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Abstract

Background: Human Placenta-Derived Adherent Cells (PDACH) are a novel mesenchymal-like cell population derived from
normal human placental tissue. PDA-001 is a clinical formulation of PDACH developed for intravenous administration. In this
study, we investigated the efficacy of PDA-001 treatment in a rat model of transient middle cerebral artery occlusion (MCAo)
in young adult (2–3 month old) and older rats (10–12 months old).

Methods: To evaluate efficacy and determine the optimal number of transplanted cells, young adult Wistar rats were
subjected to MCAo and treated 1 day post MCAo with 16106, 46106 or 86106 PDA-001 cells (i.v.), vehicle or cell control.
46106 or 86106 PDA-001 cells were also tested in older rats after MCAo. Treatment response was evaluated using a battery
of functional outcome tests, consisting of adhesive-removal test, modified Neurological Severity Score (mNSS) and foot-fault
test. Young adult rats were sacrificed 56 days after MCAo, older rats were sacrificed 29 days after MCAo, and lesion volumes
were measured using H&E. Immunohistochemical stainings for bromodeoxyuridine (BrdU) and von Willebrand Factor (vWF),
and synaptophysin were performed.

Results: In young adult rats, treatment with 46106 PDA-001 cells significantly improved functional outcome after stroke
(p,0.05). In older rats, significant functional improvement was observed with PDA-001 cell therapy in both of the 46106

and 86106 treatment groups. Functional benefits in young adult and older rats were associated with significant increases in
the number of BrdU immunoreactive endothelial cells, vascular density and perimeter in the ischemic brain, as well as
significantly increased synaptophysin expression in the ischemic border zone (p,0.05).

Conclusion: PDA-001 treatment significantly improved functional outcome after stroke in both young adult and older rats.
The neurorestorative effects induced by PDA-001 treatment may be related to increased vascular density and synaptic
plasticity.
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Introduction

Cell-based therapies currently being evaluated for stroke

treatment include neural stem and progenitor cells, cord blood,

and bone marrow-derived mesenchymal stromal cells (MSCs) [1–

4]. Bone marrow-derived MSCs (BMSCs) have been extensively

studied in animal models of stroke [5–7] and have shown

promising therapeutic potential in myocardial [8], limb [9], and

brain ischemia [10]. However, BMSCs must be obtained through

an invasive procedure, are rare in the adult human bone marrow

[11], and their number significantly decreases with the age of the

individual [12]. On the other hand, the placenta is a rich source of

stem cells, no invasive procedures are needed to obtain the organ,

and there are no ethical concerns regarding their use. Addition-

ally, placenta-derived adherent stromal cells have multi-lineage

differentiation potential similar to BMSCs in terms of morphology,

cell-surface antigen expression, and gene expression patterns, are

able to differentiate into many types of cells, are easy to isolate,

and large amounts of MSCs can be obtained in culture [8–10].

Placenta-Derived Adherent Cells (PDACH) are mesenchymal

stromal-like cells isolated from human placental tissue and culture-

expanded [13–15]. PDACH display the nominal phenotype

CD342, CD10+, CD200+, and CD105+ [16]. These cells are

exclusively of placental, non-maternal origin and are karyotypically

PLOS ONE | www.plosone.org 1 January 2014 | Volume 9 | Issue 1 | e86621



normal. Like MSCs derived from bone marrow and other sources,

PDACH demonstrate immunomodulatory properties in vitro and in

animal models. PDACH suppress T-cell proliferation and exhibit

immunomodulatory effects on other cell types such as macrophages,

dendritic cells and T-cell subsets [13].

PDA-001 (cenplacel-L) is a formulation of PDACH, developed

for intravenous administration and is currently being assessed as a

treatment for Crohn’s disease [15].

Previously, Kranz et al. [17] showed that double infusion of

placenta derived MSCs (16106 cells) at 8 hours and 24 hours

improved functional outcome in experimental stroke, however, a

single injection at 24 hours did not improve outcome. Addition-

ally, a recently published study by Yu et al. [18] showed that

transplantation of 16106 stem cell-like placenta cells improved

functional recovery when administered at 3 hours after stroke in

dogs. In our previous study, we demonstrated that PDA-001

treatment improves functional outcome in young adult rats when

administered 4 hours after middle cerebral artery occlusion

(MCAo) [19]. However, treatment administration within four

hours after stroke may not always be feasible in clinical practice.

Furthermore, to maximize successful translation of an effective

therapy from the lab to the clinic, efficacy of treatment should also

be demonstrated in older animals [20–22]. Therefore, in the

present study, we investigated the efficacy of PDA-001 treatment

when administered 24 hours after MCAo in both young adult and

older rats.

Materials and Methods

This study was carried out in strict accordance with the

recommendations in the Guide for the Care and Use of

Laboratory Animals of the National Institutes of Health. The

protocol was approved by the Henry Ford Health System’s

Institutional Animal Care and Use Committee (IACUC approval

number: 0889). All surgery was performed under isoflurane

anesthesia, and all efforts were made to minimize suffering.

PDA-001 preparation
PDA-001, provided by Celgene Cellular Therapeutics [6,13],

was removed from the shipping container and placed in a ziploc

bag before being thawed in a 37uC water bath. Once thawed, the

cell suspension was removed from the cryobag with a 10 ml

syringe fitted with an 18G needle. The cell suspension was mixed

using a 10 ml pipette. To determine cell concentration, 900 ml of

Dextran solution and 100 ml of cell suspension were mixed, after

which 200 ml of this dilution was mixed with 200 ml of trypan blue.

Ten microliters of this final dilution (206) was counted on a

hemocytometer before each injection to calculate cell viability.

The average viability was 96.9%62.0. The cells were then diluted

to the desired concentrations of 1, 4, or 86106 cells/1–2 ml.

Animal middle cerebral artery occlusion (MCAo) model
Young adult rats. Young adult male Wistar rats (270–300 g,

2–3 months) were subjected to 2 hours of transient right MCAo

induced by advancing a 4-0 surgical nylon suture (18.5–19.5 mm,

as determined by the animal weight) with its tip rounded by

heating near a flame, to block the origin of the MCA, using a

method of intraluminal vascular occlusion modified in our

laboratory [23,24]. Rectal temperature was maintained at 37uC
throughout the surgical procedure using a feedback regulated

water heating system.

To determine the optimal number of transplanted PDA-001

cells for treatment of stroke in young adult rats, at 1 day post

MCAo, randomly selected animals were injected, via a tail vein,

with either: vehicle control (Dextran, n = 9), cell control (46106

human dermal fibroblast cells (FBC) in 2 ml Dextran, n = 10), or

PDA-001 cells (16106, n = 10; 46106, n = 10; or 86106, n = 13) in

Dextran. All rats were sacrificed at 56 days after MCAo.

Older rats. Older male Wistar rats (600–750 g, 10–12

months) were subjected to 90 minutes of MCAo induced by

advancing a surgical 3-0 nylon with its tip rounded by heating near

a flame, to block the origin of the MCA, using the method of

intraluminal vascular occlusion described above.

To test the efficacy of PDA-001 treatment in older rats, at 1 day

after MCAo, randomly selected animals (n = 12 per group) were

injected, via a tail vein, with vehicle control (cell media), or with

PDA-001 (46106 or 86106 cells). All rats were sacrificed at 29

days after MCAo.

Bromodeoxyuridine labeling
In order to identify newly synthesized DNA for identification of

cell proliferation in ischemic brain, rats received injections of

bromodeoxyuridine (BrdU, Sigma Chemical, 50 mg/kg in 0.007

N NaOH physiological saline, Sigma, St. Louis MO), intraperi-

toneally (i.p.) daily for 14 days after MCAo.

Functional tests
For each young adult rat, functional tests were performed

24 hours after MCAo (immediately before PDA-001 therapy) and

at 7, 14, 21, 28, 42, and 56 days.

For each older rat, functional tests were performed 24 hours

after MCAo (immediately before the PDA-001 therapy) and at 3,

7, 14, 21 and 28 days after MCAo.

All functional tests were performed by an investigator

adequately trained in functional measurements and blinded to

the experimental groups.

The battery of functional tests (for young and older animals)

consists of an Adhesive-removal somatosensory test, a modified

Neurological Severity Score (mNSS) and a Foot-fault test.

Adhesive-removal somatosensory test. The brain under-

goes dynamic change after stroke, and animal behavior is altered

depending on the stage of recovery. The adhesive-removal test

uses an adhesive dot as a bilateral tactile stimulus on the distal-

radial region of the wrist of each forelimb. The time for each rat to

remove each adhesive stimulus from its forelimbs was recorded

from 5 trials per day. Individual trials were separated by at least

5 min. The adhesive-removal test is sensitive in an early stage of

somatosensory recovery, but stabilizes after one month [25,26].

However, using a smaller adhesive tab increases the sensitivity for

long term functional outcome after stroke. Therefore, in the initial

testing and up to one month after MCAo, two small adhesive-

backed paper dots (of equal size, 113.1 mm2) were used; smaller

dots (56.6 mm2) were used thereafter to increase the sensitivity. All

rats were familiarized with the testing environment before surgery

and were returned to their cages after each testing session.

Modified neurological severity score (mNSS). The mNSS

is a composite of motor, sensory, balance and reflex tests and is

graded on a scale of 0 to 18 (normal score 0; maximal deficit score

18). One score point is awarded for the inability to perform the test

or for the lack of a tested reflex; thus, a higher score indicates a

more severe injury [3,5].

Foot-fault test. The Foot-fault test assesses placement

dysfunction of forelimbs [27,28]. Animals were placed on an

elevated grid floor (45 cm630 cm), 2.5 cm higher than a solid

base floor, with 2.5 cm62.5 cm diameter openings. Animals tend

to move on the grid with their paws placed on the wire frame.

When animals inaccurately place a paw, the front limb falls

through one of the openings in the grid. When the paw falls
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through or slips between the wires, it is recorded as a foot fault. A

total of 100 of steps (movements of each forelimb) were counted,

and the total number of foot faults for the left forelimb was

recorded. The percentage of foot faults of the left paw out of total

steps was calculated.

Histological and immunohistochemical assessment
Rats were anesthetized with Ketamine (80 mg/kg) and

Xylazine (13 mg/kg) via i.p. injection and the depth of anesthesia

was monitored by paw pinch reflex. The animals were then

subjected to cardiac puncture with saline (approximately 200 ml/

rat) perfusion and then 4% paraformaldehyde (approximately

50 mL/rat) before brains were fixed and embedded in paraffin.

Each brain was cut into 2 mm thick coronal blocks, for a total of

7 blocks per animal. The brain tissue was processed, embedded,

and 6 mm thick paraffin coronal sections from each block were cut

and stained with hematoxylin and eosin (H&E) for calculation of

lesion volume [29]. The indirect lesion area, the intact area of the

ipsilateral hemisphere subtracted from the area of the contralateral

hemisphere, was calculated using the Global Lab Image analysis

system (Data Translation, Marlboro, MA) [29]. Lesion volume is

presented as the percentage of the ipsilateral indirect lesion volume

compared to the contralateral hemisphere.

Immunohistochemical staining
The brain sections obtained from rats treated with the optimal

number of PDA-001 cells in young adult rats, vehicle and cell

control groups were used for immunostaining. For older rats, brain

sections obtained from PDA-001 treatment groups and vehicle

control group were used for immunostaining.

A standard paraffin block was obtained from the center of the

lesion (bregma 21 mm to +1 mm). A series of 6 mm thick sections

were cut from the block. Three coronal brain sections were used

for each immunohistochemical staining with antibodies against

BrdU (a proliferating cell marker, 1:100, Boehringer Mannheim,

Indianapolis, IN), von Willebrand Factor (vWF, 1:400; Dako,

Carpenteria, CA), and synaptophysin (Boehringer Mannheim

Biochemica, Monoclonal antibody, clone SY 38, 1:40). The

immunostaining analysis was performed by an investigator blinded

to the experimental groups.

Quantitation. For measurement of vascular density and

perimeters, the vWF immunostained coronal section was digitized

under a 206 objective via the MCID computer imaging analysis

system (Imaging Research, St. Catharines, Canada). The total

perimeter of ten enlarged thin walled vessels, and number of

vessels located in the ischemic boundary zone (IBZ) were

measured. The total number of vessels was divided by the total

tissue-area to determine vascular density. Data are presented as

total number of vessels of per mm2.

For measurement of endothelial cells proliferation, BrdU

immunostained sections were digitized under a 406 objective

via the MCID computer imaging analysis system. BrdU positive

endothelial cells within a total of 10 enlarged and thin walled

vessels located in the IBZ were counted in each section.

To measure synaptophysin immunoreactivity, the immuno-

stained coronal section and eight fields of view from the ischemic

penumbra (cortex and striatum) in each section were digitized

under a 206 objective. The positive immunoreactive area was

measured using the MCID computer imaging analysis system. The

data are presented as a percentage of positive immunoreactivity

area in the ischemic border.

Statistical Analysis
The effects of PDA-001 on the functional recovery in young and

older adult rats were measured from the three behavior tests. The

data were evaluated for normality. Data transformation was

performed if data were not normal. Behavioral outcomes were not

normal; hence, ranked data were used for the analysis.

The global test using the Generalized Estimating Equation

(GEE) [30] analyzed the group difference in functional recovery

measured from multiple behavior tests. The pair-wise treatment

comparison was conducted if the overall treatment effect was

detected at the 0.05 level. If a global test was significant at the 0.05

level, the group difference was conducted on each functional test

at the 0.05 level. Otherwise, the pair-wise treatment comparison

or the treatment comparison on each functional outcome was

considered exploratory. The global test on multiple outcomes is

more efficient than on a single outcome when the group effects are

consistent for all the outcomes (e.g., the positive correlation). The

correlation among three outcomes is estimated using the GEE.

In young adult rats, we first tested the difference between the

two control treated groups (FBC-cell control group and Dextran

vehicle control), and the control data were combined if no

difference was detected. A separate analysis was also conducted

using Dextran vehicle control treated rats. Data are presented as

mean 6 SE (standard error).

One-way ANOVAs were used to test for differences in histology

measures among the treatment groups. The pair-wise group

comparison was conducted at the 0.05 level if the overall group

effect was observed at 0.05 level. Otherwise, the pair-wise group

comparison was considered exploratory.

Spearman or Pearson correlation coefficients were calculated

among the histological evaluation measurements and their

correlation with the functional recovery stratified by the treatment

groups.

Results

Neurological outcome and lesion volume
To determine the optimal number of transplanted cells, young

adult Wistar rats were subjected to MCAo and treated 24 hours

after MCAo with 16106, 46106 or 86106 PDA-001 cells (i.v.) and

functional outcome was compared to vehicle and cell controls.

Functional response using three testing methods (Adhesive-

removal somatosensory test, modified Neurological Severity Score

(mNSS) and Foot- fault test) was measured before PDA-001

treatment and at 7, 14, 21, 28, 42, and 56 days after MCAo. The

global test using the Generalized Estimating Equation (GEE) was

performed to detect the differences in functional recovery among

the groups. Because there was no significant difference between

the two control groups (Dextran vehicle control and FBC-cell

control, p-values .0.22), the two controls were combined for

comparison to PDA-001 treatment.

Young adult rats treated with the lowest (16106) and highest

(86106) number of PDA-001 cells did not show significant

improvement in functional outcome compared to the combined-

control group (Figure 1A–B). However, rats treated with 46106

PDA-001 cells showed significant improvement in functional

recovery compared to combined-control group as early as 7 days

post treatment (Figure 1A–B), and the therapeutic effects were

sustained throughout the study period (p,0.05). No significant

differences in ischemic lesion volumes in the PDA-001 treatment

groups were detected compared with the FBC-control and vehicle

control groups (Figure 1C, p.0.05). These data suggest that the

optimal number of transplanted PDA-001 cells in this experimen-

tal protocol of young adult rats is 46106 cells. 46106 and 86106

PDA-001 Treatment of Stroke in Young and Old Rats
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PDA-001 cells were then tested in older rats (Figure 2).

Functional response was measured for each older rat before cell

therapy and after cell therapy at 7, 14, 21 and 28 days. The global

test using the Generalized Estimating Equation (GEE) was

performed to detect the differences in functional recovery among

the 3 groups (Figure 2A–B). No differences in functional recovery

were observed for both PDA-001 treatment groups compared to

the vehicle control at early evaluations 7 and 14 days after MCAo.

Figure 1. Neurological outcome and lesion volume in young adult rats. Panel A shows adhesive-removal, foot-fault and mNSS tests after
stroke in the 4 young adult rats experimental groups (combined-control, 16106, 46106, and 86106 PDA-001 treatment groups). Panel B shows the
global test analysis to detect the differences in functional recovery among the 4 groups. Panel C shows the lesion volume in the 5 young adult rats
experimental groups. Error bars represent standard error of the mean (mean6SE).
doi:10.1371/journal.pone.0086621.g001
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However, significant improvements in functional recovery were

observed at 21 and 28 days after MCAo for both PDA-001

treatment groups (46106 and 86106 cells, p,0.05, Figure 2A–
B).

No significant differences of ischemic lesion volumes in the

PDA-001 treatment groups were detected compared with control

group in older rats (p.0.05, Figure 2C). Thus, functional

outcome improvement after PDA-001 treatment likely results from

a neurorestorative effect rather than a neuroprotective effect, when

PDA-001 treatment is administered 24 hours after MCAo.

Endothelial cell proliferation, vascular density and
perimeter in the IBZ

To test for the neurorestorative processes which could underlie

the PDA-001 induced functional improvements, immunohisto-

chemical analysis was performed.

Enlarged and thin-walled vessels, containing BrdU immunore-

active positive endothelial cells are indicative of angiogenesis [31].

BrdU positive endothelial cells within a total of 10 enlarged and

thin walled vessels located in the boundary area of the ischemic

lesion were counted in each section.

Figure 2. Neurological outcome and lesion volume in older rats. Panel A shows adhesive-removal, foot-fault and mNSS tests after stroke in
the 3 older rats experimental groups (vehicle-control, 46106 and 86106 PDA-001 treatment groups). Panel B shows the global test analysis to detect
the differences in functional recovery among the 3 groups. Panel C shows the lesion volume in the 3 older rats experimental groups. Panel D shows
the ischemic boundary zone (IBZ). Error bars represent standard error of the mean (mean6SE).
doi:10.1371/journal.pone.0086621.g002

Figure 3. PDA-001 cell treatment promotes endothelial cell proliferation, vascular density and perimeter and increases
synaptophysin expression in young adult rats after MCAo. Panels A–C show that PDA-001 treatment significantly increased endothelial
cell proliferation (A), vascular density (B) and vascular perimeter (C) in the ischemic boundary zone (IBZ) in young adult rats. Panel D shows that PDA-
001 treatment significantly increased synaptophysin expression in IBZ in young adult rats. Error bars represent standard error of the mean
(mean6SE).
doi:10.1371/journal.pone.0086621.g003
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In young adult rats, treatment with 46106 PDA-001 cells,

significantly increased the number of BrdU immunoreactive

endothelial cells in the IBZ compared with the FBC and vehicle

control groups (Figure 3A, p,0.05). In older rats, a significant

increase in endothelial cell proliferation in the IBZ was observed in

both PDA-001 treatment groups (46106 and 86106 cells,

Figure 4A, p,0.05).

Immunostaining for vWF expression was performed to measure

changes in vascular perimeter and density after PDA-001

treatment. In young adult rats, treatment with 46106 PDA-001

cells significantly increased the vascular density and perimeter in

the ischemic brain compared to FBC and vehicle control groups

(Figure 3B–C, p,0.05).

In older rats, both PDA-001 treatment groups (46106 and

86106 cells) showed significant increase in vascular density and

perimeter in the IBZ (Figure 4B–C, p,0.05). The percentage of

BrdU positive endothelial cells was positively and significantly

correlated with vascular density (r = 0.47, p = 0.001).

These data suggest that PDA-001 treatment has a positive

influence on endothelial proliferation, vascular density and

perimeter in the ischemic brain in both young adult and older rats.

Synaptophysin expression in the IBZ
To test PDA-001 cell treatment effects on synaptic plasticity,

synaptophysin immunostaining was performed. An increase in

synaptophysin expression in the IBZ suggests enhanced presyn-

aptic plasticity and synaptogenesis [32]. In young adult rats,

treatment with 46106 PDA-001 cells significantly increased

synaptophysin expression in the IBZ compared to FBC control

(Figure 3D, p,0.05).

In older rats, both PDA-001 treatment groups (46106 and

86106 cells) also showed a significant increase in synaptophysin

expression in the IBZ (Figure 4D, p.0.05). We found a marginal

correlation (p = 0.051) between the improvement in the adhesive-

removal test and synaptophysin expression (r = 20.29). These data

suggest that functional benefits derived from PDA-001 treatment

of stroke in both young adult and older rats may be related to

synaptic plasticity in the ischemic brain.

Discussion

Our data demonstrate that treatment of stroke with PDA-001,

when administered 24 hours after MCAo, improves functional

outcome as measured by adhesive-removal test, mNSS and

Figure 4. PDA-001 cell treatment promotes endothelial cell proliferation, vascular density and perimeter and increases
synaptophysin expression in older rats after MCAo. Panels A–C show that PDA-001 treatment significantly increased endothelial cell
proliferation (A), vascular density (B) and vascular perimeter (C) in the IBZ in older rats. Panel D shows that PDA-001 treatment significantly increased
synaptophysin expression in IBZ in older rats. Error bars represent standard error of the mean (mean6SE).
doi:10.1371/journal.pone.0086621.g004
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foot-fault test. This beneficial effect is observed in both young

adult and older rats.

In young adult rats, the optimal number of transplanted PDA-

001 cells is 46106. A similar optimal number of transplanted cells

was observed in a previous study when PDA-001 were adminis-

tered 4 hours after MCAo [19]. Treatment with a lower (16106)

or a higher (86106) number of cells is not effective. In addition,

our data shows that in older rats, treatment with both 46106 and

86106 PDA-001 cells improve functional outcome. The data show

that when young rats are treated with PDA-001 cells, significant

improvement in functional recovery is observed as early as 7 days

post MCAo. However, in treated older rats, significant improve-

ment in functional recovery is delayed and starts at 21 days after

MCAo. This is consistent with other published studies, e.g., two

previous studies [5,6] testing sildenafil in young and aged rats

showed that the therapeutic response was weaker and delayed in

older rats compared to young rats. Thus, brain repair/remodeling

processes seem to be age dependent.

In a previous study, we demonstrated that PDA-001 therapy is

neuroprotective when administered 4 hours after MCAo as

measured by reduction in the ischemic lesion volume and

improvement in functional outcome [19]. In the current study,

we found that treatment of stroke with PDA-001, when

administered 24 hours after stroke in young adult and older rats,

has no effect on the volume of cerebral infarction. Thus, functional

outcome after PDA-001 treatment when administered 24 hours

after stroke, likely results from neurorestorative effect rather than a

neuroprotective effect.

Additionally, functional improvement after PDA-001 cell

treatment is accompanied by a significant increase in endothelial

proliferation, vascular density and perimeter and an increased

expression of synaptophysin.

PDA-001 treatment increases endothelial cell
proliferation, vascular density and perimeter

The cerebral vascular system mainly develops through angio-

genesis [33]. The adult brain vascular system is stable under

normal conditions but is activated in response to pathological

conditions including stroke [34]. In rodent models of stroke,

capillary sprouting in the brain is initiated at the border of the

infarct, and new vessels develop in the ischemic boundary zone

[31,35].

Regulation of cerebral blood flow is critical for the maintenance

of neural function [36]. Stroke patients with greater cerebral blood

vessel density appear to make better progress and survive longer

than patients with lower vascular density [37–39]. Additionally,

functional improvement in animal stroke models has been

associated with increased angiogenesis [40]. Our data demonstrate

that PDA-001 treatment promotes endothelial cell proliferation,

increases vessel perimeter and density and improves functional

recovery in both young adult and older rats after stroke. This

suggests that PDA-001 treatment may enhance recovery after

stroke through modulation of the brain vascular system.

PDA-001 treatment increases synaptophysin expression
Synaptic plasticity is an important mediator of functional

recovery following brain injury [41,42]. Functional alterations in

motor cortex organization are accompanied by changes in

dendritic and synaptic structure [42,43]. Cortical stimulation

promotes synaptic plasticity which is correlated with functional

improvements [44]. Synaptophysin in a pre-synaptic marker and

increased levels of synaptophysin are observed during neuroana-

tomical remodeling and neural development, and are indicative of

synaptic plasticity. Neurorestorative treatments of stroke increase

synaptic plasticity in the ischemic boundary zone [45,46], as

evidenced by increased expression of synaptic proteins such as

synaptophysin and growth-associated protein 43 [47]. PDA-001

treatment in both young adult and older rat stroke models is

associated with increased synaptophysin expression suggesting that

enhanced synaptic plasticity may also contribute to the observed

functional improvement.

In summary, PDA-001 treatment improves functional outcome

in the rat MCAo model in young as well as older adult rats when

administered 24 hours after stroke. Increased vascular density and

synaptic plasticity may underlie the neurorestorative effects of

PDA-001 therapy.
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