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(4) 413–417, 1998.—The present experiment examined the effects
of naloxone on freezing behavior in male and female rats following stress and no-stress conditions. Twelve male and 12 fe-
male Wistar rats were exposed to 10 min of mild, unpredictable footshock stress and to a comparable no-stress condition. Im-
mediately following stress or no-stress conditions, subjects were injected with naloxone or saline, and two independent ob-
servers measured freezing behavior. In male rats, naloxone potentiated freezing following stress but had no effect on freezing
following no-stress. In females, naloxone did not affect freezing regardless of stress conditions. These results reveal a sex dif-
ference in effects of naloxone on freezing behavior and suggest that sex differences may exist with respect to the role of en-
dogenous opioids under stress. © 1998 Elsevier Science Inc.
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FREEZING behavior is an “immobilized” rodent response to
the environment that is part of the repertoire of species-spe-
cific defense reactions in rats (2). When exhibited after stress,
this behavior has been interpreted as evidence that fear has
been conditioned to the context surrounding the stressful
event (6,9,14,19). Endogenous opioids, released in response
to stress, may play an important role in modulating this freez-
ing response. Specifically, reports indicate that administration
of opioid antagonists (e.g., naloxone, naltrexone) increases
the amount of time rats will freeze in response to a stressor
(6,8,14,19). Despite reports that male and female rats differ
with respect to endogenous opioid responses to stress (1,10),
there have been no direct comparisons of male and female
freezing responses following stress and the role that opioids
may play in modulating this behavior. The literature suggests
that female rats display greater amounts of hormonal re-
sponses (e.g., glucocorticoids, corticosteroids) to stress (5,15,
17), whereas male rats display greater behavioral responses
(e.g., defecation, decreased exploration, freezing) to stress (11,

12,20). To better understand sex differences in mechanisms
that may underlie freezing behavior, we examined the effects
of an opioid antagonist, naloxone, on freezing following expo-
sure to a mild, footshock stressor.

 

METHOD

 

Subjects

 

Subjects were 12 male and 12 female Wistar rats (Charles
River Laboratories, Wilmington, MA) that weighed 360g and
250 g, respectively, at the beginning of the experiment. Ani-
mals were experimentally naive and were housed individually
in standard rat shoebox cages (35.6 
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 15.2 

 

3

 

 20.3 cm) with
wire grid floors over absorbent hardwood-chip contact bed-
ding (Pine-Dri). The housing room was maintained at 23

 

8

 

C,
50% relative humidity, on a 12 L:12 D cycle (lights on at 0700 h).
Subjects had continuous access to tap water and standard lab-
oratory food pellets (Agway Prolab 3200) throughout the ex-
periment.
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Drugs

 

Endogenous opioid antagonism was induced by intraperi-
toneal (IP) injection of 1.5 mg/kg naloxone hydrochloride
(HCl; DuPont Pharmaceutical, Wilmington, DE). This dosage
of naloxone-HCl effectively induces opioid withdrawal behav-
iors in opioid-dependent male and female rats (18,22). Nalox-
one-HCl was suspended in 0.86% NaCl solution in a concen-
tration of 0.4 mg/ml.

 

Stressor

 

During each stress session, subjects were exposed to 10
min of inescapable, unpredictable electric footshock that was
delivered, on average, every 40 s (range 10–70 s). Each shock
stimulus lasted for 200 ms. The stimuli ranged from 0.1 to 0.8
mA across sessions and were delivered through a scrambler to
the grid floor of a sound-attenuated operant chamber (ENV-
001, Med Associates, East Fairfield, VT). This stimulus deliv-
ery schedule resulted in a total of 3 s of footshock over the 10-
min stress period. The maximum amount (i.e., 0.8 mA) and
duration of footshock has been used in previous research as a
mild stressor in male and female rats and results in a signifi-
cant increase in corticosterone, a biochemical index of stress
(18,22). The operant chambers were illuminated with a house-
light during the 10-min stressor period. The operant chambers
were connected to a power supply (SG600/C, Med Associates,
East Fairfield, VT) and were controlled by MED-PC com-
puter software (23), which was programmed in Turbo Pascal
(version 6.0).

 

Procedure

 

Subjects were gentled by daily handling for 3 days at the
start of the experiment. After 3 days of gentling (i.e., experi-
mental day 4), subjects were placed in the operant chambers
for 10 min, without footshock, and episodes of grooming,
rearing, vocalization, and teeth-chattering were recorded by
two independent observers. The purpose of this procedure
was to assess baseline occurrences of these behavioral indices
of stress. These behaviors were selected on the basis of pub-
lished reports of stress-related behaviors in male and female
rats during exposure to painful (e.g., intermittent footshock)
and nonpainful stressors (e.g., novel environment, condi-
tioned fear, restraint) (3,4,14,21). Beginning on experimental
day 5 and continuing through experimental day 14, subjects
received 10 min of daily exposure to mild, unpredictable, ines-
capable footshock stress as described above. The shock level
was set at 0.1 mA on the first stress day and was increased
daily to a maximum shock level of 0.8 mA. During each 10-
min stressor period, subjects were observed to assess effects
of stress on episodes of grooming, rearing, vocalization, and
teeth-chattering as described above. Immediately following
these 10-min behavioral observations on days 4 (no shock), 8
(0.8 mA footshock), 14 (0.8 mA footshock), and 15 (no
shock), each animal received a single IP injection of either
naloxone (1.5 mg/kg) or saline (0.90% NaCl solution) and
were transferred to their homecage. Subjects were randomly
assigned to drug conditions and injection volumes of saline or
naloxone ranged from 0.8–1.0 ml.

Freezing behavior was defined as the lack of all observable
body skeleton movement with the exception of those move-
ments related to respiration. Freezing behavior was assessed
in the home cage and began 5 min after naloxone injection to
provide time for drug distribution within the body. Subjects
were observed in groups of four over a 20-min observation pe-

riod. Specifically, each rat was observed for a 30-s window
during each 1-min interval by one observer. This time-sam-
pling procedure resulted in a total observation period of 10
min (i.e., 20, 30-s observations) for each animal. Total seconds
of freezing behavior was timed during each observation win-
dow by a battery-operated, quartz stopwatch, and was evalu-
ated after stress and no-stress conditions.

 

Treatment of Data and Statistical Analyses

 

To examine the behavioral responses to the footshock
stress, total episodes of grooming, rearing, vocalization, and
teeth-chattering were recorded by two independent observers
during stress and no-stress conditions (interrater reliability
coefficient: Pearson product-moment correlation 
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0.96 in
the present experiment). The number of these behaviors re-
corded by each observer was averaged to derive a behavioral
stress index (BSI) for each animal. Repeated-measures
ANOVA was used to compare the mean BSI obtained during
the stress conditions (days 8 and 14) with the mean BSI ob-
tained during the no-stress conditions (days 4 and 15). One-
way ANOVA was used to examine sex differences in BSI un-
der no-stress conditions. Because males had a significantly
greater BSI under no-stress conditions than did females, anal-
ysis of covariance (ANCOVA), using no-stress BSI values as
covariates, was used to examine sex differences in the BSI un-
der stress conditions.

Repeated-measures ANOVA was used to compare mean
seconds of freezing behavior observed following 10 min of
stress (days 8 and 14) with mean seconds of freezing behavior
observed following 10 min without stress (days 4 and 15). Sep-
arate one-way ANOVAs were used to examine the effects of
sex and naloxone on freezing behavior following no-stress
conditions. One-way ANOVA also was used to examine ef-
fects of naloxone on freezing behavior following stress condi-
tions. Analysis of covariance (ANCOVA), using no-stress
freezing values as the covariate, was used to examine effects
of sex on freezing following stress conditions. All significance
tests were two-tailed and were evaluated at 
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 0.05 to deter-
mine significance.

 

RESULTS

 

Figure 1 presents the behavioral response to no-stress and
stress conditions displayed by male and female rats. Re-
peated-measures ANOVA revealed significantly more stress-
related behaviors during stress than during no-stress condi-
tions, 
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(1, 22) 
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 188.14, 

 

p

 

 

 

,

 

 0.05. This effect of stress oc-
curred in males, 
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(1, 10) 
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 137.99, 
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,

 

 0.05, and in females,
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(1, 10) 
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 67.22, 

 

p

 

 

 

,

 

 0.05. Under conditions of no-stress,
males exhibited significantly more stress-related behaviors
than did females, 
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(1, 22) 
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 10.57, 

 

p

 

 

 

,

 

 0.05. Consistent with
previous reports with rats, males displayed significantly more
stress-related behaviors during stress than did females, 
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(1,
20) 
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 5.08, 

 

p

 

 

 

,

 

 0.05.
Figure 2 presents effects of naloxone on the average

amount of time spent freezing (seconds) by males (see Fig.
2A) and females (see Fig. 2B) following stress and no-stress
conditions as observed for 30 s during every minute over a 20-
min observation period. Following stress, there was a signifi-
cant drug by sex interaction, 
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(1, 19) 
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 9.27, 
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,

 

 0.05, with
naloxone potentiating freezing behavior in males, 
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(1, 10) 
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8.95, 

 

p

 

 

 

,

 

 0.05, and having no effect in females. In addition,
males displayed greater amounts of poststress freezing behav-
ior than did females, 
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(1, 19) 

 

5

 

 24.88, 

 

p

 

 

 

,

 

 0.05, and animals
exposed to naloxone froze significantly more following stress
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than did animals exposed to saline, 

 

F

 

(1, 19) 
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 7.21, 

 

p

 

 

 

,

 

 0.05.
Further analyses indicated that there were no significant dif-
ferences in poststress freezing between male and female rats
exposed to saline (24.25 
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 7.57 s vs. 6.17 

 

6

 

 2.09 s, respec-
tively). In contrast, male rats exposed to naloxone froze sig-
nificantly longer following stress than did female rats exposed
to naloxone [54.33 
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 6.63 s vs. 5.92 
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 2.17 s, respectively; 

 

F

 

(1,
9) 
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 39.77, 

 

p

 

 

 

,

 

 0.05].
Similarly, males froze significantly more than did females

following the no-stress period, 

 

F

 

(1, 20) 
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 6.36, 

 

p

 

 

 

,

 

 0.05. In
contrast to conditions of stress, there was no effect of nalox-
one on freezing behavior in males following a period without
stress (saline: 28.17 

 

6

 

 9.05 s vs. naloxone: 28.67 

 

6

 

 10.72 s).
Among females, apparent effects of naloxone on freezing be-
havior following no-stress were not statistically significant (sa-
line: 5.33 

 

6

 

 1.18 s vs. naloxone: 13.92 

 

6

 

 4.71 s).

 

DISCUSSION

 

The present experiment examined effects of naloxone on
freezing behavior, an adaptive response to environmental
threat or stress, in male and female rats. For males, naloxone
potentiated freezing behavior following stress but had no ef-
fect on freezing behavior following a period without stress. In
contrast, naloxone had no effect on freezing behavior in fe-
males, regardless of whether administration followed stress or
no-stress conditions. This sex difference in the effects of
naloxone on freezing behavior suggests that sex differences
may exist in endogenous opioid modulation of this adaptive
rodent response. The finding that males also displayed signifi-
cantly more stress-related behaviors during stress than did fe-
males is consistent with previous reports that sex differences
exist with respect to behavioral responses to stress (11,12,20).
Because males displayed an increase in poststress freezing fol-
lowing naloxone injection, it is possible that opioid modula-
tion of freezing may be a more important factor for males
than it is for females. In contrast, these results also may sug-

gest that female rats are less sensitive to opioid-mediation of
poststress freezing or that they have a qualitatively different
response to stress than do males. One possible explanation
may be the role that corticosterone may play in behavioral re-
sponses to stress. Earlier studies suggest that females display
greater hormonal responses (e.g., glucocorticoids, corticoster-
oids) to stress (5,15,17). Therefore, it also is possible that cor-
ticosteroids or glucocorticoids may be more relevant to post-
stress freezing for female rats than they are for male rats,
suggesting a differential biochemical response to stress in
males compared with females. An earlier report suggests that
female rats will shift stress-related behavior patterns towards
male patterns when administered a drug that alters corticos-
teroid responses to parallel male corticosteroid responses to
stress (13). It is unknown whether there were, in fact, sex dif-
ferences in corticosteroid, glucocorticoid, or endogenous opi-
oid levels among the animals in the present experiment. Future
experiments should examine peripheral and central nervous
system endogenous opioid peptide and hormonal responses to

FIG. 1. Effects of 0.8 mA-footshock on behavioral stress responses
of male (u) and female (j) rats. Total stress index was calculated as
the mean number of stress behaviors (grooming, vocalizations, teeth-
chattering, and defecation) observed by two independent observers
during 10 min of stress (days 8 and 14) and no-stress (days 4 and 15).
Error bars are equal to the standard error of the mean.

FIG. 2. Seconds of freezing behavior observed in male (A) and
female (B) rats in response to saline (u) or naloxone (j) following
stress and no-stress conditions as observed for 30 s during every
minute over a 20-min observation period. Error bars are equal to the
standard error of the mean.
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stress to further determine how these factors might influence
poststress freezing in males and females.

The present findings with female rats also are consistent
with an earlier report that naloxone administered to female
rats at the time of stress exposure has no effect on freezing be-
havior immediately after stress (19). It is possible that the dif-
ferences in freezing behavior following naloxone injection
were a result of sex differences in sensitivity to opioids. Spe-
cifically, it is possible that the female rats were less sensitive to
the effects of opioid antagonists or endogenous opioid agonists.
For example, a recent report suggests that female rats self-
administer significantly more opioids than do male rats fol-
lowing exposure to 0.8 mA of intermittent footshock stress, a
level similar to that used in the present experiment (18). In
that same experiment, however, male rats displayed signifi-
cantly more opiate withdrawal behaviors following 1.5 mg/kg
injection of naloxone despite lower amounts of opioid con-
sumption. Results from the present experiment, as well as
these reported sex differences in opioid consumption and
withdrawal, may reflect differences in the endogenous opioid
peptide system of male and female rats. Future studies should
evaluate these potential differences in opioid sensitivity to
help clarify sex differences in behavioral effects of naloxone
under stress and poststress conditions.

It is important to note the role that a lack of a stress effect
on freezing behavior might have played in the present experi-
ment. In light of previous reports, this finding could be ex-
pected for two reasons. First, previous studies suggest that
poststress freezing behavior is dramatically decreased when
animals are observed in an environment that is different from
where the stressor originally occurred [e.g., (7)]. In the
present experiment, poststress freezing behavior was assessed
in the home cage, a separate environment from where the
stress procedure actually occurred. As a result, the present re-
sults may reflect a significant decrease in the amount of freez-
ing behavior than would have been observed had the animals
been placed back in the operant chamber where the shock ac-
tually occurred. Second, it is possible that elevations in no-
shock freezing were observed on the last day because of the

within-subject design used in the present experiment. Specifi-
cally, no-stress observations of freezing on the last day oc-
curred after animals had been stressed on the prior day. As a
result, it is possible that animals displayed elevated levels of
freezing 24 h following stress conditions. This pattern of 24-h
delayed postshock freezing has been reported in the literature
(7) and suggests that generalized fear may have been associ-
ated between the shock chambers and the home cage, result-
ing in increased freezing. Given these two explanations, it is
particularly noteworthy that the present experiment provides
evidence of naloxone-induced freezing following stress com-
pared with no-stress conditions despite this lack of a stress ef-
fect on freezing behavior. Future experiments should incorpo-
rate a between-subject design, and perhaps test subjects in the
same and separate environments in order to delineate the
possible effects of contextual stimuli on poststress freezing.

Endogenous opioids play an important role in pain and
stress responses, and the present findings are consistent with
other reports of sex differences in behavioral and neuroendo-
crine responses to stress (1,5,10–12,15,16). These results sug-
gest that sex differences may exist with respect to opioid-
mediated behaviors, and may indicate that males and females
differ in their behavioral and biological responses to environ-
mental threat.

 

ACKNOWLEDGEMENTS

 

This work was conducted at the Uniformed Services University of
the Health Sciences (USUHS) and was supported by USUHS proto-
col R072AR. The opinions or assertions contained herein are the pri-
vate ones of the authors and are not to be construed as official or re-
flecting the views of the Department of Defense, USUHS, the
University of California, Los Angeles, the Food and Drug Adminis-
tration, or the National Center for Toxicological Research. The pro-
cedures followed in this research were reviewed and approved by the
USUHS Laboratory Animal Review Board. The authors thank Kevin
Alvares and Stephanie Nespor for their contributions to this experi-
ment. In addition, we thank the editor and reviewers for valuable
comments on an earlier version of this manuscript.

 

REFERENCES

 

1. Baamonde, A. I.; Hidalgo, A.; Andres-Trelles, F.: Sex-related dif-
ferences in the effects of morphine and stress on visceral pain.
Neuropharmacology 28:967–970; 1989.

2. Bolles, R. C.: Species-specific defense reactions and avoidance
learning. Psychol. Rev. 77:32–48; 1970.

3. Calcagnetti, D. J.; Schechter, M. D.: Deficits in shock-induced
freezing and naltrexone enhancement of freezing in Fawn
Hooded rats. Brain Res. Bull. 35:37–40; 1994.

4. Courvoisier, H.; Moisan, M. P.; Sarrieau, A.; Hendley, E. D.;
Mormede, P.: Behavioral and neuroendocrine reactivity to stress
in the WKHA/WKY inbred rat strains: A multifactorial and
genetic analysis. Brain Res. 743:77–85; 1996.

5. Critchlow, V.; Liebelt, R. A.; Bar-Sela, M.; Mountcastle, W.; Lip-
scomb, H. S.: Sex difference in resting pituitary–adrenal function
in the rat. Am. J. Physiol. 205:807–815; 1963.

6. Davis, H. D.; Henderson, R. W.: Effects of conditioned fear on
responsiveness to pain: Long-term retention and reversibility by
naloxone. Behav. Neurosci. 99:277–289; 1985.

7. Fanselow, M. S.: Conditional and unconditional components of
post-shock freezing. Pav. J. Biol. Sci. 15:177–182; 1980.

8. Fanselow, M. S.; Bolles, R. C.: Naloxone and shock-elicited freez-
ing in the rat. J. Comp. Physiol. Psychol. 94: 736–744; 1979.

9. Fanselow, M. S.; Calcagnetti, D. J.; Helmsetter, F. J.: Peripheral

 

versus intracerebroventricular administration of quartenary nal-
trexone and the enhancement of Pavlovian conditioning. Brain
Res. 444: 147–152; 1988.

10. Farabollini, F.; Heinsbroek, R. P. W.; Facchinetti, F.; Van De
Poll, N. E.: Pituitary and brain 

 

b

 

-endorphin in male and female
rats: Effects of shock and cues associated with shock. Pharmacol.
Biochem. Behav. 38:795–799; 1991.

11. Gray, J.: Sex differences in emotional behavior in mammals
including man: Endocrine bases. Acta Psychol. 35: 29–46; 1971.

12. Gray, J. A.; Lalljee, B.: Sex differences in emotional behaviour in
the rat: Correlation between open-field defecation and active
avoidance. Anim. Behav. 22:856–861; 1974.

13. Haleem, D. J.; Kennett, G.; Curzon, G.: Adaptation of female
rats to stress: Shift to male pattern by inhibition of corticosterone
synthesis. Brain Res. 458:339–347; 1988.

14. Helmsetter, F. J.; Fanselow, M. S.: Effects of naltrexone on learn-
ing and performance of conditioned fear-induced freezing and
opioid analgesia. Physiol. Behav. 39:501–505; 1987.

15. Kant, G. J.; Lenox, R. H.; Bunnell, B. N.; Mougey, E. H.; Pen-
nington, L. L.; Meyerhoff, J. L.: Comparison of the stress
response in male and female rats: Pituitary cyclic AMP and
plasma prolactin, growth hormone and corticosterone. Psycho-
neuroendocrinology 8:421–428; 1983.



 

SEX DIFFERENCES IN FREEZING 417

 

16. Kimura, N.; Yoshimura, H.; Ogawa, N.: Sex differences in stress-
induced gastric ulceration: Effects of castration and ovariectomy.
Psychobiology 15:175–178; 1987.

17. Kitay, J. I.: Sex differences in adrenal cortical secretion in the rat.
Endocrinology 68:818–824; 1961.

18. Klein, L. C.; Popke, E. J.; Grunberg, N. E.: Sex differences in
effects of predictable and unpredictable footshock on fentanyl
self-administration in male and female rats. Exp. Clin. Psychop-
harmacol. 5:99–106; 1997.

19. Lester, L. S.; Fanselow, M. S.: Naloxone’s enhancement of freez-
ing: Modulation of perceived intensity or memory processes?
Physiol. Psychol. 14:5–10; 1986.

20. Maren, S.; De Oca, B.; Fanselow, M. S.: Sex differences in hippo-
campal long-term potentiation (LTP) and Pavlovian fear condi-

tioning in rats: Positive correlation between LTP and contextual
learning. Brain Res. 661:25–34; 1994.

21. McGivern, R. F.; Rittenhouse, P.; Aird, F.; Van de Kar, L. D.;
Redei, E.: Inhibition of stress-induced neuroendocrine and
behavioral responses in the rat by prepro-thyrotropin-releasing
hormone 178–199. J. Neurosci. 17:4886–4894; 1997.

22. Shaham, Y.; Klein, L. C.; Alvares, K.; Grunberg, N. E.: Effect of
stress on oral fentanyl consumption in rats in an operant self-
administration paradigm. Pharmacol. Biochem. Behav. 46:315–
322; 1993.

23. Tatham, T. A.; Zurn, K. G.: The MED-PC experimental appara-
tus programming system. Behav. Res. Methods Instrum. Comput.
21:294–302; 1989.


