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for allodynia. The aim of this study is to monitor the time course of
tactile allodynia after induced injury to the sciatic nerve. To achieve
this aim, 4 Lewis rats were used. Baseline measurements were taken
one day before performing chronic constrictive injury (CCI) model of
neuropathic pain. Comparing with the contralateral paw, on the first
day after CCI, the paw withdrawal threshold of the ipsilateral paw
started to decrease, but did not reach the level of significance. The sixth
day though, paw withdrawal threshold in ipsilateral was significantly
different. Thus, successfully establishing allodynia. On the fifteenth
day, measurements of paw withdrawal threshold increased, showing
tendency to recovery from CCI. These changes may be related to
different immune reactions to nerve injury. Knowing the role of
different immune cells and relating them to the time course of allodynia
development may give us an idea about the mechanism, and thus, an
effective treatment.
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Introduction:-

Pain is an undesirable sensation to intense stimuli. Depending on the intensity and duration of pain, it can be
classified as either acute or chronic. There are many types of pain; each type is a clue of an underlying condition.
Nociceptive pain is a type of protective pain to either external stimuli such as needle prick, or internal stimuli such
as angina pain. Nociceptive pain stops whenever the noxious stimuli are handled and removed (1). Inflammatory
pain which is the result of a tissue injury. In the inflamed area, sensations are exaggerated and prolonged to prevent
further damage and to complete the healing process (1;2). Neuropathic pain results from nervous system damage. It
is divided into two categories based on the location of injury: Central neuropathic pain, which can result from
strokes or spinal cord injuries (3). The second type is peripheral nervous system injury, which we will focus on in
our study.
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The peripheral nervous system responds to injury in two ways: axonal degeneration or segmental demyelination.
Either ways, if the injury is too proximal and the cell body is to be affected, it will result in neuropathic pain. Injury
to the peripheral nerves is usually associated with allodynia, which is pain produced by non-painful stimuli.

Studies of neuropathic pain are done more often on animal models, which experience different types of allodynia,
which is feeling pain from non-painful stimuli, or hyperalgesia, increase sensitivity to painful stimuli. There are
many mechanical injuries to the peripheral nerves that can induce allodynia: Chronic Constriction Injury (CCI)
when applied on a rat model resulted in cold and mechanical allodynia (4). Partial Sciatic nerve Ligation (PSL) also
induced mechanical allodynia (5). A study on the sciatic nerve was to observe a steady state of allodynia and
hyperalgesia after transecting different combinations of the three branches of the nerve. Large levels of mechanical
allodynia resulted after transection of tibial and sural nerves (6).

Mechanisms of neuropathic pain are still not fully understood despite the research that has been done. In this study,
changes in allodynia after nerve injury at different time points will be investigated, which will add to the general
understanding of the concept of neuropathic pain.

Methods:-

Animals and surgery:-

Male Lewis rats (Charles River, UK) at 11-13 weeks of age were used. All experimental animals were housed in
standard plastic cages designed to allow easy access to food and water ad libitum. All animals were kept in
appropriate room temperature (24+1°C). All experiments complied with King Faisal University and international
ethical guidelines for conduct of research on animals. Also, efforts were made to minimize the numbers of animals
and their suffering. The CCI of the sciatic nerve was performed on rats anesthetized using isoflurane. During the
surgical procedure, the sciatic nerve was exposed at the level of the middle of the thigh and freed of adhering tissue.
Four ligatures (4.0 chromic gut) were tied loosely around the nerve such that its diameter was slightly constricted
with about 1 mm spacing. After this, the incision was closed in layers by suturing of the muscle tissue and by metal
clips on the skin. The surgery was performed under aseptic conditions.

Allodynia measurement:-

Paw withdrawal threshold (PWT) allows us to assess tactile allodynia by using automated von Fray-type system,
which is the mechanical planter test apparatus (Ugo Basile, Milan, Italy). Before testing the rats, they are given a
week to habituation to the settings. The tests are held at mornings, and the environment is kept under control.
Baseline standard measurements of PWT were taken on day -1, which is a day before the procedure, 10 min were
allowed for rats to acclimate to the surroundings. 15 min to habituate over a mesh floor while placed in Perspex
enclosure (Ugo Basile). Then, a metal filament is forced against the rats’ planters that goes from 0 g to 50 g over 15
seconds. The paw withdrawal threshold can then be recorded by observing paw reflexes. The test is done three times
with 2 minutes interval between each test stimulus. This is to avoid causing hypersensitivity in the rats’ planters.

Experimental design:-

4 rats were used to study tactile allodynia changes at different time points. At first, before testing the rats, they were
given a week of habituation to the surrounded settings. Next, the baseline measurements were taken on day (-1), the
day before the surgery. Then, the CCI of the sciatic nerve was performed on day (0). After that, on the days post
CCI (1), (6), and (15) the measurements were taken on the ipsilateral and contralateral paws of each rat. See figure

(0).
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Figure 1:- Days of behavioral testing and CCI surgery.
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Results:-

General behavior of animals after CCl:-

In general, animals were looking well, drinking, eating, exploring and showing normal level of activities. After CCl,
there were no reported illnesses or abnormalities in animals except that they were avoiding using the injured paw
when stepping or putting their full weight on it. They were depending more on the non-injured paw when standing
and walking.

Time course of allodynia:-

Figure 2 represents changes in paw withdrawal threshold measurement (g) at different time points by comparing the
median of the paw withdrawal threshold for the contralateral and ipsilateral paw. On day -1, which is the day for
baseline measurements, there was no significant difference between the median of paw withdrawal threshold of the
ipsilateral and the contralateral paw. Early after CCI on day 1, the median of the paw withdrawal threshold for the
ipsilateral paw started to decrease, which indicates that the animals started to develop allodynia. On day 6 post-CCl,
there was a significant decrease in the median of the ipsilateral paw withdrawal threshold compared to that of the
contralateral paw (p<0.05). Indicating that allodynia was established in the injured paw. On day 15 post-CCl, the
median paw withdrawal threshold in the ipsilateral paw showed a tendency to recovery from allodynia, as the
median ipsilateral paw withdrawal threshold increased and had no statistically significant difference from that of the
contralateral paw.
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Figure 2:- Changes in paw withdrawal threshold measurements (g) at different time points. The blue line (
-8~ COntra) refers to the contralateral paw. The red line (-e= lnsi) refers to the contralateral paw. The star (*)

indicates a significant difference (p< 0.05) between the medians of the contralateral and the ipsilateral paw
withdrawal threshold. Data are presented as medians and interquartile range.

Variability of allodynia measurements:-

Figure 3 shows that there is a behavioral variation between the animals’ paw withdrawal thresholds (g) on different
time points at both the contralateral and ipsilateral paws. This could be the result of genetic variation between the
animals or due to technical difficulties.
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Figure 3:- Behavioral variability of animals in paw withdrawal thresholds at different time points. Graph (A) shows
the behavioral variation between the animals in the contralateral paw. Graph (B) shows the behavioral variation
between the animals in the ipsilateral paw.

Discussion:-

Looking at the time course progression of allodynia after nerve injury may add to the understanding of the
underlying mechanism of neuropathic pain. After exposing the rats, in the current study, to the chronic constriction
injury (CCI) of the sciatic nerve, their paw withdrawal threshold to tactile stimuli has been measured. Compared to
their contralateral side, their ipsilateral paw established allodynia with a significant difference 6 days after the
procedure. Behavioral variations have been taken into consideration, and continuous assessment showed that on day
15, the ipsilateral paw showed tendency to recovery where there was no significant difference with the contralateral
paw.

Contribution of immune cells in nerve injury might have a direct effect on exaggerating neuropathic pain in the
periphery (7). A study on partial nerve ligation (PNL) model had shown that at the site of injury, resident mast cells
are the first respondent. Degranulation of mast cells due to activation releases proinflammatory mediators such as
Histamine (8-10). These proinflammatory mediators have an algogenic effect on the site of damaged nerves (7). It
was seen that giving histamine receptor antagonists to neuropathic rats suppresses mechanical allodynia, which
means there is a direct connection between mast cells degranulation and allodynia (9). Thus, the mast cells may have
contributed to the presence of allodynia in the first few days after the CCI (7).

During the early stages of neuropathic pain, neutrophils are recruited by mast cells to the injury area (11). In CCI
model, it was observed that there was significant infiltration of neutrophils in the ipsilateral side of the rat. But there
was no noticeable infiltration in the contralateral side (12). The contribution of neutrophils in neuropathic pain is
that they are responsible for the release of proinflammatory mediators, such as chemokines that attract macrophages
(13;14).

The phagocytic cells, macrophages, have a role in making neuropathic pain a chronic condition. Whenever there is
an injury to the nerve, the blood-nerve barrier will allow circulating macrophages to join the resident macrophages
in the nerve itself; this takes 2-3 days after injury (15). The hematogenously derived macrophages outnumber the
resident macrophages and start releasing pronociceptive mediators (7;16). Along with the phagocytic function, this
can explain the significant changes of allodynia on day 6. A study was done to test this concept by attenuating
macrophages recruitment to the injured nerve. The result was reduction in neuropathic pain behaviors and delayed
Wallerian degeneration of the nerve (17;18).

Resident mast cells and the recruited neutrophils and macrophages are not the only immune cells that were found in
nerve injury area; T cells of both types were found in some nerve injury models (19). After CCI on athymic nude
rats, which have no T cells, mechanical allodynia was attenuated, which points to the role of T cells in the
establishment of allodynia (20). According to the cytokines produced by T cells, they can be divided into T helper
type 1 and type 2. In which, type 1 produce proinflammatory cytokines, and type 2 produce anti-inflammatory
cytokines (7). Further investigations on the nude rats revealed that after transferring type 1 helper T cells, their
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levels of pain have increased. However, transferring type 2 cells gave an opposite result, it decreased their pain
sensitivity (20). Thus, T helper Type 2 cells might have contributed to the tendency to recovery on day 15.

Cytokines are important factors affecting neuropathic pain. Cytokines can be produced by the different immune
cells, or one induces the production of others (7). Macrophages secrete many proinflammatory factors; one is IL-1p
(21). The effect of IL-1p had been tested in the periphery by different administration roots. It resulted in prolonged
allodynia and hyperagesia (22-25). When IL-1B binds to its receptors, it initiates several mechanisms resulting in
inflammatory and nociceptor gene transcription (26;27). In CCI model, there is an up regulation in IL-1f mRNA
(28;29). A study found that neutralizing antibodies to IL-1f receptor, IL-1 Type 1 receptor, caused reduction in
associated pain behaviors in neuropathic rats (30;31). IL-1p has been considered as an algogenic agent that has a
role in neuropathic pain (7).

In several neuropathic pain models, TNF-a mRNA are increased (32) along with increased protein expression
(33;34), and enhanced expression of TNF-a receptors 1 and 2 after CCI (35) have been associated with development
of allodynia.

Another cytokine, which is found to have a contribution in neuropathic pain mechanisms after CCI, is the
proinflammatory cytokine I1L-6 (19). It was seen that IL-6 knockout mice, genetically engineered mice that lack IL-
6, had an attenuated mechanical allodynia after CCI (36). Thus, there is a link between existence of IL-6 in injury
site and mechanical allodynia (19).

Paw withdrawal thresholds were not the same in all rats that were tested. There was variability even when the rats
were in the same circumstances. Such variance might be due to gene polymorphisms resulting in variation in pain
sensitivity. Technical factors play an important role in this matter too. When placing the ligature around the sciatic
nerve, we can never tie exactly in all rats. Thus, the amount of damage created is never the same.

Conclusion:-

Neuropathic pain is not the result of change in one cell; it is the interactions between immune cells and their
proinflammatory secretions. Understanding the different actions of each, contribute to the general understanding of
neuropathic pain. After analyzing the results, there was a significant difference in paw withdrawal threshold between
ipsilateral and contralateral sides on the sixth day. Macrophages and Helper T cells Type 1 might be the cells
contributing to this difference. Different cytokines secreted at the site of injury may have had a direct effect on the
time-course of allodynia.
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