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ABSTRACT

Introduction: Broad neural circuits originate from the hypothalamic arcuate nucleus and
C e project to many parts of the brain which are related to pain perception. Insulin receptors
Article info: . . .. . .

) are found in the arcuate nucleus. Since nociception may be affected in type 1 diabetes, the
Received: 11 Aug 2019 :  present study aimed to investigate the intra-arcuate nucleus insulin role in pain perception in
First Revision: 15 Sep 2019 . streptozotocin (STZ)-induced diabetic and healthy rats.

Accepted: 08 Nov 2019 .

Methods: Regular insulin was microinjected within the arcuate nucleus and the pain tolerance
Available Online: 01 Nov 2020

was measured using the hot plate and the tail-flick apparatus in diabetic rats.

Results: The results showed that the arcuate nucleus suppression with lidocaine could
increase thermal nociception in non-diabetic animals. Also, insulin within the arcuate nucleus
decreased the acute thermal pain perception in these animals. STZ-induced diabetes produced
hypoalgesia which the latency of these tests, progressively increased over time after induction
of diabetes. Also, in the same animal group, intra-arcuate injection of insulin reduced the

latency of nociception.
Keywords: :  Conclusion: Intra-arcuate insulin has paradoxical and controversial effects in healthy and
Arcuate nucleus, Insulin, Hot . diabetic rats’ nociception. These effects seem to be due to the insulin effect on releasing pro-
plate, Tail-flick, Acute pain ! opiomelanocortin and its derivatives.
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e The arcuate nucleus inhibition increased thermal nociception.

e Administrating insulin within the arcuate nucleus decreased the acute thermal pain perception.

e Streptomycin-induced diabetes makes thermal hypoalgesia.

o Pain response latency progressively increased over time after induction of diabetes.

e Intra-arcuate injection of insulin reduced the latency of thermal nociception in streptomycin-induced diabetes.

Plain Language Summary

The arcuate nucleus is a part of the ventral hypothalamus. It secrets endogenous opioids and projects to several parts
of the brain involved in pain perception. The arcuate nucleus contains insulin receptors, and it seems that insulin can
excite its neuron to secret the endogenous opioids. In type 1 diabetes, insulin secretion decreases. Accordingly, it ap-
pears that the arcuate nucleus excitation decreases because of insulin reduction. The present study illustrated that the
arcuate nucleus inhibition by lidocaine increases pain feeling, so this nucleus is a pivotal part of pain sensation. Insulin
injection inside the arcuate nucleus reduces pain sensation in healthy rats. Also, type 1 diabetes decreases pain sensa-
tion, but insulin injection within the arcuate nucleus increases it. This phenomenon is contrary to the results observed in
healthy rats. Therefore, it seems that different mechanisms affect arcuate nucleus neurons in healthy and diabetic rats.

1. Introduction

Pain is an undesirable feeling that is due to
irritating free nerve terminals. Pain is divid-
ed into acute and chronic types. The acute
pain is also called sharp pain and electrical
pain. The duration of the acute pain follow-
ing a painful stimulus is about 0.1 seconds. This pain is
not felt in deep tissues. Acute pain could be measured
using the hot plate apparatus (Carr & Goudas, 1999).

Sharp or acute pain is induced by heating or mechani-
cal and chemical irritation. This pain may release more
chemicals from damaged tissue and over the time this
process can increase acute pain intensity (Dickenson,
1995). Acute pain projects to the brain cortex so it can
be localized (Treede, Kenshalo, Gracely, & Jones, 1999).

Pain control is conducted by nonsteroidal anti-inflam-
matory drugs and opioid anti-pain drugs. Furthermore,
the pain can be modulated by endogenic opioid ma-
nipulation. Endogenic opioids consist of enkephalins,
endorphins, and especially beta-endorphin. It is one of
the polypeptides deriving from Pro-Opiomelanocortin
(POMC) and its level increases in response to pain
(Przewtocki & Przewtocka, 2001). The arcuate nucleus
of the hypothalamus is the main source of the POMC in
the brain (Van Houten, Posner, & Kopriwa, 1980). Beta-

endorphin and related peptides derived from the POMC
accumulate in the arcuate nucleus neurons in the middle
inferior part of the hypothalamus. Broad neural circuits
that originate from the hypothalamic arcuate nucleus
project to many parts of the brain that have a role in pain
control such as hypothalamus nuclei, limbic system, ra-
phe nucleus, and some pons nuclei. The central POMC
system has a role in the antinociceptive process (Sim &
Joseph, 1991). Lesion of the arcuate nucleus of the hypo-
thalamus as the main POMC source of the brain causes
weakness in the antinociceptive process after anxiety
and decreases the antinociceptive process due to electri-
cal irritating of the periaqueductal gray area that exists in
beta-endorphin nervous terminals. In other words, beta-
endorphin neurons terminals are modulated in both the
lateral ventricles and in the spinal cord that makes an an-
algesic process, and this function is blocked by naloxone
(Van Houten et al., 1980; Yamamoto, Nozaki-Taguchi,
& Chiba, 2002).

Some kinds of diseases would affect nociception. One of
them is diabetes that today many people suffer from it. This
is one of the most important metabolic diseases (Lorenzo
et al., 2006). Sensory and neurosecretory nociceptor func-
tions are sensitized in diabetes (Fuchs, Birklein, Reeh, &
Sauer, 2010). Insulin-dependent diabetes (type 1 diabetes)
may display signs of hyperalgesia and allodynia (Courteix,
Bardin, Chantelauze, Lavarenne, & Eschalier, 1994). Intra-
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cerebroventricular (ICV) injection of insulin showed an an-
algesic effect in the formalin test model of pain (Takeshita
& Yamaguchi, 1997). In the tail-flick test, the nociceptive
response latency progressively increased during chronic dia-
betes (Bitar & Pilcher, 1997). The pressure pain threshold
during 2 weeks after Streptozotocin (STZ)-induced diabetes
decreased. This hyperalgesia was independent of plasma glu-
cose but related to low plasma insulin (Romanovsky, Cruz,
Dienel, & Dobretsov, 2006). Diabetic rats displayed me-
chanical hyperalgesia by decreasing paw withdrawal thresh-
olds to mechanical stimuli; they also indicated thermal hypo-
algesia by increasing tail-flick latencies (Sugimoto, Rashid,
Shoji, Suda, & Yasujima, 2008).

STZ is widely used to induce experimental diabetes in ani-
mals. STZ enters the pancreatic B cells via a glucose trans-
porter (GLUT2) and causes alkylation of DNA which leads
to DNA damage. As a result of the STZ action, pancreatic
beta cells are destroyed (Bayat & Haghparast, 2015).

The Insulin Receptor (IR) exists in many brain areas, in-
cluding the arcuate nucleus with high density (Schuling-
kamp, Pagano, Hung, & Raffa, 2000; Van Houten et al.,
1980). Since the arcuate nucleus plays a role in the nocicep-
tion pathway and possesses the insulin receptor, this study
was designed to investigate the arcuate nucleus role and
also insulin effect within the arcuate nucleus in acute pain
nociception in healthy rats, STZ-induced acute diabetic
rats, and also STZ-induced chronic diabetic rats.

2. Methods
2.1. Animals

Male albino Wistar rats weighing 200-250 g were used
for the study. The rats were housed under 12 hours of light
and 12 hours of dark conditions. The time was set in which
lighting was started at 7:00 AM. During the experiment, the
rats had free access to enough food and water. The rats were
transferred to the lab space a week before the experiment
to let them become familiar with the environment. Each rat
was used just once.

2.2. Drugs

STZ (Santa Cruz biotechnology Company, Dallas, USA)
was freshly prepared and dissolved in cold normal saline
immediately before injection. Regular insulin (Exir Pharma-
ceutical Company, Boroujerd, Iran) and 2% lidocaine (Ab-
uraihan Pharmaceutical Company, Tehran, Iran) were used.
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2.3. Type 1 diabetes induction

Animals were divided into 2 groups: STZ-receiving and
healthy rats. The diabetes was induced by an intraperi-
toneal (IP) injection of 60 mg/kg dose of STZ solution
in cold normal saline. Six days after injection, blood
samples were collected and serum glucose was mea-
sured using spectrophotometry and glucometer. Only
rats with blood glucose levels higher than 250 mg/dL
were subjected to continuing the study as diabetic rats.
Experimental diabetes also was determined by changing
the behavior of animals through polyphagia, polydipsia,
polyuria, and weight loss (Bayat & Haghparast, 2015;
Sadeghimahalli, Khaleghzadeh-Ahangar, & Baluchne-
jadmojarad, 2019).

2.4. Experiment design

Rats were divided into 8 groups each included 6 rats
(n=6). This is the final number of the rats that participat-
ed and resulted in the statistical analysis after excluding
the troubled ones. The criteria for excluding the subjects
from the study were such things as wrong cannulation,
rats which their blood glucose was lower than 200 mg/
dL after STZ injection, and rats with impaired mobility.

24.1. The hypothalamic arcuate nucleus role in
acute pain in non-diabetic rats

After a recovery period, one group that contained non-
diabetic rats (healthy rats) received 0.5 pL of 2% lido-
caine within the hypothalamic arcuate nucleus to inves-
tigate this brain structure’s role in acute pain.

2.4.2. The effect of intra-arcuate nucleus insulin mi-
croinjection on acute pain in the non-diabetic rats

After the recovery period, non-diabetic rats received 0.5
uL saline as a drug vehicle (one group) and 0.5 pL of three
doses of Insulin (0.02, 0.1, and 0.5 TU) within the hypotha-
lamic arcuate nucleus (in three different groups) to inves-
tigate the insulin effect within this nucleus on acute pain.

2.4.3. The effect of intra-arcuate nucleus insulin
0.5 IU on acute pain in STZ-induced diabetic rats

The diabetic rats received an intra-arcuate effective
dose of insulin (0.5 TU) to investigate the insulin effect
on the acute pain in these animals 1, 2, and 3 weeks after
diabetes induction. This procedure was done in two dif-
ferent groups (one for the hot plate test and the other one
for the tail-flick test).
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2.4.4. The effect of insulin deficiency on acute pain
during the time

The non-diabetic and insulin-dependent diabetic rats
after 1, 2, and 3 weeks of diabetes induction were studied
by hot-plate and tail-flick tests to investigate the insulin
deficiency on acute pain during the time.

2.5. Stereotaxic surgery and cannula implantation

Rats were anesthetized by IP injection of xylazine
(10 mg/kg) and ketamine (100 mg/kg). After shaving
their hair, the rats were fixed into the surgical device.
The scalp was cut and to reduce bleeding and local an-
esthesia, the lidocaine plus epinephrine solution was
used. To specify lambda and bregma lines, the area was
cleaned using 70% ethylic alcohol. According to the at-
las of Paxinos and Watson (Paxinos & Watson, 2006),
arcuate nucleus coordinates are as follows: -2.28 mm
to bregma with 9.4 mm depth from the surface of the
skull and in the midline of the skull. The length of can-
nulas (23 gauge) was considered 12 mm. The length of
the needle for microinjection was also 12 mm. The skull
was pierced by a dental drill on the determined location.
Then, the cannula guide would be placed in the brain on
the surface of the nucleus and its upper part was fixed
in the skull surface with dental cement. Since the arcu-
ate nucleus is exactly in the middle line and has a small
size, the cannula was put in the midline. For more fixa-
tion of cement and cannula, small screws (glasses screw)
were used which were embedded within the skull bone
and dental cement. The opening of the guide cannula out
of the skull was blocked with a dental metal needle and
it was removed only at the time of microinjection. All
instruments were sterilized to prevent infection. After
cannula implantation and surgery, the rats were passed a
4-day recovery period.

2.6. Microinjection

For microinjection in the nucleus through the cannula,
a 12-mm long 30-gauge needle has been joined to a thin
polyethylene tube on one side. The other side of the tube
was connected to the Hamilton syringe to control the mi-
croinjection volume.

2.7. Thermal acute pain tests

2.7.1. Hot Plate test

The Hot Plate test was implemented as follows: to adapt
the animals to the environment and reducing stress, 1
day before starting the hot plate test, the rats were placed
on the cold (off position) surface of the hot plate device
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for 3 minutes to get familiar with the environment. On
the test day, the hot plate temperature was set at 52°C
and the animals were put on it. The reaction time or the
time it takes for the animal to respond to pain stimuli
was measured in seconds. The reaction time was when
the animals were licking their paws or jumping from the
hot plate surface that is defined as "pain response laten-
cy" and expressed in seconds. The end of this test (cut-
off point) was considered 60 seconds to prevent prob-
able animal tissue damages (Erami, Azhdari-Zarmehri,
Ghasemi-Dashkhasan, Esmaeili, & Semnanian, 2012).
This test is done for each rat 30 minutes before and about
60 minutes after microinjection. To reduce probable hu-
man errors, all tests were done by one person.

2.7.2. Tail-flick test

The tail-flick test was run by the tail-flick apparatus
(Ugo Basile, Italy). The Tail-Flick Latency (TFL) was
calculated on the average of three consecutive tail-flick
tests at each time point. The heat stimulus was provided
by a light source that projects infrared (IR) light. The IR
light was set at an intensity that yields a TFL reaction in
the range of 34 s (about 55% of maximal IR intensity).
The cut-off point was set 10 s; if the animal failed to flick
its tail during 10s, its tail would be removed from the coil
to prevent probable damages to the skin. The reaction
time between the onset of heat stimulus and the move-
ment of the tail was determined by an automatic sensor.
The IR heat was applied about 5 cm from the caudal tip of
the tail (Sadeghi, Reisi, Azhdari-Zarmehri, & Haghparast,
2013). This test has been done for each rat 30 minutes be-
fore and about 60 minutes after microinjection. To reduce
probable human errors, all tests were done by one person.

2.8. Histological verification

At the end of the study, the rats in each group were
decapitated, and to ensure and investigate the microin-
jection site the brain tissue sections were prepared. The
rats that had a defect or a problem in cannulation were
excluded from the study.

2.9. Statistical analysis

For statistical analyses, the paired-sample t-test and
ANOVA test (continued with Newman-Keuls post hoc
test) were used to compare the before-after and several
group comparisons, respectively. P values less than 0.05
were considered to be statistically significant.
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3. Results

3.1. The hypothalamic arcuate nucleus role in
acute pain in non-diabetic rats

To show and confirm the arcuate nucleus role in the
pain perception, 0.5 uL of 2% lidocaine was infused
within this area. The arcuate nucleus neurons suppres-
sion by microinjection of 2% lidocaine caused increas-
ing in nociception by decreasing the pain response la-
tency in the hot plate test (Figure 1).

3.2. The effect of intra-arcuate nucleus insulin mi-
croinjection on acute pain in the non-diabetic rats

To investigate the insulin role within this nucleus on
acute pain, 0.5 pL of three doses of insulin (0.02, 0.1,
and 0.5 IU) and saline (as the vehicle) were infused
within the arcuate nucleus. Intra-arcuate nucleus insulin
dose-dependently increased the pain response latency of
acute thermal pain in hot plate test so that for the 0.5 TU
group, the t-test demonstrated that the nociception (acute
pain threshold/the level of analgesia) decrease was statis-
tically significant (P<0.05; Figure 2).

3.3. The effect of intra-arcuate nucleus insulin 0.5
IU on acute pain in STZ-induced diabetic rats

When the thermal acute pain was tested by the hot plate
instrument, the t-test displayed that the microinjection of

15+

101

Pain Response Latency (s)

Lidocaine 2%

Figure 1. Effect of 2% lidocaine injection in the arcuate nucle-
us on pain response latency in the Hot Plate test

The white column displays pain response latency before and
the black one displays it after lidocaine injection. Each col-
umn indicates the Mean+SEM value of each group.

* P<0.05 in the t-test.
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the effective dose of insulin (0.5 IU) in the hypothalamic
arcuate nucleus in the first week of STZ-induced diabetes
led to acute pain increase (P<0.01). In the next week, this
method was performed again and pain response latency
decreased in response to insulin; it means that acute pain
and nociception were increased (P<0.01). Similarly, in
the third week, the microinjection with the same dosage
of insulin caused a reduction in pain response latency
and nociception increased in insulin-dependent diabetic
rats (P<0.05; Figure 3).

In the tail-flick part, intra-arcuate insulin significantly
increased the pain response latency in non-diabetic rats
the same as the hot plate result (P<0.05). Intra-arcuate
nucleus injection of 0.5 IU insulin increased the pain re-
sponse latency in the first week of STZ-induced diabetes
but this increase was not statistically significant. In the
following weeks in diabetic rats, intra-arcuate nucleus
insulin injection decreased the pain response latency
so that in the third week, it was significantly decreased
(P<0.05; Figure 4).

3.4. The effect of insulin deficiency on acute pain
during the time

When the pain response latency was compared among
non-diabetic rats and at different weeks after STZ-in-
duced diabetes induction, 1-way ANOVA indicated that
it was significantly increased after diabetes induction

254

—_ —_ 2
=} th [

Pain Response Latency (s)

20 mU 0.1U 05U
Saline

Insulin

Figure 2. Effect of different doses of insulin (20 mU, 0.1 IU, and
0.5 IU) and the vehicle (saline) within the arcuate nucleus on
pain response latency in hot plate test in different groups

The white columns display pain response latency before and
the black ones display it after insulin injection. Each column in-
dicates the Mean+SEM value of each group.

*P<0.05 in the t-test.
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Figure 3. Influence of the effective dose of insulin (0.5 IU) and
the vehicle (saline) within the arcuate nucleus on pain response
latency in hot plate test during three weeks in diabetic rats

The white columns display pain response latency before and
the black ones display it after insulin injection. Each column
indicates the Mean*SEM value of each group.

* P<0.05; ** P<0.01 in the t-test.

and continued to increase in diabetic rats during the time
in both hot-plate (F, ,;=8.179, P<0.001; Figure 5A) and
tail-flick (F,,=0.08911, P<0.001; Figure 5B) tests.

4. Discussion

Results of the present study demonstrated that hypo-
thalamic arcuate nucleus inhibition increased the ther-
mal nociception. Insulin within the arcuate nucleus de-
creased the acute thermal pain perception, through the
use of tail-flick and hot plate tests. STZ-induced diabetes
made hypoalgesia in which the latency of these tests,
progressively increased over time after induction of dia-
betes, and in the same animal group, intra-arcuate injec-
tion of insulin reduced the latency of thermal nocicep-
tion, vice versa for the non-diabetic rats.

Neuropathy is one of the complications of diabetic
patients (Schreiber, Nones, Reis, Chichorro, & Cunha,
2015). It has a variety of manifestations, including hy-
peralgesia, allodynia, and hypoalgesia that occurs in
advanced stages of diabetic neuropathy (Mohammadi-
Farani, Sahebgharani, Sepehrizadeh, Jaberi, & Ghazi-
Khansari, 2010). Insulin has an analgesic effect such
as modulating the analgesic system via modulating re-
ceptors of serotonin, opioids, and dopamine, as well as
releasing serotonin and dopamine in the brainstem re-
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gions (Balali Dehkordi, Sajedianfard, & Owji, 2017).
The arcuate nucleus has POMC containing projections
to the brainstem regions which modulate pain sensation
in descending control of nociceptive, i.e., serotonergic
and noradrenergic neurons in the raphe nuclei and the
Periaqueductal Gray Area (PAG). Therefore, it plays
an important role in controlling pain in brainstem areas
(Sim & Joseph, 1991). The arcuate neurons' terminals re-
lease opiocortin peptides, including beta-endorphin and
adrenocorticotropic hormone which their receptors are
abundant in raphe nuclei and PAG and cause inhibition
of nociception (Sun & Yu, 2005). In the present study,
to confirm the role of the nociception inhibitory effect
of the arcuate nucleus, injection of lidocaine into the ar-
cuate nucleus caused hyperalgesia. Thus, the inhibition
of this area causes allodynia that confirms the inhibitory
role of arcuate nucleus in nociception.

So far, few studies have been conducted on the central
effect of insulin as an analgesic hormone. Some studies
showed that ICV injection of insulin reduced nocicep-
tion in the formalin test which was inhibited by dopa-
mine and serotonin antagonists (Takeshita & Yamagu-
chi, 1997). Also, intra-spinal insulin-like growth factor
1 injection independently from the noradrenergic path-
way reduces hyperalgesia (Bitar, Al-Bustan, Nehme, &
Pilcher, 1996). It seems that insulin has an analgesic ef-
fect due to the presence of high levels of receptors in the
arcuate nucleus (Obici, Feng, Karkanias, Baskin, & Ros-
setti, 2002). Systemic insulin administration increased
the activity of the POMC neurons in the arcuate nucleus
(Kim, Grace, Welch, Billington, & Levine, 1999; Sim
& Joseph, 1991). Furthermore, it was demonstrated
that long-term administration of insulin in healthy mice
could increase the mRNA synthesis of opiocortin pep-
tides in POMC neurons (Kim et al., 1999).

In the present study and a similar one (Sugimoto et
al., 2008), in the first week after diabetes induction with
STZ in the rats, acute thermal hypoalgesia was observed
in the tail-flick and hot plate tests, and these reactions
progressively increased over time. In this regard, various
studies revealed that diabetes would cause hyperalgesia
due to dysfunction of serotonin and dopamine and opi-
oid peptides as well as the sensory disorders and chang-
es in the mechanism of pain perception in diabetes, in
contrast with the present study (Calcutt, Jorge, Yaksh, &
Chaplan, 1996; Sharma, Chopra, & Kulkarni, 2007; Shi-
rafkan, Sarihi, & Komaki, 2013; Takeshita & Yamagu-
chi, 1997). While in the advanced stages of diabetes, dia-
betic thermal, or mechanical hypoalgesia are observed
(Beiswenger, Calcutt, & Mizisin, 2008; Bierhaus et al.,
2004; Christianson, Ryals, McCarson, & Wright, 2003;
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Figure 4. Influence of the effective dose of insulin (0.5 IU) within the arcuate nucleus on pain response latency in the tail-flick test

During three weeks in non-diabetic and chronic diabetic rats the white columns display pain response latency before and the
black ones display it after insulin injection. Each column indicates the Mean*SEM value of each group.

* P<0.05 in the t-test.

Figure 5. Influence of insulin-dependent diabetes (acute and chronic)
A: Pain response latency via hotplate; B: Tail-flick tests;

The white columns display pain response latency in non-diabetic rats and the black ones display it in diabetic ones in three
weeks. Each column indicates the Mean+SEM value of each group.

**P<0.01; and *** P<0.001 in 1-way ANOVA test.
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Chu et al., 2008; Kolta, Ngong, Rutledge, Pierzchala, &
Van Loon, 1996; Obrosova et al., 2008; Ohsawa, Miya-
ta, Carlsson, & Kamei, 2008; Ulugol et al., 2012; Urban
etal., 2010). It seems that thermal hypoalgesia in the last
stages of diabetes is induced due to the impairment of re-
generation, neuronal degeneration, loss of sensory fibers,
malfunction, and structural problems in small neurons'
fibers (Sugimoto et al., 2008). In other words, neuropa-
thy in the final stages involves a variety of dysfunctions
in sensory neurons, including reduced conduction veloc-
ity which is related to progressive degeneration of total
sensory fibers (Obrosova et al., 2008). However, thermal
hypoalgesia in the early stages of diabetes, which was
shown in the present study as well as others (Sugimoto
et al., 2008; Urban et al., 2010), is caused by altered
nociception and a disruption in the processing of sen-
sory neuron information. Another reason for increasing
the threshold of pain perception in the early stages of
diabetic neuropathy is the impairment of the epidermal
nociceptors functions before the loss of peripheral ter-
minals in sensory neurons. The abnormal status of neu-
rotransmitters in the nociceptors is also another cause of
hypoalgesia in the early stages of diabetes (Beiswenger
et al., 2008; Sugimoto et al., 2008).

In the present study, intra-arcuate nucleus injection of
insulin increased the threshold of acute thermal pain in
the healthy rats but reduced thermal hypoalgesia in STZ-
induced diabetic rats. In our $tudy, single-dose insulin
injection in the first, second, and third weeks after diabe-
tes induction, probably cannot influence the biosynthesis
of the myelin sheath and improve the signal conduction
velocity in damaged nerves (Ohsawa et al., 2008). Per-
haps, the improvement of the insulin receptor signaling
in the arcuate nucleus following the insulin injection
could have altered the balance of pain and non-pain neu-
rotransmitters.

There are many insulin receptors on both neuropeptide
Y and POMC neurons in the arcuate nucleus (Obici et
al., 2002). Thus, any change in the release of beta-en-
dorphin from POMC terminals can modulate the output
of serotonergic fibers of the raphe nucleus (Hirosawa
et al., 2008; Kombian & Colmers, 1992; Obici et al.,
2002). Some studies showed that insulin normalizes the
serotonin and norepinephrine levels in the brainstem (de
Silva, 2010). It was demonstrated that intranasal insu-
lin injection influenced insulin secretion in the pancreas
via its receptors in the hypothalamus (Kullmann et al.,
2017). Fox et al. believed that changes in the content of
neuronal growth factors and morphological changes in
sensory neurons in diabetic models did not occur until
the third week after diabetes induction (Fox, Eastwood,
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Gentry, Manning, & Urban, 1999). In the early stages
after diabetes induction, changes in response to pain tests
were associated with biochemical changes. Although hy-
perglycemia can play a role in the development of neu-
ropathy, there was no correlation between the threshold
of perceived thermal pain and hyperglycemia in diabetic
~nd control animals (Piercy et al., 1999). In other words,
the time of induction of biochemical and morphological
changes in the nociception system changes the results
and responses to pain tests, depending on different stud-
ies with different designs. To say some, age, sex, type,
and race of animals, diabetes duration, use of different
noxious stimulus in pain tests, duration of treatment with
insulin, multiple doses of insulin treatment, method of
insulin administration (peripherally or centrally), and
many other things related to the design of the study
would change the outcomes.

In conclusion, intra-arcuate nucleus injection of insulin
produced acute thermal hypoalgesia in non-diabetic rats.
Insulin reduced the thermal pain threshold in diabetic
rats, which was time-dependent. However further stud-
ies on the mechanism of intra-arcuate nucleus insulin ef-
fect on reducing diabetic’s hypoalgesia are needed.
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