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Both cannabinoid and opioid receptors are involved in pain behavior. The administration of morphine and cannabis in rats
has been shown to decrease thyroid weight and thyroid-stimulating hormone (TSH) levels. We hypothesized that the third
ventricle, due to its adjacency to the hypothalamus, is involved in the modulation of hypothalamic-pituitary-thyroid axis activity
and descending pain pathways. The present study examined the effect of intra-third ventricle administration of morphine
and cannabis agents on the modulation of pain behavior in normal, hypothyroid (increased serum TSH), and hyperthyroid
(decreased serum TSH) rats using the tail-flick test. The results indicated that intra-third ventricle injection of AM251 (CB1
receptor antagonist) caused hyperalgesia, while intra-third ventricle administration of ACPA (CB1 receptor agonist) and
morphine produced analgesia in normal, hypothyroid, and hyperthyroid rats. A non-effective dose of morphine (0.5 pg/rat) did
not attenuate hyperalgesia induced by an effective dose of AM251. Co-injection of ACPA and morphine into the third ventricle
induced anti-nociceptive effect in normal, hypothyroid, and hyperthyroid rats. An isobolographic analysis demonstrated
a synergistic effect between ACPA and morphine in the production of the anti-nociceptive effect. Consequently, the third
ventricle may modulate pain behavior induced by cannabinoid and opioid receptors via descending pain pathways in normal,

hypothyroid, and hyperthyroid rats.
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INTRODUCTION

Pain is a complex process that includes an unpleas-
ant sensory and emotional experience correlated to
actual or potential tissue damage (Loeser and Treede,
2008), which serves a vital protective evolutionary
function (Woodhams et al., 2017). The arrival of no-
ciceptive stimuli to the central nervous system (CNS)
stimulates many neurochemical systems that inhibit
pain sensation (Fields, 2004). Among the many neuro-
chemical systems involved in the inhibitory control of
pain, the opioid and cannabinoid systems are of spe-

Received 5 June 2021, accepted 25 April 2023

cific interest, in terms of physiological relevance, and
are the target of currently effective therapeutic meth-
ods (Nadal et al., 2013).

Three diverse subtypes of opioid receptors, y, 8, and
K receptors, have been recognized and studied at the
pharmacological level (Kieffer and Evans, 2009). Opioid
receptors are G-protein-coupled receptors distributed
in the CNS and peripheral tissues (Armario, 2010; Nadal
et al.,, 2013). The u receptor is distributed in the brain,
mainly in the areas related to nociceptive control. The
endogenous opioid system controls nociceptive re-
sponses at both peripheral and central levels (Nadal et
al., 2013; Rittner et al., 2008). In the CNS, the endog-
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enous opioid system modulates the nociceptive path-
ways at the spinal and supraspinal levels (Langerman
et al., 1995; Nadal et al., 2013).

Cannabinoids induce pharmacological effects by
activating two distinct cannabinoid receptors (CB),
CB1 and CB2. These receptors are a member of the
G-protein-coupled receptor superfamily. The distri-
bution of these receptors in the CNS and peripheral
tissues differs (Armario, 2010; Nadal et al., 2013; Ueda
et al., 2014; Starowicz and Finn, 2017). The CB1 recep-
tor is extensively expressed in the CNS. The endocan-
nabinoid system modulates nociceptive responses by
acting at numerous central and peripheral levels (Na-
dal et al., 2013). At the level of the CNS, the endocan-
nabinoid system controls nociception mainly through
the CB1 receptor (Nadal et al., 2013; Woodhams et al.,,
2017).

Anatomical, biochemical, and pharmacological stud-
ies support the existence of bidirectional interactions
between cannabinoid and opioid systems. Cannabinoid
and opioid agonists induce anti-nociception by acting
on similar structures within the CNS, and a peripheral
mechanism has also been detected for both compounds
(Maldonado and Valverde, 2003; Scavone et al., 2013).
p-opioid and CB1 receptors have been demonstrated to
co-localize in similar neurons in the superficial dorsal
horn of the spinal cord, the first location of synaptic
contact for peripheral nociceptive afferents, increasing
the probability of direct interactions between these re-
ceptor types within the same cells (Salio et al., 2001;
Zubrzycki et al., 2019). Studies have revealed that the
administration of morphine and cannabis to adult
male rats decreased body weight, thyroid weight, and
thyroid-stimulating hormone (TSH) level (Lomax and
George, 1966; Lomax, 1970; Bakke et al., 1974; Muraki
et al., 1980; Hillard et al., 1984; Malhotra et al., 2017).

Thyroid hormone, which regulates metabolic pro-
cesses essential for growth and development (Cheng
et al., 2010; Brent, 2012; Park et al., 2012; Salazar et
al., 2017), affects many neurotransmitter systems, in-
cluding the opioid system (Edmondson et al., 1990).
The effect of thyroid hormone on opiate receptor
function was assessed in rats with excess thyroid hor-
mone, hyperthyroid, and rats with reduced thyroid
hormone levels, hypothyroid (Edmondson et al., 1990;
Mullur et al., 2014; Yu et al., 2015). Hypothyroidism,
enhanced serum TSH, and hyperthyroidism, reduced
serum TSH, disorders significantly influence the hy-
pothalamic-pituitary-thyroid (HPT) axis in both an-
imal models and humans (Yu et al., 2015). The third
ventricle is one of four connected fluid-filled cavities
of the mammalian brain. The floor of the third ven-
tricle is formed by the hypothalamic structures (Hen-
drie and Pickles, 2010), so it can influence HPT axis
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activity (Yu et al., 2015) and descending pain path-
ways (Puopolo, 2019).

We attempted to determine the effect of exogenous
administration of morphine and cannabis agents into
the third ventricle on the modulation of pain behavior
in normal, hypothyroid, and hyperthyroid male rats
using the tail-flick test; the study took into consider-
ation the distribution of u receptors and CB1 receptors
in the areas related to pain control (Nadal et al., 2013),
cerebral ventricles (Mansour et al., 1994; Suérez et al.,
2010) and the involvement of the HPT axis (Aloisi et al.,
2013), opioid, and cannabis systems in the modulation
of pain behavior (Maldonado and Valverde, 2003; Scav-
one et al., 2013), as well as their roles in affecting thy-
roid hormone levels (Lomax and George, 1966; Lomax,
1970; Bakke et al., 1974; Muraki et al., 1980; Hillard et
al., 1984; Malhotra et al., 2017).

METHODS
Subjects

Adult male Wistar rats (obtained from the Uni-
versity of Tehran, Tehran, Iran) weighing 200-220 g
were used in the experiments. The subject room was
kept on a 12:12 light/dark cycle (lights on 07:00 h) at
a temperature of 22 + 2°C. All subjects had free ac-
cess to food and water. Eight rats were tested in each
experiment only once and were handled about 5 min
per day for one week before behavioral testing. The
experiments were carried out between 8:00 a.m. and
1:00 p.m. All procedures for the treatment of rats were
confirmed by the Research and Ethics Committee of
the School of Medicine, Tehran University of Medical
Sciences, and were performed under the National In-
stitutes of Health Guide for Care and Use of Laborato-
ry Animals (NIH publications no. 80-23; revised 1996).

Induction of the hypothyroid
and hyperthyroid groups

The rats in the hypothyroid group received lithium
carbonate at a dose of 2 ug/ml, diluted in drinking water.
Rats in the hyperthyroid group received L-thyroxin daily
at a dose of 2 ug/ml, diluted in drinking water, similar to
the hypothyroid group. The control group received dis-
tilled water. The drugs were administered for one month
in an attempt to obtain a clinical-physiological status of
thyroid dysfunction in the rats. The body weight and
core body temperature of rats were measured at the be-
ginning of each week during the one-month treatment
to record the rats’ development by drug ingestion.
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Surgery and microinjection procedures

After one month of treatment, each rat was anes-
thetized with ketamine/xylazine (100 mg/kg ket-
amine and 5 mg/kg xylazine mixture, i.p.), and
a 15 mm-long, 22-gauge cannula was implanted into
the third ventricle and fixed with acrylic dental ce-
ment to the skull. The stereotaxic coordinates for the
third ventricle were: anteroposterior about the inter-
aural line, Anterior-Posterior=-1 mm; lateral about
the sagittal line, Lateral=0 mm; and vertically from
the top of the skull, Ventral=-7 mm (Paxinos and Wat-
son, 2007). Drug microinjections were carried out by
a 27-gauge stainless steel needle attached to a Ham-
ilton micro-syringe by polyethylene tubing. The rats
were held by hand, with the drug microinjection last-
ing for 60 s, and the cannula was left in place for an
additional 60 s to evade backflow of the solution. Be-
fore the experiments, the rats had at least a five-day
recovery period.

Drugs

The drugs used in the experiments were L-thyroxin
(Merck, UK), lithium carbonate (Tocris, UK), morphine
sulfate (Temad, Tehran, Iran), ACPA (arachidonylcy-
clopropylamide;  N-(2-cyclopropyl)-52,8Z,11Z,14Z-eico-
satertraenanmide; Tocris, UK), and AM251 (N-(piper-
idine-1-yl)-5-(4-iodophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-1H-pyrazole-3-carboxamide;  Tocris,
UK). The drugs were dissolved in saline. ACPA was re-
ceived in Tocrisolve™ (a soya oil and water emulsion from
Tocris, UK) and diluted directly into sterile 0.9% saline.
In experiments where ACPA was injected, the control
solution contained Tocrisolve at a similar concentration
as the microinjection solution. AM251 was dissolved in
dimethyl sulphoxide (DMSO; up to 10% v/v), 0.9% saline,
and a drop of Tween 80. Injections of the drugs into the
third ventricle were in a volume of 0.5 pl.

Behavioral tests
Rectal thermistor probe

Body temperature was recorded at the beginning
of the drug (L-thyroxin and lithium carbonate) treat-
ments as a baseline temperature. Other than the base-
line temperatures, temperatures were recorded at
time point zero (before the drug treatment) and one,
two, three, and four weeks after drug treatment. For
temperature recording, the rats were placed individu-
ally in experimental cages, and body temperature was
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recorded three times in 10 min intervals. The mean
was calculated. This was to exclude any confounding
influence of handling on the subject’s temperature.
Just before the drug treatment, body temperature was
recorded using a rectal thermistor probe (Light Lab,
Brighton, UK, sensitivity 0.1°C). The probe was lu-
bricated with petroleum jelly, then inserted into the
rectum to a depth of 2 cm. The data are presented as
changes in rectal temperature from the baseline val-
ues. Baseline values were those taken just before the
drug treatment.

Tail-flick apparatus

A tail-flick apparatus was used to determine the no-
ciceptive response to thermal stimulation (Borj Sanat
Company, Iran). The reaction time between the onset of
the heat stimulus and the removal of the tail from the
heat source was recorded through a sensor as tail-flick
latency. Because tail-flick latency time (s) normally de-
pends on the proximal-distal place of heating on the
tail (Ness et al., 1987), the trail was marked with a line
in 1 cm increments beginning at the tip for a total of
5 increments. Each subject was wrapped in a soft tow-
el and the dorsal surface of the subject’s tail from its
distal end was immediately located in the apparatus
every 15 min (for 60 min) after the drug/saline or ve-
hicle administration. The heat source and a timer were
activated simultaneously through a pedal. Both were
finished automatically through a tail movement, which
exposed a photocell beneath the tail and through the
experimenter at the end of a ten second-cut-off time.
This cut-off time was set to avoid skin damage. To as-
sess the sensitivity of each rat to a nociceptive stim-
ulus, we considered the rat’s tail-flick latency before
drug treatment as a baseline pain threshold. The sub-
jects were tested twice within a 15 min interval, and
the mean of these measurements was considered the
baseline latency. Light intensity was adjusted to obtain
a baseline tail-flick latency of 2-4 s. All data were nor-
malized to the pre-administration baseline. Individu-
al tail withdrawal latencies were converted to a per-
centage of maximum possible effect (MPE%) through
the formula: MPE%=[(test latency - baseline latency)/
(cut-off latency - baseline latency)] x 100. There were
no significant differences in baseline tail-flick latencies
between the experimental groups before the applica-
tion of the drug/saline or vehicle.

Experimental design

Each experimental group included eight male rats,
and each male rat was used only once. A series of sev-
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en experiments were designed to determine the effect
of cannabis and morphine drugs on pain behavior in
normal, hypothyroid, and hyperthyroid male rats. The
protocol is described below and presented in Table 1.
After one month of the hypothyroid and hyperthyroid
group induction, implantation of the cannula was done
into the third ventricle, and after a five-day recovery
period, experimental tests were carried out. Each ex-
periment began with intra-third ventricle microinjec-
tion of AM251, ACPA, and morphine five minutes be-
fore the tail-flick test. Each subject received a volume
of 0.5 pg/rat of drugs. In the experiments, the rats
received two injections, first cannabis and then mor-
phine. The interval time between the two injections
was five minutes. All procedures were carried out be-
tween 8:00 a.m. and 1:00 p.m. The doses and duration
of the drug infusions were chosen based on previous
research and our pilot studies. One week was allowed
between testing the different doses (Kosarmadar et al.,
2015; Khakpai et al., 2019).

Table 1. The table clarifies experimental design.
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Experiment 1

In this experiment, the effects of L-thyroxin and
lithium carbonate treatment on body weight and core
body temperature were assessed. The body weight
and core body temperature of rats were measured at
the experiment’s beginning and one, two, three, and
four weeks after drug treatment in normal, hypothy-
roid, and hyperthyroid male rats.

Experiment 2

Experiment 2 evaluated the effect of intra-third
ventricle administration of the CB1 receptor antago-
nist AM251 on tail-flick latency in normal, hypothy-
roid, and hyperthyroid male rats. The subjects of the
normal, hypothyroid, and hyperthyroid groups were
injected with different doses of AM251 (0.125, 0.25, and
0.5 pg/rat; intra-third ventricle). The tail-flick latency
of each rat was measured on the tail-flick apparatus.

L-thyroxin and lithium

Figure Panel carbonate treatment Intra-third ventricle treatment Weight Temperature Pain response
5 A 1 month - L-thyroxin — Decrease  L-thyroxin — Increase -
B 1 month - Lithium — Increase Lithium — Decrease -
A - AM251 - - Hyperalgesia
(0.125, 0.25 and 0.5 pg/rat)
3 B 1 month AM251 - - Hyperalgesia
(0.125, 0.25 and 0.5 pg/rat)
C 1 month AM251 - - Hyperalgesia
(0.125, 0.25 and 0.5 pg/rat)
A - ACPA - - Analgesia
(0.125, 0.25 and 0.5 pg/rat)
4 B 1 month ACPA - - Analgesia
(0.125, 0.25 and 0.5 pg/rat)
C 1 month ACPA - - Analgesia
(0.125, 0.25 and 0.5 pg/rat)
A - Morphine (0.5, 1 and 2 pg/rat) - - Analgesia
5 B 1 month Morphine (0.5, 1 and 2 pg/rat) - - Analgesia
C 1 month Morphine (0.5, 1 and 2 pg/rat) - - Analgesia
A - AM251 (0.125, 0.25 and 0.5 pg/rat) - - Hyperalgesia
+ morphine (0.5 pg/rat)
6 B 1 month AM251 (0.125, 0.25 and 0.5 pg/rat) - - Hyperalgesia
+ morphine (0.5 pg/rat)
C 1 month AM251 (0.125, 0.25 and 0.5 pg/rat) - - Hyperalgesia
+ morphine (0.5 pg/rat)
A - ACPA (0.125, 0.25 and 0.5 pg/rat) - - Analgesia
+ morphine (0.5 pg/rat)
7 B 1 month ACPA (0.125, 0.25 and 0.5 pg/rat) - - Analgesia
+ morphine (0.5 pg/rat)
C 1 month ACPA (0.125, 0.25 and 0.5 pg/rat) - - Analgesia
+ morphine (0.5 pg/rat)
A - AM251 (0.125 pg/rat) - - Synergistic effect
+ morphine (0.5 pg/rat)
8 B 1 month AM251 (0.0625 pg/rat) - - Synergistic effect
+ morphine (0.25 pg/rat)
C 1 month AM251 (0.03125 pg/rat) - - Synergistic effect

+ morphine (0.125 pg/rat)
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Experiment 3

This experiment examined the effect of intra-third
ventricle injection of the CB1 receptor agonist ACPA on
tail-flick latency in normal, hypothyroid, and hyperthy-
roid male rats. The rats of the normal, hypothyroid, and
hyperthyroid groups were injected with different doses
of ACPA (0.125, 0.25, and 0.5 ug/rat; intra-third ventricle).

Experiment 4

In experiment 4, the effect of intra-third ventricle
injection of morphine on tail-flick latency was evalu-
ated in normal, hypothyroid, and hyperthyroid male
rats. The subjects of the normal, hypothyroid, and hy-
perthyroid groups were injected with different doses of
morphine (0.5, 1, and 2 ug/rat; intra-third ventricle).

Experiment 5

In this experiment, the effect of intra-third ventri-
cle co-injection of AM251 and morphine on tail-flick
latency was assessed in normal, hypothyroid, and hy-
perthyroid male rats. The subjects of the normal, hy-
pothyroid, and hyperthyroid groups were injected with
different doses of AM251 (0.125, 0.25, and 0.5 pg/rat; in-
tra-third ventricle) and received morphine (0.5 ug/rat;
intra-third ventricle) five minutes later.

Experiment 6

Experiment 6 studied the effect of intra-third ven-
tricle co-injection of ACPA and morphine on tail-flick
latency in normal, hypothyroid, and hyperthyroid
male rats. The subjects of the normal, hypothyroid, and
hyperthyroid groups were injected with various doses
of ACPA (0.125, 0.25, and 0.5 pg/rat; intra-third ventri-
cle) plus an ineffective dose of morphine (0.5 ug/rat;
intra-third ventricle) with a five-minute interval.

Experiment 7

To confirm whether ACPA and morphine adminis-
tration would exert additive or synergistic effects on
their induced anti-nociception response, an isobolo-
graphic analysis was performed to compare the theo-
retical and experimental ED50 of the drugs when ad-
ministrated together. According to the dose-response
curve of ACPA and morphine, subjects of the normal,
hypothyroid, and hyperthyroid male rat groups re-
ceived the following doses of drugs: ACPA 0.125 ug/rat
+ morphine 0.5 pg/rat, ACPA 0.0625 ug/rat + morphine
0.25 ug/rat, and ACPA 0.03125 ug/rat + morphine
0.125 pg/rat (Nasehi et al., 2016; 2017).
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Data analysis

The results are presented as the mean of the percent-
age of maximal possible effect (MPE%) + standard error
of the mean (S.E.M.). The mean MPE% in all groups was
subjected to repeated measures and two-way ANOVA
followed by the Tukey post hoc test to detect differences
among the treatments. P<0.05 was considered statisti-
cally significant.

Histology

At the completion of all of the experiments, the rats
were anesthetized, and methylene blue solution (1%,
0.5 ul/rat) was injected into the guide cannula for the
verification of the cannula site; the brain of each rat
was then removed and placed in formaldehyde (10%).
After seven days, the brain sections were assessed ac-
cording to a rat brain atlas (Paxinos and Watson, 2007)
(Fig. 1). Only data from rats with a correctly located
microinjection were included for statistical analyses.
We added subject rats to replace those whose cannula
was badly placed.

Furthermore, thyroid glands were inspected and
processed to confirm the L-thyroxin and lithium car-
bonate effects on gland morphology. Thyroid glands
were fixed in neuter formol buffered with 10% phos-
phate, and then processed according to a routine meth-
od of paraffin inclusion. Histological sections of 4 ym
were stained using the hematoxylin-eosin method for
morphological evaluation (Titford, 2005; Llewellyn,
2009), where the height of follicular epithelium, the
size of follicles, the intensity and density of colloid
were evaluated.

RESULTS

The effects of L-thyroxin and lithium carbonate
treatment on body weight and core body
temperature

Fig. 2 indicates the effect of lithium carbonate and
L-thyroxin treatment on body weight and core body
temperature. Two-way ANOVA followed by Tukey’s test
for repeated measures over time revealed that lithium
carbonate treatment increased body weight [time effect:
F(1.120=30.646, P<0.001; treatment effect: F;,,,=144.998,
P<0.001; and treatment x time interaction: F(;,1,=9.267,
P<0.01], whereas L-thyroxin treatment decreased body
weight [time effect: F(,1,)=16.069, P<0.001; treatment ef-
fect: F(5140=72.956, P<0.001; and treatment x time inter-
action: F(;,1,0)=15.601, P<0.001] (Fig. 2A).
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Fig. 1. The approximate location of the injection cannula tip in the third ventricle for all rats included in the data analyses was taken from the atlas of

Paxinos and Watson (2007).
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Also, as shown in Fig. 2B, two-way ANOVA followed
by Tukey’s test for repeated measures over time demon-
strated that lithium carbonate treatment decreased
core body temperature [time effect: F,,0=3.710,
P<0.05; treatment effect: F;,,,=9.662, P<0.01; and treat-
ment x time interaction: F(y,,)=12.620, P<0.01], but
L-thyroxin treatment increased core body tempera-
ture [time effect: F,,,0=4.537, P<0.01; treatment effect:
F3120=19.290, P<0.001; and treatment x time interac-
tion: F;;,,0=15.443, P<0.001].

The effects of AM251 administration on tail-flick
latency in normal, hypothyroid, and hyperthyroid
male rats

Fig. 3 shows the effect of intra-third ventricle admin-
istration of AM251 on tail-flick latency at set intervals (15,
30, 45, and 60 min) in normal, hypothyroid, and hyper-
thyroid male rats. As shown in Fig. 3A, two-way ANOVA
revealed no significant interaction between AM251 dose
and time interval on MPE% in normal rats [time effect:
F(550=64.134, P<0.001; AM251 effect: F,,,=2.185, P>0.05;
time interval x AM251 interaction: F,,=0.329, P>0.05].
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Regarding the time Intervals effect and AM251 effect,
Tukey’s multiple comparisons indicated that AM251
(0.5 pug/rat), at the time intervals of 15, 30, 45, and 60 min
after administration, decreased MPE%, suggesting a hy-
peralgesic effect in normal male rats.

As shown in Fig. 3B, there was no significant in-
teraction between AM251 dose and time interval on
MPE% in hypothyroid rats [time effect: F;4,=148.007,
P<0.001; AM251 effect: F,,5=3.325, P<0.05; time inter-
val x AM251 interaction: F,=0.559, P>0.05]. Tukey’s
multiple comparisons revealed that AM251 (0.5 and
0.25 ug/rat), at the time intervals of 15, 30, 45, and
60 min after injection, reduced MPE%, suggesting a hy-
peralgesic effect in hypothyroid male rats.

Additionally, two-way ANOVA revealed a signifi-
cant interaction between AM251 doses and time in-
terval on MPE% in hyperthyroid rats [time effect:
F354=219.082, P<0.001; AM251 effect: F;,;=28.918,
P<0.001; time interval x AM251 interaction: F,,=2.608,
P<0.01] (Fig. 3C). Multiple comparisons indicated that
AM251 (0.5 and 0.25 pg/rat), at a time interval of 15,
30, 45, and 60 min after administration, decreased
MPE%, suggesting a hyperalgesic effect in hyperthy-
roid male rats.

Fig. 2. (A) shows the effects of L-thyroxin and lithium carbonate on body weight. (B) shows the effects of these drugs on core body temperature. The data
bars represent mean + S.E.M. (C) presents histological sections of thyroid tissue in normal, hypothyroid, and hyperthyroid male rats. These histological

sections differ in terms of follicle sizes and quantity of colloid.
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The effects of ACPA administration on tail-flick
latency in normal, hypothyroid, and hyperthyroid
male rats

Fig. 4 shows the effect of intra-third ventricle injec-
tion of ACPA on tail-flick latency at set intervals (15,
30, 45, and 60 min) in normal, hypothyroid, and hyper-
thyroid male rats. As shown in Fig. 4A, two-way ANO-
VA revealed no significant interaction between ACPA
dose and time interval on MPE% in normal rats [time
effect: F(;3,=118.706, P<0.001; ACPA effect: F;,,=5.754,
P< 0.05; time interval x ACPA interaction: F4,=0.585,
P>0.05]. Regarding the time interval effect and ACPA
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effect, Tukey’s multiple comparisons revealed that
ACPA (0.5 ug/rat), at the time intervals of 15, 30, 45,
and 60 min after injection, increased MPE%, suggesting
an anti-nociceptive effect in normal rats.

As shown in Fig. 4B, there was no significant inter-
action between ACPA dose and time interval on MPE%
in hypothyroid rats [time effect: F(4,=70.395, P<0.001;
ACPA effect: F;,,=9.980, P<0.001; time interval x ACPA
interaction: F,;,=0.439, P>0.05]. Tukey’s multiple com-
parisons showed that ACPA (0.5 and 0.25 ug/rat), at the
time intervals of 15, 30, 45, and 60 min after applica-
tion, enhanced MPE%, suggesting an analgesic effect in
hypothyroid rats.

Fig. 3. The effect of intra-third ventricle injection of AM251 alone or in combination with L-thyroxin and lithium carbonate on pain behavior. Data is

presented as mean + S.E.M.



162 Zarrindast and Khakpai

Furthermore, as shown in Fig. 4C, there was no
significant interaction between ACPA dose and time
interval on MPE% in hyperthyroid rats [time ef-
fect: F;4,=58.837, P<0.001; ACPA effect: F;,,=15.801,
P<0.001; time interval x ACPA interaction: F4,=0.319,
P>0.05]. Multiple comparisons displayed that ACPA
(0.5 and 0.25 ug/rat), at a time interval of 15, 30, 45,
and 60 min after injection, increased MPE%, suggest-
ing an anti-nociceptive effect in hyperthyroid rats.
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The effects of morphine administration
on tail-flick latency in normal, hypothyroid,
and hyperthyroid male rats

Fig. 5 shows the effect of intra-third ventricle injec-
tion of morphine on tail-flick latency at set time inter-
vals (15, 30, 45, and 60 min) in normal, hypothyroid, and
hyperthyroid male rats. As shown in Fig. 5A, two-way
ANOVA indicated no significant interaction between
morphine dose and time interval on MPE% in normal
rats [time effect: F(;5,=414.843, P< 0.001; morphine ef-
fect: F(; ,5=1.640, P>0.05; time interval x morphine inter-
action: F(y5,=1.772, P>0.05]. Regarding the time interval

Fig. 4. The effect of intra-third ventricle administration of ACPA alone or in combination with L-thyroxin and lithium carbonate on the pain process. Data

are presented as mean + S.E.M.
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effect and morphine effect, Tukey’s multiple compari-
sons showed that morphine (1 and 2 pg/rat) at the time
intervals of 15, 30, 45, and 60 min after injection in-
creased MPE%, suggesting an anti-nociceptive effect in
normal rats.

As shown in Fig. 5B, there was no significant inter-
action between morphine dose and time interval on
MPE% in hypothyroid rats [time effect: F;4,=139.843,
P<0.001; morphine effect: F,,5=1.595, P>0.05; time in-
terval x morphine interaction: F,,=0.893, P>0.05].
Tukey’s multiple comparisons revealed that morphine
(2 ug/rat) at a time interval of 15, 30, 45, and 60 min af-
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ter injection enhanced MPE%, suggesting an analgesic
effect in hypothyroid rats.

Moreover, two-way ANOVA indicated a signifi-
cant interaction between morphine dose and time
interval on MPE% in hyperthyroid rats [time effect:
F(;5=143.486, P<0.001; morphine effect: F;,,=2.337,
P<0.05; time interval x morphine interaction:
F(o,54=4.925, P<0.001] (Fig. 5C). Multiple comparisons
showed that morphine (2 yg/rat), at a time interval of
15, 30, 45, and 60 min after injection, increased MPE%,
suggesting an anti-nociceptive effect in hyperthyroid
rats.

Fig. 5. The effect of intra-third ventricle injection of morphine alone or in combination with L-thyroxin and lithium carbonate on pain response. Data are

shown as mean + S.E.M.
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The effects of intra-third ventricle injection of
morphine on pain response induced by AM251

The data in Fig. 6 show the effect of intra-third ven-
tricle co-administration of AM251 and morphine on
tail-flick latency at set time intervals (15, 30, 45, and
60 min) in normal, hypothyroid, and hyperthyroid
male rats. Two-way ANOVA followed by Tukey’s test for
repeated measures over time (Fig. 6A) revealed a sig-
nificant effect of time [F;5,=363.183, P<0.001], but no
significant effect of treatment [F; ,;=1.093, P>0.05] and
treatment x time interaction [F4,=1.581, P>0.05] in
normal male rats. Multiple comparisons showed that
morphine (0.5 ug/rat) + AM251 (0.5 and/or 0.25 pg/rat)
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at the time interval of 15, 30, 45, and 60 min after injec-
tion decreased MPE%, suggesting a hyperalgesic effect
in normal male rats.

Also, two-way ANOVA for repeated measures over
time for the data (Fig. 6B) revealed a significant ef-
fect of time [F(;4,=197.676, P<0.001] but no significant
effect of treatment [F;,,=1.221, P>0.05] or treatment
x time interaction [F 4,=0.738, P>0.05] in hypothyroid
rats. Multiple comparisons revealed that morphine
(0.5 pg/rat) along with AM251 (0.5 ug/rat) at the time
interval of 15, 30, 45, and 60 min after injection re-
duced MPE%, suggesting a hyperalgesic effect in hypo-
thyroid male rats.

Fig. 6. The effect of intra-third ventricle co-injection of morphine and AM251 on pain response in normal, hypothyroid, and hyperthyroid male rats. Data

are shown as mean + S.E.M.
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As shown in Fig. 6C, two-way ANOVA revealed no
significant interaction between morphine along with
AM251 dose and time interval on MPE% in hyperthy-
roid rats [time effect: F(;4,=259.726, P<0.001; treat-
ment effect: F; ,5=9.418, P<0.001 and treatment x time
interaction: F4,=1.063, P>0.05]. Multiple compari-
sons revealed that morphine (0.5 pug/rat) + AM251 (0.5
and/or 0.25 ug/rat) at the time interval of 15, 30, 45,
and 60 min after injections decreased MPE%, propos-
ing a hyperalgesic effect in hyperthyroid male rats.
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The effects of intra-third ventricle injection of
morphine on pain response induced by ACPA

Fig. 7 shows the effects of intra-third ventricle
co-injection of ACPA and morphine on tail-flick latency
at set time intervals (15, 30, 45, and 60 min) in normal,
hypothyroid, and hyperthyroid male rats. Two-way
ANOVA followed by Tukey’s test for repeated measures
over time (Fig. 7A) indicated a significant effect of
time [F ;,=34.257, P<0.001], but no significant effect of
treatment [F;,;=1.464, P>0.05] or treatment x time in-
teraction [F,=0.185, P>0.05] in normal male rats. Mul-
tiple comparisons revealed that morphine (0.5 ug/rat)
+ ACPA (0.5 ug/rat), at the time interval of 15, 30, 45,

Fig. 7. The effect of intra-third ventricle co-administration of morphine and ACPA on pain response in normal, hypothyroid, and hyperthyroid male

subjects. Data is displayed as mean + S.E.M.
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and 60 min after injection, increased MPE%, suggesting
an analgesic effect in normal rats.

Moreover, two-way ANOVA for repeated measures
over time (Fig. 7B) indicated a significant effect of
time [F;5)=42.843, P<0.001] but no significant effect of
treatment [F;,;=4.892, P<0.01] or treatment x time in-
teraction [F4,=0.342, P>0.05] in hypothyroid rats. Mul-
tiple comparisons revealed that morphine (0.5 ug/rat)
+ ACPA (0.5 ug/rat), at a time interval of 15, 30, 45, and
60 min after injection, increased MPE%, suggesting an
anti-nociceptive effect in hypothyroid rats.
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As shown in Fig. 7C, two-way ANOVA demonstrat-
ed that there were no significant interactions between
morphine in combination with ACPA doses and time
interval on MPE% in hyperthyroid rats [time effect:
F(;59=50.523, P<0.001; treatment effect: F;,,=26.989,
P<0.001 and treatment x time interaction: F4,=0.121,
P>0.05]. Multiple comparisons showed that morphine
(0.5 ug/rat) + ACPA (0.5 ug/rat), at time intervals of 15,
30, 45, and 60 min after injection, enhanced MPE%, sug-
gesting an analgesic effect in hyperthyroid rats.

Fig. 8. The isobologram analysis of the effects of drug administration revealed a synergistic effect of intra-third ventricle injection of ACPA and morphine
in the induction of analgesic effect. The foci A and B mean represent the ED50 of ACPA and morphine, respectively. In brief, the ED50 of each drug was
calculated by linear regression analysis. The oblique line between A and B is the theoretical additive effect line of ACPA and morphine administrations.
Focus C, in the middle of the line, is the theoretical ED50 of the drug combination, which is measured from the individual drug ED50. Focus D, far below
the line, is the experimental ED50 of the drug combination, which is determined after drug injection. Statistical analysis demonstrated that there was
a significant difference between the experimental ED50 and theoretical ED50 points, suggesting a synergistic effect of the administration of the drugs (A)
normal, (B) hypothyroid, and (C) hyperthyroid male rats. ED50, effective dose 50.
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The synergistic effect between ACPA
and morphine on pain behavior

To confirm whether ACPA and morphine injection
would exert additive or synergistic effects on their in-
duced analgesic effect, an isobolographic analysis was
carried out to compare the theoretical and experimen-
tal ED50 of the drugs when injected together. The the-
oretical ED50 for an additive interaction between ACPA
and morphine can be estimated from the isobologram
(Fig. 8).

One sample t-test revealed that there was a signif-
icant difference between experimental ED50 and the-
oretical ED50. Our data suggest a synergistic effect oc-
curred for ACPA and morphine injection upon induc-
tion of an analgesic effect (Fig. 8).

DISCUSSION

This study presents evidence of negative effects
triggered by lithium carbonate- and L-thyroxin-in-
duced hypothyroid and hyperthyroid male rats. Our
findings indicated a clear impact on core body tem-
perature and body weight. Thyroid hormones play
a strong role in metabolism, expenditure of energy,
and body weight as they regulate basal and total en-
ergy consumption (Hwang et al., 2018). Weight gain
and loss have been related to apparent hypothyroid
and hyperthyroid conditions, respectively (Roef et
al.,, 2012). As demonstrated in various experimen-
tal models of hypothyroidism and hyperthyroidism,
both in animal models and humans, thyroid hor-
mones were shown to possibly act directly on im-
portant metabolically active organs and therefore
change obligatory thermogenesis (Silva, 2006; Iwen
et al., 2018).

Furthermore, our results demonstrated that an
intra-third ventricle injection of AM251 caused a de-
crease in the pain threshold of normal, hypothyroid,
and hyperthyroid subjects in the tail-flick test, while
ACPA caused an increase. Although there were no
differences in the tail-flick response of rats with dis-
rupted thyroid function and normal rats in response
to a CB1 receptor agonist or antagonist, the effect
of the CB1 receptor agonist and antagonist was ex-
tremely effective in modulating pain behavior in hy-
pothyroid and hyperthyroid rats. There are examples
of possible interactions between the HPT axis and
pain (Aloisi et al., 2013). For example, thyrotropin-re-
leasing hormone (TRH), TSH, and thyroid hormones
play a role in the regulation of pain perception (Hen-
nessey, 2000; Frohlich and Wahl, 2019). Boschi et al.
(1983) reported that intracerebroventricular (i.c.v.)
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administration of TRH produced a short, strong an-
ti-nociceptive effect against chemical and mechani-
cal stimuli. On the other hand, cannabinoids exerted
an inhibitory effect on the HPT axis (e.g., reduction
of TSH level and thyroid weight) (Malhotra et al.,
2017). Thus, our results may be due to the inhibitory
effect of cannabinoids on the HPT axis (e.g., reduc-
tion of TSH level and thyroid weight) (Malhotra et al.,
2017) and the anti-nociceptive activity of TRH (Bos-
chi et al., 1983), which may counteract their effects,
resulting in no differences in the tail-flick response
of normal, hypothyroid, and hyperthyroid rats.

The evidence revealed that exogenous cannabi-
noid agonists attenuated pain responses in several
pain models, such as inflammatory and neuropath-
ic pain (Palazzo et al., 2001). In agreement with our
study, Pertwee (2001) reported that a cannabinoid
CB1 receptor agonist induced an anti-nociceptive ef-
fect, which was blocked by the CB1 receptor antago-
nist. Behavioral studies have demonstrated that sub-
jects treated with a CB1 receptor antagonist exhib-
ited enhanced behavioral responses to intradermal
injections of formalin and nociceptive responses of
dorsal horn neurons, suggesting the main role of the
CB1 receptor is the normal transmission of nocicep-
tive information (Iversen and Chapman, 2002).

Additionally, the results of this study revealed
that intra-third ventricle injection of morphine in-
duced an anti-nociceptive effect in normal, hypo-
thyroid, and hyperthyroid subjects in the tail-flick
test. Morphine is a potent analgesic drug that is
widely used for the modulation of both acute and
chronic pain. The analgesic property of morphine
is produced through coupling to u receptors in the
CNS (Ochiai et al., 2016). Several investigations have
confirmed that systemic or central injection of mor-
phine effectively blocks pain pathways in differ-
ent pain tests (Gregoire et al., 2012). Similar to the
results of the current study, there are reports that
microinjection of morphine into the VTA (Morgan
and Franklin, 1990), anterior cingulate cortex (Hao
et al., 2005), spinal cord (Thomson et al., 2006), and
pallidum (Anagnostakis et al., 1992) induced an an-
algesic effect. Several studies also reported that en-
dogenous opioid peptides exert regulatory actions
on the HPT axis, and exogenous morphine may have
different effects than endogenous opioids (Vuong
et al., 2010). For instance, Lomax and George (1966;
1970) reported that systemically ineffective doses of
morphine injected into the hypothalamus decreased
the release of radioiodine from the thyroid glands of
rats, which led to the inhibition of thyroid activity.
Research reported by Berglund and coworkers (1990)
also demonstrated the role of thyroid hormone in the
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suppression of TSH by opiates. These investigations
revealed that morphine exerts its inhibitory effect
on TSH secretion by increasing negative feedback
sensitivity to thyroid hormones. Furthermore, Mura-
ki and colleagues (1980) revealed that morphine re-
duced the release of TRH. It has been reported that
sensitivity to morphine was increased in hyperthy-
roid rats (Edmondson et al., 1990). On the other hand,
decreased sensitivity to morphine was observed in
hypothyroid rats (Huidobro-Toro et al., 1978). There
is a report showing that thyroid hormones enhanced
opiate receptor number and native pain sensitivity
but reduced the duration of analgesia from morphine
(Edmondson et al., 1990). We suggest crosstalk occurs
between morphine and thyroid hormones, which
may have influenced the pain responses observed in
this study.

Furthermore, these results demonstrated that in-
tra-third ventricle co-injection of different doses of
AM251 plus an ineffective dose of morphine caused
a hyperalgesic effect, whereas intra-third ventricle
co-infusion of various doses of ACPA along with an
ineffective dose of morphine induced analgesia in
normal, hypothyroid, and hyperthyroid rats in the
tail-flick test. As mentioned previously, there are re-
lationships between CB1 receptors, opioid receptors,
and thyroid hormones (Scavone et al., 2013; Bonnet,
2017). As the administration of morphine and canna-
bis reduced TSH levels in rats (Malhotra et al., 2017),
the pain response observed in hypothyroid and hy-
perthyroid rats could also be affected. Drugs that
target both CB1 and morphine receptors have shared
pharmacological profiles. Agonists of both receptor
types have been demonstrated to induce anti-noci-
ception and drug reward/reinforcement (Scavone
et al., 2013). One study demonstrated that systemic
co-injection of cannabinoid and opioid agonists re-
sulted in synergistic anti-nociception (Cichewicz
and McCarthy, 2003). CB1 and u opioid receptors are
distributed in many of the same areas in the brain,
including the periaqueductal gray, locus coerule-
us, dorsal hippocampus, raphe nuclei, medial basal
hypothalamus, and cerebral ventricles (Mansour et
al., 1994; Sudrez et al., 2010; Wiese and Wilson-Poe,
2018). It was shown that cannabinoid and opioid ag-
onists induced anti-nociception by acting on similar
structures in the CNS, and a peripheral mechanism
was also suggested for both compounds (Scavone et
al., 2013). Ibrahim et al. (2005) demonstrated that
CB2 receptor activation by AM1241 induced a release
of B-endorphin from the cerebral ventricles, and the
anti-nociceptive effect of AM1241 in rats was abol-
ished by u-opioid receptor antagonism and by p-en-
dorphin antiserum.
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Furthermore, Zubrzycki and colleagues (2019)
showed that a selective p-receptors antagonist, p-fun-
altrexamine, and a CB, receptor antagonist, AM251,
infused within the cerebral ventricles permeated via
the cerebroventricular lining and induced their ef-
fects on the near structures. Pharmacological stud-
ies have revealed that the endogenous opioid system
could be involved in cannabinoid anti-nociception
(Maldonado and Valverde, 2003). On the other hand,
cannabinoids may be able to modulate opioid action
at several levels within the cell, ranging from direct
receptor interactions to modifications in endoge-
nous peptide release or post-receptor interactions
through shared signal transduction pathways (Scav-
one et al., 2013). Therefore, it appears likely that in-
teraction between cannabinoid agents and morphine
modulates the pain response in the third ventricle.

Our results also indicated that there was an inter-
action between ACPA and morphine on pain behavior
in normal, hypothyroid, and hyperthyroid rats. In-
terestingly, using isobolographic analysis, we found
a synergistic effect of ACPA and morphine upon in-
duction of an analgesic effect. A probable mechanism
for analgesia induced by the co-administration of
ACPA and morphine might be due to the functional
interaction between opioid and cannabinoid recep-
tors in the CNS. These interactions may be direct, for
example, via receptor heteromerization, or indirect,
for example, via signaling crosstalk, which includes
agonist-mediated release and synthesis of endoge-
nous ligands that can stimulate downstream recep-
tors. Evidence suggests that interactions between
cannabinoid and opioid receptors might mediate
several of the behavioral phenomena related to the
use of these drugs, such as the induction of acute an-
ti-nociception and the development of tolerance, as
well as cross-tolerance to the anti-nociceptive prop-
erties of cannabinoid- and opioid-specific ligands
(Bushlin et al., 2010).

Our isobolographic analysis revealed a synergistic
effect of ACPA and morphine on the production of the
anti-nociception effect. We propose that the infusion
of drugs into the third ventricle may activate the de-
scending pain pathways due to the distribution of u
receptors and CB1 receptors in the areas related to
pain control (Nadal et al., 2013) and the expression of
these receptors in the cerebral ventricles (Mansour
et al., 1994; Sudrez et al., 2010) where they can cross
the walls and act in the parenchyma (Sudrez et al.,
2010), thereby modulating pain behavior. Further in-
vestigations are required to clarify the specific mech-
anisms underlying interactions between morphine
and cannabis, as well as the different brain areas in-
volved in the modulation of pain behavior.
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CONCLUSION

Consistent with other studies, our results provide
evidence of an interaction between CB1 and opioid
receptors in the modulation of pain behavior. An in-
teresting outcome from the current investigation was
the observed synergistic effect between ACPA and
morphine upon induction of analgesic effect in nor-
mal, hypothyroid, and hyperthyroid rats. More ex-
periments are required to determine the exact func-
tion of cannabis and opioid in neurons as well as the
third ventricle in the modulation of pain response in
normal, hypothyroid, and hyperthyroid male rats.
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