
RESEARCH Open Access

Ameliorated and antioxidant effects of
Fucoidan against cyclosporine A-induced
kidney injury in rats
Bushra Y. H. Al-Khatib*, Nada M. H. Al-Hamdani and Hussein S. A. Gumaih

Abstract

Background: Cyclosporine A (CsA) is an immunosuppression agent used frequently in fields of organs transplantation
and autoimmune diseases. However, CsA-induced kidney injury is a major clinical problem associated with CsA therapy
in which the conceivable accountable mechanism is oxidative stress (OS). The present study evaluated the protective
and ameliorated effects of fucoidan (FU) as an antioxidant and an anti-inflammatory agent against CsA-induced kidney
injury.

Methods: Male rats were randomly divided into three groups. The first group was served as a control group that
administered olive oil orally and normal saline subcutaneously, the second group (CA) was treated with CsA orally, and
the third group (CA + FU) was treated with CsA orally in concomitant with FU subcutaneously. Experimental animals
were sacrificed 20 days following the treatment period and serum samples were analyzed for creatinine test. The
homogenate of renal tissues was prepared for OS assessment. Light and ultrastructure microscopic kidney sections
were prepared for histopathological examination.

Results: Treatment of rats with CsA alone produced a significant increase in the levels of creatinine, nitric oxide (NO), and
malondialdehyde (MDA), as well as the activities of superoxide dismutase (SOD), catalase (CAT), and glucose 6 phosphate
dehydrogenase (G6PD), whereas the level of glutathione reduced (GSH) was decreased. Some histopathological changes
of the kidney tissue including tubular epithelial hypertrophy, vacuolizations, necrotic glomerulus cell, capillaries network
shrinking, vascular congestion, interstitial infiltration, loss of apical microvilli, and deteriorated mitochondria were observed
in CA group. Concomitant FU administration with CsA enhanced renal function, as indicated by the low level of
creatinine. Moreover, FU ameliorated the oxidative status in kidney tissue as well as it provided histological protection
against CsA-induced kidney injury.

Conclusion: FU can develop a protective mechanism against kidney injury induced by CsA that mediated by OS.
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Background
Cyclosporine A (CsA) is one of the calcineurin in-
hibitors that is widely used as immunosuppressive
therapy in areas of organs transplantation and auto-
immune diseases especially dermal diseases and in-
flammatory diseases such as rheumatoid arthritis,
psoriasis, and atopic dermatitis (Harper, Berth-Jones,
Camp, Dillon, Finlay, Holden, O’Sullivan, & Veys,
2001; Tedesco & Haragsim, 2012). CsA has a specific
effect on T-lymphocytes in which it inhibits the

receptor signal transduction pathway that conse-
quently blocks interleukin 2 syntheses (Ho, Clip-
stone, Timmermann, Northrop, Graef, Fiorentino,
Nourse, & Crabtree, 1996; Matsuda & Koyasu, 2000).
However, CsA has some dose-related adverse effects

including nephrotoxicity, hepatoxicity, and splenic in-
jury (De Mattos, Olyaei, & Bennett, 2000; Herrero,
Quiroga, Sangro, Beloqui, Pardo, Cienfuegos, & Prieto,
2000; Omar, Eldien, Badary, Al-Khatib, & Abd Elgaffar,
2013). Acute nephrotoxicity is concomitant with a high
blood level of CsA and a rapid upsurge in renal func-
tion tests that associated with vasospasm of afferent
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arteriole but this toxicity is inverted with drug dose re-
duction (Barros, Boim, Ajzen, Ramos, & Schor, 1987;
Laskow, Curtis, Luke, Julian, Jones, Deierhoi, Barber, &
Diethelm, 1990; Slattery, Campbell, McMorrow, &
Ryan, 2005). In contrast, chronic nephrotoxicity is oc-
curred in continued exposure to a lower level of CsA
and does not recover after dose reduction (Slattery et
al., 2005). In addition, the effect of CsA treatment on
nephrotoxicity, kidney lesions, and creatinine level
have been documented by Elsayed, Bayomy, and Azab
(2016), Gökçe et al. (2009), and Mansour, Daba, Gado,
Al-Rikabi, and Al-Majed (2002).
Reactive oxygen species (ROS) have been employed in

the CsA toxicity either by direct action or by the motiv-
ation of lipid peroxidation (Durak et al., 2002; Inselmann
et al., 1994). The protective role of different antioxidants
has been estimated on CsA-induced nephrotoxicity. As re-
ported in previous studies, when antioxidants utilized on
the kidney, they can enhance the morphological and the
cyto-histological structure of tissue as well as can increase
the antioxidants levels and decrease the peroxidation and
ROS levels (Anjaneyulu et al., 2003; Ebru et al., 2011; Uz
et al., 2008). The protecting role of antioxidants is con-
firmed also on CsA hepatotoxicity (Rezzani, 2006).
Ocean brown algae are considered as one of the most

valuable natural sources against many animal body syn-
dromes. Meanwhile, sulfated polysaccharides, which pro-
fusely found in brown algae, possessed wide pharmacological
actions, especially as antioxidants agents and potent free rad-
ical scavengers. (Park et al., 2005; Xue et al., 2001). Fucoidan
(FU), a polysaccharide purified from brown algae such as
Fucus vesiculosus, is comprised of extensive proportions of
L-fucose and sulfate ester groups. FU has been extensively
studied due to its varied biological properties in which it acts
as an anticoagulant, antithrombotic, anti-inflammatory, anti-
tumor, immunomodulatory, anti-complementary and anti-
virus agents, as well as it acts to reduce the blood lipids
(Bilan et al., 2002; Li et al., 2008). Further, FU ameliorated
the changes of bone marrow cells induced by CsA treatment
(Eldien et al., 2012) and expressed activities against hepato-
pathy, uropathy, and kidney harms as well as it has a gastric
protective effect (Kwak, 2014; Li et al., 2008). In addition, FU
can inhibit the synthesis and release of ROS as well as it pro-
motes its clearance that proved its antioxidative activity (Bal-
boa et al., 2013; Josephine et al., 2008).
The main purpose of this study was to investigate

the ameliorated and the protective effects of FU on
CsA-induced kidney injury through assessing the
change in the level of creatinine in serum, as an indi-
cator of kidney injury, and the changes in the levels
of some oxidative stress parameters (MDA, NO, GSH,
SOD, CAT, and G6PD) as well as by studying the
histopathological aspects in kidney tissue, either with
FU treatment or not.

Materials and methods
Chemicals and reagents
Cyclosporine A, Neoral Oral Solution, was present as a
clear, yellow liquid supplied in 50 mL bottles containing
100 mg/mL (NDC 0078-0274-22). It is distributed by
Novartis Pharmaceuticals Corporation, East Hanover,
New Jersey 07936. Fucoidan from Fucus vesiculosus. It
was purchased from Sigma Chemicals, St. Louis, MO,
USA. All other chemicals and reagents were of the high-
est purity commercially available.

Animals and experimental procedures
In the present study, 24 male albino rats weighing be-
tween 150 and 200 g were obtained from the Animal
House of the Faculty of Medicine, Assiut University.
They were housed in polypropylene cages (eight animals
per cage) containing husk as the bedding material. The
whole experiment was carried out at the same environ-
mental conditions at a room temperature of 30 ± 5 °C
under 12 h light and 12 h dark schedule. The animals
had ad libitum excess of pelleted diet (80% carbohy-
drates, 2% fats, and 18% proteins in addition to an ap-
propriate quantity of vitamins) and water throughout
the experimental period. Animals were kept, in the room
of treatment, 7 days prior to the experiment as adapta-
tion period and the bedding of the animal cages changed
every 48 h. All experiments followed protocols permitted
by the Institutional Animal Care and Life Committee,
Assiut University. The number of animals in our experi-
ment has been carefully selected from the outset to
avoid unnecessary increases and the treatment was done
as gently as possible to avoid pain. Also, an appropriate
quantity of anesthesia was used at the time of dissection.
The Guidelines for Ethical Conduct in the Care and Use
of Animals provided by American Association of Psy-
chologists was followed as possible as, beside Assiut
University protocol.
Experimental animals were randomly divided into

three groups of eight rats each as follows:

The first group (C)
Daily received an oral dose of 2 mL/kg BW olive oil and
a subcutaneous dose of 2 mL/kg BW normal saline for
20 days and served as control.

The second group (CA)
Daily received an oral dose of CsA (25 mg/kg BW)
dissolved in 2 mL/kg BW olive oil for 20 days, ac-
cording to Josephine, Veena, Amudha, Preetha, and
Varalakshmi (2006).

Third group (CA + FU)
Daily received an oral dose of CsA (25 mg/kg BW) dis-
solved in 2 mL/kg BW olive oil concomitant with
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subcutaneous administration of FU (5 mg/kg BW) that
dissolved in 2 mL/kg BW saline for 20 days, according
to Veena, Josephine, Preetha, Varalakshmi, and Sundara-
pandiyan (2006).
At the end of the experimental period, all animals

were sacrificed by cervical decapitation and blood sam-
ples were collected into sterilized tubes for serum cre-
atinine level assay. Samples of kidneys were immediately
excised and rinsed in (0.1 M) phosphate buffer (pH 7.4)
then stored at − 20 °C for biochemical studies. Small
sizes of kidneys tissue were quickly removed, washed,
and fixed immediately in 4% cold glutaraldehyde for
semithin and ultrastructure studies. Other kidney’s
pieces were fixed in 10% neutral-buffered formalin, for
the histopathological study under a light microscope
using hematoxylin-eosin staining.

Biochemical estimations
Serum and tissue homogenate preparation
Blood samples were centrifuged at 4000 rpm for 10 min
to separate the serum which kept frozen at − 20 °C. For
kidneys tissue homogenate preparation (10% w/v),
500 mg of each kidney tissue was homogenized in 5 mL
phosphate buffer (0.1 M, pH 7.4) using homogenizer
(IKA Yellow line DI 18 Disperser, Germany) then ho-
mogenates were kept frozen at − 20 °C for the subse-
quent biochemical assay.

Measurement of the biochemical parameters
Renal injury was assessed through a serum creatinine
level was determined colorimetrically using commercial
kits according to the procedure of Young (1990) and
expressed as U/L.
Homogenization of kidney tissues was done to deter-

mine the renal oxidative stress and antioxidants levels.
Protein content in kidney tissues was determined ac-
cording to Lowry, Rosebrough, Farr, and Randall (1951).
Malondialdehyde (MDA) as the end product of lipid per-
oxidation was assessed according to Ohkawa, Ohishi,
and Yagi (1979). Nitric oxide (NO) content was mea-
sured as a nitrate concentration using the method of
Ding, Nathan, and Stuehr (1988). Glutathione reduced
(GSH) content was determined using the method of
Beutler (1963). The activity of superoxide dismutase
(SOD) was determined to base on its ability to inhibit
the autoxidation of epinephrine at alkaline medium ac-
cording to the method of Misra and Fridovich (1972).
The activity of catalase (CAT) was determined to base
on its ability to decompose H2O2 to H2O and O2 ac-
cording to Beers and Sizer (1952). G6PD activity was
assessed depended on its ability to reduce NADP level
according to Tsai and Chen (1998).

Histopathological evaluation
Light microscopic study
Hematoxylin-eosin staining
After the fixation in 10% formalin, kidney pieces were
processed to prepare 5-μ-thick paraffin sections then
stained with hematoxylin and eosin (Bancroft & Gamble,
2008) and microscopically examined.

Toluidine blue staining
Kidney pieces, which fixed in glutaraldehyde (4%), were
washed in cacodylate buffer (0.1 M, pH 7.2) for 1–3 h
then post-fixed in 1% osmium tetraoxide for 2 h. After
that, specimens were washed repeatedly in cacodylate
buffer and dehydrated in ascending grades of ethyl alco-
hol up to 100%. Specimens were placed in propylene
oxide for 60 min, then in pure epon 812 and incubated
in a special polymerization incubator to make blocks
(first day at 35 °C, the second day at 45 °C, and third
day at 60 °C), blocks were approximately 1 × 1 × 1 mm.
They were trimmed with LKB ultratom. Semithin sec-
tions of 0.5 μm thickness were stained with toluidine
blue for 2 min at 80 °C (Gupta, 1983) and examined
under a light microscope.

Ultrastructure microscopic study
Representative fields of semithin sections were selected.
Ultrathin sections (70 nm) were cut with a diamond knife
using a Reichert OMVs ultramicrotome. They were
mounted in copper grids and stained with uranyl acetate-
lead citrate stain. The ultrastructure investigation was ac-
cording to Bancroft and Gamble (2008) and carried out at
Electron Microscopic Center, Assiut University, with
transmission electron microscope (TEM) (Joel Cx II).

Statistical analysis
The results were analyzed by one-way analysis of vari-
ance (ANOVA) followed by Newman–Keuls multiple
comparison test as post-test by using Prism program for
Windows, version 6 (Graph Pad software, Inc., San
Diago CA. USA). The significant difference between
groups was accepted at p < 0.05, < 0.001, and < 0.001.

Results
Biochemical estimations result
Serum creatinine level
Cyclosporine A-induced kidney injury in experimental
rats that was demonstrated by a significant elevation of
serum creatinine level when compared with that in the
control group (p < 0.001) as shown in Fig. 1, whereas FU
concomitant treatment with CsA caused a significant de-
crease in this level as compared to CA group (p < 0.01).
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Oxidative stress and antioxidants levels
As shown in the Table 1, CsA produced changes in kid-
ney oxidative statue. It caused a significant increase in
MDA content compared to the control group (p < 0.01),
whereas FU in group CA + FU partially declined this
level compared to CA group (% of inhibition = 15.14).
However, both CsA treatment alone and CsA with FU
treatment caused high increased in NO level of kidney
tissue when compared to the control group (p < 0.001)
with a higher percentage of NO production in CA group
compared to CA + FU group (155.172 and 120.689, re-
spectively). Kidney GSH content was slightly declined by
CsA treatment, while CsA + FU treatment significantly
increased GSH production when compared to both C
and CA groups (p < 0.05). In addition, the treatment
with CsA alone resulted in an increase in the levels of
SOD, CAT, and G6PD of kidney tissue, while concurrent
treatment with both CsA and FU caused more increas-
ing in these antioxidant levels except that of CAT level
when compared to CA group.

Histopathological evaluation
Light microscopic examination
Hematoxylin and eosin staining
As shown in Fig. 2, sections of renal cortex in control
group illustrated a healthy appearance. Intact Malpig-
hian corpuscles were present with glomerulus sur-
rounded by a normal capsular space that followed by
Bowman’s capsule epithelial. Furthermore, the structure
of renal tubules (proximal and distal convoluted tubules)
was mostly normal with intact cuboidal cells (Fig. 2a).
However, the examination of kidney sections of CA
group revealed many degenerated changes such as some
hypertrophic Malpighian corpuscles characterized by a
reduction of Bowman’s spaces and adhesion between the
glomerular tuft and the capsule (Fig. 1b). Additionally, a
high degree of degeneration was found in many renal tu-
bules (Figs. 2c, d) in which some of the apical surfaces had
a rupture. Also, cells of some tubules showed vacuolization,
necrotic nuclei, fatty change, and a high degree of hydropic
change. Lumen obliteration was observed in some tubules.
In contrary, sections of CA + FU group illustrated an im-
provement in the histological structure of the kidney tissue
as a appeared in Fig. 2e, whereas there was some remarked
degeneration like that of the glomerulus.

Toluidine blue staining
Control group toluidine blue sections (Fig. 3a) revealed
a normal and integral composed of kidney glomerulus
and tubules. However, CA group kidney sections showed
many degenerated signs as seen in Figs. 3b, c and 4a–c
in which many necrotic glomerulus cells were present
with dense, contracted, and degenerated nuclei. Also,
the capillaries network showed shrinkage that caused ex-
tension of spaces inside the glomeruli as well as some
parts of the capillaries wall were destructed and/or
thickened. Also, some parts of Bowman’s capsules
degenerated. The epithelial lining of the proximal tu-
bules was observed with some degenerated manners
such as a high degree of the cytoplasmic vacuolization,
destructed of the apical brush border, and necrotic
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Fig. 1 Effect of treatment with cyclosporine and fucoidan on serum
creatinine level. C control group, CA cyclosporine group, CA + FU
cyclosporine + fucoidan group. The significant difference between
groups was judged by ANOVA as follows: a = significance difference
between C and CA, b = significance difference between CA and CA
+ FU; *p < 0.05; **p < 0.01; ***p < 0.001

Table 1 Malondialdehyde, nitric oxide, and some antioxidants levels in the renal homogenate of rats treated with CsA and FU

Biomarkers Statistic MDA (nmol/
mg protein)

NO nmol/mg
protein

GSHug/mg
protein

SOD U/min/
mg protein

CAT U/min/
mg protein

G6PD U/
min/mg
protein

Group

C Mean ± SE (n = 8) 2.06 ± 0.20 0.116 ± 0.01 1.583 ± 0.06 2.006 ± 0.12 17.68 ± 0.56 0.19 ± 0.02

CA Mean ± SE (n = 8) 3.70 ± 0.325 0.30 ± 0.02 1.47 ± 0.11 2.28 ± 0.13 20.75 ± 1.13 0.27 ± 0.02

I or S % vs C S = 78.87 a** S = 16.17 a *** I = 9.34 NS S = 13.66 NS S = 17.36 NS S = 40.211 NS

CA + FU Mean ± SE (n = 8) 3.13 ± 0.25 0.256 ± 0.02 1.872 ± 0.05 2.47 ± 0.08 20.51 ± 0.29 0.29 ± 0.04

I or S % vs C S = 51.792 a* S = 120.689 a*** S = 14.839 *a S = 22.931 NS S = 16.006 NS S = 53.439 NS

I or S %vs CA I = 15.140 NS I = 13.513 NS S = 6.070 a* S = 8.157 NS I = 1.156 NS S = 9.43 NS

C control group, CA Cyclosporine group, CA + FU cyclosporine + fucoidan group. The significant difference between groups was judged by ANOVA. a: significance
difference between the groups, *p < 0.05; **p < 0.01; ***p < 0.001; NS non-significant, (vs C): percentage of difference with control group, (vs CA): percentage of
difference with cyclosporine A group. I inhibition, S stimulation
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changes of nuclei. This group also showed a high degree
of vascular congestion and interstitial infiltration. In
contrast, FU co-treatment with CsA resulted in an
ameliorate of the kidney tissue structure with a low de-
gree of the degenerated; instead, it was more like sec-
tions in control group, in both glomeruli and tubules as
shown in Figs. 3d and 4d.

Ultrastructure microscopic result
As shown in Fig. 5a, the ultrastructure sections of the
kidney proximal tubules in control group illustrated a
normal nucleus characterized by a marginally arranged
chromatin material. An integral cytoplasm was observed
with intact mitochondria as well as the microvilli were
long and dense. However, sections of the CA group
(Fig. 5b) showed many degenerated changes such as a

loss of the apical microvilli and a thickening of the base-
ment membrane as well as some degenerated nuclei had
a regressive size and high dense chromatin. This group
also revealed rarefied cytoplasm that included some de-
teriorated mitochondria with destructed cristae. In com-
paring with CA group, ultrastructure sections in CA +
FU group (Fig. 5c) demonstrated a partial ameliorated in
the cells of the proximal tubule in which many nuclei
were normal arranged and the apical microvilli were par-
tially long and dense. In addition, there were some rar-
efied parts of the cytoplasm beside the healthy parts.

Discussion
Cyclosporine A is an immunosuppressive drug used uni-
versally for its potent action. But, unfortunately, its clin-
ical uses are related with some adverse side effects such

Fig 2 Photomicrographs of kidney hematoxylin and eosin cross sections. a Section of control group showing the kidney cortical tissue with
Malpighian corpuscles (m), proximal (p), and distal (d) tubules. b Section of the kidney in CA group showing hypertrophy in the Malpighian
corpuscles with reduced Bowman’s spaces, adhesions between the glomerular tuft and Bowman’s capsule (long arrows), renal tubular
degeneration is characterized by rupture of the apical surface of tubule cells and necrotic nuclei (short arrows). c The section in CA group
showing epithelial vacuolation of renal tubules (arrow) and obliterated lumen (arrowheads). d The section in CA group showing some renal
tubular epithelial cells with a marked highly hydropic change (asterisks) and other with fatty change (fc). e Section of CA + FU group showing
less or no changes in comparison with CA group, a degenerated glomerulus (arrow), and degenerated tubule (arrowhead) are noticed.
(H&E × 400)
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as hypertension, nephrotoxicity, and hepatotoxicity
((Inselmann et al., 1994); Andrés et al., 2000). In the
present study, the levels of MDA and NO in the kidney
tissues homogenates increased by CsA administration;
this result is in accordance with some previous studies
that documented the ROS formation and oxidative sta-
tus alteration in CsA cytotoxicity (Ezejiofor et al., 2017;
Mostafavi–Pour et al., 2008). Further, the association be-
tween CsA treatment and the induction of renal failure
as well as with the increase of ROS, MDA, and thromb-
oxane levels in the kidney tissue was confirmed in nu-
merous in vivo and in vitro studies (De Arriba et al.,
2009; De Hornedo et al., 2007; Wang & Salahudeen,
1994). Besides that, Krauskopf, Buetler, Nguyen, Macé,
and Ruegg (2002) and Galletti et al. (2005) documented
the relation between CsA therapy and the decrease of
glomerular filtration rate.
The easy contact between CsA and cell organelles is

related with the behavior and chemical composition of
this drug as confirmed by Wang and Salahudeen (1994)
in which CsA is considered as a highly lipophilic agent
that facilitates its attachment with organelles membranes
especially endoplasmic reticulum and mitochondria
which have large amounts of unsaturated fatty acids and

have massive total surface area and this make the cells
more vulnerable to oxidative stress correlated with CsA.
Moreover, the excess production of ROS by CsA can be
interpreted through blocking the permeability of transi-
tion pore of mitochondria (Nicolli et al., 1996) which led
to an increase in the mitochondrial Ca+ 2 level (Fournier
et al., 1987). Also, there is an alteration in the mitochon-
drial electron transport chain that is consequent in
oxidative phosphorylation (Salducci et al., 1992), thus sub-
sequently raise ROS production. Meanwhile, CsA is metab-
olized by cytochrome P-450 3A that can also induce ROS
production alongside the mitochondrial (Serino et al.,
1994). Furthermore, CsA treatment caused a variation of
haem oxygenase-1 which is considered as an enzyme re-
lated to the redox status of cells (Rezzani, 2006).
The elevation of NO level in the kidney tissue in the

present study is in correspondence with a study carried
out by Amudha, Josephine, Sudhahar, and Varalakshmi
(2007) who found a high concentration of NO in kidney
tissue that consequently induced protein oxidation and
lipid peroxidation in damaged cells induced by CsA
treatment. Also, it has been found that CsA-induced
apoptosis in various renal cell lines was mediated by the
induction of iNOS via p53 (Amore et al., 2000).

Fig. 3 Photomicrographs of a semithin section in the kidney tissues a A section in control group showing a healthy look of the glomerulus (g),
distal tubules (d), and part of a proximal tubule (p), a typically tinny parietal layer of the Bowman’s capsule (arrowheads). b A section in CA group
showing necrotic cells with an intense and degenerated nuclei (thin arrows), shrinkage and degenerate of the capillary network resulting in
widening the spaces (asterisks). c A section in CA group showing a degenerated capsule with thickened of capillary walls (thick arrows) and a
decreased in capillary tights, some capsules epithelia cells are degenerated (arrowheads). d A section in CA + FU group showing more or less
healthy looking of the glomerulus (Toluidine blue. × 1000).
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In the present study, the levels of GSH and G6PD in
kidney tissue were decreased, whereas levels of SOD and
CAT were increased by CsA administration. Numbers of
previous studies also documented the decrease of kidney
GSH level with CsA treatment (Mansour et al., 2002;
Yüce et al., 2008). Besides, Lexis et al. (2005) studied the
effect of CsA on erythrocyte antioxidant defense. When
they administered CsA for 7 days, they found an eleva-
tion in the levels of methemoglobin, SOD, and CAT but
the levels of GSH and G6PD were decreased. The slight
elevation of the SOD level in our study resembles a re-
sult of a study carried out by Ebru et al. (2011). Further-
more, Gökçe et al. (2009) documented the increase of
SOD and CAT levels in kidney tissue during CsA treat-
ment in which they revealed that an attempt to avoid the
free radical increasing induced by CsA. Otherwise, it has
been concluded that the decrease of the activity of antioxi-
dants and the increase of lipid peroxidation and oxidative
stress in transplanted and non-transplanted human and
animals might be due to the direct toxic effect of CsA
treatment (Amudha et al., 2006; Türk et al., 2007).
Further, CsA-induced nephrotoxicity has been pro-

posed to be developed through several mechanisms, spe-
cifically enhanced sympathetic tenor, renin-angiotensin
system activation, increase of endothelin synthesis and
inductions of cytochrome P450 enzymes that included

in renal microsomes (Dell et al., 2003; Serino et al.,
1994; Yoon & Yang, 2009). Meanwhile, the impairment
of arteriolar vessels and glomerular caused by CsA treat-
ment affected the reabsorption efficiency and the excre-
tion of urea, uric acid, and many minerals and ions
(Elsayed et al., 2016; Young et al., 1995).
In accordance with the changes of the biochemistry and

oxidative parameters in our study, CsA administration also
induced marked changes in kidney’s tissue such as Malpig-
hian corpuscles hypertrophy with necrotic of glomerulus
cells and reduction in Bowman’s spaces. Also, there was a
renal tubular degeneration that appeared in loss and dam-
age of proximal tubules brush borders, vacuolization, fatty
change, and hydropic change. In addition, blood vessels
congestion and interstitial infiltration was observed. The
study of Rezzani (2004) also noticed severe tubular changes
which are in agreement with the finding of our study.
Beside, many histopathological changes in the present

study are in agreement with that of Fetouh and Hegazy
(2014) who detected some histopathological changes in
kidney’s tissue followed CsA treatment such as glomeruli
shrinkage, Bowman’s space expansion, Bowman’s capsule
thickening, as well as renal tubules cells vacuolization,
thickening of basement membrane, and loss of the basal
unfolding of the proximal convoluted tubules that asso-
ciated with disordered of brush border microvilli. The

Fig. 4 Photomicrographs of semithin sections of rat kidney tissue. a–c Sections in CA group showing some degenerated epithelial cells of the
proximal tubules with a high degree of cytoplasmic vacuolization (thin arrows), destructed of the apical brush border (asterisk), necrosis of some
nuclei (arrowhead), as well as a highly vascular congestion (VC) and interstitial infiltration (inf) are present. d The section in CA + FU group
showing proximal tubules with mostly intact epithelial lining and brush border (arrows) and a normal appearance of vessels (v). (Toluidine
blue. × 1000).
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destruction of some mitochondrial cristae in our study is
in accordance with that of Fetouh and Hegazy (2014)
and with Clarke and Ryan (1999) who also found swell-
ing and rounding of the mitochondria. Further, apoptotic
cells that were observed in our study associated CsA
treatment also are observed and documented by Justo,
Lorz, Sanz, Egido, and Ortiz (2003) who also reported
that apoptosis induced by CsA treatment is associated
with translocation of BAX (regulator apoptosis factor) to
the mitochondria that can lead to caspase-dependent
harm on mitochondrial membrane potential. In addition,
CsA encourages pro-apoptotic proteins stimulation (Han
et al., 2008) that led to endoplasmic reticulum stress re-
sulted in cell death in kidney tissues (Pallet et al., 2008).
Furthermore, impairments in the balance of energy me-
tabolism give rise to fluid and electrolyte imbalance
which lead to accumulation of excessive fluids in cells
and microscopically, the excessive fluids are noted as
vacuolization in the cytoplasm (Grub et al., 2000). The
vacuolization might be considered as an early stage of
cell degeneration (Alden & Frith, 1991).
Fucoidan has many biological properties in which it

acts as an anti-inflammatory, anti-tumor, anti-viral, and

antioxidant agent (Cui et al., 2012; Saito et al., 2006; Xue
et al., 2001) which attributed to its nature as polyanionic
substance that might allow it bind to lots of proteins
and exert its important activities (O'Leary et al., 2004).
In the present study, co-treatment with FU was effective

in reducing the elevation of the MDA level in the kidney
tissue and the level of creatinine in serum, that induced by
CsA treatment. FU represented a convenient antioxidant as
reported previously by Hu, Geng, Zhang, and Jiang (2001),
who documented the minimize oxidants production
through scavenging the free radicals and enhancing the
antioxidant status by sulfated polysaccharides activation.
Furthermore, Zhang et al. (2004) reported the ability of sul-
fated polysaccharides to prevent oxidative damage in living
organisms. Hence, FU can consequently make a protective
impact against the chronic renal failure of rats as reported
by Zhang, Li, Xu, Niu, and Zhang (2003). FU also pre-
vented the neurotoxic effects of β-amyloid in rats through
blocking the ROS production (Jhamandas et al., 2005) as
well as it attenuated the elevation of AST and ALT levels in
serum of acute CCl4-induced liver injury (Hayashi et al.,
2008). Further, in a study carried out by Han et al. (2015),
FU suppressed the oxidative stress in mesenchymal stem

AA

B C
Fig. 5 Electron photomicrography of a part of a proximal convoluted tubule. a (control rat), section showing nucleus (n) containing marginally
arranged chromatin material (thin arrows), mitochondria (arrowheads) with intact cristae, many long and dense apical microvilli (mv), and
lysosomes (thick arrows). Note the intact cytoplasm. b Section in CA group showing thickening areas of the basement membrane (thick arrow),
partial loss of apical microvilli (mv), degenerated nucleus (n) with regressive size, and a high dense chromatin (thin arrow), rarefied cytoplasm
(asterisk), some degenerated mitochondria with destructed cristae (arrowheads). c Section in CA + FU group showing: nearly a normal
appearance of the nucleus (n) and partial long and dense apical microvilli (mv) as well as rarefied of some parts of cytoplasm (asterisk) can be
noted with some healthy parts (arrows). (Uranyl acetate, × 3600).
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cells, improved the vascular regeneration of hindlimb ische-
mia model in murine, repressed the increase of H2O2,
inhibited the stimulation of the pro-apoptotic proteins, and
improved the expression of the anti-apoptosis proteins. In
the previous study, FU significantly decreased the cellular
ROS levels through the activation of the Akt pathway and
the increasing of manganese superoxide dismutase expres-
sion that resulted in boosted cell survival.
Amazingly, FU extracted from ecklonia cava expressed

antioxidant activity, although it was not a flavonoid or
polyphenol compound as well as it did not contain ben-
zene rings or conjugated structure (Kim et al., 2014).
Ryu and Chung (2016) demonstrate that FU weakens
oxidative stress through regulating SOD-1 and HO-1
genes expression via the Nrf2/extracellular signal-
regulated kinase signaling pathway.
Since FU showed activity as apoptotic stimulator in types

of cancer cell (Chen et al., 2014), it might enhance cells re-
generation, apoptosis, as well as it eliminates the abnormal
and degenerated cells (Irhimeh et al., 2007; Kim et al., 2010;
Moon et al., 2011). The mobilizing of stem cells toward the
peripheral circulation in baboons and mice was highly im-
proved under the effect of FU (Irhimeh et al., 2007) in
which the mechanism of mobilization might be revealed to
the capability of FU to inhibit the selectins binding besides
its ability to bind SDF-1 and increase the expression of
CXCR4 on stem cells (Fermas et al., 2008; Sweeney et al.,
2000). So, the present study suggested that the increase of
healthy cells in the kidney tissue of FU treated rats might
be due to the increase of the mobilization of stem cells, the
enhancing of the healthy cells proliferation, and to the elim-
ination of degenerated cells. Recently, Chen et al. (2017)
documented that a particular dose of oligo-FU can prevent
renal tubulointerstitial fibrosis in a CKD mice model that
may be a consequence of the interaction between CD44
and its extracellular ligands. In addition, the low molecular
weight of FU, dose-dependent, can inhibit the overexpres-
sion of proinflammatory agents and oxidative stress and
apoptosis that is induced by albumin overload in vitro study
of proximal tubule epithelial cell (Jia et al., 2016). Hence, it
could be concluded that FU co-treatment can enhance and
adjust the oxidative stress status in the kidney of CsA-
treated rats, and it could partially ameliorate the disorder of
the kidney functions and repair the histopathological as-
pects that result by CsA treatment.

Conclusion
Our results reveal that fucoidan which is purified from
brown algae possessed a respectable antioxidant activity
against kidney injury induced by cyclosporine A which is
used as immunosuppressive therapy. Hence, the present
study supports the renoprotective effect of fucoidan as it
adjustment the oxidative stress condition and amelio-
rates the injury of the kidney.
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