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ABSTRACT

This study was planned to investigate the effect of fucoidan and fevamisole on
some hematological and biochemical parameters in growing rabbits, in both normal
and heat stress conditions. One month aged rabbits were orally treated with fucoidan
at a dose of 100 and 200 mg/kg body weight daily for 4 weeks and levamisole with 8
mg/kg as a single dose every 2 weeks. This study was conducted at winter and sumn-
mer. Fucoldan and levamisole treated groups returned the increased RBCs count
and Stress leukogram picture to normal at the end of the study. Blochemical profile
showed signifieant decrease In ALT, AST, glucose, urea and creatinine with increased
Ievel of total protein and globulin . We concluded that fucoldan express good immu-
nomodulating, hepatoprotective and renoprotective effcct against stress induced by

high temperature.

INTRODUCTION

Fucoidan refers to a type of polysaccharide
containing substantial pereentages of L-
fucose and sulfate ester groups mainly de-
rived from brown seaweed and some marine
invertebrates (such as sea urchins and seacu-
cumbers) {Bo et al., 2008 and Oliver and
Barbra, 2003). Now it is named as “fucoidan”
according to IUPAC rules, but some also
called It fucan, fucosan or sulfated fucan (Bo
ct al., 2008).

Chemical compositions of most fueoidans

are complex, mainly being composed of fucose
and sulfate. They also contain other monosac-
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charides (mannose, galactose, glucose, xylose,
ete.} and uronic acids, even acetyl groups and
protein, Furthermore, the structures of fucoi-
dans from different brown algae vary from
specles to specles (Olivier and Barbara,
2003 and Bo et al., 2008).

For the past decadc fucoidans isolated
from different species have been extensively
studled due to their varied biological activ-
itles, including anticoagulant and anti-
thrombotic, antiviral, antitumor and immu-
nomodulatory, anti-inflammatory, blood lipids
redueing, antfoxidant, antiecomplementary
properties, activity against hepatopathy, urop-
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athy & renalpathy, gastric protective effects
and therapeutic potential in surgery (Bo et
al.,, 2008, Cumashi et al., 2007; Mouréo
2004 and Oliver and Barbra, 2003).

Levamisole 1s a synthetic imidazothiazole
derivative which 1s a highly acceptable anti-
nematodal drug because of its broad range of
activity in a large number of hosts {Nicholas
and Lealie, 2005). The drug appears to re-
store depressed immune functlon rather than
to stimulate response to above normal levels.
Levamisole stimulate formation of antibodies
to various antigens, by stimulating T-cell acti-
vation and proliferation, potentiate monocyte
and macrophage functions including phagocy-
tosls and chemotaxds and Increase neutrophil
adherence. (Louis, 1997, Robert & Robert.,
2009 and Abbas et al.,, 2010). The drug is
well absorbed and widely distributed and can
be detected in all tissues and fluids, with the
highest levels In liver and kidneys (Robert
and Robert., 2009). Our work was planned
to study the effect of fucoldan and levamisole
on some hematological and blochemical pa-
rameters in growing rabbits, in both normal
and heat stress conditions.

MATERIALS AND METHODS

2.1. Experimental rabbits:

Eighty (80) unsexed one month old appar-
ently healthy rabbits were obtained from a lo-
cal commerclal farm in Mansoura governo-
rate, The rabbits were housed in battertes and
fed commercial diet (table 1) and water which
were supplied all the day along four weeks
(the duration of experiment).

2.2, Treatment drugs
1- Fucoidan extracted from brown algae
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Laminaria species, (Lelll Natural Products
Co., Ltd, China).

2- Levamirole , (ADWIA Co., Egypt)

2.3. Experimental design:

Two experiments were conducted to Inves-
tigate the effect of fucotdan and levamisole on
rabblts. The first one was during winter {opti-
mum temperature for raising rabbits} while
the second was In summer where heat stress
is prevalent.

2.3.a. First experiment:

The experiment was applled to determine
the clinico-pathological changes 1In one
month old rabbits after treatment with fucol-
dan and levamisole in winter (January) and
extended for four weeks. Forty (40) rabbits
were assigned randomly and divided into four
groups, where a group was kept as negatlve
control, non treated (Control), and another
three groups treated orally with fucoidan (F
100), (F 200) and levamlisole {Leva.] in a dose
{100, 200 and 8) mg/kg body weight respec-
tively .

2.3.b. Second experiment:

The experiment was performed to deter-
mine the clinico-pathological changes in one
month old rabbits exposed to heat stress after
treatment with fucoldan and levamisole In
summer (July) and extended for four (4}
weeks. Forty (40) rabbtits were assigned ran-
domly and divided Into four groups, where a
group was kept as positive contrel, non treat-
ed heat stressed (H stress}, and another three
groups treated orally with fucoldan
(HS+F100), (HS+F200) and levamisole
(HS+Leva.) in a dose (100, 200 and 8) mg/kg
body weight respectively .
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In both experiment light was supplled con-
tinuously and rabbits were fed commercial
dlet (table 1) and all rabbtts have free access
to feed and water, with regard that neither the
diet nor the water contains any drug,.

2.4. Blood Sampling:

At the end of the 2194, 4th two scparate
blood samples were collccted. Onc sample
was taken In epindorf tubes at which mixed
with EDTA (0.5mg/ml blood) as anticoagulant
for hematologlcal examination RBCs, Hb,
PCV, MCV, MCH, MCHC, TLC and differential
leucocytic count). The second sample was tak-
en in test tubes without anticoagulant for
clear serum seperation which ts carefully col-
lected and stored in cpindorf tubes at - 20°C
until estimation of serum chemistry including
ALT, AST, glucose, creatinine, total protein,
albumin, globulin, A/G ratlo, urea which es-
timated spectrophotometer by commercial
kits (spine react Co. Spenish).

2.5. Statistical Analysis

Hematological values and serum blochemi-
cal parameters were analyzed by one way
analysis of variance followed by Dunn's multl
range test (ANOVA} using (State View 1983).

RESULTS AND DISCUSSION

Optimal temperature for raising in rabbits
is 15-18°C, Rabbits exposed to the amblent
temperature of 25°C for 12h daily had lower
welght gains than rabbits kept at 15°C. Envi-
ronmental temperatures above 2B8°C cause
heat-induced physiological stress (Skitvanovd
et al., 1900).

Our erythrogram data for the rabblts treat-
ed with fucoidan (F100 and F200) showed in-
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significant change between all experimeni
groups. In the same aspect, erythrogram date
revealed insignificant change for rabbits treat-
ed with levamisole in the 21d week. However,
in the 4th week RBCs count was tncreascd
significantly for rabbits treated with levami-
solc our results partially agreed with Zia et
al., (2003) who observed an Increase in RBC
on day 7 of levamisole administration with an
Increasing trend in RBCs value throughout
the experlmental perlod.

In this work erythrogram results revealed
insignificant change between heat stress
group and control group in the 209 week
while RBCs count In the 4!h week was in-
crcased in heat stress group, this may be at-
tributed to role of glucocorticoids and ACTH
in stimulation of erythropoiesis in anlmals,
where cortisol has a stimulatory effect on
erythropoletin Glucocorticold may stimulate
the proliferation of hemopoletic precursors,
change the hemopoletic microenvtronment
(Rania ct al., 2008 and David et al., 1978).
Cortisone stimulates erythropoiesis possibly
by increasing the oxygen consumption of tis-
sues and thereby promoting tissue hypoxia
which in turn sttimulate erythropoietin (Bijla-
ni 2004). From erythrogram results In our
work, It was obvious that both {(HS+F100) and
(HS+F2 00} groups were (nsignificantly
changed from [H stress) group or control
group along the whole experiment and the
same did (HS+Leva.) group.

Qur leukogram data for the rabbits treated
with fucoidan (F100 and F200) showed insig-
nifteant change from the control along the
whole experiment except for the lymphocyto-
sis In (F200) which may be due to the immu-
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nostimulant effect of fucoidan. Fucoldan of L.
Japonica can restore the immune functions of
immunosuppressed mice, and it was an im-
munomodulator acting directly on macro-
phage and T lymphocyte. (Bo et al., 2008).
This result is in conformity with El-Boushy
and El-Ashram,, (2007) who recorded signifl-
cant increase In lymphocytes fucoidan treated
groups after 21 days compared with cadmium
immunosuppressed group in catfish Clarias
garieflmus. In the same line fueoidan in-
creased the number of circulating mature
white blood cells and enhanced phagocytosis
in monkey and mouse (Sweeney et al,,
2002). Our results agreed with QGregory

(2008) who reported that sheep fced on ANOD
(an extract from brown seaweeds Ascophyl-
lum nodosum) tended to have higher lympho-
cyte counts than the control sheep.

From leukogram results in this work, leu-
kocytosis and heterophllia were prevalled in
heat stress group along the whole experiment
in addition to lymphopenia in the 4th week.
This is attributed to the effect of stress In-
duced by exposure of animals to heat (stress
leukogram) in addition to the role of increased
corttcosterioides associated with heat stress.
Our results agreed with Tara et al., (2005}
who reported that summer stress significantly
raised the heterophil: lymphocyte (H:L) ratio
In rabblts in the period from March to July. In
the same line Ozge et al., (2000) who report-
ed an Increase in hcterophil and basophil ra-
ttos and H/L ratio and decreased monocyte
and lymphocyte proportions after the expo-
sure of brollers to acute heat stress, A corrce-
ttve effect for the stress leukogram was obvi-
ous along the whole experiment in fucoidan
treated groups which may be due to the anti-
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oxidant and immunomodulating effect of fu-
coldan on decreasing corisole level. Our re-
sults partly agreed with Gregory {2005) who
reported that the control sheep had signtil-
cantly higher cortisol concentrations than the
sheep fed ANOD (an extract from brown sea-
weeds Ascophyllum nodosum} during the
hottest part of transport. In this work leuko-
gram showed leukocytosis in the 2nd wcek
and lymphocytosis along the whole experi-
ment In levamisole (Leva.) treated groups.
Also a correctlve effect of levamisole was ob-
served in the 2794 week In (HS+Leva.) group.
while in the 4rth weck there were insignificant
change in TLC but with lymphocytosis and
decrease in heterophlls which may be due to
the Immunomedulatory actlvity of levamisole.
Qur results arc in accordance with Zia et al.,
(2003) who recorded that lymphocyte percent-
age and neutrophils decreased monocyte
count increased on days 7 and 14 after levam-
isole (single dosc) administration while. Also.
we agreed with Khanna et al., (1983) who re-
corded absolute lymphocyte count (ALC) was
signiflcantly increased in vesicular mole after
levamisole (LVM] treatment and marked Im-
provement of T cell rosette count. In the same
line Alvarez-Pellitero et al., (2008) reported
the leucocytes/thrombocytes ratlo was signifl-
cantly higher in juvenile turbot flsh treated
with 500 mg/kg dry food levamisole at 14
days p.t,

Qur results revealed that ALT and AST ser-
um levels were significantly elevated tn the
Heat stress (H stress) groups along thc whole
expertment indicating heart and or liver dam-
age this is may be due to the damaging effect
of oxidative stress caused by heat stress. In
addition to ather stressful stimuli, can induce
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the metabolic changes that are involved in the
induction of oxidative stress (Saced et al.,
2008). Heat stress increases ROS generation
and radical-mediated tissue Injury (Hannah
et al., 2003). Oxidative stress may exacerbate
psychological and physiological demands
brought about by stressful conditions. It has
been proposed to play a role in the pathogene-
sis of several infectious diseases of domestic
animals. It {s extremely dangerous because It
does not exhibit any symptoms and s recog-
nizable with great difficulty by means of com-
mon methods of analysls. Oxidative stress
promotes the insurgence of serious patholo-
gles as a result of the degenerative damage of
cellular struetures (Saced et al., 2008). Lipid
peroxidation with significantly higher levels
present In the livers. The peroxidation of poly-
unsaturated fatty acids ean lead to ehanges In
cellular membrane permeability and even
membrane leakage in assoelation with the in-
creased steady-state levels of ROS and oxida-
tive damage. Liver had extensive injury after
heat stress. Besides direct damage to mem-
branes, lipld peroxddation products such as 4-
HNE have been implieated In the activation of
stress-response signal transduetlon path-
ways. For instanee, the actlvatlon of these sig-
naling pathways ts critical in liver fibrosis and
proinflammatory responses (Hannah et al.,
2003). Our result is approved histopathologi-
cally by hemorrhage, edema and local neerotie
area.among the cardiac muscle fibers as well
as dilation and congestion of eentral vein be-
sides, hydropic degeneration and focal hepatic
necrosis of the hepatic parenchyma In the
sccond week and flbrosis and degenerattve
changes and necrosts of the periportal hepa-
tocytes In the fourth week. Similar result was
reported by many authors as Narifi et al,,
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(1909), Sevi et al,, (2001), Nazifi et al,
(2003) and Chin et al., (2007).

Crude commerclal fucoidan was more ac-
tive than the purifled fucoidan at inhibiting
the proliferation of vascular smooth muscle
cells, and then they speculated that a specific
structure In the crude fucoldan may mediate
its biologlcal activities. Indeed, the content of
the sulfated groups in fucoidan determines its
anti-proliferative and antt-coagulant activities
in fibroblasts. Identification of the structures
of fucoidan that proteet hepatoeytes from he-
patotoxins and that inhibit hepatic stellate
cell growth is needed for the development of
fucoidan as an anti-fibrotic agent (Shinji et
al., 2008). In this work, fucoldan treatment
signiflcantly reduced ALT and AST serum lev-
els in heat stressed rabblts. This is may be
due to the hepatoprotective effect of fucoidan
and Its antioxidative effect. This results are
approved histopathologically by apparently
normal hepatic architecture exeept few degen-
erative. Our result agreed with Ako et al.,
(2008) who reported that fucoldan adminis-
tration dose-dependently prevented the eleva-
tion of plasma ALT induced by concanavalin A
(Con A) injectlon In mice. In the same aspeet
Kawano et al., (2007)a and Kawano ¢t al.,
(2007)b recorded represstve effects against
D-GalN-hepatopathy which determined by the
serum transaminase activities [ALT and AST)
and lactate dehydrogenase (LDH) due to the
protective eflect of the three kinds of brown
scaweeds Laminaria sp., Sargassum fulvellum
and Eisenla bicyclis against D-GalN-
hepatopathy. In the same line Kum et al.,
(2008) reported that fucoidan extracted from
Undaria pinnatipida sporophylls and Lami-
naria japonica and each were Injected intra-
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peritoneally at dose of (100 mg/kg) caused
significant decrease in serum ALT and AST
levels In rats exposed to CCl4-induced oxida-
tive stress due to role of fucoldan as a poten-
tial scavenger of free radicals generated by lip-
id peroxidation of the liver cells of CCl4-
treated rats, In the same aspect, Shinji et al.,
(2008) noticed significant decrease in levels of
ALT and AST in fucoldan (crude) treated mice
against CCi4-induced acute (IV injection of fu-
coldan 25 and 50 mg/kg body welght) and
chronic (IV injection of fucoidan 50 mg/kg
body weight twice a week for 8 weeks), The
anti-fibrogenic activity of fucoldan {s due, at
least in part, to attenuation of hepatic steliate
cell activation by inhibition of transforming
growth factor-f and/or by scavenging of reac-
tive oxygen species, which can suppress the
cascade of events that leads to hepatic stellate
cell activation. This besides that there is no
significant toxicological changes when fucol-
dan was administered to rats at dose of 300
mg/kg body weight per day (Ning et al.,
2005).

Levarnisole treatment signifieantly reduced
ALT and AST serum levels this is may be due
to the hepatoprotective effect of levamisole
and its antioxidant effect of levamisole where
gutfeng et al., (2008) recorded significant in-
crease In SOD and lysozyme activities but de-
crease MAD aetivity.

Our result revealed hyperglycemia in heat
stress group In the 279 and 4th week. This
may be due to the Inereased level of glucocor-
ticolds associated with heat stress. Our re-
sults are in accordance with Solefmani and
Zulkifli., {2010} who recorded elevation In
blood glucose level may be attributed to in-
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crease In glucocorticoids secretion which
plays a major role in glucose metabolls. In the
samne line, Helal et al., (2010) reported that
the Increase In plasma glucose during hot
conditions may be due to the decrease in glu-
cose utilization, depression of both catabolic
and metabolic enzymes secretion and subse-
guent reduction of metabolle rate. Our results
showed significant decrease In serum glucose
level in heat stress fucoidan treated groups
(HS+F100) and (HS+F200) along the whole ex-
periment. This may be due to anti-
hyperglycemic effect of fucoidan. We agreed
with QGregory (20056) who reported control
sheep also had significantly higher cortisol
concentrations than the sheep fed ANOD (an
extract from brown seaweeds Ascophyllum
nodosum) during the hottest part of trans-
port. In the same line, Apostolidis and Lee.,
(2010) reported that Ascophyllum nedosumis
a brown seaweed nutraceutical potentlal of
A.nodosumbased on phytochemical antloxi-
dant and antthyperglycemia acttvities.

Levamisole treatment stgnificantly reduced
ALT and AST serum levels this Is may be due
to the antioxidant effect of levamiscle guifeng
et al., {2008) which make the treated group
less stressed.

The major site of plasma protein synthesis
is the liver and the second major site is the
immune system consisting of lymphoid and
plasma eells. [Kaneko et al.,, 1997). Our re-
sults showed significant decrease in serum to-
tal protein level In heat stress group along the
whole experlment which associated with de-
crease In both albumtn and globulin in the
4th week only, This may be assoclated with
decreased feed (ntake associated with high
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environmental temperature and also, may be
due to llver damage which eonflrmed histo-
pathologically by hyperplasia of the cpitheital
lining of the bile duct , degenerative changes
and necrosis of the periportal hepatocytes.
Our results showed significant increase [n
globulin (HS+F100) (HS+F200) in the 2nd
week and in (F100), (F200), (HS+F100} and
(HS+F200) in the 4th . Fucoldan has both hu-
moral and cell-medlatcd immune responses
under in vitro and in vivo condlitions. A higher
population of large B cells in spleen could be
observed after treatment with the fucoidan, in
mice infectcd with herpcs simplex virus type
1. These results imply that the fucoidan cn-
hance B cell blastogenesis. Therefore, the fu-
coldan was expected to promotc the matura-
tion of B cells that might result in the
stimulation of antibody sccreting activity
(Eyoko et al., 2008). In thc same line Haya-
shi et al., (2008) reported that the produc-
tion of neutralizing antibodies in the mlce (n-
oculated with HSV-1 was significantly
promoted durlng thc oral administration of
the fucoldan for 3 weeks. Our finding rcvealed
that levarnisole treated groups showed signlil-
cant increase in globulin level in {Leva.) and
(HS+Leva.) along the study. Levamisole raised
all the serum immunoglobulins in both vesfc-
ular mole and chorfocarcinoma (Khanna et
al., 1883). Also, levamisole improved the hu-
moral immune response where both IgM and
IgG were clevated (Pekmezel and Cakiroglu
2009).

Our results showed significant increase in
serum urea and creatinine indleating renal
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damage In heat stress groups which {s con-
firmed histopathologically by hyperplasta of
the mesangial eells of the glomerular tuits
with narrowing of the urinary space in addl-
tion to eloudy swelling and eoagulative neero-
sis of the renal tubules. Our results agreed
with Helal et al., (2010), Nazifi et al.,
(1999), (2001) and Nazifi et al., {2003). Fu-
coidan treatment groups showed signlfieant
decrease In serum urea and creatinine level
(F200) In the 4" week, (HS+F100) and
{(HS+F200) along the whole experiment this
may be attributed to the renoprotective effect
of fucoidan which approved histopathological-
ly by apparently normal renal architecture ex-
cept for some dcgencrative changes. Our re-
sults agreed with Zhang et al., (2003)? who
reported that fucoidan showed renoprotective
effects. Also, we agrecd with Zhang et al.,
{2008) who revealed that the elevated urinary
protein excretion and plasma crcatinine
due to the induction of Heymann nephritis
were  significantly reduced by fucoldan at
doses of 100 and 200 mg/kg. In addition,
we agreed with Coothan et al., (2008); Veena
et al., (2007)2 and Veena et al., (2007)°.
Our results showed significant decrease in
serum urea and creatinine level In levamisole
treated group (Leva) in the 4th week and
(SH+Leva.) which may be due to the immu-
nostimulant effect and the antioxidattve effect
of levamisole.

We concluded that fucoldan express good
immunomodulating, hepatoprotective and re-
noprotective effect in growing rabbits against
stress occur due to high temperature.
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PLATE (1)

Fig. (1) : Liver of heat stress at 4th weeks, showing hyperplasta of the epithelial lining of the bile
duct, newly formed bile ductules, ftbrosis and degenerative changes and necrosis of the
periportal hepatocytes H&E., X520.

Fig. (2) : Kidney of heat stress at 4th weeks, showing focal replacement of the necrotic renal tu-
bules with leukocytes matnly lymphocytes and maerophages H&E., X520.

Fig. (3) : Heart of heat stress at 4th weeks, showing coagulative necrosis of the myocardial fibers
with hemorrhage replaced the necrotic fibers H&E., X520.

Fig. (4) : Spleen of heat stress at 4th weeks, showing sever lymphotd depletion of the white pulp
besldes sever congestion and golden brown pigment (seems to be hemosidern) were seen
in the red pulp H&E., X520 .

Fig. (B) : Liver of (HS+F100) group at 4th week, showing apparently normal hepatic parenchyma
except for dilatation of the central veins and hepatic siusoides H&E., X52.

Fig. (8} : Kindney of (HS+F100j group at 4th week, showing apparently normal renal architecture
except for except for some degeneraitve changes H&E., X52.
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PLATE (2)

Fig (7) : Heart of (HS+F100) group at 4th week, showing apparently normal myocardial fibers
H&E., X130.

Fig (8) : Spleen of (HS+F100) group at 4th week, showing congestion red pulp with mild lymphoid
depletion of the white pulp H&E., X130,

Fig (9) : Liver of (HS+F200} group at 4th week, showing apparently normal hepatic architecture
except few degenerative changes H&E., X130.

Fig (10) : Kidney of (HS5+F200) group at 4th week, showing apparently normal renal architecture
except some nerotic changes of the epithellal lining of some renal tubules and dilatation
of the other renal tubules H&E., X130.

Fig (11) : Heart of (HS+F200)} group at 4th week, showling apparently normal cardiac muscle fi-
bersH&E., X130.

Fig (12) : Liver of (HS+Leva) group at 4th week, showing apparently normal hepatic archltecture
except dilatation of central veins and sinusoids H&E., X52.
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