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Abstract

Introduction: Pharmacological properties of C-phycocyanin are related to its antioxidant activity.
The use of aminoglycoside antibiotics is limited due to the risk to induce nephrotoxicity. Agents with
antioxidant properties reduce renal damage caused by aminoglycosides.

Objectives: This study aimed to evaluate the effect of C-phycocyanin on glomerular and tubular
morphologies during recovery phase after the damage induced by a chronic treatment with
kanamycin in rats.

Materials and Methods: Twenty-nine adult male Wistar rats divided into five groups were treated for
20 days with;solution of sodium chloride 0.1 mol/L, pH 7.2-7.4 (PBS) (Control group), kanamycin
(500 mg/kg) (Kanamycin group) and the other three groups received C-phycocyanin (5 or 10 mg/
kg) plus kanamycin (500 mg/kg) (Phycocyanin Concomitant 5, Phycocyanin Concomitant 10 and
Phycocyanin Pretreated 10). The group Phycocyanin Pretreated 10 received a previous treatment
with C-phycocyanin during 4 days. Eight weeks after the last treatment, kidneys were removed,
embedded in paraffin and stained with hematoxylin and eosin and periodic acid-Schiff (PAS).
Glomeruli and proximal tubules were evaluated by light microscopy in 10 histological fields
of cortical area, using qualitative, semi-quantitative and quantitative morphological studies.
Results: The group Phycocyanin Pretreated 10 showed the best effects minimizing glomerular
and tubular damages and increasing the density of preserved tubules. The group Phycocyanin
Concomitant 10 had effect on proximal tubules only. These two groups decreased the global renal
damage caused by kanamycin.

Conclusion: C-phycocyanin accelerates the recovery of glomeruli and proximal tubules damaged by
kanamycin in rats, possibly due to its antioxidant properties.

Introduction

. . - Core tip
The biliprotein C-phycocyanin is a photo-

C-phycocyanin accelerates the recovery of

synthetic pigment extracted from blue-green
algae such as Spirulina sp. (1). It has various
pharmacological properties related to its an-
tioxidant activity (2-4). C-phycocyanin is a
major component of the dietary supplement
spirulina, which is frequently used in many
countries due to its nutritional value (5,6).
Nephroprotective effects of C-phycocyanin
have been previously proven in models of
nephrotoxicity induced by oxalate in rats
(7,8) and by cisplatin in mice (9-11). This
has also been confirmed in models of in-
flammation and fibrosis in mice (12) and
diabetic nephropathy in rats (13).

The aminoglycoside antibiotics are often
used in clinical practice, mainly in the treat-

glomeruli and proximal tubules damaged
by kanamycin in rats, possibly due to its
antioxidant  properties.

ment of serious infections caused by gram
negative bacteria (14). However, the clinical
benefits of these agents are affected by its
most persistent and serious side effects: oto-
toxicity and nephrotoxicity (15-18).

The production of reactive oxygen spe-
cies (ROS) is the central pathophysiolog-
ical mechanism of renal damage induced
by aminoglycosides (19). The ROS initially
leads to death of proximal tubule epithelial
cells (acute tubular necrosis phase) (20,21)
and subsequently, to vascular and mesangial
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contraction in glomeruli; while tubular epithelium regen-
erates (recovery phase) (22). In addition, an inflammato-
ry process is favored (23).

The use of nephroprotective substances could neutral-
ize aminoglycoside toxicity and enhance their clinical
efficacy (24). In relation to experimental results, anti-
oxidant agents have decreased nephrotoxicity caused by
these drugs (25-29). Protective effect of C-phycocyanin
and Spirulina sp. on renal tubular morphology has been
demonstrated in models of acute injury induced by gen-
tamicin in mice (30-32).

Objectives

In a preceding study of our group, the protective effect of
C-phycocyanin on proximal tubules was achieved. This
effect was assessed during the recovery phase of kanamy-
cin injury in rats and mice (33).

This study aimed to evaluate the effect of C-phycocyanin
on glomerular and tubular morphologies during recov-
ery phase of damage induced by a chronic treatment with
kanamycin in rats. It would be valuable to gain an antiox-
idant therapy concomitant to aminoglycoside treatment,
designed to accelerate the regeneration of renal tubules
and prevent late effects of these drugs in the renal glom-
eruli.

Materials and Methods

Animals

Twenty nine Wistar rats, weighing 320-350 g, from the
National Center for Laboratory Animal Production of
Havana were used. All procedures were performed as
approved by the International Committee for Animal
Care in accordance with the Cuban regulations for ani-
mal experimentation and ethical research guidelines. The
animals were provided with standard diet and water ad
libitum before and during the experiment.

Study design

Kanamycin-100 (ampoules of 100 mg/mL, AICA Labora-
tories, Havana, Cuba); C-phycocyanin (30% purity from
Spirulina platensis, Biodelta PTY Ltd, South Africa) and a
solution of sodium chloride 0.1 mol/L, pH 7.2-7.4 (PBS)
were used. C-phycocyanin at a dose of 2.5 mg/mL in ster-
ile PBS was prepared.

Rats were divided into five groups; Control, Kanamycin,
Phycocyanin Concomitant 5, Phycocyanin Concomi-
tant 10, and Phycocyanin Pretreated 10. C-phycocyanin

Table 1. Experimental schedule

and kanamycin were administered once daily for 20 days
(Table 1). Control animals received PBS intraperitoneally.
Euthanasia was performed 8 weeks after the period of
treatments and kidneys were removed for histological
study.

Histological preparation

Kidneys were sectioned by a sagittal section through the
hilum, fixed in 10% formalin in PBS and embedded in
paraffin. Sections of 3 pm thick were stained with hema-
toxylin and eosin and periodic acid-Schiff (PAS) (34).

Morphological analysis

A PAS-stained kidney histological section per animal was
used. Ten cortical fields randomly chosen from the upper
to the lower pole were evaluated using an OLYMPUS BX
53 light microscope at X400 magnification. The images
were obtained with a CDP 73 digital camera attached to
the microscope.

Semi-quantitative analysis

Glomerular damage

Complete glomeruli in each histological field were eval-
uated. The following variables were assessed: mesangial
hypercellularity (presence of more than three nuclei
in mesangium); mesangial expansion (wide mesangial
PAS-positive areas) and presence of glomerular synechiae
(adhesion to Bowman’s capsule through either a fibrillary
or cellular junction) (35).

Tubular damage

For tubular damage evaluation, only the transversely-sec-
tioned proximal tubules were considered in each histolog-
ical field. The tubular damage was classified as reversible
or irreversible (36). The reversible damage was identified
by the brush border absence. The irreversible damage was
recognized by the variables: presence of necrotic cells,
presence of casts or detached cells in the lumen, and alter-
ations of the tubular basal membrane (thickening, denu-
dation or discontinuity).

To analyze variables of glomerular and tubular damage,
0 was assigned to the normal histological structure and 1
to the pathological condition. Quantification of the vari-
ables was performed by a previously described method
(37) using a software developed for “Net platform, by
means of the integrated development environment Visual
Studio 2008 and C# language” The damaged glomeruli

Groups Treatment Doses (mg/kg) Duration (days) Administration route
Kanamycin kanamycin-100 500 20 Subcutaneous
Phycocyanin Concomitant 5 E;?\Zﬁ;)ccz] ar; i(;]o ?00 ;8 ;T&Zi:;igil
ey oncaman 0. I §8 S
Phycocyani Pretreated 10 (PR, 500 0 Suboameon:
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and damaged tubules per histological field were averaged,
obtaining 10 values per animal for each variable.

Quantitative analysis

For each animal the density of proximal tubules with pre-
served brush border per cortical area was calculated. The
images were taken at x400 magnification and the follow-
ing equation was used (38).

. PP
Density of preserved tubules = y

x B
Where:
PPT- quantity of preserved proximal tubules, showing the
brush border
A- Image area (0.24 pm?)
B- Histological fields evaluated (10 fields)
The Image J (v. 1.39 u) software was used to measure the
area of each image (39).

Ethical issues

The research was approved by ethical committee of Na-
tional Center for Scientific Research, Havana, Cuba. Prior
to the experiment, the protocols were confirmed to be in
accordance with the guidelines of Animal Ethics Com-
mittee of National Center for Scientific Research, Havana,
Cuba.

Statistical analysis

GraphPad Prism 5.00 software for Windows was used.
The percentage of damaged glomeruli and damaged tu-
bules by histological field was compared between groups.
Statistical differences between treatment groups were de-
termined by non-parametric Kruskal-Wallis and Dunn’s
multiple comparison tests. The comparison between re-
versible and irreversible tubular changes was done using
the Wilcoxon test. Density of preserved tubules was com-
pared between groups using chi-square and Fisher’s exact
tests. Differences were considered statistically significant
when P < 0.05.

Results

Qualitative analysis

Glomeruli

Glomerular morphology in the Control group was char-
acterized by the presence of normal renal corpuscles
(Figure 1 A, B).

In the Kanamycin group, glomeruli with different degrees
of injury - from partially damaged to completely degen-
erated — were observed (Figure 1 C-E). Areas of preserved
glomeruli were also observed.

Partially damaged glomeruli showed synechiae, oblitera-
tion of capillary lumens in some lobules, hypercellulari-
ty, and increased mesangial matrix. The latter conferred
them a widened appearance. In neighboring areas, extra-
glomerular interstitial inflammatory infiltrate was identi-
fied (Figure 1 C). Irregular Bowman’s space dilation and
glomerular tuft retraction were also observed (Figure 1 D).
In the degenerated glomeruli, basement membrane thick-
ening, marked retraction of glomerular tuft with obliter-
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ation of capillary lumens, and marked widening of Bow-
man’s space were observed (Figure 1 E).

In the groups Phycocyanin Concomitant 5 and Phycocy-
anin Concomitant 10, synechiae, obliteration of capillary
lumens, hypercellularity and increased mesangial matrix
were observed. In these groups, the basement membrane
of Bowman’s capsule was thickened in some glomeruli. In
some cases, irregular Bowman’s space dilation and glo-
merular tuft retraction were both noticed. However, these
damages were less perceptible in the group Phycocyanin
Concomitant 10 (Figure 1 F, G). The best results were ob-
tained in the group Phycocyanin Pretreated 10, with large
areas of preserved glomeruli (Figure 1 H).

Proximal tubules

In the Control group, the normal structure of the proxi-
mal tubules in the cortex was observed (Figure 2 A).
Large areas of damaged proximal tubules alternating with
scarce areas of preserved tubules were observed in Kana-

Figure 1. Glomerular morphology. PAS staining. (A, B) Control; (C,
D, E) Kanamycin; (F) Phycocyanin Concomitant 5; (G) Phycocyanin
Concomitant 10; (H) Phycocyanin Pretreated 10. H: Bowman’s
capsule parietal ephitelium, EB: Bowman’s space, blue arrow:
podocyte, red arrowhead: synechiae. Circle: obliterated blood
vessel, green star: Bowman’s space dilation, Gd: degenerated
glomerulus, yellow points: basement membrane, II: inflammatory
infiltrate. Bars 20 ym, except in (B) Bar 5 ym.
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mycin group. In areas of injury, proximal tubular epitheli-
al cells showed signs of necrosis, decreased height, apical
localization of nuclei and partial or total loss of the brush
border. Tubular lumens were widely dilated with detached
cells and acidophilic substances (Figure 2 B).

Tubules with denudation of the basement membrane were
observed. The histological damage was severe in some ar-
eas showing complete degeneration of the proximal tu-
bules, thickened basement membranes and a notable di-
lation of tubular lumens. Furthermore, a large peritubular
inflammatory infiltrate was identified in damaged regions
(Figure 2 C).

In the three groups treated with C-phycocyanin there was
arecovery of the proximal tubular morphology compared
with Kanamycin group. Most of the tubules displayed
their epithelial integrity and different degrees of brush
border preservation. In these groups, neither denuded
nor degenerated tubules were found (Figure 2 D-F).
Tubules with partially preserved brush borders were ob-
served in Phycocyanin Concomitant 5 and Phycocyanin
Concomitant 10 groups. However, in the latter, tubu-
lar areas with intact brush border were more extensive
(Figure 2D, E).

The best condition of the proximal tubular morphology
of the three groups was noticed in Phycocyanin Pretreat-
ed 10. Most tubules showed positive PAS staining in tubu-

Figure 2. Tubular morphology. PAS staining. (A) Control; (B, C)
Kanamycin; (D) Phycocyanin Concomitant 5; (E) Phycocyanin
Concomitant 10; (F) Phycocyanin Pretreated 10. LT: tubular
lumen, TP: proximal tubule, green arrowhead: brush border, II:
inflammatory infiltrate, asterisk: detached cells, arrow: necrotic
cell, Td: degenerated tubule, v: vacuolated cell. Bars 20 pm.

lar basement membranes and brush borders (Figure 2 F).
However, in these groups, the recovery of tubular mor-
phology was not complete, since we have found different
degrees of cytoplasmic vacuolization in the epithelium
and detached cells in the lumen (Figure 2 D-F).

Semi-quantitative analysis

Glomerular damage

Kanamycin caused an increase in mesangium at the ex-
pense of mesangial matrix and mesangial cells. The
groups treated with C-phycocyanin 10 mg/kg showed
a decrease in the mesangial matrix, with respect to Ka-
namycin group. However, mesangial hypercellularity in
these groups treated with C-phycocyanin 10 mg/kg was
similar to the Control group (Figure 3).

Kanamycin group had the highest percentage of glom-
eruli with synechiae. Only in Phycocyanin Pretreated 10
group there was a decrease of synechiae with respect to
Kanamycin group (Figure 3).

In the assessment of glomerular damage (average of three
variables), only in Phycocyanin Pretreated 10 group there
was a decrease in glomerular injury with respect to Kana-
mycin group (Figure 4).

Tubular damage

All groups treated with C-phycocyanin had lower dam-
age of brush border than Kanamycin group. The groups
that received C-phycocyanin at dose of 10 mg/kg showed
better brush border recovery, similar to Control group.

Mesangial expansion

* 3 Control
60- B [ Kanamycin
| | Phycocyanin

Concomitant 5

Phycocyanin
Concomitant 10

20
Phycocyanin
N |:| I:I I:l 3 I:l Pretreated 10

Mesangial hypercellularity

Damaged glomeruli
(% per field)

*

60+

1 _Uloo

Synechiae

Damaged glomeruli
(% per field)

80+ b

0000

Experimental groups

N
i

Damaged glomeruli
(% per field)

Figure 3. Variables of glomerular damage. Kruskal-Wallis test and
Dunn’s multiple comparison test. * P < 0.05
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Figure 5. Variables of tubular damage (Kruskal-Wallis test and
Dunn’s multiple comparison test, * P < 0.05).

The best results were found in Phycocyanin Pretreated 10
group (Figure 5).

The treatments with C-phycocyanin induced a decrease
in tubular basement membrane alterations in relation to
Kanamycin group. Additionally, basement membrane al-
terations of the groups treated with C-phycocyanin did
not differ from the Control group. The lowest values of
basement membrane alterations were obtained in Phyco-
cyanin Pretreated 10 group (Figure 5).

The presence of necrotic cells decreased in all groups
treated with C-phycocyanin in relation to Kanamycin
group, showing similar records to the Control group.
C-phycocyanin also reduced the presence of detached
cells in tubular lumens compared to Kanamycin group
(Figure 5).

Reversible and irreversible tubular changes also decreased
in groups treated with C-phycocyanin. Regarding to ir-
reversible changes, Phycocyanin Pretreated 10 group
showed the best recovery (Figure 6).

A comparison between reversible and irreversible chang-
es within each treatment group was done. In the groups
treated with C-phycocyanin there was a predominance of
reversible changes versus irreversible changes (Figure 6).

Quantitative analysis
Phycocyanin Pretreated 10 group showed the highest
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Reversible and irreversible tubular damages
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Figure 6. Reversible and irreversible tubular damages. Kruskal-
Wallis test and Dunn’s multiple comparison test. *P<0.05.
Reversible changes vs. Irreversible changes. Wilcoxon test.
Different letters indicate statistical significant differences, P<00.05.
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Figure 8. Global renal damage (Kruskal-Wallis test and Dunn’s
multiple comparison test * P < 0.05).

density of preserved tubules compared to Kanamycin
group (Figure 7).

Global renal damage

C-phycocyanin treated groups displayed a decrease of
Global renal damage induced by kanamycin. The low-
est damage was observed in Phycocyanin Pretreated 10
group (Figure 8).

Discussion

Aminoglycosides induce significant morphological
changes in the kidney leading to acute renal damage in
many cases (40). This occurs because epithelial cells of the
renal proximal tubules have a particular transport mech-
anism which increases the concentration of aminoglyco-
sides (41). The kidney can react to the insult by starting a
process of repair, whenever there is enough nutrients and
oxygen and the tubular basement membrane’s integrity is
not irreparably damaged (20,42).
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The pursuit of nephroprotective substances to reduce
aminoglycosides toxicity, or accelerate kidney recovery is
a priority (25,26,28,43). In the present research, the effect
of C-phycocyanin on renal morphology was confirmed
during the recovery phase after kanamycin-induced inju-
ry in rats, by means of qualitative, semi-quantitative and
quantitative studies.

The experimental design used to replicate the renal dam-
age induced by aminoglycosides led to changes in glom-
eruli and tubules and is consistent with previous studies
of our group using kanamycin (33,35).

In the groups treated with C-phycocyanin, we observed
wide areas of preserved glomeruli and tubules, which
could be attributed to predominance of tissue repair in
the kidneys of these animals.

In the glomeruli of the groups treated with C-phycocyan-
in at the dose of 10 mg/kg, no mesangial expansion was
found and a tendency to reduce the number of mesangial
cells was observed. Similarly, in a model of diabetic nem
phropathy in mice, protective effect of C-phycocyanin on
mesangial expansion was found, linked to its antioxidant
action (13). It has been suggested that the effect of antin
oxidants in glomeruli could be related to the inhibition
of vasoconstriction and mesangial contraction (44). This
line of thought allowed us to propose that C-phycocyanin
contributed to mitigate the adverse effects of kanamycin
on the intraglomerular mesangium due to its well docu-
mented antioxidant properties (2).

The lower values of stynechiae in the group Phycocyanin
Pretreated 10, similar to Control group, could be related
to beneficial effects of C-phycocyanin on renal function.
This is the first report of the effect of a pretreatment with
C-phycocyanin on glomerular morphology.

Concerning the effect of C-phycocyanin on proximal tu-
bules, all treatments decreased both irreversible and re-
versible changes, with better recovery in the group Phy-
cocyanin Pretreated 10. This is also the first report of the
benefits of a pretreatment with C-phycocyanin on tubular
morphology during the recovery phase after aminogly-
cosides-induced damage. A similar result was obtained
in rats pretreated with Spirulina platensis using an acute
model of gentamicin nephrotoxicity (32).

The protective effect of C-phycocyanin against kanamy-
cin-induced damage in glomeruli and proximal tubules
described in this work, could be related to its antioxidant
activity (2,11). One of the most accepted mechanisms to
explain acute renal damage due to aminoglycosides, is
the generation of ROS in proximal tubule epithelial cells,
caused by mitochondrial dysfunction (41,45). Antioxi-
dant agents could act by weakening the aminoglycosides
direct cytotoxicity, inhibiting vascular contraction and re-
ducing the resulting inflammation (44).

Most studies concerning the nephroprotective effect of
antioxidants against the damage induced by aminoglyco-
sides have been performed during the acute phase (27,28).
Previous studies of our group have shown that C-phyco-
cyanin accelerates only tubular regeneration when ad-
ministered concomitantly with kanamycin (33). The cur-

rent results confirm what was obtained in the preceding
study and demonstrate that protection is also expressed in
the glomerular structures.

In addition, this work constitutes the first preclinical re-
port of the positive effect of a pretreatment with C-phyco-
cyanin in the recovery of glomerular and tubular damage
in a model of kanamycin-induced nephrotoxicity in rats.

Conclusion

C-phycocyanin accelerates the recovery of glomeruli and
proximal tubules damaged by kanamycin in rats, possibly
due to its antioxidant properties.
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