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Figure 3 . Scanning Electron Microscope of mango tissue seedlings cv.Al-Fonso inoculated wi
F. subglutinans
A) Apical floral bud colonized with fungal filaments and macro and micro conidiospores
B)Lateral floral bud colonized with fungal filaments and macro and micro conidiospores

B
Figure 4 .Scanning Electron Microscope of mango tissue seedlings cv.Al-Fonso inoculated wi
F. subglutinans
A) Stem vessels colonized with fungal filaments and macro and microconidiospores
B)Tip root colonized with fungal filaments and macro and micro conidiospores
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Abstract: Mango malformation disease (MMD) is an economically important disease of Mangifera indica
globally. This disease is caused by a complex of fungal pathogens, of which various Fusarium spp. dominate. This
study was conducted to assess the epidemiology and its pathogenesis of mango malformation disease in Egypt. In
three main Governorates of mango production, El Giza, Esamalia and El-Bohera, disease incidence reached up to
80%. Maximum infection of traditional cultivars was observed in Hindi Sennara, Alfonso, Timour and Zebda.
Exotic Tomy , Keet and Kent cultivars appeared to be moderate infection . Nine additional taxa have been
isolated, i.e., F. subglutinans, F. oxysporum, F. sterilihnyphosum, F. proliferatum, F. culmorum, F. nygamai, F.
pseudonygamai, F. nelsonii and F. verticilioides from Egypt. Fusarium subglutinans proved to have the high
frequency in all mango cultivars in tested area, while, F. oxysporum, F. sterilinyphosum, F. proliferatum frequently
were less. To date, Koch’s postulates have been applied with Fusarium for their pathogenic potential on mango
cultivars seedlings under greenhouse conditions. Apparently, not all isolates of this Fusarium species are equally
virulent on mango seedlings. Fusarium subglutinans proved to be the dominant fungus in all varieties. At the same
time, F. oxysporum , F. sterilihnyphosum, F. proliferatum, displayed also moderate virulence. Moreover, isolates
colonized seedling root systems and became systemic, spreading to above-ground plant tissues include apical and
lateral buds. Fusarium subglutinans proved to be the dominant fungus. Complex Strains of F. subglutinans, F.
oxysporum, F. sterilinyphosum and F. proliferatum induced typical malformation symptoms on mango seedlings
and trees in Egypt [Nature and Science. 2010;8(4):128-135]. (ISSN: 1545-0740).

Key words: Egypt, F. subglutinans, F.oxysporum , Fusarium sterilinyphosum and F. proliferatu, Mango
Malformation, Mangifera indica.

1. Introduction and floral malformation. (Zheng and Ploetz 2002).
Three main symptoms of this phenomenon were

Mango (Mangifera indica L) is universa”y recorded_ In Egypt 1.e., malformed and Stun_ted grOWth
considered one of the most important fruit crop in  Of seedlings in the nursery stage, vegetative growth
tropical and subtropical areas of the world. Major malformation and inflorescence malformation in the
producers include India, Pakistan, Brazil, Australia, ~ Dearing trees. The earliest hypothesis that mites caused
South Africa, Egypt, and USA (Ploetz et al., 2002). the disorder did not last long as acaricides failed to
Egypt produce 232,000 tone of mangos annually and ~ control the problem (Yadav, 1999). Symptoms of the
export moderate amounts (1500 tones) to 20 countries ~ disease include loss of the apical dominance and
in the near East and Europe . Mango suffers from swelling of vegetative buds, proliferation of leaves and
several diseases at all stages of its life (Ploetz., 2003). ~ flowers, phyllody and hypertrophy of panicle axes.
Malformation is the most threatening disease causing ~ The vegetative deformation may also affect immature
colossal losses every year (Igbal et al., 2006). Mango trees and nursery stock, which can lead to the spread of

malformation disease (MMD), was first recorded in infected plants. More important, however, is the affect
India in 1891. It is found elsewhere in Asia (Israel, of malformation on fruit set: fruit in affected panicles
Malaysia, and Pakistan), Africa (Egypt, South Africa, either do not set or abort. Primary and secondary axes

Sudan, Swaziland, and Uganda), and the Americas on affected panicles are shortened, thickened and
(Brazil, El-Salvador, Mexico, the United States, and greatly branched (Kumar et al., 1993). The disease has
Venezuela) (Marasas et al., 2006). The disease is  been associated with physiologic disorders and
endemic as a tree once infected never recovered, hormonal imbalances (Singh et al., 1991 and Tapan et
mango malformation can be classified into vegetative ~ al., 2006) and attacks of an eriophyid mite, Aceria
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(Eriophyes) mangifera (Doreste, 1984). However,
Fusarium subglutinans [Gibberella fujikuroi var.
subglutinans ] appears to have a significant role in
malformation. Koch’s postulates have only been
completed for Fusarium subglutinans and F.
oxysporum (Covarrubias, 1989) as the causal agents of
malformation. Yet some controversy remains regarding
species identification and the inoculation methods used

In 2002, a new species, F. mangiferae, was
established based on nuclear and mitochondrial DNA
sequences; it included strains of F. subglutinans from
Egypt, Oman, Florida, Israel, Malaysia, and South
Africa, some of which had been shown to cause MMD
by artificial inoculation (Ploetz et al., 2002 and Kvas et
al., 2008). Three or more additional taxa have been
associated with MMD: F. sterilihyphosum from Brazil
and South Africa, and Fusarium sp. nov. and F.
proliferatum (teleomorph: Gibberella intermedia) from
Malaysia (Marasas, et al., 2006 and Alvarado et al.,
2006). Currently, the disease has spread where mangos
are grown and causes the most severe damage in Egypt
(Ploetz et al., 2002 and Haggag, Wafaa and Abd
Wahab, 2009 ).

The present study had two objectives: (i) to
determine the frequency of different fungi associated
with malformed tissues and establish the cause of
mango malformation in Egypt , and (ii) to evaluate
pathogenic potential of selected Fusarium isolates in
mango malformed diseased plants. Tests were
conducted under controlled conditions on seedlings in
a greenhouse.

2.Materials and Methods
2.1. Disease survey.

A disease survey in El-Behera, El-Giza and
Esamali Governorates was performed on complete
differentiation of healthy and malformed plants during
the vegetative and flowering growth cycle (December
to July) of 2008 season. Six traditional varieties (Hindi
Sennara, Alfonso, Timour , Zebda, Awais and Dabsha)
and three exotic verities (Keet, Kent and Tomy) were
kept under the study. Each location contributed five
panicles along with 6-8 cm shoot portion representing
one of each variety. From each of the 5 districts, 10
samples of every cultivar were collected. Tissue pieces
5 mm long, were surface sterilized in 1% NaOCI
solution for 2 minutes and placed onto Potato Dextrose
agar (PDA) medium in 9 cm diameter Petri plates. The
plates were kept in a incubator at 25°C under
fluorescent illumination to give a 12 hour photoperiod
to ensure maximum macroconidial production. After 6-
7 days of incubation, the isolated fungi were identified
on the basis of morphological characters (Summerell et
al. 2003).

Disease assessment.
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Three branches at the four cardinal points were
labeled per tree canopy. During each assessment, the
total number of healthy and  diseased shoots
(vegetative and floral) were counted on each branch
and averaged over the three branches per tree. The
disease progress was determined as the accumulated
proportion of diseased shoots per tree (Yic) corrected
for host growth. At each time, (i), Yic was calculated
as: Yic = Yi/N, in which, Yi is the accumulated number
of diseased shoots at time | and N is the total number
of weekly in the vegetative and floral stage (January to
May) of mango growth .

2.2.Disease progress.

The experiment was conducted during 2008
growing cycles in a 6-year-old commercial orchard of
the mango cultivars in the Noubaria station, Behera
Govarnorate . The soil was -sandy, lightly compacted
one . Trees averaged 3m height, with a mean trunk
diameter of 0.5 m and a spacing of 5 m between tree
rows. The trees had an average of 25 floral and
vegetative deformations at the beginning of the
experiment. A randomized block design was used. The
experimental unit was a tree, and the same trees were
used.

2.3.Pathogenicity.

Isolates of Fusarium species were tested for their
ability to cause malformation by inculcation of mango
healthy plants. Two sets of pathogenicity experiments
were done in 2008 and 2009; the first set ; mango
seedling cv. Seddek (two years old) was inoculated
with 10° colony forming units of Fusarium spp either
as apical buds injection or as inoculated soil . The
second set seedlings of mango cvs. Timor, Seddek,
Awes, Zebdia, El fonse, Fagar Kelan, Handi Besenra,
Keet, Kant and Tomy were sown into soil inoculated
with 10° colony forming units | g of soil inoculated
with pathogenic fungi. For each experiment and tested
isolate, four replications of six seedlings each were
evaluated. Sterilized water was used as a control.
Transplanted  seedlings were  monitored for
development of malformation. At the end of the
experiment (120 days), all surviving seedlings were
examined for apical disease symptoms. Data were
recorded on symptoms manifestation as diseases
incidence and severity (from 1-4 scale ) . Post
inoculation colonization by Fusarium isolates in
inoculated plants was determined by reisolation. Root ,
stem and malformed pieces, each approximately 5 mm
in length, from each seedling, were surface sterilized in
a 10% bleach solution (0.525% aqueous sodium
hypochlorite; 1 part standard household bleach in 10
parts water), rinsed in sterile, distilled water, and
placed on a selective agar medium for Fusarium spp.
(Komada 1975). Plates were incubated under diurnal
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cycles of cool, fluorescent light at about 24 °C fo2r 7-
10 days. Emerging fungi were compared with
inoculated isolates to determine whether they were the
same morphological species.

Statistical analysis.

The obtained data were statistically computed
using the software SPSS for Windows (release 9.0.0,
Dec. 18, 1998, standard version, SPSS Inc.). All
treatments in the previous experiments consisted of
three or four replicates.

3. Results and Discussion
3.1. Disease survey.

A disease survey in El-Behera, Giza and Ismailia
Governorates was performed during the growing
period as a preliminary study. Mean percentages of the
disease incidence in cultivars were calculated on
vegetative and blossom clusters (Table 1). Many
isolates of Fusarium were obtained during routine
isolations from seedlings, large trees exhibiting
malformation disease symptoms. Data indicated that
nine additional taxa were associated with MMD
inculde F. subglutinans, F. oxysporum, F.
sterilinyphosum, F. proliferatum, F. culmorum, F.
nygamai, F. pseudonygamai, F.nelsonii and F.
verticilioides. F. subglutinans proved high frequancy
from all cultivars and location , ranging from 94.7to
84.5%. F. oxysporium , F. sterilihnyphosum and F.
proliferatum solates, exhibited moderate frequency,
ranging from 11.5 to 1.56. The other isolates displayed
very low in frequency from some cultivars , ranging
from 0.23 to 0.76 %. Maximum infection of
traditional cultivars was observed in Timour, Zebda,
Awais and Alfonso. Exotic Tomy , Keet and Kent
cultivars appeared to be the moderate infection
varieties to all Fusarium spp. Mango malformation
disease (MMD) is a serious disease in many areas
where this important crop is grown. This disease causes
abnormal development of vegetative shoots and
inflorescences ( Kumar et al 1993 and Yadav, 1999).
Floral malformation is the most prominent symptom
and is characterized by abnormal, thick and fleshy
panicles (Kumar et al 1993). Affected panicles bear
no fruit, resulting in significant economic losses
(Kumar et al 1993 and Ploetz, 2003). Mango
malformation disease was first described in India in
1891 (Marasas et al., 2006), and has since been shown
to occur multiple location in Asia, Africa, and the
Americas. Despite this fact, relatively little is known
about the disease. The recent discovery that several
Fusarium spp. are associated with MMD is intriguing.
At least four taxa of Fusarium have been associated
with  MMD  worldwide, including  Fusarium
subglutinans (previously F. mangiferae) in many
growing regions, Fusarium sterilinyphosum in Brazil
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and South Africa, and Fusarium sp. nov. and F.
proliferatum (teleomorph: Gibberella intermedia) from
Malaysia. To data, only F. subglutinans has been
reported in Egypt (Ploetz et al., 2002). The origins of
the associated Fusarium species are unknown. Thus,
the present study were to determine the frequency of
different fungi in malformed tissues and establish the
cause of mango malformation in Egypt and determine
of fungi associated with malformed tissues of mango
on different traditional and exotic cultivars. Complete
resistance has not been observed in anyone variety .
Nine unique Fusarium spp. were isolated, identified
and named F. Subglutinans, F. oxysporium, F.
sterilinyphosum, F. proliferatum, F. culmorum, F.
nygamai, F. pseudonygamai, F. nelsonii and F.
verticilioides. We have routinely isolated high levels of
F. Subglutinans from malformed disease mango trees
. This species is most often isolated from the interior of
stems, branches, and vegetative and blossom of trees
displaying malformation symptoms. The infection
frequency (within tissue infection) of F. subglutinans
confirms its role in causation of malformation
symptoms. However, Fusarium subglutinans appears
to have a significant role in malformation. Symptoms
of vegetative and floral malformation appeared where
mycelium of Fusarium species were present in the
tissue at high concentrations. Since, F. oxysporum ,
Fusarium  sterilihyphosum and F. proliferatum
solates, exhibited moderate frequency from most of
cultivars and location. Fusarium subglutinans was
commonly isolated from mango trees displaying
malformation symptoms (Ploetz and Gregory, 1993,
Freeman et al., 2004, Igbal et al., 2006, Marasas et al.,
2006 ). Reports that F. oxysporum Schlecht emend.
Snyder & Hansen causes MMD indicate that a new,
chlamydospore-producing taxon is involved (Marasas,
et al., 2006). (Marasas, et al., 2006). Fusarium
sterilihyphosum, on the other hand, has been isolated
from malformed mango tissue in South Africa,
meanwhile, F. proliferatum are associated with MMD
in Malaysia (Marasas, et al., 2006 and Alvarado et al.,
2006). Other numbers of Fusarium associated with
either healthy or diseased plants are likely saprophytic;
a much smaller number are capable of eliciting disease.

3.2. Disease progress.

Data in Fig. (1 and 2) indicated that symptoms of
malformation were initially observed on January on
vegetative stage and continues on blossom clusters of
March and maximum symptoms was appeared in
March and decline in May. Maximum disease severity
was observed in the selected orchards. All tested
cultivars were susceptible to infection with
malformation  expressed as disease  progress.
Traditional cultivarsi.e. Al-Fonso, Timour, Awais and
Zebda were the most susceptible cultivars, as they gave
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the highest percentage of infection. Meanwhile,
Dabsha and Dabsha were the moderate resistance. Data
also show that in all exotic cultivars as Tomy , Keet
and Kent appeared to be the least infection . In general,
the highest disease incidence was found during the
warm season February to April. Seasonal variations in
the occurrence and severity of problem correlate with
ambient temperature at flowering (Majumdar and
Sinha, 1972). In Egypt panicles appearing on spring
shoots are most severely affected (Shawky et al.,
1980). In Florida the heaviest infection occurs under
unusually wet conditions (Campbell and Marlatt,
1986). The severity of the disease varies from variety
to variety and tree to tree in the same variety.

3.3. Pathogenicty

Eight fungi viz. F. subglutinans, F. solani, F.
oxyspoum, F. sterilinyphosum, F. proliferatum, F.
moniliforme, F.avena and F.chlamydspore were tested
using susceptible Seddek cultivar as apical injection or
inoculated soil (Table 2). Data pertaining to artificial
inoculations revealed that effort to produce disease by
spores injection or soil inoculation. Soil inoculation
was successful method. Four  Fusarium subglutinans
proved to be the dominant fungus with 100% sample’s
infection in inoculated soil. Fungi F. oxysporum, F.
sterilihyphosum and F.proliferatum showed moderate
infection in induced typical malformation symptoms in
inoculated mango seedling and were re-isolated
Other Fusarium spp. give grown and root
symptoms.

Four fungi viz. F. subglutinans, F.oxysporum, F.
sterilihyphosum and F.proliferatum were elected for
the other test study using eleven cultivars (Table 3).
Significant differences (P=0. 05) were found among
different isolates for the infection. Fusarium
subglutinans proved to be the dominant fungus with
100% sample’s infection in the seven local cultivars
include Al-Fonso, Hindi Sennara, Seddek, Timour,
Dabcha, Zebda, Ewais and Fagrkelan. Exotic keet,
Tomy and kent appeared to be the moderate infection
varieties giving 92.0 , 96.0 and 93.7% tissue infection,
respectively. Other fungi like F. oxysporum and F.
proliferatum showed moderate infection level. One
tested F. sterilihyphosum isolate was weakly virulent.

Data in Table 3 indicated that F. subglutinans,
F.oxysporum, F. sterilihyphosum and F. proliferatum
were found to be associated with malformed parts as
well as colonized root stem. Maximum recovery
(100%) was exhibited by F. subglutinans in all local
cultivars include Al-Fonso, Hindi Sennara, Seddek,
Timour, Dabcha, Zebda, Ewais and Fagrkelan.
Moderate recovary was recorded in exotic keet, Tomy
and kent .Other fungi like F.oxysporum and F.
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sterilinyphosum showed moderate recovery level from
either root or apical buds. F. proliferatum showed the
least one. On healthy mango seedlings, a small conical
apical bud gradually attaining its normal shape .

We planed to re-test these isolates in subsequent
greenhouse inoculation trials to confirm their
pathogenic behavior (Table 4). Fusarium isolates
obtained from diseased mango trees, varied widely in
their virulence on inoculated mango seedlings under
greenhouse conditions. Isolate of F. subglutinans was
pathogenic and the other tested isolate was moderately
virulent on inoculated seedlings, that caused
malformation on all cultivars.

In this study we have shown that at least four
distinct Fusarium spp. are associated with mango
malformation symptoms. F. subglutinans proved to be
the dominant fungus infecting majority of the tissues.
Fusarium mangiferae has been isolated from mango
malformation symptoms in various geographical areas,
such as South Africa, Florida, Egypt, India, Israel and
Malaysia (Ploetz et al., 2002 and Kvas et al., 2008).
The infection frequency and disease incidence of other
fungi remained much less. Complex Strains of F.
subglutinans, F. oxysporum, F. sterilihyphosum and F.
proliferatum induced typical malformation symptoms
on mango seedlings and trees in Egypt . Also, this
results of this study, together with those of Steenkamp
et al (2000), have shown that mango malformation in
South Africa is associated with two distinct species, F.
subglutinans var mangiferae and F. sterilihyphosum.
The pathogenic interaction with floral buds resulted in
high incidences of malformation which started early in
the floral season, extended up to February and re-
established in July. The results of these studies will be
helpful for future statistics, management, forecasting
and experimental designing.
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Table 1. Fungi associated with malformed parts of mango in Egypt.

El-Bohera Giza Ismalia
Cultivars (%) (%) (%)
Fungi isolated Infection | Fungi isolated Infection | Fungi isolated Infection
frequency frequency frequency
F. subglutinans 84.7 F. subglutinans 88.5
F. oxysporum 6.80 F. oxysporum 5.43 F. subglutinans 88.4
Hindi F. steri_lihyphosum 3.52 F. ster_ilihyphosum 3.72 F.oxysporum 4.06
Sennara F .proliferatum 2.43 F.proliferatum 3.23 F. sterilihyphosum | 3.33
F. culmorum 0.34 F. culmorum 0.34 F.proliferatum 2.35
F. nygamai 0.46 F.nygamai 0.36 F. culmorum 0.37
F .pseudonygamai | 0.25 F.pseudonygamai | 0.36
F. subglutinans 89.4
F. sterilihyphosum | 4.42 F. subglutinans 90.0
El- F. proliferatum 3.34 ND* F.oxysporum 4.24
Founso F.oxysporum 2.54 F.proliferatum 3.23
F.nygamai 0.30 F. sterilihyphosum | 2.54
F.pseudonygamai 0.54
F subglutmans 88.5 F. subglutinans 87.5 F. subglutinans 87.7
F.proliferatum 7.76
Sadeka F.oxysporum 3.43 F.oxys_porum 8.87 F.oxyspor_um 6.87
: F.proliferatum 3.34 F.nygamai 0.65
F.nygamai 0.32 F.nygamai 0.98 F.ndsonii 0.13
F.nelsonii 0.54 Y9 ) ) )
. F. subglutinans 93.6
F. subglutinans L7 F. subglutinans 93.6 F.oxysporum 2.54
F.oxysporum 243 F.oxysporum 2.65 F.nygamai 0.34
. F.nygamai 0.67 -0Xysport ' g ’
Timour F. sterilihyphosum | 1.56 F.nyggmal 0.76 F. culmorum 0.65
; F. sterilihyphosum | 1.65 F. proliferatum 2.65
F.proliferatum 1.56 F.nelsonii 0.76 F. sterilihyphosum | 1.87
F. culmorum 0.45 netsont ' - Stertiiyp '
F.ndsonii 0.23
F. subglutinans 94.8 F. subglutinans 92.6
Dabcha F. prolifer_atum 4.76 F. prolifer_atum 4.87 F. subglut_inans 95.8
F.nygamai 0.54 F.nygamai 3.53 F.nygamai 0.65
F.acuminatum 0.27 F.oxsporum 0.76
F. subglutinans 91.8 F. subglutinans 924 F. subglut_mans 913
. F.oxysporium 2.43
Zebda F.oxysporum 3.54 F.oxysporium 4.34 F. proliferatum 254
F. proliferatum 2.43 F. proliferatum 242 ' - '
F. sterilihyphosum | 2.43 F. sterilihyphosum | 2.56 F. ster_ll_lhyphosum 2.54
' ' ' ' F.verticilioides 0.24
F. subglutinans 915 F. subglutinans 94.4 F. subglutinans 91.3
F. sterilihyphosum | 3.66 F.pseudonygamai | 2.34 F.oxysporum 4.32
Ewais F.oxysporum 3.33 F. sterilihyphosum | 3.54 F. sterilihyphosum | 3.43
F.proliferatum 2.66 F.nygamai 0.54 F.proliferatum 3.12
F.nygamai 0.75 F.nelsonii 0.43 F.verticilioides 0.32
Fagrkela F. subglut_inans 93.7 F. subglutinans 94.7 F. subglut_inans 94.6
n F.oxysporium 5.65 F.oxysporum 5.76 F.oxysporium 4.76
F.nygamai 0.46 F.nygamai 0.48 F.nygamai 0.45
F. subglutinans 88.5 F. subglutinans 89.1
F. sterilihyphosum | 5.0 F. sterilihyphosum | 6.9
Keet F. proliferatum 5.5 ND F. proliferatum 55
F.nygamai 0.54 F.nygamai 0.23
F. subglutinans 84.5 F. subglutinans 88.5
Tomy F. proliferatum 10.5 ND F.proliferatum 115
F.nelsonii 0.32 F.ndsonii 0.24

*ND: Not detected
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Table 2. Comparative virulence of selected Fusarium isolates on inoculated mango cv. Seddek

seedlings
Treatment Infested soil Injection buds
Disease incidence %  Disease severity  Disease incidence % Disease severity

F. subglutinans 100.0 4.0 75.0 3.3
F. solani 0.0 0.0 0.0 0.0
F. oxyspoum 50.0 13 25.0 0.3
F. sterilihyphosum 50.0 2.3 25.0 2.0
F. proliferatum 50.0 1.6 25.0 1.3
F.moniliforme 0.0 0.0 0.0 0.0
F.avena 0.0 0.0 0.0 0.0
F.chlamydspore 0.0 0.0 0.0 0.0
LSD 25.0 0.5. 12.0 0.5

Table 3. Comparative virulence of selected Fusarium isolates on inoculated mango cultivars

seedlings
Cultivars % Infection Mean
F. subglutinans F. oxyspoum F. sterilihyphosum F. proliferatum

Hindi Sennara 100.0 4.56 1.76 3.76 27.5
Seddek 100.0 9.58 3.87 8.56 30.5
Timour 100.0 11.4 5.87 9.54 317
Dabcha 100.0 8.54 6.87 6.34 30.4
Zebda 100.0 13.7 8.56 11.7 33.4
Ewais 100.0 10.5 7.26 9.65 311
Fagrkelan 100.0 8.08 5.26 7.98 30.3
Al Fonso 100.0 135 9.65 9.45 34.6
Keet 90.0 2.61 1.34 1.65 23.9
Tomy 96.0 0.94 0.00 0.00 24.2
Kent 93.7 0.75 0.00 0.00 23.6
Mean 97.9 7.96 4.77 5.91

LSD 2.43 2.95 2.54 2.76

Table 4. Percent recovery of Fusarium sp. from inoculated mango cultivars.

Cultivars

F. subglutinans F.oxysporum F. sterilihyphosum F. proliferatum

Root colonized Apical Root Apical Root Apical Root Apical

colonized colonized colonized colonized colonized colonized colonized

Hindi Sennara 100.0 100.0 2.36 3.65 2.06 1.26 3.53 2.13
Seddek 100.0 100.0 5.27 6.76 5.26 4.27 4.08 3.00
Timour 100.0 100.0 6.07 5.43 8.24 5.00 5.04 2.04
Dabcha 100.0 100.0 8.07 6.76 4.04 6.17 4.24 2.24
Zebda 100.0 100.0 6.96 5.43 7.17 4.66 3.17 211
Ewais 100.0 100.0 6.46 8.45 7.55 3.26 3.25 2.25
Fagrkelan 100.0 100.0 4.74 6.87 4.58 3.64 1.08 0.58
Al Fonso 100.0 100.0 7.54 6.98 6.98 5.34 3.87 2.43
Keet 66.6 80.0 1.04 1.70 0.75 0.95 0.90 0.34
Tomy 63.0 76.0 1.95 1.45 0.50 0.45 0.41 0.64
Kent 83.7 80.0 1.75 1.65 0.84 0.95 0.50 0.45
LSD 3.67 4.23 0.89 0.95 0.92 0.78 0.75 0.45
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Table 1. Fungi associated with malformed parts of mango in Egypt.

El-Bohera Giza Ismalia
Cultivars (%) (%) (%)
Fungi isolated Infection | Fungi isolated Infection | Fungi isolated Infection
frequency frequency frequency
F. subglutinans 84.7 F. subglutinans 88.5
F. oxysporum 6.80 F. oxysporum 5.43 F. subglutinans 88.4
Hindi F. steri_lihyphosum 3.52 F. ster_ilihyphosum 3.72 F.oxysporum 4.06
Sennara F .proliferatum 2.43 F.proliferatum 3.23 F. sterilihyphosum | 3.33
F. culmorum 0.34 F. culmorum 0.34 F.proliferatum 2.35
F. nygamai 0.46 F.nygamai 0.36 F. culmorum 0.37
F .pseudonygamai | 0.25 F.pseudonygamai | 0.36
F. subglutinans 89.4
F. sterilihyphosum | 4.42 F. subglutinans 90.0
El- F. proliferatum 3.34 ND* F.oxysporum 4.24
Founso F.oxysporum 2.54 F.proliferatum 3.23
F.nygamai 0.30 F. sterilihyphosum | 2.54
F.pseudonygamai 0.54
F subglutmans 88.5 F. subglutinans 87.5 F. subglutinans 87.7
F.proliferatum 7.76
Sadeka F.oxysporum 3.43 F.oxys_porum 8.87 F.oxyspor_um 6.87
: F.proliferatum 3.34 F.nygamai 0.65
F.nygamai 0.32 F.nygamai 0.98 F.ndsonii 0.13
F.nelsonii 0.54 Y9 ) ) )
. F. subglutinans 93.6
F. subglutinans L7 F. subglutinans 93.6 F.oxysporum 2.54
F.oxysporum 243 F.oxysporum 2.65 F.nygamai 0.34
. F.nygamai 0.67 -0Xysport ' g ’
Timour F. sterilihyphosum | 1.56 F.nyggmal 0.76 F. culmorum 0.65
; F. sterilihyphosum | 1.65 F. proliferatum 2.65
F.proliferatum 1.56 F.nelsonii 0.76 F. sterilihyphosum | 1.87
F. culmorum 0.45 netsont ' - Stertiiyp '
F.ndsonii 0.23
F. subglutinans 94.8 F. subglutinans 92.6
Dabcha F. prolifer_atum 4.76 F. prolifer_atum 4.87 F. subglut_inans 95.8
F.nygamai 0.54 F.nygamai 3.53 F.nygamai 0.65
F.acuminatum 0.27 F.oxsporum 0.76
F. subglutinans 91.8 F. subglutinans 924 F. subglut_mans 913
. F.oxysporium 2.43
Zebda F.oxysporum 3.54 F.oxysporium 4.34 F. proliferatum 254
F. proliferatum 2.43 F. proliferatum 242 ' - '
F. sterilihyphosum | 2.43 F. sterilihyphosum | 2.56 F. ster_ll_lhyphosum 2.54
' ' ' ' F.verticilioides 0.24
F. subglutinans 915 F. subglutinans 94.4 F. subglutinans 91.3
F. sterilihyphosum | 3.66 F.pseudonygamai | 2.34 F.oxysporum 4.32
Ewais F.oxysporum 3.33 F. sterilihyphosum | 3.54 F. sterilihyphosum | 3.43
F.proliferatum 2.66 F.nygamai 0.54 F.proliferatum 3.12
F.nygamai 0.75 F.nelsonii 0.43 F.verticilioides 0.32
Fagrkela F. subglut_inans 93.7 F. subglutinans 94.7 F. subglut_inans 94.6
n F.oxysporium 5.65 F.oxysporum 5.76 F.oxysporium 4.76
F.nygamai 0.46 F.nygamai 0.48 F.nygamai 0.45
F. subglutinans 88.5 F. subglutinans 89.1
F. sterilihyphosum | 5.0 F. sterilihyphosum | 6.9
Keet F. proliferatum 5.5 ND F. proliferatum 55
F.nygamai 0.54 F.nygamai 0.23
F. subglutinans 84.5 F. subglutinans 88.5
Tomy F. proliferatum 10.5 ND F.proliferatum 115
F.nelsonii 0.32 F.ndsonii 0.24

*ND: Not detected
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Table 2. Comparative virulence of selected Fusarium isolates on inoculated mango cv. Seddek

seedlings
Treatment Infested soil Injection buds
Disease incidence %  Disease severity  Disease incidence % Disease severity

F. subglutinans 100.0 4.0 75.0 3.3
F. solani 0.0 0.0 0.0 0.0
F. oxyspoum 50.0 13 25.0 0.3
F. sterilihyphosum 50.0 2.3 25.0 2.0
F. proliferatum 50.0 1.6 25.0 1.3
F.moniliforme 0.0 0.0 0.0 0.0
F.avena 0.0 0.0 0.0 0.0
F.chlamydspore 0.0 0.0 0.0 0.0
LSD 25.0 0.5. 12.0 0.5

Table 3. Comparative virulence of selected Fusarium isolates on inoculated mango cultivars

seedlings
Cultivars % Infection Mean
F. subglutinans F. oxyspoum F. sterilihyphosum F. proliferatum

Hindi Sennara 100.0 4.56 1.76 3.76 27.5
Seddek 100.0 9.58 3.87 8.56 30.5
Timour 100.0 11.4 5.87 9.54 317
Dabcha 100.0 8.54 6.87 6.34 30.4
Zebda 100.0 13.7 8.56 11.7 33.4
Ewais 100.0 10.5 7.26 9.65 311
Fagrkelan 100.0 8.08 5.26 7.98 30.3
Al Fonso 100.0 135 9.65 9.45 34.6
Keet 90.0 2.61 1.34 1.65 23.9
Tomy 96.0 0.94 0.00 0.00 24.2
Kent 93.7 0.75 0.00 0.00 23.6
Mean 97.9 7.96 4.77 5.91

LSD 2.43 2.95 2.54 2.76

Table 4. Percent recovery of Fusarium sp. from inoculated mango cultivars.

Cultivars

F. subglutinans F.oxysporum F. sterilihyphosum F. proliferatum

Root colonized Apical Root Apical Root Apical Root Apical

colonized colonized colonized colonized colonized colonized colonized

Hindi Sennara 100.0 100.0 2.36 3.65 2.06 1.26 3.53 2.13
Seddek 100.0 100.0 5.27 6.76 5.26 4.27 4.08 3.00
Timour 100.0 100.0 6.07 5.43 8.24 5.00 5.04 2.04
Dabcha 100.0 100.0 8.07 6.76 4.04 6.17 4.24 2.24
Zebda 100.0 100.0 6.96 5.43 7.17 4.66 3.17 211
Ewais 100.0 100.0 6.46 8.45 7.55 3.26 3.25 2.25
Fagrkelan 100.0 100.0 4.74 6.87 4.58 3.64 1.08 0.58
Al Fonso 100.0 100.0 7.54 6.98 6.98 5.34 3.87 2.43
Keet 66.6 80.0 1.04 1.70 0.75 0.95 0.90 0.34
Tomy 63.0 76.0 1.95 1.45 0.50 0.45 0.41 0.64
Kent 83.7 80.0 1.75 1.65 0.84 0.95 0.50 0.45
LSD 3.67 4.23 0.89 0.95 0.92 0.78 0.75 0.45
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Table 1. Fungi associated with malformed parts of mango in Egypt.

El-Bohera Giza Ismalia
Cultivars (%) (%) (%)
Fungi isolated Infection | Fungi isolated Infection | Fungi isolated Infection
frequency frequency frequency
F. subglutinans 84.7 F. subglutinans 88.5
F. oxysporum 6.80 F. oxysporum 5.43 F. subglutinans 88.4
Hindi F. steri_lihyphosum 3.52 F. ster_ilihyphosum 3.72 F.oxysporum 4.06
Sennara F .proliferatum 2.43 F.proliferatum 3.23 F. sterilihyphosum | 3.33
F. culmorum 0.34 F. culmorum 0.34 F.proliferatum 2.35
F. nygamai 0.46 F.nygamai 0.36 F. culmorum 0.37
F .pseudonygamai | 0.25 F.pseudonygamai | 0.36
F. subglutinans 89.4
F. sterilihyphosum | 4.42 F. subglutinans 90.0
El- F. proliferatum 3.34 ND* F.oxysporum 4.24
Founso F.oxysporum 2.54 F.proliferatum 3.23
F.nygamai 0.30 F. sterilihyphosum | 2.54
F.pseudonygamai 0.54
F subglutmans 88.5 F. subglutinans 87.5 F. subglutinans 87.7
F.proliferatum 7.76
Sadeka F.oxysporum 3.43 F.oxys_porum 8.87 F.oxyspor_um 6.87
: F.proliferatum 3.34 F.nygamai 0.65
F.nygamai 0.32 F.nygamai 0.98 F.ndsonii 0.13
F.nelsonii 0.54 Y9 ) ) )
. F. subglutinans 93.6
F. subglutinans L7 F. subglutinans 93.6 F.oxysporum 2.54
F.oxysporum 243 F.oxysporum 2.65 F.nygamai 0.34
. F.nygamai 0.67 -0Xysport ' g ’
Timour F. sterilihyphosum | 1.56 F.nyggmal 0.76 F. culmorum 0.65
; F. sterilihyphosum | 1.65 F. proliferatum 2.65
F.proliferatum 1.56 F.nelsonii 0.76 F. sterilihyphosum | 1.87
F. culmorum 0.45 netsont ' - Stertiiyp '
F.ndsonii 0.23
F. subglutinans 94.8 F. subglutinans 92.6
Dabcha F. prolifer_atum 4.76 F. prolifer_atum 4.87 F. subglut_inans 95.8
F.nygamai 0.54 F.nygamai 3.53 F.nygamai 0.65
F.acuminatum 0.27 F.oxsporum 0.76
F. subglutinans 91.8 F. subglutinans 924 F. subglut_mans 913
. F.oxysporium 2.43
Zebda F.oxysporum 3.54 F.oxysporium 4.34 F. proliferatum 254
F. proliferatum 2.43 F. proliferatum 242 ' - '
F. sterilihyphosum | 2.43 F. sterilihyphosum | 2.56 F. ster_ll_lhyphosum 2.54
' ' ' ' F.verticilioides 0.24
F. subglutinans 915 F. subglutinans 94.4 F. subglutinans 91.3
F. sterilihyphosum | 3.66 F.pseudonygamai | 2.34 F.oxysporum 4.32
Ewais F.oxysporum 3.33 F. sterilihyphosum | 3.54 F. sterilihyphosum | 3.43
F.proliferatum 2.66 F.nygamai 0.54 F.proliferatum 3.12
F.nygamai 0.75 F.nelsonii 0.43 F.verticilioides 0.32
Fagrkela F. subglut_inans 93.7 F. subglutinans 94.7 F. subglut_inans 94.6
n F.oxysporium 5.65 F.oxysporum 5.76 F.oxysporium 4.76
F.nygamai 0.46 F.nygamai 0.48 F.nygamai 0.45
F. subglutinans 88.5 F. subglutinans 89.1
F. sterilihyphosum | 5.0 F. sterilihyphosum | 6.9
Keet F. proliferatum 5.5 ND F. proliferatum 55
F.nygamai 0.54 F.nygamai 0.23
F. subglutinans 84.5 F. subglutinans 88.5
Tomy F. proliferatum 10.5 ND F.proliferatum 115
F.nelsonii 0.32 F.ndsonii 0.24

*ND: Not detected
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Table 2. Comparative virulence of selected Fusarium isolates on inoculated mango cv. Seddek

seedlings
Treatment Infested soil Injection buds
Disease incidence %  Disease severity  Disease incidence % Disease severity

F. subglutinans 100.0 4.0 75.0 3.3
F. solani 0.0 0.0 0.0 0.0
F. oxyspoum 50.0 13 25.0 0.3
F. sterilihyphosum 50.0 2.3 25.0 2.0
F. proliferatum 50.0 1.6 25.0 1.3
F.moniliforme 0.0 0.0 0.0 0.0
F.avena 0.0 0.0 0.0 0.0
F.chlamydspore 0.0 0.0 0.0 0.0
LSD 25.0 0.5. 12.0 0.5

Table 3. Comparative virulence of selected Fusarium isolates on inoculated mango cultivars

seedlings
Cultivars % Infection Mean
F. subglutinans F. oxyspoum F. sterilihyphosum F. proliferatum

Hindi Sennara 100.0 4.56 1.76 3.76 27.5
Seddek 100.0 9.58 3.87 8.56 30.5
Timour 100.0 11.4 5.87 9.54 317
Dabcha 100.0 8.54 6.87 6.34 30.4
Zebda 100.0 13.7 8.56 11.7 33.4
Ewais 100.0 10.5 7.26 9.65 311
Fagrkelan 100.0 8.08 5.26 7.98 30.3
Al Fonso 100.0 135 9.65 9.45 34.6
Keet 90.0 2.61 1.34 1.65 23.9
Tomy 96.0 0.94 0.00 0.00 24.2
Kent 93.7 0.75 0.00 0.00 23.6
Mean 97.9 7.96 4.77 5.91

LSD 2.43 2.95 2.54 2.76

Table 4. Percent recovery of Fusarium sp. from inoculated mango cultivars.

Cultivars

F. subglutinans F.oxysporum F. sterilihyphosum F. proliferatum

Root colonized Apical Root Apical Root Apical Root Apical

colonized colonized colonized colonized colonized colonized colonized

Hindi Sennara 100.0 100.0 2.36 3.65 2.06 1.26 3.53 2.13
Seddek 100.0 100.0 5.27 6.76 5.26 4.27 4.08 3.00
Timour 100.0 100.0 6.07 5.43 8.24 5.00 5.04 2.04
Dabcha 100.0 100.0 8.07 6.76 4.04 6.17 4.24 2.24
Zebda 100.0 100.0 6.96 5.43 7.17 4.66 3.17 211
Ewais 100.0 100.0 6.46 8.45 7.55 3.26 3.25 2.25
Fagrkelan 100.0 100.0 4.74 6.87 4.58 3.64 1.08 0.58
Al Fonso 100.0 100.0 7.54 6.98 6.98 5.34 3.87 2.43
Keet 66.6 80.0 1.04 1.70 0.75 0.95 0.90 0.34
Tomy 63.0 76.0 1.95 1.45 0.50 0.45 0.41 0.64
Kent 83.7 80.0 1.75 1.65 0.84 0.95 0.50 0.45
LSD 3.67 4.23 0.89 0.95 0.92 0.78 0.75 0.45
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Biochemical evaluation of the effect of Rhazya stricta aqueous leaves
extract in liver and kidney functions in Rats
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Abstract: Rhazya stricta (R. stricta) is an important medicinal species used in indigenous medicinal herbal drugs to
cure various diseases in South Asia and Middle East Countries. Over 100 alkaloids have been isolated, from R.
stricta leaves, stems, roots and legumes and mixtures of aerial parts. The aim of this study was evaluatation of the
beneficial effects of oral administration of extracts of the R. stricta leaves on serum lipid profile concentrations, the
activity of liver enzymes and the kidney functions, using doses comparable to those applied by humans in the
folkloric medicine. To achieve this goal, fifty five male Wistar rats were divided into four groups as follows: group 1
(control, n= 10) received a daily single oral dose of 0.5 ml of distilled water, groups 2, 3 and 4 (each of 15), each
animal received a daily single oral dose of 0.5 ml of distilled water containing 0.1 gm/ml (group 2), 0.125 gm/ml
(group 3) and 0.150 gm/ml (group 4) of the Rhazya leaf aqueous extract, for 18 weeks. Blood samples were
collected, after an overnight fast, 1, 2, 4, 8, 12 and 18 weeks post-treatment. The aqueous extract of the R. stricta
leaves significantly decreased concentrations of TGs, LDL-c, cholesterol, uric acid and creatinin, but increased
concentration of HDL-c. It triggered all these activities without affecting liver enzyme activities or kidney functions.
These findings may have a positive impact on the cardiovascular patients and may provide a new therapeutic
strategy to reduce hypertriglyceridemia. [Nature and Science. 2010;8(4):136-142]. (ISSN: 1545-0740).

Key words: Rhazya stricta; lipid profile; liver enzymes; aqueous extracts; uric acid

1. Introduction mediated hypotension in mice and rats, Ali, et al.,

Rhazya stricta Decne (R. stricta), locally known (1995); Ali, et al., (2000); Tanira et al., (2000); and et
as Harmal, is a member of family Apocynaceae. It is al., (2000). Recently, Baeshin's team run a series of
widely distributed throughout Western Asia from elegant experiments proving that the aqueous extract
Yemen to Arabia, to the North West Province of India Rhazya stricta leaves had mutagenic activities on wide
and abundantly found in various regions of Pakistan. range of cell types including S. cervisae, Baeshin et al.,
The plant is a glabrous erect shrub with smooth central (2005)  Aspergillus terreus, Baeshin et al., (2008).
stem and dense erect branches, Western (1989) . It is Allium cepa root tip meristem, Baeshin et al., (2009)
widely used in traditional medicine as a reputed tonic and the primary culture of human lymphoctes Baeshin

and curative for rheumatic pain, sore throat, syphilis, et al., (submitted).
diabetes, helminthiasis, inflammatory conditions, fever To our best knowledge, there is no documented
and other diseases , Ageel et al., (1987); Ali.et al., report elucidating the effects of this plant on serum

(1995) and Ali,et al., (1998) The leaves of the plant HDL-c concentrations. In light of the ample use of this
contain  alkaloids  with  B-carboline  nucleus plant, and as part of our ongoing research in exploring

(akuammidine, rhazinilam and tetrahydrosecamine), possible curable effects of some indigenous medicinal
Bashir et al;., (1994). The R. stricta leaves have been herbs in KSA, we decided to investigate the effect, if
shown to contain flavonoids, glycosides, triterpenes, any, of the R. stricta leaf extract on lipid profile
tannins, volatile bases and probably other substances, concentrations, especially HDL-c and HDL.

Ahmed et al;., (1983) and AL-Yahya et al;., (1990).

Extensive studies on the phytochemistry, Baherji et al;., 2-Effects of the R. stricta leaf aqueous extract after
(1970); Rahman et al;., (1988); Bashir et al; (1994) and two weeks of treatment

Wasfi et al; (1994), antimicrobial activity Bashir et al; The data presented in Table 2 shows that, after
(1994), central nervous system depression, Ali et al; two weeks of treatment, the Rhazya extract consistently

(1995) and general pharmacology and toxicity of the recapitulated its dose-dependent decreasing mode of
plant™® have been reported. Its leaf extracts were found action on TGs, specially in context of group 4, since it

to cause sedation, analgesia, decreased motor activity, turned down concentrations of TGs to as nearly as 60%
antidepressant-like activities, complex effects on brain of their concentration in the control group. It also
endogenous monoamine oxidase activity and centrally- consistently increased, in a dose-dependent manner,
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concentrations of HDL-c and LDL.

However, it did not significantly affect
concentrations of cholesterol in all treated groups.
Although a highly significantly (P<0.01) increase in
activity of AST was observed in group 4, no effects
was noticed for ALT or ALP. For effects of the extract
on creatinine, uric acid and urea, its best effects were
clearly seen in the context of group 4, where it
significantly decreased concentrations of uric acid and
urea; however, it did not bring effects on creatinine
level. Nonetheless, it did increased concentration of
creatinine in group 2.

Materials and Methods
1-Materials:
1.1-Animals

Fifty five locally bred adult male Wistar rats,
initially weighing 150-200 gm, were obtained from
King Fahad Medical Research Center (KFMRC), King
Abdul-Aziz University, Jeddah, KSA. They were
housed in groups of five animals at a temperature of
22°C under a 12 h dark-light cycle. They were fed ad
libitum a standard pellet diet (Grain Soils and
Flourmills Organization Jeddah, KSA) and given
distilled drinking water.

1.2-Plant material and extract preparation

The plant was collected from a nearby area of
Jeddah, KSA in May 2005. Leaves were shade-dried
and ground to a fine powder with a blender. The
resulting powder was stored at 4°C. Aqueous solutions
were freshly prepared daily from this powder and used
in all tests. Three different concentrations of the
powdered leaves were prepared (0.1 gm/ml, 0.125
gm/ml and 0.150 gm/ml) by macerating 4 gm, 5 gm
and 6 gm, respectively, in 40 ml distilled water for 12
h at room temperature, with occasional shaking. The
extract was then filtered. The filtrate was giving
directly to the rats; the aqueous extract was always
administrated orally in a volume of 0.5 ml of the
prepared dose.

2-Material and Methods:
2.1-Experimental design

Animals were divided into four groups and
acclimatized for 4 days prior to experimentation.
Group 1 (control, n= 10), each animal was given, by
oral gavage, 0.5 ml distilled water. Groups 2, 3 and 4
(each of 15), each animal was given, by oral gavage, a
daily single dose of 0.5 ml distilled water containing
0.1 gm/ml (group 2), 0.125 gm/ml (group 3) and of
0.150 gm/ml (group 4) of the extract, for 18 weeks.

Blood samples were collected, after an overnight
fast, on weeks 1, 2, 4, 8, 12 and 18 post-treatment. At
the time of the collection, information including body
weights, food and water intakes as well as any
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abnormal physical behavior was recorded for each
animal. Collected blood samples were centrifuged at
3000 rpm for 10 minutes and sera were stored
immediately at - 80°C until time of analysis.

2.2 Biochemical assays

Sera were used for measuring concentrations of
total cholesterol, high density lipoprotein (HDL-c), low
density lipoprotein (LDL-c) and triglycerides (TG), for
assaying activities of aspartate transaminase (AST),
alanine transaminase (ALT) and alkaline phosphatase
(ALP), and for determining concentrations of uric acid,
urea, and creatinine. The last task was achieved by
commercial kit-based enzymatic colorimetry methods
(Dade Behring, USA) using an automated chemistry
analyzer (Dimension R Clinical Chemistry System).
These measurements were carried out in the
biochemistry lab, King Abdul Aziz University Hospital
(KAUH), Jeddah, KSA.

2.3 Statistical evaluation

Statistical analysis was performed using SPSS 10
for Windows. The data were expressed as means +
standard deviation. Comparison of variables between
groups was performed using one-way analysis of
variance (ANOVA). The least significance difference
test (LSD) was employed to compare means for pairs
of groups. A difference was considered to be
statistically significant when P-value < 0.05.

3. Result Analysis
1-Effects of the R. stricta leaf aqueous extract after
one week of treatment

The results are summarized in Table 1. Statistical
analysis indicated that oral administration of the
aqueous extract the R. stricta leaves significantly
(P<0.05) decreased concentration of TGs in group 4,
but it did not bring significant effect in group 2 or 3.
On the other hand, it exerted a dose-dependent
increasing mode on concentrations of HDL-c in all
treated groups, whereas the lower dose of the extract,
0.1 gm/ml (group 2), significantly (P<0.05) increased
HDL-c concentration, the higher doses of the extract,
0.125 gm/ml (group 3) and of 0.150 gm/ml (group 4),
highly significantly (P<0.01) increased concentrations
of HDL-c. Meanwhile, we did not observe significant
(P>0.05) difference between all treated and control
groups, regarding alterations in the concentration of
LDL-c or cholesterol, neither did we notice change in
activity of serum AST, ALT or ALP. In addition, serum
creatinine concentration was lower in group 2 than its
concentration in group 1 (control) and, finally,
concentrations of uric acid and urea were significantly
lower in group 4 than in control group.
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3-Effects of the R. stricta leaf aqueous extract after
four weeks of treatment

As shown in Table 3, TG concentrations were
consistently decreased (P<0.05-0.01) in all treated
groups compared to the control group. The extract,
however, did not alter concentrations of HDL-c in all

treated group, but it consistently decreased
concentrations of LDL in all treated groups.
Furthermore, neither did the extract alter

concentrations of cholesterol, nor did it affect activity
of AST, ALT, or ALP in all treated groups. Finally, the
extract decreased concentration of creatinine in the
context of group 4, but it did not alter concentration of
uric acid or urea in any groups.

3-Effects of Rhazya stricta after eight weeks of
administration of treatment

After eight weeks of treatment the extract
highly significantly (P<0.01) augmented serum levels
of TGs, especially in groups 2 and 3. It also boosted
level of HDL-c in group 2; on the other hand, levels of
LDL and cholesterol dwindled. In addition, the extract
neither did affect activity of AST, ALT, nor ALP. The
extract did not either alter concentrations of creatinine,
but it significantly decreased and increased
concentrations of uric acid and urea, respectively.

4-Effects of the R. stricta leaf aqueous extract after
twelve weeks of treatment

Effects of the Rhazya extract after twelve weeks
are displayed in Table 5; pair-wise comparison of TG
levels in all treated and control groups show that the
extract has neutralizing effect on TG levels. On the
other hand, it significantly raised level of HDL-c in
group 4. The extract did not affect either concentration
of LDL or cholesterol; neither did it alter activity of
AST, ALT nor ALP. The extract did, however, decrease
activities of creatinine group 3), uric acid (groups 3 and
4) and urea (groups 2 and 3).

Effects of the R. stricta leaf aqueous extract after
eighteen weeks of treatment

When we monitored effects of the Rhazya extract
after eighteen weeks of treatment (Table. 6), we found
that all treated and control animals have a more or less
comparable levels for lipid profile, TGs, HDL-c, LDL
and cholesterol. The same observation was noticed too
for activities of the liver enzymes, AST, ALT and ALP,
whereas the extract has no ability to alter their
activities. Additionally, effects of the extract on
concentrations of creatinine and urea were
insignificant, but it significantly kept its decreasing
effect on uric acid in groups 2 and 3.

Tablel: Lipid profile concentrations, Liver enzyme concentrations and kidney function test results among the
roups after one week of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
n Control (0.1gm/ml) (0.125gm/ml) (0.150gm/ml)
10 15 15 15
Triglycerides(mmol/1) 1.02+0.27 0.82+0.25 1.02+0.25 0.72+0.30 <0.05°
HDL (mmol/l) 0.43+0.06 0.50+0.07 0.51+ 0.08 0.512+ 0.07 <0.05%®
<0.01®9
LDL (mmol/l) 0.89+.245 0.94+0.219 0.84+0.173 0.88+0.23 NS
Cholesterol (mmol/l) 1.79+0.21 1.72+0.43 1.81+0.24 1.70+0.22 NS
AST (U/L) 85.1+12.06 72.07+14.59 71.80+24.69 72.27+30.49 NS
ALT (U/L) 53.847.67 51.8+10.04 54.8048.43 58.53+11.81 NS
ALP (U/L) 198.6+19.8 172.87+36.0 205.8+60.02 221.47+38.99 NS
Creatinine (umol/l) 31.89+4.48 28+4.62 30.40+4.39 32.20+4.78 <0.05®
Uric acid (U/L) 61.70+25.62 49+15.80 70.66+23.69 39.40+19.45 | <0.059
Urea (umol/l) 7.52+0.95 6.82+0.83 6.87+0.86 6.32+1.03 <0.01©
Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed by LSD
test. (a: control vs. group 2, b: control vs. group 3, c: control vs. group 4).
P- value < 0.05 was used as a criterion of significance.
P- value < 0.01 was used as a criterion of highly significance.
NS: Not significant

Table2: Lipid profile concentrations, Liver enzymes concentrations and kidney function test results among
the groups after two weeks of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
Control (0.2gm/ml) (0.225gm/ml) (0.250gm/ml)

N 10 15 15 15

Triglycerides(mmol/l) | 1.0+0.23 0.86+0.21 0.93+0.20 0.61%0.20 <0.001®
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HDL (mmol/l) 0.49+0.07 [ 0.52+0.08 0.54+0.08 0.56+ 0.07 <0.05
LDL (mmol/I) 0.83+0.28 [ 0.88+0.16 0.86+ 0.15 1.03+0.11 <0.05
Cholesterol (mmol/l) | 1.78+0.26 1.79+0.21 1.83+0.19 1.87+0.22 NS

AST (U/L) 86.6+ 22.65 | 86.8+ 13.97 08.13+ 17.88 108.83+ 15.76 <0.01%
ALT (U/L) 61.5+12.71 | 62.2+9.78 56.6+ 17.5 66.31+ 7.94 NS
ALP (U/L) 177.8+19.53 | 160.4+ 18.29 | 186.46+ 17.79 172.9+ 28.78 NS
Creatinine (umol/l) 33.6+£3.06 | 35.8+3.73 37.86+ 5.01 32.76+5.13 <0.05®
Uric acid (U/L) 79.4+ 26.60 | 79.4+ 18.48 68.5+ 23.17 61.61+ 16.41 <0.05
Urea ( umol/l) 7.72+1.05 | 7.59+0.99 7.09+ 0.83 6.11+ 0.87 <0.001%©
Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed by
LSD test. (a: control vs. group 2, b: control vs. group 3, ¢: control vs. group 4).

P- value < 0.05 was used as a criterion of significance.

P- value < 0.01 was used as a criterion of highly significance.

NS: Not significant

Table3: Lipid profile concentrations, Liver enzymes concentrations and kidney function test results among
the groups after four weeks of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
Control (0.1gm/ml) (0.125gm/ml) (0.150gm/ml)

n 10 15 15 15

Triglycerides 1.16+ 0.49 0.89+0.14 0.81+0.17 0.86+ 0.34 <0.05%%

(mmol/I) <0.01®

HDL (mmol/l) 0.50+ 0.07 0.49+ 0.06 0.53+ 0.08 0.52+ 0.07 NS

LDL (mmol/l) 0.28+ 0.06 0.23+0.044 0.24+0.038 0.24+ 0.036 <0.05%"9

Cholesterol 1.96+ 0.23 1.7+ 0.46 1.79+£ 0.19 1.78+ 0.19 NS

(mmol/l)

AST (U/L) 74+ 44.25 90.13+ 24.03 95.08+ 18.49 83.77+ 15.02 NS

ALT (U/L) 62.3+ 7.65 62.73+ 8.6 63.57+ 7.9 59.57+ 4.69 NS

ALP (U/L) 189.4+ 53.83 | 179.2+ 34.85 194+ 20.46 181.92+ 29.02 NS

Creatinine 36+ 6.48 34.2+ 6.39 38.29+ 4.64 30.85 6.04 <0.05

(umol/l)

Uric acid (U/L) 63.6+ 30.02 51.73+ 15.63 92.5+ 44.65 60.75+ 32.64 NS

Urea ( umol/l) 7.47+1.18 6.89+ 1.12 7.19+0.92 6.96+ 1.09 <0.05

NS: Not significant

Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed by

LSD test. (a: control vs. group 2, b: control vs. group 3, ¢: control vs. group 4).

P- value < 0.05 was used as a criterion of significance.

P- value < 0.01 was used as a criterion of highly significance.

NS: Not significant

Table 4: Lipid profile concentrations, Liver enzymes concentrations and kidney function test results among
the groups after eight weeks of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
Control (0.2gm/ml) (0.225gm/ml) (0.250gm/ml)
n 10 15 15 15
Triglycerides 0.39+0.07 0.46+0.08 0.46+ 0.06 0.40+0.05 | <0.01@"
(mmol/l)
HDL (mmol/l) 0.49+ 0.05 0.57+ 0.05 0.52+ 0.07 0.48+0.06 | <0.01@
LDL (mmol/l) 0.25+0.02 0.24+0.06 0.21+0.02 0.19+0.03 | <0.05™
<0.001©
Cholesterol 1.94+ 0.4 2.1+0.25 1.72+0.15 1.71+0.23 | <0.05™9
(mmol/l)
AST (U/L) 127.4+ 2457 120.79+ 23.16 1475+ 44,06 | 127.8+19.54 NS
ALT (U/L) 55.8+ 8.01 58.79+ 9.7 62.71+8.2 57.73+ 7.14 NS
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ALP (U/L) 140.3+ 23.86 140.71+ 24.56 | 150.21+18.91 131.6+ 20 NS
Creatinine 41.1+5.69 38.79+ 4.88 43.57+4.79 39.07+ 6.97 NS
(umol/l)
Uric acid (U/L) | 88.7+34.27 64.71+ 16.79 76.86+ 21.89 69.4+18.26 | <0.05@9
Urea (umol/l) 5.26+ 0.66 5.61+0.71 6.03+ 0.59 5.69+0.82 | <0.05®

Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed
by LSD test. (a: control vs. group 2, b: control vs. group 3, c: control vs. group 4).
P- value < 0.05 was used as a criterion of significance.
P- value < 0.01 was used as a criterion of highly significance.
NS: Not significant

Table 5: Lipid profile concentrations, Liver enzymes concentrations and kidney function test results among
the groups after twelve weeks of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
Control (0.1gm/ml) (0.125gm/ml) | (0.150gm/ml)
n 10 15 15 15
Triglycerides(mmol/l) | 0.40+ 0.07 0.45+0.09 0.46+ 0.07 0.44+ 0.06 NS
HDL (mmol/l) 0.42+ 0.04 0.48+ 0.06 0.48+ 0.06 0.50+ 0.06 <o.o5§a;“>
<0.01°
LDL (mmol/l) 1.1+ 0.22 1.03+0.17 0.97+ 0.14 1.12+ 0.12 NS
Cholesterol (mmol/l) 1.73£0.21 1.72+0.18 1.68+ 0.21 1.82+ 0.18 NS
AST (U/L) 127.1£31.22 | 127.3+33.37 | 121.77+ 24.19 | 123.5+ 24.18 | NS
ALT (U/L) 61.3£ 6.3 63.42+ 12.22 | 59.64+ 13.31 | 64.28+ 7.64 NS
ALP (U/L) 127.7£20.83 | 121.17+12.15 | 133.43+17.1 | 128+ 21.89 NS
Creatinine (umol/l) 49.4+ 9.05 45.83+ 3.1 4214+ 3.21 51.86+ 5.20 <0.01®
Uric acid (U/L) 77.9+17.69 [ 7258+ 16.08 | 60.86+16.03 | 60.79+ 14.96 | <0.05%9
Urea ( umol/l) 6.47+ 0.81 5.63+ 0.73 6.21+ 0.66 5.72+ 0.83 <0.05%
Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed
by LSD test. (a: control vs. group 2, b: control vs. group 3, c: control vs. group 4).
P- value < 0.05 was used as a criterion of significance.
P- value < 0.01 was used as a criterion of highly significance.
NS: Not significant

Table6: Lipid profile concentrations, Liver enzymes concentrations and kidney function test results among
the groups after eighteen weeks of treatment with Rhazya stricta

Variable Group 1 Group 2 Group 3 Group 4 P-value
Control (0.2gm/ml) (0.225gm/ml) (0.250gm/ml)

n 10 15 15 15

Triglycerides 0.52+ 0.06 0.49+0.19 0.52+0.06 0.49+0.08 NS

(mmol/l)

HDL (mmol/l) 0.45+ 0.06 0.48+ 0.07 0.48+ 0.07 0.49+ 0.05 NS

LDL (mmol/l) 1.13+£0.19 1.18+0.23 1.11+0.16 1.12+0.13 NS

Cholesterol (mmol/l) | 1.77+0.18 1.75+ 0.55 1.82+0.21 1.86+ 0.14 NS

AST (U/L) 142.3+ 57.34 | 125.69+ 32.15 | 118.43+ 22.60 142.07+54.16 | NS

ALT (U/L) 69.9+ 17.58 65+ 14.66 63.64+ 10.95 73.57+£21.76 | NS

ALP (U/L) 123.3+ 25.05 | 115.15+ 20.85 | 115.29+ 11.72 122.23+20.94 | NS

Creatinine (umol/l) | 41.56+ 7.97 45.83+ 6.45 44.93+ 5.06 39.86+ 4.11 NS

Uric acid (U/L) 66.60+ 23.54 | 54.92+ 8.50 45,86+ 6.2 54.36+ 13.42 | <0.0109

Urea ((umol/l) 6.17+ 2.12 6.69+ 1.95 7.44+ 0.69 6.85+ 0.74 NS

Values were represented as the mean + SD; the data were statistically analyzed using ANOVA followed by
LSD test. (a: control vs. group 2, b: control vs. group 3, c: control vs. group 4).

P- value < 0.05 was used as a criterion of significance.

P- value < 0.01 was used as a criterion of highly significance.

NS: Not significant.
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4. Conclusions

Rhazya stricta is commonly used in folk medicine
of the Arabian Peninsula for the treatment of many
diseases. Therefore, we decided to elucidate the effect,
if there any, of the R. stricta on blood lipid indices. Our
findings indicated that the aqueous extract of the R.
stricta leaves significantly decreased concentrations of
TGs, LDL-c, cholesterol, uric acid and creatinin, but
increased concentration of HDL-c. It triggered all these
activities without affecting liver enzyme activities or
kidney functions. In many studies, relatively large
doses of the plant extract were used to determine the
pharmacological and toxicological actions, Tanira et
al.,(1996) and Adam,et al.,(2002) - Therefore, it was
necessary to study the biochemical effects of this plant
using low doses, in other words, doses comparable to
those applied in folk medicine. The present study
confirmed the low toxic potential of the plant extract.
Our study showed that the daily oral administration of
single doses of the extract of plant leaves (0.1, 0.125
and 0.150 gm/ml) for 18 weeks, did not produce
significant changes in the activity of serum AST, ALT
and ALP, neither did the extract produced significant
rise in the concentrations of uric acid, urea nor
creatinine. Therefore, kidney functions have not been
affected by such treatment. Paradoxically, another
study reported emergence of hepatonephrotoxicity for
chicken grown on 100 g/kg Rhazya stricta diet after 4
and 7 weeks of treatment, Al-Homidan et
al.,(2002).0ne possible explanation for emergence of
this toxicity is the dosage effect, where applying as
high as 100 g/kg Rhazya stricta diet elicited toxicity
consequences. Our work demonstrates for the first time
that the aqueous extracts of Rhazya stricta significantly
reduced serum TG, LDL-c, cholesterol, uric acid and
creatinine levels and increased HDL-c concentrations.
These results indicated that the aqueous extracts of
Rhazya stricta are effective on improving blood lipids
status without bringing about a significant hepato- or
nephro-toxicity. The mechanisms by which aqueous
extracts of the plant leaves reduced serum lipids are
unclear. Other point, our data seemed to contradict a
study of report Adam et al.,(2002) who found that
cholesterol levels were elevated in sheep fed on 0.25
g/kg/day Rhazya stricta leaves for 42 days. This is
could be due to the relatively high dose of the plant
extract. Another study reported that chronic treatments
of rats or mice with Rhazya stricta lyophilized extract
at oral doses of 0.5, 1, or 2 g/kg for 28 days produced
no significant effect on any of the hematologic or
biochemical indices measured Tanira et al., (1996).
This suggests that the method of extraction is affecting
the plant leaves. Most researches have used lyophilized
extract containing about 18.3% of the original material
and aqueous solutions were prepared from this
lyophilized product Rasheed et al.,(1994) and Ali et
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al.,(1999). It has been reported previously that the
leaves of the plant contain volatile bases and probably
other substances, Ahmed et al.,(1983)and AL-Yahya et
al.,(1990), which might alter ratio/properties of the
other constituents of the extract prepared from the
lyophilized leaves using a freeze drier. Confirming to
this notion is that freeze-drying may diminish some
medicinal plant actions, Abascal et
al.,(2005).Therefore, researchers and practitioners
should carefully consider how the use of freeze-dried
material may affect pharmacological and clinical study
results.

In conclusion, the marked hypotriglyceridemic and
hypocholesterolemic effect of this plant may have
therapeutic  implications on  patients  with
hypertriglyceridemia  and  hypercholesterolemia.
However, more work is needed , with the world
growing interest in complementary and alternative
medicinal  investigations, to explore possible
mechanisms of action of Rhazya stricta leaves in
human  cardiovascular disorders, using the same
method of extraction that has been used by humans in
the folk medicine. Furthermore, the mutagenicity of the
leaf extract demonstrated by

Baeshin's et al(2005),and submitted)., should be taken
in consideration , as how to be avoided during
therapeutic implications.
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Abstract: The present study was conducted to investigate the effect of subclinical mastitis on clinicopathological
changes in Mastitic friesian. A total of 400 individual milk samples from clinically normal udder quarters of 100
diary friesians were examined microbiologically as well as by using California mastitis test (C.M.T.) for detection of
subclinical mastitis and designing rapid diagnostic tests for other infection. Blood samples were analysed for
hemogram, cortisol, alanine aminotransferase, asparate aminotransferase, total protein, inorganic phosphorous and
calcium. Also L.DH in milk was detected. The results indicated that there is a significant elevation of cortisol, Sgot,
p.cv, L.DH activity in milk while a notable decrease in total protein, serum calcium and Hemogram. was observed.

However; Serum phosphorous level did not exhibit obvious changes. [Nature and Science. 2010;8(4):143-146].
(ISSN: 1545-0740).

Key words: Microbiology of mastitis, Pathology of mastitis, Enzymes in mastitis, changes in blood

1. Introduction clinicopathological changes and mastitis in

s . . subclinical mastitic friesian.
Mastitis is the most frequent, disease responsible for

early _culling of milking animal_s, this culling 2 Material and Methods

sometimes takes place before the animal reaches the

age of maximum production. The colonization of For conducting this work 400 milk samples were
mamary gland by pathogenic microorganisms results aseptically collected for clinically normal quarters of
in series events which lead to major alteration in the friesian selected from Mounofia governorate.
composition of milk, and on the disease set in Samples were examined using the following tests:
inflamatory reactions takes place for several days (A) California mastitis test C.M.T. according to

(Elsagheer et al, 1992). Preacute coliform mastitis is

of great economic importance in the dairy industry the procedure described by American Public

. . . . . . Health.

since the infection with coliform organisms and the

following production of endotoxin leads to high (B) Microbiological examinations which include
mortality. Akira (1989)reported that when diagnosis cultivation of milk sediment. The milk
of preacute coliform mastitis is given by clinical sediment obtained by centrifugation of 10
signs and hematological hematobiochemical findings ml of the samples for 20m at 3000 rpm was
only misdiagnosis on the prognosis is common. Thus seeded on a plates of nutrient agar, blood
the presence of endotoxin in blood plasma should be agars, Edward medium, Mackonkey's agar
checked for the precise diagnosis of bovine preacute and subarouds dextrose agar.

coliform mastitis. This is characterized by severe
quarter Inflammation (Schalm et al, 2006). Stress in
the form of muscular exertion causes alterations in Examination of incubated milk
the different blood constituents (Agarwal et al, 1984;
Bhasrekar et al, 1984 and Cabona et al, 1990). This
work was intitiated so as to investigate
clinopathological changes among infected friesian.
The aim of the present work was also to study the
bacteriological incidence of subclinical mastitis
among friesian and to find the relationship between

Loopfuls from the incubated samples over night at
37° were streaked on the same forementioned media
and inoculated plates were incubated at 37° for 48hr
except sabarouds agar plates which were incubated
at 25° and checked daily for the growth of fungi for
3 weeks. Suspected colonies appearing on different
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media were examined microscopically and
Midentification was carried out according to Ajello et

Blood samples from friesian were collected by
jugular venepuncture in test tubes with or without
EDTA.

Serum was harvested by centrifugation at 3000
rpm. Calcium, Inorganic phosphorous, total protein
Sgot, Sgpt were determined in serum using Kits
from Diamond Diagnostica company, Egypt and
measured by spectrophotometer in the UV range
(240nm). Cortisol was assayed by R.I assay
technique using Kkits from Diagnostic Products
Coporation, Los Angles USA, according to method
of Kowalaski (1976). A complete blood picture was
manually performed as outlined by Jain (1986).

LDH assay

L.D.H in milk was measured by specials Kkits
according to methods of Kachmar and Moss (1976).

The samples were processed by centrifugation to
remove fat and pellet and intermediate layers
obtained were further centrifuged at 30,000 Xg for

ABLE 1. Bacteriological examination of infected friesian.

al. (1966) and El-Sagheer et al. (1992).

min essentially according to the method of Bagin
et al. (1977). The supernatent obtained was filtered
through filter paper and used as the enzyme source.

LD.H activity was assayed spectrophotometrically
at 340nm by special kits according to Kachmar and
Moss (1976).

3. Result

The results obtained from Table 1 revealed that
out of 100 lactating friesian 14% were infected with
E.coli 6% infected with S.agalactia 3.5% S. aureus &
1.5% Pseudomonas aeruginosa.

From the Table 1 it was obvious that C.M.T. reaction
is positive for friesian with preacute coliform
mastitis.  Further  prognostic diagnosis have
commonly been done based on clinical symptoms and
hematological & biochemical examinations.

100 lactating

friesian 14%

infected with
E. coli

6% 1.5%
S. Agalactia 3.5% S. Aureus
Pseudomonas
Aeruginosa

The Hemogram showed a significant decrease in
R.B.Cs, P.C.V. and hemoglobin while there was a
significant increase in E-SR & W.B.C.S (p<0.01)
(Table 2).

Cortisol levels

The present investigation (Table 3) indicated that
mastitic cows had significant elevation of serum
Cortisol levels as compared with non mastitic cows
(p<0.01).

Liver junctions
Enzymatic activity

Sgot values were significantly (p < 0.01) higher in
mastitic cows while Sgpt values revealed no obvious
changes as compared with control group.

Calcuim and Inorganic phosphorous

Slight non significant decrease were
recorded in calcium level while inorganic
phosphorous revealed no obvious changes.

Total protein
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T.P. values were significantly lower in
mastitic cows (p < 0.01). L.DH in milk
L. DH level in milk were significantly higher in
mastitic cows (p < 0.01).

4. Discussion

Subclinical mastitis is of great economic
importance ixy the dairy industry since the infection
with coliform organism leads to high mortality. When
diagnosis is given by clinical signs only Ederhart
(2007) suggested further investigations including
hematological and biochemical investigations for
confirmation. It is clear that incidence of subclinical
mastitis among examined dairy cows is relatively
high with reduction in milk yield which causes a
heavy economic losses. The colonization of mamary
glands by pathogenic microorganisms results in a
series of events which lead to major alterations of
milk compositions secreted from cells. Therefore
C.M.T is a suitable measure for use on large scales
monitoring programs. Elsagheer et al. (1992) suggest
that application of C.M.T. leads to early detection of
subclinical infected quarters and aids in the selection
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of dairy animals for either segregation or therapy for
less than costs of the disease including the large
losses in milk production for cows with preacute

coliform mastitis. The level of LDH seems to
increase in mastitic milk, (Kerumori et al, 1989).

Table 2. Effect of mastitis on Hemogram of infected cows.

E. coli Hemoglobin g/dl P.C.V% R.B.C.S 10%wd |W.B.C.D 10%wd| E.SR mrn/2hrs
Control 9.10£0.23 31+£0.32 8.10 +0.18 10.35 +0.64 1.03 £0.092
Infected 8.60 £1.94* 27.5 +0.62 6.33 +0.90 12.27 +0.053* 1.83 £ 0.045**
Streptococcous
agalactiae
Control 9.9 +0.20 32 £0.67 9.310.74 10.00 +0.26 1.00 +£0.35
Infected 7.80 £0.58** 31 +£0.070* 8.8+0.80* 13.00 +0.63* 1.72 £0.072** "'
S. oureus
control 9.45 £0.05 34 +£0.69 9.00 +0.07 10.57 +0.71 1.23 £0.021
Infected 7.94 £ 0,08** 28.00 + 0.23** 8.40.09* 14.00 +0.53** 2.2 £ 0.052**
Pseudomonas
Aeruginosa
Control 9.3+0.13 32 +£0.72 9.00 +0.74 10.00 +£1.83 1.00 £0.64
Infected 7.00 £ 0.69 30 +£0.93* 8.03 +0.33* 12.00 +0.77* 2.0 £0.0.82**

** p<0.01 *p<0.05

Table 3. Effects of subclinical mastitis on Biochemical changes and Cortisol hormone level of infected cows.

. Total L.DH Cortisol Calcium hosphorou

E. coli protein | activity Uiml| mg/dl | S9OtYL | SeptUL | T i nEn)g/dI
control 7.95+0.73 | 57.3+2.23 | 0.93+0.32 | 75.340.64 | 13.23+0.37 | 8.93+0.74 | 6.94 +0.78
Infected 6.33+0.27 (10.14 +0.62**| 1.34+0.23 | 16.3 £68** | L5.00 £0.26* | 7.10 +1.09* | 6.74 +0.53
Streptococous
agalactia
control 7.84+0.14 | 67.00+0.40 | 0.70+0.13 | 80+0.62 |12.00+0.074| 8.00+0.52 | 7.00 +0.35
Infected 6.10 £0.37*| 127 £17** [1.83+0.29** | 1.94 +54** 1(1)4182* 7.33 £0.34**| 6.89 £0.92
S. aureus
Control 7.90 £1.23 50 +£0.27 0.90+0.54 | 94+0.40 | 13.00+1.23 | 8.73+0.51 | 7.5+0.68
Infected 6.59 £0.22*| 134+16** |[1.91+0.82**.| 158+I3** | 14.3+1.73* | 7.10+£0.14** | 6.8+0.88
pseudomonas
aeruginosa
control 7.97 +0.62 73 +£0.48 0.83+0.34 | 0.94+1.20 | 14.00+0.73 | 8.51+0.27 | 7.00 +0.23
Infected 6.834£0.33 | 178450** |1.93+0.33**| 139 +1.00* | 1.48 +1.70* |7.85+ 0.34*| 7.79 +0.40

**p<0.01 *p<0.05

Prognostic diagnosis have commonly been done on
clinical symptoms and the hemotological and
biochemical examinations blood. Biochemical
analysis of mastitic animals may help in diagnosis of
subchemical abnormalities and become a helpful
means for practice under field conditions (Rose,
1987). The present results in mastitic cows fell in the
range given by Jain (1986) and Koneko (1989).

As shown in Table 1 the significant changes in
hemogram and other biochemical values are due to
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infection with mastitis. The highly significant
increases detected in Sgot values & Cortisol are in
line with the results of Sloss & Dufty (1980), Symons
et al. (1974). Agarowal et al. (1984) however
attributed these changes to stressful conditions. In the
present study we have shown that L.D.H activities
were enhanced in mastitic milk. The enhancement
can be at least partly explained by the participation of
leucocytes which have L. DH activity at the 1,000
U/mg protien level in mastitic milk (Kasumori et al.,
1989). Protien concentration as well as somatic cell
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count and L. DH is increased when compared to
normal milk.

In the present investigation we have also measured L.
D.H of 4 species of bacteria which were isolated from
the mastitic milks used in the present study .and the
activity was detected in the extracts of E. coli, S.
aureus, S. agolacaltiae & Pseudomonas aeroginosa.
The enzyme activities were much higher in case of
the infected udders as compared to the control.

We could not determine the pattern of mastitic udders
because the udders contained large number of
leucocytes by washing small pieces of udder tissue
with mechanical shaking.

Conclusively in mastitic animals the application of
C.M.T. leads to early detection of subclinically
infected quarters and aids in the selection of dairy
animals for either segregation or therapy. Also we
conclude that mastitis causes anemia in cows detected
by dercrease of hemoglobin, R.B.C.S, and P.C.V.
L.D.H activity in milk increases, as well as Cortisol,
Sgot and calcium in serum.

Acknowledgement: the author would like to express
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Abstract: Copper, lead, cadmium and mercury concentrations were recorded in water and tissues of Oreochromis
niloticus from Egyptian fish farms in 2007-2009. Histopathological alterations in fish tissues were aso studied.
Bioconcentration factors of copper, lead, mercury and cadmium in liver and muscle tissue were (3.93 & 3.87), (8.10
& 7.60), (0.79 & 50.0) & (38.25 & 30.25), respectively. Mercury was the most bioaccumulated and biomagnified
metal in the muscles, while Cu was the least. The concentration of cadmium, lead and copper were highest in liver
and lowest in kidney tissue, while mercury (Hg) concentrations were highest in muscles, lowest in kidney tissue.
Several histopathol ogical changes were noted in muscles, liver, gills, kidney and intestine tissue attributable to
heavy metals exposure. [Nature and Science. 2010;8(4):147-156]. (ISSN: 1545-0740).
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1.Introduction

Metal contamination of aquatic ecosystems has
long been recognized as a serious pollution problem.
When fish are exposed to elevated levels of metalsin a
polluted aguatic ecosystem, they tend to take these
metals up from their direct environment (Seymore
1994). Heavy meta contamination may have
devastating effects on the ecological balance of the
recipient environment and a diversity of aguatic
organisms (Farombi et al. 2007).

Transport of metals in fish occurs through the blood
where the ions are usually bound to proteins. The metals
are brought into contact with the organs and tissues of
the fish and consequently accumulated to a different
extent in different organs and tissues of the fish. Most
heavy metals released into the environment find their
way into the aquatic environment as a result of direct
input, atmospheric deposition and erosion due to
rainwater, therefore aquatic animals may be exposed to
elevated levels of heavy metals due to their wide use for
anthropogenic purposes (Kalay and Canli, 2000). Heavy
metals are nonbiodegradable and once they enter the
environment, bioconcentrati on occurs in the fish tissue
in the case of aguatic environment, by means of
metabolic and biosorption processes (Wicklund-Glynn
1991).

Heavy metals such as cadmium, lead, cupper and
more specifically mercury are potentially harmful to
most organisms even in very low concentrations and

have been reported as hazardous environmental

Pollutants able to accumulate along the agquatic food
chain with severe risk for animal and human health.

Toxic heavy metal contamination mostly occurred in
aquaculture farms and frequently occurs in groundwater,
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rivers, estuaries, wetland and coastal areas. Of particular
concern are the highly toxic non-nutrient elements such
as mercury (Hg), lead (Pb), and cadmium (Cd).

The presence of pollutants have been associated
with decreased fertility and other reproductive
abnormalities in birds, fish, shellfish and mammals and
aso adtered immune function. Heavy metas like
mercury and cadmium are known to accumulate in
marine organisms and cause rapid genetic changes
(Nimmo et al. 1978, Nevo et al. 1986).

The toxicity of these elements is due to their ability
to cause, oxidative damage to living tissues. Damage
includes enhanced lipid peroxidation, DNA damage,
enzyme inactivation and the oxidation of protein
sulfydryl groups (Taiz and Zeiger 1998). Toxic heavy
metal can cause dermatological diseases, skin cancer
and internal cancers (liver, kidney, lung and bladder),
cardiovascular disease, diabetes, and anaemia, aswell as
reproductive, developmental, immunological and
neurological affects in the human body. Meta
contamination sources are typically derived from natural
sources. mining, industrial waste discharges, sewage
effluent, harbor activities and agrochemicals etc.

It is also possible that environmental toxicants may
increase the susceptibility of aquatic animals to various
diseases by interfering with the normal functioning of
their immune, reproductive and developmental
processes (Couch and John,1978).

Prolonged exposure to water pollutants even in very
low concentrations have been reported to induce
morphological, histological and biochemical alterations
in the tissues which may critically influence fish quality.

According to EPA guidelines, "the BCF
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(Bioconcentration Factors) is defined as the ratio of
chemical concentration in the organism to that in the
surrounding water. Bioconcentration occurs through
uptake and retention of a substance from water only,
through gill membranes or other externa body surfaces.
In the context of setting exposure criteria it is generally
understood that the terms "BCF" and " steady- state BCF"'
are synonymous. A steady-state condition occurs when
the organism is exposed for a sufficient length of time
that the ratio does not change.

The present study was carried out to investigate the
bioaccumulation of heavy metals (lead, copper,
cadmium and mercury) in the tissues of Oreochromis
niloticus and to determine the histopathological changes
caused by the residues of these metals in their organs.

2. Material and M ethods

SAMPLING

The water samples were obtained from different
farms derived their water supply from some River Nile
ramifications. Forty eight water samples and one
hundred adult freshwater tilapia (Oreochromisniloticus)
ranged between 100- 150 g in weight were collected
from 12 Tilapia farms located in 6 Governorates (Kafer
Al-Sheikh, Ismailia, Kaliobea, Damiatta, Al-Fayum and
Behera) during 2007-2009. At laboratory, the fish
samples were washed with deionized water and wrapped
separately in acid washed polyethylene bag and stored
frozen at -20°C until analysis was carried out.

PROCEDURES:
PREPARATION AND ANALYSIS OF WATER
SAMPLES:

The analysis of water samples was carried out ac-
cording to A.PH.A. (1992). The water samples were
preserved by the addition of one ml of concentrated
nitric acid per liter until the time of analysis. The water
samples were filtered through 0.45ul membrane filter.
The required volume (100 ml) of the filtrate was
collected to measure lead, cadmium, mercury and
copper levels in water samples by using Air/Acetylene
Flame Atomic  Absorption  Spectrophotometer
(UNICAM 696 AA Spectrometer). Flameless Atomic
Absorption Spectrophotometer equipped with (MHS)
mercury hydride system "Cold Vapour Technique' was
used for determination of mercury levels in examined
water samples.

PREPARATION AND ANALYSIS OF FISH
SAMPLES:

Procedure (A): Each sample was represented by one
gram of tissues dissected from the gills, liver, kidney
and muscles, then placed in a clean screw-capped tube
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and digested according to the method described by
Finerty et al. (1990). The obtained solutions were then
analyzed by using Air/ Acetylene Flame Atomic
Absorption Spectrophotometer (UNICAM 696 AA
Spectrometer) for determination of copper (Cu), lead
(Pb), cadmium (Cd) and mercury (Hg) levels in
examined samples.

Procedure (B): The measurement of the mercury
concentration in examined fish samples was carried out
at minimal temperature for al fish samples where 0.5
gram macerated fish tissues was digested according to
the technique described by Diaz-Ravina et al. (1994).
About 5 ml stannous chloride solution were added to the
obtained solutions to reduce mercury to elemental form
and then analyzed by using Flameless Atomic
Absorption Spectrophotometer equipped with "MHS"
mercury hydride system "Cold Vapour Technique”.

HISTOPATHOLOGICAL EXAMINATION

Tissue specimens from fresh Nile Tilapia were
taken (gills, muscles, livers, intestine and kidney) and
fixed in 15 % buffered neutral formalin. They were
processed to obtain five micron thick paraffin sections
then stained with Hematoxylin and Eosin (Bancroft et
al., 1996) and examined under light microscope.

STATISTICAL ANALYSIS

Data were analyzed using Analysis of Variance
(ANOVA) and means were separated by Duncan at a
probability level of < 0.05 (SAS Institute 2000).

3. Result

Results are shown in Table 1 (Heavy meta
concentrations in water of Nile Tilapiafarms) and Table
2 (Concentration of heavy metals in fresh Nile tilapia
tissues). Figure A-1-12 (The histopathological
alterations in Tilapia tissues) , Figure (B)-2(Mean
concentrations of Cu, Pb, Cd and Hg in water of fish
farms in different Governorates and the permissible
limits according to WHO,1984) and Figure (C)-3 (Mean
residual accumulations of Cu, Pb, Cd and Hg in tissues
of Oreochromis niloticus_and the permissible limits
according to WHO,1984).

Table 1, showed that the mean concentration of
copper in water of Tilapia farms was 0.65 £ 0.01 ppm,
while Table 2 showed the mean concentrations of
copper in gills, liver, kidney and muscles of Tilapia
(were4.8+0.05 ,256+ 0.21,1.52+ 0.06 and2.54 +
0.05 ppm, respectively). The BCF of copper in liver and
muscles was 3.93 and 3.87, respectively. The mean
concentration of lead in water of Tilapia cultures was
0.20 * 0.07 ppm, whiles the mean concentrations of lead
in gills liver, kidney and muscles, were 0.483 £ 0.05,
1523 + 0.02, 0155 + 0.02 and 1.521+ 0.02 ppm,
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respectively. The BCF of lead in liver and muscles was
810 and 7.60 ppm, respectively. The mean
concentration of cadmium in water of Tilapiafarms was
0.04 £ 0.009 ppm, while the mean concentrations of
cadmium in gills liver, kidney and muscles were 0.891 +
0.05, 1523 + 0.02, 0212 + 0.02 and 1.21 + 0.05
ppm, respectively. The BCF of cadmium in liver and
muscles was 38.25 and 30.25 ppm, respectively.

The mean concentration of mercury in water of Tilapia
faams was 0.07 + 0.009 ppm, while the mean
concentrations of mercury in gills liver, kidney and
muscles were 0.04 + 0.002, 0.055 + 0.003, 0.020 +
0.005 and 3.50 + 0.22 ppm, respectively. The BCF of
mercury in liver and muscles was 0.79 and 50 ppm,
respectively. The histopathology of different Tilapia
tissues revealed that there are several histopathol ogical
changes in different Tilapia organs (muscles, liver, gills,
kidney and intestine) as shown in Figure (Al).

Gills showed mild congestion and edema of the
primary lamellae (Figure A1-8). Severe edema,
hyperplasia, fusion and focal desquamation of the
epithelial lining of the secondary lamellae as seen in
Figure (A1)-9. The gill arch, especially at the bases of
the gill filaments, showed numerous mononuclear
leukocytic infiltration, edema and congestion. The
apex of gill filaments showed congestion, hyper
activation of the mucous and chloride cells with
epithelial vacuolation of the secondary lamellae.

Liver showed degeneration of the hepatocytes and
intravascular haemolysis in blood vessels as shown in
Figure (A1 -2), congestion of central vein, hemorrhages
(Figure A1-3), nuclear pyknosis in the majority of
hepatic cells (FigureAl-4) and the metal-binding
proteins were accumulated in the nuclel of hepatocytes
2% of the examined adult freshwater tilapia
(Oreochromis niloticus) were showed histopathological
alterations.

Kidney The kidney is composed normally of
numerous renal corpuscles with well developed
glomeruli and a system of tubules. The proximal
segment is covered by tall columnar epithelia cells with
basal nuclei and brush border located along the cell
apices. The dista segment was lined with large,
relatively clear columnar epithelial cells with central
nuclei and the brush border was reduced or not present.
The glomerulus is larger in diameter than the distal
segment, containing columnar epithelial cells with basal
nuclei and no brush border (Figure A1-10). In our study,
the kidney showed hydropic swelling of tubules,
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sometimes with pyknotic nuclei and many necrotic areas
aswell as swollen proximal epithelial cells with necrotic
nuclel as noticed in Figure Al- 11.

Muscular  tissues Several histopathological
aterations were seen in the muscles of Tilapia which
included degeneration in muscle bundles with
aggregations of inflammatory cells between them and
focal areas of necrosis. Also, atrophy and edema of
muscle bundles as well as splitting of muscle fibers
were seen asin Figure A1-6.

The pathological findings in the intestine
included atrophy in the muscularis, degenerative and
necrotic changes in the intestinal mucosa and
submucosa with necrotized cells aggregated in the
intestinal lumen, edema and atrophy in the submucosa
as shown in Figure A1-12.

Table 1. Heavy metal concentrations in water of Nile
Tilapiafarms.

In water samples (mg/L)
Occurren

Metal Min. | Max. | Mean* SE

-ce
%

Copper | 0.044 | 0.887 | 065001 | 35%

Lead 004 |0.29 0.20+ 0.07 82%

Cadmium | 0.001 | 0.082 | 0.04+0.009 | 72%

Mercury 0.01 |011 0.07+£0.009 | 12%
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Table2. Concentration of heavy metals (ppm) in fresh Nile Tilapia tissues.

Metal Copper Lead Cadmium Mercury
Tissue
Gills
Mean 4.8+0.05 0.483+0.05 0.891+0.05 0.04+0.002
Min 1.32 0.02 0.11 0.002
Max 6.22 121 1.82 0.24
Liver
Mean 2.56 £ 0.21 1.523 +0.02 1.523 + 0.02 0.055 + 0.003
Min 1.22 0.01 0.20 0.001
Max 3.55 3.20 2.43 0.72
Kidney
Mean 1.52+0.06 0.155+0.02 0.212+0.02 0.02+0.05
Min 0.21 0.11 0.09 0.002
Max 2.42 2.02 0.89 0.12
Muscles
Mean 2.54+0.05 1.52+0.02 1.21+0.05 3.50+0.33
Min 0.21 0.892 0.55 1.32
Max 2.8 1.00 1.780 5.240

" ¥ O -
Figure A-1 (1-12).1: Liver of Tilapia nilotica fish showing the normal structure (X400). 2: Liver of Tilapia
nilotica fish showed degeneration of the hepatocytes and intravascular haemolysis in blood vessels. 3: Liver of
Tilapia nilotica fish showing haemorrhage (X400). 4: The liver showed congestion and central vein, nuclear
pyknosis in the majority of hepatic cells. (X400). 5: Muscle bundles of Tilapia nilotica fish showing the normal
structure (X400) . 6: Degeneration in muscle bundles with focal area of necrosis (X400). 7: Gills: Gills of Tilapia
nilotica fish showing the normal structure (X100). 8: Degenerative and necrotic changes in the epithelium of gill
filaments and secondary lamellae (X400). 9: Edema in secondary lamellae and gill filaments (X400). 10: Kidney
showing the normal structure (X400). 11: Severe degenerative and necrotic changes in the renal tubules with
focal areas of necrosis(X400) and aggregations of inflammatory cells. 12: Degeneration, haemorrhage in the
submucosa and aggregations of inflammatory cells in the mucosa and submucosa (X400).
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Figure (B)-2: Mean concentrations of Cu, Pb, Cd and Hg in water of fish farms in different Governorates and the
permissible limits according to WHO (1984).

Table 3. Permissible limits of various heavy metals

Metal Permissible Country and reference
1.00 ppm WHO (1984)
Copper 20.0 ppm South Africa (Foodstuffs, cosmetics and disinfectants Act. No. 54 of 1972)
20.0 ug/g Spain: Boletin Official del Estado (1991)
0.05 ppm WHO (1984)
Lead 0.1 mg/kg Egypt "E.O.S.Q.C. (1993)
0.5 ppm FAO/WHO (1992)
5.0 ng/g Spain: Boletin Official del Estado (1991)
0.005 ppm WHO (1984)
Cadmium 0.05 ppm FAO/WHO (1992)
0.1 mg/kg Egypt "E.O.S.Q.C. (1993)
1.0 pg/g Spain: Boletin Official del Estado (1991)
0.001 ppm WHO (1984)
Mercury 0.5 mg/kg Egypt "E.O0.S.Q.C. (1993)
0.5 ppm FAO/WHO (1992)
1.0 ng/g Spain: Boletin Official del Estado (1991), Schuhmacher and Domingo (1996)

Mean residua accumuatonof Cu,Pb,Cd and Hg
intissuesof TilgpianiloicaandWHO permisiple
limits

\& 2Cu
Ky
B 31 BPb
3 ocd
S 2
r B Hg
17 i
o i el
Gills Liver kidney

Figure (C)-3: Mean residual accumulations of Cu, Pb, Cd and Hg in tissues of Oreochromis niloticus_and the
permissible limits according toWHO (1984).
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4. Discussion

Mean copper concentration in water of Tilapia
farms was 0.65 + 0.01 ppm and the maximum permis-
sible limits recommended by WHO (1984) is 0.05
ppm, while in flesh was 2.54 + 0.05 ppm. The recorded
results of copper concentrations in fish were lower
than the permissible limits intended by Foodstuffs,
Cosmetics and Disinfectants (1972)_[20.0 ppm] and
Boletin Official del Estado (1991) in Spain [20.0 ug g—
1] and Schumacher and Domingo (1996). The BCF
were; 3.93 and 3.87ppm in liver and muscles,
respectively.

It is shown from Tablel that the lead
concentration in Tilapia tissues was exceed the
permissible limit recommended by E.Q.S.Q.C. (1993).
This result was nearly higher than those reported by
Seddek et al. (1996) and Marouf and Dawoud (2006),
they recorded levels ranged from 0.42 to 0.74 ppm.
This result was much higher than those recorded by
Suppin et al., (2005) and Celik and Oehlenschlager
(2007), they recorded levels varied from 0.04 ppm to
76.1 ppb.

High levels of lead may be attributed to presence
of industrial and agricultural discharges, motor boat
traffics and also from mine and smelting operations.

Lead is non-essentiadl element and higher
concentrations can occur in aguatic organisms close to
anthropogenic  sources. It is toxic even a low
concentrations and has no known function in
biochemical processes (Burden et al., 1998). It is
known to inhibit active transport mechanisms,
involving ATP, to depress cellular oxidation reduction
reactions and to inhibit protein synthesis (Waldorn and
Stofen 1974). Lead was found to inhibit the impulse
conductivity by inhibiting the activities of monoamine
oxidase and acetylcholine esterase to cause
pathological changesin tissue and organs (Rubio et al.,
1991) and to impar the embryonic and larva
development of fish species (Dave and Xiu, 1991).

Mean cadmium concentration in water of Tilapia
farmswas 0.04 + 0.009 ppm and the maximum permis-
sible limits recommended by WHO (1984) is 0.005
ppm, while in flesh was 1.21 + 0.05 ppm. The recorded
results of cadmium concentrations in fish were higher
than the permissible limits intended by Boletin Official
del Estado (1991) in Spain [I.0 pg g4, FAO'WHO
(1992) [0.05 ppm] and Egyptian Organization for
Standardization and Quality Control "E.O.S.Q.C".[0.1
mg kg™]. The BCF were; 38.25 and 30.25ppm in liver
and muscles, respectively. This result agree with that
obtained by Daoud (1999) who reported that the
cadmium concentrations in water and fish were higher
than the maximum permissible limits recommended by
WHO (1984). The presence of cadmium in fish in
Egypt was detected by Seddek (1996) with mean levels
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of 0.62 ppm in Oreochromis fish and 0.39 ppm in
Bagrus Byad fish. Our result was nearly parald to
those reported by Celik and Oehlenschlager (2007)
who recorded Cd concentration with levels varied from
0.1 to 0.8 ppm. Cadmium is highly toxic non-essential
heavy metal and it does not have a role in biological
processes in living organisms. Thus even in low
concentration, cadmium could be harmful to living
organisms (Burden et al., 1998). The value of cadmium
accumulation in liver of Tilapia was (1.523 £ 0.02) nug
g’1 dry weight. High accumulation of cadmium in liver
may be due to its strong binding with cystine residues
of metallothionein.

The high levels of Cd may be attributed to industrial
and mining operations as well as the phosphate
fertilizer which is considered the main source of Cd in
the environment (Dimari et al. 2008).

Mean mercury concentration in water of Tilapia
cultures was 0.07 + 0.009 ppm and the maximum permis-
sible limits recommended by WHO (1984) is 0.001 ppm,
while in flesh was 3.50 + 0.22ppm. The recorded results
of mercury concentrations in Tilapia tissues were higher
than the permissible limits intended by Boletin Official
del Estado (1991) in Spain [1.0 pg g~], FAO/WHO
(1992) [0.5 p.p.m] and Egyptian Organization for
Standardization and Quality Control (E.O.S.Q.C) (1993)
[0.5 mg kg™Y]. The BCF were; 0.79 and 50.0 in liver and
muscles respectively. These findings coincide with those
reported by Daoud et al . (1999) and Tantawy (1997).

Conama (2005) recommend a maximum
concentration of 0.0002 mg Hg 17 in water supplies
used for rearing fish species destined for human
consumption in Brazil. This value is very similar to
those recommended by Malaysia National Water
Quality Standards (Doe-Um, 1986). Meanwhile, the
most notorious mercury compounds in the
environment are monomethyl and dimethyl salt of
mercury which are soluble. They are produced from
inorganic mercury in sediment by anaerobic bacteria
through the action of methyl-cobalamine and
intermediate in the synthesis of methane and get into
natural water (Manahan, 1989). The average (88.9%)
of total mercury in fish musculature was in the form of
methyl mercury (Bishop and Neary, 1974) which is
lipid soluble and easily absorbed and distributed
through biological system.

This element is one of the most toxic metals,
which are introduced into the natural environment by
human interferences (Buhl, 1997). Some papers have
reported situations where high mercury levels were
detected in water, mainly nearby gold extraction
locations (Maurice-Bourgoin et al. 2000; Dolbec et al.
2001) and industrial zones (Kime 1998, Sunderland
and Chmura 2000). According to Allen (1994), the
exposure of Orechromisaureusto 0.5 mg Hg I caused
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a raise in the number of leukocyte and erythrocyte
within 24 hours. Gill and Pant (1985) also reported
hematologicd anomalies in Barbus conchonius
exposed to 0.18 mg Hg |7 in acute test.

It can be noticed that the highest bioaccumulation
were observed in the organs mainly implicated in
metals metabolism. The concentration of cadmium
(Cd), lead and copper in tissues was high in the
following order; liver> muscles > gills > kidney, while
mercury (Hg) concentrations were high in the muscles
> liver > gills > kidney. Oladimeji and Offem (1989)
noticed that the gills of Oreochromis niloticus
consistently accumulated higher amount of lead aslead
nitrate.

BCF obtained for Pb, Cu, Cd and Hg in the
muscles of Tilapiawere all greater than 1.00ppm which
indicated that the metals were highly bioaccumulated
and biomagnified (according to Falusi and Olanipekun
2007). Mercury was the most bioaccumulated and
biomagnified of all metals studied in the muscles of the
O. niloticus, while Cu was the |east one.

From the results of this study, the concentrations
of different metals investigated in the tissues of Tilapia
(gills, liver, kidney and muscle) except copper exceed
the acceptable levels proposed for human consumption
(USEPA 1995).

The histopathological aterations attributed to the
prolonged exposure to heavy metals resulted in
respiratory, osmoregulatory and circulatory impairment.
These findings were demonstrated by Fernandes et al.,
(2008). Moreover, Alvarado et al. (2006) reported that,
the dramatic increase of chloride cells in the gills that
produces epithelial thickening of the filament
epithelium enhances migration of chloride cells up to
the edge of the secondary lamellae and provokes the
hypertrophy and fusion of secondary lamellae. These
could be considered as unspecific biomarker responses
of heavy metals exposure and disturbed health of fish.

Gills showed edema of the primary lamellag;
severe  edema, hyperplasia, fusion and focal
desquamation of the epithelia lining of the secondary
lamellae were observed. According to Mallatt (1985),
the edema of the gill epithelium is one of the main
structural changes caused by the exposure to heavy
metals. Our results confirm this lesion of heavy metals
exposure. These aterations have been reported for
other species exposed to heavy metals particularly Cd
(Gardner and Yevich 1970; Karlsson-Norrgren et al.
1985; Pratap and Wendelaar Bonga 1993; Thophon et
al. 2003) and sometimes referred as a first sign of
pathology (Thophon et al. 2003). Cellular proliferation
in the gill epithelium is also observed in fish exposed
to different pollutants as described by Gardner and
Yevich 1970 and Thophon et al. 2003. Lifting,
swelling, and hyperplasia of the gill epithelium could
serve as a defense function, as these alterations
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increase the distance across which waterborne irritants
must diffuse to reach the bloodstream. Lamellar fusion
could be protective once it reduces the amount of
vulnerable gill surface area (Mallatt 1985). However,
branchial responses that serve to slow entry of
toxicants have the undesirable side effect of impairing
gas exchange. This was described by Benson et al.,
(1987) who observed a fal in respiratory function of
Notemigonus crysoleucas exposed to Cd.

The liver showed degeneration of the hepatocytes,
congestion of central vein and nuclear pyknosis in the
majority of hepatic cells. These findings were apparent
as the liver considered the organ of detoxification,
excretion and binding proteins such as metallothionein
(MTs). The metal-binding proteins were present in the
nuclei of hepatocytes suggested that the increase in the
cell damages (De Smet and Blust 2001). Similar results
were observed by Van Dyk (2003) and Mela et al.
(2007). Liver of fish is sensitive to environmental
contaminants because many contaminants tend to
accumulate in the liver and exposing it to a much
higher levels than in the environment, or in other
organs (Heath 1995).

Pandey et al ., (1994) described the alterations in
liver and intestine of Liza parsia exposed to Hg CI2
(0.2 mg Hg I"l) for 15 days. Similarly, Oliveira Ribeiro
et al. (2002) reported serious injuries in gills and
olfactory epithelium of Salvelinus alpinus exposed to
0.15mg Hg I,

Similar alterations in muscles and kidney of
Tilapia were observed in several species of fish
exposed to heavy metals and these alterations were
described by Oliveira Ribeiro et al. (2002),
Jiraungkoorskul et al. (2003), Thophon et al. (2003)
and Gupta and Srivastava (2006).

The result indicates that the heavy meta
contamination definitely affects the aguatic life of the
fresh water fish. Hence, a scientific method of
detoxification is essentia to improve the heath of
these economic fish in any stressed environmental
conditions. However, the high concentrations of the
analyzed metals in the whole body tissues investigated
could be due to the storage role played by these tissues.

Fish contaminated by heavy metas suffers
pathological aterations, with consequent inhibition of
metabolic processes, hematologica changes, and
decline in fertility and survival.

It can be conclusively deduced from this study
that fish has the tendency to bioaccumulate heavy
metals in a polluted environment. Since virtualy all
metals investigated were found in higher concentration,
so government should intact laws that will ensure that
industries make use of standard waste treatment plants
for the treatment of their wastes before they are being
discharged into water bodies.
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Bioaccu mulation of cadmium in the fresh water prawn
Macrobrachium rosenbergii
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Abstract: The effects of Cd on mortality, resistance and bioaccumulation in giant freshwater prawn Macrobrachium
rosenbergii in Egypt were studied. Survival of prawns exposed to cadmium doses over 60 pgL = were significantly
lower than of those exposed to lower doses. After 96 hours prawns exposed to >40 pg L™ of cadmium had a greater
reduction in total haemocyte count and phagocytic activity than those exposed to lower concentrations.
Bioaccumulation of Cd in the gills, hepatopancreas and muscleswas variable. Cadmium accumulated in gills and
hepatopancreas, but muscles had a moderately significant Cd level increase. Macrobrachium rosenbergii manifested
histopathological alterations in gills, hepatopancreas and muscles when exposed to different concentrations of

cadmium. [Nature and Science 2010; 8(4):157-168]. (ISSN: 1545-0740).

Keywords: toxicity, survival, haemocyte count.

1. Introduction

Heavy metals are considered a magor source of
environmental pollution. Cadmium (Cd) which is one
of these pollutants has taken considerable attention for
its great different toxic effects on living individuals.
Metal contamination sources are typically derived from
different sources: mining, industrial waste discharges,
sewage effluent, harbor activities and agrochemicals.
Cadmium is unique among the other metal s because of
its toxicity at a very low dosage and long biologic half
life (30 years in human) and its low rate of excretion
from the body (Jones and Cherian 1990).

Heavy metals like cadmium are known to
accumulate in marine organisms, and cause rapid
genetic changes (Nimmo et al. 1978; Nevo et al.
1986). It is aso possible that environmental toxicants
may increase the susceptibility of aquatic animals to
various diseases by interfering with the normal
functioning of their immune, reproductive and
developmental processes (Couch 1978; Brock 1997).
In decapods crustaceans, 3 types of circulating
hemocytes are recognized: hyaline, semi-granular and
large granular cells (Tsing et a. 1989). They are
involved in cellular immune responses that include
phagocytosis and constitute the primary method of
eiminating microorganisms or foreign particles
(Bayne, 1990). In addition to phagocytosis, hemocytes
are involved in coagulation and in the production of
melanin via the prophenol oxidase system (Johansson
and Soderhdll 1989 and Sbderhdll et al. 1996).
Enzymes for the prophenoloxidase system are
contained in the granular hemocytes, released as
proenzymes upon stimulation by microbia cell
components such as 1 ,3-glucan or lipopolysaccharide
from fungal cell walls, and activated by a serine

htt p:/ /www.sciencepub.net/nature

protease (Soderhall 1983, Smith et al. 1984, Soderhall
et a. 1996). The activity of phagocytosis has been
reported for many crustaceans (Soderhd | et al. 1996)
including the brown shrimp Penaeus californiensis
(Hernandez-Lopez et al. 1996), the tiger shrimp P.
monodon  (Sritunyalucksana et al. 1999) and
Macrobrachium rosenbergii (Cheng et a., 2002).
Several physico-chemical parameters and
environmental contaminants have been reported to
affect the immune response in crustaceans and these
have been reviewed by Le Moullac and Haffner (2000).
Environmental toxicants have been reported to cause a
reduction in hemocyte count in the common shrimp
Crangon crangon (Smith and Johnston 1992)

Pollution of agquatic environments with heavy
metal s has serioudly increased worldwide attention and
under certain environmental conditions, fish may
concentrate large amounts of some metas from the
water in their tissues. Heavy metals such as cadmium,
is potentia ly harmful to most organisms even in very
low concentrations and have been reported as
hazardous environmental pollutants able to accumulate
aong the aquatic food chain with severe risk for
anima and human health. Bioconcentration is the
increase in concentration of a chemical in an organism
resulting from tissue absorption levels exceeding the
rate of metabolism and excretion. Neurotoxicity on the
CNS appears in a variety of neurochemica and
behavioral changes due to cadmium exposure (Desi et
al. 1998). Toxic heavy metal can cause dermatological
diseases, skin cancer and internal cancers (liver,
kidney, lung and bladder), cardiovascular disease,
diabetes, and anaemia, as well as reproductive,
developmental, immunologicd and neurologica
effects in the human body. Cd can enter into the brain
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parenchyma and neurons causing neurologica
aterations in humans (Rose et al. 1992) and animal
models (Lukawski et al. 2005). Cd is listed by the U.S.
Environmental Protection Agency as one of 126
priority pollutants. Acute-Cd exposure results in
pulmonary edema and respiratory tract irritation,
whereas chronic exposure to Cd often leads to renal
dysfunction, anemia, osteoporosis, and bone fractures
(Friberg et al. 1986 and Goering et a. 1995). Cadmium
is carcinogenic for a number of tissues (Waalkes 2000)
and is classified by IARC (1993) as a human
carcinogen. In laboratory animal's, acute Cd poisoning
produces primarily hepatic and testicular injury,
whereas chronic exposure results in rena damage,
anemia, and immuno- and osteotoxicity (Goering et al.
1995, Klaassen et al. 1999). It has been suggested that
the mechanism of Cd toxicity involves the production
of reactive oxygen species and free radicals (Manca et
al. 1994, Stohs etal. 2001).

The aim of this study was to investigate the effect of
Cd toxicity on mortalities and resistance in giant
freshwater prawn (Macrobrachium rosenbergii) and
aso to investigate the bioaccumulation of cadmium
residues in their tissues.

2- Materials and Methods

Experimental design

Freshwater was adjusted with the desred
parameters according to New (1995) as followed
(temperature of 20-28 °C, pH 7-7.8, dissolved oxygen
5-8 mg/L, salinity 2 ppt, hardness 100-150 ppm
Ca(CO)3, total ammonia less thanl0 ppm, nitrate 20
ppm and nitrite 1ppm).

Stock cadmium sol ution: 100 mg CdCl, metal

dissolve in a solution composed of 20 mL water plus
5mL concentrated HCL and make up to 1000 mL with
water (.00 mL = 100 pg Cd). Ten different
concentrations of Cd were then prepared from the
stock sol utions (10, 20, 30, 40, 50, 60, 70, 80, 90,100
Hg LY.

Macrobrachium rosenbergii were obtained from
commercial farms in Alexandria and Al-Kalubia,
Egypt, and acclimated in the laboratory for two days
before experi mentation.

The toxicity tests were conducted according to the
standard  procedures of FAO (1985). Ten
concentrations of Cd ranged between 10 until 100 pg
and a control were set up. Ten shrimps of the same size
(ranged from 13.2 to 16.5 g with mean of 15.32
+0.15g) were separately transferred from the holding
tanks into the control and experimenta tanks. The
whole set was aerated continuously, while the test
solution in each tank was changed with requisite fresh
solution every 24 hrs to maintain the definite
concentration of Cd for 96 hrs. Observations for
mortality were made twice (10.0 am and 6.0 pm) daily.

Analysis: The 96 hrs | cso val ues were cal cul ated

using probit analysis according to Finney (1971).
Cell counts

htt p:/ /www.sciencepub.net/nature

Hemolymph (100 pL) was sampled individually at
the beginning of each test and at 96 hrs post exposure
to Cd. It was withdrawn from the ventral sinus of each
prawn into a 1 ml sterile syringe (25 gages) containing
0.9 ml anticoagulant solution (trisodium citrate 0.114
M, sodium chloride 0.1 M, pH 7.45, osmolality 490
mOsm kg-1). A drop of the anticoagulant-hemol ymph
mixture was placed on a hemocytometer to measure
THC using an inverted-phase contrast microscope.

Cultur e of Lactococcus garvi eae

The bacteria strain L. garvieae isolated from
diseased Macrobrachium rosenbergii after artificial
infection was used in this study. The bacterium was
cultured on tryptic soy agar (TSA) for 24 h at 28 °C
before being transferred to 10 mL of tryptic soy broth
(TSB) for 24 h at 28 °C as a stock culture. The stock
cultures were then centrifuged at 7155 x g for 15 min
at 14 °C. The supernatant fluid was removed and the
sediment was resuspended in saline solution (0.85
NaCL) and adjusted at 10'° cfu mL ™ as stock bacterial
suspensions for testing.

Phagocytic activity of M. rosenbergii to L.
garvi eae

After 72 hrs of Cd exposure in each treatment,
prawns were injected in the cephalothorax with 20 pl of
the bacteria suspension (10 cfu ml™* in 0.85% NaCl)
resulting in 2 x 10s cfu prawn |, After injection, the
prawns were held in their respective solutions for 3 h
(s). Hemolymph (200 pl) was coll ected from the ventral
sinus and mixed with 200 pl of sterile anticoagulant
containing sodium citrate (0.8 g), EDTA (0.34 g),
Tween 80 (10 ul) and distilled water (100 ml with pH of
7.45).

Phagocytic activity was measured using the method
described by Weeks-Perkins et al., (1995) where 200 pL
of diluted hemolymph sample was mixed with 0.2 ml of
0.1% paraformaldehyde for 30 min at 4 °C to fix the
hemocytes. They were then centrifuged at 800x g at 4
°C, washed and resuspended in 0.4 ml of sterile
phosphate buffer solution. The suspension (50 pL) was
spread onto a slide glass and air-dried and stained with
Diff-Quick stain. About 200 hemocytes were counted
using light microscope and the phagocytic rate was
estimated as follows:

PR = [(phagocytic hemocytes) / (total hemocytes)] x
100.

Prepar ation and analysi s of tissue samples

Procedure A: Each sample was represented by one
gram of tissues dissected from the gills
hepatopancreas, and muscles, then placed in a clean
screw-capped tube and digested according to the
method described by Finerty et al. (1990).

Procedure B: The obtained sol utions were then
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analyzed by using Air/Acetylene Flame Atomic
Absorption Spectrophotometer (UNICAM 696 AA
Spectrometer) for determination of cadmium levels in
examined samples.

Histopathological examination:

Tissue specimens from Macrobrachium rosenbergii
were taken (gills, hepatopancreas and muscles) and
fixed in 15 % buffered neutral formalin. They were
processed to obtain five micron thick paraffin sections
then stained with Hematoxylin and Eosin, (H&E)
according to Bancroft et al., (1996) and examined
under light microscope.

Statistical analysis:
Data were anadyzed using Analysis of Variance
(ANOVA) and means were separated by the Duncan
posthoc test at a probability level of < 0.05 (SAS,
2000).

3. Results:

After 96 h(s), mean (+SD) survival of prawns in
control tanks (0 Cd) was 94+2.20% and significantly
higher (P < 0.05) than that of prawns in al other
treatments (Table 1). At 96 h(s), survival of prawns
exposed to 10-50 pg/L-! concentrations of cadmium
were significantly greater (P < 0.05) than for prawns
exposed to higher concentrations (60 pg/L ™ or greater)
(P < 0.05). Surviva of prawns exposed to 60, 70, 80, 90
and 100 pg/L ™ of cadmium was significantly lower (P
< 0.05), with means of(+SD) 57 + 0.70%, 50 + 0.70%,
50 +£.70%, 40 £ 0.20% and 40 + 0.21%, respectively as
shown in Table 2. The regression anaysis of prawn
surviva (%)was highly significant (P < 0.001; r2 =
0.964).

Table 1 and Figures B and C show that at 96 hours,
prawns exposed to 40, 50, 60, 70, 80 and 90 pg/ Lt
concentrations of cadmium were significantly had
greater reduction in THC and Phagocytic activity than
for prawns exposed to lower concentrations (10 — 30
pg/L™), (P < 0.05).

The LC50 of Cd on M. rosenbergii

The 96-h(s) ¢ for cadmium-exposure
rosenbergii was cal cul ated to be 74 pg/L~™

in M.
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Bioaccumulation of Cd in different tissues of M.
rosenbergii

The highest bioaccumulation of cadmium was
observed in the organs mainly implicated in metal
intoxication. Cadmium (Cd) in tissues was high in the
gills > hepatopancreas> muscles. Cadmium
accumulations were increased in gills, hepatopancreas and
muscles, with the increasing exposure of concentrations
respectively.

Gills: The rate of accumulation of cadmium was
maximum in gills of exposed prawn .The rate of
accumulation increased along with the increasing of
cadmium concentration reaching up to 1.1+ 0.025 pg
gm™ after 96 h(s) exposure for Cd at 100 pg/L™ as
shown in Table 2.

Hepatopancreas: Cadmium could not be traced in the
hepatopancreas of control test as well as at very low
concentration 10 pg/L™%, even though the quantity of
accumulated cadmium was less in the case of
hepatopancreas when compared to gills.

Muscles: The rate of accumulation of cadmium in
muscles increased along with exposure concentrations.
The mean rate of accumulation at 100 pg/L™* was
0.065+ 0.008 pg gm™. The rate of accumulation was
less as compared with other tissues, Table 2.

Histopathological alterations in different tissues
of M. rosenbergii

Results of the present study reveaed that
Macrobrachium rosenbergii manifested
histopathological changes in gills, hepatopancreas and
muscles.

Gills showed mild congestion, swelling and edema
at low doses of Cd intoxication. Severe edema,
hyperplasia, a highest doses of intoxication was
observed as shown in Figure 3.

Muscul ar tissues

Figure 5 shows the norma structures of the
muscles. Severa histopathological alterations were
seen in the muscles Macrobrachium rosenbergii. The
pathological findings included degeneration in muscles
with infiltration and aggregations of hemocytes
between them and focal areas of necrosis. Also,
atrophy of muscle bundles, edema, hyaline
degeneration and splitting of muscle fibers were seen.
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Table 1: Effect of cadmium on survival, total hemocyte count (THC) and phagocytic % of freshwater prawns,
Macrobrachium rosenbergii, exposed to cadmium at different concentrations for 96 hours post-treatment.
Va ues are meanst SD (n =4 prawns in each case).

Cd'Con. _ Survival % Immune response
THC: Phagocvtic’e
0 04220 196=70 90=£7.70
10 86=1.70% 195=16 Q0=8.70
20 86=1.60* 199=12* 84=7.00
30 T0x167* 170=0.0%* T0=7.00*
40 63=0.87% 170=80* 62+7.00%
50 60=0.30* 14511+ 50=2.70%
60 570.70% 138=0.0% 40=0.70*
70 30=0.70* 136=8.0* 40=0.70*
80 30=70% 130=12% 40=3.00%
%0 40=0.20% 130=8.0* 40=0.00*
100 40=0.21% 120=0.0%* 30=3.00%

1 1: Cd? pgL? , 2x 10°ml™ | *Significant(P < 0.05).

Table 2. The residual analysis of cadmium in freshwater prawns, Macrobrachium rosenbergii, exposed to cadmium at
different concentrations for 96 hours post-treatment. Val ues are meanst SD.

Conc. of Cd!

100

Bicaccumulation in tissues?

Gills Hepatopancreas Muscles
0050008 0020006 0.005=0.001
0030000 00230008 0010001
006 0018 0030012 0020003
00630021 0.04=0.009 0020003
0080022 0060011 003001
0900011 00630011 0050000
10011 ND0E+0012 00330011
1.1£0.02 2001 Q060022
110023 22002 0.065=0.008

Cd* pg gm™. = mgkg™ = ppm. 2% 1 Cd*" pg LY,
http://www.sciencepub.net/nature
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Table 3 .The permissible limits of Cd
Metal Per missible Country and references
0.005 ppm WHO (1984)
0.05 ppm FAO/WHO (1992)
0.1 ppm Egypt,E.O0.S.Q.C. (1993)
1.0 pg/g™ Spain: Boletin Officia del Estado (1991)

Cadmium

Effect of 96-hrs cadmnmm sxposure on mortality of W rozenbergn Effect of 96-hrs cadmium exposure on total hemocytes
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: | y - 5 160
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T T T T T T T T T 0ol 002 003 004 005 008 007 008 009 01
0 00 002 003_004 005 006 007 008 009 01 Cadimaun consemtzations
Cadmibum concentrations
A-Regression Equation(y) = a + bx=33.09+58.30x B-Fiegression Equation(y) = a +
Slope (b) = (NZXY - (£X) (2Y)) / (N2X* - (2X)%) 27(_157(ﬁ?+—19?|3§§)\(( (SX) (SYV) / (NSX2
Intercept (a) = (SY - b (X)) / N ~lone = - -
Effect of 96-hrs cadmimm exposure on phagooytic activity
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concentrations

C-Regression Equation(y) = a + bx=57.82+640.52x Slope (b) = (N ZXY - (ZX) (ZY)) / (NZX2 - (ZX)2)
Intercept () = (XY - b (£X)) / N.Correlation coefficient =-0.96

Figurel (A, B, C) The relationship of mortality and immune response (total hemocyte count and phagocytic
activity) to different concentrations of Cd?*
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Figure2: LC50 of cadmi um on M. rosenbergii for 96-h exposure using the resulting regression equation,
M. rosenbergii, the 96-hours | ¢, for cadmium was cal cul ated to be 7 4 ug L™, cadmium.

Figure 3: Gills showed congestion, swelling, edema and hyperplasia, at highest doses of intoxication
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Hepatopancreas|

-

Figure 4: Hepatopancreas showed degeneration of the hepatocytes and haemolysis (the findings were
apparent as the hepatospl een consider the organ of detoxification, excretion and binding proteins such as
metall othionein).

Figure 5: Muscular tissues showed pathological alterations; included degeneration in muscles with infiltration and
aggregations of hemocytes between them and foca areas of necrosis. Also, atrophy of muscle bundles, edema,
hyaline degeneration and splitting of muscle fibers. A; splitting of muscle fibers, B: hyalin e degeneration, C:

infiltration of hemocytes, D: focal areas of necrosis, E: atrophy of muscles bundles and edema.

4. Discussion:

After 96 hrs, survival of prawns exposed to 10-50
pg L~ concentrations of cadmium were significantly
greater (P < 0.05) than prawns exposed to higher
concentrations (60 pg/L or greater)

Cheng (1979) tested Hg, Cu, Cd and Zn in Penaeus
monodon and found that Hg was the most toxic of all
metals, followed by Cu, Cd and Zn and he added that
Cd toxicity was the most rapid one.

htt p:/ /www.sciencepub.net/nature

Kuo et al (1984) suspected that Cd and Cu were the
cause of mortalities in hatchery farms in Taiwan in
1980-1981, with the heavy metals coming from the
waste water discharged by nearby industries.

Prawns exposed to 40, 50, 60, 70, 80 , 90 and 100
ugL ! concentrations of cadmium were significantly
had greater reduction in THC and Phagocytic activity
than for prawns exposed to lower concentrations (10 —
30 ug/L™Y, (P< 0.05).
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Several scientists have investigated the effects of
environmental parameters on crustacean defense
mechanisms. Dean and Vernberg (1966) reported that
temperature affects hemolymph clotting time,
hemocyte counts and serum protein concentration in
the hermit crab Uca pugilator. Truscott and White
(1990) found tide-associated rhythms in the total
hemocyte count for freshly captured shore crab
Carcinus maenas, with peak count occurring at high
tide. Increased hemocyte numbers provide an enhanced
immune capability during periods of high activity.
Hauton et al., (1995) reported a significant negative
correlation between phenoloxidase activity and tidal
height in C. maenas, and this indicated cyclical
changes in immunocompetence. An increased
prevaence in the shell disease of marine decapods
crustaceans has been reported to result from polluted
environments, aso suggesting a decrease in
immunocompetence (Gopalan and Young ;1975, Young
and Pearce; 1975).

Carolina (2009) studied the effect of Manganese on
the immune system of marine invertebrates and found
that Mn severely suppresses the number of circulating
hemocytes in Nephrops norvegicus by inducing
apoptosis. However, Mn increased the number of
circulating hemocytes in Asterias rubens and at the
same time affected their ability to phagocyte. The
sensibility of exposed gills to bacterial infection has
been previously described in other shrimps exposed to
cadmium (Couch 1977, Darmono 1990). Their
presence has also been observed in gills of P. japonicus
(Souheil 1995) and of the crayfish Astacus
leptodactylus (Maesteracci and Vey 1989) infected by
fungi.

A significant reduction in phagocytosis of Bacillus
cereus was observed in the shore crab Carcinus
maenas following 14 day exposure to 500 pg/L~! Cd
(Truscott and White 1990).

The 96-hour LCsfor cadmium in M. rosenbergii

was cal culated to be 7 4 ug/L™ However, Fafioye and
Ogunsanwo (2007) found that the lethal concentration
(LCsy) for 96 hrs exposure to cadmium for M.
rosenbergii post larvae was 3.23 m/L .The 96 h(s)
LCso values of 2.88, 3.02 and 3.11 mg/ L of Cd
reported to be toxic to P. monodon (Diaz 1995), P.
pencillatus and P. indicus (Chinni and Yallapragda
2000), respectively.

The highest bioaccumulation of cadmium was
observed in the organs mainly implicated in metal
intoxication. Cadmium (Cd) in tissues was high in the
gills > hepatopancreas> muscles.

The highest Cd concentration in gills might be rel ated
to the important quantity of this meta in the
hemolymph and or the necrosed tissues, or these
organs might constitute the entry sites of the metal and
act as a transient store for accumulated Cd (Martin and
Rai nbow 1998). The rel atively higher Cd concentration
in the hepatopancreas could originate from a
progressive transfer of Cd from gills to the

htt p:/ /www.sciencepub.net/nature

hepatopancreas could originate from a progressive
transfer of Cd from gills to the hepatopancreas via the
hemolymph (Bjerregaard 1990), and/or from a process
of differentiation of hepatopancreatic epithelium as
observed by AliKhan (1989) in the Isopod Porcellio
spinicornis leading to transfer of the metal into the
intestinal lumen and from this site to the exterior as
observed by Brown (1982) in Cray fish. However, the
higher Cd concentration in hepatopancreas suggested
that this organ plays a role in metal storage and or in
detoxification process by a meta binding component
(White and Rai nbow 1986)

cadmium accumulation in muscles of M. rosenbrgii
was ranged from 0.005-0.065 (ppm) and the maximum
permissible limits recommended by WHO, (1984) is
0.005 ppm. The recorded results of cadmium
concentrations in muscles ofM. rosenbrgii were higher
than the permissible limits intended by Boletin Official
del Estado (1994) in Spain [I.0 pg/g™] and FAO/WHO
(1992)[ 0.05 p.p.m] but lower than Egyptian
Organization for Standardization and Quality Control
(E.0.5.Q.C) (1993) [0.1 mg kg~].

Cadmium is highly toxic non essential heavy meta
and it does not have a role in biological processes in
living organisms. Thus even in low concentration,
cadmium could be harmful to living organisms
(Burden et al., 1998). High accumulation of cadmium
in liver may be due to its strong binding with cystine
residues of metallothionein (Klaassen et al. 1999).

Agricultural activities are likely to add important
amounts of Cd to the natural levels. Fertilizers are
important sources of Cd based agrochemicals which
are widely used in intensive agriculture (Alloway
1990).

The histopathological alterations in different tissues
of M. rosenbergii

Gills showed mild congestion, swelling and edema
a low doses of Cd intoxication. Severe edema,
hyperplasia, at highest doses of intoxication. Similar
effects such as necrosis, cell proliferation, epithelial
lifting and dil ated lamell ae were observed in gills of
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fish exposed to metal s, including cadmium as observed

by Malia (1985). Since high Cd concentrations result
in serious damage to the gills, the meta may
consequently inhibit the physiological functions of
these organs. Since the gills of the shrimp are probably
involved in gas exchange, we suppose that these
aterations resulting in disruption of respirations
(Thurberg 1973).

The effects of Cd on fish gill morphology have been
studied in some species (Gardner and Yevich 1970;
Karlsson-Norrgren et al. 1985; Pratap and Wendelaar
Bonga 1993and Thophon et al. 2003).

Hepatopancreas showed degeneration of the
hepatocytes and haemolysis (Fig.4). These findings
were apparent as the hepatospleen consider the organ
of detoxification, excretion and binding proteins such
as metallothionein (MTs). The metal-binding proteins
were present in the nuclei of hepatocytes suggested
that the increase in the cell damages (De Smet, Blust
2001). Similar results were observed by Van Dyk
(2003) and Melaet al. (2007).

Frias-Espericueta et al., (2008) studied the effect of
three concentrations of Cu (3.512, 1.756 and 0.877 mg\
I- 1 on the juvenil e Litopenaeus vannamei and he found
that there were severe time- and dose-dependent
structural damages, such as necrosis, loss of regular
structure and infiltration of hemocytes in the gill
tissues, as well as atrophy, necrosis and irregular
tubular structure in the hepatopancreas.

4. Conclusions:

This study reveals an important precaution for
prawn cultivation. Knowledge of the toxicity of
cadmium will be helpful to water quality management
in fish farms with specialty to prawn cultures; they
affect the immune response and cause a reduction in
hemocyte count in Macrobrachium rosenbergii.
Caution should be exercised against water source
contamination and exposure to fertilizer and industrial
pol lution. For this reason, the assessment of risk and
the safe levels of toxic substances added to any natura
environment through human or natura sources, should
not neglect the effects on biological systems caused by
the interaction of minute amounts of toxicants.
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