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Abstract

Background—Obesity is a major risk factor for the development of diabetes. Limb ischemia

reperfusion injury (IR) is a common clinical problem in diabetics who have compromised lower

extremity perfusion. This study compared the histologic, metabolic and functional outcomes

following hindlimb IR in diet-induced obese(DIO) and non-diabetic (ND) mice during the acute

and the regenerative phases of IR.

Methods—DIO and ND mice were subjected to 1.5hrs unilateral hindlimb ischemia followed by

1 or 28 days IR. Muscle morphology, metabolic and genomic stress was evaluated at day 1 and 28

IR; Acute inflammation and thrombosis were only measured at day 1 IR. At day 28 IR, skeletal

muscle contractility and maturation was also assessed.

Results—At day 1 IR, similar levels of acute muscle fiber necrosis were seen in both groups.

DIO mice demonstrated substantially greater inflammatory, pro-thrombotic, and genomic stress

responses which were also associated with a greater reduction in energy substrates and Akt
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phosphorylation. At 28 days, there was no difference in the peak forces generated in the hindlimbs

for the two groups. DIO mice had reduced fatigue resistance compared to ND and larger areas of

fat accumulation even though there was no significant difference in muscle fiber maturation.

Conclusion—DIO mice had an exacerbated acute response to IR with enhanced metabolic

deficit, fat accumulation and defective functional recovery during the regenerative phase of IR.

These changes in fatigue resistance reflect compromised functional recovery following IR injury

and have relevance for the functional recovery of patients with metabolic syndrome and insulin

resistance.
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Introduction

Obesity and insulin resistance continue to increase worldwide and are considered to be the

leading cause for developing Type II diabetes which is a risk factor for the development of

peripheral arterial disease(1). Acute skeletal muscle ischemia-reperfusion injury (IR)

frequently occurs in many clinical scenarios including lower extremity arterial disease,

surgical interventions, circulatory shock and trauma. Advances in medical management

through thrombolytic therapy or direct operative interventions improved limb salvage and

functional recovery rates in most patients except for diabetics (1–4). Successful muscle

regeneration following IR, is comprised of a degeneration phase, that include necrosis and

inflammatory response aimed at removing damaged myofibers followed by a regenerative

phase manifested by mobilization of the normally quiescent satellite cells. The satellite cells

proliferate and migrate to the site of fiber injury, then fuse and differentiate to form new

myofibers(5). However, compromised muscle regeneration in the context of diseased

condition such as aging or diabetes may lead to impaired healing, permanent loss of muscle

mass, and functional deficiency. Pathologically, normal muscle regeneration can be

hampered by persistent and robust inflammation followed by fibrosis and significant lipid

accumulation (6–8). Obesity or metabolic syndrome plays a significant in the development

of type II diabetes and cardiovascular disease and the associated comorbidity (9–13).

Recently, experimental model of diet-induced obesity and insulin resistance has been

developed to study type II diabetes as an alternative to the genetically-manipulated animal

models. This is accomplished by feeding rodents diet containing 40–60% fat for at least 8

weeks. However, this model presents insulin resistance without pancreatic beta cell failure,

which can be compensated by a marked beta cell proliferation (14, 15). This study was

designed to evaluate the effect of the metabolic syndrome and insulin resistance on skeletal

muscle acute and regenerative response following IR in DIO mice induced by prolonged

high fat diet compared to ND mice.
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Materials and Methods

Animal Protocol

Animal care and experimental procedures were in compliance with the “Principal of

Laboratory Animal Care” (Guide for the Care and Use of Laboratory Animals, National

Institutes of Health publication 86-23, 1985) and approved by the Institutional Review

Committee. Age matched C57BL6 male mice acquired from Jackson Laboratory (Bar

Harbor, ME) after being fed either 10%kcal fat diet (ND, n=13) or 60%kcal high fat diet

(DIO, n=12) for 26 weeks. The DIO mice were characterized to be obese and have glucose

intolerance, and moderate hyperinsulinemia, hyperglycemia and hyperlipidemia. A hind

limb murine ischemia-reperfusion model (IR) was created as previously described (16).

Briefly, following anesthesia, a calibrated rubber band was applied to the hind limb to

induce 1.5 hours of ischemia and then removed to initiate reperfusion. At the end of 1 day or

28 days reperfusion, hindlimbs perfusion was documented with laser Doppler imaging and

the ratio of the injured to the non-injured contralateral hindlimb perfusion was calculated.

DIO (n=6) and ND (n=6) Sham mice from each group subjected to anesthesia alone were

used as baseline controls. Mice were sacrificed and hindlimb tissues were collected and

were fixed with Paraformaldehyde and imbedded in acrylic or paraffin for histologic

analysis or immediately frozen in liquid nitrogen and stored at −80°C until analyzed. A

separate group of DIO (n=12) and ND (n=12) mice were subjected to 1.5 hours ischemia

and 28 days reperfusion or sham conditions followed by direct muscle electrical stimulation

to study hindlimb function under sham condition or after 28 days reperfusion as described

below.

Histology and morphometric analysis: to determine changes in muscle fiber morphology,

2µm thick acrylic imbedded cross sections taken at 1 day after IR from the middle portion of

the tibialis anterior (TA) muscle. The muscle sections were stained with Mason’s trichrome.

Randomized 200× magnification digital images were recorded and examined by blinded

observer as previously described(17). In the acute IR groups the injured and non-injured

muscle fibers were sorted and expressed as a percent of the total number of fibers counted

per field as previously described(18). In the 28 days groups, evidence of skeletal muscle

fiber maturation in the TA muscle was evaluated by measuring the averages of muscle fiber

cross sectional area (CSA), and adipocytes area in addition to counting the number of fibers

presenting central nucleus as an indication of muscle fibers regeneration as has been

described before (19). H&E or Oil Red O staining was performed on 2µm acrylic imbedded

cross section or 8µm frozen section from each TA muscle. A minimum of ten randomized

high power fields from each muscle cross section were evaluated by a blinded reviewer.

Local Markers of Inflammation

Selected markers of inflammation were measured in solubilized proteins obtained from

hindlimb muscle after 1 day IR using quantitative sandwich enzyme immunoassays for the

CXC chemokine, Keratinocyte Chemoattractant Protein (KC, (R&D Systems, Minneapolis,

MN), and myeloperoxidase (mouse MPO; Cell Sciences, Canton, MA).
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Assessment of Neutrophil Granulocytes Infiltration

5µm cross sections taken from the mid part of paraffin imbedded TA muscles were

deparaffinized and rehydrated according to standard protocols. Sections were subjected to

immunohistochemistry using monoclonal rat anti-mouse Ly6B.2 IgG (1:1000 dilutions,

MCA771GA, AbD Serotec) over night at 4°C. The antibody recognizes the 40kDa

alloantigen expressed by polymorphonuclear cells. Sections were then incubated with rabbit

anti-rat biotinylated secondary antibody (1:300 dilutions, Vector laboratories) for 20 minutes

followed by incubation with ABC complex (Vector Laboratories) for 30 minutes. The signal

was visualized by reacting the 3,3'-Diaminobenzidine chromogenic substrate (DAB solution,

Vector Laboratories). The average numbers of positive cells per slide were counted by a

blinded reviewer in ten randomized fields obtained from each section at 200× magnification.

Muscle Adenosine Triphosphate (ATP) Quantification

ATP levels were measured using the ATPlite luminescence assay (PerkinElmer Life,

Boston, MA) following the manufacturer’s instructions as previously described (20). Protein

concentrations were measured in the precipitates after acid neutralization and protein

extraction. ATP levels were expressed as nanomoles per mg of total protein level.

Assessment of poly(ADP)-Ribosylated proteins and phosphorylated-Akt

50–100 µg total protein isolated from each hind-limb tissue using RIPA buffer supplemented

with phosphates and protease inhibitors cocktail. The protein samples were mixed with an

equal volume of Laemmli sample buffer, boiled for 5 min, loaded onto Tris-HCl-SDS gel

and subjected to electrophoresis and electro-blotting transfer. PARP activity was assessed by

western blotting, for the level of solubilized poly(ADP)-ribosylated proteins (PAR) using

monoclonal anti-poly(ADP)-Ribose moiety antibody at 1:2000 (Tulip Biolabs, West Point,

PA), as previously described(18). To assess Akt pathway activity, western blot membranes

were probed with polyclonal antibodies specific for phosphorylated Serine-473 of the Akt

proteins (pS473-Akt, 1:1000 dilutions, Cell Signaling). The specific band integrated density

values were measured using the imaging system software which then normalized to the

bands densities visualized after staining the membrane with Ponceau S.

Measurement of GAPDH Activity

GAPDH activity was evaluated on hindlimb muscle tissue extracts else were normalized to

total protein and expressed as unit/2 mg protein as has been described(18).

Direct Muscle Electrical Stimulation

Hindlimb muscle contractile forces were determined as has been previously described (21).

In brief, mice were anesthetized with 40–50mg/kg Pentobarbital and maintained at 37°C

using radiant heat. The sciatic nerve was severed to prevent retrograde stimulation. The leg

was immobilized with 4-0 silk suture binding the tibia to a stainless steel metal rod mounted

on a platform. The third metatarsal was sutured to a TSD 105A force transducer (Biopac

Systems) using 4-0 silk. Two Grass E2 platinum subdermal needle electrodes were placed

through the Gastrocnemius muscle at a separation distance of 5 mm. Five-volts square

waves pulses with duration of 5 ms were delivered at intervals of 500 ms through the
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electrodes using STM100C (Biopac Systems). The animals were stimulated for 10 min.

Tension from the force transducer was recorded with DA100C system and plotted using a

UM100A and MP150 system with Acknowledge software (Biopac Systems). Peak force and

fatigue force after 10 min of stimulation were measured. Sham animals subjected to

anesthesia alone were used for baseline values to which the IR groups were compared.

Statistical analysis

Statistical analysis was performed with Instat (Graph pad, San Diego, CA) using parametric

or non-parametric unpaired t-test or ANOVA. The results are expressed as the average ±

standard error of the mean.

Results

Assessment of hind limb perfusion and acute muscle fiber injury following IR

Representative histology images of the reperfused skeletal muscle from ND and DIO groups

are shown in Fig 1 images A and B, respectively. There was no difference in the hind limb

perfusion ratios between ND and DIO groups at day 1 following IR (Table 1). Similarly, TA

muscle of ND and DIO mice subjected to hindlimb IR revealed no significant difference in

the percentage of injured muscle fibers between the two groups at day 1 (Table 1). These

data suggest that diet-induced obesity neither alters tissue perfusion nor affects acute muscle

fiber ischemic injury during the degenerative phase of IR.

Assessment of the inflammatory response during acute IR

Proinflammatory CXC chemoattractant, KC and MPO in the hindlimb muscle tissue protein

extracts from ND and DIO mice were quantified. There were significantly higher levels of

KC and MPO at day 1 after IR (KC: P=0.008 and MPO: P=0.0013, Table 1). These findings

suggest that diet-induced obesity led to a state of greater inflammatory response compared to

ND group. To further explore whether these differences correlated with the degree of

leukocyte infiltration, the tissue sections were stained for the marker of Neutrophils, Ly6b

and positive cells were counted (Fig 1. Images C and D). This analysis showed significantly

higher infiltrating neutrophil granulocytes into the endomysium and perimysium of the DIO

skeletal muscle compared to ND at day 1 following IR (P=0.00017, Table 1) indicating,

increased neutrophil recruitment to the injured muscle. To determine whether this increased

inflammatory responses will possibly be associated with increased markers of thrombosis,

we quantified the level of thrombin-antithrombin III complex (TAT III) formation in the

hind limb tissues following IR. This analysis revealed significantly higher TAT III levels in

the DIO mice compared to ND (P=0.0005. Table 1) suggesting a higher prothrombotic

milieu in the DIO tissue after acute injury.

Assessment of Metabolic and Genomic stress responses following IR

To evaluate the state of muscle fiber metabolic activity in response to IR injury between the

two groups, the steady state levels of the energy substrate ATP was measured. ATP levels

were measured in the hindlimb muscle at day 1 and 28 days following IR as well as in sham

mice in both groups. The DIO sham mice muscle contained significantly less ATP substrate

compared to ND group (ND Sham: 17.5±1.5, DIO Sham: 9.6±2.5 nmol/mg protein,
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p=0.022) thus the results for the 1 and 28 Day IR were then normalized to their respective

sham samples and expressed as percent sham. ATP levels fell to 30% of sham levels in the

muscle from the ND group and to 36% in the DIO mice indicating lower available energy

source in the obese mice (ATP 1 day; ND: 29.73±3.3 vs. DIO: 3.8±1.2 percent sham,

P<0.01, Fig. 2). After 28 days IR the ATP levels in the ND mice recovered to baseline while

the DIO mice showed significantly lower percent of ATP compared to ND (ND 28 Days IR:

119.3±9.9, DIO 28 Days IR: 75.7±6.7 sham. p<0.001, Fig. 2). As a further measure of

metabolic stress, GAPDH activity was measured revealing similar levels under sham

condition in the two groups (ND Sham: 0.93±0.03, DIO Sham: 1.0±0.04 U/2mg total

protein. p=0.238, Fig. 3). However GAPDH activity dropped significantly lower after 1 day

IR in the DIO mice compared to ND (ND: 0.18±0.028 vs. DIO: 0.069±0.008 Unit/2mg

protein. p<0.01, Fig. 3). In contrast by 28 days following IR, GAPDH activity recovered

close to sham levels in both groups but was significantly higher in the DIO group (ND:

0.79±0.016 vs. DIO: 0.98±0.02 U/2mg total protein. p<0.001, Fig. 3).

Since PARP activation has been associated with cellular stress and metabolic substrate

depletion in response to several pathologic conditions including IR (20, 22), PARP activity

at day 1 and day 28 following IR were measured. Analysis of tissue protein extracts revealed

higher levels of poly(ADP)-Ribosylated proteins in the DIO group compared to the ND

group at day 1 (ND: 3.05±0.5 vs. DIO: 4.97±0.39, AU, P<0.01) and at day 28 (ND:

2.08±0.13, DIO: 3.17±0.42 AU, p<0.01) following IR, indicating higher PARP activity (Fig.

4).

Assessment of Akt pathway activity following IR

There was no difference in Akt phosphorylation (pS473-Akt) under sham condition between

the two groups (ND: 11.18±1.8 vs. DIO: 11.15±1.19. p=0.99). However, significantly lower

Akt phosphorylation was detected in the DIO group at day 1 (1 Day IR, ND: 7.8±1.7 vs.

DIO: 4.2±0.2 AU. P<0.01) and day 28 (28 Days IR, ND: 6.8±0.60 vs. DIO: 4.5±0.3 AU

p<0.01) following IR (Fig. 5A and 5B).

Skeletal muscle fiber regeneration following IR

Histologic evaluation of skeletal muscle tissue during the regenerative phase of reperfusion

injury (28 days following IR) revealed greater fat accumulation in the DIO mice (P=0.005,

Fig. 6 and Table 2) and significantly lower percent of fibers presented with centrally located

nuclei (P=0.0026, Table 2). Furthermore, a comparison of the average skeletal muscle fiber

cross sectional area in the DIO mice compared to ND revealed marginally higher average

cross sectional area in the DIO mice but the data did not reach statistical significance

(P=0.69, Table 2). These results suggest that the regenerative phase of IR in DIO mice

diverges to favor greater non-contractile fat accumulation in the injured tissues.

Skeletal muscle contractility during the regenerative phase of IR

There was no difference in the measured peak and fatigue forces between the DIO and ND

sham mice (Sham peak Force: ND; 160.8±4.6 vs. DIO; 148.0±10.8 grams, p=0.25) (Sham

fatigue Force: ND; 53.1±7.4 vs. DIO; 50.4±1.8 grams. P=0.78) as assessed by hind limb

direct muscle stimulation. The peak forces generated after IR were significantly lower than
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the respective sham mice in both groups by ~50% lower indicating that the mice still did not

fully recover its potential contractile force strength after 28 days IR. Measurements of the

average peak forces in ND and DIO mice at 28 days following IR were not different (ND:

84.152±2.5, DIO: 84.35±3.46 grams. p=0.96, Fig. 7). However, the fatigued forces toward

the end of the 10 minutes stimulation period were significantly lower in the DIO mice

compared to ND group (ND: 47.4±5.68, DIO: 24.24±6.19 grams. p=0.022, Fig. 7).

Discussion

Skeletal muscle regeneration and functional recovery are important components of the limb

salvage following revascularization procedures in type 2 diabetic patients. Since studying

the early stages of diabetes and the ensuing morbidities is difficult in humans, investigators

have utilized animal models of diet-induced obesity to replicate the condition of insulin

resistance and metabolic syndrome observed in human type II diabetics(23). In this study we

investigated the effect of diet-induced obesity on the acute and regenerative phase of hind

limb ischemia reperfusion injury in mice that were fed high fat diet (24). Our findings

indicate a substantially greater degree of inflammation and metabolic derangement along

with evidence of exacerbated genomic stress associated with diet-induced obesity. Despite

this, we found a similar degree of skeletal muscle fiber injury in the hind limb muscle of

both groups during the acute phase of reperfusion. There was a more profound reduction in

tissue ATP levels in addition to reduced GAPDH and Akt pathway activities after 1 day IR

as compared to ND mice. The decrease in GAPDH activity was association with an increase

in PARP activity and enhanced ATP depletion in skeletal muscle of DIO mice. We

hypothesize that the DIO mice had increased oxidative stress during acute reperfusion. This

stress could incite the activation of the nuclear enzymes, poly(ADP)-Ribose polymerases

(PARPs) which leads to depletion of NAD+, thereby slowing the rate of glycolysis and the

activity of the electron transport system, and thus ATP formation. In addition, we have

reported that PARP activity can poly(ADP)ribosylate GAPDH as a form of post-

translational modification and inhibit its activity after acute hind limb IR in Db/Db

mice(18), which was also confirmed in different tissues and reviewed by other investigators

(25–27). In the second part of this study we focused on the regenerative phase of IR injury,

by comparing histologic indices of skeletal muscle fiber maturation and markers of

functional recovery following hind limb ischemia in DIO and ND mice. Skeletal muscle

fibers are multinucleated cells within a continuous cytoplasm that are able to replicate

following a variety of different injuries through a complicated process that involves the

fusion and differentiation of mononucleated precursor cells, derived primarily from satellite

cells. Several studies of skeletal muscle regeneration have used different models of injury,

including myotoxic agents. However, recent literature demonstrated that acute IR injury in

mice induces more detrimental effects on skeletal muscle than cardiotoxin injury and causes

long-term delayed recovery (28, 29). Our results revealed marginal differences in the

histologic indices of muscle fiber maturation during the regenerative phase of IR with a

slight increase in muscle fiber cross-sectional area and fewer fibers presenting with centrally

located nuclei in the DIO mice compared to ND mice. One possible explanation for the lack

of histologic differences is that the degree of metabolic syndrome in these mice may not

have been severe enough to cause marked structural changes and impair regenerative
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capacity after IR injury. This finding is in agreement with what has been reported in leptin-

deficient mice (Db/Db and Ob/Ob strains) subjected to cardiotoxin muscle injury. These

mice had impaired muscle regeneration compared to high-fat-diet mice (29). It may be

necessary to feed the mice a diet that contains high glucose in addition to high fat. It has

been shown that mice on a diet high in fat and fructose had impaired angiogenic response in

the hind limb following ligation of the femoral artery (30). Another possible explanation for

the similarity in the degree of muscle fiber injury and muscle regeneration is that the degree

of ischemic insult could have been too mild. A longer duration of ischemia (i.e. >1.5 hours)

might be needed to reveal significant histologic effects in this model. Additional findings in

this study revealed that regenerating muscle of DIO mice contained larger areas of fat

accumulation compared to ND group with persistently marked decrease in the steady sate

level of muscle ATP and Akt activity with increased PARP activity compared 28 days

following IR. The link between the intra-muscular lipid accumulation and impaired glucose

intolerance and insulin resistance and the resulting oxidative stress and metabolic

derangement has been established for diabetic patients (31–35). The mechanism by which

lipid accumulation in the muscle induces insulin resistance is still under investigation.

Studies used cultured myotubes from humans suggest that reduced muscle fiber oxidative

capacity results in failure to oxidize lipid intermediates to generate free fatty acids (36, 37).

The serine-threonine protein kinase Akt pathway or protein kinase B is an important

downstream mediator of the insulin receptor pathway for the maintenance of glucose

homeostasis, and plays a central role in maintaining insulin sensitivity in humans (38).

Detecting changes in Akt phosphorylation in the pS473 and pT308 sites has been used to

gauge Akt pathway signaling and changes in insulin sensitivity (39, 40). Our results showed

no difference in the baseline levels of Akt phosphorylation between the two groups.

However, Akt pathway signaling is reduced during the acute phase of IR and starts to

recover to the sham levels during the regenerative phase of IR. pS473-Akt was relatively

low during both the acute and regenerative phase in the DIO mice compared to the ND mice.

These data are in agreement with a previous report that muscle damage enhances local

insulin resistance by compromising IRS-1 and PI3-Akt pathway activity in humans (41).

Other investigators reported that high fat diet impaired PI3K/Akt signaling in rat liver (42).

These findings prompted us to undertake an analysis of hind limb contractile function using

direct muscle stimulation. Results revealed that the DIO condition had no influence on the

contractile capacity of the hind limb in non-injured sham mice. These results are in

agreement with observations that DIO have impaired oxidative capacity that is insufficient

to impact muscle contractility compared to ND mice(43). However, following IR the DIO

mice had similar peak forces but experienced reduced fatigue resistance at the end of the

stimulation period. These findings that DIO mice have similar contractile machinery but due

to the metabolic dysfunction and insulin resistance they were not able to maintain adequate

force in the long-term compared to ND mice. It has been established that aged diabetic

patients experience decreased muscle function and quality of life (44, 45). This data is

consistent with our histologic and molecular findings in the DIO, where we found

concomitant decrease in muscle ATP, reduced PI3-Akt activity, increased PARP activity

and lipid accumulation.
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Conclusion

Our findings suggest that diet-induced obesity affects the degenerative phase following IR,

setting a course for exacerbated intramuscular fat accumulation and local insulin resistance.

In the long term, these effects cause further local metabolic derangement and decreased

fatigue resistance in the affected muscles. Detailed studies aimed at investigating the

mechanisms responsible for enhanced muscle insulin resistance, altered muscle regeneration

and functional recovery in diet induced obesity following IR is warranted. This will help to

identify molecular targets for therapeutic interventions to enhance functional recover in

diabetic patients recovering from acute or chronic limb ischemia/reperfusion.
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Figure 1. Histologic assessment of hind limb acute muscle fiber injury and neutrophil infiltration
following acute IR
Images A and B are mason trichrome stained TA muscle cross sections taken from DIO or

ND mice respectively obtained 24 hours following IR. Black arrows indicate injured skeletal

muscle fibers in each field. Images C and D are Ly6B positive neutrophils (red arrow) in the

TA muscle, taken from DIO and ND mice respectively. There was no difference in the

average number acute of injured fiber between the two groups; however we identified

markedly more infiltrating neutrophil granulocytes in the DIO muscles 24 hours after IR.
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Figure 2. Skeletal muscle ATP levels
There significantly lower ATP percent in DIO mice after 1 day (* p P<0.01, n=6–7) and 28

days (**p<0.001, n=6) following IR compared to ND. ATP levels recovered to baseline

sham levels in the ND group after 28 days IR while remained at 75 percent of sham levels in

the DIO mice.
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Figure 3. Skeletal muscle GAPDH activity following IR
There was no difference in GAPDH activity in the sham groups however after 1 day IR

(n=6), GAPDH activity was significantly lower in the DIO mice (*p<0.01, n=6–7). In

contrast, by 28 days IR GAPDH activity was significantly higher in the DIO group (**

p<0.001, n=6).
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Figure 4. Skeletal muscle PARP activity under sham conditions and following IR
PARP activity was evaluated by comparing the levels of poly(ADP)-Ribosylated proteins.

There was no significant difference in the levels of poly(ADP)-Ribosylated proteins under in

sham muscle protein extract. However, the levels of poly ADP ribosylated proteins was

significantly higher at 1 (n=6–7) and 28 days (n=6) following IR (*,** p<0.01).
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Figure 5. A. Representative western blot image for phosphorylated-S473-Akt in soluble skeletal
muscle protein samples obtained at 1 and 28 days following IR. B. Assessment of Akt pathway
activity at 1 and 28 days following IR
There was no difference in phosphorylated Serine 473-Akt under sham condition. However

by 1 and 28 days after IR there was significantly lower pS473 expression in the DIO mice or

28 days following IR compared to ND (*,** p<0.01, n=6–7).
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Figure 6. Histologic evaluation of skeletal muscle regeneration following IR
Representative images of regenerating TA muscle cross section obtained 28 days after IR.

Images A and B are 200× H & E stained muscle from ND and DIO respectively.

Regenerating myofibers present centrally localized nuclei. Green arrows indicate

intramuscular adipocytes. There was significantly less centrally nucleated fibers and higher

fat area measured in the DIO group compared to ND. Images C and D are 100× Oil Red O

stained frozen TA muscle cross sections from ND and DIO mice respectively. Black arrows

indicate fat accumulated between the myofibers. There is more extensive Oil Red O staining

observed in the DIO muscle cross sections compared to ND indicating more fat

accumulation in the tissue 28 days after IR.
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Figure 7. Assessment of hind limb function by direct muscle electrical stimulation
The acquired peak forces were similar in the two groups. However, the DIO mice generated

significantly lower contractile forces at the end of the 10 minutes stimulation period

compared to ND group indicating worsened fatigue contractile response (* p=0.022, n=6).
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Table 1

Day 1 data summary for the hind limb perfusion, acute muscle fiber injury and markers of inflammation and

thrombosis obtained 1 day following IR.

DIO Day1 (n=6) ND Day1 (n=7) P value

Perfusion Ratio 1.47±0.09 1.27±0.12 P=0.43

% Injured Fibers 23.2±2.9 22.3±2.6 P=0.8

KC (pg/mg) 52.96±18.43 18.59±3.01 * p=0.008

MPO ng/mg 29.42±0.83 19.41±2.03 * p=0.0013

Neutrophils cell/hpf 56.78±4.51 24.41±3.73 * p=0.00017

TAT III (ng/mg) 0.195±0.009 0.117±0.012 * p=0.0005
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Table 2

Data summary for hind limb perfusion ratio, markers of skeletal muscle fibers regeneration and cross sectional

area (CSA) obtained at 28 days following IR.

DIO Day28 (n=6) ND Day28 (n=6) P value

Perfusion Ratio 0.860±0.082 0.859±0.087 NS

Average Fat Area µm2 8589.2±1314.6 2987.3±849.6 P=0.005

% Central Nuclei 72.8±2 81.6±0.9 P=0.0026

Fiber CSA µm2 1347.8±258.7 1097.6±68 0.69
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