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Eam— ABSTRACT
Article Info: Gentamicin antibiotic has some side effects such as nephrotoxicity. The aim of this study
14 Aug 2019 was to evaluate the post-treatment effects of using hydroethanolic extract of Origanum vulgare (Ov) on neph-
21Sep 2019 © rotoxicity caused by gentamicin.
01Dec2019 | In this study, 32 male Wistar rats were divided into four groups of control (n=8), gentami-
© cin (n=8; 100 mg/kg/day intraperitoneally for 8 days and gavage of distilled water for 2 days), Ov extract group
(intraperitoneal injection of normal saline for 8 days and using 40 mg/kg Ov extract by gavage for 2 days), and
gentamicin+ Ov extract (intraperitoneal injection of gentamicin 100 mg/kg/day for 8 days and using 40 mg/kg
Ov extract by gavage for 2 days). The concentration of urea, creatinine, sodium, potassium and osmolarity were
measured in plasma and urine samples. The right kidney was used to measure Malondialdehyde (MDA) and
Ferric Reducing Antioxidant Power (FRAP).
This article was obtained from a research proposal approved by the Research Ethics Com-
mittee of Arak University of Medical Sciences (Code:IR.ARAKMU.REC. 1394.284)
: [(ZHMIE Post-treatment administration of hydroethanolic extract of Ov significantly decreased the concentration
Key words: of urea, creatinine, absolute sodium excretion, relative sodium and potassium excretion, and MDA levels but
Gentamicin, Neph- : significantly increased creatinine, urine osmolality and FRAP levels.
rotoxicity, Origanum Oral administration of Ov extract as post-treatment method improved nephrotoxicity caused by gen-
Vulgare, Rat © tamicin use by reducing oxidative stress of oxygen free radicals and lipid peroxidation in the affected kidneys.
10%-15% of acute renal injury[1, 2] . Despite the adverse
effects of gentamicin such as nephrotoxicity and ototoxic-
Introduction ity due to the rapid antibacterial effect and wide spectrum
of activity and chemical structure stability and low cost,
cute Kidney Injury (AKI) is a side effect gentamicin is $till being used [3]. The mechanisms of gen-
of aminoglycoside antibiotics, including tamicin induced nephrotoxicity are not completely known.
gentamicin, which is used to treat infec-
tions associated with gram_negative bac- Previous research showed gentamicin increase the prOduc-
teria. Gentamicin treatment causes about tion of Reactive Oxygen Species (ROS) such as super oxide
S =
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anions. Gentamicin can damage different types of kidney
cells such as tubular epithelial cell and glomerular as well
as renal artery. In glomeruli, gentamicin can decrease glo-
merular filtration coefficient (Kf) and decrease glomerular
filtration by decrease glomerular mesangial cells.

Previous study has shown the anti-inflammatory and
antioxidant effects of flavonoids found in Origanum vul-
gare. Flavonoids have inhibitory effects on cyclooxygen-
ases or the 5-lipoxygenase pathway in arachidonic acid
metabolism. Hydroethanolic Origanum vulgare extract is
rich in phenolic antioxidants increasing antioxidant pow-
er, reduce oxygen-free radicals known as ROS including
superoxide and hydroxyl radicals and peroxides such as
hydrogen peroxide [6, 7]. Previous studies have shown
that ROS can cause tissue damage, but flavonoids in the
Origanum vulgare extract, such as other plants such as
rosemary, rosacanina, etc., have protective effects by re-

ducing ROS in inflammatory processes [8, 9].

Nephrotoxicity of gentamicin is induced by producing of free
radicals and causing oxidative stress and reducing the power
of the antioxidant defense mechanism. Therefore, due to the
anti-inflammatory and antioxidant properties of the com-
pounds in the Origanum vulgare extract, we investigated the
effects of the Origanum vulgare extract on disorders caused by
acute renal injury induced by gentamicin in male rats.

Materials and Methods

This experimental study was performed on 32 adult Wis-
tar rats. Hydroethanolic extract were obtained from the
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leaves of Origanum vulgare by rotatory evaporator. Ex-
perimental group including:

1. Control group, without receiving gentamicin and
Origanum vulgare extract; 2. Gentamicin group, (100 mg/
kg/day) with intraperitoneally injection of gentamicin for
8 days and 4 ml/kg distilled water by gavage for two days;
3. Origanum vulgare extract group, intraperitoneally in-
jection of normal saline for § days and Origanum vulgare
extract (40 mg/kg) by gavage for two days; 4. Gentamicin
and Origanum vulgare extract post treatment group, in-
traperitoneally injection of gentamicin (100 mg/kg/day)
for 8 days and Origanum vulgare extract (40 mg/kg) by
gavage for two days.

On the eleven day of the post-treatment protocol the ani-
mals were placed in metabolic cages and their urine was
collected. The systolic blood pressure was measured from
caudal artery using tail cuff of Power Lab device (AD In-
struments, Australia). Blood samples were obtained from
the abdominal aorta by a cold heparinized syringe. After
separation of plasma, the concentration of urea, creati-
nine, sodium, potassium and osmolarity were measured
in plasma and urine samples. Creatinine and Blood Urea
Nitrogen (BUN), concentrations of sodium and potassium
(K) were measured in plasma and urine samples. Creati-
nine Clearance (CCr) and absolute and relative sodium
and potassium excretion values were also calculated.
Both kidneys was separated and left kidneys were fixed in
10% formalin for histology study. Right kidney was used
for MDA (Malondialdehyde) and FRAP (ferric reducing
antioxidant power) experiment.

Table 1. The effect of using OV extract on absolute and relative excretion of sodium and potassium, plasma level of creatinine and

urea, creatinine clearance and urine osmolality in rats with acute kidney injury caused by gentamicin use

a 3¢ & S &3 9
Groups § s &S 3 &< é g g S ._g. S = BE 3
¥ f5sgs pT =Y 82 &E
= ~ ~—
Control 59.63+3.56  0.58+0.03 1.59+0.61 0.97+0.07 1.38+0.02 0.55+0.02  22.35+0.96 1502+54.1
6.82+0.86 2.93+14.0 0.27+0.03 2.71+15.0 98.78+1.41 709+24
Gentamicin 134131825 2.2040.24
* KK * Kk * KK * Kk * KK
64.48+3.44  0.54%0.66 1.24+11.0 1.72+0.05 0.66+0.03  21.40+0.98 1439+14.30
ov 1.87+0.35
+++ +++ *Eptt +++ +++ +++
oV + 65.12+#5.11  1.02+0.13 1.58+20.0 1.17+0.06 0.93+0.11 34.47+1.67  1299.5429.13
o 1.82+0.19
Gentamicin +++ ++* ++ *t+t Rkt +++
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Figure 1. Comparing a. MDA and b. FRAP changes between groups after 8 days of gentamicin administration and 2 days after

treatment with OV extract. ***compared to control group (P<0.001); *"*compared untreated control

Results

Clearance of creatinine was significantly decreased in
the gentamicin group compared to the control group. A
significant increase in creatinine clearance was observed
in gentamicin-treated rats along with Origanum vulgare
extract compared to the gentamicin-treated group.

Relative sodium excretion was significantly decreased
in gentamicin-treated rats along with Origanum vulgare
extract compared to gentamicin-treated rats. Treated with
Origanum vulgare extract was significantly decreased rel-
ative potassium excretion in compared to the gentamicin
group. In gentamicin-treated rats treated with Origanum
vulgare extract the amount of absolute sodium excretion
showed a significant decrease in compared to the genta-
micin group.

Urinary sodium and potassium excretion were signifi-
cantly increased in the gentamicin group compared to
the control group. There was a significant decrease in
urinary sodium and potassium excretion in gentamicin-
treated rats along with Origanum vulgare ethanol extract
compared to gentamicin group. Gentamicin significantly
increased urinary creatinine concentration compared to
the control group. Gentamicin-treated mice treated with
ethanolic Origanum vulgare extract showed a significant
decrease in urinary creatinine concentration compared to
gentamicin group.

Gentamicin significantly decreased urinary urea excre-
tion compared to the control group. Gentamicin-treated
mice treated with ethanolic extract of Origanum vulgare
showed a significant increase in urinary urea excre-
tion compared to gentamicin group. Gentamicin-treated
rats treated with ethanolic extract of Origanum vulgare

showed significantly increased urinary osmolality com-
pared to the gentamicin-treated group.

Gentamicin significantly increased plasma creatinine
and blood urea nitrogen concentration compared to the
control group. Plasma creatinine and blood urea nitrogen
concentration in gentamicin-treated rats along with Orig-
anum vulgare extract significantly decreased compared to
gentamicin group (Table 1).

Treatment with Origanum vulgare extract significantly
increased FRAP in kidney tissue compared to gentamicin
group. In the gentamicin group, MDA level in kidney tissue
was significantly increased compared to the control group.
After treatment with Origanum vulgare extract, MDA 54%
decreased compared to the gentamicin group (Figure 1). His-
tology studies showed that gentamicin causes severe dam-
age to the kidney tissue. Microscopic examination showed
that the Origanum vulgare extract significantly improved
gentamicin induced tissue damage.

Discussion

The results showed that Origanum vulgare ethanol ex-
tract after oral treatment reduces the effects of gentamicin
induced nephrotoxicity. The results showed that gentami-
cin increased plasma creatinine and urea levels, decreased
creatinine and urea clearance and consequently decreased
urinary excretion. This change indicated impair in the kid-
ney function and induce renal toxicity. These changes in
renal function may be due to a decrease in Glomerular
Filtration Rate (GFR) and cell necrosis as well as tubular

cell loss [17].

Similar to previous studies, gentamicin induced tubular
cell necrosis, tubular cell shedding, formation of protein
molds in the lumen, vacuolization of the tubular cells,
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decreased red blood cell count in the glomerulus, and in-

creased Bowman capsule space [15]. Origanum vulgare
ethanol extract can decrease the amount of tubular cell
necrosis, decrease in tubular cells proliferation, formation
of protein casts in the lumen, vacuolation of the tubular
cells, and decrease of Bowman capsule space on the tissue
changes caused by gentamicin.

Gentamicin produces oxidative stress by generating
ROS. The balance between antioxidant ability and pro-
duction of ROS is impaired. ROS resulting from oxidative
stress, including superoxide anions and hydroxyl radicals,

increases cell damage anddeath [19].

Gentamicin induces glomerular mesangial cells contrac-
tion by producing ROS and decreases GFR by decreasing
filtration coefficient (Kf) [22]. With the decrease in GFR,
creatinine clearance also decreased, which increased the
creatinine and urea in the blood. The use of antioxidants
by reducing free radicals prevents contraction of me-
sangial cells and consequently decreases GFR and con-
sequently increases creatinine clearance and decreases
plasma urea and creatinine concentration.
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5. FE,, = (UNaxPCr)/(PNaxUCr) x 100

6. FE, = (UkxPCr)/(PkxUCr) x100
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11. Absolute excretion of sodium: U, Ve
12. Absolute excretion of potassium: U, Ve
13. Fractional Excretion of sodium (FE, )
14. Fractional Excretion of potassium (FE,)
15. Clearance of Creatinine (C_)
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FE = Potassium fraction excretion; FE,_=Sodium fraction excretion; UK °= Potassium absolute excretion; U, V°=Sodium

absolute excretion; C_= creatinine clearance; (15)p= Plasma creatinine Concentration; [BUN]= Blood urea nitrogen;
Osmol = urine osmolarity
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RBC= Red Blood Cells; BS= Bowman'’s Space; N= Necrosis; C= intratubular Cast; D= Downfall

V= Vacuolization
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17. Glomerular Filtration Rate (GFR)
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