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Abstract

Spinal cord injury (SCI) is known as a debilitating condition which usually occurs due to traumas to the spine. However, the
injury could also occur during clinical interventions such as spinal deformity and thoracoabdominal aortic surgeries.
Intraoperative cord compression and ischemia are considered the mechanisms of primary injury in this regard. In the current
study, we aimed to evaluate the therapeutic effects of minocycline, a promising agent for post-injury treatment, prophylactic
administration. In a rat model of SCI through contusion injury, T9 vertebra laminectomy was performed on 40 Sprague—Dawley
male rats provided from Pasteur Institute (Tehran, Iran). The reason behind selecting only male rats in our study was the fact that
menstrual cycle of female rats affects healing process. Rodents were divided into a sham-operated group, a control group
receiving only saline, a minocycline-treated group, and a minocycline pretreated group. Locomotor scaling, behavioral tests
for neuropathic pain, and weight changes were evaluated and compared through a 28-days period. At the end of the study, tissue
samples were taken to assess neuroinflammatory cytokine and histopathological changes. Minocycline pretreatment was as
effective as its post-SCI administration regarding locomotor activity recovery, mechanical pain, and thermal allodynia.
Furthermore, spinal cord inflammation and histopathological alterations were both similar in pretreatment and treatment groups
indicating substantially better status. None of the treatments could have completely restore or prevent the spinal cord damage.
Minocycline pretreatment can show promising therapeutic effects similar to its post-injury administration, inhibiting inflamma-
tory microglial activity.
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Introduction

Spinal cord injury (SCI) is known as a debilitating condition
which usually occurs due to traumas to the spine. However,
the injury could also occur during clinical interventions such
as spinal deformity and thoracoabdominal aortic surgeries.
Intraoperative cord compression and ischemia are considered
the mechanisms of primary injury in this regard. Currently,
there are no definite treatments for SCI, thus a wide range of
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pharmacological and cellular treatments are being studied for
this condition. However, considering the common nature of
incidents leading to injury, only a few studies have evaluated
the potential prophylactic treatments for the condition (Rong
etal. 2017).

Minocycline is a synthetic tetracycline derivative which
has been shown to enhance the functional recovery and inhi-
bition of neuronal loss after spinal cord injury (Lee et al.
2003). In this regard, different therapeutic mechanisms have
been introduced for this drug. It has been suggested that the
neuroprotection could be due to inhibition of mitochondrial
dysfunction and reactive gliosis (Teng et al. 2004).
Furthermore, it has been suggested that minocycline adminis-
tration could lead to improvements in SCI rodents due to
attenuation of inflammatory microglia proliferation and activ-
ity, as well as, inhibition of free radicals, e.g., nitric oxide
(NO), metalloproteinase enzymes, Ca>* chelation, and neuro-
nal apoptosis after the injury (Yong et al. 2004; Casha et al.
2012). Minocycline has also been shown as an effective drug
in treating CNS ischemia. In this regard, the study by Zheng
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et al. revealed that this drug can alleviate cerebral ischemia-
reperfusion injury by inhibition of caspase-3 and poly
(adenosine diphosphate-ribose) polymerase-1 protein (Zheng
et al. 2013). Clinical results have also revealed the safety of
minocycline administration in SCI patients. The therapeutic
efficacy of these agents was only shown to be significant in
some specific subgroups of cervical injury. However, contro-
versy in the obtained results and the prior promising findings
in SCI and other neurological diseases have led to further
research being proposed for investigation of the efficacy of
minocycline in SCI (Casha et al. 2012). Minocycline pretreat-
ment has been shown to be effective against central nervous
system (CNS) ischemia-reperfusion injuries, anesthesia- and
morphine-induced memory impairment (Naderi et al. 2017;
Lu et al. 2017; Hamidkhaniha et al. 2019), traumatic brain
injury-induced alcohol consumption (Karelina et al. 2018),
inhibiting hypertonic saline-induced hypersensitivity
(Samour et al. 2017), and transient cerebral ischemia (Park
et al. 2015).

Regardless of the modern technical developments and strict
cautions taken during operations, spinal cord injury still oc-
curs in up to 14% of cases undergoing thoracoabdominal aorta
surgeries leading to devastating functional and sensory com-
plications such as paraplegia and neuropathic pains (Conrad
et al. 2008). The changes in blood flow through these surger-
ies can lead to ischemia which is associated with metabolic
distortion, inflammation, and hence injury. In addition, the
reestablishment of the flow can lead to ischemia-reperfusion
injury linked with increased inflammation (Lopez-Neblina
et al. 2005; Bell et al. 2012). Despite the efficacy of intraop-
erative neuromonitoring in patients undergoing spine defor-
mity correction surgeries, spinal cord injury is considered one
of the most important complications in these patients. The
injury usually occurs due to incidental cord compression by
surgical instruments or surgical site hematoma. In addition,
the cord stretch during operation or postoperative anemia
and hypotension can also induce neurological deficits in these
patients (Rong et al. 2017; Auerbach et al. 2016).

In this regard, few studies have investigated prophylactic
agents against induction of spinal cord injury; however, no
definite protective pretreatment has yet been introduced. In
the current study, considering the potential efficacy of
minocycline in treatment of SCI, we aimed to investigate its
prophylactic effects and their underlying mechanisms in a rat
model of spinal cord compression.

Materials and Methods
Subjects

Forty male Sprague-Dawley rats weighing between 220 to
260 g were provided from Pasteur Institute (Tehran, Iran).

Kept in a separate housing cage, each rodent had free access
to suitable amount of tap water and chow pellets. The room
temperature was adjusted on 23 +2 “C with a humidity of 50
+ 5% in 12 h day/night cycles. Animal daily weight changes
and occurrence of complications were also recorded in this
study.

Study Groups

Rodents were randomly divided to 4 groups: a control
group receiving placebo (saline 0.9%), minocycline (pur-
chased from sigma, St. Louis, Missouri, United States)
pretreatment group which received the injection of a load-
ing dose of 90 mg/kg minocycline 48 h before the oper-
ation and two doses of 45 mg/kg every 12 h before sur-
gery in order to reach and maintain sufficient drug levels,
the minocycline treatment group which received 90 mg/kg
minocycline right after the operation and two doses of
45 mg/kg every 12 h (Lee et al. 2003), and a sham-
operated group without any contusion injury, merely re-
ceiving the drug vehicle (saline 0.9%) and other postop-
erative treatments. Drugs were dissolved in physiologic
saline and administered intraperitoneally at the time of
surgery except pretreatment group, with a volume of
1 ml/kg. The control group consisting of minocycline-
administered sham-operated animals was omitted due to
the fact that minocycline has not affected sham-operated
animals in regard to previous studies having shown its
ineffectiveness (Jiang et al. 2009).

Surgery and Postoperative Care

Rodents were anesthetized with a mixture of ketamine
(80 mg/kg) and xylazine (10 mg/kg) injection. Thereafter,
the rodents were put on a sterile heating pad in prone position.
A prophylaxis injection of cefazolin with a dosage of
30 mg/kg was administered to all rodents prior to beginning
of the surgery. After T9 vertebra complete laminectomy, a
spinal cord contusion injury was induced by compression of
the cord with an aneurysmal clip (YASARGIL® Aneurysm
clip system, Titanium mini clips FT712T; closing force, 110 g
[1.08 N]; 4.7 mm blade length; 3.8 mm maximum opening
diameter) for 60 s. After the procedure, the wounds were su-
tured, animals received intraperitoneal injection of
buprenorphine (0.1 mg/kg), and were kept ina 35 "C incubator
until becoming conscious. In accordance with previous stud-
ies, for the postoperative care, the rodents received normal
saline (2 ml), cefazolin (20 mg/kg), and buprenorphine
(0.1 mg/kg) for 7 consecutive days. In addition, each rodent’s
bladder was voided manually twice a day until its complete
functional rehabilitation.
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Locomotor Assessment

The hind limb locomotor activity of the subjects was assessed
on days 0, before the surgery, and 1, 3, 5, 7, 14, 21, and 28
after the SCI. The Basso, Beattie, Bresnahan (BBB) rating
scale was used, with a scoring system ranging from 0 to 21
based on weight bearing, limb and joint movements, and co-
ordination of individual joints (0 indicates no motor function,
while 21 represents full motor ability) (Basso et al. 1995). In
this study, investigators were unaware of the groups observed
and scored locomotor activity of each hind limb of rats in an
open field for 10 min. After averaging the scores of both hind
limbs in the rats, the results were reported as the locomotor
score of the subjects at each session.

Neuropathic Pain Assessment
Tactile Sensation

The withdrawal thresholds of each rat’s hind paws were
assessed prior to surgical manipulation (day 0) and then again
on days 7, 14, 21, and 28. The simplified up-down (SUDO)
method of von Frey testing was used for the assessment. After
the accommodation of rats with an elevated wire mesh as
testing environment, the series of von Frey hairs were applied
from below the customized platform to the central region of
the plantar surface of the rat hind paw in ascending order
beginning with the lowest hair (0.23 g). Using von Frey hairs
with the hairs in the range of 0.23-60 g, the hind paw 50%
withdrawal threshold was determined and expressed in grams
by a blinded experimenter (Afshari et al. 2018).

Thermal Allodynia

Tail-flick latency (TFL) was measured using a Tail-Flick
Analgesia Meter (IITC life science model 33T, Los Angeles,
California, USA) at day 0 before the surgery and days 7, 14,
21, and 28 following the induction. The dorsal part of each
rat’s tail was placed to a beaming heat source, and TFL was
documented as soon as the first movement of the rat’s tail from
the painful thermal incitement was observed. The procedure
was repeated for five times on each rat, and the average was
reported as the mean withdrawal threshold. The strength of the
incitement was adjusted with a cut-off time of 8 s to prevent
injury of the tail (Farsi et al. 2015).

Histopathological Scoring

At the end of the study, all rodents were anesthetized with
ketamine (100 mg/kg) and xylazine (10 mg/kg) and then in-
tracardially perfused with 150 ml of phosphate buffer saline
(PBS, pH 7.4). The perfusion was followed by 250 ml
formalin-acid picric mixture (4% paraformaldehyde, 0.4%
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picric acid in 0.16 M phosphate buffer, pH 7.4) in half of the
subjects, while in the other half, the spinal cord was dissected
and kept inside liquid nitrogen in — 70 °C freezer, until the
tissues were sent for the assessment of inflammatory cyto-
kines content.

Afterwards, the spinal cord sections of the first half were
stained with hematoxylin and eosin (H & E) for histopatho-
logical assessment. The staining procedure was performed
based on the following protocol: the specimens were primarily
deparaffinized at 70 °C for 20 min and xylene solution for
3 min and then rehydrated in two changes of absolute alcohol,
5 min each. For staining nuclei, slides were rinsed in hema-
toxylin solution for 15 min and then washed in running tap
water for 5 min. After bluing in 0.2% ammonia water and then
washing in tap water for 5 min, the slides were counterstained
in eosin-phloxine for 1 min, and then samples were rinsed in
90, 96, and 100% ethanol for 2 min. Afterwards, slides were
embedded in xylene and mounting medium. At last, a blinded,
professional pathologist assessed the specimens based on four
factors including immune cells infiltration and inflammation,
hemorrhage, axonal vacuolation, and cyst formation to ac-
quire a quantitative analysis and histopathological scoring of
the spinal cord damage (Afshari et al. 2018).

Elisa

In order to measure the levels of two inflammatory mediators,
tumor necrosis factor-alpha (TNF-«), Interleukin-6 (IL-6),
and Interleukin-13 (IL-1{3), the spinal cord specimens were
homogenized in lysis buffer (Peng et al. 2006). Afterwards,
the samples were centrifuged for 20 min at 13000 rpm rate at
4 °C. In order to determine levels of the mediators, enzyme-
linked immunosorbent assay (ELISA; Abcam, Cambridge,
UK) was used.

Nitrite Assay

Nitrite levels of the hippocampus and plasma were measured
according to our previous studies (Haj-Mirzaian et al. 2018,
Amiri et al. 2016). Based on the Griess reaction, the colori-
metric assay was done to assess the nitrite concentration.
Briefly, 100 uL of samples were mixed with 100 puL Griess
reagent following 10 min of incubation at the room tempera-
ture, absorbance was measured at 540 nm in an automated
plate reader. Nitrite concentration was evaluated by reference
to standard curve of sodium nitrite (Sigma, USA) and normal-
ized to the mg protein of each sample.

Statistical Analysis
Analysis was performed using SPSS version 24. The p value

below 0.05 was regarded as significant. General linear model
(GLM) repeated measures analysis followed by Tukey’s post
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hoc test was used to compare locomotor activity and neuro-
pathic pain assessment between the groups during the study.
Additionally, analysis of variance (ANOVA) test followed by
Tukey’s post hoc test was utilized to assess differences of
histopathological scorings and aforementioned mediators of
the spinal cord tissue between the groups. Also, the sample
size was calculated with G*Power software version 3, consid-
ering the power of the study reaching 0.8 and « =0.05.

Ethical Considerations

We certify that this investigation obeyed all the applicable
ethics of using animals in line with institutional and govern-
mental concerns. This study was in accordance with the
Declaration of Helsinki and its consecutive revisions. The
protocol was approved by the Ethical Committee of AJA
University of Medical Sciences (Reference number:
91000425).

Results
Locomotion
BBB Locomotor Scale

Investigation of the Basso, Beattie, Bresnahan (BBB) locomotor
scale through the 28-day period of the study revealed that the
locomotor activity significantly improved through time in all
injured animals except the control group (p value <0.001). In
addition, all sham-operated animals, having their cords intact,
received a complete locomotion score (mean 21, SD 0) through-
out the study. Results of the two-way repeated measure ANOVA
showed that both minocycline treatment (mean difference 2.02,
S.E 0.27, p value<0.001) and pretreatment (mean difference
2.57, S.E 0.27, p value < 0.001) led to substantially better loco-
motion compared to saline treated animals. However, these treat-
ments could not have restored the locomotor ability to the same
level as sham-operated animals (mean difference wim minocycline
pretreatment 13.16, mean difference it minocycline treatment 13.71, S.E
both 0-27, p value pog, < 0.001). In addition, there was statistically
no significant difference in BBB locomotor score between the
pretreatment and treatment group (mean difference 0.55, S.E
0.27, p value =0.193) (Fig. 1).

Pain Assessment
Thermal Allodynia
In the current study, thermal allodynia was assessed via the
tail-flick latency test. Our results showed that the response

threshold, which was significantly decreased after SCI, in-
creased in a time dependent manner in all injured rodents

except the control group (p value <0.001). Furthermore are
results indicated animals receiving minocycline pretreatment
and treatment experienced statistically similar (mean differ-
ence 0.10, S.E 0.06, p value = 0.42) variations in their TFL
test. However, both minocycline pretreatment (mean differ-
ence 0.46, S.E 0.06, p value<0.001) and treatment (mean
difference 0.57, S.E 0.06, p value <0.001) compared with
the saline-treated rodents showed a substantially comparable
improvement in thermal allodynia. In addition, none of the
applied interventions were able to completely reverse the
SCl-induced thermal allodynia to the same level as sham-
operated rodents (mean difference wim minocycline pretreatment
1.07, mean difference wim minocycline treatment 0-96, S.E pown
0.06, p value 1,4, < 0.001) (Fig. 2).

Tactile Sensation

Von Frey (VF) monofilaments were used in order to evaluate
tactile sensation and mechanical hyperalgesia in the studied
animals. Results indicated that the 50% withdrawal threshold
significantly decreased in animals with spinal cord injury (p
value < 0.001). However, results of the repeated measure
ANOVA indicated significant recovery of mechanical
hyperalgesia in minocycline pretreatment (mean difference
13.82, S.E 1.43, p value <0.001) and treatment (mean differ-
ence 11.34, S.E 1.43, p value < 0.001) groups compared to the
saline receiving control group. Interestingly, no significant
difference was observed regarding the tactile sensation recov-
ery between the minocycline pretreatment and treatment
groups (mean difference 2.48, S.E 1.43, p value=0.32).
Furthermore, none of the applied interventions were able to
completely reverse the SCI-induced mechanical hyperalgesia
to the same level as sham-operated rodents (mean difference

with minocycline pretreatment 1851’ mean difference with minocycline
weatment 20.99, S.E po 143, p value pog < 0.001) (Fig. 3).

Inflammatory Cytokines Assessment

Spinal cord tissue levels of four proinflammatory cytokines,
i.e., nitrite oxide, TNF-«, and Interleukin 6 and 1-f3, were
evaluated at the end of the study. Comparison of mean cyto-
kine levels indicated significant difference of mean TNF-o (F
(3,36)=78.17, p value < 0.001), IL-6 (F (3,36) = 148.4, p val-
ue <0.001), Interleukin 1-f (F (3,36)=89.97, p value<
0.001), and nitrite oxide level (F (3,36)=16.31, p value<
0.001) between all study groups. Tukey’s post hoc test re-
vealed that proinflammatory cytokine levels were significant-
ly lower than the saline-treated control animals in both
minocycline pretreatment and treatment groups as well as ni-
trite oxide level (p value < 0.001). However, these groups had
still significantly higher cytokine levels in addition to nitrite
oxide level than sham-operated rodents (p value <0.001)
(Table 1).
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Fig. 1 Line chart of BBB locomotor scores of rodents treated and
pretreated with minocycline, the saline receiving control group, and the
sham-operated animals. Minocycline 180 mg/kg treatment and pretreat-
ment similarly (p value =0.193) improved rodents’ locomotor score in a
significant manner compared to the saline receiving rodents (control

Body Weight

After surgery, all SCI-induced animals suffered a significant
weight loss with the mean of 13.34+4.76 g after 1 week.
Moreover, repeated measure ANOVA reveled that through
the 28 days, the control group experienced a significant
weight loss of 64 g (p <0.001), while rodents prophylaxis
treated with minocycline experienced a non-significant mean
weight gain of 5.76 £3.57 g, and post-treated animals had a
non-significant weight gain of 7.05+4.16 g. In addition, sta-
tistical analysis showed a significant mean weight gain of
50.5+13.7 in sham-operated animals after 28 days (p <
0.001). Repeated measure ANOVA for all the studied rodents
showed that weight changes during the 28 days was not sta-
tistically significant in pretreatment in comparison to post-

©
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group) through the 28-day course of the study (p value<0.001).
However, none of them was able to recover the BBB locomotor score
to the same level as sham-operated animals (p value <0.001). The data
are presented as mean+SD (10 rats per group). **p<0.01 and
*#%p < 0.001 compared to the control group on the same day

treatment (p > 0.05); however, weight loss in minocycline-
treated rodents was significantly less than the control group
(p <0.05, Fig. 4).

Histopathological Assessment

Evaluating the spinal cord tissue hemorrhage and edema, in-
vasion of inflammatory cells, vacuolation in neurons, and cyst
formation, cumulative histopathologic scores of 0-12 were
assigned to subjects by an expert pathologist where higher
scores indicate more severe damage (Fig. 5). In this regard,
data analysis revealed a significant difference between the
study groups (F (3,36)=19, p value <0.001). According to
the performed Tukey’s post hoc test, the histopathological
scores were significantly lower in minocycline treatment and

-- Sham operated animals
-+ Treatment

Tail Flick Latency (Seconds)
(-2} ~

o

-= Pretreatment
-»- Control

0“"0&
Fig.2 Line chart of mean tail-flick latencies of rats treated and pretreated
with minocycline, the saline receiving control group, and the sham-
operated animals. Minocycline 180 mg/kg treatment and pretreatment
similarly (p value = 0.42) improved rodents’ TFL in a significant manner
compared the saline receiving rodents (control group) through the 28-day
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course of the study (p value < 0.001). However, none of them was able to
recover the mean TFL to the same level as sham-operated animals (p
value < 0.001). The data are presented as mean = SD (10 rats per group).
*p <0.05, **p<0.01, and ***p <0.001 compared to the control group
on the same day
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Fig. 3 Line chart of von Frey filaments test scores of rodents treated and
pretreated with minocycline, the saline receiving control group, and the
sham-operated animals. Minocycline treatment and pretreatment
(180 mg/kg) similarly (p value =0.32) improved rodents’ VFT in a sig-
nificant manner compared the saline receiving rodents (control group)

pretreatment groups compared to saline-treated control ani-
mals (p value <0.001). However, all minocycline receiving
groups had a significantly higher score compared to the
sham-operated rodents (p value < 0.001) (Table 2).

Discussion

In the current study, the efficacy of minocycline prophylactic
treatment was evaluated and compared to its post-injury treat-
ment in a rat model of spinal cord compression. Interestingly,
our results showed that minocycline pretreatment was as ef-
fective as its post-SCI administration regarding functional re-
covery, SCI sensory complication, spinal cord inflammation,
and histopathological alterations.

The obtained results of the current research were in line
with previous studies indicating therapeutic effects of
minocycline in spinal cord injury (Shultz and Zhong 2017).
It was shown that minocycline substantially inhibits the in-
flammatory and neurodegenerative responses to the spinal
cord mechanical injury, i.e., targeting the secondary mecha-
nisms of injury. The inhibition of these mechanisms was re-
vealed by significantly attenuated proinflammatory cytokines,

through the 28-day course of the study (p value < 0.001). However, none
of them was able to recover the VFT score to the same level as sham-
operated animals (p value <0.001). The data are presented as mean + SD
(10 rats per group). **p < 0.01 and ***p < 0.001 compared to the control
group on the same day

NO, TNF-«, IL-1f, and IL-6 in the cord tissue. The attenua-
tion of the aforementioned agents can be indicative of reduced
inflammatory microglial activity. According to previous stud-
ies, inhibiting inflammation and reactive microglial activity
reduces histopathological indicators of spinal cord damage
where cyst formation, neuronal vacuolization, and gliosis are
regarded as some of the major injury hallmarks (Afshari et al.
2018; Qiao et al. 2010; Gonzalez et al. 2003; Najafi et al.
2013).

In this regard, significantly lower histopathological score
represented attenuated neuronal tissue damage which is in
accordance with the obtained functional and sensory results.
However, the applied treatment was not able to completely
reverse the pathological course of the injury, strengthening
the assumption regarding the complexity of secondary dam-
age mechanisms.

In accordance with the results of the current research,
Naderi et al. have shown that minocycline pretreatment can
inhibit inflammatory microglial activity, neuronal apoptosis,
and also play an antioxidative role in cerebral ischemia-reper-
fusion, leading to reduced learning and memory deficits. In
this regard, TNF-«, NO, IL-6, and IL-1{3 have been intro-
duced as four major markers which their attenuation is

Table 1 Comparison of proinflammatory cytokines spinal cord tissue levels.
Inflammatory factors Control Treatment Pretreatment Sham

(saline) (minocycline 180 mg/kg) (minocycline 180 mg/kg)
TNF-« (pg/mg) 365.6 £ 76.6 131.9 £43.9",, 1182 +£339™ 583 +20.17
IL-1B (pg/mg) 267.9 + 41.9** 1315 +31.8"",,, 112.7 + 33.4™ 417 +9.1™
IL-6 (pg/mg) 405.7 £ 51.5** 184.9 + 352", 166.36 + 40.4™" 557 + 164"

Nitrite oxide level (LUMmg) 76.8 £ 22,7

49.07 +10.4™"

*k

4138 + 8.7 371 + 903"

BT

++p <0.001 compared to the control group on the same dayp < 0.001 and p < 0.01 compared to the sham group on the same day
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Fig. 4 Measured body weights of animals through 28 days. Following
the surgery, the control group experienced a significant weight loss of
64 g (p <0.001), while pretreatment group as well as post-treated animals
had a non-significant weight gain. Significant mean weight gain of 50.5 +

associated with minocycline pretreatment therapeutic effects
(Naderi et al. 2017). Furthermore, minocycline pretreatment is
also shown to counter anesthesia induced neuronal damage by
increasing CNS neurogenesis and inhibiting injury. However,
similar to the current study, minocycline pretreatment was not
capable of restoring the injured tissue to its previously normal
status (Lu et al. 2017; Giri et al. 2018).

13.7 was seen in sham-operated animals after 28 days (p < 0.001). Weight
loss in minocycline-treated rodents was significantly less than the control
group (p <0.05). *p<0.05, **p<0.01, and ***p <0.001 compared to
the control group on the same day

Pretreatment with minocycline has shown promising
results in relieving the neuropathic pain in rodents’ sci-
atic injury models. Similar to obtained results of the cur-
rent study, it has been shown that minocycline adminis-
tration prior to nerve injury affects the neuronal-glial
interactions by preventing the upregulation of
pronociceptive cytokines such as IL-1{3 in the spinal

Fig. 5 Representative histopathology of spinal cord sections at the injury
site 28 days after injury. Sections were examined by H&E staining and the
presence of inflammatory cells, hemorrhage, tissue degeneration, and the
extent of cyst formation were quantified. Images represent samples from
the a saline receiving control group, b sham group, ¢ pretreatment with
minocycline 180 mg/kg, and d treatment with minocycline 180 mg/kg,

@ Springer

H&E slides with 40X magnification. In image a significant cyst
formation, immune cell infiltration, and vacuolization are visible in the
spinal cord tissue. Part b represents a rather intact spinal cord at T9—10
level. Image ¢ and d represent rather small cysts with minor vacuolization
and immune cell infiltration compared to the control group
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Table2 Comparison of study groups histopathologic scores

Study group Histopathologic score
Control (saline) 6.40 = 2.01
Treatment (minocycline 180 mg/kg) 3.5+2.047
Pretreatment (minocycline 180 mg/kg) 3.1 +2.18"

Sham 02404

*#E*%kD <0.01 and p <0.001 compared to the control group on the same
day

cord and dorsal root ganglions (Rojewska et al. 2014).
Furthermore, in vitro investigations have revealed that
minocycline pretreatment can attenuate neuronal apopto-
sis by preventing microglial activation and also
inhibiting the production of tumor necrosis factor-alpha
from activated microglia (Seki et al. 2013). In addition, it
has been demonstrated that minocycline pretreatment can
substantially prevent microglial activity leading to inhi-
bition of traumatic brain injury-induced alcohol con-
sumption (Karelina et al. 2018) and prevention of hyper-
tonic saline-induced hypersensitivity (Samour et al.
2017). In accordance with the aforementioned studies,
our results indicated that minocycline pretreatment sig-
nificantly prevented the production of proinflammatory
and neurotoxic cytokines, TNF-«, NO, and IL-
13,which also acts as a significant pronociceptive agent,
leading to significantly attenuated post-injury spinal cord
tissue damage and functional and sensory complications.
Although we could hypothesize the possible underlying
mechanism of minocycline on healing process, and de-
spite of insignificantly lower level of inflammatory cyto-
kines in the pretreatment group, this study could not find
any pathological or behavioral advantage of pretreatment
group over the treatment group. Thus, results of the pres-
ent study encourage more research regarding minocycline
pretreatment and its possible effects on neuroinflamma-
tion especially with different and possibly more
prolonged pretreatment period.

It has been indicated that delayed microglial activation
could occur in rodents receiving acute doses of minocycline
for its neuroprotective properties (Li et al. 2018). In this re-
gard, administration of multiple minocycline doses before and
during the first week after injury might result in relatively
better therapeutic effects considering the estimated 7-day du-
ration for acute phase of secondary injury before the initiation
of glial scar formation and neuroregeneration period (Li et al.
2018; Kanno et al. 2012). However, being a limitation of the
current study, long-term drug administration was not per-
formed as a major scope. Hence, considering the potential
effect of continued minocycline administration in SCI, the
authors suggest that further and detailed investigations in this
regard can be of a great value.

Conclusion

According to the obtained results of this study, it could be
concluded that minocycline pretreatment can show promising
therapeutic effects similar to its post-injury administration,
inhibiting inflammatory microglial activity.
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