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ABSTRACT KEYWORDS
The purpose of this study was to evaluate the nephroprotective effects of Nanobacterig;
nine essential oils against nanobacteria-isolated from human kidney stones Essentia oils;
in Swiss mice. We found evidenceof their inflammatory infiltration and Kidneys;
accumulation in therenal tubulesindicating that the kidney is a preferred Urolithiasis.

site for mineralization by nanobacteria. Among all tested essential oils,
dill, almond, cinnamon, sesame and olive were found to possess highly
nephro-protective effect against nanobacteria-induced infection in mice.
They prevented the nanobacterial-nephro-toxicity as evidenced by a
significantly reduced (p < 0.01) level of serum ureaand creatinine. Moreover,
the nephroprotective effects of the prior oilswere confirmed by areduced
intensity of renal cellular damage, as evidenced by histological findings.
Although, rocket, mint, clove and lettuce oils had no renal protective
effect as the biochemical and pathological findings were significantly
altered. The oils-treated sub-cultures from kidneys were negative for
nanobacterial growth from dill, almond, cinnamon, sesame and olive
treatments while the growth were positive for the rest of the tested oils.
In conclusion, nanobacteria may be involved in the pathogenesis of
nephrolithiasis and dill, amond, cinnamon, sesame and olive oils have a
protective role against nanobacteria-induced nephrotoxicity in mice.
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INTRODUCTION Thereare many theoriesthat explainthe pathogen-
esisof stoneformation, for example, the supersatura-

Urolithiasisisidentifiedto beanafflictiontoman-  tion theory and theinhibitorstheory. Epidemiol ogica

kind from early eras and remainsamain concernre-
garding health and well beingtoday. Stone diseasein-
fluences 10to 12% of the populationin devel oped coun-
trieswith apeak incidence between 20 and 40 years of

agelll,

studiesrevea that about 80% of all kidney stonesare
composed of cacium sdts(75% cacum oxaate), while
about 5% are pure uric acid?. Nanobacteriaare car-
bonate gpatite forming, cytotoxic bacteriarecently dis-
covered in human and bovine blood and were pub-
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lished asan infectious causefor pathological calcifica
tion®, Ten yearsago, the claim that nanobacteriapro-
mote the nucleation of kidney stonesprovoked much
controversy and in polycystic kidney diseasg™.

In our previous study we have recently isolated
nanobacteriafrom Egyptian patientswith urolithiasi§9.
Cuerpo et a'® showed that when these bacteriawere
injected intravenously, they accumulatein kidney and
produced apatite. These bacteriahave been shownto
accumulatein thekidney!™; however, studiesoninvivo
effectsof these bacteriaonthekidneysarelacking. In
thisstudy weinvestigated the effectsof intra-peritoned
inoculation of nanobacteriaon kidneysof Swissmice.
Furthermore, we determined the potential protective
effectsof nineessentid oilsagainst nanobacteria-induced
nephrotoxicity inmiceby eva uaingtheleve sof serum
ureaand creatinine (indicatorsof rena function) and by
histopathologica changesin kidney tissues.

MATERIALSAND METHODS

Animals

Seven-week-old male Swiss Albino mice (Mus
muscul us) weighing 15-30 g were obtained from the
Center of Laboratory Animal Research, Giza, Egypt.
All micewerekept inaspecific pathogen-freeanimal
room under the controlled condition of temperature
(23°C) and lighting (12 h dark-light cycle) and were
provided with standard |aboratory diet and tap water.
M ouse experiments were conducted under ethics ap-
prova from Caro University. Animal Ethics Commit-
teein accordancewith the guidelines of the Council on
Anima Care.

Theanima swerealowed to acclimateto theenvi-
ronment for 1 week beforethe experiment.

Plant material

Plant target speciesaresummarized in TABLE 1.
The plant materia swereidentified at the Herbarium of
the department of Botany, Faculty of Science, Cairo
University. A voucher samplewasdepositedinthede-
partment of Pharmacol ogy, Faculty of Veterinary Medi-
cine, Cairo University, Egypt.

Extraction of essential oils
Essential oils were obtained by Clevenger
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hydrodistillation method. Thedried plant materia (200
g), wascut into small pieces, and placedinaflask (41)
together withdoubly distilled water (1.51). Themixture
was boiled for 3 h; collected essential oilsweredried
with anhydrous sodium sulphate and kept at —18 °C
until itsuse.

TABLE 1: List of tested essential oilsand their species

Plant species Family  Common name Plant part

1. Lactuca sativa Asteraceae  Lettuce Leaves
2. Erucasativa Brassicaceae Rocket (Salad) Leaves
3. Sesamum indicum Pedaliaceae Sesame Seeds
4. Cinnamomum zeylanicum Lauracese  Cinnamon Bark

5. Prunusdulcis Rosaceae Almond Drupe
6. Anethum graveolens Apiaceae Dill Leaves
7. Oleaeuropaea Oleaceae Olive Fruits
8. Menthalongifolia Lamiaceae  Mint Leaves
9. Syzygium aromaticum Myrtaceae  Clove Buds

Theseoilsweredissolvedintween801:2 (v/v) to
give stock solutions after which they were mixed for
total solubility a 1800 rpm for 10 minutes.

Nanobacterial culture

Urinary tract stoneswere collected from maeand
female patientshospitdizedintheKasr El Aini, Cairo
University, Egypt. Stoneswere demineralizedin 1M
HCI and then neutralized®, centrifuged at 14,000 X g
for 15 min, and the pellets used for immuno-fluores-
cence staining (11FS) and transmission e ectronic mi-
croscopy (TEM). Part of the pelletswere suspendedin
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
Paidey, UK), sterile- filtered, and supplemented with
gammafeta bovineserum (y-FBS) (Sera-Lab, Crawley

Down, Sussex, UK) under nanobacterial culture
conditions

Thenanobacteria cultureswere produced accord-
ingtothemethod of Ciftciogluet a.1®. Subcultureswere
carried out in serum free RPM1-1640 (Gibco, Paidey,
UK) after 4 weeksof initial inoculationand kept under
tissue culture conditions (37°C, 5% CO2, and 95%
air). Thecultureswere harvested by centrifugation at
20,000 g for 30 min at 4°C, washed with phosphate
buffered saline (PBS, pH 7.2), and freshly used for
experimenta work.

Thecultureswere prepared usng drict aseptic tech-
niquesinacell culturefacility. Nanobacterial samples
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werefiltered through 0.2-mm filtersbefore culturing.
Subcultures were made using y-FBS as a culture
supplement. FBS and nanobacteriawerey-irradiated,
whenindicated; a aminimum doseof 30kGy givenat
room temperature during about 16 h. Subculturing of
nanobeacteriain serum-free DM EM was performed with
monthly passages. Serum-freenanobacteriaatach firmly
to the bottom of the culturevessdl. Thesecultureswere
passaged or harvested with arubber scraper. Cultures
wereestablished on Loeffler medium supplemented with
10% conditioned medium from nanobacterial culture,
and DMEM replaced water intheformuld'?. Thein-
cubation period was 6 weeks under cell culturecondi-
tions. Only purenanobacterid cultureswereused. Con-
trol experimentswere performed to determinewhether
spontaneous crystallization could occur in aculture
medium. Thesampleswereviewed under Light micros-
copy with differential interference contrast (DIC) op-
tics. The presence of nanoparticlesin stoneswas con-
firmed by morphol ogica evidencewith scanning el ec-
tron microscopy (SEM) and transmission el ectronic
microscopy (TEM) of inoculated 3T6 cell monolayers.

Experimental design

Miceweredividedinto eleven groupsof 10 mice
each weretreated by ora gavage:

First group werekept asnegative control without
nanobacteriainocul ation and administered norma sa
lineintween 80 dissolvedin 1:2 (V/v).

2nd group were kept ascontrol positiveinocul ated
by intra-peritonedlly (1/P) with nanobacteria(0.19 mg
of bacteria protein/0.4ml in DMEM) by 2 doseswith
2weeksinterval.

Animasfrom groupslll to X1 were administrated
orally with 0.1 ml oilsof rocket, dill, dmond, cinna-
mon, sesame, olive, mint, cloveand lettuceails, respec-
tively, daily for six weeks. All animalswereinocul ated
after one week from the onset of treatment with
nanobacteria(0.19 mg of bacteria protein/0.4ml in
DMEM) by 2 doseswith 2 weeksinterval.

Blood samples

Three weeks after the 2nd bacterial dose, blood
sampleswere collected from the orbital plexusof all
mice. The collected blood sampleswere separated at
2500 rpm for 15 minutes after been completely be-
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comeclotted. Serum sampleswere separated and used
for determination of ureaand creatinine measured us-
ingcommercid availablediagnostic kits (Alkan Com-
pany, Cairo, Egypt). After collection of the blood
samples, al miceweresacrificed and thekidneyswere
removed and processed for re-isolation of nanobacteria
and histopathological examination. Animals were
handled accordingto thelocal rulesand regulation of
Experimental Animas, Cairo University.

Re-isolation of nanobacteriafrom kidneysof ex-
perimentally infected mice

Under sterile condition piecesof kidney from all
groupsweretaken and grinding well thenfiltered by a
0.22um filter and was prepared subculture in DMEM
and the growth of nanobacteriafrom positivegrowth
control wellswas confirmed by Loeffler media Inan
attempt to quantify indirectly theinfluences of thees-
sentid oilson the slowly multiplying nanobacteria, an
absorbance of 15 mAbsfor the positivegrowth control
on day 4 was used asthereference point for establish-
ing growth or no growth for each test compound. The
growth was monitored weekly by measuring the ab-
sorbanceat 650 nm for onemonth for all groups.

Histo-pathological examinations

Kidney tissue specimenswere collected from all
groupsimmediately after sacrificing of miceandfixedin
10% formol saline. Paraffin sections of 5y thickness
were prepared, stained by Hematoxylene and Eosin
(H & E) and examined microscopically.

Satistical analysis

The experimental results obtained are expressed
asthemean = standard deviation (SD). The data was
subjected to oneway anaysisof variance (ANOVA)
followed by student t-test using the statistical andysis
software (SPSS) Ver. 15, under windows X P. Statisti-
ca sgnificancewasconsidered at Pvauesasp<0.05
and p<0.01.

RESULTS
Inall experimental groups, no mortality was ob-

served during the period of the study. Inour study we
investigated the effectsof intra-peritoneal administra-
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tion of nanobacteriaon kidney in Swissmice. There-
sult of TEM of inoculated 3T6 cell monolayers has
shownintracytoplasmicvacuolar formationscontaining
200to0 300 nm nanoparticlesincdl cultures(Figure 1).
Culture of nanobacteriaon solid mediatakeabout 6 to
8 weeksindicating low rate of multiplication and ap-
pear at the bottom of the plate as pin point stony like
appearancewhich duetoitsability for mineral precipi-
tation or biomineraization whichlead torend stonefor-
mation, while under the microscope appear yellowish
or grayishwhit stony like shape (Figure 2).

, '}T’
-
Figurel: TEM analysisof renal stone-inoculated 3T 6 mono-

layers. (A) Free3T6 cells. (B) Nanoparticlesinsdevesicles
in 3T6 cells

Figure?2: Cultureof nanobacteriaon L oeffler media showing
stony likeappear ance at thebottom of theplate
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A significantly increased (p< 0.01) leve of serum
ureaand creatinine was observed in micegroupsre-
ceived dill, dmond, cinnamon, sesameand oliveails.
Although, rocket, mint, clove and lettuce oilshad no
rend protectiveeffect asthebiochemica findingswere
sgnificantly dtered (TABLE 2).

TABLE 2: Theeffect of tested oilson kidney function param-
etersin nanobacteria- induced infection in mice (n=10)

Group Number Treatment Ureamg/dl Creatinine mg/dI
| Normal (control negative) 44.50+2.45 0.85+0.08
I Nanobacteria-infected 7, 3 43« 554 020

(control positive)
Nanobacteria-Infected
1l Rocket (Salad) 69+2.16 281+0.18
v Nanobacteria-Infected ¥ ¥
Dill 475+ 1.71 0.92+0.13
vV Nanobacteria-Infected i i
Almond 45+ 1.42 0.95+0.11
Vi Nanobacteria-Infected ¥ i
Cinnamon 43+ 1.65 0.88+0.09
Vil Nanobacteria-Infected i ¥
Sesame oil 44+1.50 0.90+0.11
Vil Nanobacteria-Infected i ¥
Olive 425+ 1.85 0.97+0.14
IX uﬁ?bada'a"”feded 66+220  190+034
X Nanobacteria-Infected 634266 2054021
Clove
X Nanobacteria-Infected 654270 2454033

Lettuce

Thehistopathol ogica featuresof thekidneysfrom
varioustreatmentsgroupsare aspresented in Figure 3.
Rend sectionsfrom the noninfected control and groups
of dill, dmond, cinnamon, sesameand olivetreatments
showed no histological changes, asevidenced by the
normal appearance of glomeruli and tubules (Figures
3A and 3C). In contrast, kidney sectionsfromthein-
fected control and groups of rocket, mint, clove and
lettuce oil streetmentsexhibited dtered rend architec-
turewithextengvefocd interdtitid nephritis, atrophy of
glomerular tuft and distention of Bowman’s space and
tubul ar structures (Figures 3B and 3D). These histo-
pathol ogica observationswereinlinewith biochemica
findingsand all theseresults support each other.

The oils-treated sub-culturesfrom kidneyswere
negativefor nanobacterid growthfromdill, amond, cin-
namon, sesameand olivetreatmentswhilethegrowth
werepositivefor therest of thetested ails.

DISCUSSION

The phyto-preparations of medicina plantshave
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Figure3: Kidney sectionsof each group (H and E stained X
400). (A) Control group showing normal appear ance of
glomeruli and tubules; (B) Nanobacteria-infected non
treated group exhibiting focal inter stitial nephritis, atro-
phy of glomerular tuft and distention of Bowman’s space
and tubules; (C) Cinnamon treated gr oup showing almost
nor mal appear ance of glomer uli and tubules; (D) Rocket
treated group showing congestion of blood vesselsand dis-
tention of Bowman’sspace.

flano Soienoe and flano Teohnology

gained specid interest in recent decadesas dternative
productsthat could solve problemsassociated with the
appearance of strainsof microorganismswith reduced
susceptibility totraditional antibioticsduetothediver-
sty of mechanismsof action.

Wefound evidenceof ther inflammeatory infiltration
and accumulationinthe cortex. It could bethat thekid-
ney isapreferred sitefor mineralization by thesetiny
bacteria. It isalso plausiblethat other body calcifica-
tionscould have ananobacterial e ement. Theeffect of
essential oilsin protective kidney stones formed by
nanobacteria, appeared evident in this study.
Biominerdizationincdl culturemediumyie ded thefor-
mation of biofilmsand minerd aggregatesvery smilar
tothosefoundintissuecdcificationsand rend patholo-
gies, suggesting that nanobacteriacould beefficient nu-
clei of mineralization, which start theformation of kid-
ney stones''y,

Amongdl tested essentid oils, dill, dmond, cinna
mon, sesameand olive were found to possess highly
nephro-protective effect against nanobacteria-induced
infectioninmice. They revented the nanobacterial-neph-
rotoxicity asevidenced by asignificantly reduced (p<
0.01)

level of serum ureaand creatinine. Ureaisan ex-
creting substancethat is produced in protein metabo-
lism. Creatinineisan excreting substancethat ispro-
duced in creatine metabolism in anonenzematic path-
way. Increasing in ureaand creatinine may be dueto
renal infectionsand disorders*?. Also, no pathologica
changeswere observed in kidneysfrom those groups,
asevidenced by the normal appearance of glomeruli
andtubules. Inthisrespect, Dahiyaand Purkayastha®?
foundthat dill oil had broad antibacterid activity against
both Gram positive bacteria such as Saphyl ococcus
aureus, S. aureus MRSA, Enterococcus sp. and
Gram-negative bacteriaEscherichia coli, Pseudomo-
nas aeruginosa, Klebsiella pneumoniae.

Theantibacterid activitiesexhibited by dill oil might
be attributed to these major components. the major
componentsdetected indill oil arecarvone (41.5%),
limonene (32.6%), and apiol (16.8%)4. Lazarou et
a™ The probable mechanism of sesameail actionin-
clude preventing the bioactivation of the mutagens
(through inhibition of metabolic enzymes such as
CY P450family), scavenging freeradical §9, modul at-
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ing the antioxidant defense system*” and may, there-
fore, protect the macromoleculeslike nucleic acids,
proteinsand lipids against oxidative damage and con-
fer protection at cellular level*8,

Maria-Neto et a™ isolated anovel antimicrobial
protein belongingto the2S abuminfamily wasisolated
from Sesamumindicumkernelsagainst several bacte-
riaand fungi. Thehistopathol ogica examination showed
grosdy enlargment and inflamation of thekidney of in-
fected mice. Microscopica examination revealed sever
interstitial nephritisand thickeningin parietd layer of
Bowman’s capsule. These finding confirmed that
nanobacteriaisolateisrenal pathogenicisolate. These
results are in accordance with that obtained by
Sohshang et a2 who reported those bacteriaor other
agents producing such nidi, if presentinblood andin
urine accelerate pathologic calcificationinvivo. Also
thisisclinicaly important because blood containsphos-
phate near itssaturation level. Also, Driessenset al'?!
showed that nanobacteriamay thus participatein acti-
vation-inhibition processesregul ating alarge number of
responsesingdeand outsidecells. Thus, nanobacteria
could have multiple pathol ogic actions in the body.
Giachelli et all?? reported that when gpatiteisfoundin
soft tissue consi dered being pathol ogical cacification.
Among various hypotheses proposed for pathological
tissue cal cification, recent evidence supportsthe possi-
bility that sdlf-replicating ca afying nanopartides(CNPs)
can contributeto such calcification. These CNPshave
been detected and i sol ated from cal cified humantis-
sues, including blood vessels and kidney stones, and
are referred to as nanobacteria. Also apatite on
nanobacteria produces carbonate on their cell walls
which may initiate kidney stoneformation®. In conclu-
son, nanobacteriamay beinvolvedin the pathogenesis
of nephrolithiasisand dill, dmond, cinnamon, sesame
and olive oils have a protective role against
nanobacteria-induced nephrotoxicity inmiceand the
processis probably mediated through their anti oxidant

properties.
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