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Differences in morphine-induced antinociception in male and 
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ABSTRACT

Objective: Antinociceptive effect of morphine in offspring born of mothers that received 

saline or morphine during the gestation period was investigated.

Materials and Methods: Wistar rats (200-250 g) received saline, morphine 0.5 mg/kg or 

5 mg/kg during gestation days 14-16. All pups after weaning were isolated treatment/sex 

dependently and were allowed to fully mature. The antinociceptive effect of morphine 

was assessed in formalin test. Morphine (0.5-7.5 mg/kg) or saline (1 ml/kg) was injected 

intraperitoneally 10 min before formalin (50 µl of 2.5% solution in right hind-paw).

Results: Male offspring born of saline-treated mothers were less morphine-sensitive than 

females. On the contrary, male offspring exposed prenatally to morphine (5 mg/kg) were 

more sensitive to morphine-induced antinociceptive response in formalin test. However, 

no difference in antinociceptive effect was observed amongst offspring of either sex born 

of mothers treated with morphine 0.5 mg/kg, identifying a lower dose effect of the opioid.

Conclusion: The exposure to morphine during the developmental period may result in 

altered development of tolerance to morphine and thus involved in drug abuse.
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Introduction

Evidence suggests an important gender difference in 

susceptibility to pain. According to the literature review, the 

males and females exhibit differences in their pain experiences. 

The females experience more pain and report more negative 

responses to pain than the males.[1]

Difference between males and females in analgesic 

effect following morphine administration is though generally 

accepted,[2] the mechanism of this sexual dimorphism is 

unclear. The persistence of analgesic sex differences after 

morphine injection in experimental animals, however, clearly 

implicates contributions from sites within the central nervous 

system[3] or strains. Particularly morphine analgesia subjects 

to sex differences in rats and mice.[3] Both opioid and non-

opioid drugs that modulate morphine analgesia also do so 

sex-dependently.[4]

Exposure to morphine during gestation differentially 

alters the development of brain systems that mediate stress 

responses, such as norepinephrine (NE), and opioids, in the 

two sexes.[5] The exposure to morphine on gestation days 

11-18 has long-term, sex-dependent effects on mu-opioid 

receptor binding in the brains of adult rats. This gestational 

morphine exposure reduces mu-opioid receptor binding by 

25% in the hypothalamus and preoptic area (POA) of adult, 

ovariectomized female rats.[5]

Till date no study assessing the pain behavior in rat formalin 

test in the offspring born of mothers exposed to morphine 

during the gestational period have been performed. Present 

data provide surprising sex and dose differences in the analgesic 

effect induced by morphine in the offspring born of morphine 

exposed mothers.

Materials and Methods

Animals

Females Wistar rats approximately 120-140 days of age, 

200-250 g (provided by Pasteur Institute of Iran) were used in 

the study. Animals were maintained under standard conditions; 

a 12 h light/dark cycle (light on at 7:00 a.m.), 24°C ± 2°C 

temperature, 50-55% humidity and were allowed free access to 

water and food ad lib. The local Committee for Ethics confirmed 

the protocol.
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Drugs

Morphine sulphate (provided by TEMAD, active 

pharmaceutical ingredients, co., Iran) was prepared freshly 

by dissolving in saline at the desired concentration. In control 

group, saline was administered in a volume of 1 ml/kg. The 

acetate buffered formalin 2.5% mixture was prepared with 

extra-pure formalin (Merck Co., Germany).

Experimental Procedure

The female rats were housed with adult male rats. The 

observation of vaginal plugs was graded as embryonic day zero 

(E0). Each pregnant animal then was housed individually and 

received saline or morphine (0.5 mg/kg or 5 mg/kg, s.c.) through 

the 14th-16th days of pregnancy. All pups were weaned after 

20 days passed of delivery. Post-weaning pups were grouped 

based on sex and prenatal treatment with saline/morphine dose 

treatment and were allowed to fully mature. To avoid of effect of 

changes in estrous cycling on nociceptive responses in female 

animals they were housed separately. Without exposing with 

male rats, the female rats are always in the diestrous phase; 

their phases will progress only after mating with a male rat.[6] 

The offspring were then grouped (n = 6 each sex) and examined 

for morphine antinociceptive effect using the formalin test.

Formalin Test

Each rat was placed in the transparent acrylic cage for 15-

20 min to habituate. A mirror placed under the cage allowed an 

unobstructed view of the animal’s paws to the observer. The 

antinociceptive effect of morphine was tested after 10 min using 

formalin injection. This time is sufficient for morphine to achieve 

its acute, but not complete antinociceptive effect. As evidence 

suggests, antinociceptive effect of morphine (early phase) 

appears very rapidly: The potency of morphine develops long-

lasting through activation of both the endogenous antinociceptive 

systems and change in receptors’ sensitivities.[7] After (10 min) 

injection of morphine (0.5-7.5), each rat was restrained and 

received a 50-ìl (s.c.) injection of buffered formalin (2.5%) into 

the right hind-paw and placed in the observation box for 60 min. 

The pain response in the formalin test consists of an initial display 

of nociceptive behaviors that subsides after approximately 5 

min and reappears after an additional 10-15 min; it then slowly 

diminishes over the subsequent 40-60 min and these behaviors 

have been described in detail.[8] Subjects in this experiment were 

observed for 60 min following formalin injection and the rats 

were rated every 15 s continuously by a 4-point scale: A score 

of 0 denotes normal use of the injected paw (i.e., the plantar 

surface of the paw comes into full contact with the floor of the 

observation box and the animal’s weight is evenly distributed 

between hind-paws). A score of 1 indicates careful use of the 

injured paw, with some part of the paw in contact with the floor; 

the animal limps when walking. A score of 2 indicates elevation 

of the paw. A score of 3 denotes vigorous shaking or licking 

of the injured paw (distinct from normal grooming behavior). 

Scores were calculated as previously described[9] in which, pain 

behaviors are expressed during the initial early phase (0-5 min) 

or the second, late phase (15-60 min).

Statistical Analysis

T h r e e - w a y  A N OVA  w a s  u s e d  f o r  p r e n a t a l l y 

treatment*sex*challenge dose. One-way analysis of variance 

(one-way ANOVA) was performed for each condition for 

each sex. Tukey-Kramer post hoc analysis was carried out 

if permitted. Differences with P < 0.05 were considered 

statistically significant.

Results

Morphine Antinociception in Male and Female Offspring Born 

of Saline or Low/High Dose Morphine Treated Mothers

Data were analyzed using three-way ANOVA, which 

significantly indicated an interaction. Three-way ANOVA provided 

that sex*treatment interaction is significant; F 
Sex*Treatment

 (1, 150) 

= 21.005; P < 0.0001. The analysis also showed significantly 

interaction of treatment*dose and sex*dose in a respective 

manner: F 
Treatment*Dose

 (14, 150) = 13.367; P < 0.001 and F 
Sex*Dose

 

(14, 150) = 2.638; P < 0.01.

Treatment*dose interaction for males but not females was 

indicated as significant (F 
Treatment*Dose

 (8, 75) = 6.031; P < 0.0001 

in early and F 
Treatment*Dose 

(8, 75) = 3.310; P < 0.001 in late  

phases).

Administration of morphine (0.5-7.5 mg/kg) in offspring 

born of saline-treated mothers caused antinociceptive effect 

significantly (both in early phase: F (4, 24) = 6.205; P < 0.01 and 

late phase: F (4, 24) = 17.890; P < 0.0001 in female offspring, 

and males: F (4, 24) = 144.90; P < 0.0001 and F (4, 24) = 

140.100; P < 0.0001 respectively [Figure 1]. Post hoc analysis 

further indicated differences in the anti-pain effect induced by 

morphine in this category as males are less morphine-sensitive 

than females (late phase only).

In addition, pre-testing administration of morphine in 

offspring born of mothers received low-dose of morphine 

Figure 1: This figure shows the dose-response curves to morphine 
(0.5-7.5 mg/kg) in offspring born of saline-treated mothers. The scores 
were calculated according to the protocol detailed in material and 
method section and shown as mean ± SEM. *P < 0.05, **P < 0.01, ***P 

<0.001, #P < 0.05, ##P < 0.01, ###P < 0.001 are differences to controls 
according to post hoc analysis

a

b
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in permeability of the blood-brain barrier in developing 

organisms.[11] By considering the gender differences in 

rate and timing of brain development,[12] the prenatal drug 

exposure can differently produce responses in male and 

female offspring. As been evidenced the catecholamine 

neurons differ in developing male and female rats during 

gestation days 14-16.[13] The brain sexual differentiation of 

dopamine and NE neurons has been deleted in the absence 

of gonadal steroids[14] showing a dependence of sexual 

differentiation to the steroids. Exposures to morphine during 

gestation, thus, induce differentially an alteration on developing 

brain systems that mediate pain responses in the two sexes.[5]

Prenatal morphine exposure evidently concerns the 

endogenous opioid systems and alters the estrogen regulation 

of m, d, and k opioid receptor binding in specific brain regions in 

adult female rats.[5,15] Thus, our findings that prenatal morphine 

exposure significantly (P < 0.0001) enhances the sex-dependent 

anti-nociceptive effects of an acute morphine injection may 

identify the altered receptive responses to environmental 

stimuli through modifying both the pain stress-sensitive brain 

circuitry and the opioid-receptor mediated signaling.

Considering that in female rats, morphine exposure during 

pregnancy significantly changes the regional development 

of [3H] Met-enkephalin binding sites in the brains of the 

offspring,[16] a possible explanation may be that the prenatal 

exposure to morphine altered the ì-opioid receptors in brain 

regions or changed endogenous opioid binding sites in the 

offspring brain areas involved in pain behavior.

[Figure 2] showed also significant effects both in early phase: 

F (4, 24) = 3.117; P < 0.05 and late phase: F (4, 24) = 7.756; 

P < 0.001 in females [Figure 1] and respectively in males: F (4, 

24) = 3.763; P < 0.05 and F (4, 24) = 14.043; P < 0.0001. Post 

hoc analysis identified no differences in this category.

Furthermore, pre-testing injection of morphine in offspring 

born of mothers received high-dose of morphine revealed the 

antinociceptive effect of drug significantly both in early F (4, 

24) = 21.496; P < 0.0001 and late F (4, 24) = 6.220; P < 0.01 

phases in female offspring [Figure 3] and males respectively: 

F (4, 24) = 8.582; P < 0.001 and F (4, 24) = 11.458; P < 0.0001. 

Post hoc analysis showed differences in the category: Males are 

more sensitive than females in both phases.

Discussion

This study discuses, the difference in morphine 

antinociception in male and female offspring born of saline 

or morphine treated mothers. Based on this result, the 

administration of morphine during the pregnancy induced 

change in behavior to pain. As present data provide a short-

time exposure of pregnant female rats to morphine altered the 

pain behavior of their adult offspring exposed to the drug during 

the developmental period in a dependent manner to the sex.

There are few findings in support of the present data. It has 

been postulated that the analgesic differences show persistency 

after central morphine microinjection in mice.[10] Opioids 

accumulate selectively in the brains and nervous tissues 

of fetus and pre-weaning rats presumably due to increase 

Figure 2: The figure shows the dose-response curves for morphine 
(0.5-7.5 mg/kg) in offspring born of morphine 0.5 mg/kg-treated 
mothers. The scores were calculated according to the protocol 
described in material and method section and shown as mean ± SEM. 
Based on post hoc analyses *P <0.05, **P <0.01, ***P <0.001, #P <0.05, 
##P <0.01, ###P <0.001 are differences to controls

a

b

Figure 3: The figure shows the dose-response curves to morphine 
(0.5-7.5 mg/kg) in offspring born of morphine 5 mg/kg-treated mothers. 
The scores were calculated according to the protocol detailed in main 
text and shown as mean ± SEM. Post hoc analyses show **P < 0.01, 

***P < 0.001, #P < 0.05, ##P < 0.01, ###P < 0.001 differences to controls

a

b
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Exposure of rats to morphine during early development 

may also alter the brain opioid system, suggesting the possible 

consequences for morphine-mediated functions. As previous 

data suggest the prenatal morphine exposure alters estrogen 

regulation of kappa receptors in the frontal cortex and POA 

of females, but, it has no effects on 8-receptors in any of the 

examined brain regions in male rats.[17] This may explain the 

present observation effects showing that males are normally 

less morphine sensitive (late phase only), although, a morphine 

pre-treatment makes them more sensitive (both phases). In 

support, it has been demonstrated that the hormone responses 

to stimuli sex-dependently alters by prenatal exposure to 

morphine in adult rats.[18]

Steingart et al.,[19] furthermore, concluded that normal adult 

female rats react to stressors more intensely than adult male 

rats due to alteration in the glucocorticoid negative feedback 

inhibition.

Though, our results show a gender difference in anti-

nociceptive behavior of morphine in offspring receiving high-

dose of morphine prenatally, the antinociceptive response to 

the opioid did not reveal sex difference in prenatally morphine 

low-dose exposed offspring. The results may indicate that the 

morphine-induced antinociceptive response is most likely a 

net outcome of opioid acting on different classes of receptors 

having different regulating functions on opioid-induced 

antinociception. However, no previous studies show discordant 

results that prenatal exposure to low dose of morphine changed 

antinociceptive response to the drug in adulthood dependently 

to the sex. In a previous study on morphine induced analgesia 

in mice using tail-flick a low-dose of the opioid (1 mg/kg) has 

been accordingly reported as non-effective dose of morphine.[20] 

Previous data additionally show that even prolonged exposure 

of pregnant Sprague-Dawley rats to low-doses of morphine 

(up to 4 mg/kg) during days 3-20 of gestation did not result 

in sex-differences in formalin tests of the offspring,[21] the 

finding, which has been discussed by considering of tolerance 

development to morphine in prenatally morphine exposed rats. 

Other data however, show that prenatal morphine-induced 

analgesia altered pain sensitivities in a gender dependent 

manner in adulthood.[22] The present results, so, merely propose 

that the status of endogenous opiate systems may alter the 

expression of many opioid-regulated behaviors in adulthood.

The significance of the present data may be that a short-time 

opioid high-dose therapy during days of pregnancy may possibly 

cause sex-related change in pain response in adulthood.

It is known that in some phases of pregnancy, embryos 

are more sensitive to the effects of exogenous substances like 

abused drugs.[23] Our data reveals that an exposure to low-dose 

morphine prenatally is more effective in causing tolerance to 

morphine antinociceptive effect. One explanation for is that 

this observation morphine acts on several types of opioid 

receptors that have different affinity for the drug. Moreover, 

the populations of these receptors are gender dependently 

different in the developing embryo.[10,24] Therefore, the opioid 

receptor subtypes, those that are considered as responsible 

for the action of morphine are more sensitive to the lower 

dose of the drug. Alternatively, the action of the drug may be 

masked by activities of other opioid receptor subtypes when 

dose of morphine is increased. Another reason is that the opioid 

receptors located on the placenta are more sensitive to the 

lower doses of morphine.[25]

Our results show that short-time fetal morphine administration 

may produce long-term consequences in the brain. Morphine 

exposure prenatally may cause a change in somatic parameters 

such as analgesia, and responsiveness to inflammatory pain. This 

may be discussed in a way that morphine exposure prenatally 

may result in altered development of tolerance to morphine and 

thus may be involved in drug abuse.
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