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Background: Thrombospondin-4 (TSP4) upregulates in the spinal cord following 
peripheral nerve injury and contributes to the development of neuropathic pain (NP). 
We investigated the effects of cyanocobalamin alone or in combination with mor-
phine on pain and the relationship between these effects and spinal TSP4 expres-
sion in neuropathic rats. 
Methods: NP was induced by chronic constriction injury (CCI) of the sciatic nerve. 
Cyanocobalamin (5 and 10 mg/kg/day) was administered 15 days before CCI and 
then for 4 and 14 postoperative days. Morphine (2.5 and 5 mg/kg/day) was ad-
ministered only post-CCI. Combination treatment included cyanocobalamin and 
morphine, 10 and 5 mg/kg/day, respectively. All drugs were administered intraperi-
toneally. Nociceptive thresholds were detected by esthesiometer, analgesia meter, 
and plantar test, and TSP4 expression was assessed by western blotting and fluo-
rescence immunohistochemistry. 
Results: CCI decreased nociceptive thresholds in all tests and induced TSP4 expres-
sion on the 4th postoperative day. The decrease in nociceptive thresholds persisted 
except for the plantar test, and the increased TSP4 expression reversed on the 14th 
postoperative day. Cyanocobalamin and low-dose morphine alone did not produce 
any antinociceptive effects. High-dose morphine improved the decreased nocicep-
tive thresholds in the esthesiometer when administered alone but combined with 
cyanocobalamin in all tests. Cyanocobalamin and morphine significantly induced 
TSP4 expression when administered alone in both doses for 4 or 14 days. However, 
this increase was less when the two drugs are combined.
Conclusions: The combination of cyanocobalamin and morphine is more effective 
in antinociception and partially decreased the induced TSP4 expression compared 
to the use of either drug alone.
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INTRODUCTION
Neuropathic pain (NP) is pain caused by a lesion or disease 
affecting the somatosensory nervous system [1]. NP may 
be caused by diverse conditions such as diabetic neuropa-
thy and spinal cord injury [2]. Currently, antidepressants, 
anticonvulsants, topical and narcotic analgesics are be-
ing used to treat NP [3]. However, none of these drugs are 
spesific for NP treatment, and their effectiveness is ques-
tionable. Moreover, many of them have a short duration of 
effectiveness, limited safety, and many adverse effects [4]. 
For such reasons, the treatment of NP is complicated and 
often inadequate.

Thrombospondins (TSPs) are oligomeric, multidomain, 
calcium-binding extracellular glycoproteins [5]. TSPs are 
expressed primarily during development and growth, and 
in response to injury [6], with critical roles in abnormal 
synaptogenesis, leading to spinal sensitization and pain [7]. 
Peripheral nerve injury induces TSP4 upregulation in the 
dorsal spinal cord that correlates with behavioral hyper-
sensitivity initiation and maintenance. In rats, blockage of 
injury-induced upregulation of TSP4 expression prevented 
and reversed behavioral hypersensitivity development 
[7,8]. Therefore, it is accepted that blocking TSP4 expres-
sion has therapeutic potential in the targeted therapy of 
NP.

Opioid analgesics are frequently preferred to treat acute 
and chronic pain states, including, especially, cancer and 
NP. Although they are highly effective for treating pain, 
their intensely addictive effects and the development of 
tolerance to their antinociceptive effects during long-term 
treatment [9] considerably restrict the utilization of opi-
ates. Vitamin B12 is involved in the metabolic functions of 
every body cell, i.e., deoxyribonucleic acid synthesis and 
regulation, fatty acid metabolism, and energy production 
[10]. It is a neurotrophic agent with a particular affinity to 
neural tissues [11]. There is much evidence that vitamin B12 
supports axonal cell myelinization and peripheral nerve 
regeneration by various mechanisms during the injury or 
inflammation of peripheral nerves [12]. It has been sug-
gested that vitamin B12 exerts its antiallodynic effect by 
inhibiting peripheral pain signals; however, the mecha-
nisms underlying its analgesic effect are still not fully 
elucidated [13]. Combining two or more drugs in patients 
with NP who cease treatment due to adverse effects or 
other reasons may allow lower doses [14], improve analge-
sic efficacy, and reduce adverse effects [15]. Animal studies 
suggest that vitamin B12 may provide an opioid-sparing 
effect when combined with opiates, allowing the reduc-
tion of the opioid dose [16]. However, there is no consensus 
on this issue or events mediating this effect. TSP4 may be 
a potential candidate composing one of the fundamental 

mechanisms in NP initiation and maintenance. There is 
very little information about the participation of TSP4 in 
the mechanisms of action of drugs or drug combinations 
in NP treatment. 

Therefore, we aimed to investigate whether the adminis-
tration of cyanocobalamin (a vitamin B12 analogue) alone 
or in combination with morphine (an opiate analgesic) 
induces an antinociceptive effect in neuropathic rats, and 
reveal the relationship between lumbar spinal cord TSP4 
level and this potential antinociceptive effect.

MATERIALS AND METHODS
1. Animals

Adult Wistar rats of either sex (n = 132, 200-300 g) were ob-
tained from Ege University Center for Research on Labora-
tory Animals. The experimental protocol was approved by 
the Ege University Animal Experiments Local Ethics Com-
mittee (approval No. 2017-092) and performed according 
to the Guide for the Care and Use of Laboratory Animals 
approved by the National Institutes of Health of the United 
States. The animals were housed in each plastic cage 
covered with sawdust under a standard 12 hours light/12 
hours dark cycle in a room maintained at 24°C ± 1°C and 
were given food and water ad libitum.

2. Induction of NP

NP was induced in rats by a slight modification of the 
chronic constriction injury (CCI) model of Bennett and Xie 
[17]. Silk suture was used instead of catgut as the binding 
material. Briefly, the right sciatic nerves of rats were ex-
posed under ketamine/xylazine (40:20 mg/kg, intraperito-
neal [i.p.]) anesthesia and loosely ligated three times with 
a 4.0 silk suture leaving approximately 1 mm spaces in 
between. The muscle, fascia, and skin were sutured with 
3.0 silk. Identical surgery was also performed on sham an-
imals without ligating the sciatic nerve. After surgery, the 
rats were returned to their cages. No surgical procedure 
was administered to the control animals.

3. Experimental groups and administration of drugs

The rats were divided into six experimental groups. Fol-
lowing administration of cyanocobalamin or saline as a 
pre-emptive treatment for 15 days, saline, cyanocobala-
min (Deva Holding A.S., Kocaeli, Turkey), and/or mor-
phine (Galen Ltd., Istanbul, Turkey) were administered for 
4 and 14 postoperative days. All drugs were administered 
by intraperitoneal injection. Fig. 1 shows the flowchart of 
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the experimental design.

4. Behavioral pain tests

Behavioral pain tests were carried out before starting injec-
tion (basal paw nociceptive threshold) and before surgery 
(preoperative paw nociceptive threshold) on the 4th and 
14th postoperative days. All rats were habituated to the 
test environment for approximately 30 minutes before the 
experiments; meanwhile, food and water were withdrawn. 
A dynamic plantar esthesiometer (Ugo Basile, Gemo-
nio, Italy), plantar test (Ugo Basile), and analgesia meter 
(Ugo Basile) were used to measure mechanical allodynia, 
thermal hyperalgesia, and mechanical hyperalgesia, re-
spectively. Nociceptive thresholds in the analgesia meter 
were expressed in grams as the force required to elicit a 
withdrawal response. In the dynamic plantar esthesiom-
eter and plantar tests, the paw withdrawal latencies were 
expressed in seconds as the endurance duration of the rat 
to mechanical and thermal stimuli. Cut-off values were 
accepted as 50 g force and 20 seconds to prevent skin sen-
sitization and thermal injury, respectively. Stimuli were 
administered a minimum of 3 and maximum of 5 times to 
each paw with 5-min intervals in between. The data were 
averaged and expressed as the percentage change in the 
threshold, which was calculated using the following for-
mula: 

% change in nociceptive threshold =  
(pre- or post-surgery paw withdrawal latency/ 

basal paw withdrawal latency) × 100

5. Western blot analysis in the lumbar spinal cord

Spinal cord segments from L4-6 were removed from rats 
under anesthesia (ketamine/xylazine; 40/20 mg/kg, i.p.) 
on the 4th and 14th postoperative days. The samples (100 
mg/mL) were homogenised in lysis buffer (20 mM Tris-
hydrochloric acid [HCL], 3 mM ethylene glycol tetraace-
tic acid [EGTA], 5 mM ethylene diamine tetraacetic acid 
[EDTA], 10 mM dithiothreitol [DTT], 0.5 mg/mL aprotinin, 
0.001 mg/mL pepstatin, 0.001 mg/mL leupeptin, and 0.5 
mM phenylmethylsulfonyl fluoride [PMSF] in pH: 7.5) on 
ice, then centrifuged at 1,400 rpm at 4°C for 30 minutes to 
remove insoluble pellets. The supernatants were removed, 
and protein concentration was measured at 750 nm wave-
length in the spectrophotometer by the Lowry method [18]. 
One hundred µg of protein were mixed with 4 × Laemmeli 
buffer (pH: 8) and kept at 100°C for 2 minutes, and loaded 
onto 4% stacking and 10% separating sodium dodecyl sul-
phate–polyacrylamide gel electrophoresis (SDS-PAGE) gel. 
The resolved proteins were transferred onto the nitrocel-
lulose membrane. Blots were blocked for an hour at room 
temperature with 1% bovine serum albumin and then 
incubated overnight at 4°C with antibodies against TSP4 

A

B

No surgery

Sham groups

Control groups

Time (days)
0 4 1415

Sham surgery

Western blotting

BPT

Western blotting
Histochemistry

Western blotting
Histochemistry

BPTBPT BPT

Start 5 mL/kg/day
Saline

Western blotting

NP + Morphine
groups

Neuropathic pain (NP)
groups

Time (days)
0 4 1415

Start morphine
(stop saline)

Western blotting

BPT

Western blotting
Histochemistry

Western blotting
Histochemistry

BPTBPT + CCI BPT

Start 5 mL/kg/day
Saline

2.5 mg/kg/day

5 mg/kg/day

Western blotting

Western blotting
Western blotting

NP + Combination
groups

NP + Cyanocobalamin
groups

Western blotting
Western blotting

Western blotting
Histochemistry

Start
cyanocobalamin

5 mg/kg/day

10 mg/kg/day

Western blotting

Western blotting
Western blotting
Histochemistry

Start 5 mg/kg/day
morphine

Fig. 1. Flowchart showing the experimen-
tal design of the present study. (A) Experi-
mental groups without CCI and (B) experi-
mental groups with CCI/neuropathic pain. 
Asterisk (⋆) represent CCI. Arrowhead 
() indicates the sacrification and the 
subsequent process. Notes: 1) The pain 
thresholds of all animals, including rat 
groups sacrificed on the 14th postopera-
tive day were measured on the 4th post-
operative day and these data were also 
used to assess pain threshold change on 
the 4th postoperative day. 2) Spinal cord 
tissues used in Western Blotting and Fluo-
rescence Immunohistochemistry studies 
were obtained from separate animals. 
CCI: chronic construction ınjury of sciatic 
nerve, BPT: behavioral pain tests.
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(1:250, Santa Cruz Biotechnology, Dallas, TX) and β-actin 
(1:20,000, Sigma-Aldrich Corp., St. Louis, MO). After exten-
sive washing, the membranes were incubated with a sec-
ondary antibody (1:500 for TSP4 and 1:10,000 for β-actin, 
GE Healthcare UK Limited, Buckinghamshire, UK) in 
blocking buffer for 1 hour at 37°C. Finally, the membranes 
were incubated with freshly prepared electrochemilumi-
nescence solution (GE Healthcare UK Limited, Amersham, 
UK) for 5 minutes in the darkroom. Band images were 
obtained by scanning with a chemiluminescence device 
(LI-COR C-DIGIT Blot Scanner, Model 3600; LI-COR, Inc., 
Lincoln, NE). The band densities were quantified using 
the Image Studio Digits v4.0 program (LI-COR, Inc.). The 
data were presented as the ratio of TSP4 band density over 
β-actin band density.

6. Fluorescence immunohistochemistry

On the 14th postoperative day, intracardiac perfusion 
with phosphate buffered saline (PBS, 0.01 M) followed by 
a 4% cold paraformaldehyde (PFA) solution was carried 
out in rats under anesthesia. The lumbar segments of the 
spinal cord (L4-L6) were removed by laminectomy and 
post-fixated overnight in 4% PFA solution and then trans-
ferred into 30% sucrose until sectioning. Thirty μm thick 
transverse spinal sections were obtained using the LEICA 
CM1950 cryostat device (Leica Microsystems Inc., Wetzlar, 
Germany), and sections were placed on polylysine-coated 
slides. 

Sections were blocked with PBS containing 1% bovine 
serum albumin and Triton X for an hour at room tempera-
ture and incubated with primary antibodies TSP4 (mouse 
monoclonal, 1:100, Santa Cruz Biotechnology) and glial 
fibrillary acidic protein (GFAP; rabbit polyclonal, 1:100, 
Abcam, Cambridge, UK) overnight at 4°C and then with 
secondary antibodies (goat anti-mouse polyclonal im-
munoglobulin G [IgG], fluorescein conjugate, 1:100, EMD 
Millipore Corporation, Temecula, CA, and goat anti-rabbit 
IgG [H + L], rhodamine conjugate, 1:100, EMD Millipore 
Corporation) for 2 hours at room temperature in the dark. 
The sections were coverslipped using 90% glycerol. The 
stained sections were examined under a f luorescence 
microscope (Olympus BX51; Olympus, Tokyo, Japan) and 
images were recorded and analyzed using a computerized 
image-analyzer program, Image J (National Institutes of 
Health, Bethesda, MD). The immunoreactivity of TSP4 
protein in the dorsal horn of the lumbar spinal cord was 
defined as % surface area, and astrocyte cells were quanti-
fied as the GFAP (+) cell count.

7. Statistical analysis

Basal and preoperative nociceptive threshold values were 
compared with the independent-samples t-test, and % 
changes in nociceptive thresholds values on the 4th and 
14th postoperative days were evaluated using one-way 
analysis of variance (ANOVA) followed by a posthoc Bon-
ferroni test. Data obtained from densitometric analysis of 
protein bands were evaluated using the Kruskal–Wallis 
test followed by the Mann–Whitney U-test. Data obtained 
from the immunostained sections on the 14th postopera-
tive day were analyzed with one-way ANOVA followed by a 
posthoc Least Significant Difference (LSD) test. The Pear-
son correlation coefficient was performed to determine 
the relationship between the GFAP (+) cell number and 
the percentage of surface area of TSP4 protein in the dorsal 
horn of the lumbar spinal cord on the 14th postoperative 
day. IBM SPSS Statistics 25.0 (IBM Co., Armonk, NY) was 
used to perform statistical analyzes. Data were presented 
as mean ± standard error of mean and the significance 
level was accepted as P < 0.05.

RESULTS 
1. Assessment of behavioral pain tests

Nociceptive thresholds of both paws were measured 
before starting the injection (the basal paw nociceptive 
threshold) and just before surgery (the preoperative paw 
nociceptive threshold) to determine whether nociceptive 
thresholds were affected by pre-emptive cyanocobalamin 
or saline administration for 15 consecutive days. There 
were no significant differences between basal and pre-
operative nociceptive threshold values in all three tests. 
Therefore, the data obtained from behavioral pain tests 
were presented as the percentage of postoperative noci-
ceptive threshold values over the basal values. 

Only the data obtained from the lesioned (right) paws 
were presented here, since each experimental group’s 
non-lesioned (left) paw nociceptive threshold remained 
unchanged compared to its basal value throughout the 
experiment, and there were no differences between the 
groups in all three tests. There were no differences be-
tween the nociceptive thresholds of the control and sham 
groups in any tests (Fig. 2, 3); therefore, the postoperative 
nociceptive threshold of each NP group was compared 
with that of the sham group. Also, postoperative nocicep-
tive thresholds of NP groups were compared among them-
selves.

Ligation of the sciatic nerve decreased the nociceptive 
thresholds remarkably on the 4th postoperative day in all 
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tests (P < 0.001, Fig. 2A, B; P = 0.016, Fig. 2C; saline-injected 
NP group vs. S group). Similarly, there was still a reduction 
in mechanical nociceptive thresholds on the 14th postop-
erative day (P < 0.001, Fig. 3A, B; saline-injected NP group 
vs. S group); however, there were no significant differences 
between the thermal nociceptive threshold of all groups 
(Fig. 3C).

In comparison to the saline-injected NP group, cyano-
cobalamin at both doses and low dose morphine (2.5 mg/
kg/day) failed to improve reduced nociceptive thresholds 
on the 4th (Fig. 2) and 14th (Fig. 3A, B) postoperative days 
when they were administered alone. However, high dose 
morphine (5 mg/kg/day) alone noticeably reversed the 
reduced mechanical nociceptive thresholds measured 
by the dynamic plantar esthesiometer, but not the anal-
gesia meter (Fig. 2A, 3A, M5 group vs. saline-injected NP 
group,), on the 4th (P < 0.001, Fig. 2B, M5 group vs. saline-

injected NP group) and 14th (P = 0.014, Fig. 3B, M5 group 
vs.  saline-injected NP group) postoperative days. The 
combination of cyanocobalamin and morphine (10 and 
5 mg/kg/day, respectively) exhibited remarkable anti-
hyperalgesic and antiallodynic effects by increasing the 
decreased nociceptive thresholds in all tests on the 4th 
postoperative day when compared to the saline-injected 
NP group (P < 0.001, Fig. 2A, B; P = 0.030, Fig. 2C). Also, its 
antihyperalgesic and antiallodynic effects (measured by 
the analgesia meter and esthesiometer, respectively) con-
tinued on the 14th postoperative day (P = 0.002, Fig. 3A; P = 
0.006, Fig. 3B, COMB group vs. saline-injected NP group).

2. Assessment of TSP4 protein expression in the 
lumbar spinal cord 

There were no differences in TSP4 expression between 
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Fig. 2. Nociceptive thresholds of lesioned paws were expressed on the 4th postoperative day as the percentage change in the threshold, calculated us-
ing the following formula: % change in nociceptive threshold = (Postoperative paw withdrawal latency/Basal paw withdrawal latency) × 100. Mechanical 
hyperalgesia, tactile allodynia, and thermal hyperalgesia are shown by using (A) analgesia meter, (B) dynamic plantar esthesiometer, and (C) plantar test. 
Statistical analyzes of data obtained from behavioral pain tests were performed using one-way analysis of variance followed by posthoc Bonferonni test 
(n = 11-20). Data are presented as mean ± standard error of mean. (A) Analgesia meter. ***P < 0.001, **P = 0.008, **P = 0.006, **P = 0.003, *P = 
0.018; NP, CYN5, CYN10, M2.5, and M5, respectively, vs. S group. ###P < 0.001, COMB vs. NP group. (B) Dynamic plantar esthesiometer. ***P < 0.001, 
***P < 0.001, ***P < 0.001, ***P < 0.001; NP, CYN5, CYN10, and M2.5, respectively, vs. S group. ###P < 0.001, ###P < 0.001; M5 and COMB, respec-
tively, vs. NP group. (C) Plantar test. *P = 0.016, NP vs. S group. #P = 0.030, COMB vs. NP group. C: control, S: Sham, NP: saline-injected neuropathic 
pain, CYN5 and CYN10: NP + 5 and 10 mg/kg/day cyanocobalamin, respectively, M2.5 and M5: NP + 2.5 and 5 mg/kg/day morphine, respectively, 
COMB: NP + 10 mg/kg/day cyanocobalamin + 5 mg/kg/day morphine.
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control and sham groups; therefore, spinal cord TSP4 ex-
pressions in all NP groups were compared initially with 
the sham group and then with each other on the 4th and 
14th postoperative days. Our results showed that spinal 
cord TSP4 expressions of all NP groups increased on the 
4th postoperative day compared to the sham group (P = 
0.004, saline-injected NP group; P = 0.009, CYN5 group; P 
= 0.019, CYN10 group; P = 0.006, M2.5 group; P = 0.019, M5 
group; and P = 0.002, COMB group, respectively, Fig. 4A). 
However, there were no significant differences among all 
NP groups on the 4th postoperative day (Fig. 4A).

While reviewing the results of the 14th postoperative 
day, it was detected that the TSP4 expression of the saline-
injected NP group was statistically not different from the 
sham group (Fig. 4B). However, in all drug administered 
NP groups, TSP4 expression significantly increased com-
pared to the sham group (P = 0.007, CYN5 and CYN10 
groups; P = 0.031, M2.5 group; P = 0.007, M5 group; and P 

= 0.039, COMB group, respectively, Fig. 4B). This increase 
was quite remarkable in the NP rats treated with both 
doses of cyanocobalamin alone compared to the saline-
injected NP group (P = 0.015, CYN5 group; and P = 0.031, 
CYN10 group, respectively, Fig. 4B).

3. Assessment of TSP4 and GFAP immunoreactivities 
in the lumbar spinal cord

Representative images of immunostainings of TSP4 and 
GFAP in the lumbar spinal cord sections on the 14th post-
operative day are presented in Fig. 5A and 5B, respectively. 
There were no statistically significant differences between 
TSP4 and GFAP immunoreactivities of control, sham, and 
saline-injected NP groups in the ipsilateral (injury side) 
and contralateral (non-injury side) dorsal horn (Fig. 6). 
Therefore, the data of drug-administered NP groups were 
compared to that of the saline-injected NP group. Our re-
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Fig. 3. Nociceptive thresholds of lesioned paws were expressed on the 14th postoperative day as the percentage change in the threshold, calculated us-
ing the following formula: % change in nociceptive threshold = (Postoperative paw withdrawal latency/Basal paw withdrawal latency) × 100. Mechanical 
hyperalgesia, tactile allodynia, and thermal hyperalgesia are shown by using (A) analgesia meter, (B) dynamic plantar esthesiometer, and (C) plantar test. 
Statistical analyzes of data obtained from behavioral pain tests were performed using one-way analysis of variance followed by posthoc Bonferonni test 
(n = 7-14). Data are presented as mean ± standard error of mean. (A) Analgesia meter. ***P < 0.001, *P = 0.021, ***P < 0.001, *P = 0.015, **P = 
0.005; NP, CYN5, CYN10, M2.5, and M5, respectively, vs. S group. ##P = 0.002, COMB vs. NP group. (B) Dynamic plantar esthesiometer. ***P < 0.001, 
**P = 0.001, *P = 0.019, *P = 0.016; NP, CYN5, CYN10, and M2.5, respectively, vs. S group. #P = 0.014, ##P = 0.006; M5 and COMB, respectively, vs. 
NP group. C: control, S: Sham, NP: saline-injected neuropathic pain, CYN5 and CYN10: NP + 5 and 10 mg/kg/day cyanocobalamin, respectively, M2.5 
and M5: NP + 2.5 and 5 mg/kg/day morphine, respectively, COMB: NP + 10 mg/kg/day cyanocobalamin + 5 mg/kg/day morphine.
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sults showed that TSP4 and GFAP immunoreactivities of 
drug-administered groups increased remarkably at both 
ipsilateral (for TSP4, P < 0.001, P < 0.001, P = 0.001, Fig. 6A; 
for GFAP, P < 0.001, P < 0.001, P = 0.005, Fig. 6B; CYN10, M5, 
and COMB groups vs. saline-injected NP group, respec-
tively) and contralateral sides (for TSP4, P = 0.017, P = 0.021, 
P = 0.022, Fig. 6A; for GFAP, P = 0.001, P < 0.001, P = 0.005, 
Fig. 6B, CYN10, M5, and COMB groups vs. saline-injected 
NP group, respectively). 

However, the increase in ipsilateral TSP4 immunoreac-
tivity in the combination group was significantly less than 
those in the cyanocobalamin and morphine alone groups 

(P = 0.001 and P = 0.002, COMB group vs. CYN10 and M5 
groups, respectively, Fig. 6A). In comparison, the increase 
in ipsilateral GFAP immunoreactivity in the combination 
group was less than only that of the morphine-injected NP 
group (P = 0.029, COMB group vs. M5 group, Fig. 6B).

Additionally, it was noticed that in all drug-adminis-
tered NP groups, increase in TSP4 immunoreactivity in the 
ipsilateral sides was significantly higher than their contra-
lateral sides (P < 0.001, P = 0.006, P = 0.004; contralateral 
side of CYN10, M5, and COMB groups vs. their ipsilateral 
side, respectively, Fig. 6A); however, this was not the case 
for ipsilateral and contralateral GFAP immunoreactivities 
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in these groups (Fig. 6B).
Pearson correlation showed a very strong linear rela-

tionship between TSP4 and GFAP immunoreactivities in 
the ipsilateral and contralateral spinal cord (P < 0.001, ip-
silateral r = 0.826, contralateral r = 0.811, Fig. 7).

DISCUSSION
TSP4 protein plays an important role in the NP process. 
It is considered that interfering with TSP4 expression 
may enable the development of more effective treatment 
strategies. Our result showed that the combination of cya-
nocobalamin and morphine is more effective in antinoci-
ception and partially decreased the induced TSP4 expres-
sion compared to use alone. There is likely a relationship 
between TSP4 and the effects of the opioid system and 
vitamin B12, although complex in vivo mechanisms have 
prevented this relationship from being understood clearly.

In our study, the unilateral CCI of the rat sciatic nerve 
caused mechanical, thermal hyperalgesia, and tactile al-
lodynia on the 4th postoperative day. Mechanical hyperal-
gesia and allodynia, but not thermal hyperalgesia, persist-
ed on the 14th postoperative day. There are contradictory 
reports regarding the persistence of thermal hyperalgesia 
in the CCI model of rat NP, i.e., some researchers observed 
thermal hyperalgesia on the 12th-14th postoperative days 
[19,20]. In contrast, others reported that hypersensitivity 
to thermal stimuli returned to baseline values following 
sciatic nerve ligation on the 14th postoperative day [21]. 
Even when the same NP model is used, differences in the 
type and diameter of the suture material [22], number of 
ligations, and degree of ligature tightness may lead to vari-
ability in behavioral responses [23]. Additionally, roughly 
35% of the variation among individuals in behavioral re-
sponses could be attributed to individual differences [24].

In the present study, spinal TSP4 expression increased 
significantly in saline-injected neuropathic rats on the 
4th postoperative day but not on the 14th postoperative 
day. Following peripheral nerve injury, increased spinal 
astrocytic activity and TSP4 expression mediate the de-
velopment of behavioral hypersensitivity [25,26] and the 
conversion of acute pain into chronic pain [27]. It has been 
reported in studies using various NP models such as spinal 
cord injury [8], spared nerve injury and spinal nerve liga-
tion [28], an infraorbital nerve CCI model [29], and facet 
joint distraction [30] that TSP4 expression increased in 
the relevant spinal cord segments during the period when 
pain thresholds decreased the most, and the increased 
TSP4 expression returned to normal when the animals 
recovered from hypersensitivity [7]. Consistent with these 
studies, our data showed on the 4th postoperative day that 

behavioral hypersensitivity is accompanied by increased 
spinal TSP4 expression. However, although mechanical 
hypersensitivity persisted on the 14th postoperative day in 
our study, increased TSP4 expression did not accompany 
this hypersensitivity. The inconsistency of our results with 
previous reports suggests that methodological differences 
in the induction of NP in animals strongly affect the recov-
ery duration from hypersensitivity, obstructing prediction 
of the synchronicity of behavioral findings with molecular 
changes.

Our results show that cyanocobalamin, administered 
for 15 consecutive days to non-operated rats, did not alter 
the paw nociceptive thresholds, similar to that proposed 
by Deng et al. [31]. Accordingly, it can be postulated that 
the intact nervous system is not directly affected by exog-
enous B12 intake. 

In our study, cyanocobalamin failed to improve the pain 
threshold of rats with NP when administered alone and 
caused a significant increase in spinal TSP4 expression on 
the 4th postoperative day. GFAP, an astrocyte marker, and 
TSP4 immunoreactivities also increased on the 14th post-
operative day. Increased astrocyte activation in the spinal 
cord [32] and upregulated TSP expression at injury sites [33] 
are associated with the capacity of axons to regenerate. 
Vitamin B12 plays a role in this process by improving nerve 
conduction, promoting the regeneration of injured nerves, 
and inhibiting spontaneous ectopic discharges of injured 
primary sensory neurons [34]. The lack of an antinocicep-
tive effect from cyanocobalamin may be related to the 
duration of treatment in our study, since vitamin B12 can 
support nerve regeneration due to its long-term healing 
effect rather than its short-term pain-reducing effect [16]. 
Increased TSP4 expression along with astrocyte activation 
suggests that TSP4 may be an important molecule mediat-
ing the regenerative effects of vitamin B12.

In this study, low-dose morphine (2.5 mg/kg/day) alone 
did not provide an antinociceptive effect in treating neuro-
pathic rats. High-dose morphine (5 mg/kg/day) alone ex-
hibited a partial recovery from tactile allodynia measured 
by an esthesiometer. However, this effect also decreased 
over time from the 4th to the 14th postoperative day. In-
ability to obtain the desired antinociceptive effect seems to 
be compatible with the opioid tolerance which is a reduc-
tion of the effectiveness of morphine with the prolongation 
of the treatment period [35]. Decreased µ-opioid analgesia, 
increased spinal glial activity, and signs of abnormal pain 
may occur in both opioid tolerance and NP conditions 
[9,36]. In various studies, it was reported that inhibition of 
spinal and cortical astrocytic activity in neuropathic rats 
administered chronic morphine considerably reduced the 
increased spinal GFAP immunoreactivity [37], exaggerated 
pain conditions [38], and development of opioid tolerance 
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[36]. Administration of both doses of morphine alone to 
neuropathic rats increased the TSP4 expression on the 4th 
and 14th postoperative days. Both TSP4 and GFAP immu-
noreactivities increased in rats treated with high doses of 
morphine on the 14th postoperative day. In addition to the 
lack of antinociceptive effect from morphine, the induced 
spinal astrocytic activity also supports that morphine 
tolerance occurred in our neuropathic rats. The effects of 
TSP4 on the development of behavioral hypersensitivity 
and chronic pain are mediated by the interaction between 
epidermal growth factor (EGF)-like domains of TSP4 and 
voltage-gated calcium channel subunit α2δ1 [39]. Opioid 
receptors exert their effects on various cells through EGF 
receptor (EGFR) transactivation [40]. Morphine, an opioid 
receptor agonist, uses the EGF-like domains that came out 
by hydrolysis of TSP-1 proteins synthesized in astrocytes 
to activate EGFR [41]. Because all members of the TSP fam-
ily have EGF-like domains [5], there may be a similar re-
lationship between morphine and TSP4 as well. However, 
other mechanisms associated with pain can not be ruled 
out under in vivo conditions. Therefore, it is quite difficult 
to comment on the direction and course of the relation-
ship between morphine and TSP4, and further studies on 
this issue are required.

Escalating the dose of opiates to overcome tolerance 
may lead to serious adverse effects, seriously limiting their 
therapeutic utilization [35]. The use of opiates in combina-
tion with other drugs may allow and maintain analgesic 
effectiveness without increasing the incidence of adverse 
effects. Our data showed that the co-administration of 
cyanocobalamin and morphine produced a significant 
antihyperalgesic effect, whereas both drugs failed to im-
prove mechanical hyperalgesia assessed by an analgesia 
meter when administered even at high doses alone. Ad-
ditionally, this combination reduced the increased TSP4 
expression on the 4th and 14th postoperative days and 
significantly increased TSP4 and GFAP immunoreactivi-
ties on the 14th postoperative day. In a limited number of 
studies performed on mice, it has been reported that cya-
nocobalamin enhances the antinociceptive effect of mor-
phine, significantly lessens morphine tolerance, delays the 
onset of morphine dependence, and reduces withdrawal 
symptoms [10,31,42]. Cyanocobalamin increased the anti-
nociceptive effect of morphine in neuropathic rats in the 
present study. Parallel to this result, the decrease in spinal 
astrocytic activity also suggests that the tolerance problem 
may have been overcome. 

Immunostaining data showed a linear and strong re-
lationship between ipsilateral and contralateral lumbar 
dorsal spinal cord GFAP and TSP4 immunoreactivities on 
the 14th postoperative day. GFAP is a mature astrocyte 
marker, and increased GFAP expression is accepted as an 

important indicator of astrocytic reactivation [43]. TSPs 
are expressed in the reactive astrocytes of the spinal cord 
following ischemic and mechanical injury [44]. Our re-
sults support that TSP4 is synthesized from astrocytes; at 
the same time, for whatever reason, it seems that spinal 
astrocyte activation and changes in TSP4 expression are 
directly proportional.

In our NP groups treated with cyanocobalamin, mor-
phine, and their combination, we detected a significant 
increase in TSP4 and GFAP immunoreactivities on the 
contralateral side, although not as much as on the ipsilat-
eral side. In the spinal cord, the expression of gap junction 
channels is increased under various pathological condi-
tions and may contribute to chronic pain states including 
NP [45]. Since gap junctions can physiologically connect 
astrocytes distant from each other, this provides a struc-
tural framework for contralateral changes [46].

In conclusion, our data revealed that the combination of 
cyanocobalamin and morphine reduced both the induced 
behavioral hypersensitivity and spinal cord TSP4 expres-
sion significantly, an effect which was not observed when 
these drugs were administered alone. The improvement 
in pain behavior indicates a synergism between these two 
drugs. Cyanocobalamin enhanced the antinociceptive 
effect of morphine, most likely by preventing the develop-
ment of tolerance. Therefore, cyanocobalamin may be 
a good candidate for combination with morphine in the 
long-term treatment of NP to achieve a good analgesic ef-
fect without the need to increase the morphine dose. How-
ever, it should be taken into account that long-term opioid 
therapy is not recommended for non-cancer chronic pain 
or pain lasting more than three months. Noble et al. [47] 
suggested that proper management of a type of strong 
painkiller (opioids) in well-selected patients with no his-
tory of substance addiction or abuse can lead to long-term 
pain relief for some patients with a minimal (though not 
zero) risk of developing addiction, abuse, or other serious 
side effects. However, the evidence supporting these con-
clusions is weak, and longer-term studies are required to 
identify the most likely patients to benefit from the treat-
ment [47].

NP can be a complex problem to manage, and some-
times the use of an opioid analgesic can make the differ-
ence between bearable and unbearable pain so that pa-
tients can get on with their lives. The use of opioids in NP 
is still valuable because analgesics such as nonsteroidal 
anti-inflammatory drugs have no proven efficacy against 
pain of neuropathic origin [48]. Even though opioids can-
not be the first line therapy for long-term treatment in NP, 
interventions that prevent the development of tolerance 
and dependence on opioids may improve their safety by 
reducing severe adverse events in well-selected patients. 
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It appears that TSP4 protein plays an important role in the 
NP process. A better understanding of the relationship be-
tween the mechanism of action of drugs and TSP4 may en-
able the development of more effective and/or multimodal 
treatment strategies. There is a relationship between 
cyanocobalamin and/or morphine effect and the spinal 
cord TSP4 expression, and further studies are required to 
clarify this relationship. 
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