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SUBCHRONIC TOXICITY OF MANCOZEB FUNGICIDE
ON MALE WISTAR RATS: ULTRASTRUCTURAL
ANALYSIS OF LIVER AND KIDNEY

[31]

Madiha M. Talha'; A.M. Kenawy' and Salwa M. Abd-Allah'
ABSTRACT

Dithiocarbamate mancozeb, an organometaliic fungicide, was administered
orally to male Wistar rats in two forms, pure technical 85% and formulated 80%
WP, at sublethal doses of 125, 250 and 500 mg/kg b.w. for 28 days. Clinical chemi-
cal endpoints were measured after 2, 3, and 4 weeks of treatment initiation. Data
disclosed that both compound formulations affected significantly serum enzyme ac-
tivities particularly liver enzymes in a dose and time-dependent manner, compared
with control. Such changes were accompanied with significant alterations in other
parameters like; total protein, albumin, glucose, total lipids, triglycerides, cholestrol,
urea, and creatinine. Furthermore, histological examination of liver and kidney
showed several histopathogenic ubnormalities in the examined tissues of rats ex-

posed to mancozeb either technical or formuiated.
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INTRODUCTION

The increasing use of pesticides all
over the world makes it necessary to re-
veal the toxic risk in populations of non-
target organisms (Hassal, 1990). Among
these, Maneb, Zineb, Ziram, Mancozeb
and Propineb are organometallic dithio-
carbamate fungicides. Nowadays, man-
cozeb evokes controversial arguments in
Egypt concerning its environmental haz-
ardous effects and recently a ministerial
decree (#719/2005) has banned mancozeb

marketing. It has previously been re-
ported that dithiocarbamates form me-
tabolites called isothiocyanates which
may disrupt protein synthesis and ms-
tabolism, by inactivating -SH groups in
amino acids, proteins and enzymes
(Ware, 1983; Lukens, 1971). Ethyi-
encthiourea, also one of the metabolites
of ethylenebis-dithiocarbamate  fungi-
cides, has been reported to be carcinc-
genic, teratogenic and mutagenic 1ot e¥-
perimental animals (Teramoto ef o/
1975; Larsson et af 1976}.
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Mancozeb (Mn- and Zn-containing di-
thiocarbamate) a commonly used fungi-
cide, have been shown to induce tumors
in mouse skin and rats (Subramoniam ef
al 1991). Mancozeb was also found to
causeé an increase in glutathione trans-
ferase activity in the liver of new-born,
weanling and adult rats (Trivedi et al
1993) and was found to alter the hemato-
logical parameters of aquatic organisms
(rainbow trout) at sublethal concentra-
tions for 3 weeks (Atamanalp and
Yanik, 2003).

Moreover, agricultural exposure to the
organomanganese fungicides is said to
induce an extra-pyramidal syndrome re-
sembling Parkinsonism (Meco et gl
1994). Soleo er al (1996) suggested that
ethylene-bis-dithiocarbamates rather than
Mn may be primarily responsible for the
cytotoxicity of organomanganese fungi-
cides on neuronal systems.

Few studies have been carried out on
the mechanisms of organometalic fungi-
cide action or on the fate of fungicides in
target organisms. However, many studies
have been reported on the effects of
heavy metals alone in a variety of organ-
isms (Kendrick et af 1992). Such metals
may also affect many key biological sys-
tems such as oxidative phosphorylation,
membrane permeability and protein syn-
thesis. Increases in trace metal levels in
cells may result in chelation with biclogi-
cal components, particularly with en-
zymes, again causing cellular damage
{Lukens, 1971; Ware, 1983). The cur-
rent study aims to evaluate and compare
the histopathological/biochemical effects
of the organometallic fungicide man-
cozeb in two tested forms on different
organs of male rats particularly liver and
kidney.

MATERIAL AND METHODS

Chemicals: Mancozeb (manganese eth-
ylene bis-dithiocarbamate; polymeric)
was provided from EL-HELB Pesti-
cides& Chemicals Co. (New Damietta,
Egypt). The technical grade was %5%
technical, while the formulated one was
Anadol Gold (80% WP). Both physical
and chemical characteristics of the tested
formulation were firstly examined and
confirmed by GC-FPD cumpared with the
technical grade.

Animals and treatment: Male adult
Wistar rats (70-80 days of age, 15010
gm body weight) were housed and al-
lowed to acclimatize for one week before
initiation of treatment, feeding on a
commercial diet and water ad libitum,
Animals were divided into four groups
for each of the tested compounds. Each
group is composed of 10 rats and the four
groups were treated with 0, 123, 250 and
500 mg/kg b.w. of technical and formu-
lated mancozeb; respectively daily for 28
days. The doses administered represent a
certain percentage of the oral LDy, of the
tested compounds. All studies were con-
ducted in accordance with Good Labora-
tory Practice Standards and Oral Toxicity
Guidelines for Pesticide Testing (Or-
ganization for Economic Cooperation
and Development, OECD, 1995).

Sample preparation: Blood was col-
lected by orbital sinus technique
(Schalm, 1986) from both treated and
control rats at time intervals of 14, 21 and
28 days. Serum was separated via cen-
trifugation at 3500 rpm for 10 minutes
and kept frozen at -20°C for subsequent
analysis. At the end of the study, all ani-
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mals were killed, examined grossly and
liver and kidney were removed and pre-
pared for histological examination.

Biochemical measurements: Several
toxicity biomarkers measuring liver and
kidney functions were assayed including
alanine and aspartate aminotransferases;
ALT and AST, alkaline phosphatase;
ALP, and acetyl cholinesterase activities;
AChE, total protein, albumin, glucose,
urea, creatinine. Furthermore, total lip-
ids, cholestero! and triglyceride concen-
tration were measured. All the examina-
tions were performed using commercial
diagnostic kits, Stanbio Co., Spain).

Histopathological examination: At the
end of experimental period (28 days),
animals were sacrificed (OECD, 1995).
Liver and kidey were freshly dissected
and placed in 10% formaldehyde and
dehydrated in 70-100% ethanol series.
They were then placed in paraffin baths at
58°C for paraffin inclusion. Sections of
4-6 pm were prepared from paraffin
blocks using a rotary microtome. These
sections were then stained with Hema-
toxylin-Eosin (H-E) and photographed
using photomicroscope (Carleton et al
1967)

Statistical analysis: Data were expressed
as mean + S.E. and significant differences
of values were analyzed using students
T-test (Snedecor and Cochran, 1989),

RESULTS AND DISCUSSION

The potential biochemical end-points
describing the dose-response relationship
and concurrent histopathological impair-
ments exerted in animals under mancozeb
intoxication (technical or formulated) are

highlightening in the following repre-
sented data obtained under the experi-
mental conditions.

As regards to the toxic effects on liver
as an organ with several complex activi-
ties, liver injury due to pesticide intoxica-
tion results in release of liver enzymes
(AST, ALT, ALP) into blood stream as
index of cellular degeneration and ly-
sosomal activity linked to pesticide
elimination (Verplanke er &/ 2000). Ac-
cordingly, data in Table (1) showed that
technical mancozeb caused a significant
elevation in ALT activity at all the tested
dose regimens during the whole experi-
mental period. While, AST activity was
significantly decreased at 125 and 250
mg/kg throughout the test period, but the
higher dose (500 mg/kg) caused elevation
in AST activity. Furthermore, all doses
caused significant increase in ALP activ-
ity after 28 days of treatment. The lower
dose inhibited ALP activity while the
higher stimulated the enzyme activity
after 14 and 21 days of treatment; respec-
tively. Comparatively, ALT and ALP
activities were decreased significantly in
a dose-dependent manner after treatment
with Anadol Gold at all the tested doses
and allover the experimental period
while, AST activity was significantly
increased also in a dose-dependent man-
ner after all time intervals (Table, 2).

Since mancozeb is an organometalic
fungicide, the released metals (Mn and
Zn) may affect many key biological sys-
tems such as oxidative phosphorylation,
membrane permeability and protein syn-
thesis. Increases in trace metal levels in
cells may result in chelation with biologi-
cal components, particularly with en-
Zymes, again causing cellular damage
{Lukens, 1971; Ware, 1983).
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The obtained data are matching with
the previous literatures studying the tox-
icity of mancozeb, Kackar ef al (1997&
1999) reported that mancozeb has pro-
duced significant enzymatic changes in
the activities of AST, ALT and ALP after
oral administration of 500, 1000, 1500
mg/'kg to male rats for 30, 90, 180 and
360 days. Also, Szepvolgyi er af (1989)
showed that Dithan M-45 (80% man-
cozeb) decreased the detoxication capacity
of the rat liver at 253 and 379 mg/kg for 12
week. Furthermore, the present findings
run parellel in part with Hashizame ef af
(1992) who stated that a significant in-
crease in each of serum AST and ALP
after administration of bithional sulfoxid
and thiobendazole fungicides to rats and
mice.

Interstingty, AChE activity shown in
Tables (1) and (2} indicates that both
forms of mancozeb caused significant
increase in AChE activity.The technical
one caused significant increase of the
enzyme activity in a dose and time-
dependent manner whereas the interme-
diate dose of the formulated mancozeb
(250 mg/kg) caused significant elevation
after all tested time intervals and the
higher dose (500 mg/kg) caused a lesser
degree of enzymatic activation. These
data agree with Kackar ef al (1999) who
stated that mancozeb altered significantly
the activity of rat AChE throughout
the study period (360 days) in a dose de-
pendent manner. On the other hand, Sid-
diqui et al (1990) showed that AChE
activity was unaffected in rats orally ad-
ministrated with mancozeb at 250 mg/kg
for 30 days. Also, El-Halwagy ef al
(2003) reported that administration of
sulfur containing fungicide (Panadol 8%)
at 1/5 or 1/10 LDsy for 30 days showed
non-significant changes in serum AChE

activity throughout the experimental pe-
riod.

Leakage of enzymes into the blood
stream was accompanied with distur-
bance in protein content due to affection
of membrane permability and protein
biosynthesis. The current data showed an
increase in serum total protein and albu-
min particularly after 28 day of treatment
with the technical mancozeb but during
the other tested periods, the lower dose
caused significant elevation in protein
content and albumin while the higher
dose exhibited a decreasing trend (Table,
1). On the other hand, treatment with
Anadol Gold decreased the total protein
content and albumin non-significantly
during the whole experimental period,
compared with the corresonding control.

Similarly, Dacosto et al (1994) re-
corded that rabbits serum total protein
and albumin levels were apparently ai-
tered by triphenytin acetate fungicide
treatment at 15, 75 and 150 ppm for 70
days. Also, Mahadevaswami et af (2000)
showed that the level of total protein was
elevated in the liver of rats treated with
700 and 800 mg/kg b.w. /day of man-
cozeb for 15 consecutive days. Also, rats
treated by 1/10 LDsy of Panadol 8% sc
fungicide showed a significant decrease
in serum total protein and albumin
concentration (El-Halwagy et al 2003).

Blood glucose concentration was sig-
nificantly increased after treatment with
technical mancozeb for 21 days, while, it
was noticed that all the tested concentra-
tions showed a decreasing pattern of glu-
cose level in a dose-dependent manner
after 14 and 28 days of exposure. Treat-
ment with Anadol Gold caused signifi-
cant increase in blood glucose level after
all times of treatment of all dose regimens
in a dose and time-dependent manner

Arab Univ. J. Agric. Sci., 14(1), 2006
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Table 1. Effect of technical mancozeb on indicators of liver function in male Wistar rats (Data expressed as mean + SE)

Experimental period (day)

Indicator 14 21 28
0 125 250 500 o 125 250 500 0 125 250 500
mg/Kg  mgKg mgKg mg/kg mg/Kg myKg mg/Kg mg/Kg mg/Kg
ALT 3562 8466 4608 5286 3120 5928 5496 4638 4368 4056  54.02 50.10
{wL) £2.85 21.79" 1135 12677 1160 17647 4447 £775 1764 1451 1817 +4.19
AST 9086 7421  B2I1 9526 9675 7263 9526 10500 10072 6855  S4.15 12329
(U/L) 627  +4.94"  :L77 1585 42103 1762°  £7.05 £1090 £667 1783 404" 11119
ALP 21373 19259 27266 26603 20422 8554 16496 28237 194.92 20670 277.81 20747
(U/L) £31.21  £19.82  $30.62 3274 £7.79 452" 14847 142647  £1.24 12283  +5.02° +4.54
AChE 12392 11242 17587 18056 1213 14052 16863 18301 12829 {2775 20057  2359)
(UL) 632 $1628 *12.42° £19.12° £1006 £12.55 +£1648 8357 +4.71  $632  +12.64" 1527
T. protein 5.07 7.83 3.39 3.18 402 1036 296 330 625 7.43 8.27 733
{gmvdl) .46 +0.53 2085 024" 046 1080 20622 1044 1075 1083 1069 10062
Albumin 2.18 5.61 331 3.0 2.35 7.55 2.79 2.99 2.18 735 6.29 5.16
(gm/dl) $0.18 061" 1045 1014 018  +0.527 1045 +047 1018 2071 10517 2079
Glucose 119.07 10623 10075 9498  107.68 132.20 147.06 131.14 11537 10853 10065  84.14
{mg/dl) +6.78 1895 974 2344 455  +11.84  +R.147 +£13.85 41016 576 1955  £3.51°

¥4 #%* Significant difference at p <0.05, p < 0.01 and p < 0.001; respectively
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Table 2. Effect of formulated mancozeb (Anadol Gold, 80% WP) on indicators of liver function in male Wistar rats (Data

expressed as mean t SE)

e

Experimental period (day)

Indicator 14 2l 28
0 125 250 500 0 125 250 500 0 125 250 500
mg/Kg mg/Kg mg/Keg mg/Kg mg/Kg mg/Kg mg/Kg  mg/Kg  mg/Kg
ALT 4234 2744 2701 2874 3001 2979 2628 2144 2682 2020 2329 36.81
(U/L) 2,72 385" 14.86" 13.08° 1609 1242  £393  #335 1595 1201 #21! 12,36
AST 89.05 7141 12327 14888 99.51 9767 11781 11320 10066 10323 11061 12471
(U/L) 568 836 2106 #5317 £3.69 1026 1473 1764 1285  17.58 1526  +13.42
ALP 25847 24991 21443 15924 27314 22659 199.06 19685 271.05 149.14 12329  123.91
(U/L) +18.45 12587 1539 16.18™° 11654 12245 +18.82° £13.65" 1177 12460 1835 5647
AChE 11625 13189 187.03 16994 14723 14436 227.50 14487 12647 14436 19579 16224
(UrL) 1741 £442  £12427 825" £11.73 £12.73 15277 1657 #1398 1546 1535 1851
T. protein 760 5542 589 6.74 7.51 6.47 8.18 6.43 7.82 6.55 7.45+ 6.33
(gn/dl) 1088 1065 1075 4061 019 2061 059 054 1092 1047  0.65 10.21
Albumin 5.71 3.32 5.38 4.13 5.45 4.49 491 5.25 5.15 3.72 4.61 4.62
(gnvdl) 1046 0417 1038 023" 1048 2021 1039 043 1066  +0.61 1043 .13
Glucose 9641 12439 13075 12217 9888 11531 11279 9841 9653  127.08 15361 15191
{mg/dI) 964  £934  #£385 #9559 1660 #3469  #3.55 4585 1138 +6.027 907" 17.41™

* ,**and *** Significant difference at p < 0.05 , p < 0.0] and p < 0.001; respectively.
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Subchronic toxicity of Mancozeb fungicide on rats 463

(Tables, 1, 2). Alteration of blood sugar
level was previously documented after
exposure to similar fungicides (Rizk Alla
et al 2004).

Furthermore, lipid profile was found
to be affected due to mancozeb intoxica-
tion reflecting disturbance in lipid me-
tabolism possibly due to peroxidation.
Abnormal serum lipids levels also may be
secondary to a nuimber of liver disease,
biliary cirrhosis and nephritic syndrome
{Kelly, 1993), Data represented in Table
(3) exhibited that technical mancozeb has
led to significant increase in total Jipids at
the doses 125 and 500 mg'kg only after
21 day and at 250 mg/kg after 14 days of
exposure while the general trend was
decreasing in the level of total lipids
throughout the whole exposure period.
Furthermore, level of triglycerides was
fluctuating, it was decreased significantly
after treatment for 14 and 28 days but
increased after 21 day of treatment. Se-
rum cholesterol level was significantly
increased after all doses regimens at all
different times of exposure.

Some pesticides including fungicides
are already known to disrupt lipid me-
tabolism (Timbrell, 1991). Abu El-
Zahab et al (1991) have indicated a link
between serum cholesterol levels and the
metabolism of certain metals. A high de-
gree of fatty change occwrred in most
organs of the females administered with
400 ppm propineb fungicide where Zn is
known to affect lipid peroxidation in bio-
logical membranes (Prasadad, 1979).
Terada ef al (1998) reported a significant
increase in total lipids, cholesterol and
triglycerides in rats treated with Me-
panipyrin fungicide.

On the other hand, formulated man-
cozeb caused a significant decrease in
levels of total lipids and total cholesteral

with all doses after different time inter-
vals compared with the control. Also,
triglycerides showed the same decreasing
pattern except at the doses of 250 and 500
mg/kg after 14 day of exposure.

The obtained results agree with that
reported by Kackar et al (1997) who
stated that serum cholesterol increased in
rats treated with 500 mg/kg mancozeb for
90 days. Also Szepvolgyi et al {1989)
reported that serum cholesterol level was
increased significantly in rats given
Dithane M-45 (80% mancozeb) at 75
mg/kg for 12 week. [t was also found that
doses of 113,169 and 253 mg/kg caused
elevation of triglyceride content. Rats
treated with 600,700 and 800 mg/kg/day
mancozeb showed a signifigant decrease
in the level of total lipids, phospholipid
and neutral lipid in liver (Mahadevas-
wami ef al 2000) but Baligar and Kali-
wal, (2001) reported that exposure to 500
mg/kg/day mancozeb for 30 days caused
a significant increase in total lipids in the
liver of treated rats.

Exposure to fungicides-containing
metals results in metal accumaulation in
certain tissues and organs of the exposed
organisms. It is also known that metals
may cause extensive damage to the or-
gans in which they accumulate causing
biochemical and  histopathological
changes (Goyer, 1986; Wlostowski,
1992).

Histopathological examination of the
liver disclosed that both of technical
mancozeb and Anadol Gold caused an
obviously histopathological alterations.
Both doses of technical mancozeb (500,
125 mg/Kg) caused hyperplasia of Von
Kupffer cells accompanied with dilation
and congestion of portal vein with red
blood cells and the sinusoidal spaces
were engarged with large focal area of

Arab Univ. J. Agric. Sci., 14(1), 2006
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Table 3. Effect of mancozeb (technical and formulated) on lipid profile in plasma of male Wistar rats (Data expressed as

mean + SE)
Experimental pericd (day)

Treatment 14 28
Parameler 125 250 500 0 125 250 500 0 125 250 500
mg/Kg  mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg me/Kg mpg/Kg
T.lipids 6030 5130 8370 4750 5090 6500 4320 6680 4930 4460 4420 4260
Mancozeh (mgdl) 290 290 1530 £1.80" 480 1330° £1.80 230 £4.10 1240 070  43.70
(tochnical, T. cholestrol  73.77 nzs.m‘ 116.3? 132.01. 69.01 47.79‘ 129.4.1“ 159.12. 57.72 sa.ss” 70.48 m.vf'
§5%) (mg/dl) 808 £1229° 867 1578 1503 1338 155977 12477 +4.88 £1.007 1129 301
Triglyceride 69.26 47.99  52.66 5305 7162 5951 8658 8634 6454 4467 718l 4710
(mg/dly 167 703 4690* 15137 1793  £7.72 1129 897 4499 13.62° 401 1604
T.lipids 6575 1995 1455 1645 7795 1035 1720 1145 7995 2805 4265 3230
(mgidl) 16,12 2200 220" £1.95"" 1635 #1.40" 190" 2155 1465 2357 7157 1300
Anadol gold T. cholestrol 49.19 2197 3893 3363 6894 3833 6325 5885 5005 5174 4302 6713
(80%, WP)  (mg/dl)  £124 32387 +1.847 £131"" $494 450" 416 1571 4253 222 4164 1498
Triglyceride 52.58 3631 5818 7126 7244 5024 3809  50.88 7568 4635 6513 79.53
(mg/dh) 633 +573 1747 £3.92° 11063 +4.99 5747 1337 4543 #1024 4505 +10.04

*, ** and *** Significant difference at p < 0.05, p < .01 and p < 0.001; respectively,
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Subchronic toxicity of Mancozeb fungicide on rats 465

inflammatory cells (Fig. 2 a,b). Also se-
vere necrosis and hemosiderin pigments
were seen in case of treatment with the
lower dose (Fig. 3 a,b). Necrosis may be
due either 1o severe degeneration or to
metabolic disturbance and inhibition of
protein synthesis in the liver cells or to
direct effect of haemorrhage. Similarly,
formulated mancozeb exhibited a similar
pattern accompanied with hydropic and
fatty degeneration of hepatocytes and
absence of the regular arrangement of
hepatic strands and architecture (Figs. 4
a,band 5a,b).

These results agree with Belpoggi et
al (2002) who reported that mancozeb at
the concentrations of 10, 100, 500 and
1000 ppm fed for 104 weeks caused, an
increase in hepatocarcinomas in rat liver.
On the other hand, Jeffrey er al (2000)
showed that there is no histological al-
terations in the liver of male rats treated
with metiram (EBDC) fungicide at 84
mg/kg/day for 13 week.

Concerning renal involvement upon ex-
posure to mancozeb, determination of blood
urea and creatinine levels indicated a wors-
ening of kidney function. Table (4) showed
that technical mancozeb caused a signifi-
cant decrease in blood urea level particu-
larly after 21 and 28 days of exposure ac-
companied with a decreasing pattern in
creatinine concentration except at the higher
dose which caused a significant elevtion in
creatinine concentration after 14 day of
treatment. In case of treatment with Anadol
Gold (80% WP), a significant increase in
both urea and creatinine concentrations at
all doses after 28 days of treatment was
recorded. The highest concentrations of
urea and creatinine were recorded after 14
and 28 days of exposure; respectively. Ele-
vation in serum creatinine may be due to
increase in the protein catabolic rate.

A comparative study of Dacosto et af
(1994) reported that triphenyltine acetate
fungicide increased blood urea nitrogen
fevels in rabbit treated by 15, 75 and 150
ppm for 70 days and suggesting a possi-
ble renal involvement. While, Jeffrey er
al (2000) reported that rats fed on diet
containing metiram (EBDC) fungicide at
960 ppm for 13 weeks showed a signifi-
cant decrease in blood urea concentration.
Hasegawa et al (1993) showed that pro-
pineb causes cancer in the thyroid, kidney
and urinary bladder of rats.

Similar to the liver tissues, kidney tis-
sues have been seriously affected by
mancozeb intoxication and such impair-
ments become more prominent with the
higher dose of the fungicide rather than
the lower one. The type of renal damage
observed under the influence of technical
mancozeb included deposition of hyaline
casts in the renal tubular vacuoles (Fig. 6)
and congestion of blood vessels between
the convoluted tubules (Fig. 7). Compata-
tively, formulated mancozeb caused
greater changes than the technical one
summarizing in appearance of focal con-
gestion in glomeruli, interstatial haemor-
rhage and inflammatroy cells between the
renal tubules in the corticomeduliary
junction (Fig. 8 a,b). Such haemorrhage
may be due to an increase of intravascular
tension or venous congestion or due to a
depolarization of mucopolysaccharides
which permits blood to leave the vascular
system. The lower dose of formulated
mancozeb caused similar changes in addi-
tion to dilation of collecting tubules ac-
companied with marked glomerular de-
generation and lysis (Fig. 9 a,b).

Similar findings to the recorded
histopathological changes were obtained
when propineb (Zn-dithiocarbamate) ad-
ministered orally to female Wistar rats

Arab Univ. J. Agric. Sci,, 14(1), 2006
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Figures (1-9) describing the histopathological changes of liver and kidney in treated rats

Fig. (la,b). Section in control liver and kidney of albino rat, showing normal lobular
architecture of hepatocytes and renal cells; respectively. (X200)
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Fig. (2a, b). Histopathological effects of technical mancozeb on liver of rats treated with
500 mg/Kg, showing hyperplasia of Von Kupffer cells, most of hepatocytes
appear as coagulative masses of degenerated cytoplasm, dilation and conges-
tion of the portal vein with red blood cells and the sinusoidal spaces en-
garged with large focal area of mononuclear inflammatory cells (X 200,
400).

Arab Univ. J. Agric. Sci., 14(1), 2006
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Fig. (3a, b). Photomicrograph of section in liver of rats received 125 mg/Kg of technical
mancozeb showing severe necrosis, hyperplasia of Kupffer cells, conges-

tion of sinusoids between hepatocytes and hemosiderin pigments are seen
(X200, 400).

Fig (4a,b). Histopathological effects of formulated mancozeb (Anadol gold) on liver of
rats treated with 500 mg/Kg showing focal areas of inflammatory cells in
the whole hepatic lobular architecture, ill-defined cell boundaries, hydropic
degeneration of hepatocytes and hemosiderin pigments are highly distrib-
uted among Kupffer cells (X200, 400).

Arab Univ. J. Agric. Sci., 14(1), 2006
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Fig. (5a,b). Histopathological effects of formulated mancozeb (Anadol gold) on liver of
rats treated with 125 mg/Kg showing the same pattern exhibited by the high
dose shown in Fig 4, in addition to hydropic and fatty degeneration of lysed
hepatocytes, widened and dilated C.V., and absence of the regular arrange-
ment of hepatic strands and architecture (X200, 400).

Fig 6. Histopathological effects of technical Fig 7. Histopathological effects of technical

mancozeb on kidney of rats treated mancozeb on kidney of rats treated
with 500 mg/Kg showing deposition with 125 mg/Kg showing congested
of pink hyaline casts in the renal tu- blood vessels between the convo-
bular vacuoles (X200}, luted mubules (X200).

Arab Univ. J. Agric. Sci., 14(1), 2006
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Fig. (8a,b). Histopathological effects of Anadol gold on kidney of rats treated with 500
mg/Kg showing focal congestion in glomeruli, interstitial haemorrhage and
inflammatory cells between the renal tubules in the corticomeduilary junc-
tion (X200, 400).

Fig. (9a,b). Histopathological effects of Anadol gold on kidney of rats treated with 125
mg/Kg showing the same effect exerted above in addition to dilation, lysis
of collecting tubules and marked glomerular degeneration (X200, 400).

Arab Univ. J. Agric. Sci., 14(1), 2006



900Z (Dp1 “19§ SUSY 'fAln qery

Table 4. Effect of technical and formulated mancozeb

expressed as mean * SE)

on indicators of kidney function in male Wistar rats (Data

Experimental period (day)

. 14 21 28
Treatment Indic:
ndicator
0 125 250 500 0 125 250 500 0 125 250 500
mg/Kg mp/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mp/Kg mg/Kg
Urea 2536 2492 2391 2108 2714 2254 1094 2530 2641 2546 1321 1622
ManCOZCb »e L] LIT] ey
(technical {mg/di) +0.87 41.33 .49 10.32 081 1093 *1.38 +0.28 10.51 +1.17 +1.03 +1.09
technical,
£5% Creatinine 024 008 019 041 026 0034 009 019 02 018 029 024
0,
(mg/dl)  £0.03  £0.00"7  +0.02  x0.03" 002 £0.02 001”7 1002 10062 £002 10.02  +0.03
Urea 2672 4117 4549 5496 2806 3421 37.69 3547 2119 3197 4385  36.19
Anadolgold  (mg/dl) 116 290" 102" £149™° 105 299 229" +195° 279 172" +1.72"™" 1035
(80%, WP) Creatinine  0.61 0.6l 143 088 09 102 109 Ll6 077 143 1.09 1.35
(mg/d) 000 #0.05 1006 #0.09° +0.04 006 +004° 1007 007 +0.06™ 007 +0.08™

*, ** and *** Significant difference at p < 0.05, p < 0.01 and p < 0.001; respectively.
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(Guven ef al 1999) where histological
examination of the liver and kidney of the
fetuses and treated pregnant females
showed a variety of histopathological
changes primarily in the liver and kidney
and adenocarcinomas of the uterus,

From the above observations, the
histopathological findings confirm the
biochemical results and showing that
liver and kidney represent sensitive target
organs under subchronic mancozeb in-
toxication. In most cases, the formulated
form of mancozeb seems to be more haz-
ardous than the technical one may be due
to the synergistic effects of the additives
coupled to the technical material. Fur-
thermore, the formulation may -carry
some unknown impurities that may po-
tentiate the toxic effects of the original
compound. Since technical mancozeb is
an organometallic compound can enter
cells much more readily than the inor-
ganic metat ion (Guven ef al 1999), at
least part of their toxicity may remit from
a rapid rise in intracellular metal concen-
trations. However, the metabolic fate of
this compound (metal release, excretion
etc) and the toxicity of the organic moie-
ties also require further study.
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