Erzincan Universitesi Erzincan University

Fen Bilimleri Enstitiisti Dergisi Journal of Science and Technology
2024, 17(3), 811-825 2024, 17(3), 811-825
ISSN: 1307-9085, e-ISSN: 2149-4584 DOI: 10.18185/erzifbed.1555393
Arastirma Makalesi Research Article

Radioprotective Effect of Umbelliferon Against Radiation-Induced Myocardial
Damages

Nurdan DUMLU®?, Fatime GEYIKOGLU®?, Suat COLAK 2"

!Department of Biology, Faculty of Sciences, Atatiirk University, 25240, Erzurum, Turkey
2Department of Biochemistry, Faculty of Pharmacy, Erzincan Binali Yildirim University, 24002, Erzincan,
Turkey

Received: 24/09/2024, Revised: 11/10/2024, Accepted: 01/11/2024, Published: 31/12/2024

Abstract

Radiation at the high dose may attenuate myocardial functions while presenting the therapeutic effect on cancer
cells and thus can life-threatening. There are numerous phytotherapeutic studies in the literature to reduce or
eliminate tissue damage. Therefore, the current study was planned to evaluate the role of umbelliferone
radiation-induced cardiac injury using biochemical and histological data. Rats will be divided into eight
different groups as control, radiation and treatment groups. Radiation exposure to the rats induced oxidative
stress, inflammation, pathological changes and vascular dysfunction in cardiac tissue. Whereas umbelliferone
in high dose (100 mg/kg) pretreatment supported the anti-oxidant activity and also reduced inflammatory
response and histopathologic damage in heart tissue against radiation-associated toxicity. In conclusion, it was
shown that umbelliferon (100 mg/kg) pretreatment can be used against the side effects of radiotherapy.
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Umbelliferon'un Radyasyona Bagh Miyokard Hasarlarina Kars1 Radyoprotektif
Etkisi

Oz

Yiiksek dozda uygulanan radyasyon, kanser hiicreleri lizerinde tedavi edici etki gosterirken miyokardiyal
fonksiyonlar1 zayiflatmakta ve yasami tehdit etmektedir. Literatiirde doku hasarini azaltmak veya gidermek i¢in
¢ok sayida fitoterapotik ¢aligma vardir. Bu caligma ile biyokimyasal ve histolojik yontemler kullanarak
umbelliferonun radyasyona bagli kalp hasarindaki roliiniin degerlendirilmesi hedeflenmistir. Bu amagla,
Sicanlar kontrol, radyasyon ve tedavi gruplari olmak iizere sekiz farkli gruba ayrilmistir. Sicanlarin kalp doku
orneklerinde radyasyon maruzuyetinin oksidatif streste artma, inflamasyon, patolojik degisiklikler ve vaskiiler
disfonksiyona neden oldugu goriilmistiir. Yiiksek dozda (100 mg/kg) umbelliferon uygulanan grupta ise anti-
oksidan aktivite desteklenmis ve radyasyonla iligkili toksisiteye karst kalp dokusunda inflamatuar yanit1 ve
histopatalojik hasar1 azalttigi goriilmiistiir. Sonu¢ olarak, umbelliferon (100 mg/kg) 6n tedavisinin
radyoterapinin yan etkilerine kars1 kullanilabilecegini géstermistir.

Anahtar Kelimeler: Radyasyon, umbelliferon, oksidatif stres, kardiyotoksisite, sican
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Radioprotective Effect of Umbelliferon Against Radiation-Induced Myocardial Damages

1. Introduction

According to the report published by the World Health Organisation in 2021, cardiovascular
diseases are in the first place among the causes of death. In second place are respiratory system
diseases due to the Covid-19 pandemic that we experienced between 2019-2021. Cancer cases,
which were in the top 3 among the causes of death in previous years, decreased to 6th place
among the causes of death with the global epidemics [1]. By 2035, It is estimated that there
will be 24 million new cancer cases worldwide [2]. Surgery, chemotherapy, radiotherapy
methods and their combinations are still frequently used in cancer treatments. Radiotherapy
(RT), one of them, remains the most widely used method of cancer treatment and is estimated
to be given to a round 60% of cancer patients [3]. Although ionizing radiation therapy has
beneficial effects on living cells, it has also been reported that it has many side effect that
develop depending on dose and duration and finally this effects reduced quality of life [4].
Furthermore, these adverse effects have also been linked to developing metabolic disorders,
which may cause to serious complications such as renal failure, impairment in lung function,
liver injury, neuropathy, atherosclerosis or cardiac damage [5-9].

Many of these toxic effects result from excessive Reactive Oxygen Species (ROS) that induce
oxidative stress caused by ionising rays used in radiotherapy [10]. Our body has an antioxidant
enzymatic defense system such as catalyze (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx). These prevent oxidative stress by directly scavenging reactive
oxygen species or reducing their effect [11]. In cases where this system is insufficient, the intake
of primarily plant-derived dietary antioxidants is thought to play an important role in protecting
human health [12-14].

The coumarins are biologically active compounds that have heterocyclic structure and
belonging to the class of benzopyrone. Coumarins and their derivatives have recently been
studied extensively and found to have many biological properties, including antibacterial, anti-
inflammatory, antioxidant, antitumor, antiviral, and especially anticoagulant [15-17].
Umbelliferone (UMB), known as 7-hydroxycoumarin, is a naturel coumaric compound that
found in many plant [18]. Although there are many theories to explain how umbelliferone
works, the most widely accepted is that it has antioxidant properties [19]. Studies have reported
that it is effective against myocardial ischaemia damage [20], liver damage [21], testicular
dysfunction [22] and diabetic nephropathy [23].

In recent years, the discovery of new agents of natural and herbal origin has become
increasingly popular among researchers due to the lack of complete treatment of human
diseases and undesirable side effects. From this point of view, this study aimed to determine
whether umbelliferone pretreatment reduces radiation-induced myocardial damage. Thus, our
study for the first time reveals the novel therapeutic role of umbelliferone in cardiac tissue
against radiation-induced injury.
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2. Materials and Methods
Umbelliferone and chemicals

Umbelliferone (purity >98%) and other chemicals have been purchased from Merck Healthcare
KGaA (Darmstadt, Germany). Thromboxane B2 (TXB2) was obtained from Cell Signaling
Technology (Danvers, MA, USA). TAC (Randox, UK), TOS commerical kits (Rel Assay
Diagnostics; Mega Tip, Gaziantep, Turkey) were purchased from commercial sources.

Animals care and maintenance

In this experimental study, fifty six male Spraque Dawley rats (weighing 280-300 g) were
obtained from Animal Center of Atatiirk University. The animals were housed in an air-
conditioned room (20- 24°C) with 12-hour light-dark cycle. The rats were provided free access
to standard feed and water ad libitum. All experimental procedures were approved by
Institutional Ethical Committee for Animal Care and Use at Atatiirk University, Erzurum,
Turkey (Code number: 263, 26.12.2019B.30.2.ATA.0.23.85-11) and were conducted in
accordance with the National Institutes of Health Guide for Care and Use of Laboratory
Animals [24].

Experimental design

The experimental groups were formed as 7 groups with 8 animals in each group. The groups
were administrated different doses as follows:
Group I: (Control group) given physiological saline,

Group IlI: (Radiation group) exposed a single high dose of 12 Gy of gamma rays,
Group 111, IV and V: (Umbelliferone groups) Administered umbelliferone (30, 60 and 90
mg/kg body weight/day) alone,

Group VI, VIl and VIII: (treatment groups) received umbelliferone orally (30, 60 and 90 mg/kg
body weight/day) for 5 days prior to radiation exposure.

The umbelliferone doses were determined based on the literature and our pilot studies [25]. After
treatment for 24 h, the animals were anesthetized by injections of 12 mg/kg xylazine and 80
mg/kg ketamine and were sacrificed to collect heart tissues. The tissue samples were carefully
collected and divided into two parts: one part was fixed in 10% formalin solution for
histopathological studies and the second part was stored as a lysate for biochemical and other
analysis.

lonizing radiation exposure

The cardiac irridation model was established as previously described by researchers [26,27].
According to the this procudure, a Theratron 780-C source (AECL, Ontario, Canada) with a
dose rate of 0.78 Gy/min was used to deliver a single 12 Gy dose to whole body. The
applications were carried out in the Radiotherapy Unit of Atatiirk University Medical College
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Hospital, Erzurum, Turkey. A tissue-equivalent ionisation chamber was used to calibrate the
exposure setup by physical measurement. The homogenous irradiation field measured 30 x 30
cm, exhibiting uniformity within 1%. Each rat was placed in a ventilated circular holder during
irradiation to minimize movement, ensuring that the whole body received a uniform dose of
radiation.

Total Antioxidant Capacity and Total Oxidant Status

Total antioxidant capacity (TAC) and total oxidative status (TOS) assay kits were used to
measure oxidative stress and resistance to oxidants. Measurements were conducted according
to the protocols of TAC and TOS Kkits [28,29]. The TAC and TOS results were given as mmol
trolox equivalent/L and pmol H2O; equivalent/L, respectively.

TNF-a and Thromboxane B2 (TXB2)

Rat heart tissue samples (approximately 2 g) were weighed and then stored at -80 °C. After,
tissue samples were homogenized into phosphate-buffered saline (PBS) and centrifuged at
10,000g, 4 °C for 10 minutes. The supernatants (40 ul) were collected and promptly transported
to —80 °C. Thromboxane B2 (TXB2) and tumor necrosis factor alpha (TNF-a) levels were tested
using commercially available ELISA kits, according to the manufacturer's instructions.

Histopathological studies

Rat heart tissue samples were fixed in buffered 10% formalin for 48 h and then embedded in
paraffin blocks. The heart tissues were sectioned at 5 um and stained using Haematoxylin-Eosin
(H&E), Congo Red and Periodic Acid-Schiff (PAS) methods. The slides were examined under
a light microscope. Changes in heart tissue were scored in twenty different areas for each
section. The cardiac lesions (congestion, infiltration, haemorrhage and apaptotic) in the groups
were scored out of a maximum of 18. These lesions were scored as 1 if less than 30%, 2 if
between 30-60% and 4-5 if more than 60% [30].

Statistical Method

Data analysis of TAC, TOS, TNF-a, TXB2 parameters was performed using SPSS 24.0 for
Windows software (SPSS Inc., Chicago, IL). Data are expressed as means = SE. Since, all
results follewed a normal distribution comparisons between the groups were carried out using
one-way parametric ANOVA. The data were commented according to the significance level of
0.05.

Results and Discussion
Evaluation of biochemical parameters

TAC, TOS, TNF-a, TXB2 tissue levels in all experimental groups are presented in Table |
according to the groups. In the RAD group (group I1), TOS levels in rat heart tissue increased
while TAC levels decreased compared to the control group. This is a clear indication that the
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oxidative balance in the heart tissue was impaired. However, no significant difference was
found between the control and RAD+UM25 and RAD+UM50 treated groups. Furthermore, it
was observed that these levels returned to control levels in UM100-treated rats.

We also evaluated the anti-inflammatory activity of UMB by determining the TNF-a value.
While the level of TNF-a was significantly up-regulated in the radiation-exposured group, the
group pretreated with UMB100 showed a marked down-regulation of TNF-a in the heart tissue
sample (p <0.05).

TXB2 levels were significantly higher in the irradiated group compared to the other groups

(p <0.05). This increase is an important evidence of vascular injury. In the rats treated with
different doses of UMB, the level of TBX2 did not change level of the control group (p> 0.05).

Table 1. Effects of Umbelliferone on TAC, TOS, TNF-a and TXB2 levels

TAC TOS TNF-a TXB2

(mmol Trolox (umol H20> (pg/mg tissue) (pg/mg)
Groups Equiv./L) Equiv./L)
Control 7.94+0.80 5.01+0.24 3.90+0.29 429+19
Rad 3.90 +0.10° 8.10+0.012 6.30+0.272 645+15°
Umb25 8.17+0.12° 5.13+0.06" 3.81+0.12° 411419
Umb50 8.29+0.27" 5.13+0.11° 3.78+0.05" 40713
Umb100 8.42+0.10P 5.05+0.19° 3.83+0.12° 404+8
Umb25+Rad 4.80+0.1620° 4.79+0.05%0¢ 5.10+0.152b¢ 596+132b
Umb50+Rad 4.6420.142b¢ 4,50+0.0520¢ 4.40 +£0.172b¢ 495+162b¢
Umb100+Rad 7.57£0.23 Ped 4,97+0.01°¢d 3.83+0.08P¢d 469+123bcd

Data are presented as means = SD (n=7). **¢¢ The groups in the same column with different
letters are statistically significant (p< 0,05). Abbreviation used: Rad: Radiation, Umb25: 25
mg/kg Umbelliferone, Umb50: 50 mg/kg Umbelliferone; Umb100: 100 mg/kg Umbelliferone

Many researchers are currently working on the development of new methods in cancer
treatment. But, as of today, radiotherapy is one of the most effective and preferred methods in
cancer treatment. Unfortunately, although the number of patients treated with this method is
increasing day by day, the side effects of the method have not been reduced [31,32]. In a clinical
application, ionizing radiation such as gamma rays or X-rays are frequently preferred. However,
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The type and dose of radiation have an important role in the development of cardiotoxicity seen
with radiation [33].

It has been demonstrated that exposure to ionizing radiation causes oxidative stress by increases
ROS production, reduces antioxidant capacity, and inducing apoptosis [34, 35]. The main
impacts of oxidative stress on cardiotoxicity induced by radiation involve several kinds of
molecular pathways and oxidative damage to organic macromolecules such as proteins, lipids,
and DNA. Excessive production of ROS also contributes to this impact. [31, 33]. Many of these
possible effects have been ameliorated by the presence of different antioxidants, both enzymatic
and non-enzymatic, including GSH-Px, SOD, vitamin E, melatonin and zinc [35]. The TOS is
frequently included in the set of parameters used to characterize cellular stress responses [36].
From our experimental data, we found that the level of TOS in rat heart tissues increased
significantly with the application of irridation. On the contrary, it was noticed that TAC levels
decreased. This indicates that irradiation increases oxidative stress in rat heart tissue and that
this stress depletes antioxidant stores. In the current study, high dose of umbelliferone
pretreatment increased TAC levels through umbelliferone supplementation, which is important
for the redox modulation of heart tissue after high-dose radiation exposure. Considering the
data, the results of our study clearly demonstrate that umbelliferone has a radioprotective effect
on the rat heart by decreasing the formation of reactive oxygen species

An essential intermediate and second messenger such as interleukin-1 (IL-1) and tumor necrosis
factor (TNF) are formed by irradiation-induced ROS [37]. Multifunctional proinflammatory
cytokine TNF-a. is primarily created by activated mononuclear phagocytes, however it can also
be produced occasionally by T Ilymphocytes, smooth muscle cells, and activated
polymorphonuclear endothelial cells [38]. The anti-inflammatory effect of umbelliferone
detected by biochemically measuring expression of TNF-a levels on irridation-induced cardiac
tissue damage. There are some articles indicating that inflammation occurs after irridation
applied to rat heart tissue [39,40]. The results of our study are similar to those of these studies,
and there was a significant increase in TNF-A levels in the patient group of animals. However,
pretreatment with high dose of umbelliferone prevented significant increases in TNF-a in
cardiac muscle cells and markedly reduced inflammation induced by acute irradiation. TNF-a
and other cytokines promote inflammation not only through the recruitment of white blood cells
but also through the activation of NF-kB. [41]. The inhibition of TLR/NF-«B signaling during
myocardial ischemia is believed to be connected to umbelliferone's radioprotective function
[42]. We attempted to demonstrate in this experimental investigation that umbelleriferone, in
addition to its antioxidant properties, plays an impotant role in the inflammatory response in
irradiation-induced heart damage.

Strong blood vessel constrictor Thromboxane A2 (TxA2) has been linked to the etiology of a
number of cardiovascular disorders. The half-life of TxA2 is very short and therefore is rapidly
metabolized to form the relatively stable but inactive TXB2 [38, 43]. In this work, the
concentration of TXB2 level was measured to reflect the quantity of TXAZ2. In the current
investigation, it was indicated that, in contrast to the control values, TXB2 levels were
considerably enhanced following acute radiation exposure. On the other hand, umbelliferone
injection dramatically reduces the rising radiation-mediated TXB2 levels in rats. This finding
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suggested that radiation exposure causes the secretion of pro-inflammatory cytokines and may
reduce vascular damage in the heart tissue. This finding could point to the potential of
umbelliferone as a novel endovascular treatment for heart damage.

Evaluation of histopathological changes

Histological examinations were performed on cardiac tissue from irridated rats using different
staining techniques, and examples of result are given in Figs. 1, 2 and 3. Firstly, H&E staining
results showed that the heart tissues of the control group rats had a normal morphology and
appearance. In the radiated patient groups, there were more light stained and necrotic areas
throughout the cardiac muscle tissue. This is an indication of weakened cardiac muscle tissue.
The presence of cylindrical shaped cell nuclei, oedema, congestion and infiltration were among
other important findings. Severe degeneration was also observed around the vessels, On the
opposite, in the Rad+UMB100 group, the heart tissue had a well-preserved appearance and
shape. The pathological changes, such as the presence of necrotic areas, congestion and edema,
were observed less frequently. The results in UMB25 and UMB50 groups were not given
because they were similar to the patient group (Fig 1).

Rad group was shown a severe damage in figure b-h. C; Congestion, N; Nekrosis, E; Edema,
H; Haemorrhage, I; Infiltration, double black arrows; Artery wall damage, black arrows;
Reduced edema area, Circle; Apoptotic cells, Frame; Vacuolization 1) Slight renal injury in
group given umbelliferone (100 mg/kg) before irradiated,. (H&E), Bar: 100 um
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According to the PAS staining results, the presence of light stained areas and a decrease in
glycogen content were observed in rat heart tissues exposed with radiation compared to the
control group. PAS staining also revealed edema and vessel wall degeneration, which were
present in H&E staining (Fig 2).

Fig. 2. Heart tissue section staining with PAS. a) The control group had normal architecture.
b) Reduced glycogen content in the irradiated group. Black arrow; Muscle cell degeneration,
White arrow; Intense PAS-positive staining around the vessel. (PAS), Bar: 100 pm.

With Congo red staining method, several histopathologic changes such as marked protein
accumulation was observed in cardiac muscle cells and vascular endothelium. However, this
was not observed in the UMB100-treated patient groups and histological results were similar
to the control group (Fig 3).
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Fig 3. a) The control group had normal architecture. b and c¢) The amyloid aggregations in
heart tissue (Circle) and vasculer area (Arrow) d) Normal histological appearance of kidney in
group given umbelliferone before irradiated. (Congo red), Bar: 100 um.

In order to provide more accurate and clear evidence of histopathological findings in rat heart
tissue, a semi-quantitative scoring system was performed and the results are presented in Table
2. As aresult of radiation exposure, congestion, inflammation, haemorrhage and apoptotic cells
increased in myocardial tissue and this result was statistically significant (p <0.05). Whereas in
the Umb100 pretreated group, pathological conditions could be restored.
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Table 2. Comparison of histomorphologic scores between groups in heart tissue

Control 0,00+0,00 0,00+0,00 0,00+0,00 0,00+0,00
Rad 5,49+0,50? 4,81+0,622 4,50+0,912 4,86+0,64%
Umb25 0,00::0,00° 0,000,00° 0,000,00° 0,00+0,00°
Umb50 0,00+0,00° 0,00+0,00° 0,00+0,00° 0,00+0,00°
Umb100 0,00::0,00° 0,00::0,00° 0,00::0,00° 0,00::0,00°
Umb25 +Rad 3,96+0,3430 4,69+0,472° 4,43+0,732P 4,72+0,52%0
Umb50+Rad 3,8440,413P 3,00+0,26%P¢ 1.80+0,443b¢ 1,70+0,4030¢
Umb100+Rad 1,41£0,1930¢ 1,60+0,112b¢ 1,5740,212b¢ 1,9240,243b¢
Data are presented as means + SD (n=7). 2°<¢ The groups in the same column with different letters are statistically significant (p<
0,05). Abbreviation used: Rad: Radiation, Umb25: 25 mg/kg Umbelliferone, Umb50: 50 mg/kg Umbelliferone; Umb100: 100 mg/kg
Umbelliferone

Cardiac dysfunction may result from radiation-induced cardiac fibrosis and remodeling [9]. Our
pathological findings demostrated numerous tissue damage such as widespread interstitial
edema, vacuolization, degenerations in arteries, widespread hemorrhagic formations,
degenerations in contraction bands, congestion in large and small capillaries, muscle fiber
degenerations, intense infiltration areas, decrease in glycogen content in muscle cells, amyloid
accumulations in the lumens of vessels and between muscle fibers. In line with our result, El-
Benhawy et al., (2021) found that, radiation exposure resulted in rregular longitudinal cardiac
muscle fibers with areas of destructive and necrotic myocytes, interstitial mononuclear cellular
infiltration, dilated congested blood vessels and dilated spaces between the cardiac muscle
fibers in heart tissue [44]. Also, with the work done by Sarhan and Naoum who showed
distorted cardiac muscle fibres of the irradiated rats with deeply stained nuclei (pyknotic) and
highly thickened and elongated arterial Wall [45].

In addition to all the findings, Hemnani and Parihar (1998) reported that the production of
superoxide anions and their derivatives, which cause peroxidation of lipids in cell membranes,
is responsible for the radiation-induced cardiotoxicity mechanism [46]. Damaged cardiac tissue
observed in the present study may be due to increased oxidative stress. Radiation-induced
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histopathological changes in rat heart tissue are significantly attenuated by pretreatment with
umbelliferone.

Conclusion

As a result, Current study reflects new and beneficial evidence about the role of umbelliferone
agianist heart injury before radiation exposure. Umbelliferone has a beneficial role in reducing
oxidative stress and cardio-toxicity induced by radiation exposure. Moreover, It has also been
shown to have a protective effect on biochemical, inflammation and pathological parameters.
Researchers should focus more on the development of new therapeutic agents for patients
harmed by IR exposure during radiotherapy.
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