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Background: Microvascular compression of the trigeminal nerve root is a major cause
of most trigeminal neuralgia (TN) in patients; however, no reliable animal model to
further study the pathogenesis of TN currently exists.

Objective: Our objective was to establish a novel and practical animal model for
TN by chronic compression of the trigeminal (CCT) nerve root in rats, which would
provide a better animal model to mimic the clinical feature of TN on the research of the
pathogenesis of TN.

Study Design: A randomized, double blind, controlled animal trial.

Methods: Sixteen adult male Sprague-Dawley rats (200-220 g) were randomly
divided into 2 groups: one group that received chronic compression of the trigeminal
nerve root (the CCT group, n=8) and another group that received sham operation
without compression (the sham operation group, n=8). A small plastic filament was
retrogressively inserted into the intracalvarium from the inferior orbital fissure until it
reached the trigeminal nerve root for compression in CCT group. Animal behaviors
were observed for 4 weeks after operation. Immunohistochemistry of glial fibrillary
acidic protein (GFAP), isolectin B4 (IB4), substance P (SP) and calcitonin gene-related
peptide (CGRP) were performed in the trigeminal root entry zone (TREZ) and medullary
dorsal horn (MDH).

Results: The orofacial mechanical allodynia and heat hyperalgesia in the CCT rats
were obviously increased after the operation and lasted for 28 days. Increased face-
grooming behavior was also observed in the CCT rats and continued for over 21 days,
returning to baseline by day 28. Immunohistochemistry for GFAP in the TREZ revealed
a progressive extension of astrocytic processes in the ipsilateral TREZ of rats in the CCT
group. Furthermore, the IB4 positive immunoreactive nonpeptidergic C-fiber terminals
in the MDH were reduced for 4 weeks after the operation. Both SP and CGRP, expressed
in the peptidergic C-fiber terminals, were found to be decreased in the ipsilateral MDH
of CCT animals after the trigeminal nerve root injury.

Limitations: CCT animal model with a plastic filament only imitated the mechanical
compression of the trigeminal root but not to display the complex vascular physiological
feature as the microvascular in the TN patient.

Conclusions: The chronic compression of the trigeminal nerve root in rats effectively
induced persistent orofacial neuropathic pain behaviors, and it would provide a novel
and practical animal model for future research on the pathogenesis of TN.

Key words: trigeminal neuralgia, nerve root compression, animal model, mechanical
allodynia, heat hyperalgesia, substance P, calcitonin gene-related peptide, isolectin B4
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rigeminal neuralgia (TN) is a chronic orofacial

pain syndrome characterized by paroxysmal,

shock-like pain that is localized to the divisions
of one or more branches of the trigeminal nerve.
The pathogenesis of TN is still unclear (1-3). Thus,
establishing a reliable animal model that resembles
clinical TN is crucial for TN pain research.

Previous animal models of TN, such as infraorbital
nerve chronic constriction injury (loN-CCl) (4) and par-
tial infraorbital nerve ligation (ploNL) (5), are commonly
used in current researches. However, these models also
have several limitations:most of them were adapted
from the spinal nerve CCl model, the trigeminal system
doses have certain unique features different from that
of the spinal system (6); Most importantly, none of the
TN patients had ever suffered from such similar infra-
orbital nerve loose ligation or partial ligation injury in
clinical situations as the models showed.

Accumulated clinical evidence has shown that
vascular compression of the trigeminal nerve root by
an aberrant loop of artery or vein accounts for most
cases of TN (7-9). Microvascular decompression of the
trigeminal nerve has become an accepted and effec-
tive means of treating patients with TN in recent years;
the quick pain relief of TN following such surgery also
supports this etiology (10). Therefore, the aim of our
research was mainly to produce a novel animal model
for TN by chronic compression of the trigeminal nerve
root in rats.

METHODS

Animals

Adult male Sprague-Dawley rats (200 - 220 g) were
randomly divided into 2 groups:one group received
chronic compression of the trigeminal nerve root (n=8)
and another group received sham operation (n=8).
Water and food were available ad libitum. All experi-
mental procedures were approved by the Animal Care
and Use Committee for Research and Education of the
Fourth Military Medical University (Xi‘an, China). All ef-
forts were made to minimize the animal suffering and
to reduce the number of animals used.

Surgical Procedures

Rats were anesthetized with pentobarbital (40 mg/
kg, i.p.). The surgery was performed on the right sides
of the experimental animals under direct visual con-
trol using a Zeiss surgical microscope (Carl Zeiss, Inc.,
Jena, Germany). The rats were taped to a sterilized cork

board, and the skin above the eye was shaved. Lubri-
cating ophthalmic ointment was applied to the eyes to
prevent drying damage. A small curve anterior-posteri-
or skin incision was made above the right eye (Fig. 1A).
The fascia and muscle were then gently teased laterally
from the bone to retract the contents of the orbit later-
ally, as previously described (11). Once the orbital con-
tents were gently deflected, the right infraorbital nerve
could be seen lying on the infraorbital groove of the
maxillary bone deep within the orbit. The superior sur-
face of the loN was then separated. A small round plas-
tic filament (diameter 0.1 cm) was gently placed above
the superior surface of the loN and then inserted into
the intracalvarium through the inferior orbital fissure
following the proximal direction of the IoN (Fig. 1B).
The filament was then slowly inserted into the canal
between the cerebral dura mater and the pars petrosa
ossis temporalis and crossed the Meckel’s cave in turns
to reach the trigeminal nerve root, in accordance with
the pathway of the trigeminal nerve went through in
the intracalvarium. In a pilot experiment, we had mea-
sured that the distance from the inferior orbital fissure
to the proximate junction of the trigeminal nerve root
entering the pons was about 1.5 cm in adult rats. Thus,
we slowly inserted the filament about 1.2 cm into the
intracalvarium to compress the trigeminal nerve root so
as to avoid contacting and injuring the pons (Fig. 1C).
For the sham operation group, the right loN was ex-
posed and left intact, and no filament was inserted into
the inferior orbital fissure. The incision was closed using
silk sutures (5-0).

Mechanical Allodynia

The mechanical testing procedure was modified
from previously described methods (4). Rats were ha-
bituated to the testing for 3 days before baseline test-
ing, and then were placed in a small handmade porous
metal mesh cage (Fig. 1D) to habituate for 30 minutes
before threshold testing. A logarithmic series of cali-
brated Semmes-Weinstein monofilaments (von Frey
hairs; Stoelting, Kiel, WI, USA) were applied to test me-
chanical stimulation in the vibrissa pad of the animals
to determine the stimulus intensity threshold stiffness
to elicit a brisk head withdrawal response. Log stiffness
of the hairs is defined as log10 (milligrams x 10) (12).
The filaments had the following log-stiffness values
(the value in milligrams is given in parentheses):2.36
(23 mg), 2.44 (28 mg), 2.83 (68 mg), 3.22 (166 mg), 3.61
(407 mg), 3.84 (692 mg), 4.08 (1202 mg), 4.17 (1479 mg),
4.31 (2041 mg), 4.56 (3630 mg), 4.74 (5495 mg), 4.93
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Fig. 1. (A) Location and size of the initial incision (arrow). (B) A small plastic filament (arrow) was inserted into the intra-
calvarium from the inferior orbital fissure in the orbital cavity. (C) High magnification of the anterior cranial fossa to expose
the termination of the filament (arrow) that compressed the right trigeminal nerve root. (D) Rats stayed in the handmade porous
metal mesh cage. von Frey filaments were inserted into the cage to test orofacial mechanical allodynia. A heat analgesimeter
focused the light beam on the faces of the rats from the lateral mesh to test heat hyperalgesia.

(8511 mg), and 5.07 (11749 mg). The range of mono-
filaments used in this study (23 - 11749 mg) has been
shown previously to produce a logarithmically graded
slope when interpolating a 50% response threshold of
stimulus intensity [calculated as log10 (milligrams x 10)]
(13). Stimulations were administered when the rat was
in a sniffing/no locomotion position. Each von Frey fila-
ment was applied 5 times, and a new stimulus was ap-
plied only when the rat resumed this position at least
30 seconds after the preceding stimulation. The stimu-
lation always began with the filament that produced
the lowest force and stopped when the threshold was
found within the vibrissa pad. Unresponsive rats re-
ceived a maximal von Frey filament force of 10 g. The

behavioral responses were used to calculate the 50%
head withdrawal threshold (absolute threshold), by fit-
ting a Gaussian integral psychometric function using
a maximume-likelihood fitting method, as described in
detail previously (12).

Heat Hyperalgesia

An RTY-3 radiant heat analgesimeter (Xi‘an, P.R.
China) was used to measure heat withdrawal sensitivity
on the face in our study. Rats were loosely restrained
in the same handmade porous metal mesh cage (Fig.
1D) and allowed to acclimate for 20 minutes. A high-
intensity light beam was focused on the IoN territory
near the center of the vibrissal pad on the hairy skin
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surrounding the mystacial vibrissae to serve as a nox-
ious heat stimulus (14). The radiant heat stimulus was
a focused 5x5 mm beam of light with a high intensity
projector halogen lamp bulb (100 W) by RTY-3 radiant
heat analgesimeter. Head withdrawal latencies were
measured with an automatic timer to the nearest 0.01
seconds. The distance between the projector lamp bulb
and the mystacial vibrissae was adjusted to be almost
within one cm. The heat nociceptive threshold was
measured by determining changes in head withdrawal
latency. Only rapid head withdrawal movements from
the heat stimulus (with or without face grooming) were
considered to be withdrawal responses. Each facial IoN
territory was measured 3 times at 5-minute intervals,
and the averaged values for each test were used to
compute heat hyperalgesia.

Face-Grooming Actions

To assess the spontaneous behaviors of the rats in
the experiment, the face grooming episodes (ipsilater-
al, contralateral, or bilateral face grooming) of the rats
in the 2 groups were recorded by a video camera one
day before and at 1, 3, 10, 14, 21, and 28 days after sur-
gery. The video recording of face grooming was started
20 minutes after the rats adapted to the test cage. The
face grooming behavior was analyzed off-line by an in-
dependent observer who was blind to the treatment of
the rats. For each observation session of the rats in 10
minutes, the total time of asymmetrical face grooming
episodes as unilateral strokes with the dominant paw
was counted. Data were analyzed using analyses of
variance (ANOVA).

Immunohistochemistry

The rats were deeply anesthetized with pentobar-
bital sodium (100 mg/kg, i.p.) and perfused through
the ascending aorta with 200 mL of 0.01 M phosphate-
buffered saline (PBS, pH 7.3) followed by 500 mL of cold
(4°C) 4% paraformaldehyde. The brainstem and trigem-
inal nerve roots on both sides were dissected, post-fixed
for 2 hours, and cryoprotected with a solution of 30%
sucrose (w/v) in 0.1 M PB at 4°C for 24 hours. Transverse
sections of the medulla (30 pm thick) and longitudinal
trigeminal nerve root sections (18 pym thick) were cut
with a cryostat (Leica CM1800; Heidelberg, Germany)
at -20°C. Immunohistochemistry was done according
to standard protocols using primary antibodies:mouse
anti-GFAP (1:5000; Chemicon, Temecula, CA, USA), rab-
bit anti-SP (1:100; Chemicon/Millipore, Billerica, MA,
USA), goat anti-CGRP (1:1000; Chemicon/Millipore, Bil-

lerica, MA, USA), and FITC-conjugated I1B4 (a marker
for unmyelinated C-fibers, 1:200; Sigma, St. Louis, MO,
USA). Images were obtained using a confocal laser mi-
croscope (FV1000; Olympus, Tokyo, Japan). For semi-
quantification, the fluorescent brightness values of 1B4-
immunoreactive (IR), SP-IR and CGRP-IR were detected
on the same areas of the MDH under an IX-70 confocal
microscope by using software. After the images were
captured, the optical densities of the same areas of the
ipsilateral superficial MDH (laminae I and Il) were calcu-
lated and averaged across the 5 sections of the medulla.

Statistical Analysis

All results were expressed as the mean + SEM. Data
from the von Frey test were analyzed as the interpo-
lated 50% threshold (absolute threshold) in log base
10 of the stimulus intensity (monofilament stiffness in
milligrams x 10) as described previously (15). Repeated
measures ANOVA (with Bonferroni confidence interval
adjustment) were used for analysis. All statistical analy-
ses were performed using SPSS Statistics 17.0 software
(SPSS Inc., Chicago, IL, USA). P < 0.05 was considered
statistically significant in this study.

REesuLTs

Mechanical Allodynia

Most CCT group rats were insensitive to mechanical
stimulation on the ipsilateral vibrissa pad of the nerve
injury (Fig. 2A) one day after surgery, but they showed
significant mechanical allodynia from day 3 through
day 28 after surgery compared with baseline and the
sham operation group (P < 0.05). However, animals in
the sham-operated group displayed no obvious chang-
es in their responses to mechanical stimuli after surgery
compared with baseline (P > 0.05).

Heat Hyperalgesia

Before surgery (baseline), the latencies of orofacial
withdrawal to noxious heat were measured for all of
the animals. There was no significant difference in the
latencies of orofacial withdrawal between the CCT and
sham operation groups based on the test results (P >
0.05), although during the early phase (from day one to
14 days after surgery), the sham operation group had
lower head withdrawal latencies than the CCT group,
and inversely the CCT group had lower head withdraw-
al latencies than the sham operation group during the
late phase (from 14 days to 28 days after surgery). How-
ever, compared with the baseline values, both the CCT
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Fig. 2. Behavioral testing in the sham operation (n = 8) and CCT (n = 8) groups rats before the surgery (baseline) and after
the surgery. A) The mechanical stimulation threshold responses to von Frey filaments. Although day one after surgery showed
insensitivity to mechanical stimulation, compared with the sham operation group, the CCT rats showed significant mechanical
allodynia after the operation that continued for at least 28 days (P < 0.05). B) Rats in both groups had significant decreases

in the withdrawal latencies to heat stimulation after surgery compared with the baseline values (P < 0.05). But there was no
significant difference between the CCT and sham operation groups (P > 0.05). C) Compared with the sham-operated rats, there
was a significant increase in spontaneous face grooming behavior in the CCT rats after the surgery that lasted for over 3 weeks
(P<0.01); face grooming then returned to baseline by 28 days after surgery. Data are presented as the mean * SEM. * P< 0.05;

and the sham operation animals showed significant de-
creases in the latencies of withdrawal to heat stimula-
tion after surgery (P < 0.05) (Fig. 2B). These data imply
that both facial trauma and trigeminal nerve injury may
induce orofacial heat hyperalgesia in our experiment.

Face Grooming

We calculated the asymmetrical unilateral face
grooming episode time as a spontaneous behavioral re-
sponse. There was a significant increase in face groom-
ing in the CCT rats compared with the sham operation
animals on post-operation day one; this lasted for over
3 weeks after the surgery (Fig. 2C, P < 0.01). Animals in
the CCT group had longer face grooming episodes dur-
ing the early period (from one day to 14 days after sur-
gery) than the late period (from 14 days to 28 days after
surgery); however, face grooming returned to baseline
levels by 28 days after surgery. Meanwhile, the rats in
the sham operation group also displayed a slight tran-
sient increase in face grooming on days one and 3 after
surgery; face grooming returned to baseline by day 10.

GFAP Immunoreactivity in the Trigeminal
Root Entry Zone

Our results showed that the distal extension of
glial fibrillary acidic protein (GFAP)-positive astrocytic
processes formed a characteristic glial dome of central

tissue into the trigeminal nerve root from the central
nervous system, which made a distinct borderline be-
tween the central nervous system and the peripheral
nervous system on the trigeminal root entry zone (Fig.
3). We found that distal extension of GFAP-positive as-
trocytic processes in the trigeminal root extended pro-
gressively from the central nervous system side of the
borderline to the PNS side from days 14 to 28 in the
ipsilateral trigeminal root entry zone of rats in the CCT
group (Fig. 3A-D), especially on days 21 (Fig. 3C) and
28 (Fig. 3D) as the arrows showed. After surgery in the
CCT group, there were robust and dense GFAP-positive
astrocytic processes that extended from the boundary
of the central nervous system side boundary extended
to the PNS side in the ipsilateral trigeminal root entry
zone. However, the GFAP-IR astrocytes in the ipsilat-
eral trigeminal root entry zone of the sham operation
group showed no obvious alteration in the boundary
during the post-operation period (Fig. 3A-D).

Immunohistochemistry of the Central
Projections of the Nociceptive Afferents in
the MDH

The isolectin B4 (IB4) staining for non-peptidergic
C-fibers was confined to the superficial lamina Il of the
medullary dorsal horn (MDH) (Fig. 4). The IB4 density
was relatively homogeneous along the medial to lateral
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Fig. 3. GFA P immunoreactivity in the TREZ on days 7, 14, 21, and 28 after surgery. The distal extension of GFAP-positive
astrocytic processes formed a characteristic glial dome of central tissue into the trigeminal nerve root from the CNS, which made a
distinct borderline between the CNS and the PNS on the TREZ. The GFAP-positive astrocytic processes progressively extended
Srom days 14 to 28 after surgery in the CCT rats (A-D), especially on days 21 (Fig. 3C) and 28 (Fig. 3D) as the arrows
showed. The GFAP timmunoreactivity in the sham operation group showed no obvious alteration in the ipsilateral TREZ (A’-
D’). Scale bar:100 um.

CCT cont
134

Fig. 4. IB4 immunostaining in the
bilateral MDH (left and middle rows) of
the CCT group and the ipsilateral MDH
(right row) of the sham operation group
on days 7, 14, 21, and 28 after surgery.
The IB4 labeling was relatively homoge-
neous along the medial to lateral regions
of the MDH in the contralateral side of
the CCT group (A-D) and the ipsilateral
side of the sham operation group (A”-D”)
CCT ipsi from days 7 to 28 after surgery. However,
: the 1B4-positive area was significantly
decreased in the ipsilateral side of the
MDH in the CCT animals (A-D’). 1B4
binding losses in the lateral half regions
of the MDH were observed at different
time points (arrows). Scale bar:100 um.

POD 14

POD 21
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PO 14

Sham ipsi

Sham ips

Fig. 5. SP-1IR C-fibers in the bilateral MDH (left row and
middle row) of the CCT group and the ipsilateral MDH
(right row) of the sham operation group on days 7, 14, 21,
and 28 after surgery. The SP immunoreactivity was relatively
homogeneous and concentrated along the medial to lateral re-
gions of the MDH in the contralateral side of the CCT group
(A-D) and the ipsilateral side of the sham operation group
(A”-D”) from days 7 to 28 after surgery. However, there was
reduced SP immunostaining in the ipsilateral side of the

MDH of the CCT animals (A*-D’). Scale bar:100 um.

Fig. 6. CGRP-IR C-fibers in the bilateral MDH (left row
and middle row) of the CCT group and the ipsilateral MDH
(right row) of the sham operation group on days 7, 14, 21,
and 28 after surgery. The CGRP immunoreactivity was
relatively homogeneous and concentrated along the medial
to lateral regions of the MDH in the contralateral side of
the CCT group (A-D) and the ipsilateral side of the sham
operation group (A”-D”) from days 7 to 28 after surgery.
However, there was reduced CGRP immunostaining in the
ipsilateral side of the MDH of the CCT animals (A-D’).
Scale bar:100 um.

regions of the medullary dorsal horn in the contralateral
side of the CCT group (Fig. 4A-D) and the ipsilateral side
of the sham-operated group (Fig. 4A-D) from days 7 to
28 after surgery. However, in the ipsilateral side of the
MDH in the CCT group (Fig. 4A), the IB4-positive area
was significantly decreased; specifically, there was an
IB4 binding loss in the lateral half of the MDH at differ-
ent time points. Nociceptive peptidergic C-fibers were
identified by their expression of substance P (SP) and
calcitonin gene- related peptide (CGRP. Both SP (Fig. 5)
and CGRP (Fig. 6) immunoreactivity were observed in
the lamina Il of the MDH. The values of the relative im-

munodensities of IB4-IR C-fibers in the ipsilateral side
of the CCT group also showed significant decreases by
semi-quantification analysis (Fig. 7A, P<0.01) and per-
sisted until 28 days after the operation.

The immunofluorescence density values of SP-IR
(Fig. 7B) and CGRP-IR (Fig. 7C) of C-fibers in the CCT
animals showed a relatively homogeneous and mod-
est decrease in the ipsilateral MDH on days 7, 14, 21,
and 28 after surgery (P < 0.05). No SP-positive area or
CGRP-positive area deletion was detected in the MDH
of either group.

www.painphysicianjournal.com

193



Pain Physician: March/April 2012; 15:187-196

C

[ CCT cont CCT cont
I CCT ipsi 16004 W CCT ipsi
=21 sham ipsi ) Sham ips|

1200+ *

800+

4004

[_]CCT cont
16004 B CCT ipsi 1200

E [Z27) Sham ipsi %
5 z T o s
w 12004 2
= =
= ®

c
=
& @
T 8004 B
5 3
E £
E 400 =
s H
3 =
2 o &

T 14 21
Operation time (day)

14

Operation time (day)

Relative immunodensities of CGRP

21 7 14 21 28

Operation time (day)

Fig. 7. The relative immunofluorescence density values of 1B4, SP. and CGRP-positive C-fibers in the MDH of the CCT and
sham-operated groups. (A) The relative immunodensities of 1B4-1R C-fibers showed significant decreases in the ipsilateral MDH
of the CCT rats compared with the contralateral side of the MDH in the CCT rats and the ipsilateral side of the MDH in the sham
operation group (P < 0.01). The relative immunodensities of SP-IR C-fibers (B) and CGRP-IR C-fibers ( C) were significantly
decreased in the ipsilateral MDH of the CCT rats compared with the contralateral side of the CCT rats and the ipsilateral side of the
MDH in the sham operation group (P < 0.05). Data are presented as the mean £ SEM. * P < 0.05; ** P < 0.01.

Discussion

In recent years, more and more people have been
prone to believe that TN is caused by microvascular com-
pression in the TREZ. It was found that orofacial sensory
information enters the CNS via the TREZ, where sensory
axons span an environment consisting of Schwann cells
in the PNS and astrocytes and oligodendrocytes in the
CNS (16). According to this common clinical feature in
most cases of TN patients, our study established a novel
animal model for TN following chronic compression of
trigeminal nerve root, which would be better to mimic
the clinical situation of TN. So far, an extensive analysis
of responses to mechanical and thermal stimulations of
the face and of spontaneous face grooming behavior
observed after CCl-loN or ploNL have been interpreted
as signs of abnormal spontaneous pain-related behav-
ior, mechanical allodynia, and heat hyperalgesia in ani-
mal models of TN (4,5,14) .Therefore, such behavioral
tests were also performed in the CCT animal model of
TN in our study.

Compared with the baseline and the sham-operat-
ed group, the CCT group had a very high mechanical
threshold on the first day after the operation, indicat-
ing that the territory ipsilateral to the trigeminal nerve
injury scarcely responded to the primary afferents of
mechanical stimulation. This phenomenon is possibly
related to the stress and trauma of surgery after tri-
geminal nerve root compression in rats. However, the
rats in the compression group showed significant al-

lodynia according to the decreased thresholds to me-
chanical stimuli from days 3 through 28 after surgery.
These results suggest that chronic compression of the
trigeminal nerve root may induce mechanical allodynia
in this animal model of TN.

The withdraw latency measure was a clear expres-
sion of a pronounced heat hyperalgesia in the animal
models of neuropathic pain such as CCl (17-19). Al-
though there is not any case reports of heat hyperalge-
sia in TN patients from the literature, it may be that the
heat hyperalgesia symptom was less severe compared
with the shock-like pain when the TN was attacked
which would be ignored by the patients. So we also
studied the heat hyperalgesia in the CCT model of TN.
Our research showed that both the compression and
sham-operated animals had heat hyperalgesia. We pre-
sume that both surgical trauma and trigeminal nerve
injury may induce a nociceptive heat stimulus due to
nerve injury during the early phase and that significant
heat hyperalgesia is a result of central sensitization by
trigeminal nerve compression during the late phase.
Hence, we deduced that the trigeminal nerve root com-
pression injury also induced heat hyperalgesia in this
CCT model, as previous research showed in other ani-
mal models of TN (14,20).

However, face grooming behavior decreased af-
ter 3 weeks and returned to baseline at 4 weeks after
the operation. Actually, although grooming behavior
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is commonly used in orofacial pain research in animals
(21), it is still controversial because increased grooming
behavior can serve either as a symbol for early hypes-
thesia after chronic constriction injury to the rat’s infra-
orbital nerve studies (4) or represent the intense pain
induced by formalin injection into the orofacial region
(21). Therefore, it is possible that face grooming did not
match the real pain time window that is featured by
the long-lasting mechanical allodynia and heat hyperal-
gesia in our study. Further efforts are needed to address
this question in the future.

According to the clinical pathological biopsy find-
ings for the trigeminal nerve root from microvascular
decompression surgery, much evidence strongly sup-
ports the hypothesis that microvascular compression
can damage the trigeminal root fibers in patients with
TN; this damage is thought to be critical for the induc-
tion of TN. Immunoelectron microscopy for GFAP con-
firmed that the astrocytic processes were largely con-
fined to the periphery of the lesion (22). It was also
reported that massive injury to nerve fibers was found
in the trigeminal root subjacent to the sites of microvas-
cular compression in patients with TN; the pathological
tissue changes included axonal loss, demyelination, and
dysmyelination (23, 24).

Most recent studies have supported the view that
interactions between astrocytes and neurons contrib-
ute to the synaptic plasticity mechanisms that help
maintain chronic pain sensitization (25-27). Sensory ax-
ons span an abutment of peripheral and central ner-
vous tissue along the trigeminal nerve root entry zones
that anatomically connect the PNS with the CNS (28).
The glial elements comprise the CNS-PNS interface of
the TREZ (16). Notably, we found that GFAP-positive as-
trocytic processes showed a progressive extension from
the proximal to the distal CNS-PNS boundary in the ip-
silateral TREZ after CCT injury in our study. This implies
that CCT may induce the activation of astrocytes in the
CNS compartment of the TREZ in rats. This extension of
astrocytic processes may reflect the functional altera-
tion of peripheral tissue nociceptive pain signal trans-
duction in the CCT animal model. There have been no
previous reports concerning the extension of GFAP-pos-
itive astrocytic processes in the TREZ in TN animals. But
we do believe that chronic compression of the trigemi-

nal root alters the neural plasticity of TREZ. However,
the mechanism for this extension is still unclear and
may be an interesting direction for future TN research.

The MDH is critical for the processing of nocicep-
tive primary afferent information from the orofacial
regions (29-31), and it has a cytoarchitecture similar to
the substantia gelatinosa of the spinal cord dorsal horn
(32). Different animal models of peripheral nerve injury
have indicated that nociceptive C-fibers participate in
mechanical and thermal hyperalgesia and the develop-
ment of neuropathic pain (33). It was found that there
was a dramatic decrease in IB4 expression in the super-
ficial dorsal horn following nerve injury (34). Peripheral
nerve injury induces various changes in neurotransmit-
ter and neuropeptide expression in the nervous system,
such as decreases in the levels of SP and CGRP in the
dorsal root ganglia and spinal cord corresponding to
the injured nerve. As excitatory neurotransmitters, SP
and CGRP localized in primary afferents play a key role
in the nociceptive signaling for the initiation and main-
tenance of neuropathic pain. The decrease of SP and
CGRP that we observed in MDH after CCT likely reflect-
ed changes in expression of these peptides in primary
afferents, there was a significant relationship between
allodynia and peptide expression levels (35).

ConcLusIOnN

In conclusion, our study has established a novel
animal model for TN by chronic compression of the
trigeminal nerve root in rats. Even though this model
also has several limitations, such as CCT with a plastic
filament only imitated mechanical compression injury
of trigeminal root without mimicking complex vascular
physiological features, it is still reasonable to believe
that this animal model may be feasible and it will pro-
vide better opportunities for the further study of TN
pathogenesis.
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