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Abstract

Ischemia reperfusion (I/R) injury which causes kidney dysfunction is one of the most studied diseases directly linked to oxidative
stress. In this regard, it is important to protect cells against damage by inducing antioxidant response. Herein, we aimed to
evaluate the therapeutic roles and possible mechanisms of propolis and boric acid in kidney I/R injury based on relevant basic
research and clinical studies. Sprague-Dawley rats were subjected to 50 min of ischemia followed by 3 h of reperfusion. Animals
were randomly divided into a control group (the abdominal wall was just opened and closed), an I/R injury group, the propolis
intervention group (200 mg/kg, intragastric administration, 1 h before ischemia), boric acid intervention group (14 mg/kg,
intragastric administration 1 h before ischemia), and the propolis + boric acid intervention group (intragastric administration
1 h before ischemia). Kidney function, the antioxidant defensive system, and renal damage were assessed. In addition, the
oxidative stress and inflammatory status were estimated in renal tissue. Furthermore, DNA damageand apoptosis were detected
by immunohistochemistry. When compared with I/R group, propolis alone and especially propolis + boric acid groups signif-
icantly improved functional parameters. While the antioxidant response was increased, renal injury size and apoptosis were
significantly decreased in both groups. Also, the MDA and TNF-« levels besides the 8-OHdG formation were downregulated.
According to these outcomes, it can be said that especially propolis together with boric acid ameliorates kidney injury caused by
I/R through acting as an antioxidant, anti-inflammatory, and antiapoptotic agent. In conclusion, propolis alone and its combina-
tion with boric acid could be developed as therapeutic agents against serious renal I/R injuries.
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Erzincan, Turkey Despite many effective medical therapies at present, ischemia

remains a major cause of morbidity and mortality worldwide
[1]. Importantly, ischemic kidney disease is a leading cause of
kidney dysfunction [2]. Therefore, significant clinical effort
has been directed toward preventing acute renal dysfunction
and reducing the size of dysfunction in individuals experienc-
ing kidney disease. Although renal reperfusion therapies can
relieve problems about kidney from following sustained is-
chemia, reperfusion per se paradoxically induces kidney inju-
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nephrotic syndrome size have not been implemented well in
clinical settings [4]. The increased generation of reactive ox-
ygen species (ROS) is a major contributor to the pathophysi-
ological mechanisms underlying reperfusion injury, hinting us
to consider the decreases in ROS levels in the kidney for
minimizing the damage associated with renal I/R [5].

Nowadays, there is a folk medicine branch called
apitherapy that aims to treat diseases with bee products, in-
cluding honey is quite popular as an alternative therapy[6].
Honey bee products (e.g., propolis) have medicinal and
health-promoting properties in mouse/human model such as
vasodilative, antiulcer, antibacterial, antiviral, anti-inflamma-
tory, and antitumor activities [7]. In recent years, the propolis
has been subjected to a range of pharmacological investiga-
tions and its value has been assessed in numerous studies [8].
However, little is known about the effects of this folk remedy
on renal I/R injury. The composition of propolis represents
high antioxidant activity [9], and thus can be investigated for
the treatment of renal I/R injury.

Based on the clinical data available, the boron compounds
appear to have therapeutic effects on systemic disorders. In
medicine, boric acid (BA) is used for wound healing, bone
mineralization, and inhibition of prostate cancer [10—12].
Boron compounds have been reported as a dietary supplement
[13]. The studies on this compound indicated that they are
rapidly absorbed from the gastrointestinal tract and exist pri-
marily as undissociated boric acid in the body. Moreover,
most of these compounds accumulated generally in bone
and rarely in soft tissues [14]. They are primarily excreted
via urine. Among boron compounds, only boric acid has been
identified in urine since BA accounts for> 90% of the ingested
boron dose within the body [15].

On the other hand, acute exposure of the boron compounds
has been reported to toxic effects on sperm quality and bio-
chemical parameters in aquatic animals and rats [16]. BA has
lower toxicity compared with other boron compounds.
However, the boron compounds as the anti-renal ischemic
agents have not been reported yet. Moreover, the mechanisms
of both the beneficial and the toxic effects of boric acid are not
fully understood. Therefore, the current study was firstly aimed
to explore the protective ability of boric acid against renal /R
injury.In addition, it was secondly aimed to propose a new
strategy to present the protective therapy of the combined boric
acid with a natural compound, propolis against renal I/R injury.

Material and Methods
Animals
Adult Sprague-Dawley rats (n =35), weighing 250-300 g,

were purchased from Atatiirk University Experimental
Research Center (Erzurum/Turkey). The rats were kept under

standard laboratory conditions, maintained in temperature-
and humidity-controlled rooms on a 12-h/12-h light/dark cy-
cle, and had free access to standard commercial rat pellets
(purchased from Bayramoglu Yem, Erzurum, Turkey, 1.5%
fat, 7.5% carbohydrates, 23% protein, 1-2% vitamins and
minerals; 3% trace elements, iron, selenium, manganese, zinc,
cobalt, iodide, 270 kcal 100 g_l) and water.

Propolis and Boric Acid Preparation and Experimental
Design

The water-soluble propolis extract was purchased from
Aksuvital Natural Products Food Industry Trade Inc.
(Turkey) and boric acid was supplied by theSigma-Aldrich
Chemical Company (St. Louis, MO, USA).They were sepa-
rately dissolved in 100 ml distilled water. Then, the propolis
solution was diluted to 200 mg/kg and the boric acid solution
was diluted at 14 mg/kg concentrations. Their doses were
selected according to the literature data [17, 18]and our pre-
liminary studies. The solutions were given to rats as 1 cc by
gavage 1 h before ischemia onset. The rats were randomly
divided into fivegroups (n =7 per group): I) Control-sham
group (the abdominal wall was only opened and closed), II)
I/R group (the rats were subjected to 50 min of ischemia
followed by 3 h of reperfusion), III) Propolis intervention
group (200 mg/kg, intragastric administration, 1 h before is-
chemia), IV) Boric acid intervention group (14 mg/kg,
intragastric administration 1 h before ischemia), and V)
Propolis + boric acid intervention group (intragastric admin-
istration 1 h before ischemia).

I/R injuries were created as described previously [19].
Briefly, each rat was anesthetized via intraperitoneal injection
of a combination of ketamine (75 mg/kg, i.p.) and xylazine
(10 mg/kg, i.p.). An abdominal incision was created, and uni-
lateral ischemia was induced by clamping the left renal artery.
After 50 min of ischemia, the clamp was removed to allow
reperfusion. Body temperature was maintained at 36 °C using
heating pads throughout the experiment. At 3 h of reperfusion,
rats were killed and kidney tissues were collected. Kidney
samples were stored at —20 °C for a period before they were
used in later analysis; kidney slices were also processed for
histological studies.

Measurement of Biochemical Parameters

The kidney samples were homogenized, and the supernatants
were used to determine the antioxidant enzyme profile, oxi-
dative status, and cytokine levels. The levels of superoxide
dismutase (SOD), glutathione (GSH), lipid peroxidation
(LPO), and tumor necrosis factor (TNF-x) in the rat renal
tissue were measured with the Clinical Automatic
Biochemistry Analyzer 7600 (Hitachi, Japan) employing
ELISA kits (R&D Systems, Minneapolis, MN) according to
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the manufacturer’s instructions. All experiments were per-
formed with triplicate samples and repeated three times.

Immunohistochemical andHistopathological
Assessments

The kidney tissues were fixed in 10% neutral buffered forma-
lin overnight, dehydrated, and embedded in paraffin for he-
matoxylin and eosin (H&E) staining or immunostaining. The
kidney tissues were sectioned at 5 pum. Sections were stained
with H&E and analyzed using a light microscope (Leica DM
1000, Germany). Analysis of the sections was performed by
the same pathologist blindly. 8-hydroxylo-2'-deoxyguanosin
(8-OHdG) and Bax were detected by specific monoclonal
antibodies. The tissues were cut into 4-pum sections and the
sections were deparaffinized. After Diaminobenzidine (DAB)
was applied as chromogen, slides were counterstained with
hematoxylin, dehydrated, and covered by coverslips.
Immunohistochemical staining of Bax was performed using
Bax-Antibody (B-9) (Santa Cruz), following the manufac-
turer’s instructions. Immunohistochemical staining of 8-
OHAG was performed using anti-8-OHdG antibody (Santa
Cruz; 1:2500 dilution) with a Novolink Polymer Detection
kit (Leica Microsystems Pte Ltd., Taipei, Taiwan), following
the manufacturer’s instructions. The pathologists continuous-
ly observed at least tenhigh-power fields (x 200) for each
slice, counted the number of positive cells in each high-
power field, and calculated the average number of positive
cells to reflect the intensity of positive expression. The sec-
tions were evaluated as none (—), mild (+), moderate (++), and
severe (+++) according to their immunity positivity [20].

Statistical Analysis

The differences in variance were analyzed statistically 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.

Results

Effect of Propolis and Boric Acid on Biochemical
Parameters in Renal I/R

As shown in Fig. 1, comparedwith the sham-operated rats,
the renal I/R ones showed significantly lower levels of the
SOD and GSH (respectively, p < 0.05, p <0.0001) but sig-
nificant higher levels of LPO and TNF-x (» <0.0001).
However, pretreatment with Propolis (200 mg/kg) signifi-
cantly increased levels of the SOD and GSH (respectively,
p<0.05, p<0.001) but decreased in levels of the LPO and
TNF-« in kidney compared with I/R group (respectively,
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p<0.0001, p<0.01). On the other hand, pretreatment with
boric acid (14 mg/kg) significantly increased levels of the
SOD (p <0.05), while did not affect the level of GSH in
kidney compared with the I/R group. Moreover, boric acid
decreased in levels of the LPO and TNF-« in kidney com-
pared with I/R group (respectively, p <0.0001, p <0.01).
Particularly, the levels of LPO (p <0.001) and TNF-« in
pretreatment of the combination with propolis and boric
acid group were lower than those of the other experimental
groups in I/R model (p <0.0001). In the combined treat-
ment group, the levels of antioxidant enzyme were higher
than I/R group.

Effect of Propolis and Boric Acid on 8-OHdG and Bax
Immunoreactivity in Renal I/R

The representative images of 8-OHdG formation, expression
of Bax are depicted inFig. 2 in rat kidney treated with propolis,
boric acid, or combination of them prior to I/R and sham-
irradiated control. I/R markedly stimulated the formation of
8-OHdG and expression of Bax in rat kidney cells in compar-
ison with a control (Fig. 2). Pretreatment with propolis to
kidney with I/R led to a moderate decrease in the 8-OHdAG
formation. On the other hand, boric acid slightly attenuated
expression of8-OHAG in the renal cells with I/R. However,
pretreatment with combination of them showed mild differ-
ences in 8-OHdG expression in rat kidney cells. Similar to 8-
OHAG, the pretreatment of propolis significantly decrease the
number of Bax-positive cells as compared to sham samples.
The boric acid resulted also in slight decreaseof Bax expres-
sion in rat kidney when compared to in sham. In addition, the
pretreatment with Propolis and boric acid significantly
protected the renal cells from apoptosis (Table 1). The stron-
gest protective effects were observed in combination with
Propolis and boric acid in kidney with I/R.

Histopathological Assessments

Histopathological examination by H&E staining of tissue sec-
tions revealed normal histology of kidney in the control group
(Fig. 3). The renal I/R caused severe congestion,hemorrhage,
hydropic degeneration, and necrosis of tubules. On the con-
trary, when the propolis and boric acid were applied on rat
kidney with I/R, the reduction in the number of histopatholog-
ical change was observed especially for combination of prop-
olis and boric acid and in a lesser reduction only for pretreat-
ment with propolis (Fig. 3). In the combination group, necrosis
in tubules and very little degeneration in tubular epithelium
with nearly normal histological structures were determined.
The protection was strongly pronounced when renal tissue
was treated with propolis and boric acid prior I/R reduction.
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Fig. 1 The effects of propolis and 2.0 SOD 3 GSH
boric acid on kidney SOD, GSH,
LPO, and TNF-«levels after I/R.
Data are presented as mean +
SEM (n="7). * denotes significant
differences between other studied
groups and sham (*'p < 0.05,

5 <0.0001), ® denotes signifi-
cant differences between other
studied groups and I/R group
(*'p<0.05,p<0.01,

%p <.0.001, p <0.0001), © de-
notes significant differences be-
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Discussion time, evidence of the use of propolis and boric acid combina-
tion against renal I/R injury.
Oxidative-stress-induced free radicals have been found to be Preliminary clinical trials demonstrated that propolis had

key players in the pathophysiology of I/R [21]. In view of the ~  anti-diabetic activity in humans by improving glycemic control
use of the antioxidants in combination with bee products for  in subjects with insulin resistance [22]. Besides, the application
treatments of disorders and promotion of health, we think that ~ of topical propolis extract gel to traumatic ulcer caused by
these pharmacological materials may represent a remedy tobe  diabetes mellitus (DM) ulcers accelerates wound healing
used in severe I/R damages now. According to our literature  [23]. However, the application of this folk remedy as a means
survey,a combined therapy with propolis in I/R injury hasnot  to prevent renal I/R injury has yet to be completely evaluated.
been identified so far.Thus, this study provides, for the first ~ Our study supported that this natural product can be promising

Sham I/R I/R + Pro I/R+ Ba I/R + Pro + Ba

8-OHdG

Fig. 2 Immunohistochemical staining of the 8-OHdG and Bax in the R + Ba; slightly decreased 8-OHdG and Baxexpression, I/R + Pro + Ba;
kidney tissue. Sham; 8-OHdG and Bax negative, I/R; severe8-OHdG mild 8-OHdG and Bax expression(Bar: 20 um). Abbreviation used:
and Bax expression, I/R + Pro; moderate 8-OHdG and Baxexpression 1/ I/R:ischemia/reperfusion, Pro: propolis, Ba: boric acid
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Table1 Immunohistoch-

emical findings and their Groups 8-OhDG Bax
scores in kidney tissue
Sham - -
/R +++ +4++
I/R +Pro ++ ++
I/R + Ba ++ ++
I/R + Pro + Ba + +

I/Rischemia/reperfusion, Propropolis,
Baboric acid

According to immunohistochemical find-
ings: none (—), mild (+), moderate (++)
and severe (+++)

and a pharmacological active compound to serious renal I/R
injury. In the study conducted by da Costa et al., it was shown
that Red propolis (150 mg/kg/day) administration by gastric
gavage 3 days before the procedure improved oxidative stress
status (GSH, MDA, heme-oxygenase,and eNOS) when com-
pared with the I/R group [24]. On the other hand, with this
paper, we firstly reported the effects of the propolis on the
activities of the antioxidant enzymes in renal I/R injury. In
our study, propolis (200 mg/kg) was administered to rats as
1 cc by gastric gavage 1 h before ischemia onset and associa-
tion between oxidative stress and antioxidative response was
determined. It is well known that oxidative stress is increased
by a system in which the rate of free radical production is
enhanced and endogenous antioxidant mechanisms are im-
paired in I/R [25]. According to the results of this study,
GSH level, SOD, and CAT activities in renal cells were signif-
icantly higher in the propolis pretreatment group when com-
pared with I/R. These data could be results of the antioxidative
system response induced by propolis against free radical pro-
duction in the case of I/R. Additionally, to assess the extent of
oxidative DNA damage [26] we analyzed 8-OHdG-
immunopositive cells in a rat model of renal I/R injury. The
results showed that propolis significantly decreased the 8-
OHAG formation in kidney cells. Supportingly, previous stud-
ies have showed that propolis has great antioxidant effects.
Lungkaphin et al. found that propolis could decrease MDA
levels and oxidative stress effects in myocardial I/R injury
[27]. Propolis also exerted antioxidant abilities in concanavalin

_I/R - I/R + Pro

= NANT A ‘}‘.ﬂ\' S ey ‘.":“')1'\ amar

Fig. 3 Rat kidney (H&E), the control group with normal kidney
histology. The kidney histology in I/R group; Arrow heads: Necrosis,
Thin arrows: Hydropic degeneration Asterisk: Congestion, Thick arrows:
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A-induced liver injury, cancer development, gentamicin-
induced renal damage, and so forth [28, 29].

Here, we also provide evidence for the first time the effects
of boric acid against renal I/R injury. Boron supplement was
shown to induce SOD activity in hepatotoxicity [30] and en-
terocolitis [31]. In our experiments, the increased SOD activity
in kidney supported the hypothesis that SOD is tightly con-
trolled in response to I/R injury in boric acid group [32].
Conversely, the decrease in the SOD activity could lead to an
excess of superoxide anion (O, —) and hydrogen peroxide
(H,0,) (which in turn generated hydroxyl radicals) in biolog-
ical systems, resulting in the initiation and propagation of lipid
peroxidation [33]. It was also reported that the blood flow
during reperfusion phase of I/R injury could produce oxygen
free radicals which lead to the MDA formations to destroy the
antioxidant defense system [34, 35]. Based on our in vivo find-
ings, the anti-oxidant activity of boric acid decreased MDA
level in kidney cells when compared with I/R group. On the
other hand, the level of reduced glutathione (GSH), the most
important intracellular antioxidant molecule, is a sensitive in-
dex of the efficiency of cellular antioxidant defenses and its
decrease during focal cerebral ischemic in rats leads to the
development of severe complications [36]. Boron can cause
change in the structure and function of proteins by interacting
with them [37]. In the present study, as a result of the increas-
ing free radical concentration, one of the consequences of I/R,
the renal cells may not have allowed GSH synthesis to increase
in order to protect themselves from the effects of these reactive
species. In our experimental model, boric acid is believed to
scavenge free radicals by working together with GSH, thereby
leading a decrease in the level of GSH. Additionally, our re-
sults showed the positive effect of boric acid on DNA against
its oxidation in a rat model of renal I/R injury which might
supportthe antioxidant activities of the compound
withdepletion of free radicalgeneration. Similar to our findings,
Yilmaz et al. demonstrated the capability of boric acid to de-
crease significantly the H,O,-induced oxidative DNA damage
in Chinese hamster lung fibroblast V79 cell lines [38]. By the
sister chromatidexchanges (SCEs) and micronucleus (MN test)
results, Tiirkez et al. reported that antioxidant effective boric
acid decreased DNA damage against heavy metal toxicity in
human blood culture [39]. By using comet assay in rat

I/R + Pro + Ba

;’- 2 ; Q‘.-- ‘!‘~ . 4‘:{1 3 b"'

Hemorrhage. Bar: 20 um. Abbreviation used: I/R: ischemia/reperfusion,
Pro: propolis, Ba: boric acid
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mononuclear leukocytes, Ince et al. found that boron supple-
mentation in the form of boric acid to rats was able to reduce
the intracellular ROS generated by cyclophosphamide and
protected cellular components against DNA damage and mem-
brane lipid peroxidation [40].

Diet-induced oxidative stress and inflammation in renal
cells are proposed mechanisms linking diet and kidney
function [41]. The dietary supplementation of propolis re-
versed the consumption of GSH [42] and ameliorated met-
abolic disorders in a mouse model through the resolution
of adipose tissue inflammation [43]. Frion-Herrera et al.
suggested further investigation of the apoptotic mechanism
induced by propolis to develop novel insights for
preventing or treating apoptosis-related diseases such as
cancer [44]. In our study, propolis (200 mg/kg) significant-
ly ameliorated the content of MDA, the expressions of
TNF-«, and also pro-apoptotic protein (Bax) in the kidney
of rats. Our results showed that TNF-« production signif-
icantly decreased in pretreatment group with boric acid
(14 mg/kg) in comparison to I/R group.TNF-«, an endog-
enous danger signal, is produced by activated immune cells
upon inflammation [45]. Because oxidants affect all stages
of the inflammatory response, it can be said that I/R injury
contributes to increase the cross-talk between oxidative
stress and inflammation in kidney. From this point of view,
we concluded that boric acid is an important influencing
factor on inflammation and oxidative stress after renal I/R
injury in rats. In a study conducted by Durick et al., it was
found that boron prevented the activation of pro-
inflammatory cytokines through NF-kB transcription fac-
tor, and therefore, it blocked the inflammation process
[46].In addition, boron supplementation reduced inflam-
matory response against phyto-hemagglutinin (PHA-P) in
gilts [47], enhanced immunity by increasing serum levels
of TNF-« and interferon-gamma (IFN-y) in pigs [48], and
increased serum levels of TNF-« in steers inoculated with
bovine herpes virus type-1 [49].

Lastly, our combination study showed a significant inter-
action of boric acid with propolis, meaning that the
combinedtreatment of propolis and boric acid can provide an
additive antioxidant, anti-inflammatory, and anti-apoptotic ef-
fects against kidney I/R injury. Moreover, our findings dem-
onstrated that boric acid and propolis together significantly
improved renal function and also reduced genetic and histo-
logical alterations. The prevention of necrosis represents a
major unmet clinical need [50]. In our study, propolis and
boric acid could be considered as a potential therapeutic target
to ameliorate renal necrosis in I/R injury. Based on the previ-
ous reports, propolis has high phenolic and flavonoid con-
tents, which contribute to its antioxidant and anti-
inflammatory activities [51]. In a similar manner, the biolog-
ical functions, including antioxidant properties of boric acid
are mainly associated with its composition. It was reported

that boric acid contains electron-withdrawing groups, indicat-
ing that it may play important role in maintaining protective
effects against tissue damage [52, 53].

Conclusion

Our data revealed that propolis and boric acid together could
modulate oxidative stress, inflammation, apoptosis, and DNA
damage, suggesting the potential of the combined therapy for
I/R of kidney. Thus, propolis+ boric acid combination could
be a clinically useful strategy to combat renal I/R injury and
dysfunction.
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