
Evidence Against a Role of Acetaldehyde in 

Electroencephalographic Signs of Ethanol-Induced Intoxication 

Abstract. Acetaldehyde, the proximate metabolite of ethanol, when injected intra- 
venously in rats produced electroencephalogram (EEG) changes similar to those ob- 
served after ethanol administration; that is, low doses activated the cortical EEG 
and higher doses caused activation followed by synchronization. However, when 
acetaldehyde was administered as a continuous infusion to simulate production of 
ethanol-derived acetaldehyde, only synchronization occurred, and then only at the 
higher doses. At low infusion dosage when the EEG was unaffected, concentrations 
of acetaldehyde in the blood were equal to or greater than those which occur during 
intoxication. Thus, acetaldehyde by itself cannot account for ethanol-induced EEG 
synchronization. 

Some neurophysiological and behav- 
ioral consequences of ethanol adminis- 
tration may not result from the actions of 
ethanol itself, but from those of its me- 
tabolites. Experimental data have been 
interpreted to indicate that ethanol-de- 
rived acetaldehyde mediates some of the 
pharmacological and biochemical effects 
seen during short- or long-term ethanol 
administration (1). Single injections (in- 
traperitoneally or intravenously) of large 
doses of acetaldehyde cause behavioral 
effects similar to those after ethanol ad- 
ministration, such as ataxia and hypnosis 
in rats (2) and depression of locomotor 
activity in mice (3). 

A knowledge of acetaldehyde effects 
on the electroencephalogram (EEG) 
could provide a broader data base on 
which to make comparisons between the 
effects of ethanol and acetaldehyde. The 
effect of ethanol administration on the 
spontaneous EEG has been well docu- 
mented both in experimental animals and 
in humans. Ethanol generally deacti- 
vates the EEG (that is, causes high volt- 
age, slow activity), but it can cause brief 

periods of activation (low voltage, fast 
activity) soon after injection (4). 

There are very few data on the EEG 
effects of acetaldehyde, and most of 
these data were derived from experi- 
ments in which animals were injected 
with large doses of the compound that 
create much higher concentrations of ac- 
etaldehyde in the blood than develop af- 
ter intoxicating doses of ethanol. Single 
injections of low doses (1.5 to 3.0 mg/kg, 
intravenously) of acetaldehyde in rabbits 
failed to alter the EEG (5), but higher 
doses (20 to 40 mg/kg) in cats produced 
EEG changes that superficially resem- 
bled the biphasic response commonly 
seen after ethanol administration (6). 
However, we thought that this informa- 
tion should be interpreted reservedly, 
since a slightly higher dosage (50 mg/kg) 
produced severe and sometimes fatal 
convulsions in rabbits (7). The EEG re- 
sponses could result from a direct tox- 
icity of very high concentrations of acet- 
aldehyde or from an indirect sympa- 
thomimetic action (8). 

We investigated the effects of acetal- 

Table 1. Changes in the EEG after administration of acetaldehyde in rats subjected to cervical 
transection and adrenalectomy. Latencies and durations were measured in seconds. 

Single injection Continuous infusion 
(25 mg kg-1) (12.5 mg kg-' min-') 

Rat Activ n Amplitude Overt Decreased Overt 
flattening synchrony activation synchrony 

La- Dura- La- Dura- La- Dura- La- Dura- La- Dura- 
tency tion tency tion tency tion tency tion tency tion 

Transected rats 
i 120 829 
2 13 32 45 231 34 40 74 426 
3 15 22 182 200 350 320 
4 4 15 35 52 83 12 95 347 
5 5 15 175 61 236 54 
6 5 17 50 172 50 75 125 65 
7 61 411 
8 110 351 

Adrenalectomized rats 
1 5 8 25 195 40 90 130 370 
2 21 218 55 66 121 310 
3 138 179 
4 122 43 165 234 
5 17 647 178 149 
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dehyde on the EEG by testing three hy- 
potheses: (i) that a single injection of ac- 
etaldehyde produces the same dose-re- 
lated biphasic EEG effect that is caused 
by ethanol; (ii) that different effects are 
produced with continuous infusion of ac- 
etaldehyde (because of the short half-life 
of acetaldehyde, a sustained concentra- 
tion cannot occur after a single injection) 
(1, 9); and (iii) that some acetaldehyde 
effects on the EEG are mediated by pe- 
ripheral influences, either neural or hor- 
monal. 

The surgery, consisting of tracheal in- 
tubation, implantation of epidural re- 
cording electrodes (10), and jugular cath- 
eterization, was carried out on 29 male 
Wistar rats anesthetized with ether. 
Eight of these rats were cervically tran- 
sected after completion of the surgical 
procedures. Five animals were adrenal- 
ectomized 12 hours prior to the experi- 
ments. At the completion of surgery, all 
wound margins were locally anesthe- 
tized (11), ether was removed, a paralyz- 
ing agent was administered (11), and arti- 
ficial respiration was started. Experi- 
mentation began after a lapse of at least 
50 minutes. 

Spontaneous EEG activity was re- 
corded from each animal by means of a 
conventional eight-channel EEG record- 
er (12). One channel of EEG was derived 
from two bilateral frontal electrodes, a 
second from the two bilateral parietal 
electrodes. Each of these channels was 
led to three different amplifiers so that 
each signal was monitored simultaneous- 
ly at three different passbands (13). All 
EEG data were analyzed visually and in- 
dependently by J.A.M. and W.R.K. (14). 
Heart rate was monitored in all experi- 
ments (15). A control EEG was recorded 
before acetaldehyde was injected or in- 
fused (16). Fifteen minutes were always 
allowed to elapse between successive in- 
jections or infusions. 

In separate experiments, two rats 
were used for measuring concentrations 
of acetaldehyde in the blood before, dur- 
ing, and after infusions of the highest and 
lowest acetaldehyde doses (12.5 and 3.1 
mg/kg per minute for 4 minutes, respec- 
tively). Blood samples were taken from a 
carotid catheter, and acetaldehyde con- 
centrations were determined by a gas 
chromatographic technique adapted from 
the work of others (17). 

In the single-injection experiments, 
physiological saline produced no appar- 
ent responses in seven of the rats tested. 
Of the three rats that did respond, two 
had a mild, brief EEG activation and one 
had such activation followed by a short 
period of deactivation. Acetaldehyde, at 
the lower doses, caused a short-latency, 
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short-duration activation in all rats. 
Larger doses generally caused more 
complex responses, with most animals 
having an initial activation that was often 
followed by an episode of near-isoelec- 
tric amplitude depression succeeded in 
turn by EEG synchronization. When am- 
plitude depression did not occur after an 
injection, synchronization developed im- 
mediately after the activation (Fig. 1). 

At doses higher than 6.25 mg/kg, the 
latency and duration of amplitude de- 
pression did not appear to vary appre- 
ciably with dose; however, there did ap- 
pear to be a relation between dose and 
the number of animals with amplitude 
depression (Fig. 2). Synchronization ef- 
fects were dose-related in terms of in- 
cidence, but not latency or duration. 

The results partially confirm the re- 
sults obtained by Ogata (6) in that low 
doses of acetaldehyde activated the 
EEG. Several aspects of the data sup- 
port the hypothesis that activation oc- 
curs with low concentrations of acetalde- 
hyde in the brain. Activation alone oc- 
curred at the lowest acetaldehyde dosage 
used, and occurred with approximately 
the same latency and duration at all 
doses employed. However, the absence 
of EEG activation in the continuous in- 
fusion study strongly militates against 
the possibility of acetaldehyde having a 
role in the production of ethanol-induced 
activation. During infusion, blood and 
brain concentrations of acetaldehyde 
more closely approximate the develop- 
ment of ethanol-derived acetaldehyde 
concentrations, because they increase 
slowly (concentrations in our rats still 
seemed to increase at the end of in- 
fusion). 

The EEG flattening after acetaldehyde 
injection undoubtedly reflects acetalde- 
hyde toxicity. Concentrations of acetal- 
dehyde in the brain probably reached a 
maximum during the time of amplitude 
depression. The EEG synchronization 
observed after acetaldehyde injection 
does not, by itself, permit inferences 
about possible pharmacologic actions of 
ethanol-derived acetaldehyde. In ap- 
proximately half of the rats with syn- 
chronization the response was preceded 
by amplitude depression; therefore, we 
do not know if synchronization was a di- 
rect result of acetaldehyde or if it reflect- 
ed recovery from the prior amplitude de- 
pression. 

Injections of acetaldehyde slowed 
heart rate, beginning at injection and re- 
turning toward the normal baseline level 
within 20 seconds. The bradycardia was 
progressively severe with increasing 
dosage of acetaldehyde, with a maxi- 
mum decrease of approximately 33 per- 
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cent after a dose of 50 mg/kg. Elec- 
trocardiogram abnormalities (extrasys- 
toles, dropped beats, and episodes of 

pronounced arrhythmia) were also ob- 
served in association with the brady- 
cardia, but the incidence of paroxysms 
did not appear to be correlated with 
dose. 

The role of peripheral influences in 
mediation of the EEG responses was 
studied in other rats that were either cer- 
vically transected or adrenalectomized. 
Usng a dose that caused the full spec- 
trum of changes in intact animals without 
causing signs of excessive toxicity, we 
found that transection did not appear to 
alter the pattern of EEG responses to 
single injections (Table 1); however, ad- 

A 

renalectomy seemed to diminish the acti- 
vation and amplitude-depression, sug- 
gesting that those phenomena may be re- 
lated to interaction with catecholamines 
in the brain and adrenal gland. Control 
injections of saline in each animal of both 
groups had no effect. Acetaldehyde in- 
jection (25 mg/kg) in cervically tran- 
sected and adrenalectomized rats also 
produced decreases in heart rate with 
maximum changes of 48 and 37 percent, 
respectively. 

Somewhat different EEG responses 
occurred during continuous infusion of 
acetaldehyde in intact rats (Fig. 1). All 
rats infused at the two higher doses 
showed a clear deactivation that was not 
evident with the control dose or with the 

Single injection 
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Fig. 1. Comparison of the EEG (0.3 to 90 Hz band-pass) responses to (A) a single injection and 
(B) continuous infusion of acetaldehyde. Tracings from one pair of electrodes are shown in a 
raster display reading left to right. Arrows indicate point of injection and beginning or end of 
infusion. (A) Single injections of high doses (above 6.3 mg kg-') produced a brief EEG activa- 
tion (underlined portion of record), followed by synchronization, sometimes with an intervening 
period of EEG flattening (not shown); a return toward the normal, preinjection activity is evi- 
dent in the latter part of the last trace. (B) Continuous infusion at 6.3 or 12.5 mg kg-' min-' 
caused marked synchronization that developed after about 1 minute and persisted about 3 min- 
utes after infusion was terminated (lower doses were without effect); return toward normal, 
preinjection activity is evident in the last two traces. Calibration marks: 100 ,tV and 1 second. 
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Fig. 2. (A) Effects of a single injection of acetaldehyde, showing the 
mean (+ standard error) latency (dark bars) and duration (light bars) 
of the three categories of EEG responses that were noted. The num- 
ber of rats that developed the response compared to the total num- 
ber in the experiment is shown above and below the dotted lines. (B) 
Effect of continuous infusion, showing mean (+ standard error) of 
latency and duration of the EEG synchronization that occurred in all 
rats at both higher doses. Only synchronization was observed; the 
two lower doses tested had no detectable effect. 

Dose (mg kg-l) 

dose of 3.1 mg/kg (P = .05, Cochran's 
test). The largest dose of acetaldehyde 
produced shorter latency and greater du- 
ration of deactivation. In no case was ac- 
tivation observed (Fig. 2). 

Saline infusion induced a mild tachy- 
cardia (about a 5 percent increase), 
whereas all doses of acetaldehyde 
caused a more distinct bradycardia. The 
response was mild and of approximately 
similar magnitude for the two low doses 
of acetaldehyde, but was very pro- 
nounced at the largest acetaldehyde dose 
which produced a maximum depression 
in heart rate of 16 percent. Electro- 
cardiogram abnormalities were rarely 
observed in the infusion study and oc- 
curred with an approximately equal fre- 
quency in the saline and acetaldehyde in- 
fusions. 

Infusion of the lowest acetaldehyde 
dose in two rats produced blood acetal- 
dehyde concentrations of 5 and 6 ng/,tl, 
respectively, after 2 minutes of infusion. 
The concentrations increased to 8.5 and 
11.5 ng/Ltl, respectively, at 4 minutes and 
returned to near zero within 2 minutes 
after the end of the infusion. The blood 
concentrations produced by the larger 
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dose in two rats were much higher, being 
51 and 52 ng/,tl, respectively, after 2 
minutes and 75 and 82 ng/txl, respective- 
ly, after 4 minutes; levels gradually de- 
clined to 39 and 52 ng/tul 6 minutes after 
the infusion. 

The possibility that peripheral influ- 
ences mediated the results of the in- 
fusion experiments seems to be ruled out 
by the essentially similar results ob- 
tained with transected and adrenal- 
ectomized rats (Table 1). Again, infusion 
with saline in those rats was without ef- 
fect. 

Our results are especially pertinent to 
the present controversies over the pos- 
sible role of acetaldehyde in ethanol in- 
toxication. We believe that the data pro- 
vide convincing evidence that single in- 
jections of acetaldehyde are inappropri- 
ate for evaluating such questions and 
that effects which occur under such con- 
ditions are more likely to reflect acetal- 
dehyde toxicity, mediated in part, per- 
haps, by catecholamines. 

Continuous infusion can simulate the 
natural continuous production of acetal- 
dehyde after ethanol administration, and 
our results show that at least the stage of 

EEG activation after ethanol administra- 
tion is not readily explained by a slow re- 
lease of low levels of acetaldehyde. The 
role of acetaldehyde in mediating eth- 
anol-induced synchronization should 
perhaps be more carefully considered. 
Administration of intoxicating doses of 
ethanol to rats was reported to produce 
blood concentrations of acetaldehyde of 
0.88 to 6.82 ng/l1 (18), which is definitely 
below the peak levels we observed dur- 
ing infusion of the lowest dose, a dose 
that failed to cause any synchronization 
in any rat. The highest infusion dose pro- 
duced a profound synchronization in all 
six animals tested, but the maximum 
concentrations of acetaldehyde in the 
blood of these animals was approximate- 
ly 20 times higher than that which would 
result from an intoxicating dose of eth- 
anol. Thus, it appears that acetaldehyde 
alone, in concentrations that are similar 
to those found in an ethanol-intoxicated 
rat, is not adequate to produce ethanol- 
like EEG synchronization. 

JOSEPH A. MIKESKA 
WILLIAM R. KLEMM 

Department of Biology, Texas A&M 
University, College Station 77843 
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Stimulation of Human Periaqueductal Gray for Pain Relief 

Increases Immunoreactive /3-Endorphin in Ventricular Fluid 

Abstract. Immunoreactive P-endorphin was measured in the ventricularfluid of six 
patients with chronic pain. Stimulation of the periaqueductal gray matter in three 
patients with pain of peripheral origin resulted in significant increases (50 to 300 
percent) in the concentration of ventricular immunoreactive f3-endorphin. In three 
other patients suffering deafferentation dysesthesia, stimulation of the posterior limb 
of the internal capsule did not alter the concentration of this peptide. These results 
provide evidence of the release of human immunoreactive f/-endorphin in vivo and 
suggest that naloxone-reversible pain relief achieved by stimulation of the peri- 
aqueductal gray matter may be in part mediated by the activation of f/-endorphin- 
rich diencephalic areas. 
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Since the initial report by Reynolds (1) 
of analgesia being produced in the rat by 
stimulation of the periaqueductal gray 
matter, several workers have demon- 
strated the potent analgesic effects pro- 
duced by electrical stimulation of dis- 
crete areas of the medial diencephalon 
and brainstem in the cat (2), monkey (3), 
and rat (4). Hosobuchi et al. (5) and 
Richardson and Akil (6) have reported 
that intractable clinical pain states in hu- 
mans, in addition to normal pain per- 
ception, can be blocked by electrical 
stimulation of the periaqueductal and 
periventricular gray matter. This pain re- 
lief can be totally reversed by the specif- 
ic opiate antagonist naloxone (5, 7). 

Intraventricular administration of hu- 
man 3-endorphin in humans produces a 
prolonged state of analgesia (8). The cur- 
rent study was undertaken to determine 
whether the analgesia produced by stim- 
ulation of the periaqueductal gray matter 
would be accompanied by increases in 
the /3-endorphin concentrations in ven- 
tricular cerebrospinal fluid (CSF). 

The specificity of the effect of stimu- 
lating the periaqueductal gray matter for 
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of periaqueductal gray matter with the 
endorphin system be correct, treatment 
of deafferentation pain by internal cap- 
sule stimulation should not affect /-en- 
dorphin concentrations in ventricular 
fluid. 

Ventricular fluid was collected from 
six patients undergoing stereotactic im- 
plantation of brain electrodes for pain 
control (Table 1). The three patients in 
group 1, suffering from deafferentation 
pain, received electrode implantation in 
the posterior limb of the internal capsule 
contralateral to their pain (patients A, B, 
and C). The patients in group 2, with 
pain of peripheral origin, and received 
bilateral implantations of electrodes in 
the rostral portion of the periaqueductal 
gray matter (patients D, E, and F). A 
Leksell stereotactic frame was used on 
all six patients and the stereotactic 
coordinates were selected and calculated 
on the basis of Schaltenbrand and Bai- 
ley's human stereotactic atlas (10). 
Coordinates for the posterior limb of the 
internal capsule were: anteroposterior 
axis at the line intercepting the anterior 
and posterior commissure; and ventro- 
dorsal axis 1 mm below the intercom- 
missural line and 15 to 20 mm lateral 
from the midline of the brain, depending 
on the portion of the body for which re- 
lief of pain is sought, the upper limb 
being more medial than the lower limb in 
the "homuncular" representation of the 
internal capsule. For periaqueductal im- 
plantation, the area coordinates were at 
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Table 1. Clinical summary of the patients (17). 

Pa- 
tient Age Sex Etiology of pain Location of pain 

A 47 M Postcordotomy dysesthesia Bilateral, lower extremities 
B 54 M Postcordotomy dysesthesia Right lower extremities 
C 63 M Thalamic syndrome Right arm and leg 
D 51 M Lumbosacroarachnoiditis Low back and both legs 
E 57 F Carcinoma of rectum Abdomen and perineum 
F 66 F Carcinoma of colon Abdomen 
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