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SCHROTT, L. M., M. E. GETTY, P. W. WACNIK AND S. B. SPARBER. Open-field and LPS-induced sickness be-
havior in young chickens: Effects of embryonic cocaine and/or ritanserin. PHARMACOL BIOCHEM BEHAYV 61(1) 9-17,
1998.—Exposure to drugs of abuse during embryogenesis may adversely affect nervous, immune, and endocrine systems de-
velopment. We compared exposure on embryonic day 18 (E18) by single or multiple cocaine (COC) injections (56.25 mg/kg
total dose for both) or saline on hatching and activity measures. In saline-exposed controls, repeated testing, age, and gender
affected activity levels. A single or multiple COC injections increased the median latency to explore and multiple COC injec-
tions decreased the median number of lines crossed by female chicks in the open field. We also determined if pretreatment
with the serotonin, (5-HT,) receptor antagonist ritanserin could attenuate COC'’s effects on open-field behavior as well as be-
haviors sensitive to immune system stimulation (lipopolysaccharide (LPS)-induced sickness behavior). Eggs containing em-
bryos were pretreated on E17 with 0.4 mg ritanserin/kg or its vehicle followed by multiple COC injections or saline on E18.
E18 COC treatment decreased the median number of lines crossed and distress vocalizations in females. Ritanserin pretreat-
ment mitigated the COC induced effects. E18 COC exposure also suppressed LPS-induced sickness behaviors in both males
and females, increasing food consumption and the time spent awake and active, as well as decreasing the time spent sleeping.
Ritanserin alone had no effect on the food consumed or time spent active, nor did this dose affect COC-induced alterations in
sickness behavior. Ritanserin alone decreased time spent sleeping and also failed to affect the COC-induced suppression.
Thus, embryonic COC exposure can suppress open field and LPS-induced sickness behavior in the young chick, and ri-
tanserin pretreatment can block the former, but not the latter effects at the dose chosen for these experiments. © 1998
Elsevier Science Inc.
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PRENATAL exposure to drugs of abuse such as cocaine
(COC) has the potential to alter the physiology and behavior
of the developing organism. Although there has been exten-
sive research in humans on pregnancy complications (4,10),
perinatal health (12,23), and infant and child development
(11,25,44,47,48), there is much controversy as to the degree
and existence of any deleterious effects attributable solely to
COC (38-40,50). Parallel research with animal models may
provide more insight into possible effects and mechanisms for
COC-induced physiological and behavioral manifestations.
Although animal research has clarified many of the physiolog-
ical effects of prenatal COC, including its cardiovascular and
occasional dysmorphic properties [i.e. (46,60)], both short-

term and long-term behavioral effects of COC exposure re-
main controversial (15,57). In his critical review of the devel-
opmental COC literature from 1982-1993, Vorhees [(57); p.
34] states “In toto, the current developmental cocaine experi-
mental literature appears heavily weighted towards a limited
range of experimental models that produced mixed results.”
These studies have primarily been conducted in the rat after
COC administration during the equivalent of the human first
and second trimesters of pregnancy. Often these studies
lacked adequate controls, relied on invasive procedures to ad-
minister COC, and could not discriminate between maternal
response to COC or the means of its administration and direct
action of COC on the offspring. The domestic chick has a
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number of features that makes it useful for developmental
studies of abused drugs. In ovo drug administration eliminates
maternal undernutrition. Because the chick is precocial, early
postnatal manipulations can be conducted without maternal
influence, a potential source of confounding early experience
(51). This laboratory has used the chick model extensively to
demonstrate effects of opiate exposure and withdrawal
(35,36) and COC (31,52,54) on cardiovascular responsiveness,
brain biochemistry, hatchability, and behavior. In addition,
Hughes et al. (24) has found alterations in immune respon-
siveness and behavior in the chick exposed to COC during
mid-embryogenesis, suggesting its usefulness for studying
neural-immune interactions following exposure to drugs of
abuse.

Unconditioned behaviors, such as open-field activity, have
been well studied in rodents exposed prenatally to COC.
However, results are equivocal, with modest activity alter-
ations at best. Experimental design has been inconsistent with
respect to route of administration, duration of exposure, and
test age, making it difficult to compare results. Studies exam-
ining juvenile open-field behavior have found decreased ac-
tivity in male rats in the periweaning period (13,27,32,49),
whereas other studies have found no or inconsistent effects in
this age range (19,45). Young swine exposed to COC during
the last third of gestation showed reduced locomotion and
rooting and spent more time immobile (37) and young chick-
ens (7-12 days of age) exposed to COC during mid-embryo-
genesis showed decreased activity and decreased distress vo-
calizations (24). There is a general failure to find effects of
prenatal COC exposure on activity measures in older animals
(13,18,37,45), although Johns et al. (26) reported increased la-
tency to explore by adult rats exposed prenatally to COC.

In addition to effects on nervous and cardiovascular sys-
tems, COC can affect immune function. Immunosuppressive
effects of COC have been widely documented in humans and
rodents under in vitro and in vivo conditions [e.g., (59)]. How-
ever, little is known about COC'’s effect on the development
of interactions among immune, nervous, and endocrine sys-
tems. One method of assessing these interactions is to exam-
ine sickness behaviors induced following immune system
stimulation. These highly conserved and survival-promoting
behaviors include decreased food intake, activity, and groom-
ing; withdrawal from social interactions; appropriate ther-
moregulatory behaviors; and changes in sleep-wake cycles
[i.e. (14,21,22)]. Sickness behaviors are induced by infectious
agents, immunostimulatory substances such as the endotoxin
lipopolysaccharide (LPS) which stimulates the production
and/or release of endogenous cytokines [i.e., (20,30)], and ex-
ogenous cytokines themselves (14,16,43). Like other species,
chickens display sickness behavior following LPS exposure
characterized by reduced food intake and plasma iron concen-
trations, and increased body temperature, sleep time, and cor-
ticosterone concentrations (28,29). Although much is known
about factors affecting sickness behavior in mature rodents, it
has been less intensively studied in developing organisms and
nonrodent species.

In parallel with our study of COC’s developmental effects,
we are investigating potential therapies that could amelio-
rate detrimental COC effects. In addition to blocking synaptic
reuptake of dopamine and norepinephrine, COC’s blockade
of the serotonin (5-HT) transporter increases activity at 5-HT
receptors. Prior studies in our laboratory found that embry-
onic COC suppressed chick embryonic motility (31,52), re-
duced hatchability (31), enhanced postnatal detour learning,
and decreased distress vocalizations in a social pairing (52).
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5-HT, agonists such as dimethoxyiodophenylaminopropane
(DOI) can mimic many of these effects (7,53) and 5-HT, an-
tagonists, such as ritanserin, can attenuate or block them
(6,31). Interestingly, a single injection of the 5-HT, agonist
DOI, administered early or late in embryonic development,
can induce herniated umbilici, while a single injection of COC
consistently fails to induce them [(53); unpublished observa-
tions]. Herniations are indicative of excessive smooth muscle
spasm caused by 5-HT, receptor activation. The difference in
the inducibility of herniations between DOI and COC may be
due to their potency and/or durations of action. COC has a
very short plasma half life (61) and to obtain high peak con-
centrations and a long duration of action, multiple injections
are necessary (58). In fact, we found that when eggs contain-
ing embryos received multiple injections of COC, the inci-
dence and severity of herniated umbilici was significantly
greater in these chicks than those receiving the same absolute
dose as a bolus (63).

In the chick, the behavioral effects of multiple COC injec-
tions compared to a bolus have not been examined. More-
over, because humans rarely self-administer a single bolus or
smoke COC a single time, instead having “binge” patterns of
COC use (17), experiments with nonhuman species should at-
tempt to mimic more closely these human use patterns. In Ex-
periment 1 we examined this issue by comparing open-field
behavior in chicks receiving a saline, a bolus, or multiple in-
jections of COC during late development, on embryonic day
18 (E18). We also characterized chick open-field behavior by
examining sex and developmental differences. In Experiment
2 we extended the behavior analyses to include LPS-induced
sickness behavior. We also examined the effects of E17 expo-
sure to the 5-HT), antagonist ritanserin on both open field and
sickness behavior, as well as its potential to block any of ef-
fects of E18 COC exposure on these behaviors.

METHOD
Experiment 1

Treatment. Cocaine hydrochloride (COC, generously pro-
vided by the National Institute on Drug Abuse) or avian sa-
line (0.85% NaCl) were administered on E18. All drug and
vehicle solutions were filtered with a 0.2 wm filter (Millpore,
Bedford, MA) and were kept at 4°C prior to injections. There
were three treatment groups: bolus COC, multiple COC, and
controls. The bolus COC group received one injection of
56.25 mg COC/kg egg and four injections of saline. The multi-
ple injection group received five injections of 11.25 mg COC/
kg egg (total dose = 56.25 mg/kg). Controls received five sa-
line injections. In several prior studies we have found no ef-
fect of a bolus vehicle injection on similar behaviors [e.g. (6)]
and thus, we used the more conservative control of multiple
saline injections for comparison. Injection volume was 21 pl
per injection, and the injection interval was 1.5 h.

Experiment 2

Treatment. Treatments were administered on E17 and
E18. E17 treatment was either 0.4 mg ritanserin/kg egg (Rit;
Research Biochemical International, Natick, MA) or its vehi-
cle, 0.1 M tartaric acid (TA). This dose was chosen because of
its efficacy in blocking herniated umbilical formation follow-
ing DOI exposure (53) and because it is within the range that
has been found to be behaviorally inactive for detour learning
when injected in the chick at late stages of embryogenesis (7).
The following day (E18), five injections of COC or avian sa-
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line (Sal) were administered to half of each E17 treatment
group. Each COC injection was 11.25 mg/kg egg, for a total
dose across the five injections of 56.25 mg/kg egg. Thus, the
treatment groups were TA-Sal, Rit-Sal, TA-Coc, and Rit-Coc.
Drug preparation and injection schedule were the same as for
Experiment 1.

General Method

Subjects. Eggs from a Rhode Island Red X White Leg-
horn cross were obtained from the Poultry Nutrition Re-
search Center (University of Minnesota, St. Paul, MN). The
eggs were stored overnight at 14—-16°C to synchronize embryo
development. The eggs were then set in a rotating forced air
incubator/hatcher (Humidairre, New Madison, OH) with the
temperature at 37-38°C and the relative humidity at 58—
60%. The set day was designated as embryonic day 0 (EO).
The eggs were candled on E14 and treatment was assigned
randomly to eggs with viable embryos. An injection site for
drug administration was marked about 2.0 cm below the air
cell, avoiding membrane-bound blood vessels that could be
observed during the candling procedure. The shell surface at
the injection site was sterilized with a small drop of 2% iodine
tincture and wiped off with a gauze pad moistened with 70%
ethanol. A 1.2-mm diameter dental burr and a small drill were
used to drill injection holes without puncturing the underlying
membrane. Holes were covered with a small piece of trans-
parent plastic tape (3M, St. Paul, MN). Drugs were adminis-
tered on E18 in Experiment 1 and on E17 and E18 in Experi-
ment 2. On E18 or E19 the eggs were transferred to the
hatcher and the hatcher was checked twice a day from E20-
E22 for new hatchlings. Hatchlings were removed from the
hatcher and banded for identification (day of hatching desig-
nated as posthatch day 0). Weight, presence of a herniated
umbilicus, and umbilical size were recorded. A herniated um-
bilicus was recorded if there was a discolored umbilical pro-
trusion and herniated umbilical size was measured with a cali-
per to the nearest 0.5 mm. Chicks with physical abnormalities
that could interfere with behavioral testing were euthanized
and those to be behaviorally tested were placed in a heated
brooder. Water was provided ad lib upon placement in the
brooder and ad lib food (Country Choice Medicated Chick
Starter, Land-O-Lakes, Inver Grove Heights, MN) was pro-
vided from day 2 forward, except during the food deprivation
phase of the sickness behavior assessment in Experiment 2.
The chicks were placed on a 12 L:12 D cycle with lights on at
0700 h in Experiment 1 and 0800 h in Experiment 2. It is not
possible to distinguish young males from females in the hybrid
chicks used in these studies. Therefore, at the conclusion of
testing, the chicks were euthanized, the abdominopelvic cav-
ity was opened, and the reproductive organs identified.

Behavioral testing. In Experiment 1 chicks were tested in
the open field on posthatch days 3, 5, and 7 (repeated expo-
sure group) or day 7 only (single exposure group). For the sa-
line group n = 14 and for the bolus COC and multiple COC
injection groups n = 12 for both repeated and single exposure
groups. In Experiment 2 chicks were tested in the open field
on day 3 and for LPS-induced sickness behavior on day 10.
There were 14 subjects per treatment group. A block random-
ization design was used to determine test order.

Open-Field Behavior

The testing paradigm was modified from Kuwahara and
Sparber (34). Open-field testing was conducted in a 90.75 X
90.75 X 35.50 cm arena with a gray floor and black walls. Yel-
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low tape divided the field into 25 squares (18.15 X 18.15 cm).
The room was dark except for a light with a 60 W bulb, which
was placed 30.5 cm directly above the center of the open field
floor, yielding an illumination level of 1.25 foot candles. A
wide-angle, low-light-sensitive 8-mm video camera was situ-
ated above the open field and was used to record the test ses-
sions. Distress vocalizations were recorded throughout testing
via the audio input on the video camera. Chicks were tested
individually. Each chick was placed into the center square of
the open field and allowed to roam freely for 3 min. Excreta
were removed from the test arena, which was then wiped with
70% ethanol prior to testing the next chick. The videotaped
data were scored for the latency to begin exploration (latency
to leave the center start square and begin open field explora-
tion), number of lines crossed, number of escape attempts (at-
tempts to jump or fly out of the test arena), and number of
distress vocalizations (loud, high pitched chirps emitted when
chicks are isolated). For Experiment 1, the videotapes were
scored blindly by two independent observers. Coefficients of
variation (CV) were calculated between the scorers’ values
for each subject and measure. Any measure that had a %CV
greater than 10% was rescored by a third person. The % CVs
across all measures averaged 1.5% (range 0-3.6%). For Ex-
periment 2, the videotapes were scored by one person, and
20% of the subjects were randomly selected and their video-
tape was scored by a second observer. CVs for these subjects
were in the same range as in Experiment 1.

Sickness Behavior

The testing procedure was modified from Johnson et al.
(28,29). Chicks were food deprived (water available) 24 h
prior to testing. One hour prior to testing they received an in-
traperitoneal (IP) injection of 5 mg LPS/kg body weight
(Sigma, St. Louis, MO; serotype 0128:B12) in a volume of 2
wl/g body weight. Testing occurred in a 51 X 61 X 37 cm
chamber that was designed for chick detour learning (6). The
chamber’s front and back walls were covered with mirrors to
decrease isolation-induced distress vocalizations and to facili-
tate accurate assessment of eye closure. The test room was
dark, but the arena was illuminated by fluorescent lights. A
Petri dish containing moistened chick food (same as ad lib
food described above) was weighed and placed in the center
of the arena. The food was moistened to make it easier to eat
in the absence of drinking water and to prevent spread during
pecking. The chick was placed in the front right corner of the
arena facing the dish and the 5-min test session begun. A
timer was used to record the following behaviors: eating
(pecking at food in the dish); activity (noneating horizontal or
vertical movement); and sleep (inactivity accompanied by clo-
sure of one or both eyes, a change in breathing, and cessation
of vocalizations). The number of bouts of each of these activi-
ties was recorded. In addition, the latency to begin eating was
recorded and the food dish was weighed before and after test-
ing to determine the apparent amount of food consumed.

RESULTS
Experiment 1

Hatching data. A x? analysis found no significant differ-
ence in the hatching rates among the groups, although there
was a 10.5% decrease in hatching in the Bolus COC injected
group and a 6.4% decrease in hatching in the multiple injec-
tion COC group compared to the controls. Only subjects that
hatched on E21 were used for behavioral testing. Neither bo-
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lus or multiple injections COC affected body weight in com-
parison to the saline controls. We replicated our prior study
(63), finding that multiple COC injections induced more her-
niated umbilici than the bolus COC or saline injections, x*(1) =
13.96, p < 0.0002, for multiple COC vs. saline injections, and
x2(1) = 3.92, p < 0.05 for multiple COC vs. bolus COC injec-
tion (multiple COC = 48.78%; bolus COC = 25.81%; saline =
8.82%). The herniations were also larger in the Multiple COC
injected subjects than in the other two groups [Treatment
main effect, F(2, 103) = 8.64, p < 0.0003; multiple COC vs.
controls, p < 0.0001; and multiple COC vs. bolus COC p <
0.03, Fisher’s protected LSD; multiple COC = 2.93 mm =+ 0.50;
bolus COC = 1.48 mm = 0.48; controls = 0.44 mm = (.25].

Behavioral data. Experiment 1 examined two questions
for which the data were analyzed separately: 1) are there de-
velopmental or sex differences in open-field behavior in sa-
line-treated young chicks?; and 2) Does embryonic exposure
to COC, either as a bolus injection or via multiple injections,
affect open-field behavior? Because we were not able to con-
firm the nature of the distributions of data and there were ap-
parent deviations from normality, the data were analyzed by
nonparametric statistics. Thus, median values and individual
data or ranges are reported in figures and tables.

Developmental and Sex Differences in Open-Field Behav-
ior. Only subjects receiving saline injections on E18 were
included in these analyses. The data were collapsed across
minutes of the test, and a Freidman test was used to examine
differences across testing days. Males and females were exam-
ined separately because of suggestions in the literature that
there are sex differences in open-field behavior in the chick
(56). For males, the nonparametric Friedman ANOVA test
was significant for latency to begin exploring, x3(2) = 6.25,
p < 0.05, escape attempts, x> = 6.52, p < 0.04, and distress
vocalizations, x? = 7.00, p < 0.04. There was a marginal effect
for the number of lines crossed (p < 0.08). The latency to be-
gin exploring decreased across days, while the other measures
increased across days. For females, significant effects were
found for escape attempts, x> = 12.25, p < 0.003, and a mar-
ginal effect was found for the number of lines crossed (p <
0.07). In females, escape attempts increased across test days.

To determine if the age effects were a consequence of re-
peated testing or nervous system maturation, 7-day-old males
that had received prior testing were compared to naive 7-day-
old males (repeated testing effect) and 3-day-old naive males
were compared to naive 7-day-old males (developmental effect)
using Mann-Whitney U-tests. Escape latency in males de-
creased as a function of repeated testing, z = 2.84, p < 0.005
(day 7 repeat testing: median = 21.5 s; range 1-50 s, and day 7
naive testing: median = 50.5 s; range 24-92 s). For escape at-
tempts in males there was a marginal effect for repeated test-
ing, p < 0.10 and a significant developmental effect, z = 3.21,
p < 0.002, with 7-day-old naive males having more escape at-
tempts (median = 8.0; range 4-13) than 3-day-old naive males
(median = 0; range 0-6). The change in escape attempts in fe-
males across days was also a developmental effect, z = 2.02,
p < 0.05, with a similar pattern to that seen in males.

Embryonic COC Exposure and Open-Field Behavior

Because significant sex and age interactions were found in
saline-treated subjects, COC effects were examined in each
sex separately, at each age. The data were analyzed by a
Kruskal-Wallis test for Treatment effects (controls, bolus
COC, and multiple injection COC) followed by Mann—Whitney
U-tests to determine specific effects. There were approximately
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equal numbers of males and females across the treatment
groups.

Males. No significant effects of E18 COC exposure were
found.

Females. On day 3 there was a significant treatment effect
for latency to begin exploring, H(2) = 8.14, p < 0.02 (Fig. 1)
and the number of lines crossed, H = 6.14, p < 0.05 (Fig. 2).
Compared to controls, both a single injection of COC, z =
242, p < 0.02, or five injections of COC, z = 2.34, p < 0.02,
increased the latency to explore. Multiple COC injections also
decreased the number of lines crossed compared to saline
controls, z = 2.25, p < 0.03. By days 5 and 7, there was no
longer evidence of a COC-induced effect on these measures.

Experiment 2

Hatching. The hatching and herniated umbilici data from
subjects in Experiment 2 have been previously reported (63).
Briefly, Treatment did not affect hatching rate or weight. TA-
COC subjects had more and larger herniated umbilici than
TA-Sal controls. Ritanserin pretreatment on E17 blocked this
effect, decreasing both herniation incidence and size.

Behavior. This study was designed to address six specific
issues and the data were analyzed to address these questions:
1) can we replicate the COC-induced changes in female chicks
open-field behavior found in Experiment 1?; 2) Does E17 ri-
tanserin exposure affect open-field behavior?; 3) Can E17 ri-
tanserin exposure prevent the COC-induced alterations in
open-field behavior measures?; 4) Does E18 COC exposure
alter LPS-induced sickness behavior?; 5) Does E17 ritanserin
exposure affect LPS-induced sickness behavior?; and 6) If
E18 COC exposure affects LPS-induced sickness behavior,
can pretreatment with ritanserin on E17 mitigate the COC-
induced changes? The behavioral data were summed across
minutes and analyzed as described in Experiment 1.

Open-Field Behavior

Effects of EIS§ COC exposure alone. Because significant sex
effects were found in Experiment 1, data for males and fe-
males were analyzed separately. There were equal number of
males and females in each of the treatment groups. Analyses
were conducted to determine if we could replicate the sup-
pression of activity in E18 COC-treated subjects by compar-
ing the TA-Sal controls (E17 and E18 controls) to the TA-
COC group (E17 vehicle and E18 COC treatment). Again,
there were no significant effects for males. In females, E18
COC exposure decreased the median number of lines crossed,
z = 1.98, p < 0.05 (Fig. 3) and the median number of distress
vocalizations, z = 2.11, p < 0.04 (Fig. 4), compared to the TA-
Sal females. Unlike Experiment 1, no effect was found for the
escape latency measure.

Effects of E17 ritanserin exposure alone. Rit-Sal-treated fe-
males (E17 ritanserin and E18 control) did not differ from the
combined E17/E18 control TA-Sal subjects on any of the
measures.

Effects of E17 ritanserin combined with E18 COC expo-
sure. To determine if blockade of 5-HT, receptors prior to
COC administration could prevent the COC-induced open-
field effects, the Rit-COC females (Rit pretreatment on E17
followed by COC treatment on E18) were compared to the
TA-Sal female controls. Ritanserin pretreatment negated the
significant COC effects found in the first comparison. Rit-
COC females did not differ significantly from TA-Sal females
on the measures affected by COC (Figs. 3 and 4).
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FIG. 1. Median latency in seconds for female chicks to begin explor-
ing the open field following E18 exposure to saline (n = 6), a single
COC injection (bolus COC; n = 7) or 5 COC injections (multiple
COC; n = 4). Solid circles represent the individual values. Chicks
were tested at 3 days of age and the data were summed across the
3-min test. *p < 0.05 compared to saline controls (Mann—-Whitney
U-test).

LPS-Induced Sickness Behavior

Effects of E18 COC exposure alone. There were no sex ef-
fects for any of the sickness behavior measures so the data
were collapsed across sex. Because of the orthogonal nature
of the data, the measures were highly intercorrelated and a
subset were chosen for analyses. Table 1 displays the data by
treatment groups. In controls (TA-Sal), LPS injection induced
a behavioral pattern consisting of low food consumption, little
time spent in eating or activity, and substantial time spent
sleeping. Exposure to COC on E18 (TA-COC group) attenu-
ated this pattern, increasing food consumption, z = 2.95, p <
0.004, and the time spent awake and active, including time
spent eating, z = 2.70, p < 0.007, as well as decreasing the
time spent sleeping, z = 3.11, p < 0.002. Time spent in quiet
inactivity was not affected.

Effects of E17 ritanserin exposure alone. Exposure to ritan-
serin on E17 (TA-Rit) had no effect on the food consumed or
time spent awake and active compared to the TA-Sal con-
trols. A different pattern was found for time spent sleeping,
where E17 ritanserin exposure affected E18 Sal-treated sub-
jects; the Rit-Sal chicks slept less than the TA-Sal controls,
z =2.36,p <0.02.

Effects of E17 ritanserin combined with E18 COC expo-
sure. To determine if ritanserin pretreatment could mitigate
the COC-induced attenuation of LPS-induced sickness behav-
ior, chicks treated with ritanserin on E17 followed by COC on
E18 (Rit-COC) were compared to the TA-Sal controls. Un-
like the open-field measures, the dose of ritanserin chosen for
this experiment did not eliminate the E18 COC effects for

13
90
)
80
70
- 607
?
(@] -
- 40 ®
e
= 30
20 *
10 4 s
0 - S
Saline BoJus Multiple
cocC cocC
Treatment

FIG. 2. Median number of lines crossed in the open field for female
chicks following E18 exposure to saline, a single COC injection
(bolus COC) or 5 COC injections (multiple COC). See Fig. 1 legend
for analysis detail.

these measures (Table 1). RIT-COC subjects ate more food,
z = 2.05, p < 0.05, spent more time active, z = 2.49, p < 0.02;
and less time asleep than TA-Sal controls, z = 2.49, p < 0.02.

DISCUSSION

In the present set of studies we examined open-field and
LPS-induced sickness behavior following embryonic exposure
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FIG. 3. Median number of lines crossed in the open field for female
chicks exposed to tartaric acid vehicle (TA) or ritanserin (Rit) on E17
followed by saline (Sal) or 5 cocaine (COC) injections on E18 (n = 7
for all groups). See Fig. 1 legend for analysis detail. *p < 0.05 com-
pared to TA-Sal controls (Mann-Whitney U-test).
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FIG. 4. Median number of distress vocalizations in the open field for
female chicks exposed to tartaric acid vehicle (TA) or ritanserin (Rit)
on E17 followed by saline (Sal) or 5 cocaine (COC) injections on
E18 (n = 7 for all groups). Median value for TA-COC group repre-
sents three data points. See Fig. 1 and 3 legends for analysis detail.

to COC and/or ritanserin. The dose of cocaine used (56.25
mg/kg egg, divided into five equal injections) was not lethal to
the embryos, as there was no reduction in hatching in either
study, although it did increase the incidence and size of the
minor structural malformation, herniated umbilici. COC sup-
pressed open-field activity in female chicks when they were
tested at 3 days of age and 0.4 mg ritanserin/kg egg blocked
this effect, suggesting a role for 5-HT, receptors in modulating
COCs effect on these behaviors. Embryonic COC also atten-
uated LPS-induced reductions in food consumption and activ-
ity; however, the dose of ritanserin chosen was unable to
block these effects. Exposure to either COC or ritanserin
alone decreased the time spent sleeping in the LPS-induced
sickness behavior assessment, and ritanserin did not block the
COC effect. In addition, we describe sex differences and ef-
fects of repeated testing in open-field behavior for saline-
treated chicks. These effects and their implications will be dis-
cussed separately.
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Chick Open-Field Behavior: Effects of Sex and
Repeated Testing

Like the rodent, patterns of open-field behavior in the
chick appear to differ by sex and as a function of test experi-
ence. In males, changes in open-field behavior were seen
across test days. The decrease in the latency to begin explor-
ing was a consequence of repeated testing, while the increase
in the number of escape attempts was primarily a conse-
quence of age, most likely because the birds were larger
(weighed approximately 30% more on day 7 than day 3), al-
though habituation to the novel environment with repeated
testing may have influenced both of these observations. For
the number of lines crossed and distress vocalizations neither
repeated testing nor developmental effects were significant,
suggesting that it was a combination of these factors involved
in producing the changes from day 3 to day 7. Females, on the
other hand, were not as affected by the repeated testing as the
males. The increase in escape attempts in females was a devel-
opmental effect, like that seen in males. These findings are
consistent with those Valloritgara and Zanforlin (56), who
found sex differences in open-field behavior, as well as other
unconditioned behaviors, in young chickens. These data also
suggest that gender should be analyzed when examining treat-
ment effects for such unconditioned behaviors in chicks.

EI18 COC Exposure: Suppression of Activity
and LPS-Induced Sickness Behavior

In both Experiments 1 and 2 E18 COC exposure decreased
the number of lines crossed by 3-day-old female chicks in a
3-min open-field test. In Experiment 1, the latency to begin
exploring was increased in the females, while in Experiment 2
the number of distress vocalizations was decreased. In Exper-
iment 1 multiple injections of COC gave a greater suppression
than a single bolus injection, although both total doses were
the same. These data are similar to the herniated umbilici
findings (63), where lengthening the duration of COC action
increased the induction of herniations. No effects of embry-
onic COC on open-field measures were seen for males in ei-
ther experiment, or for females on days 5 and 7 in Experiment
1. Thus, a transient and gender-specific suppression of activity
was found, much like that previously reported in the litera-
ture. For example Smith et al. (49) found that in rats males
were more sensitive to activity suppressant effects of prenatal

TABLE 1
LPS-INDUCED SICKNESS BEHAVIOR BY EMBRYONIC TREATMENT

Measure TA-Sal TA-COC Rit-Sal Rit-COC
Food consumed (g)

Median 0.0 0.36%* 0.0 0.12*

Range 0-0.76 0-1.89 0-0.62 0-2.17
Eating + Active Time (s)

Median 0.0 113.5% 37.0 77.5%

Range 0-211 0-220 0-169 0-223
Sleep Time (s)

Median 58.5 0.0* 0.0 0.0F

Range 0-248 0-101 0-179 0-64

Data were summed across the 5-min test.
n = 14 for all groups.

Significantly different than TA-Sal, *p < 0.01; tp < 0.05.
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COC exposure than females, and the subject’s age interacted
with the treatment effect. Church et al. found that prenatal
COC suppressed activity in 20-day-old male rats, but not 63—
70-day-old males (13). In swine exposed to cocaine prenatally,
Laferriére et al. (37) found that young (2-9 days of age), but
not older swine (22-29 days of age) showed suppressed loco-
motion and rooting behavior. Juvenile activity suppression af-
ter prenatal COC exposure may be a developmental conse-
quence, with a sensitive period for detection right after hatch-
ing in the chick and around the time of weaning in the rat. In
addition or alternatively, it may be a consequence of the re-
cency of the drug exposure and lack of time for the advent of
maturational or compensatory processes that may obviate or
mask them. Regardless of the mechanism, if prenatal COC ex-
posure alters the behavior of the neonate, even transiently and
in one sex, the developmental trajectory of these affected sub-
jects may likely be altered. In animal models, survivability may
be affected, while in exposed humans, caregiver—infant rela-
tionships may be disrupted for the reasons discussed below.

The suppression of activity by embryonic COC may result
from alterations in the behavioral state regulation of the chick
and/or its response to novel situations. The fact that embry-
onic COC effects were found only on the first day of testing
supports this latter interpretation. There has been a sugges-
tion from the literature that prenatal COC exposure may alter
the stress response of rats and this could interact with perfor-
mance in novel environments, such as an open field. For ex-
ample, adult rats prenatally exposed to COC had decreased
immobility time in the Porsolt swim test (5,41) and open-field
immobility following inescapable foot shock (41). These latter
data suggest that exposure to a stressor may help to unmask
differences in neuroendocrine function resulting from early
COC exposure. There have been reported significant alter-
ations in the neuroendocrine axis following prenatal COC ex-
posure [i.e., (8,9)]. Thus, prenatal COC could act as a general-
ized maternal stressor, and, in the case of the chicken embryo,
a more direct stressor on the developing nervous system, in-
fluencing postnatal behavior, especially when the organism is
challenged. In addition to the number of lines crossed in the
open field, distress vocalizations were also suppressed by em-
bryonic COC treatment. In a prior study, Sparber et al. (52)
found a dose-dependent decrease in distress vocalizations by
chicks treated during late embryogenesis with COC when
they were paired with like-treated broodmates, although
there was no effect on isolation-induced vocalizations. How-
ever, Hughes et al. (24) also found a decrease in isolation-
induced vocalizations in chicks exposed to COC during mid-
embryogenesis. Distress vocalizations have traditionally been
considered an index of isolation induced stress in a chick [i.e.
(42,55)], and therefore, might be expected to increase if the
COC-exposed chick is challenged by a novel environment. On
the contrary, data from the present study, along with that of
Sparber et al. (52) and Hughes et al. (24), suggest that the de-
creased vocalizations following embryonic COC exposure
may have adverse consequences. By decreasing vocalizations,
and thus the attention and potential protection from preda-
tors by a hen or conspecifics, embryonic COC exposure may
compromise survival of a young chicken in novel surround-
ings “in the real world.”

In addition to its effects on activity, E18 COC exposure
also affected LPS-induced sickness behavior. Following LPS
injection, a reduction in food consumption, decreased activity
and increased sleep are seen in both rodents [i.e. (14)] and
chickens (28,29). However, E18 COC exposure interfered
with the expression of LPS-induced sickness behavior, allow-
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ing greater food consumption and activity, and decreasing
sleep relative to control subjects injected with LPS. Sickness
behaviors result from stimulation of the immune system via
the direct actions of cytokines on the nervous system or via in-
direct actions on the hypothalamic—pituitary-adrenal (HPA)
axis and sympathetic nervous system. Manipulations, such as
embryonic COC exposure, that may affect the production of
cytokines, HPA axis hormones, and/or sympathetic neu-
rotransmission, may, in turn, affect the expression of sickness
behaviors. For example, administration of LPS elevates
plasma corticosterone in chickens (28) and in rodents (20). If
HPA axis development/function is compromised by prenatal
COC treatment, as discussed above, these LPS-induced neu-
roendocrine changes may be abnormal. Similar arguments can
be made for actions of embryonic COC on the developing
sympathetic nervous and immune systems. Acting in concert,
such attenuation of activity, distress vocalizations, and sick-
ness behavior caused by embryonic COC exposure can be
thought of as nonadaptive, decreasing chances of survival un-
der conditions of predation by macro (e.g., predatory birds)-
Or microorganisms.

E17 RIT Exposure: Effect on COC-Suppressed Activity and
LPS-Induced Sickness Behavior

E17 ritanserin exposure, at a dose of 0.4 mg/kg egg, did not
affect open-field activity, or LPS-induced lowered food con-
sumption and activity. For the open-field activity measures,
this dose of ritanserin was efficacious in mitigating COC’s ac-
tivity suppressant effects, such that Rit-Coc treated—females
did not differ from TA-Sal controls. These data suggest that
5-HT, receptor stimulation is involved in the etiology of the
activity suppression, and the results are similar to that seen
for chick detour learning, where E14 exposure to 0.3 mg rit-
anserin/kg egg was behaviorally inactive, but blocked the ef-
fects of the 5-HT, agonist DOI (7). However, the 0.4 mg/kg
dose of ritanserin was not able to alter COC-related modula-
tion of LPS-induced sickness behavior. It may be that these
behaviors are not influenced by the indirect action at 5-HT,
receptors following E18 COC exposure or that different doses
of ritanserin are needed to block this effect. Because exami-
nation of a dose-response relationship was not incorporated
in the present study, it is not possible to distinguish between
these possibilities at present.

One finding that was particularly intriguing was the effect
of E17 ritanserin exposure on LPS-induced sleep in the sick-
ness behavior assessment. E17 ritanserin treatment, like E18
COC treatment, decreased the amount of time spent sleeping.
This paradoxical effect may be a consequence of the biphasic
nature of 5-HT on the immune response, whereby 5-HT re-
ceptor blockade/antagonism (3,62) and excessive stimulation
(1,2,33) both lead to immunosuppression, suggesting that rit-
anserin may attenuate LPS effects, as it did for the sleep time
measure in this study. Future studies will determine the extent
of ritanserin’s ability to either enhance or attenuate immuno-
logical and behavioral effects of LPS, because in the present
study only a single dose was examined and the ritanserin sup-
pression was limited to sleep time. The induction of sleep by
LPS may be controlled by different mechanisms than suppres-
sion of food intake and activity which may be more sensitive
to alterations in the immune system induced by both 5-HT,
receptor blockade and excessive stimulation. Moreover, addi-
tional, perhaps even more selective, 5-HT, agents should be
tested to determine if ritanserin’s actions or lack thereof are
mediated at 5-HT, receptors and its subtypes.
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CONCLUSIONS

E18 COC exposure suppressed open-field activity in 3-day-
old female and LPS-induced sickness behavior in 10-day-old
male and female chicks. E17 ritanserin treatment, at a dose of
0.4 mg/kg, mitigated COC'’s suppression of open-field activity,
but did not mitigate COC effects on LPS-induced sickness be-
havior. Ritanserin itself affected the amount of time spent
asleep in this assessment. Because the dose of ritanserin used
in the present study was only partially efficacious and had
some effects of its own, future studies will examine dose—
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response relationships for ritanserin efficacy. Embryonic
COC exposure may compromise an organism’s ability to ef-
fectively respond to infectious agents by interfering with com-
munication between the nervous, immune, and endocrine sys-
tems and thus, this model may be useful for studying a source
of such health ramifications of prenatal COC exposure.
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