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The effects of clonidine and yohimbine 
in the tail flick and hot plate tests in the naked 
mole rat (Heterocephalus glaber)
R. M. Mwobobia1,2* , T. I. Kanui1 and K. S. P. Abelson2 

Abstract 

Objective: The naked mole rat (NMR) (Heterocephalus glaber) is increasingly considered an important biomedical 
research model for various conditions like hypoxic brain injury, cancer and nociception. This study was designed to 
investigate the effects of clonidine and yohimbine, an alpha-2 (α2) adrenoceptor agonist and antagonist respectively 
in the tail flick and hot plate tests.

Results: A significant difference in tail flick latency was noted between saline control and 30 µg/kg clonidine, which 
was reduced after administration of 30 µg/kg yohimbine. A significant difference in hot plate latency was also noted 
between saline control and 30 µg/kg clodinine during the periods 30, 45, 60, 75 and 90 min after administration, and 
between saline control and 10 µg/kg clonidine during 30 min after administration. The hot plate latency by 30 µg/
kg clonidine was also reduced by 30 µg/kg yohimbine during 30 min after administration. Since the tail-flick and hot 
plate tests mediate the effects at spinal and supraspinal levels respectively, the present study indicates the presence 
and involvement of noradrenergic receptors in thermal antinociception at spinal and supraspinal levels of the NMR, 
similar to what has been found in other mammals.

Keywords: Hot plate, Clonidine, Naked mole rats, Noradrenergic, Nociception, Tail flick, Yohimbine

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Nociception is the ability to detect painful stimuli like 
heat, chemical or mechanical energy [1]. NMRs are 
reportedly insensitive to itch induced by capsaicin, 
ammonia fumes, histamine and pain induced by acid 
[2–4]. Due to these unique characteristics, research-
ers have been bio prospecting NMRs as research animal 
models for nociception with the aim to further under-
stand mechanisms involved in various biological diseases 
affecting humans [2, 3, 5].

The involvement of opioid [6, 7], cholinergic [8], 9 
and GABA [10, 11] receptor pathways in NMR pain 

mechanisms has been reported. Noradrenergic recep-
tor system involvement in nociception is reported in 
other animals such as; rats [12], pigs [13], dog and cats 
[14], Speke’s hinged tortoise [15], small ruminants [16], 
and frog [17]. To our knowledge, the involvement of the 
noradrenergic receptor system in antinociception against 
thermal stimuli has not been previously studied in the 
NMR.

The aim of the experiment was to study the role of the 
noradrenergic receptor system in the NMRs using the 
receptor agonist clonidine and antagonist yohimbine 
in the tail flick and hot plate tests, in order to establish 
whether NMR can be used as animal model for noradr-
energic mechanisms in thermal antinociception. It was 
hypothesized that clonidine would reduce the tail flick 
and hot plate thermal induced nocifensive behaviors 
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in a dose-related manner, and that this effect could be 
reversed or reduced by yohimbine.

Main text
Materials and methods
Animals, husbandry and study design
A total of 128 NMRs captured in Makueni County, 
Kenya, were kept at South Eastern Kenya University. 
Colonies composing of mixed sex were housed in Per-
spex cages with wood shavings as bedding material. The 
cages were partitioned into four equal chambers each 
measuring 35 × 25 × 20  cm in length, width and height 
respectively and joined by four tunnels, each measuring 
30 × 5.5 × 5.5 cm in length, width and height respectively. 
Tunneling was to mimic underground burrows in their 
natural habitat.

Ventilation of the cages was achieved by covering them 
with plywood that was not closely fitting. Each captured 
colony was kept in its own cage. Specific age of the ani-
mals were unknown, but only adult animals we captured. 
During acclimatization and experiments, housing con-
ditions were almost similar to those in the wild i.e. tem-
peratures of 28- 31 °C and 24/0 dark/light cycle. Relative 
humidity was maintained at 50–70% to prevent drying 
and scaling of the NMR skin.

After one month of acclimatization, NMRs weigh-
ing between 25–35  g in groups of mixed sex per drug 
or control dose were used in the study with each animal 
acting as experimental unit. Each group of eight NMRs 
was injected with either clonidine (1, 3, 10 or 30 µg/kg), 
yohimbine (30 µg/kg), a combination of clonidine (30 µg/
kg) and yohimbine (30 µg/kg), or saline (0.9% NaCl).

In order to avoid any bias related to possible sex differ-
ences, females and males were equally distributed in the 
groups. Each NMR was randomly selected and used only 
once. The experimenter was blinded and thus not aware 
of the drugs or vehicle injected until after data analysis. 
The sample size (n) was based on a power analysis result-
ing in a group size (n) of eight animals. A 50% decrease in 
mean latency for control animals was considered biologi-
cally relevant; the standard deviation value was estimated 
as 35% of the estimated treatment group mean value; the 
alpha was set to 0.05 and the power to 80%.

Tests were performed similar to [8] using tail flick 
and hot plate analgesiometers (H.L Scientific, Ambala, 
India). The hot plate test was performed using a hot plate 
analgesiometer (H.L Scientific, Ambala, India) which 
consisted of a copper plate (21 × 21  cm) enclosed in a 
22.5 × 22.5 × 19 cm lidded perspex box. The NMRs were 
acclimatized to the cold plate for 30 min before start of 
the experiment. They were also observed to ascertain 
they had normal sensorimotor function during the accli-
matization period by their ability to move within the box. 

Thirty minutes after receptor ligands and control injec-
tion, the NMRs were gently placed in the hot plate box 
preset at a fixed temperature of 60 ± 2  ºC and latency 
period between placement and start of escape behaviors 
was recorded. The cut off period was set at 30  s where 
animals that did not respond to the hot plate were with-
drawn and assigned a response latency of 30 s.

For the tail flick test, NMR were acclimated to the 
restrainer for 30  min before start of the experiment. 
Thirty minutes after treatment, a radiant heat beam was 
focused on the midpoint of the tail until a flick of the tail. 
The latency period was then recorded in seconds. NMRs 
that reached the cutoff point of 10 s were withdrawn to 
avoid injury and assigned a response latency of 10 s.

Volumes of test ligands or controls injected were 
adjusted for the weight of each animal to ensure that 
each animal received the correct dose. Each animal was 
euthanized by cervical dislocation after the experiment. 
Both experiments were carried out during daytime, 
between 8.30 and 17.00 h at a room temperature range of 
27.2–28.9 °C.

Drugs
Clonidine hydrochloride (CL) and yohimbine hydrochlo-
ride (Yoh) both from Sigma-Aldrich (Taufkirchen, Ger-
many) and 0.9% normal saline (NS).

Statistical analysis
Data were analyzed in Graph Pad Prism version 5.0. 
P < 0.05 was considered a statistically significant 
difference.

Results
Doses used in this study were based on studies by [18]. 
The effect of 1–30  µg/kg CL and NS control on tail 
flick latency is shown in Fig.  1a. The effect of 1–30  µg/
kg CL and NS control on the hot plate latency is shown 
in Fig.  2a. The effects of co-administration of Yoh with 
CL in both the tail flick and hot plate tests is shown in 
Figs. 1b and 2b respectively.

Discussion
Noradrenergic receptors play an inhibitory role at pre 
and post synaptic neurons and occur at both central 
(CNS) and peripheral nervous systems (PNS) where they 
function as G protein-coupled receptors [19, 20]. They 
are divided into α1 and α2 types [21, 22].

Activation of α2 adrenoceptors by their agonists like CL 
causes sedation, muscle relaxation and analgesia [23, 24]. 
CL has a high affinity for α2 adrenoceptors at both CNS 
and PNS with a predilection of 200:1 for α2 compared to 
α1 adrenoceptors [23]. Yoh is a prototypical α2 adrener-
gic receptor antagonist due to its high selectivity [25]. To 
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study the spinal nociceptive reflexes, we performed the 
tail flick test where noxious thermal stimuli from radiant 
heat is applied on the tail [26]. The significant difference 
in tail flick when 30  µg/kg CL latency period was com-
pared to that of NS and the reversal of the effects by Yoh 

indicates the presence and involvement of noradrener-
gic receptors at spinal level in the NMR. The increase in 
tail flick latency following administration of CL and the 
reversal of the effects by Yoh is also reported in rats [27] 
and mice [28, 29].
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Fig. 1 a The effects of CL at various doses (treatment) and NS (control). Significant differences (p < 0.0001***) in tail flick latency were found 
between 30 µg/kg CL compared to NS and CL dosages 1, 3 & 10 µg/kg. b Latency period when CL was co administered with Yoh significantly 
differed (p < 0.05**) with the effects of 30 µg/kg CL alone. The whiskers show minimum and maximum latency periods while the horizontal bar 
within the boxes show median latency in seconds. Number of animals (n) = 8 for all doses. Data were analyzed using one way ANOVA with Tukey’s 
Multiple Comparison Test
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Fig. 2 a Effect of NS (control) and CL (treatment) at various doses on hot plate latency. There were significant differences when; 30 µg/kg CL was 
compared to NS control and 1, 3, 10 µg/kg CL (P < 0.001***) at 30, 45, 60 and 75 min; NS and 10 µg/kg CL (P < 0.05*) when compared at 30 min; 
30 µg/kg CL when compared to 10 µg/kg CL (P < 0.05*), 3 µg/kg CL (P < 0.01**) & NS (P < 0.001***) at 90 min b Latency period when Yoh was 
co administered with CL significantly differed with that of CL administered alone at 30 min (P < 0.05*). Data are shown as mean time (± SEM) in 
seconds. Number of animals (n) = 8 for all doses. Data were analyzed using Two way repeated measures ANOVA with Bonferroni posttests
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To study supra spinal effects, we performed the hot 
plate test where thermal noxious stimuli from a hot 
plate heated at 60 ± 2 ºC was applied [8, 30]. Signifi-
cant difference in hot plate latency when 30  µg/kg CL 
was compared to that of NS and the reversal of the 
effects by Yoh indicates the presence and involvement 
of noradrenergic receptors at supra spinal level in the 
NMR. This is also reported in rats [31] and mice (28).

In conclusion, this study demonstrates involvement 
of noradrenergic receptor system in thermal antinoci-
ception of NMR at both CNS and PNS levels, similar 
to what has been reported in other rodents such as rats 
and mice. This suggests that the NMR can serve as an 
animal model for studying pain mechanisms involving 
the noradrenergic receptor system, as hypothesized. 
Future studies should aim to establish any interaction 
between noradrenergic system and the ligands used to 
other receptor systems in NMR as well as comparing 
the genome for noradrenergic receptors to other exper-
imental rodents like mice and rats.

Limitations
Wild type NMR of unknown ages were used, and their 
genetic profile was likely diverse, giving the experi-
ments a lower precision. The ligands used may also 
have affected other receptor systems, hence the effects 
noted may not be purely due to noradrenergic recep-
tors involvement.
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