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Abstract
Background—Glycine is a major inhibitory neurotransmitter in the spinal cord, the
concentration of which is regulated by two types of glycine transporters (GlyTs): GlyT1 and
GlyT2. We hypothesized that the inhibition of GlyTs could ameliorate bladder overactivity and/or
pain sensation in the lower urinary tract.

Objective—Investigate the effects of GlyT inhibitors on bladder overactivity and pain behavior
in rats.

Design, setting, and participants—Cystometry was performed under urethane anesthesia in
cyclophosphamide (CYP)–treated rats. In behavioral studies using conscious rats, nociceptive
responses were induced by intravesical administration of resiniferatoxin (3 µM). Selective GlyT1
or GlyT2 inhibitors were administered intrathecally to evaluate their effects.

Measurements—Cystometric parameters, nociceptive behaviors (licking and freezing), and
messenger RNA (mRNA) levels of GlyTs and glycine receptor (GlyR) subunits in the dorsal
spinal cord (L6–S1) were measured.
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Results and limitations—During cystometry in CYP-treated rats, significant increases in
intercontraction interval and micturition pressure threshold were elicited by ALX-1393, a selective
GlyT2 inhibitor, but not by sarcosine, a GlyT1 inhibitor. These effects were completely reversed
by strychnine, a GlyR antagonist. ALX-1393 also significantly suppressed nociceptive behaviors
in a dose-dependent manner. In sham rats, GlyT2 mRNA was expressed at a much higher level
(23-fold) in the dorsal spinal cord than GlyT1 mRNA. In CYP-treated rats, mRNA levels of
GlyT2 and the GlyR α1 and β subunits were significantly reduced.

Conclusions—These results indicate that GlyT2 plays a major role in the clearance of
extracellular glycine in the spinal cord and that GlyT2 inhibition leads to amelioration of CYP-
induced bladder overactivity and pain behavior. GlyT2 may be a novel therapeutic target for the
treatment of overactive bladder and/or bladder hypersensitive disorders such as bladder pain
syndrome/interstitial cystitis.
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1. Introduction
Sensitization of bladder afferent pathways and a subsequent increase in sensory processing
in the spinal cord have been proposed as important mechanisms inducing irritative
symptoms associated with overactive bladder (OAB) [1,2] and/or pain symptoms in bladder
hypersensitive disorders such as bladder pain syndrome (BPS)/interstitial cystitis (IC) [3].
Glycine, a major inhibitory neurotransmitter, is well known to have a role in the control of
spinal nociceptive pathways [4] and lower urinary function in both physiologic and
pathologic conditions [5–7]. The extracellular concentration of glycine at synapses is
regulated by two types of Na+/Cl−-dependent glycine transporters (GlyTs): GlyT1 and
GlyT2 [8]. GlyT1 is widely distributed in the central nervous system and predominantly
expressed in glial cells nearby both excitatory and inhibitory neurons, while GlyT2 is
specifically distributed in the spinal cord, cerebellum, and brainstem and localized in the
presynaptic terminals of inhibitory glycinergic neurons [9,10]. Recent studies have
suggested the therapeutic potential of GlyT inhibitors for the treatment of schizophrenia
[11,12], cognitive disorders [13], and acute and chronic pain [14,15]. However, the effects
of GlyT inhibitors on bladder overactivity and pain sensation in the lower urinary tract have
not been clarified.

In this study, we examined the effects of selective GlyT inhibitors on bladder overactivity
and pain behavior in rats in response to nociceptive stimuli in the bladder. We also
examined changes in expression levels of GlyT and glycine receptor (GlyR) subunits in the
lumbosacral spinal cord after bladder irritation.

2. Material and methods
2.1. Animals

Adult Sprague Dawley female rats (n = 131) were used (202–268 g). All experiments were
conducted in accordance with institutional guidelines and approved by the University of
Pittsburgh Institutional Animal Care and Use Committee.

2.2. Cystometry
Seventy-four rats were divided into cyclophosphamide (CYP; 200 mg/kg, intraperitoneally
treated) or sham (vehicle-treated) groups. After 48 h, rats were anesthetized with urethane
(1.2 g/kg, subcutaneously), and a polyethylene catheter (PE-50; Clay Adams, Parsippany,
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NJ, USA) was inserted into the bladder through the dome after a laparotomy. Cystometry
was performed by continuously infusing saline (0.04 ml/min) into the bladder. After
baseline cystometrograms (CMGs) were obtained, drugs were administered intrathecally in a
volume of 1 µl followed by 9-µl flush with saline via a polyethylene catheter (PE-10; Clay
Adams), which was implanted into the subarachnoid space at the L6–S1 spinal cord level 2
d before cystometry. In the antagonist study, strychnine (a GlyR antagonist) was
administered intrathecally following three voiding reflexes after administration of a GlyT2
inhibitor. As the cystometric parameters, intercontraction intervals (ICIs), maximum voiding
pressure (MVP), baseline pressure, and pressure threshold (PT; ie, intravesical pressure just
prior to the initiation of voiding bladder contraction) were measured and analyzed with
Chart5 software (ADInstruments, Milford, MA, USA). Each individual parameter was
calculated as the percent change after administration of drugs.

2.3. Quantification of messenger RNA for glycine transporters and glycine receptor
subunits

A separate group of 10 rats was divided into CYP-treated or sham group without GlyT
treatment (n = 5 each group). Forty-eight hours after administration of CYP or vehicle, the
L6–S1 spinal cord and forebrain were harvested under isoflurane anesthesia. One µg of total
RNA extracted from the forebrain or the dorsal half of L6–S1 spinal cord was reverse-
transcribed into complementary DNA using the ThermoScript RT-PCR System (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s manual. Quantitative polymerase chain
reaction (PCR) was performed with an Mx3000P Real-Time PCR System (Stratagene, La
Jolla, CA, USA) in a 25-µl volume using SYBR Green PCR Master Mix (QIAGEN,
Valencia, CA, USA).

2.4. Histology
The bladders from some sham and CYP-treated rats were removed 48 h after the treatments,
then fixed in an ice-cold 4% paraformaldehyde solution containing 0.21% picric acid in 0.1
M phosphate buffer (PB) for 48 h and soaked overnight at 4°C in 0.1 M PB containing
increasing concentrations of sucrose (10–30%). The frozen tissues were cut at 10-µm
thickness (transverse sections) and stained with hematoxylin and eosin.

2.5. Nociceptive behavioral study
Thirty-nine rats were used for analyses of nociceptive behavior after bladder irritation, as we
previously described [16]. Briefly, rats were acclimated in metabolic cages (Nalgene,
Rochester, NY, USA) for 3 h. Then, each GlyT inhibitor was administered intrathecally at
the level of L6–S1 spinal cord, and after 15 min, animals placed in a Bollman cage were
instilled with resiniferatoxin (RTX; 3 µM, 0.3 ml) into the bladder via a temporally inserted
urethral catheter (PE-50; Clay Adams) for 1 min. Thereafter, rats were immediately placed
in metabolic cages, and both licking and freezing behaviors were scored during 5-s intervals
for a period of 15 min in the metabolic cages.

2.6. Drugs
Sarcosine was purchased from Tocris (Ellisville, MO, USA). ALX-1393, cyclophosphamide
monohydrate, strychnine hydrochloride, and RTX were purchased from Sigma-Aldrich (St
Louis, MO, USA). The doses of sarcosine, ALX-1393, and strychnine were determined
based on the results of previous somatic pain studies in rats [15,17].

2.7. Statistical analysis
All data are represented as the mean plus or minus standard error of the mean. Statistical
significance was evaluated using the unpaired student t test or one-way analysis of variance
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(ANOVA) followed by Bonferroni multiple comparison test. P values <0.05 were
considered significant.

3. Results
3.1. Effects of glycine transporter inhibitors (intrathecal) on cystometrogram parameters in
sham and cyclophosphamide-treated rats

CYP-treated rats showed a significant decrease in ICI and significant increases in MVP,
baseline pressure, and PT compared to sham rats (Table 1). They showed histologic changes
and inflammatory signs such as inflammatory cell infiltration in the suburothelial layer and
mucosal edema (Fig. 1).

Sarcosine (250 µg, intrathecal), a selective GlyT1 inhibitor, did not elicit significant changes
in any CMG parameter in either sham or CYP-treated rats, although there was a tendency to
increase ICI in CYP rats (p = 0.0922;Fig. 2a, 3a, and 4a–4h). In contrast, ALX-1393 (10 µg,
intrathecal), a selective GlyT2 inhibitor, evoked a significant increase in PT by 36.5% and
an insignificant increase in ICI in sham rats without changing MVP or baseline pressure
(Fig. 2b and 4a–4d). In CYP-treated rats, ALX-1393 at a low dose (3 µg) clearly increased
both ICI by 43.9% (p < 0.05) and PT by 19.1% (p < 0.01; Fig. 3b, 4e, and 4f). Moreover,
ALX-1393 at a higher dose (10 µg) strongly suppressed the micturition reflex, producing a
greater increase in PT and overflow incontinence in four of four CYP-treated rats (Fig. 3b).
The inhibitory effects of ALX-1393 (3 µg) on ICI and PT in CYP rats were antagonized by
strychnine (10 µg, intrathecal), a GlyR antagonist (p < 0.05 and p < 0.01, respectively; Fig.
3c and 5), indicating that ALX-1393-induced inhibition of bladder overactivity in CYP-
treated rats is mediated by activation of GlyRs.

3.2. Measurement of glycine transporters and glycine receptor subunits in the dorsal
spinal cord and forebrain

The GlyT2 messenger RNA (mRNA) level was much higher (23-fold) than that of GlyT1 in
the dorsal portion of the L6–S1 spinal cord (p < 0.001) but in the forebrain was much less
(13.9-fold) than that of GlyT1 (p < 0.001; data not shown). In CYP-treated rats, the mRNA
level of GlyT2 in the dorsal spinal cord (L6–S1) was significantly reduced compared to that
in sham rats (p < 0.01; Fig. 6a). However, the mRNA level of GlyT2 was still much higher
(24.8-fold) than that of GlyT1 in the dorsal spinal cord of CYP-treated rats (Fig. 6a). Also,
significant reductions in mRNA levels of GlyR subunits such as GlyRα1 and GlyRβ were
observed in the dorsal spinal cord from CYP-treated rats (p < 0.05) compared to sham rats
(Fig. 6b).

3.3. Effects of glycine transporter inhibitors (intrathecal) on nociceptive behaviors in rats
Sarcosine (250 µg, intrathecal) did not significantly change either licking or freezing
behavior induced by intravesical application of RTX (Fig. 7c and 7d). In contrast,
ALX-1393 significantly decreased both licking (at 0–5 min) and freezing behaviors (at 10–
15 min) by RTX in a dose-dependent (10–30 µg, intrathecal) manner (Fig. 8c and 8d).

4. Discussion
In the present study, we demonstrated the following new findings: (1) intrathecal
administration of an inhibitor of GlyT2 but not GlyT1 suppressed reflex micturition in both
normal and CYP-irritated bladders with greater effects in CYP-treated rats; (2) mRNA
levels of GlyT2 and GlyR subunits (α1 and β) were significantly decreased in the dorsal
portion of lumbosacral spinal cord in CYP-treated rats; and (3) an inhibitor of GlyT2 but not
GlyT1 suppressed the nociceptive behaviors induced by intravesical administration of RTX.
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Previous studies have indicated that exogenous application of glycine suppresses
isovolumetric bladder contractions in rats [18]. The present study further demonstrated that
the GlyT2 inhibitor, which increases extracellular glycine levels in the synaptic cleft in the
spinal cord [19], exerts inhibitory effects on bladder overactivity and pain responses induced
by nociceptive stimuli in the bladder.

During cystometry in rats with CYP-induced bladder overactivity, the GlyT2 inhibitor
clearly induced increases in ICI and PT, which were completely reversed by strychnine, the
GlyR antagonist. Because intrathecal administration of ALX-1393 at the level of L6–S1
spinal cord increased PT and ICI without suppressing MVP, the mechanism of action of
GlyT2 inhibitor is assumed to be mainly through the enhancement of glycinergic inhibition
of the afferent limb rather than the efferent limb of the micturition reflex pathway in the
lumbosacral spinal cord. In contrast, the GlyT1 inhibitor did not produce any significant
changes in CMG parameters in either sham or CYP-treated rats. It is postulated that GlyT1
is expressed on glial cells adjacent to glutamatergic excitatory neurons expressing N-methyl-
D-aspartate (NMDA) receptors, where glycine acts as a coagonist and possibly participates
in excitatory neurotransmission [20,21]. Therefore, the inhibitory effects through
postsynaptic GlyRs could be masked by the counteracting excitatory mechanisms through
NMDA receptor activation. In contrast, GlyT2 is considered to be primarily involved in the
clearance of the extracellular glycine at the inhibitory presynaptic terminals of glycinergic
neurons [22,23]. A previous study with an in vivo microdialysis technique also
demonstrated that the perfusion of a selective GlyT2 inhibitor increased the extracellular
glycine in the lumbar spinal cord, while a selective GlyT1 inhibitor increased the
extracellular glycine accompanied by a progressive increase in citrulline, which is used as an
index of NMDA receptor activity [19]. Moreover, we demonstrated in this study that mRNA
levels of GlyT2 were much higher than that of GlyT1 in the L6–S1 spinal cord, while GlyT1
mRNA is highly expressed in the brain in both sham and CYP-treated rats. Taken together, a
high expression level of GlyT2 in the spinal cord and association of GlyT2 with the
glycinergic inhibitory pathways could account for the superiority of GlyT2 over GlyT1
inhibitors for suppression of bladder overactivity and pain responses in in vivo studies.

In the present study, we demonstrated in CYP-treated rats a significant reduction in the
mRNA levels of GlyT2 as well as GlyR α1 and β1 subunits, which are known to compose
one of the major GlyR subtypes (α1β) [24,25] in the L6–S1dorsal spinal cord. In contrast,
the decreased GlyT2 expression in the dorsal spinal cord of CYP-treated rats might suggest
an adaptive mechanism for increasing the extracellular glycine level at inhibitory synapses,
which could counteract the enhanced spinal excitatory signaling in the CYP-induced bladder
overactivity condition. This study also further demonstrated that additional suppression of
GlyT2 by selective GlyT2 inhibitors in the spinal cord is effective in reducing CYP-induced
bladder overactivity.

Another notable finding in this study is that the intrathecal application of the GlyT2 inhibitor
significantly suppressed nociceptive behaviors elicited by RTX-mediated bladder afferent
stimulation. Licking and freezing behaviors in rats induced by intravesical application of
RTX are known to be nociceptive responses elicited by activation of urethral afferents in the
pudendal nerve and bladder afferents in the pelvic nerve, respectively [16]. In the
glycinergic control of pain processing at the level of spinal cord, the following mechanisms
have been postulated [14]; (1) spinal glycinergic interneurons can be directly activated by
input from mechanosensitive primary afferents, including nociceptive C-fibers; (2)
descending antinociceptive mechanisms, including those mediated by noradrenergic and
serotonergic axons, can activate local glycinergic interneurons; and (3) glycinergic inputs to
the dorsal spinal horn can originate directly from supraspinal regions. Thus, it is likely that
the inhibitory effect by the GlyT2 inhibitor on RTX-induced pain behavior such as licking
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and freezing is the result of an increase in extracellular glycine concentrations at bulbospinal
or segmental interneuronal synapses in the dorsal horn of the lumbosacral spinal cord.

In terms of safety issues about GlyT2 inhibitors, previous animal studies indicated that
ALX-1393 induced motor dysfunction and respiratory depression at a higher doses (60 or
100 µg, intrathecal) in somatic pain rats models [15,26]. However, in the present study,
ALX-1393 significantly ameliorated bladder overactivity and pain behavior at lower doses
(3 µg and 10 µg, intrathecal) in CYP- and RTX-treated rats, respectively, than the doses
necessary to demonstrate efficacy in rat somatic pain models [15,26]. Therefore, activation
of glycinergic inhibitory mechanisms by GlyT2 inhibitors might be more effective in
suppressing visceral overactivity and pain in comparison to their effects on the somatic
system. In addition, although there are no previous clinical studies using GlyT2 inhibitors,
GlyT1 inhibitors have been used for people with schizophrenia with relatively good
tolerability [27,28]. Also, this study showed the greater inhibitory effects of GlyT2
inhibitors on bladder activity in CYP-treated rats compared to control rats, possibly because
of increased sensitivity of GlyRs in the spinal cord after CYP treatment. Thus, GlyT2
inhibition could be a novel strategy for the treatment of OAB and/or pain symptoms of BPS
and IC, although further studies are needed to clarify whether more conventional routes of
application, such as oral administration, show similar efficacy with minimal side effects.

5. Conclusions
The findings in this study suggest an important role for spinal glycinergic pathways, which
are enhanced by GlyT2 inhibitors, in the suppression of bladder overactivity and pain
sensation induced by noxious stimuli in the bladder. Because afferent sensitization and
increased signal transduction in the spinal cord have been proposed as important
mechanisms inducing irritative symptoms of OAB and/or pain symptoms of BPS and IC,
GlyT2 inhibitors might be effective in treating these bladder overactive and hypersensitive
disorders.

Take-home message

Inhibition of glycine transporter type 2 (GlyT2) ameliorated bladder overactivity and
pain responses induced by bladder irritation in rats. This result suggests that GlyT2
inhibitors might be useful for the treatment of overactive and hypersensitive bladder
conditions, including bladder pain syndrome.
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Fig. 1.
Photomicrographs of hematoxylin and eosin staining of the bladder wall in sham (saline)
and cyclophosphamide (CYP)–treated rats: (a) sham rat bladder (×40); (b) sham rat bladder
(×200); (c) CYP-treated rat bladder (×40); (d) CYP-treated rat bladder (×200). Figure 1b and
1d show the areas indicated by rectangles in Figure 1a and 1c, respectively, with higher
magnification. Inflammatory cell infiltration in the suburothelial layer and tissue edema
shown by an increase in the mucosal layer width are observed in the CYP-treated group (c
and d). Scale bars: 100 µm.
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Fig. 2.
Typical traces showing the effect of intrathecal administration of (a) sarcosine (glycine
transporter [GlyT] type 1 inhibitor) and (b) ALX-1393 (GlyT2 inhibitor) on continuous
cystometrograms in sham rats. Arrows indicate the timing of drug administration.
ALX-1393 showed some inhibitory effects on bladder activity (b), while sarcosine has no
apparent effects (a). Vehicle 1: distilled water. Vehicle 2: 100% dimethyl sulfoxide.
IVP = intravesical pressure; i.t. = intrathecal.
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Fig. 3.
Typical traces showing the effect of intrathecal administration of (a) sarcosine, (b)
ALX-1393, and (c) the combined application of ALX-1393 and strychnine, a glycine
receptor antagonist, on continuous cystometrograms in cyclophosphamide (CYP)–treated
rats. Arrows indicate the timing of drug administration. ALX-1393 showed inhibitory effects
on CYP-induced bladder overactivity (b), while sarcosine has no apparent effects (a).
Strychnine antagonized the inhibitory effect of ALX-1393 (c). Vehicle 1: distilled water.
Vehicle 2: 100% dimethyl sulfoxide. Vehicle 3: saline).
IVP = intravesical pressure; i.t. = intrathecal.
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Fig. 4.
Effects of intrathecal administration of sarcosine and ALX-1393 on cystometric parameters
in (a–d) sham and (e–h) cyclophosphamide (CYP)–treated rats. (a) Each bar represents the
mean plus or minus standard error of the mean.
ICI = intercontraction interval; PT = pressure threshold; MVP = maximum voiding pressure;
BP = baseline pressure; V = vehicle; SCS = sarcosine (in micrograms, intrathecal); ALX =
ALX-1393 (in micrograms, intrathecal); CYP = cyclophosphamide; N/A: not analyzed (ie,
the analysis of the parameter was impossible because of the strong suppression of the
micturition reflex); ANOVA = analysis of variance.
* p < 0.05.
** p < 0.01 (compared to the vehicle group; one-way ANOVA followed by Bonferroni
multiple comparison test); the number of animals (n) in each subgroup was shown in
parentheses.
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Fig. 5.
Effects of intrathecal administration of ALX-1393 on (a) intercontraction interval and (b)
pressure threshold in the presence or absence of strychnine in cyclophosphamide rats. Each
bar represents the mean plus or minus the standard error of the mean.
ICI = intercontraction interval; PT = pressure threshold; - = vehicle (dimethyl sulfoxide or
saline); ANOVA = analysis of variance.
* p < 0.05.
** p < 0.01 (compared among three groups; one-way ANOVA followed by Bonferroni
multiple comparison test); the number of animals (n) in each subgroup was shown in
parentheses.
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Fig. 6.
Changes in messenger RNA levels of (a) glycine transporters and (b) glycine receptor
subunits in the dorsal L6–S1 spinal cord at the after cyclophosphamide treatment. Each bar
represents the mean plus or minus the standard error of the mean from five different rats.
S = sarcosine; CYP = cyclophosphamide; GlyT = glycine transporter; GlyR = glycine
receptor; PCR = polymerase chain reaction; NCBI = National Center for Biotechnology
Information.
* p < 0.05.
** p < 0.01 (unpaired student t test); the real-time PCR was run by 40 cycles (denaturation
at 95°C for 15 s; primer annealing at 55°C for 60 s; elongation at 72°C for 30 s); relative
expression data were quantified using the 2-ΔΔCT method, where CT is the cycle threshold.
All target messenger RNA (mRNA) expression levels were normalized to that of the
constitutive 18S ribosomal RNA. Primer sequences used for real-time PCR were as
described in Table 2. All primers for PCR reaction were designed based on the NCBI
database sequence of rat reference mRNA and checked for specificity with BLAST software
from the NCBI Web site. PCR products were also validated by size determination after
separation on 2% agarose gel.
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Fig. 7.
Effects of intrathecal administration of sarcosine on licking and freezing nociceptive
behaviors in rats treated with intravesical resiniferatoxin (RTX; 3 µM). (a, b) The number of
licking or freezing behaviors counted every minute. Intravesical application of RTX, which
stimulates TRPV1 receptor-expressing C-fiber afferent nerves, increased the licking
behavior, with a peak in the early phase (0–5 min) as described previously [14]. (c, d) The
total number of licking or freezing behaviors for each 5-min period, showing that no
significant effect of intrathecal administration of glycine transporter type 1 inhibitor was
observed.
V1 = vehicle for sarcosine; V2 = vehicle 10% ethanol, 10% tween 80, and 80% saline for
RTX; RTX = resiniferatoxin (3 µM, intravesically); i.t. = intrathecal; SCS = sarcosine (250
µg, intrathecal).
# p < 0.05.
## p < 0.01 (unpaired student t test).
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Fig. 8.
Effects of intrathecal administration of ALX-1393 on licking and freezing nociceptive
behaviors in rats treated with intravesical resiniferatoxin (RTX; 3 µM). (a, b) The number of
licking or freezing behaviors counted every minute. Intravesical application of RTX, which
stimulates TRPV1 receptor-expressing C-fiber afferent nerves, increased the licking
behavior, with a peak in the early phase (0–5 min) as described previously [14]. (c, d) The
total number of licking or freezing behaviors for each 5-min period. The glycine transporter
type 2 inhibitor significantly suppressed both nociceptive behaviors in a dose-dependent
manner. Each point or the bar represents the mean plus or minus the standard error of the
mean from five rats.
V1 = vehicle for ALX-1393; V2 = vehicle for RTX; RTX = resiniferatoxin (3 µM,
intravesically); ALX = ALX-1393 (in µg, intrathecal); V = vehicle.
# p < 0.05.
## p < 0.01 (unpaired student t test).
* p < 0.05.
** p < 0.01 (compared to the vehicle group).

Yoshikawa et al. Page 16

Eur Urol. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yoshikawa et al. Page 17

Table 1

Baseline cystometric parameters in rats with or without treatment of cyclophosphamide

ICI, s MVP, cm H2O BP, cm H2O PT, cm H2O

Sham (n = 27) 847 ± 52.2 32.6 ± 1.23 5.10 ± 0.333 9.29 ± 0.433

CYP-treated (n = 22) 353 ± 29.2** 38.9 ± 2.67* 10.3 ± 1.05** 15.9 ± 1.61**

ICI = intercontraction interval; MVP = maximum voiding pressure; BP = baseline pressure; PT = pressure threshold; CYP = cyclophosphamide.

*
p < 0.05.

**
p < 0.01 (unpaired student t test) compared to the sham group.

Eur Urol. Author manuscript; available in PMC 2013 October 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yoshikawa et al. Page 18

Table 2

Primers used for real-time reverse transcriptase–polymerase chain reaction

Name Forward primer (5′–3′) Reverse primer (5′–3′) Size (bp)

GlyT1 GCTCTGGTCCTTGCTGTTTT GTCTCTGCTTGGCTTTGTGG 595

GlyT2 GATGCTTCTCACGCTTGGAC CAAACGCCCAGCAGACCTTC 344

GlyRα1 GCACCAAGCACTACAACAC AGGACAGGATGACGATAAGC 123

GlyRα2 GAGACAGCAGTGGAACGATTC TCCGCAGCAACTTGTTATCAG 167

GlyRα3 GCCTTCTGATTGTCATTCTGTC CTCTGCGTGGTCATCGTAAG 109

GlyRβ AAGGCACTGGTTACTACAC CTGAGCACGGAGAAGATG 181

18S GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG 151

GlyT = glycine transporter; GlyR = glycine receptor.
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