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Abstract
In this study we transplanted bone marrow mononuclear cells (BM-MNCs) or microglia into rats
that had undergone permanent cerebral ischemia and observed the distribution or morphology of
transplanted cells in vivo. In addition, we also compared the effects of BM-MNCs and microglia
on infarct volume, brain water content, and functional outcome after permanent cerebral ischemia.
BM-MNCs and microglia were obtained from femur and brain, respectively, of newborn rats.
Adult rats were injected with vehicle or 3 million BM-MNCs or microglia via the tail vein 24 h
after permanent middle cerebral artery occlusion (pMCAO). The distribution or morphologic
characteristics of transplanted BM-MNCs (BrdU/double-stained CD34 and CD45) and microglia
(BrdU/double-stained Iba-1) were detected with immunofluorescent staining at 3 or 7 and 14 days
after pMCAO. Functional deficits were assessed by the modified neurologic severity score at 1, 3,
7 and 14 days after pMCAO. Brain water content was assessed with dry–wet weight method at 3
days, and infarct volume was determined with 2,3,5-triphenyltetrazolium chloride (TTC) staining
at 14 days. More BrdU/double-stained CD45- and Iba-1-positive cells were observed than BrdU/
double-stained CD34-positive cells around the infarcted area. Some infused microglia show the
morphology of innate microglia at 7 days and the increased numbers can be detected at 14 days
after pMCAO. BM-MNC-treated rats showed a significant reduction in infarct volume and brain
water content compared to vehicle- and microglia-treated rats. In addition, BM-MNC treatment
reduced neurologic deficit scores compared to those in the other groups. The results provide
evidence that infusion of BM-MNC, but not microglia, is neuroprotective after permanent cerebral
ischemia.
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1. Introduction
Currently, use of tissue plasminogen activator is the only strategy available for protecting
the brain after ischemic stroke. However, recent research has shown cell therapy to be a
promising new avenue for the treatment of stroke [1,2]. Transplanting different cell types,
such as neural stem cells, progenitor cells, cord blood cells, and bone marrow stromal cells
(BMSCs) could minimize neural injury and potentially restore function of damaged tissue
[3,4].

One source of cells shown to improve functional outcome in animal models of ischemic
stroke is bone marrow. Although studies have demonstrated the high therapeutic value of
BMSCs for ischemic stroke in animals [5–8], BMSCs are generally considered more
difficult to culture and purify than bone marrow mononuclear cells (BM-MNCs). BM-
MNCs comprise mesenchymal and hematopoietic stem cells. Clinical research into their use
in heart disease therapy has drawn attention to their potential therapeutic value [9]. Indeed,
BM-MNCs have been shown to differentiate into microglia-like cells and may provide a
therapeutic effect for Alzheimer’s disease in animal models [10,11]. Several laboratories
have reported that BM-MNCs migrate to the boundaries of infarcts and promote stroke
recovery after transient cerebral ischemia in rats [12–14]. Furthermore, in multiple small
clinical trials, intravascular injection of BM-MNCs appears to be safe and feasible in stroke
patients [15,16].

Microglia are resident monocyte-lineaged cells in the brain. They can be activated with the
characteristic of monocytes and macrophages after stroke. However, published results are
conflicting in regard to the role of microglia in the pathophysiology of cerebral infarction. In
a recent report, Narantuya et al. [17] found that human microglia transplantation in a rat
transient cerebral ischemia model provides neuroprotection and improves functional
recovery. However most investigators have concluded that microglia are detrimental when
activated in the acute phase of stroke [18,19].

To the best of our knowledge, no study has examined the therapeutic effects of BM-MNCs
and primary microglia on stroke outcomes in the permanent cerebral ischemia model. The
aims of our study were to observe the morphologic characteristics of transplanted microglia
and the distribution of exogenous BM-MNCs and microglia in vivo and evaluate whether
transplantation of each cell type affects infarct volume, brain water content, and functional
recovery after permanent cerebral ischemia in rats.

2. Materials and methods
2.1. Animals

All studies were performed in accordance with the NIH and institutional guidelines for
animal research under a protocol approved by the Institutional Animal Care and Use
Committee at Zhengzhou University, Zhengzhou, China. Adult, male Sprague-Dawley rats
(260–300 g, 3 months old) were purchased from the Animal Experimental Center of
Zhengzhou University. They were housed under standard conditions with a 12-h light/dark
cycle and given free access to food and water throughout the study. All procedures were
designed to minimize the number of animals used and their suffering.

2.2. Preparation of BM-MNCs and microglia
BM-MNCs were collected from femurs of 1- or 2-day-old Sprague-Dawley rats (n = 48) and
were purified by density gradient centrifugation as previously described [20]. Flow
cytometry analysis (FACSCalibur, BD Biosciences, San Jose, CA) with monoclonal anti-
CD34 (a marker of hematopoietic stem/progenitor cells, Santa Cruz Biotechnology, Santa
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Cruz, CA) and anti-CD45 (a marker of monocytes and a negative marker of mesenchymal
stem cells, BD Biosciences) antibodies showed that 11.3 ± 1.28% of the collected BM-
MNCs were positive for CD34 and 86.1 ± 2.12% were positive for CD45.

Rats used for the collection of BM-MNCs were also used for the culture of microglia.
Microglia were isolated from mixed glial culture with a slightly modified version of a
previously described method [21]. Briefly, the whole brains of rats were stripped of
meninges, mechanically dissociated, and filtered through 70-μm nylon mesh to recover
dissociated cells. To harvest enough cells, the dissociated cells were centrifugated and
resuspended in Dulbecco’s Modified Eagle’s Medium (DMEM-F12; HyClone, Logan, UT)
supplemented with 10% fetal bovine serum (FBS; HyClone) and antibiotics. This
preparation of mixed microglia was seeded onto culture dishes coated with poly-L-lysine
(Corning, Cambridge, MA) and incubated for 7 days at 37 °C. We then used a previously
described method to obtain an enriched culture of microglial cells [22,23]. The mixed glia
culture was shaken, and the primary selected microglia were cultured in DMEM that
contained 10% FBS (2 × 105 cells/mL). Immunocytochemical analysis was carried out as
follows to identify the purity of microglia. Microglia were fixed with 4% paraformaldehyde
and incubated with rabbit anti-CD11b/c antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) in phosphate-buffered saline (PBS) containing 5% goat serum and 3% Triton X-100.
Then the cells were rinsed with PBS for three times and incubated with goat anti-rabbit IgG
(Santa Cruz Biotechnology, Santa Cruz, CA). Stained cells were viewed and analyzed under
a bright-field microscope. Immunocytochemical analysis indicated that the purity of the
cultured microglia was more than 95%.

We also prepared a portion of BM-MNCs and microglia to test their migration capabilities.
We labeled the cells with bromodeoxyuridine (BrdU) by incubating them in cell culture
medium containing 12 μg/mL BrdU (Sigma, St. Louis, MO, USA) for 24 h. Incorporation of
BrdU into the cells was confirmed by immunocytochemistry. The experimental procedure
was the same as that used for detection of CD11b/c above except that rabbit anti-BrdU
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) was used.

2.3. Permanent middle cerebral artery occlusion (pMCAO)
Adult, male rats were anesthetized by an intraperitoneal injection of 10% chloral hydrate
(400 mg/kg). pMCAO was induced by occluding the left middle cerebral artery (MCA) with
a nylon monofilament as described previously [24,25]. Body temperature of the rats was
monitored throughout surgery by a rectal probe and maintained at 37 ± 0.5 °C with a heating
pad. After surgery, the wound was sutured and rats were returned to their cages, which were
maintained at 29 °C. Sham-operated rats (n = 16) were subjected to the same surgical
procedure, except that the MCA was not occluded. Successful MCAO was defined as more
than 80% decrease in cerebral blood flow and was confirmed by Laser-Doppler flowmetry.
Rats were excluded from the study if the cerebral blood flow did not decrease by more than
80% and the modified neurological severity score (mNSS) less than 12 or more than 16 at
day 1 after pMCAO. The mortality was recorded during the experimental and recovery
period.

2.4. Injection of cells
Eighty rats that underwent pMCAO were randomly divided into four groups as follows: no
treatment (16 rats), vehicle treatment (16 rats), treatment with microglia (24 rats), treatment
with BM-MNCs (24 rats). Cell-treated rats were administered 3 million primary microglia or
BM-MNCs by tail vein infusion at 24 h after MCA occlusion. Vehicle-treated rats were
injected with an equal volume of cell culture medium. Blood pH, arterial blood gases (PaO2,
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PaCO2), and body temperature were measured before the pMCAO procedure, 30 min after
the procedure, and 30 min after cell injection.

2.5. Assessment of migration capabilities of microglia and BM-MNCs
On day 3 after pMCAO, four rats each from microglia- and BM-MNC-treated groups were
anesthetized with pentobarbital sodium solution, and brains were cut into 30-μm sections for
detection of BrdU-labeled cells. Briefly, sections were blocked for 2 h with 1% bovine
serum albumin (BSA) in PBS-Tween-20 (PBS-T) and then incubated overnight at 4 °C with
rabbit anti-BrdU (1:200; Santa Cruz Biotechnology, Santa Cruz, CA) in PBS-T containing
1% BSA. The sections were then rinsed three times in PBS-T (10 min each) and finally
incubated for 2 h at room temperature with CFL555-0 conjugated secondary antibody
(1:200; Santa Cruz Biotechnology, Santa Cruz, CA). The stained cells around the infarcted
area were observed under a fluorescence microscope (Olympus CKX41, Olympus, Japan).
Images of the areas were captured with a digital camera (Olympus, Japan) by an investigator
blinded to experimental group. In addition, double staining of BrdU (1:200; Santa Cruz
Biotechnology, Santa Cruz, CA)/CD34 (1:200; Santa Cruz Biotechnology, Santa Cruz, CA)
and CD45 (1:200; Santa Cruz Biotechnology, Santa Cruz, CA) was also conducted at 3 days
after occlusion (n = 4). Double staining of BrdU (1:200; Santa Cruz) and ionized calcium-
binding adaptor molecule 1 (Iba-1) (1:500; Wako Pure Chemical Industries, Osaka, Japan)
was carried out at 3, 7 and 14 days after occlusion (n = 4). The sections were incubated
overnight at 4 °C with the above antibodies. After rinsing in PBS-T for 10 min × 3, the
sections were incubated for 2 h at room temperature with CFL555-or CFL488-conjugated
secondary antibody (1:200; Santa Cruz Biotechnology, Santa Cruz, CA). The sections were
then rinsed at 4 °C in PBS-T and PBS for 10 min × 3, and coverslipped with
VECTASHIELD (Santa Cruz Biotechnology, Santa Cruz, CA). Double stained cells were
observed under a fluorescent microscope (Olympus CKX41, Olympus, Japan).

2.6. Analysis of brain water content
The rats (n = 6) were anesthetized and decapitated on day 3 after pMCAO as previously
described [26] for determination of water content. Briefly, cerebral tissue was divided with a
blade into two hemispheres from the anatomic midline. The left hemisphere of these rats
was immediately weighed with an electronic analytical balance to obtain the wet weight.
Then brain samples were dried at 100 °C in an electric blast drying oven for 24 h to obtain
the dry weight. Brain water content was calculated as: (wet weight − dry weight)/wet weight
× 100% [27].

2.7. Determination of infarct volume
Rats used for the determination of infarct volume were anesthetized with pentobarbital
sodium solution and killed on day 14 after pMCAO (n = 6). Brains of these rats were
removed and cut into five 2-mm-thick coronal sections on a Vibratome (Vibratome, St.
Louis, MO). The brain slices were quickly immersed in 1% 2,3,5-triphenyltetrazolium
chloride (TTC) (Sigma, St. Louis, MO, USA) in 0.1 M PBS (pH 7.4) for 20 min at room
temperature and then stored in phosphate-buffered 4% paraformaldehyde overnight before
analysis. The area of damaged parenchyma (unstained tissue) was measured on the posterior
surface of each slice using Sigma scan Pro 5.0 (SPSS Science). Each infarct area was then
multiplied by the ratio of the surface of the infarcted (ipsilateral) hemisphere to the intact
(contralateral) hemisphere at the same level to correct for brain swelling. The total volume
of damaged tissue (in cubic millimeters) was then calculated by linear integration of the
corrected lesion areas [26].
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2.8. Neurologic assessment
The modified neurological severity score (mNSS) was used by an investigator blinded to
treatment group to test the neurological scores of rats on days 1, 3, 7 and 14 after pMCAO
or sham surgery (n = 10) [17]. The mNSS comprises motor, sensory, balance, and reflex
tests. Neurologic function was graded on a scale of 0–22 (no deficit = 0, maximal deficit =
22) [28].

2.9. Statistical analysis
Results are expressed as mean ± SEM. Repeated measures ANOVA followed by Bonferroni
post hoc test was used to determine changes in neurologic scores after pMCAO. One-way
ANOVA followed by LSD test was used to determine changes in brain water content and
infarct volume after pMCAO. P < 0.05 was considered statistically significant.

3. Results
3.1. Mortality, physiologic parameters and migration of microglia and BM-MNCs

The mortality throughout the experiment was 0 (0/16) in the sham group, 25.0% (4/16) in
the untreated group, 31.2% (5/16) in the vehicle-treated group, 20.8% (5/24) in the
microglia-treated group and 29.2% (7/24) in the BMMNC-treated group. There is no
significant difference among the last four groups (P > 0.05). Values for blood pH, arterial
blood gases, and rectal temperature remained within normal physiologic ranges throughout
the experiment. No differences were observed in any of these variables among the sham-
operated group, untreated group, vehicle-treated group, microglia-treated group, and BM-
MNC-treated group (all P > 0.05; Table 1). Brain sections from the rats that were
administered BrdU-, CD34- and CD45-labeled cells revealed that both microglia and BM-
MNCs migrated to the boundaries of infarcts on day 3 after pMCAO (Fig. 1A–D). In
addition, BrdU/double-stained microglia (Iba-1) and BM-MNCs (CD34 and CD45) were
also detected around the infarcted area (Fig. 2A–I). There are more BrdU/double-stained
CD45 and Iba-1 cells than BrdU/double-stained CD34 cells around the infracted area. The
infused microglia did not show a ramified or an activated/amoeboid morphology at 3 days
after pMCAO, but some infused microglia show a ramified or an activated/amoeboid
morphology at 7 days and the increased numbers can be detected at 14 days after pMCAO
(Fig. 3A–I).

3.2. The effect of cell transplantation on brain water content
Brain water content was significantly greater in rats that underwent pMCAO than in sham-
operated rats. Comparison of the sham-operated, untreated, vehicle-treated, microglia-
treated, and BM-MNC-treated rats by one-way ANOVA showed a significant difference
among the groups (F = 7.37; P < 0.001). Post hoc analysis revealed that treatment with BM-
MNCs, but not microglia, significantly reduced brain water content compared to that in
untreated and vehicle-treated rats at 3 days after pMCAO (both P < 0.05; Fig. 4).

3.3. The effect of cell transplantation on infarct volume
Rats treated with BM-MNCs had a significantly smaller infarction size than did untreated,
vehicle-treated, and microglia-treated rats 14 days after pMCAO (F = 30.80, P < 0.001; Fig.
5A and B). In contrast, treatment with microglia had no effect on infarct volume after stroke
(P > 0.05).

3.4. The effect of cell transplantation on neurologic function
No functional deficits were observed in rats prior to the pMCAO procedure. In addition,
sham-operated rats exhibited no change in motor function across the 14-day assessment
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period, confirming that the surgical procedure did not affect neurologic function (P > 0.05).
Rats in the four pMCAO groups all exhibited significant increases in neurologic deficit
score after occlusion. Repeated measures ANOVA revealed a significant difference among
the four groups (F value for tests of between-subject effect = 9.33, P < 0.001). BM-MNC-
treated rats demonstrated significantly less neurologic deficit than did untreated, vehicle-
treated, and microglia-treated rats on day 7 and 14 after pMCAO (P < 0.05, Fig. 6).
Microglial treatment did not affect neurologic function up to day 14 after pMCAO (P > 0.05,
Fig. 6).

4. Discussion
In this study, we investigated the effect of transplanted BM-MNCs on infarct volume, brain
water content, and functional outcome after permanent cerebral ischemia in rats and
compared the effect with that of transplanted primary microglia. We found that BrdU-
labeled microglia and BM-MNCs can be detected in the boundary zone of the infarct,
illustrating that the transplanted cells can penetrate the blood–brain barrier. Furthermore,
BM-MNC-treated rats showed substantial reductions in brain water content and infarct
volume (% contralateral hemisphere) compared to those in vehicle- and microglia-treated
rats. Neurologic deficit scores also were significantly lower in BM-MNC-treated rats than in
vehicle-and microglia-treated rats. In contrast, treatment with transplanted primary microglia
did not affect outcome after pMCAO.

Cell transplantation therapy is beneficial to the recovery of neurologic function and is
considered to have potential as a therapeutic approach for the treatment of cerebrovascular
diseases [1,2]. Preclinical studies have shown that bone marrow-derived cells in particular
may have great value for the treatment of cerebral ischemia [12,29–31]. Bone marrow-
derived cells are composed predominantly of BMSCs and BM-MNCs. As stem cells,
BMSCs can differentiate into multiple lineages. Previous research has shown that
transplantation of BMSCs significantly reduces the impairment of neurologic function after
cerebral ischemia [5–8]. BM-MNCs comprise mainly mesenchymal cells and hematopoietic
cells [14]. Previous studies of the therapeutic effects of BM-MNCs have focused mainly on
heart disease and have shown BM-MNCs to have great value for the treatment of
myocardial infarction and heart failure [20,32,33]. To verify whether BM-MNCs are also
beneficial in central nervous system diseases, researchers have investigated whether they
can penetrate the blood–brain barrier and whether they are neuroprotective. Priller et al. [34]
demonstrated that BM-MNCs are able to migrate into the brains of mice. In addition, BM-
MNCs have been observed around the infarct areas in patients with cerebral infarction [35].
These results show that BM-MNCs are able to penetrate the blood–brain barrier in patients
with cerebral infarction and support the results of our present study in rats. Such findings
can provide the theoretical basis for additional research into the mechanism by which BM-
MNCs contribute to recovery after stroke. However, the fate of the transplanted BM-MNCs
in the ischemic brain should be investigated in a future study.

Research has shown that some BM-MNCs in the brains of patients with Alzheimer’s disease
have microglia-like features [36,37]. Simard et al. [10] found that BM-MNCs can be
activated as a branch-like form. Such BM-MNCs, which are also called marrow-derived
microglia, have a morphology that resembles that of microglia. In animal models of
Alzheimer’s disease, these branch-like cells have been shown to migrate into the central
nervous system [38] and to accumulate around and clear beta-amyloid [36].

It has been reported that BM-MNCs can protect neurons and modulate microglia in cell
culture models of ischemic stroke [39]. Indeed, the safety and feasibility of autologous BM-
MNC therapy have been shown in several small clinical trials for ischemic stroke [15,16].
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However, the function of microglia in the pathological process of cerebral ischemia is
unclear. We compared the therapeutic effects of BM-MNCs and microglia on ischemic
stroke outcomes. The results revealed that BM-MNCs exert neuroprotective effects after
permanent cerebral ischemia. Contrary to what Narantuya et al. [17] reported for transient
cerebral ischemia, our findings do not support a protective role for transplanted primary
microglia in permanent cerebral ischemia. The difference may reside in the stroke model
used (transient vs. permanent MCAO) or in the timing of the cell transplantation (48 h vs. 24
h after MCAO) or in the cells transplanted (human microglial cell line vs. primary
microglia). Although research suggests that microglia can be activated with an amoeboid
morphology and exert neurotoxic effects in the acute phase of stroke, our results revealed
that the transplanted primary microglia did not show a ramified or an activated/amoeboid
morphology at 3 days after pMCAO and only a few of them begin to show a ramified or an
activated/amoeboid morphology from 7 days after pMCAO. The transplanted primary
microglia did not affect the stroke outcomes in the acute phase of stroke. Whether
transplanted primary microglia can secret some neurotrophic factors and exert
neuroprotective effects in the recovery phase of stroke needs to be investigated.

Although previous studies have reported that transplanted BM-MNCs can differentiate into
neuron cells, increase the secretion of cytokines and improve neurologic function in animal
models of transient cerebral ischemia [12–14], we are the first group to show its
neuroprotective effects in the permanent cerebral ischemia model. We provide evidence that
direct tail vain injection of BM-MNCs, but not microglia, improves neurologic recovery and
reduces the extent of brain damage.

5. Conclusion
The results of this research suggest that transplantation of BM-MNCs, not primary
microglia, has potential as a therapeutic approach for cerebral ischemia. If BM-MNCs can
be shown to improve recovery in large clinical trials, they may offer an economical and
simple treatment for stroke patients. However, the mechanism by which BM-MNCs provide
protection is still unclear and warrants additional research.
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HIGHLIGHTS

• We treated rats with bone marrow mononuclear cells (BM-MNCs) and
microglia after stroke.

• The distribution or morphology of transplanted BM-MNCs and microglia was
observed in vivo.

• We compared the therapeutic effects of BM-MNCs and microglia for stroke.

• BM-MNCs improved post-stroke functional outcome and reduced brain water
content and lesion volume.
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Fig. 1.
Migration of microglia and BM-MNCs in vivo. Immunofluorescence staining for BrdU-
labeled cells revealed that both microglia (A) and BM-MNCs (B) migrated to the boundary
zone of the injured cortex in rats after infusion via the tail vein on day 3 after pMCAO.
There are more CD45-positive cells (D) around the infarcted area than CD34 cells (C) (n = 4
rats per group). Scale bar = 50 μm.
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Fig. 2.
The number of transplanted microglia and BM-MNCs in vivo. There are more BrdU/double-
stained CD45 and Iba-1 cells than BrdU/double-stained CD34 around the infarcted area at 3
days after pMCAO (A–I). Scale bar = 50 μm.
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Fig. 3.
The morphologic characteristics of transplanted primary microglia in vivo. The transplanted
primary microglia did not show a ramified or an activated/amoeboid morphology at 3 days
after pMCAO and only a few of them show a ramified or an activated/amoeboid
morphology from 7 days after pMCAO. More infused primary microglia can be detected to
show a ramified or an activated/amoeboid morphology (A–I). Scale bar = 50 μm.
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Fig. 4.
Effect of BM-MNC and microglia treatment on brain water content. Statistical analysis
showed significant difference among the five groups (F = 7.37, n = 6 rats per group, P <
0.001). Post hoc analysis revealed that only BM-MNC treatment produced a significant
reduction in brain water content. *P < 0.05 vs. untreated, vehicle-treated, and microglia-
treated groups.
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Fig. 5.
Treatment with BM-MNCs reduces infarct volume after pMCAO. (A) Representative
images of TTC-stained brain slices from vehicle-treated (top), microglia-treated rats
(middle) and BM-MNC-treated rats (bottom) at 14 days post-pMCAO. (B) Quantification
shows that the infarct volume of BM-MNC-treated rats was significantly smaller than that of
untreated, vehicle-treated, and microglia-treated rats (F = 30.80, n = 6 rats per group, P <
0.001). *P < 0.05 vs. any other group.
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Fig. 6.
Treatment with BM-MNCs reduces neurologic deficit after pMCAO. ANOVA revealed a
significant difference in neurologic function among untreated, vehicle-treated, microglia-
treated, and BM-MNC-treated groups on days 1, 3, 7 and 14 after pMCAO (F value for tests
of between-subject effect = 9.33, P < 0.001). Treatment with BM-MNCs significantly
improved neurologic function on day 14 compared to that in untreated, vehicle-treated, and
microglia-treated groups (n = 10 rats per group). *P < 0.05 vs. all other groups.
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Table 1

Physiological variables of each group (mean ± S.E.).

Experimental group pH PaO2 (mm Hg) PaCO2 (mm Hg) Temperature (°C)

Sham-operated

Before surgery 7.35 ± 0.05 97.5 ± 3.5 36.1 ± 4.5 37.13 ± 1.37

30 min after surgery 7.34 ± 0.03 98.1 ± 4.1 35.7 ± 3.9 37.16 ± 2.21

30 min after injection 7.32 ± 0.05 98.0 ± 3.3 36.5 ± 3.2 36.93 ± 1.18

Untreated

Before surgery 7.31 ± 0.03 98.1 ± 2.8 35.2 ± 4.9 36.83 ± 2.03

30 min after surgery 7.36 ± 0.05 97.4 ± 4.1 36.1 ± 3.3 35.77 ± 1.64

30 min after injection 7.34 ± 0.03 96.7 ± 3.6 35.4 ± 3.8 37.04 ± 1.38

Vehicle-treated

Before surgery 7.35 ± 0.06 96.6 ± 4.6 36.1 ± 3.7 37.14 ± 2.37

30 min after surgery 7.30 ± 0.03 95.8 ± 5.4 36.3 ± 4.5 35.98 ± 1.52

30 min after injection 7.31 ± 0.05 98.2 ± 3.9 35.7 ± 4.3 36.99 ± 2.03

Microglia-treated

Before surgery 7.36 ± 0.04 96.1 ± 4.2 35.7 ± 4.6 37.14 ± 1.02

30 min after surgery 7.31 ± 0.03 97.4 ± 3.6 36.1 ± 3.9 37.17 ± 2.71

30 min after injection 7.34 ± 0.06 98.1 ± 5.3 36.2 ± 4.1 36.59 ± 1.58

BM-MNC-treated

Before surgery 7.37 ± 0.05 96.8 ± 4.7 36.3 ± 4.7 37.12 ± 1.84

30 min after surgery 7.29 ± 0.04 97.1 ± 5.1 35.1 ± 4.0 36.76 ± 1.18

30 min after injection 7.33 ± 0.04 97.7 ± 4.4 36.2 ± 3.9 37.09 ± 2.21

BM-MNC, bone marrow mononuclear cells.
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