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Abstract

Coronary artery bypass grafting (CABG) is a standard procedure performed for revascularization
and left internal mammary artery (LIMA) is the most preferably used graft for CABG, thanks to
its long-term patency, and increased survival from myocardial infarction. Although fibrosis and
calcification of LIMA grafts are observed less compared to other grafts, which leads to a decrease of
graft patency or result in graft fail depending on the excision location, IMA grafts can tend to calcify in
the long term. L-Arginine is the precursor of nitric oxide (NO) synthesis which is a regulator of the
vascular inflammation. In the study, LIMA grafts harvested from 18 male patients were treated ex vivo
with either TNF-« or L-Arginine before cryosectioning. The cryosectioned tissue grafts stained with
H&E and Masson’s Trichrome were imaged with a brightfield microscope to observe the effects of
the treatments on the grafts’ morphology and collagen composition. LIMA grafts were also stained
with Alizarin Red S and imaged with a fluorescence microscope for calcification detection. The effects
of the treatments on tissue morphology, and elemental composition were examined with scanning
electron microscopy (SEM), and Elemental Dispersive Spectroscopy (EDS), respectively, after tissues
were critically dried. Results suggested the potential of L-Arginine for improving the LIMA graft
patency in a preliminary manner, since L-Arginine improved graft morphology to be more organized,
increased collagen deposition, decreased calcification regardless of the patient age.

Keywords: coronary artery bypass grafting; internal mammary artery; graft patency; L-arginine

1. Introduction

Cardiovascular diseases (CVDs) are one of the main reasons of death in adults worldwide [1,2].
It is known that CVDs have a higher prevalence in males [3]. Environmental conditions such as air
pollution and socioeconomic status, diet, exercise, and some inflammatory diseases such as psoriasis,
inflammatory bowel disease, and autoimmune collagen vascular disease are known to affect CVDs’
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development and are risk factors [4]. Inflammation increment is associated with higher expression of
pro-inflammatory markers such as interleukin-6 (IL-6), tumor necrosis factor-a (TNF- &), and C-reactive
protein (CRP) and is commonly seen in patients with CVDs [5].

Coronary artery bypass grafting (CABG) is a standard procedure performed for revascularization
and mainly there are two grafts used during this procedure; left internal mammary artery (LIMA) and
saphenous vein (SV) grafts [6-9]. Also, the right internal mammary artery (RIMA) graft was used in
some procedures, however, the patency of the graft was inconsistent [10]. LIMA is the most preferred
and criterion standard vessel for CABG, due to its long-term patency, and increased survival of the
graft from myocardial infarction, when compared to SV grafts, although, poor surgical technique
can lead to its patency to decrease [11,12]. Even though the success rate is higher with the internal
mammary artery (IMA) grafts, approximately 2-9% of the IMA grafts fail in one year after the CABG
procedure [13].

IMA grafts consist of tunica intima (T1), tunica media (TM) with smooth muscle cells (SMCs),
and tunica adventitia (TA) parts with a layer of endothelial cells [14]. Development of fibrosis and
calcification are known to decrease the patency of the grafts for the CABG [9]. Although fibrosis
and calcification of IMA grafts are less compared to SVG, IMA grafts cut and removed from the left
coronary artery (LAD) or the left circumflex artery (LCX) tend to calcify in the long term when removed
for CABG [15]. During the arterialization of the graft after CABG procedure, an endothelial injury
might occur resulting in the infiltraion of SMCs, proteoglycan levels and collagen levels (type I/11II)
[14].

Tumor necrosis factor-o (TNF-«) is a proinflammatory cytokine, that is associated with organ
damage and increased inflammation and is known to increase fibrosis and calcification in arteries. TNF-
« tend to be increased after CABG procedure [16-18]. Nitric oxide (NO) is a regulator of homeostasis
and is produced naturally by the activity of the nitric oxide synthases (NOS) [19]. NO is shown to
facilitate vasodilation resulting in faster blood flow, and modulate vascular inflammation alongside
regulating vascular inflammation [19]. It is also known that NO can prevent vascular damage which
can lead to diseases such as atherosclerosis, where lipid accumulation and inflammation occurs in the
arteries [20,21]. In some studies, it is shown that NO treatment decreased the vascular calcification
which might occur throughout the atherosclerosis disease development via TGF-§ signaling, therefore,
NO can be beneficial to prevent calcification [22-24]. L-Arginine is one of the semi-essential amino-
acids that is known to have roles in NO level control in the body, since it is the precursor of NO
synthesis [19]. Due to being a precursor of NO, L-Arginine is considered to have beneficial effects for
cardiovascular health [21].

Scanning electron microscopy (SEM) is used for detecting morphology of the materials or bio-
logical samples such as tissue sections. Energy X-ray dispersion spectroscopy (EDS) is used for the
detection of the chemical composition of the examined material or the biological sample [25]. In SEM,
sent electrons scan the material or the biological sample, and the image is obtained due to the emission
of secondary electrons and the backscattered electrons from the specimen [25].

Alizarin Red S is a dye that is used for the detection of macrocalcifications, and calcium deposits
in the vascular or bone tissue ex vivo, osteogenic cells, and stains the calcified areas in red [26-28].

This study is aimed to investigate the effects of TNF-a or TNF-a and L-Arginine ex vivo treatment
on left internal mammary artery (LIMA) grafts” by fluorescence microscopy, SEM and EDS. It is
believed that this preliminary study has the potential to show the effects of L-Arginine on lengthening
LIMA grafts’ patency even further to enhance the success rate of coronary artery bypass grafting
(CABG) (Figure ??).

2. Materials and Methods
2.1. Study Population

Eighteen consecutive male patients (n: 18), who underwent coronary artery bypass grafting
between April 2023 and April 2024 were included to the study. The patient voluntarily participated
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in the research after being informed about the study protocol in details, and signing a consent form.
Diabetic patients, patients with peripheral arterial disease and emergency cases were excluded from
the study populatiion cohort. All patients were considered clinically stable and eligible for elective
cardiac surgery, ensuring a relatively uniform clinical baseline but had smoking history (active or past).

The sample size of this study was determined using the "G-Power 3.1" software. A total of 18
patients were randomly allocated into three groups using a computer-generated simple randomization
method to treat the tissues ex vivo. Four patients were assigned to the control group, seven patients to
Group 1, and seven patients to Group 2. The randomization was performed by a blinded investigator
using a random number generator in Microsoft Excel. The harvested samples from the patients
were randomly assigned into groups using a computer-based randomization method by a blinded
investigator to treat the tissues ex vivo.

2.2. Tissue Harvesting

The left internal thoracic artery (LIMA) was harvested in all patients to be used during the bypass
surgery. The distal segments of the artery were resected and eliminated during the graft preparation
were collected and divided into 3 groups. Group 1 (n: 4 grafts) included the controls. In Group
2, the grafts were treated with TNF-« (10 ng/mL) for 6 hours to create endothelial injury and then
stored in heparinized autologous blood. The grafts in Group 3 were treated with the same protocol to
create endothelial injury; however, L-Arginine (10 mg/mL) for 6 hours was added to the heparinized
autologous blood solution to study the effects of L-Arginine on injured endothelium. All the samples
were kept in the refrigerator at 5°C for 3 months in 5% heparinized autologous blood solution for 3
months to induce an ex vivo perfusion model that stimulates physiological conditions and to prevent
coagulation. During the 3-month period, the samples were stored under controlled conditions at 5°C
in sterile containers and monitored regularly to prevent contamination and to ensure the structural
integrity alongside viability. At the end of the 3 months, grafts were freshly investigated under a
scanning electron microscope for the ultrastructural properties of the endothelium and were fixed in
formaldehyde (4%) for cryosectioning and further investigation.

2.3. Tissue Sectioning

The LIMA grafts were macro sectioned with a scalpel and were cryosectioned utilizing a cryostat
machine (Leica-cm-1860-UV, Germany). The grafts were put onto a disk to be frozen fastly at -30°C,
and embedded into an optimum cutting temperature (OCT) gel (Sigma-Aldrich, Germany, Cat. #:
SLCB3563). The frozen tissue sections were cryosectioned, the thickness was adjusted to 20 ym, and
the sections were taken on the microscope slides.

2.4. Tissue Section Staining & Imaging & Image Analysis

For hematoxylin & eosin (H&E) staining, the microscope slides were washed under tap water
and incubated inside hematoxylin dye (Bio-Optica, Italy) for 4 minutes before getting washed again
and incubated inside the eosin dye (Atom Scientific LTD, UK, Cat. #: RRSP35/E) for 1.5 minutes. The
slides were washed under distilled water for 30 seconds and incubated in 85% and 95% ethanol for
30 seconds each. Lastly, the slides were incubated in pure acetone (Sigma-Aldrich, Germany, Cat.
#: 179124) to make the slides transparent for approximately 2 minutes. The slides are covered with
coverslips using a mounting medium (Fisher Chemical, USA, Cat. #: SP15). For Masson’s Trichrome
staining, a staining kit (HistoPlus, Brazil, Cat. #: HST-MTA-0100) was utilized, and after staining slides
were covered with coverslips using a mounting medium (Fisher Chemical, USA, #: SP15). Alizarin
Red S staining was performed in the dark by incubating the slides with Alizarin Red S fluorescent dye
(GBL, Turkey) for 4 minutes and making the slides transparent using pure acetone before they were
covered with a coverslip using a mounting medium (Fisher Chemical, USA, Cat. #: SP15).

The H&E or Masson’s Trichrome stained slides were imaged with brightfield microscopy (Zeiss
Axio Observer). Alizarin Red S stained slides were imaged with fluorescence microscopy (Zeiss
Axio Observer) with excitation of 475 nm at 10X magnification. The images were edited and the
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fluorescence intensity of the tissues were measured with the Zen Pro 3.6 software. Statistical analysis
of the fluorescence intensities were not done since the data pool was not big to perform statistical tests
(n: 4 for each tissue).

2.5. Scanning Electron Microscopy & Energy Dispersive Spectroscopy

Tissue grafts were imaged with SEM and EDS, for obtaining morphological and elemental
information, respectively.

Selected IMA grafts depending on the age and ex vivo treatment (n = 2 for each group, one graft
from younger, one graft from older patient) were sectioned not exceeding 0.5 cm in size and were dried
under carbon dioxide using acetone in a critical point dryer device (Leica© EM CPD300 Critical Point
Dryer). The critical drying was completed at 40°C without damaging the sections to not interfere with
their morphology and for them to be imaged under high vacuum with scanning electron microscopy
(SEM).

The dried tissue sections were placed on carbon tapes adhered to the aluminum mount for SEM
(Thermo Scientific™ Quattro ESEM) and EDS after being coated with gold (40 nm, 3 flashes) utilizing
Leica EM ACE 200 instrument.

Elemental analyses of the tissue sections were made with the EDAX brand Energy Dispersive
Spectroscopy (EDS) detector using the APEX software. Before analyses, the EDAX EDS device was
calibrated by referring aluminium (Al) and copper (Cu) standard samples automatically, and EDS
analysis was performed from a suitable area at 1000 times magnification to determine the average
percentages of the elements by atom. The spectra of carbon (C), nitrogen (N), oxygen (O), sodium
(Na), sulfur (S), and calcium (Ca) elements were measured in percentage by atomic percentage. The
statistical analysis of the elemental composition percentages were not performed because of the small
population of data (3 measurements/tissue).

3. Results

The LIMA grafts that are used in the study are numbered and presented in Table 1 with the ages
of the patients and the treatment of the graft.

Table 1. Patient numbers, ages, tissue treatment type, and labeling group of LIMA Grafts.

Patient Number Patient Age Tissue Treatment

1 51 Control

2 69 TNF-«

3 70 TNF-«a & L-Arginine
4 72 Control

5 52 TNF-«

6 74 TNF-«a & L-Arginine
7 73 Control

8 54 TNF-a

9 70 TNF-«a & L-Arginine
10 48 Control

11 70 TNF-«

12 65 TNF-a & L-Arginine
13 58 TNF-a

14 52 TNF-«a & L-Arginine
15 68 TNF-«

16 55 TNF-a & L-Arginine
17 66 TNF-«

18 53 TNF-«a & L-Arginine

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.0692.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2025

d0i:10.20944/preprints202510.0692.v1

50f21

The images of H&E or Masson’s Trichrome stained control group’s tissue sections” with different
magnifications are presented in Figure 1, Figure 2, and Figure 3 for control, TNF-«, and TNF-« &
L-Arginine treated group, respectively.

Patient 7 Patient 4 Patient 1

Patient 10

H&E Staining Massoélt :i;ll‘;‘rlfghrome

L
100 pm 50 pm

Figure 1. 10X and 20X Images of Hematoxylin & Eosin (H&E) or Masson’s Trichrome Stained Control Group
LIMA Grafts. (Scale bar = 100 ym and 50 ym for 10X and 20X, respectively)
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Figure 2. 10X and 20X Images of Hematoxylin & Eosin (H&E) or Masson’s Trichrome Stained TNF-a Treated
Group LIMA Grafts. (Scale bar = 100 ym and 50 ym for 10X and 20X, respectively)
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Patient 16 Patient 14 Patient 12 Patient 9 Patient 6 Patient 3

Patient 18

] .
H&E Staining Masso;t:i:;'::ghrome

Figure 3. 10X and 20X Images of Hematoxylin & Eosin (H&E) or Masson’s Trichrome Stained TNF-« & L-Arginine
Treated Group LIMA Grafts. (Scale bar = 100 ym and 50 pm for 10X and 20X, respectively)

The images of the H&E and Masson’s Trichrome stained LIMA grafts of treated groups are
presented in Figure 4 and Figure 5 depending on the treatment type and the age of the patients.
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Figure 4. 10X Images of H&E Stained Control, TNF-«, and TNF-a & L-Arginine ex vivo Treated Group LIMA
Grafts for patients at the age of 50, 60 and 70. (Scale bar = 100 y#m for 10X)
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Age 50
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Patient 14
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Patient 13
Patient 12
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Patient 4
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Patient 11

Ctrl TNF-A TNF-A & L-Arg

Figure 5. 10X Images of Masson’s Trichrome Stained Control, TNF-a, and TNF-a & L-Arginine Treated Group
LIMA Grafts for patients at Age of 50, 60 and 70. (Scale bar = 100 ym for 10X)

The images of the Alizarin Red S stained and imaged with fluorescence microscope LIMA grafts
of treated groups are presented in Figure6A depending on the treatment type and the age of the
patients. The fluorescent intensity of the tissues were measured using Zen Pro 3.6 software (Figure 6B).
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Since age 60 did not have any control groups, Alizarin Red S staining was not performed for grafts
obtained from patients who were at age of 60.
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Figure 6. Alizarin Red S stained LIMA grafts. A:10X Images of Alizarin Red S Stained Control, TNF-a, and
TNF-a & L-Arginine Treated Group LIMA Grafts for patients at Age of 50 and 70. (Scale bar = 100 ym for 10X),
B:Fluorescence intensity of the stained tissues with their standard deviations.

To observe the effects of treatment and age on the LIMA graft morphology, SEM images of the
grafts were obtained from patients of age around 50 (Figure 7), and patients of age around 70 (Figure

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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8) with 2 different magnifications.

Scale Bar Treatment Type

50 pm

Control

Patient 10

TNF-a

Patient 8

TNF-0 & L-Arginine

Patient 14

Figure 7. SEM Images of Control, TNF-a, and TNF-« & L-Arginine Treated LIMA Grafts for patients at Age of 50
(Scale bar = 100 ym and 50 ym)
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Scale Bar Treatment Type

Control

Patient 4

TNF-a

Patient 11

TNF-0 & L-Arginine

Patient 3

Figure 8. SEM Images of Control, TNF-a, and TNF-« & L-Arginine Treated LIMA Grafts for patients at Age of 70
(Scale bar = 100 ym and 50 ym)

The raw data of atomic percentage (%) with their uncertainty values obtained by the EDS analysis
of the LIMA grafts with different age and treatment are presented in Table 2. The atomic percentage (%)
of the carbon (C), nitrogen (N), oxygen (O) for patients of ages 50 and 70 depending on the treatment
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type are presented in 9A, and 9B, respectively. The atomic percentage (%) of the carbon (C), nitrogen

(N), oxygen (O) for the control group, TNF-« treated group, and TNF-a & L-Arginine treated group are

presented in Figure 10A, Figure 10B, and Figure 10C, respectively. The comparison of the phosphorus

(P), and calcium (Ca) atomic percentage (%) of patients of different ages and treatments is presented in

Figure 10D.

Table 2. Raw data, atomic percentage (%) results of elements of left internal mammary artery grafts (LIMAs) with

their uncertainty values obtained by energy dispersive spectroscopy (EDS) analysis.

Patient Graft Atomic Atomic Atomic Atomic Atomic
Number Treatment % Carbon % Nitrogen % Oxygen % Phosphorus % Calcium
3 TNF-a & L-Arginine  46.9 +0.107 21.4 £0.187 26.6 £0.141 4.5+ 0.037 0.6 +0.222
3 TNF-a & L-Arginine  43.8 £0.072 249 £0.120 29.3+0.112 1.8 4+ 0.029 0.3 +0.188
3 TNF-o & L-Arginine  48.1 £0.082 21.7 £0.140 27.1 +0.120 2.8 £0.030 0.2 +£0.331
4 Control 50.6 £0.089 209 £0.146 24.3 +0.122 4.0 £0.029 0.2 +0.425
4 Control 458 £0.103 20.7+0.175 283 £0.131 4.7 £0.033 0.5+ 0.347
4 Control 5294+0.092 151+0.171 26.8+0.118 4.9 £0.028 0.2 +0.353
8 TNF-a 574+0.082 12.7+0.193 26.3+0.121 3.4 +0.032 0.3 +0.344
8 TNF-a 54540101 16.6 £0.211 23.2+£0.141 4.9 £ 0.039 0.7 £0.326
8 TNF-o 449 +£0.127 17640302 32.7£0.170 3.8 £0.070 1.0 +0.348
10 Control 51.3+£0.089 20.1+£0.131 22.0+0.114 6.4 +0.025 0.3 £ 0.406
10 Control 482 +£0.093 22840157 23.4+0.131 4.8 +0.039 0.9 £0.307
10 Control 46.7 £0.097 23140176 26.4+0.139 3.2+£0.043 0.5 £ 0.267
11 TNF-a 51.7+£0.078 20.8 £0.112 22.6 +0.105 49 +0.021 0.1 £0.677
11 TNEF-a 403 +£0.157 17340287 32.5+£0.160 8.3 +0.049 1.6 +0.331
11 TNF-a 48.1+£0.073 22440107 26.0=£0.102 3.4 £0.022 0.1 +0.323
14 TNF-o & L-Arginine  66.4 +0.076 13.8 £0.211 16.5 £ 0.147 3.1+£0.026 0.2 +0.239
14 TNF-a & L-Arginine  50.24+0.090 182 +0.145 26.5+0.117 4.7 £0.027 0.3 +£0.252
14 TNF-a & L-Arginine  45.3 +0.118 24.0 +£0.223 26.3 £0.173 3.6 £ 0.065 0.8 £0.297
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Figure 9. Atomic percentage (%) of carbon, oxygen, nitrogen, phosphate, and calcium elements of LIMAGs of
patients of different ages and treatments. A: Age 50, B: Age 70, Blue: Control, Purple: TNF-« treatment, Pink:
TNF-x & L-Arginine treatment.
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Figure 10. EDS analysis results of atomic percentage (%) and comparison of different elements of LIMAGs of
patients with different treatment type and age. A: Control group, B: TNF-« treated group, C: TNF-a & L-Arginine
treated group, D: P & Ca atomic percentage (%).

4. Discussion

In this study, it was aimed to observe how TNF-a or TNF-a and L-Arginine ex vivo administration
alongside age affected the morphology, histology, calcification, and elemental composition of LIMA
grafts that were obtained from male patients.

L-Arginine co-administered TNF-« treated and control (non-treated) grafts showed more compact
and organized vascular structure compared to TNF-« treated grafts in general, when the H&E stained
tissues were compared, suggesting the possible effects of L-Arginine on tissue reorganization (Figure
1,2,3).

Masson'’s Trichrome staining showed, regardless of the type of treatment, that generally with
increasing patient age, more vascular fibrosis was present which can be associated with tissue aging,
high levels of oxidative stress, genetics, and salt consumption (Figure 1-3) [29].

As it can be seen Figure 1 in the images of patient 4’s and patient 10’s which are 72 and 48 years
old, respectively, higher fibrosis was observed in the patient 10 which might have been resulted from
the lifestyle, and genetics of the patients since pathological background affect the artery health and
properties majorly [29,30].

Also when age and the treatment type dependence on grafts were examined, consistent with the
literature, as the age increases more vascular fibrosis was observed in the tissue sections, which can
lead to decreased graft patency, and can cause vascular stiffening alongside extracellular matrix (ECM)
decomposition (Figure 4,5) [16,29,31].

When co-administered with TNF-« ex vivo, L-Arginine increased the collagen levels, and decreased
visible fibrosis, as can be seen in Figure 5, regardless of the patient age, showing it might have a
potential as a treatment option for fibrosis and increasing LIMA graft patency [19,21]. Even though
there was an increase in the collagen deposition on the tissues with L-Arginine administration, further
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investigation of the effects of L-Arginine on the collagen levels should be quantified with instruments
such as mass spectrometry or tests such as ELISA or hydroxyproline assay [32].

Alizarin Red S staining was performed on 6 different tissue sections to compare how age difference
and treatment affected the calcification of the LIMA grafts, since this staining is effective to stain and
observe macrocalcifications [26]. Detecting calcification levels or calcified areas are important to check
the artery graft patency/quality [9]. When the images were compared, it was observed that TNF-«
administered grafts had more calcified areas (red) compared to the control group and L-Arginine
co-administered with TNF-a (Figure 6A) in general regardless of the age. In age 70, more calcified
areas were observed compared to the suggesting with the increment of the age and TNF-« treatment
calcified areas can be increased (Figure6A) which was also supported by the EDS results for atomic
calcium levels shown in Table 2. The qunatification of the Alizarin Red S stained tissues showed
that when TNF-a % L-Arginine co-administered together, less fluorescent signals were observed,
suggesting less calcification (Figure6B). The standard deviations of the fluorescent intensity being
high might be resulted from the fact that these intensities were measured from images which makes it
semi-quantitative instead of quantitative (Figure6B).

In SEM images, when the grafts morphology that were obtained from patients of different ages
with the same ex vivo treatment were compared, grafts obtained from patients that were at age of 50
displayed a more organized morphology compared to the grafts obtained from patients that were at
age of 70 (Figure 7,8), suggesting as age increases LIMA grafts lose organized /compact morphology.
With TNF-a treatment, structural disruptions were observed in grafts” morphology regardless of the
age of the patients and co-administration of L-Arginine with TNF-a enabled grafts’ morphologies to
be more similar to the control groups, and more organized when compared with the TNF-« treated
grafts again regardless of the patient age, suggesting vascular damage decrement (Figure 7,8) [[18,21]].

Grafts obtained from patients that were in the age 50 range generally displayed higher atomic %
of C and O suggesting abundance of collagen in the structure regardless of the treatment (Figure 9,
10A-C) [33].

LIMA graft obtained from patient 11 (TNF-« treated) displayed the highest atomic % of Ca and
P which was confirmed by the lipidic structure observed by Masson’s Trichrome staining (Figure 2,
10D). Overall, TNF-« treated grafts displayed higher atomic % of Ca and P, suggesting TNF-« level
increment in the tissue can result in calcification [18]. L-Arginine co-administration generally resulted
in an increase in atomic % N and O levels, suggesting possible NO synthesis since L-Arginine is the
precursor of NO [19].

This study was only conducted with the grafts obtained from limited male patients and can be
conducted with grafts obtained from females in the future and/or with bigger sample size, since
cardiovascular symptoms present later in women than men and the operational alongside post-
operational mortality rate is higher in females compared to males and increasing the graft patency has
potential to expand the lifespan after CABG [34].

Since lifestyle and genetic tendencies affect artery health, in a future study, these factors should
also be studied in similar but bigger patient groups [30]. Overall, the sample size should be extended
of the tissues with grouping considering the pathological history of the patients, and the experiments
should be repeated to obtain more data and perform statistical tests.

To understand the effects of the treatments on the graft patency on a molecular level, mRNA or
protein levels of type I/1II collagen, proteoglycan, and other ECM components should be examined
and quantified [14].

In this study, the potential of L-Arginine when co-administered with TNF-a was observed, further
investigations of molecular levels of NO, oxidative stress markers, and inflammatory markers are
needed to understand the full potential and effect of L-Arginine when co-administered with TNF-a ex
vivo [19,21].

The calcified areas of the grafts were able to be imaged with Alizarin Red S staining and elemental
composition analysis obtained by EDS, however, since Alizarin Red S staining cannot detect microcal-
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cifications, in further studies, Raman spectroscopy can be used to further investigate the calcification
status of the grafts and how age alongside treatment type affect the calcification of the grafts [35].

TNF-« is known to have the potential to increase vascular stiffness, the effect of TNF-a on vascular
stiffness can be quantified and examined with scanning acoustic microscopy (SAM) in future studies,
since by acoustic wave speed values the arterial stiffness can be quantified [29,36].

The effects of L-arginine or TNF-a treatment on the elemental composition of the tissue grafts
were examined with the EDS analysis, however, to obtain a statistical scientific outcome, the graft
samples should be extended, and this was planned for future studies to obtain a statistical outcome of
the treatment’s effects on the grafts’ elemental composition levels.

Overall, this study provides preliminary results about how L-Arginine treatment affects LIMA
graft patency on histological, morphological, and chemical level, however, in the future, the sample
size should be extended, the effects of L-Arginine should be examined more at the molecular level, and
the grouping of the tissue samples should be made in a more specific manner to obtain more accurate
results.

5. Conclusion

In this preliminary study, the effects of TNF-a or TNF-« and L-Arginine ex vivo treatment alongside
age, on the morphology, histology, collagen levels, calcification, and elemental composition of LIMA
grafts obtained from male patients, were investigated to understand whether L-Arginine treatment
could improve LIMA graft patency or not. This preliminary study overall suggested the potential
usage of L-Arginine for improving the LIMA graft patency, since generally it lead to more organized
morphology of the grafts, more collagen, less calcification when compared with TNF-« treated grafts
but further investigation is needed.
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CABG Coronary Artery Bypass Grafting
LIMA  Left Internal Mammary Artery
IMA Internal Mammary Artery
CVDs  Cardiovascular Diseases
TNF-«  Tumor Necrosis Factor Alpha
CRP C-Reactive Protein

IL-6 Interleukin-6

SV Saphenous Vein

TI Tunica Intima

™ Tunica Media

SMCs  Smooth Muscle Cells

TA Tunica Adventita

LAD Left Coronary Artery

LCX Left Circumflex Artery

NO Nitric Oxide

NOS Nitric Oxide Synthase

SEM Scanning Electron Micrsocopy
EDS Energy X-Ray Dispersion Spectroscopy
H&E Hematoxylin & Eosin

ECM Extracellular Matrix

SAM Scanning Acoustic Microscopy
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