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Traumatic brain injury (TBI) is a major cause of

disability and death in the United States. Many

treatment options address symptoms rather than

underlying damage. Stem cell-based therapy

focuses on neural protection and repair to improve

motor and cognitive functions. Though recent

research has begun to shed light on the benefits of

stem cell therapy for TBI, there is a lack of

knowledge concerning the window of therapeutic

intervention. This project, currently in progress,

examines the effects of peri-lesional injections of

Wharton’s jelly mesenchymal stem cells (MSCs),

given at different post-injury time points, on motor

recovery in rats with primary motor cortex (M1)

injury.

Animals: Male, adult Long Evans rats were

randomly assigned to two groups: 1) Day1 and 2)

Week1

Stem Cells: Wharton's jelly mesenchymal stem

cells were provided by the Midwest Stem Cell

Therapy Center and prepared by Dr. Meizhang Li.

Stem cell concentration was ~50K/µl.

Timeline:

Each rat was trained on a skilled reaching task prior

to an M1 lesion (controlled cortical impact; CCI).

MSCs were injected in the spared cortical tissue

surrounding the M1 lesion one day (Day1) or one

week (Week1) post-CCI. Behavioral assessments

were recorded weekly for eight weeks post-

injection. The day following the final behavioral

assessment, rats were humanely euthanized, and

their brains processed and analyzed

for neuroplastic marker expression (in progress; not

shown).

Figure 1. Experimental timeline. Light grey: No MSCs. Dark grey:

MSCs in cortex. Red line: MSC injection.

Figure 5. Performance of rats on a skilled reaching task following a

TBI to M1. Stem cells were injected at 2 time points relative to time

of injury (Day1, blue; Week1, red). Behavior was assessed weekly

for 8 weeks post-injection in each treatment group. Behavioral

reaching success was normalized to the average pre-injury, baseline

success rate for each rat to create an index where 1 = baseline

values (black). Error bars represent between-subject variation on

each day (SEM). Historical Control animal data have been taken

from a previous experiment where animals were trained on the same

behavioral task, received the same CCI, and behavioral data were

collected on the same days as Day1 and Week1 animals. Historical

control animals received no peri-lesional injections.

Figure 6. Performance of Day1 animals (Rat 13; blue, Rat 15; light

blue, Rat 17; dark blue) on a skilled reaching task. Stem cells were

injected one day post-injury. Behavioral reaching success was

normalized to the average pre-injury, baseline success rate for each

rat to create an index where 1 = baseline values (black).

Figure 7. Performance of Week1 animals (Rat 14; dark red, Rat 16;

red, Rat 18; light red) on a skilled reaching task. Stem cells were

injected one week post-injury. Behavioral reaching success was

normalized to the average pre-injury, baseline success rate for each

rat to create an index where 1 = baseline values (black).

1. This study (in process) is investigating the effect of peri-

lesional stem cell injections on skilled motor recovery 

after TBI. 

2. The Day1 group recovered to 65% of their pre-injury, 

baseline performance on a skilled reaching task by 

week 8 post-injury.

a) One week after MSC injection, Day1 group recovered to 65% of 

pre-injury, baseline performance. 

b) Behavioral performance remained consistent from week 1 until 

the end of study at week 8. 

c) One rat from this group (Rat 17) did not improve.

3. The Week1 group approached pre-injury, baseline 

performance at week 9 post-injury.

a) One week after MSC injection, there was an increase in 

performance from 30% of baseline success (week 1) to 65% of 

baseline success (week 2).

b) Behavioral performance plateaued until week 8, then 

approached pre-injury baseline at week 9.

c) Variability in performance was high between all three rats until 

week 7.

d) From week 7 through week 9, all three rats improved behavioral 

performance.

1. Continue data collection and analysis on remaining 

animals is study 

a) There are currently five rats still on study.  We are in the 

process of collecting weekly behavioral data.

b) Additional animals are being trained on the skilled reaching 

task.  

2. Histology on harvested brains from rats in study.

a) Coronal sectioning and staining will be performed

b) Lesion volumes will be measured and compared

c) Processing of neuroplasticity markers (e.g. NG2, GFAP, 

GAP43, GDF10, synaptophysin)  and analysis will be 

performed.  

This research was supported by the National Institutes of

Health Post-baccalaureate Research Education Program

(PREP) under award number R25GM078441 and Midwest

Stem Cell Therapy Pilot Program.

Behavioral Task: Rats were trained on a skilled

reaching task to reach through a window, grab a

food pellet, and bring the pellet to their mouth. Pre-

injury, baseline reaching success was assessed

before CCI injury (average of 3 days, 60

trial/day). Rats must achieve a baseline average of

60% to be included on study. Post CCI, behavioral

assessments occurred weekly for the remainder of

the study (60 trial/day).

Figure 2. Skilled reaching task

Craniectomy and Controlled Cortical

Impact: A 5mm craniectomy was made over the

forepaw area of M1 and a controlled cortical impact

was centered over M1 (3mm flat-tipped rod

delivered at 1.5m/s, 200ms dwell time, 2mm depth)

using a commercially available impact device

(Impact One, Leica Biosystems).

Figure 3. A) Schematic of the rat skull with the approximate locations

of PM (yellow), S1 forepaw (blue), and the craniectomy over M1

(white). B) Target location of CCI to the forepaw area of M1 (black).

MSC Injection: Wharton’s jelly MSCs were

delivered one (Day1) or seven (Week1) days post-

CCI. Twelve injections (~200K MSCs total per

animal) were given in the spared cortical tissue

surrounding the injury (4 injection sites; 3 depths

per site: 1000µm, 1250µm, 1500µm; 333nl per

injection).

Figure 4. Schematic of the rat skull illustrating the four MSC injection

sites (red) in the spared cortical tissue surrounding the CCI (black).

On average, the Day1 rats recovered to 65% of their pre-injury,

baseline performance and maintained this level until the end of

the study at week 8. In Week1 rats, there was an increase in

performance from week 1 to week 2, followed by a plateau in

performance level until an increase at week 9. Previous studies

from our laboratory have shown that rats with an M1 TBI

recover to approximately 25% of pre-injury, baseline

performance. Both groups recovered to approximately 65% of

pre-injury performance levels by one week post-MSC injection

(Day1 at week 1; Week1 at week 2) suggesting the stem cells

have an effect on behavioral motor recovery. Two of the three

rats in the Day1 group performed, in general, above 80% of

baseline while one did not recover beyond 20% of baseline.

This may be due to a modification in the task that made it hard

to determine the reaching success or it may be due to a

problem in injecting the stem cells which will be investigated in

post-mortem histological analysis. Variability in behavioral

performance is expected. More animals (Day1, Week1 and

Control) will be added to this study in the future.

Discussion


