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1. Introduction

Introduction: Stroke and heart attack are the most common causes of death
among humans. Troponin |, Creatine Kinae-MB (CK-MB) and Lactate
Dehydrogenase (LDH) are the diagnostic markers of heart attack which can
also be used as high risk biomarkers. WiFi is a cheap common technology
which exposes its users to a spectrum of electromagnetic waves. Can weak
electromagnetic waves affect human health?

Materials and Methods: In this study, stroke in rats has been induced, and
then they were exposed to WiFi waves (2.45 GHz) and finally were examined
for the risk of heart attack through analyzing three enzyme biomarkers related
to heart attack (Troponin I, CK-MB and LDH).

Results: This study’s results confirm WiFi’s biological effects and shows
WiFi’s contribution in stroke. WiFi, s, €xposure affects three cardiac
enzyme markers of heart attack (LDH, Troponin | and CK-MB), considering
the current data on WiFi exposure effects on the brain, heart and related
enzymes.

Conclusion: Some of the WiFi wave’s cellular targets include cell membrane,
cellular proteins and enzymes. Despite all the data and reports on biological
effects of electromagnetic fields, the range and rate of these effects has not yet
been determined.
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Biomarkers can be used for rapid and

Stroke is the basis for a series of serious
clinical and biological crisis in the body. In
most cases, the stroke happens following
arterial blockage and the consequent
temporary blood supply interruption. Blood
supply cut-off results in cerebral infarction
[1]. Besides stroke, cardiac damage (heart
attack) is another important cause of death
worldwide. A strong body of evidence
exists suggesting that the occurrence of
these two phenomena is related to each
other. Biomarkers are considered a
powerful tool in the high risk detection and
prognosis of these fatal diseases.

precise detection of the disease, resulting in
an efficient treatment plan [2,3].

Troponin |, Creatine Kinase-MB (CK-MB)
and Lactate Dehydrogenase LDH) are
some of the biomarkers used for heart attack
diagnosis and high risk detection [4-6].
Troponin |, responsible for regulating the
intermediate interaction of calcium with
actin and myosin fibers, is also a
biochemical marker of cardiac damage.
This calcium-binding protein is the unit of
muscle contraction. Troponin 1 is not only
used for the detection of myocardial
necrosis, but can also be utilized for risk
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classification and the staging of the disease
[7,8]. Elevation of Troponin I levels occurs
in two stages. The initial elevation of
cardiac Troponin | results in cytosolic
Troponin | release, followed by the release
of Troponin 1 from repairing cardiac
myofibrils [9,10].

Studies have shown that Troponin | and
CK-MB Iso-enzyme levels elevate during a
heart attack. Elevation in CK-MB levels
following cardiac damage specifically
occurs in 3-8 hours and reaches its
maximum levels in 9-26 hours and finally,
at 48-72 hours returns to its initial stage.
CK-MB is considered as a specific cardiac
biomarker since its levels are not significant
in  non-cardiac  tissues. It is worth
mentioning that CK-MB levels may elevate
in other injuries rather than heart attack [11-
13].

LDH is also elevated during cardiac injury
and returns to its initial level in 3-6 days.
LDH is produced by all cell types in the
body which makes it a less important
biomarker compared to Troponin | and CK-
MB in the diagnosis of heart attack or as a
risk factor of the disease [14,15].

The Short-range WiFi network operates in
short  wavelength  ranges of the
electromagnetic spectrum [16]. There are
different sources of electromagnetic waves
in our environment, including wireless
communications, radars, satellites, and TV
and radio antennas. WiFi is a cheap
common technology which exposes its users
to a spectrum of waves. Modems are among
the devices that generate 2.45 Gigahertz
(GHz) microwave waves for wireless
networks. Without any doubt, close and
continuous exposure to weak
electromagnetic fields will have undeniable
effects on human body [17-19].

Various studies have been conducted to
examine the effects of WiFi on human
health, while the risk level of high risk
patients has remained unclear. This study
investigated the effects of WiFi network
(2.45 GHz) on the occurrence of heart
attack in rats, suffering from stroke. For this

purpose, rats with stroke were exposed to
WiFi signals and alterations in the levels of
three main markers of heart attack (LDH,
CK-MB and Troponin I) were analyzed.

2. Materials and Methods
2.1 Experimental Groups

Four groups of 10 male Wistar rats [with
similar conditions: gender (male) and age
(three  months old)] with body weight
ranging from 200 to 250 g were chosen
randomly and without any tension, from the
Laboratory Animal Center of of Tehran
University. The animals had free access to
food and water, maintained on a 12 h
light/12 h dark cycle in a temperature-
controlled environment (22°C). The studies
were performed in accordance with
guidelines established by the university
research center (Department of Biology,
School of Basic Sciences, Science and
Research Branch, Islamic Azad University,
Tehran, Iran) [17] and all animals received
human care according to the criteria
outlined in the “Guide for the Care and Use
of Laboratory Animals” prepared by the
National Academy of Sciences and
published by the National Institute of
Health (NIH publication 86-23 revised
1985) [16]. Usage of animals was in
accordance with the ethical committee of
the Science and Research Branch, Islamic
Azad University, Tehran, Iran. Ethics
approval was gained for this research.
Experimental group 1 (C): the control group,
consisted of rats exposed to no
electromagnetic field.
Experimental group 2  (T+WiFiygs):
consisted of healthy rats exposed for three
consecutive days (2 hours daily) to WiFi
waves (2.45 GHz).
Experimental group 3 (S): consisted of rats
with induced stroke with no exposure to
WiFi waves (same as the control group).
Experimental group 4  (S+WiFiy4s):
consisted of rats with induced stroke
exposed for three consecutive days (2 hours
daily) to WiFi waves (2.45 GHz).
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2.2 Induction of Stroke in Rats

Stroke induction by occlusion of the
middle cerebral artery was performed by
nylon string (Ehicon, Germany). In this
method, middle cerebral artery was blocked
temporarily (for a short time) and the blood
flow was dropped to less than 20%. After
90 minutes (the certain amount of time
needed for induction of brain injury),
normal blood flow was provided. At the
time of stroke induction, rat’s body
temperature was maintained at 37°C.
Neurological movement disorders were
evaluated to confirm stroke induction.

2.3 WIiFi2.45 Exposure System

A room (2mx2mx2m) was prepared and
WiFi exposure was provided through 4
antennas (NanoStation Loco M2, 2.45 GHz,
8.5 dBi, Ubiquiti Networks, Inc. USA),
placed on each side of the room. Rat’s
Plexiglas cages (40cmx40cmx20cm) were
placed in the middle of the room while the
animals had movement freedom. The safe
level of Specific Absorption Rate (SAR)
and surface power density for two
experimental groups (T+WiFiy4s and
S+WiFi,45) were calculated according to
regulations published by the Atomic Energy
Organization of Iran and the International
Commission of Non-lonizing Radiation
Protection (ICNIRP). The following
equation was used for SAR calculations

SAR=0-E*/p
in which E is the electric field (v/m), @ is

conductivity (s/m) and P is tissue’s mass
density (Kg/m3). This equation shows that
SAR value can be determined by knowing
the magnitude of the electric field and that
SAR has a direct relationship with electric
conductivity. Surface power density and
electric field magnitude was determined
using a field meter (NARDA, N-550, USA).
Our evaluations showed that during WiFi
exposure the values of surface power
density and SAR in rat’s brain was 0.8
mW/cm2 and  5.174406171  WI/Kag,
respectively.

2.4 Experimental Procedure

In this study, blood samples were
collected after three days from all animals
in four experimental groups. Blood samples
(1 CC) were taken from the lateral tail vein
of the rats following general anesthesia. All
samples were collected in the morning after
the third 2-hour exposure to WiFi waves.
Blood samples were then centrifuged (in
4°C, 3000 g for 5 minutes) and the serum
was collected.
In the present study, LDH level was
determined through biochemical methods
(DGKC opt, 1970, 37°c), using an auto-
analyzer. CK-MB levels were determined
immunologically (Mak, immunological
37°c), using an EISA device; Troponin |
was assessed by Chemiluminescence
(LIASOIN® DianSorin Italy) with an auto-
analyzer.

2.5 Statistical Analysis

The t-test and one-way ANOVA was
performed for statistical analysis of data
with SPSS software (version 19) and the P
value<0.05 was considered significant.

3. Results

In this study, levels of three enzymes were
evaluated in four test groups. The results
showed that T+WiFi2.45, S and
S+WiFi2.45 groups had elevated levels of
CK-MB compared to control group [57%
and 15% respectively, (2.35 fold increase)].
The S+WiFi2.45 group showed 135% and
99% increase compared to control and S
group, respectively (Figure 1 and table 1).
Troponin | studies showed no significant
difference between T+WiFi2.45 and S
groups with a control group (36% and 21%
respectively). However, S+WiFi2.45 group
showed a 6.56 fold increase compared to
control group and a 5.4 fold increase
compared to S group which is 556% and
440% increase compared to the control and
S group, respectively (figure 2 and table 1).
Studies on LDH levels showed an 8% and
13% increase in T+WiFi2.45 and S groups
compared to control group, respectively.
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This increase was much higher for the
S+WiFi2.45 group compared to the control
group (2.2 fold) which was also 1.95 fold
higher than S group. This elevation was

Table 1. Statistical analysis (t-test and one-way ANOVA; P < 0.05) of all three enzymes for Control (C), Test + WiFiy 45

(T+WIiFi), Stroke (S) and Stroke + WiFi, 45 (S+WiFi).

20% and 90% higher than control and S
group, respectively (figure 3 and table 1).

Test Mean Median Error Of Variance Min Max Range
Mean (SD)
C 992 999.5 18.33 336 951 1017 66
CK-MB T+WiFi 1557 1260 33.22 1104 1198 1289 91
u/L S 1171 1188.5 59.10 3488 1080 1253 173
S+WiFi 2330 2362 93.88 8813 2154 2501 347
C 0.248 0.27 0.790 0.006 0.09 0.38 0.29
Troponin | T+WiFi 0.337 0.33 0.122 0.015 0.15 0.62 0.11
Ng/L S 0.301 0.30 0.038 0.002 0.21 0.35 0.14
S+WiFi 1.627 1.61 0.091 0.008 15 1.79 0.29
C 1318 1303.5 48 2339 1241 1422 181
LDH T+WiFi 1452 1476.5 64 4069 1309 1512 203
u//L S 1486 1500 78 6147 1312 1602 290
S+WiFi 2894 2955.5 105 11203 2722 3012 290
3000
2500 & & ki Al &k & &
2000
S
- 1500
1000
500
0 :
1(213]141516]1718(9110
unC 100{100/992|951|998 101|100100{972/980)
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=S 108{119{120]109(118125[123/116{109{121
S+WiFi [215(2301239(226/|2271250{242 2.%0}228 239

Figure 1. CK-MB changes for Control (C), Test + WiFi, 45 (T+WiFi), Stroke (S), and Stroke + WiFi, 45 (S+WIiFi) groups
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Figure 2. Troponin | levels for Control (C), Test + WiFi, 45 (T+WiFi), Stroke (S), and Stroke + WiFi, 45 (S+WiFi) groups
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Figure 3. LDH levels for Control (C), Test + WiFiy 45 (T+WiFi), Stroke (S), and Stroke + WiFi, 45 (S+WiFi) groups

Statistical analysis was performed and the
results are presented in table 2. No
significant difference was observed in the
level of Troponin | between T+WiFi2.45
and control group; however, LDH and CK-
MB levels showed significant increase. In S
group, only CK-MB elevation was
significant compared to control group and
in S+WiFi2.45 group, all three enzymes

showed significant elevation compared to
control and S groups.

Based on the obtained results, it can be
concluded that among all three studied
enzymes, CK-MB is more sensitive to
WiFi2.45 waves in both healthy rats and the
ones suffering from a stroke.

Troponin | serum levels was only elevated
by WiFi2.45 waves in rats suffered from
stroke which indicates that exposure of rats
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suffered from stroke to WiFi2.45 waves can
increase their risk of heart attack. Figure 4
represents detailed data about the changes

observed in the levels of three enzymes
following exposure to WiFi2.45.

Table 2. Statistical analysis to determine the significance level of the results (the P <0.05 was considered significant)
t-test and one-way ANOVA; P < 0.05

LDH
C and T+Wi-Fiy 4 *1.32016E-05
CandsS 0.000452971

C and S+Wi-Fij 45
S and S+Wi-Fi, 45

*1.811188E-11
*2.06509E-14

CK-MB
2500 : v =262.8x+ 6055
AN , R:=0.6221
2000
T+WiFi //
1500 /ﬂ}\/ ——CK-MB
1000 L 2 S ——Linear (CK-
c M5
500
0 :
0 2 4 6

CK-MB Troponin |
*1.03866E-10 0.000433473
*1.24036E-06 0.019698358

*3.71738E-12
*88.61486E-14

*6.55779E-12
*1.07716E-13
* significant

Troponin I
¥y=0.4101x-0.397
S+WiFi 4 R? = 0.6304
I/ =¢—TroponinI
/]
I ——Linear
(Troponin I)
A |
!7'\} T+WiFi
0 2 4 s

3500 v = 476.2x+ 597
R? = 0.6879
3000
2500
2000 -
——LDH
L —Linear (LDH)
1000
500
o 4
o 2 53

Figure 4. Diagram scatter, trandline drawings for CK-MB, Troponin I, and LDH based on data from table 1. Comparison
graphs for each of three enzymes (CK-MB, Troponin |, and LDH). Four different modes are shown in the following diagram

(Control, Test + WiFi, 45, Stroke, and Stroke + WiFi, 45).

4. Discussion

Today, wireless networks are present in
our homes, at work and in public places and
has become an inseparable part of our lives.
There have been reports on effects of WiFi
waves on cell biology and human health
[18,19]. Most of these reports are related to
studying the negative effects of
electromagnetic fields on human health,
including their effects on the endocrine

system. In this respect, the authors of the
present study had previously studied the
possible effects of WiFi waves on sex
hormones and observed significant adverse
effects [20,21]. Saili and et al in 2015
showed that WiFi2.45 GHz increased heart
frequency (+22%) and arterial blood
pressure (+14%). Their results showed that
that exposure to WiFi2.45 GHz affects heart
rhythm, blood pressure, and catecholamines
efficacy on the cardiovascular system,
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indicating that radiofrequency can act
directly or indirectly on the cardiovascular
system [22]. The present study manifests
that the Troponin | enzyme increases after
being exposed to WiFi2.45 GHz, and will
increase the likelihood of a heart attack for
high-risk patients.

Some of the WiFi wave’s cellular targets
include cell membrane, cellular proteins and
enzymes. Although the WiFi role in cancer
has not yet been confirmed, these changes
could be the beginning of the
transformation process. It has been reported
that WiFi could increase free radicals,
which have an important role in cancer
development [23,24]. Recently, Celiko et al
Conducted a research on the induction of
oxidative stress in the brain and liver under
WIiFi2.45 GHz. Their results showed
significant adverse effects.24 There are also
reports on lipid peroxidation under
WiFi2.45 GHz, which plays an important
role in cellular protection mechanisms.
WiFi exposure does not always result in
enzyme level elevation. In the case of
Glutathione-s transferases (GSTs) which are
involved in detoxification and metabolism,
WiFi exposure lowers GSTs levels
significantly while unexpectedly,
preventing its elevation in the case of
poisoning [25-29].

5. Conclusion

Considering current data on WiFi
exposure effects on the brain, heart and
related enzymes separately, the present
study was conducted to assess all these
three topics simultaneously. The results
confirm WiFi’s biological effects and the
results showed  WiFi contribution in
stroke. However, the rate and quality of
these effects varied. Based on the obtained
results, WIiFi2.45 GHz exposure affects
three cardiac enzyme markers of heart
attack including LDH, Troponin | and
CKMB. In the case of Troponin I, this
effect was significantly additive. Since
LDH is produced by all metabolically active

cells, it is not the best marker for heart
attack. However, the present study did not
show any significant changes in LDH levels
upon WiFi exposure compared to Troponin
| and CKMB in healthy rats. Considering
that CKMB iso-enzyme level is relatively
low in tissues other than cardiac tissue (only
3% of prostate, diaphragm and skeletal
muscles), it is a suitable marker for high
risk of heart attack.

Despite all the data and reports on
biological effects of electromagnetic fields,
the range and rate of these effects has not
yet been determined. More research is
required in this area to achieve the
mentioned objective. Consequently, it is
suggested that patients and people at high
risk of heart and brain disease live in safe
conditions and away from electromagnetic
waves.

Acknowledgment

The present study was sponsored by
Department of Biology, School of Basic
Sciences, Science and Research Branch,
Islamic Azad University, Tehran and all the
authors of the paper conceived, designed the
experiments and analyzed the data: M.
Pooladi, Performed the experiments: A.R.
Montzeri and M. Pooladi, Contributed
reagents/materials/ analysis tools: S. Karani,
N. Nazarian, and M. Odoumizadeh, Wrote
the paper: S. Karani and M. Pooladi.

Conflict of Interest

The authors declare that they have no
conflict of interests, and usage of animals
was in accordance with the ethical
committee of the Science and Research
Branch, Islamic Azad University, Tehran,
Iran. Ethics approval was made for this
research

References

1.Chan SJ, Love C, Spector M, Cool SM,
Nurcombe V, Lo EH. Endogenous regeneration:
Engineering growth factors for stroke.
Neurochem Int. 2017;107(16):57-65.

Archive of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,

7



The danger of wifi waves on the

2.Roy A, Lara A, Guimaraes D, Pires R, Gomes
ER, Carter DE, et al. An analysis of the
myocardial transcriptome in a mouse model of
cardiac dysfunction with decreased cholinergic
neurotransmission. PLoS One. 2012;
7(6):€39997.

3.Floras JS. Clinical aspects of sympathetic
activation and parasympathetic withdrawal in
heart failure. J Am Coll Cardiol. 1993;22:72A-
84A.

4.Aydogdu U, Yildiz R, Guzelbektes H, Coskun
A, Sen |. Cardiac biomarkers in premature
calves with respiratory distress syndrome. Acta
Vet Hung. 2016; 64(1):38-46.

5.Futterman LG, Lemberg L. SGOT, LDH,
HBD, CPK, CK-MB, MB1MB?2, cTnT, cTnC,
cTnl. Am J Crit Care. 1997, 6(4):333-38.
6.Mair J. Cardiac troponin | and troponin T: are
enzymes still relevant as cardiac markers? Clin
Chim Acta. 1997; 257(1): 99-115.

7.Perna ER, Cimbaro Canella JP, Coronel ML,
Macin SM. The predictive value of plasma
biomarkers in discharged heart failure patients:
role of troponin I/T. Minerva Cardioangiol.
2016;64(2):165-80.

8.Cardinaels EP, Daamen MA, Bekers O, Ten
Kate J, Niens M, van Suijlen JD, et al. Clinical
Interpretation of Elevated Concentrations of
Cardiac Troponin T, but Not Troponin I, in
Nursing Home Residents. J Am Med Dir Assoc.
2015;16(10):884-91.

9.Budincevic H, Sremec J, Crnac P, Ostojic V,
Galic E, Bielen I. Impact of troponin | on
outcome of ischemic stroke patients. Rom J
Intern Med. 2017;55(1):19-22.

10.Mavrakanas TA, Sniderman AD, Barré PE,
Vasilevsky M, Alam A. High Ultrafiltration
Rates Increase Troponin Levels in Stable
Hemodialysis Patients. Am J Nephrol. 2016;
43(3):173-78.

11.Diamond TH, Smith R, Goldman AP,
Myburgh DP, Bloch JM, Visser F. The dilemma
of the creatine kinase cardiospecific iso-enzyme
(CK-MB) in marathon runners. S Afr Med J.
1983;63(2):37-41.

12.Fan J, Ma J, Xia N, Sun L, Li B, Liu H.
Clinical Value of Combined Detection of CK-
MB, MYO, cTnl and Plasma NT-proBNP in
Diagnosis of Acute Myocardial Infarction. Clin
Lab. 2017;63(3):427-33.

13.Kanji J, Fan J. Discordant creatine Kkinase
and cardiac troponin T in the workup of acute
coronary syndrome. CJEM. 2010;12(1):64-8.

14.Subbaiah GV, Mallikarjuna K, Shanmugam
B, Ravi S, Taj PU, Reddy KS. Ginger
Treatment ~ Ameliorates  Alcohol-induced
Myocardial Damage by Suppression of
Hyperlipidemia and Cardiac Biomarkers in
Rats. Pharmacogn Mag. 2017;13(Suppl 1):S69-
75.

15.Lu A, Wang C, Zhang X, Wang L, Qian L.
Lactate Dehydrogenase as a Biomarker for
Prediction  of  Refractory = Mycoplasma
pneumoniae Pneumonia in Children. Respir
Care. 2015;60(10):1469-75.

16.Hosseinyzadeh ~ Z,  Shojaeefard M,
Ataeinejad N, Pooladi M, Hooshiyar M. The
investigation of the protective effects of
hydroalcoholic extract of sea buckthorn
(Hippophaerhamnoides L) in spermatogenesis
of rat after exposure of Wi-Fi radiation. Journal
of Paramedical Sciences. 2015;4(2):1-9.
17.Pooladi M, Montzeri AR, Nazarian N,
Taghizadeh B, Odoumizadeh M. Effect of WiFi
waves (2.45 GHz) on aminotransaminases
(ALP, ALT and AST) in liver of rat. Journal of
Paramedical Sciences. 2018; 9(2):13-20
18.Salah MB, Abdelmelek H, Abderraba M.
Effects of olive leave extract on metabolic
disorders and oxidative stress induced by 2.45
GHz WIFI signals. Environ Toxicol Pharmacol.
2013;36(3):826-34.

19.Sambucci M, Laudisi F, Nasta F, Pinto R,
Lodato R, Altavista P, et al. Prenatal exposure
to non-ionizing radiation: effects of WiFi
signals on pregnancy outcome, peripheral B-cell
compartment and antibody production. Radiat
Prot Dosimetry. 2010;140(4):326-32.

20.Wind DK, Sapiezynski P, Furman MA,
Lehmann S. Inferring Stop-Locations from
WiFi. PLoS One. 2016;11(2):e0149105.
21.Hailan J, Jing L. [Research on WiFi-based
wireless microscopy on a mobile phone and its
application]. Zhongguo Yi Liao Qi Xie Za Zhi.
2012;36(6):391-5.

22.Saili L, Hanini A, Smirani C, Azzouz I,
Azzouz A, Sakly M, et al. Effects of acute
exposure to WIFI signals (2.45GHz) on heart
variability and blood pressure in Albinos rabbit.
Environ Toxicol Pharmacol. 2015;40(2):600-5.
23.Kuzniar A, Laffeber C, Eppink B,
Bezstarosti K, Dekkers D, Woelders H, et al.
Semi-quantitative proteomics of mammalian
cells upon short-term exposure to non-ionizing
electromagnetic fields. PLoS One.
2017;12(2):e0170762.

Archive of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,

8



The danger of wifi waves on the

24.Laudisi F, Sambucci M, Nasta F, Pinto R,
Lodato R, Altavista P, et al. Prenatal exposure
to radiofrequencies: effects of WiFi signals on
thymocyte development and peripheral T cell
compartment in an  animal model.
Bioelectromagnetics. 2012;33(8):652-61.
25.Celik O, Kahya MC, Naziroglu M. Oxidative
stress of brain and liver is increased by Wi-Fi
(2.45GHz) exposure of rats during pregnancy
and the development of newborns. J Chem
Neuroa

26.Shokri S, Soltani A, Kazemi M, Sardari D,
Mofrad FB. Effects of Wi-Fi (2.45 GHz)
Exposure on Apoptosis, Sperm Parameters and
Testicular Histomorphometry in Rats: A Time
Course Study. Cell J. 2015;17(2):322-331.
27.Aynali G, Naziroglu M, Celik O, Dogan M,
Yariktas M, Yasan H. Modulation of wireless
(2.45 GHz) -induced oxidative toxicity in
laryngotracheal mucosa of rat by melatonin. Eur
Arch Otorhinolaryngol. 2013;270(5):1695-700.
28.Yiiksel M, Naziroglu M, Ozkaya MO. Long-
term exposure to electromagnetic radiation from
mobile phones and Wi-Fi devices decreases
plasma prolactin, progesterone, and estrogen
levels but increases uterine oxidative stress in
pregnant rats and their offspring. Endocrine.
2016;52(2):352-362.

29.Tok L, Naziroglu M, Dogan S, Kahya MC,
Tok O. Effects of melatonin on Wi-Fi- Induced
oxidative stress in lens of rats. Indian J
Ophthalmol. 2014;62(1):12-5.

Archive of Advances in Biosciencesis an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,
9



