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Abstract

BACKGROUND—Cold ischemia time (CIT) causes ischemia-reperfusion injury to the
mitochondria and detrimentally effects myocardial function and tissue viability. Mitochondrial
transplantation replaces damaged mitochondria and enhances myocardial function and tissue
viability. Herein, we investigate the efficacy of mitochondrial transplantation in enhancing graft
function and viability after prolonged CIT.

METHODS—Heterotopic heart transplantation was performed in C57BL/6J mice. Upon heart
harvesting from C57BL/6J donors, 0.5 mL of either mitochondria (1 x 108 in respiration buffer;
Mitochondria) or respiration buffer (Vehicle) was delivered antegrade to the coronary arteries via
injection to the coronary ostium. The hearts were excised and preserved for 29 + 0.3 hours in cold
saline (4°C). The hearts were heterotopically transplanted. A second injection of either
mitochondria (1 x 108) or respiration buffer (Vehicle) was delivered antegrade to the coronary
arteries 5 minutes after transplantation. Grafts were analyzed for 24 hours. Beating score, graft
function and tissue injury were measured.

RESULTS—Beating score, calculated ejection fraction and shortening fraction were significantly
enhanced (P < 0.05), while necrosis and neutrophil infiltration were significantly decreased (P <
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0.05) in Mitochondria as compared to Vehicle at 24 hours of reperfusion. Transmission electron
microscopy showed the presence of contraction bands in Vehicle but not in Mitochondria grafts.

CONCLUSION—Mitochondrial transplantation prolongs CIT to 29 hours in the murine heart
transplantation model and significantly enhances graft function and decreases graft tissue injury.
Mitochondrial transplantation may provide a means to reduce graft failure and improve
transplantation outcomes after prolonged CIT.

Keywords

Cold ischemia time; heart transplantation; ischemia-reperfusion; mitochondria; mitochondria
transplantation

Introduction

Heart transplantation is the preferred treatment strategy for patients suffering from end stage
heart failure. This treatment offers the most beneficial survival outcome and improvement of
life quality for heart failure patients and each year the number of transplantations performed
increases. However, a growing number of patients requiring heart transplantation are
indefinitely waitlisted due to the scarcity of donor hearts.! The latest available Annual Data
Report, by the Organ Procurement and Transplantation Network and Scientific Registry of
Transplant Recipients shows that only 50% of the candidates waitlisted throughout the year
undergo transplantation, which results in significant mortality of patients awaiting heart
transplantation.! The imbalance between heart donors and heart transplantation demand and
the increasing incidence of primary graft dysfunction and early graft failure requires
modification of current technical preservation protocols.23

Presently, the average cold ischemia time (CIT) in humans is 4 — 6 hours and CIT = 4 hours
is associated with considerably lower survival than CIT < 4 hours.3 45 The mechanism
primarily responsible for decreased survival is ischemia-reperfusion (IR) injury.® Therefore,
decreasing IR injury could have significant importance in heart transplantation and could
prolong currently acceptable CIT and improve post-transplantation outcomes.

We and others have shown that IR injury induces damage to mitochondrial structure and
function. This damage occurs during ischemia and extends into reperfusion, severely
compromising heart function and viability.”- 8- 9 In previous studies we have pioneered a
novel therapy, mitochondrial transplantation.10: 11. 12, 13,14, 15 Thjs therapy replaces native
mitochondria damaged by IR, with viable, respiration-competent, mitochondria isolated
from non-ischemic tissue. Our prior results show that mitochondrial transplantation is safe,
and significantly enhances post-ischemic myocardial function and viability.10: 11. 12, 13, 14, 15
In this study, we investigate the effect of mitochondria transplantation to enhance post-
transplantation function and heart graft viability in a murine heterotopic heart transplantation
model.

We hypothesized that mitochondrial transplantation would enhance heart graft function and
decrease tissue injury after prolonged CIT in the murine heart transplantation model. This
could reduce heart graft failure in the post-transplantation period and improve
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transplantation outcomes after prolonged CIT, thereby increasing the heart donor pool and
improving organ allocation.

Male C57BL/6J mice (7-9 weeks, n = 50; Jackson Laboratory, Bar Harbor, ME) were used.
All experiments were approved by the Institutional Animal Care and Use Committee at
Boston Children’s Hospital and conformed to the National Institutes of Health guidelines on
animal care and use.

Mitochondrial isolation

Gastrocnemius muscle from C57BL/6J mice (n = 8) was dissected and used immediately to
isolate syngeneic mitochondria. Mitochondria were isolated and the number and viability of
the isolated mitochondria was determined as previously described.16: 17 The isolated
mitochondria were suspended in 0.5 mL respiration buffer (250 mmol/L sucrose, 20 mmol/L
K+-HEPES buffer, pH 7.2, 0.5 mmol/L K+-EGTA, pH 8.0) and used immediately for
mitochondrial transplantation.

CIT and heterotopic heart transplantation

The experimental protocol is shown in Figure 1. Heterotopic heart transplantation was
performed according to the procedure described by Corry et a/18 In brief, C57BL/6J donor
mice (n = 21) were anesthetized and maintained on 2 — 3% inhaled isoflurane. A middle
laparotomy and sternotomy were performed. The ascending aorta was exposed, and either 1
x 108 mitochondria in 0.5 mL respiration buffer (Mitochondria, n = 8) or 0.5 mL respiration
buffer (\ehicle, n = 9) was delivered antegrade to the coronary arteries via injection to the
coronary ostium using a tuberculin syringe with a 40 G needle. One mL of heparin (100
IU/mL) was injected via the inferior vena cava and allowed to circulate for 10 min.1® The
heart grafts were then excised and stored in normal saline solution (Baxter, Deerfield, IL,
USA) containing 1% Penicillin and 1% Streptomycin at 4°C. Following, 29 + 0.3 hours CIT,
the heart grafts were transplanted into the abdomen of C57BL/6J recipients and coronary
circulation was re-established.18 Heart grafts received a 2" injection, 5 minutes after
transplantation, of 1 x 108 mitochondria in 0.5 mL respiration buffer (Mitochondria) or 0.5
mL respiration buffer (Vehicle), delivered antegrade to the coronary arteries via injection to
the coronary ostium using a tuberculin syringe with a 40 G needle. Sham control hearts
received heparin and following 10 minutes of circulation, were excised and immediately
transplanted to recipient mice (Sham, n = 4).

Heart graft functional analysis

Beating score of heart grafts was assessed visually after 10 minutes and 24 hours of
reperfusion (open laparotomy) and by palpitation at 3 hours of reperfusion (closed
laparotomy) using the Stanford cardiac surgery laboratory graft scoring system (0, no
contraction; 1, contraction barely visible or palpable; 2, obvious decrease in contraction
strength, but still contracting in a coordinated manner; rhythm disturbance; 3, strong,
coordinated beat but noticeable decrease in strength or rate; 4, strong contraction of both
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ventricles, regular rate).29 Transabdominal two-dimensional echocardiographic analysis was
performed with an 8-12 MHz ultrasound probe at 3 and 24 hours of reperfusion. Left
ventricular end-diastolic diameter (LVIDd), and left ventricular end-systolic diameter
(LVIDs) were measured to assess heart graft functional performance. Left ventricular
shortening fraction (FS) was determined by (LVIDd-LVIDs)/LVIDd.2! Left ventricular
calculated ejection fraction (EF) was determined by (LVIDd3-LVIDs3)/LVIDd3.21

Tissue analysis

After 24 hours of reperfusion heart grafts were collected and fixed in 10% formalin. The
tissue was paraffin embedded and sectioned at 5um thickness. Serial slides were used for
hematoxylin and eosin (H&E) staining and myeloperoxidase staining. H&E stained slides
were evaluated for the area of necrosis and inflammatory cells infiltration.?2 23 The area of
necrosis and inflammatory cells infiltration was determined as previously described and
expressed as a percentage of the whole section.2?

Neutrophil infiltration was determined by immunohistochemistry using the myeloperoxidase
antibody (DAKO M0398 polyclonal, Agilent, Santa Clara, CA) 1:1000 dilution in Leica
antibody diluent (Leica, Newcastle Upon Tyne, UK).21 The number of neutrophils was
counted in 5 random (20x) visual fields.

TUNEL assay was performed using the ApopTag detection system (EMD Millipore
Corporation, Temecula, CA).24 Nuclear staining 4’,6-diamidino-2-phenylindole (DAPI)
(Thermo-Fisher, Waltham, MA) was applied according to the manufacturer’s directions.!
All cells were counted in 27 (20x) visual fields per section and the number of TUNEL-
positive nuclei was expressed as a percentage of all cardiomyocytes.

Transmission electron microscopy was used to analyze structural damage in the heart grafts
as previously described.1!

Heart uptake of radiolabeled mitochondria

In separate set of experiments Wistar rats (200-250 g, n = 4, Charles River Laboratories,
Worcester, MA) were used for visualization of mitochondrial uptake in the heart. A donor rat
(n = 1) was used to isolate syngeneic mitochondria from the gastrocnemius muscle tissue as
previously described.6: 17 The isolated mitochondria were labeled with 18F-Rhodamine 6G.
25 Following, Wistar rats (n = 3) were anesthetized and maintained on 2 — 3% inhaled
isoflurane. A sternotomy was performed and the ascending aorta was exposed. The 18F-
Rhodamine 6G labeled mitochondria (1 x 10% in 0.5 mL respiration buffer) were delivered
antegrade to the coronary arteries via injection to the coronary ostium using a tuberculin
syringe with a 30 G needle. Ten minutes after the injection, the animals were euthanized in a
CO, chamber and examined using positron emission tomography (PET) and microcomputed
tomography (UCT).

Statistical analysis

All data were assessed by observers blinded to the treatments. All data are expressed as
mean + standard error of the mean (SEM). Statistical analysis was performed by non-
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parametric Mann-Whitney U test. Statistical significance was defined by an exact two-tailed
P <0.05.

Results

Uptake of mitochondria

18F_Rhodamine 6G labeled mitochondria demonstrated diffuse distribution throughout the
heart (Figure 2). Radiolabeled mitochondria were not detectable in any other organ or region
of the body.

Beating score

No significant difference was observed in beating score (BS) at 10 minutes of reperfusion
between Mitochondria heart grafts,1.4 £ 0.2 and Vehicle heart grafts,1.3 £ 0.2 (P = 0.6,
Figure 3). BS at 3 hours of reperfusion was enhanced to 2.8 + 0.5 in Mitochondria, but not in
Vehicle, 1.2 + 0.4 (P = 0.056). BS at 24 hours of reperfusion in Mitochondria was not
significantly different as compared to 3 hours of reperfusion (2.8 + 0.5 vs 1.7 £ 0.4,
respectively for 3 and 24 hours, P = 0.68) and was significantly increased (P < 0.05) when
compared to Vehicle heart grafts, 0.6 + 0.2. All BS for both Mitochondria and Vehicle heart
grafts were significantly decreased as compared to Sham heart grafts (P < 0.05; Figure 3).

Measurement of global function

At 3 hours of reperfusion, calculated ejection fraction (EF) and shortening fraction (FS) in
Mitochondrial heart grafts (13.03 £ 3.39 % and 4.58 + 1.32 %, respectively) were
significantly increased (P < 0.05 each) as compared to Vehicle heart grafts (1.15 + 0.75 %
and 0.39 + 0.25 %, respectively) (Figure 4). At 24 hours of reperfusion both EF and FS
remained significantly increased (P < 0.05) in Mitochondria heart grafts (8.46 + 2.67 % and
2.96 + 0.96 %, respectively) as compared to Vehicle heart grafts (1.38 £ 0.64 % and 0.47

+ 0.22 %, respectively) (Figure 4). There was no significant difference observed in EF or FS
in Mitochondria heart grafts (P = 0.72, P = 0.72; respectively) or Vehicle heart grafts (P =
0.83, P = 0.83; respectively) at 3 and 24 hours. All echocardiography results for both
Mitochondria and Vehicle heart grafts were significantly decreased as compared to Sham
heart grafts (P < 0.05; Figure 4).

Myocardial tissue injury and neutrophil infiltration

H&E analysis showed significantly less necrosis and inflammatory cell infiltration in
Mitochondria heart grafts as compared to Vehicle heart grafts (55.0 £ 5 %, 75.6 = 4.1 %,
respectively; P < 0.05; Figure 5A, D). In heart grafts receiving mitochondria, neutrophil
infiltration was significantly lower as compared to Vehicle heart grafts (577 + 69, 1011 + 88,
respectively; P < 0.05; Figure 5B, E). Neutrophil infiltration was significantly lower in Sham
group as compared to Vehicle and Mitochondria heart grafts (P < 0.05, Figure 5B, E). No
significant difference in TUNEL positive nuclei was observed between Mitochondria and
Vehicle heart grafts (11.5 £ 1.0 %, 16.9 £ 1.9 %, respectively; P > 0.05; Figure 6).
Transmission electron micrographs showed contraction bands, indicating myocardial injury,
in Vehicle heart grafts. No contraction bands were observed in Mitochondria and Sham heart
grafts (Figure 5C).
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Discussion

IR injury to heart graft plays an important role in post-transplantation morbidity and
mortality of transplant recipients.3 Here, we show the efficacy of mitochondrial
transplantation in prolonging CIT to 29 hours and enhancing heart graft tissue viability and
function for at least 24 hours recovery.

Previous studies investigating IR injury in murine heart transplantation have utilized CIT
ranging from 18 to 24 hours.22 26 The severity of IR injury in these models ranged from
mild to more severe neutrophil infiltration and necrosis. No functional data was evaluated in
these studies. 22: 27 In our study, we wished to prolong CIT beyond 24 hours and provide
both histological and functional data. Preliminary experiments demonstrated that a CIT of
>30 hours in Vehicle heart grafts resulted in severe neutrophil infiltration and necrosis, and
failure to recover functionally. We therefore chose a CIT of 29 hours to reduce graft damage
and to allow for functional recovery in Vehicle heart grafts to allow for comparative analysis
with Mitochondria hearts.

To further allow for comparative analysis, we have used normal saline as the preservation
media. It has been previously demonstrated that heart graft tissue survival can be prolonged
to a maximum of 24 hours CIT using a solution containing antioxidant reagents or a
modified histidine-tryptophan ketoglutarate solution.1% 23 The advantages of normal saline
solution are that it is readily available and does not enhance recovery.2” This allowed for
direct analysis of the efficacy of mitochondrial transplantation. No hearts were given
cardioplegia to protect the heart.

To demonstrate the localization and distribution of mitochondria delivered by vascular
perfusion we have used 18F-Rhodamine 6G labeled mitochondria. The rat was used as it
allows for greater detail for distribution analysis of radiolabeled mitochondria as compared
to smaller mouse. We delivered mitochondria antegrade to the coronary arteries via injection
to the coronary ostium using a tuberculin syringe with a 40 G needle. Our results show
diffuse distribution of the injected mitochondria throughout the heart with no detectable
mitochondria in any other region of the body.

To enhance function in donor hearts we have used 1 x 108 mitochondria. This concentration
is considerably higher (5 x 108 per gram wet weight) as compared to the mitochondrial
concentration used in our previous studies in porcine heart (2 — 5 x 10° per gram wet
weight).10. 11,12, 13 The jncreased dosage of mitochondria is based on preliminary
investigations showing greater efficacy using higher mitochondrial concentration in the
murine transplantation model. Lower mitochondria concentrations 1 x 108 and 1 x 107 (5 x
106 - 5 x 107 per gram wet weight) were not as effective. The increased mitochondria
concentration needed in this study is most likely due to the significantly increased metabolic
rate and energy requirements in the murine heart, as compared to the porcine heart.30

Mitochondria were delivered to the heart graft at two times. The mitochondria were first
delivered just prior to CIT, to allow for protection from ischemia and then again at the
beginning of reperfusion. In our preliminary experiments in which mitochondria were
delivered either only prior to CIT (n = 2) or both prior and at the beginning of reperfusion (n
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= 8), we found that addition of a second mitochondrial injection at the beginning of
reperfusion enhanced beating score at 10 minutes (0.8 + 0.2 vs 1.4 £ 0.2, respectively) at 3
hours (1.8 + 0.3 vs 2.8 + 0.5, respectively) and at 24 hours (1.0 £ 0.0 vs 1.7 £ 0.4). However,
we did not evaluate a single post-CIT injection, because at the time of heart harvest, donor’s
muscle tissue is an excellent source of fresh, viable mitochondria, readily available and
should therefore be effectively utilized.

Our results demonstrate that mitochondrial transplantation significantly reduces neutrophil
infiltration and necrosis. Contraction bands, evidence of severe ischemic injury, were
observed only in Vehicle heart grafts. We also show that mitochondrial transplantation
provides prolonged functional benefits. Heart graft function, beating score, calculated
ejection fraction and shortening fraction were all significantly increased at 24 hours of
reperfusion in Mitochondria heart grafts as compared to \Vehicle heart grafts.

The relationship between prolonged CIT and impairment of mitochondria and post-CIT
myocardial function has been previously noted.12: 30. 31 While the mechanism of
mitochondrial transplantation in ameliorating the deleterious effects of CIT is beyond the
scope of this paper, we speculate based on our previous studies that the transplanted
mitochondria would augment or support the mitochondria damaged during prolonged CIT.
We have previously demonstrated that transplanted mitochondria, rapidly taken up by the
heart cells by endocytosis, increase tissue ATP content, high energy synthesis, replace
damaged mitochondrial DNA, and enhance proteomic pathways for the mitochondrion and
the generation of precursor metabolites for energy and cellular respiration.11: 12. 28. 34 Thege
alterations significantly enhance functional recovery and cellular viability.

It should be noted that while we have used syngeneic mitochondria for both mitochondrial
injections, the source of the mitochondria is not limited to the donor. We have recently
demonstrated that there is no direct or indirect, acute or chronic alloreactivity or
allorecognition or DAMPs reaction to single or serial injections of either syngeneic or
allogeneic mitochondria.3*

In a recent study we have shown that mitochondrial transplantation is safe and efficacious
for use in humans.141> Mitochondrial isolation is a rapid process taking less than 30
minutes, conveniently done at the bed side. For clinical usage we envisage pre-CIT
mitochondrial injection to be isolated from the donor’s muscle and injected via vasculature
immediately after cross clamping the donor’s aorta. The post-CIT mitochondrial injection
would be isolated from the recipient’s muscle during heart graft implantation process.
Mitochondria would be injected after reestablishing the grafts circulation.

A limitation of our study is the use of a robust model of heterotopic heart transplantation in
which the heart was preserved in saline for 29 hours. This robust model does not provide for
analysis at shorter time points and further study in a less robust model is required using
orthotopic heart transplantation with other preservation solutions with physiologic heart
perfusion using a loaded heart preparation prior to translation to human transplantation.

In conclusion, mitochondrial transplantation provides a novel approach to prolonging CIT
for heart transplantation. Mitochondrial transplantation enhances heart graft function and
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decreases heart graft tissue injury after prolonged CIT. These early results suggest that
mitochondrial transplantation could reduce heart graft failure in the post-transplantation
period and improve transplantation outcomes after prolonged CIT thereby increasing the
heart donor pool and improving organ allocation. We speculate that mitochondrial
transplantation can be used in ex vivo heart perfusion system - both in warm and cold
perfusion systems. Mitochondrial transplantation when combined with EVHP could
potentially prolong CIT and even warm ischemia in donation from cardiocirculatory death,
decreasing ischemic injury to the graft and improving the transplantation outcomes.
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Highlights
Mitochondrial transplantation prolongs cold ischemia time to 29 hours.
Mitochondrial transplantation enhances heart graft function.

Mitochondrial transplantation decreases heart graft tissue injury.
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Fig. 1.

E)?perimental protocol. (A) C57BL/6J male mice (n = 17, 7-9 weeks) were used for all
experimental groups. Donor hearts received 1 x 108 mitochondria in 0.5 mL respiration
buffer (Mitochondria, n = 8) or 0.5 mL respiration buffer (Vehicle, n = 9) delivered
antegrade to the coronary arteries via injection to the coronary ostium using a tuberculin
syringe with a 40 G needle, 10 minutes before organ harvest. Heart grafts were then
preserved in normal saline solution containing 1% Penicillin and 1% Streptomycin at 4 °C
for 29 + 0.3 hours prior to heterotopic heart transplantation. Five minutes after
transplantation, heart grafts received a second injection of 1 x 108 mitochondria in 0.5 mL
respiration buffer (Mitochondria) or 0.5 mL respiration buffer (\Mehicle) delivered antegrade
to the coronary arteries via injection to the coronary ostium using a tuberculin syringe with a
40 G needle. Mice were allowed to recover for 24 hours, and tissue was then collected for
further analysis. Serial beating score assessment and echocardiography were obtained for
analysis. (B) C57BL/6J male mice (n = 8, 7-9 weeks) were used for sham control (Sham, n
= 4). Donor mice heart grafts were immediately transplanted with no CIT and no
mitochondrial or respiration buffer injection. Recovery and analysis were identical as
mentioned above.
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Fig. 2.
Uptake and distribution of transplanted mitochondria. 18F-Rhodamine 6G labeled

mitochondria (1 x 10° in 0.5 mL respiration) were delivered antegrade to the coronary
arteries via injection to the coronary ostium using a tuberculin syringe with a 30 G needle.
Ten minutes after the injection animals were euthanized in CO, chamber and examined
using positron emission tomography (PET) and microcomputed tomography (uCT). 18F-
Rhodamine 6G labeled mitochondria were distributed throughout the heart and were not
detectable in any other region of the body. Images are shown for (A) transverse, (B) sagittal,
(C) coronal and (D) 3D reconstructed views.
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Beating score in heart grafts at 10 minutes, 3 and 24 hours of reperfusion in Vehicle,
Mitochondria and Sham groups. Beating score was determined as; 0, no contraction; 1,
contraction barely visible or palpable; 2, obvious decrease in contraction strength, but still
contracting in a coordinated manner; rhythm disturbance; 3, strong, coordinated beat but
noticeable decrease in strength or rate; 4, strong contraction of both ventricles, regular rate.
All analysis was performed by a blinded observer. Results show significant difference in BS
between Mitochondria and Vehicle heart grafts at 24 hours of reperfusion. All values are
mean £ SEM. *P < 0.05 vs. Sham. **P < 0.05 vs. Vehicle. n = 8 for Mitochondria, 9 for

\ehicle, 4 for Sham.
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Echocardiographic analysis in heart grafts. (A) Calculated ejection fraction (EF) and (B)
shortening fraction (FS) were measured at 3 and 24 hours of reperfusion in Vehicle,
Mitochondria and Sham groups. Results show significant difference in EF and FS between
Mitochondria and Vehicle heart grafts at 3 and 24 hours of reperfusion. All values are mean
+ SEM. *P < 0.05 vs. Sham. **P < 0.05 vs. \ehicle. n = 8 for Mitochondria, 9 for Vehicle, 4
for Sham.
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Fig. 5.

Milocardial tissue injury and neutrophil infiltration at 24 hours of reperfusion. (A)
Representative H&E micrographs of heart grafts tissue sections. Tissue sections from
Mitochondria heart grafts show significantly less severe necrosis and inflammatory cells
infiltration as compared to Vehicle heart grafts. Sham heart grafts show only minimal
myocardial injury and inflammatory cells infiltration. Scale bars, 100 pm. (B)
Representative micrographs of tissue sections from heart grafts stained for myeloperoxidase
content to quantify neutrophil infiltration. Tissue sections from Mitochondria heart grafts
show decreased neutrophil infiltration as compared to Vehicle heart grafts. Tissue sections
from Sham heart grafts show no neutrophil infiltration. Scale bars, 100 pm. (C)
Representative transmission electron micrographs. Transmission electron microscopy
analysis shows similar profile in Mitochondria and Sham heart grafts, with no observed
contraction bands, while Vehicle heat grafts show contraction bands indicating myocardial
injury. Scale bars, 1 um. (D) Area of necrosis and inflammatory cells infiltration in the entire
transversal tissue sections of Vehicle, Mitochondria and Sham heart grafts. Results show
significantly less necrosis and inflammatory cells infiltration in Mitochondria heart grafts as
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compared to Vehicle. (E) Neutrophil count determined by positive myeloperoxidase staining
counted in 5 random (20x) visual fields per tissue section. Results show significantly lower
neutrophil infiltration in Mitochondria heart grafts as compared to Vehicle. All values are
mean £ SEM. *P < 0.05 vs. Sham. **P < 0.05 vs. Vehicle. n = 8 for Mitochondria, 9 for
Vehicle, 4 for Sham.
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Fig. 6.
Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) assay of

the heart grafts tissue sections at 24 hours of reperfusion to determine severity of apoptosis
in Vehicle, Mitochondria and Sham heart grafts. Twenty-seven visual fields per section at
20x were analyzed. Results show no significant difference in TUNEL positive nuclei
between Mitochondria and Vehicle heart grafts. All values are mean + SEM. *P < 0.05 vs.
Sham. **P < 0.05 vs. Vehicle. n = 8 for Mitochondria, 9 for \ehicle, 4 for Sham.
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