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ABSTRACT 
 

Objectives: The aim of the current study was to evaluate of three dose levels of verapamil; as a 
calcium channel blocker that could confer an anti-inflammatory efficacy, in an experimental model 
of neuropathy in mice that had been subjected to chronic partial constriction of the sciatic nerve. 

Materials and Methods: Six groups; each of 10 mice as follows: Oral saline treated control   
(group I), sham operated (group II), groups subjected to partial constriction of left sciatic nerve 
(groups III-VI); oral saline control group, groups treated with oral verapamil 15, 30 and 60 mg/kg 
respectively. Time course behavioral tests were observed namely noxious thermal and non 
noxious response as well as cold allodynia response at 0, 1,7,14 and 21 day of study. Serum 
visfatin and serum leptin levels, nerve reduced glutathione, spinal cord brain derived neurotrophic 
factor as end point biochemical measurements were assessed. All were done after three weeks of 
oral treatment.  
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Results: The study revealed significant antinociceptive effect of verapamil (P<0.001) with 
replenishment of reduced glutathione (P<0.01), significant increase in spinal cord levels of brain 
derived neurotrophic factor (P<0.001) and reduction of mean serum visfatin levels. No significant 
effect on mean serum leptin in any treated groups was observed. 
Conclusions: Verapamil 60 mg, 30 mg/kg oral dose had the highest significant antinociceptive, 
regenerative and as well as ability to reduce serum visfatin level after three week therapy.  
 

 
Keywords: Verapamil; visfatin; leptin; brain derived neurotrophic factor. 
 

ABBREVIATIONS 
 
Brain derived neurotrophic factor (BDNF); reduced glutathione (GSH). 
 

1. INTRODUCTION  
 
Nerve damage etiologies including avulsion, 
stretch, compression and contusion are 
frequently seen clinically as in obstetric or 
orthopedic traumas. These lesions lead to 
important functional impairments in most cases; 
therefore experimental models of nerve injuries 
have been developed over the last years in an 
attempt to mimic the clinical situation and to 
provide insights into new strategies that can 
improve nerve regeneration and functional 
outcomes. Neurapraxia is a reversible state 
where there is no anatomical rupture in the 
injured neuron is one example where function is 
completely recovered with no surgical 
interference. Axonotmesis is another example 
that occurs when there is a complete interruption 
of the axons, but the nerve supportive connective 
tissue is preserved [1,2]. A cascade of cellular 
and molecular events, described as Wallerian 
degeneration occurs throughout the distal stump. 
This process involves several phases in which 
the distal stump degenerates; the myelin 
associated with degenerating axons are 
degraded and removed by Schwann cells (SC), 
and blood-recruited macrophages. Injured axon 
regeneration following trauma depends on a 
delicate balance between growth-promoting and 
growth-inhibiting factors. Several neurotrophic 
factors, pro inflammatory cytokines, extracellular 
matrix molecules and hormones are secreted by 
neurons, SC, macrophages, the target tissue and 
cells present in the injury site, promoting 
neuronal survival [3,4]. Brain derived 
neurotrophic factor (BDNF) is a member of the 
neurotrophin family with an important role in the 
maintenance and formation of neuronal 
synapses, favoring a pivotal role in 
neuroprotection. However, BDNF is considered a 
crucial signaling molecule between microglia and 
neurons in neuropathic pain [5]. Ca ions are 

regulators of many metabolic pathways serving 
as second messenger. Moreover, Ca ion influx 
into presynaptic terminal is important for 
neurotransmission .Indeed, the transection of 
axons initiates a large depolarizing voltage 
discharge that travels back to the soma and 
triggers vigorous spiking activity and sustained 
depolarization [6]. This extensive electrical 
activity produces a strong calcium influx in both 
the axon and the soma. Propagation of this 
response requires the activation of voltage-gated 
sodium channels and is necessary for 
regeneration. Therefore stimulating the 
endogenous anti-inflammatory reaction and 
decreasing pro-inflammatory processes by a 
channel blocker might have a role in pain 
modulation or regeneration. Among the calcium 
channel blockers is verapamil that had been 
used in many cardiovascular diseases as 
hypertension, arrhythmias and had been tried as 
an antinociceptive [7]. In addition, verapamil had 
been suggested as a neuroprotective to prevent 
the behavioral deficits in an experimental 
Alzheimer's that might be due to the regulation of 
calcium homeostasis [8]. Non calcium dependent 
mechanism as in inflammation related 
neurodegenerative diseases was newly 
demonstrated [9]. 
 
Recently, the role played by adiponectins in 
mediating degenerative diseases has been 
postulated. Adiponectins as leptin and visfatin 
are proteins primarily secreted by adipocytes. 
Beside their typical role in obesity; they exert 
widespread action in stimulating cytokines 
expression that has pathogenic implications in 
musculoskeletal disorders, documented in 
degenerative joint disease. Leptin has been 
reported to play a significant role in thermo 
genesis, synaptic plasticity, and it has been 
shown to exert neuroprotective effects in 
ischemia, Parkinson’s and Alzheimer’s diseases 
[10-12]. 
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Visfatin, the second adiponectin, known as pre-
B-cell colony-enhancing factor (PBEF) or 
nicotinamide phosphoribosyltransferase (NAMP), 
acts as an insulin analogue on the insulin 
receptor to exert mimicking insulin actions .Its 
concentrations have been shown to be elevated 
in many conditions as human obesity with proved 
pro inflammatory and immune modulating 
properties [11-14]. Whether leptin and visfatin 
are pro inflammatory, pain related proteins or not, 
is still a matter of debate. Chronic Sciatic nerve 
constriction (CSC) or injury, induces painful 
neuropathy is an employed model for induction of 
neuropathic pain in experimental animals [15].  
 
The current study was designed to compare 
three dose levels of verapamil on induced 
constriction sciatic nerve injury in mice and to 
assess the role played by leptin or visfatin in 
mediating regeneration. 
 

2. MATERIALS AND METHODS  
 
2.1 Experimental Animals  
 
Mice were housed in cages of four and exposed 
to 12- h day/night cycles with free access to food 
and water (Pharmacology Department; Faculty of 
Medicine; Alexandria University, Egypt). Mice 
weighed from 20-25 g, and aged from 11-12 weeks 
when the study began. All animal care and 
experiments were carried out according to 
standard international guidelines protocols, 
approved by the Alexandria Faculty of Medicine 
Ethical Committee (AFMEC), Alexandria. All 
behavioral tests were assessed from 9:00 am to 
5:00 pm in a temperature controlled room. Efforts 
were made to minimize animal numbers and 
suffering. 
 

2.2 Experimental Groups  
 
After two weeks habituation to experiment 
environment, 60 mice were randomly classified 
to six groups each of 10: 
 

Group I:  normal control mice injected by a 
single i.p. injection of normal saline and 
received 2 ml saline orally for three 
weeks, starting one week following 
random grouping. 

Group II:  normal control mice: sham 
operated injected by a single i.p. 
injection of thiopental sodium (35 mg/kg), 
and the sciatic nerve was exposed 
without any ligation. This group received 

2 ml saline p.o. for three weeks, starting 
from day 1 after being sham operated. 

Group III:  Injured control Mice: Received 
2ml saline p.o daily from day 1 up to 
three weeks after surgery for chronic 
sciatic nerve constriction (CSC) [15,16].  

Group IV:  mice treated orally with 
verapamil (Sigma –Fluka Chemical Co., 
St. Louis, MO) in a dose of 15 mg/kg in 
saline for three weeks, starting from day 
1 following CSC [7]. 

Group V:  mice treated orally with 
verapamil 30 mg/kg in saline for three 
weeks, starting from day 1 following 
CSC. 

Group VI:  mice treated orally with 
verapamil 60 mg/kg in saline for three 
weeks, starting from day 1 following 
CSC. 

 

Dosing selection of verapamil was detected after 
testing percentage of acetic acid (3% v/v in 
saline) induced writhes reduction in mice along 
15 min after another 15 min after i.p. injection of 
5, 10, 20, 40, 60 mg /kg of verapamil dissolved in 
saline (0.1 ml/10 g) compared to saline control 
groups [ 7].  
 

2.3 Model Preparation; Chronic 
Constriction on Sciatic Nerve 

 
The mice were anesthetized as mentioned 
before. The hair of the mice’s lower back in thigh 
region of left paw was shaved, and the skin was 
sterilized with povidone-iodine. Then the skin 
was incised and a cut was made directly through 
the biceps femoris muscles to expose the sciatic 
nerve. Two ligatures (silk 4-0), were placed 
around the nerve proximal part of the trifurcation 
with a distance of 1 mm between each ligature. 
The ligatures were loosely tied until a short flick 
of the left hind limb was observed. Muscular and 
skin layer was immediately sutured with thread 
and topical antibiotic was applied at once [16]. 
Nociceptive threshold was assessed before, to 
exclude non responsive mice, and after 
performing surgery on different days; 0, 7, 14, 
and 21

st
 day.  

 

2.4 Specimen Preparation 
 
After 24 hours of assessing the last behavioral 
tests; after 3 weeks study period, the animals 
were exposed to light ether anesthesia, then 
sacrificed, blood was collected from abdominal 
aorta and allowed to clot at 25°C. The blood was 
centrifuged at 3000 rpm from 15 min at 4°C and 
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serum was divided into 2 aliquots, kept at -20°C 
for determination of serum leptin and visfatin. 
Whereas left sciatic nerve and surrounding 
muscle were excised, separation of nerve and 
muscle tissue were done, and then preserved 
separately at -20°C for later determination of 
reduced glutathione. Lumbar vertebrae (from L2) 
to sacral vertebrae were separated, stored at 
liquid nitrogen for subsequent determination of 
spinal brain derived neurotrophic factor  
 

2.5 Behavioral Parameters 
 
 2.5.1 Thermal hyperalgesia  
 

By hot plate method that was maintained at 53± 
0.5°C with cutoff time of 15 s, latency to hind 
paw licking or vertical jumping was determined. 
Mean of three times response was calculated 
[17]

 
. 

 

2.5.2 Static mechanical hyperalgesia  
 

The mouse's left hind paw was placed on the 
pressure applicator, and then exposed to a 
steadily increased pressure on the dorsal surface 
of the paw. The force in grams needed to induce 
paw withdrawal was regarded as the pain 
threshold. Cutoff force was 250 gm [16,17]. 
 

2.5.3 Cold chemical allodynia  
 
The mice were placed on the top of a wire mesh 
grid, allowing access to the hind paws. Acetone 
(0.1 ml) was sprayed on the plantar surface of 
left hind paw of mouse. Cold chemical sensitive 
reaction with respect to either paw licking, 
shaking or rubbing the left hind paw was 
observed and recorded as paw lifting duration for 
20 s test period [18]. 
 

2.6 Biochemical Measurement 
 
2.6.1 Reduced Glutathione in sciatic nerve 

(GSH)  
 
This method is based on the development of a 
yellow color when n5, 5\ dithio-2 nitrobenzoic 
acid (DTNB) is added to a sulfhydryl compounds. 
The stable color was read at 412 nm. Standard 
curve was constructed using serial dilutions of 
stock GSH standard.GSH level was expressed 
as nmol/g tissue [19]. 
 
2.6.2 Spinal BDNF assay 
 
Stored spinal cord samples, were then 
homogenized in extraction solution (100 mg/ml); 

containing 0.4 M Nacl, 0.05% tween 20,0.5% 
bovine serum albumin, 0.1 mM 
phenylmethylsulphonyl Fluoride, 0.1 mM 
benzytonium chloride,10 mM EDTA, 20 KIU 
aprotinin prepared in phosphate buffered saline 
(PBS). The homogenates were centrifuged at 
10,000 rpm for 10 min at 4°C; the supernatants 
were kept at -20°C. The spinal BDNF 
concentrations were determined at 1:3 dilution in 
PBS contains 0.1% BSA, using an ELISA kit in 
accordance with the manufacturer instructions 
(Boster biological technology co., Ltd, 
Pleasanton, CA). The concentrations were 
calculated using a standard curve, expressed as 
pg/ml [ 20]. 
  
2.6.3 Seum  leptin    
 
Samples were assayed using the DRG leptin 
Elisa Kit (Germany). It is based on the sandwich 
technique. Levels were expressed in ng/ml [21]. 
 
2.6.4 Serum visfatin  
 
Samples were assayed using the rat visfatin 
enzyme immunoassay Kit provided by the Ray 
Biotech, Inc. (USA). It is based on the principle of 
competitive enzyme immunoassay. Levels of 
serum visfatin were expressed in ng/ml [22]. 
 
2.7 Statistical Analysis  
 

Statistical Package for Social Science SPSS 
20.0 soft ware was used for data analysis. 
Results were expressed as a mean ± standard 
error of the mean (SEM) through ANOVA test. A 
post hoc test was determined with Least 
Significant Difference (LSD). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Behavioral Study  
 
Time course measurements for hot plate latency, 
paw withdrawal force and latency to cold 
chemical allodynia at 0,7,14, and 21days 
revealed the significant antinociceptive effect of 
treated groups compared to control groups. No 
significant difference was detected between 
mean latency time to hot plate and paw 
withdrawal force at 14th and 21st days for each 
group (P =0.486, 0.577 respectively). All treated 
groups had significant change compared to 
normal control groups regarding static 
mechanical hyperalgesia test, but not revealed 
any significant difference in paw withdrawal force 
compared to CSC group. For both thermal 
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hyperalgesia and cold allodynia tests; verapamil, 
in a dose of 60 mg/kg (group VI) had significant 
difference compared to lowest dose; 15 mg/kg 
(group IV) have shown statistical significant 
difference compared (Table 1, Fig. 1).  
 

3.2 Biochemical Measurements   
 
Spinal brain derived neurotrophic factor mean 
spinal cord (BDNF) level in CSC was significantly 
reduced compared to control groups. There is 
statistical significant increase in all treated 
groups (groups IV, V and VI) compared to CSC 
non treated group (p < 0.001). No significant 
difference was accomplished in between higher 
verapamil doses (groups V and VI), p=0.66. 
There is statistical significant difference between 
the highest and lowest doses of verapamil (VI 
and IV). The mean sciatic nerve reduced 
glutathione levels in CSC was significantly 
reduced compared to control groups. There is 
statistical significant increase in all treated 
groups compared to CSC non treated group (p < 
0.01). No significant difference in between three 
verapamil doses (groups IV, V and VI). Mean 
serum leptin levels showed no statistically 
increase in verapamil treated group groups 
.Mean serum visfatin levels revealed statistical 
significant increase in CSC injured control group 
compared to both control groups. Both verapamil 
groups V and VI treated groups revealed 
significant lowered mean serum visfatin levels 
compared to CSC group (Fig. 2) 
 

3.3 Discussion 
 
The primary objective of the current experimental 
study was to test role of adiponectins in CSC and 
to assess the possible neuroprotective role of 
verapamil on behavioral responses to noxious 
and non-noxious pain stimuli and its reflected 
impact on brain derived neurotrophic factor 
concentration. Different tested doses of 
verapamil were compared in the present study, 
which to our knowledge was not used before in 
this model. The statistically significant 
improvement at day 14th and 21st in all groups; 
reflects that functional sciatic nerve regeneration 
in treated groups that had begun at least after 
2weeks duration following left CSC. Partial 
constriction interrupts all axons but Schwann cell 
basal laminae are preserved so that regeneration 
is optimal [23-25]. Field et al. [26]; suggested that 
thermal hyperalgesia, static and dynamic 
allodynia were respectively signaled by C-, Aδ- 
and Aβ/ capsaicin insensitive Aδ- primary 
sensory neurons. They further concluded that 

pregabalin possesses a superior antiallodynic 
profile than morphine and may represent a novel 
class of therapeutic agents for the treatment of 
neuropathic pain. The spinal posterior ganglion 
neurons have various types of voltage-
dependent calcium channels because the units 
of alpha-1 of these channels are the main 
determiners of the pharmacologic and 
biophysical features, whereas sub-units of alpha-
2, sigma-1 and gamma along with alpha-1 are 
recognized as modifiers of the channel 
performance [6]. The findings of this study show 
that oral administration of verapamil in a dose-
dependent manner reduced the symptoms of 
neuropathic pains, including latency to hot plate 
noxious algesia, mechanical pressure and cold 
chemical allodynia. Verapamil is a differential 
blocker of L-type calcium channel, basically 
doesn’t affect peripheral nerve transmission. 
Most of experimental findings showed the role 
played by N calcium channels in the emergence 
of symptoms of neuropathic pain. Although, the 
activity and expression of type L calcium 
channels varies during neuropathic pain, the role 
of these channels in the emergence of 
neuropathic pain symptoms is not clear [27]. 
 
The current study revealed that verapamil effect 
in increasing nerve reduced glutathione level 
compared to CSC injury control group. Our 
findings partially match the neuroprotective, anti-
inflammatory findings to calcium inhibition in a 
constriction sciatic nerve model and other 
neurological models [28,8,9]. The dose-
dependent effect on reduced glutathione levels 
might be correlated to verapamil effect on visfatin 
and BDNF findings. Verapamil at 15, 30, 60 
mg/kg daily orally had significant effect on serum 
visfatin level, but no significant effect on serum 
leptin level. Muthuraman et al. [28]; proved the 
role of calcium inhibition and antioxidative and 
anti-inflammatory effect. With the experimental 
use of another calcium channel blocker, Selt et 
al. [29]; proved that one month treatment of 
lomerizine a voltage gated L and T type calcium 
channel blocker, protects retinal ganglion cells, 
and incompletely preserves visual function with 
limitation of elements of secondary degeneration, 
including macrophage infiltration. Visfatin is the 
most recently identified adipocytokine which 
appears to be preferentially produced by visceral 
adipose tissue and has insulin-mimetic actions. 
Visfatin expression is increased in animal models 
of obesity and its plasma concentrations are 
increased in humans with abdominal obesity or 
type 2 diabetes mellitus. Visfatin binds to the 
insulin receptor at a site distinct from insulin and 



exerts hypoglycemic effect. Visfatin was also 
identified in inflammatory cells and its levels were 
increased in various inflammatory conditions.
Other studies revealed correlations of visfa
levels with osteoarthritic pain [30,31
leptin is not a classical cytokine, several immune 
cells including polymorphonuclear leukocytes, 
monocytes, macrophages and lymphocytes bear 
leptin receptors and their activ
modulated by leptin. Most of leptin pro
 

Table 1. Mean values ± S.E.M. of behavioral tests for control and Verapamil treated groups at 
the 21st day of study after CSC induction in mice; n = 6

 
Tests groups Latency (s)

thermal hyperalgesia
I Control 3.16±0.65 
II Sham operated 2.83±0.40 
III CSC control 11.33±0.67
IV Verapamil+CSC  
(15 mg/kg)  

5.17±0.48

V Verapamil+CSC  
(30 mg/kg)  

6.67±0.71

VI Verapamil+CSC   
(60 mg/kg) 

5.33±0.42

n= number of studied mice in each group
control group. 

 
Fig. 1. Time course study for latency
of verapamil treated groups , sham operated and CSC control groups at, 0,7,14, 21
chronic sciatic nerve constriction (CSC) in mice. n= 6 mice in each group. 
from sham operated. 

b
 < 0.05 significan
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Visfatin was also 
identified in inflammatory cells and its levels were 
increased in various inflammatory conditions. 
Other studies revealed correlations of visfatin 

30,31]. Although 
leptin is not a classical cytokine, several immune 
cells including polymorphonuclear leukocytes, 
monocytes, macrophages and lymphocytes bear 
leptin receptors and their activity can be 

Most of leptin pro-

inflammatory activities appear to be mediated by 
a long OBRb receptor. Leptin has certain 
structural similarities to classical cytokines like 
IL-6, GM-CSF or IL-12 [10,11]. Leptin
our study showed no significant rise in any of 
three doses of verapamil. The question is the 
crucial role of visfatin in such experimental or 
clinical studies, is it a cause or result for pain and 
subsequent healing? Further studies are needed 
to answer such a question. 

Mean values ± S.E.M. of behavioral tests for control and Verapamil treated groups at 
day of study after CSC induction in mice; n = 6 

Latency (s) 
hyperalgesia 

Paw pressure (g) 
static hyperalgesia 

Paw lifting(s)
cold chemical allodynia

0.65  35.33±1.99 1.50±0.22 
0.40  34.00±3.17 1.50±0.22 

0.67a  21.83±3.98 a 9.0±0.25a 
0.48

ab
 25.50±0.43 

a
  5.50±0.43

a b

0.71ab c 25.67±0.84a    3.83±0.3 a b 

0.42a b  25.17±1.50a  3.67±0.56a b

of studied mice in each group 
a
 < 0.001 significant from control groups b< 0.01 significant from CSC 

control group. 
c
 =0.05 significant from group IV 

 

 

Time course study for latency (s) to cold chemical allodynia. results are (Mean±
treated groups , sham operated and CSC control groups at, 0,7,14, 21

chronic sciatic nerve constriction (CSC) in mice. n= 6 mice in each group. a = 0.05 significant 
< 0.05 significant from CSC control. 

c
 < 0.05 significant from verapamil 

15 mg/kg 

 
 
 
 

; Article no.BJMMR.2015.506 
 
 

inflammatory activities appear to be mediated by 
a long OBRb receptor. Leptin has certain 
structural similarities to classical cytokines like 

Leptin levels in 
our study showed no significant rise in any of 
three doses of verapamil. The question is the 
crucial role of visfatin in such experimental or 
clinical studies, is it a cause or result for pain and 
subsequent healing? Further studies are needed 

Mean values ± S.E.M. of behavioral tests for control and Verapamil treated groups at 

Paw lifting(s) 
chemical allodynia 

a b
 

 

a b c 

< 0.01 significant from CSC 

 

results are (Mean±S.E.M) 
treated groups , sham operated and CSC control groups at, 0,7,14, 21

st
 day post 

= 0.05 significant 
ificant from verapamil 
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Fig. 2. Mean values ± S.E.M. of biochemical measurements for control and verapamil treated 

groups at the 21st day of study after CSC induction in mice .n= number of studied mice (6-7) in 
each group. a < 0.001 significant from Control groups. b < 0.01 significant from CSC control 

group. c =0.05 significant from Verapamil 15 mg/kg group 
 

4. CONCLUSION 
 
The present study demonstrated that verapamil 
has a neuroprotective effect, evidenced by an 
increase in BDNF. Its neuroprotective effect 
might be due to its observed anti-oxidant effect 
as well as its significant effect on visfatin level.  
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