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Abstract
Glutamate transporters play a crucial role in physiological glutamate homeostasis and
neurotoxicity. Recently, we have shown that downregulation of glutamate transporters after
chronic morphine exposure contributed to the development of morphine tolerance. In the present
study, we examined whether regulation of the glutamate transporter expression with the proposed
proteasome inhibitor MG-132 would contribute to the development of tolerance to repeated
intrathecal (twice daily × 7 days) morphine administration in rats. The results showed that
MG-132 (5 nmol) given intrathecally blocked morphine-induced glutamate transporter
downregulation and the decrease in glutamate uptake activity within the spinal cord dorsal horn.
Co-administration of morphine (15 nmol) with MG-132 (vehicle = 1 < 2.5 < 5 = 10 nmol) also
dose-dependently prevented the development of morphine tolerance in rats. These findings
suggest that prevention of spinal glutamate transporter downregulation may regulate the
glutamatergic function that has been implicated in the development of morphine tolerance. The
possible relationship between MG-132-mediated regulation of glutamate transporters, ubiquitin-
proteasome system, and the cellular mechanisms of morphine tolerance is discussed in light of
these findings.
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1. Introduction
Glutamate transporters play a crucial role in physiological glutamate homeostasis,
neurotoxicity, and glutamatergic regulation of opioid tolerance [12,15,16,26,28]. However,
how the glutamate transport degradation is regulated remains unclear. The ubiquitin-
proteasome system (UPS) is a major non-lysosomal proteolytic pathway that degrades
cellular proteins including those with important roles in the regulation of cell growth and
function [4,7,21]. In addition, activation of UPS has been shown to regulate the PSD-95
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degradation and AMPA receptor surface expression [3], suggesting a possible relationship
between UPS and glutamatergic activities.

Ubiquitination is a process involving three enzymes: E1 (ubiquitin-activating enzyme), E2
(ubiquitin-conjugating enzyme), and E3 (ubiquitin ligase) [8,29]. Interactions between an E3
ligase and its target molecule are considered a key step in determining the selectivity of UPS
for a target molecule and its subsequent proteasomal degradation, a process that is subject to
intracellular modulation by various upstream regulators [29]. Antinociceptive tolerance
induced by chronic morphine has been shown to be mediated, at least in part, through a
central glutamatergic mechanism including an altered glutamate transporter expression
[14,15,23,25,27]. Inhibition of glutamate transporter activity directly contributes to a
heightened activity of N-methyl-D-aspartate receptors (NMDAR) and the development of
opioid tolerance [24]. These previous studies suggest that regulation of the glutamate
transporter turnover may contribute to the mechanisms of opioid tolerance.

Utilizing a rat model of morphine tolerance induced by chronic intrathecal morphine
exposure [15], we examined whether the proposed proteasome inhibitor MG-132 would 1)
regulate the downregulation of spinal glutamate transporter and glutamate uptake activity
induced by chronic morphine exposure and 2) modulate the development of morphine
tolerance in rats. We find that intrathecal administration of MG-132 prevented spinal
glutamate transporter downregulation, the decreased glutamate uptake activity, and
morphine tolerance. The possible role of proteasome-mediated glutamate transporter
degradation in morphine tolerance is discussed.

2. Methods
2.1. Experimental animals

Adult male Sprague Dawley rats (Charles River Laboratories, Wilmington, MA) weighing
300 –350 gm were used. Rats were housed in individual cages with water and food pellets
available ad libitum. Animal room was artificially illuminated from 7:00 A.M. to 7:00 P.M.
The protocol was approved through our Institutional Animal Care and Use Committee.

2.2. Intrathecal drug delivery
A polyethylene (PE) 10 intrathecal catheter was implanted in each rat according to a
previously described method [30]. Rats exhibiting neurological deficits after the
implantation were excluded. The experiment began at 24 hr after the intrathecal catheter
implantation. Morphine (15 nmol) plus vehicle, MG-132 (5 nmol in 10 μl of saline with 0.4
% DMSO) alone, morphine plus MG-132 (1, 2.5, 5, 10 nmol, respectively), or vehicle
(saline with 0.4 % DMSO) alone was administrated (n= 6 rats/group) twice daily for seven
days through the intrathecal catheter in a total volume of 20 μl followed by 10 μl of saline
flush to purge the residual from the catheter dead space. MG-132 was chosen because it has
been used in previous in vivo studies that examined the role of the ubiquitin-proteasome
system in the cellular mechanisms of neuropathic pain and morphine-induced hyperalgesia
[18,20].

2.3. Behavioral paradigm and tail-flick test
The tail flick test [1] was used to examine the nociceptive response in the presence or
absence of a treatment. On day 1, the baseline nociceptive response was first tested in each
group of rats. Each group of rats was then treated with morphine alone, morphine plus
MG-132, MG-132 alone, or vehicle alone and tested at 30 min after each treatment. Each
group then received twice daily the assigned treatment over the next seven days and the
same behavioral test was repeated on day 3, 5, 7. After the behavioral test on day 7, the
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cumulative morphine dose-response curve was generated for each group and compared [5].
Rats were also observed for their gait to examine the possible adverse effect of MG-132 on
the motor function.

2.4. Statistical analysis for behavioral data
The percentage of maximal possible antinociceptive effect (%MPAE) was calculated by
using the equation (BL-baseline; TL-after treatment): %MPAE = [(TL − BL)/(cutoff-BL)] ×
100. For dose-response experiments, cumulative dose–response curves were used for the
calculation of ED50 doses and 95% confidence intervals [5]. Repeated measure one-way
ANOVA followed by Tukey-Kramer test was used to analyze the behavioral data. Values
were expressed as mean± SEM.

2.5. Western blotting
Spinal cord tissue samples (L4–L5 spinal cord segments) were collected on day 7. The
dorsal part of these spinal cord segments was then used for the assay. Western blotting was
carried out according to the previously published method [2,10,15,31]. The following
antibodies were used: GLAST and GLT-1 (Chemicon International, Inc., Temecula, CA,
1:1000); EAAC1 (ADI, 1:500); monoclonal α-tubulin (Sigma Saint Louis, MO, 1:1000).
Spinal cord dorsal horn samples (30 μg of protein) were subjected to standard SDS-PAGE
and then transferred to a nitrocellulose membrane. After being blocked at room temperature
for 1 hr in a blocking buffer [PBS(−)−5% skim milk−0.1% Tween 20], the membranes were
incubated with antibodies diluted (as described above) in blocking buffer at room
temperature for 2 hr or at 4 °C overnight. This was followed by three washes in washing
buffer [PBS(−)−0.1% Tween 20] and incubation with HRP-linked anti-mouse IgG (1:5000),
HRP-linked anti-rabbit IgG (1:10000) (Amersham Biosciences UK Limited, Little Chalfont
Buckinghamshire, England), or HRP-linked anti-guinea pig IgG (1:3000) (SIGMA, Saint
Louis, MO) at room temperature for 1 hr. After three washes, the bands were visualized by
the ECL plus Western Blotting Detection System (Amersham Biosciences UK Limited,
Little Chalfont Buckinghamshire, England). One-way ANOVA followed by Tukey-Kramer
test was used to analyze the data. A calibration curve was generated for each protein to
ensure that the optical density values obtained for these samples were within a linear range
of detection [6]. The intensity of each protein level was analyzed using ImageJ 1.34s
software (NIH, Bethesda, MD).

2.6. In vitro glutamate uptake assay
An in vitro preparation was used to assess glutamate uptake activity according to a
previously published method [15,17,23]. In brief, spinal cord dorsal horn samples were
homogenized in 500 μl of ice-cold homogenization buffer [0.32 M sucrose, 2 mM EDTA, 2
mM EGTA, and 20 mM HEPES, pH 7.2, plus 1 mM PMSF and protease inhibitor cocktail
tablet (Roche Diagnostics GmbH, Mannheim, Germany) and centrifuged at 1500 rpm for 10
min at 4 °C, and the supernatant was collected. Pellets were re-suspended in the same
homogenization buffer, re-centrifuged as above. Both supernatants were combined and
again centrifuged at 13,000 rpm for 10 min at 4 °C. The so-obtained pellets were suspended
in 1 ml of Locke's buffer (154 mM NaCl, 5.6 mM KCl, 2.3 mM CaCl2, 1.0 mM MgCl2, 3.6
mM NaHCO3, 5 mM glucose, 5 mM HEPES, pH 7.2, and saturated with 95% O2/5% CO2).
Glutamate uptake activity was determined by incubating the preparation (100 μg of protein
content) with 0.4 μCi of L-[3H] glutamic acid (Perkin Elmer Life Sciences, Boston, MA) in
a total volume of 1 ml of Locke's buffer for 5 min at 37 °C. The reaction was terminated by
filtering the pellets through a Whatman (Maidstone, UK) GF/C 2.4 cm filter presoaked in
the Locke's buffer. The filter was then washed with 2 ml of ice-cold Locke's buffer three
times, air-dried, and transferred into vials containing 10 ml of scintillation mixture (Fisher
Scientific, Houston, TX). The radioactivity was measured by Liquid Scintillation Analyzer
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Tri-Carb 2900TR (PerkinElmer, Boston, MA). The basal uptake activity in counts per
minute (cpm) was measured in the absence of any treatment. Fold of change in glutamate
uptake activity was calculated with the following equation: [(basal cpm without treatment –
cpm with treatment)/(basal cpm without treatment)].

2.7. RT-PCR
Total RNA was extracted from the rat's spinal cord dorsal horn. Isolations were performed
using RNeasy Mini Kit (QIAGEN, Germantown, MD) according to the manufacture's
protocol. RT-PCR reactions were carried out using Titan One Tube RT-PCR System (Roche
Diagnostics Corporation, Indianapolis, IN) according to the manufacturer's manual. All
primers for rat glutamate transporters, and a house-keeping gene were designed by
Invitrogen OligoPerfect based on GeneBank sequences (EAAC1, NM 013032; GLT-1, NM
017215; GLAST, NM 019225, and glyceraldehyde 3-phosphate dehydrogenase, GAPDH,
XO 02231 and synthesized by Invitrogen Life Technologies (Carlsbad, CA): for GLAST,
forward: 5′-GATGGAAAGATTCCAGCAA-3′ and reverse: 5′-
CGAAGCACATGGAGAAGACA-3′, amplifying 720 base pair products; for GLT-1,
forward: 5′-CCTCCCTCTCATCATTTCCA-3′ and reverse: 5′-
CACAGATCAAGCAGGCGATA-3′, amplifying 611 base pair products; for EAAC1,
forward: 5′-TGGTTCGAGGACACAGTGAG-3′ and reverse: 5′-
GATCAGTGGCAGCACTACGA-3′, amplifying 800 base pair products; for GAPDH,
forward: 5′-GGTGATGCTGGTGCTGAGTA-3′ and reverse: 5′-
GGATGCAGGGATGATGTTCT-3′, amplifying 369 base pair products.

RT-PCR was started with incubating the sample (20 ng of total RNA) at 50°C for 30 min for
reverse transcription, followed by one cycle of denaturation at 94 °C for 2 min, 10 cycles of
denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, and elongation at 68 °C for 1 min
and 25 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, and elongation
at 68 °C for 1 min with cycle elongation of 5 s for each cycle. A 7 min extension at 68 °C
was carried out at the end of the final cycle. The samples were then cooled to 4 °C. Ten μl
of the RT-PCR product was loaded onto one lane and subjected to electrophoresis at 50 V
through 1.8% (w/v) agarose gel containing 0.4 μg /ml ethidium bromide. The RT-PCR
product bands and a 100 bp ladder molecular weight marker (New England BioLabs,
Ipswich, MA) were visualized under UV light and imaged using AlphaEaseFC system
(Alpha Innotech Corporation, San Leandro, CA). The intensity of each transporter mRNA
level was analyzed using ImageJ 1.34s software (NIH, Bethesda, MD). GAPDH level was
used for the sample normalization.

2.8. Reagents
Morphine and MG-132 were purchased from Sigma-Aldrich (St. Louis, MO) and
Calbiochem (La Jolla, CA), respectively.

3. Results
3.1. Effect of MG-132 on morphine tolerance

To examine whether MG-132 would influence the development of morphine tolerance, each
group of rats (n=6) were administrated intrathecally (twice daily) with vehicle, morphine (15
nmol), morphine plus MG-132 (1, 2.5, 5 or 10 nmol) or MG132 alone (5 nmol) for seven
consecutive days. The following results were obtained: 1) The time-course analysis showed
that rats treated with morphine alone developed tolerance on day 5 of morphine exposure,
which was prevented in those rats receiving the combined morphine and 5 nmol MG-132
(Fig. 1A, P< 0.05); 2) When examined on day 7, MG-132 dose-dependently (vehicle = 1 <
2.5 < 5 = 10 nmol) prevented the development of morphine tolerance (Fig. 1B, P< 0.01); 3)
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The rightward shift of the morphine antinociceptive dose-response curve examined on day 7
in the morphine alone group was completely blocked by co-administration of morphine with
MG-132 (Fig. 1C). MG-132 alone did not change the baseline nociceptive response (Fig.
1D), nor did it shift the morphine dose-response curve when examine on day 7 (Fig. 1C).
ED50 values and 95% confidence intervals (in μg) on day 7 are as follows: vehicle: 1.51
(0.37–1.57); morphine alone: 35.83 (29.97–42.74); morphine plus MG-132: 1.22 (1.04–
1.42); and MG-132 alone: 0.98 (0.96 – 1.0); and 4) Rats treated with MG-132 did not show
signs of motor deficits (e.g., abnormal gait or limb paralysis).

These results demonstrated that the development of morphine tolerance was dose-
dependently prevented by the co-administration of morphine with MG-132, whereas
MG-132 alone did not change baseline nociceptive responses or produce motor deficits.

3.2. Downregulation of spinal glutamate transporters after morphine exposure
In our previous study [15], the expression of glutamate transporters was downregulated
within the rat's spinal cord dorsal horn after chronic morphine exposure, as demonstrated by
Western blot alone. In this study, we examined the expression of glutamate transporters
using both RT-PCR and Western blot. Three glutamate transporters (EAAC1, GLSAT,
GLT-1) in the spinal cord dorsal horn were examined after chronic exposure to morphine
(15 nmol) or vehicle (n=6, intrathecal, twice daily × 7 days). Spinal cord tissue samples
were taken at the end of the 7-day treatment. The data in Fig. 2 showed that the glutamate
transporter expression was not downregulated at the mRNA level when examined on day 7,
because there were no differences in the mRNA content of these glutamate transporters
between the morphine and vehicle treatment group. In contrast, the expression of these
glutamate transporters was significantly downregulated at the protein level in the morphine
group as compared to the vehicle group (Fig. 3A, B, P< 0.05), when examined on day 7 of
chronic morphine exposure. The optical density values obtained for these samples were
within a linear range of detection as shown by individual calibration curve for each protein
(Fig. 3C).

3.3. Effect of MG-132 on the downregulation of glutamate transporters
To examine whether MG-132 would regulate the expression of EAAC1, GLAST, GLT-1,
MG-132 (5 nmol) was co-administered intrathecally (twice daily) with morphine (15 nmol)
for seven days (n=6) and independent samples from these rats were used for the Western
blot assay. The combination of morphine and MG-132 effectively prevented the
downregulation of EAAC1, GLAST, and GLT-1 within the spinal cord dorsal horn, that is,
there were no differences in the Western blot analysis between the morphine alone group
and the morphine plus MG-132 group (Fig. 3A, B, P> 0.05). MG-132 alone did not alter the
baseline level of GLT-1, GLAST, or EAAC1 within the spinal cord dorsal horn (Fig. 3A,
B). These results indicate that the proposed proteasome inhibitor MG-132 regulated the
expression of glutamate transporters within the spinal cord dorsal horn following chronic
morphine exposure.

3.4. Effect of MG-132 on spinal glutamate uptake activity after chronic morphine exposure
Consistent with the downregulation of glutamate transporters, chronic morphine exposure
(15 nmol; intrathecal, twice daily, 7 days) also significantly reduced the spinal glutamate
uptake activity (Fig. 4, P<0.05; n=6). To examine whether MG-132 would also regulate the
spinal cord glutamate uptake activity, MG-132 (5 nmol) was co-administered intrathecally
(twice daily) with morphine for seven days. The combination of morphine and MG-132
effectively prevented the decreased glutamate uptake activity (Fig. 4, P<0.05), indicating
that the proposed proteasome inhibitor MG-132 also played a functional role in the
regulation of regional glutamate uptake activity.
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4. Discussion
The present results demonstrate that the proposed proteasome inhibitor MG-132 prevented
the development of morphine tolerance as well as the downregulation of spinal glutamate
transporters and the decreased spinal glutamate uptake activity in rats. The data support the
notion that modulation of the glutamate transporter expression may be an important cellular
mechanism contributory to the glutamatergic regulation of morphine tolerance [15]. We
demonstrated that three glutamate transporters (EAAC1, GLAST, GLT-1) were
downregulated within the spinal cord dorsal following a 7-day intrathecal morphine
regimen. This finding is consistent with our previous report using a similar experimental
protocol [15]. Of interest is that there were no changes at the mRNA level of all three
glutamate transporters on day 7 of chronic morphine exposure despite a significant
downregulation of glutamate transporters at the protein level. These results suggest that the
downregulation of glutamate transporters may have occurred at the post-transcriptional
level. However, since spinal cord dorsal horn samples were taken on day 7, the possibility of
glutamate transporter mRNA changes at other time points of morphine exposure could not
be ruled out.

Activation of UPS is an important cellular mechanism of posttranslational regulation of the
protein turnover. In the present study, rats were co-administered with morphine and the
proposed proteasome inhibitor MG-132. This combined treatment regimen effectively
prevented the glutamate transporter downregulation and reversed the decreased glutamate
uptake activity within the spinal cord dorsal horn, suggesting a possible role of UPS in this
process. However, it should be emphasized that, although MG-132 has been proposed as a
proteasome inhibitor and used in previous in vivo studies on the role of UPS in neuropathic
pain in rats [18,20], MG-132 also has an inhibitory effect on calpains [9,11]. In addition, the
role of translation, RNA transport and protein trafficking in the glutamate transporter
expression and their possible modulation by MG-132 remain to be determined. Thus, our in
vivo data alone does not exclusively indicate the role of UPS activation in the
downregulation of spinal glutamate transporters after chronic morphine exposure. Using a
C6 glioma cell line, we recently observed that the downregulation of EAAC1 induced by
chronic morphine exposure was inhibited by MG-132 but not the lysosomal inhibitor
chloroquin (unpublished data). Nevertheless, future studies using both in vivo and in vitro
preparations may further clarify the role of the ubiquitin-proteasome activity in the
regulation of spinal glutamate transporters.

The exact mechanisms by which chronic morphine exposure leads to the UPS activation
remain to be investigated. Two recent studies have shown that inhibition of proteasomal
activity attenuated neuropathic pain behaviors in rats [18,20]. Moreover, inhibition of the
UPS activity also prevented hyperalgesia induced by chronic morphine administration, a
phenomenon mediated at least in part by the glutamatergic mechanisms [20]. Since the
glutamatergic mechanism plays a critical role in the mechanisms of neuropathic pain,
morphine tolerance, and neurotoxicity [13–15,15,19,23,25,27] and regulation of the
glutamate transporter expression is contributory to this process [23], it would be of interest
in future studies to determine how the glutamate transporter turnover might be regulated by
UPS and whether such a regulatory process has a broad role in the regulation of glutamate
homeostasis. In this regard, it has been shown that peripheral nerve injury induced changes
in the expression of ubiquitin C-terminal hydrolase [18]. Moreover, proteasome inhibitors
such as MG-132 have been shown to prevent capsaicin-induced release of calcitonin gene-
related peptide and dynorphin A upregulation [20] but not protein kinase C translocation
[18] in the spinal cord dorsal horn. These previous findings may shed light on the cellular
mechanisms concerning a possible relationship between activation of UPS by chronic
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morphine exposure, downregulation of glutamate transporters, and morphine tolerance under
in vivo conditions.

The present findings may have significant clinical implications. For example, using
proteasome inhibitor and/or targeting key elements of the UPS-mediated glutamate
transporter turnover may offer a new strategy for treating certain neurological disorders
[12,15,16,22,23,26,28]. Another area of the potential clinical utility regarding the UPS-
mediated glutamatergic system is to improve clinical opioid therapy for treatment of
neuropathic pain and cancer-related pain by preventing opioid tolerance and opioid-induced
hyperalgesia [15]. While modulating the glutamatergic system may not acutely reverse
morphine tolerance [15, 27], it is encouraging to note that in both present and previous in
vivo studies, proteasome inhibitors attenuated neuropathic pain behaviors, morphine-
induced hyperalgesia, and morphine tolerance without affecting baseline nociceptive
responses and motor function [18,20]. The potential clinical utility of proteasome inhibitors
remains to be examined.
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Fig. 1. The Proteasome inhibitor MG-132 prevented morphine tolerance
Rats (n=6) were administrated intrathecally (twice daily) with vehicle, morphine (MS, 15
nmol), morphine plus MG-132 (1, 2.5, 5 or 10 nmol) or MG132 alone (5 nmol) for seven
consecutive days. A, Morphine antinociceptive tolerance was developed on day 5 after the
repeated treatment with morphine but not with morphine plus MG132 (5 nmol). B,
Morphine antinociceptive tolerance was prevented in a dose-dependent manner by co-
administration of morphine and MG-132 (day 7). C, The rightward shift of the dose-
response curve from morphine exposure was prevented in these rats treated with morphine
plus MG-132 (5 nmol). D, MG132 alone did not change the baseline latency. One-way
ANOVA followed by Tukey-Kramer Test. * P< 0.05.
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Fig. 2. Spinal glutamate transporter expression was not downregulated at the transcriptional
level after morphine exposure
Rats (n=6) were administrated intrathecally (twice daily) with vehicle, morphine (MS, 15
nmol), morphine plus MG-132 (1, 2.5, 5 or 10 nmol) or MG132 (5 nmol) alone for seven
consecutive days. Independent samples from these rats were used to examine the glutamate
transporter mRNA level using RT-PCR. Lane 1: vehicle, Lane 2: morphine (15 nmol), Lane
3: morphine plus MG-132 (5 nmol), Lane 4: MG-132 (5 nmol) alone. One-way ANOVA
followed by Tukey-Kramer test was used to analyze the data. There were no differences
among these groups. GAPDH: glyseraldehyde-3-phosphate dehydrogenase.
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Fig. 3. The proteasome inhibitor MG-132 prevented spinal glutamate transporter
downregulation
Rats (n=6) were administrated intrathecally (twice daily) with vehicle, morphine (MS, 15
nmol), morphine plus MG-132 (1, 2.5, 5 or 10 nmol) or MG132 (5 nmol) alone for seven
consecutive days. Independent samples from these rats were used for the Western blot assay.
MG-132 effectively prevented morphine-induced downregulation of EAAC1, GLAST, and
GLT-1. A, Western blotting of glutamate transporter EAAC1, GLAST, and GLT-1 within
the spinal cord dorsal horn. B, Densitometric quantification of Western blotting results in A.
The amount of glutamate transporter EAAC1, GLAST, and GLT-1 normalized to that of
tubulin was plotted as fold change. One-way ANOVA followed by Tukey-Kramer test was
used to analyze the data. * P< 0.05, as compared with vehicle, morphine plus MG-132, or
MG-132 alone. Lane 1: vehicle, Lane 2: morphine (15 nmol), Lane 3: morphine (15 nmol)
plus MG-132 (5 nmol), Lane 4: MG-132 (5 nmol) alone. Results are expressed as the group
mean (± SEM) obtained from three independent extract preparations from the same rats in
each group. Actin: loading control. C, A linear range of immunoreactivity for GLAST,
GLT-1, EAAC1, and β-actin. Spinal cord dorsal horn samples containing 10, 20, 30, 40, and
50 μg of protein were analyzed by Western blotting. Densitometric assessment of bands
showed a linear response between 10 and 50 μg of total protein loading.
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Fig. 4. The proteasome inhibitor MG-132 prevented the decrease of spinal glutamate uptake
activity after chronic morphine exposure
Rats (n=6) were administrated intrathecally (twice daily) with vehicle, morphine (MS, 15
nmol), morphine plus MG-132 (1, 2.5, 5 or 10 nmol) or MG132 (5 nmol) alone for seven
consecutive days. Glutamate uptake activity within the spinal cord dorsal horn was
examined using an in vitro glutamate uptake assay. Lane 1: vehicle, Lane 2: morphine (15
nmol), Lane 3: morphine (15 nmol) plus MG-132 (5 nmol), Lane 4: MG-132 (5 nmol) alone.
One-way ANOVA followed by Tukey-Kramer test was used to analyze the data. * P< 0.05,
as compared with each of the remaining groups. Results are the group mean (± SEM)
obtained from the independent extract preparation from the same rats in each group.

Yang et al. Page 13

Pain. Author manuscript; available in PMC 2012 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


