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Abstract
Background: Modulating the inflammatory response to nerve injury may provide therapeutic opportunities by aborting the neurobiological
alterations that support the development of persistent pain. Baicalein, a 12-lipoxygenase inhibitor, has anti-inflammation properties. It also
demonstrates anti-inflammatory functions by inhibiting lipopolysaccharide-induced barrier disruption, expression of cell adhesion molecules,
and adhesion and migration of leukocytes. The aim of the present study was to assess the possibility of early treatment of neuropathic pain via
the systemic injection of baicalein in rats with left partial sciatic nerve transection (PST).
Methods: Wistar rats were divided into Sham, Vehicle, and Baicalein groups. The Vehicle and Baicalein rats underwent PST, whereas the Sham
rats were not transected. Baicalein was administered 20 mg/kg/day intraperitoneally for 7 days after PST and after behaviour tests. After PST,
rats developed mechanical and cold allodynia, and impaired sciatic nerve function.
Results: Baicalein attenuated mechanical and cold allodynia and improved sciatic nerve function after PST. Baicalein significantly inhibited the
expression of tumour necrosis factor a (TNF-a), interleukin 6 (IL-6), and IL-1b on days 14 and 28, and attenuated the activation of astrocytes in
the L4e5 spinal cord less than day 28 after PST.
Conclusion: Our study revealed that early and multiple doses of systemic baicalein attenuated neuropathic pain and improved sciatic nerve
function by inhibiting pro-inflammatory cytokine expression and attenuating the activation of astrocytes in the spinal cord.
Copyright © 2018, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Injury of a peripheral nerve may lead to neuropathic pain.
Neuropathic pain management currently aims only at reducing
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symptoms, generally by suppressing neuronal activity. For
many patients with neuropathic pain, these treatment modal-
ities are ineffective or not well tolerated because of their side
effects. Continued research into the underlying mechanisms
and understanding of neuropathic pain are required to address
this unmet medical need among patients with neuropathic
pain.1

Neuropathic pain, which is characterized by hyperalgesia,
allodynia, and spontaneous pain, is usually accompanied by
peripheral nervous system (PNS) and central nervous system
(CNS) damage or dysfunction. Tissue injury results in
sevier Taiwan LLC. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aneswu@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcma.2018.03.014&domain=pdf
www.sciencedirect.com/science/journal/17264901
https://doi.org/10.1016/j.jcma.2018.03.014
https://doi.org/10.1016/j.jcma.2018.03.014
http://www.jcma-online.com
https://doi.org/10.1016/j.jcma.2018.03.014
http://creativecommons.org/licenses/by-nc-nd/4.0/


956 H.-C. Lai et al. / Journal of the Chinese Medical Association 81 (2018) 955e963
inflammatory pain (hyperalgesia or allodynia), which is
probably the symptom that most commonly leads patients to
seek medical attention.2 Sensitization of primary afferent
nociceptors via the direct action of inflammatory mediators on
their peripheral terminals is thought to be a mechanism that
contributes to mechanical allodynia.3 Several inflammatory
mediators have been demonstrated to act directly on primary
afferent nociceptors, to sensitize them and produce mechanical
allodynia.4 Nerve injury leads to the rapid release of pain-
related mediators, such as the tumour necrosis factor a
(TNF-a), interleukin (IL-1b), IL-6, and prostaglandins,
resulting in inflammatory and immune responses, sensitization
of the CNS, and facilitation of pain processing.5

Many researchers have found that baicalein, a chemical,
has anti-inflammation properties.6,7 Five extracts (n-hexane,
chloroform, ethyl acetate, n-butanol, and water) of Scutellaria
rivularis Benth were evaluated for their anti-inflammatory
activity against carrageenan-induced paw oedema in rats and
compared with indomethacin.8 The results indicated that the
chloroform extract proved to be the most effective in all of the
extracts and baicalein was the major component of the chlo-
roform extracts.8

The aim of this study was to assess the possibility of
treating neuropathic pain and its underlying mechanisms via
the systemic injection of baicalein after left partial sciatic
nerve transection (PST) in rats.

2. Methods

This study protocol was reviewed and approved by the
Animal Care and Use Committee of the National Defense
Medical Center and conformed to the guidelines of the Na-
tional Institutes of Health Guide for the Care and Use of
Laboratory Animals. The code number of the ethic committee
approval: IACUC-08-170, IACUC-10-127, and IACUC-11-
178. Male Wistar rats (200e250 g) were housed individually
with soft bedding on a 12 h night/day cycle with free access to
food and water at all times. All efforts were made to minimize
the number of animals used and their suffering.
2.1. Partial sciatic nerve transection neuropathic pain
animal model
Under 2%e2.5% isoflurane anaesthesia, all rats underwent
either PST or Sham operation.9 In the PST rats, the left sciatic
nerve was exposed at the midthigh level and a Prolene 7-
0 (Ethicon, Somerville, NJ, USA) ligature was placed through
the midpoint of the nerve, just cranially to the branch running
to the musculus biceps femoris, resulting in transection of half
of the nerve in the ventrocranial direction, up to the ligature. In
the Sham-operated rats, the nerve was exposed and the wound
was closed with sutures.

Mechanical allodynia and cold allodynia were tested in
separate rats 3 days before surgery and on days 1, 3, 7, 10, 14, 21,
and 28 after PST (Fig. 1). Rats displaying any sign of motor
deficit 4 h after surgery and PST rats that did not develop
neuropathic pain on postoperative day (POD) 1 were excluded.10
2.2. Drug administration
In the Baicalein group (n ¼ 12), baicalein (20 mg/kg/day;
Sigma, USA) was injected intraperitoneally (i.p.) after
behaviour tests and after PST induction for 7 days (Fig. 1).
Baicalein was dissolved in 10% dimethyl sulfoxide (DMSO)
and further diluted in physiological buffer solution (final
dilution, 0.01% DMSO). In the Vehicle group (n ¼ 12), rats
underwent PST induction and were treated with the same
volume of vehicle (DMSO diluted in physiological buffer
solution), while equal volumes of normal saline were given
intraperitoneally to the Sham rats (n ¼ 12). In each group, six
rats were scarified on days 14 and 28 after PST induction.

The intraperitoneal dose of baicalein used in the our pre-
vious studies and others were 10e50 mg/kg in rats.7,11

Moreover, Ribeiro et al.12 revealed intraduodenal administra-
tion with baicalein (10e100 mg/kg) providing cytoprotective
and anti-ulcerogenic effects in mice. Chen et al.13 reported that
post-injury treatment with baicalein (30 mg/kg, i.p.) improved
functional and histological outcomes and reduced pro-
inflammatory cytokines in rat traumatic brain injury. More-
over, in our previous study showed that baicalein (30 mg/kg,
i.p.) attenuated neurological injury after SAH in rats.7 Taken
together, therefore, in this current study, the intraperitoneal
dose of baicalein was 20 mg/kg in rats because the severity of
the nerve injury was less than that of the traumatic head injury
and SAH; the intraperitoneal dose of baicalein might be
optimal or suboptimal for neuropathic pain management, and
further investigation is needed.
2.3. Behavioural testing of tactile allodynia14
Mechanical allodynia was assessed using a dynamic plantar
aesthesiometer (DPA, UGO BASILE, Italy), which did not
produce tissue damage.10 DPA is an automated version of the
von Frey hair assessment. Animals were placed on an elevated
wire-mesh-bottomed cage and responses to punctate me-
chanical stimulation were assessed using the DPA. The unit
raised a straight metal filament (0.5 mm diameter) until it
touched the plantar surface of the hindpaw and began to exert
an upward force until the paw was withdrawn or the pre-set
cut-off (50 g) was reached. The force required to elicit with-
drawal responses was measured in grams.
2.4. Cold chemical allodynia behavioural testing15
An acetone spray was used for the determination of the
reactivity to a cold chemical stimulus. The rat was placed in an
acrylic cage on top of a wire-mesh grid, which allowed access
to the paws, and acetone was applied to the plantar surface of
the hind paw. To do this, 100 ml of acetone was sprayed onto
the plantar surface of the rat's hind leg from below the grid
using an Eppendorf multistepper pipette with a Combitip
holding 2.5 ml. The time spent with the leg withdrawn from
the floor during the 60 s that followed exposure to acetone was
recorded. Both hind legs were tested in each animal, starting
with the unoperated right leg, with an interval of 5e10 min



Fig. 1. The investigation period and items after PST. PST indicated partial sciatic nerve transection; SFI indicated sciatic functional index; SSI indicated sciatic

static index; D indicated day; Baicalein was administrated 20 mg/kg/i.p.
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between each test. A minimal value of 0.5 s was assigned to
convey a fast or brisk reaction, while 0 was assigned if there
was no reaction at all.
2.5. Foot posture and paw deformity (flexion
contractures of toes)16
Before obtaining footprints, the rats were assessed serially
using camera recordings of the plantar aspect of their hind feet
during occasional rest periods in a glass-bottomed box
measuring 25 � 16 � 9 cm. For recordings, we used a Nikon
D3400 camera, which was placed under the transparent bot-
tom of the box at a distance of 20 cm from the objective lens
(set at focal length of 9 mm). The procedure was performed by
viewing from below. The pale skin discoloured areas at the
points of the hind feet that contacted with the transparent glass
surface were clearly visible. We compared differences in the
foot posture between the uninjured right and injured left hind
limbs among the three groups.
2.6. Sciatic nerve functional tests: sciatic functional
index (SFI) and static sciatic index (SSI)17,18
The animals were immobilized and their hind limb paws were
painted with black China's ink up to the rear portion of the foot.
They were then allowed to walk along a corridor and footprints
were registered. Three days before and on days 1, 3, 7, 10, 14, 21,
and 28 after surgery, the animals were evaluated to obtain three
footprint parameters: the distance between the first and fifth toes
(toe spread (TS)), the distance between the second and fourth toes
(intermediary toe spread (ITS)), and the distance between the tip
of the third toe and the most posterior part of the foot that was in
contact with the ground (print length (PL)). The factors for each
parameter (TSF, ITSF, and PLF) were calculated using the
following formula: injured e uninjured/uninjured values (e.g.,
TSF ¼ TS experimental e TS normal/TS normal), and the SFI
was calculated using the formula developed by Inserra et al.,
SFI¼ (�38.3� PLF)þ (109.5�TSF)þ (13.3� ITSF)� 8.8.17

The SSI is a time-saving and easy technique for the accurate
functional assessment of peripheral nerve regeneration in rats,
and is calculated using the static factors, not considering the print
length factor (PL), according to the equation: SSI ¼ [(108.44
� TSF) þ (31.85 � ITSF)] �5.49.18 Rats with obvious motor
deficit were excluded, however, there were no rats with motor
deficit found in our present study.
2.7. Immunocytochemistry and image analysis19
At days 14 and 28 after PST, the rats (n ¼ 6 in each group)
were sacrificed by exsanguination under pentobarbital anaes-
thesia. The lumbar spinal cord L4e5 (lumbar enlargement at
L1-2 vertebral body) were immediately removed, embedded in
optimal cutting temperature compound (Sakura Finetek Inc,
USA), and frozen at �20 �C. Sections (5 mm) were prepared,
air dried on microscope slides for 30 min at room temperature,
and fixed by immersion in ice-cold acetone/methanol (1:1) for
10 min. After washing three times in ice-cold phosphate-
buffered saline, the sections were incubated sequentially with
an FITC-labelled mouse monoclonal anti-GFAP antibody
(Molecular Probes, Eugene, OR, USA; green fluorescence;
1:400 dilution) and unlabelled goat polyclonal antibodies
against rat TNF-a, IL-1b, or IL-6 (all from R&D system,
Minneapolis, USA). The sections were then reacted for 2 h at
25 �C with a Qdot 655 goat F (ab)’2 anti-rat IgG antibody (red
fluorescence) (Quantum Dot Corporation, Hayward, CA) and
images were captured using an Olympus BX 50 fluorescence
microscope (Olympus, Optical, Tokyo, Japan) and a Delta
Vision disconsolation microscopic system operated by the
SPOT software (Diagnostic Instruments Inc. USA).
2.8. Data and statistical analyses
Data are expressed as the mean ± standard error of the mean
(S.E.M.). Analysis of variance for repeated measurements,
followed by a t-test with Bonferroni's correction when appro-
priate, was used for the statistical analysis of the behavioural
symptoms over time, and between the treatment groups and the
control groups. Differences between treatment groups were
evaluated against the left hind paw of the corresponding con-
trols and baseline values using the ManneWhitney U test (two
tailed) with a correction for repeated measures. A significant
difference was defined as a p value < 0.05. The statistics was
performed by using SigmaStat 3.5 for Windows.

3. Results
3.1. Effect of PST on mechanical allodynia and cold
allodynia
Two PST rats that did not develop neuropathic pain on POD 1
were excluded. No rats displayed motor deficits 4 h after surgery.
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PST induced mechanical allodynia and cold allodynia on
the ipsilateral hind limb from POD 1 to 28 ( p < 0.05, Fig. 2a
and b). The most severe mechanical allodynia values recorded
were 14.4 ± 1.4 and 15.7 ± 1.9 g in the Vehicle and Baicalein
rats on POD 1. However, the most severe cold allodynia values
recorded were 53.5 ± 2.3 and 22.1 ± 6.7 s in the Vehicle and
Baicalein rats on POD 14. In contrast, no significant change
was observed in either mechanical allodynia or cold allodynia
between the Sham and non-operated contralateral hindpaw.
3.2. Effect of baicalein on PST-induced mechanical
allodynia
In the Baicalein group, treatment with baicalein once daily
for 7 days after PST significantly improved the mechanical
allodynia on POD 3, 7, 10, 14, 21, and 28 compared with the
Vehicle group ( p < 0.05, Fig. 2a), with a maximal improve-
ment of 60% (13.3 ± 1.6 to 33.5 ± 4.6 g) observed on POD 28.
3.3. Effect of baicalein on PST-induced cold allodynia
Treatment with baicalein once daily for 7 days after PST
caused a significant decrease in the duration of cold allodynia
on POD 3, 7, 10, 14, 21, but not 28, compared with the Vehicle
group ( p < 0.05, Fig. 2b), with a maximal improvement of
59% (53.5 ± 2.3 to 22.1 ± 6.7 s) observed on POD 14.
3.4. Baicalein treatment improved sciatic nerve function
after PST
The Sham group showed no paw deformity of bilateral
hind limbs on POD 28 (Fig. 3a). In contrast, the Vehicle
Fig. 2. Effect of baicalein on partial sciatic nerve transection (PST). PST-induced

Anesthesiometer (a: mechanical allodynia) and acetone spray (b: cold allodynia). Th

Baicalein (:) and Vehicle (C) rats, *p < 0.05 indicated Baicalein rats compared
group showed obvious eversion of the foot and walking on
heels and dystrophic changes with paw deformity in the
injured left hind limb on POD 28 (Fig. 3b). The Baicalein
group exhibited less eversion of the foot, no walking on
heels, and less paw deformity in the injured left hind limb on
POD 28 (Fig. 3c).

The SFI and SSI were calculated from the ventral view of
the left footprints in the three groups. Here, we present only
the ventral view of the bilateral footprints of the Sham group
(Fig. 3d), the Vehicle group (Fig. 3e), and the Baicalein group
(Fig. 3f) on POD28, respectively.

PST significantly reduced SFI and SSI from POD 1 to 28,
with a maximal reduction of 89% in SFI observed on POD 3
and a maximal reduction of 93% in SSI observed on POD 1.
Treatment with baicalein once daily for 7 days significantly
improved the decrease in SFI and SSI from POD 7 to 21 and
from POD 3 to 28, respectively, compared with the Vehicle
group ( p < 0.05, Fig. 3g and h), with a maximal change of
51% in SFI observed on POD 1 and a maximal change of 50%
in SSI observed on POD 7.
3.5. Attenuation of the upregulation of TNF-a, IL-1b,
and IL-6 and activation of astrocytes in the spinal cord
of PST rats after baicalein treatment
On days 14 and 28 after PST, the overlay of the sections
stained for cytokines (TNF-a, IL-1b, and IL-6) and astrocytes
showed colocalization of TNF-a, IL-1b, and IL-6 with GFAP
immunoreactivity (GFAP-positive astrocytes, in green) in the
spinal cord of the Sham, Vehicle, and Baicalein rats (Figs. 4
and 5), indicating that these cytokines were expressed in as-
trocytes, but not in neurons.
mechanical allodynia in response to the automated von Frey Dynamic Plantar

e results represented the mean ± S.E.M. #p < 0.05 indicated among Sham (B),

with Vehicle rats.



Fig. 3. Comparing foot posture and sciatic nerve function among three groups. Foot posture and footprint parameters of uninjured right and injured left foot among

three groups on day of 28 after PST could be observed as: (a) no paw deformity of bilateral hindlimbs in the Sham rat; (b) obvious eversion of foot and walking on

heels and paw deformity in the injured left hindlimb in the Vehicle rat; (c) less eversion of foot, without walking on heel, and less paw deformity in the injured left

hindlimb in the Baicalein rat; Footprint parameters of uninjured contralateral and injured ipsilateral foot in the Sham rat (d) Vehicle rats (e), and footprint pa-

rameters of Baicalein rats (f). Baicalein improved nerve recovery on PST by SFI (g) and SSI (h). The results represent the mean ± S.E.M. #p < 0.05 indicated

among Sham (B), Baicalein (:) and Vehicle (C) rats; *p < 0.05 indicated Baicalein rats compared with Vehicle rats. SFI indicated sciatic functional index; SSI

indicated sciatic static index.
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In the Sham rats, weak staining for astrocytes (GFAP-
positive cells, in green) was distributed in the dorsal horn of
the spinal cord, with cells that were stained more strongly
exhibiting the ramified shape of non-activated astrocytes. In
contrast, in cells with the less classic amoeboid shape of
activated astrocytes, the expression of the TNF-a, IL-1b, and
IL-6 proteins (in red) was lower than it was in the Vehicle rats
on days 14 and 28 (Figs. 4aec and 5aec). In the Vehicle rats,
strong GFAP staining was observed in the sections (Fig. 4def
and 5def) and the expression of TNF-a, IL-1b, and IL-6 (in
red) was higher (Figs. 4def and 5def) compared with that
observed in the Sham rats on days 14 and 28 (Figs. 4aec and
5aec). The PST-induced increase in the expression of TNF-a,
IL-1b, and IL-6 was attenuated by baicalein treatment on days
14 and 28 (Figs. 4gei and 5gei). Finally, the PST-induced
activation of astrocytes was attenuated by baicalein treat-
ment on day 14 (Fig. 4gei), but not on day 28 (Fig. 5gei).

4. Discussion

The PST rat model has been used for the study of neuro-
pathic pain, inducing nerve injury without introducing foreign
material, with reduction of thermal and tactile thresholds; it
allows examining the drug effect on animal nociceptive
behavior after endoneurial injury.10,20 Because of the deficit of
an epineurial inflammatory component, PST is a pure nerve
injury model and is suitable for researching the role of
endoneurial processes in the pathogenesis of neuropathic
pain.10,20 Our results showed that PST caused mechanical
allodynia, cold allodynia and paw deformity with lower SFI



Fig. 4. Baicalein significantly inhibited the expression of TNF-a, IL-1b and IL-6, and attenuated the activation of astrocytes in the spinal cord dorsal horn on day 14

following partial sciatic nerve transection. Staining for astrocytes was shown in green and for TNF-a (left panels), IL-1b (centre panels), and IL-6 (right panels) in

red. Top row, the Sham group; middle row, the Vehicle group; bottom row, the Baicalein group. The expression of GFAP, TNF-a, IL-1b, and IL-6 was significantly

higher in the Vehicle rats (def) than in the Sham (aec) and Baicalein (gei) rats. The expression of GFAP, TNF-a, IL-1b, and IL-6 was significantly lower in the

Sham rats than in the Baicalein rats 14 days after PST. Scale bar represents 50 mm (n ¼ 6). We used white arrow marker to indicate where the representative

astrocytes (green) and red arrow marker to indicate where the representative cytokine (red) were located. If they are mixed (yellow), we used yellow arrow marker

to indicate where the representative mixed (yellow) were located.
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and SSI values, which were similar to the neuropathic pain
presentations.9,10,20 Moreover, Lindenlaub et al.10 reported
that rats had neuropathic pain with paw deformity at 101 days
after PSTwithout observed motor deficit. In our study, we also
found paw deformity with impaired sciatic nerve function and
the lower SFI and SSI values on POD 28 in the PST rats and
no observed motor deficit during the footprint test.

The major findings of the present study were (1) PST
caused both mechanical and cold allodynia; (2) Early and
multiple intraperitoneal baicalein administration ameliorated
the PST-induced mechanical and cold allodynia; (3) PST
impaired sciatic nerve function with paw deformity and lower
SFI and SSI values; (4) Baicalein treatment improved the PST-
induced sciatic nerve dysfunction; (5) Baicalein treatment
significantly inhibited the upregulation of TNF-a, IL-1b, and
IL-6 in the spinal cord dorsal horn of PST rats; and (6) Bai-
calein attenuated the activation of astrocytes on day 14, but not
day 28, after PST. These results suggest that baicalein, at
20 mg/kg (i.p.), attenuated neuropathic pain and improved
sciatic nerve function in PST rats via its anti-inflammatory
property.

Baicalein has been demonstrated with anti-inflammation,
and anti-oxidation.21 In an animal model of carrageenan-
evoked thermal hyperalgesia, the anti-inflammatory and
analgesic effect of baicalein was associated with
downregulation of pro-inflammatory mediators, including cy-
tokines, nitric oxide, and prostaglandin E2.

22

Cherng et al.23 reported that baicalin, similar to baicalein a
component in Chinese herb Huang Qui,24 can ameliorate
neuropathic pain in spinal nerve ligation rats. Similarly, in our
present study, baicalein also provided anti-allodynia, both
mechanical and cold allodynia, effect in PST rats. Moreover,
in the present study, we were the first demonstrated that bai-
calein treatment improved sciatic nerve function, as measured
by SFI and SSI after PST. Stavniichuk et al.21also found that
baicalein improved sciatic nerve function in diabetic mice.
This improvement in sciatic nerve function by baicalein is
explained by reduction of cell oxidativeenitrosative stress and
inflammatory reactions to drugs.21 Baicalein inhibits IL-1b
and IL-6 expression by reducing nuclear factor-kB in the
brain, which improved the perihematoma area recovery.25 For
peripheral nerve injury, Nadeau et al.26 reported that this
functional recovery of injured nerve was dependent on
inhibiting pro-inflammatory cytokines IL-1b and TNF-a
release.27 Moreover, Kato et al.28 concluded that TNF-a plays
a crucial role in the initiation of degenerative cascades after
peripheral nerve injury, and TNF-a antagonist enhanced
axonal regeneration. In our present study, we demonstrated
that baicalein suppressed pro-inflammatory cytokines TNF-a,
IL-1b, and IL-6 production in the spinal cord of PST rats on



Fig. 5. Baicalein significantly inhibited the expression of TNF-a, IL-1band IL-6, but unapparently attenuated the activation of astrocytes in the spinal cord dorsal

horn on day 28 following partial sciatic nerve transection. Staining for astrocytes was shown in green and for TNF-a (left panels), IL-1b (centre panels), and IL-6

(right panels) in red. Top row, the Sham group; middle row, the Vehicle group; bottom row, the Baicalein group. The expression of GFAP,TNF-a, IL-1b, and IL-6

were significantly lower in the Sham (aec) than in the Vehicle (def) and Baicalein (gei) rats. The expression of TNF-a, IL-1b, and IL-6 was significantly higher in

the Vehicle rats (def) than in the Baicalein (gei) rats. The expression of GFAP was not significantly different between the Baicalein and the Vehicle rats 28 days

after PST. Scale bar represents 50 mm (n ¼ 6). We used white arrow marker to indicate where the representative astrocytes (green) and red arrow marker to indicate

where the representative cytokine (red) were located. If they are mixed (yellow), we used yellow arrow marker to indicate where the representative mixed (yellow)

were located.
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POD 14 and 28. This might be explained by the neuro-
protective effect of baicalein against the complex inflamma-
tory pathway of central and peripheral sensitization.
Furthermore, we also found, for the first time, that baicalein
significantly attenuated of astrocytes activation in the injured
rat spinal cord on day 14, but not day 28, after PST. By
contrast, our previous study showed that baicalein preserved
astrocytes and attenuated neurological injury in rats with
subarachnoid haemorrhage (SAH) on day 7 after SAH.7 It was
consistent with that Becerra-Calixto et al. reported astrocytes
playing an important role on neuroprotection after brain
stroke.29 But astrocytes were commonly involved in negative
responses through their hyperreactivity in excitotoxic and/or
mechanical injuries,29 similar to our present study. Similarly,
hyperbaric oxygen treatment produced an antinociceptive ef-
fect by inhibiting astrocytes activation in chronic constriction
injury (CCI) rat model.30 More support from a recent study,
docosahexaenoic acid treatment reduced the number of reac-
tive astrocytes in the spinal cord dorsal horn of CCI neuro-
pathic pain rats,31 moreover, reduction of the intensity and
duration of neurogenic pain, and prevented cold allodynia and
dystrophic changes in denervated limb.31 Further, previous
studies reported that astrocytic activation persisted for weeks
to months after neural injury in neuropathic pain rats.32,33 In
addition, Bura and colleagues found that astrocyte prolifera-
tion was closely related to the maintenance of pain behaviour
in a peripheral neuropathic pain model.34 Taken together, we
think that activated astrocytes do play an important role in
pain central sensitization via production inflammatory cyto-
kines.35 Obviously, the pathophysiology of dynamic mechan-
ical allodynia was different from those of cold allodynia which
leads to specific sensory symptoms. In the current study, we
found that baicalein attenuated astrocytes activation on
POD14, but not 28, and did not significantly improve cold
allodynia and SFI on POD 28, it might be resulting from the
expiration of the drug effect. These results were consistent
with those of Tamaddonfard et al.,36 who reported that safranal
and vitamin E improved SFI while suppressing cold and me-
chanical allodynia in rats with sciatic nerve crush injury only
within POD 21, while Cobianchi et al.37 showed that short-
lasting treadmill running reduced mechanical allodynia and
improved SSI for more than 28 days in CCI rats. Moreover,
Tanimoto-Mori et al.38 found that activation of C fibres
induced cold allodynia in CCI rats, and Shir et al.39 revealed
the injured A-fibers resulting in mechanical allodynia in
sciatic nerve ligation rats. Besides, Duan et al.40 reported that
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selectively A-fiber demyelination by single injection of cobra
venom into the sciatic nerve induced mechanical allodynia and
lasted for 3 weeks in rats. Therefore, we postulated that bai-
calein did not attenuate the activation of astrocytes and C fi-
bres on POD 28, it may due to the expiration of the drug
effect, thus resulted in lack of improvement on cold allodynia
and SFI. Further detailed investigations are needed.

We found that SSI was improved since POD 3 and SFI was
improved since POD 7. The difference might be due to
methodological bias and the effect of baicalein. SFI is a
quantitative method, it is dependent on the pressure exerted by
the foot on the floor, therefore, automutilation and inversion or
eversion deformations often limit the functional assessment.41

SSI assess functional loss following injury during animal
standing or periodic rest in sciatic injury rat. SSI was devel-
oped based on the premise that the recovery of muscle tone
after nerve injury is a constituent part of integral nerve and
muscle functional recovery and forces acting on the body, i.e.,
body weight and postural muscle tone during standing influ-
enced footprint parameters. The main difference between SFI
and SSI was that the distance between the tip of the third toe
and the posterior margin of the sole discolored area. Besides,
repeatability of the toe spread measurements was always
better under static conditions.16 In addition, the pain of dy-
namic gait was more intensive than that of static gait. There-
fore, we found that baicalein improved SSI (static gait) earlier
than SFI (dynamic gait) in the PST rats. And further detailed
investigations are needed.

In conclusion, our results suggest that early and multiple
doses of baicalein effectively attenuate neuropathic pain and
improve sciatic nerve function recovery after PST in rats,
which implies that baicalein is a potential therapy for pe-
ripheral neuropathic pain. The mechanisms underlying the
action of baicalein may be involved in the complex inflam-
matory pathways of central and peripheral sensitization after
PST.
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