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ABSTRACT

Aminoglycosides as Amikacin (AMK) are widely usetib#otics however they are reported to cause abersible
nephrotoxicity mediated via increased oxidativesstThe present study aimed to assess the impact @afhand
Saccharomyces cerevisiae (Sc) on AMK-induced népticity in rats. Sixty Sprague Dawley rats of both sexes
were assigned to ten equal groups.Grouplreceivédesgnormal control), groups 2-4 received Sc{0FU mf*;
p.0.), omega-3 (200 or 400 mg/kg; p.o.), respebtivgroup 5 received AMK (35mg/kg/day; i.p.), greup-
8received AMK with Sc, omega-3 (2000r 400 mg/legpectively and groups 9-10 received AMK and Sdowd
withomega-3 (2000r 400 mg/kg), respectively foretks. At the end of experiments, blood samples eaiected
and kidneys were isolated and used for biochemagal histological studies. AMK-induced nephrotoyicitas
shown by elevations in serum urea, creatinine alodd urea nitrogen parallel to decrease in serurtat@rotein.
AMK induced oxidative stress manifested by incre@s&idney malondialdehyde and nitric oxide cotgqrarallel
to decreases in reduced glutathione content anceraide dismutase activity. Besides, AMK increakiehey
hydroxyproline and tumor necrosis factor-alpha @ as well as caspase-3 immunostaining. Sc, odega
their combinations attenuated AMK-induced changeskidney function tests, oxidative stress, inflatioma
apoptotic and fibrotic biomarkers. The tested agesten improved markers of kidney damage in noamimhals.
Histological examinations of kidney tissues condidhthe biochemical findings. Sc and omega -3 cdnaldof
therapeutic value against nephrotoxicity induced\byK.

Key words: Amikacin, saccharomyces cerevisiae, omega-3, népticity, oxidative stress, tumor necrosis factor-
alpha.

INTRODUCTION

Drug-induced nephrotoxicity is an extremely comnmumdition and is responsible for a variety of pé&beal
effects on the kidneys. Drug-induced acute reriblria(ARF) accounted for 20% of all ARF cases [1].

Aminoglycosides as amikacin (AMK) and tobramycim amost important antibiotic drugs in clinical usedaare

essential for the treatment of severe infectionssed by gram negative bacteria. These antibiotiegeported to
cause nephrotoxicity, hepatotoxicity, ototoxicitpdaneuromuscular blockade [2AMK is characterized by its
broader antimicrobial spectrum and its resistamceestruction by enzymes inactivating other amipoggides.

Thus AMK is of a value in treatment of severe htapcquired infections with multidrug resistanagr negative
bacteria such as pseudomonas aeruginosa, Acinétobacd Enterobacter [3long-term use of AMK is, however,
prohibited due to its nephrotoxicity [4].
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Renal cell injury may culminate in the cell deatthich may occur through necrosis, apoptosis orrgbla¢chways.
Chemicals in general can initiate toxicity becao$eheir intrinsic reactivity with cellular macrorezules; they
may also initiate injury indirectly by inducing aitive stress [5].

Increased production of oxygen free radicals ioimed in the induction of nephrotoxicity which iket main
limiting factor in aminoglycosides clinical use [8& Additionally it has been demonstrated thatrarglycosides
form a complex with mitochondrial ion to catalyhe formation of free radicals].

The goal of reducing or protecting against aminogbjde induced nephrotoxicity has attracted mutdrtedver the
last decade. As oxidative stress is the main upihgricause of AMK-induced nephrotoxicity, using iartdants
especially from natural origin appears motivating.

Scientific evidence reveals that a diet rich indahain omega-3 fatty acids helps in the developroémealthy
brain, heart, and immune system. It has a rolaiint jnovement, balanced mood, a sense of well-beitigngth,
stamina, and helps to maintain cholesterol levéthimthe normal range [910mega -3 fatty acids contains about
60% of long-chain omega-3 fatty acids docosahexancid (DHA) and eicosapentanoic acid (EPA). Thestmo
widely available source of EPA and DHA is cold watdy fish such as salmon, herring, mackerel, angds and
sardines [10]. EPA, DHA, angtlinoleic acid (ALA) are omega-3 essential fattydsc(EFA) that are important for
structural and biochemical integrity of all celisl].

Sacchamomyces cerevisiEgc; yeast) is traditionally used a source of vitaB, selenium and chromium. Clinical
trials have evaluated role of yeast for in immunodulation, respiratory and post-surgical infectiansl as a source
of dietary fibers to improve the lipid profile [LBesides, antioxidant activity of Sc was repoftes].

The present study was conducted to investigate pibssible protective potentials of Sc and omega-3 in
nephrotoxicity induced in rats by long-term admiirison of Sc.

MATERIALS AND METHODS

2.1. Animals:

Sprague Dawley rats of both sexes weighing 180-Q@ere used throughout the experiments. Animalsswer
purchased from animal house of Cairo universityy(lg housed under standard environmental condit{@3 + 1
°C, 55 + 5% humidity and a 12-h light: 12-h dark leycand maintained with free access to water asthadard
laboratory dietad libitum Experimental procedures were approved by theoNatiResearch Centre Animal Care
and Use Committee and the Ethics Committee of BacofiPharmacy, Cairo University.

2.2. Drugs and chemicals

Amikacin (Amikin®) and omega-3 oil were purchased from Bristol-My8taiibb Laboratories Co. (Egypt) and
PharmAssure, Incphoenx, AZ (USA), respectively. chacomyces cerevisiae was freeze-dried powder (lsake
yeast strain) obtained from (Egypt). It was freghigpared prior to administration.

Other chemicals, reagents, and reagent kits, usggtipresent study, were of the highest analytjzade available.

2.3. Experimental design

Rats were randomly allocated into 10 groups (n+®) teated as follows: Group 1lwas given saline (normal
control). Group 2 was given Sc CLGFU mil*; p.o.) [14]. and groups 3 and 4 were given ome@a0® and 400
mg/kg; p.o.), respectively [15]Group 5 was given AMK (35mg/kg; i.p.) [16]. Grougs8were given AMK
concurrently with Sc, omega 3 (200 or 400 mg/kgipectively and groups 9 and 10 were given AMK Sod
together with omega 3 (200 or 400 mg/kg), respebtivAll treatments continued daily for four weeks.

2.4 Methods:

2.4.1 Preparation of blood and tissue samples:

At the end of experimental period, blood samplesevesllected from retro-orbital venus plexus ofalimals under
light ether anesthesia and were used for serunratapa

Thereafter, animals were sacrificed by decapitatio then kidneys were removed. One kidney wasolgemized

in phosphate buffer and the prepared homogenat®®)(vere used for determination of the chosen mmarke
kidney. The other kidney was used for histopathiclegaminations.
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2.4.2. Determination of the chosen biochemical maeks:

Serum samples were used for biochemical analysiga#tinine according to the method Rdirtles et al.(1972)
[17], uric acid according to the methodBdrham and Trinder (197)8], blood urea nitrogen (BUN) according to
the method ofawcett and Soctt, (1960} 9], total protein according to the method of Gadet al(1949) [20], and
tumor necrosis factor-alpha (TNfj-according to the method Bbnavida, (1991)21].

Kidney homogenates were used for determination itfcnoxide (NO) content according to the method of
Montgomery and Dymock (196[2], malondialdehyde (MDA) content according ke tmethod oBegona Ruiz-
Larrea et al.(199%[23], reduced glutathione (GSH) content accordinghe method oBeutler et al. (1963]24],
superoxide dismutase (SOD) activity according te thethod ofMarklund and Marklund (1974]25], and
hydroxyproline (HYP) content according to the metlod Ronis et al.(2010)26].

2.4.3. Histopathological studies:

Kidney specimens from all animals were dissectethédliately after death, and fixed in 10% neutraffémed
formal saline for at least 72 hours. All the spemiim were washed in tap water for half an hour had tehydrated
in ascending grades of alcohol, cleared in xylem @mbedded in paraffin. Serial sections of 6 picktivere cut
and stained with hematoxylin and eosin [27].

2.4.4. Immunohistochemical determination of caspase:

Staining for apoptosis was performed with signebeked caspase-3 immunohistochemical detection Gedl (
signaling technology, USA) that utilized avidin-bioimmunoperoxidase method to detect intracellgaspase-3
protein. Staining was performed on 5 um paraffictises from the left kidney by a standard technigseng rat
anticleaved caspase-3 (clone Asp 175, 1:50).[R8pbwn positive control sections for apoptosis wased. For
negative control, primary antibody was replacechwibrmal rat serum. Images were captured and pedassing
Adobe Photoshop version8.0.

2.5. Statistical analysis:

All results were expressed as mean + standard épf6).Data were analyzed using one-way analysigadince
followed by least significant difference test. Rifénce among groups was considered significant whettue is <
0.05.

RESULTS

3.1. Effect on kidney functions

Administration of Sc and two doses of omega-3(2@@kign and 400 mg/kg) for four weeks in normal rdtewged a
significant decrease in serum creatinine level ®B84%, 18.75% and 46.528%, respectively. Signifitacrease in
uric acid by 20.22% was shown in Sc group. BUN lewegas not changed in Sc group and were decreased i
omega-3(200 mg/kg and 400 mg/kg) groups by 18.6868038.59%, respectively and serum total proteiellevas
significantly increased by Sc and omega-3(200 mgdkgl 400 mg/kg) by 37.798%, 15.68% and 22.949%
respectively as compared to normal control grough(@ 1).

AMK injection for four weeks resulted in a signéict increase in serum creatinine, uric acid and Belkls by
91.66 %, 69.32 % and 117.67%, respectively andj@ifgiant decrease in serum total protein levedby06 % as
compared to normal control group (Table 1). Meatsvadministration of Sc, the two doses of omega@ the
combination of Sc with either doses of omega-3 WitMK showed a significant decrease in serum crazgitby
35.50%, 27.17% and 28.98%, 31.52% and 42.75%, céeply. Uric acid levels showed no changes in gou
receiving Sc or omega (200 mg/kg) but were sigaiftty decreased in omega (400 mg/kg) group andjtbeps
receiving Sc with any of the doses of omega-3by % 18.65% and 38.59%, respectively. In the sanméegq
BUN levels showed significant decreases in groogatéd with Sc, both doses of omega-3 and the gwtibn of
Sc with any of the doses of omega-3by 18.40%, 48.93.30% 53.51% and 53.65%, respectively. Regarding
serum total protein, treatment with Sc, both dafesmega-3 and their combinations caused a sigmifilcrease in
its level by 52.93%, 25.70% 26.08% 70.51% and 83,7#spectively as compared to normal control grdtgble
1).

3.2. Effect on serum TNFe content
Administration of Sc and omega-3(400 mg/kg) forrfaueeks in normal rats showed a significant deeaé&ad NF—
a level by 26.69%and 28.21%, respectively as contper@ormal control group (Figure 1).

AMK injection for four weeks showed a significamicrease in serum TNF e-level by 334.11 % as compared to
normal control group (Figure 6).While Administratiof Sc, two doses of omega-3 and their combinatfon four
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weeks with AMK injection showed a significant dexse in serum TNF « level by 52.42%, 41.13% 48.99%,
58.65% and 59.93%, respectively as compared to Aldktrol group (Figure 1).

Table 1: Effects of saccharomyces cerevisiae and/omega-3 on serum creatinine, uric acid, BUN, totgbrotein in normal and amikacin
(AMK) - treated rats.

AM (35 mg/kg)

Groups Parameters C(:sg/tlgll_r;e Uric acid (umol/L) Blood u(rg(-}/gl)n itrogen Total protein (g/dL)
Control (saline) 1.44:0.054° 308.9:28.4° 6.79+ 0.23° 9.63 + 0.56'
Saccharomyces cerevisiae(1CFU/mI) 0.73: 0.044 246.48+ 8.39° 5.99+ 0.27 13.27 £ 0.4%
Omega- 3 (200 mg/kg) 1170120 | 270+10.73° 4.23+0.12 11.14 £ 0.29
Omega- 3 (400 mg/kg) 0.77 0.056 259.82 11.80* 477+ 0.28 11.84 +0.36
Control 2.76+ 0.078 523.15+18.55 14.78+ 0.4% 5.29 £+ 0.57
Saccharomyces cerevisiae (1CFU/ml) 1.78+ 0.065 474+ 30.82° 12.06+ 0.4 8.09 + 0.5
Omega- 3 (200 mg/kg) 2.01+0.073 | 464.52 11.3¢° 7.54+ 0.31 6.65 + 0.35
Omega- 3 (400 mg/kg) 1.96:0.045" 44591+ 32.68 9.71+ 0.24 6.67 +0.32
Saccharomyces cerevisiae+ omega- 3 (200 mg/kg)l.89:0.08F" 42554+ 2,51 6.87+0.17 9.02 + 0.48*F
Saccharomyces cerevisiae+ omega- 3 (400 mg/kg).58:0.093F | 321.26- 21.44° 6.85+ 0.24 9.72 +0.38'

Data were expressed as mea8.E (n=6).
Groups with different superscripts are significardifferent at p< 0.05.
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Figure (1): Effects of saccharomyces cerevisiae afod omega-3 on serum tumor necrosis factor (TNFfe) level in normal and AMK -
treated rats
Data were expressed as mea8.E (n=6).
Groups with different superscripts are significardifferent at p< 0.05.
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Figure (2): Effects of saccharomyces cerevisiae afol omega-3 on kidney reduced glutathione (GSH) cdent in normal and AMK -
treated rats
Data were expressed as mea8.E (n=6).
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Figure (6): Effects of saccharomyces cerevisiae afod omega-3 on kidney hydroxyproline (HYP)contentm normal and AMK -
treated rats
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3.3 Effect on kidney GSH, MDA, NO, HYP contents awell as SOD activity

Administration of Sc and the two doses of omegarXdur weeks in normal rats showed a significaictéase

in kidney GSH content by 58.20%, 49.85% and 68.9&%pectively (Figure 2). The same regimens deetkas
MDA kidney content significantly by 23.90%, 27.37380d 32.482%, respectively (Figure 3) and increased
SODactivity by 18.587%, 14.428% and 26.73%, re$pelgt as compared to normal control group(Figuyénd
the same context, NO kidney content was elevate2Bi¥6 in Sc-treated group and showed no changthar
groups (Figure 5); Meanwhile administration of $a dhe two doses of omega-3reduced kidney HYP obnte
by 21.51%, 15.55% and 20.47%, respectively as coadptd normal control group(Figure 6). AMK injeatio
for four weeks showed a significant decrease imé&ydGSH content and SOD activity by 39.40% and 9%.4
respectively as compared to the normal group (Eg@&4).In the same context, AMK increased kidndyAj

NO and HYP contents 70.80%, 181.8%, 102.63%, réispcas compared to normal control group (Figures
3,5,and 6).While administration of Sc, two dosesmiEga-3 and their combinations for four weeks oamitant
with AMK showed a significant increase in GSH kigireontent by 112.31%, 96.55% 132.51%, 130.54% and
165.02%, respectively parallel to decrease in MDdnky content by 23.29%, 27.24%,30.34%, 36.64% and
38.56%, respectively as compared to AMK controlugr@Figures? &3).The same regimens reduced NO kidne
content by 25.06%, 31.15% 37.28%,43.42% and 57.84%pectively parallel to increased SOD activity by
151.6% , 127.31% 191.04%,201.7% and 247.69%, régpcas compared to AMK control group(Figures
4&5). Finally administration of Sc, the two dosdmega-3 and their combinations with AMK reducédhley
HYP content by 9.46%, 12.15% 36.57%, 43.87% an83%, respectively as compared to AMK control group
(Figure 6).

3.4. Effect on kidney caspase-3

The histopathological investigations revealed tAMK treated group stained immunohistochemically for
caspase -3 showed intense positive results in rhanylar cells denoting apoptosis of these cellgufé 7e).
These results were reduced in groups receivingr ®mega-3 (200 or 400 mg/kg) or both together (Fégu f-

-

3.5. Results of histopathologic studies

The histopathological investigations revealed stk treated group stained with hematoxylin and acstain
showed marked cellular infiltration with atrophy tbfe capillary tuft and noticeable vacuolar degatien in
many tubular cells (Figure 8e).These results weduced in groups receiving Sc or omega-3 (200 @ 40
mg/kg) or both together where reduction of vacudlegeneration of tubular cells was noted when coetpba
with the AMK group (Figures 8 f-j).
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Figure 7: Photomicrograph of a sections of renal sisue stained immunohistochemically for caspase-i)(normal control rat (b): normal
rat receiving Sc(C):normal rat receiving omega-3 (dse) (d): normal rat receiving omega-3(dose) (e)ontrol AMK (f): rat receiving
Scand AMK (g): rat receiving omega-3 in low dose rad AMK(h): rat receiving omega-3 in high dose andAMK(i): rat receiving Sc,

omega-3 in low dose and AMK (j): rat receiving S@and omega-3 in high dose and AMK
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Figure 8: Photomicrograph of a section of renal tisue stained (Hx& EX 200): (a) normal control rat (f): normal rat receiving Sc
(C):normal rat receiving omega-3 (dose) (d): normatat receiving omega-3(dose) (e): control AMK (f)rat receiving Scand AMK (g): rat
receiving omega-3 in low dose and AMK(h): rat reaging omega-3 in high dose and AMK(i): rat receiwig Sc, omega-3 in low dose and

AMK (j): rat receiving Sc and omega-3 in high doseand AMK

DISCUSSION

In the current study the marked elevation of thelke of both serum creatinine and urea observedMi{ give an
indication of the reduction in the glomerular fition. Since serum creatinine and urea are waethupts of protein
metabolism that need to be excreted by the kidtheyefore such increases of serum creatinine,aqiit and urea
as reported in this study confirm functional damafythe kidney and are consistent with other swf29&30]
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The reduction in total protein (TP) in AMK treatgobup in our study may reflect the damage to kidreyd liver,
where protein is synthesized. In another studyivities of aspartate amino transferase (AST) arhiak amino
transferase (ALT) in serum were significantly highe AMK intoxicated rats [31] also, renal damage by
aminoglycosides can in turn leads to liver inju24&33].

In the present study, serum TNHevel was elevated in AMK control rats, when congobto normal control group.
These results are in agreement witbrsy et al (2013]34] who proved that TNFe level was elevated by other
nephrotoxicants as methotrexate in rats. TNB-a key element in a network of pro-inflammatohgemokines and

cytokines activated in the kidney by nephrotoxierstgd35].

Moreover, the results of this study showed a sigaift increase in the contents of the end prodddipal

peroxidation, MDA and decrease in GSH in AMK intcaded group. Previous studies showed significarease in
the serum level of MDA in AMK-treated rats, suggegtthe involvement of oxidative stress in its negtbxicity

[36&29]. MDA is one of the well-known secondary pixts generated after exposure to reactive oxypenies
and free radicals, and it may be used to evaludtiative damage by measuring serum levels of thiahaic acid
reactive substance [37].

HYP is a sensitive marker for renal fibrosis ankidity [38]. The elevation in HYP in our results in AMK group
may be due to increased kidney epithelial cell aodHular matrix degradation and more specificalbllagen
degradation by AMK-mediated activation of kidneytadl®protease [39&40].

In our study, the photomicrograph section of rdissue of AMK control group stained immunohistocheatly for
caspase-3 showed intense positive result in manylaucells denoting apoptosis of these cells

Apoptosis is a controlled type of cell death tlsa¢nergy- dependent and characterized by celllsge) chromatin
condensation, membrane budding, phosphatidylsegixternalization, and activation of a family of mise
proteases called caspases [41].

Caspase activation is thought to be a key stepargenesis of apoptosis, and numerous stimuli a&tetigaspases,
including those that activate plasma membrane destdptors (caspase- 8) and cause mitochondriflimytton
(caspase- 9) [42].

Results of the current study showed that the treatrwith Sc reduced creatinine and uric acid. Thiesalts were
in harmony with a previous study which showed fhra@treatment with Sc against hepatic and renatigglcaused
by the mycotoxin [43]Also, mice treated with the yeast straimls Rhodotorulaglutinissignificantly decreased
creatinine and uric acid levels of aflatoxins -teghanimals [44].

The treatment with Sc during intoxication with thBIK ameliorated the GSH levels and SOD activity qamred to

control, where MDA level decreased and SOD actiiiyreased, along with an increase in GSH contef@ther

studies showed that dietary yeast stimulates bmthune and antioxidant responses after exposurattmgens
[45]. Moreover, TovaRamirez et al. (2010)6] reported that live marine yeast positivelyhanced antioxidant
status of sea bass larvae by means of preventiitatize stress, and by maintaining a stable agtigitd gene
expression of SOD and glutathione peroxidase (GPx).

The lowered levels of uric acid and BUN in AMK imrobination with Omega-3 in both dose levels coudd b
explained by the antioxidant effect of omega-3yfattids. The antioxidant and/ or anti-inflammateffects of
omega- through scavenging of free radicals anditihg lipid peroxidation have been reported pregiy [47].
This oxidant/antioxidant theory may explain the tpotion role of omega-3 FAs against AMK-induced
nephrotoxicity. The anti-inflammatory property ahega-3 fatty acids is due to the action of eicostgmnoic acid,
which is one of the components of omega-3 througipsession of the production of AA metabolites [48]

Our result suggests an immune-modulatory role foega-3-fatty acids based on the fact that it resltice release
of TNF-o and also its supplementation increases antioxitiargls. These results are in agreement \aitial
Mansara et al., 201$49] andSalama et al., 201fp0] who proved reduction of TNkrelease using omega-3 & 6 -
fatty acids.

Our immunohistochemically results for caspase-3nglibreduction of positive cells in groups receivimgega-3
and/or Sc, if compared with the AMK control group
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Human body has different antioxidant system to ¢tenact oxidative stress by producing antioxidamisher
naturally generated in situ (endogenous antioxiglamttabolic antioxidants), or externally suppliecbtigh dietary
supplements (exogenous antioxidants/nutrient aidt#ns). This explains why omega-3 and Sc (as =déots)
reduced apoptosis. The role of antioxidants is datralize the augmented ROS to protect the celinagaheir
adverse effects thus to contribute in the diseasesention. The antioxidant system could work iro tways
whether they can break the chain of death mechantmnthey could prevent the initiation of such cddlath
mechanisms. If the antioxidant interfere with theio of ROS mediated death mechanism then theyssten
electron from the free radical and forms a secawlical. Second radical exerts same effect on anatbé&ecule and
continues until the formation of non-reactive prodioy a chain breaking antioxidants like vitaminECor it simply
convert into non-oxidative stable molecule. For tise of antioxidant in preventive mode it shouldtredize the
ROS at initiation phase thus stabilize the traositinetal radical. Reports have showed that defigiaf nutrient
antioxidant is also one of the causes of numbeahodnic age related neurodegenerative diseases3bigh 2015
[52] showed similar results, reporting that antitadts reduce ROS.

The current result showed that kidney HYP contesnt veduced in AMK treated groups when treated aitiega- 3
or Sc or their combination. The present resultd 8apport in those ofan-yan et al (2011)38] which confirmed
prevention of mercuric chloride-induced elevatinrHiYP content by antioxidants as vitamin E, by piog of ROS
production, oxidative stress and lipid peroxidation

In the present study, kidney NO content in ratated with AMK alone was found to be higher tharcamtrol and
omega-3 groups. The results obtained in this saudygest that omega-3fatty acids can react with fagkécals
acting as a free radical scavenger, which may teackduce NO concentration [53]. Omega 3- EFA pneve
cellular oxidative stress by diminishing NO genienatand reducing lipid peroxidation in cells. Thagministration
of omega-3 EFA may have ameliorating effects odulal damage by two mechanisms:3 EFA results in
enhanced defense against free oxygen radicalsn8eomega-3 EFA may replace fatty acid componeftiseocell
membranes that had been attacked by superoxidesamigdrogen peroxide, and hydroxyl radicals [54K55

Barbosa et al.(2013)56] proved thatw-3 EFA supplementation may have free radical sogeeractivity.
Administration ofw-3 EFA may stimulate vitamin E incorporation intoembranes to avoid lipid peroxidation
resulting from increased membrane omega-3 EFA obff]. Treatment with omega-3 EFA has been repgotte
decrease lipid peroxidation in the corpus striaamd to increase antioxidant enzyme activities etifppocampus
and corpus striatum of rats [58].

This was proved by our histological results whitlowed reduction in the cellular infiltration withraphy of the
capillary tuft together with vacuolar degeneratiomnmany tubular cells in groups receiving omegai8/ar Sc when
compared to AMK treated group.

Omega- 3 fatty acids and Sc could serve as antiokéidand cytoprotective that make the cells lesseqtible to the
damaging action of toxic agents [14&15].

CONCLUSION

Sc and omega-3 proved a therapeutic effectivengamst AMK induced renal toxicity and this effe@ness is
further improved when omega-3 and Sc are combingdtlher, and thus, they should be considered when o
consuming this antibiotic.
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