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ABSTRACT

Cardiovascular disorders are the leading cause of global mortality and necessitate bypass surgery to
replace the damaged blood vessels. Currently used grafts are insufficient to replace small-diameter
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blood vessels due to the scarcity and harsh harvesting procedures of autologous vessels and the
shortcomings in the clinical performance of synthetic grafts. Therefore, there is a critical need for
tissue-engineered vascular grafts that can meet morphological, mechanical, and biological
characteristics. In this study, poly(lactic-co-glycolic acid) tubular scaffolds with randomly distributed
or radially oriented fibers were produced by electrospinning, and the effect of fiber orientation on

morphological, physical, and mechanical properties was investigated. Also, instrumental assessments
were conducted to perform a comprehensive analysis of the polymeric material, encompassing
evaluations of its toxicity and thermal properties. The findings demonstrate that, while successful
implementation of radial fiber orientation with high rotational speed production enhanced burst
strength and radial tensile strength values, it was unfavorable for compliance.

1. INTRODUCTION

Tissue engineering confronts a significant problem in
replicating the particular architecture and mechanical
properties of the arterial wall in order to meet the basic
requirements of the native vessels with diameters smaller
than 6 mm [1, 2]. The commonly employed synthetic
materials in commercial applications include expanded
polytetrafluoroethylene (ePTFE, Gore-Tex) and
polyethylene terephthalate (PET, Dacron) [3]. These
materials have demonstrated successful outcomes as
substitutes for large-caliber arterial grafts like the carotid or
common femoral artery, exhibiting favorable long-term
results. However, their usage is limited to smaller diameter
vascular grafts (< 6mm), such as coronary arteries, due to
observed challenges such as poor patency rates resulting
from neointimal hyperplasia in peri-anastomotic regions, as
well as concerns related to thrombogenicity and compliance
mismatch [4, 5]. An efficient vascular graft ought to
possess a suitable topology, be biocompatible,
antithrombogenic, bioactive, have good mechanical
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characteristics, and instantly adapt to the existing
hemodynamic  environment [6]. The mechanical
characteristics of vascular prostheses influence biological
activities such as the growth of smooth muscle and
endothelial cells and accelerate extracellular matrix (ECM)
synthesis via enhanced macrophage activity [7]. The ECM
deposition is crucial as it is a three-dimensional (3D)
network of molecules that provides structural and
biochemical support for cells and promotes cell survival,
adhesion, proliferation, communication, and differentiation,
playing a vital role in cellular processes [8]. Thus, vascular
grafts with inadequate mechanical characteristics create an
unfavorable microenvironment for neotissue formation [7].
Through the technique of electrospinning, it is feasible to
fabricate fibers using biopolymers that closely resemble the
complex 3D microenvironment of the ECM. This approach
allows for the control and manipulation of various fiber
characteristics, such as morphology, diameter, orientation,
porosity, pore size, wall thickness, and the creation of
multilayered structures [9, 10]. These capabilities enable
the replication of the distinct layers present in native blood
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vessels, including the tunica intima, media, and adventitia
[9]. The design criteria that affect the properties of vascular
grafts can be categorized under two topics: material
selection and constructional components such as fiber
diameter, pore size, fiber orientation, and wall thickness
[11]. For instance, fiber alignment influences how cells
grow, how they build their morphologies on scaffolds, and
how they align through the vessel wall. Moreover, radial
fiber orientation is known to have a beneficial impact on
the values of modulus, tensile strength in the same
direction, and burst strength, whereas it reduces compliance
[12]. On the other hand, excessive wall thickness within the
vascular scaffolds creates a disadvantageous situation in
terms of cell activities and proliferation, as it restricts
features such as porosity and compliance [13]. Compliance,
expressed as a percentage of diameter change per 100
mmHg, serves as a measure of flexibility or stiffness [14].
The mismatch in compliance between a rigid vascular graft
and the native vessel at the anastomosis sites can lead to
issues such as turbulent blood flow and reduced blood flow
rates in small grafts. This, combined with the thrombogenic
nature of foreign materials used in the graft and the absence
of endothelialization, contributes to thrombosis and
narrowing of the blood vessel (luminal constriction) due to
intimal hyperplasia. Consequently, these factors result in
poor graft patency rates [15]. Also, the choice of
biomaterials is critical in establishing the framework for
mechanical qualities, cellular activities, biocompatibility,
biodegradability, and anti-toxicity [16]. In this regard,
poly(lactic-co-glycolic acid) (PLGA) is a synthetic
biopolymer which supports the biological activities and has
tunable mechanical strength and biodegradation rate [17].
Malik et al. (2021), produced tubular fibrous scaffolds with
oriented fibers consisting of various biopolymers such as
PLGA, polycaprolactone (PCL) and polyvinyl acetate
(PVA). PLGA vascular grafts outperformed other polymers
in terms of tensile strength (9.1 = 0.6 MPa), suture retention
strength, and burst pressure (350 + 50 mmHg). These
scaffolds have also been discovered to have appropriate
porosity and elongation characteristics (87% and 183%,
respectively), making them viable materials for vascular
grafts. When the aligned scaffolds were compared with
their counterparts, remarkable improvements in the
mechanical properties such as tensile strength, strain, and
burst strength were observed in all the samples (2 MPa vs.
9.1 MPa, 120% vs. 183%, and 350 mmHg vs. 680 mmHg,
respectively, for PLGA) [18]. In another study of Johnson
et al. (2015) the effect of polymer selection and wall
thickness on the mechanical features of the vascular
prosthesis was investigated. First of all, the biomechanical
characteristics of electrospun vascular grafts made of
various biopolymers were examined. The bursting strength
of the scaffold made of PLGA showed the highest value
with 3.3 MPa, which is slightly higher than the burst
pressure of commercially used Dacron graft with 3.2 MPa.
However, compliance results revealed that PLGA grafts

demonstrate a
1.9%/mmHg [19].

relatively low compliance value of

Within the scope of this study, electrospun vascular
prostheses consisting of randomly distributed and radially
oriented PLGA fibers were fabricated for the purpose of
assessing both the effect of fiber arrangement on the
mechanical properties in terms of tensile strength and
strain, burst strength, and compliance, as well as
determining the suitability of PLGA scaffolds in regards to
physical, morphological, chemical, thermal, and mechanical
characteristics.

2. MATERIAL AND METHOD
2.1 Material

PLGA (Mw: 50,000-75,000 g/mol, PLA/PGA:85/15) was
used as a polymer, whereas chloroform (CH), acetic acid
(AA), and ethanol (ETH) were utilized as the solvent
system components. The chemicals were purchased from
Sigma-Aldrich.

2.2 Method
Fabrication of PLGA vascular grafts

PLGA was dissolved in CHL/ETH/AA (8/1/1 wt.)) at a
concentration of 18% wt. based on preliminary studies [20].
The tubular samples were produced using an
electrospinning unit (Nanospinner, Nel100+) provided by
Inovenso, Turkey. The PLGA solutions were delivered by
using a feeding rate of 2.25 + 0.25 ml/h and subjected to 11
+ 2 kV voltage by using 20 cm needle to collector distance.
Rotating rod collectors with 5 mm diameter and different
rotational speeds of 200 rpm and 10,000 rpm were used to
achieve samples with randomly distributed (PLGA_R) and
radially oriented fibers (PLGA_O). The spinning time for
all samples was set at 40 minutes to achieve the adequate
wall thickness expected from vascular grafts.

Morphological and physical characterization
SEM Analysis

The surface morphologies of electrospun surfaces were
investigated by using a scanning electron microscope
(SEM). The SEM images of tubular scaffolds were taken
with magnifications of 1kx.

Fiber diameter and wall thickness measurement

The Image J Software System was used to calculate average
fiber diameters from SEM images of at least 50 distinct
fibers. The wall thickness of samples was measured with a
Standard Gage Electronic External Micrometer (Hexagon
Metrology, Turkey).

Water contact angle assessment

The KSV Attension Optical Contact Angle Meter is
employed to measure the water contact angles on scaffold
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surfaces using the sessile drop measurement technique,
enabling the evaluation of surface hydrophilicity. The
contact angle serves as a valuable indicator, conveying
insights into surface hydrophilicity and wettability. A
higher contact angle on the surface corresponds to reduced
hydrophilicity and wettability [21].

Chemical and thermal characterization
Fourier-transform infrared spectroscopy analysis (FTIR)

FTIR analysis was conducted employing Fourier-transform
infrared spectrometry (UATR Two, Perkin Elmer) to detect
the presence of characteristics peaks of PLGA. This
analysis also serves to substantiate the absence of any
residual solvents within the fibrous scaffolds subsequent to
their production. The infrared absorption spectra of the
samples were obtained within the range of 500-4000 cm™.

Differential scanning calorimetry (DSC) analysis

The Perkin Elmer DSC400 was used to conduct the thermal
analysis and also the confirm the amorphous structure of
the PLGA webs. The analysis took place under atmospheric
pressure in a nitrogen atmosphere, with a sample weight of
5 mg. The PLGA webs were subjected to a heating rate of
7°C/min, starting from 30°C and reaching a maximum
temperature of 400°C. By measuring the heat flow during
the temperature ramp, the DSC provides valuable data for
determining both the glass transition temperature (Ty) and
the maximum decomposition rate of the PLGA webs [22,
23].

Mechanical assessment
Tensile strength and strain

Tensile testing was performed by using Zwick-Roell Z005
universal testing machine (ZwickRoell, Germany) for the
assessment of the mechanical performance of the tubular
grafts. The tubular samples were tested in axial (0°) and
radial (90°) directions in both planar (_P) and tubular form
(_T). The planar test samples were cut into 10mm x 15mm
(width x length) dimensions from tubular scaffolds whereas
tubular samples with 1.5 cm length were cut for testing in
tubular manner. Testing the samples in tubular shape along
the longitudinal direction arises from simulating the
position of vascular grafts in the body and examining how
they respond to mechanical forces in its own shape. The
cross-head speed was set at 10 mm/min while the distance
between the gauges was 5 mm.

Burst pressure measurement

The burst strength measurement is utilized to assess the
maximum pressure that a vascular prosthesis can endure
before experiencing failure [24]. The burst pressure
properties of the tubular graft structures were measured by
custom design burst tester (Inovenso, Turkey). The balloon
was placed into the tubular samples cut in 4 cm length.
Then, the sample ends were fastened into the air nozzles

with the help of sleeves, and pressurized air flow was
provided. The burst pressure value was recorded when the
sample fails as a result of supplied air pressure from the
nozzles.

Compliance

The custom-designed device (Inovenso, Turkey) with
provided air flow used to measure the compliance at a
physiologically equivalent pressure of 80-120 mmHg as
specified in 1SO 7198:2016 [25]. The photographs of the
samples under provided pressure ranges were captured
using a camera system. The Image J software system was
then utilized to measure the diameters of the samples at
each pressure. Then, the compliance values were calculated
by the formula given in Equation (1).

Rp,—Rp,

R
—P1__ x10%
D2—D1

)%compliance = Eq. 1
where Ry is a pressurized radius at diastolic pressure (mm),
Rp1 is a pressurized radius at systolic pressure (mm), p1 is a
diastolic pressure (mmHg), and p. is a systolic pressure
(mmHg). To ensure accuracy and reliability, compliance
measurements for each vascular graft were repeated a
minimum of three times

3. RESULTS AND DISCUSSION
3.1 SEM analysis

SEM images, which are represented in Figure 1, revealed
that both scaffolds consist of smooth, homogenous, and
bead-free fibers. In the research conducted by Stojko et al.
(2020), electrospun wound dressings with PLGA consisting
of different proportions of lactic acid (LA) and glycolic
acid (GA) (50/50, 70/30, and 85/15) was produced by using
chloroform based solvent system and polymer
concentrations of 15-18% wt. SEM examinations showed
that the resulting fibers exhibited a consistent, elongated,
and smooth structure [26]. On the other hand, the radial
fiber orientation was achieved when the collector speed was
set at 10,000 rpm. The high collector speed causes a higher
linear velocity of the mandrel, which supports the fiber
alignment in the circumferential direction [27]. The
attainment of randomly distributed fibers on the collector
can be accomplished by adjusting the rotational speed to a
value below the take-up speed of the fibers. This ensures
that the fibers are not aligned in a specific orientation,
leading to a random arrangement on the collector surface
[28]. Hu et al. (2012) also produced vascular grafts with
electrospun PCL fibers, achieving various fiber orientations
by altering the collector's rotation speed. Through optical
microscopy, they determined that faster collector rotation
resulted in higher degree of fiber alignment [29].
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Figure 1. SEM images at 1kx magnification of neat PLGA samples
produced on tubular collector with rotational speeds of 200 rpm and
10,000 rpm (a) PLGA_R and (b) PLGA_O.

3.2 Fiber diameter and wall thickness measurement

The fiber diameters of the produced scaffolds, as presented
in Table 1, range between 2.3 and 2.6 um. Fiber diameters
are affected by many parameters in electrospinning, such as
voltage, solvent systems, polymer concentration, flow rate,
spinneret diameter, rotational speed, and so on [30, 31]. Ina
study of Milleret et al. (2012), PLGA vascular grafts were
manufactured by employing chloroform as a solvent and
modifying electrospinning parameters. They measured fiber
diameters, which spanned from 0.63 pm to 5.02 pm,
contingent upon the chosen parameters [32]. Similarly, Ko
et al. (2016) generated electrospun PLGA surfaces using
various solvents, resulting in fiber diameters ranging
between 0.2 um and 5 pm. Notably, surfaces produced with
chloroform exhibited the largest fiber diameter at 5 pm
[33]. In a separate study, You et al. (2005) examined the

fiber diameters of samples produced from polyglycolic acid
(PGA), polylactic acid (PLA), and PLGA. PLGA exhibited
thicker fiber diameters, ranging from 0.2 to 1.8 pm. This
variation was attributed to solvent properties, including
electrical conductivity and polarity [34]. Existing literature
highlights that the use of non-polar solvents like chloroform
or dichloromethane leads to an increase in fiber diameters
[35]. Also, it can be seen from the fiber diameter values that
the PLGA O sample has thinner fibers than the PLGA R
sample. This situation can be explained by the stretching of
the fibers because of the rotational movement and speed of
the rotating collector [36, 37]. Fibrous webs generated at
higher rotational speeds result in thinner fiber diameters
compared to those produced at lower collector speeds due
to the application of stretching force [38]. On the other
hand, the wall thickness values measured in both grafts are
sufficient and fall within the wall thickness range given for
vascular grafts in the literature (200 pm-600 pm) [39]. It is
also emphasized that the wall thickness of the vascular
grafts should be as thin as possible if they can demonstrate
enough mechanical endurance and biodegradation [40]. In
the current investigation, despite employing identical
production systems and durations, variations in wall
thickness were observed, particularly in relation to different
collector rotation speeds. This suggests that the collector
speed can influence the wall thickness of the produced
fibers. It is hypothesized that a high-speed rotating collector
rapidly draws in the fibers, limiting their dispersion and
resulting in a thicker wall structure.

Table 1. Wall thicknesses, fiber diameters, and fiber diameter histograms of PLGA vascular grafts.

Samples Wall thickness (pm) Fiber diameter (um) Fiber diameter distribution
10
8
6
PLGA R 208 + 33 2.579+£0.782
4
2
0
1.150 3.887
10
8
PLGA O 245+ 28 2372 +0.407 ¢

0
1.702 3,128
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3.3 Analysis of surface wetting properties

Table 2 displays the water contact angles observed on the
PLGA scaffolds. Both samples exhibit hydrophobic
characteristics, as indicated by their relatively high contact
angles, impacting the surfaces' wettability. Notably, there
isn't a substantial difference between the contact angles of
the two samples. Furthermore, it's worth mentioning that
the contact angle and surface hydrophilicity aren't linked to
the orientation of the fibers but are instead related to the
nature of the polymer itself. This aligns with the expected
hydrophobic behavior of PLGA, as supported by prior
research [41, 42], which can be attributed to the high
content of lactic acid within the polymer (85%). The
existence of methyl side groups in lactic acid increases its
hydrophobicity compared to glycolic acid. As a result,
copolymers of PLGA rich in lactide are less prone to
absorbing water due to their reduced hydrophilicity, which
leads to a slower degradation process [43]. In a study of Ji
Lee et al. (2014), the fibrous webs consisting of neat PLGA
showed a hydrophobic character with a water contact angle
of 143° [44]. As it is widely recognized that increased
hydrophilicity enhances surface polarity and adhesion,
facilitating cell attachment and proliferation [45], existing
experimental studies also demonstrate that cells can adhere
to and thrive on PLGA surfaces characterized by high
contact angles [46, 47].

3.4 FTIR analysis

Figure 2 confirms the presence of characteristic peaks in the
PLGA fibrous webs. Analysis of the FTIR spectra reveals
prominent features in specific wavenumber ranges. A
distinct broad band between 1700 cm™ and 1800 cm!,
corresponding to the carbonyl (C=0) groups present in both
monomers, is observed [48]. Additionally, a grouping band
(C-0) between 1300 cm™ and 1150 cm™!, indicative of
ester groups, is evident [49]. Moreover, the spectrum
clearly exhibits stretching vibrations of the CH, CH,, and
CHs groups (2850-3000 cm™') [50]. Notably, the absence
of characteristic peaks from chloroform, ethanol, and acetic
acid in the FTIR analysis indicates the absence of residue
from these solvents on the fibrous webs. Specifically,
chloroform, the primary solvent, does not exhibit its
characteristic peaks, including CCl; stretching at 680 and
774 cm™!, and C-H stretching at 3034 cm™! [51]. Similarly,
ethanol, with its characteristic peaks of C-O stretching at
2055 cm™!, symmetric CH stretching at 2850 cm™', and
asymmetric C-H stretching at 2850 cm™!, was not observed
in the PLGA sample [45]. Likewise, acetic acid, with its
peaks of C-O and OH vibrations at 1292 cm™, and C-H

vibrations at 1424 cm™!, was not detected in the FTIR
spectra of PLGA webs [52]. FTIR analysis conducted in
preliminary studies further substantiated the absence of
chloroform, ethanol, and acetic acid on the fibrous web [45,
53].
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Figure 2. FTIR Spectra of PLGA web

3.5 DSC analysis

The results of the differential scanning calorimetry (DSC)
performed on pure PLGA webs is displayed in Figure 3.
Thermal and chemical analyses were conducted on both
scaffolds, but the results are given in single curves since it is
observed that the rotational speed does not have a significant
impact on the thermal and chemical properties of the
produced webs, which is also supported by existing literature
[54]. The DSC analysis revealed an endothermic event at
52.9°C, indicating a thermal transition within the material.
Additionally, an endothermic decomposition peak was
observed, which centered around 334.4°C. The obtained
results are consistent with previous findings reported in the
literature [55, 56, 57]. The glass transition temperature of
PLGA is higher than the physiological temperature,
indicating that the mobility and elasticity of the polymeric
material are low and that the material shows brittle behavior
within the human body [58, 59]. It is also important to note
that since the PLGA used in this study is in an amorphous
form, it does not exhibit a melting point. Melting behavior is
characteristic of polymers with a semi-crystalline structure,
whereas amorphous polymers lack the ordered arrangement
necessary for melting to occur [60]. Therefore, the absence of
a melting point in the DSC spectra supports the amorphous
nature of the PLGA utilized in this study.

Table 2. Contact angle measurements of the PLGA scaffolds.

Samples Contact Angle Mean (°) Water Droplet Image
PLGA_R 137.12 +£0.64
PLGA O 138.30 + 0.64
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DSC Analysis
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Figure 3. DSC curve of PLGA

3.6 Tensile strength and elongation

When the tensile strength and strain values (Table 3) are
investigated, it has been seen that the radial fiber
orientation contributed to the strength values in the radial
direction with an increment from 3.81 MPa to 6.23 MPa,
whereas it caused a decrement in the tensile strength values
in the longitudinal direction as the fibers were all aligned in
the radial direction, which enabled them to resist the
applied stress collectively [61]. The findings of Wu et al.
(2010) offer further support to the aforementioned
observation. In their study on PCL vascular grafts, they
manipulated the electrical field and adjusted the rotational
speeds to generate grafts with either radial or axial fiber
orientations. Their results demonstrated a notable reduction
in strength along the axial direction in the radially oriented
scaffolds, indicating the fibers' inability to withstand the
applied load in that axial orientation [62]. On the other
hand, the elongation values were improved in all directions
with radial fiber orientation. In a study conducted by Malik
et al. (2021), when the tensile testing results of the scaffolds
with oriented and non-oriented PLGA fibers are compared,
it was found that the tensile strength values for non-oriented
scaffolds are lower, and the strain values are also lower. It
is reported that the PLGA scaffolds with randomly
distributed fibers have a tensile strength and strain of
around 2 MPa and 125%, while the ones with oriented
fibers have a tensile strength of 9.1 MPa and 150% [18]. In
addition, the strain value of PLGA_O in the radial direction
was much lower than that in the longitudinal direction
because, as the oriented fibers are already under stress in
their alignment direction and there are fewer junctions of
fibers, they cannot be stretched too much in that direction
[63]. Upon conducting a comprehensive examination of the
orientation's effect, considering the test direction, it
becomes evident that the tensile strength results of PLGA
scaffolds with randomly distributed fibers exhibit different
mechanical behavior compared with scaffolds with radial
fiber orientation. Specifically, the radial (90°) direction
demonstrated the lowest tensile strength values of 3.81

MPa, whereas the longitudinal (0°) direction displayed the
highest strength values of 4.53 MPa and 5.89 MPa. This
phenomenon can be attributed to the greater alignment of
fibers in the longitudinal direction, as a consequence of the
low rotational speed, which hinders their radial alignment
and promotes their accumulation and alignment on the
collector surface in the longitudinal direction [38]. The
tensile strength and elongation values obtained from the
PLGA scaffolds surpassed the literature-reported tensile
testing results of the human coronary artery, with axial and
radial tensile strengths measuring 1.02 MPa and 1.05 MPa,
respectively, and the elongation values ranging from 45%
to 99% [64, 65].

3.7 Burst strength and compliance

The burst strength and compliance measurement results are
given in Table 4. The values show that the fiber orientation
resulted in improved burst strength, whereas it slightly
reduced the compliance levels. The orientation of fibers
plays a crucial role in controlling compliance and burst
pressure of grafts [66]. Aligned fibers, when subjected to
strain along their alignment direction, demonstrate
increased modulus, tensile strength, and burst pressure
values but reduced compliance due to their stiffer structure
[63]. Therefore, for an optimal balance between compliance
and burst pressure resistance, particularly in the
anastomotic region, a multilayer approach using carefully
selected fiber orientations is necessary [67]. This approach
has been advocated for achieving desired mechanical
properties in vascular replacements. This situation is also
supported by the study of Grasl et al. (2021), which showed
that the burst strength of polylactic acid scaffolds increased
from 570 + 188 mmHg to 7641 + 902 mmHg with radial
fiber orientation, whereas compliance was reduced from
29.7%/100 mmHg to 4.1%/100 mmHg by fiber orientation
in the radial direction for the polyurethane samples because
of the increased stiffness of the scaffolds [68]. The results
showed that the mechanical properties satisfy the minimum
limits for the human saphenous vein (1599 mmHg and 0.6-
1.5 %/100 mmHg) [69].
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Table 3. The tensile strength and strain values of the PLGA planar and tubular samples with randomly distributed and radially oriented fibers.

T Tensile T Tensile
Test Strength Strain (%) Test Strength Strain (%)
direction direction
(MPa) (MPa)
0° P 4.53+£0.80 60.41 +17.09 0° P 1.85+0.42 851.01 +115.39
PLGA_R 90°_P 3.81+0.07 48.34 £ 5.61 PLGA_O 90° P 6.23 +0.42 54.61 +£20.84
0°.T 5.89+0.96 116.26 £55.85 0°.T 2.89+0.23 1085.39 + 83.10

Table 4. The burst strength and compliance values of the PLGA tubular samples with randomly distributed and radially oriented fibers.

Samples Burst Strength (mmHg) Compliance (%/100 mmHg)
PLGA_R 1873.50 + 136.47 1.416 +£0.025
PLGA_ O 2889.00 +32.53 1.345 +0.082

4. CONCLUSION

The morphological analyses provided compelling evidence
of successful fibrous surface production. Furthermore, the
chemical analysis of the surface revealed the absence of
solvent residue, as evident from the lack of characteristic
peaks in the FTIR spectra. Notably, the FTIR spectra
exhibited distinct characteristic peaks that correspond to
PLGA, confirming its presence on the surface.
Additionally, the DSC analysis demonstrated that the glass
transition temperature of PLGA exceeds the physiological
temperature, implying its propensity for exhibiting brittle
behavior within the human body and at room temperature.
Also, optimizing the design of the PLGA scaffolds by fiber
orientation has proven to be a useful solution in regards to
mechanical properties. Radial fiber orientation was
successfully achieved in the produced fibrous vascular
grafts, which also have sufficient wall thickness for
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