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Abstract  32 
 33 
Opioid use disorder (OUD) is a public health problem that includes symptoms such as 34 

withdrawal syndrome and opioid-induced hyperalgesia (OIH). Currently, drugs to treat 35 

side effects of opioids also have undesirable effects, which lead to limitations. This study 36 

investigated the effect of a treatment with cannabidiol (CBD) in morphine-induced 37 

hyperalgesia and withdrawal signs in morphine-dependent rats. Male and female rats 38 

were submitted to morphine-induced physical dependence protocol consisting of a twice 39 

daily treatment with morphine (7.89 mg/kg, 1ml/kg, s.c.) for 10 days. Nociception was 40 

measured using the hot plate test and morphine-induced thermal hyperalgesia was 41 

equally achieved following 7-10 days of morphine administration in male and female rats. 42 

Repeated treatment with CBD (30 mg/kg) was sufficient to prevent thermal hyperalgesia 43 

in male and female rats. Subsequently, rats received an acute administration of naloxone 44 

(2 mg/kg. s.c.), 90 minutes after the morphine treatment on day 11, the number of 45 

withdrawal signs was scored.  Rats that received treatment exclusively with morphine 46 

presented significant withdrawal signs compared to control (Water). Morphine-dependent 47 

female rats showed a prevalent stereotyped behavior of rearing, whereas male rats had 48 

the sign of teeth chattering as the most preeminent. Treatment with CBD on day 11 49 

partially attenuated the withdrawal signs in morphine-dependent male rats, but not female 50 

rats.  Altogether, our data provide evidence of an anti-hyperalgesic effect of CBD in rats. 51 

Male and female rats treated chronically with morphine exhibited withdrawal signs in 52 

different ratios, indicating sex-differences in withdrawal behavior and CBD attenuated 53 

withdrawal signs in a sex-dependent manner. 54 

 55 

 56 

Keywords: Cannabidiol; Opioids; Morphine-induced hyperalgesia; Withdrawal 57 
syndrome; Sex-differences. 58 
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 67 
List of Abbreviations  68 
 69 
5HT1A, serotonin 1A receptor; 70 
AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; 71 
ANOVA, analysis of variance; 72 
CBD, cannabidiol; 73 
CB1, cannabinoid receptor type 1 74 
CPP, conditioned place preference; 75 
MOR, morphine; 76 
OUD, opioid use disorder; 77 
OIH, opioid-induced hyperalgesia; 78 
TRPV1, transient receptor potential channel subfamily V member 1; 79 
Veh, vehicle;  80 
  81 
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1. Introduction 82 

Chronic use of opioids is associated with several side effects, including tolerance, 83 

hyperalgesia, dependence, and abuse [1]. These problematic consequences are defined 84 

as opioid use disorder (OUD), a major public health concern that is estimated to affect 85 

approximately 26.8 million people worldwide [2] and annually, an increasing number of 86 

deaths is attributable to opioid use [3,4]. Clinical and non-clinical studies have shown that 87 

females are more sensitive to the rewarding effects of addictive drugs [5–7] and present 88 

higher severity of withdrawal symptoms [8,9], compared to males. Importantly, females 89 

were reported to transition faster than males to OUD [10].  It has also been reported that 90 

females show a higher severity of symptoms at late morphine withdrawal. The severity of 91 

symptoms was positively correlated with the phosphorylated CREB in the ventral 92 

tegmental area of the brain, a key area for the reward system[9].  Chronic treatment with 93 

morphine has also been associated with a selective internalization of the μ-opioid 94 

receptor in the locus coeralueus of male, but not female rats. In addition, estrogen has 95 

show to potentiate a switch μ-opioid receptors from a coupling with Gαi/o to a coupling 96 

with Gβs proteins in female rats[11]. Despite the sex-related differences, the preclinical 97 

research in OUD is still performed predominantly in males. 98 

OUD leads to severe symptoms including tolerance, withdrawal syndrome, opioid-99 

induced hyperalgesia (OIH) and others [1]. The mechanism behind OIH is complex and 100 

involves chemical changes in the central nervous system [12]. Although the prevalence 101 

and epidemiology of OIH is not well documented [13], OIH is not a rare complication of 102 

opioid use and the results vary substantially in the basic literature [14,15].  103 

Pharmacological strategies have been used to minimize the side effects of opioids. 104 

However, currently available treatments also have undesirable effects, which lead to 105 

potential limitations to their use [16,17]. In recent years, the growth in public support for 106 

cannabis legalization and decriminalization has shown the 107 

therapeutic potential for cannabis derivatives in neuropsychiatry disorders, including 108 

OUD [18]. The endocannabinoid and the opioid system, including its receptors, have 109 

shown to interact, and are commonly distributed in areas of the brain (i.e., periaqueductal 110 

gray, locus coeruleus, ventral tegmental area and others). For instance, studies have 111 

demonstrated that the modulation of CB1 receptors can attenuate the development of 112 
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morphine-induced conditioned place preference[19], whereas the modulation of μ-opioid 113 

receptors blocks the conditioned place prefence induce by tetrahydrocannabinol[20]. 114 

However, there is non clinical and clinical data on the role of CB1 receptors and its 115 

agonists on the management of opioid withdrawal, and it shows that CB1 agonism can 116 

enhance the rewarding properties of opioids and the severity of withdrawal symptoms[21–117 

23]. Thus, the elucidation of the role of CB1 receptors in opioid withdrawal, and the use of 118 

ligants that do not bind to CB1 receptors is of importance for the management of opioid 119 

withdrawal.  120 

Cannabidiol (CBD), the second most prevalent compound present in the Cannabis 121 

plant, has shown to produce a wide range of therapeutic effects such as anti-122 

inflammatory, antioxidant [24], anxiolytic and antidepressant [25,26] and efficacy in 123 

substance use disorder [27]. CBD does not show to interact as a direct agonist or 124 

antagonist on cannabinoid receptors, but rather as an allosteric modulator in cannabinoid 125 

and opioid receptors [28]. In addition, CBD does not show reinforcing effects by itself, and 126 

can also reduce the rewarding characteristic of drugs of abuse, such as cocaine and 127 

opioids, by mechanisms involving 5-HT1A and TRPV1 receptors, for instance [29–31].  128 

A recent clinical study has shown that CBD may reduce cue-induced craving and 129 

anxiety in abstinent individuals, mostly men, with heroin use disorder [32]. Moreover, non-130 

clinical studies have pointed to potential effects of CBD on opioid addictive behaviors [33–131 

35]. In addition, it is very common for opioid users to prepare their injections from 132 

commercial tablets designed for oral administration. However, injecting solutions made 133 

from tablets involve high risk of embolism and other complications [36]. Thus, improved 134 

preparation approaches, such as cold and lukewarm filtration of morphine tablets, has 135 

been applied to reduce harm of injection[37]. 136 

However, little is known about the effects of CBD in the morphine-induced 137 

hyperalgesia, in the opioid withdrawal signs, and in the sex-dependent effects related to 138 

its therapeutic efficacy. To offset part of this shortcoming, we carried out experiments to 139 

induce morphine side effects by injecting a solution made by cold extraction of 140 

commercial morphine tablets, and we aimed to compare the effect of CBD in male and 141 

female rats tested in the hot plate test to investigate morphine-induced hyperalgesia. 142 

Subsequently, precipitated opioid withdrawal signs were investigated.  143 
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 144 

2. Materials and Methods  145 

2.1. Animals 146 

Male and female Wistar rats (200-250 g) were provided by the Federal University 147 

of Parana colony and placed in plastic cages (41cmx32cmx16.5cm). The animals were 148 

maintained in standard conditions of environment with appropriate temperature (21± 2 149 

°C) and illumination cycle (12 h light/12 h dark), with food and water ad libitum. All 150 

experimental procedures and protocols were previously approved by the Federal 151 

University of Paraná Institutional Committee for the Ethical Use of Animals (CEUA/BIO-152 

UFPR; authorization #1415). This study was performed in accordance with the ethical 153 

guidelines of Brazilian legislation on animal welfare following the ARRIVE guideline. All 154 

efforts were made to minimize animal suffering and the number of animals used. 155 

 156 

2.2. Drugs 157 

Cannabidiol (CBD; 3, 10 or 30 mg/kg, i.p., volume injection 1 ml/kg) 99,6% pure 158 

(without any other cannabinoid) was kindly supplied by BSPG-Pharm, Sandwich, United 159 

Kingdom. CBD was freshly diluted in a solution of 1:3:16 of tween 80, ethanol and saline. 160 

Naloxone (Sigma Aldrich, St. Louis, Missouri, United States) was freshly diluted in saline. 161 

The morphine solution used to induce physical dependence and hyperalgesia was 162 

prepared by cold extraction of 30 mg tablets of morphine sulfate (Cristália, Itapira, São 163 

Paulo, Brazil), carried by the following methodology: several tablets were first crushed 164 

using a porcelain mortar and pestle. The resulting powder was mixed with a quantity of 165 

distilled water to initially produce a 20 mg/mL morphine solution. This solution was stirred 166 

for 20 minutes assisted by an ultrasonic bath, followed by a filtration with a 0.45 µm 167 

Durapore membrane filter (Millipore, São Paulo, Brazil). Finally, the solution volume was 168 

adjusted with distilled water to obtain an estimated concentration of 10 mg/mL [36]. The 169 

final solution concentration was confirmed by UV-Vis spectroscopy (UV-2401 PC, 170 

Shimadzu), since morphine has a characteristic absorption band at 285 nm, by using a 171 

standard addition method [38]. The standard addition method consisted of adding a 172 

predetermined standard morphine solution to the extracted solution diluted by 500x. The 173 

standard used was morphine sulfate (Merck S.A, São Paulo, Brazil). Figure 1 displays 174 
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morphine calibration curve (n=9) at 285 nm absorbance (panel A), and the UV-Vis spectra 175 

of one of its replicates, with concentration ranging from 0.01 to 0.1 mg/mL (panel B). The 176 

method, previously tested by McLean et al.[36], allowed to obtain similar final 177 

concentrations of morphine (7.89 ± 0.06 mg/mL) from distinct extractions. 178 

 179 

2.3. Morphine-induced physical dependence and hyperalgesia protocol 180 

Morphine-induced dependence and hyperalgesia were induced as previously 181 

described [39,40]. Briefly, all animals were allocated in the laboratory facilities to get used 182 

to the environment for 7 days. During acclimation, animals were submitted to daily 183 

handling to get used to the experimenter. Male and female rats were made dependent on 184 

morphine sulfate with a routine protocol of two subcutaneous (s.c; volume injection 1 185 

ml/kg) injections of morphine (Mor group) twice daily (8:00 am and 6:00 pm) for 10 days 186 

(Figure 2A). Rats in the control group received twice-daily injections of distilled water 187 

(water group).  188 

 189 

2.4. Hot plate test 190 

According to Pacheco et al. [41], the hot plate test was performed using a hot plate 191 

apparatus (Ugo Basile SRL), with the temperature maintained at 50 ± 1°C and a cutoff 192 

time of 25 seconds to prevent skin damage. The latency (in seconds) for animals to 193 

display behaviors such as licking/flinching of the fore and hind paws or jumping was 194 

measured and used to evaluate development of morphine-induced thermal hyperalgesia 195 

in male and female rats. Latency was measured before the beginning of treatments with 196 

morphine (baseline) and 2, 4, 7 and 10 days after the beginning of treatments (Figure 197 

2A). Treatment with CBD (3, 10 or 30 mg/kg; volume injection 1 ml/kg) was given 10 198 

minutes before each morphine injection, to evaluate the effect of a co-treatment with CBD 199 

on the development of morphine-induced hyperalgesia. To avoid the acute 200 

antinociceptive effects of treatments (morphine or CBD), the hot plate test was performed 201 

before the morning treatments on the specified days. Hot plate tests were performed by 202 

an experienced experimenter blind to the treatments. 203 

 204 

 205 
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2.5. Naloxone precipitated withdrawal signs 206 

Withdrawal susceptibility was assessed by administration of the selective μ-opioid 207 

receptor antagonist naloxone (2 mg/kg; volume injection 1 ml/kg). On the morning of the 208 

11th day, all animals received a single dose of morphine. Fifteen (15) minutes before the 209 

evaluation of drug withdrawal, rats were placed in acrylic boxes to acclimate. Ninety 210 

minutes after the last morphine treatment, male and female rats received naloxone 211 

injection and were immediately placed back in the test box. The number of withdrawal 212 

signs such as rearing, teeth chattering, body tremors, defecation (number of fecal boli), 213 

digging, sniffing, grooming, and jumping was counted for 30 minutes. Groups of male and 214 

female rats were treated with CBD (3, 10 or 30 mg/kg; volume injection 1 ml/kg) 10 215 

minutes before the morphine injection one more time on the 11th day of the protocol, to 216 

evaluate the effect of an acute treatment with CBD on naloxone precipitated withdrawal 217 

behavior (Figure 2A). The doses of CBD used in the protocol were based on previous 218 

studies [26,42,43]. 219 

 220 

2.6. Statistical Analysis 221 

Statistical differences were determined by ANOVAs using GraphPad Prism 8.0 222 

(GraphPad Software, Inc., San Diego, CA, USA). For assessment of behavioral 223 

experiments, all data are expressed as mean + standard error. Two-way repeated-224 

measures ANOVA with Bonferroni's multiple comparisons test was used to assess the 225 

effect of treatments, time and interaction between factors. The estimated percentages of 226 

each different withdrawal sign calculated from the total number of withdrawal signs during 227 

the test period for male and female rats (dependent group only) was compared by 228 

unpaired Student's t-test. One-Way ANOVA followed by the post-hoc analysis of 229 

Bonferroni was used to compare the number of withdrawal signs between groups treated 230 

with CBD or vehicle. In all cases, the threshold for significance was p < 0.05. 231 

 232 

3. Results 233 

Figure 2 shows the latency to paw withdrawal evaluated in male (panel B) and 234 

female rats (panel C) treated with CBD and morphine. Two-way ANOVA indicated no 235 

significant effects of treatment [F(4, 44) = 1.783; p= 0.1494] and interaction between time 236 
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and treatment [F(16, 176) = 1.441; p= 0.1272], but significant effect of time [F(4, 176) = 237 

8.729; p< 0.0001] in male rats. In female rats, two-way ANOVA indicated no significant 238 

effects of treatment [F(4, 40) = 2.562; p= 0.0531] and interaction between time and 239 

treatment [F(16, 160) = 1.386; p= 0.1545], but significant effect of time [F(4, 160) = 9.662; 240 

p< 0.0001].  241 

Bonferroni’s multiple comparison test showed that male rats treated with morphine 242 

(Veh+Mor) had a reduced latency to paw withdrawal in the hot plate test, when compared 243 

to its respective water treated group (Veh+Water) on days 7 (p=0.0019) and 10 after the 244 

initial treatment (p=0.0088), suggesting the development of OIH. Repeated treatment with 245 

CBD at the dose of 30 mg/kg (CBD 30 + Mor) reduced OIH in male rats on day 7 246 

(p=0.0242) and 10 (p=0.0322; Figure 2 panel B). 247 

Bonferroni’s multiple comparison test also revealed that female rats treated with 248 

morphine (Veh+Mor) showed reduced latency to paw withdrawal in the hot plate test, 249 

when compared to its respective water treated group (Veh+Water) on days 7 (p=0.0202) 250 

and 10 after the initial treatment (p=0.0078), which also suggests the development of 251 

OIH. Repeated treatment with CBD (30 mg/kg, CBD 30 + Mor) reduced OIH in female 252 

rats on day 10 (p=0.0057; Figure 2 panel C).  253 

Figure 2 panel D shows the latency to paw withdrawal evaluated on day 7 after the 254 

beginning of treatments, only in the control groups of male and female rats treated with 255 

vehicle or morphine and not treated with CBD. Two-way ANOVA indicated significant 256 

effect of treatment [F(1, 32) = 28.76; p<0.0001], but not sex [F(1, 32) = 3.10; p=0.0878] 257 

or an interaction between these factors [F(1, 32) = 0.16; p= 0.1694]. Bonferroni’s multiple 258 

comparison test indicated no significant differences between female and male groups 259 

treated with morphine (Mor) 7 days after the beginning of treatments. As for 10 days after 260 

the beginning of treatments (Figure 2, panel E), two-way ANOVA also indicated only an 261 

effect of treatment [F(1, 32) = 26.64; p<0.0001], suggesting that thermal hyperalgesia 262 

was developed at the same time frame in male and female rats treated twice daily with 263 

morphine.  264 

As shown in Table 1 and Figure 3, morphine-dependent male and female rats 265 

showed significant signs of withdrawal after injection of naloxone (2 mg/kg, s.c.) when 266 

compared to their respective control groups treated with water. Two-way ANOVA 267 
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revealed significant differences in treatment and/or sex and/or interaction between these 268 

factors in the different signs of withdrawal evaluated (Table 1). 269 

Bonferroni’s multiple comparison test indicated that morphine-dependent male rats 270 

showed differences in the number of withdrawal signs of defecation (p<0.0001), sniffing 271 

(p=0.0040), teeth chattering (p<0.0001), digging (p=0.0042), body tremors (p=0.0023) 272 

and jumping (p<0.05), when compared to the water-treated male rats. No differences 273 

were detected in the withdrawal signs of rearing (p=0.83) and grooming (p>0.99) (Figure 274 

3). 275 

In morphine-dependent female rats, Bonferroni’s multiple comparison test 276 

revealed differences in the number of withdrawal signs of rearing (p=0.0074), defecation 277 

(p<0.0001), teeth chattering (p=0.0494), body tremors (p=0.0014) and jumping (p<0.05), 278 

when compared to the water-treated female rats. No differences were detected in the 279 

withdrawal signs of sniffing (p=0.9190), grooming (p>0.99) and digging (p=0.1922) 280 

(Figure 3).  281 

Bonferroni’s multiple comparison test revealed sex-differences in the number of 282 

withdrawal signs of rearing (p=0.0267), defecation (p=0.0446), sniffing (p=0.0174) and 283 

teeth chattering (p=0.0411), but not grooming, digging, body tremor and jumping 284 

(p>0.05). Morphine-dependent female rats showed a higher number of defecation and 285 

rearing, and a lower number of sniffing and teeth chattering, than morphine-dependent 286 

male rats (Figure 3). 287 

Table 2 shows the estimate percentages for each withdrawal sign calculated from 288 

the total number of withdrawal signs elicited during the 30-minutes period of the test in 289 

morphine dependent male and female rats. The sign of teeth chattering was the most 290 

preeminent manifestation of opioid-withdrawal for male morphine-dependent rats (29%), 291 

whereas the sign of rearing was the most preeminent for female rats (31%). Furthermore, 292 

student’s T test indicated that female morphine-dependent rats showed a higher 293 

percentage of rearing [t=4.105; df=14; p=0.0011] and defecation signs [t=2.248; df=14; 294 

p=0.0412] than male morphine-dependent rats. No differences were found between male 295 

and female dependent rats in the estimate mean percentages of grooming [t=1.131; 296 

df=14; p=0.2771], digging [t=0.9333; df=14; p=0.3670], sniffing [t=1.754; df=14; 297 
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p=0.1013], teeth chattering [t=1.250; df=14; p=0.2316], body tremor [t=0.7062; df=14; 298 

p=0.4917] and jumping [t=0.8120; df=14; p=0.4304].  299 

On the next set of experiments, both male and female rats were treated again with 300 

different doses of CBD (3, 10 and 30 mg/kg, i.p.), 10 minutes before the injection of 301 

morphine in the morning of the 11th day during the dependence protocol. As shown in 302 

Figure 4, One-way ANOVA indicated significant effect of treatment with CBD (day 11) in 303 

the total number of the withdrawal signs of sniffing [F(3, 35) = 4.785; p= 0.0067] and teeth 304 

chattering [F(3, 35) = 4.702; p= 0.0073] precipitated by naloxone injection in male 305 

morphine-dependent rats. Bonferroni’s multiple comparison test revealed that treatment 306 

with CBD with the doses of 3, 10 and 30 mg/kg (CBD 3 – Mor, CBD 10 – Mor and CBD 307 

30 – Mor), reduced the total number of sniffing and teeth chattering  Although One-way 308 

ANOVA did not indicate effect of treatment in the total number of body tremors in male 309 

rats, Bonferroni’s multiple comparison test revealed significant effect of treatment with 10 310 

mg/kg of CBD (CBD 10 – Mor; p= 0.0454) (Figure 4). 311 

Furthermore, one-way ANOVA indicated significant effect of treatment with CBD 312 

in the withdrawal of defecation [F(3, 32) = 7.607; p= 0.0454]. However, Bonferroni’s 313 

multiple comparison test did not evidence significant effect of CBD in the total number of 314 

defecations in any of the doses tested (p>0.05). No significant differences were observed 315 

in the total number of the withdrawal signs of rearing [F(3, 36) = 0.4518; p= 0.7176], 316 

grooming [F(3, 36) = 0.5210; p= 0.6706], digging [F(3, 34) = 0.9698; p= 0.4183] and 317 

jumping [F(3, 36) = 0.2027; p= 0.8939], in the groups treated with CBD (CBD 3 – Mor, 318 

CBD 10 – Mor and CBD 30 – Mor), when compared to the control group (Veh-Mor) in 319 

male rats (Figure 4). 320 

As shown in Figure 5, CBD treatment had no effect in the withdrawal signs of 321 

female rats, in any of the doses tested (CBD 3 – Mor, CBD 10 – Mor and CBD 30 – Mor). 322 

One-way ANOVA indicated no significant effect of treatment in the total number of 323 

withdrawal signs of rearing [F(3, 36) = 0.5418; p= 0.6568], defecation [F(3, 36) = 1.616; 324 

p= 0.2026], sniffing [F(3, 36) = 0.4368; p= 0.7280], teeth chattering [F(3, 36) = 1.019; p= 325 

0.3955], grooming [F(3, 36) = 0.1789; p= 0.9100], digging [F(3, 36) = 1.965; p= 0.1366],  326 

body tremor [F(3, 36) = 0.1517; p= 0.9240] and jumping [F(3, 36) = 1.744; p= 0.1755] in 327 

female morphine-dependent Wistar rats, when compared to the control group (Veh-Mor). 328 
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 329 

4. Discussion 330 

The primary finding of our study is that morphine sulfate solution, prepared through 331 

filtration of tablets and given subcutaneously twice daily for 10 days, induced thermal 332 

hyperalgesia and physical dependence in both male and female rats, as shown by 333 

reduced latency in the hot plate test and the different withdrawal signs precipitated by 334 

naloxone injection, respectively. In addition, our study shows evidence of sex-differences 335 

in the expression of withdrawal signs in Wistar rats. Lastly, the present study 336 

demonstrated that CBD reduces morphine induced hyperalgesia in both sexes and 337 

attenuates withdrawal signs, such sniffing, teeth chattering and body tremor, in morphine-338 

dependent male rats, but not female rats. 339 

Morphine-induced physical dependence and hyperalgesia in rodents can be 340 

induced by different methods such as implantation of subcutaneous pellets [44,45], oral 341 

ingestion of morphine [46] and subcutaneous daily injections [39], as well as different 342 

dose ranges [39,47]. The solution made by a filtration of crushed tablets may not 343 

represent the first choice of solution for the investigation of the addictive effects of 344 

morphine in a non-clinical study, due to the potential presence of excipients. In addition, 345 

further studies investigating potential effect differences between filtered solution and pure 346 

morphine solution are necessary, and for that reason might indicate a limiting factor in 347 

our study. Nonetheless, solutions made of commercial tablets is one of the alternatives 348 

applied by users as a source of drug, and it represents a feature encountered in the 349 

clinical setting[36,37]. 350 

In our study male and female rats treated for 10 days with morphine solution 351 

prepared by filtration of commercial tablets developed thermal hyperalgesia starting 7 352 

days after the beginning of treatments. This result is in accordance with previous studies 353 

showing that chronic exposure to morphine induces thermal hyperalgesia in non-clinical 354 

models [40,48]. There is a volume of conflicting data indicating that the hyperalgesic effect 355 

of morphine might be different between sexes. For instance, Holtman and Wala [49] 356 

showed that female rats had a markedly greater response of thermal hyperalgesia to a 357 

low dose of morphine, compared to male rats.  o et al. [50] demonstrated that low dose 358 

infusion of morphine (1.6 mg/kg/day) caused hyperalgesia that was evident earlier in 359 
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female mice, when compared to male mice, and this manifestation dissipated earlier in 360 

males than in females. However, a larger dose of morphine (40 mg/kg/day) induced 361 

hyperalgesia that was identical in onset, magnitude, and duration between sexes. The 362 

impact of the estrous cycle on morphine-induced hyperalgesia is not well defined in 363 

rodents [51], but it has been reported that ovariectomy causes hyperalgesia, induced by 364 

low doses of morphine in female mice, to dissipate in a manner similar to males, an effect 365 

blocked by estrogen treatment [50], which indicates that ovarian steroids might divert the 366 

hyperalgesic mechanisms of morphine. Thus, further studies are required for the 367 

evaluation of potential fluctuations in the estrous cycle of female rats and their impact on 368 

the morphine-induced hyperalgesia protocol used in the current study. 369 

Morphine-induced hyperalgesia involves multiple pathways, but studies have 370 

reported an important role of TRPV1 receptors in the development of this manifestation. 371 

For instance, Vardanyan and colleagues [45] reported that mice with morphine pellets 372 

implanted subcutaneously developed thermal hyperalgesia 7 days after pellet 373 

implantation. Furthermore, this same study has reported that thermal hyperalgesia was 374 

mediated by an increase in TRPV1 receptor function. In our study, repeated treatment 375 

with CBD (30 mg/kg) reduced thermal hyperalgesia in morphine-dependent male and 376 

female rats. Accordingly, CBD has shown potential to treat different experimental 377 

conditions of pain [43,52]. In addition, studies have indicated that co-treatment with 378 

TRPV1 receptor antagonist was able to block the anti-hyperalgesic effect of CBD, 379 

suggesting that CBD may suppress pain through sensitization of TRPV1 receptors 380 

[53,54]. Altogether, these results indicate that CBD reduces morphine-induced 381 

hyperalgesia, and this effect might be potentially mediated by TRPV1 receptor activation. 382 

Further studies are necessary to evaluate the role of TRPV1 receptors in the effect of 383 

CBD on OIH in male and female rodents.   384 

Other than hyperalgesia, withdrawal syndrome is also a complication of opioid use 385 

and may involve unpleasant and aversive symptoms (i.e., tachycardia, agitation, anxiety)  386 

[55,56], these symptoms might lead to opioid craving and relapse in patients [57]. In the 387 

present study, both morphine-dependent male and female rats demonstrated significant 388 

withdrawal signs (rearing, grooming, digging, defecation, teeth chattering, sniffing, body 389 

tremor and jumping) after naloxone injection, which is accordance to other non-clinical 390 
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reports [39,47]. Precipitated withdrawal behavior can be expressed in humans and 391 

laboratory animals as affective and emotional symptoms, as well as somatic signs. A 392 

spectrum of behavior occurs in both rats and mice in a similar manner, as shown by only 393 

few studies that investigated potential differences between species[58]. Studies have also 394 

reported that withdrawal behavior can vary from protocols investigating precipitated or 395 

spontaneous withdrawal[59]. Evaluating animals in observation chambers, for instance, 396 

is one factor that can play a role in the differences in withdrawal behavior, as space 397 

constraint might limit the number of wet dog shakes, abdominal constrictions and writhing 398 

behavior observed during a determined time of testing [58]. In addition, jumping behavior 399 

might be impacted by the height of observation chambers, as rats in withdrawal have 400 

shown to jump less as the height of the chamber increases [60]. Due to these conditions, 401 

behaviors like teeth chattering, salivation, sniffing, hyperirritability, and others, found in 402 

the current study, might be observed more often. 403 

Our data indicated that female and male rats showed discrepancies in the total 404 

number of withdrawal signs manifested during the test. Morphine-dependent female rats 405 

preeminently showed the withdrawal signs of rearing and defecation, whereas male rats 406 

showed preeminently the signs of sniffing and teeth chattering. Multiple studies indicate 407 

sex-differences in the behavioral strategies of rodent’s manifestation of behavior [61].  For 408 

instance, in fear conditioning behavior, female rodents are more likely to exhibit alternate 409 

responses to fear, such as escape-like darting response, rather than freezing, which is 410 

expressed in male rodents [62]. Regarding addiction, during precipitated nicotine 411 

withdrawal, more somatic withdrawal signs (body shakes, head shakes, ptosis, and 412 

others) were found in male rats, in comparison to female rats [63]. However, studies 413 

exploiting sex differences in opioid withdrawal are lacking, and the few available show 414 

inconsistent results that report greater sensitivity of male rodents or female rodents in 415 

comparison to each other, or even no sex differences [64].  416 

There is increasing evidence of interaction between the opioidergic, and 417 

endocannabinoid systems and modulation of cannabinoid receptors has shown to exert 418 

effects on the rewarding effects of opioids [65]. For instance, the administration of a 419 

cannabinoid antagonist is reported to attenuate morphine-induced CPP, whereas 420 

administration of opioid antagonist blocks cannabinoid-induced CPP [19,20]. These 421 
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mechanisms are not well explored in humans, but a study has shown that individuals who 422 

use opioids have increased cannabinoid type 1 (CB1) receptor expression in opioid 423 

rewarding pathways [66]. Regarding opioid withdrawal, exogenous endocannabinoids (2-424 

arachidonoylglycerol and tetrahydrocannabinol) seem to exert relief of withdrawal 425 

symptoms in rodents (paw tremors, diarrhea, jumps and others) [67,68].  426 

In the last decade, CBD, a non-psychotomimetic constituent in the Cannabis plant, 427 

has gained popularity in the medical community. CBD is the second most common 428 

phytocannabinoid, does not directly activate CB1 or CB2 receptors [69] and it lacks the 429 

rewarding properties which is inherent in another phytocannabinoid, Delta 9-430 

Tetrahydrocannabinol (THC) [31,70]. Further experiments are necessary to investigate if 431 

CBD treatment alone, given in the schedule proposed in our study, could potentially 432 

induce withdrawal signs. Nonetheless, studies have indicated that CBD treatment does 433 

not induce hedonic effects [70] or conditioned place preference by itself, and does not 434 

produce withdrawal behavior, such as grooming, rubbing and rearing, in mice [71]. A 435 

randomized clinical trial has also observed that abrupt interruption of a short-term 436 

treatment with CBD did not induce withdrawal syndrome [72], which is in accordance with 437 

animal studies showing that CBD displays in rodents a comparable motivation to the 438 

consumption of water, for instance [71]. In addition, CBD displays a wide range of 439 

therapeutic effects in different medical and psychological conditions, such as substance 440 

use disorder [73].  441 

Recently, a double-blind randomized placebo-controlled trial by Hurd and 442 

coworkers [32] demonstrated a promising and safe effect of CBD on drug-cue-induced 443 

craving in abstinent individuals with heroin use disorder. In comparison to placebo, CBD 444 

treatment reduced cue-induced craving, heart rate and salivary cortisol levels. In addition, 445 

no serious adverse effects were reported in the trial. In non-clinical models of opioid 446 

addiction, CBD has shown efficacy in reducing cue-induced heroin seeking behavior in 447 

rats, in both short (24 hours) and long (2 weeks) periods after administration [35]. In the 448 

conditioned place preference (CPP) paradigm, co-treatment with CBD reduced morphine 449 

induced CPP in mice [34] and rats [74]. Moreover, CBD treatment blocked conditioned 450 

place aversion induced by naloxone injection in rats [74]. In our study, an acute treatment 451 

with CBD (doses of 3, 10 and 30 mg/kg) 10 minutes before the morphine injection on day 452 
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11 of the protocol, attenuated the significant frequent withdrawal signs of sniffing and 453 

teeth chattering, and the withdrawal sign of body tremors (dose of CBD 10 mg/kg) in 454 

morphine-dependent male rats that received an administration of naloxone. Not 455 

surprisingly, these results corroborate with other studies showing that CBD may produce 456 

U-shaped dose response curves of effect in behavior tests with rodents [75,76] and in 457 

clinical trials evaluating its anxiolytic properties [77]. In oxycodone-precipitated and 458 

spontaneous withdrawal, CBD induced significant reduction of gastrointestinal symptoms 459 

(fecal boli count), in both male and female mice[59]. Lastly, in accordance with our results, 460 

CBD has shown potential to reduce somatic withdrawal signs and mechanical 461 

hyperalgesia in rats during acute and protracted abstinence of another addictive drug 462 

such as nicotine [78].  463 

CBD is well known for its wide range of cellular mechanisms [79]. However, studies 464 

have tried to narrow possible mechanisms for CBD’s action on opioid-induced addictive 465 

behaviors. For instance, treatment with CBD has shown to provide normalization of AMPA 466 

(α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) GluR1 and cannabinoid type-1 467 

receptor (CB1) expression in nucleus accumbens, that was once increased by cue-468 

induced heroin-seeking in rats [35]. Furthermore, CBD treatment inhibited the reward-469 

facilitating effect of morphine evaluated in the intracranial self-stimulation paradigm. This 470 

effect was blocked by a selective 5-HT1A antagonist injection in the dorsal raphe nucleus, 471 

suggesting a serotonergic mechanism involved in the effect of CBD on the rewarding 472 

effects of opioids[31]. Altogether these results reveal the ability of CBD to interfere in the 473 

rewarding effects of opioids and in the severity of withdrawal signs found in the morphine-474 

dependent male rats.  475 

In our study, CBD significantly reduced withdrawal signs in male rats, but did not 476 

produce attenuation of withdrawal signs in morphine-dependent female rats. As stated 477 

previously, non-clinical studies have demonstrated the higher rewarding effects of opioid 478 

exposure in female rats. Regarding the rewarding effects of morphine itself, Cicero et al. 479 

[80] has demonstrated that both male and female rats show the rewarding effects of 480 

morphine through increased conditioned place preference, but only females continue to 481 

show this effect in doses up to 30 mg/kg. Moreover, the oral consumption of water 482 

containing morphine was higher in female rats, in comparison to male rats [46]. 483 
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Intravenous self-administration of opioids, such as morphine and heroin, was also 484 

reported to be greater in female rats than in males in an operant conditioning paradigm 485 

[81]. Although the impact of gonadal hormones was not approached in our protocols, 486 

studies have reported that the presence of estradiol is involved in the development and 487 

in the augmentation of addictive phenotypes in female rats treated with cocaine or 488 

morphine [82–84], which suggests that intact females are reliable to reproduce addictive 489 

behaviors after long-term exposure to opioids.  490 

Studies have revealed contrasting results of sex differences in the effects of 491 

cannabinoids. For instance, cannabinoids have shown to produce greater 492 

antinociception, catalepsy, sexual behavior, and anxiety in female, when compared to 493 

male rats [85], but locomotor and thermoregulatory responses remain similar between 494 

both sexes [86]. Furthermore, cannabinoid self-administration has been reported 495 

significant higher in intact female rats, than in male rats, whereas ovariectomized females 496 

were less sensitive to the reinforcing effects of cannabinoids [87]. Overall, there is limited 497 

literature on the sex differences in the effect of CBD on addictive behavior, and further 498 

studies are required to evaluate the mechanisms involved in the sex dependent effect of 499 

CBD in the withdrawal signs of morphine-dependent rats. 500 

 501 

5. Conclusions 502 

Taken together, our findings point to the potential effect of CBD as a treatment for 503 

OIH and withdrawal syndrome in experimental morphine dependence. Our results have 504 

revealed the efficacy of CBD in the treatment of OIH in both male and female rats, as well 505 

as differences in the withdrawal signs precipitated by naloxone injection in male and 506 

female morphine-dependent rats. Importantly, morphine-dependent male and female rats 507 

respond different to a treatment with CBD, which suggests a sex-difference in the 508 

pharmacological effect of this phytocannabinoid in addictive behaviors. Further studies 509 

are necessary to clarify the mechanisms involved in the sex differences observed in the 510 

response to CBD treatment in male and female rodents expressing opioid withdrawal 511 

behavior. Nonetheless, CBD might represent a potential therapeutic target to treat 512 

complications of OUD. 513 

 514 
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  834 

Figure legends 835 

 836 

Figure 1. Morphine calibration curve (n=9) at 285 nm absorbance (A), and the UV-Vis 837 

spectra of one of its replicates, with concentration ranging from 0.01 to 0.1 mg/mL (B). 838 

 839 

Figure 2. (A) Timeline of the experimental protocols. (B) Effect of CBD treatment in 840 

morphine-induced hyperalgesia in male and (B) female rats (C) and evaluation of thermal 841 

latency in male and female rats treated with morphine or water on (D) day 7 and (E) day 842 

10 after the beginning of treatments. Groups of male and female Wistar rats treated with 843 

CBD (3, 10 or 30 mg/kg; i.p.) before every injection of morphine (s.c.) for 10 days were 844 

evaluated in the hot plate test before (baseline, BL), and 2, 4, 7 and 10 days after initial 845 

treatment with morphine. Data are expressed as mean ± SEM, n=8-11 per group. #  846 

indicates p<0.05 when compared to the respective group treated with water (Veh+Water). 847 
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* indicates p<0.05 when compared to the respective group treated with morphine 848 

(Veh+Mor). Two-way ANOVA followed by Bonferroni’s multiple comparison test. 849 

 850 

Figure 3. Withdrawal signs induced by naloxone injection (2 mg/kg, s.c.) in male and 851 

female morphine-dependent rats. Wistar rats treated with morphine (s.c.) for 10 days 852 

(Mor; n=8) were compared to the control group treated with distilled water (Water; n=8) 853 

in the number of withdrawal signs such as rearing, defecation, sniffing, teeth chattering, 854 

grooming, digging, body tremor and jumping. Data are expressed as mean ± SEM. * 855 

indicates p<0.05 when compared to the respective control group treated with water. # 856 

indicates p<0.05 when compared to the respective male group treated with morphine 857 

(Mor). n.s. indicates p >0.05. Two-way ANOVA followed by Bonferroni’s multiple 858 

comparison test. 859 

 860 

Figure 4. Effect of CBD treatment in the withdrawal signs rearing, defecation, sniffing, 861 

teeth chattering, grooming, digging, body tremor and jumping in male morphine-862 

dependent rats. Groups of male Wistar rats treated with CBD (3, 10 or 30 mg/kg; i.p.) 863 

before every injection of morphine (s.c.) for 10 days were compared to the control group 864 

treated with vehicle (Veh-Mor). Data are expressed as mean ± SEM, n=8-10 per group. * 865 

indicates p<0.05. One-way ANOVA followed by Bonferroni’s multiple comparison test. 866 

 867 

Figure 5. Effect of CBD treatment in the withdrawal signs of rearing, defecation, sniffing, 868 

teeth chattering, grooming, digging, body tremor and jumping in female morphine-869 

dependent rats. Groups of female Wistar rats treated with CBD (3, 10 or 30 mg/kg; i.p.) 870 

before every injection of morphine (s.c.) for 10 days were compared to the control group 871 

treated with vehicle (Veh-Mor). Data are expressed as mean ± SEM, n=9-11 per group. * 872 

indicates p<0.05. One-way ANOVA followed by Bonferroni’s multiple comparison test. 873 

 874 

 875 

 876 

 877 

 878 
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Table 1. Values of Two-way ANOVA analysis of naloxone-precipitated withdrawal signs 879 

(treatment, sex and interaction between these factors). 880 

 881 

 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 

 896 

 897 

Withdrawal sign 
Treatment Sex Interaction 

F (DFn, DFd) p value 
F (DFn, 

DFd) p value F (DFn, DFd) p value 

Grooming (1, 28) = 0.001 p = 0.9699 
(1, 28) = 

0.11 p = 0.7344 (1, 28) = 0.63 p = 0.4307 

Digging (1, 28) = 13.04 p = 0.0012* 
(1, 28) = 

1.38 p = 0.2496 (1, 28) = 1.38 p = 0.2496 

Defecation (1, 28) = 136.2 p <  0.0001* 
(1, 28) = 

3.58 p = 0.0686 (1, 28) = 2.33 p = 0.1378 

Rearing (1, 28) = 7.98 p = 0.0086* 
(1, 28) = 

4.32 p = 0.0469* (1, 28) = 2.74 p = 0.1088 

Sniffing (1, 28) = 8.65 p = 0.0065* 
(1, 28) = 

4.44 p = 0.0440* (1, 28) = 3.54 p = 0.0703 

Teeth Chattering 1, 28) = 25.64 p < 0.0001* 
(1, 28) = 

3.11 p = 0.0885 (1, 28) = 2.91 p = 0.0989 

Body tremor (1, 28) = 27.61 p <  0.0001* 
(1, 28) = 

0.57 p = 0.4550 (1, 28) = 0.01 p = 0.9036 

Jumping (1, 28) = 6.84 p = 0.0142* 
(1, 28) = 

1.63 p = 0.2119 (1, 28) = 0.09 p = 0.7632 
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Table 2. Estimate mean percentage of each withdrawal sign from the total number of 898 

withdrawal signs during the test period (morphine-dependent group only). 899 

Withdrawal sign Male Female p value 
Grooming 3.68 ± 1.16 5.67 ± 1.31 0.2771 

Rearing 14.68 ± 1.72 30.53 ± 3.46 0.0011* 
Defecation 8.18 ± 1.18 12.60 ± 1.57 0.0412* 

Digging 14.15 ± 4.29 9.38 ± 2.92 0.3670 

Sniffing 17.20 ± 6.12 5.95 ± 1.91 0.1013 

Teeth chattering 29.04 ± 4.84 19.15 ± 6.25 0.2316 

Body tremor 10.24 ± 1.76 12.52 ± 2.70 0.4917 

Jumping 2.83 ± 0.77 4.28 ± 1.60 0.4304 
 900 
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Figure 1. 921 
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Figure 2. 939 
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Figure 3.  945 
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Figure 4. 976 
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Figure 5.  978 
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