination was again determined. 
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FIG. 3. Ethanol elimination in four inbred mouse strains. Mice were given different 
doses of ethanol (< 1 to 3.5 g/kg, IP) and the basal rate (0- - -0) of ethanol elimination 
was determined as in Fig. 2. Rates are plotted at the mid-point of each dose range. 
Mice were then exposed to different concentrations of ethanol vapor for four hours. 
Rates of elimination (O-O) were determined as described in Methods. *p<0.05; 
**p<0.01; ***p<0.001 are for the comparison between the lowest rates and rates from 
the other strains at any given dose range of ethanol. 

groups of mice were treated with ethanol; one group re- 
ceived 2.0 g/kg ethanol by intraperitoneal injection while the 
other group received ethanol vapor for 4 hours. Breath sam- 
ples were collected at 15-20 min intervals for 3 hours from 
both groups and the rate of ethanol elimination was calcu- 
lated from the linear decline in ethanol concentration per unit 
time. Mice treated with ethanol vapor for four hours elimi- 
nated ethanol at rates 2.5 times faster than those receiving 
ethanol acutely by injection (5.6_+0.9 vs. 13.6_+0.5 mmoles 
ethanol/kg/hr). This increase in rate of elimination following 
exposure to ethanol is defined as SIAM. Previous data have 
shown that the SIAM effect can also be elicited by repeated 
injections in the rat [11]. 

EJ]bct o f  Dose o f  Ethanol on the Basal Rate o f  Ethanol 
Elimination 

Groups of mice were given injections of various doses 
(< 1 to 3.5 g/kg) of ethanol intraperitoneally to achieve blood 
ethanol ranges of <50, 50-100, 100-150, 150-200, or 200-300 
mg%. With blood ethanol levels less than 150 mg%, all 
strains of mice eliminated ethanol at relatively constant basal 

rates (6 to 8 mmoles/kg/hr) independent of  the ethanol con- 
centration (Fig. 3, dashed line); however, with blood ethanol 
concentrations above 150 mg%, C57BL/6J, AKR/J, and 
C3H/HeJ mice had significantly higher rates. This increase 
was not, however, observed in mice of the DBA/2J strain 
(Fig. 3, dashed line). 

Similar ranges ofblood ethanol were achieved by treating 
mice in the vapor chamber for 4 hours (Fig. 3, solid line). 
Mice of the DBA/2J strain exhibited maximal rates of ethanol 
elimination after four hours of exposure to <50 mg% 
ethanol; higher doses produced lower rates of ethanol elimi- 
nation. In contrast, mice of the other three strains required 
approximately 150 rag% ethanol to produce the maximal 
SIAM effect. At the highest dose (250 mg%), rates of ethanol 
elimination decreased in AKR/J and C57BL/6J but were in- 
creased in C3H/HeJ mice (Fig. 4). 

Figure 4 shows the SIAM effect in various blood ethanol 
concentration ranges in the four mice strains. The data indi- 
cate clearly that the dose of ethanol required to trigger SIAM 
varies in the different strains. For example, in mice of the 
DBA/2J strain, a 2-fold increase was observed at very low 
blood levels (<50 mg%) of ethanol (Fig. 4); the increase in 
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FIG. 4. SIAM effect as a function of the level of blood ethanol in four inbred mouse 
strains. Percentage difference between basal and treated rates from Fig. 3. 

rate was progressively smaller as the dose of ethanol was 
increased. In contrast, 100-150 rag% ethanol was required to 
activate the SIAM effect maximally in AKR/J, C57BL/6J and 
C3H/HeJ mice. Very high blood levels (200-300 mg%) of 
ethanol caused a decline in the SIAM effect in the AKR/J 
and C57BL/6J strains whereas high rates were maintained at 
elevated ethanol levels in C3H/HeJ mice (Fig. 4). 

DISCUSSION 

Basal rates of ethanol elimination in the four inbred 
strains of mice compared in this study were not statistically 
significantly different at low doses of ethanol (e.g., doses up 
to 150 mg%). However, at higher doses there was a tendency 
for some of the strains to have higher rates of ethanol elimi- 
nation (Fig. 3). This was true for C57BL/6J, AKR/J and 
C3H/HeJ mice. On the other hand, mice of the DBA/2J strain 
did not alter their basal rate of ethanol elimination signifi- 
cantly at higher concentrations of ethanol studied. The fact 
that basal rates of ethanol elimination are elevated at higher 
doses of ethanol was observed previously in the rat [12] and 
could be due to an immediate activation of the SIAM phe- 
nomenon at high doses or to an increase in minor pathways 
of ethanol elimination which require high concentrations of 
ethanol to operate. 

These studies conclusively demonstrate that the SIAM 
effects exists in four inbred strains of mice. Patterns of the 
SIAM response differed markedly when the DBA/2J and 
C3H/HeJ strains were compared with the AKR/J and 
C57BL/6J strains. For example, the SIAM effect was ob- 
served at very low ethanol concentrations (<50 mg%) in 
DBA/2J mice. In contrast, blood levels of at least 150 mg% 
ethanol were required to activate the SIAM effect maximally 

in the mice of the AKR/J and C57BL/6J strains; however, 
maximal increases of about two-fold were observed in all 
strains studied. 

The fact that the SIAM effect is dose-dependent may ex- 
plain why some workers have not observed this phenomena. 
For example, Braggins and Crow [1] did not observe SIAM 
using randomly outbred rats. They concluded that the SIAM 
effect was an artifact caused by intragastric administration. 
This conclusion can be ruled out, however, since the SIAM 
effect was elicited in this study by vapor (Fig. 4) and in other 
studies by injection (data not shown). Because complicated 
time and dose relationships exist with respect to the SIAM 
phenomenon, it is possible that Braggins and Crow did not 
observe the SIAM effect because they chose inappropriate 
experimental conditions. In addition, our work indicates that 
the specific genetic makeup of the test animals appears to be 
an important variable, a fact not considered by Braggins and 
Crow [1]. 

There is the question of why the SIAM effect eventually 
declines with higher doses (Fig. 4). In mice of the C57BL/6J, 
C3H/HeJ and AKR/J strains, the basal rate of ethanol elimi- 
nation increased at higher doses of ethanol due possibly to a 
rapid SIAM effect. Thus, an apparent decline in the SIAM 
effect could be due to the higher basal rates in these strains 
thereby reducing the difference between basal and treated 
rates. In one case, however, this is clearly not true. DBA/2J 
mice showed a decrease in the SIAM effect at higher levels 
of blood ethanol, yet the basal rates were relatively constant 
at all ranges of blood ethanol studied. It is possible that 
tachyphalyxis to hormones responsible for the SIAM effect 
occurs (Fig. 1). 

The SIAM effect is most likely due to an increased rate of 
reoxidation of NADH which increases alcohol 
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dehydrogenase -dependen t  e thanol  metabol ism (Fig. 1) based 
on previous work  by Yuki and Thurman  [11] and Yuki et  al. 
110]. These  data  indicate that at least part of  the s t imulated 
oxygen  uptake after t rea tment  with ethanol  results f rom 
lower  rates of  glycolyt ic  A T P  generat ion.  The ADP that is 
not phosphoryla ted  in the cytosol  then enters the mitochon-  
drion where  it st imulates oxygen  uptake.  Thus,  it is the 
st imulation of  e lectron transport  and oxygen  uptake that 
leads to a faster  rate of  reoxidat ion of  N A D H  to N A D  + re- 
suiting in an accelera t ion of  alcohol dehydrogenase-  
dependent  ethanol  metabol ism;  this results in the S IAM ef- 
fect. 

We may sepculate  on the potential  significance of  this 
data to alcohol-related l iver disease. First ,  it is well known 
that alcoholic l iver  cirrhosis occurs  in only a small percent-  
age of  chronic  alcohol abusers suggesting that predisposing 
factors leading to cirrhosis  may be heritable [5]. The present  
study indicates that the dose of  alcohol required to produce 
the SIAM effect varies with the genotype (Fig. 4). It fol lows 
from this observat ion  that a given dose o f  ethanol  could ac- 
t ivate ethanol  metabol ism via the S IAM mechanism in one 
individual but not in another .  This is potential ly important  

with respect  to l iver cirrhosis since ethanol  el imination re- 
quires the reoxidation of  N A D H  and the uptake of  oxygen 
via the mitochondrial  e lectron t ransport  chain I7]. Higher  
rates of  ethanol  elimination due to the S I A M  effect would 
require higher rates of  oxygen  uptake and therefore  produce 
a s teeper  oxygen  gradient be tween  different regions of  the 
l iver lobule. Israel and his col leagues [3] showed that chronic  
t reatment  with alcohol and then br ief  exposure  to hypoxia 
exacerba ted  l iver  damage and suggested that the increase in 
hepatic oxygen uptake due to ethanol [2,1 1] causes  the oxy-  
gen gradient in the liver lobule to become  steeper.  The hy- 
pothesis  states that this leads to hypoxic  damage in the cen- 
tr i lobular region and ultimately to hepatic inflammation,  fi- 
brosis and cirrhosis.  We have recently obtained direct evi- 
dence  with miniature oxygen e lect rodes  placed on periportal 
and pericentral  regions of  the l iver that ethanol indeed 
s teepens the hepatic oxygen gradient [4]. Thus,  it is tempting 
to speculate  that an individual possessing a SIAM effect may 
be more likely to deve lop  cirrhosis of  the l iver as a result of  
hypoxic  damage due to ethanol than someone  Jacking the 
effect because  o f  his unique genetic make-up.  More work 
will be needed in the future to evaluate  this interesting idea. 
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