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SUMMARY: When a vein segment is grafted into arterial circulation, biomechanical forces stimulate modification of its structure. This
morphological adaptive response is progressive during a medium or long term and occludes the vessel lumen, leadingitore. griadt f
objective of this study was to characterize the early morphological response of the vascular wall in a terminal-termanaleiagralft model
in Wistar rats. A segment of the femoral vein was placed in the femoral circulation. An end to end microsurgical graftséeestbnique was
implemented and standardized in twenty rats. The samples were processed with histological technique to analyze thectwreralitstru
hematoxylin and eosin, the composition of the vessel wall with Masson trichrome technique, the proliferating and smoatéllsuszie
detected with immunohistochemistry (anti-PCNA, anti-actin and anti CD68) and the induction of apoptosis with TUNEL tedmigmesT
periods studied were 1, 3 and 5 days postoperative. There is progressive increase of cell proliferation and intensitgityf tletedéed by
PCNA with its peak at postoperative day 3. Apoptosis was not evident in any of the postoperative days. Smooth muscleifieahholsénge
in any of the time periods studied. Macrophage and leukocyte migration was evident since the first postoperative dayatvih infd the
media by the 5th day. This study characterizes the morphological aspects in the early arterialization of the vasculaeinajtaitarocess.
These results contribute to a better understanding of the morphopathological mechanism involved in vein graft failure.
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INTRODUCTION

Patients with ischemic heart disease may underdgalthy artery with adequate irrigation, to a point distal to
surgical or medical treatments. Medical treatment includéae obstruction where the ischemic tissue is present (Aguirre-
changing eating habits, exercise, reduce cardiovascular ridivero, 2003). For this, autologous vascular grafts are the
factors and pharmacological treatment (Isselbaehat, Preferred option, this involves using a vascular conduit from
1994). Surgical treatment may vary from a percutaneotRe same patient, either arterial or venous. The most

transluminal coronary angioplasty to a coronary artefyequently used ducts are, in order of importance: internal
bypass. thoracic artery, saphenous vein, radial artery, right

gastroepiploic artery, ulnar artery and to a lesser extent, the

Revascularization involves using a conduit as a gra¥plenic artery and inferior epigastric artery (Elizondo-Omania
in the vascular system to create an appropriate blood fi&tal, 2005).
route to bypass an obstruction and provide irrigation to the
surrounding ischemic tissues (Schwartz, 1995). This  Despite the long-term outcomes superiority of the
procedure involves the anastomosis of a vessel segment &tgrial grafts, autologous venous vessels, such as the
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saphenous vein, remains an important option for bypaisgo 4 groups (n=5). Each group was analyzed in a different
surgery due to the ease of obtaining and the abundaustoperative time: Group 1 was used as full control and the
collateral circulation (Petrofslét al, 2004). The grafted graft surgery was not performed, group 2 was analyzed at
vein segments usually have complications at medium atite 1st postoperative day, group 3 on the 3rd postoperative
long term. When a vein segment is grafted to an arteriddy, and group 4 until the 5th postoperative day.
circulation, the acting biomechanical forces which stimulate
the modification of its structure cause a hyperplasia of tiMicrosurgical vein graft model. The model was performed
wall in order to adapt and mimic the occluded arteriaccording to the method described by Quiroga-Getrza
segment (Coopeat al, 1996). Unfortunately, this adaptive (2011) with some modifications. Rats were anesthetized with
morphological response may progress to a point in whichkiétamine (PISA, 82.5 mg/kg) and xylazine (Vedilab, 10 mg/
occludes the lumen of the vascular graft, leading to grdty) administered intraperitoneally (i.p.). After obtaining an
failure (Parang & Arora, 2009). anesthetic plane, abdominal and bilateral inguinal region
trichotomy was conducted. The surgical procedure began
The hyperplasia occurs as a vessel response (arteriyh an incision on the left inguinal region parallel to the
or vein) to a structural lesion of the vascular wall, which ilng axis of the caudal extremity. The subcutaneous tissue
characterized by the development of a prominent internabs dissected, identifying the femoral neurovascular bun-
elastic lamina and an increase in the production alle proceeding to separate a segment of the femoral vein
extracellular matrix components. The effect is alsdistal to the deep femoral vein and proximal to the superfi-
accompanied by an increase in migration, proliferation, amihl circumflex iliac vein. Ligation and extraction of a 6-8
apoptosis of smooth muscle cells (Petrotskal; Backet millimeters in length segment was obtained and irrigated
al., 2005). with heparinized saline to remove blood clots and the
remnants from the lumen. We proceeded to make an incision
The adaptive response of vein grafts has beem the right inguinal area, dissecting the femoral artery of
previously studied, but the results are focused on mediuhe neurovascular bundle, caudal to the deep femoral artery
and late stages of the process, we believe that the studyanél a microvascular approximator was placed to isolate the
these changes at an early stage is important to elucidatedhieulation (Fig. 1). Heparinized irrigation was performed
morphopathological mechanisms involved in graft failureafter a cross section of the artery was done. The vein graft
Our research group proposed a vein graft microsurgiceégment was reversed to continue the same direction of blood
model in Wistar rats, to study the graft adaptation (Coop#ow within the lumen and an end to end anastomosis was
et al, 2000). The objective of this study was to characterigzeerformed in both, the proximal and distal segments.
the early morphological response of the vascular wall in @nastomoses were made with 8 single suture points placed
end to end vascular vein graft model. symmetrically on the circumference of each end using a 10-
0 suture polyamide (B|Braun Aesculap) (Fig. 2).

MATERIAL AND METHOD Upon completion of these vascular anastomoses,

approximators were removed to restore blood circulation.

Absence of bleeding from the anastomosis was verified. Any

This work was a morphological, experimental, cross-
sectional, descriptive and comparative study.

Ethical considerations.The experiments were conducted|
according to National Institutes of Health guide for the cart ==
and use of Laboratory animals, and according to the Mexica &
Legislature NOM-062-ZO0 1999 of the Technical
Specifications for the Production, Care, and Use o0
Laboratory Animals. The protocol was approved by the
Bioethics Committee of the institution with registration|
number AH13-001. :

Biological Material. Twenty male, Wistar rats of 3 months
of age, with a weight between 250 and 350 grams were us
and kept on a standard laboratory diet with water ad libitupig. 1. Right inguial region dissection. The vascular approximator is
and light and dark cycles of 12 hours. The rats were dividgthced next to the artery to verify the working area for the vein graft.
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bleeding was managed directly with gentle pressure for omalicating proliferation; anti-actin specific antibodies were
minute, without occluding the vessel. If a pulsating bleedingsed to identify smooth muscle cells (dilution 1: 100) and
was evident, an additional suture point was added for comnti-CD68 to identify macrophages. Nuclei were
trol. Subsequently, permeability tests were performezbunterstained with Mayer's haematoxylin. The detection
mechanically. The procedure was completed by suturing tegstem used was from LSAB technology + System-HRP
two inguinal incisions with nylon 6-0 (B|Braun Aesculap).(Link-Streptavidin-Biotin + System-Horseradish Peroxidase)
(Abcan?, Cambridge, MA). Tissue sections of colon were
used as positive controls for cell proliferation, and tongue
for muscle cells. Sections of brain tissue were used as
negative controls for cell proliferation, and liver for smooth
muscle cells.

Immunohistochemical analysis of TUNEL for identifying

the fragmentation of chromatin. TUNEL technique was
used (TdT-mediated dUTP-biotin Nick-End Labeling) to
identify chromatin fragmentation, one of the events of the
apoptosis phenomenon (St. André & DelRossi, 2005). The
technique was performed in histological sections pf7
‘_ using the TACS.XE DAB in situ Apoptosis Detection kit

Fig. 2. Thé vein graft is visualized after its anastomoses with t}% Treviger? (Gaithersburg, MD) according to the instruction

femoral artery as part of the femoral bundle. Suture points a8 the distributer, counterstaing the nuclei with methyl green.
identified at each end. As a positive control, liver sections nuclease-treated were

used to induce DNA fragmentation observing a brown color
in the nuclei of the positive cells. As negative control, the
The rats were monitored for the next 2 h to ensukenzyme TdT (terminal deoxynucleotidyl transferase) was

complete recovery from anesthesia and to ensure absergslaced with distilled water. The samples were analyzed
of postoperative pain or suffering. In the following dayspy two different morphologist specialists, using a light
daily doses of heparin (625 IU/kg) were administereghicroscope Nikon Eclipse 50i and an image analysis system
intramuscularly until the day of graft extraction. To prevenkith NIS-elements advanced research Digital Sight DDS-
blood clotting of the graft, heparin (PISA 250 1U/kg) waMu software and Image J software, version 1.49 (National
administered i.p. 30 minutes before the procedure (Lidmastitutes of Health).
& Daniel, 1981).

Morphometric analysis. Morphometric determinations
Collection and processing of the samplélhe extraction concerning various characteristic aspects of early
of vein graft was obtained on postoperative days 1, 3 androrphological adaptation of the vessels in the experimental
depending on the group; the rats were anesthetized andahe control groups were performed as follows:
sample extracted, afterwards, the rats were euthanized.
Ungrafted control samples of the femoral vein were obtaingthalysis of the thickness of the vascular tunicsn the
from the control group. Samples were fixed in a solution @&fides stained with Masson trichrome method, measurements
4 % paraformaldehyde in PBS 1X solution (pH 7.2-7.4) fasf the intima and media tunics were performed. The NIS-
24 hours. These were then processed using conventios®ments advanced research Digital Sight DDS-2Mu soft-
histological techniques until their inclusion in paraffin blocksvare was used with a high power objective 40x objective in
to obtain 5um transversal slices. To analyze the overathe light microscope.
structure of vessel, hematoxylin and eosin and Masson
trichrome were used to distinguish the collagen fibergicro-densitometric analysis of smooth muscle cell3he
muscle fibers and cell nuclei in each of the vascular tuniasiicro-densitometric analysis of the proportion of

immunopositive smooth muscle fibers in the samples was
Immunohistochemical analysis of cell proliferation, performed as follows: high resolution digital images of 10
smooth muscle fibers, and macrophagesFor consecutive fields were obtained with the high power
immunohistochemical analysis,4n transversal sections objective (40x). The parameters of color, distribution of
were processed with monoclonal antibodies specific to antbnality, saturation and luminance were established in the
PCNA (Proliferating Cell Nuclear Antigen) (1:200, Dakodata software and were the same for all the images obtained.
Cytomation, Inc.) to identify the cells in the S-phasSubsequently the images were analyzed with Image J 1.49V

481



VELAZQUEZ-GAUNA, S. E.; SOTO-DOMINGUEZ, A.; QUIROGA-GARZA, A; REYES-HERNANDEZ, C. G.; CHAVEZ-REYES, A.; MORALES-AVALOS R.; MONT  ES-DE-OCA-
LUNA, R.; GUZMAN-LOPEZ, S. & ELIZONDO-OMARNA, R. E. Histomorphometric and immunohistochemical study of early adaptative response of the vascular wall in a termino-terminal
microsurgical model of femoral vessels in wistar tat. J. Morphol., 35(2)79-487, 2017.

(NIH) to quantify the amount by microdensitometry ofof blunt dissection (Fig. 3A). In the samples analyzed with
smooth muscle cells in positive immunostaining. From thidasson's trichrome method, the media and adventitia were
images obtained, the dark brown tonality fibers were selectegl!l defined, showing the tunica media with a bright red co-
manually, and the program (previously calibrated with thier due to the presence of smooth muscle cells, and the
detection threshold of a control sample) converted the coladventitia with a blue staining indicative of collagen bundles
interval to grayscale, and all other tissue components tdFg. 3B).
white color. Subsequently, the processed images were
automatically analyzed to determine the percentage of the  Samples of vein grafts from the postoperative day 1
area and intensity of the density (Int Dent) of muscle fibeshowed partial endothelial denudation; denuded regions were
in each sample. This was performed in triplicate. covered by a carpet of platelets, occasional microthrombi and

leukocytes. An increase in the thickness of the tunica intima
Quantification of cell number in proliferation and and a decrease in the thickness of the tunica media was also
apoptosis. PCNA positive cells were identified andobserved (Table I). General disarray in the elements that
quantified in each of the 10 consecutive vascular tunics 40mmposes them was evident as well as boundaries between
fields per slide in 5 animals per group, for a total of 50 field&e tunics that were not easily appreciable. In the tunica me-
per group. This was done using the plug-in cell counter frodia, smooth muscle cells were observed as well as several
the Image J 1.49V (NIH) program. Initially the samawell-defined elastic fibers. The adventitia showed the presence
methodology to quantify TUNEL-positive nuclei in theof cellular infiltrate with a predominancy for leukocytes and
samples of the study groups was proposed, but this was n@crophages (Figs. 3C and 3D).
done due to the absence of apoptosis in the samples analyzed.

The sections from the postoperative day 3 showed an

Statistical analysis.For the morphometric analysis, theendothelial denudation similar to that observed in day 1
mean and standard deviation were obtained for statistica@mples. A higher tunica intima and media thickening was
analysis and comparison of the study groups. The total @bserved in comparison to the first postoperative day (Table
the values obtained from the micro-densitometrit). Likewise, it was difficult to distinguish the intima.
guantization was captured in IBM SPSS Statistics Versidtiowever, an increase in the amount of smooth muscle cells
21.0 (Chicago, IL, USA). Parametric correlation tests (twowas observed. In the tunica media, the number of smooth
tailed t Student test) were performed considering asnauscle cells was increased compared with the other two days
significant p value< 0.05. of study (1 and 5). The elastic fibers were slightly disorganized

and neither followed a particular direction. In the adventitia

an increase in the number of infiltrating cells (macrophages
RESULTS and leukocytes) was observed (Figs. 3E and 3F).

On postoperative day 5, total denudation of

Early adaptive morphological changes in the veiendothelium was observed. The tunica intima and media
graft segments in a microsurgical model. The results obtaingldowed greater thickness than the observed on postoperative
from the analysis of vein grafts in light microscopy frondays 1 and 3 (Table I). In these samples the intima was difficult
groups samples at 1, 3 and 5 postoperative days weéoedistinguish. In the tunica media, cell nuclei of smooth
compared against absolute controls. The control groumuscle were observed and the elastic fibers lost continuity
showed a continuous layer of endothelium on the surfaaad were disorganized. The presence of cellular infiltrate in
and endothelial cells were seen in contact with the lumethe tunica media and adventitia was observed in between these,
which rests on a well-defined internal elastic lamina. Thmaking it difficult to distinguish the tunica limits (Figs. 3G
typical thin tunica media of a vein, elongated spindle celend 3H). In all periods analyzed, extracellular fluid was
were observed with oval nuclei and characteristics of smoalktected, the greatest amount being in the fifth postoperative
muscle cells arranged around the lumen. The adventitlay. This liquid was observed as an aggregiéesinophilic,
demonstrated variable thickness and tears due to the procas®rphous acellular staining (data not shown).

Table I. Tunic morphometric measurements (all measurememjn

Control 1 PO Day 3¢ PO Day 5" PO Day
tima 16.52+2.11 19.13+4.13 2948+12.79 31.51 £10.09
‘edia 37.30+£4.53 26.28 £7.48 34.30+9.77 43.43 £14.02
otal 53.82+2.45 4541+£580 63.78+11.04 7494 +£14.17
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Fig. 3. Vein grafts. A-B) Control Group. Intima tunic with endothelial cells resting on a well-defined internal elastic Tamioa.
media with thin, elongated spindle cells with oval nuclei. Adventitia with varying thickness. The middle and adventitsaineids
bright red and blue respectively with Masson trichrome. C-D) Graft day 1: increased thickness and disruption of the radiciataizd
tunics. Cellular infiltrate is observed in the adventitia. E-F) Graft day 3: Increased thickness and disorganization coigparkd t
Presence of increased infiltrating cell in the adventitia. G-H) Graft day 5: Increased thickness of the media and advpatieth tco
day 1 and 3. Scattered infiltrating cells are observed in the media. Cell proliferation in vein grafts. I) Control Grouye fdeghs are
observed for cell proliferation. J) Graft day 1: few positive cells in the adventitia. K) Graft days 3: increase in psitivenedia and
adventitia. L) Graft day 5: reduction of proliferating cells, some positive cells in the adventitia. Positive cells (red laceesed
smooth muscle fibers. M) Absolute Control: homogeneous positivity in the vascular wall of the tunica media. N, O, P) Bypass Gra
3 and 5 days show positivity for muscle cells in the tunica media. There are areas absent of actin in all time periodmesisy zeghr
these areas the presence of infiltrating cells were found (red arrows).

Analysis and quantification of cellular day, few positive cells were found in the tunica adventitia
proliferation in venous grafts. The femoral venous grafts (12.66 %) (Fig. 3J). The number of proliferating cells
as well as controls underwent immunohistochemistry tiacreased significantly by the third postoperative day, finding
detect the presence of cell proliferation though PCNA. Rabsitive cells in both the adventitia and the media (40 %)
colon sections were used as positive controls of cgFig. 3K). By the fifth postoperative day, the number of cells
proliferation, staining brown the nuclei in the cells from th@ositive for proliferation decreased, because they were found
Lieberkiihn crypts. Brain tissue was used as a negative camthe adventitia region only (16.33 %) (Fig. 3L).
trol, with no evidence of cell proliferation.

Early adaptive morphological changes of smooth

In analyzing the absolute control of femoral veirmuscle cells. Immunostaining of smooth muscle cells in the
segments, low cell proliferation was found (2.66 %) (Figunics of the vein graft was performed by using anti-actin
31). However, in the vein grafts from the first postoperativantibodies specific for muscle. As a positive control, rat
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tongue sections were used to distinguish the positivity, whidnalysis of apoptosis by TUNEL.In analyzing the
was brown. As negative control, liver sections were used, @ontrols and venous grafts samples at postoperative days
which the presence of muscle cells was not found. 1, 3, and 5 with TUNEL, no positivity was observed for
chromatin fragmentation, a phenomenon that occuisgiu
The absolute control of the femoral vein segmentoptosis.
showed positive immunohistochemical test, observing a
thin strip, homogeneously distributed in the vascular wall, Morphometric adaptive changes in the thickness
corresponding to the zone of the tunica media (Fig. 3Mand composition of the tunics in vein graftsResults of
The vein grafts from the three different postoperative tthe tunic morphometric measurements are shown in Table I.
mes demonstrated positivity for muscle cells in the area®he results of the t Student test showed no significant
the tunica media (Figs. 3N-P). An important finding wadifference between control and the postoperative day 1
that all areas lacking actin positive cells were observedncerning the intima. Nevertheless, when comparing con-
with the presence of infiltrating cells (macrophagues aritbl versus postoperative days 3 and 5 significant difference
leukocytes).

Morphometric Analysis of Tunica Intima
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Mophometric Analysis of Tunica Media
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Fig. 4. A) Morphometric analysis of the intima in the study groups. B) Morphometric analysis of the tunica media. C) Arialysis o
vascular layers (intima and media). D) Morphometry of cells positive to PCNAs/field. E) Percentage of area occupied bysgieoth m
fibers.. F) Micro-densitometric analysis of smooth muscle fibers groug0:(b).
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was evident (p= 0.03 and 0.01 respectively) (Fig. 4A). The There are several animal models for the study of
tunica media had no significant difference in any of thadaptive response in vascular conduits (Coepal, 2000);
groups (Fig. 4B). When comparing the total tunic thinckneskese have some common characteristics to what happens
(intima and media), no significant difference between coin (Lidman & Daniel; Zwolalet al, 1987; Motwani & Topol,
trol and the postoperative day 1 was observed, but wh898). However, surgical procedures vary from one model
comparing control versus postoperative days 3 andt® another, although these do not work the same way as in
significant difference was evident (p=0.02 and 0.0%ascular graft surgery (Coopetral, 1996; Zotet al,, 1998).
respectively) (Fig. 4C).
Our microsurgical model had three important
When quantifying PCNA-positive cells, values offeatures: 1) An adequate gauge with an artery-vein ratio of
2.66 %+0.57 for the control group and, 12.66%51, 40.00 approximately 1.5:1, 2) Uncomplicated access and handling
% +2.64 and 16.33 %t1.52 were obtained, for the first, of the graft, as the femoral vessels were easily located and
third and fifth postoperative day respectively (Fig. 4D)easy to dissect from the subcutaneous tissue of the groin,
Between the control group and the other postoperative éind 3) Vascular morphology similar in composition to
mes, there were significant differences (p= <0.001 in aflumans.
cases).
During vein graft surgery there is exposure of
The percentage of area occupied by smooth musdellagen fibers in the vessel wall to circulating platelets in
cells in the vascular tunics were: 45.44:%2.30, 51.77 % the area of the anastomosis, the coagulation cascade is
+10.90, 92.80 %4:14.30, and 61.69 %4.0.93 for the control activated; For this reason, a therapy administering heparin
sample, first, third and fifth postoperative days respectivebs anticoagulant thirty minutes before each surgery and then
(Fig. 4E). There were significant differences between thevery day afterwards was established, until graft extract for
control group with postoperative days 3 (p= 0.01) and &nalysis (St. André & DelRossi).
(p=0.02).
Moreover, in morphological studies analyzed by light
As for the intensity of density, values found weremicroscopy, the control segments and venous grafts showed
2.13E+06+3.65E+05 for the control group, 2.48E+06scarce tunica intima and few endothelial cells lining the
+1.24E+05 for the postoperative day 1 group, 4.30E+Q&scular lumen; it has been reported that there is loss in the
+2.55E+05 for the postoperative day 3 group, and 2.82E+06nous endothelium from mechanical trauma segments
+1.90E+05 for the postoperative day 5 group (Fig. 4F). Thepeoduced by manipulation of the vein during dissection, prior
were significant differences between the control group witlo the bypass surgery (Zletial, 2011; Owenst al., 2015).
postoperative days 3 (p=0.002) and 5 (p=0.02).
Studies using transmission electron microscopyhave
reported that between 1 and 4 hours after graft surgery, there
DISCUSSION is evidence of endothelial damage with cell loss, and the
internal elastic lamina is observed as a discontinuous and
amorphous line of elastin. This study also states that the in-
The results obtained in this study identify earlytima tunic begins to increase until 6th postoperative week
adaptive morphological changes in the structure of ti{&tarket al, 1997). This would explain why we observed a
femoral vein graft wall in a murine microsurgical model wittdenuded endothelium as well as the difficulty to distinguish
evaluation days 1, 3 and 5 after its autogenous graft usiting intima in the postoperative days 1, 3 and 5.
the contralateral vessel in male Wistar rats.
The analysis of vein grafts also confirmed a gradual
In this experimental model, the structurejncrease in the thickness and disarray in the organization of
composition, and morphological changes of femoral veitme components of the tunica media in postoperative days 1
segments grafted were analyzed. Developmentq 5. This increase in the thickness of the media tunic may be
improvement, and characterization of this animal modelue to the migration and proliferation of muscle cells or their
study has important implications in the study of the vascularecursors into the vascular graft wall (Ditcal, 2008).
graft adaptive response and intimal hyperplasia (Coeiper
al., 2000). A better understanding of these processes, such It is likely that the gradual disruption in the
as the characteristics, mechanisms, and molecules involvedmposition of the media and adventitia tunics is related to
is needed in order to establish possibletherapeutic targdts activity of metalloproteinase enzymes 2 and 9 (Lesiner
suitable for treating this condition. al., 2004), which degrade collagen and elastin to allow the
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free flow of smooth muscle cells through extracellular matrix Currently in our laboratory, studies are carried out to
from the adventitia and media towards the neointimalucidate the cellular and adaptive changes in further times to
(Mavromatiset al, 2000). In all postoperative times, wethose analyzed in this study, as well as the use of molecular
observed the presence of infiltrating cells (macrophages) strategies to inhibit hyperplasia of the tunics in this
the adventicia and in postoperative day 5 in the tunica medraicrosurgical model of vein graft.

The presence of these macrophages and leukocytes  The results shown in this project focused on short
from the first postoperative day and the extracellular fluigostoperative times. Our results support and extend the results
found in samples from all time periods studied, suggest theported by previous studies. There is progressive increase of
existence of an inflammatory process in the vascular watlell proliferation and intensity of the density detected by PCNA
due to the damage during the surgical procedure as well aswhth its peak at postoperative day 3. Apoptosis was not evident.
cellular detritus exchange process afterwards (RodrigtiezSmooth muscle had no significant change in any the time
al., 2000; Schachnest al, 2006). These could contribute periods studied. Macrophage and leukocyte migration was
directly to the thickening of the tunicas media and adventitevident in all times studied.
of vein graft.

This study characterizes the morphological aspects in

The results of our study showed that from the firsthe early arterialization of the vascular wall in a vein graft
postoperative day, proliferating cells were found in the vasculprocess. Our results contribute to a better understanding of
wall of the graft, having a peak of proliferation on day 3. Othéhe morphopathological mechanism involved in vein graft
studies reported the presence of new smooth muscle cdldure. This model could be use in future therapeutic trials in
within the first 24-36 hours after bypass surgery (O'Been animal models.
al., 1997; Kalra & Miller, 2000). In graft samples analyzed, it
was observed that the location of proliferating cells at the first
postoperative day correspond to the area of the tunica adventii&KNOWLEDGEMENTS. We acknowledge Luis Botello
then the third and fifth day these cells were found in the tunitaSoto and Lorenzo Castaneda Rada for their technical
media and adventicia. This suggests that the cells proliferagessistance during the sample processing.
but are also migrating to where the intima regenerates (Kalra
& Miller). The technique utilized in this study for the
measurement of cell proliferation can not distinguish betwefELAZQUEZ-GAUNA, S. E.; SOTO-DOMINGUEZ, A.;
the smooth muscle cells proliferation and other celluld@UIROGA-GARZA, A; REYES-HERNANDEZ, C. G ;
components, which could be considered a limitation. HowevéfHAVEZ-REYES, A.; MORALES-AVALOS R.; MONTES-

the results of analysis of intensity of the density and the ar @'OCA'LUNA' R.; GUZMAN-LOPEZ, S. & ELIZONDO-

. . ANA, R. E. Estudio histomorfométrico e inmunoistoquimico
pccupled b.y smpoth muscle cells observed “.”atCh \.Nlth the p.eoae la respuesta adaptativa temprana de la pared vascular en un
in cell proliferation, so we conclude that this proliferation i

’ $nodelo microquirdrgico termino-terminal de los vasos femorales
mainly because of the smooth muscle component. en rata wistarint. J. Morphol., 35(2)179-487, 2017.

Through immunohistochemical methods, the RESUMEN: Cuando un segmento venoso es injertado den-
distribution pattern of smooth muscle cells was analyzed ftio de la circulacion arterial, se generan fuerzas biomecénicas que
morphological alterations and found that at the time perio@stimulan modificaciones en su estructura. Esta respuesta
tested, these cells were confined only to the tunica mediaMgrfologica adaptativa es progresiva a mediano y largo plazo y

was an interesting finding that the areas in the tunica med?émina por ocluir la luz del vaso, conduciendo a la falla del injer-

. . . S . . El objetiv io f r rizar la r
did not test positive for actin. Reviewing these areas in moyg = OPjetivo de este estudio fue caracterizar la respuesta
mgrfologica adaptativa temprana de la pared vascular en un mode-

detail, we .ob.serv.ed that the qreas nearby ,W'thOUt actin hl% e injerto vascular venoso termino-terminal en ratas Wistar. Un
scattered infiltrating cells, which, as mentioned above at@gmento de la vena femoral se coloco en la circulacién arterial

indicative of an inflammatory process. femoral. Una anastomosis del injerto microquirtirgica termino-ter-
minal fue implementada y estandarizada en veinte ratas. Las mues-
TUNEL assays at the early periods of time of 1, 3 andas se procesaron con la técnica histolégica para analizar su es-

5 postoperative days, showed no positivity for fragmentatidrictura general con la tincion de hematoxilina y eosina, la compo-
of chromatin in cells of the vascular wall of vein grafts. Thisicion de la pared vascular con la técnica de tricromico de Masson
could be explained with other studies that found that the? Proliferacion y las células de musculo liso fueron detectadas
apoptosis peak occurs in the first 8 hours after the procedlﬂrr' .d'ante tecnicas 'nml.JpOh'Stoqu'm'cas.(am' PCNA, antl-actina y
- . . anti CD68) y la induccién de la apoptosis mediante la técnica de

and declines towards baseline by 24 to 48 hours (Rodngu%NEL_ Los tiempos de estudio fueron al dia 1, 3 y 5

et al).
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postoperatorios. Hay un incremento progresivo en la proliferacion 31, 1998.
celular y la intensidad de la densidad detectado mediante PCIQ/&rien, J. E. Jr.; Shi, Y.; Fard, A.; Bauer, T.; Zalewski, A. & Mannion, J.

con un pico en el dia 3 postoperatorio. La apoptosis no fue eviden-2- Wound healing around and within saphenous vein bypass grafts.

- ‘ : < horac. Cardiovasc. Surg., 114(38-45, 1997.
r.e en mtngyno de los dlz.s p(.)Stquer?tonos' I.'as cellijlast_de musgéj\lv&e-ns, C. D.; Gasper, W. J.; Rahman, A. S. & Conte, M. S. Vein graft
ISO NO tuvieron un camplo significativo en ninguno de tiempos de failure. J. Vasc. Surg., 61(203-16, 2015.

estudio. La migracion de macrofagos y leucocitos fue evidente d@g—rang‘ P. & Arora, R. Coronary vein graft disease: pathogenesis and
de el primer dia postoperatorio con infiltracion a la tlnica media al preventionCan. J. Cardiol., 25(2§57-62, 2009.

5% dia. Conclusiones. Este estudio caracteriza los aspectasrofski, J. A.; Hata, J. A.; Gehrig, T. R.; Hanish, S. I.; Williams, M. L.;
morfolégicos en el proceso de arterializacion temprana de la paredThompson, R. B.; Parsa, C. J.; Koch, W. J. & Milano, C. A. Gene delivery
vascular en un injerto venoso. Estos resultados contribuyen al mejoito aortocoronary saphenous vein grafts in a large animal model of intimal

entendimiento de los mecanismos morfopatoldgicos envueltos enhyPerplasial. Thorac. Cardiovasc. Surg., 127@43-33, 2004.
la falla del injerto venoso Quiroga-Garza, A.; Delgado-Brito, M.; Bazaldua-Cruz, J. J.; Villarreal-

Silva, E.; Velazquez-Gauna, S. E.; Elizondo-Omafia, R. E. & Guzman-
Lépez, S. New microsurgical model for the study of the morphological
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