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Cinnamon Ameliorates Zinc Oxide Nanoparticles-induced nephrotoxicity

in albino rat: Histopathological and Ultrastructural study
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ABSTRACT

Introduction: Zinc oxide nanoparticles (ZnO-NPs) are of the mostly applied nanomaterials, having
many biological benefits because of their ultra-small size. However, toxicity appeared with their wide
use. Cinnamon is a well-known antioxidant agent traditionally used by many people. Aim of the present
work was to inspect the toxic properties of ZnO-NPs on renal cortex in albino rats and the possible
ameliorative effect of cinnamon extract.

Material and Methods: Three groups of adult male Wister albino rats (15 rats each). Group I (control
group), group Il was givenl gm/kg/day ZnO-NPs orally for 4 weeks and group III received ZnO-NPs as
group II co-administered with 20% w/w methanol extract cinnamon orally for 4 weeks. At the end, rats
from all groups were sacrificed & kidneys were excised & processed for histological & ultrastructural
study.

Results: Group II showed increased fibrous tissue deposition, marked congestion, some necrotic and
some degenerated tubular cells. Ultra-structurally, group II tubular cells showed disrupted cytoplasmic
basal infoldings, vacuolation of the cytoplasm and many lysosomes. The filtration barrier showed a
relatively thick basement membrane. In group III, the renal cortex showed apparently normal glomeruli
with signs of regeneration and less fibrous tissue deposition with no ultrastructural changes.
Conclusion: ZnO-NPs displayed some toxic effects in the renal cortex of albino rats that were markedly
improved by co-administration of cinnamon extract.
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INTRODUCTION

Zinc is one of the highly distributed minerals
in the body tissues and fluids. It is involved
in various natural activities like cell division,
immune modification, maintenance of epithelial
cells and sound enzymatic activitiest'.

Nanotechnology and nanomaterials are
rapidly developing nowadays. Nanomaterials are
highly required in many human processes owing
to their characteristic size giving them special
properties. They are involved in many industries
as cosmetics, pigments, electronic devices and
catalysts?l. Also, used in medicine as they have
ultra-small size that facilitates their crossing
through the biological membranes rendering them
highly absorbable by the gut.
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Although all these beneficial effects, the great
reduction in size increases their bioreactivity
with subsequent augmented reactivity with
biomolecules and cytological elements. This
can lead to cytotoxic hazards, inflammatory
responses and nanoparticles (NPs) buildup in vital
organsP®. Numerous hypotheses evolved to clarify
their nanotoxicological hazards particularly
development of reactive oxygen species (ROS)M™.

Some contradictory data have been reported
regarding their uses and threats.Their potent anti-
diabetic activity was proved?®. Moreover, ZnO-
NPs could be used as anticancer agents as they
exhibit cytotoxic and apoptotic impacts on human
ovarian cellst®l.
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ZnO-NPs are you extremely useful in industry.
Therefore, their consumption and release to the
environment are growing resulting in appearance
of human and animal health hazards due to its
growing influencel’.

On the other hand, ZnO-NPs were reported to
produce marked cellular and genetic toxicity in
lung fibroblastst®. The ZnO-NPs related toxicity
on the embryonic kidney cells was inspected and
they were found to be cytotoxic to the kidney
cells in dosage and time dependent ways). Their
cytotoxicity was attributed primarily to oxidative
stress and ROS formation that leads to damage
of mitochondrial membrane, lysosomes, nuclear
condensation and finally apoptosis.

After reaching the general circulation NPs
spread to numerous tissues as the spleen, kidneys
and liver!'”, Renal clearance plays a major role
in eliminating and excretion of both NPs and
xenobiotics from the systemic circulation!',

Antioxidants of plant origin are highly

demanded than artificial ones as they
promote health, have enhanced safety and
easy acceptability to consumer!'?. Cinnamon

is considered one of the main spices used
worldwide. Also, it was traditionally used for a
long time as a herbal medicine having different
bioactive properties. Cinnamon is a plant-
extract from the trees of genus Cinnamonium
(family; Lauraceae). Its active substrates are
cinnamaldehyde, cinnamic acid and water-soluble
polyphenol type-A polymers. It was accustomed
to be used as antidiabetic!"), anti-inflammatory!*,
anti-diarrheal™,  antihypertensive'®,  anti-
infectivel''®,  anticoagulant!’”! and in renal
diseases™®!. Furthermore, it was also used in
cancer therapy and as a helping factor in tissue
renewal via improving blood circulation?'l.

Cinnamon bark is the main part of the plant
used in medical conditions (Cinnamomi cortex) as
it contains procyanidins that have anti-oxidative
effects®. Cinnamon was known to be helpful in
metabolic syndrome decreasing risks of diabetes,
obesity, hypertension and heart diseases.
Reviewing literature, there is a lack of studies
dealing with reno-protective role of cinnamon
against ZnO-NPs. Therefore, the current study
expected to detect thehistopathological and
ultrastructural changes in the renal cortex of
albino rats upon administration of ZnO-NPs and

147

the probable ameliorative out come of cinnamon
extract.

MATERIAL AND METHODS

Animals:

Forty-five adult male Wister albino rats
weighing 180+20gm were gained from the animal
house, Mansoura Faculty of Medicine. The
animals were kept in polypropylene cages (3 rats/
cage) at 23+ 2°C, humidity 50 + 5% under 12:12 h
light and dark sequence and free admission to food
and water. All protocols, animal care and handling
described in the present study strictly followed
the National Institutes of Health Guide for the
Care and Use of Laboratory Animals (8" edition,
revised 2011), and in accordance with Mansoura
Faculty of Medicine Institutional Research Board
(MFM-IRB), Egypt.

Drugs and Chemicals:
1- Preparation of ZnO-NPs suspension:

ZnO-NPs powder was obtained from Sigma-
Aldrich (Steinheim, Germany) (Cas no. 1314-
13-2). Their concentration was 20 wt. % in H,O,
and their size was <40 nm. The pH was 7.5+1.5
and density was 1.7 g/ml + 0.1 g/ml at 25°C.
For ZnO-NPs (20%) suspension preparation,
deionized water was used to decrease production
of ROS during sonication (ultrasonic vibration to
fragment the macromolecules) for 20 min. using
a sonicator (Model JulaboLabortechnik GMBH,
Germany). A cold-water bath was used during
sonication to decrease particles heating!**l. Next,
the suspension was spiraled for Imin. prior to
every administration®’l.

2- Cinnamon:

Cinnamon barks were obtained from a local
herbal medication shop in Mansoura, Egypt, then,
were milled by mixer, and then methanol extract
was set as follows: 200 g of cinnamon powder
was soaked in 1 liter of 90% methyl alcohol under
shaking for 5 days and reserved in a refrigerator?®l.
Methanol was evaporated using a rotatory
evaporator device with a vacuum pump. Twenty
grams of the resulting extract (semisolid) were
added to 2 mL of tween 80 (suspending agent) and
they were suspended in 100mL distilled water to
make an alcoholic solution (20%)27.,
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Experimental design:

After 7 days of acclimatization to the
surroundings, rats were divided into 3 groups
(15 rats each):

Group I (control) received no treatment at all.

Group Il received ZnO-NPs orally by a gastric
tube in a dose of (1g/kg/day) for four weeks?®.

Group III received ZnO-NPs orally in a dose
of (lg/kg/day) for four weeks co-administered
with cinnamon (20% cinnamon methanol extract,
orally).

Experimental procedures:

All experimental procedures were approved
by the Institutional Ethical Committee from
Mansoura University. By the end of the
experiment, rats from all groups were decapitated
after being anaesthetized by 80 mg/kg ketamine
(Ketamine, Pfizer, USA, Product Number: PL
01502/0099) and 5 mg/kg xylazine (xylazine
hydrochloride Buyers Helpdesk, India, Product
of Sigma Aldrich, Product Number X 1126). Both
kidneys of each rat were extracted, washed and
freed of fatty tissues.Specimens were taken from
both kidneys and renal cortex of each kidney was
chosen to be studied?. Kidneys of rats of all
groups were subjected to:

- Light microscopic study: Some kidney
specimens of all groups were prepared for light
microscopy through fixation in 10% formalin
saline and processed for preparation of paraffin
blocks, then 5 um thick sections werecut and
stained with hematoxylin and eosin (H&E) &
Mallory’s trichrome stains.

- Electron microscopicstudy: the other
kidneyspecimens of all groupswere fixed with
1.5% glutaraldehyde in 0.1 M cacodylate buffer,
processed and embedded in epoxy resin. Ultra-
thin sections (60 nm) were cut and stained with
uranyl acetate and lead citrate then inspected
withtransmission electron microscope (TEM) in
Mansoura University%.

- Morphometric study:

Ten non-overlapping high-power fields
(X400) in the Mallory trichrome-stained slides
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were examined. The images taken from each
animal of the different three groups were captured
using a Nikon microscope connected with Nikon
camera and were used to determine collagen fiber
volume (%) using Digimizer software program
version 4.6.1. The collagen fiber content area was
measured andstated in relation to the area of the
measuring frame of an identified area (estimate
area% /185um2 frame)>!.

Statistical Analysis

The ANOVA test was applied for statistical
assessment of the data using Minitab Statistical
Software, version 16, for Windows, (Minitab
Inc., State College, Pennsylvania, USA). All
values were represented as mean+SD. The level
of significance was set at P values less than 0.05.

RESULTS

A- Light Microscopic study
1- H&E stained sections:
a) Group (I):

In group (I), section of the renal cortical
tissue stained with H&E displayed normal renal
corpuscles formed of central tuft of capillaries
surrounded by Bowman’s capsule. The capsule
was formed of thin regular membrane lined by
single row of flattened parietal epithelial cells
with flat nuclei. A clear Bowman’s space lies
between the glomerular capillaries and Bowman’s
capsule. The proximal tubules appeared regular in
shape,lined by tall cuboidal cells with acidophilic
cytoplasm and large, round,basal nuclei and apical
brush border filling the tubular lumen. However,
the distal tubules appeared smaller in size than the
proximal tubules and had a wider lumen. The cells
lining the distal tubules were low cuboidal with
pale acidophilic cytoplasm and apical nuclei with
no brush border. The collecting tubules were seen
in the renal medulla and to a lesser extent in the
renal cortex. They were lined by cuboidal cells
with centrally located nuclei and presented very
wide lumen, and irregular shape (Fig.1).

b) Group (1I):

In sections of group (II), renal corpuscles
showed apparently wide Bowman’s space and
focal areas of disrupted Bowman’s capsule
(Fig. 2). Renal tubules showed variable degree



Elbastawisy et al.

of degeneration with loss of the normal tubular
architecture. Some areas showed tubules with
ill-defined basement membrane and some
tubules appeared fused with each other due to
disruption of their basement membrane. Most
of the tubular cells showed ill-defined cell
boundaries, cytoplasmic vacuolation and variable
degrees of nuclear degeneration. Some nuclei
were exfoliated towards the lumen (Figs. 2 & 3).
Other areas showed tubules with well-defined
basement membrane, but still with ill-defined cell
boundaries and with the presence of exfoliated
nuclei and cellular debris in the tubular lumen.
Inflammatory cells with flattened nuclei were
detected in-between the tubules in addition to
markedly congested and dilated blood vessels
(Fig. 4).

¢) Group (I11):

Insections of group (III), the renal cortical
tissue displayed apparently normal glomerular
architecture with clear parietal layer of
endothelium,narrow Bowman’s space. Most of
the proximal and distal tubules apparently restored
their normal appearance,although there are few
areas with completely degenerated tubules. No
inflammatory cells or congested blood vessels
could be observed (Fig. 5).

2- Mallory’s trichrome stained sections:
a) Group (I):
Minimal collagen deposition was

demonstrated in-between the tubules and around
renal corpuscles (Fig. 6).

b) Group (1I):

Severe collagen deposition in the interstitium
between the tubules, wall of renal corpuscles and
in the matrix of capillary tufts of renal corpuscles

(Fig. 7).
¢) Group (I11):

Mild collagen deposition was observed in-
between the renal tubules (Fig. 8).
B- Electron microscopic study

1- Group (1):

The proximal tubule cells showed regular
straight basement membrane, basal oval
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euchromatic nuclei and prominent basal
cytoplasmic  infoldings enclosing rod-like
mitochondria and some electron-dense lysosomes
were also observed. Densely packed apical
microvilli were seen obliterating the lumen
(Fig. 9). Moreover, the distal tubular cells
showed well distinct cell boundaries with apical,
spherical, euchromatic nuclei and well defined
basal infoldings containing variable-shaped
mitochondria (Fig. 10). Podocytes were irregular
cells with pale, irregular and euchromatic nuclei.
Their cell body gives rise to primary processes
which give rise to secondary processes that end
in feet processes resting on glomerular basement
membrane sharing in the filtration barrier of
the renal corpuscle. The glomerular basement
membrane shows the trilaminar structure with
central dense layer (lamina densa) and two
translucent layers (lamina rara) on both sides.
The endothelium of glomerular capillaries was
described as fenestrated with filtration slits
(Figs. 11 & 12).

2- Group (1I):

TEM examination of the proximal tubular
cells revealed variable degree of affection; some
of them with disorganized cytoplasmic structures,
disrupted or lost basal infoldings and some
show irregular cytoplasmic vacuoles but with
apparently normal nuclei. Other proximal tubular
cells showed shrunken nuclei with condensed
chromatin, hardly detected mitochondria,
multiple cytoplasmic vacuoles and lysosomes
(Figs. 13 & 14). Distal tubular cells demonstrated
basal nuclei with condensed chromatin.
Mitochondria were small-sized and rounded in
shape with apparent decrease in number. Some
lysosomes and cytoplasmic vacuoles in addition
to scanty apical microvilli were also observed
(Fig. 15). The filtration barrier of the renal
corpuscles showed secondary process of
podocytes implanted on an irregularly thickened
basement membrane with loss of the normal
trilaminar appearance in comparison to group (I)
and filtration slits could not be detected (Fig. 16).

3- Group (111):

The proximal tubular cells showed apparent
restoration of normal ultrastructural appearance
with apparently normal nucleus, few lysosomes,
normal densely packed microvilli, but still with
disappearance of rod-like mitochondria with their
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apparent decrease in number (Fig. 17). The distal
tubular cell showed well-defined cell boundaries,
apical, regular, euchromatic nucleus; well
defined basal infoldings containing rod-shaped
mitochondria with few lysosomes (Fig. 18). There
was restoration of the trilaminar appearance of
glomerular basement membrane with secondary
processes of podocytes resting on the moderately
electron dense basement membrane of glomerular
capillaries (Fig. 19).

C- Morphometry

Morphometric analysis revealed an extremely
statistically significant increase in the collagen
fiber volume % in group II as compared to group
I. Meanwhile, the collagen fiber volume % in
group III was significantly reduced as compared
to group II [Table (1) & Histogram (1)]. Data
werestated as mean + standard deviation, P value
= probability of chance, P< (.05 is significant.

o, G

Fig. 1: A photomicrograph of a section of the renal
cortical tissue of group (I) displaying ordinary
appearance of the renal glomeruli (G), Bowman’s space
(B), proximal convoluted tubules (P), distal convoluted
tubules (D) and collecting tubules (C).  (H&E X400).
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(II) showing widened Bowman’s space and disrupted
capsule
cytoplasm of the proximal tubules with small, dark

Bowman’s (arrowhead),  disintegrated
and eccentric nuclei (arrow). Some tubules showed ill-
defined basement membrane (curved arrow) and other
tubules appeared fused with each other (tailed arrow).

(H&E X400).

Fig. 3: A section of the renal cortical tissue of group
(IT) showing degenerated cells and cellular debris in
the lumen of some proximal tubules (curved arrow),
others show disintegrated cytoplasm with small, dark,
eccentric and pyknotic nuclei (arrow). The distal tubules
showed small, dark and pyknotic nuclei (arrowhead).
There is increased interstitial inflammatory cells in
the interstitium and near the renal corpuscles (tailed

arrow). (H&E X400).
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Fig. 4: A section of the renal cortical tissue of group
(IT) showing marked congestion of blood vessels (V)
and flattened nuclei of inflammatory cells infiltrating
in-between the tubules (arrow). Some areas showed
minimal tubular affection (arrowhead) and some areas
showed severe affection (curved arrow). (H&E X400).
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Fig. 5: A section of the renal cortical tissue of group
(IIT) showing apparently normal glomerulus (G) and
Bowman’s space. Proximal tubules (P) mostly appear
normal and few of them show vacuolated cytoplasm
with luminal cellular debris (arrow). Most of the distal
tubules (D) appear normal.

(H&E X400).

Fig. 6: A

photomicrograph of a section
renal cortical tissue of group (I) showing minimal

of the

collagen  deposition in-between the tubules
(arrow) and around renal corpuscles (arrowhead).
(Mallory’s trichrome X200).
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showing severe collagen deposition in the interstitium
between the tubules (arrowhead), mesangial matrix

(arrow), and in wall of renal corpuscles (tailed arrow).
(Mallory’s trichrome X200).

oo »A‘ “ ‘4"‘,’“ ; N -
Fig. 8: A section of the renal cortical tissue of group
(IIT) showing mild collagen deposition in-between the
renal tubules (arrow). (Mallory’s trichrome X200).

& %

S W & < el J

Fig. 9: An electron micrograph of a part of the renal
cortex of group (I) showing part of proximal tubular
cells with basal, oval, euchromatic nucleus (N). The
basement membrane (arrowhead) showing basal
infoldings (arrow) in addition to rod-like mitochondria
(M) with many heavy densely packed apical microvilli
(m). Some electron-dense lysosomes (L) are seen.

(Uranyl acetate & lead citrate).
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Fig. 10: An electron micrograph of a part of the
renal cortex of group (I) showing parts of distal
tubular cells with apical, spherical, euchromatic
nucleus (N); well defined basal infoldings (arrow)
M).

(Uranyl acetate & lead citrate).

containing  variable-shaped = mitochondria

Fig. 11:
the renal cortex of group (I) showing part of the

An electron micrograph of a part of

filtration barrier of the renal corpuscle with parts of
primary processes (arrow) and secondary processes
of podocytes (arrowhead) implanted on basement
membrane of glomerular capillaries (cap.). Podocytes
(P) show pale,

irregular, euchromatic nuclei (N).

(Uranyl acetate & lead citrate).
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Higher magnification of (Fig. 11)showing

8 microns

Fig. 12:
part of the filtration barrier of the renal corpuscle
secondary processes of podocytes
implanted with feet processes (f) on
membrane (arrowhead) of glomerular

with regular
(arrow),
basement
capillaries and regular fenestrated endothelium (tailed
arrow). The glomerular basement membrane shows
the trilaminar structure formed of central lamina
densa (d) and two lamina rara (r) on both sides.

(Uranyl acetate & lead citrate).

Fig. 13: An electron micrograph of a part of the renal

cortex of group (II) showing part of the proximal
tubular cells with areas of disrupted and areas of lost
basal infoldings (arrow) and cytoplasmic vacuoles
(V).Basement membrane shows focal adhesion with
neighboring tubules (arrowhead). Notice nearby blood

capillaries (cap.) (Uranyl acetate & lead citrate).



Elbastawisy et al.

Fig. 14: An electron micrograph of a part of the renal
cortex of group (II) showing part of the proximal tubular
cells with irregularly shaped nucleus (N), variable sized
and shaped cytoplasmic vacuoles (V) and electron-

dense lysosomes (L).  (Uranyl acetate & lead citrate).

2 microns

Fig. 15: An electron micrograph of a part of the
renal cortex of group (II) showing part of the distal
tubular cells with many electron-dense lysosomes
(arrow) with variable electron density, few and
sparse microvilli (m), non-evident basal infoldings
(tailed arrow) with few and sparse mitochondria (M).

(Uranyl acetate & lead citrate).
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Fig. 16: An electron micrograph of a part of the renal
cortex of group (II) showing part of the filtration barrier
of the renal corpuscle with secondary processes of
podocytes (arrow) and irregularly thickened& more
electron dense basement membrane (arrowhead) of

glomerular capillaries. (Uranyl acetate & lead citrate)

4 X e Y, L el T ) .
Fig. 17: An electron micrograph of a part of the renal
cortex of group (III) showing part of proximal tubular
cells with basal, oval, euchromatic nucleus (N) with
few mitochondria (M), few lysosomes (arrowhead) and

apical microvilli (m).  (Uranyl acetate & lead citrate).
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Fig. 18: An electron micrograph of a part of the renal
cortex of group (III) showing part of distal tubular cells
with apical, regular, euchromatic nucleus (N); well
defined basal infoldings (arrow) containing rod-shaped
mitochondria (M). Few lysosomes (arrowhead) are seen.

(Uranyl acetate & lead citrate).

Fig. 19: An electron micrograph of a part of the renal
cortex of group (III) showing a nearly normal filtration
barrier of the renal corpuscle with secondary processes
of podocytes (arrowhead) resting on the basement
membrane of glomerular capillaries with its trilaminar
appearance (arrow) and filtration slits (curved arrow).

(Uranyl acetate & lead citrate).

60
50
40
30
20
10 i

Gl

Collagen fiber volume %

Gll

Glll

Fig. 20: Histogram (1), displaying the collagen fiber volume % in the different inspected groups.

Table 1: The collagen fiber volume % in the different groups.

Group Group |

Group II Group III

Collagen fiber volume %

28.43+12.81

56.79+18.09 29.35+7.32™

* indicates a significant difference (¥*P<0.005 vs control group. ** P<(.005 vs group II).
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DISCUSSION

The fact that some of the processed
nanomaterials are inducing reactive oxygen
species (ROS) formation is the major toxicological
alarmP? and some elements transfer across cell
membranes and particularly into mitochondrial®*.
ROS are highly reactive molecules that induce
oxidative stress like hydroxyl radicals, superoxide
radicals, hydrogen peroxide, nitric oxide (NO),
peroxyl radicals and lipid alkoxyl. When the body
antioxidants fail to deactivate and remove them,
they react with cellular proteins, lipids and DNA
macromolecules. The most frequent reaction is fat
peroxidation of the polyunsaturated fatty acids of
the cellular membranes leading to accumulation
of the malondialdehyde (MDA) byproductsP*.
Morphological and histopathological alterations
leading to renal dysfunction post nanoparticles
(NPs) contact has been considered in various
literaturest>.

The present study demonstrated that
administration of ZnO-NPs to rats induced renal
cortical damage that is revealed by widening of
Bowman’s space with focal areas of disrupted
Bowman’s capsule. Renal tubules showed
degenerative changes such as ill-defined tubular
basement membrane or fused tubules due to
disruption of their basement membrane. Most
of the tubular cells showed ill-defined cell
boundaries, cytoplasmic vacuolation and variable
degrees of nuclear degeneration. Some nuclei
were exfoliated towards the lumen. Inflammatory
cells were detected in-between the tubules in
addition to markedly congested and dilated blood
vessels.

In the present work, dense collagen fibers
deposition was marked in the interstitium between
the tubules, wall of renal corpuscles and in the
matrix of capillary tufts of renal corpuscles in
group (II) which is in accordance with a preceding
study®®®! which proved that combined introduction
of ZnO-NPs and bleomycin to mice induced lung
fibrosis with release of pro-fibrotic cytokines
in the lungs. This finding could be explained
by a previous study®®” which mentioned that
ZnO-NPs might cause renal cortical fibrosis
through a ROS-mediated hypoxia-inducible
factor-la (HIF-1a) signaling pathway. However,
authors demonstrated an increase in (HIF-1a)
expression in cells exposed to ZnO-NPs. In
addition, (HIF-1a) linked factors like connective
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tissue growth factor (CTGF) and plasminogen
activator inhibitor-1 (PAI-1), leading causes in
kidney diseases, were markedly increased upon in
vitro exposure to ZnO-NPs. These studies might
explain the increased fibrous tissue deposition in
the renal cortex in group (II)P%.

In the present work, inflammatory cells were
detected in-between the cortical tubules. This
finding could be explained by what mentioned by
the authorsi?® who stated that treating rats with
variable doses of ZnO-NPs significantly raised
the serum levels of the inflammatory cytokines as
tumor necrosis factor alpha (TNFa), nitric oxide
(NO), interleukin 6 (IL-6), vascular endothelial
growth factor (VEGF), immunoglobulin G (IgG)
and c-reactive protein (CRP)P. These results
concluded that ZnO-NPs can induce inflammatory
kidney damage via synthesis and releasing of the
proinflammatory mediators?®l.

Inthe present study, ultra-structurally group (II)
revealed variable degree of affection in proximal
tubules as disrupted or lost basal infoldings,
shrunken nuclei, condensed chromatin, hardly
detected mitochondria, multiple cytoplasmic
vacuoles and lysosomes. Distal tubular cells
demonstrated condensed nuclear chromatin,
small-sized rounded mitochondria with apparent
decrease in number, some lysosomes and
cytoplasmic vacuoles in addition to scanty apical
microvilli.

The ultrastructural findings observed in
the present study are consistent with previous
scientists®” who determined that although zinc
is an essential element for cellular metabolism
at low concentrations, ZnO-NPs exposure
disrupted the homeostasis of Zinc ions (Zn'?),
elevating it, resulting in cell apoptosis through
affecting the mitochondria. Also, ZnO-NPs were
observed to cause cell damage by a mechanical
pathway through intracellular particle dissolution
into zinc ionst* . This pathway has two
phases for ZnO-NPs invasion, firstly cellular
compartmentalization and cytoplasmic changes
(phase I) with formation of cytoplasmic vesicles
containing ZnO-NPs; secondly mitochondrial
changes (phase II) leading to cell death. ZnO-NPs
accumulate within the lysosomal compartments
of the various sorts of cells? and fuse with
the autophagosomes (vesicles containing aged
organelles and proteins). This fusion results
in destruction of the encapsulated material
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that ultimately causes apoptotic cell death!*.
Autophagic vacuole formation was noticed in
mouse cutaneous epidermal cells after exposure
to ZnO-NPs, caused mitochondrial dysfunction
and ensuing cell deatht**!.

As previously mentioned ZnO-NPs increase
the serum level of TNF-a which exerts its action
either by stimulating ROS production through
its direct toxicity or by affecting mainly the
mitochondrial®l. TNF- o acts mainly by increasing
the mitochondrial ROS production through
inhibiting the mitochondrial respiratory chain
complex III activity and then the mitochondrial
electron transport. These changes lead to the
mitochondrial DNA damage and decrease its
copy causing mitochondrial dysfunction and
degeneration!*l.

Also, TNF-0*7 that is by its turn induces
and activates the synthesis of other cytokines as
nuclear factor kappa-f§ (NFkB), IL-6 and IL-8 then
cell death™®, Besides, IL-1b and TNF-o stimulate
the expression of the inducible NO synthase
(INOS) from renal proximal tubules, collecting
ducts and mesangial cells and hence production
of great amount of NO. The release of NO in the
glomerulus could result in progressive renal failure
during various types of glomerulonephritist**..

Podocytes are highly specific cells, having
several foot processes, rest on the external surface
of the basement membrane of the glomerular
capillaries. Podocytes are indispensable in the
formation and preservation of glomerular filtration
barrier and hence the filtration process*”. In
the present work, ultrastructural study of the
filtration barrier of the renal corpuscles revealed
an irregularly thickened basement membrane
with loss of the normal trilaminar appearance and
filtration slits could not be detected. In accordance
with the present finding, ZnO-NPs were reported
to accumulate around podocytes causing marked
protein damage and loss mainly of nephrin that
is crucial to their function. Nephrin loss causes
failure of the filtration process and leads to
ineffective urine formation. In addition, the toxic
outcome of ZnO-NPs on podocytes (in vitro)
and rat kidney was attributed to oxidative stress
owing to accumulation of intracellular ROS then
apoptosisi?”,

Medicinal plants have been used to treat
human diseases for centuries. Approximately
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120 different chemical materials extracted from
plants are commonly used as drugsP®. Moreover,
another study described a reno-protective effect
of both cinnamon and Trigonella foenum in
type II diabetic rats®'!. They suggested their use
in diabetic patients as they improve antioxidant
capacity and reduce lipid peroxidation®Z.
Recently, cinnamaldehyde, an active component
of cinnamon, was described to provide protection
against the food colour metanil yellow-induced
oxidative stress and hepatotoxicity in albino
wistar ratst.

Following concomitant administration of
cinnamon with ZnO-NPs to rats, in the present
work, the over-all scene of the renal cortex
histology showed improvement in the form
of apparently normal glomerular architecture,
most of the tubules apparently restored their
normal architecture and no inflammatory cells
or congested blood vessels could be observed.
In parallel with this, mild interstitial collagen
deposition was observed with significant reduction
in the collagen fiber volume %. Ultra-structurally,
proximal tubular cells apparently restored their
normal appearance with apparently normal
nucleus, few lysosomes, normal densely packed
microvilli. The distal tubular cells showed more
improvement as compared to proximal tubules
as they were less affected than proximal tubular
cells. Distal tubular cells showed well-defined cell
boundaries, apical, regular, euchromatic nucleus;
well defined basal infoldings containing rod-
shaped mitochondria with few lysosomes. There
trilaminar appearance of the glomerular basement
membrane was restored with moderately electron
density. These findings could prove the reno-
protective abilities of cinnamon since it had been
successful in abating some of the deleterious
properties of ZnO-NPs on renal cortical tissue.
The findings of the existing investigation
simulate those of a previous study demonstrated
that  cinnamon  significantly  attenuated
aminoglycosides-kidney toxicity by improving
histopathological alterations of the kidneys and
urea, creatinine, uric acid and urinary protein
levelsP¥. In addition, other studies concluded that
cinnamon extract could control hyperglycemia in
streptozotocin-induced diabetic rats and restored
the altered renal and pancreatic tissues nearly to
the normal conditions and also ameliorated these
histopathological and biochemical deviations
owing to its antioxidant action developed by its
content of phenolic phytochemicals??”3]. Phenolic
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mixtures of cinnamon showed probable antioxidant
action against the free radicals of hydrogen and
lipid peroxides by enhancing antioxidant enzyme
activities and hence decreasing malondialdehyde
(MDA) levelsP7,

In the present study, inflammatory cells
disappeared in group (III). In accordance with
the present finding, researchers® reported
that phenolic constituents of cinnamon could
counteract the nitric oxide (NO) induced
inflammation. A research of the inhibitory
properties of cinnamaldehyde (active substrate
of cinnamon) on nitric oxide (NO) generation
discovered that cinnamaldehyde owns probable
activity against the generation of NO and the
expression of inducible NO by inhibiting the
activation of the (NF-kB)B®. Moreover, others
observed that vascular cell adhesion molecule-1
(VCAM-1) and ICAM-1 production was
markedly reduced on treatment with cinnamon®..
Furthermore, cinnamon decreases the serum
TNEF- a levels®? with subsequent inhibition of the
NF-kB activity and interleukin 8 (IL-8)
inductionf®.

CONCLUSIONS

In conclusion, in light of the demonstrated
protective imprints of cinnamon against ZnO-
NPs-induced renal damage, in the current study,
it is advisable to widen the scale of its intake as a
nutritional supplement for the ZnO-NPs exposed
persons to minimize, as possible, its undesirable
renal drawbacks.
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