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ABSTRACT: The current study aimed to evaluate effects of oral administration with different
levels of Spirulina platensis on reproductive performance, hematological and biochemical
criteria, antioxidant activity, and liver and kidney histogenesis of APRI doe rabbits. A total of
45 nili-parous does at 16-18 wk of age was allotted to 3 groups (15 does / group). Does in the
1%, 2" and 3™ groups were daily received oral 3 ml distilled water containing 0 (G1) as control
group, 300 (G2) and 600 (G3) mg/doe from Spirulina platensis for four weeks as a treatment
period, respectively. At end of treatment, does were naturally mated by15 untreated fertile APRI
bucks (5 bucks / group). Body weight (BW) of does, as initial and final of treatment (16-18 and
20-22 wk of age, respectively) and at kindling (22-26 wk of age), and of bunnies at birth and
weaning were recorded for one parity. Daily feed intake (DFI) of does was recorded during
treatment period. Conception (CR) and kindling (KR) rates and litter size (LS, total and live) of
does, and bunny viability rate (VR) at birth and weaning were calculated. Plasma concentration
of estradiol 17-p (E2) and progesterone (P4) of does on day 15 post-mating, hematological
parameters, plasma biochemical and oxidative capacity at the end of treatment, and hepatic and
renal histology of does at the end of experiment were determined.

Results showed that doe final BW was heavier (P<0.05) in G2 than in G1 and G3. Change in
BW (absolute or relative to initial BW), DFI, CR and LS of does, and VR and BW at birth and
weaning of kids increased (P<0.05) in G2 and G3 than in G1, but KR was similar. Plasma E2
and P4 was higher (P<0.05), while E2/P4 ratio was lower (P<0.05) in G2 and G3 than in G1.
Only E2 was higher (P<0.05) in G2 than in G3. Values of hemoglobin, red blood cells
hematocrit, neutrophils and eosinophils increased (P<0.05) in G2 and G3, while platelets and
lymphocytes, monocytes and acidophils decreased (P<0.05) in G2 and G3 compared with G1.
The white blood cells decreased (P<0.05) only in G2, while erthrocytic values were not
affected. Plasma total proteins, albumin, globulin and high density lipoprotein increased
(P<0.05) in G2 and G3, while total lipids, triglycerides, total cholesterol and low density
lipoprotein, aspartate aminotransferase, alanine aminotransferase, acid phosphatase and alkaline
phosphatase decreased (P<0.05) in G2 and G3 compared with G1. Blood total antioxidant
capacity, glutathione S-transferase, superoxide dismutase, glutathione and glutathione
peroxidase increased (P<0.05), while thiobarbituric acid-reactive substances decreased (P<0.05)
in G2 and G3 than in G1. Hepatic and renal tissues of treated does were normal.

In conclusion, orally administrated Spirulina platensis (300 mg/doe) as natural antioxidants was
proved to improve reproductive performance, blood constituents, antioxidative status without
adverse effects on liver and kidney functions.
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INTRODUCTION

In comparing with other livestocks, rabbit
has a great attention due to their
superiority in  white meat Vyield,
productive and reproductive
performances, and economic efficiency,
beside short pregnancy length (Basavaraj
et al., 2011). In recent years, to improve
the genetic selection and reproductive
management, commercial rabbit breeder
profitability has increased (Sirotkin et al.,
2014).

During  cell  metabolism,  normal
production of oxidants is indispensable
for the regulation of redox in the cell
(Kobayashi et al., 2001) to support the
microorganisms phagocytosis (Castellini
et al., 2000). Several physiological
processes, including steroidogenesis in
the ovaries, maturation and fertilization of
oocytes, implantation, maintenance of
CLs during pregnancy and parturition in
rabbits (Abdel-Khalek et al., 2008) and
human (Sekhon et al., 2010) were found
to be affected by antioxidant system.
Recently, there are great attentions
toward the wusage of natural active
compounds, namely microalgae as an
addition to diet or water to improve rabbit
reproduction without adverse effects on
animal health (Ragab and Abd El-Lateif,
2016; Fouda and Ismail, 2017).
Microalgae are microorganisms, which
are classified into Spirulina platensis, S.
fusiformis and S. maxima (Karkos et al.,
2011).

Spirulina alga has high poly-nutrients
value and phytopigments in a simple
structure with a complex composition
(Abu-Elala et al., 2016). It contains vital
compounds, such as protein (50-70% on
DM basis) with all essential amino acids
(Farag et al., 2016), essential fatty acids,

alpha-linolenic, gamma-linolenic  and
linoleic (Mendes et al., 2003),
photosynthetic pigments (Bermejo et al.,
2008), vitamins such as thiamine,
nicotinamide, riboflavin, folic acid,
pyridoxine, vitamins A, D and E vitamins
(Hoseini et al., 2013) and minerals like
Ca, K, Cr, Cu, Mn, Fe, P, Mg, Na, Zn and
Se (Babadzhanov et al., 2004). Therefore,
Spirulina  has  highly international
demands and is considered as safe and
healthy food and animal feed for
therapeutic  practices (Vonshak and
Tomaselli, 2000).

Oxidative processes as a result of
exposing to metabolic, environmental or
nutritional stressors affect normal cell
functions, initiate chain reactions that can
compromise cell integrity (Lykkesfeldt
and Svendsen, 2007).

Under different stressors, antioxidants
have the ability to prevent cell damage in
antioxidant defense system by
counteracting the oxidants and other
cellular protection (Mittler et al., 2004).
In rabbits, several natural antioxidants are
playing an important role in improving
animal reproduction, especially embryo
implant, placenta formation, and growth
of fetuses, decreasing lipid profile and
improving feed conversion rate (El-Ratel
et al., 2017). In this respect, Spirulina is
considered as a strong natural antioxidant,
having anti-lipid peroxidation (Kurd and
Samavati, 2015).

In addition, spirulina contains both
enzymatic (superoxide dismutase,
catalase and glutathione peroxidase,

peroxiredoxin and ascorbate peroxidase)
and non-enzymatic (carotenoids,
tocopherols, ascorbic acid, glutathione
and  chlorophy-Ill  derivatives) in
antioxidant defense  system, which
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remove oxidants to protect the cells from
harmful effects of stress conditions (Abd
El-Baky et al., 2007). Also, Spirulina was
reported to reduce the toxicity and
improve digestibility and palatability
(Abdel-Daim et al., 2013). Based on
previous studies, dietary supplementation
with Spirulina had beneficial effects on
productive and reproductive performance,
good health status and more economic
efficiency of animals and poultry
compared with other chemical products
(El-Sabagh et al., 2014; Shanmugapriya
et al., 2015). Previous reports mentioned
that algae treatment may be ascribed to
dose and type of the administration, kind
of algae, animal species and/or treatment
period.

Therefore, the objective of this study was
to investigate the effect of oral
administration with different levels of
Spirulina platensis (0, 300 and 600
mg/doe) for four weeks pre-mating on
reproductive performance, hematological
and biochemical criteria, antioxidant
activity and liver and kidney histogenesis
of doe rabbits (APRI line).

MATERIALS AND METHODS

This study was carried out at a private
rabbit farm, located in Tanikh Village,

Nabroh City, Dakahlia Governorate,
Egypt, while laboratorial work was
carried out at Physiology and
Biotechnology = Laboratory,  Animal
Production Department, Faculty of

Agriculture, Mansoura University, Egypt,
during the period from March to June
2017.

Total of 45 APRI nili-parous doe rabbits
at 16-18 wk of age were used in this
study. Does were similarly divided into 3
groups (15does/group) according to live

body weight and parity order. All
experimental does were allowed to
acclimatize for one week as an adaptation
period in their cages. Throughout the

experimental period all does were
exposed to similar managerial and
environmental conditions. Does were

housed in individual metal cages prepared
with feed suppliers and nipple for
drinking water.

Does were fed commercial complete feed
pelleted diet (CFD) containing 30%
clover hay, 21% wheat bran, 5% yellow
corn, 18% soybean meal, 3% molasses,
21% barley grain, 1% limestone, 0.5%
common salt, 0.3% premix and 0.2% DL-
methionine. The CFD contained 18% CP,
14% CF and 2800 Kcal/kg diet according
to NRC (1977) and was offered twice
daily.

Doe rabbits in the 1% group were given
sterile distilled water (3 ml) and served as
control (G1) as oral dose by plastic
syringe (5 ml), Does in the 2" and 3"
groups were received daily 3 ml distilled
water supplemented with 300 mg (G2) or
600 mg (G3) of Spirulina platensis for
each doe for four weeks as a treatment
period. Spirulina platensis in powder
form was dissolved in distilled water at a
rate of 1 and 2 g per 100 ml distilled
water for treatment groups, G2 and G3,
respectively. Samples of  Spirulina
platensis powder (prepared in National
Institute of Oceanography and Fisheries,
Egypt) were taken for a complete
chemical analysis included 85.77% DM,
57.66% CP, 1.75% EE, 12.93% NFE,
3.6% CF and 9.83% ash. Live body
weight of does was recorded as initial and
final weights at 16-18 and 20-22 wk of
age, respectively and at kindling. Bunny
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weight at birth and weaning (4 wk of age)
was also recorded. Through treatment
period of 4 wk, feed intake of does was
recorded.

After four weeks of treatment, all does
were naturally mated using untreated
fertile APRI bucks. For this purpose, total
of 15 rabbit bucks were used in this study
for natural mating does in experimental
groups (5 bucks for each). Bucks were
individually housed in cages (similar to
that of does, but without nest boxes).
Pregnancy was diagnosed by manual
palpation to detect conceived does 10-12
days post-mating. Nest boxes were
supplied with sawdust for conceived
does. Kindling rate was calculated and
gestation period length was recorded after
kindling. After 12 h of kindling, total and
live litter size at birth recorded and
stillbirth was removed. Kits were left
with their dams and weaned on day 28 of
age. Litter size at weaning was
determined and viability rate at birth and
weaning was calculated. All reproductive
performance parameters were recorded
during the first parity of does.

After four weeks of treatment (20-22 wk
of age, at mating) blood samples were
taken (five does in each group) from ear
vein into sterile test tubes with EDTA for
estimation of concentration of
hemoglobin (Hb), hematocrit value (Ht),
red (RBCs), white (WBCs) blood cells
and platelets counts, mean corpuscular
volume (MCV), mean corpuscular
hemoglobin (MCH) and mean
corpuscular hemoglobin concentration
(MCHC) in whole blood samples were
determined according to Wintrobe
(1967). Also, leukocyte fraction,
including percentage of lymphocytes,

monocytes, eosinophils and neutrophils
were determined (Lucky, 1977).

The collected blood samples were
centrifuged at 3500 rpm for 15 min to
separate blood plasma stored at -20°C for
biochemical analysis of total proteins,
albumin, total lipids, total cholesterol,
triglycerides and glucose concentrations,
as well as, activity of aspartate (AST),
alanine (ALT) aminotransferase, acid
(ACP) and alkaline (ALP) phosphatases

using commercial Kkits (Diamond
Diagnostics, Egypt) and
spectrophotometer. Globulin

concentration was obtained by difference.
Oxidative capacity parameters, including
activity of total antioxidant capacity
(TAC), glutathione content (GSH),
glutathione peroxidase (GPx), glutathione
S-transferase (GST), superoxide
dismutase (SOD) and thiobarbituric acid-

reactive substances (TBARS) were
assayed in  blood plasma using
commercially available  kits  (Bio

Diagnostic Research).

On the other hand, other blood samples
were collected on day 15 post-mating for
determination of estradiol-17f (E2) and
progesterone (P4) concentration in 5
conceived does in each group. Hormonal
concentration was assayed by
radioimmunoassay (RIA) using DSL-
43100 and DSL-3900, respectively
(Diagnostic systems Laboratories Inc,
TX, USA) according to Abraham (1977).
Does were sacrificed (3 from each group)
at weaning (end of experiment, at 28-30
wk of age). Small specimens from tissues
of liver and kidney were taken for
fixation for 24 h (10% neutral buffer
formalin solution), dehydration in ethyl
alcohol at ascending grades, clearing in
zylol, blocking in paraffin  wax,
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sectioning by microtome at thickness of
4-6 pm, and mounting on glass slides.
Then slides were deparaffinzed and
stained with hematoxy line and eosin
stains (Al-Forkan et al., 2016). Sections
were examined for any pathological
lesions in the histological structure of
liver and kidney using light microscope
(x100-400).

One-way ANOVA design was used for
statistical analyses of all data by GLM
procedures of SAS (2002). Completely
randomized design was according the
following statistical model:

Yij= U+ Aj + €j.

Where: Yijj = Observed values, p =
Overall mean, A; = Effect of treatment
(1...3) and eij = Random error.

However, conception and viability rates
were statistically analyzed using Chi-
Square test. Means with significant
differences were set at a level of P<0.05
according to Duncan (1955).

RESULTS AND DISCUSSION
Effect of Spirulina platensis
administration on:

Average of body weight and feed
intake during treatment period:

Doe rabbits were significantly (P<0.05)
heavier in G2 than in G1 and G3 at end of
treatment at 20-22 wk of age , but change
in body weight (BW), as absolute
increase or relative to initial BW at 16-18
wk of age significantly (P<0.05)
increased in G2 and G3 than in G1.This
was associated with significant (P<0.05)
increase in daily feed intake (DFI) during
treatment period in G2 and G3 than in
G1, being significantly (P<0.05) higher in
G2 than in G3 (Table 1).

Similarly, dietary addition of Spirulina
platensis increased growth performance

and feed intake of growing rabbits
(Gerencser et al., 2012; El-Desoky et al.,
2013), broiler chicks (Kharde et al., 2012;
Zeweil et al., 2016) and only feed intake
of growing pigs (Nedeva et al., 2014) as
compared to control. Also, El-Sabagh et
al. (2014) found that dietary adding
Spirulina platensis had beneficial effects
on final BW, feed intake and feed
conversion rate of fattening lambs as
compared to controls.

This indicated higher impact of Spirulina
platensis treatment at a level of 300 than
600 mg/doe on BW and DFI of doe
rabbits. Increasing DFI of both treated
groups (G2 and G3) may reflect effect of
Spirulina platensis on increasing apatite
of does in both treated groups as
compared to control does. Improving the
BW of treated doe rabbits may be
reflecting high  value concentrated
nutritional compounds and
phytopigments of Spirulina platensis
(Borowitzka, 2013). It was reported that
Spirulina platensis contained crud protein
between 50 and 70% (on DM basis) with

essential amino and fatty acids,
photosynthetic ~ pigments,  vitamins,
minerals,  carotenoids,  chlorophyll,

pigments and essential polyunsaturated
fatty acids (Mendes et al., 2003;
Babadzhanov et al., 2004; Bermejo et al.,
2008; Hoseini et al., 2013; Peiretti and
Meineri, 2011; Farag et al., 2016).
Reproductive performance of doe and
kid rabbits:

Reproductive measurements:
Reproductive measurements, in terms of
conception rate, size and weight of litter
at birth and weaning of does, as well as,
viability rate and BW at birth and
weaning of bunnies significantly (P<0.05)
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increased in G2 and G3 than in G1, being
the highest in G2. While, gestation period
length and kindling rate were similar in
G2 and G3 than in G1, but the difference
was not significant (Table 2).

Similarly, several authors discovered
positive impact of Spirulina platensis on
reproductive parameters in lambs (El-
Sabagh et al, 2014), poultry
(Shanmugapriya et al., 2015) and mice
(Pankaj, 2015). The positive effect of
Spirulina  platensis on reproductive
measurements proved in the current study
could be attributed to strong natural
antioxidant (Abdel-Daim et al., 2015). In
this respect, Spirulina platensis had
synergetic effect of the chemical
constituents, in terms total phenolic and
flavonoid compounds (Zeweil et al.,
2016). Also, Spirulina platensis has
neuro-protective (Aziz et al., 2014), anti-
tumor (Konickova et al., 2014), Immuno-
modulatory (Sahan et al., 2015) and anti-
inflammatory (Abdel-Daim et al., 2015)
properties.

Reproductive hormones:

Concentrations of reproductive hormones,
estradiol 17-p (E2) and progesterone (P4)
were significantly (P<0.05) higher, while
E2/P4 ratio was significantly (P<0.05)
lower in blood plasma of does in G2 and
G3 than in G1. However, only E2
concentration was significantly (P<0.05)
higher in G2 than in G3 (Table 3). The
observed improvement in E2 and P4 as
reproductive hormones in blood plasma
of treated doe rabbits may be attributed to
direct effect of Spirulina platensis on
secretion of these hormones from the
follicles and CLs on the ovaries and/or
indirect effect of Spirulina platensis on
GnRH secretion from hypothalamus. In
this respect, Spirulina platensis had a vital

role on reproductive efficiency, which
may be due to its contents of all essential
amino acids (Farag et al., 2016), essential
fatty acids (Mendes et al., 2003),
photosynthetic pigments (Bermejo et al.,
2008), vitamins (Hoseini et al., 2013),
major and minor minerals (Babadzhanov
et al., 2004) and essential polyunsaturated
fatty acids (Peiretti and Meineri, 2011).
Hematological parameters:

Treatment of does with Spirulina
platensis in G2 and G3 significantly
(P<0.05) increased hemoglobin (Hb)
concentration, count of red blood cells
(RBCs) and hematocrit value (Ht),
neutrophils and  eosinophils,  while
significantly (P<0.05) decreased platelets
count and lymphocytes, monocytes and
acidophils percentages as compared to
G1. On the other side, white blood cells
(WBCs) count significantly decreased
only in G2, while erthrocytic values of
mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin
concentration (MCHC) were not affected
significantly by treatment (Table 4).

It is of interest to note that increasing
RBCs count in both treatment groups was
associated with increasing Hb
concentration and Ht value as affected by
SP in G2 and G3 as compared to G1.
Also, the observed reduction in WBCs
count was in relation with reducing
lymphocytes percentage and acidophils
and marked increase in neutrophils (Table
4).

All hematological values obtained in this
study on doe rabbits are within the
normal ranges of rabbits (Olabanji et al.,
2007; Togun et al., 2007). In accordance
with the present results, dietary addition
of  Spirulina  platensis  enhanced

1158



Rabbit, antioxidants, reproduction, peroxidation, histology, liver, kidney.

hematopoiesis (Hb concentration and
RBCs count) in growing pig (Nedeva et
al., 2014), broiler chicks (Zeweil et al.,
2016), cow (Shimkus et al., 2008) and
weaning lambs (Shimkiene et al., 2010).

It is well known that hematological
characteristics are good indicators of
animal physiological status (Khan and
Zafar, 2005). In this way, Ht, Hb and
MCH are major indices for evaluating
circulatory erythrocytes (Chineke et al.,
2006). Also, lymphocytes are considered
the main type of WBCs and a good
indicator of the immunity (Wieslaw et al.,
2006). In rabbits, satisfactory nutritional
status was indicated by Ht value (Church
et al., 1984), while high dietary protein
quality and animal free disease correlated
with enhancing count of RBCs (Ahemen

etal., 2013).
Improving most hematological
parameters after Spirulina platensis

treatment in this study might be related to
the strong antioxidant effect of Spirulina
platensis on hematopoietic cells, which
appears to be particularly vulnerable in
the presence of unchecked accumulation
of reactive oxygen species, ROS (Kong et
al., 2004). Also, the benefits of Spirulina
platensis on hematological parameters
may be due to the high content of folic
acid and vitamin B2 in Spirulina
platensis (Nedeva et al., 2014). Based on
the present findings and previous results,
doe rabbits treated with Spirulina
platensis, in particular, at a level of 300
mg/ doe may improve health status.
Biochemical parameters and enzyme
activity:

Treatment of does with Spirulina
platensis in G2 and G3 significantly
(P<0.05) increased total proteins,

albumin, globulin and High density
lipoproteins (HDL) concentrations, while
it significantly (P<0.05) decreased total
lipids, triglycerides, total cholesterol and
Low  density lipoprotein  (LDL)
concentrations, and activity of Aspartate
aminotransferase (AST), Alanine
aminotransferase (ALT), Acid
phosphatase ~ (ACP) and  Alkaline
phosphatase (ALP) in blood plasma in G2
and G3 as compared to G1. However,
glucose concentration was not affected by
Spirulina platensis treatment (Table 5).

Similar effects were reported on
concentration of total proteins and
albumin in rabbit fed diet contained

Spirulina platensis (Kovacs et al., 2016),
total proteins and globulin in pigs
(Nedeva et al., 2014) and total proteins,
albumin and globulin in broiler chicks

(Zeweil et al., 2016). In human,
concentration of total lipids, total
cholesterol, triglycerides and LDL

significantly (P<0.05) decreased with
dietary supplementation of Spirulina
platensis (Ramamoorthy and
Premakumari, 1996), rats (Mazzola et al.,
2015) and Holstein calves (Heidarpour et
al., 2011) as compared to control.
Moreover, Spirulina platensis
supplementation to diet of fattening
lambs decreased cholesterol and glucose
compared with the control (El-Sabagh et
al., 2014). The recorded increase in
plasma total proteins, albumin and
globulin concentrations may be related to
high contents of protein, essential amino
acids, vitamins, minerals, phospholipids
and antioxidants in Spirulina platensis
(Gershwin and Belay, 2008; Farag et al.,
2016).
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Activity of AST and ALT are indicators
of hepatotoxicity and liver function (Azab
et al.,, 2013). Regarding the effect of
Spirulina platensis on enzyme activity,
similar effects was reported on fattening
lambs fed diet contained Spirulina
platensis (El-Sabagh et al., 2014). In the
present study, treatment with Spirulina
platensis showed a significant decrease in
AST and ALT indicating that Spirulina
platensis may play a protective role
against liver dysfunctions (Bhattacharyya
and Mehta, 2012).

These results may indicate that Spirulina
platensis had positive effect on protein
metabolism, lipid profile and liver
function of treated doe rabbits,
consequently healthy status of doe treated
rabbits.

Blood oxidative capacity:

Total antioxidant capacity (TAC),
glutathione S-transferase (GST),
superoxide dismutase (SOD), glutathione
(GSH) and glutathione peroxidase (GPx)
increased significantly (P<0.05), while
thiobarbituric acid-reactive substances
(TBARS)  concentration  decreased
significantly (P<0.05) in blood plasma of
doe rabbits in G2 and G3 than in G1
(Table 6). In accordance with the present
results, dietary supplementation of
Spirulina platensis significantly increased
GPx activity in rabbit (Kovacs et al.,
2016) and mice (Hwang et al., 2011), and
TAC activity in chickens (Zeweil et al.,
2016) when compared with control. Also,
Spirulina platensis dietary
supplementation significantly improved
blood antioxidant status of fattening
lambs (El-Sabagh et al.,, 2014), and
activity of erythrocytic SOD and catalase
with increasing content of reduced

tripeptide GSH in chickens (Reddy et al.,
2004).

These findings are good indicators of
improving oxidative defense system
(Celli, 2010) by reducing oxidative stress
and consequently decreasing lipid
peroxidation (Riss et al., 2007) of treated
doe rabbits as compared to control ones.
The SOD in Spirulina platensis acts
indirectly by slowing down the rate of
ROS (Belay, 2002).

In general, effect of Spirulina platensis, as
a natural antioxidant, is related to many
active ingredients, such as a-tocopherol,
R-carotene, phycocyanin and
polysaccharides, which have strong
activity of scavenging acting, individually
or together, directly on superoxide
radicals (Kurd and Samavati, 2015). In
this respect, Gershwin and Belay (2008)
found that the antioxidant capacity is
about >20 times efficient in phycocyanin
than in vitamin C.

Histological examination of liver and
kidney:

The histological examination of liver of
doe rabbits in all groups revealed that
liver showed normal and intact
architecture in doe rabbits of all groups.
The liver was consisted of normal hepatic
lobules with central hepatic vein, being
with more dilation in G2 and G3 than in
G1. AIll hepatic lobules were without
limiting connective tissues at their lateral
borders or between the hepatic lobules.
Also, normal hepatocyte cords were
radiated around the central hepatic vein
within each hepatic lobule, being more
arranged in G2 than in G1 and G3.
Moreover, wall of central hepatic vein
was thicker in G3 than in G1 and G2, but
blood sinusoids were normal in all groups
(Figure 1). These observations may
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indicate normal liver function in doe
rabbits in treated groups, with some
beneficial effect on arrangement of
hepatocyte cords in G3. The observed
improvement of histological structure of
liver, particularly in G2 is in harmony
with  marked reduction in lipid
peroxidation induction via free radical
scavenging activity in goat liver
homogenates (Ray et al., 2007). Also,
Spirulina platensis decreased oxidative
stress and apoptosis in liver of animals
fed diets contaminated with aflatoxins
(Hassan et al., 2012). Furthermore,
Garcia-Martinez et al. (2007) mentioned
that Spirulina platensis had natural
antioxidant components, having strong
activity of scavenging acting to give its
hepato-protective potential.

The histological examination of kidney of
doe rabbits in all groups revealed that
kidney in all groups showed normal
architecture of renal cortex and medulla.
Several Nephrone units and numerous
renal tubules were found renal cortes of
doe rabbits in all groups, but Nephron
units were denser in G2, with moderate
density in G3 and lowest density in G1
(Figure 2). Magpnification of the previous
sections in kidney showed normal
nephron units in the renal cortex with
intact glumerulosa and normal Bowman’s
capsul as well as circular proximal renal
tubules were observed in all groups, but
Nephron units were larger in G2 than in
G3 and G1 (Figure 3). As proved in liver,
the present findings may indicate normal
kidney function in doe rabbits in treated
groups. In consistent with obtained
observations on kidney histogenesis of
treated does, Khan et al. (2006) reported
that Spirulina had a protective effect

against nephron-toxicity in rats through
reducing kidney MDA and pathological
changes in kidney. Also, Spirulina
platensis decreased lipid peroxidation,
increased SOD, GSH and GPX levels and
improved histological picture of kidney
of rats with renal dysfunction (Karadeniz
et al ., 2008). Moreover, drinking water
supplemented with Spirulina platensis
had  protective  properties  against
nephrotoxicity induced by chromium in
term of decreasing of histological
alterations in rats (Elshazly et al., 2015).
CONCLUSION

The potential application of orally
administrated Spirulina platensis (300
mg/doe) as natural antioxidants to protect
doe rabbits against free radicals cellular
damage under oxidative stress, was

proved to improve  reproductive
performance, blood constituents,
antioxidative status without adverse

effects on liver and kidney functions.
Therefore,  Spirulina  has  several
advantages due to their applications as
production of safe and healthy food and
animal feed for therapeutic practices.
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Table (1): Effect of Spirulina platensis administration on body weight and daily feed
intake of doe rabbits during treatment period from 16-18 to 20-22 wk of age.

Parameter Control Spgg“na pIatenswéc;vel +SEM
(16-18 to 20-22 wk of age). (G1) (300 mg/doe) | (600 mg/doe)
Initial body weight (g/doe) 2630.3 2624.3 2621.1 3.345
Final body weight (g/doe) 2885.8" 2901.02 2891.7° 3.216
Chang in body weight (g/doe) | 255.5° 276.7° 270.78 2.719
Chang in body weight (%) 9.71 10.54 10.33 -
Daily feed intake (g/doe) 153.13¢ 161.272 157.67" 0.588

Means denoted within the same row with different superscripts are significantly different at

P<0.05.

Table (2): Effect of Spirulina platensis administration on reproductive performance of doe

rabbits and performance of their bunnies.

Control

Spirulina platensis level

Parameters G2 G3 +SEM
(G1) (300 (600
mg/doe) mg/doe)
Number of does 15 15 15 -
Body weight at kindling (g/doe) 3000.57¢ | 3027.47% 3012.80° 3.467
Conception rate (%) 64.29° | 93.33? 86.672 -
Kindling rate (%) 100 100 100 -
Gestation period length (day) 31.11 31.07 31.23 0.296
Total litter size at birth/doe (n) 6.12¢ 8.292 7.46° 0.301
Live litter size at birth/ doe (n) 5.11° 8.00° 6.92° 0.245
Viability rate at birth (%) 83.49° 96.502 92.762 -
Litter size at weaning/doe 4.44° 7.932 6.77° 0.228
Viability rate at weaning (%) 86.89° 99.132 97.832 -
Average bunny weight at birth (g) 54.89° | 58.36° 58.15° 0.895
Average bunny weight at weaning (g)| 419.78° | 450.212 439.77° 1.587
Litter weight at birth (g) 280.48" | 466.88° 402.402 2.625
Litter weight at weaning (g) 1863.82° | 3570.162 2977.242 8.216

Means denoted within the same row with different superscripts are significantly different at

P<0.05.
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Table (3): Effect of Spirulina platensis administration on concentration of reproductive
hormones in blood plasma of doe rabbits on day 15 post-mating.

Spirulina platensis level

Parameter C?gtlgo' G2 G3 +SEM
(300 mg/doe) |(600 mg/doe)

E2 (ng/ml) 0.148° 0.199? 0.192° 0.0012

P4 (ng/ml) 0.346° 0.553? 0.529? 0.0079

E2/P4 ratio 0.428? 0.360° 0.364° 0.0067

Means denoted within the same row with different superscripts are significantly different at

P<0.05.

Table (4): Effect of Spirulina platensis administration on hematological parameters of
doe rabbits at the end of treatment period. (All values are within normal range)*

Spirulina platensis level

Parameter Cogtlro' G2 G3 +SEM
(G1) (300 mg/doe) (600 mg/doe)
haematological parameters
Hb (mg/dl) 12.08° 14.462 13.97° 0.053
RBCs (x 108/mm?3) 6.07° 6.812 6.592 0.033
WBCs (x 103/mm?) 8.032 7.74° 7.84% 0.0638
Platelets (x 103/mm?3) 286.40? 180.40° 233.80° 3.722
Ht (%) 38.20° 46.60% 41.600° 0.868
MCV (1) 62.20 63.00 62.60 0.856
MCH (pg) 22.40 22.80 22.80 0.6164
MCHC (g/dl) 32.40 33.00 32.60 0.841
Leucocyte fraction (%):
Lymphocytes 50.402 39.50° 42.40° 0.624
Monocytes 5.112 3.97° 4.14° 0.0798
Neutrophils 41.04° 53.29% 50.20° 0.663
Acidophils 2.16° 1.11° 1.22° 0.053
Eosinophils 1.29° 2.132 2.042 0.099

Means denoted within the same row with different superscripts are significantly different at
P<0.05. * Normal range according to Steven et al. (1974).
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Table (5):

Effect of Spirulina platensis administration on some biochemical

concentrations and enzyme activities in blood plasma of doe rabbits at the end of

treatment period.

Control Spirulina platensis level
Parameter (G1) G2 G3 +SEM
(300 mg/doe) | (600 mg/doe)
Biochemical concentration:

Total proteins (g/dl) 6.41° 7.50? 7.18° 0.0296
Albumin (g/dI) 3.39¢ 3.51° 3.44° 0.0145
Globulin (g/dl) 3.02° 3.99° 3.74P 0.035
Glucose (mg/dl) 92.30 92.20 92.00 0.748
Total lipids (mg/dl) 318.00? 200.80° 222.20° 4.725
Total cholesterol (mg/dl) 96.207 81.20° 85.20° 1.332
Triglycerides (mg/dl) 88.402 70.20° 74.40° 1.349
High density lipoproteins 54 20° 63.20° 60.20° 0.893
(mg/dl)

Low density lipoprotein 43 g 30.60" 33.61" 1.058
(mg/dl)

Enzyme activity (1U/1):

Aspartate aminotransferase | 47.80? 34.00° 40.60° 0.876
Alanine aminotransferase 32.20? 21.00°¢ 24.80° 1.029
Acid phosphatase 28.407 21.60° 25.202 1.058
Alkaline phosphatase 49.807 43.00° 44.00° 0.762

Means denoted within the same row with different superscripts are significantly different at

P<0.05.

Table (6): Effect of Spirulina platensis administration on oxidative capacity in blood
plasma of doe rabbits at the end of treatment period.

Control Spirulina platensis level
Parameter (G1) G2 G3 +SEM
(300 mg/doe) | (600 mg/doe)

TAC (mmol/l) 0.27¢ 0.38% 0.32° 0.018
GST (IU) 1.04¢ 1.352 1.28° 0.0947
SOD (1U) 6.22° 7.482 7.02° 0.094
GSH (mgy/dl) 15.28° 18.402 17.24° 0.363
GPx(mgl/l) 3.58°¢ 6.172 5.92° 0.065
TBARS (hmol/ml) 1.102 0.93° 0.95° 0.021

Means denoted within the same row with different superscripts are significantly different at

P<0.05.
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Fig. (1): Section in liver showing normal and intact architecture of liver doe rabbits in G1, G2
and G3. The liver is consisted of normal hepatic lobules with central hepatic vein (CHV) and
hepatocytes (HC) arranged in radiated cords around CHV. CHV was more dilation in G2 and
G3 than in G1. No connective tissues in limited borders between hepatic lobules were seen
and normal hepatocyte cords were radiated around the CHV, being more arranged in G2 than
in G1 and G3. Wall of CHV is thicker in G3 than in G1 and G2. Blood sinusoids are normal in
all groups. (H & E stain, x 100)
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Fig. (2): Cross-section in kidney shoing normal architecture of renal cortex in G1, G2 an
G3. Several Nephrone units (NUs) and numerous renal tubules (RT) are seen in all groups, but

Fig. (3): Magnification of the previous sections in kidney showing normal NUs in the renal
cortex with intact glumerulosa (GL) and normal Bowman’s capsul (BC), as well as, circular
proximal renal tubules (RT) are seen in all groups, but NUs are larger in G2 than in G3 and
Gl. (H & E stain, x 100)

1165



El-Ratel, I.T.

REFERENCES

Abd El-Baky, H. H.; El-Baz, F. K.; and
El-Baroty, G. S., 2007. Enhancement
of antioxidant production in Spirulina
platensis under oxidative stress.
American- Eurasian J. Sci. Res., 2:
170-179.

Abdel-Daim, M. M.; Farouk, S. M.;
Madkour, F. F.; and Azab, S. S,
2015. Anti-inflammatory and
immunomodulatory effects of
Spirulina platensis in comparison to
Dunaliella salina in acetic acid-

induced rat experimental colitis.
Immunopharmacol.  Immunotoxicol.,
37:126-139.

Abdel-Daim, M. M.; Abuzead, S. M.
M.; and Halawa, S. M., 2013.
Protective role of spirulina platensis
against acute deltamethrin-induced
toxicity in rats. PLoS., 9: 1-9.

Abdel-Khalek, A. M.; Selim N. A.; EI-
Medany, Sh. A.; and Nada, S. A,
2008. Response of doe rabbits to
dietary antioxidant vitamins e and c
during pregnancy and lactation. 9™
World Rabbit Congress — June,
Verona — Italy. 519- 523.

Abraham, G. E., 1977. Hand book of
Radioimmunoassay. 5" ed. Marcel
Dekker. NY, USA.

Abu-Elala, N. M; Galal, M. K.; Abd-
Elsalamm, R. M.; Mohey-Elsaeed,
O.; and Ragaa, N. M., 2016. Effects
of dietary supplementation of spirulina
platensis and garlic on the growth
performance and expression levels of
immune-related genes in Nile Tilapia
(Oreochromisniloticus). J. Aquac. Res.
Develop., 7: 433.442.

Ahemen, T.; Abu, A. H.; and lorgilim,
L. K., 2013. Physiological responses
of rabbits fed graded levels of Moringa

oleifera Leaf Meal (MOLM): Some
aspects of haematology and serum
biochemistry. Arch. Appl. Sci. Res., 5:
172-176.

Al-Forkan, M.; Islam, S.; Akter, R,;
Alam, S.; Khaleda, L.; Rahman, Z.;
and Chowdhury, D.U.S., 2016. A
sub-chronic exposure study of arsenic
on hematological parameters, liver
enzyme activities, histological studies
and accumulation pattern of arsenic in
organs of Wistar albino rats. J. Cytol.
Histol., 5: 005-006.

Azab, S.; Abdel-Daim, M.; and
Eldahshan, O., 2013. Phytochemical,
cytotoxic, hepatoprotective  and
antioxidant properties of Delonixregia
leaves extract. Med Chem Res,
22:4269-4277.

Aziz, 1.; Ramli, M.D.C.; Zain, N.S.M.;
and Sanusi, J., 2014. Behavioral and
histopathological study of changes in
spinal cord injured rats supplemented
with Spirulina platensis. Evidence-
Based Complement. Altern. Med.
10.1155/2014/871657.

Babadzhanov, A.S.; Abdusamatova,
N.; Yusupova, F.M.; Faizullaeva, N.;
Mezhlumyan L.G.; and Malikova,
M.K., 2004. Chemical composition of
Spirulina  platensis  cultivated in
Uzbekistan. Chem. Natl. Comp., 40:
276-279.

Basavaraj, M.; Nagabhushana, V.;
Prakash, N.; Appannavar, M.M.;
Wagmare, P.; and Mallikarjunappa,
S., 2011. Effect of dietary
supplementation of Curcuma Longa on
the biochemical profile and meat
characteristics of broiler rabbits under
summer stress. Vet. World, 4: 15-18.

Belay, A., 2002. The potential
application of Spirulina (Arthrospira)

1166



Rabbit, antioxidants, reproduction, peroxidation, histology, liver, kidney.

as a nutritional and therapeutic
supplement in Health Management.
Journal of the American Nutraceutical
Association, 5:27-48.

Bermejo, P.; Pinero, E.; and Villar, A.
M., 2008. Iron-chelating ability and
antioxidant properties of phycocyanin
isolated from a protean extract of
Spirulina platensis. Food Chem., 110:
436-445.

Bhattacharyya, S.; and Mehta, P.,
2012. The hepatoprotective potential
of  Spirulina and vitamin C
supplementation in cisplatin toxicity.
Food Funct, 3:164-169.

Borowitzka, M.A., 2013. High-value
products from microalgae-their
development and commercialisation. J.
Applied Phycol., 25: 743-756.

Castellini, C.; Dal Bosco, A.; and
Bernardini, M., 2000. Effect of o-
tocopheryl acetate and ascorbic acid:
Vitamin content and oxidation status
of rabbit semen. In: Proc. 7"" World
Rabbit Congress, Valencia, Spain,
105-110.

Celli, P., 2010. The role of oxidative
stress in small ruminants’ health and
production. Rev. Bras. Zootec.,
39;348-363.

Chineke, C. A.; Ologun, A. G.; and
Ikeobi, C. 0. N., 2006.
Haematological parameters in rabbit
breeds and crosses in humid tropics.
Pakistan  Journal of Biological
Sciences, 9:2102-2106.

Church, J.P.; Judd, J.T.; Young, C.W,;
Kelsay, J.L.; and Kim, W.W., 1984.
Relationships among dietary
constituents and  specific  serum
clinical components of subjects eating

self-selected diets. Am. J. Clin. Nutr.,
40: 1338-1344.

Duncan, D.B., 1955. Multiple range and
Multiple F test. Biometrics, 11: 1-42.
El-Desoky, G.E.; Bashandy, S.A;
Alhazza, |.M.; Al-Othman, Z.A.
Aboul-Soud, M.A.; and Yusuf, K,
2013. Improvement of mercuric
chloride-induced testis injuries and
sperm quality deteriorations by
Spirulina platensis in rats. PLOS One,

8:1-9.

El-Ratel, I.T.; Abdel-Khalek, A.E.; EI-
Harairy, M.A.; Sara F. Fouda and
Lamiaa Y. EI-Bnawy., 2017. Impact
of green tea extract on reproductive
performance, hematology, lipid
metabolism and histogenesis of liver
and kidney of rabbit does. Asian J.
Anim. Vet. Adv., 12: 51-60.

El-Sabagh, M.R.; Eldaim, M.AA,;
Mahboub, D.H.; and Abdel-Daim,
M., 2014. Effects of Spirulina
platensis algae on growth
performance, antioxidative status and
blood metabolites in fattening lambs.
J. Agric. Sci., 6: 92-98.

Elshazly, M.O.; Abd El-Rahman, S.S.;
Morgan, A.M.; and Ali, M.E., 2015.
The remedial efficacy of Spirulina
platensis versus chromium-induced
nephrotoxicity in male sprague-
dawleyrats. PLoS ONE,
10:10.1371/journal.pone.0126780.

Farag, M. R. Mahmoud, A., Mohamed,
E. A; and Kuldeep, D., 2016.
Nutritional and healthical aspects of
Spirulina (Arthrospira) for poultry,
Animals and Human. Int. J.
Pharmacol., 12: 36-51.

Fouda Sara F.; and Rehab F. S. A.
Ismail., 2017. Effect of Spirulina

1167



El-Ratel, I.T.

platensis on reproductive performance
of rabbit bucks. Egyptian J. Nutrition
and Feeds (abstract).

Garcia-Martinez, D.; Ruperez, F.J;
Ugarte, P.; and Barbas, C., 2007.
Tocopherol fate in plasma and liver of
streptozotocin-treated rats that orally
received antioxidants and Spirulina
extracts. Int. J. Vitamin Nutr. Res., 77:
263-271.

Gerencser, Z.; Szendro, Z.; Matics, Z.;
Radnai, I.; and Kovacs, M., 2012.
Dietary supplementation of Spirulina
(Arthrospira platensis) and thyme
(Thymus vulgaris L.). Part 1: Effect on
productive performance of growing
rabbits. Proceedings of the 10th World
Rabbit Congress, September, Sharm
El-Sheikh, Egypt, 657-661.

Gershwin, M. E.; and Belay, A., 2008.
Spirulina in human nutrition and
health.CRC Press- Boca Raton, FL,
USA.

Hassan, A.M.; Abdel-Aziem, S.H.; and
Abdel-Wahhab, M.A,, 2012.
Modulation of DNA damage and
alteration of gene expression during

aflatoxicosis via dietary
supplementation of Spirulina
(Arthrospira) and whey protein
concentrate.  Ecotoxicol.  Environ.
Safety, 79: 294-300.

Heidarpour, A Fourouzandeh-

Shahraki, A.D.; and Eghbalsaied, S.,
2011. Effects of Spirulina platensis on
performance, digestibility and serum
biochemical parameters of Holstein
calves. Afr. J. Agric. Res., 6: 5061-
5065.

Hoseini, S.M.; Khosravi-Darani , K.;
and Mozafari, M. R., 2013.
Nutritional and medical applications of

spirulina microalgae, Mini- Reviews in
Medicinal Chemistry, 8:1231-1237.
Hwang, J.H.; Lee, L.T.; Jeng, K.C,;

Wang, M.F., Hou, R.CW.; Wu,
SM.; and Chan, Y.C., 2011
Spirulina prevents memory

dysfunction, reduces oxidative stress
damage and augments antioxidant
activity in  senescence-accelerated
mice. J. Nutr. Sci. Vitaminol., 57: 186-
191.

Riss, J.; ecord’e, K. D.; and Sutra, T.,
2007. Phycobiliprotein C-phycocyanin
from Spirulina platensis is powerfully
responsible for reducing oxidative
stress and NADPH oxidase expression
induced by an atherogenic diet in
hamsters. J. Agric. Food Chem.,
55:7962-7967.

Khan, T. A.; and Zafar, F., 2005.
Hematological study in response to
varying doses of estrogen in broiler
chicken. International Journal of
Poultry Science, 4:748-751.

Khan, M.; Shobha, J.C.; Mohan, |.K;;
Naidu, M.U.R.; and Sundaram, C.,
2006. Protective effect of Spirulina

against doxorubicin-induced
cardiotoxicity. Phytother. Res., 19:
1030-1037.

Karkos, P.D.; Leong, S.C.; Karkos,
CD; Sivaji, N. and
Assimakopoulos, D.A., 2011.
Spirulina  in  clinical  practice:

Evidence-based human applications.
Evid. Based Complement.Alternat.
Med. 10.1093/ecam/nen058.
Karadeniz, A.; Yildirim, A.; Simsek,
N.; Kalkan, Y.; and Celebi, F., 2008.
Spirulina platensis protects against
gentamicin-induced nephrotoxicity in
rats. Phytother. Res., 22: 1506-1510.

1168



Rabbit, antioxidants, reproduction, peroxidation, histology, liver, kidney.

Kharde, S.D.; Shirbhate, R. N,
Bahiram, K. B.; and Nipane, S.F,,
2012. Effect of Spirulina
supplementation on growth

performance of broilers. Indian J. Vet.
Res., 21: 66-69.

Kobayashi, T.; Tsunawaki, S.; and
Seguchi, H., 2001. Evaluation of the
process for superoxide production by
NADPH oxidase in human
neutrophils: evidence for cytoplasmic
origin of superoxide. Redox Report
Comm. in Free Radical Res., 6:27-36.

Kong, Y. L.; Zhou, S.; Kihm, A. J;
Katein, A.M.; and Yu. X., 2004. Loss
of  hemoglobin-stabilizing  protein
impairs erythropoiesis and exacerbates

$-thalassemia. J. Clin. Invest., 114:
1457-1466.

Konickova, R.; Vankova, K.;
Vanikova, J.; Vanova, K.; and
Muchova, L., 2014. Anti-cancer

effects of blue-green alga Spirulina
platensis, a natural source of bilirubin-
like tetrapyrrolic compounds. Ann.
Hepatol., 13: 273-283.

Kovécs, M.; Tuboly, M.; Balogh, M.;
Gerencsér, K. Z.; Matics, Z.; Dal
Bosco, A.; Tornyos, G.; and Hafner,
D., 2016. Effect of Dietary
Supplementation of Spirulina
(Arthrospira Platensis) and Thyme
(Thymus  Vulgaris) on  Serum
Biochemistry, Immune Response and
Antioxidant Status of Rabbits. Annals
of Animal Science ,1:283-286.

Kurd, F.; and Samavati, V., 2015.
Water soluble polysaccharides from
Spirulina platensis: Extraction and in
vitro anti-cancer activity. Int. J. Biol.
Macromolecules, 74: 498-506.

Lucky, Z., 1977. Methods for the
diagnosis of fish diseases. Ameruno
Publishing Co, PVT, Ltd. New Delhi,
Bomby, New York.

Lykkesfeldt, J.; and Svendsen, O.;
2007. Oxidants and antioxidants:
oxidative stress in farm animals. The
Vet. J., 173:502-511.

Mazzola, D.; Fornari, F.; Vigano, G.;
Oro, T.; Costa, J.; and Bertolin, T.,
2015. Spirulina platensis enhances the
beneficial effect of exercise on
oxidative stress and the lipid profile in
rats. Braz. Arch. Biol. Technol.
58:961-9609.

Mendes, R.L.; Nobre, B.P.; Cardoso,
M.T.; Pereira, A.P.; and Palavra,
A.F., 2003. Supercritical carbon
dioxide extraction of compounds with
pharmaceutical ~ importance  from
microalgae. Inorganica Chimica Acta,
356: 328-334.

Mittler, R.; Vanderauwera, S.; Gollery,
M.; and van Breusegem, F., 2004.
Reactive oxygen gene network of
plants. Trends Plant Sci., 9: 490-498.

Nedeva, R.; E.bJordanova, G.;
Kistanova, K.; Shumkov, B.;
Georgiev, D.; Abadgieva, D,
Kacheva, A.; and Shimkine, A.,

2014. Effect of the addition of
Spirulina platensis on the productivity
and some blood parameters on
growing pigs. Bulgarian Journal of
Agricultural Science, 20: 680-684.

NRC., 1977. Nutrient Requirements of
Rabbits.  National Academy of
Science, National Research Council,
Washington, DC, USA.

Olabanji, R. O.; Farinu, G. O
Akinlade, J. A.; and Ojebiyi, O. O,,
2007. Growth performance and

1169



El-Ratel, I.T.

haematological  characteristics  of
weaner rabbits fed different levels of
wild sunflower (Tithoniadiversifolia
Hems L A. Gray) leaf blood meal
mixture. Proc. of 32nd Animal Conf.
of Nig. Soc. for Anim. Prod., 207-2009.

Pankaj, P.P., 2015. Efficacy of Spirulina
platensis in improvement of the
reproductive performance and easing
teratogenicity in hyperglycemic albino
mice. Indian J. Pharmacol., 47: 430-
435.

Peiretti, P.G.; and Meineri, G., 2011.
Effects of diets with increasing levels
of Spirulina platensis on the carcass
characteristics, meat quality and fatty
acid composition of growing rabbits.
Livest. Sci., 140: 218-224.

Ragab, Ayat A.; and Abd El-Lateif, A.
l., 2016. Effect of green tea levels as

natural antioxidant on some blood
param.,eters, productive and
reproductive performance of doe

rabbits. Egypt. Poult. Sci. 36: 957-972.
Ramamoorthy, A.; and Premakumari,
S., 1996. Effect of supplementation of
Spirulina  on  hypercholesterolemic
patients. Journal of .Food Science.
Technology . 33: 124-128.

Reddy, B. S.; Yuvaraj, N.; Babitha, V.;
Ramnath, V.; Philomina, P. T.; and
Sabu, M. C., 2004. Antioxidant and
hypolipidemic effects of Spirulina and
natural ~ carotenoids in  broiler
chicken.Indian Vet. J., 81, 383-386.

Ray, S.; Roy, K.; and Sengupta, C.,
2007. In vitro evaluation of
antiperoxidative potential of water
extract of Spirulina platensis (blue
green algae) on cyclophosphamide-
induced lipid peroxidation. Indian J.
Pharm. Sci., 69: 190-196.

SAS. 2002. SAS Institute Inc.
User’s Guide, Statistics. Cary, NC

Sahan, A.; Tasbozan, O.; Aydin, F.;
Ozutok, S.; and Erbas, C., 2015.
Determination of some haematological
and non-specific immune parameters
in Nile Tilapia (Oreochromisniloticus
L., 1758) fed with Spirulina (Spirulina
platensis) added diets. J. Aquacult.
Eng. Fish. Res., 1: 133-139.

Sekhon, L.H.; Gupta, S.; Kim, Y.; and
Agarwal, A., 2010. Female infertility

SAS

and antioxidants. Curr. Women's
Health Rev., 6: 84-95.
Shanmugapriya, B.; Babu, S.S;

Hariharan, T.; Sivaneswaran, S.;
and Anusha, M.B., 2015. Dietary
administration of Spirulina platensis as
probiotics on growth performance and
histopathology in broiler chicks. Int. J.
Recent Scient. Res., 6: 2650-2653.
Shimkus, A.; Oberanskas, V.; Zelvyte,
R.; Monkeviciene, 1.; Laugalis, J.;
Simkiene, A., Juozaitiene, V.
Juozaitis, A.; and Bartkeviciute, Z.,
2008. The effect of microalga
Spirulina platensis on milk production
and some microbiological and
biochemical parameters in dairy cows.
Zhivotnovadni nauki, 1: 42- 49(Bg).
Shimkiene, A.; Bartkevichiute, Z.;
Chernauskiene, J.; Shimkus, A,
Chernauskas, A.; Ostapchuk, A
and Nevitov, M., 2010. The influence
of spirulina platensis and concentrates

on lambs’ growth. Zhivotnovadni
nauki, 1: 9-14 (Bg).

Sirotkin, AV, Chrenek, P.;
Kolesarova, A Parillo, F.;

Zeraniand, M.; and Boiti, C., 2014.
Novel regulators of rabbit reproductive
functions.Anim. Reprod. Sci., 148:
188-196.

1170



Rabbit, antioxidants, reproduction, peroxidation, histology, liver, kidney.

Steven, H. W.; Ronald, E. F.; and Alan
L. K., 1974. The Biology of the
Laboratory Rabbit. 1% Edition. Editors:
eBook ISBN: 9781483270319

Imprint:  Academic Press. Published
Date: 28th October 1974, Page Count:
510

Togun, V. A.; Oseni, B. S. A;
Ogundipe, J. A.; Arewa, T. R;
Hammed, A. A.; Ajonijebu, D. C;
Oyeniran, A.; Nwosisi, 1.; and
Mustapha, F., 2007.  Effects of
chronic lead administration on the
haematological parameters of rabbit —
a preliminary study. Proc. of the 41%
Conf. of the Agric. Soc. of Nig., 341.

Vonshak, A.; and Tomaselli, L., 2000.
Arthrospira (Spirulina): Systematics
and Ecophysiology. In: The Ecology
of Cyanobacteria, Whitton, A. and M.
Potts (Eds.). Kluwer Academic
Publishers, The Netherlands, 505-522.

Wieslaw, P. S. K.; Charon, M,
Winnicka, A.; and Gruszczyfiska, J.,
2006. Relationship between blood
lymphocyte phenotype, drbl (MHC
class 1) gene polymorphism and
somatic cell count in ewe milk. Bull
Vet. Inst. Pulawy., 50: 73-77.

Wintrobe, M.M., 1967. Clinical
hematology. 6" Edition PP., 414-419,
Lea Febiger, hilade-Iphia, S.A.

Zeweil, H.; Abaza, I. M.; Zahran, S.
M.; Ahmed, M. H.; Haiam M.
Aboul-Ela and Asmaa, A. S., 2016.
Effect of Spirulina platensis as dietary
supplement on some biological traits
for chickens under heat stress
condition. Asian Journal of
Biomedical and Pharmaceutical
Sciences, 6:08-12.

1171



El-Ratel, I.T.

2l padlal)
laday Alalaal) il Y1 cilgal an 8 ALail) o) gall g BansY) s ¢ Ladiil) o109
Ll g e
Jha ) cualla aa

raa — Jalad daaly — Ao 30 A0S cal gall L) audd

Cusal Ly ¢ eae dlgiall dailaa o5y dte (il Ay i &l Lald (il )l de ) ey A el a2 Cy
b ) gaiall drala del )3l IS ¢l gl ZUEY) and (o o) ST gl 5 (o sl spndll Janay dlerall Gladll
2017 45 i e g 8l A Yy pae

Y1 e Ll ) calade (e ddlise Cly glsey il )Y gl a5l anli 1 Al Al s Cangs
KI5 ASI a5l gl Sl 530S Cilaliae ol cdiluasS gul) i ) silasg) adll ailias ¢ L)
33 5l L) o 15 £ sl 18-16 (0 sae <l (5 W1 il JY) gl (1 45 230 4y paill 228 (8 Crardiud
a3 = L s 2N 5 TGN ¢(J 5 58S) SV A sanall gl e (R sane/15) Sle sana 3 ) Caand
o (Aabaall 320) @alad 4 3340 Ly ) Glala (e Gl/a jale 6005 3006 sia o s 5iny Jhia sla
o (Ao sane/ )83 5) Lunia gl i 83 15 Alabaall 358 Al (8 Lianads Cilga) il o3 153l
83Y 5l xie 5 (s e g gl 22-205 18-16) Aalaall g5 By (8 lea¥) ()55 st a3 Jalae
358 DA La sy Cilgadl el2a)) @blgind Jare lua a3 oladll 5 23l ie ) 355 (5 saul 26-22)
vie SN 4 gl Jane SIS 5 gDl (all- ) Gladl ana 5 539 1) cJaadl OV ane ol a3 Alaladll
30 15 asall (8 el o La 3Bl (3 (s sien sl s sl Jisl) (Jgan S 5 a3 Uil 5 230l
b g aall o3 (8 520SY) Clabiae Lol g 4ibasS sl o o) gilaged) adl) (ailiad )2 lil)
L sl st gD A 5 2l Al (uS i (st o3 Alalaal) dilgs

4 jlie A de ganal) (3 Alalaall Aled (B Slea) )5 B (P<0.05) dasine salyy quiliil) < jelal 8 g
005 oV A€ o) dalhae AaiS anall 55 il (P<0.05) 4 sine 834 ae Joaisll 5 A de panally
A jlie AN, L de genall 8 Cilead gl Calall @Dlgiu) Jaee S el Ay b anall
Gl avall 0355 A snd) Jara Ol paa clad¥l Jars (8 (P<0.05) 45t 3305 25 ISl
S5 b (P<0.05) dusine 5305 Jan o) cile gendd) JS 3 oV gl Jane 4L ge plaill g 2Dl e
Osiea sl /ds) i) Jare addil lain caall L3l (8 (s iua gl s Jsndl i) (se
Lisima (Aol (il 3855 S Jy sl & lae AW 40l Ao genddl 8 (P<0.05) Lisixe
WA e (sl sangdl 3 55 (8 (P<0.05) 4nsinae 32k ) Jaa ol AWAN (e 40 de sanall 8 (P<0.05)
e R 5 A0 de sanal) 8 Apcaalally Alabeiall UOAD 4 giall Auill 5 iy S gilasgl) dadi 5 6l yenll aal
& Aelal s ala¥ s 4 sliadl) LAY 4 el 4l 4 geil) milieall 230 3 (P<0.05) (s sine palisil
de genall 3 (P<0.05) Lisine elianll aall LA aae il | g il 45 jlee 230 5 4600 de sanall
i o salll 5 (ol s sladl 5 (e gadW 5 S i 5 ) <l S 55 (8 (P<0.05) A sime 33y ) 2 5 a4 L)
SIS sl sSI e pudall SN G saall I 5S 5 (B (P<0.05) (ssina palia) ga ABSH Aadi e
3305 ) Alalaal) | J 5 Sl 4 jlie LA 5 000 Ao ganall adl) Lo 350 3 A8USH Aumidia i g 0 gl
38l 3855 A (P<0.05) (ssine alinil e 3208 sabiaall cilay 5Y) (5 sina & (P<0.05) 4o sins
QS B Dt pe e Dl (ol asay Bl ol ESIL A jlae A5 490 de senall 8 5 al)
FENEEEUppE R

J8 gl 4 334 (al/al_ale300) Ll s ) aladay Lia sy il SV gl apad il Jall s3a (ge aldivn
e 52uSY) Cilalias Alla g pall il 5S¢ Auliill oY) e Bgale o) 580 4) ke 50T SliasS il
Al 5 2l (e SV dprda il

1172



