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ABSTRACT

Doxorubicin (DOX ) is an anthracycline derivative antibiotic, used as anticancer agent, it causes
generation of free radicals and induces oxidative stress, associated with cellular injury and participate
in hepatonephrotoxicity in normal human cells .The protective effect of Spirulina Platensis (SP) , a
filamentous blue green algae , on Doxorubicin induced oxidative stress and hepatotoxicity was evaluated
in male rats. Oral administration of water extract of Spirulina (1000 mg/kg/b.wt) for six weeks following
an acute toxic dose of Doxorubicin ( 1.0 mg/kg/b.wt) , reduces the hepatotoxicity and attenuates
doxorubicin-induced stress .The post-treatment with Spirulina reduces the activity of Liver marker
enzymes such as serum alanine aminotransferase (ALT), Aspartate aminotransferase (AST) and Renal
function disorders represented by urea. The ratio of decrease were lower in the first three weeks if
compared with the last three weeks. On the other hand, Oral administration of Spirulina extract for six
weeks following an acute toxic dose of Doxorubicin, led to an obvious increase in the activity of
antioxidant Parameters including Catalase ( CAT ) and Super Oxide Dismutase ( SOD ). The results
clearly demonstrate that Spirulina treatment augments the antioxidants defense mechanism in Dox
induced toxicity and provides evidence that it may have a therapeutic role in free radical mediated
diseases.
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1.INTRODUCTION
g I Yhe main problem of anticancer drugs its use in chemotherapy has been limited
is that they target not only the largely due to its diverse toxicities,
tumored , but also other normal including cardiac, hepatic, hematological
cells, thus causing the same damage to both and testicular toxicity [Gillick et al., 2002,
normal and abnormal cells (Granados- Yilmaz et al., 2006]. DOX increases the
Principal et al., 2010). Doxorubicin, an apoptotic processes in liver tissue [Pedrycz
anthracycline antibiotic, is one of the most et al., 2005], induces lipid peroxidation in
widely used anticancer drugs. The main microsomes and mitochondria especially in
anticancer action of Doxorubicin is the presence of Fe*" ions and include focal,
believed to involve DNA damage through vascular damage and stenosis in
inhibition of topoisomerase II (Quiles et al., hepatocytes (Pedrycz et al., 2004). Many
2002). Doxorubicin induces the generation plant products are increasingly recognized
of free radicals and the induction of as having protective role in coronary artery
oxidative stress, associated with cellular disease and stroke through several
injury (Injac et al., 2008). The free radical mechanisms including antioxidant and
generation by Doxorubicin may participate hypocholesterolemic properties (Bopanna
in cardiotoxicity and genotoxicity in normal et al., 1997). Spirulina potentiate the
human cells (Quiles et al., 2002). However immune system leading to suppression of
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cancer development and viral infection
(Hirahashi et al., 2002). It has direct effect
on reactive oxygen species. Spirulina as
many other Cyanobacteria species have the
potential to produce a large number of
antimicrobial substances, so they are
considered as suitable candidates for
exploitation as biocontrol agents aganist
plant pathogens. Blue green alga, Spirulina
is well-known to have anti-bacterial and
anti-fungal activities (Kulik, 1995). The
antioxidant activity of  Spirulina was
attributed to phycocyanin, [-carotene,
tocopherol, y-linolenic acid and phenolic
compounds (Chopra et al., 2008). For
instance, selenium-containing phycocyanin
from Spirulina has been shown to have a
strong  scavenging activities against
superoxide and hydrogen peroxide radicals
(Huang et al., 2007). Spirulina contains an
important enzyme superoxide dismutase
(SOD) (1700 units/g of dry mass) that acts
indirectly by slowing down the rate of
oxygen radical generating reactions (Belay,
2002). It also have protective effects
against oxidative stress induced by lead
acetate in the liver and kidney of rats
(Ponce-Canchihuamanet et al., 2010).
Feeding of Spirulina also reduces
hepatoxicity induced by cadmium in rats
and the effect is suggested to be mediated
through  its  antioxidant  properties
(Karadeniz et al., 2009). Spirulina is also
known to have protective effects against
nephrotoxicity due to oxidative damage
induced by gentamicin (Karadeniz et al.,
2008). Spirulina has hypocholesterolemic
effects when administrated in humans ( 4.2
g.day!) for 4 weeks. (Nakaya et al., 1988).
Radiation protection offered by Spirulina
may be due to the phytopigments
carotenoids, chlorophyll, phycocyanin as
well as polysaccharides in Spirulina. (Datla
et al., 2011). The aim of the present Study
was to examine the possible potential
effects of Spirulina against hepatic and
nephrotic  intoxication  induced by
Doxorubicin HCI in adult male rats in an
attempt to pave the way for the possibility
to use it for therapeutic application as
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evidenced by measuring the levels of
enzyme activities; (AST, ALT), ( CAT,
SOD ) and blood urea nitrogen (BUN)).

2. MATERIAL AND METHODS
2.1. Materials:

Sixty male albino rats weighting 200-225 g
(age of rat 50-60 days) were used in the
experimental investigations of this study.
Rats were obtained from the Research
Institute of Ophthalmology, Giza, Egypt.
The animals were housed in 49x35 cm
stainless steel wire mesh cages with a
bedding of ground wood chips at 21°C.
They were fed fresh-pelleted food and their
water as placed in glass bottles of 500 ml.
Rats were kept at a constant environmental
and nutritional condition throughout the
period of experiment. The animals were left
for 7 days for acclimatization before the
beginning of the experiment.

2.2. Drugs and Chemicals :

Preparation of drugs before administration:
Each 10 mg of Doxorubicin dissolved in 5
ml of distilled water. Each 1 ml of aqueous
solution contains 0.5 mg of Doxorubicin.
Spirulina platensis powder dissolved in
water, 1000 mg/ kg/ b. w. Doxorubicin HCI
Red — Coloured Solution ( 10 mg/ Vial )
dissolved in ( 10 ml Saline Solution ). Kits
of Plasma Color metrical evaluation of T. P.
Kits of Colorimetric evaluation of AST,
ALT and Catalase (CAT) assayed by
determining of the rate of H20O2 degradation
by the action of CAT Contained in
examined samples.

2.3. Experimental design:

The rats were randomly divided into four
main groups: Group I: Administered orally
normal saline for 6 weeks and act as a
negative control group. Group II: Receive
oral dose of Spirulina platensis (SP) at 1000
mg/kg / b.wt. For 6 weeks and act as a
Positive control group. Group III: receive

intraperitoneal dose of (Doxorubicin HCI
Solution) at 1 mg/kg b.wt for 6 weeks.
Group IV: Receive intraperitoneal dose of
(Doxorubicin HCI Solution) at 1.0 mg/kg
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b.wt. + (SP) at a dose of 1000 mg/kg b.wt.
for 6 weeks.

2.4. Sampling:

Blood samples were collected after 3 & 6
weeks from onset of treatment from all
animals groups (control and experimental
groups) . Samples were collected from
medial canthus of the eyes of all animal
groups and were centrifuged at 3000 rpm
for 30 minutes to separate serum. Serum
was kept in deep freezer till use for analysis
of following biochemical parameters:
Serum transaminases ALT and AST
(Reitman and Frankel 1957). Serum urea
(March et al., 1965). Superoxide dismutase
(SOD) activity (Kakkar et al., 1984), and
Catalase (CAT) Luck (1974).

2.5. Statistical analysis:

The Statistical analysis was carried out
using T. test with two factors under
significance level of 0.05 for the whole
results using SPSS (ver. 22). Data were
treated as complete randomization design
according to Steel et al. 1997. Multiple
comparisons were carried out applying.

3.RESULTS

Data in Table (1) represented that there is
no significant difference in serum (ALT)
content between group (G2) compared with
group (G1) control either at first and second
period. While, there is a very highly
significant increase in serum ALT content
for groups (G3), after first or last three
weeks on the other hand, there is a highly
significant decrease in ALT of G4 treated
with Doxorubicin and Spirulina compared
with G3. Regarding (AST), Data showed
that there is a significant decrease in serum
AST content between group (G2) compared
with group (G1) at first and second period.
Also, there is a highly significant increase
in serum AST in G3 if compared with either
G1 or G2 . Contrarily there is a very highly
significant decrease in G4 group treated
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with Dox followed by Spirulina either after
the first or last periods. Moreover data in
Table (1) demonstrated that there is non
significant decrease in serum urea content
between group (G2) compared with group
(G1) at first and second period. There is a
significant increase in serum urea content
for group (G3) which treated by
Doxorubicin only compared with groups
( G1 or G2) at first and second period. But
in group (G4), the addition of Spirulina to
doxorubicin led to a decrease in serum urea
content at first and second period. Data in
Table (2) represented that there is no
significant difference in serum (CAT)
content between group (G2) compared with
group (G1) at first and second period. There
is a significant decrease in serum CAT
content for groups (G3, G4) which treated
by Doxorubicin only or Doxorubicin with
Spirulina compared with groups of control
(G1 & G2) at first and second period. But in
group (G4) the addition of Spirulina with
Doxorubicin led to increase serum CAT
content compared with group (G3) of
Doxorubicin treated rats only with 1.0
ml/’kg b.wt. at first and second period.
Regarding SOD activity: Data presented
in table ( 2) indicated that there is non
significant difference in serum SOD content
between group (G2) compared with group
(G1) at first and second period. There is a
significant decrease in serum SOD content
for groups (G3, G4) which treated by
Doxorubicin only or by Doxorubicin with
Spirulina compared with groups of control
( G1 or G2) at first and second period. But
in group (G4) the addition of Spirulina with
Doxorubicin led to increase serum SOD
content compared with group (G3) of
Doxorubicin treated rats only with 1.0
ml/kg b.wt. at first and second period.

4.DISCUSSION

Doxorubicin, a quinone-containing
anthracycline antibiotic, is an important
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Table (1): Effects of spirulina platensis on Dox induced changes on rat serum ALT, AST

activity and Urea content in rat Liver and Kidney.

Group Time A.LT A.S T Urea
(unit/1) (unit/1) (mg/dl)

Gl First 86.75 + 1.81 110.5+2.15 23.25+192
Second 79.75+1.15 11525+ 2.31 2475+ 1.11

G2 First 81.25+0.99 93.25+1.19* 20.25+1.71
Second 75.50£1.92 98.75+ 1.82* 22.25+1.31

G3 First  195.50 £4.91*%* 22977 4+ 5.19%%* 9225 & 4 9(Q%***
Second 202.11 £5.11%** 23825+ 6.61%*** Q55 +4.00%**

G4 First 139.5+3.10%*  171.50 £4.92%** 6825+ 3.15%**
Second 160.50 £3.19*%*  179.25 £4.90*** 71.25+ 3.30%**

*: Significant (P< 0.05), **: High significant at (P < 0.01), ***: Very high significant at (P < 0.001)

Data are expressed as means + SE.

Table (2): Effects of spirulina platensis on Dox induced changes on rat serum Catalase
(CAT) and Superoxide Dismutase (SOD) activities in rat Liver and Kidney.

Group Time CAT SOD
(mmol /g ) (mmol /g )
Gl First 25.73 +2.17 12.97 +0.97
Second 27.98 £2.00 1549 +1.31
G2 First 26.41+£2.90 1247 £1.12
Second 2891 +£2.92 14.80 £ 1.91
G3 First 5.65 £ 1.3]%** 5.10 £ 1.11%**
Second 4.87 £ 1.11%** 4.57 £1.00%**
G4 First 11.13 £2.15%* 7.97+ 1.31%*
Second 9.50 + 1.39%* 7.66 £ (0.99**

*. Significant (P< 0.05), **: High significant at (P < 0.01), ***: Very high significant at (P < 0.001)

agent against a wide spectrum of human
neoplasms. However, its toxicity limits
usage in cancer chemotherapy (Fadillioglu
et al., 2003). Known for its metabolism and
detoxification activity, the liver treats
doxorubicin just like everything else. Thus,
when a patient is being treated with the drug
the liver that receives most of the drug,
letting it accumulate and then metabolizing
it. (Yang et al., 2002) By metabolizing the
high concentrations of doxorubicin, a vast
number of ROS are  produced.
Consequently, ROS causes an excessive
amount of damage ranging from DNA
damage, production of lipid peroxidation,
decreasing vitamin E levels, decreasing
reduced  glutathione  (GSH).  Data
represented in Table (1) revealed that
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activities of serum AST, ALT were
markedly elevated in doxorubicin treated
groups compared to control group,
indicating liver injury. The present results
are in agreement with many authors as
(Chen et al., 2004) who reported that,
doxorubicin treated rats induce significant
increases in ALT, AST and bilirubin serum
levels when compared with the untreated
control group.  Our results are also
consistent with the results reported by
(Wilhelm et al., 1996) who demonstrated a
higher activities of AST and ALT as
recorded in the present study may be as a
result of drastic conditions caused by the
toxic activity and accumulation of
doxorubicin in the liver and in turn this
might provoke cellular destruction or
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increase the permeability of hepatic cells. In
addition, (Injac et al. 2008) attributed the
increase in the serum AST, ALT activities
to their increased leakage from damaged
and necrotic hepatocytes as a result of
toxicity. Administration of Spirulina 1000
mg/kg body weight, significantly (P <0.01)
lowered the elevation of AST and ALT
serum enzymes induced by doxorubicin in
relation to control groups (Table 1). The
present study revealed the therapeutic
activity of the Spirulina against well-known
hepatotoxins produced by doxorubicin.
Furthermore, (Luxia et al. 1996) reported
that B-carotene of Spirulina may reduce cell
damage, especially the damage to DNA
molecules, thus playing the role in the repair
of regeneration process of damaged liver
cells. Doxorubicin is known to cause
nephropathy and proteinuria by injuring
glomerularpodocytes (Park et al., 2003).
Doxorubicin-induced nephropathy occurs
when the drug interferes with the normal
functioning of the mitochondria, reducing
the activity of complexes I and IV of the
mitochondria. This causes the levels of
triglycerides, superoxide and citrate
synthase to increase, whilst levels of
vitamin E and antioxidant compounds are
reduced with lipid peroxidation occurring.
The nephron structure is altered when
leaked proteins from local passages come in
contact with exposed renal tissue,
ultimately leading to glomerulosclerosis.
When the glomeruli becomes damaged it is
unable to regulate the chemical composition
of blood and unable maintain fluid balance
causing hypertension, resistance to steroids
and proteinuria, eventually leading to renal
failure. (Carvalho et al., 2009). The
elevation of serum wurea level in the
experimental groups was came in
accordance with the results obtained by
Ayla et al., (2011), and Abou Seif (2012)
who showed that DOX caused a marked rise
in serum urea, creatinine, sodium and
potassium levels. In another renal injury
study, spirulina at dose of 1000 mg/kg
(similar to the dose used in our study)
elicited significant reno protective activity
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by decreasing urea, while elevating reduced
Glutathione (GSH), Glutathione peroxidase
(GPx) and SOD levels indicating the
therapeutic potential of spirulina (SP)
against gentamicin sulphate induced
nephrotoxicity and ROS  production
(Karadeniz et al., 2008). Data presented in
Table (2) revealed that, a significant
decreases in the activities of liver SOD and
CAT in the doxorubicin treated animals as
compared with their corresponding control
values. . SOD plays an important role in
protecting tissues against oxygen free
radicals. SOD is a group of metalloenzymes
that plays a crucial antioxidant role and
constitutes the primary defense against the
toxic effects of superoxide radical in
aerobic organism (Kohen and Nyska,
2002). The generation of free radicals and
decreased GSH levels significantly
increased oxidative stress (Nagaraj et al.,
2011). Injection of  Doxorubicin HCI
Solution at a dose of 1.0 mg /kg b.wt.
resulted in depletion of glutathione (GSH )
and increase in oxidative stress
Adminstration of Spirulina significantly
restored these enzymatic activities to be
approximately near the normal limits in
most of the cases. The C-phycocyanin has
an excellent antioxidant property and
scavenging free radicals like superoxide
and hydroxyl radicals. The significant
protection offered by C-phycocyanin
demonstrated the radical scavenging
activity and its inhibitory effect on lipid
peroxidation chain reaction (Abdel-Daim et
al., 2013). Moreover, (Karadeniz et al.,
2009) found that Pre-treatment with
Spirulina platenesis might play a role in
reducing the toxic effect of cadmium and its
antioxidant properties seemed to mediate
such a protective effect, indicated by the
reduction of MDA and NO as well as the
elevation of GSH and SOD levels in liver
tissue. It could be stated that addition of
Spirulina with Doxorubicin increase in
serum SOD content compared Doxorubicin
only. These results run parallel to (Belay,
2002) who stated that Spirulina has direct
effect on reactive oxygen species.
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5. CONCLUSION

Spirulina treatment ameliorates liver and
kidney Injuries, which induced by Dox via
free radical generation by decreasing the
activities of biochemical parameters as
(ALT, AST and urea) and increasing the
activities of antioxidant parameters as
(CAT and SOD ) restoring their levels to
near normal. From the observed results, it
concluded that combined treatment of
doxorubicin and Spirulina holds promise as
a safe and effective chemotherapeutic
strategy.
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