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Abstract

alterations in liver tissues, best with the low dose of COC.

Background: Copper oxychloride (COC) (50% of its component, copper) is copper-based fungicides. The present
study aimed to investigate the possible protective effect of 80 mg/kg curcumin against the toxicity of 500, 1000,
or 2000 mg COC per kilogram body weight for 90 days on the liver of a rat. Serum glutamic-pyruvic transaminase
(SGPT), serum glutamic-oxaloacetic transaminase (SGOT), hepatic glutathione reduced content (GSH), and
malondialdehyde (MDA) levels were detected. The histological and ultrastructure changes of the liver tissues
as well as the hepatic content of copper, iron, manganese, and zinc were also reported.

Results: COC-treated rats showed an increase of SGPT and SGOT, with the elevation of copper and zinc
content and MDA levels with no change in GSH level. The liver showed a significant increase in the copper
and iron contents. The liver of COC-treated rats showed histological and ultrastructural damage that increased
with increasing the COC dose. Conversely, curcumin supplementation potentially recovered liver function
enzymes in only low doses of COC, reduced MDA level, increased GSH content, and improved the hepatic
lesions. These findings revealed that subchronic exposure to even low levels of COC may have potential hazards and
harmful effects on the liver, and the curcumin markedly attenuated the COC biochemical, histological, and cellular

Conclusions: It is concluded that curcumin has a limited protective role against COC liver toxicity.

Keywords: Copper oxychloride, Curcumin, Liver enzyme, Liver histology, Liver ultrastructure

Background
The copper oxychloride is a fungicide that specifically
inhibits or kill fungi underlying diseases for keeping of
consuming vegetables and fruits fresh for long periods
in supermarkets (Osman et al. 2011). Hence, consumers
and farm workers can be exposed to the fungicide resi-
dues in food and water during oral, inhalation, and der-
mal application (Damalas and Eleftherohorinos 2011).
Understanding the mechanisms of fungicide action and
toxicity is significant because humans encounter these
pesticides through a broad assortment of applications
(Kim et al. 2017).

The liver is the major organ responsible for metabol-
ism, detoxification, and secretory functions in the body
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(Gebhardt 1992). Hence, it regulates various important
metabolic functions in mammalian systems. Hepatic
damage is associated with the distortion of these meta-
bolic functions (Wu 2009). Copper is a micronutrient es-
sential for life; copper follows a specific homeostatic
regulation mechanism, which allows excess copper to be
excreted mainly through the bile. Copper is absorbed,
transported, distributed, stored, and excreted in the body
according to complex homeostatic processes which
ensure a constant and sufficient supply of the micronu-
trient while simultaneously avoiding excess levels (Husak
2015). Target organs of excess copper after oral adminis-
tration are the liver and the kidneys.

Curcumin (1, 7-bis (4-hydroxy-3-methoxyphenyl)-1,
6-heptadiene-3, 5-dione) is a group of phenolic com-
pounds isolated from the roots of Curcuma longa
(Zingiberaceae) and has long been used as a spice in In-
dian dishes and as a drug in the traditional Indian
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system of medicine that helps in preventing certain
diseases. The active portion of curcumin is turmeric, has
been shown to have significant antioxidant activity, both
in vitro and in vivo (Joe et al. 2004) with the responsibil-
ity of H-atom donation from the phenolic group
(Jovanovic et al. 1999). Curcumin is a potent scavenger
of reactive oxygen and nitrogen species (Reddy and
Lokesh 1996) and protects biomembranes against perox-
idative damage (Gao et al. 2013; Priyadarsini 1997). The
antioxidant activity has been proven to have an import-
ant role in the regulation of physiological and patho-
logical process by contribution in the protection of cells
and tissues against deleterious effects of reactive oxygen
species and other free radicals (Otuechere et al. 2014).
Curcumin has been used for the treatment and protec-
tion of liver disorder in many research (Bruck et al.
2007; Farombi et al. 2008; Fu et al. 2008; Garcia-Nifio
and Pedraza-Chaverri 2014; Girish et al. 2009; Girish
and Pradhan 2012; Manjunatha and Srinivasan 2006;
Naik et al. 2004; Naik et al. 2011; Nanji et al. 2003; Park
et al. 2000; Shen et al. 2007; Yousef et al. 2010).

Keeping this in view, the purpose of this investigation
is to develop a biochemical, histological, and cellular
study about the potential hepatotoxic effect of sub-
chronic copper oxychloride treatment and the possible
protective role of curcumin to modulate these effects in
male albino rats.

Materials and methods
Chemicals
The commercial copper oxychloride contains 55% of its
weight copper. It is a light green, very fine, non-
free-flowing powder containing soft aggregates. It had
been equipped from the central agricultural pesticide
laboratory, ARC, Egypt. Corn oil solution of copper oxy-
chloride of the required concentration (500, 1000, and
2000 mg/kg body weight) was prepared and adminis-
tered orally to rats (0.5 ml/rat/day). The selected doses
were selected according to the detected LDsq of copper
oxychloride to a rat which was 5000 mg/kg body weight.
Curcumin was purchased in a powder form from
Sigma chemical company, Egypt. Corn oil solution of
whole curcumin of the required concentration (80 mg/
kg body weight) was prepared and administered orally to
rats (0.5 ml/rat/day) (Hashish and Elgaml 2016).

Animals

For this study, 54 adult male albino rats (Rattus norvegi-
cus) (9-week-old, weighing 120-150 g) were purchased
from the animal house, National Research Center, Cairo,
Egypt. For adjustment, all rats were kept for a week
under our laboratory conditions and were fed with pel-
leted food and tap water ad libitum. They were treated
in accordance with the principles of Laboratory Animal
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Facilities (Council 2010). The rats were put in cages
made of stainless steel in a temperature-controlled room
(24 + 2 °C) with a 12-h light and 12-h dull exposures. All
rats were prevented of food and water 60 min before the
start of the experiments.

Experimental design

The male rats were divided into nine groups, each con-
sisting of six rats. The first group (control) was kept with
none treatment, whereas the second group (oil) received
orally 0.5 ml of corn oil by gastric tube. The third group
(COC LD) was treated orally by a gastric tube with COC
at daily doses of 500 mg/kg body weight. for 90 days, the
fourth group (COC MD) was treated orally by a gastric
tube with COC at daily doses of 1000 mg/kg body
weight for 90 days, and the fifth group (COC HD) was
treated orally by a gastric tube with COC at daily doses
of 2000 mg/kg body weight for 90 days. The sixth group
(curcumin) were treated with 80 mg/kg/rat curcumin for
90 days. The seventh group (COC LD + Curcumin) were
treated with 80 mg/kg/rat curcumin additionally to
500 mg/kg COC by oral tube diluted with 0.5 ml corn
oil for 90 days. The eighth group (COC MD + Curcu-
min) were treated with 80 mg/kg/rat curcumin addition-
ally to 1000 mg/kg COC by oral tube diluted with 0.5 ml
corn oil for 90 days. The ninth group (COC HD + Cur-
cumin) were treated with 80 mg/kg/rat curcumin add-
itionally to 2000 mg/kg COC by oral tube diluted with
0.5 ml corn oil for 90 days.

Bioassay

At the end of the treatment period, the rats were anes-
thetized using chloroform according to Saleem et al
(2017) using the guide and care of using experimental
animals (Olfert et al. 1993); blood samples were col-
lected to measure the blood serum biochemical parame-
ters from the retro-orbital blood vessel of all the rats
according to Hui et al. (2007). The blood serum ob-
tained after centrifugation (3000 rpm for 10 min at 4 °C)
was used for varied biochemical assays. Following the
collection of blood samples, all experimental and control
groups were sacrificed 24 h after the last dose by cervical
dislocation, and therefore, the liver from every rat was
removed and washed with saline solution. All the en-
zyme analyses were done among 1 week of collecting the
samples. One gram from liver tissue samples was in-
stantly frozen and hold on at —40 °C for the next esti-
mation of MDA, GSH, and determination of element
(copper, iron, manganese, and zinc) within the liver. The
other liver tissue specimens were kept in appropriate fix-
atives for the histopathological examination and there-
fore the ultrastructure study.
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Biochemical analysis

The activities of serum glutamic-pyruvic transaminase
(SGPT) and serum glutamic-oxaloacetic transaminase
(SGOT) were determined by the colorimetric technique
of Reitman and Frankel (1957) using an assay kit. The
lipid peroxidation level biomarker in the liver was esti-
mated by the thiobarbituric acid technique and mea-
sured according to Ohkawa et al. (1979), and GSH was
measured in the liver according to Hissin and Hilf
(1976) using commercial kits instructions. Copper, zinc,
iron, and manganese concentrations in liver tissues were
measured by atomic absorption spectrophotometry by
digestion with a combination of nitric acid and perchlo-
ric acid (6:1, v/v), and also, the digestion was delivered
to constant volume with double distilled deionized water
(Luterotti and Jureti¢ 1992).

Histopathological study

Liver tissues of treated and control rats were fixed with
10% neutral buffered formalin solution. The fixed speci-
mens were cut, washed, dehydrated in ascending grades
of ethyl alcohol (70%, 80%, 90%, 95%, and 100%), cleared
in xylene, embedded in paraffin (60 °C melting point)
then sectioned (4—6 pm), and stained with hematoxylin
and eosin (Fischer et al. 2008) or stained with Masson
trichrome (Goldner 1938) for histomorphological exam-
ine and sectioned for immunohistochemical determin-
ation of caspase 3 expression (Key 2006).

Ultrastructure study (transmission electron microscopy)

A small piece of liver was excised and then cut below a
dissecting microscope in the presence of 2% glutaralde-
hyde. Liver specimens were immersed in 2% glutaralde-
hyde fixative in 0.1 M Na-cacodylate buffer for 24 h,
then washed in 0.1 M phosphate buffer at 4 °C and
post-fixed in 1% osmium tetraoxide. After dehydration
in a graduated series of ethyl alcohol, the tissues were
infiltrated in resin. Blocks with tissues were cut into
semi-thin sections, then stained with toluidine blue and
examined using a light microscope. Representative fields
of semi-thin sections were selected. Ultrathin sections
were stained with uranyl acetate and lead citrate (Sato
et al. 2008) and examined with transmission electron
microscope (JEOLJEM-2100, Japan) within the Electron
Microscope Unit, Faculty of Agriculture, Mansoura Uni-
versity, Mansoura, Egypt.

Statistical analysis

Data were analyzed using SPSS version 17.0 for Win-
dows. All values given within the text were expressed as
mean + standard error (SEM). One-way analysis of vari-
ance (ANOVA) test was used to compare the differences
between the groups followed by post hoc Duncans mul-
tiple range test. Test p < 0.05 was considered significant.
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Results

Effects of COC and curcumin on serum enzyme levels

The results of SGPT and SGOT activities in liver tissues of
all groups are listed in Table 1. Treatments with curcumin
alone and corn oil did not change the activities of SGPT
and SGOT as compared to the control group. There was a
hepatotoxicity after 500, 1000, and 2000 mg/kg body
weight with COC treatments for 90 days, as evidenced by
significant increases (p< 0.05, p< 0.05) in SGPT and
SGOT levels compared to control rats. The higher dose
treatment with COC induced higher significant (p < 0.05)
levels of serum liver biomarker enzymes SGPT and SGOT
than controls. Curcumin and oil group exhibited similar
effects on serum biochemical parameters when compared
with controls. COC LD + Curcmin group had significantly
(p < 0.05) reduced SGPT and SGOT activities compared
to the COC LD group.

Effects of COC and curcumin on liver GSH reduced and
MDA levels in rats

Results indicated that COC MD and COC HD demon-
strated a marked increase of hepatic MDA levels and
non-significant change to the GSH levels compared to the
control group (p <0.005). COC LD + Curcmin group al-
tered the above changes by regulating the MDA level and
GSH to nearly that of the control. Curcumin only and corn
oil administered alone did not alter the lipid peroxidation
and GSH reduced levels when compared with the control.
However, supplementation of curcumin and COC to rats
significantly (p <0.05) attenuated the increase in lipid
peroxidation levels and restored the GSH levels (Table 2).

Effects of COC and curcumin on hepatic trace element in
rats

Copper, iron, and zinc were significantly (p < 0.005) in-
crease by treating rats with copper oxychloride compared

Table 1 Effects of COC and curcumin on serum enzyme levels

in rats

Rat groups SGPT (U/ml) SGOT (U/ml)
Control 255 + 248 13954 + 647°
Ol 3164 +38%° 17338+ 15.1%P
COC LD 719+ 5864 24250 + 20.6°¢
COC MD 68.5 + 5.72%4 31583+ 16.23¢
COC HD 87.08 + 5.26° 32233+235°
Curcmin 50.8 + 3.12%P¢ 17128+ 1021%P
COC LD + Curcmin 460 +3.9°P¢ 1996 + 13.71%P
COC MD + Curcmin 4366 +6.1°¢4 236+ 11.83°¢
COC HD + Curcmin 49,50 + 560 247 +14.25P¢

Data are presented as mean + SE

Means within the same row carrying different superscript letters are
significantly different, and the means in the rows with a common superscript
letter were not significantly different (one-way ANOVA followed by Duncan’s
multiple range test, p < 0.05, n=6 per group)
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Table 2 Effects of COC and curcumin on liver GSH reduced and
MDA levels in rats

Group GSH reduced (ug/mg tissue) MDA (nmol/g tissue)
Control 53+0.17° 2963 +037°

Ol 894 +0.89° 5125+149°

COC LD 440+14° 7.800 + 0.74%0<

COC MD 11.9+203° 11.900 + 341
COCHD 10258 £54° 1344 + 0,96
Curcmin 14.043 +1.84° 3.739+0.70°

COC LD +Curcmin 1650+ 5.9° 6395+ 1.76°°

COC MD +Curcmin 11492 + 1.44° 10.30 4 2.74P<4

COC HD + Curcmin 1466 + 3.20° 11.769 + 2.19%

Data are presented as mean + SE. Means within the same row carrying
different superscript letters are significantly different, and the means in the
rows with a common superscript letter were not significantly different (one-
way ANOVA followed by Duncan’s multiple range test, p < 0.05, n=6

per group)

to the control rat (Table 3). Rat treated with curcumin
and COC decrease the copper content compared to the
treating groups with COC only but non-significant com-
pared to the control group. Rat treated with curcumin and
COC significantly decrease the iron and zinc content and
significantly increase the manganese content compared to
the control group.

Histopathological results of liver

The liver of control rat showed no marked differences
with the normal structural organization of the hepatic
lobules with normal polygonal hepatocytes containing
central oval-shaped nuclei surrounded the central vein
(Fig. 1a). Additionally, no detectable histological differ-
ences were observed between the livers of control rats
and rats supplemented with corn oil and/or curcumin
extract (80 mg/kg body weight) treatment for 90 days.
They preserved the liver parenchyma with the appear-
ance of the hepatocytes; sinusoids and Kupffer cells were
similar to the control histomorphology (Fig. 1c, d, re-
spectively). The hepatocytes were arranged in strands
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alternating with blood sinusoid lined with endothelial
and Kupffer cells forming a network around the central
vein (Fig. 2a).

The liver of a rat treated for 500, 1000, and 2000 mg/
kg body weight COC for 90 days (Fig. 2) showed con-
gestion of the central and portal veins, hydraulic degen-
erating of hepatocytes, necrotic lesions, the pyknotic
nucleus in addition to infiltration of inflammatory cells
in the COC-treated groups. The histopathological
changes of the liver were obliviously increased with
treatment 2000 mg/kg body weight COC, and the liver
cells were degenerated and suffered from mild fatty in-
filtrations. Concurrent treatment with curcumin extract
attenuated the extent and severity of the histological
features of liver damage induced by COC alone. Ani-
mals treated with curcumin and COC 500 mg/kg for
90 days revealed that the majority of these histopatho-
logical changes were diminished, and the liver tissue re-
stored most of its normal structure. Rats treated with
curcumin and COC 1000 and 2000 mg/kg for 90 days,
respectively, reduced necrosis, but some of the
intra-hepatic vessels (the central and portal vessels)
were still congested and some hepatocytes appeared
with vacuolized cytoplasm involved with the dissolution
and degeneration of hepatic cords with necrotic nuclei,
which were the most pronounced pathological abnor-
malities observed. Several of the hepatocytes were fused
together forming degenerated areas of destroying cells
that lost their normal characters, and Kupffer cells were
increased. The repairing effects-up were in the curcu-
min and COC for 90 days treated group were to certain
limits; the hepatic lobules showed normal centrilobular
hepatocytes with slightly dilated hepatic sinusoids and
mild vacuolar degeneration of the adjacent hepatocytes.
Also, few cells still appeared with cytoplasmic vacuoli-
zation and pyknotic nuclei with a reduction in inflam-
mation. Rat treated with curcumin and 500 mg/kg
COC for 90 days exhibited the appearance of giant
multinucleated hepatocytes.

Table 3 Effects of COC and curcumin on hepatic trace element in rats

Group Copper (ug/dL) Iron (ug/dL) Manganese (ug/dL) Zinc (ug/dL)
Control 0.137 +0.00° 361 +0.00° 0.08 +0.00° 361 +000°
Ol 0.230+001° 4534018 0.17+001° 4534018
COC LD 3807 +0.00° 1.73+000° 137+026° 1.78 0,00
COC MD 4635+1.2° 372+036° 028+0.1° 372+036°
COCHD 54.62 +0.00° 556+ 0.00° 0.15+0.00° 565 +0.00°
Curcmin 0248 £0.04° 4714040 0.09+003° 471£040°
COC LD + Curcmin 18.15 +0.00° 230+ 000*° 297 +0.00° 230+000°
COC MD + Curcmin 4346+ 0,00 331+0.00° 595 +0.00° 331+000°¢
COC HD + Curcmin 26.55 +0.04° 255 +0.00° 3.05+0.00° 2555 +0.007°

Data are presented as mean + SE. Means within the same row carrying different superscript letters are significantly different, and the means in the rows with a
common superscript letter were not significantly different (one-way ANOVA followed by Duncan’s multiple range test p < 0.05, n =6 per group)
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Fig. 1 a Liver section of a control rat showing hepatic cell (H), central vein (CV), and hepatic sinusoid (S) with Kupffer cell. b Liver section of a rat
treated with corn oil showing normal hepatic cell surrounding the central vein (CV). ¢ Liver section of a rat treated with curcumin extract showing
normal hepatic cell surrounding the central vein (CV). d Liver section of a control rat showing the normal histological appearance of the portal area (P).
e Liver section of a rat treated with corn oil showing the normal histological appearance of the portal area (P). f Liver section of a rat treated with
curcumin extract showing the normal histological appearance of the portal area (P). (H&E stain, x 400)
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vacuolization of the hepatocytes (arrows), X 400. b Liver section obtained from a rat treated with 500 mg/kg COG; the restoration of the normal
arrangement of the hepatocytes and giant multinucleate cells (GMC). ¢ Section of liver from a rat treated with 1000 mg/kg body weight COC for

90 days showing hydrobic degeneration (H) appeared as cytoplasmic vacuolization of the hepatocytes and increase of pyknotic cells. d Section of liver
from a rat treated with 1000 mg/kg body weight COC and curcumin for 3 months showing hydrobic degeneration (H) appeared as cytoplasmic
vacuolization of the hepatocytes and absence of pyknotic cells. e Liver section of a rat examined after 90 days of treatment with 2000 mg/kg body
weight COC shows a large mass of inflammatory infiltration in the portal area (P). f Liver section obtained from a rat treated with 2000 mg/kg body
weight COC followed with curcumin extract for 90 days showing improvement of hepatic tissue and decreasing the mass of inflammatory infiltration
in the portal area (P), H&E, x 400
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The histochemical staining of liver

For revealing the deposition of collagen fibers, the liver
sections were stained with Masson’s trichrome. Collagen
fibers were stained blue by the Masson’s trichrome; the in-
crease of collagen fibers was absent in the liver of
COC-treated rats around the central vein and in the blood
sinusoids even the congestion portal vein and bile duct
compared to the control and curcumin group (Fig. 3).

The immunohistochemical staining of the liver
Qualitative evaluation showed focal caspase 3 reactions
in the slides prepared from control and experimental an-
imals (Fig. 4). The color reaction was bright, pale pink
and filled evenly the whole hepatocyte cytoplasm.
Weak-intensive reaction was found in the COC-treated
group. The intensity of the positive reaction was almost
the same in the control and treated curcumin with COC
groups.

Ultrastructure changes in rat liver

The ultrastructural examination of the liver sections of
the control group Fig. 5 exhibited ideal hepatocytes with
normally round nucleus with evenly distributed chroma-
tin, sometimes slightly condensed along the nuclear
membrane in hepatocytes; the nucleus is easily distin-
guished with numerous round, oval, elongated rod-like
mitochondria with membranous cristae and electron
dense matrix. The normal rough endoplasmic reticulum
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(RER) and the smooth endoplasmic reticulum (SER) oc-
curred in glycogen-rich areas.

The ultrastructure of a hepatocyte of the liver after
curcumin treatment 80 mg/kg body weight for 90 days
did not show any changes comparing to the ultrastruc-
ture of hepatocytes of the control. In contrast, the hepa-
tocytes of the liver sections from the group treated with
500 mg/kg body weight COC Fig. 6a showed ultrastruc-
ture alteration, including irregularity and degenerative
changes in the nuclear membrane. Shrunken and pyk-
notic nuclei in the degenerated hepatocyte were seen.
The cytoplasm was condensed and contained degenera-
tive changes such as condensed, atrophied, and damaged
mitochondria with no cristae, in the majority of mito-
chondria. Also, the intra-mitochondrial granules disap-
peared; varieties of mitochondria were small, large,
branching, and budding; and the RER was decreased in
amount. Dilated intercellular spaces were observed be-
tween hepatocytes. Early phases of apoptosis and atro-
phic nuclei were also detected. Disrupted RER and
numerous different sizes lysosome were also seen. Cyto-
plasmic vacuolization and dilated bile canaliculi with
damage and atrophy of its microvilli as well as swollen
and damaged Kupffer cell with irregular nuclear mem-
brane were also observed. The hepatocytes of the liver
sections from the group treated with 2000 mg/kg body
weight COC (Fig. 6a) showed severe cytoplasmic vacuo-
lization and cristae loss in mitochondria; some shape
varieties of mitochondria are small, large, branching, and

fibers surrounding them (Masson’s trichrome x 400)

Fig. 3 a A section in the liver of control rats showing normal distribution of collagen fibers and fibrils, normal hepatocytes, normal blood
sinusoids, and portal area. b A section in the liver of treated rats with curcumin extract showing normal distribution of collagen fibers. ¢, d A
section in the liver of 500 and 2000 mg/kg COC-treated rat showing degenerated hepatocytes with deposition of collagen fibers around the
central vein and in the dilated blood sinusoids. e A section in the liver of 2000 mg/kg COC- and curcumin-treated rat showing branches of the
hepatic portal vein, hepatic artery, and bile duct with marked deposition of collagen fibers surrounding them. f A section in the liver of 500 mg/
kg COC- and curcumin-treated rat showing branches of the hepatic portal vein, hepatic artery, and bile duct with mild deposition of collagen
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Fig. 4 Expression of caspase 3 immunohistochemical staining (x 400). a A section obtained from the liver of a control rat shows caspase 3-
immunolabeled hepatocytes were rarely present. b A section obtained from the liver of a rat treated with 500 mg/kg COC shows a decreased
number of caspase 3-immunolabeled hepatocytes were observed around central veins, identified by brown staining. ¢ Sections taken from the
liver of a rat treated with curcumin followed by 500 mg/kg COC shows caspase 3-immunolabeled cells were slightly similar to the control group

budding; and collagen fiber deposition and other degen-
erative changes were observed. However, curcumin with
the COC (Fig. 6b, d) showed markedly attenuated re-
markable improvement from the COC-treated group;
most of the hepatocytes nuclei, cytoplasmic organelles,
intercellular space, bile canaliculi, and Kupffer cells were
more or less normal. The mitochondrial matrix recov-
ered its density, and intra-mitochondrial granules grad-
ually appeared, but there were still recognized a few
mitochondria without granules, and most of the organ-
elles appeared in a healthier appearance.

Discussion

The present investigation was suggested to explore the
precise long-term toxic effects of COC fungicide expos-
ure in male rats. The results of this study indicated that
treatment of rats with COC caused significant alterations

Fig. 5 (A) An electron micrograph of control rat liver showing a
hepatocyte with an active nucleus (N) with nucleoli, and rich in
mitochondria (M); glycogen is also seen

in the liver enzymes SGPT and SGOT activities which are
known marker enzymes for the assessment of the func-
tional integrity of the liver cells (Cohen and Kaplan 1979).
These enzymes are usually raised in acute hepatotoxicity
or mild hepatocellular injury or extrahepatic obstruction
(Thapa and Walia 2007) but tend to decrease with pro-
longed intoxication due to damage to the liver (Cohen and
Kaplan 1979). In this study, the activities of serum SGPT
and SGOT were significantly increased in the COC
groups. On the other hand, curcumin administration to
rats treated with COC produced an appreciable improve-
ment in the hepatotoxic effect by the reversal of 500 and
1000 mg/kg body weight Also, the curcumin group and oil
group produced a non-significant increase to the SGPT
and SGOT levels. The recorded changes in these biochem-
ical parameters were substantiated by the histopathological
changes. The present work displayed hepatocellular dam-
age as a dose-dependent lesion. The rise in serum SGPT
and SGOT activities may be a result of the sudden change
in tissue permeability, cell fragmentation, or from a spe-
cific phase of progressive cellular damage (McIntyre 2004).

Copper oxychloride caused an increase content of MDA
in the liver as a measure of lipid peroxidation, which ac-
companied by damage of hepatocytes and no relevant ef-
fect to the GSH concentration compared to those of
controls. The increase content of MDA in the liver may
be due to the increase of copper content in the liver, and
the absence of change in the glutathione-reduced content
in the liver is not in agreement to other studies, which
found the depletion of hepatic glutathione content result-
ing from copper increase (Ozcelik et al. 2003)

Treatment of curcumin, along with COC treatment,
decreased the COC-induced changes in hepatic lipid
peroxidation and restore glutathione-reduced levels. The
observed protective activities of curcumin extract against
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Fig. 6 a An electron micrograph of 500 mg/kg body weight COC-treated rat liver for 90 days showing necrotic liver cell with the nuclear chromatin
beginning of losing and losing mitochondria and elongating of some mitochondria (M), mild dissolution of the cytoplasm, and appearing of lipid
droplets (L). b An electron micrograph of 500 mg/kg body weight COC- and curcumin 80 mg/kg-treated rat liver for 90 days showing normal
hepatocyte with increasing number of mitochondria (M) and rough endoplamic reticulum (ER). ¢ An electron micrograph of 2000 mg/kg body
weightCOC-treated rat liver for 90 days showing a dissolution of the cytoplasm with degeneration to most organs of cytoplasm and mitochondria (M),
an abnormal nucleus with loss of chromatin. d An electron micrograph of 2000 mg/kg body weight COC- and curcumin 80 mg/kg-treated rat liver for
90 days showing normal hepatocyte with increasing number of mitochondria (M) and rough endoplamic reticulum (ER)

COC-induced hepatotoxicity could be attributed to the
various anti-oxidant compounds present in the extract
(Madsen and Bertelsen 1995) which reduce the lipid per-
oxidation and stabilize to an extent the liver cell mem-
brane, and that result is in agreement to previous studies
of curcumin as hepatoprotective to different liver tox-
icity treatment (Farombi et al. 2008; Garcia-Nifio and
Pedraza-Chaverri 2014; Girish et al. 2009; Girish and
Pradhan 2012; Singh and Sharma 2011).

Copper, iron, and zinc were significantly increased by
treating rats with COC, and this is due to the interaction
of the absorption of these trace elements with each other
(Chin et al. 2014). The significant increase of zinc with the
increase of copper is not similar to the studies of Abdulla
and Chmielnicka (1989) that showed treatment with zinc
induce copper deficiency. Rat treated with curcumin and
COC decrease the copper content compared to the treat-
ing groups with COC only but non-significant compared
to the control group. Rat treated with curcumin and COC
significantly decrease the iron and zinc content and sig-
nificantly increase the manganese content compared to
the control group, and these are due to the action of cur-
cumin as a chelating agent for iron, copper, and zinc
(Baum and Ng 2004; Chin et al. 2014). The oil group

showed a significant increase to the iron and zinc
liver content due to its content of trace amounts of
metals, which may be from mineral uptake from the
soil or from the agrochemicals compound or metal
contamination from using metal equipment in the
production processes, storage, and transportation
(Nnorom and Ewuzie 2015).

Histological alterations of COC shown within the
present investigation are nearly identical as compared to
those seen with the findings of others exposure to cop-
per. The histologic changes of hepatic tissues showed
congestion of the central vein and portal triad vessels
and these agreements to Doudi and Setorki (2014) that
found histopathological changes in liver induced by the
nanoparticles of copper. The appearance of inflamma-
tory cells within the hepatic tissue could also be because
of the interaction of copper with proteins and enzymes
of the hepatic interstitial tissue with antioxidant defense
mechanism which can result in generating the reactive
oxygen species (ROS) that sucessively initiate the inflam-
matory response (Fubini and Hubbard 2003). The results
of the current work showed that COC exposure dam-
ages the hepatocytes with cytoplasmic inclusions and
may be due to the unable to upset with the accumulated
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residues from metabolic and structural disturbances
caused by copper.

The cytoplasmic swelling with hydropic degeneration
as observed within the results of the current investiga-
tion might result from the leakage of lysosomal hydro-
lytic enzymes that lead to cytoplasmic degeneration (Del
Monte 2005). COC caused caspase 3 inhibition which
confirmed the necrotic effect (Coelho et al. 2000) of
these antifungal pesticides to the liver tissue.

The present results showed that treating rats with
COC and curcumin improved and ameliorated the bio-
chemical changes and confirmed by histopathological
and cellular observations.

Conclusion

Exposure to the fungicide COC could potentially harm
human health, which provides evidence of hepatotox-
icity. The fungicide induced significant alterations in the
hepatic function and an increase of hepatic lipid peroxi-
dation in rats with a consequent histopathological and
cellular damage. The results set up the possibility of cur-
cumin being considered as one of the components of
the regular diet of people to protect and reduce most of
the hepatic damage caused by fungicide COC in the
liver. The mechanism appeared mostly to be mediated
by counteracting free radical reduction generated by
COC.
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