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Plasma membrane repair mechanisms play a vital role in

supporting the structure and function of most mammalian cells by

repairing changes in the permeability of the cell membrane and

maintaining its barrier function. Breakdown of the barrier

function of the membrane can lead to death of the cell and

accumulation (or prevention) of such cell death events can

contribute to the progression of various diseases, including

cancer, bacterial infection, Alzheimer’s disease, heart failure,

and muscular dystrophies. Many of these disease states are also

exacerbated by the aging process which can alter intracellular

vesicle trafficking, an essential cellular process that mediates

plasma membrane repair. The effect of aging on plasma

membrane repair mechanisms was studied on Mus musculus

muscle tissue cells (myocytes) and primary human fibroblast cells.

Laser Injury Assay Supports Decreased Repair in 
Aged Mus Musculus Muscle Tissue

Fig. 1 Evan’s Blue dye influx during

treadmill running was measured in

Mus musculus gluteus muscle

tissue in 12- and 24-month-old

samples. A significant increase in

EBD influx shows decreased plasma

membrane repair during downhill

treadmill running in aged mice

compared to young. Treadmill

running produces eccentric

contractions that damage muscle

tissue cells. A t-test was used to

indicate significance (p ≤ 0.01).

Data represented as mean ± SEM.

Aged Mice Show Decreased Plasma Membrane 
Repair Following Muscle Damage

Fig. 6 Representative image of laser microscopy injury on 75K

senescent cells treated with hydroxyurea. Images depict site of injury

at 0 seconds and 30 seconds, approximately halfway through plasma

membrane injury repair.

Fig. 8 Western blot of senescent cells at 25K, 50K, and 75K cell

density. Western blots were performed using lysate of cells treated

with hydroxyurea for 12 days. Lanes were loaded with 13.9μg of

protein and blotted for the protein p21 using Anti-p21 (phospho T145)

antibody. Premature senescent fibroblast cells treated with hydroxyurea

at 50K and 75K cell density showed increased levels of the p21 protein

compared to control trials.

Conclusions

The results of these experiments support the conclusion that the

plasma membrane repair mechanism is compromised in skeletal

muscle, and potentially in other cell types, during the course of

normal aging. By using Mus Musculus muscle tissue and primary

human fibroblasts we can provide a more comprehensive

approach to understand how widespread these changes are in

various tissues and if it occurs in cells of human origin.

Future Directions

These results will guide future research to determine the

mechanism of reduced membrane repair during aging and

provide a new therapeutic target for aging-related diseases. This

could include examining membrane repair capacity in other tissue

types from aged mice and human tissues.
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Fig. 4 Membrane repair is compromised in 24-month-old mouse

muscle. A) Muscle bundles from either 12- or 24-month-old mice were

injured with an infrared laser in the presence of FM4-64 dye. B) Area

under the curve measurement shows a significant difference in dye

influx between 12- & 24- month-old figure. A t-test was used to

indicate significance (p ≤ 0.05). Data represented as mean ± SEM.
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Figure 5. Laser microscopy injury in senescent fibroblast samples.

Laser microscopy injury was performed in the presence of lipophilic

FM4-64 dye. The influx of dye was measured over 60 seconds and the

membrane repair kinetics and area under the curve was graphed. One-

way Anova indicated no significance. Data represented as mean ± SEM.

A

Fig. 3 Schematic of laser injury dye exclusion assay. A multiphoton

infrared laser was used to injury mouse muscle fibers and the plasma

membrane of fibroblasts in the presence of lipophilic FM4-64 dye. The

injury allows dye influx through the membrane disruption until the

membrane reseals. FM4-64 dye binds to lipids inside the cell, which will

increase in fluorescence from the dye. The change in fluorescence was

measured over time to evaluate the resealing and repair capacity of

the membrane.

Laser injury assay experiments were performed on muscle bundles

from 12- and 24-month-old mice. Muscle bundles were collected

and fixed to a glass bottom slide before being treated with a

solution of FM4-64 dye and 1x Tyrodes Buffer, a biological

buffer. Membrane repair kinetics were measured for 60 seconds

and fluorescent intensity at the membrane injury site was

compared to a baseline (first three measurements before the injury

was induced). The fluorescent level of the injury was calculated by

measuring the area of the injury and its fluorescence and

subtracting the background fluorescence.

Mus musculus muscle tissue cells show an increased FM4-64 dye

influx (∆F/F0) following the injury of myocytes from 24-month-old

mice compared to 12-month-old mice.

Here we tested if membrane repair efficiency changed in
myocytes from young and aged mice. Skeletal muscles in the
hindlimb of aged mice were injured by treadmill running and the

amount of Evan’s Blue dye influx was measured. Formamide and
heat were used to extract EBD from the muscle tissues and
absorbance readings were taken at 600 and 800nm and
normalized using the mass (g) of the corresponding muscle.

Further experimentation was conducted on the effects of

senescence, or premature aging, on primary human fibroblasts

from young volunteers. Fibroblast cells were treated with

hydroxyurea, which causes growth arrest in the S phase of the cell

cycle, every 72 hours for 12 days in a low serum media. Laser

injury assays were performed on senescent and young untreated

control cells at multiple cell densities.

Preliminary findings show cells treated with hydroxyurea at 75K

cell density have a slight increase in fluorescence over a 60 second

laser injury assay, indicating a decrease in plasma membrane

repair.
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https://info.gbiosciences.com/blog/how-to-

prepare-samples-for-western-blot-analysis-1

Laser Injury Assay on Senescent Fibroblasts Western Blot Supports Senescence in Fibroblasts 
Treated with Hydroxyurea

Schematic of Western Blot Assay

Fig. 2 Treadmill Running

Experiment. 12- and 24-month-

old wild type mice were injected

with EBD in their tail and then ran

on the treadmill for 40 minutes at

a downward angle of 15°.

0 20 40 60

0

1

2

3

4

5

time (s)

D
F

/F
0

Senescent Laser Injury

75K Senescent (2mM Ca2+)

75K Senescent (Æ Ca2+)

75K Control (2mM Ca2+)

75K Control (Æ Ca2+)

https://www.the-scientist.com/news-opinion/how-

exercise-helps-mice-fight-pancreatic-cancer-70134

Post Injury 

(t = 30sec)

Pre-Injury 

(t = 0sec)

Fig. 7 Schematic of Western Blot Assay.

Induced senescence, or premature aging, in young cells leads to
an increase in levels of P21Wafl and p16INK4a. Western blot
analysis was performed on cell lysate collected from cells treated
with hydroxyurea for 12 days at 25K, 50K, and 75K cell density.
Individual lanes of the SDS-PAGE gel were loaded with 13.9μg
of protein and blotted for the protein p21 using Anti-p21
(phospho T145) antibody. At 50K and 75K senescent cell
density, darker bands at 21kD compared to the control support
the condition of senescence after treatment with hydroxyurea.
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