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/Abstract

physiological processes.
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This study was conducted to determine the effects of different concentrations of copper sulphate on metabolically active
organs-liver and kidneys of male mice on the basis of employing histopathological changes. The observation included careful
examination of three batches-defined as normal and treated groups on two concentrations administered by intubation. All ani-
mals were acclimatized one week prior to the commencement of the experiment and raised in same conditions in a four weeks
long experiment. Upon termination, each specimen was sacrificed and dissected to recover liver and kidney and processed for
histopathological examination under microscope. Structural changes of each organ were recognised and categorized organ-wise.
The hepatocytes clearly suffered hypertrophy including necrosis; the kupffer cells assumed larger size with disarrangement of
hepatic cords. The kidney too affected severely. Most histopathological changes were restricted to Bowman’s capsules: suffered
haemorrhage, congestion and lymphocytic aggregation observed in the glomerulus. Besides; necrotic changes and apoptosis of
epithelial lining of the proximal and distal convoluted tubules and in collecting tubules were prominently observed. The study
confirmed that CuSO, accumulation in organs targeted, inflicts toxic pathological damages, serious enough to impair related
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Introduction

Copper Sulphate (CuSO,.5H,0) has a ubiquitous presence
and so known for wide applications. It is used chiefly in agricul-
tural practice, pesticide control, leather industry and as precipita-
tor in heavy metal poisoning; besides, treating gastric and topical
exposure to phosphorous [1,2]. The Cu is an integral component
of many enzymes and proteins implicated in many metabolic pro-
cesses [3]. There is more to it: the copper is required for infant
growth, defence mechanism, bone strength, maturation of eryth-
rocytes and leukocytes, and also in cholesterol and glucose me-
tabolism and ion transport [4]. It is no wonder then, the excess of
Cu or the deficiency it can alter the normal development in organ-
isms as well [5]. Even as acute copper poisoning is less frequent

and so restricted to inadvertent accidental intakes; nevertheless,
its toxicity if in small intensity but on long-term consumption is
quite serious [6]. Its intake cause health problem and indicative of
damage to vital organs like liver and kidney-and each of these are
rigorously involved in metabolic processes and excretion of harm-
ful element [7]. Studies, taken earlier on copper toxicity found its
affects on erythrocytes, liver and kidneys [2-9]. Besides, these
CuSO, results in caustic burns of esophagus, or causing superficial
or deep ulcers in stomach and small intestine [10-13]. The serious
effects of copper-on liver, kidney and other organs continued to be
of concern because of contradictory results -was the conclusion in
the literature.

A great body of literature reported the copper poisoning in
diverse organisms between 2002-2015 [14,15] however, reporting
on applied aspects such as on fertilization success [16,17] the via-
bility of spermatozoa [18] also appeared in between. Thus, impact
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of Cu in male fertility [19] effect on, epididymal fluid [20] and
evaluation of epididymal sperm quality-all in male rats are another
notable extension, of these [21].

It is not Cu alone, researches are on dealing with the toxic-
ity of heavy metals on albino rats quite recently [22]. But focus is
on the assessment of groundwater quality [23] physicochemical
properties 24] and genotoxic evaluation [25]. Prior to this studies
relating to evaluation of tissue deposition long-term exposure to
heavy metal were observed [26-28]). Research using Zn and Pb in
male rats are still the research subject [29]. An update on the role
of aluminium toxicity is further an important addition but in rela-
tion to CuSO, the studies are scanty even now and those exist are
ambiguous [30].

Consider, for example: the accumulation of copper and its
effect on liver is inconclusive so far. The liver damage is not al-
ways caused by the Cu, even at very high concentration rather it is
attributed to its specific binding to proteins in the liver depending
on various factor such as species, age, genetics and duration [31].
Under normal condition, much of the Cu in the liver occurs in the
cytosol but with increasing accumulation the metal forces its way
into nucleus and lysosomes escalating into Cu-induced autophagy,
but the study taken long before [32]. The confirmation was not
reinstated by contemporary work or by recent citations.

Essentially, the copper is important; copper ions are found in
cells and tissues bound to proteins or to some other organic com-
pounds; infact, to most organs of the human body. After the poi-
sonous effects of copper talked, the therapeutic use of the same are
also known: given and so astringent and antiseptic properties have
recently been highlighted in a recent study [33] but, the high con-
centration of copper in liver brain, heart, stomach and intestine are
quite evident since long [34] and also found in blood and fluids [6].

But we must be more concerned about Cu poisoning in kid-
ney and liver. The effect of Cu accumulation in kidneys was rec-
ognized when genetic disorder of Cu metabolism in Long-Evans
Cinnamon (LEC) rats-a model for Wilson’s disease or a macular
mice-a model for Menke’s disease were identified [35,36]. Subse-
quently, it was described that excess of Cu is responsible for the
renal injury in LEC rat kidneys [37]. The different localizations of
the Cu-MT indicated previously; prompted to investigate the renal
Cu metabolism [38]. In this series, [39] did use copper as kusta,
but not as CuSO, solution for renal parameters. Copper metal in
all the initial studies, even if scanty, strongly reiterate the need to
study infrastructural changes once again the organs such as liver
and kidney ascribed to high metabolic rate. These two organs are
studied in the recent experiment to resolve the issue.

Materials and Methods
Experimental Animals

The study, an experimental intervention, properly random-
ized and controlled, was carried on male mice. To begin with, all
the animals were kept in the animal house and subsequently, ex-
perimental work was processed in the zoology labs utilizing 20
mice in a four-week long study. All the mice were between 6-8
weeks of age: weighing 80-100 gms. These were separated in dif-
ferent cages maintained under controlled conditions of tempera-
ture (20-25°C), humidity (65 + 5%) and the light-dark cycle (12
hrs. each). The mice received a prescribed dose each day; and cage
cards were used to indicate the groups of experimental mice. The
procedure for maintenance, tissue collection and treatment was of
standard ones [39,40]. The protocol received the formal approval
from the ethical committee of the University.

Copper Sulphate Preparation

A blue copper sulphate crystal, use for CuSO, solution, pre-
pared in two doses: 2% concentration-2 mg of copper sulphate dis-
solved in 1 liter of Distilled Water (DW) and 4% concentration
prepared by dissolving 4 mg of CuSO, in 1 liter of DW.

Experimental Schedule

All mice inspected prior to the commencement of the experi-
ment. The sex difference was chosen in favor of male rats. This
was done to eliminate any difference to male and female hormonal
differences. Properly acclimatized mice were divided into three
lots. They received nutritionally standard diet and water on every
alternate day. Each mice were further assigned an identification
number on its back.

The gavage method was used for administrating the CuSO,
for a defined period of times. For this purpose, syringe with a ball-
tipped gastric-feeding needle was used. The controlled lot received
deionized water whereas, the remaining two has CuSO, exposure
as, altogether grouped into three.

Group A: Acted as a controlled group, included 6 healthy rats, re-
ceived normal diet and tap water for the duration of experiments.

Group B: Included 6 rats, infused by 2% CuSO, solution @ of
0.15 mg/kg body weight.

Group C: Included 6 rats, intubated with 4% CuSO, solution @ of
0.30 mg/kg body weight.

As termination of exposure time neared the animals were
sacrificed, dissected and excised for liver and kidney and their bi-
opsies used in processed histopathological preparations.
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Histopathological Procedure

The histopathological technique followed the [41] method. The
biopsies of liver and kidney were fixed in 10% buffered saline
and dehydrated in ascending grades of ethanol and subsequently
cleared in xylene. It was followed by infiltration and impregnation
procedure in soft paraffin at 50°C and immediately embedded in
paraffin and paraffin blocks were prepared; these were cut further
to obtain 5 um thick sections using rotator microtome; mounted
glass slides covered by albumin glycerin. Multiple histological
stains using hematoxylin and eosin was utilized to explore histo-
logical structure and apoptotic changes. These stains ensure better
visibility and resolution. The slides were examined under the mi-
croscope and followed the standardized method described by [42].
Histopathological changes in hepatic and renal tissues were seen
at different magnifications and representative structural changes
were photomicrographed.

Results

Observation on Hepatic Tissue

The architectural changes of the liver cells have been iden-
tified and summed up in Figures 1(a -e). The general outline of

the control hepatic tissue showed the typical organization: a thin
fibrous connective tissue capsule covering the whole organ at the
hilum, where the portal vein and hepatic artery enter the liver at the
level of right and left hepatic ducts along with the lymphatic exit-
are clearly seen; and the hepatic lobules appeared as polygonal
units with a clear plate of epithelial cells and hepatocytes radiating
from central vein (1- a).

The representative histopathological changes in hepatic
tissue in 2% CuSO, solution

(Figure 1) - b shows typically multinucleated hepatocytes;
some having as much as three nuclei; other cells showed karyo-
megaly with large nuclei. The other changes include: the tendency
of increasing vacuolization of the hepatocytes and, kupffer cells
appearing as larger size with darkly stained prominent nuclei
(1-c). Besides, some lymphocytic infiltration within the sinusoids
between the vacuolated hepatocytes was observed additionally
(1-d). As the exposure time was increased, the normal appearance
of the hepatic lobules gradually lost and the number of affected
hepatocytes increased. The hepatic cord became non-distinct from
each other, while some hepatocytes showed cytoplasmic vacuoles
along with shrinkage and separation from each other: beside, clear
pyknotic nuclei could be further seen (1-¢).

Figures 1(a-e): Hepatic cell photomicrographs showing structural changes in 2% CuSO, treated mice. (a), the normal hepatocytes, with a prominent
central vein (CV) surrounded by cords of hexagonal nucleated hepatocytes; (b), showing multinucleated hepatocytes (arrow head) some with karyo-
megaly (arrow); (¢), tendency of increasing vacuolization in hepatocytes and Kupffer cells having large and darkly stained nuclei (arrows); (d), showing
aggregation of lymphocytes between hepatic cords; (e), large area of affected cells (star) due to degenerated lobules and non-distinct laminae, also some
cells with cytoplasmic vacuoles, shrinkage and separation (small arrow) and the pyknotic nuclei ,as against somewhat normal looking cells elsewhere

(broad arrow).
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Changes in hepatic tissues treated with 4% CuSO,

With the more acute treatment of hepatic cells in 4% CuSO;
the cells, in addition to the vacuolization of the cytoplasm, shrink-
age and pyknotic nuclei and necrosis, made their appearance along
with irregular cell boundary (2-a, b). Another change was noticed
in the central vein was the appearance of blood cells in the lumen
(2-c). The infrastructural loss of hepatocytes became much more
serious with the increase of dosage and duration (2-d); so that the
part of the liver suffers gradual loss of the hepatocytes due to of
nuclear death and apoptosis. As a result, the nuclei demonstrated
condensation of chromatin substance, followed by fragmentation
of chromatin with a part of the cytoplasm around and undergoing
rupture of nuclear envelope. In case of necrosis, the loss of these
acidophilic cytoplasmic materials was accompanied by swelling
of the cells.

Figures 2(a-d): Hepatic cell photomicrographs denoting structural chang-
es in 4% CuSO, treated mice. (a), showing vacuolation of cytoplasm, few
cells with necrosis-a sign of degenerative change (small arrow), irregular
cell boundary and pyknotic nuclei (broad arrow); (b), necrotic hepatocytes
beginning to lose nuclei (arrows); (c), central vein (cv) with blood cells in
lumen. (d), cells with fragmented chromatin and swelling of cells (circles
and arrows). (H & E: a, b x40, ¢ x100, d x1000).

Observation in Renal Tissue

Morphologically, the kidney has a convex lateral surface with
concave medial border, the hilum where nerves enter; and further
the ureter exits from this point and the blood and lymph vessels
make their entry and exit. It is covered by thin fibrous capsule.
Broadly, the kidney can be demarcated into an outer cortex and an
inner medulla. Each kidney is comprised of numerous functional
units called nephrons. The histopathological section of controlled
kidney showed cortex with renal capsules and proximal and distal

convoluted tubules. These characteristics have been illustrated in
3 - a, other changes are outlined in Figures 3 (b,c).

Figures 3(a-e): Renal cell photomicrographs denoting structural changes
in 2% CuSO, treated mice. (a), an untreated cell showing cortex with renal
corpuscle (arrow head), proximal (arrow) and distal convoluted tubules
(curved arrow); (b), cortex with lymphocytic infiltration around renal cor-
puscles and tubules; (c), cortex containing proximal convoluted tubules
with necrotic changes of the cell lining (arrows); (d), proximal tubules
with degenerated cells in different stages of cell death showing deeply
stained cytoplasm and nuclei (arrows); (e), degenerative changes in cells
of proximal tubule (small arrows), with the parietal layer of Bowman’s
capsule partially replaced by cuboidal cells (broad arrows).

(H & E: a-c X40; (d,e) x1000).

The representative histopathological changes in renal tissue in
2% CuSO, solution

The kidney showed some lymphocytic infiltration around
the renal corpuscles, and some glomeruli suffered degeneration of
various grades (3-b). In addition, some cells appeared showing the
degenerative changes along lining of the proximal and distal con-
voluted tubules. These changes were more of the nature of necrosis
(3-c). Other figures in plate 3 from (d-e) depicted an increase in
the number of degenerated cells lining the proximal convoluted
tubules and showed necrosis with darkly stained cytoplasm and
equally deeply stained pyknotic nuclei.
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Changes in renal tissues treated with 4% CuSO,

At higher dose of CuSO,, serious degenerative changes set
and went on becoming complicated with the duration of treatment.
For example, in affected tubules, sporadic degenerated cells ap-
peared in dark acidophilic cytoplasm. The proximal and distal con-
voluted tubules got the cells at different stage of degeneration and
noted with pyknotic nuclei. The renal corpuscles showed distorted
glomeruli and degenerative cell lining. The Bowman’s space be-
coming wide between the glomerulus and parietal layer - most of
these changes have been depicted in Figure (4-a). Further, a change
frequented around the kidney tubules and renal corpuscles showed
clear sign of congestion of the blood capillaries (4-b). Two other
serious signs, as the exposure continued for longer period of time
were manifested in the cortex, where the renal corpuscles became
crescent shaped as a result of undergoing congestion within, and
secondly, an appearance of vacuolated cytoplasm in the cells of
proximal tubules (4-c).

Figures 4(a-c): Renal cell photomicrographs denoting structural changes
in 4% CuSO, treated mice. (a), distorted glomeruli with degenerated cells,
Bowman’s space appearing wide (star); (b), cortex with crescent-shaped
renal corpuscles with congestion, proximal tubules showing vacuolated
cytoplasm (arrows); (c), cortex showing congestion of the blood vessels
around renal corpuscles and proximal and distal tubules (arrows) (H & E:
a, b x40; ¢ x1000).

Discussion

The severity of the lesions is reiterated depending upon the
dose and duration of treatment. The present results are in agree-
ment with the trend seen earlier [43]. The liver undergoes degen-
erations with lobular necrosis, a constant feature of all examined
sections. The focal point is infiltration of mononuclear cells with
apoptosis and severe hemorrhage and proliferated kupffer cells.
These cells have phagocytic nature localized in the liver blood si-

nusoids; and so the sinusoids were seen as markedly large with
darkly stained nuclei, more so in the high doses and also towards
the end of the experiment.

The effect is in agreement with earlier studies taken on Cu-
SO,, but in rats and not in mice as of present case [44].

Vacuolization in the liver is another phenomenon to many
studies and in diverse organisms [45]. Such a change usually fre-
quented near and around the central vein accompanied by pykno-
sis of nuclei of the hepatocytes. Present study further revealed that
in higher doses, the hepatic cells show the sign of karyomegaly-a
condition linked to hepatocytes increases. It is predominantly a
nuclear change seen commonly, including mice.

The histopathological examination of the kidney is also man-
ifested in many degenerative changes and necrosis of the epithe-
lial lining especially in proximal convoluted tubules and lymphatic
infiltration of the chronic inflammatory cells around arteries and
near the renal corpuscles also seen. The inflammation can spread
to the interstitial tissue, mainly in higher doses and duration. This
is also not unique to mice. Such chronic tubulointerstitial nephritis
are also reported in human when exposed to CuSO, [46]. Another
marked change is the increase in the Bowman’s space and presence
of more necrotic cells, a typical sight in the present case associated
with the lining of the kidney tubules and extent of vacuolization in
the collecting tubules -both are not unique, although variation in
the degree of changes are common [47].

These, and other structural changes accompanied with these
two metabolically active organs further reveals that, the treatment
with respect to heavy metals are equally sensitive manifesting re-
spective changes. Many metals are obtained with, necrosis, blood
congestion, infiltration of lymphocytes and degeneration of cells in
case of liver causing serious damage to glomeruli [44].

Some noteworthy studies on CuSO, using nanocopper is
quite recently poring in [48]. This line of research indicated an ex-
treme toxicity of nano-Cu in microorganisms, raising the prospects
of bactericidal approach [49].

A contemporary study, on CuSO, nanoparticles although as-
sociated with cytotoxicity and apoptosis in human cancer cell line
involving mitochondrial pathway due to ROS is equally notewor-
thy [50]. Nonetheless, potential of CuSO, nanoparticles in biomed-
ical field is evidently getting credit in in vitro and in vivo models
[51].

It is more expected now that future studies, not only focus
on common damages-cytotoxicity, organ toxicity and genotoxicity
- should also explore nano prospects-and eco-friendly approaches
using synthesis of nano heavy metal not only exploit the in vivo
toxicity of Copper Nanoparticles (CUNPs) but also reveal func-
tional, morphological changes in organs of mice in an elaborate
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way. This will strengthened in our future strategies. There is an
urgent need of focusing on molecular mechanism of CUNP-medi-
ated toxicity both in normal and cancer cells of different origins.
In conclusion we can say that present update on CuSO, toxicity,
explicitly demonstrated rise in structural abnormalities of meta-
bolically active organs and cells of renal and hepatic tissues, the
outcome is serious enough to carry investigation towards immedi-
ate consideration in medicine. Going by the reports and researches
in CuSO, as also with other heavy metals, evaluating the protec-
tive effects also absolutely essential.
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