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Abstract
Aim This study investigates the effects of minocycline (an inhibitor of microglial activation) administration on the expression
level of spinal BDNF and DREAM proteins in diabetic neuropathic pain (DNP) rats.
Methods The rats were divided into four groups (n = 16): non-diabetic control, diabetic control and diabetic rats receiving
minocycline (80 μg/day or 160 μg/day). The diabetic rat model was induced by intraperitoneal injection of streptozotocin
(60 mg/kg STZ). Tactile allodynia was assessed on day-0 (baseline), day-14 (pre-intervention) and day-22 (post-intervention).
Minocycline at doses of 80 μg and 160 μg were given intrathecally from day-15 until day-21. On day-23, formalin test was
conducted to assess nociceptive behaviour response. The spinal expression of OX-42 and level of BDNF and DREAM proteins
were detected by immunohistochemistry and western blot analyses.
Results Diabetes rats showed significant tactile allodynia and nociceptive behaviour. These were accompanied by augmented
expression of spinal OX-42, BDNF and DREAM protein levels. Both doses of minocycline attenuated tactile allodynia and
nociceptive behaviour and also suppressed the diabetic-induced increase in spinal expressions of OX-42, BDNF and DREAM
proteins.
Conclusion This study revealed that minocycline could attenuate DNP by modulating spinal BDNF and DREAM protein
expressions.
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Introduction

Diabetic neuropathic pain (DNP) is a chronic pain that could
develop in diabetic patients due to misfiring of peripheral
nerves of somatosensory system [1]. The occurrence of DNP
is hyperglycaemia- related with local metabolic and microvas-
cular alterations in both type I and type II diabetes mellitus
(DM) [1, 2]. According to recent reports, approximately 30%
of DM patients develop DNP which can be manifested as
spontaneous pain, allodynia (pain to normally innocuous

stimuli) and hyperalgesia (increased perception of pain to nox-
ious stimuli) [3].

Hyperglycaemia is considered as a major pathophysiolog-
ical factor in the development of DNP. However, the mecha-
nism leading to DNP is not fully understood. Hyperglycaemia
has been reported to activate some major pathways such as
polyol pathway, advanced glycation end products (AGE),
hexosamine flux, mitogen-activated protein kinase (MAPK),
poly-ADP ribose polymerase (PARP) and cyclooxygenase-2
(COX-2). Activation of these pathways could initiate oxida-
tive stress, release of various cytokines and eventually neuro-
inflammation [4].

Brain-derived neurotropic factor (BDNF) is one of the
neurotrophins that ensures neuronal survival, growth and dif-
ferentiation [5]. In the spinal cord, BDNF is distributed in
primary sensory neurons of dorsal root ganglion and involved
in the development of central sensitization in spinal dorsal
horn [6, 7]. The effects of BDNF are mediated via its binding
to the tyrosine kinase receptor B (TrkB) and subsequent
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activation of it’s downstream signalling pathways [8]. BDNF
binds to neuronal TrkB receptors to form ligand-receptor com-
plex which initiates the phosphorylation of TrkB and it’s ty-
rosine residues [9]. BDNF is also known as a potent modula-
tor of synapses, thereby affecting short and long-term synaptic
efficacy [10]. This endogenous neuromodulator is released
from primary afferent terminals within the spinal cord in an
activity-dependent manner and functions in regulating the no-
ciceptive transmission in the spinal dorsal horn [5, 11].
Compelling evidences suggested the involvement of BDNF
in spinal plasticity and central sensitization of physiological
and pathological pain [11–14].

Downstream regulatory element antagonist modulator
(DREAM) protein is a potent transcriptional repressor for
prodynorphin gene, which is involved in pain processes [15,
16]. Prodynorphin gene consists of a consensus DNA se-
quence or downstream regulatory element (DRE) that is need-
ed for direct association with the DREAMprotein [17]. Cheng
and colleagues [17] reported DREAM-deficient mice to dis-
play significant reduction in behavioural responses (analgesia)
of acute thermal, mechanical, chemical and visceral pain.
Furthermore, the DREAM-knockout mice also demonstrated
an increase in spinal prodynorphin mRNA, but normal level
of opioids, pro-opiomelanocortin, pro-enkephalin and c-fos
mRNA levels. The enhanced mRNA levels of prodynorphin
in the spinal cord of DREAM-knockout mice compared to the
wild-type mice is believed to be accountable for the reduced
pain behaviour in the DREAM- knockout mice. The increased
mRNA of prodynorphin in this type of mice may lead to the
moderate effect of long-term potentiation [18]. However, the
role of DREAM protein in modulating pain processes espe-
cially in neuropathic pain such as DNP is still unknown.

Recent evidences linked microglia and other non-neuronal
cells in the development of DNP. Activated microglia release a
variety of neuromodulators, neuroactive substances and pro-
inflammatory cytokines that are directly involved in the de-
velopment of DNP [19, 20]. Minocycline, an inhibitor of mi-
croglia has been shown to attenuate the development of DNP
possibly via anti-inflammatory and anti-oxidant mechanisms
[19]. Despite many studies have implicated BDNF and
DREAM proteins in DNP, nevertheless the role of these pro-
teins in microglia-mediated DNP is still unknown. Therefore,
in this study, we investigated the possible connection between
BDNF and DREAM protein and microglial activation-
mediated DNP.

Materials and methods

Experimental animals

Sixty-four adult Sprague-Dawley male rats (200–250 g,
12 weeks) were used in this study. The rats were randomly

divided into 4 groups (16 for each): control group, diabetic
group (PDN group), diabetic group treated with 80 μg
minocycline (M 80) and diabetic group treated with 160 μg
minocycline (M 160). The rats in each group were further
divided into subgroups (8 for each) which were sacrificed
for immunohistochemistry analysis for microglia expres-
sion or Western Blot analysis for BDNF and DREAM
protein level. This study was conducted with the ap-
proval from animal ethics committee [USM/Animal
Ethics Approval/2014 (91) (560)].

Induction of diabetes

All the rats fasted for at least 14 h before the induction of
diabetes. Diabetic rat model was established by a single i.p.
injection of streptozotocin (STZ) (Sigma-Aldrich, Germany)
at a dose of 60 mg/kg body weight, freshly dissolved in citrate
buffer (pH 4.5) as a vehicle. Ten percent (10%) sucrose
solution was given to the rats on one day upon STZ in-
jection to avoid the development of severe hypoglycaemia
in the rats that could be lethal. Diabetes was confirmed
3 days after the STZ injection by assessment of blood
glucose level. The blood glucose level was measured be-
fore the induction of STZ (day 0), after the induction of
STZ (day 3), on the pre-intervention day (day 14) and on
post-intervention day (day 22) using a strip-operated
glucometer (Accu-chek Performa, Roche Diagnostics,
Paris, France). Animals with the final blood glucose lev-
el ≥ 15 mmol/L were considered as diabetic.

Intrathecal drug administration by direct delivery
method

The administration of minocycline 80 μg and 160 μg was
carried out by direct intrathecal injection based on a procedure
described by Lu and Schmidtko [21]. Selection ofminocycline
dosage was based on the previous study [22] and given at two
doses to investigate the dose dependent effect.

Reagents and materials

STZ was purchased from Sigma-Aldrich from Germany;
minocycline hydrochloride was purchased from
International Laboratory, USA; rabbit polyclonal for β-
actin, anti-CSEN, BDNF primary antibodies, goat anti
rabbit and anti-mouse IgG secondary antibodies, ultra-
sensitive ABC rabbit and mouse staining kits and clarity
western ECL substrate were purchased from Thermo
Fisher Scientific, USA; mouse monoclonal [OX42] was
bought from Abcam, UK.

182 J Diabetes Metab Disord (2019) 18:181–190



Behavioural studies

Tactile allodynia by automatic von Frey apparatus

Tactile allodynia was measured in the rats using an automated
von-Frey apparatus (Bioseb, USA). The rats were placed on a
wire mesh floor in a quiet room and allowed to acclimatize for
a minimum of 15 min before beginning the test. A semi-
flexible filament weighing 0.099 g was applied to the mid-
plantar region of the hind paw. The pressure was gradually
increased until either a clear retraction, licking or jumping was
observed. The force applied to the filament which evokes a
hind paw withdrawal represented a maximal threshold and
expressed in grams. The stimulation was conducted three
times, and the average measurement was calculated. The stim-
ulation using the filament was separated by 10 min interval
from previous tactile stimulation of the paw [23]. On day 14
(pre-intervention day), DNP in rodents were confirmed when
the reduction in noxious withdrawal thresholds by von-Frey
test was more than 15% of the value obtained before STZ
injection (day 0) [24].

Formalin test

The rats received an intraplantar injection of 50 μL of 5%
formalin solution into dorsal surface of right hind paw and
was immediately transferred to a Perspex testing chamber
(26 cm ×20 cm × 20 cm). A mirror was placed beneath the
floor directing base of the chamber at a 450 angle to allow an
unobstructed view of the paw. Nociceptive response was re-
corded for 60 min using a video camera. The recorded re-
sponse was assessed by two persons blinded to any treatment
based on the pain score from 0 to 3, as follows:

0 = rats feel no pain at all (i.e. foot flat on the floor with all
toes splayed)
1 = injected paw has little or no weight on it, with no toes
splaying, indicating mild pain
2 = injected paw is elevated and the heel is not in contact
with any surface, indicating moderate pain
3 = injected paw is licked, bitten or shaken, an indication
of severe pain felt

The nociceptive responses were then tabulated every min-
ute and averaged at 5-min intervals [25]. The nociceptive re-
sponse was divided into two phases comprising of phase 1
(mean score from min 0 to 10) and phase 2 (mean score from
min 15 to 60).

Immunohistochemistry for microglial expression

Seventy-two hours after the formalin test was conducted, the
rats were deeply anaesthetized with sodium pentobarbitone

(Alfasan, Netherlands) intraperitoneally. In our unpublished
work, activated microglia was shown to be clearly expressed
and localized to the portion of lamina I-IV in the spinal cord at
three days after formalin injection. This finding has also been
supported by Fu et al. [26]. It is the reason for sacrificing the
rats at three days after formalin injection. Thoracotomy
and perfusion fixation technique was performed to expose
rats spinal cord according to our previous study [27]. The
lumbar enlargement of L4-L5 spinal cord segment were
sectioned (40 μm thickness) using a cryostat and sections
were rinsed with Tris-buffered saline (TBS) twice for
5 min each and incubated overnight at 4 °C with primary
mouse monoclonal antibody for OX-42 protein (microglia
protein marker) diluted to 1:500 in buffer (mixture of TBS
with 2% normal goat or horse serum and 0.2% Triton-X)
followed by incubation with biotinylated horse anti-mouse
IgG (for microglia protein) diluted at 1:200 in buffer (mix-
ture of TBS with 2% normal goat/horse serum and 0.2%
Triton-X) for 1 h with gentle agitation at room tempera-
ture. The sections were incubated with avidin-biotin-HRP
(diluted 1:50 in TBS) for 1 h at room temperature and
treated with diaminobenzidine (DAB) diluted 1:10 with
stable peroxidase substrate buffer (1X) as a chromogen
in the dark, until brown colouration of the solution was
detected. The sections were then dehydrated with absolute
ethanol for 15 min before being mounted with DPX
mounting medium and cover slipped. Six random sections
were captured using an image analyzer (Leica MPS 60,
Japan) under 100 x lens magnifications. The total number
of protein expression was counted manually from laminae
I to VI and the average of six sections were taken from
each rat from ipsilateral and contralateral sides of the spi-
nal cord.

Western blot analysis

The BDNF and DREAM protein level in the spinal cord
was determined by Western blot analysis. Seventy-two
hours post-formalin injection, the rats were sacrificed by
decapitation using a guillotine after deeply anaesthetized
with an overdose injection of sodium pentobarbitone in-
traperitoneally. Lumbar enlargement of L4-L5 spinal cord
segment was dissected out from the rats without a fixation
process and separated into ipsilateral side by a cut at the
midline of the spinal cord. Immediately after the removal,
the tissue was deep-frozen in liquid nitrogen and kept at
−80 °C until further assay. Total protein was extracted,
quantified, prepared for SDS-PAGE, and detected by
WB using indicated antibodies. The blot was examined
using Clarity ™ Western ECL Substrate (Thermofisher
Scientific, USA). The image was taken by an image ana-
lyzer Fusion FX Chemiluminescence Imaging apparatus
(Vilber Lourmat, France). The integrated density values
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(IDV) of the BDNF, DREAM protein and β-actin proteins
were measured using Spot Denso AlphaView™ software

in the image analyzer. The mean relative intensity of fold
change was measured by the formula below:

Mean relative Intensity ¼ IDV DREAM or BDNF protein–IDV endogenous controlð Þtarget group–
IDV DREAM or BDNF protein–IDV endogenous controlð Þcalibrator group:

Statistical analysis

The data was analyzed using Statistical Package for Social
Sciences (SPSS) software version 24. Changes in the nocicep-
tive response by formalin test was analyzed by repeated mea-
sures ANOVAwith within subject factor time (2 levels: phase
1 and phase 2) and between subject factor group (4 levels: the
treatment groups) with the post-hoc LSD or Dunnett’s T3
tests. Meanwhile, blood glucose level and tactile allodynia
were analyzed using repeated measures ANOVAwith within
subject factor time (4 levels: day 0, day 3, day 14 and day 22
for blood glucose), (3 level: day 0, day 14 and day 22 for
tactile allodynia) and between subject factor group (4 levels:
the treatment groups) with post-hoc Bonferroni test. Total
numbers of microglial expression and mean relatives BDNF
and DREAMprotein level were analyzed using one-way anal-
ysis of variance (ANOVA) with the post-hoc LSD or
Dunnett’s T3 tests. The results were expressed as a mean ±
standard error of the mean (S.E.M.), and the level of signifi-
cance was determined at p < 0.05.

Results

STZ injection increase blood glucose level

There was significant main effect of time in blood glu-
cose level within the groups (F (7.516, 190.407) =
65.26), p < 0.001). Post-hoc Bonferroni test revealed a
significant difference in blood glucose level between
day 0 and 3 (p < 0.001). Meanwhile, no significant dif-
ference was detected between day 3 and 14 and between
day 14 and 22. Moreover, the result of between groups
effect reported the dramatically higher blood glucose lev-
el in all diabetic groups (PDN, M 80 and M 160) com-
pared to control (p < 0.001) group on day 3, suggesting
that the rats in diabetic groups were rendered diabetic
post 60 mg/kg STZ injection. Treatment with lower and
higher doses of minocycline started from day 15 until 21
did not give any effect as the blood glucose level
remained high in all diabetic groups post minocycline
treatments (Table 1).

Administration of minocycline increased noxious
withdrawal threshold in diabetic rats

There was significant main effect of time within the
groups for right (F (1.606, 126.353) = 38.321, p < 0.001)
and left (F (1.858, 146.751) = 44.020, p < 0.001) hind
paws. The repeated measures ANOVA also revealed a
significant between groups effects in noxious withdrawal
threshold at right (F (4.799, 123.16) = 26.018, p < 0.001)
and left (F (6, 152) = 25.266, p < 0.001) hind paws
throughout study period. Post-hoc Bonferroni test demon-
strated that the noxious withdrawal threshold was lower
(tactile allodynia increased) in all STZ-induced diabetic
rats on day 14 (pre-intervention day) compared to control
group (p < 0.001) (Fig. 1a and b). Intrathecal administra-
tion of minocycline at lower and higher doses for 1 week
significantly caused higher noxious withdrawal threshold
(tactile allodynia decreased) in minocycline treatment (M
80 and M 160) groups compared to PDN group (p <
0.001) on day 22 (p < 0.05 and p < 0.001 respectively)
(Fig. 1a and b).

Administration of minocycline reduced nociceptive
behaviour during phase 1 and 2 of formalin test

Nociceptive behaviour score by 5% formalin injections is
divided into two phases of pain: Phase 1 represents the
peripheral action whilst phase 2 represents the central ac-
tion produced by the formalin injection. Phase 1 is deter-
mined from 0 to 5 min followed by an interphase stage at
10 min in which the nociceptive behaviour is reduced.
Phase 2 is determined from 15 to 60 min which involves
the enhanced nociceptive responses from the sensitized
dorsal horn neurons. The overall pain behaviour score
involving all phases of pain is shown in Fig. 2a for
60 min period. Meanwhile, the separation of each phase
1 and 2 are shown in Fig. 2b.

The analysis by one-way repeated measures ANOVA re-
vealed a significant within-subjects effect of time (phase 1 and
2) (F (1, 79) = 27.359, p < 0.001) and between groups effect
(interaction between treatment groups and pain behaviour
phases) (F (3, 76) = 50.132, p < 0.001). Post-hoc Bonferroni
test demonstrated a significant higher nociceptive behaviour
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score in PDN group compared to control group (p < 0.05)
especially in phase 1. Interestingly, the rats administered
with minocycline at both doses (M 80 and M 160) had
lower nociceptive behaviour score in both phase 1 and 2
compared to PDN and control groups (p < 0.001). No sig-
nificant difference on nociceptive behaviour score was
detected between the doses of minocycline in phase 1
and 2 (Fig. 2c and d).

Administration of minocycline reduced microglial
expression on spinal cord of diabetic rat

In general, there was a difference in morphology of activated
microglia in rat’s spinal cord between diabetic PDN rats com-
pared to control rats. The activated microglia in PDN group
was more pronounced and showed hypertrophic morphology,
being higher in number and expression compared to control
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Fig. 1 a Noxious withdrawal
threshold of the rat’s right hind
paw in the groups tested using
von Frey test. Values are
expressed as mean ± S.E.M (n =
16). **, p < 0.001 between PDN
and control groups, #, p < 0.05
between (M 80) and PDN groups,
§§, p < 0.001 between (M 160)
and PDN groups. b Noxious
withdrawal threshold of the rat’s
left hind paw in the groups tested
using von Frey test. Values are
expressed as mean ± S.E.M (n =
16). **, p < 0.001 between PDN
and control groups, #, p < 0.05
between (M 80) and PDN groups,
§§, p < 0.001 between (M 160)
and PDN groups, ¤, p < 0.05
between (M 160) and control
groups

Table 1 Blood glucose level for day 0, 3, 14 and 22 in the groups. Values are expressed as mean (S. E. M.) (n = 24). **, p < 0.001 between PDN and
control groups, ##, p < 0.001 between (M 80) and control groups, §§, p < 0.001 between (M 160) and control groups

Group Day 0 (baseline) Day 3 (Diabetic status) Day 14 (pre-intervention) Day 22 (post-intervention)

Control 4.520 (0.094) 6.585 (0.228) 6.000 (0.517) 5.895 (0.220)

PDN 4.430 (0.117) 30.945 (0.927) ** 31.440 (0.763) ** 32.490 (0.556) **

(M 80) 4.665 (0.104) 28.530 (0.934) ## 29.280 (0.974)## 30.015 (0.765) ##

(M 160) 4.600 (0.112) 27.370 (0.975) §§ 27.980 (1.067) §§ 27.250 (1.581) §§
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group at both ipsilateral (p < 0.05, Fig. 3) and contralateral
(p < 0.001, Fig. 4) sides of spinal cord. Administration of
minocycline at both doses (M 80 and M 160 groups) resulted
in lower microglial expression compared to control and PDN
groups ipsilaterally (p < 0.001, Fig. 3) and contralaterally (p <
0.001, Fig. 4). The effect is dose-dependent since the higher
dose of minocycline resulted in (M 160 group) showed much
lower microglial expression compared to the lower dose of
minocycline used (M 80) group especially on the ipsilateral
side of the spinal cord (p < 0.05) (Fig. 3).

Administration of minocycline reduced DREAM
and BDNF protein level in spinal cord of diabetic rat

Spinal DREAM and BDNF proteins level were found to be
higher in PDN group compared to control group (p < 0.05)
(Figs. 5 and 6) as revealed by post-hoc Dunnett’s T3 test.
The administration of minocycline at both doses (M 80 and
M 160) groups were found to down regulate the DREAM
(Fig. 5) and BDNF (Fig. 6) proteins level compared to control
and PDN groups.

Discussion

Intrathecal treatment with minocycline for seven days pe-
riod increased the noxious withdrawal threshold on day

22 (post-intervention day) dose-dependently and sup-
pressed nociceptive behaviour score during phase 1 and
phase 2 in formalin test. These results are parallel with
previously reported studies [19, 20, 28, 29]. This effect
was probably due to inhibition of microglial activation
that was found to be upregulated in the spinal cord of
PDN group at three days after formalin injection [30,
31]. The activated microglia was shown by the hypertro-
phic cell body morphology with the shorter cellular pro-
cesses as seen in the lumbar enlargement region of the
spinal cord in PDN group. The upregulation of activated
microglia may be associated with the occurrence of tactile
allodynia and chemical hyperalgesia experienced by PDN
group in this study. Administration of minocycline atten-
uated this tactile allodynia and chemical hyperalgesia ac-
companied by the reduction in the expression level of
BDNF and DREAM protein in the spinal cord in this
study. This suggests that minocycline attenuated tactile
allodynia and chemical hyperalgesia by modulating the
expression level of BDNF and DREAM proteins in dia-
betic rats in this study.

The efficacy of minocycline in preventing tactile
allodynia and chemical hyperalgesia could be attributed
to its suppression of microglial activation and modula-
tion of DREAM and BDNF proteins expression level
during the course of the neuropathic pain condition.
Microglial activation is capable of inducing NR2B
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Fig. 2 a Overall pain behaviour score in the groups (n = 16). b
Nociceptive behaviour score during phase 1 and 2 of formalin test in all
the groups. The values are expressed as mean ± S.E.M (n = 16). **, p <
0.001 between phase 1 and phase 2, *, p < 0.05 between phase 1 and
phase 2. c Nociceptive behaviour score during phase 1of formalin test
in all the groups. The values are expressed as mean ± S.E.M (n = 16). *,

p < 0.05 between PDN and control groups, ##, p < 0.001 between (M 80)
and PDN groups, §§, p < 0.001 between (M 160) and PDN groups. d
Nociceptive behaviour score during phase 2 of formalin test in all the
groups. The values are expressed as mean ± S.E.M (n = 16). ##, p <
0.001 between (M 80) and PDN groups, §§, p < 0.001 between (M
160) and PDN groups
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subunit of NMDA receptors activation via signalling
pathways involving BDNF protein to maintain the oc-
currence of central sensitization [32]. Previous investi-
gations reported no change [33] or an increase [34, 35]
in BDNF protein level in the spinal cord of diabetic
rats. The increase in BDNF protein level and expression
could be associated with the increased microglial acti-
vation as seen in PDN group in this study. Tsuda et al.
[36] reported that the activated microglia P2X4 recep-
tors induce the synthesis and release of BDNF protein
and this protein acts on KCC2 receptors to render
gamma-amino butyric acid (GABA) effects of depolari-
zation. In return, the released BDNF protein may then
produce signals to lamina I neurons which cause exag-
gerated responses of pain that maintains the develop-
ment of neuropathic pain [36]. The release of BDNF

protein may also prolong the activation of microglia as
this protein binds to TrkB receptors on the activated
microglia itself [37]. We postulated that BDNF protein
stimulates TrkB receptor, downregulates voltage-gated
potassium (Kv) channels current activity, thereby in-
creases the neuronal excitability [35] in diabetic rat
model in this study. Theoretically, the inhibition of Kv
channels activity may enhance the frequency of firing
and broadening the action potential leading to the ele-
vated Ca2+ influx, the release of neurotransmitter gluta-
mate [35] and relieving Mg2+ block of NMDA receptors
[38]. As a microglial activation inhibitor, minocycline
indirectly suppress the production and expression of
BDNF protein released by the activated microglia in
the diabetic rats in this study. The inhibition of BDNF
protein from the activated microglia may indirectly
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microglia positive neurons in all
groups at ipsilateral side in lamina
I-II of spinal cord region. A
represents control group, B
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§§, p < 0.001 between (M 160)
and PDN groups, ¤, p < 0.05
between (M 80) and (M 160)
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inhibit neuronal excitability leading to the suppression
of allodynia and hyperalgesia by minocycline as proven
in this study. The inhibition of BDNF protein expres-
sion by minocycline has also been reported by Zhou
and colleagues [22].

Meanwhile, the increase in DREAM protein expres-
sion level in PDN group indicates the activation of
NMDA receptors by noxious stimulation which allows
the influx of Ca2+ into the neurons. This Ca2+ may
directly bind to DREAM protein to cause its removal
from DRE region. As a result of DREAM protein re-
moval, transcription progresses and dynorphin protein is
produced. In this study, the increased level of DREAM
protein and postulated release of dynorphin protein in
the spinal cord may have increased the synaptic plastic-
ity and neuronal excitability that leads to the mainte-
nance of DNP in PDN group. Rowjeska and colleagues
[39] repor ted tha t minocycl ine at tenuated the
prodynorphin mRNA and endogenous dynorphin protein

levels following sciatic nerve injury in rats. The inhibi-
tion of DREAM protein expression by minocycline sug-
gests the contribution of activated microglia to the in-
creased DREAM protein expression level in the spinal
cord of diabetic rats. Therefore, this effect facilitates the
pain transmission during the maintenance of diabetic
neuropathic pain. The finding from immunohistochemis-
try analysis for microglial protein expression are consis-
tent with the Western Blot analysis for expression level
of BDNF and DREAM protein. Thus, we suggest that
the finding from both experiments corresponded with
one another since we used separate groups of animals
for both experiments.

As a conclusion, we demonstrated in this study that
minocycline ameliorated diabetic neuropathy via modu-
lation of BDNF and DREAM protein level that are re-
leased by activated microglia within spinal cord. This
study may shed light on the possible mechanism in-
volved in the pathogenesis of diabetic neuropathy and
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may facilitate future researchers in developing medica-
tions to alleviate diabetic neuropathy and possibly other
neuropathic pain conditions.
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