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ABSTRACT

The effects of exposures to sublethal ammonia conceatrations on O. nlloticus were
determined with respect to histology. The experiments were conducted for four weeks
and with four different ammon/ta concentrations 1.7, 8.7, 17.4 and 34.8 mg / L total

ammon/a nitrogen (TAN).

Fish exposed to different ammonia concentrations had a signtficant jncrease in al-
most the blochemical parameters recorded. In addition. pathologic alterations were

displayed in the gills, Jiver and kidney.

Keywords: Ammonta - Nle tVapia (O. nlloticus) - Blochemical parameters - His-

topathology.

INTRODUCTION

O. nlloticus considered one of the most (m-
portant aquaculture specles in Egypt. With (n-
creasing the demands for fish production; in-
tenstfication of tlapla culture has been
adopted. Fish reared under such conditions
are often exposed lo various stressors. Amyno-
nia is one of those stressors which represent
a great significance for its capablity to coun-
teract the (mproved performance of the culti-
vated species (Ajanf, 2008). Un-ionized form
of amumonia (UIA) 1s the most toxic form to
aguatic organisms as [l can readly diffuse
through cell membranes and Is highly soluble
jn liquids (Smart 1978). Sublethal UIA con-
centrations are known to cause behavioral,
physlological, and hlstologic changes in fish
and have several possible mechanusms of tax-
fcity. These mechanisms include causing wa-
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ter and mineral (mbalances, decreasing blood
pH, altering cardfac function, and affecting
ATP levels (Tomasso 1994). Usually stress
acts by inhibiting certain metabolic process
(Wels et al., 1881). Increase of AST (Aspar-
tate aminotransferase) and ALT (Alanine aml-
notransferase) activities Is (ndicative of some
degree of tissue necrosis (Niles, et al., 1998)
or of lIver dysfunction and leakage of these
enzymes from injured tlssue into blood (Salah
El-Deen, 1889). (t's clearly observed that to-
tal protein and immunoglobulln was inhibit-
ed due to chronic exposure to stressor. High
concentrations or increased durations of ex-
posure to ULA may also Increase susceptibility
to bacterial. fungal. and parasiic diseases
such as columnaris saprolegniosts (Carballo
et al. 1896), and trichodinlasls as well as
higher mortalities.
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Histological changes include gill hyperpla-
sia. hemorrhage, and telangiectasla, as well
as degeneratlve changes (n the kidneys and
liver (Thurston, et al., 1978; Daud, et al.,
1088).

Because of the possible effects on fish
health and survival, ammonia accumulation
is of particular concern In aquaculture.
Therefore, the alms of this study were to de-
termine che effect of different ULA concentra-
tions on some blochemical parameter with
emphasis on tissue alterations in Nile Tilapia.

MATERIALS AND METHODS

Fish and experimental condition :

Apparently healthy O. niloticus with an av-
erage body welght of 120 t 3.6 g were ob-
tained from private farm at Albamol, Kafr El-
shelkh Govermorate. Fish were kept in full
glass aquaria measuring (100 x 50 x 30 cm)
and maintained In aerated de-chlorinated
fresh water at 25 t 29C for 14 days prior to
use in experiments. The tested fish were kept
for four weeks. Ammonia was supplled from
stock tanks. Ammonium chloride (NH4Cl) was
used as ammonla source. The ammonta con-
centrations were 1.7, 8.7, 17.4 and 34.8 mg /
L TAN. The water (dechlorinated tap) in the
tanks was changed once every other day in
order to avoid the accumulation of toxic me-
tabolites and decaying food. Fish were fed
with commercial diet (Alhamo! ration factory,
Kafer Elshiakh) containing 30% crude protein
at a daily rate of 3% of their body weight dur-
ing the experiment. Dafly malntenance and
cleaning of the fish tank of faecces was done.
The total ammonia concentrations (Compact
photometer PF-11, MACHEREY-NAGEL, sup-
plied with Ammonium 200 NANOCOLOR®

Mansoura, Vet. Med. J.

128

tube tests kit - Germany). temperature (mer-
cury thermometer) and pH (electrochemically
using a Radio pH meter model 62) values were
measured daily In each tank. Pre-determined
total ammonia concentration, pH and temper-
ature were used to UlA concentrations ac-
cording to Emmerson, et al., (1975) (tablel):
* Determlnation of TAN.
» Determination of water temperature.
* Determination of water pH.
Finding the multlplication factor using
water temperature and pH
= Multiplying the TAN and the obtalned
factor will result in UlA in mg/L.

2.2. Biochemical measurements:

Fish were anesthetized with benzocaine
(200 mg/L) and the blood samples were col-
lected from the caudal vein without anti-
coagulant for serum separation to be used in
measuring blood chemisiry.

Blood samples of the tested fish were col-
lected at the time Interval of 0-7-14- 21 and
28 days. Activitles of (AST), (ALT), total pro-
tein, albumin and globulin were analyzed In
the blood samples by using Commercilal diag-
nostic kits produced by Human Gesellschaft
fir Biochemlica und diagnostic mbH, Germa-

ny.

2.3. Histopathological analysis for Gills,
Liver and kKidney samples:

Gills, lver and kidney were fixed Ln Bouln's
solution (Roberts, 2001) for histological ex-
amlnatton, dehydrated through graded series
of ethanol solutions, cleared In xylene, and
embedded in paraffin. Five to six pm thick
sectlons were prepared from paraffin blocks
with a rotary microtome and were then
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stalned with Hematoxylin and Eosin. Histo-
pathological changes were examined under a
light microscope. Morphological techiniques
were performed according to Karan, et al,,
(1998).

RESULTS

Biochemical analytic investigation

The btochemical parameters of O.ntloticus
exposed to sublethal concentration of 0.1 mg/
L of UlA under different exposure time as
shown in Table (2). Total protein showed a
significant {ncrease {P <0.05) (5.5 and 5 g/dl
at days 21 and 28 respectively) from the con-
trol at day O (3.9 g/dl). While the globulins
showed significance increase (P < 0.05) (3.5 g/
dl at day 21) from the control at day 0 (2.1).
TUapia showed a significant lucrease (P <
0.05) in the concentration of ALT (36 and 45
UL) and AST (59 and 78 UL at days 21 and
28 respectively) from the control at day 0 (22
and 26).

The biochemlcal parameters of O. niloti-
cus exposed to sublethal concentration of 0.5
mg/L of UIA under different exposure time
show In Table (3).Total protein showed a sig-
nificant tncrease (P < 0.05) (6.4,6.2.6.8 and
6.3 g/dl at days 7.14,21 and 28 respective-
[y ) from the control at day O (5.4 g/dl).
While the globulins showed significance n-
crease (P < 0.05) (5.3, 5.8 and 5.8 g/dl at
days 14, 21 and 28) from the control at day 0
(3.5). Tapla showed a significant Increase
(P<0.05) in the concentration of ALT (56.59,58
and 56 UL) and AST (98.105,112 and 123 UL
at days 7.14.21 and 28 respeclively) from
the control at day O{18 and 35 ). While albu-
min showed moderate decrease (P<0.05) (1.5,
0.9, 1.0 and 1.01 g/dL at days 7. 14, 21 and
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28 respectively) (rom the control at day O
(1.9).

The biochemical parameters of O.nlloticus
exposed to sublethal concentratfon of 1.0
mg/L of UIA under different exposure time
show (n Table (4). Total proteln showed a
significant increase (P<0.05) (8 and 8.3g/dl
at days 7 and !4 respeclively) &om the
control at day O (5.4 g/dl). While the globu-
lins showed significance increase (P<0.05)
(7.1, 7.6 and 4.1 g/dl at days 7. 14 and
21) from the control at day 0O (2.5). Tlapla
showed a significant increase (P<0.05) in the
concentration of ALT (59. 78 and 86 UL) and
AST (129, 148 and 170 UL at days 7. 14 and
12 respectively) from the comtrol al day O (30
and 48). While albumin showed moderate
decrease (P<0.05) (0.9 g/dL at day 7) and
sever decrease {0.7 and 0.3 g/di at days 14
and 21 respectively} from the contro] at
day 0 (2.0).

The bjochemical parameters of O.nlloticus
exposed to sublethal concentration of 2.0 mg/
L of UlA under different exposure time show
in Table (5). Total proteln showed a significant
increase (P < 0.05) (8.2 and 8.8 g/dl at days
7and 14 respectvely) from the control at day
0 (4.3 g/dl). While the globulins showed sig-
niflcance increase (P < 0.05) (7.9 and 8.4 g/dl
at days 7 and 14 respectively) from the con-
trol at day O (2.4}). Tilapia showed a signifl-
cant tncrease (P < 0.05) in the concentration
of ALT (95 and 104 UL) and AST (165 and
187 UL at days 7 and 14 respectively) from
the control at day O (26 and 45).While albu-
min showed sever decrease (0.3 and 0.2 g/dl
at days 7and 14 respectively) from the con-
trol at day 0 (1.9).
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Histopathological alteration:

The histopathologic observattons for both
control and different sublethal ammonia conc.
exposed O.nilotlcus with representative at ta-

ble (6) and images of the tissues displayed in.

Figs. Control Individuals did not show any
histopathological changes (n the tlssues of
O.niloticus examined by the Jight microscope.
Most differences between control and different
sublethal ammornia conc. mainly were found
in kidney, Uver and gills. In the gllls of O. nt-
loticus showing moderate to sever prolifera-
tion of secondary lamellae besjdes congestion
of branchial branches at 1.0 mg/L UIA Fig. (1)
and showing sever congestion of secondary la-
mellae with round cell infiltrating thefr stroma
at 2.0 mg/L UlA Fig. (2). Liver leslons conslst-
ed of slight or minimal hemoslderosis and
nearly normal Hepatlc architecture with slight
congestion of blood vessels at 0.5 mg/L UJA
Fig. (3), and hemorrhage replacing necrotc
hepatocyled (lytic necrosts) at 1.0 mg/L UIA
Fig. (4) and narrowing of hepatic cords be-
stdes sever congestion of blood vessels at 2. 0
mg/L UIA Flg. (5) .While kldney of fish ex-
posed to sub Jethal ammonia conc. displayed
slight or mintmal congestion and nearly nor-
mal architecture at 0.5 mg/L UlA Fig. (6), and
necrotic renal tubular eplthelium besides vac-
uolation of renal tubular epithellum at 0.1
mg/L UlA Fig. (7), and chronlc inflammatory
cells In interstitial tissue with Hypercellularity
in mesanglal cells Fig. (8).

RESULTS AND DISCUSSION
Ammonia (s toxtc not only to fish but also
to all aquatlc anlmals especfally In pond
aquaculture at low concentrations of dis-
solved oxygen. The toxic levels of unionized
ammonlia for short term exposure usually are
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reported to lle between 0.6 and 2 mg/L. The

role of blood enzymes (n monitoring and de-
tecting stress or dlsease has led to a growing
concern in using them as btochemical Indica-
tors to trace environmental pollutants Wil-
ltam (1897) and Adham et al. (1897, 1998).

Data of O. niloticus in this study revealed
that the activitles of most serum enzyrones
(ALT and AST) were significantly ¢levated (n
response to exposure to ammonia experl-
ment’'s concentrations, with a po_sltlve correla-
tion between concentration and enzyme level
elevation, as AST increased by more than 3
fold (n comparison with zero time at 2 mg /L
UIA. The relation between fish intoxdcation
and changes In both enzymes was earlier
studied by several authors. In a laboratory
controlled experiment, Krajnovie’-Ozretc’
and Krgjnovie’-zretic” (1882) recorded ele-
vated activitles of ALT in the plasma of adult
gray mullets (Mugllavratus Risso) exposed to
acute concentrations of CCl4, phenal and cya-
nide. Simlilarly. Wieser and Hinterleitner
(1980) reported increased activitles of ALT in
serum of rainbow trout In response to sewage
loading In rivers. Increased level of AST and
ALT in common carp after exposure t0 ammo-
nla may be due to the Joss of Kreb's cycle with
the result that these enzymes compensate by
providing alpha ketoglutarate (Chatty, et al.,
1980 and Salah El-Deen, 1888). The ob-
served changes could be also due to general-
ized organ system faflure due to the effect of
ammonla. Das and yappan (2004) found
that the fingerlings of (mrigal, Cirrhinus mri-
gala) showed significant increased ALT activi-
Iy in the serum, braln and gill at 4mg/ L TAN.
The AST activity (n the serum, braln and gill
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also became signiflcant at 8 mg/L TAN. The
increase in the ALT and AST activily in the
serum may be attributable to the process of
either deaminatlon or transamination due to
the excess nitrogen in the organism. Total
protein levels were also affected by ammonia
exposure, whereas globulin increased signifi-
canlly after 7 days of exposure to 2 mg /L UIA
but at the contrary, albumin was decreased
(rom 1.530.1 g/dL to 0.3%0.02 g/dL after 7
days of exposure to 2 mg /L UlA. The de-
crease recorded In total protein values may be
due to the severity of the stressor. which
causes osmatic fmbalance. Alkahem, et al.,
(1998} attributed the reduction In the pro-
telns to Its conversion to fullllling an (n-
creased energy demand by flsh to cope with
detrimental conditions (maposed by a toxl-
cant.

Concerning the effects of chronic ammonta
exposure on O. njloticus with respect to tis-
sue histojogy Personle Ruyet, et al., (1998)
have shown that NH3 entered fish withinl5
min exposure. The first effects of contami-
nants usually accurate cellular and subcellu-
{ar levels, starting from the first hour of con-
tamination (Metcalfe, 1888). Flis (1968),
reported that chronic ammonla exposure
might damage gflls, liver and kidney, which
may predlspose the fish to numerous infec-
ttons. In the present study, the Important his-
topathological effects of chronic ammonia ex-
posure on the gills were proliferation of
secondary lamellae and hyperemlja on epithe-
lum especially at 2.0 mg/L UIA. Cills are a
well known targel organs in fish. being the
first to react to unfavorable environmental
cond(tlons. Several authors have reported
simyarities rations on the gills of different fish
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species exposed to ammonia (Mallatt, 1985).
Redper and Stickney (1979), observed aneu-
rysms, lamellar capillar congestion and herm-
orrhaging of Tilapla aureus after acute (2.4
mg/L UIA) and chronic (0.43-0.53 mg/L UlA)
exposure. Larmoyeux and Piper (1973) de-
termined aneurysms and fused lamella of
rainbow trout (Salmogairdnert) gill eplthelium
cells. Furthermore, Kirk and Lewls (1993) re-
ported that the gills of the rainbow trout ex-
posed to 0.1 mg/L ammonta (or 2 h exhibjted
deformation of the lamellae. Salin agd Williot
(1891) observed that Siberian sturgeon (Acl-
pencerbaeri) (270 g) exposed to more than 60
mg/L of ammonia reveal a modification of the
epithellum of the secondary Jamellae and fhe
base of the filament is slightly turgescent.
Simllar results were also confirmed by Mitch-
ell and Cech (1983) with channel catfish (Ic-
talurus punctatus), Maltk, et al., (1888) with
common carp (Cyprinus carplio) and Cardoso,
et al., (1896) with Lophio sllurus alexandrl.

Necrotic hepatocytes and hydroplc degen-
erations on the liver were observed malnly at
1.0 and 2.0 mg/L UIA, respectively. As ltver
being the main organ of various key melabolic
patbways, toxic effects of ammonia usually
appear primarily in the liver. Ammonia can be
carried by the hepatic portal veln lo the liver
as a nutrlent and enter liver metabolic path-
ways (Kucuk, 1998). The most frequently en-
countered types of degenerative changes are
those of hydroplc degeneration. cloudy swell-
ing, vacuolization and focal necrosis on fish
exposed to different kinds of contaminants
(Hawkes, 1880 and Hinton and Lauren,
1980). Wajabrot, et al., (1993) observed
clear signs of llver pathology in gilthead sea-
bream (Sparusauratus) after 20 days of expo-
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sure to 13 mg/L TAN (0.7 mg/L UIA).

In the present study. kidney tlssues dis-
played necrotic renal tubular epithellum and
hypercellularity in mesangial cells after being
exposed to different concentrations (0.5, 1.0
and 2.0 mg/L) of UIA concentratfons. The kid-
ney is a one of the major organs of the toxc
effects. Thurston, et al., (1878) observed hy-
dropic degeneration In the kidney of cutt
throat trout after exposure to 0.34 mg/L UIA
and Larmoyeux and Piper (1978) determined
glomeruli congestion in kidneys of rainbow
trout after exposure to 0.8 mg/L UIA.
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In conclusion, It's has been demonstrat-
ed that blochemical parameters of adult
O. niloticus were affected under sub ie-
thal exposure to ammonia toxclty. There-
fore, it is very important that this water
quality stressor (ammonia) be monitored
regularly and level should be controlled
through management practlces
when necessary. If fish i1s kept at the sub-
lethal value of ammonlda, it can compro-
mise its well-being by jeopardizing its

various
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Table (1): Fraction of un-ionized ammonia in agueous solution at different pH
values and temperatures. Calculated from data in Emmerson, et al.

(1975)

+ AL i,-»"r'.‘._?. h

4

r = e Lt

0013 | 0016 | 0018 | 0022 | 0025 | 0070 | .0034 | 039 | .00i8 | 0052 | 0060 | 006 | 0080 | 0083 |
0021 | 0025 | 0020 | .000¢ | .0040 | .0046 | 0054 | .00s2 | 0072 | oo | 008s | 0310 | 0128 | 080
0034 | 0040 | 0046 | 0054 | 0083 | .0073 | .c08S | .08 | 0114 | 0131 | 0180 | 0173 | o188 | 0238
Q083 0063 | .0073 | .0088 | .0100 | 0118 0194 0188 0179 0208 | 08 0211 0310 ol )]
0084 | .0033 | .0t18 0135 | .018Y | 0182 214 024 0284 Kikvord 0370 0423 o482 b872
0133 | 0168 | 0182 | 0242 | .0247 | D288 | 0390 | D361 | 0438 | .0%02 | .0674 | 0654 | 0743 | 0877
0210 | Q245 0288 0392 0385 | 0446 o814 as’n 087& 0772 0080 .oegs 1129 1322
0320 | 0983 | 0445 | 0547 | wse7 | 0es8 | 0790 | .0004 | 1081 | L1171 [L1026 | 1495 | ae7e | 1848
0510 | L0593 | .Dups | L0705 | 0814 | 1048 M 1381 1641 A7 1980 2178 AU 2768
0783 | 0909 | .10ed | .A204 | .13Y8 | 1566 | (773 | A0D8 | 2241 | 2300 | 277¢ | 2082 | 3382 | 3776
A180 | 1380 | 1368 | yrez | .2018 | 277 2640 2838 3140 56 3783 4116 | 4453 A902
1763 | 2008 27y | 2658 .2061 3180 512 3855 A204 4557 4908 B2568 5599 H008
2633 | 284y | 260 | 3528 | 3084 | 4248 | 4618 | 4085 | 6348 | 5702 | 68045 | 6373 | 6885 | .ro72
0B | 3863 | 4249 | 4833 | 5016 | 6304 | 6762 | 6117 | 6456 | 6777 | 7078 | 7368 | 7617 | 7929
AG00 | S000 | 5304 | 4778 | 4147 | 8499 | 8431 7140 7420 | 7682 | 7033 | 6143 | 8351 | .058¢
$745 | 8131 | 8408 | .a84s | 7966 | 74@0 | 7736 | 7083 | 6207 | mice | mess | 8749 | Bage | 5088
£BYS | 752 T4W3 | T748 BO03 | .82 6441 .aa2s .8788 8933 90840 8173 L9271 2389

Table (2)>:,' Biochemical parameters of examined adults Q.nfoticus (n=28) aller 0, 7
© 14, 21 and 28 days of exposure to 0.1 mg/L unionized ammonia

concentration.
rameter

ol | Albumia | Globulins | ALT AST
Days (g/dL) (g/dL) (g/dL) (UML) (UL)
0 39+ (.8 + 2.1 + 22 % 26 +
0.21 0.1 0.18 1.8 1.8

4] + (7 % 24 + 28 + 35 +

7 0.3) 0.9 02 1.9 2.1
14 49 x 1.8 & 3.1 = 35 x 37 +
0.33 0.12 0.22 2.5 26

55+« 20 & 3.5 = 36 + 50 +

21 0.39* 0.18 0.21% 3.0* 3.9%*
78 50+ 1.6 + 34 ¢ 45 + 76 +
0.4+ 0.1 02 3.0%* 5.8%*

Results are mean values + standard ercor of three replicates.

* Statistically signuficant (p < 0.05) differences.
** Highly statistically signuficant (p <0.005) differences.
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Table (3): Biochemical parameters of examined adults O.nifoficus (n=28) aftec 0, 7
14, 21 and 28 days of exposure to 0.5 mg/L unionized ammonia

concentration.
rameter

PT:::iln Albumin Globulins ALT AST
Days (/dL) (g/dL) (g/dL) (U/L) (O/L)
0 54+ 1.9 + 3.5 % 18 £ 35 +
0.35 0.11 0.19 1.2 0.22
7 64 = 1.5 ¢ 49 + 56 £ 98 =x
0.42* 0.1 * 0.28 3.0% 0.75*
14 6.2 + 09 + 53 % 59 & 108 %
0.43* 0.05 * 0.37* 5.0* 0.88**
21 6.8+ 1.0 4 58 £ 58 £ 112 %
0.48* 0.06 * 042* 4.7* 0.8%*
28 63 =% 1.01 + 53 = 56 & 123 +
0.45* 0.08 * 041* 4.9* 10.2%*

Results are mean values * standard error of three replicates.

* Statistically significant (p < 0.05) differences.
** Highly statistically significant (p < 0.005) differences.

Table (4): Biochemical parameters of examined adults O.nilodicus (n=28) afier 0, 7 14,
21 and 28 days of exposure to 1.0 mg/L unonized ammomnia concentration,

arameter

;‘;:;?;n Albumio | Globulins ALT AST
Days (@/dL) (g/dL) (g/dL) (U/L) (U/L)
0 4354 20 £ 25 £ 30 + 48 +

0.33 0.17 0.15 2.4 3.1
4 80+ 0.9 % 7.1 £ 59 + 129 +
0.56* 0.07 * 0.54* 4,7+ [0,2**
4 83+ 0.7 + 7.6 + 78 + 148 +
0.6* 0.04 ** 0.6* a.1* [1.2%*
21 4.4+ 03 £ 4,1 £ 86 + [70 *
0.33 0.01] ** 0.28* 5.4* [5%*

28 4 . 4 4 4

Resulis are mean values * standard emror of three replicates.
* Sutistically significant {p < 0.05) differences.

*¥ Highly statistically significant (p < 0.005) differences.

¢ Fishes did not survived 1o this point
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Table (5): Biochemical parameters of examined adults O.niloticus {(n=28) after 0,
7 14, 2] and 28 days of exposure to 2.0 mg/L upionized ammonia

concentration.
Parameter | Total Protein | Albumin Globulins ALT AST ‘
(g/dL) (g/dL) (g/dL) (U/L) (U/L)
Days
0 43 1.9 = 24 ¢ 26 * 45 +
0.32 0.] 0.17 2.0 13
7 82 03+ 79 £ 95 % 165 +
0.7%* 0.02** 0.52%* 8.0%* LL**
14 8.6 * 0.2+ 84 + 104 + 187 4
0.72%* 0.01** 0.61** g.7** 14.5%*
2 _d 4 _d 4 —d
28 4 . d 4 _d _d

Results are mean values + standard error of three replicates.

* Statistically significant (p < 0.05) differences.
** Highly statistically significant (p < 0.005) differeaces.
¢ Fishes did not survived to this point

Table (6): Histopathologic observations for both control and different sublethal ULA

conc. {(mg/L) exposed O niloticus:

Tissue and histopathology Control | 0.1 0.5 1.0 2.0
Hyperemia . . + T A+

Gills
proliferation of secondary lamellae - - - ++
Congestion of branchial branches - - - + 4
Liver | hydsopic degeneration - . + i+ 3
necrotic hepatocyted - - - + ++
Kidney | necrotic repal tubular epithelium - . - T+ 4
hypercellularity in mesangial cells - - + ++ +4+

Mansoura, Vet. Med, J,
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Figure 1: Sectlon of gills of O.nioticus
exposed to 1.0 mg/L UlA

showing moderate to severe
proliferation of secondary la-
mellae (arrow} and conges-
tfon of branchial branches
{arrow head).

Figure 2: Section of gills of O.ndoticus
exposed to 2.0 mg/L UIA
showing sever congestlon of
secondary lamellac (arrow)
with Round cell infiltrating
thelr stroma (thick arrow).

Mansoura, Vet. Med. J.
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Figure 3: Section of Uver of O.nflotlcus

exposed to 0.5 mg/L UIA
showing slight or minimal
hemosiderosis (arrow).and
nearly normal Hepatic archt-
tecture with slight conges-
tion of blood vessels (arrow
head).

Figure 4: Section of liver of O.ntloticus

exposed to 1.0 mg/L UIA
showing hemorrhage necrot-
fc hepatocyted (lytic necro-
sis).

Val. XII, No. 2, 2011
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Figure 5: Section of llver of O.ndloticus

exposed to 2.0 mg/L UIA
showing replacing narrowling
of hepatlc cords (thin arrow)
and sever congestion of
blood vessels (thick arrow).

Figure 8: Sectlon of kidney of
Q.ndoticus exposed to 0.5
mg/L UIA showing slight or
minimal copgestion  and
nearly -normal architecture
(arrow).

Mansoura, Vet. Med. J.
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Figure 7: Section of kidney of

O.nilolicus exposed to 1.0
mg/L UIA showing necrotic
renal  tubular epitheltum
(thtn arrow) and vaculation
of renal tubular epjthelium
(thick arrow).

Figure B8: Sectlon of kidney of

O.ntloticus exposed to 1.0
mg/L U[A showing chronic
inflammatory cells in inter-
stitial tissue (thin arcow)
with Hypercellularity in me-
sanglal cells (thick arrow).

Vol. X1, No. 2, 2011
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