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HELLSTROM, E. AND O. TOTTMAR. Acute effects of  ethanol and acetaldehyde on blood pressure and heart rate in 
disulfiram-treated and control rats. PHARMAC. BIOCHEM. BEHAV. 17(6) 1103-1109, 1982.--The cardiovascular effects 
of ethanol and acetaldehyde were studied in control rats and rats pretreated with disulfiram. Ethanol administration to 
control rats decreased mean blood pressure and increased heart rate significantly. Injection of ethanol to disulfiram-treated 
rats decreased mean blood pressure, increased pulse pressure and increased heart rate and respiratory rate. The blood 
acetaldehyde levels were 10-15 times higher than those found in controls. The effects evoked by ethanol in disulfiram- 
treated rats were prevented or abolished in rats given 4-methylpyrazole before or after ethanol. Heart rate increased with 
increasing concentrations of acetaldehyde in control rats given acetaldehyde intravenously. Only a slight decrease in mean 
blood pressure was seen at high acetaldehyde levels (150-250/~M), whereas pulse pressure increased markedly as well as 
respiratory rate. At acetaldehyde levels lower than 50 /xM, no effects on blood pressure were seen. The effects of 
acetaldehyde infusion in disulfiram-treated rats were similar to those observed in controls having comparable acetaldehyde 
levels. The results suggest that the disulfiram-ethanol reaction in rats is caused by the combined action of ethanol and 
acetaldehyde on the cardiovascular system. 

Acetaldehyde Alcohol Ethanol Antabuse ® Disulfiram Blood pressure 

THE mechanism underlying the disulfiram-ethanol reaction 
(DER) is not fully understood. It is generally believed that 
the hypotension and vascular collapse observed after ethanol 
administration to subjects pretreated with disulfiram 
(Antabuse ®) are produced by combined effects of an in- 
creased acetaldehyde level and a low neuronal content of 
norepinephfine caused by the inhibition of aldehyde dehy- 
drogenase (ALDH) and dopamine-fl-hydroxylase respec- 
tively [19, 27, 40]. However results from recent studies on 
disulfiram-treated patients and animals seem to indicate that 
the role of dopamine-fl-hydroxylase in the DER has been 
overestimated in previous studies [22, 31, 39]. 

Acetaldehyde exerts in general hypotensive and chrono- 
tropic effects [1, 12, 21, 26]. It has been shown in more recent 
studies, however, that acetaldehyde is a rather potent vas- 
odilator [2, 10, 12]. These effects of acetaldehyde are in most 
cases surmounted by its indirect sympathomimetic proper- 
ties. The dual effect of acetaldehyde on the cardiovascular 
system probably explains some of the controversial opinions 
about the role of acetaldehyde in the DER. 

Studies on humans pretreated with-disulfiram indicate 
that the concentration of acetaldehyde is not solely decisive 
for the onset and intensity of the reaction [30, 33]. In the 
present authors' laboratory, it was observed that a hypoten- 
sion was produced at lower acetaldehyde levels in 

disulfiram-treated rats than in rats pretreated with cynamide 
(the active component of Dipsan ®) or coprine (the alcohol- 
sensitizing compound in the mushroom Coprinus atramen- 
tarius) [39]. Thus, it appears possible that also other factors, 
in addition to acetaldehyde, are involved in the reaction. 

Compared to acetaldehyde, rather little attention has 
been focused on the role of ethanol in the DER, apart from 
its role as the precursor of acetaldehyde. It has been shown 
that ethanol can produce dose-dependent relaxant, vas- 
odilator effects, as well as inhibitory actions of constrictor 
vasoactive agents on isolated rats arterial and venous 
smooth muscle both in situ and in vitro [3,9]. 

In the present study the acute effects of ethanol and 
acetaldehyde have been studied in control and disulfiram- 
treated rats in an attempt to find out their respective roles in 
the DER. 

METHOD 

Chemicals 

Acetaldehyde was obtained from E. Merck AG, 
Darmstadt, Germany, and it was freshly distilled before use. 
Disulfiram was obtained from Fluka AG, Buchs, Switzer- 
land, and it was recrystallized twice in 99.5% ethanol. 
4-methylpyrazole was supplied by Lab Kemi, AB, Sweden. 

1This study was supported by grants from the Swedish council for planning and coordination of research (grant no. 80/1210) and from 
Magnus Bergwall foundation. 
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Animals 

Female Sprague-Dawley rats (Anticimex, Sweden) weigh- 
ing 200-250 g, were used in all experiments. The rats were 
fed on a standard diet and had free access to tap water. 

Drug Administration 

Ethanol was administered intraperitoneally to 
anesthetized rats (hexo-barbital sodium, Evipan ®, 150 
mg/kg, IP) as a 10% or 30% (v/v) solution in saline at doses of 
1 and 3 g/kg, respectively. Disulfiram was suspended in 5% 
(w/w) gum arabicum (Acacia) by sonication and given intra- 
peritoneally (100 mg/kg) 24 hr before the experiments. 
4-Methylpyrazole (10 and 100 mg/kg) was injected intraperi- 
toneally 15 min before or after ethanol administration. 
Acetaldehyde was diluted with saline to concentrations of 
0.1-0.5 M and infused in v. saphenous at a speed of 0.02-0.04 
ml/min (0.8-4 mg/min/kg) for 10-20 min by an infusion pump 
(B. Braun Melsungen AG). Adrenergic blockade was 
produced by administration of propranolol intravenously (1 
mg/kg) 20 min before the injection or infusion of ethanol and 
acetaldehyde. Control rats received injections or infusions of 
saline at the corresponding volumes. 

Determination of  Ethanol and Acetaldehyde in Blood 

Blood samples of 0.1 ml were taken from the tip of the 
tail. The ethanol concentration was determined 
enzymatically with yeast alcohol dehydrogenase [20]. 
Acetaldehyde was determined fluorimetrically with the use 
of a partially purified preparation of aldehyde dehydrogenase 
[38]. No corrections have been made for the non-enzymatic 
formation of acetaldehyde from ethanol in the blood extracts 
[l l, 35, 38]. 

Determination of  Aldehyde Dehydrogenase (ALDH)- 
Activity 

The activity of the low-Kin ALDH in liver homogenates 
was assayed spectrophotometrically at 25°C by measuring 
the reduction of NAD + at 340 nm [37]. 

Recording of  Blood Pressure, Heart Rate and 
Respiratory Rate 

Blood pressure in the anesthetized rats was measured 
with a Statham P23 Db transducer connected to one of the 
carotid arteries via a polyethylene catheter (10 cm long, ID 
0.6 mm) filled with heparinized saline. Heart rate was meas- 
ured by the use of a tachograph connected to the blood pres- 
sure unit. The electronic equipment used was built in this 
laboratory. The system was statically tested and showed a 
good linearity in the range of 40-150 mm Hg. Dynamical 
tests were made by applying a stepforming pressure wave to 
the system. The resonance frequence for the total system 
was about 60 Hz. The respiratory rate was counted visually 
by following the ventilatory movements of the chest. 
Ethanol and acetaldehyde were administered when a stable 
base line had been obtained (after 20-30 min) and blood pres- 
sure was then recorded continuously during 30-60 min. 
Heart rate and respiratory rate were recorded every 10 min. 
The body temperature was kept at 37.0-37.5°C (rectal tem- 
perature) by placing the rats on an automatically regulated 
warming-pad. Mean blood pressure was calculated as the 
diastolic pressure + one-third of pulse pressure. Responses 
have been calculated from the changes in the initial resting 
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FIG. 1. Effects on heart rate and systemic arterial pressure in con- 
trol rats and 4-methylpyrazole-treated rats after an intraperitoneal 
injection of ethanol. 4-Methylpyrazole (100 mg/kg, IP) was given 15 
min before ethanol administration. The results are given as mean 
values _+S.D. from 4-8 experiments. 

mean blood pressure, pulse pressure, heart rate and respira- 
tory rate respectively. The initial values for control rats were 
as follows 83_+11 mm Hg, 29_+7 mm Hg, 396_+21 beats/min 
(mean_+S.D., n=70) 73_+11 breaths/min (n=31). No signifi- 
cant changes were observed in the initial values after pre- 
treatment with disulfiram or 4-methylpyrazole. 

Statistics 

An overall non-parametric test was performed by using 
the Kruskal-Wallis one-way analysis of variance [34]. This 
test was then followed up by the Mann-Whitney U-test for 
specific comparisons [34]. The Spearman's rank correlation 
coefficient was calculated according to Siegel [34]. 

RESULTS 

Effects of  Ethanol on Heart Rate, Blood Pressure and 
Respiratory Rate 

Control rats. The effects of a single injection of ethanol, 1 
and 3 g/kg, on heart rate and blood pressure were studied in 
anesthetized rats, and the results are shown in Fig. 1. Rats 
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FIG. 2. Blood pressure response, heart rate and respiratory rate 
after ethanol administration to rats pretreated with disulfiram (100 
mg/kg, IP). Ethanol (1 g/kg, IP) was injected 24 hr after administra- 
tion of disulfiram. Two other groups of rats pretreated with disul- 
firam, were given 4-methylpyrazole (4-MP, 10 mg/kg, IP) 15 min 
before or after ethanol. The results are the mean values _+S.D. from 
5 experiments. The S.D. for ethanol levels were less than 18% of the 
mean values and have for the clarity not been shown. 

receiving ethanol at a dose of 3 g/kg had significantly higher 
blood levels compared to those who were given 1 g/kg of 
ethanol (p<0.01). The acetaldehyde levels in these two 
groups were not significantly different. At blood ethanol 
levels higher than 20mM, blood pressure decreased mark- 
edly (p<0.01) and progressively with increasing ethanol 
levels. Heart rate increased in both groups during the first 20 
min after ethanol injection (p<0.05) and then returned al- 
most to control values. 

By use of the alcohol dehydrogenase inhibitor 
4-methylpyrazole (4-MP) an attempt was made to separate 
the cardiovascular effects of ethanol from those of acetal- 
dehyde. Pretreatment with 4-MP did not affect the initial 
blood pressure, heart rate or respiratory rate, and no effects 
were observed after injection of saline. Rats pretreated with 
4-MP before administration of ethanol, 3 g/kg, had higher 

ethanol levels than those receiving ethanol only (Fig. 1). The 
depressant effect of ethanol on blood pressure was also more 
pronounced in these rats. Heart rate increased significantly 
(p<0.01) during the first 20 min and then returned towards 
the initial value at the end of the experiment. Blockade of 
beta adrenergic receptors with propranolol reduced or even 
reversed the chronotropic effect of ethanol, but did not pre- 
vent the hypotension (not shown). The change in heart rate 
10 min after ethanol administration (3 g/kg) was - 1.3---6.3% 
(n=3) in rats given propranolol before ethanol and 
+12.3___2.4% (n=7) in rats not treated with propranolol 
(p<0.01). As expected, very low levels of acetaldehyde were 
found in these rats pretreated with 4-MP (< 13/xM). Ethanol 
had no significant effects on respiratory rate in any of these 
groups. 

Rats pretreated with disulfiram. In rats pretreated with 
disulfiram (100 mg/kg) for 24 hr, the low-Km ALDH in the 
liver was inhibited by 65-75%. After administration of 
ethanol (1 g/kg), blood acetaldehyde levels increased rapidly 
during the first 10 min and then reached a plateau at a con- 
centration of approximately 170/xM (Fig. 2). At the same 
time there was a significant and prolonged fall in mean blood 
pressure compared to the effects seen in control rats receiv- 
ing the same dose of ethanol (Table 2). The increase in res- 
piratory rate was higher in disulfiram-treated rats than in 
controls, whereas the increase in heart rate was similar. 

After administration of 4-MP, 15 min after ethanol, the 
level of acetaldehyde in blood declined rapidly to concentra- 
tions below 15 ~M within 10 min, and mean blood pressure, 
heart rate and respiratory rate gradually returned to initial 
values (Fig. 2). 

When 4-MP was given before ethanol, no hypotension 
was observed and heart rate as well as respiratory rate 
were not significantly changed (Fig. 2). Very low levels of 
acetaldehyde were found in these rats (about 10/zM). 

Effects of Acetaldehyde on Heart Rate, Blood Pressure and 
Respiratory Rate 

Control rats. The cardiovascular effects of intravenous 
infusion of acetaldehyde given continuously for 20 rain were 
studied in anesthetized rats. Heart rate increased as the 
blood level of acetaldehyde increased (rs=0.91, p<0.001, 
n=31). No significant changes in heart rate and blood pres- 
sure were observed during infusion of saline at correspond- 
ing volumes. There was a significant increase in respiratory 
rate (p<0.01) during infusion of acetaldehyde as compared to 
controls receiving saline. In most experiments, blood pres- 
sure increased during the first minutes of infusion. Further 
infusion of acetaldehyde, resulting in blood levels of 50--100 
t~M, decreased mean blood pressure, whereas lower acetal- 
dehyde levels (<50 t~M) had no effect on blood pressure 
(Table 1). Acetaldehyde levels of 150-250/zM produced a 
significant increase in pulse pressure (42%), whereas only a 
slight decrease in the mean blood pressure was observed. A 
representative example of the results obtained at high 
acetaldehyde levels is shown in Fig. 3. After discontinuation 
of the infusion, acetaldehyde in blood disappeared within a 
few minutes and both heart rate and blood pressure returned 
to initial values within 10 min, whereas a delay in the nor- 
malization of the respiratory rate was seen Fig. 3). 

Injection of ethanol (1 g/kg, IP) 10 min before infusion of 
acetaldehyde tended to potentiate the effects on mean blood 
pressure and pulse pressure (Tables 1 and 2). 

Rats pretreated with disulfiram. The effects of intrave- 
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T A B L E  1 

COMPARISON OF THE EFFECTS OF ETHANOL AND ACETALDEHYDE ON MEAN BLOOD PRESSURE, PULSE PRESSURE AND HEART RATE 
IN CONTROL RATS AND RATS PRETREATED WITH DISULFIRAM* 

Infusion or Acetaldehyde Decrease in m e a n  Increase in pulse Heart rate 
Pretreatment Injection in blood (/xM) blood pressure (%) pressure (mm Hg) (% change) 

1. Saline (10 min) Saline, IV (5) 0 0 - 3 2 -+ 2 $ 1 -+ 1 
2A. Saline (10 min) Acetaldehyde, 0.8 mg/min/kg (6) 32 + 10 0 -+ 3 2 ÷ 3 T 4 -+ 3 
2B. Saline Acetaldehyde, 2 mg/min/kg (7) 75 ÷ 21 8 ÷ 4 5 - 7 ~' 3 -+ 2 
2C. Saline Acetaldehyde, 4 mg/min/kg (10) 189 -- 37 4 -+ 4 14 + 5 ~' 9 ÷ 4 
3A. Ethanol (10 m i n )  Acetaldehyde, 0.8 mg/min/kg (9) 30 +- 12 6 +- 4 2 -+ 4 ~ 1 ÷ 4 
3B. Ethanol Acetaldehyde, 2 mg/min/kg (6) 72 ÷ 8 8 ÷ 4 5 -+ 2 0 -+ 3 
3C. Ethanol Acetaldehyde, 4 mg/min/kg (6) 194 -+ 38 14 +- 5 27 ± 10 "~ 7 _+ 2 
4. Disulfiram (24 hr) Acetaldehyde, 4 mg/min/kg (6) 187 -+ 63 0 + 3 24 -+ 5 TI2 -+ 3 
5. Disulfiram (24 hr) Ethanol, IP (5) 173 -+ 40 13 -+ 3 20 -+ 7 T 7 -+ 3 
6. No treatment Ethanol, IP (4) 15 -+ 5 1 -+ 3 2 ÷ 1 1' 6 ÷ 3 

*Saline or acetaldehyde was infused in v. saphenous for 20 min. Ethanol was given intraperitoneally at a dose of 1 g/kg, 10 min before the infusion of 
acetaldehyde or 24 hr after administration of disulfiram (100 mg/kg). The results are expressed as the changes observed 20 min after the start of infusion (group 
no. 1-4), or 20 min after ethanol injection (group no. 5 and 6). An increase or decrease in the heart rate are indicated by arrows (T) and $) respectively. The results 
are means- + S.D. Numbers of experiments are shown in parentheses. 
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FIG. 3. Effects of intravenous infusion of acetaldehyde on respira- 
tory rate, heart rate and systolic-diastolic blood pressure in a control 
rat. Acetaldehyde (0.5 M) was infused during 20 rain (indicated by 
arrows) at a speed of 0.042 ml/min (4 mg/min/kg). 

nous infusion of  ace ta ldehyde  on blood pressure  was s tudied 
in 6 rats p re t rea ted  with disulfiram (Table 1). Ace ta ldehyde  
p roduced  a much  smaller  hypo tens ion  in these  rats as com- 
pared to the r e sponse  obse rved  at similar ace ta ldehyde  
levels in control  rats given both  e thanol  and ace ta ldehyde  or 

in disulf i ram-treated rats given e thanol  (Table 2). Howeve r ,  
markedly increased  pulse pressure  was also observed  in the 
disulf i ram-treated rats as in all o ther  groups  having high 
ace ta ldehyde  levels.  Hear t  rate increased  by 11% and res- 
piratory rate by 15% at blood ace ta ldehyde  levels o f  150-250 
~M. After  infusion and when  all ace ta ldehyde  had been  
metabol ized ,  blood pressure ,  hear t  rate and respira tory  rate 
re turned to initial values within 10-15 min in most  experi-  
ments .  

DISCUSSION 

Studies of  the acute effects  o f  e thanol  and ace ta ldehyde  
on the cardiovascular  sys tem in humans  and animals have 
shown conflict ing results.  This may be at t r ibuted to differ- 
ences  in the dose  of  e thanol  or ace ta ldehyde  used,  route of  
administrat ion,  t iming o f  measu remen t s ,  preparat ion 
me thods  and type  of  anesthes ia .  

In the p resen t  s tudy on rats,  hear t  rate increased after 
e thanol  administrat ion.  Similar results  have been  obta ined in 
studies on humans  [18] and dogs [15]. This effect  on heart  
rate has been  cons ide red  to represen t  a compensa to ry  au- 
tonomic  mechan i sm in order  to maintain normal  cardiac out- 
put in the p resence  of  an e thanol - induced depress ion  of  ven- 
tricular pe r fo rmance  [15, 36]. This is suppor ted  by this study 
and by o ther  s tudies [8, 42] showing that  the use of  au- 
tonomic  b lockade  can abolish or even  reverse  the chrono-  
tropic effect  o f  e thanol .  

Ethanol  caused  an increased hear t  rate also in rats pre- 
t rea ted  with 4-MP, indicating that  the chrono t rop ic  effect  in 
control  rats was caused  mainly by e thanol  and not  by acetal- 
dehyde .  The small amounts  of  ace ta ldehyde  in blood from 
these  rats (5-15 /zM) can probably  be expla ined by a non- 
enzymat ic  format ion  of  ace ta ldehyde  f rom ethanol ,  which 
occur  during acid ext rac t ion  of  b lood [11,35]. Tot tmar  et  al .  
[38] obta ined blood ace ta ldehyde  concen t ra t ions  of  5-12/~M 
after ext rac t ion of  rat b lood containing e thanol  at concent ra-  
t ions of  20-50 mM. 

A dec reased  sys temic  arterial p ressure  was  obse rved  at 
e thanol  levels above  20 raM. This result  is in agreement  with 
previous  observa t ions  made  on o ther  species  [27]. Nakano  
and Prancan  [26] found that  the effect  of  in t ravenous  infusion 
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T A B L E  2 

STATISTICAL COMPARISON OF THE RESULTS FROM THE DIFFERENT EXPERIMENTAL GROUPS SHOWN IN TABLE It 

2A 2B 2C 3A 3B 3C 4 5 6 
Groups BP PP HR BP PP HR BP PP HR BP PP HR BP PP HR BP PP HR BP PP HR BP PP HR BP PP HR 

1 ns§ ns ** ** ns ** * *** ** ** ns ns ** ns ns ** ** ** ns ** ** ** ** ** ns ns ** 
2A ** ns ns * *** ns ** ns * *** * ns *** ** ns ns ** *** ** ** ns ns ns ns 
2B * * ** as ns * ns ns * as ** ** ** ** *** ns ** ** ** ns ns 
2C ns *** *** ns *** ** ** * ns ns ** ns *** ns ns ns *** ns 
3A ns ns ns ** *** ** * *** ** ** *** ** * ns ** 
3B * ** ** ** ** *** * ** *** ** * * 

3C *** ns ** ns ns ns ** ** ns 
4 ** ns * ns ** * 
5 ** ** ns 

tAbbreviations are as follows: BP: blood pressure; PP: pulse pressure; and HR: heart rate. 
$See Table 1 for description of groups. 
§ns: Not significant, the significance levels are *p<0.05; **p<0.01; ***p<0.001 for a one-tailed test (Mann-Whitney U-test). The 

statistical comparison was preceded by the Kruskal-Wallis one-way analysis of variance (p<0.001 for all three parameters). 

o f  e thano l  was ,  at  leas t  in dogs,  b iphas ic .  L o w  b lood  e thano l  
levels  i nc reased  sys temic  ar ter ial  p re s su re ,  hea r t  ra te  and  
contrac t i l i ty .  At  h igher  c o n c e n t r a t i o n s  o f  e thanol ,  t hey  ob-  
s e rved  h y p o t e n s i o n  and  nega t ive  ino t rop ic  effects .  

The  more  p r o n o u n c e d  v a s o d e p r e s s a n t  ef fec t  of  e thano l  in 
ra ts  p r e t r ea t ed  wi th  4 -MP might  be  exp la ined  by  h igher  
e thano l  levels  in these  ra ts  c o m p a r e d  to con t ro l  rats .  How-  
ever ,  a re la t ively  large dose  of  4 -MP (100 mg/kg) was  given,  
and  it is poss ib le  tha t  o t h e r  fac tors  are involved .  It  has  b e e n  
s h o w n  tha t  4 -MP causes  cen t ra l  d e p r e s s a n t  effects  pe r  se, 
and  an  e n h a n c e m e n t  and  p ro longa t ion  of  e thano l - induced  
effects  on  coo rd ina t i on  in the  ra t  [32]. 

The re  is cons ide rab l e  suppor t  for  the  sugges t ion  tha t  the  
c h r o n o t r o p i c  effect  of  a c e t a l d e h y d e  are med ia t ed  by  cate-  
c h o l a m i n e s  [5, 16, 24, 26]. T he  pos i t ive  ch r ono t r op i c  ef fec t  
of  a c e t a l d e h y d e  seen  in the  p r e s en t  s tudy  was  in con t r a s t  to 
the  s tudy m a d e  by  Egle  et al. [10] on  rats .  They  found  tha t  a 
single i n t r avenous  in jec t ion  at  doses  of  5 and  20 mg/kg did 
not  a l ter  hea r t  ra te  s ignif icant ly,  whi le  a dose  o f  40 mg/kg 
p r o d u c e d  a seve re  b radyca rd ia .  S ince  no  in fo rma t ion  a b o u t  
b lood  a c e t a l d e h y d e  levels  was  g iven,  t he se  resu l t s  are  dif- 
ficult  to c o m p a r e  wi th  the  resul t s  ob t a ined  in ou r  s tudy.  It  is 
poss ib le ,  h o w e v e r ,  t ha t  rapid  in jec t ions  of  a c e t a l d e h y d e  at 
high c o n c e n t r a t i o n s  into the  c i rcu la t ion  cou ld  resu l t  in a di- 
rec t  negat ive  effect  on  the  m yoca r d i um .  

The  inc reased  re sp i ra to ry  ra te  dur ing  infus ion  o f  aceta l -  
d e h y d e  is in a g r e e m e n t  wi th  ear l ier  f indings  w h e r e  aceta l -  
d e h y d e  h a v e  b e e n  r epo r t ed  to s t imula te  the  caro t id  
c h e m o r e c e p t o r s  and  to p r ovoke  h y p e r p n e a  b o t h  in m a n  [4] 
and  in an imals  [13,17]. 

In fus ion  of  a c e t a l d e h y d e  to con t ro l  ra ts  and  disulf i ram- 
t r ea t ed  rats  did not  cause  any  m a r k e d  effects  on  m e a n  b lood  
p ressu re .  H o w e v e r ,  the  pulse  p r e s su re  inc reased  marked ly  
in mos t  ra ts  hav ing  ace t a l dehyde  levels  above  5 0 / x M .  A n  
inc reased  pulse  p r e s su re  was  also o b s e r v e d  at h igh aceta l -  
d e h y d e  levels  in con t ro l  ra ts  g iven  e thano l  before  infus ion  of  
a c e t a l d e h y d e  and  in d i su l f i ram- t rea ted  ra ts  g iven  e thanol .  
H o w e v e r ,  in these  e x p e r i m e n t s  a m a r k e d  fall in m e a n  b lood  
p ressu re  was  also o b s e r v e d .  Thus ,  in these  rats ,  t he  in- 
c r e a s e d  pulse  p re s su re  was appa ran t ly  main ly  due  to a de-  
c r ea sed  diastol ic  b lood  p ressu re .  It  s eems  f rom the  exper i -  
m e n t s  t ha t  the  diastol ic  p re s su re  was  more  ser ious ly  af fec ted  

by  ace t a ldehyde  in the  p r e s e n c e  t han  in the  a b s e n c e  of  
e thano l  b o t h  in con t ro l s  and  in d i su l f i ram- t rea ted  rats .  This  
suggests  t ha t  the  d e p r e s s a n t  effects  o f  ace t a ldehyde  is 
po t en t i a t ed  by  e thanol ,  or  vice versa ,  s ince the  e thano l  dose  
u sed  p r o d u c e d  only  mode ra t e  effects  in ra ts  g iven  e thano l  
a lone.  A r e s e r v a t i o n  to this  mus t  be  made  s ince the  
hexoba rb i t a l  a n e s t h e s i a  might  have  b e e n  different ly  influ- 
ence  by  the  d i f ferent  t r ea tmen t .  

The  in t e rp re t a t i on  o f  the  o b s e r v e d  changes  in b lood  pres-  
sure  as ac tual  changes  in dias tol ic  or  systol ic  b lood  p ressu re  
might  be  e r roneous ,  s ince  measu r ing  of  b lood  p re s su re  in 
ra ts  c an  be  ve ry  decep t ive  due  to the  ve ry  h igh  hea r t  ra te .  
H o w e v e r ,  it s eems  tha t  the  inc reased  pulse  p ressu re  can  not  
be  exp la ined  as an  ar te fac t  due  to inc reased  hea r t  ra te ,  s ince 
it was  found  in sepa ra te  e x p e r i m e n t s  (not  shown)  tha t  
f l£blockade (propranolo l ,  I mg/kg,  IP) r eve r sed  the  ch rono-  
t ropic  effect ,  bu t  did no t  p r e v e n t  the  inc rease  in pulse pres-  
sure.  F u r t h e r m o r e ,  the  resul t s  ob t a ined  in the  p r e sen t  s tudy  
are  in a good a g r e e m e n t  wi th  t hose  ob ta ined  in s tudies  on  
h u m a n s  p r e t r e a t e d  wi th  d isul f i ram or  ca lc ium carb imide .  It  
was  found  in t he se  s tudies  tha t  e thano l  inges t ion  caused  a 
marked ly  d e c r e a s e d  diastol ic  b lood  p re s su re  (up to 50%) 
whe rea s  the  systol ic  b lood  p re s su re  was  u n c h a n g e d  or  
slightly d e c r e a s e d  [6, 7, 14, 25, 28]. In a s tudy  on  the  ca lc ium 
ca rb imide -e thano l  r eac t ion  Br i en  et  al. [7] found  a pos i t ive  
co r re l a t ion  b e t w e e n  pulse  p re s su re  and  the  ace t a ldehyde  
level .  

The  effects  on  b lood  p ressu re ,  hea r t  ra te  and  resp i ra to ry  
ra te  e v o k e d  by  e thano l  in d i su l f i ram- t rea ted  rats  were  pre-  
v e n t e d  or  abo l i shed  in ra ts  g iven  4 -MP before  or  af ter  the  
e thano l  in ject ion,  respec t ive ly .  T h e s e  resul ts  d e m o n s t r a t e  
tha t  an  inc reased  ace t a ldehyde  level  is n e c e s s a r y  not  on ly  to 
elicit  bu t  also to ma in t a in  these  effects.  Admin i s t r a t i on  o f  
4 -MP might  p rove  to be  an  eff icient  and  va luable  an t ido te  in 
the  t r e a t m e n t  o f  the  d i su l f i r am-e thano l  reac t ion .  In fact ,  a 
successfu l  cl inical  trial wi th  this  drug has  recen t ly  b e e n  re- 
po r t ed  [23]. 

I t  seems  qui te  c lear  tha t  a ce t a ldehyde  plays  a d o m i n a n t  
role in the  DER.  I t  is a lso conce ivab l e  tha t  the  in tens i ty  and  
the  du ra t ion  of  the  D E R  not  on ly  are  re la ted  to the  acetal-  
d e h y d e  level  bu t  a lso to the  c o n c e n t r a t i o n  of  e thano l  in 
blood.  B o t h  c o m p o u n d s  p r o d u c e d  v a s o d e p r e s s a n t  effects  in 
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rats.  These  effects  are not  obse rved  at low blood concent ra -  
t ions of  e thanol  and ace ta ldehyde  due to their  sym- 
pa thomimet ic  proper t ies .  At higher  levels,  the vasodepres -  
sant effect  p redomina tes  and a hypo tens ion  is observed .  The 
hypo tens ion  in disulf i ram-treated subjects  might be caused  
by a direct  effect  o f  ace ta ldehyde  and e thanol  on the vascular  
smooth  muscles  or through the release o f  vasoact ive  com- 
pound.  At t empts  to attr ibute the hypo tens ion  to a choliner-  
gic vasodi lat ion or to the release o f  h is tamine or p lasma ki- 

nins have been  unsuccessfu l  [29,41]. Similarly, it has re- 
cent ly  been  shown  that  the inhibitory and depressan t  act ions 
of  e thanol  and ace ta ldehyde  on isolated vascular  smooth  
muscles  cannot  be related to the release of  his tamine,  acetyl-  
choline,  serotonin  or  pros taglandins  [2, 3, 9]. Whe the r  or  not 
disulfiram causes  some o ther  effect  which sensi t izes the 
cardiovascular  sys tem to e thanol  and ace ta ldehyde  remains 
speculat ive at the p resen t  t ime. 
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