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ABSTRACT

he effect of the heavy metals Cu, Zn, Cd and Pb on the gill and liver

tissues of the Nile tilapia, Oreochromis niloticus was examined in the
laboratory. One hundred and fifty adult fish were divided into five groups
(control, copper, zinc, cadmium and lead) each group containing 30 fish.
They were continuously exposed to sub- lethal concentration of each
metal (1mg/L) for a period of 10 days. From each group, the gills and
liver of six fish were removed after 10 days and the remaining fish were
transferred to tap water for a recovery period (21days). The tissue samples
of gills and liver of both treated and recovery fish were dissected for
histological examination. The resuits showed that the extent of distortion

of the gills and liver was more pronounced in the fish group that were
exposed to Cd & Pb.

INTRODUCTION

Cadmium and lead have no known role in biological systems,
whereas copper and =zinc are essential elements of enzymes or
metalloproteins in fish metabolism (Olsson et al., 1998). Heavy metals are
considered natural trace components of the aquatic environment, but their
ground levels in the environment have been increased, especially at the
industrial and agricultural fields, as well as mining activities (Langston,
1990; Bryan & Langston, 1992). Many studies were carried out on
different fish species and revealed that both essential (Cu & Zn) and non-
essential (Cd & Pb) metals cause toxic effects in fish through disturbing
the physiological activities (Naidu et al., 1984 ; Grobler et al .,1989; Kraak
et al., 1994), biochemical processes {Dange, 1986 ; Canli, 1996 ; Soliman
et al., 2004), reproduction and growth (Collvin, 1985 ; Weis & Weis,
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1989 ; Kertész & Francsi, 2003) and finally lead to their mortality (Canli
& Brdem, 1994).

The histopathological changes caused by heavy metals, in gills,
liver, kidneys, gonads and other organs of fishes have been reported by
Blanton & Robinson (1973), Kraak ef al. (1994), Banerjee & Chandra
(2005), Olojo, ef al. (2005) and Benjamin & Handy (2006). Mallatt (1985}
stated that all classes of irritant-heavy metals and organic tox1cants have
induced similar disorders indicated by lesions.

The effect of Cu on the gills of winter flounder,
Pseudopleuronectas amricanus caused gill epithelium disorientation
increase in number and size of chloride cells, hypertrophy and hyperplasia
of epithelial cells, fusion of gill lamellae, decrease the number of mucus
cells and chloride cells appear instead (Baker, 1969; Daoust ef al., 1984).
Zinc, on the other hand induced detachment of epithelium from the
underlying pillar system, fusion of secondary lamellae and
vasoconstriction in Salmo gairdneri (Tuurala & Soivio, 1982 ; Lappivaara
et al., 1995) and Channa striata (Banerjee & Chandra ,2005).

The effects of Cd on zebra fish (Brachyclanio rerio) and rainbow
trout Oncor thynchus mykiss fish were investigated (Gardner & Yevich,
1970.; Oronsay & Brafield, 1984; Karlsson ef al.,, 1985). They recorded
hyperplasia of gill epithelium, decrease in mucus secretions and increased
number of chloride cells when exposed to Cd, but later tended to decline.

Balah ef al. (1993) observed hyperplasia of epithelial cells
covering the secondary lamellae, cedema with separation of respiratory
epithelium, dilation of lamellar blood vessels, as well as desquamation of
epithelial covering after long term exposure of Oreochromis niloticus to
lead acetate. Olojo et al. (2005) recorded an increase in intracellular
vacuclation with edematous changes in the gill of Clarias gariepinus
exposed to 0.08 mg/L lead for nine days. Alvarado et al. (2006) observed
that exposure of turbot (Scophthalmus maximus) to Cu, Cd and Zn led to
increase the total number of chloride cells in the gills. After depuration
period for Cd, the total number of chloride cells was greatly reduced;
however, they were slightly reduced after Zn-exposure. Benjamin and
Handy (2006} showed normal structure of gill of O. riloticus in the
recovery phase of the experiment from Cu.

The liver, on the other hand, is considered the main detoxifying
organ, thus it is important to study the pathological changes in the
hepatocytes exposed to heavy metals. In the teleost fish, Heteropnustes
Jossils and Tilapia mossambicus, the liver showed conspicuous changes in
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the centrolobular area, cord disarray and connective tissues damage, as
well as focal necresis (Gbem et al., 2001). Olojo et al. (2005) observed
patchy degeneration and isolated degenerated elements around the
parenchyma cells with progressive increases of fibro connective tissue and
congestion of the sinusoids after exposure of Clarias gariepinus to Pb for
9 days. They observed also, acute and extensive necrosis of liver cells at
prolonged exposure. Benjamin and Handy (2006) stated that the fatty
change in the liver of Cu exposed fish, O. niloticus was noticed and
exacerbated during the recovery phase of the experiment.

The Nile tilapia, Oreochromis niloticus is an important culture fish
due to its great fecundity and has no feeding problems in uptake or
elimination, which are considered the most important factors in the metal
metabolism and hence, metal toxicity. However, the majority of studies
have been focused on uptake and recovery. Thus this investigation aimed
to compare the histopathological changes of gills and liver of O. niloticus
for two essential metals (Cu & Zn) and two non-essential metals (Cd &
Pb) following sub-lethal exposure and recovery.

MATERIALS AND METHODS
The experimental animal

One hundred and fifty of the Nile tilapia fish, Oreochromis
niloticus (about 11 to 13.3 cm in length and 20.4 to 34.69 g in weight)
were collected from Nawa fish farm and transferred in tanks for
acclimatization for one month at the Faculty of Agriculture EL-Monoufya
University.

The experimental design:
a. Treated groups:

The fish were divided into 5 groups {control, cu, zn, cd & pb ) in
15 glass aquaria (60 liters capacity) with stocking density of 10 fish /
aquarium {3 aquaria for each group). The glass aguarium was filled with
dechlorinated aerated tap water. Fish were exposed to minimal
concentration (img/L) of each of Cu (copper sulphate), Zn (zinc
sulphate), Cd (cadmium chloride) and Pb (lead acetate), that are less than
the permissible limits, according to WHO, (1990).

The experiment run for 10 days at rcom temperature of 22+2°C
and day light for 12 hr. The pH value of tap water used in the experiment
was 8.0+0.3 and the total hardness was 2.31+0.2 mg Ca Co3/L.

The fish were fed daily during experiment with artificial fish meal.
The control group was run parallel with the experimental fish. The water
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in all experimental aquaria was changed with the same concentration
every two days to avoid decline in the metal concentrations.

Two fish samples were taken randomly from each aquarium after
10 days of exposure for examination. -

b. Recovery groups:

The remaining fish (24 of each group) were transferred to
dechlorinated aerated tap water for recovery period (21 days) during
which samples of two fish were taken at 7, 14 and 21days
Histological examination

The tissues of gills and liver of both treated and recovery fish
samples were dissected out and fixed in Bouin's solution for 24 hr. The
tissues were then dehydrated in an ascending series of ethyl alcohol,
cleared in xylene, embedded in paraffin wax and sectioned at 4-6um
thickness. The specimens were mounted on clear slides, stained with
heamatoxylin and eosin and then examined using Olympus light
microscope.

RESULTS
Gills _ _

After 10-days, the gills of the control group appeared with a slight
focal proliferation of interlamellar cells and some epithelial lifting was
occasionally observed.(Fig.1}.

Copper treated group:

After 10 days of the treated aguaria with Cu, the gills showed
many epithelial lifting and dilated primary lameliae with congested blood
vessels {Fig. 2). However, after 7, 14 & 21 days of recovery period
drooping of the filaments, as well as curling of lamellae were observed.
Also, hyperplasia of interlamellar epithelium and lamellar epithelial cell
lifting appeared with an expanded chloride cells in different parts (Figs.
3& 4)

Zinc treated group:

After 10 days of treated with Zn, moderate hyperplasia, lifting of
lamellar epithelium and elongate secondary lamellae with curling in many
parts were noticed (Fig.5).

After 7 days of recovery period, the gills showed large spaces
between secondary lamellae due to oedema leading to sloughing of
epithelial cells and hypertrophy of the chloride cells (Fig.6). However,
after 14 and 2ldays of recovery from Zn, the major changes were
observed in fusion of adjacent secondary lamellae and detachment of the
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epithelium from pillar system. Moreover, severe sloughing of the
epithelial cells, with hypertrophy of chloride cells and lymphocytes
infiltration were also noticed (Fig.7).

Cadmium treated group:

After 10 days of treated with Cd, the gill filaments showed a
separation between the epithelial cells and the underlying pillar system
and dilated primary lamellae with severe congestion of blood vessels
(Fig.8).

After 7, 14 & 21 days of recovery period, the gill filaments
appeared with hyperplasia of epithelial cells between secondary lamellae,
mucus secretion and severe congestion of blood vessels of the primary
lamellae, as well as, aneurisms {Figs. 9 & 10).

Lead treated group:

After 10 days of treated with Pb, the gills showed large sub-
epithelial spaces, thin but much elongated secondary lamellae with
disintegrated epithelial lining (Fig.11).

After 7days of recovery period, the gill filaments appeared with
severe hyperplasia, causing fusion of adjacent lamellae, deformed pillar
system, infiltration of lymphocytes and severe hypertrophy of chloride
and mucus cells (Fig. 12).

However, severe damage after more than 7 days of recovery
pericd was observed after 14 & 21 days (Fig.13).

Liver

In the control group, no histopathologic lesions were observed
(Fig.14). In each treated group with (Cu, Zn, Cd & Pb) a moderate to
severe dystrophy in the form of hepatic necrosis was observed.

Copper and Zinc treated groups:

After 10 days of treated with Cu, the hepatocytes showed vacuolar
degeneration with a faint eosinophilic cytoplasm and aggregation of the
nuclei toward blood sinusoids (Fig.15). The same features were observed
in those exposed to Zn (zinc sulphate), as well as the presence of
degenerated pancreatic acini filled with hyaline substances. (Fig18).

After 7 days of recovery period from (Cu & Zn), hepatic
degeneration and focal necrosis with hyperplasia of pyknotic nuciei were
noticed (Figs.16 & 19). However, after 14 and 21 days of recovery period,
a moderate disorganization of hepatic cords, damage of the cell membrane
in some area and dilated & congested blood vessels were reported in case
of Cu treatment and fibrosis as well as necrosis was observed after Zn
exposure (Figs. 17 & 20).



84 Hanan S. Gaber

Cadmium and Lead treated groups:

After 10 days of treated with Cd and Pb, the liver showed severe
disorganization of the hepatic cords, damage cell membrane, and
hyperplasia of nuclei with eosincphilic granular cytoplasm. In addition to
the above lesions, fibrosis also appeared in the liver treated with Cd (Fig.
21). However, severe inflammation due to dilated veins, filled with blood
cells; and dilated sinusoids with hyaline degeneration were also noticed in
the liver exposed to Pb (Fig. 24).

- After 7, 14 & 21 days of recovery from Cd, the main common
features were focal necrosis and dilated sinusoids with severe congestion
(Fig. 22).

After 7 days of recovery period from pb, severe coagulative
necrosis and lymphocyte infiltration were observed (Fig. 25).

After 14 and 21 days of recovery from pb, the lesions of liver
hepatocytes included vacuolar degeneration, pyknotic nuclei and severe
necrosis (Fig. 26).

DISCUSSION

The present investigation demonstraie the impact of chronic
toxicity of both essential (Cu & Zn) and non-essential (Cd & Pb) elements
on gill and liver of Oreochromis niloticus .

Gills ,

The gills are considered the main site of entry for the dissolved
metals. Thus they represent the target for the foxic action of metals
(Evans, 1987 and Olsson et al., 1998). However, the variety of cell-types
of the gills {chloride cells, mucus cell, pillar cells and undifferentiated
cells) makes it difficult to interpret the possible mechanisms of metal
accumulation (Alvarado et al, 2006).

Gills of the present fish showed epithelial cell lifting (oedema),
proliferated chioride cells and congestion of the primary lamellae after
exposure to both essential (Cu & Zn) and non-essential (Cd & Pb)
elements; however a drastic effect was observed for the latter elements .
These lesions are nearly similar to the structural changes, which have been
described by many investigators (Skidmore &Tovell, 1972.; Daoust &
Freguson, 1985.; Roberts, 1989.; Nowak & Munday, 1994.; Pelgrom et
al., 1994.; Clark ef al., 1997.; Mazon et al., 1999.; Banerjee & Chandra,
2005). Such lesions represent the limited responses of fish gill to heavy
metal (Mallatt, 1985).
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In the present study, the cell strategy during recovery period ( 7,
14 and 21 days) after Cu & Zn exposure was represented by
vasoconstriction proliferation and hypertrophy of chloride cells and mucus
cells, curling and abnormal elongation of the secondary lameliae, severe
inter-epithelial oedema and deformed pillar system. These responces were
reported by Skidmore (1970), Skidmore and Tovell (1972), Tuurala &
Soivio (1982) and Van Heerden et al. (2004). These responses resulted in
decreased oxygen tension in the blood or might be connected to a disorder
in osmoregulation. Skidmore and Tovell (1972) suggested that the
physiological significances and vasoconstriction represent a protective
mechanism against the loss of osmotic stability normally maintained by
epithelium. Dang ef al. (2004) found that the increased number of chloride
cells, resulting from hypertrophy led to increased necrosis and apoptosis.

Zinc exerts its toxicity partially by interfering with Cu metabolism
(National Research council, 1980; Sileo et al., 2004). Lappivaara ef al.
(1995) reported that the recovery of arterial oxygen tension occurred
despite the fact that the gill structure had not fully recovered from Zn
during 48 hr of exposure, but it takes approximately week for doubling of
the gill epithelial cell protein content in culture (Pért et al., 1993). Also it
was apparent that Zn+* is a competitive 'inhibitor of calcium pump
(Shephard & Simkiss, 1978).

In the present study, the treated groups with non-essential elements
(Cd & Pb) showed a degeneration of gills, as well as architectural
distortion and abnormal elongation, most probably, as a result of cedema.
These findings simulate the observations of Olojo (2005) who reported
that complete edematous separation of the respiratory epithelium which
leads to lamellar epithelial necrosis in fish treated with Pb causing
osmoregulatory stress (Smith & Piper, 1975).

In the present study, after 7, 14 and 21 days of recovery from (Cd
& Pb), the gills showed severe degeneration, hyperplasia and led to
adjacent secondary lamellar fusion, hypertrophied chloride and mucus
cells, as well as lamellar aneurism with severe congestion in case of Cd
recovery period. Mazon et gl (2002) showed lamellar aneurism in
Pronchilodus gills after exposure to Pb and Cu. Martinz ef al. (2004).
stated that heavy metals were associated with lamellar aneurism lesion
that seems to involve pillar cell disruption.

In case of Pb recovery aquaria, the gills had degenerated pillar
system with necrotic cells and lymphocytes infiltration. These lesions are
similar to those reported by Olojo et al. (2005). Such histopathological
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alterations reflect water quality and the health status in fish (Laurent &
Perry, 1990; Cerqueria & Fernandez, 2002).
Liver

The histological examination of the normal liver tissue comprises
strands of hepatic cells, which are large in size, hexagonal in shape with
more or less centrally located nuclei and homogenous cytoplasm.

Ten days of exposure to essential elements (Cu &Zn) resulted in
extensive vacuolation of parenchyma hepatocytes, pyknotic nuclei and
few focal necresis of hepatic cells. Similar changes have been reported by
Sorensen ef al. (1984) after treatment of the fish from Belews Lake with
selenium. Baker (1969) reported that sub-lethal exposure of the winter
flounder Pseudopleuronectes americanus to Cu produces fatty cells
around the central vein. Moreover, Skidmore (1964 & 1970) and Shaw &
Handy (2006) reported that Nile tilapia accumulates excess Cu in the liver
and intestine and consequently shows a decline in growth and nutritional
performance which are associated with liver pathology. They added that
the liver, showed fatty change, characterized by increasing lipid deposits
and a consequently loss of sinusoid space, Handy (2003) suggested that
Increased lipid content of the liver could be explained by either increased
deposition of lipid in excess of nutritional requirements or a failure to
mobilize lipid stores during dietary Cu toxicity. Crandall & Goodnight
(1963) and Gardner & Yevich, (1970) reported that Zn induced severe
fatty degenerative changes in the liver. |

After 7, 14 and 21 days of recovery period to these essential
elements, cell necrosis with eccentric and pyknotic nuclei, degenerative
cytoplasm, rupture of blood sinusoids and lymphocyte infiltration were
observed. Lemly (2002) showed the same lesions in fish of Belews Lake
contaminated by selenium. Moreover, Shaw and Handy (2006) stated that
liver of Nile tilapia did not recover quickly from Cu and showed further
increases in Cu content and fatty degeneration during the recovery period.

In the present study, the groups treated with (Cd & Pb) showed
various degrees of hepatic degeneration, focal necrosis and severe
sinusoidal congestion. |

After 7, 14, and 21 days of recovery, the hepatic necrosis and
hepatic fibrosis were increased. Similar observations have been reported
in the liver of catfish after 9 days of exposure to Pb (Olojo ef al., 2005).
Gbem et al. (2001) noticed high accumulation of Pb in the liver and
suggested that it is related to role of the liver in accumulation and
detoxification. Kertész & Fréncsi (2003} and Pacheco & Santos (2005)
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and stated that the dissociation between hepatocytes and disorganization
of hepatic cords in the liver of bleached Kraft pulp mill effluent treated
mallard fish group of to Cd, Cr and Pb, probably related to cell necrosis,
and degeneration of structural proteins in the hepatocyte membrane.

Metal accumulation in the fish tissues varies according to the rates
of uptake, storage and elimination (Heath, 1987 and Langston, 1990). This
means that metals which have high uptake and low elimination rates in the
tissues of fish are expected to be accumulated to higher levels. The
accumulation of non-essential metals may occur at very low
environmental concentration because fish are not able to regulate their
level (Larsson ef al., 1985; Heath, 1987; Mustafa & Canli, 2000). Jeantet
et al. (1997) and Baer et al. (2005) observed that tissue alterations could
be observed even with low concentrations of trace metals. The results of
the present study suggest that once the non-essential metal Zn caused
damage in the tissue of fish, it is difficult to recover. However, a healthy
change caused by Cu in the tissue during the recovery period, suggests
that the tissues of O. niloticus regulate their Cu level better than Zn, Cd
and Pt and no recovery progress could be observed during the recovery
period that is because that the effect of heavy metals appeared after
prolonged time
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EXPLANATION OF FIGURS

Fig.1: Photomicrograph of a transverse section of & gill filament of the

Fig.2:

Fig.3:

control group showing the normal appearance of the primary
lamellae (P) and secondary lamellae (S). (H&E., X 650)

Photomicrograph of a transverse section of a gill 10 days of
exposure to 1mg/L. Cu (copper sulphate) showing dilated primary
lamellae (P) with congested blood vessels. (H& E., X 650)

Photomicrograph of a transverse section of a gill after 7 days of
recovery from Cu showing, hyperplasia of epithelial cells, curling
of secondary lamellae (long arrows) and hypertrophied chloride
cells (short arrows). (Hé&X., 650)

Fig.4: Photomicrograph of a transverse section of a gill after 21 days of

Fig.5:

Fig.6:

Fig.7:

Fig.8:

Fig.9:

recovery from Cu showing a slightly normal gill filament. Notice
irregular shape of secondary lamellae (8S).. (H&E., X 650)

Photomicrograph of a transverse section of a gill after 10 days of

exposure to Img/L Zn (zinc sulphate) showing hyperplasia of
epithelial cells (—) and elongate & curling of secondary lamella
(S). (H& E., X 650)

Photomicrograph of a transverse section of a gill after7 days of
recovery from Zn showing oedema (*), proliferation and
hypertrophy of chloride cells (long arrows) and necrosis of
oesinophilic epithelial cells (short arrows) (H & E., X 650)

Photomicrograph of a transverse section of a gill after 21 days of
recovery from Zn showing deformed pillar system with
lymphocytes infiltration (L). (H& E., X 650)

Photomicrograph of a transverse section of a gill after 10 days of
exposure to 1lmg/L Cd (cadmium chloride) showing severe
epithelial cell lifting (long arrows), dilated primary lamella (p) and
hypertrophy of chloride cells (short arrows) (H& E., X 650}

Photomicrograph of a transverse section of a gill after7 days of
recovery from Cd showing severe oedema lead to sloughing of
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epithelial cells (long arrows)and fusion of adjacent lamellae (short
arrows).’ (H& E., X 650)

Fig.10: Photomicrograph of a transvérse section of a gill after 21 days of
recovery from Cd showing hypertrophy of mucus cells (=) and
lamellar aneurism (*). (H& E., X 650)

Fig.11: Photomicrograph of a transverse sections of a gill after 10 days of
exposure to 1mg/L. Pb (lead acetate) showing, hyperplasia leading
to shortening secondary filaments(S) and dilated primary lamellae
with congested blood vessel (B.V) (H&E., X 650)

Fig.12: Photomicrograph of a transverse section of a gill after 7 days of
recovery from Pb showing severe hyperplasia of epithelial cells
leading to fusion of adjacent lamellae(short arrows) and
proliferation of mucus cells (long arrows) (H& E., X 650)

Fig.13: Photomicrograph of a transverse section of a gill after 21 days of
recovery from Pb showing severe hypertrophy of chloride cells
(long drrows) and mucus cells (short arrows) and severe dilated
primary lamellae (P). (H &E., X 650)

Fig.14: Photemicrograph of a section of the control liver showing normal
appearance of the hepatic cords with oesinophilic cytoplasm and
nucleus {short arrows) and sinusoids between them (long arrows).
(H &E., X 650)

Fig.15: Photomicrograph of a section of the liver afier 10 days of
exposure to Cu showing vacuolated hepatic cells with faintly
stained cytoplasm, aggregation of nuclei toward the sinusoids and
increases in the number of kuppfer cells (->) (H& E., X 160)

Fig.16: Photomicrograph of a section of the liver after 7 days of recovery
from Cu showing vacuolated hepatic cells and early focal necrosis
(->) with fatty change (*) (H &E., X 160)

Fig.17: Photomicrograph of a section of the liver after 21 days of
recovery from Cu showing dilated blood wvessels (B.V) with
lymphocytes infiltration. (H&E., X 160)
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Fig.18: Photomicrograph of a section of the liver after 10 days of
exposure to Zn showing vacuolar degeneration. Notice the limen
of the pancreatic acini's filled with hyaline material {->).
(H&E., X160) '

Fig.19: Photomicrograph of a section of the liver after 7 days of recovery
from Zn showing extensive cellular disorganization and extensive
focal necrosis (*) and pyknotic nuclei (->). (H & E. X 160)

Fig.20: Photomicrograph of a section of the liver after 21 days of recovery
from Zn showing severe necrosis and fibrosis (->).
(H&E., X 160)

Fig.21: Photomicrograph of a section of the liver after 10 days of
exposure to Cd showing disorganization of hepatic cords with
pyknotic nuclei (->) and fibrosis (*). (H &E., X 160)

Fig.22: Photomicrograph of a section of the liver after 7 days of recovery
from Cd showing focal necrosis (*) and dilated sinusoids filled
with lymphocytes (->). (H& E., X 160)

Fig.23: Photomicrograph of a section of the liver after 21 days of recovery
from Cd showing damage of pancreatic acini(*) (H &E., X 160)

Fig.24: Photomicrograph of a section of the liver after 10 days of
exposure to Pb showing dilated sinusoids (->) with severe
congestion, destructed hepatocytes around blood vessels (arrows).
(Hé& E., X 160)

Fig.25: Photomicrograph of a section of the liver after 7 days of recoverv
from Pb showing hyaline degeneration (->) and hepatic necrosis
(*). (H&E., X 160)

Fig.26: Photomicrograph of a section of the liver after 21 days of
recovery from Cd showing severe necrosis (->). (H & E., X 160)
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