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a b s t r a c t

Background: Lack of techniques to assess maximal blood flow capacity thwarts the use of

rodent models of arterial insufficiency to evaluate therapies for intermittent claudication.

We evaluated femoral vein outflow (VO) in combination with stimulated muscle contrac-

tion as a potential method to assess functional hind limb arterial reserve and therapeutic

efficacy in a rodent model of subcritical limb ischemia.

Materials and methods: VO was measured with perivascular flow probes at rest and during

stimulated calf muscle contraction in young, healthy rats (Wistar Kyoto, WKY; lean Zucker

rats, LZR) and rats with cardiovascular risk factors (spontaneously hypertensive [SHR];

obese Zucker rats [OZR]) with acute and/or chronic femoral arterial occlusion. Therapeutic

efficacy was assessed by administration of Ramipril or Losartan to SHR after femoral artery

excision.

Results: VO measurement in WKY demonstrated the utility of this method to assess hind

limb perfusion at rest and during calf muscle contraction. Although application to diseased

models (OZR and SHR) demonstrated normal resting perfusion compared with contralat-

eral limbs, a significant reduction in reserve capacity was uncovered with muscle stimu-

lation. Administration of Ramipril and Losartan demonstrated significant improvement in

functional arterial reserve.

Conclusions: The results demonstrate that this novel method to assess distal limb perfusion

in small rodents with subcritical limb ischemia is sufficient to unmask perfusion deficits

not apparent at rest, detect impaired compensation in diseased animal models with risk

factors, and assess therapeutic efficacy. The approach provides a significant advance in

methods to investigate potential mechanisms and novel therapies for subcritical limb

ischemia in preclinical rodent models.
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1. Introduction

Peripheral arterial disease (PAD) of the lower extremity is a

significant and serious health problem associated with

increased morbidity, mortality, and decreased quality of life

[1,2]. It afflicts w8 million Americans [3], including w20% of

the population aged >55 y [4] and w60% of those �85 y [5,6].

Its prevalence is increasing significantly [7,8] as the popu-

lation lives longer with chronic disease and risk factors

such as diabetes. Approximately 10%e20% of the population

with PAD eventually experience pain during walking

(intermittent claudication, IC) because of arterial insuffi-

ciency or inadequate perfusion during increased metabolic

demand [5,9]. Within 10 y of diagnosis with IC, 20%e30%

progress to critical limb ischemia characterized by rest

pain or tissue loss (ulceration or gangrene) generally in the

foot. This number increases to 45%e60% if the patients are

diabetic [10].

Based on these statistics, there is widespread agreement

that PAD is a malady in need of new medical treatments.

Indeed, the development of therapies to improve function

and quality of life in all stages of PAD has been identified as a

great and unmet medical need [11]. Although multiple clin-

ical trials with critical limb ischemia patients have been

conducted in recent years, few clinical studies have focused

on the much more prevalent condition of IC. Moreover, there

is a significant lack of medications effective in relieving

symptoms and improving function in claudicants [12]. Recent

clinical reports using Ramipril and other angiotensin con-

verting enzyme inhibitors [13,14] have demonstrated the

potential of pharmacologic therapy to significantly improve

muscle function and perfusion in claudicants. Although the

results are impressive and promising, significant questions

have been raised regarding mechanisms and drug specificity

[12]. Consequently, additional studies are warranted.

Furthermore, appropriate preclinical studies could provide

important direction and insight regarding mechanisms and

novel treatments for claudicants. However, the evaluation of

potential therapeutics to improve subcritical limb ischemia

requires assessment of maximal blood flow capacity or flow

reserve and the lack of such techniques in small animal

models is a major limitation for their use in preclinical

studies [15e17].

The purpose of this study was to evaluate femoral vein

outflow (VO) in combination with stimulated muscle con-

traction as a potential method to assess functional hind limb

arterial reserve and therapeutic efficacy in a small rodent

model of subcritical limb ischemia. Distal femoral VO was

measured with ultrasound transit time perivascular flow

probes at rest and during electrically stimulated skeletal

muscle contraction to assess functional reserve capacity. We

first established the potential utility of this technique in

young, healthy rats. Then, rats with vascular risk factors and

known impairments to vascular compensation were used to

assess the ability of this technique to detect perfusion deficits

that were not apparent at rest. Finally, the ability of this

method to assess potential therapeutic efficacy was tested in

rats with risk factors that also received pharmacologic

therapy.

2. Methods

2.1. Animals

These animal studieswere approved by the IndianaUniversity

School of Medicine Institutional Animal Care and Use Com-

mittee. The animal care was in compliance with the Guide for

the Care and Use of Laboratory Animals. Only male animals

were used to minimize variability in these experiments to

assess the feasibility and utility of the VO technique.

The first series of experiments were performed in young

Wistar Kyoto rats (WKY, 8e10 wk old) obtained from Harlan

Laboratories, Inc (Indianapolis, IN) to assess the feasibility of

measuring VO, in the right hind limb 2 wk after femoral artery

ligation (ligated) and in the left limb before (nonoccluded) and

after acute clamping (acute) of the distal femoral artery (Fig. 1),

both at rest and during electrically induced calf muscle

contraction.

After establishing feasibility, the next experiments were

performed to evaluate the utility of this technique to assess

differences between the diseased models of obese Zucker rats

(OZR; Charles River Laboratories, Wilmington, MA) and retired

breeder spontaneously hypertensive rats (SHR; Harlan Labora-

tories Inc) comparedwith lean, normotensive control rats (lean

Zucker rats [LZR]). TheOZRandSHRwere selectedbecause they

are the most common rat strains used in studies of hind limb

ischemia [18e31] and have disorders typically associated with

vasculardisease inhumans.Weused femoral artery excision in

these animals as most previous studies in these strains have

used this method to induce arterial insufficiency. In these ani-

mals, VOwasmeasured in both left and right hind limbs at rest

and during electrically induced calf muscle contraction, 2 wk

after right femoral artery excision (excised). In the left limb, the

measurements were made before (nonoccluded) and after

acute (acute) clamping of the distal femoral artery (Fig. 1).

The final set of rat experiments was conducted to evaluate

the ability of the VO technique to assess the efficacy of po-

tential therapies. SHR were treated with renineangiotensin

system suppressing agents because this class of drug has been

shown to provide remarkable benefit to human claudicants

with vascular risk factors including hypertension [13] and has

demonstrated similar effects in prior rodent studies [28,32].

Treatment was initiated 2 wk after femoral artery excision,

and VOwasmeasured in the right hind limb of SHR 2-wk later

(4 wk after excision).

Finally, acute studies were performed in mice to evaluate

the potential application of VO studies during skeletal muscle

stimulation in this species. Adult C57BL/6 mice aged �12 wk

were obtained from an established colony.

2.2. Model creation of arterial insufficiency

2.2.1. Femoral artery ligation in rats
In the initial studies to develop the protocol for the VOmethod

and test the feasibility of unmasking a perfusion deficit with

electrically stimulated skeletal muscle contraction, a single

ligation of the femoral artery was performed in WKY rats.

After induction of anesthesia with isoflurane, a transverse

j o u r n a l o f s u r g i c a l r e s e a r c h 2 0 1 ( 2 0 1 6 ) 1 7 0e1 8 0 171

http://dx.doi.org/10.1016/j.jss.2015.10.033
http://dx.doi.org/10.1016/j.jss.2015.10.033


Download	English	Version:

https://daneshyari.com/en/article/6253343

Download	Persian	Version:

https://daneshyari.com/article/6253343

Daneshyari.com

https://daneshyari.com/en/article/6253343
https://daneshyari.com/article/6253343
https://daneshyari.com/

