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Introduction
Neuropathic pain is a chronic pain condition affecting millions of 
individuals worldwide [1]. This condition is caused by different 
ailments, such as diabetes [2], injuries, and interventions [3-5], 
that affect the somatosensory system [1]. Chronic pain results 
in a great many of these cases [6]. Chemotherapy-induced 
peripheral neuropathy (CIPN) is a troublesome chronic condition 
experienced by 30% to 40 % of patients undergoing sequential 
chemotherapy, and it remains as a common dose-limiting side 
effect of chemotherapeutic agents [3, 7]. Moreover, CIPN may 
have negative consequences on treatment procedures [8], quality 
of life, and daily activities [3, 7, 8]. Unfortunately, little is known 
about CIPN’ss exact pathophysiology, and available treatments 
have a restricted efficiency in relieving pain [8].

Cisplatin is a potent chemotherapeutic agent used to treat a 
wide range of solid tumors, including testicular, ovarian, and 

bladder cancers [9]. The aadministration of cisplatin is also 
associated with neurotoxicity via irreversible axonal loss [10] 
and with neuropathic pain in distal extremities [11]. Cisplatin is 
extensively used as an animal model of neuropathy pain to study 
the effects of neuroprotective substances [11-13]. However, pain 
management remains a major challenge that restricts cisplatin use 
in clinical settings. In addition, currently available therapies are 
not able to effectively control neuropathic pain symptoms [11, 14].

Cerebrolysin (CBL) is a purified mixture containing a fraction 
of free amino acids and some brain growth factors [15], including 
brain-derived neurotrophic factor (BDNF), glial cell line-derived 
neurotrophic factor (GDNF), nerve growth factor (NGF), and 
ciliary neurotrophic factor (CNTF) [16]. Evidence shows that CBL 
is capable of partially crossing the blood-brain barrier because it 
contains low molecular weight peptides. Previous research has 
shown that CBL improves different neurological conditions, 
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such as stroke, dementia, diabetic neuropathic pain, spinal cord 
injury, and migraine-associated symptoms [18-23]. Moreover, it 
promotes neuronal cells proliferation and exerts protective effects 
on different neuronal populations [16, 17, 21, 22]. GDNF, as a 
component of CBL, has potent analgesic effects in animal models 
of neuropathic pain [24].

Given this, it seems that CBL may provide benefits in 
treating complicated conditions that affect neurons’ viability and 
functions. Based on this evidence, the current study examined 
the effects of CBL on cisplatin-induced neuropathic pain in mice.

Material and Methods
Animals

Male BALB/c mice weighing 25-30  g were obtained from 
the laboratory animal unit of the Tabriz University of Medical 
Sciences. Animals were kept, 5 per cage, under standard laboratory 
conditions with a 12 hour diurnal cycle (lights on at 7:00 am; lights 
off at 9:00 pm), at 22-25°C temperature and 45-55% humidity. All 
mice had free access to standard mouse food and water.

All experiments were carried out in accordance with the Guide 
and Use of Laboratory Animals (NIH; Publication No.  85-23, 
revised 1985) and confirmed by the Ethical Committee for 
Animal Experimentation of the Tabriz University of Medical 
Sciences.

Experimental design

After a week of habituation, animals were randomly assigned 
to one of the following groups (n=18 per group): Control 
(0.2  ml of 0.9 % saline through intraperitoneal [i.p.] route); 
Cis (single intravenous [i.v.] injection of 2 mg/kg Cis through 
tail vein); Cis + CBL (i.p. injection of CBL 5 ml/kg, for 4 days 
following receiving single i.v. dose of Cis); Cis + Vit E (i.p. 
injection of 5 g/kg Vit E for 4 days following single i.v. dose 
of Cis); and Cis + Morphine (single i.p. injection of 10  mg/
kg morphine following single i.v dose of Cis). All drugs were 
freshly prepared on the day of use and were administered at 
10 ml/kg volume. Four days after the initiation of the injection 
procedure, animals in all groups were divided into 3 subgroups 
and formalin, hot plate, and cold plate tests were administered. 
The last dose of CBL was administered 30  minutes before 
behavioral tests and Vit E was injected 60  minutes before 
experiments. In the Cis + Morphine group, animals received 
a single injection of morphine (10  mg/kg, i.p.) before being 
subjected to the tests. Doses of chemicals were adopted from 
previous studies [11, 13, 25-29].

Chemicals

Cisplatin was purchased from the Mylan Company, France. CBL 
was purchased from EBEWE Pharma GmbH, Austria. Vitamin E 
and morphine sulfate were purchased from Darupakhsh 
Company, Iran.

Behavioral assessments

All behavioral tests were performed under blinded conditions 
between 8:00 am and 2:00 pm in a quiet room. All efforts were 

made to reduce animal suffering and minimize the number of 
animals used.

Cold plate assay
Mice were brought to the testing room and allowed to habituate 
for handling and testing before being individually tested. Cold 
hyperalgesia was evaluated on a cold plate. Briefly, animals 
were gently placed in a cylinder on a cold plate maintained 
at a temperature of  -4.2 ºC ± 0.2 ºC. A  covered transparent 
Plexiglas cylinder (15  cm in diameter and 20  cm height) was 
used to prevent escape. Latency time was recoreded for the 
first stamp or lift of the hind paw. Movements associated with 
locomotion, including coordinated movement of all four limbs, 
were excluded. The time of the brisk response was interpreted 
as the latency for cold pain withdrawal. A  maximum cut-off 
time of 150  seconds was used to prevent tissue damage; any 
response with a latency greater than 150 seconds was considered 
non-painful. Each mouse was tested once for any given test to 
avoid possible tissue damage and analgesic effects that could be 
produced by repeated exposure to different tests [12, 30].

Hot plate assay
Nociception was evaluated using the hot plate test as described 
previously [31]. In brief, the system consisted of an electrically 
heated surface and a Plexiglas tube (20 cm high × 25 cm diameter) 
to restrict the animals to the heated surface. Habituation was used 
to minimize learning effects prior to each test. The temperature 
was kept at 48.0±0.5 ºC. The animal was placed on the hot plate, 
and the time between the placement of mice on the hot plate 
and the occurrence of the hind paw licking and/or jumping from 
the surface was recorded as response latency by a stopwatch. 
A  maximum of a 30-second cut-off time was used to prevent 
tissue damage.

Formalin Test
The formalin test was performed in a temperature-controlled 
(20-22 ºC) and a quiet room. Animals were placed in an 
observation container to adapt to the new environment for 
15 minutes prior to the test. Then, 20 µl of 5% formalin (Merck, 
Germany) was injected subcutaneously into the hind paw by 
an insulin syringe, in a restrainer. Animals were immediately 
returned to the observation chamber, and the formalin-evoked 
nociceptive response either in early (0-5 minutes post-injection) 
or late phases (20-60 minutes) was recorded over one hour [32].

Data analysis

Data are presented as means ± standard error of the mean (SEM) 
and were analyzed using SPSS version 21 statistical software. 
One-way ANOVA was used, followed by Tukey’s post hoc test. 
The level of statistical significance was set at p< 0.05.

Results
CBL treatment attenuated cisplatin-induced cold 
hyperalgesia

As shown in Figure 1, a single dose injection of Cis significantly 
(p<0.01) decreased withdrawal latency time in the cold plate test 
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when compared to the control group. However, injection of CBL 
and Vit E markedly (p<0.05) ameliorated cold plate hyperalgesia 
compared to the Cis group. Moreover, a single dose injection of 
10 mg/kg morphine significantly (p<0.05) increased withdrawal 
latency time in the cold plate test. The injection method (i.v. vs. 
i.p.) did not produce any significant effect in comparison to the
control group; therefore these results are not shown. (Fig. 1).

CBL attenuated cisplatin-induced heat hyperalgesia

Cis induced a significant reduction in the latency response time 
to acute heat stimuli compared to the control group (p<0.05, 
Figure 2). An increased reaction time in the hot plate test was 
observed in the Cis + CBL, Cis + Vit E, and Cis + Morphine 
groups compared with the Cis group (p<0.05). The injection 
method (i.v. vs. i.p.) did not change the latency time in 
comparison to the control group; therefore these results are not 
presented.

CBL attenuated the late phase of formalin pain

Formalin injection into the hind paw of mice in the control 
group induced a significant (p<0.05) pain response within the 
first 5-minute interval (acute phase) and over the 10-50 minute 
interval. As presented in Table 1, the nociceptive-inducing effect 
of formalin significantly increased (both in the acute and late 
phase) in the Cis group compared to the control group (p<0.05). 
In addition, formalin-evoked pain responses in the early phase 
were reduced only in the Cis + Morphine group and this effect 
was observed in neither the Cis + CBL nor the Cis + Vit E groups. 
In contrast to the early phase, formalin-inducing nociceptive 
behaviors were significantly reduced in the Cis + CBL group 
(p<0.05). The duration of the late phase of formalin test was 
significantly reduced in the Cis + CBL, Cis + Morphine and Cis 
+ Vit E groups.

Discussion
Platinum-based cancer chemotherapy has been used for decades 
and despite its widespread clinical use, adverse side effects, 
including peripheral neuropathy, are the main dose-limiting 
troublesome factors. As a crucial neurotoxic side effect, CIPN 
mechanisms are poorly understood [11]. Several experimental 
assessments have been developed to evaluate CIPN incidence 
and test compounds which could be useful in the treatment of 
this complication [3, 33].

In the present study, results showed that a single injection of 
Cis was able to produce hyperalgesia and significantly decrease 
the withdrawal latency threshold, which was attenuated by CBL 
treatment. To our knowledge, this is the first report showing that 
CBL is protective against Cis-induced hyperalgesia in different 
behavioral tests in mice.

CBL is a combination of neurotrophic factors and has been 
reported to improve different neurological conditions such 
as stroke, dementia, diabetic neuropathic pain, and spinal 
cord injury [16, 17, 21, 22]. It has been shown that CBL 
alleviates mechanical and thermal hypersensitivity induced by 
nitroglycerin [23]. A  previous study showed that Cis induced 
a pro-inflammatory response and played a role in neuropathic 
induction [34]. In the current study, CBL significantly attenuates 
the late phase of formalin pain, possibly through the inhibition 
of pro-inflammatory cytokines released by immune cells at the 
inflammation site.

Several mechanisms could be responsible for the 
neuroprotective property of CBL. The antinociceptive effect 
of CBL is in part mediated through reduction of oxidative 
stress, inflammatory cascade, and excitotoxic and apoptotic 

Table 1: Licking and biting time course of the formalin‑injected paw within 5‑min‑long intervals.
Groups/intervals 0‑5 5‑10 10‑15 15‑20 20‑25 25‑30 30‑35 35‑40 40‑45 45‑50 50‑55 55‑60
Control 50.4±3.2 9.8±2.3 12±3 35.2±2 42±1 28.6±1.5 24.4±2.7 27.2±2.1 25±3.4 30±2.9 33±2.6 25±1.8

Cis 83.2±3.2* 8±4.4 30.8±3.2* 59.2±3.2* 62.6±1.1* 80.8±3.2* 70±2.4* 55±2.2* 42±4.3* 39±3.4* 41±2.3* 46.4±4.1*

Cis & Morphine 19±1.2# 0.6±0.1# 0.8±0.1# 8±0.1# 12±0.5# 15.2±0.1# 13±0.2# 27±0.8# 28.6±0.9# 30±0.5# 37.6±2.1 40±2.3

Cis & CBL 86±4.2 11.4±0.4 13.7±0.1# 35.2±1.2# 38.2±2.6# 39.7±0.3# 31.2±0.2# 36.2±0.1# 25.2±0.4# 30.5±0.9# 35.7±2.1# 42.5±1.4

Cis & Vit E 79.2±3.2 9.2±0.4 11.2±0.1# 39.8±0.2# 53±2.6 58±2.3# 51±3.2 32.2±0.1 30±0.4 32.8±0.9 40±2.1 44.4±1.4

Data are presented as mean±S.E.M (n=6). *p<0.05 compared to the control group and # p<0.05 compared to the formalin group. Cisplatin (Cis); Cerebrolysin (CBL); Vitamin E (Vit E).

Figure  1. Cold hyperalgesia in the BALB/c mice models of cisplatin 
neuropathic pain. Data are presented as mean ± S.E.M (n = 6). ***p<0.001 
compared to the control group and #p<0.05, ##p<0.01 compared to the Cis 
group. Cisplatin (Cis); Cerebrolysin (CBL); vitamin E (Vit E).

Figure  2. Hot plate test of cisplatin-induced neuropathic pain models 
in BALB/c mice. Data are presented as mean ± S.E.M (n= 6). *p<0.05 
compared to the control group and #p<0.05, ##p< 0.01 compared to the Cis 
group. Cisplatin (Cis); Cerebrolysin (CBL); Vitamin E (Vit E).
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cell death [22]. One of the underlying mechanisms involved in 
platinum agents’ peripheral neurotoxicity is mediated through 
increasing the oxidative stress burden [13, 35]. Antioxidant 
agents are involved in pain control possibly through the 
prevention of the negative impact of reactive oxygen species 
(ROS) on nociception. Previous studies have shown that 
compounds with anti-oxidant activity can ameliorate cisplatin-
induced neuropathic pain [13, 35]. It has also been reported 
that systematic injections of vitamin E, a common antioxidant, 
produce an analgesic effect in neuropathic rats [6]. Similarly, 
this study found that administration of 5 g/kg of Vit E for 4 days 
significantly reduced hyperalgesia induced by Cis. Georgy et al. 
showed that CBL decreased nitric oxide formation and increased 
levels of pyruvate which scavenged H2O2, resulting in oxidative 
stress reduction in type  III diabetes [15]. Therefore, it appears 
that CBL may reduce neuropathic pain through its antioxidant 
property.

Another mechanism which may contribute to CBL effects 
is its anti-inflammatory property. Pro-inflammatory cytokines 
have an important role in the development of inflammatory 
hyperalgesia, while anti-inflammatory cytokines inhibit pain 
responses [36]. Notably, TNF-α acts as an intermediary in 
free radical production; hence its inhibition can attenuate 
oxidative stress injuries [37]. According to a study conducted 
by Alvarez et al., CBL exerted anti-inflammatory effects through 
reduction of TNF-α levels [38]. Similar to previous reports, our 
results showed that Cis intensified both phases of formalin test 
responses, especially the duration of licking and biting time in 
the late phase. It is known that the formalin test induces two main 
phases, an early phase with activation of C fiber and a delayed 
phase with an inflammatory response in peripheral tissues that 
provokes spinal nociceptive neuronal mechanisms  [39-41]. 
Therefore, we suggest that the effectiveness of CBL in reducing 
nociception in the late phase of formalin test may arise from its 
anti-inflammatory property.

Conclusion
Although morphine is a common choice in the treatment of both 
severe post-operative pain and cancer pain, its clinical use is 
restricted because of side effects such as addiction. In the present 
study, results showed that CBL treatment produced a significant 
antinociceptive action. Thus, the antinociceptive effect of 
CBL may provide a potential new focus for developing novel 
analgesic drugs without the liability of possible abuse and opioid 
dependency. However, more studies are indicated to examine the 
exact mechanisms of pain-reducing effects of CBL.
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