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ABSTRACT: Conditions that produce ischemia and reperfusion injury include orthopedic surgeries,
vascular diseases and accidents in remote places in which use of a manual tourniquet is required.
Tissues under such stress suffer the consequences of evidenced by changes in their normal microscopic
organization that can be reversible or irreversible according to the time and severity of lesion. An
experimental model of ischemia has been designed taking into account the characteristics similar to a
surgical procedure, from preparation for anesthesia up to the postsurgical follow up of each animal
until it finishes the established time of reperfusion. Two muscles, soleus and extensor carpi radialis
longus, dissected from Wistar rats that were underwent to short periods of ischemia and short and
prolonged periods of reperfusion up to 32 days. There were no significant changes in the macroscopic
weight of muscles, but significant differences were found in the area occupied by intramuscular
extracellular matrix. During reperfusion, a partial recovery was observed until the last day of study.

If we pretend to extrapolate these results to clinical areas, its importance focuses in the recovering of
function and the following up of patients after surgical procedures as studied in the present experiment.
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INTRODUCTION research in order to perform histological,
The technique of induced ischemia by usingphysiological and pharmacological analysis in
a pneumatic tourniquet has been widely usedxidative and glycolytic fibers.
in animal models, especially in rat, mouse and According to the type of investigation to
rabbit. This procedure is quite similar to thecarry out, a manual tourniquet with simple
technique applied in surgical practice andmaterials may be used (Soughal, 2009).
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However, if precise control of pressure toinjury, similar to a surgical procedure in clinical
generate ischemia is required, it is importantaireas, and to describe changes in soleus and
to select proper material to use it in the processxtensor carpi radialis longus in their
of designing and preparation of the tourniquetntramuscular extracellular matrix by using
in the laboratory. That must be a cuff with aGomori’s trichrome stain.
correct length and diameter for the animal,
which can be adapted to a source of MATERIALS AND METHODS
insufflations and a manometer. Animals and experimental design

One of the main complications of orthopedic  Forty two (42) male Wistar rats were used in
surgery with the use of a pneumatic tourniquethis study. The animals were obtained of the
is the thrombo-embolism, especially if a patientsivarium of Universidad del Valle, which
is having the risk factors. The protocol beforeaccomplishes requirements established in
putting the tourniquet includes the national and international guidance for the care
ex-sanguination technique, that was performednd use of animals for experimental research.
manually by elevating the arm 90° or the legThe ethics committee of Universidad del Valle
45° for five minutes, or by using a sterile elasticauthorized the procedures carried out in this
ex-sanguination tourniquet. However, someyork, taking into account recommendations of
local and systemic complications werethe manual for the appropriated used of animal
reported in both the methods (Beihal, 2015; models of the Faculty (Act 001-2011).
Feldmaret al, 2015; Wakaegt al, 2001). The rats were housed in the cages and were

A practical method to ensure a completeprovided with food and wated libitum,as well
ischemia is to apply the systolic pressure abovas control of temperature, humidity and light of
75-100 mm Hg (Estebet al, 2011). An the room during day and night.
essential aspect of that method is that the The experimental design consisted by three
investigator must be sure that the occlusiophases. In phase | (the surgical phase), the rats
covers the arterial and venous circulation tavere randomly distributed into 20 experimental
avoid edema formation due to vasculargroups and one control group (two animals in
congestion. However, the skin, muscles, nervesach group). The pneumatic tourniquets were
and vessels present in the lesions show amsed and as per requirement during the study
asymmetric distribution, not only due to theperiod. The rules followed in operating rooms
induced ischemia, but also because of thevere applied during the experiment and this
mechanical pressure created under the cuff.phase ended with performing euthanasia of

Ischemia and reperfusion injury areanimals. During Phase Il, both muscles were
common surgical conditions still today. In thedissected and were processed in laboratory for
last decade, many study reports related withistochemical stain. Phase |l consisted
these aspects were published, though none aforphometric analysis and recording of results.
those researches presented a complete
description of the procedure. To fulfill that Phase 1 (Surgical Phase)
need, the present study was conducted. The This phase had three sub-phases: pre-surgical,
objective of this study was to establish anrans-surgical and post-surgical. These surgeries
animal model of ischemia and reperfusionwere classified as minor/non-invasive, according
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Table 1. Procedure for Gomori’s trichrome stain.

Solution Reactive Amount | Procedures Stain

Harris's Kept in the solution

Hematoxylin for 5 minutes.Washed 3
times with distilled
water.

Trichrome Fast green 0.3gr All the chemicals | Kept 20 minutes in

were mixed and trichrome solution.Then
shaken before use immersed twice in glacial
acetic acid 2%.

Chromotrope 2R | 0.6 gr

Phosphotungstic | 0-39r Dehydrated in alcohol
acid 95% twice for 2 minutes
each. Then in 100%
alcohol twice for 2
minutes each. Placed in
xylene twice quickly.
Glacial acetic acid| 1 ml Results:
Connective tissue: Green
Distilled water 100 mi Muscle fibers: Red

to the veterinary guidelines for anesthetic riskexperimental groups of three hours of ischemia
based on the Physical Status Classificatiomnd the same periods of reperfusion. Two
System _Of _the American Society _Of animals were kept to each group, following the
Anesthesiologists (Muir 2007). In pre-surgicalconcept of reduction, according to the guiding
sub-phase, there was a one-control group, whigbrinciples for ethical use of animals in testing
showed normal characteristics of musclegFranco and Olsson 2014).

(Fig. 2). There were a total of 10 experimental The anesthesia was performed first as an
groups of ischemia of one hour and reperfusioinduction of isofluorane 100%
of zero hour, one hour, 16 hours, 24 hours, 4§SOFLUORANO USP® - Baxter) through
hours, 96 hours (4 days), 192 hours (8 days)nhalation keeping the rat inside a glass
384 (hours), 576 hours (24 days) and 768 houishamber. Then, to maintain the anesthetic
(32 days). In the same way, there were 1@ondition, injection of pento-barbital
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Table 2. Acquisition parameters of images. longus. The dissection was performed within

15 minutes to as it is required to perform

Parameter 10x enzymatic histochemistry techniques

Exposure to light Automatic afterwards (Dubowitzt al.,1973). Weight of

Manual adjustment of light Low each muscle was measured in an electronic

Bright 50% scale.

Saturation 1.1 Each sample obtained after dissection was

Gamma 0.7 added with Tissue Tek (O.C.T.), then put in
isopentane (2-metylbutane 99.5%) for one

(Penthal® - INVET 64.8 mg/ml) was given minute and afterwards in liquid nitrogen for
intraperitoneally. No premedication and no3-4 minutes. These samples were finally stored
avoidance of food and water were performedat -70°C.
before surgery. Each section of muscle was cut by using a
The trans-surgical phase began with the uskeezing microtome at a temperature of -20°C
of the pneumatic tourniquet (Fig. 1). This stepbefore study. Each cut was placed in ionized
was designed as a part of the present researdiides for adequate adherence. Each slide
The measurements to construct the tourniquetontained six to eight cuts. The quality and
were 14 cm X 4 cm. It was covered with a clothcorrect orientation of tissues were observed by
of Kodraand. A center was made of a synthetihbematoxylin and eosin stain. After that,
material. A belt of adhesive material was adde€Gomori’strichrome stain was performed
in order to fix the dispositive to the limb of the (Table 1). Gomori'strichrome stain is a
rat. Besides, the center was connected with twoonventional histochemical technique useful to
hoses of 9 cm length. One of them was irobserve the intramuscular extracellular matrix
contact with a conventional manometer, and theisible in a green contrast. The muscle fibers
other one with a source of insufflations and aappeared red or more intense. The abnormal
valve for the control of the amount of air andvesicles in the cytoplasm stain reddish
pressure to create ischemia (Esteta, 2011).  (Sanoudotet al, 2006).

Two tourniquets were used in the total Normal characteristics of skeletal striated
system. One was put around the right upper limmuscle tissue (Fig. 2) included hexagonal fibers
to induce ischemia during one hour or threewith peripheral nuclei, surrounded by a loose
hours in the extensor carpi radialis longus, andonnective tissue (endomysium). Muscle
the other tourniquet was used to put it abovéascicles surrounded by a dense connective
the left hind limb to induce an ischemictissue formed perimysium, that lead to
condition of one hour or three hours in theassociation of groups to form the muscle, which
soleus muscle (Fig. 1). These tourniquets were/as surrounded by a dense connective tissue,
kept contra-laterally in order to avoid a vasculaepimysium.
decompensation (Mendoza 2002).

Phase Ill (Image analysis)
Phase Il (Processing of samples) The acquisition of image was made in 10x
This phase began with dissection of themagnification, by using a microscope Leica
muscles, soleus and extensor carpi radialiBM750 adapted to a digital camera DFC295
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Fig. 1. Surgical phase, induced ischemia of one and three hours. A. Two pneumatic tourniquets were
put to the animal, one in the right upper limb and the other in the left hind limb. B. The position of the
tourniquet in the upper right limb for ischemia in the extensor carpi radialis longus. C. The pressure

was up to 250 mm Hg. D. The position of the tourniquet in left hind limb. The periods of reperfusion
were of zero hour, one hour, 16 hours, 24 hours, 2 days, 4 days, 8 days, 16 days, 24 days and 32 days.

and to a software LASV3.8. The parameters ofoftware, is the conversion of images to gray
contrast, exposure to light and others, wer&cale and applying masks of colors to improve
standardized (Alfaret al, 2003). visual determination for measurements, in this
The image analysis was performed by th&ase fo_r connective tissue (F_lg. 3 and Fig. 4).
software Image Pro Plus version 7.0 Media Distribution of connective tissue and muscle
Cybernetics. fibers during reperfusion were studied. Though
Previous to image analysis is required imag&onventional and enzyme histochemistry made
processing consisted define regions of interefiSible important aspects of tissue, image
and techniques to measure those regions (Yourg"alys's_ measurements are also important.
et al,1998).The method to establish regions of-Onversion to gray scale is based on color
interest and no interest to be recognized by thghannels of red, green and blue (RGB), which
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Fig. 2. A. Extensor carpi radialis longus muscle. Control group. B. Soleus. Control group. Both images
evidence muscle fascicles (yellow double arrow) surrounded by perimysium. Note the epimysium
externally (black arrow) and the endomysium internally (white arrow). Magnification 10x. Gomori’'s
trichrome stain. Scale bar: 100ums

Fig. 3. Digital image processing — Color channel. A. Extensor carpi radialis longus with visible
epimysium (external), perimysium (surrounding muscle fascicles) and endomysium (surrounding
fibers), seen in green contrast. Gomori’s trichrome stain. B, C and D. Gray scale image in the Red,
Green and Blue channels of color. Gomori’s trichrome stain. Magnification 10x. Scale Bar: 100 ums.

permits digital application of color to eachaccuracy of data. The obtained intra class

pixel, according to the intensity of each regioncorrelation coefficient was 0.99, p - value 0.000.

in the range of 0 (white) to 255 (black). Then, three measurements for area of connective
In this study, the green channel was selectetissue were performed to 123 images.

to observe characteristics of skeletal striated For comparisons between one and three hours

muscle tissue in a better way. Fig. 3 and Fig. 4f ischemia during reperfusion, Mann Whitney

indicate steps of Image Processing. test was applied. Periods that showed significant
differences in the median were analyzed by
Statistical analysis multiple comparisons test, as non-parametric

The intra class correlation coefficient wasBonferroni post-ANOVA. Kruskal —Wallis test
established first. One of the investigatorwas applied for comparisons among groups of
(author) and two experts (different to authors)reperfusion (Gémeet al.,2003). SPSS version
performed two measurements of 14 randomly2 was the statistical software for this analysis.
selected images to evaluate concordance and
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Fig. 4. Digital image processing — Segmentation by regions. A. Extensor carpi radialis longus in Gomori’s
trichrome stain. B. Image evidenced in green channel of gray scale. C. Regions of interest are in red
for muscle fibers and in green for connective tissue. The regions of no interest are in blue. Magnification
10x. Scale Bar: 100 ums.
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Fig. 5. Comparison of the median in the intramuscular extracellular matrix during periods of
reperfusion following one hour and three hours of ischemia. The blue line indicates control group
measurements. X-axis: Time; Y: Area. A. Extensor carpi radialis longus. The tendency is increase of
the area. There are differences between zero hours and 32 days (768 hours) of reperfusion, with
more variation of values in three hours. B. Soleus. The tendency in this case is decrease of the area.
In prolonged periods of reperfusion, complete recovery of the area was not observed.
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Fig. 6. Extensor carpi radialis longus. A. Muscle that underwent to ischemia of one-hour, and
reperfusion of one hour. There were increase of the spaces occupied by connective tissue. B. Ischemia
of three hours and reperfusion of 16 hours, muscle fibers presence a smaller size than in the normal
tissue; there were no muscle fascicles and there was cellular infiltration in areas among fibers. C. That
muscle corresponds to ischemia of three hours and reperfusion of 768 hours (32 days). The muscle
recovered its normal characteristics partially similar to the control. Gomori’s trichrome stain.
Magnification 10x. Scale Bar: 100 ums.

Fig. 7. Soleus. A. Muscle that underwent to ischemia of one-hour and reperfusion of 24 hours. Muscle
fibers appear with a bigger size than the normal tissue. B. That muscle corresponds to ischemia of
three-hours and reperfusion of 24 hours. No muscle fascicle and fiber appeared bigger and less
hexagonal than in the normal tissue. Vesicles in the cytoplasm of fibers are present. C. That tissue
corresponds to ischemia of three-hours and reperfusion of 576 hours (24 days). The muscle had
recovered its normal characteristics partially similar to the control. Gomori’s trichrome stain.
Magnification 10x. Scale Bar: 100 ums.

RESULTS AND DISCUSSION soleus during reperfusion after one-hour of

The normal weight for extensor carpi radialisischemia changed to 0.190 gr + 0.023, and after
longus was 0.187 gm and that of soleus waghree hours of ischemia increased to 0.206 gr+
0.220 gm. The mean value for extensor carpd.041, with no significance differences for this
radialis longus during reperfusion after one-muscle (p value > 0.05).
hour of ischemia increased to 0.198 gr + 0.039 The normal area of intramuscular connective
(p_value 0.07) but after three-hours of ischemiaissue in 10x magnification was 27900 ums for
this value decreased to 0.181 + 0.037(p valuextensor carpi radialis longus, and 86552 ums
0.045). On the other hand, the mean value fdor soleus.

22



Image analysis in Gomori’s Trichrome Stain of Skeletal Muscles Subjected to Ischemia and...

For extensor carpi radialis longus duringoxidative stress and cellular infiltration (Da
reperfusion after one-hour of ischemia, normaSBilveira and Bonneti 2004; Vighauet al.,
area was increased without significant2010). So, many authors have been agreed that
differences X=54675, p value > 0.05). In the short periods of ischemia can induce significant
same way, during reperfusion after three-hourshanges in histological characteristics of
of ischemia the area was increased, and theseuscles, which can be exacerbated during
changes were significang£ 64899, p value reperfusion. In the same way, not all fibers of
0.02) (figure 5A). At day 32, the measured areakeletal muscles respond similarly to injury and
was 53407 ums after one-hour and 56186 umthe association of myocytes with the connective
after-three hours. tissue has influence in the mechanisms of

For soleus muscle, during reperfusion aftemdaptation evidenced during reperfusion
one-hour of ischemia, the area of connectivéCarmo-Aradjcet al.,2007; Mars and Gregory
tissue decreased and the changes were nb®91; Raczt al., 1997; Walterset al., 2008;
significant(y=56001, p value > 0.05). On the Woitaske and McCarter 1998).
other hand, during reperfusion after three hours The pneumatic tourniquet applied in the
of ischemia, changes in the area of connectivpresent study was having similarity with the
tissue were significantly decrease@64743, tourniquets used in orthopedic surgeries. Some
p value 0.04). At day 32, the measured area wagithors defend the occlusion arterial technique
49357 ums after one hour, and 38537 ums aftdrecause the technique is more effective to
three-hours (Figure 5B). produce ischemia directly (Ghaly and Marsh

Comparison of results between one and thre2010; Itoh and Kudoh 2011). However, this
hours of ischemia evidenced no significanttechnique is quite invasive, and produces risk
differences in areas occupied by intramusculafactors to the animal during post-surgery. Some
extracellular matrix (p value > 0.05). Fig. 6 andother workers used a manual tourniquet without
Fig.7 showed changes in determined periods a control of the applied pressure (Carmo-Araujo
reperfusion. et al, 2007), with the inconvenience that is not

For both muscles, lesions were reversiblepossible to ensure a complete interruption of
The extensor carpi radialis longus deals weltapillary blood flow.
with injury during reperfusion after three hours In 2008, Walterset al. used a pneumatic
of ischemia though is very susceptible duringourniquet which pressure was above 230
early stages of reperfusion. Soleus musclenmHg. By using a Doppler evaluation
evidenced recovering more immediately thartechnique, they determined that at this pressure
the extensor carpi radialis longus. At day 32with + 20 mmHg, there was a total obstruction
both muscles had an increasing in areas dhcluding microcirculation (Walteret al.,
connective tissue associated to changes in are2808). For this reason, in the present study, the
occupied by muscle fibers, probably by edemaressure applied to experimental groups was
or atrophy. One of the aspects that lead tover 250 mm Hg. The main advantage was the
reperfusion injury is the non-reflux syndrome,diminishing of risks of infection and
in which ischemia is produced by an obstructiorhypothermia so that this model can be used in a
of capillary circulation accompanied by non-invasive way.
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The model of ischemia-reperfusion presented Carmo-Araujo EM, Dal-Pai-Silva M, Dal-Pai V,
in this study by using Wistar rats and acCecchini R, Anjos Ferreira AL (2007) Ischaemia
pneumatic tourniquet, required a thoroughand reperfusion effects on skeletal muscle tissue:
planning since the first phase in order to avoignorphological and histochemical studies. Int J Exp

unnecessary deaths during reperfusion and theathol 88(3): 147-154. doi:10.1111/j.1365-
use of more animals, by applying the principleSg13 2007.00526.x.
of Reduction and Refinement of the 3R’s

(Franco and Olsson 2014). Da Silveira M, Bonneti W (2004) Ischemia and
reperfusion in skeletal muscle: injury mechanisms
CONCLUSION and treatment perspectives. J Vasc Br 3(4): 367-378.

During post-surgery, the following up of  pupowitz V, Brooke M, Neville H (1973) Muscle

patients is an important aspect. In such casegjopsy: a modern approach (W. B. S. C. Ltd Ed. Vol.
some people do not recover the complet%m)_ Philadelphia.

function or movement of the muscle in the same

proportion as previously. From the present Estebe JP, Davies JM, Richebe P (2011) The
study, it may be assumed that same type dineumatic tourniquet: mechanical, ischaemia-
characteristic changes happens in connectivieperfusion and systemic effects. Eur J Anaesthesiol
tissue during partial recovering of muscles in28(6): 404-411. doi:10.1097/EJA.0b01 3e3283
humans after surgeries that acquired ischemi6ds5a9.

for a variable period. FeldmanV, Biadsi A, Slavin O, Kish B, Tauber I,
Nyska M, Brin YS (2015) Pulmonary Embolism
After Application of a Sterile Elastic Exsanguination

invAeLsJ':ihZ':if)nW?cr)]ltj t?’e?)f;ﬁio(vr\giiggzﬁizteod ;hn%Tourniquet. Orthopedics 38(12): €1160-1163.
9 group doi:10.3928/01477447-20151123-08.

soft tissues), Nhora Holguin, Martha Ceballos,
and Henry Vidal, all of them from Universidad Franco NH, Olsson IA (2014) Scientists and the
del Valle, for their valuable contributions to this 3Rs: attitudes to animal use in biomedical research
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