Pharmacology Biochemistry & Behavior, Vol. 40, pp. 97-101. © Pergamon Press plc, 1991. Printed in the U.S.A.

0091-3057/91 $3.00 + .00

Effects of Single and Repeated Marijuana
Smoke Exposure on Fetal EEG’

HAZEL H. SZETO,?? DUN-LI WU, JOHN A. DECENA AND YI CHENG

Department of Pharmacology, Cornell University Medical College, 1300 York Avenue, New York, NY 10021

Received 16 April 1991

SZETO, H. H., D.-L. WU, J. A. DECENA AND Y. CHENG. Effects of single and repeated marijuana smoke exposure on fetal
EEG. PHARMACOL BIOCHEM BEHAV 40(1) 97-101, 1991.—The effect of single and repeated marijuana smoke exposure on
fetal EEG was investigated in the chronic fetal lamb model using power spectral analysis. Maternal inhalation of marijuana smoke
(n=9) resulted in a significant reduction in total power and power distribution in the delta (14 Hz) band, and an increase in
power distribution in the faster frequencies in the first h after smoke inhalation. These EEG changes were not observed following
maternal inhalation of placebo smoke (n=35), nor in animals with 3-5 prior exposures to marijuana smoke (n=>5). These results
suggest that the effects of marijuana smoke exposure on fetal EEG is short-lived and tolerance develops rapidly with repeated

exposure.

Marijuana Cannabis EEG Fetus Tolerance

A large number of studies have reported adverse effects of mari-
juana use during pregnancy on birth weight and gestational
length. Our understanding of the effects of marijuana use on
neurobehavioral development is much more limited. Increased
tremors and startles, and poorer habituation to visual stimuli,
have been reported in marijuana-exposed neonates and infants up
to one month of age (13,14). Disturbances in sleep cycling and
motility were also reported in marijuana-exposed infants at 24 to
36 h of age (24). It is not clear whether these sleep disturbances
are part of a mild withdrawal syndrome, or whether they are
consequences of direct action of marijuana on the development
of the nervous system.

Acute exposure to marijuana smoke has been reported to af-
fect both waking and sleep EEG in adult humans and animals
(12). Most studies which report EEG changes have noted that
tolerance develops with repeated drug exposure; and long-term
use of marijuana has not been shown to produce persistent
changes in EEG in either moderate (11,23) or heavy users (16).
There is currently no information on the effects of single or re-
peated marijuana exposure on fetal EEG in either humans or an-
imal models. Whether tolerance develops to the effect on fetal
EEG may have significant impact on the long-term consequences
of marijuana use on fetal brain development.

The investigation of the effects of marijuana smoke in an an-
imal model has been greatly hampered by the lack of a conve-
nient method to introduce marijuana smoke to an alert animal.
Furthermore, the large number of cannabinoids in marijuana
smoke, many of which are pharmacologically active and may
interact with each other, has made it difficult to justify using
only a single active ingredient [such as A®-tetrahydrocannabinol
(THC)] in these studies. The recent development of a simple

smoking machine has made it possible to introduce marijuana
smoke to conscious pregnant ewes (1). The objective of this
study was to study the effect of single and repeated maternal
marijuana smoke inhalation on fetal EEG in the sheep.

METHOD
Animal Preparation

Fourteen fetal lambs were surgically instrumented for chronic
intrauterine recording of EEG between 110-118 days of gesta-
tion (term = 145 days), in accordance with guidelines approved
by the Institution for the Care and Use of Animals. Details of
the surgical procedure have been described previously (1,25).
Briefly, four stainless steel screws (size 0-80) were implanted
over the parietal cortex for recording EEG activity. A polyvinyl
catheter was placed in the distal aorta to permit collection of ar-
terial blood for blood gas determinations. The EEG leads and
catheter were tunneled SC to the maternal flank and stored in a
pouch. Intraoperatively, 2 g of ampicillin was placed in the am-
niotic cavity and 1 g in the peritoneal cavity of the ewe. In ad-
dition, a silicone rubber T-tube was implanted in the maternal
trachea to facilitate inhalational exposure to marijuana smoke.

Study Design

Ewes were allowed at least 5 days for recovery after surgery
before they were randomized to either the placebo or marijuana
treatment group. Only fetuses with arterial pH>7.3, pCO,<50
mmHg and p0O,>16 mmHg were included in the study. Fetal
EEG recordings were obtained with the ewe standing or lying
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quietly in a cart. The ewe had free access to food and water
throughout the recording period. Control EEG was recorded for
3 h prior to smoke exposure. Over a 10-min period, the ewe
““smoked’’ either a marijuana (n=9) or placebo (n=35) cigarette
supplied by the National Institute on Drug Abuse containing ei-
ther 1.84% or 0% THC, respectively. The cigarettes were pre-
humidified and burned in a small Plexiglas cylinder that was
hung around the ewe’s neck (1). During inhalation the cigarette
smoke is mixed with residual and inspired air, and delivered to
the lower trachea and bronchial systems. Fetal EEG recording
continued for 2 h after smoke inhalation. In 5 fetuses, exposure
to marijuana smoke was repeated once every third day. The ef-
fect of repeated exposure to marijuana smoke was studied again
after 3—5 exposures.

Power Spectral Analysis

Details of the EEG acquisition method have been published
previously (25). Briefly, the EEG signal was amplified and fil-
tered (1-100 Hz), and digitized at a rate of 256 Hz. Fast fourier
transform (FFT) was performed on consecutive series of 1024
data points (4 s). Trend removal was included to reduce the ef-
fect of movement artifacts on the transform. A Hamming (raised
cosine) window was applied to control side-lobe leakage due to
finite record length. Details of the method can be found in ear-
lier publications (11,12). The resolution of the FFT was 0.25
Hz. The maximum detectable frequency was designated to be
64 Hz, although data for frequencies >32 Hz were discarded.
Five power spectra were then averaged to produce a single mean
power spectrum every 20 s. The transformed data were then fur-
ther compressed into 4 frequency bands (delta, 14 Hz; theta,
5-7 Hz; alpha, 8-13 Hz; beta, 15-32 Hz) and relative power
distribution was calculated for each band (24). The 90% spectral
edge frequency was also calculated as the frequency below
which 90% of the power resides (25).

Automated EEG State Scoring

Two distinct EEG patterns were clearly distinguishable by
visual analysis in the control presmoke recordings, a synchro-
nized high voltage slow activity (HVSA) pattern and a desyn-
chronized low voltage fast activity (LVFA) pattern. A transitional
(TRANS) pattern of intermediate amplitude and frequency could
also be identified. The time series plot of total power, power
distribution in the different bandwidths and the spectral edge
provided a guide to the range of spectral parameters to be found
in stable episodes of HVSA and LVFA (Fig. 1, left panel). The
HVSA is readily identified by high total power, large distribu-
tion of power in the delta band and very low distribution of
power in the beta band. In contrast, the LVFA state can be
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FIG. 1. Left panel: Time series plot of total power, relative power dis-
tribution in the delta (1-4 Hz) and beta (15-32 Hz) band, and the 90%
spectral edge frequency. Representative data obtained from a 131-day
fetal lamb during control recording. Total time represented is 30 min.
Right panel: Corresponding normalized distribution of total power, rela-
tive power in the delta (1-4 Hz) band and beta (15-32 Hz) band, and
the 90% spectral edge for data shown in the left panel. Distribution was
determined from the entire data set of 180 min.

identified by low total power, a large distribution of power in
the beta band, and a high spectral edge frequency. The numeri-
cal criteria used in the computerized scoring of HVSA and
LVFA were obtained from the distribution histograms of total
power, spectral edge frequency, and power distribution in the
delta and beta bands (Fig. 1, right panel). All remaining unas-
signed runs were designated as TRANS. Due to large variation
in spectral estimates as a function of gestational age of the fe-
tus, these scoring criteria were established for each individual
fetus on a daily basis. The same criteria were then used for the
postsmoking data on the same day. Details of the method have
been published previously (26).

TABLE 1
SPECTRAL PARAMETERS OF THE THREE EEG STATES IN A 125-DAY FETAL LAMB

Percent of Total Power in

Total Spectral
State Power 14 Hz 5-7 Hz 8-13 Hz 15-32 Hz Edge (Hz)
LVFA 3939 = 27 54.6 £ 0.3 125 = 0.4 15.5 £ 0.1 15.0 £ 0.1 16.4 £ 0.1
(n=183)
TRANS 6073 = 47 69.0 + 0.2 10.7 = 0.1 11.6 = 0.1 7.5 £ 0.1 12.0 = 0.1
(n=103)
HVSA 13402 = 4 84.0 £ 0.0 6.4 + 0.1 5.6 £ 0.1 3.4 £00 6.5 = 0.1

(n=241)
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TABLE 2
EFFECT OF SMOKE ADMINISTRATION ON INCIDENCE OF EEG STATES

Single Exposure Repeated Exposure
Marijuana Placebo Marijuana
®=9) (n=5) (n=>5)
EEG State Before After Before After Before After
LVFA 4.7 = 2.7 55.0 £ 5.3*% 4.1 =52 48.4 £ 5.3 35.0 £ 3.6 33.6 £ 2.8
TRANS 105 = 1.8 14.0 = 3.4 14.8 = 3.5 11.5 + 2.8 13.2 = 1.8 13.8 = 33
HVSA 448 = 1.6 31.2 + 2.3 423 £ 45 40.0 = 4.5 51.5 = 3.0 526 =26

Data are mean = S.E.

*p<<0.05; p<0.001 (compared to values before smoke exposure; paired z-test).

Statistical Analysis

All data are presented as mean*S.E. Due to the relatively
large interindividual variation in spectral characteristics as a
function of gestational age of the fetus, the effects of placebo
and marijuana smoke inhalation were compared to control presmoke
values with each animal serving as its own control. The paired
t-test was used to determine statistical significance.

RESULTS

Under control conditions, spectral parameters showed cyclic
fluctuations over a 3-h period that strongly suggested the pres-
ence of relatively stable EEG states (Fig. 1). The distribution of
the various spectral parameters supported the presence of three
distinct EEG patterns with significantly different spectral charac-
teristics (Table 1). The incidence of HVSA, LVFA and TRANS
in the placebo and marijuana treatment groups prior to smoke
inhalation are shown in Table 2. There was no difference in the
incidence of the 3 states between the two groups.

Marijuana smoke exposure resulted in a significant disruption
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FIG. 2. EEG state transitions before (A) and after (B) marijuana smoke
inhalation. [L, low voltage fast activity (LVFA); T, transitional; H, high
voltage slow activity (HVSA).]

of the normal EEG cyclic pattern. Figure 2A and B show the
EEG cycling pattern in a 125-day fetal lamb prior to, and after
marijuana smoke inhalation, respectively. There was a decrease
in HVSA which was compensated by much longer LVFA epi-
sodes. The changes in the incidence of the 3 EEG states are
summarized in Table 2 for all the animals. There was a signifi-
cant decrease in the incidence of HVSA (p<<0.001) and a com-
pensatory increase in LVFA (p<0.05). In contrast, placebo
smoke administration did not affect the incidence of the 3 EEG
states (Table 2).

Power spectral analysis revealed a significant reduction in
mean total power (p<<0.05) and an increase in 90% spectral edge
frequency (p<<0.005) in the first hour after marijuana smoke in-
halation, but not in the second hour (Table 3). There was also a
redistribution of the power in the different wavebands, with a
significant decrease of relative power in the delta band (p<<0.005),
and an increase in all the faster frequencies (p<<0.05) (Fig. 3).
Placebo smoke inhalation did not affect any of the spectral char-
acteristics.

The effects of marijuana on fetal EEG were completely abol-
ished by repeated drug exposure. Following 3-5 exposures given
once every three days, marijuana exposure was no longer asso-
ciated with any change in the incidence of the 3 EEG states
(Table 2) or the spectral characteristics of the EEG (Table 3,
Fig. 4).
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FIG. 3. Effects of single marijuana smoke inhalation on relative power
distribution in the different wavebands. Data are mean+S.E. from 9 an-
imals who have never been exposed to marijuana smoke. Data obtained
during the 1st and 2nd hour postsmoke were compared to control values
(3 h) with each animal serving as its own control. *p<0.05; 1p<0.005.
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TABLE 3
EFFECT OF SMOKE ADMINISTRATION ON EEG SPECTRAL CHARACTERISTICS

Total Power ( X 10° units)

Spectral Edge Frequency (Hz)

Treatment Control 1st Hour 2nd Hour Control 1st Hour 2nd Hour
Single Exposure:

Marijuana 26.2 = 3.0 17.4 = 2.1* 20.3 = 3.6 11.3 = 0.3 12.4 = 0.4% 11.8 = 0.6

Placebo 204 = 35 16.5 + 4.2 16.2 = 3.5 11.6 = 0.7 12.1 = 0.9 123 £ 0.9
Multiple Exposures:

Marijuana 30379 37.6 = 4.9 42,1 = 8.8 11.8 = 0.8 11.3 + 0.6 11.5 = 0.8

*p<<0.05, compared to control.
1p<0.005, compared to conttrol.

DISCUSSION

The recent development of a simple system for smoke deliv-
ery to conscious animals has made possible the assessment of
the effects of maternal marijuana smoking on various maternal
and fetal physiologic parameters. This smoke production and
delivery system has been carefully characterized in both in vitro
and animal studies (1,2). The system is capable of delivering
large amounts of marijuana smoke to undisturbed ewes effi-
ciently and with minimal inconvenience over a time period (10
min) similar to that typically used in human studies. The plasma
THC profile achieved in maternal plasma following inhalation
of marijuana smoke generated by this system is very similar to
that found in nonpregnant human subjects (2,21). Peak plasma
THC levels occurred at the end of the smoking period, and were
found to be comparable to those reported in human volunteers
(21). THC was detectable in fetal plasma by 10-15 min after
onset of smoke inhalation, but peak levels were not reached un-
til 1.5-2 h (2). Thereafter, fetal plasma THC levels declined
slowly and remained at approximately 60% of maternal levels
over 24 h.

The results of the present study show that this level of mari-
juana exposure can significantly decrease the incidence of HVSA
and result in activation of the fetal EEG, as shown by the de-
crease in total power and acquisition of faster frequencies. This
appears to be a direct drug effect and not due to the stress of
smoke inhalation as the changes were not observed after inhala-
tion of placebo smoke. EEG changes have been reported with
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FIG. 4. Effects of repeated marijuana smoke inhalation on relative power
distribution in the different wavebands. Data are mean= S.E. from 5
animals who have previously received 3—5 marijuana smoke exposures.
Data obtained during the 1st and 2nd hour postsmoke were compared to
control values (3 h) with each animal serving as its own control.

marijuana exposure in the aduit human. A number of studies re-
ported an increase in alpha activity and decreased beta activity
with marijuana smoking (11,23). Others reported a reduction in
EEG voltage and increase in faster frequencies (15,27). A simi-
lar desynchronizing action of marijuana has also been reported
in adult rats (5,22). Use of higher doses or direct administration
of THC seem to result in EEG synchrony or epileptiform activ-
ity (19). Our results in the fetus appear to be consistent with the
low-dose findings in the adult.

A very interesting finding in this study was the rapid adapta-
tion of the fetus to the effect of marijuana. The effect on EEG
was completely abolished with as few as three prior exposures
given once every three days. Tolerance has been observed to
develop to many, but not all, of the effects of marijuana and
THC in adult animals (18). The development of tolerance to the
EEG effects of marijuana is consistent with the general lack of
EEG changes in chronic marijuana users (11, 16, 23). In rats,
daily administration of THC resulted in a loss of the EEG de-
synchronizing effect after 5-12 doses (22). In dogs, tolerance to
the behavioral effects of THC could be observed when the can-
nabinoid was injected only once every eight days (10). The short
duration of action of marijuana smoke on fetal EEG, despite
fairly constant plasma THC levels, suggest that acute tolerance
may be developing with the first exposure. On the other hand,
other effects of marijuana have been shown to be rather long-
lasting. Barrett and Adams (3) examined the effects on sleep-
wakefulness cycles after marijuana was administered for 180
days to cats, and found that the decrease in slow-wave sleep and
increase in drowsy-light sleep continued through the 40-day
postdrug period. However, the changes in both REM sleep and
awake time did not persist throughout the drug exposure period.
In humans, slow-wave sleep was found to increase during the
first 4 days following marijuana smoking and then progressively
decreased until it was significantly below baseline levels by the
8th day (4). Thus whether tolerance develops to repeated mari-
juana use appears to depend to some extent on the duration and
frequency of exposure as well as the specific effect examined.

In addition to the effects on fetal EEG, previous studies us-
ing this smoking system in pregnant sheep have reported 2 num-
ber of other cannabinoid effects in the mother and fetus (7, 8,
20). With cigarettes containing 1.84% THC, the same batch as
used in this study, Clapp et al. (7) reported a 55-70% reduction
in maternal respiratory rate, and a significant fall in maternal
heart rate and mean arterial pressure. Despite the reduction in
mean arterial pressure, there was no change in uterine blood
flow. In the fetus, this level of exposure resulted in a significant
reduction in arterial pO, (to 17 mmHg) with no change in pCO,
or pH (7,8). Although this reduction in fetal pO, may partly be
due to the reduction in maternal pO,, the longer time course in
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the fetus suggests that other mechanisms may be involved (7,8).
The effect on fetal EEG does not appear to be secondary to the
reduction in fetal pO, since mild to moderate hypoxia has been
reported to either result in a decrease (6,9) or no change (17) in
the incidence of LVFA, whereas an increase in LVFA was found
in this study.

In summary, we have found that maternal marijuana smoke
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exposure can result in significant changes in the fetal EEG which
are similar to those reported in adult humans. The effects were
short-lived, and the fetus appears to adapt very quickly so that
no significant effects were observed upon repeated exposure.
This study, however, did not address the issue of chronic mari-
juana smoke exposure on the development of fetal EEG. These
studies are now ongoing in our laboratory.
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