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ABSTRACT 
    Sex differences in analgesic responses and tolerance to morphine under the 

systemic and injection in some nuclei of brain have been reported, although the 

trend of these differences varies across studies. The purpose of the present study 

was to determine whether development tolerance to the analgesic effect of 

morphine differs between male and female in intra-nucleus accumbens 

administration of morphine in rat. In order to induce tolerance, adult male and 

female rats were injected with morphine (2.5, 5, 10 and 50 µg/0.5 µL; intra-

accumbal infusions) for 4 consecutive days during which, non-tolerant group 

received a single dose of morphine (saline for 3 consecutive days and morphine on 

4th day) and control vehicle group received saline (4 consecutive days). On day 4, 

tail flick and hot-plate test was done for pain evaluation in separated groups. The 

results of the study revealed 4 effects. 1) No significant morphine antinociceptive 

effect by tail flick test in both sexes, while significant antinociceptive effect of 

morphine were observed in the hotplate test. 2) No significant sex differences were 

observed in hotplate test after acute morphine injection to animals. 3) Rats showed 

significantly tolerance to morphine analgesic effects under protocol by hotplate test. 

4) Female rats showed significantly more tolerance to morphine analgesic effects 

than males by hotplate test. These data demonstrate that there were sex differences 

in tolerance to morphine antinociception in intra-nucleus accumbens administration 

that is dependent, in part, on the nociceptive test. 
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      INTRODUCTION 

Animal studies have revealed that male and female show 

different sensitivities to the effect of opioids. For example, 

male rats are typically more sensitive than female to the 

antinociceptive properties of morphine in several different 

pain model [1-5]. There is also several evidence 

demonstrating sex differences in the development of 

tolerance and dependence to opioid such as morphine [2, 4, 

6, 7]. Male rats have been reported to show greater 

antinociception than females following systemic 

administration of morphine [3, 5, 8, 9]. Although, several 
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factors such as different pharmacokinetics for drug and pain 

sensitivity may contribute to this difference, greater 

antinociception in male than female following intra cerebra 

ventricular (ICV) administration of morphine [10] point out 

a difference in the brains of male and female rats. It was 

shown that micro injection of morphine into the PAG or 

RVM nucleus of brain in male and female rat, 

antinociceptive effect produces greater in male rat rather 

than female[10-12].  

Although these sex differences in morphine 

antinociception and tolerance was not reported in others 

nucleus such as accumbens. We have hypothesized that the 

nucleus accumbens is a strong candidate to mediate sex 

difference in morphine induced antinociception since this 

site play an important role on process of 

reward/nociception/addiction mechanism. Therefore, the 

purpose of the present study was to determine whether 

development tolerance to the analgesic effect of morphine 

differs in intra–nucleus accumbens administration between 

male and female rats.  

 

MATERIALS AND METHODS 

Animals  

In the present study, male and female Wistar rats 200±20 

g (Shahid Beheshti laboratories, Tehran, Iran) were housed 

in groups of six to eight and were allowed free access to 

food and water, except for a short duration of time when the 

animals were removed from their cages for testing. All 

experiments were conducted between 10 am and 4 pm with 

normal room light (12 hours of regular light/dark cycle) and 

temperature of 22±1°C. The procedures were carried out in 

accordance with the guidelines of Pharmaceutical Sciences 

Branch of Islamic Azad University for animal care and use. 

Additionally, efforts were made to minimize the animals’ 

suffering and to use only the number of animals necessary to 

produce reliable scientific data. 

   

Drugs  

Powdered morphine (Temad Co.) was dissolved in 

saline. The solutions were prepared immediately before use 

and intra accumbal injected in a volume of 0.5µL/Rat. 

 

Experiments  

In this study٫ tail-flick and hot plate tests were carried on 

separate groups. The objective of this experiment was to 

determine whether tolerance developed to the 

antinociceptive effect of microinjecting morphine into NAcc 

and whether there are sex differences in development 

morphine tolerance.  

 

 Nociceptive tests  

Tail-flick test: The nociceptive threshold was measured 

by the tail-flick apparatus (Borj Sanat, Iran). The tail-flick 

latency (TFL) was also measured by exposing the dorsal 

surface of mice tail to radiant heat and recording the time in 

which animals removed the tail away from the noxious 

thermal stimulus. Their action time between the onset of heat 

stimulus and movement of the tail was determined by an 

automatic sensor as TFL. The thermal intensity of radiant 

heat source was set to produce a baseline TFL between 3.0 

and 4.0 (S). To avoid tissue damage٫ trial was automatically 

terminated if a response did not occur in 9.0 and 10.0 (S) 

(cut-off point). TFLs(s) were expressed as raw data. To 

evaluate the sensitivity of animals to nociceptive stimulus٫ 

the individual TFL was considered as a pain threshold before 

and after (15, 30 and 60 min) drug treatment.  

 

Hot-Plate test   

Animals were individually placed on a thermostatically 

controlled hot-plate (Borj Sanat, Iran), maintained at 55 ± 

0.5 °C. Briefly, the animals were placed on the hot-plate 

apparatus and the time between their placement on platform 

and shaking or licking of the paws or jumping was recorded 

as the reaction time or latency of pain response. In order to 

avoid damage to paws of the animals, the standing time on 

the plate was limited to 20 seconds (cut-off time). Before 

treatment, the reaction time was taken once. The hot plate 

test was performed on all animals individually, 15, 30 and 60 

min after treatment. 

 

Experimental design 

Male and female rats (200-220 gr) were anesthetized 

with (ketamine 100 mg/kg and Xylazine 10 mg/kg) and 

implanted with a guide cannula (23gange) aimed at NAcc. 

The rats were take recovery days for 7 days and then 

received morphine according to the protocol (in order to 

induce tolerance adult male and female rat were injected 

with morphine (2.5, 5, 10 50µg/0.5ml, 4 consecutive days) 

which non-tolerant group received a single dose of morphine 

(Saline for 3 consecutive and morphine on 4th day) and 

control vehicle groups received saline alone (4 consecutive 

days) (Fig. 1).  

 

Surgery  

Rats were anesthetized with ketamine/xylazine and 

placed in stereotaxic apparatus. Microinjections were 

performed by 30 gauge cannulae into the nucleus accumbens 

(1mm below the tip of the guide cannulae, AP, 1.8 mm; ML, 

1.2 mm; DV, −7.2 mm) (Paxinos and Watson, 1986). 

Polyethylene tubing (PE-20) was used to attach injector 

cannula to the 1-µl Hamilton syringe. Drug solutions or 

vehicles were slowly administered in a total volume of 

0.5µl/rat over a period of 60s into the nucleus. Injection 

needles were left in place for an additional 60s to facilitate 

diffusion of the drugs, and then the stylets were reinserted 

into the guide cannulae.  

 

Statistical analysis 

Comparisons between the groups were carried out using 

the analysis of variance (ANOVA) and post hoc Tukey’s test 

P<0.05 was considered to represent a significant difference. 

 

RESULTS 

Tail flick test  
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Antinociceptive effects of morphine was initially 

examined by intra-accumbal administration using the tail-

flick test. Figure 2 shows that morphine did not significantly 

increased tail-flick latency in a dose-dependent manner (2.5, 

5, 10 and 50 µg/rat) 15 min after microinjection in male 

mice. When the time course of antinociception was 

examined, maximal mean TFL were observed 15 min after 

administration of morphine doses 10 and 50 µg/rat, and these 

doses were used to determine time course effect in male and 

female rats. Figures 3A and 3B show that TFL values were 

similar between morphine and saline groups, indicating that 

opioid agonist does not possess antinociceptive efficacy in 

intra-accumbal administration in both sexes. Although 

morphine (10mg/kg) significantly increased TFL in male 

rats 30min later to microinjection in compared to saline 

group. Figure 3 shows that there were significant sex 

differences in morphine effects on tail flick. Morphine 

produced slightly increase in TFL 15 to 60 min post-

injection in male rats but did not change tail flick response in 

female ones.  

 

Hotplate test 

Morphine microinjection in NAcc effect on inducing 

morphine antinociception and tolerance were also 

investigated in rats and sex differences were observed in this 

effect through hot plate test. Male and female rats received 

separately single doses of morphine (50µg/rat) and multiple 

doses (50 µg/rat, 3 consecutive days). Figure 5 shows the 

 
Figure 1. Timeline of morphine tolerance induction experiments. After 7 days recovery from surgery and cannulation, intra-NAcc saline, 

morphine according to the protocol (in order to induce tolerance rat were injected with morphine (2.5, 5, 10 50µg/0.5ml, 4 consecutive 

days) which non-tolerant group received a single dose of morphine (Saline for 3 consecutive and morphine on 4th day) and control 

vehicle groups received saline alone (4 consecutive days). Then nociceptive tests were performed 15, 30 and 60 min after the last 

injection. 

 

 

 
Figure 2. Dose response was used to assess morphine 

antinociceptive effect (2.5, 5, 10 and 50 μg/0.5 μl) in intra-

accumbal microinjection in male rats. Nociception was assessed 

15min after each injection. 
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Figure 3. A time course response was used to assess the 

antinociceptive effect of morphine (10 and 50μg/0.5μl) in intra-

accumbal microinjection in male (A) and female (B) rats.  

Nociception was assessed before, 15, 30 and 60 min after each 

injection. M=male, F=female. 
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latency of male and female rats to respond on the hot-plate 

assays after single and multiple morphine microinjections in 

NAcc. After single morphine administration, females and 

male rats increased significantly latencies similarity.  There 

were no significant sex differences in morphine 

antinociceptive effects in intra accumbal injection. In 

addition, following increasing period of morphine takings 

for 3 days, all rats showed tolerance to morphine 

antinociception, for the reason that latency come back to 

baseline value (Fig. 5).  

To illustration the sex differences in morphine tolerance, 

area under the curve (AUC), time-latency, of morphine 

antinociceptive effect per time was calculated. AUC was 

shown that morphine produced greater antinociception 

tolerance in females than males at some doses and time 

points on hot plate assay, and this sex difference was 

statistically significant in this assay (Fig. 6).  

 

DISCUSSION  

The present study was conducted to investigate, for the 

first time, the sexual difference after intra-NAcc 

microinjection of morphine on antinociception and tolerance 

to morphine using tail flick and hot plate tests in rats. 

Morphine doses, as well as, the antinociceptive model were 

selected according to administrated doses in previous studies 

which, despite the excepted primary doses (2.5 µg/0.5 mL), 

did not show any antinociceptive effect. However, increasing 

the dose level to 50µg/0.5mL revealed some antinociceptive 

effects. According to the present results on tail flick test, it 

was observed that the administration of different doses of 

morphine in the nucleus accumbens of both male and female 

rats induces significant antinociceptive effects in male rats 

only. Sensitivity to nociceptive stimulus in tail flick test was 

statistically significantly notable in male than female rats. 

Considering the rate of mortality in higher doses, the study 

was not continued in this test. 

Moreover, the effect of morphine administration in the 

nucleus accumbens of both sexes' rats was studied using the 

hot plate test. However, the responses were not identical in 

the two models. The results indicated that 50µg/0.5 mL of 

morphine induced antinociceptive effects both in male and 

female rats similar to each other. Sensitivity to nociceptive 

stimulus in hot plate pain model had no statistically 

significant difference between male and female rats. In 

addition, daily administration of the same dose of morphine 

for 4 days could induce tolerance against the antinociceptive 

effect in both sexes. The tolerance was significantly higher 

in female rats.  

The greater antinociception, although low, following 

microinjection of morphine into NAcc of male compared to 

female rats on tail flick test but not in hotplate test reported 

here is consistent with the sex differences reported following 

systemic or i.c.v. and RVM administration of morphine [3, 

4, 10, 11, 13, 14]. Previous studies conducted by Kepler et 

al., using morphine administration in PAG nucleus and tail 

flick and jump tests in rats, reported the sexual difference in 

this case, the male rats showed stronger antinociceptive 
effects than intact females [10]. Boyer et al. reported that sex 

 
Figure 4. Sex differences in morphine antinociceptive effect 

(50μg/0.5μl) in intra-accumbal microinjection in male and 

female rats by tail flick test. Nociception was assessed before, 

15, 30 and 60 min after each injection. #P<0.05; ##P<0.001; 
###P<0.0001 in compared to female-morphine group; M=male, 

F=female. 

 
Figure 5. Sex differences in tolerance to morphine 

antinociceptive effect (50 μg/0.5 μl) in intra-accumbal 

microinjection in male and female rats by hot plate test. 

Nociception was assessed before, 15, 30 and 60 min after each 

injection. * Significantly different from respective sex group 

(P<0.0001). # Significantly different from F-multiple group 

(P<0.001); M=male, F=female. 

 
Figure 6. Sex differences in AUC morphine antinociceptive 

effect (50 μg/0.5 μl) in intra-accumbal morphine 

microinjection in male and female rats by hot plate test. 

Nociception was assessed before, 15, 30 and 60 min after each 

injection. * Significantly different from respective sex group 

(P<0.0001); & Significantly different from M-multiple group 

(P<0.05); M=male, F=female. 
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differences in morphine antinociception are mediated at least 

in part by the RVM. Microinjection of morphine into the 

RVM produced greater antinociception in male compared to 

female rats in tail withdrawal test. Male, but not female rats 

also showed a dose dependent decrease in locomotor activity 

[11]. In contrast, some previous studies showed no 

significant sex difference in antinociception after intra-PAG 

morphine microinjection [12, 15]. While in a study Tershner  

et al, DAMGO microinjection into vPAG was observed to be 

more potent in female compared to male rats [16]. Although 

sex differences following systemic administration of 

morphine could be caused by differences in morphine 

absorption or distribution, but direct administration of 

morphine into NAcc avoids this problem. However, there are 

several probable reasons for this difference in 

antinociception induced by morphine microinjection into 

NAcc of male compared to female rats such as dissimilar 

sensitivity to noxious stimuli or differences in 

responsiveness to morphine and or a functional and 

anatomical difference in NAcc of male and female rats. 

It should be mentioned that an inconsistency was 

observed in the results of tail flick and hot plate tests in 

assessing the morphine antinociception effect and tolerance. 

As it has been already suggested, a different mechanism for 

pain inhibition is used for regulating phasic stimulation [17]. 

Different responses in these two models reflect the impact 

assessment model. On the other hand, tail flick test is a 

reflexive test which contains spinal mechanisms and thus, 

cannot efficiently show super spinal mechanisms as hot plate 

test does. Considering that tolerance is caused by 

disturbance in the relation of spinal and supra-spinal 

mechanisms, it is likely that a great part of mechanisms 

related to sexual difference in antinociception and tolerance 

are supra-spinal. This finding is consistent with the study of 

Ji et al., in which the sexual difference in systemic morphine 

injection in visceral pain was studied. They also stated that a 

great part of this sexual difference is due to supra-spinal and 

environmental mechanisms and spinal mechanism does not 

play an important role [18] 

Therefore, the present findings are in agreement with the 

previous ones indicating that induction of painful stimuli and 

drug administration method can also be considered as 

important factors in pain behavior and morphine 

antinociceptive effect and morphine tolerance in exploring 

the role of sex hormones. In most previous studies in which 

other pain assessment approaches including formalin test, 

tail withdrawal, abdominal constriction, paw pressure and 

shock jump were used, morphine induced more 

antinociceptive effects in both male mice and rats, compared 

to female ones in systemic administration [3, 5, 6, 19]. 

However, there are studies in which no sexual difference in 

antinociceptive effects was observed or the antinociceptive 

effects in females were reported to be more than males [13, 

20, 21]. It have been reported that morphine levels in CNS to 

be higher in male than in female mice and rats after systemic 

morphine injection [14, 22], but other studies report no sex 

differences in CNS or plasma morphine levels in rats [8, 23]. 

Since this difference was observed in CNS administration of 

morphine and other μ-agonists [10, 24, 25] and also 

morphine injection to RVM [11], PAG [16, 26] and in this 

study to NAcc, it seems that this phenomenon is centrally 

mediated. Thus, sex differences in opioid antinociception are 

probably caused by pharmacodynamics factors, such as 

sexually dimorphic brain nuclei at which opioids act. In 

previous study reported that selective lesions of µ receptor-

expressing PAG neurons blocked systemic morphine 

analgesia in males only. Thus, as the PAG, constitute an 

essential circuit for opioid analgesia in pain-inhibitory 

pathways [27, 28], could integrate in the mediation of sex 

differences in morphine analgesia. The results of these 

studies demonstrate that both the anatomical organization, 

and functional activation, of the PAG-RVM circuit is 

sexually dimorphic, and may provide the anatomical 

substrate for sex-based differences in morphine analgesia 

[29]. The future studies could indicate if NAcc pathway is 

sexually dimorphic in its anatomical and functional 

organization and in its activation during pain sensitization 

pathway. NAcc is a critical component of the mesolimbic 

system and brain reward pathway with a key role in the 

mediation of rewarding effects of drug of abuse and natural 

rewards such as food and sexual behavioral [30-32]. Also 

based on previous study, NAcc is involved in opioid 

sensitization [33, 34]. Our previous study indicated that 

significant differences of glutamate level in nucleus 

accumbens of female rats versus males, so the involvement 

of excitatory amino acid neurotransmission in sex-related 

differences in morphine antinociception [4]. The results of 

the present study demonstrate for the first time that the 

actions of morphine on NAcc neurons were also found to be 

sexually dimorphic. Together, these results suggest that 

NAcc may provide the anatomical basis for observed sex 

differences in morphine analgesia and tolerance. 

Also sexual difference in tolerance to morphine 

antinociception has been previously reported in systemic and 

central morphine administration in tail flick and formalin 

pain models. In our previous study was revealed that the 

sexual difference in morphine antinociceptive tolerance by 

chronic s.c. administration of morphine in the tail flick test 

in this case, female rats would express the tolerance faster 

than male rats [4]. There are other studies in which different 

accounts of sexual difference in the development of 

morphine tolerance have been reported. In a study conducted 

by Holtman et al., it has been reported that during the 

induction period of morphine tolerance more percentages of 

female rats developed tolerance against morphine 

antinociception effect, compared to male rats after i.p. 

administration using the tail flick test [35]. The same 

changes were reported in using the accumulative doses and 

hotplate test (ED50 developed up to 6.9 and 3.7 in the 

toleration of male and female rats, respectively [6].  

Several factors including genes, sexually dimorphic in 

anatomical and functional organization involved in pain 

modulation, sexual hormones and environmental factors are 

involved in the expression of sexual difference in morphine 
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antinociception and morphine tolerance[36]. It seems that 

sexual dimorphic in brain nuclei play a significant role in 

that regard. Thus, further investigation of the role of these 

brain nuclei such as NAcc is suggested. 

Given the data obtained from most studies in the field, 

researchers reached similar results, including that 

antinociception in male rats is more than in female ones. 

Moreover, they found that female rats developed tolerance 

against morphine slower than male rats. Justifying this 

phenomenon, Krzanowska and Bodnar indicated that PAG is 

an important nucleus in which duplication of PPE mRNA is 

controlled by estradiol. Estradiol increases the duplication of 

PPE mRNA in female rats’ hypothalamus in estrous cycle, 

compared to male rats. In addition, endogenous opioid is 

increased following the increase of mRNA[26]. Ji et al. 

obtained similar results in the same nucleus. By injecting 

Mu-opioid receptor (MOR) antagonist, they observed more 

increase in morphine antinociception in female rats than in 

male ones. They suggested that MOR receptors in male rats 

are more than in female rats which makes MOR agonist 

stronger in the former. Finally, they concluded that estrous 

cycle and concentration of MOR receptor play a significant 

role in sexual difference in antinociception and tolerance. 

They showed that there was no sexual difference between 

the diestrous female and male rats and that the former was 

less sensitive to morphine than diestrous in the first phase of 

estrous. The least sensitivity level to antinociception effects 

of MOR agonist was observed 24 h after estrogen’s 

plasmatic peak [18]. Recent studies performed by Verzillo et 

al., in molecular level showed that MOR structure, as the 

major factor in antinociception, contains sexual dimorphic. 

They studied the effect of estrous’cycle and tissue and 

chronic morphine injection on mRNA variants and its 

consequent effect on sexual difference in antinociception and 

tolerance. They found that chronic morphine injection in 

spinal cord caused mRNA to tend to mRNA-1C1 and 

mRNA-1B2 and amplified MOEGs coupling only in male 

rats. Acute morphine injection in spinal cord increased 

heterodimer (MOR-KOR) in female rats, compared to male 

rats, which was observed more in estrous phase rather than 

in diestorus phase [37].  

Another explanation is that outputs of accumbens 

nucleus (selected in the present study) are different from the 

outputs of RVM and PAG, the role of which in pain decline 

and antinociceptive supra-spinal mechanism have been 

already proved. Morphine administration in PAG and RVM 

cause on cell inhibition, and antinociception is indirectly 

applied by off cell. NAcc contains two core and shell 

sections. The former is more involved in motion system and 

the latter is related to limbic and motion system. These areas 

take many dopaminergic inputs from VTA at which limbic 

dopaminergic pathway begins. Many glutamatergic inputs 

also enter this nucleus. Neurons present in this nucleus are of 

cholinergic, dopaminergic and GABAergic types. Therefore, 

addictive drugs function in this nucleus by changing 

dopamine level and the reward system. Opioids allow more 

firing of dopaminergic neurons by inhibiting GABAergic 

neurons, and they increase dopamine level in NAcc. Thus, 

NAcc plays a significant role in opioids effects. Morphine 

antinociception and tolerance in NAc nucleus in tail flick test 

have not been observed probably due to the difference in 

outputs of NAcc, RVM and PAG. Further researches are 

needed to study sexual difference in antinociception and 

tolerance of opioids in NAc nucleus by intra-cerebral 

injection of   antagonists. Also it is recommended to study 

on sexual difference in tolerance to opioids antinociception 

in NAcc nucleus by intra-cerebral injection of dopaminergic
 

or GABAergic antagonists and studying the interaction 

dopaminergic and GABAergic systems with opioids. 

 

CONCLUSION 
In Conclusion, this study showed the sex differences in 

tolerance to morphine antinociception in intra-nucleus 

accumbens administration that is dependent, in part, on the 

nociceptive test. It seems that sexual dimorphic in brain 

nuclei play a significant role in that regard. Thus, further 

investigation of the role of these brain nuclei such as NAcc 

is suggested. 
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