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ABSTRACT

Introduction: Cisplatin (CP) is regarded as a prevalent anticancer medication utilized against several cancer types.
Spirulina (SP), a blue—green alga, has been utilized as a nutritional supplementation, in addition to other therapeutic
enforcement. Spirulina includes lipids, proteins, carbohydrates, and vitamins including a pigmented protein and b-carotene
besides some vital minerals.

Objectives: The present study was carried out to verify the toxic impacts of cisplatin on kidney of the rat and the probable
protective role of spirulina platensis supplementation.

Material and methods: The twenty-four rats were randomly categorized into three equal groups (eight rats/each). Group |
(Control Group): Eight rats were subdivided into two subgroups, four rats each: Group I-a: Four rats did not undergo any
experiments and received only food and water for 8 days. Group I-b: Four rats received Spirulina (500 mg/kg) body weight
orally by using a gastric tube for 8 days. Group Il: The animals were administrated a single dose of cisplatin 6 mg/kg body
weight intra-peritoneal. Group Il1: Each rat received Spirulina (500 mg/kg) body weight orally for 8 days and cisplatin 6
mg/kg body weight intraperitoneal on day 4.

Results: cisplatin showed extensive tubular damage as wide vacuolations in tubular epithelium, pyknotic nuclei and
distortion of renal corpuscles showing widening of Bowman’s space with adherence of glomerular capillary tuft to the
parietal layer of Bowman’s capsule. Administration of spirulina showed regeneration of tubular epithelium and presence of
tubular brush border and apparently normal lumen.

Conclusion: Cisplatin resulted in histological as well as biochemical changes in the kidney of adult male rats.
Administration of spirulina with cisplatin attenuated these negative impacts which can be attributed to the antioxidant

activity.
Keywords: Cisplatin, Spirulina, Renal tissue, Caspase 3.

INTRODUCTION

Cisplatin (CP) is regarded as a prevalent anticancer
medication utilized against several cancer types as
cervical, uterine, ovarian, and testicular malignancies.
Furthermore, it is believed to be toxic to the kidney, ear,
gastrointestinal tract, and nervous system. This drug is
believed to be biologically active to a nephrotoxic
substance ¢ 2, After cisplatin treatment about 20-30% of
cases, experience acute Kidney injury (AKI) in spite of the
therapeutic improvements. Cases that experience AKI
have an elevated mortality risk and probably encounter
chronic kidney injury (CKI) &4,

Nephrotoxicity mainly occurs in the epithelial cells
of proximal renal tubule. The concentration of cisplatin in
the cells of epithelial tubular is five times more elevated
compared to its concentration in the blood. Renal
dysfunction happens after days from administrating
cisplatin (50-120 mg/m?) in therapy. Proximal as well as
distal convoluted tubules are the main target for cisplatin
impacts in the kidney, where it induces oxidative stress,

cellular damage, DNA damage, nephritis, and apoptosis
5.6)

Nephrotoxicity triggered by cisplatin is because of
reactive oxygen species (ROS) formation. Cisplatin also
leads to the inhabitation of several antioxidant enzymes
like glutathione-S-transferase  (GST), glutathione
peroxidase (GPX), as well as superoxide dismutase
(SOD). This leads to mitochondrial lysis and generation
of ROS in cells ™. Generation of ROS induces cascades
of signal transduction, which leads to necrosis and
apoptosis. To date, the mechanism of cisplatin-induced
ROS signaling pathways remains undetermined, as there
is no treatment until now to retrain cisplatin side effects.
Multiple agents have demonstrated a nephroprotective
impact in renal damage models caused by cisplatin and it
is clearly evident that most of them are antioxidants ©.

Spirulina (SP), a blue—green alga, was utilized as a
nutritional supplementation in addition to some
therapeutic enforcement. Spirulina includes lipids,
carbohydrates, proteins, vital minerals, vitamins like a
pigmented protein and b-carotene. The antioxidant effect
of spirulina has been proven in vitro as well as in vivo
studies. Spirulina is recognized due to its broad biological
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activity, and antimutagenic, anti-inflammatory, immune
boosting and cardioprotective features 19,

Spirulina platensis is a unicellular cyanobacterium
which has been broadly utilized as a dietary
supplementation because of its nutritional value. It
contains powerful antioxidants and free radical
scavenging agents ®?. It has been significantly used in
preclinical studies, as in anemia prevention, antiviral and
antimicrobial reduction of HIV replication velocity,
immunostimulant, and anti-carcinogenic antioxidant, in
addition to contributing to the prevention of poisoning by
heavy metals, antibody production stimulation as well as
hepatoprotective, antigenotoxic and neuroprotective
activities @19, Spirulina is produced simply because of
its reasonable growth requirements, its excellent
conservation after recollection, as well as its security
regarding consumption 9,

The present study was carried out to verify the toxic
impacts of cisplatin on kidney of the rat and the probable
protective role of spirulina platensis supplementation.

MATERIALS AND METHODS

Chemicals:

Cisplatin was obtained from EIMC United
Pharmaceuticals, Egypt. The drug was administered
intraperitoneal.

Spirulina tablets were purchased from Puritan's Pride
Company, Inc. (USA). Each tablet contains 500 mg of the
active ingredient. The drug was ground and administrated
orally as a new suspension in 0.9% saline.

Animals: The current study was performed on twenty-
four adult albino rats of local strain, their age ranged
between 3-5 months and their weight ranged between
(180-220g). The rats were purchased from the Medical
Ain Shams Research Institute (MASRI). Rats were
housed for one week for environmental adaptation
according to standard laboratory conditions on a twelve-
hour light/dark cycle. They received an adequate and
constant diet along with free access to water ad libitum.
Rats were kept isolated for two weeks in a laboratory
room at comfortable room temperature for adaptation
before any experiments. Moreover, all experiments have
been conducted at the same time of the day, between 8
a.m. and 2 p.m., in order to overcome variations because
of diurnal rhythms.

Ethical Consideration:

All the experiments were performed based on the
guidelines issued by the Animal Research Ethics
Committee of Faculty of Medicine, Ain Shams
University. The procedure was performed based on
the Ethical Guidelines for diagnosing experimental
pain in conscious animals 7
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Experimental Protocol: The 24 rats were randomly
categorized into three equal groups (8 rats/each):

Group | (Control Group): Eight rats which were
subdivided into two subgroups, four rats each:

Group l-a (negative control): Four rats did not
undergo any experiments, and received only food and
water for 8 days.

Group I-b (positive control): Four rats received
spirulina (500 mg/kg) body weight orally by using a
gastric tube for 8 days 9.

Group Il (cisplatin-treated group): The animals were
administrated a single dose of cisplatin 6 mg/kg body
weight intraperitoneal @9,

Group 111 (cisplatin + spirulina-treated group): Each
rat received spirulina (500 mg/kg) body weight orally for
8 days and cisplatin 6 mg/kg body weight intraperitoneal
on day 4.

Before scarification of rats, blood was collected from the
tail veins of animals belonging to each group for
assessment of plasma urea, albumin and creatinine levels.
Midline incision was made in the abdomen, while kidneys
were isolated. All rats were sacrificed through cervical
dislocation after light ether anesthesia @9,

Biochemical assays

Plasma urea, albumin and levels of creatinine were
computed spectrophotometrically by commercially
available Kits.

Histological studies

With respect to the light microscopy study,
specimens were put in 10% neutral buffered formalin,
dried, fixed in paraffin, and subsequently sections were
cut at 5Sum and stained with hematoxylin and eosin (H&E)
for a routine histological examination with Masson’s
trichrome stain to assess the amount of collagen
deposition @V,

Immunohistochemical stain for caspase-3 (indicator
of apoptosis): Sections were rinsed in phosphate buffered
saline for 5 min, and subsequently incubated with
caspase-forming antibody with a 1:200 dilution
(Invitrogen, Sweden AB Stockholm Sweden) overnight at
4°C. Sections were then rinsed and incubated with a
secondary goat and rabbit antibody ((1:500) Invitrogen,
Molecular Probes, Eugene, Oregon, USA) for 1h at room
temperature.  Slides were incubated in 3, 3-
diaminobenzidene for 10 min and then counterstained by
Mayer’s hematoxylin, dehydrated and mounted by
dibutyl phthalate in xylene @2, Paraffin-stained sections
were photographed after examination by light microscope
(Olympus 268M microscope) equipped with an automatic
photomicrographic camera system.
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Statistical analysis

Analysis of data was carried out via the Statistical
Package for Social Science (IBM Corp, released 2013.
IBM SPSS statistics for windows, V. 22.0. Armonk, NY.
USA). Parametric quantitative data were expressed as
mean + standard deviation (SD). One-way analysis of
variance (ANOVA) test was utilized to compare the
variance of parametric continuous variable among the
independent categorical variables with three levels. Post
Hok Tukey test was used for comparison between the
levels of the categorical independent variables. All P
values were two-tailed, the probability (P-value) of > 0.05
was regarded statistically as non-significant, < 0.05 was
statistically significant and < 0.01 was highly statistically
significant. Data in the present study were expressed as
Mean + standard error of the mean (SEM).

RESULTS
Histological results:
Groups | (Control group)

In the present work, no substantial differences have
been detected between the subgroups of group I, therefore
the results of two subgroups will be discussed together.

H & E-stained section, light microscopic examination
of the renal gland of group I (control group) demonstrated
the histological structure of the gland. The renal cortex
appeared formed of distal convoluted tubules, renal
corpuscles, proximal convoluted tubules, as well as
cortical collecting tubules. Each corpuscle was composed
of glomerulus made up of many capillary loops
containing red blood cells and surrounded by Bowman’s
space between visceral and parietal layer of Bowman's
capsule (Fig.1).

Masson’s Trichrome stain demonstrated a minimal
amount of collagen fiber in the renal interstitial and in
between glomerular capillaries (Fig. 2).

Immunohistochemically-stained section, examination
of caspase-3 showed normal kidney architecture and no
apoptotic cells (Fig. 3).

Groups Il (cisplatin-treated group)
Light microscopic examination of H & E-stained
sections of the renal gland of group Il (cisplatin-treated

group) showed extensive tubular damage as wide
vacuolations in tubular epithelium, pyknotic nuclei and
distortion of renal corpuscles showing widening of
Bowman’s space with adherence of glomerular capillary
tuft to parietal layer of Bowman’s capsule. Note ill-
defined, irregular outer boundary of the renal corpuscle
and apparent hypercellularity and vascular congestion of
capillary tuft (Fig. 4, 5).

Masson’s Trichrome stain showed an extensive
amount of collagen fibers distributed mainly around the
renal tubules and within the glomeruli (Fig. 6).

Examination of immunohistochemically-stained
sections for caspase-3 showed that renal tubules were
considered caspase-3 activation main site in animals
treated with cisplatin (Fig. 7).

Groups Il (cisplatin + spirulina-treated group)

Light microscopic examination of H & E-stained
sections of the renal gland of group Il showed
regeneration of tubular epithelium and presence of tubular
brush border and apparently normal lumen. Renal
glomeruli showed normal cellularity and intact bowman’s
space (Fig. 8).

Masson’s Trichrome stain showed minimal amount of
the collagen (Fig. 9).

Examination of immunohistochemically-stained
sections for caspase-3 showed that spirulina substantially
diminished the active caspase-3 expression caused by
cisplatin. There were only a few focal acute tubular
necrosis areas as well as a few apoptotic cells that
demonstrated brown cytoplasmic stains (Fig. 10).

Morphometric and statistical results

Histograms (1, 2 and 3) demonstrate that cisplatin
injection (intraperitoneal) at a 6 mg/kg single dose
induced substantial elevation in creatinine, serum urea
and a significant decrease in serum albumin level in
comparison with the control group. In contrast, spirulina
administration for 8 days with single dose of cisplatin on
day 4 substantially diminished the elevated levels of
creatinine and urea, in addition to a significant increase in
the level of serum albumin in comparison with the group
treated with cisplatin.

Table (1): ANOVA test for urea (mg/dl) comparing group Il and Il to the control group.

N | Mean SD Minimum Maximum F Pvalue
Control 8 |32.19 2.219 29 36 3783.530 <0.001*
Cisplatin 8 | 115.75 2.605 112 120
Cisplatin + Spirulina 8 3725 1.488 35 39
*Significant
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Table (2): Tukey Post Hoc test for urea (mg/dl) comparing control group to group Il and I11, group Il to group I1I.

Group Group Sig.
Control Cisplatin <0.001*
Control Cisplatin + Spirulina <0.001*
Cisplatin Cisplatin + Spirulina <0.001*
*Significant
120
100
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£
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E =)
=
40
20
Control Cisplatin Cisplatin + Spirulina
Group

Histogram (1): Means Plots graph for urea among different groups.

Table (3): ANOVA test for creatinine (mg/dl) comparing group Il and 11l to the control group.

N [ Mean SD Minimum | Maximum F Pvalue
Control 8 [ .752 .018 72 17 3846.271 | <0.001*
Cisplatin 8 | 3.343 .046 3.30 3.42
Cisplatin + Spirulina |8 [ 1.007 101 .89 1.20
*Significant
Table (4): Tukey Post Hoc test for creatinine (mg/dl) comparing control group to group Il and 11, group 11 to group Il1.
Group Group Sig.
Control Cisplatin <0.001*
Control Cisplatin + Spirulina <0.001*
Cisplatin Cisplatin + Spirulina <0.001*

*Significant
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Control

Cisplatin Cisplatin + Spirulina

Group

Histogram (2): Means Plots graph for creatinine among different groups.

Table (5): ANOVA test for albumin (g/dl) comparing group Il and 11 to the control group.

N | Mean SD Minimum Maximum F Pvalue
Control 8 | 4.233 166 | 3.90 4.50 129.441 <0.001*
Cisplatin 8 | 2.451 289 | 1.90 2.90
Cisplatin + Spirulina 8 | 3.775 219 | 3.50 4.10
*Significant
Table (6): Tukey Post Hoc tests for albumin (g/dl) comparing control group to group Il and 111, group Il to group I11.
Group Group Sig.
Control Cisplatin <0.001*
Control Cisplatin + Spirulina 0.002
Cisplatin Cisplatin + Spirulina <0.001*
*Significant
§ .
=
2

Control

Cisplatin Cisplatin + Spirulina
Group

Histogram (3): Means Plots graph for Albumin among different groups
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Fig. (1): A photomicrograph of a section of the renal cortex from group (1) control group detecting normal renal corpuscles
(thick arrows) consisted of glomerular tuft of capillaries (G) and subcapsular space (S). PCT (P) showed narrow lumen, and
its lining cells had basal nuclei and deeply acidophilic cytoplasm. DCT (D) showed wide lumen, and its lining cells had
apical nuclei and few acidophilic cytoplasm. Notice: the presence of collecting tubules (CT). (H & E x 400)
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Fig. (2): A photomicrograph of a section of the renal cortex of group (1) control group representing minimal amount of the

collagen fiber present in the renal interstitial and in between glomerular capillaries (arrows).
(Masson’s Trichrome x 400)
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Fig. (4): A photomicrograph of a section of the renal cortex from group (I1) cisplatin-treated group detecting renal corpuscle
associated with atrophy in the glomerulus (G) and widening of the subcapsular space (S). Some tubules show necrotizing

epithelium (pyknosis) (thin arrow) and cystic dilatation (CS). Notice: presence of hemorrhage (H) in the interstitial.
(H&E x400)

iy
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Fig. (5): A photomicrograph of a section of the renal cortex from group (Il) cisplatin-treated group representing,
hypercellularity with widening in the lumen. Proximal tubules showed vacuolation (V) of its epithelial cells and vascular
congestion of capillary tuft (arrow). (H&E x400)
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Fig. (6): A photomicrograph of a section of the renal cortex of group (1) cisplatin-administered group showing extensive
amount of the collagen fibers which is distributed mainly around the renal tubules and in between the glomeruli (arrows).

(Masson’s Trichrome x 400)
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Fig. (7): A photomicrograph of a section of the renal cortex of group (1) cisplatin-treated group representing that, the renal
tubules were the main site for caspase-3 activation in cisplatin-administered animals with the presence of apoptotic cells
appeared as brownish cytoplasmic staining (black arrow).  (Caspase-3 X400)
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Fig. (8): A photomicrograph of a section of the renal cortex from group (I11) (cisplatin+ spirulina-treated group) showing
less tubular edema with restoration of normal architecture of the renal tubules, which was formed of glomerular tuft of
capillaries (G) with the presence of subcapsular space (S). Distal convoluted tubules (D) also detected. Notice the presence
of some vacuolations (V). (H & E x 400)
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Fig. (9): A photomicrograph of a section of the renal cortex of group (Il) (cisplatin+ spirulina-treated group) showing
minimal amount of the collagen fiber in the renal interstitial (black arrow). (Masson’s Trichrome x 400)

Fig. (10): A photomicrograph of a section of the renal cortex of group (I11) (cisplatin+ spirulina-treated group) showing that
spirulina significantly decreased the expression of active caspase-3, which induced by cisplatin administration. There were
a few focal areas of tubular necrosis with presence of few apoptotic cells appeared as brownish cytoplasmic staining.
(Caspase-3 X400)
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DISCUSSION

There is no adequate therapy for nephrotoxicity
induced by CP in humans and many antioxidants have
been investigated in order to alleviate the impact of this
nephrotoxicity. Even though the majority of them
demonstrated efficacy in experimental models,
unfortunately none of them demonstrated definite efficacy
in humans @24,

Our results showed that tubular necrosis as well as
vascular component atrophy in glomerulus in rats treated
with cisplatin. These findings are compatible with those
obtained by Ravindra et al. ?®,

The decrease in the side effects of
chemotherapeutic agents was important for the success of
cancer treatment. Spirulina platensis (Sp) were
investigated to alleviate the toxic impact of
chemotherapeutic medications via its Reno protective
effectiveness.

Cisplatin treated group demonstrated an extensive
amount of collagen fibers, which are distributed mainly
around the renal tubules and within the glomeruli. This
result is in accordance with El-Sayed et al. ®® who
revealed a substantial elevation in caspase-3 activity in
rats treated with cisplatin.

Apoptosis contributes to the pathogenesis of a wide
range of renal diseases. Cisplatin-induced nephrotoxicity
is mediated by caspase-3 dependent as well as
independent apoptotic pathways ©@7. After cisplatin
treatment many studies reported an elevation in serum
creatinine as well as the nitrogen of blood urea @9,
Spirulina pretreatment diminished serum creatinine and
BUN triggered by cisplatin, and this is more effective
compared to administrating spirulina after injecting
cisplatin @9,

The mechanisms of spirulina in the different
biological actions are varied. Its mechanism as anticancer
is contributed to its content of endonuclease that repairs
the damage in DNA. As antiviral due to its calcium
sulfated polysaccharide that inhibits viruses’ in-vitro
replication. Its action as an antimicrobial agent is due to
its fatty acids (unusually elevated content of y-linolenic
acid), and its metal protective role, which may indicate
the presence of vitamins C and E, beta-carotene, selenium
as well as phycocyanin ©%. Spirulina is an antioxidant
agent, which may have inhibited the cisplatin free
radicals, before affecting kidney function. The findings of
Kuhad et al. @V align with our findings. They examined
the decrease of the oxidative stress in cisplatin-treated rats
after spirulina treatment. The findings of the present study
detected that cisplatin induced substantial renal oxidative
as well as markedly degeneration in the renal function and
these modifications in the function of the kidney, which
was detected in the rat system were correlated with the
nephrotoxic impacts of cisplatin in men ©2. Many
recorded studies reported that spirulina could be used
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within the drugs to reduce their side effects on the
metabolism and to increase the efficiency of the immune
system of the body. It has been detected that spirulina is
featured by anti-inflammatory properties, via inhibiting
the release of histamine from mast cell-mediated allergic
reactions 3.

Cp-treated kidneys demonstrated substantial
histological alternations, particularly in the outer cortex
as compared to the kidneys from controls. Spirulina
triggered these histological renal alternations, with
potential ROS involvement. Spirulina pretreatment
protected the kidneys before cisplatin injection @4, The
phycocyanin pigment in spirulina may be the cause of its
protective impact. The antioxidant effect of spirulina
could be the cause of renoprotection. The clinical
manifestations of CP range from an asymptomatic
increase in serum creatinine to renal dysfunction and it
was illustrated the protective impacts of spirulina on
kidney against nephrotoxicity induced by cisplatin ¢4,

CONCLUSION

Cisplatin resulted in histological as well as
biochemical changes in the kidney of adult male rats.
Administration of spirulina with cisplatin attenuated these
negative impacts which can be attributed to the
antioxidant activity.
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