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Our previous study has indicated that Somatostatin type-2 receptor (SSTR2) antibody enhances 
mechanical hyperalgesia in dorsal root ganglion neurons (DRGs) based on Pinch-nerve injury painful 
model. However, more details on the role of SSTR2 involved should have been clearly elucidated. 
Here in this study, we focused on the early phase of painful process; detected the painful hyperalgesia 
and allodynia induced by Pinch-nerve injury firstly; and then we analysed the expression of SSTR2 
protein in DRGs after injecting Carrageenan, the inflammation-induced reagent into the mouse left-hind 
paw(Ipsilateral-side). Compared with the SSTR2 in normal right -hind paw(contralateral-side) DRGs. 
The variation of SSTR2 protein expression is fast, because about 15 min after injection the significant 
up-regulated expression of the SSTR2 proteins are found in inflammatory DRG neurons compared to that 
of in control DRG neurons. The process is also time-dependent, because no difference is seen after one-
day injection. Meanwhile, we also analysed the SSTR2 expression in other types of painful models (i.e., 
DR and SNI); Thus, our data suggested that changes of SSTR2 expression at the short time painful stage 
which has influenced in the painful signal transduction maintain and may be the clues and evidence for 
Somatostatin inhibits neuronpathic pain based on our previous work.

INTRODUCTION

Somatostatin is a regulatory peptide that takes widely 
actions in endocrine, neuroendocrine, neuronal, 

smooth muscle, and immune cells (Rai et al., 2015; 
Olias et al., 2004). These actions include modulation of 
neurotransmission in the central and peripheral nervous 
system (Epelbaum et al., 1994), inhibition of hormone 
secretion by the pancreas and the pituitary, inhibition of 
exocrine secretion in the pancreas and the gastrointestinal 
tract, and regulation of smooth muscle contraction (De 
Martino et al., 2010). Moreover, somatostatin has been 
shown to inhibit secretion and growth by a number of 
neuroendocrine tumors (Reubi, 1997). The biological 
actions of somatostatin are mediated by its five G protein-
coupled receptors, named SSTR1 through SSTR5 (Patel, 
1999). The SSTR2 receptor is widely distributed in the 
central and peripheral nervous system (Wild et al., 2003; 
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Schottelius et al., 2004). Recently, some papers reported 
that administration of octreotide (OCT); the agonist 
of SSTR2 receptor provided analgesic effects not only 
in different experimental animal pain models but also 
applied in some clinical cases (Olias et al., 2004; Shi et 
al., 2014; Tsai et al., 2002). On the other hand, The recent 
study demonstrated that local administration of OCT 
significantly regulate pain in both central and peripheral 
nervous system (Qu et al., 2015; Prasoon et al., 2015). 

Meanwhile, our group in a recent study suggested that 
administration of SSTR2 antibody significantly attenuated 
mechanical hyperalgesia in the Pinch nerve injury-induced 
pain model in mice. However, to date, little information 
has been available on expression of SSTR2 in DRGs in 
mouse based on the early stage of painful process in animal 
models. In the present study, we analysed the time couse of 
painful behavior in Pinch-nerve injury pain model we used 
previously and then detected the expression of the SSTR2 
in short time phase after Carrageenan injection, focusing 
on the mouse dorsal root ganglion by western blot and also 
comparing the difference among other two types of pain 
models as well.
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MATERIALS AND METHODS

Animals tissue 
The experiments were performed on male Institute 

of Cancer Research (ICR) mice weighing 25-30g. All 
animals were kept in Animal Center of Jishou University 
and also under standard conditions on a 12 h day/night 
cycle with free access to food and water. All experiments 
were performed in accordance to with the NIH’s Guide for 
the Care and Use of Laboratory Animals. The study has 
been approved by the local Ethical Committee for animal 
experiments (Jishou University). 

Sciatic nerve pinch (SNP)-induced nerve injury model 
Pain behavior was induced by pinch of the sciatic 

nerve in experimental animals as performed according to 
the method described previously by Xiang et al. (2016). 
Briefly, the mice were anesthetized with chloral hydrate 
(2%, 10μl/g, i.p.) and then their left sciatic nerves were 
pressed one time with a pair of tweezers for 3-5s, and 
pinching was stopped if the mice showed cramps in its 
hind paw. After surgery, the muscle and skin was closed 
through standard procedure and the animals were allowed 
to recover for painful behavior testing. The mice were 
grouped randomly as followed: (i) pinch-operated group, 
in which pinch injury was infected in the left sciatic nerves 
of 10 mice, (ii) sham-operated mouse, in which the left 
sciatic nerves were exposed, but the sciatic nerves were 
not pinched in another set of 10 mice.

To induce inflammatory pain, 10 µl Carrageenan 
(Sigma, USA) was injected into the plantar surfaces of 
hindpaws. The same volume of saline was injected in 
control animals. 

Dorsal rhizotomy (DR) and spared nerve injury (SNI)
DR and SNI operations were performed on mice (25-

30g) under anesthesia with i.p. administration of chloral 
hydrate. Briefly, a half-sided laminectomy was performed 
at the lumbar level, approximately at the L4 to S1 
segments. Axotomy of two or three of the central processes 
of the dorsal roots was made with microsiccors. The mice 
were allowed to survive for 1 week after axotomy and 
were sacrificed. The procedure of SNI surgury was done 
as described by Decosterd and Woolf (2000). Mice were 
kept 3 weeks after SNI surgery. For analysis of SSTR2 
expression in DRG neurons, DRGs tissues were rapidly 
dissected out and frozen on dry ice. 

Behavioral test for pain evaluation
Mechanical hyperalgesia by von frey test
At one time point before pinch induction (baseline), 

as well as everyday of pinch, mechanical hyperalgesia 

was determined on both ipsilateral and contralateral hind 
paws. Animals were placed on a mesh floor and allowed to 
acclimate to the testing device. The filaments were applied 
in ascending order beginning with the lowest filament 
(0.07 g) to the central region of the plantar surface of a 
hind paw until a filament was found from which a hind 
paw withdrawal response was observed. Measurements 
were performed in triplicate, and means were calculated 
as mechanical hyperalgesia thresholds. Baseline tactile 
sensitivity of both hind paws was determined before 
surgery (Pre). A statistically significant decrease in the 
hind paw withdrawal threshold was considered indicative 
of tactile allodynia.

Thermal hyperalgesia by hargreaves device
Briefly, the thermal hyperalgesia was assessed in the 

hind paws according to Boettger, (Thacker et al., 2011). 
After accommodation of the animals to the testing device, 
paw withdrawal latencies (PWLs) to radiant heat were 
measured. A digital timer automatically read the duration 
between the start of heat stimulation and paw withdrawal. 
Temperature of the glass plate was adjusted so that the 
baseline PWLs of normal mice were 6-10 s, and a cut off 
time of 15 s was used to avoid any tissue damage. Mean 
latencies were calculated and used as a measure of the 
threshold of withdrawal to heat stimulus. 

Assessment of cold allodynia
Cold allodynia was measured by applying 100 μl 

of acetone on the plantar surface of the ipsilateral hind 
paw and the responses were observed for 20 s and graded 
to 5-point scale: Score 0, no response; score 1-2, quick 
withdraw; score 3, prolonged withdraw or repeated 
flicking; score 4, continued withdraw and flicking; score 
5, repeated flicking with the licking of paw. Acetone was 
applied on the skin of hind paw with an interval of 5 min 
and the individual scores noted in 20 s interval were added 
to get the single value over a cumulative period of 60s 
(Flatters and Bennett, 2004).

Time course of SST2R expression and tissues preparations 
Tissues were obtained immediately for western 

blot after the painful behavior testing at 15 min, 90 min, 
1 day, 4 days. Both ipsilateral and contralateral L4-
L5 DRGs were removed, kept on dry ice and and lysed 
in RIPA buffer containing 150 mM NaF, 2 mM sodium 
orthovanadate and protease inhibitors (protease inhibitor 
mixture; Roche). An equal amount of protein was loaded 
and separated on sodium dodecylsulphate polyacrylamide 
gel; the separated proteins were transferred onto polyvinyl 
difluoride (PVDF) membrane followed by blocking with 
BSA for 1 h. Primary antibodies against SSTR2 (Santa 
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Cruz Biotechnology) and GAPDH (Cell signal) were used. 
Then the membranes were incubated overnight at 4°C with 
primary antibodies of SSTR2, (Santa Cruz Biotechnology, 
USA), GAPDH (Cell Signaling Technology, MA, USA). 
The relative band densities were quantified using software 
(Image J 1.36; NIH, USA). Equal loading of protein was 
confirmed by measuring GAPDH expression.

Quantitative evaluations
Data was presented as the mean (%)±standard 

error of mean (S.E.M). Data were subjected to statistical 
evaluation using Student T-tests. Statistically significant 
differences between groups were expressed as p values 
less than 0.05.

Fig. 1. Procedures for establishing pain-related mouse 
model and behavioral tests. Following the Pinch-nerve 
injury, mice in the Pinched group, and sham group were 
housed and subjected to thermal hyperalgesia behavior 
and cold allodynia tests consecutively within 7days and 
prolonged subsequently for 14days for Von-Frey tests. n 
= 5 per group. After Carrageenan injection (Carrageenan-
treated group), and sham group were respectively injected 
with saline, mice were sacrificed after 15min , 90min, 
1day and 4days and prolonged on the 7th day. After Dorsal 
Rhizotomy (DR) was completed, mice were housed for 7 
days and subjected to DRGs dissection. n = 5 per group. 
The mice were performed Spared nerve injury (SNI) 
surgery; kept for 21days (3 weeks) and also subjected to 
DRGs dissection. n = 5 per group.

RESULTS

Sciatic nerve pinch (SNP) induced mechanical 
hyperalgesia

The mechanical allodynia noted by paw withdrawal 
threshold (PWT) are shown in Figure 2 by von Frey 

filament testing. Before SNP surgery, the baseline of PWT 
showed no significant difference (P > 0.05) among all the 
animals (Data are not shown here). One days after surgery, 
the mechanical allodynia induced by SNP presented a 
significant decrease compared with the sham group (P < 
0.05); the painful behavior in SNP group remained low 
consistently until 2 weeks-day (14 day). However, not 
very sharply significant variation was observed after day 8 
to day14 compared with the sham-operated group.

Fig. 2. Mechanical hyperalgesia induced after Pinch 
nerve injury. Time course of mechanical pain withdrawal 
threshold measured by the von Frey filaments after 
unilateral Pinch (n=5). Ipsilateral hind paw displays a 
strongly painful behavior measured by pain withdrawal 
threshold compared with sham group animals (n=5); This 
mechanical hyperalgesia is not seen in the contralateral 
paw compared with sham group animals (n=5). Data are 
expressed as mean±S.EM. *, P <0.05 compared with the 
sham group. 

Sciatic nerve pinch (SNP) induced thermal hyperalgesia
The thermal hyperalgesis caused by SNP is shown in 

Figure 3A. The baselines of thermal withdrawal threshold 
(TWT) among all mice were similar. The SNP group 
mice showed the development of thermal hyperalgesia 
significantly according to the reduced TWL values (P < 
0.05) from the 15min during the day 1 to day 7 compared 
to the sham group. 

Sciatic nerve pinch (SNP) induced cold allodynia
Figure 3B shows the cold allodynia tested by actone. 

Mice subjected to SNP showed no significant increase 
in response to cold stimulus compared to sham animals, 
which is evidented from the values of paw withdrawal. 

DRG SSTR2 expression following carrageenan injection
Figure 4A shows SSTR2 expression in both 

contralateral-side (R) and ipsilateral-side(L) DRGs. In 
ipsilateral DRG neurons, the expression of SSTR2 protein 

The Expression of Somatostatin Type-2 Receptors in Mouse Dorsal Root Ganglion 3
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was significantly increased after 90min Carrageenan 
injection (no significant difference) compared with the 
contralateral DRG neurons. Likewise, there was a sharp 
increase in DRGs at 90min as well as a slight increase 
after 1day Carrageenan injection compared with 15min 
this time point in the total DRG neurons from pinched 
animals. There was however a significant reduction in 
either contralateral (R) or ipsilateral (L) DRGs on day 4 
(Fig. 4A, * p < 0.05 vs day 1; ** p < 0.01 vs 90 min). 

Fig. 3. Thermal hyperalgesia and cold allodynia induced 
after Pinch nerve injury. (A)Time course of thermal 
hyperalgesia tests after Pinch. The paw withdrawal 
latency (Seconds) after nociceptive hot stimulation 
significantly decreased at 30min time point in Pinch group 
(n=5) compared with sham group (n=5); This thermal 
hyperalgesia sustained for 7days. The contralateral paw 
has not shown this mechanical hyperalgesia compared 
with sham group animals (n=5). (B)cold allodynia tests 
after Pinch.Time course of cold stimulus scores measured 
by the Actone after Pinch-nerve injury (n=5). Ipsilateral 
hind paw displays a strongly but not significantly painful 
behavior measured by pain scores compared with sham 
group animals (n=5); This cold allodynia is not done in 
the contralateral paw compared with sham group animals 
(n=5). Data are expressed as mean±S.EM. *, P <0.05 
compared with the sham group.

DRG SSTR2 expression after DR and SNI
In order to detect the SSTR2 expression levels after 

the short time or long-time injury treatment, DR and SNI 
painful model were executed. As shown in Figure 4B, 
expression level of SSTR2 in ipsilateral-side (L) DRGs was 
increased after RN as compared to the contralateral-side(R). 
In contrast, SSTR2 expression in ipsilateral-side (L) DRGs 
was decreased when compared to the contralateral-side(R) 
based on the 3 weeks SNI model, However, no significant 
difference was detected in these two groups.

Fig. 4. The expression of SSTR2 protein in DRGs by 
western bolt. (A) SSTR2 expression in DRGs after 
Carrageenan injection. Mice sacrificed at 15min, 90 min, 
1day and 4 day after Carrageenan injected in left- hind 
paw(L), compared with right-side untreated hind paw, 
showed up-regulated SSTR2 expression in DRG neurons 
at 15min and 90 min these two time points (no significant 
differences existed, respectively); However, 1day after 
injection of Carrageenan, SSTR2 protein showed down-
regulated in left-side DRGs(L), after 4 day, The SSTR2 
protein sharply reduced in left-side DRGs(L) compared to 
right-side DRGs(R). Error bars represent standard error of 
the mean±SEM. Significant differences are indicated by *, 
P<0.05; **. P<0.01 (n=5). (B) The expression of SSTR2 in 
DRGs on the basis of DR and SNI models. Tissues from 
ipsilateral hind paw DRGs (L) are compared with tissues 
from contralateral hind paw DRGs(R) after DR 1 week and 
SNI 3weeks surgery. SSTR2 expression are not showed 
significant variations in neither of these two models (n=5).

Q. Xiang et al.
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DISCUSSION

Although the somatostatin receptors, in particular the 
SSTR2 subtype, are well established and most successful 
among the peptide receptor–targeting candidates (Liu 
et al., 2005; Moore et al., 1988; Cescato et al., 2010), 
information on SSTR2 functional role is limited and 
obscure at the early phase of painful process in several 
models. The present results distinctly show that SSTR2, 
expressed at the ipsilatral-side of DRGs, is functional 
and up-regulated within 90 min after immflamation 
induced by Carrageenan injection from the mice left 
paw. This observation is similar to other group’s findings 
(Mulak et al., 2015; Song et al., 2002); however, the up-
regulation tendency is significantly reversed after 1 day 
immflamation process. After 4 days injection, however 
the SSTR2 decreased significantly compared to any other 
time point before. Alternatively, DR and SNI are used to 
determine the variation of SSTR2 expression monitored 
by western blot as complementary tests. 

To determine the role of protein in the evaluate 
whether the variation of SSTR2 expression at the early 
phase of painful process based on differents pain models, 
we chose the SSTR2 subtype of somatostatin receptors 
for the evaluation of protein expessed in DRG neurons. 
Indeed, somatostatin receptors family have been found 
to be expressed widely and be excellent targets (Benya 
et al., 1994; Blevins et al., 1994). Focused on the DRGs, 
we have, therefore, evaluated the differences of SSTR2 
protein expression under imflamationary conditions at 
different time points. In addition, another two widely used 
pain models- DR as well as SNI were evaluated at the 
same time (Mariana et al., 2017; Shunsuke et al., 2017; 
Lynds et al., 2017; Shi et al., 2012). We investigated 
painful hyperalgesia and allodynia behavior on the basis 
of different models, in animals DRG tissue dissected. 
Western blot methods were used for this purpose, with 
specific and well-established SSTR2 antibodies. 

In addition, the experssion of SSTR2 in DRGs is 
most likely adjustable along the painful process. One 
day after Carrageenan injection, the once up-regulated 
SSTR2 receptors appear to slow down, accompanied by 
the alleviated inflammatory behavor and after four days, 
there is little SSTR2 neither in ipsi-side nor in contral-side 
DRGs. The pattern of pain model used in the present study 
is well compatible with an SSTR2 expression at the early 
stage of painful process. Meanwhile, the data from DR and 
SNI models suggest that, 1 week DR surgery, SSTR2 are, 
which they are detected in a amounts comparable to the 
levels after 3 weeks SNI surgery; which are consistent with 
several published papers (Shunsuke et al., 2017; Lynds et 
al., 2017; Shi et al., 2012). 

CONCLUSION

Taken together, our data indicate that the process of 
SSTR2 expression in DRGs after Carrageenan injection is 
extremely quick, and also the function-related plasticity 
was affected as well as plastic signal was generated and 
transmited to the spinal cord. It is also known to express 
SSTR2 under this inflammatory conditions. A physiologic 
somatostatin target organ was evaluated under the same 
conditions in our further study. Our previous data also 
found that p38MEAK, one of the SSTR2 effectors in 
signal transduction pathway in cell was down-regulated 
in octreotide. The specific SSTR2 agonist treated mice 
compared with antagonist treated and normal mice and 
showed high pain threshold in 2-weeks SNI pain model 
(Shi et al., 2014). Here, the data provided evidence that 
this molecular process may be the link which is responsible 
for that inhibition of Somatostatin- SSTR2 treatment of 
neuropathic and inflammatory pain.
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