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ABSTRACT

Background: Irradiation at the high dose may attenuate renal hemodynamics while
retaining the therapeutic effect on cancer cells and thus can life-threatening. Hence
the effects on kidneys of irradiation become increasingly crucial. This study aimed to
examine oxidative stress, inflammatory response, vascular injury, apoptotis and
deoxyribonucleic acid (DNA)DNA damage induced acute high dose ionising radiation in
rat kidney and to investigate whether umbelliferone (UMB) has protective effect on
radiation-induced renal damage and dysfunction. Materials and Methods: Rats were
randomly allocated into eight groups (n = 7): the control group, given physiological
saline; the model group, exposured radiation (whole body irradiated with single high
dose of 12 Gy of gamma rays) to induce radiation damage in renal tissue; UMB groups,
received UMB (30, 60 and 90 mg/kg) alone and treatment groupsreceived orally UMB
for 5 days before radiation exposure. Animals were divided groups; control, group
whole body irradiated with single dose 12 Gy, groups receiving umbelliferone alone
and groups receiving umbelliferone for 5 days before irradiated. Results: Radiation-
induced pathological findings and functional disorders were significantly ameliorated
in UMBumbelliferone-treated groups. Our results revealed that umbelliferone
) pretreatment in the kidney plays an important role in the regulation of blood pressure
gﬁgﬁgggg;’vﬁ‘hydfog/ﬁ;gévxygu;’:ggg; in irradiat'.ion-induced renal inju.ry. .UMB .increase§ the énﬁoxidar?t. activity an.d
Rradiation,  renal  dysfunctioninjury, ~ decreases inflammatory response in kidney tissue against radiation toxicity. Notably, it
umbelliferone, thromboxane B2 (TXB2)  exhibits anti-apoptotic and anti-genotoxic actions in damaged renal cells. It also
Vascular injury. ameliorates the blood urea nitrogen (BUN) and creatinine values. Conclusion: In

conclusion, UMBumbelliferone from coumarin compounds is a targeted and promising

drug to prevent kidney necrosis and dysfunction due to radiation therapy.
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INTRODUCTION

Cancer is a major public health problem of the
21st  century. Cancer treatment requires
multidisciplinary approachs as surgery, radiotherapy,
and chemotherapy Surgery was the most curative
therapy  for  nonmetastatic  solid  tumors.
Chemotherapy is used successfully in some
categories of cancer (1. Although history of
radiotherapy is relatively short, its role is great in the
survival for cancer patients (2). However, radiation
therapy has also been associated with development
of metabolic syndromes, which may lead to serious
complications such as blindness, renal failure,
impairment in lung function, liver injury, neuropathy,
cardiac damage and atherosclerosis (-7). Radiation-
induced kidney injury is closely related to oxidative
stress, inflammatory responses, glomerular
vasculopathy, and necroptosis & 9. Renal oxidative
stress is a critical mechanism and anti-oxidant agents
have been reported to protect against radiation-
induced kidney injury (19. Therefore, anti-oxidant

agents may be a possible effective therapeutic
method for diminish radiotherapy-related morbidity
and mortality (11,

In recent years, numerous pharmacologically
active plant constituents have been investigated
against radiation injury. The these active compounds
can selectively protect normal tissues and also allow
use of higher radiation doses to obtain possible
therapy. Among the most studied natural substances
that have proven radioprotective activity are
flavones, flavonoids, polyphenols and tannins (12 13),
The exposure to radiation has a powerful impact on
DNA (base lesions and strand breaks) and proteins by
lipid peroxidation. Mechanistic studies have showed
that antioxidant properties, free radical scavenging
ability and anti-inflammatory effects may prove
important contributes for observed protection (14 15),
Coumarins are biologically active compounds
including antioxidant, anti-inflammatory, analgesic,
antimicrobial and antitumor activities (16). Coumarin
compounds passively penetrate biomembranes after
oral administration, and are distributed throughout
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the body from the gastrointestinal tract (17). Indeed,
these compounds are promising candidates in drug
discovery processes. UMB is a coumaric compound
which widespread occurrence in numerous plants.
Although its mechanism of action is not entirely
known, there are several hypotheses explaining its
role (18), The most widely accepted hypothesis is the
antioxidant property of UMB. UMB could ameliorate
myocardial ischemia reperfusion injury (19). UMB also
exhibited protective effects against liver injury (20).
and alleviated diabetic nephropathy by inhibiting
inflammatory response (21). Radiation exposure can
be cause acute and irreversible renal injury with a
progressive dysfunction over years (2. To our
knowledge, the current study is the first to
investigate the therapeutic effects of UMB on
radiation-induced kidney injury in rats.The aim of the
present study was determine whether UMB
pretreatment attenuates radiation-induced kidney
injury. Here, we also focused to explore the
underlying mechanisms of UMB action. Thus, our
study exhibits novel therapeutic metabolic activities
of UMB in the kidney, which point to the potential use
of its against renal injury associated with radiation.

MATERIAL AND METHODS

UMB and chemicals

UMB (purity = 98%) was procured from Sigma-
Aldrich Chemical Co. (MO, USA) and was used as test
compound. TXB2 and tumor necrosis factor alpha
(TNF-a) ELISA kits were purchased from SunRed
Biotech Co., China. BAX and 8-OHdG were obtained
from Cell Signaling Technology (Danvers, MA, USA).
Total antioxidant capacity (TAC) (Randox, UK), total
oxidative stress (TOS) commerical kits (Rel Assay
Diagnostics Mega Tip, Gaziantep, Turkey) and formic
acid were purchased from Damao Chemical Reagent
Factory (Tianjin, China).

Animals and experimental design

Fifty six male Spraque Dawley rats (weighing 280-
300 g) were provided by the Laboratory Animal
Center of Atatiirk University. Animals were housed in
an air-conditioned room (25 + 1 °C) with 12-h day/
night cycle. 12-h light-dark cycle. Standard rat feed
and water were provided ad libitum. The
experimental studies were approved by Local Ethical
Committee of Atatiirk University, Erzurum, Turkey
(permission No. 263, 26.12.2019-. 30.2.ATA.0.23.85-
11) and were conducted according to the U.S.
National Institutes of Health (NIH) Guide for the Care
and Use of Lab animals.

Rats were randomly allocated into eight groups (n
= 7): the control group, given physiological saline; the
model group, exposured radiation (whole body
irradiated with single high dose of 12 Gy of gamma
rays) (23). to induce radiation damage in renal tissue;
UMB groups, received UMB (30, 60 and 90 mg/kg)

alone and treatment groups,received orally UMB for 5
days before radiation exposure The doses of UMB
were selected according to the literature data (21).
However, the main pharmacokinetic parameters,
were estimated through a noncompartmental method
by using the Drug and Statistics 2.0 (DAS 2.0)
software package (Mathematical Pharmacology
Professional Committee of China, Shanghai, China).

Ionizing radiation exposure

Rats were irradiated as previously described by
investigators (Sproull et al. 2017, A Theratron 780-C
source (AECL, Ontario, Canada) at a dose rate of 0.78
Gy/min was used to deliver a single 12 Gy dose to
total-body. The applications were performed in
Department of Radiotherapy, Atatiirk University
Medical College Hospital, Erzurum, Turkey. The
exposure set up was calibrated by physical
measurement using a tissue-equivalent ionizing
chamber. The homogeneous irradiated field was 30 x
30 cm, and the field was uniform within 1%. In the
process of exposure to radiation, each rat was
confined to a ventilated circular holder to minimize
its activity so the whole body could receive the
uniform radiation dose.

Biochemical analyses

TAC and TOS measurements: The measurements of
TAC and TOS were determined using commercially
available assay kits. For TAC levels, rat kidney tissues
were homogenized using an homogenizer (IKA,
Wilmington, USA). Then tissue homogenates were
added to a mixture of Fe-EDTA and H20; (10 mmol/
L) for 60 min.

Estimation of TNF-a and TXB2: Rat kidneys were
weighed (approximately 2 g) and immediately
transferred to —80 °C. Thereafter, brain samples were
homogenized into phosphate buffered saline (PBS)
and centrifuged at 10,000g, 4 °C for 10 min. The
supernatants (40 pl) were collacted and immediately
transferred to -80 °C for further determination.
ELISA kits were used to measure the levels of TNF-«
and TXB2 according to the manufacturer's
instructions.

Estimation of BUN and creatine levels: BUN and
creatinine levels in serum were estimated by using
biochemical automatic detector (HITACHI 7600-020

Japan).

Histopathological studies

The renal tissues of rats were fixed in buffered
10% formalin solution for 48 h and embedded in a
paraffin wax. Tissues were then sectioned at 5-um
and stained with hematoxylin eosin (H & E), Periodic
acid Schiff (PAS) and Congo red methods.

Tissue samples were evaluated by a single
experienced pathologist in a blinded fashion. For each
kidney section corresponding blocks of H&E, whole
slide was examined for histopathological evaluation
under bright field using an Olympus BX60
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microscope equipped with a charge-coupled device
(CCD) CCD. In addition, high-resolution pictures
(x200) of samples were taken under the same
microscope.

Immunological examinations

B-cell lymphoma 2 (Bcl-2) associated X protein
(BAX) and 8-OHdG expressions in the kidney
specimens were detected by specific monoclonal
antibodies. The tissue sections (at 5 pm thickness)
were deparaffinized and dehydrated with graded
ethanol solutions. The sections were then blocked
using hydrogen peroxide and blocking serum.
Immunohistochemical stainings were performed
using BAX (Santa Cruz; dikuted 1:250 with diluent
buffer) and 8-OHdG antibodies (Santa Cruz; 1:2500
dilution) with Novolink Polymer Detection Kkits
(Leica Microsystems Pte Ltd.,, Taipei, Taiwan),
following the manufacturer’s instructions.
Diaminobenzidine was applied as chromogen and

slides were counterstained with Mayer’s hematoxylin
(24),

Statistical analysis

Data analysis of biochemical parameters was
performed using a one-way analysis of variance
(ANOVA) test by Graphpad prism 5.0 statistics
software (GraphPad, La Jolla, CA, USA). Tukey's test
was used as a post hoc. The non-parametric Kruskal-
Wallis test was used to analyze variations among data
obtained using the semi-quantitative method at
histopathological examination. Analyses between the
two groups were performed using the Mann-Whitney
U test. p<0.05 was regarded as statistically
significant.

RESULTS

TAC, TOS, TNF-a and TBX2 levels in renal tissue
are summarized according to groups in table 1. There
were no significant differences between control and
UMB groups. Hovewer, the group exposition to
radiation compared with the control group showed
an increase in the level of TOS and a significant
decrease in the TAC level (P<0.05), thus indicating an
impairment in the oxidative balance in the kidney
tissue. We also determined the anti-inflammatory
activity of UMB by measuring the content of TNF-a.
While the level of TNF-a was significantly up-
regulated in the radiation-exposured group, the
group pretreated with UMB showed a marked down-
regulation of TNF-a in the kidnay homogenate.
Moreover, the TXB2 level were significantly higher in
radiation group than in the other seven groups,
indicating an increase in vascular injury in irradiated
group (p<0.05). The rats treated with UMB showed
restoration of these levels to the control levels.

An in-depth characterization of renal pathology in
irradiated rats, selected images of different methods-

stained kidney sections are presented in figures 1, 2
and 3. H&E staining demonstrated that the tissue
sections of the control group exhibited their general
characteristic shape. In the radiation-exposured
group, the structure of renal tissue was severely
damaged with congestion, infilitration, hemorrhage,
apoptosis, mesenchymal matrix increase, and
hydropic degenerations and even necrosis. By
contrast, the pretreatment of UMB (90 mg/kg)
significantly ameliorated pathologic alterations of
kidneys in irradiated animals (data not shown at 30
and 60 mg/kg) (figure 1la-f).

Table 1. The effects of UMB on levels of TAC, TOS, TNF-a and
TXB2 in radiation-induced kidney injury.
TAC TOS

TNF-a TBX2

Groups (mmol Trolox| (umol H,0,
Equiv./L) Equiv./L) (pg/mg doku) ~ (Pg/mL)
Control 8.96+0.79 6.01+0.28 4.90+0.31 430120

Rad (12 Gy) | 4.90+0.11° [ 9.12+0.01° | 7.32+0.28° | 650%15°
Umb (L) 9.19+0.12° | 6.15+0.06° | 4.83+0.12° | 415420
Umb (M) | 9.28+0.28° | 6.12+0.10°| 4.80+0.06" | 412+14
Umb (H) 9.440.11° | 6.06+0.20° | 4.84+0.13° | 408+7

Umb (L)+Rad [5.82+0.18°¢[5.81+0.05°>| 6.11+0.17*"°| 600+12°°

Umb (M)+Rad|6.66+0.16 >*¢[5.53+0.07°>| 5.39+0.19*"° 500+17°"°

Umb (H)+Rad [8.58+0.21"°?[5.99+0.01°“%[ 4.85+0.09>“?[470+11>>°

Data are presented as means = SD (n=7). a,b,c,d The groups in the
same column with different letters are statistically significant (p<0,05).
Abbreviation used: Rad: Radiation, Umb (L):30 mg/kg, Umb (M): Umb
(H): 90 mg/kg umbelliferone TAC: Total antioxidant capacity, TOS:
Total oxidative stress, TNF-a:Tumor necrosis factor alpha, TXB2:
Thromboxane B2.

. G ~

i \ 1:‘ _,;«,.‘, 'r).; -

Figure 1. The kidney tissue in control and experimental
groups. a) The normal architecture of kidney from control rats,
G; Glomerulus, B; Bowman'’s space, D; Distal tubule,

P; Proximal tubule. b, c, d and e) Severe renal injuries in
irradiated group; C; Congestion, M; The expansion of
mesangial matrix H; Haemorrhage, Circle; Apoptosis,

N; Necrosis, Arrow; Hydrophic degeneration, |; Infilitration.
f) Slight renal injury in group given UMB before irradiated,
G; Glomerulus, H; Haemorrhage, C; Congestion. (H&E), Bar:

100 pm.

PAS staining revealed decreased of glycogen
content in renal tissue of exposed rats to radiation.
Besides, there were important pathological findings
as desquamation in the tubule epithelium, thickening
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of the tubular basement membranes, deterioration of
the brushy edges of the tubule epithelium,
haemorrhage and tubular dilatations. These changes
were reduced when UMB orally was given to rats

r~

groups. a) The normal architecture of kidney from control rats,
G; Glomerulus, B; Bowman’s space, P; Proximal tubule. Circle;
Brush border, Arrow; Tubular basement membrane. b, c and
d) The cells stained weakly and severe renal injuries in
irradiated group, Arrow; Thickening of the tubular basement
membrane, Asterix; Desquamated epithelial cells, Arrow head;
The loss of brush border, T; Tubular dilatation, M; Mesangial
matrix, H; Haemorrhage. e) Slight renal injury in group given
UMB before irradiated, M; Normal histological appearance of
mesangial matrix, Circle; Brush border. (PAS), Bar: 100 pum.
Abbreviation used: PAS: Periodic Acid-Schiff.

Kidney

Amyloid deposits

Qgp ‘@eb prb pré
Figure 3. The kidney tissue in control and experimental
groups. a) The normal architecture of kidney from control rats.
b) The amyloid aggregations in renal tissue of irradiated
group, Arrow; Amyloid deposits. c¢) Normal histological
appearance of kidney in group given UMB before irradiated.
(Congo red), Bar: 100 um.

With Congo red staining method, in renal tissue
was observed extensively amyloid deposits
indicating disorders of circulation after radiation
exposure. Examination of sections in UMB group (at
high dose) revealed that the renal tissue retained its
normal architecture (figure 3a-c).

To clearly and accurately describe the
histopathological changes in all the experimental
groups, we did the semiquantitative evaluation of the

renal lesions and summarized the results in table 2.
The kidneys of rats irradiated exhibited marked
histological changes (p <0.05). Treatment with UMB
before administration of radiation has protective
effects on renal cells, which suggested that the UMB at
high dose can alleviate kidney injury induced by
radiation; hovewer, despite pretreatment with UMB
at low doses (30 and 60 mg/kg), the structure of renal
tissue slightly ameliorated.
Table 2. Statistical data of the radiographic parameters (kVp

and mAs values) and patient anthropometric data for selected
X-ray examinations.

Tubular| Tubular |[Mesenchymall Amyloid
Groups [Congestion|infiltration|Necrosis |Dilatation matrix aggregates,

Control | 0,00+0,00 | 0,00+0,00 06%%1 0,00+0,00| 0,00+0,00 |0,00+0,00
+ +
(1r;agy) 4,50+0,51°(3,82+0,63" %’5922 %'8675; 1,28+0,53% |3,82+1,85°
Umb (L) |0,00+0,00°(0,000,00" o,og%ro,o %’%%f 0,00+0,00° |0,00+0,00°
Umb (M)|0,00+0,00°(0,00+0,00" %‘%%%’ %’%%f 0,00+0,00° |0,00+0,00°
+ +
Umb (H)|0,00+0,00°(0,00+0,00" %’%%3 %’%%E 0,00+0,00° |0,00+0,00°
Umb (1) 2,97+ 3,70+ | 3,44+ | 3,73% a0 | 3,14%
+Rad | 035" | 048" |074% | 0,53°0 | 0710347 o500
M) 2,85% 2,00t 81t 71+ 1,33
UTI:)a(d ) olfzsa,b oé(;(a),b,c 004853,b,c 004la,b,c 0’43t0’17a,b,c os?éz’,b,c
Umb (H)| 0,42+ 0,61t | 0,58+ | 0,93 abc| 0,41%
+Rad | 0,20 | 0,10°"¢ |0,00%0< | ga5ebe | 023201571 g 4 gabe

Data are presented as means + SD (n=7). a,b,c The groups in the same column
with different letters are statistically significant (p< 0,05). For abbreviations
see legend table 1.

To further evaluate the protective effect of UMB in
a radiation-induced rat nephrotoxicity model,
immunohistochemical analyzes were performed. No
staining was observed in the control slides. Hovewer
strong BAX immunoreactivity was detected in the
renal tissue with adverse effect of radiation. By
contrast, the expression of BAX was weaker in the
kidney sections when given UMB (90 mg/kg) as
radioprotective agent (figure 4a-c).

T ‘f‘o\" | " Y o e
L4 ‘, 3 X g gl Kidney
il RIS

Figure 4. Immunohistochemical expresssion of BAX in kidney
tissue of control and experimental groups. a) The normal
architecture of kidney from control rats. b) Widespread BAX
expression in renal tissue of irradiated group, Arrowheads;
BAX positive cells. c) UMB regulates BAX-induced apoptosis in
comparison with irradiated group, Arrowheads; BAX positive
cells. Bar: 50 um. Abbreviation used: BAX: Bax is a pro-
apoptotic member of the Bcl-2 family of genes which regulate

programmed cell death.
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We detected 8-OHdG immunoreactivity as an
excellent biomarker of oxidative stress after
exposure to radiation. 8-OHdG-positive cells weren't
observed in control rats, while a significant amount
of 8-OHdG-positive cells was presented in the
radiation group. Whereas, preadministration of UMB
at high dose significantly decreased the levels of 8-
OHdG immunoactivity in renal tissue compared with
that in the radiation-exposured group (figure 5a-c).
Moreover, we scored our data for all groups to
explore the effects on apoptosis and oxidative DNA
damage of UMB. Our data revealed that the ability of
UMB was remarkable to protect the renal cells from
BAX activation and 8-OHdG formations against
radiation injury (table 3).

e

¥,
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Figure 5. Immunohistochemical expression of 8-OHdG in kid-
ney tissue of control and experimental groups. a) The normal
architecture of kidney from control rats, b) Renal tissue which
exhibits a strong 8-OHdG immunostaining in irradiated group,

Arrowheads; 8-OHdG positive cells. c) UMB regulates oxidative

stress-induced 8-OHdG expression in comparison with
irradiated group, Arrowheads; 8-OHdG positive cells. Bar: 50
pum. Abbreviation used:8-OHdG: 8-hydroxy-2'-
deoxyguanosine.

Table 3. The scores of immunohistochemical findings in renal
tissue for all groups.

Groups BAX 8-OHDG
Control - -
Rad +++ +++
(12 Gy)
Umb (L) - -
Umb (M) - -
Umb (H) - -
Umb (L) +Rad +++ +++
Umb (M) +Rad +++ +++
Umb (H) +Rad + +
According to immunohistochemical findings: none (=), mild (+),

moderate (++) and severe (+++). For abbreviations see legend in
table 1.

As shown in figure 6, when compared to the
control group, serum BUN and creatinine (Cre) levels
increased significantly in the irradiated group of rats,
indicating impairment of renal function (p<0.05 and
p<0.001). Whereas, UMB dose-dependently restored
kidney function as indicated by the significant
reduction of these parameters.

BUN mmol/L Creatinin (mmol/L)
404 15+
s *xEy F
304 HH
g 104
Rassd
204
x 5_
104
0- 0-
Control Rad  UmbL UmbM UmbH Control  Rad  UmbL UmbM UmbH
+Rad  +Rad  +Rad +Rad  +Rad  +Rad

Figure 6. The effects of UMB on renal BUN and Creatinin levels
against radiation injury, respectively. Data are presented as
mean * SEM (n=7). * denotes significant differences between
other studied groups and sham (*: p<0.05, ****: p<0.0001), #
denotes significant differences between other studied groups
and radiation group (####: p<0.0001) by Tukey’s multiple
range tests. Abbreviation used: Rad: Radiation, Umb (L):30
mg/kg, Umb (M): Umb (H): 90 mg/kg UMB, BUN: Blood urea
nitrogen.

DISCUSSION

Understanding the mechanisms of radiation-
induced changes is essential to prevent organ
damages following radiotherapy (25). The high doses
of radiation are associated with renal toxicity and
numerous effort has been made to provide treatment
guidelines (26). In the current study, the UMB
pretreatment on radiation-induced kidney injury has
largely been directed toward these mechanisms and
the relationship between them. From our
experimental data, the increasing amount of TAC due
to UMB supplement is important to be involved in the
redox modulation of kidney tissue after the high dose
radiation exposure. Depending on the oxidative
stress, various signaling pathways may be repressed
or activated to ensure that kidney health is
preserved. That's why, it is necessary to evaluate the
oxidative damage markers in the prevention of renal
damage under the high radiation doses to determine
therapeutic modalities 7). The cellular antioxidants
depletion cause large changes in renal tissue but the
functional significance of coumarin compounds in
response to oxidative stress remain poorly
characterised against radiation damage (28). In a
study, UMB treatment before irradiation increased
antioxidant enzyme activities in human lymphocytes
(29). In another study, UMB could improve antioxidant
enzyme activities and glutathione (GSH) levels in
human dermal fibroblasts cell culture 39). Oxidative
stress increases from external agents due to exposure
to radiation, drugs or chemicals (1. Excess ROS
induced by high dose irradiation may be considered a
“radical burst” 32). The TOS is frequently included in
the set of parameters used to characterize cellular
stress responses (33). Coumarins have function by
detoxifying various reactive oxygen species (ROS)
forms and protecting tissues against oxidative
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damage G4. Our results show a significant increase in
TOS levels in kidneys of the irradiation-treated
animals. The antioxidant properties of coumarins are
due to their conjugated double bonds 5. Each
double bond in the coumarin ring are one of the
major targets of ROS and and subsequently produces
various ketones and aldehydes (3¢). Taken together,
the results of this study clearly suggest the
radioprotective effect of UMB in rat kidney by
inhibiting reactive oxygen species generation and its
subsequent toxicity.

To explore the mechanism underlying the
protective effects of UMB on inflammatory damage,
the expression of TNF-a was analyzed by biochemical
studies. Our results demonstrated that UMB could
successfully block this inflammatory cytokin. Its
maximal therapeutic benefit was reduce radiation-
induced secretion of TNF-a and treatment with UMB
presented similar TNF-a levels to control group.
Radiation induces the cytokine responses of that
could play an important role in mediating radiation
toxicity radiation nephropathy does not have a major
cellular inflammatory component (7). Here, we
suggest a pivotal role of TNF-a in these processes. At
the same time, we think that signalling of this
cytokine may provide promising prognostic markers
for evaluating UMB against radiation toxicity. A
previous experimental study has showed that UMB
reduced the diabetes-induced renal injury by down
regulation of transforming growth factor-f (TGF-
(38). On the other hand, protective effects of UMB
might be related to the suppression of Toll-like
receptor (TLR)/ Nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) on myocardial
ischemia 9. According to recent data, the anti-
inflammatory agents showed immunoregulatory
effects and thus, could control the proinflammatory
cytokine responses (40). In the present study, we
provide, UMB treatment to 12 Gy radiation exposed
rats aided in restoring leukocytes tissue infilitration
and TNF-a in comparison to irradiated alone rat, thus
enhancing their immune system against ionizing
radiation-induced assaults. In addition, ROS may
affect the levels of inflammatory cytokines in acute
radiation exposure (“1. Whereas, the role of
antioxidant agents in modulating the inflammatory
response is highly topical to reduce side effects of
radiation (42). With this study, we also demonstrate
that UMB has antioxidant effects and therefore, can
control the proinflammatory cytokine response.

The restoration of blood flow produces a 'third
hit' phenomenon with the effect of UMB. TXB2 is
stable metabolite of TXA2 and the overproduction of
this vasoconstrictor factor may cause to impaired of
the vascular relaxation (42). The present study was
demonstrated that TXB2 values significantly
increased after acute radiation exposure compared to
control levels. Radiation may induce severe
impairment in microvessel functions (43). Attention

has focused on which is anti-thrombotic and a
vasorelaxant, and TXB2 derived from intrarenal
macrophages and platelets (*9. In our study, the
increase in TXB2 is likely to reflect a parallel
activation to renal cell inflammation induced by
radiation. The inflammatory process has a critical
role in mediating the kidney injury and ultimately
leads to poor vascularity (5. However,
administration of UMB significantly decrease the
increasing values of radiation-mediated TXB2 in rats,
suggesting that there may be inhibit to the initiation
of vascular injury by secretion of pro-inflammatory
cytokines in the kidney in the radiation exposure.
Therefore, UMB offers an avenue for the
development of new endovascular-based therapies as
alternative treatment options for acute kidney injury.

The exposure to high acute doses of ionizing
radiation appeared to specifically increase the risk of
apoptosis, DNA damage and even carcinogenesis (46),
In this study, we focused our attention on BAX and 8-
OHdG immunodetections in kidney cells irradiated
with single radiation dose of 12 Gy. We observed
significant increases in the expressions of BAX and 8-
OHdG. BAX plays a crucial role in protecting against
renal apoptosis after radiation. Increased Bax
expression can inhibit apoptosis while decreased
BAX expression can trigger apoptosis (47). 8-OHdG is
an important biomarker of oxidative stress-mediated
DNA damage in many disease kind and various
cancers (48). However, to the best of our knowledge,
only few studies have evaluated the impact of
ionizing radiation on 8-OHdG damages. We suggested
that there is a positive relationship between 8-OHdG
values and high radiation dose. Moreover, our
findings indicated that 8-OHdG is a rapid and
sensitive immunohistochemical method to monitor
the DNA damage induced by radiation. Radiation
damage contains a complex network of various
signaling pathways and is thought the reactive
oxygen species critically plays an important role in
this process 49). Qur study reveals that UMB prevents
radiation-induced cell death and genotoxicity by
affecting oxidative stress and inflammatory cascades
induced by radiation. Moreover, inhibiting TXB2
signalling confers microvascular protection in kidney.
All these mechanisms may lead to suppression of
increased apoptosis ratio and inhibition of 8-OHdG
content

Although the kidney is known as a radiosensitive
organ, the pathophysiology of radiotherapy-
associated renal injury is poorly understood 9. In
our pathological analysis, renal tissue after acute high
dose radiation exposure shows paranchymal
apoptosis and extensive necrosis which is consistent
with radiation nephropathy in other models 1. In
addition, our microscopic examination shows
congestion, inflammatory cell infilitration,
hemorrhage, severe glomerular and tubular injury
the hydropic degenerations and brush border loss in
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kidney specimens. Pretreatment with UMB
significantly alleviates irradiation-induced
histopathological changes in rat kidneys.
Furthermore, UMB restorates increased BUN and
creatinine levels in kidney tubules. Radiation can
cause a reduction in renal function that may be due to
free radical-mediated oxidation. It is suggested that
the administered doses must be limited to avoid
kidney damage (52). Since vasoactive and anti-
inflammatory drugs act as key player in tissue repair.
There appears to be significant influence of the use of
UMB on the acute kidney injury.

Our study presents new and strong evidences
highlighted the importance of UMB use in the
prevention of acute renal injury before the radiation
exposure. The data in this work show that UMB
significantly decreases inflammatory cytokines and
improves renal vascular function against radiation
damage. Moreover, UMB prevents radiation-induced
oxidative stress, DNA damage, renal apoptosis and
necrosis. Taken together, this findings indicate that
UMB pretreatment maintains normal the kidney
histological architecture and function, this will
provide the greatest opportunity for its efficacy as a
novel drug across a range of radiotherapy.
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