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Effect of Mercuric Chloride Exposure during Pregnancy and Lactation
on the Postnatal Development of the Liver in the Albino Rat
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ABSTRACT

Background: Mercury (Hg) is a prominent environmental contaminant that causes detrimental effects
to the human health. It is used in some thermometers, electrical switches, batteries, fluorescent lamps,
paints, fungicides, insecticides and in mercuric vapours lamps. Mercury and its compounds have been
also used in medicine as in topical antiseptics, stimulant laxatives, skin lightening products, diaper rash
ointment, eye and nasal sprays. Elemental mercury is an ingredient in dental amalgams. Thiomersal
(mercury-based preservative) is an organic compound that is used as a preservative in vaccines and in
the manufacture of mascara.

Aim of the Work: To detect the effects of mercuric chloride (HgCl,) exposure during pregnancy and
lactation on the postnatal development of the liver in albino rat.

Materials and Methods: A total number of sixteen pregnant albino rats were used in the study. They
were equally divided into control and experimental groups. During the whole periods of gestation and
lactation, the control females received an oral daily saline of 2 mg /kg body weight. The experimental
females received an oral daily dose of 2 mg HgCl, /kg body weight. After weaning, the offspring of the
treated group was given HgCl, of the same oral daily dose. The control and treated mothers’ offspring
was sacrificed at the following ages: 1 day (group I), 21 days (group II) and 2 months (group III). Each
group consisted of 6 rats. At the time of scarification, the rats were weighed, anaesthetized and the livers
were extracted and weighed. The specimens from the fixed livers were dissected and processed for the
light and the electron microscopic examination. Morphometric studies were also done.

Results: Light microscopic study of the treated groups revealed vacuolization, degeneration of the
hepatocytes, inflammatory cell infiltration, dilated and congested hepatic sinusoids as well as portal
venules. Weak PAS reaction was observed in the treated liver specimens of groups I and II and a strong
PAS reaction in the treated group III when compared with the corresponding controls. The electron
microscopic study showed degeneration of the mitochondria, vacuolization of the cytoplasm, congested
sinusoids with perisinusoidal fibrosis. Morphometric studies revealed a significant increase in the liver
weight inspit of the decrease in the body weight.

Conclusion: Ingestion of HgCl, during pregnancy and lactation produces hepatic affections of the
offspring.
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INTRODUCTION

The liver is the largest internal organ in
the body and it functions as both an exocrine
and endocrine gland (Tayeb et al., 2010). The
functions of the liver include destruction of the
aged red blood cells, synthesis and secretion of
the bile as well as plasma lipoproteins and storage
of glycogen and lipids (Rui, 2014). The structural
unit of the liver has been considered to be the
hepatic lobule (Krishna, 2013).

Mercury is the only metallic element that is
liquid at the standard conditions for temperature
and pressure. The natural events like volcanic
activity and human activities like mining, fuel
use, coal burning for heating and cooking,
industrial processes and waste incinerators can
cause mercury releases into the environment. The
natural processes can also change mercury from
one form to another (Rustagi and Singh, 2010;
Liu et al., 2012).

Mercury exists in nature in elemental,
inorganic and organic forms (Robin, 2012;
Blum, 2013). 1t has been used primarily for
the manufacture of industrial chemicals,
thermometers, electrical switches, batteries,
fluorescent lamps and in mercuric vapours lamps.
Mercury and its compounds have been also used
in medicine as in topical antiseptics, laxatives,
skin lightening products, diaper rash ointment,
ingredient in dental amalgams and nasal sprays.
Thiomersal-mercuric based compound- is used as
a preservative in vaccines (Guzzi and La Porta,
2008).

Generally, two groups are more sensitive
to the effects of mercury. The first group is
thee fetuses who are the most susceptible to
developmental effects due to mercury. The second
group is the people who are regularly exposed to
high levels of mercury such as the populations
that rely on subsistence fishing or people who are
occupationally exposed (O Reilly et al., 2010).

MATERIALS AND METHODS

Chemicals

HgCl, was purchased in a powder form from
El-Gomhouria Company for Trading Chemicals
and Medical Appliances, Assuit.

Animals

A total number of 16 (180-200g) adult
female rats were used in this study. They were
being pregnant after overnight mating with 4
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(200-250g) adult male albino rats (one male for
four female rats). The presence of sperms in the
vaginal plug on light microscopic examination
was recorded as 0 day pregnancy (Mahmoud
and El-Badry, 2001). The animals were obtained
from the Animal House, Assiut University. The
experiment was approved by the Institutional
Ethics Committee of Assiut University.

Experimental design

The pregnant rats were singly housed and
divided randomly into control and experimental
groups (each consisted of 8 rats).

The pregnant rats of the experimental
compartment received HgCl, in an oral daily
dose of 2 mg/kg body weight through a gastric
tube during the periods of gestation and lactation
(Mohamed et al., 2010). After weaning, the
offspring of the treated group was given HgCl, in
an oral daily dose of 2 mg/kg body weight. The
control compartment was given normal saline via
the same route, dose and for the same periods. A
number of 6 offspring of the control rats and the
same number of their experimental control were
selected at the following ages:

e 1 day (groupI)
e 21 days (group II)
* 2 months (group III)

At the time of scarification, all groups were
weighed, anaesthetized by ether inhalation,
subjected to an intracardiac perfusion by normal
saline 0.9% NaCl then sacrificed. Liver specimens
were extracted from the different groups and
weighed. The specimens were put in a suitable
fixative solution for further processing.

Light microscopic study

The liver specimens were fixed in 10%
formalin then processed for paraffin blocks. The
liver specimens were subjected for Haematoxyline
and eosin (HX&E) stain (Kyriacos et al., 2013)
and Periodic Acid Schiff (PAS) stain (Rastogi,
2009).

Electron Microscopic study

Liver tissue was dissected in about 3mm3
to allow electrons to pass right through the
sample. Primary fixation was done in 2.5%
glutaraldhyde+4% formaldehyde for 2 hours at
room temperature. Fixative was washed in distilled
water (DH,0) 3 times in 10 minutes changes. Post
Fixative was added in 1% Osmium Tetroxide for
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1 hour. Fixative was washed out in DH,O 3 times
in 10 minutes changes. Dehydration Series were
done as follows: 30% ethanol for 10 minutes,
50% ethanol for 10 minutes, 70% ethanol for 10
minutes, 90% ethanol for 10 minutes and 100%
ethanol for 10 minutes, respectively (Kue, 2007).

Samples were embedded in fresh resin and
cured overnight at 60°C. Sectioning process was
done to produce thin slices of specimen which
were cut on an ultramicrotome with a diamond
knife to produce ultra-thin sections of 60-90
nm thick. The sections were stained for several
minutes by double staining technique, with an
aqueous or alcoholic solution of uranyl acetate
followed by aqueous lead citrate (Kue, 2007).
The sections were observed with the transmission
electron microscope (TEM) (“Jeol” E.M.-100
CX11; Japan) at the Electron Microscopic Unit of
Assiut University.

Morphometric study

Using computerized assisted image analysis,
the hepatocytes nuclei diameters were measured.
The data were collected and analyzed using SPSS
program (version 16.0). A statistical analysis
to compare control and treated measurements
was performed using the Mann-Whitney Test
(Levesque, 2007).

RESULTS

Light microscopic study
Group 1

Hx&E specimens of the control rats showed
polygonal hepatocytes arranged in radiating cords
of two cells thickness from the central veins
towards the periphery of the hepatic lobules.
The nuclei were large dense centrally placed
(Figures 1,2). Hepatic sinusoids showed few
blood cells (Figure 2).

Specimens of the treated rats showed the
same arrangement of the hepatocytes but the
cords were separated from each other by wider
hepatic sinusoids with intact endothelial lining
(Figure 4). The hepatic nuclei were large dense
centrally placed (Figures 4,5). The cytoplasm of
the hepatocytes showed multiple vacuolated areas
(Figures 4,5). Large number of fat cells appeared
between the hepatocytes (Figure 5). Large
number of inflammatory cells infiltrated between
the hepatocytes. The portal vein was dilated but
of intact outline. Both portal vein and bile ducts
were surrounded by inflammatory cells. Ito cells
appeared adjacent to the sinusoids (Figure 4).
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Using PAS stain, the cytoplasm of the
hepatocytes showed dark red granules indicating
PAS positive reaction which was weaker in the
treated rats (Figure 6) in comparison to the control
ones (Figure 3).

Group 11

Hx&E specimens of the control rats showed
cords of less polygonal hepatocytes. The cords
were separated from each other by the radically
arranged sinusoids. The hepatocytes were of
rounded well-defined nuclei. The hepatic nuclei
were centrally placed. The portal venules were of
intact regular outline (Figure 7).

On the other hand, specimens of the treated
rats showed variable degrees of architecture
disorganization. Some hepatocytes were swollen
and their cytoplasm was apparently vacuolated.
Others were degenerated cells leaving patchy
necrotic areas within the hepatic lobules. The
cords of hepatocytes were separated from each
other by wide hepatic sinusoids. The central
veins had damaged endothelial lining and were
irregular, dilated and of blood cell content.
Prominent nuclei of Kupffer cells were detected
(Figure 9).

Using PAS stain, the cytoplasm of the
hepatocytes showed dark red granules indicating
PAS positive reaction which was weaker in the
treated rats (Figure 10) in comparison to the
control ones (Figure 8).

Group 111

Hx&E specimens of the control rats showed
cords of polygonal hepatocytes of one cell
thickness separated from each other by hepatic
sinusoids. The hepatic sinusoids were of intact
endothelial lining. Hepatic nuclei were large,
rounded and centrally placed (Figures 11,12).
Their nucleoli were prominent (Figure 12). Some
hepatocytes were binucleated. Scattered few
lymphocytes appeared surrounding the central
veins (Figure 11). The portal tract field showed
portal venule and bile ductules. The portal venule
was regular and of intact lining (Figure 12).

On the other hand, specimens of the treated
rats showed cords of less polygonal hepatocytes
separated from each other by relatively wide
sinusoids  (Figure 14). Hepatocytes were
swollen (Figures 14,15). Some hepatic nuclei
were less rounded but others were polymorphic
(Figures 14,15). The cytoplasm was vacuolated
especially at the periphery of the cell
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(Figures 14,15). The central veins were irregular,
dilated and congested with blood and inflammatory
cells infiltrate nearby. Their endothelial lining
was destructed (Figure 14). The portal tract field
showed distorted and congested portal venules
and dilated irregular bile ductules. The portal tract
region was surrounded by inflammatory cells
(Figure 15). Prominent nuclei of von Kupffer
cells were observed (Figures 14,15).

Using PAS stain, the cytoplasm of the
hepatocytes showed dark red granules indicating
PAS positive reaction which was stronger in
the treated rats (Figure 16) in comparison to the
control ones (Figure 13).

Electron microscopic study
Group 1

Ultrastructural cross section of the controls
showed hepatocytes of ill defined borders with
centrally placed rounded nuclei and prominent
nucleoli. The cytoplasm was filled with cell
organelles (Figure 17).

On the other hand, specimens of the treated
rats showed polygonal hepatocytes with apparent
outline. The nucleus was large rounded with
ill defined nucleolus. Marked loss of the cell
organelles was noticed. The cytoplasm was
highly vacuolated and the vacuolization process
started at periphery of the cytoplasm. Variable
sized scattered mitochondria appeared within
the hepatocytes and some were degenerating.
Large amount of lysosomes were noticed. Mitotic
divisions of the hepatocyte were present but
the newely formed cells were compressed by
mild perisinusoidal fibrosis. Mercury deposits
were scattered among the remaining cytoplasm
(Figure 18).

Group 11

Cross section of control liver showed polygonal
hepatocytes of well-defined cell membranes with
centrally placed rounded nuclei. Mitochondria
were rounded, scattered and of relatively small
size. Hepatic sinusoids were of intact lining and
von Kupffer cells appeared lining the walls of the
sinusoids (Figure 19).

In contrast, specimens of the treated livers
showed less polygonal hepatocytes. Their nuclei
were large rounded with ill defined nucleoli.
Marked loss of the cell organelles was observed
and the cytoplasm was highly vacuolated. Large
amount of lysosomes appeared within the field.
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Some mitochondria were degenerated. Von
Kupffer cells were abnormally shaped. The rest
of the cell organelles were masked by the rarefied
cytoplasm. Mercuric deposits appeared within the
field (Figure 20).

Group 111

Cross section of control liver showed
polygonal hepatocytes of clear-defined cell
membranes (Figure 21). The nuclei were large
and rounded (Figures 21,22) with prominent
nucleoli (Figure 21). Large number of small-sized
rounded mitochondria were scattered among cell
organelles. Excess rough endoplasmic reticulum
(RER) was noticed. Lysosomes of variable sizes
appeared within the cytosol (Figures 21,22). Von
Kupffer cells appeared within the sinusoidal wall
(Figure 21). Glycogen granules are organized in
the form of rosette clusters (Figure 22).

In contrast, specimens of the treated group
showed less polygonal hepatocytes. The nuclei
were less rounded. Some hepatocytes were
binucleated (Figure 23). The hepatocytes
showed thickened cell membranes (Figure 23)
but some cells were of thinned ill-defined ones
(Figure 24). The cytoplasm was vacuolated
with apparent loss of the cell organelles
(Figures 23,24). Mitochondria were few and
swollen (Figure 24). Also the presence of RER
(Figure 24) and excess lysosomes of variable
sizes were detected (Figures 23,24). The rest of
the cell organelles were masked by the rarefied
cytoplasm (Figures 23,24). Hepatic sinusoids
were congested with blood cells (Figures 23,24)
with apparent perisinusoidal fibrosis (Figure 24).
Mercury deposits appeared within the hepatocytes
(Figures 23,24). Von Kupffer cells were large and
abnormally shaped (Figure 23).

Morphometric study
Body weight
Regarding body weight, insignificant

difference was observed between both treated
and control rats of group I. On the other hand,
groups II and III showed a statistically significant
decrease in the body weight of the treated rats in
comparison to the control ones (Table 1).

Liver weight

All the treated groups showed statistically
significant increase in the liver weight in
comparison to the corresponding control ones
(Table 1).
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Hepatocytes nuclear diameter

Regarding the hepatocytes nuclear diameter,
group I showed insignificant difference between

both treated and control rats. On the other hand,
groups II and III showed a statistically significant
decrease in the nuclear diameter of the treated rats
in comparison to the control (Table 2).

Fig. 1: A photomicrograph of a cross section of the rat liver
(control group I) showing a central vein (CV) with cords of
two hepatocytes thickness (double up arrows) radiating from
it towards the periphery of the hepatic lobule. The cords are
separated from each other by hepatic sinusoids (down arrows).
(Hx & E x400)

Fig. 2: A photomicrograph of cross section of rat liver (control
group I) showing polygonal hepatocytes with eosinophilic
cytoplasm (up arrows), large dense centrally placed rounded
nuclei (left arrows) and hepatic sinusoids (down arrows)
containing few blood cells (black stars). (Hx & E x1000)

e d

Fig. 3: A photomicrograph of cross section of rat liver (control
group I) showing dark red granules (arrows) within the
cytoplasm of the hepatocytes indicating PAS positive reaction.
(PAS x400)
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Fig. 4: A photomicrograph of a cross section of the rat liver
(treated group I) showing a portal tract area. The portal venule
(PV) is dilated but of intact outline. Both portal venule (PV)
and bile ductules (D) are surrounded by massive inflammatory
cells (red stars).The hepatocytes (up arrows) are arranged in
cords which are separated from each other by wide hepatic
sinusoids (down arrows). The hepatic nuclei are rounded
and centrally placed (left arrows). The cytoplasm of the
hepatocytes is vacuolated (right arrows). (Hx & E x400)

Fig. 5: A photomicrograph of a cross section of the rat liver
(treated group I) showing cords of hepatocytes (up arrows) of
normal architecture with large rounded nuclei (left arrows).
The cytoplasm of the hepatocytes is vacuolated (right arrows).
Large number of fat cells (yellow stars) appears between the
cords. (Hx& E x1000)

Fig. 6: A photomicrograph of a cross section of the rat liver
(treated group I) showing cords of hepatocytes (up arrows)
of normal architecture separated by hepatic sinusoids (down
arrows). There is weaker PAS reaction of the hepatocytes in
comparison to the control rats. (PAS x400)
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Fig. 7: A photomicrograph of a cross section of portal tract Fig. 10: A photomicrograph of a cross section of the rat
region of the rat liver (control group II) showing portal venule liver (treated group II) showing destructed central vein (CV)
(PV) and bile ductules (D). Cords of hepatocytes (up arrows) with cords of irregularly shaped hepatocytes radiating from
radiating around and separated from each other by hepatic it. Rep purple material is observed within the cytoplasm
sinusoids (down arrows). The portal venule is of intact regular (arrows). Weaker PAS reaction of the hepatocytes is noticed in
outline. The hepatocytes are less polygonal with rounded well- comparison to the control rats. (PAS x400)

defined nuclei (left arrows). (Hx& E x400)

Fig. 11: A photomicrograph of a cross section of the rat liver

Fig. 8: A photomicrograph of a cross section of the rat liver (control group III) showing hepatocytes (up arrows) of the
(control group II) showing dark red material (arrows) within hepatic lobule radiating from the central vein (CV) in cords of
the cytoplasm of the hepatocytes indicating PAS positive one cell thickness separated from each other by sinusoids (down
granules. (PAS x400) arrows). Hepatic nuclei are large, dense and centrally placed

(left arrows). Some hepatocytes are binucleated (right arrows).
Scattered few lymphocytes appear surrounding the central vein
(interrupted left arrows). Both the central vein and the hepatic
sinusoids are of intact endothelial lining. (Hx& E x400)

Fig. 9: A photomicrograph of a cross section of the rat liver
(treated group II) showing obvious disorganization of hepatic
architecture with patchy necrotic areas (arrow heads) within
the hepatic lobules. The hepatocytes (up arrows) are swollen

and the cytoplasm is apparently vacuolated (right arrows). Fig. 12: A photomicrograph of a cross section of the portal tract
Hepatic nuclei are polymorphic (left arrows). The central vein is of the rat liver (control group III) showing portal venule (PV) and
damaged and contains blood cells (black stars). The hepatocytes bile ductules (D). Both are of intact lining as well as the hepatic
are arranged in cords separated from each other by wide hepatic sinusoids (down arrows). Hepatocytes (up arrows) are polygonal.
sinusoids (down arrows). Prominent nuclei of von Kupffer cells Hepatic nuclei (left arrows) are large rounded with prominent
(interrupted right arrows) are observed. (Hx& E x400) dense nucleoli (interrupted left arrows). (Hx& E x1000)
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Fig. 13: A photomicrograph of a cross section of the rat liver
(control group III) showing dark red material (arrows) within
the cytoplasm of the hepatocytes indicating PAS positive
granules. This red material appears more in the pericentral
hepatocytes than the distal ones. (PAS x400)

Fig. 14: A photomicrograph of a cross section of the rat liver
(treated group III) showing cords of swollen hepatocytes (up
arrows) arranged in cords from the central vein (CV) towards
periphery of the hepatic lobule. They are separated from each
other by relatively wide sinusoids (down arrows). Hepatic
nuclei are polymorphic (left arrows) and the cytoplasm is
apparently vacuolated  (right arrows). The central vein is
distorted and congested with blood cells (black stars). Large
number of Ito cells (blue stars) appears within the persinusoidal
space. Inflammatory cells (red stars) infiltrate near the central
vein. Prominent nuclei of von Kupffer cells (interrupted right
arrows) are observed. (Hx& E x400)

Fig. 15: A photomicrograph of a cross section of the rat liver
(treated group III) showing swollen irregular hepatocytes (up
arrows). Hepatic nuclei are polymorphic (left arrows) and the
cytoplasm is markedly vacuolated (right arrows).The portal
tract region is surrounded by inflammatory cells (red stars).
The portal venule (PV) is destructed and congested with blood
cells (black stars). The bile ductule (D) is relatively dilated.
Prominent irregular nuclei of von Kupffer cells (interrupted
right arrows) are observed. (Hx& E x1000)
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Fig. 16: A photomicrograph of a cross section of the rat liver
(treated group III) showing stronger PAS reaction of the
hepatocytes is noticed in comparison to the control rats. Cell
borders of hepatocytes are indistinct. The red purple granules
are equally distributed in both the pericentral and distal
hepatocytes (arrows). (PAS x400)
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Fig. 17: A photomicrograph of cross section of rat liver
(control group I) showing hepatocytes of ill defined borders
with centrally placed rounded nuclei (N) and prominent
nucleoli (n). The cytoplasm is filled with cell organelles.
(TEM %3600)
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Fig. 18: A photomicrograph of a cross section of the rat liver
(treated group I) showing adjacent hepatocytes of normal
architecture. The nucleus (N) is large rounded with ill-defined
nucleolus. Marked loss of the cell organelles was noticed.
The cytoplasm is highly vacuolated (right arrows) and the
vacuolization process started at periphery of the cytoplasm.
Variable-sized scattered mitochondria (M) are present with
large amount of lysosomes (L). Some mitochondria are
degenerating (M*). Mitotic divisions of the hepatocytes are
present (N*). The newly formed cells are compressed by mild
perisinusoidal fibrosis (up arrows). Hepatic sinusoids are
filled with blood cells (black stars). Mercuric deposits appear
within the cytoplasm (circles). (TEM x3600)
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Fig. 19: A photomicrograph of a cross section of the rat liver
(control group II) showing polygonal hepatocytes of well
defined cell membranes (CM) with centrally placed rounded
nuclei (N). Large number of mitochondria (M) appears
rounded, scattered and of relatively small size. The hepatic
sinusoid (S) is of intact lining and von Kupffer cell (K) lines
its wall. (TEM x3600)
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Fig. 20: A photomicrograph of a cross section of the rat liver
(treated group II) showing adjacent hepatocytes with less
polygonal outlines. The nuclei (N) are large rounded with
ill-defined nucleoli. Marked loss of the cell organelles is
observed. The cytoplasm is highly vacuolated (right arrows).
Polymorphic mitochondria (M) appear within the cytoplasm
with large amount of lysosomes (L). Some mitochondria are
degenerated (M*). Von Kupffer cell (K) is abnormally shaped.
Mercuric deposits appear within the field (circles). (TEM
x3600)
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Fig. 21: A photomicrograph of a cross section of the rat liver
(control group III) showing polygonal hepatocyte of clear
defined cell membrane (CM). The nucleus (N) is large and
rounded with prominent nucleolus (n). Well developed RER
(R) is located. Large number of small sized mitochondria (M)
is scattered among cell organelles. Few lysosomes are seen
within the field (L).Von Kupffer cell (K) appears within the
sinusoidal wall. (TEM x3600)
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Fig. 22: A photomicrograph of a cross section of the rat liver
(control group III) showing cell organelles of the hepatocyte
located near the nucleus (N). Mitochondria (M) are rounded
and scattered. Excess RER (R) is noticed. Glycogen granules
(GL) are mainly organized in the form of rosette clusters.
Lysosomes (L) appear within the cytosol. (TEM x10000)
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Fig. 23: A photomicrograph of a cross section of the rat
liver (treated group III) showing less polygonal binucleated
hepatocytes with thickened cell membrane (CM). The nuclei
(N) are rounded with ill defined nucleoli and the cytoplasm
is vacuolated (right arrows) with apparent loss of the cell
organelles. Mitochondria (M) are few and small-sized. Some
lysosomes are detected (L). Hepatic sinusoids are congested
with blood (black stars).Von Kupffer cell (K) is large and
abnormally shaped. Mercuric deposits appear within the field
(circles). (TEM x3600)
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Fig. 24: A photomicrograph of a cross section of the rat liver (treated group III) showing the adjacent hepatocytes. The cell membrane
(CM) is thinned. Mitochondria (M) are swollen with indistinct cristae. It also shows the presence of some RER (R) and large-sized
irregularly-shaped lysosomes (L). Hepatic sinusoids are congested with blood cells (black stars) with apparent perisinusoidal fibrosis
(F). The rest of the cell organelles are masked by the rarefied cytoplasm (right arrows). Mercury deposits appear within the cytoplasm

(circles). (TEM x10000)
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Table 1: Body and liver weights.

Body weight (g) Liver weight (g)
Control (n = 6) Treated (n=6) . Control (n = 6) Treated (n=6) .
Mean+SD Mean+SD P value Mean+SD Mean+SD Pvalue
GI 5.67+0.51 5.50+0.54 0.575 0.258 +0.005 0.413 +0.003 0.004"
GII 48.67 +2.34 38.0+2.82 0.004™ 1.47+0.19 1.9+0.23 0.012™
GIII 219.17 + 15.60 175.33 +6. 280.004™ 4.93+0.38 10.23 +2.87 0.004"

SD: Standard deviation.

Table 2: Hepatocytes nuclear diameter.

* Mann-Whitney Test.

** Statistically significant (P < 0.05).

Hepatocytes nuclear Control (n = 6)

Treated (n=6)

diameter (um) Mean+SD Mean+SD Pvalue’
Group I 6.79 +0.39 5.73 +1.42 0.337
Group 11 7.38 +0.38 4.99 +2.01 0.016™
Group 11T 7.29 +0.59 6.04 +0.56 0.006™

SD: Standard deviation.

DISCUSSION

Mercury is a prominent environmental
contaminant that causes detrimental effects to the
human health (Ung et al., 2010).

Group 1

The present work revealed that the hepatic
architecture of the treated livers was preserved
comparative to the destructed outlines of the cells
ofthe groups of the other ages. Hepatic nuclei were
quite normal and the cytoplasm of the hepatocytes
showed multiple vacuolated areas. These findings
were previously described in Metwally et al.
(2015) and Macirella et al. (2016) studies.

Infiltration of the inflammatory cells seen in
the present work was a previous finding of studies
of Begam and Sengupta (2015). It is well known
that HgCl, treated tissues showed an up-regulation
of pro-inflammatory cytokines (Begam and
Sengupta, 2015). This can be evidenced by cell
irritability, inflammation and hypersensitivity to
the metal (Guzzi et al., 2008). Bile ductules were
also observed surrounded by inflammatory cells
in the present study and this could be referred to
the extensive biliary-hepatic cycling (Andreoli
and Sprovieri, 2017).

The present work exhibited large number of
fat cells that appeared between the hepatocytes.
This was with Ung ef al. (2010) study on
mercury-induced hepatotoxicity in Zebrafish. The
researchers pointed to the increased number and
size of the lipid vesicles detected in the liver of
the treated fish.

* Mann-Whitney Test.
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** Statistically significant (P < 0.05).

The blood sinusoids appeared to be dilated and
filled with haemopoietic cells in the present study
which might indicate the haemopoietic function of
the liver preserved from the prenatal life (Krishna,
2013). However, lymphocytic infiltration added
to the sinusoidal blood congestion after treatment
with a toxin, are positive indicators of the hepatic
damage as mentioned by Liu et al. (2011) and
Metwally et al. (2015).

The present work demonstrated that the
vacuolization process of the cytoplasm started at
the periphery. This was also stated in the work of
Macirella et al. (2016). This might be ruled by
formation of vacuolar structures that displayed
very intensive fusion and fission activity
especially at periphery of the cell (Bentov et al.,
2009).

Apparent loss of the cell organelles was
noticed in the present study and this was in
agreement with the research of Vergilio et al.
(2015). They mentioned that HgCl, treatment of
the hepatocyte cultures has induced progressive
structural damage which led to cell death. They
declared that mercury reached several targets
simultaneously. Persistent mitotic divisions of
the hepatocytes seen in the present work might
confirm cell integrity as the remaining cells
grow to compensate for the mass of the tissue
as reported by (Zaret and Grompe, 2008; Soto-
Gutierrez et al., 2009).

The present work exhibited that HgCl, had the
least degree of hepatic toxicity among rat fetuses.
Jung-Duck and Wei (2012) studies pointed that
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inorganic mercury salts as HgCl, are not lipid
soluble and they theoretically do not cross the
blood-placental barrier but the fetotoxic effect
of HgCl, can be explained by the ability of the
mercury to alter the membrane permeability
without any loss in cell viability. Abboud and
Wilkinson (2013) pointed that toxicity involves
mercuric interaction with membrane thiols.
Thus, during metal uptake from metal mixtures,
mercury might promote the uptake of other toxic
metals. As well, the high mobility of the mercury
in the body might be due to the formation of water
soluble mercury complexes which are attached to
the sulfur atom of thiol groups such as glutathione
(Jozefczak et al., 2012). The glutathione moiety
is degraded in the bile duct and gall bladder of
the pregnant rats and in the form of the L-cysteine
complex, the mercury enters the endothelial cells
of the placental barriers (Azevedo et al., 2012).
Added to that the fetus is not able to excrete
mercury (O Reilly et al., 2010).

Group 11

The swollen hepatocytes could be explained
by the mercuric affection of the membrane
permeability (Flora et al., 2008). Patchy necrotic
areas had been detected within the hepatic lobules
indicating marked affection of the liver tissue by
the toxicity (Patnaik et al., 2010). This might be
attributed to the possible role of early mercuric
exposure in inducing oxidative stress mediated
apoptosis (Morcillo et al., 20154 and 2015B).

Hepatic nuclei of the specimens of the
present work were of different shapes and sizes
which might be due to nuclear fragmentation as
documented by Koff et al. (2015). The normally
shaped hepatic nuclei of the present study
showed ill-defined nucleoli. This might point to
malfunction of nucleoli which could be the cause
of hepatic cell disorders (Montanaro et al., 2008).

The blood appeared within the congested
central veins as well as the congested dilated
sinusoids that observed in the present study were
supportive findings of the mercury produced
hepatic congestion (Meng et al., 2012). Also, the
presence of the densely infiltrated inflammatory
cells supported the hepatic injury.

Prominent nuclei of von Kupffer cells seen
in the present work could be attributed to the
accumulated foreign mercury that might result
in damage of the protein molecules of the cells
thus leading to their disfigurement (7reesh et al.,
2014).
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Mitochondrial polymorphism seen in this age
could be of insignificant value as the mitochondria
vary with cell type, developmental stage and
environment (Vafai and Mootha, 2012).

Mitotic divisions of the hepatocytes were
present in this study might indicate integrity of
some hepatocytes. The mild perisinusoidal fibrosis
could be a result of the chronic liver exposure to
the mercury. Hepatic fibrosis is a consequence of
chronic liver injury that in turn leads to increased
deposition of extracellular matrix in perisinusoidal
and periportal spaces inducing fibrosis (Xu et al.,
2014; Zhang et al., 2016).

In the present work, the HgCl, has a
considerable toxic effect on group II as well as
group I. It is well known that mothers consuming
diet containing mercury pass the toxicant to
the fetus and to the infants through the breast
milk. The prenatal mercuric exposure was also
suggested to lead to increased mercuric level in
the breast milk (Li et al., 2014). Furthermore, Jan
et al. (2015) found that heavy metals can bind to
albumin and casein in the breast milk.

In the present work, the toxic effect of HgCl,
on the breastfed rats suggested that this form of
mercury found its way through the intestinal wall
to be absorbed. The corrosive effect of mercury
on the intestine might increase the permeability
and, hence, the absorption with prolonged
exposure (Robin, 2012). All, or most, of the
ingested mercury which is absorbed into systemic
circulation may be erroneous (Bradley et al.,
2017).1In addition, a substantial portion of mercury
in the fetal liver is bound to metallothionein which
plays an important role as a reservoir of mercury
during the prenatal period (Bourdineaud et al.,
2012).

Group 111

The hepatocytes were swollen and irregular
which was more marked than that of the previous
groups. Hypetrophy of these cells might be due
to the swelling of the intracellular structures
(Pandey et al., 2008) or as a result of disturbances
of membranes function (4bdelhalim and Jarrar,
2011).

The binucleated hepatocytes appeared in
the present work might be finding of a normal
hepatic tissues. However, binucleation might be
also a consequence of the cell injury and a sort of
chromosomes hyperplasia which is usually seen
in the regenerating cells (Abdelhalim and Jarrar,
2011).
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Vacuolated cytoplasm-a finding of the
present study- might be of no significance if it
is not accompanied with other hepatic changes.
For example, the alterations in the amount
of hepatocellular glycogen are frequently
accompanied by cytoplasmic vacuolization. This
was evidenced by the vacuolated cytoplasm in the
Hx&E stained specimens of the controls in study
of Thoolen et al. (2010) and Krishna (2013).

Thoolen et al. (2010) declared that in the
absence of any treatment-related changes within
a study, the degrees of glycogen demonstrated
in the hepatocytes are considered as background
changes. In contrast, when differences in the
amount of glycogen amount are accompanied
by other cytoplasmic changes, glycogen
accumulation or depletion may not be easily
discerned (Haschek et al., 2010).

Furthermore, this change was seen too in the
current work by TEM of the control groups in
which the gluteraldehyde fixation is accused with
a considerable loss of glycogen in the tissues so, a
mild vacuolization of the cells occurred (Bindhu
etal, 2013).

On the other hand, the vacuolated swelling
of the treated groups might indicate acute and
subacute liver injury induced by the drug.
This was in agreement with studies of Schrand
et al. (2010) and Abdelhalim and Jarrar (2011).
They postulated that the vacuolization might be
a result of a hydropic degenerative process as a
consequence of ion and fluid homestasis that led
to an increase of intracellular water.

The central veins together with the hepatic
sinusoids of the present work were irregular,
dilated, congested with blood and also had a
destructed endothelium. Sayed (2014) and Joshia
et al. (2014) referred the vascular dilatation
to the increased levels of prostaglandins that
induce smooth muscle relaxation with subsequent
vasodilatation. Choledocholithiasis could be the
most possible cause of the dilated bile ductules
(Holm and Gerke, 2010) as a consequence of
the inflammatory process involved. Mild to
moderate biliary hyperplasia may be considered
adverse in the rat but potentially poses a risk for
humans particularly if accompanied by evidence
of hepatobiliary injury or functional compromise
(James et al., 2014).

Large number of Ito cells appeared within the
persinusodal spaces of the present study indicating
the hepatic affection. This was in agreement of
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Moreira (2007) and Krizhanovsky et al. (2008)
who declared that Ito cells are the main matrix-
producing cells in the process of liver fibrosis.

In the present work, the presence of mitotic
figures within some hepatocytes was indicator of
integrity of some cells. This may be considered
a form of regenerative process done by the
hepatocytes to compensate for the loss in
hepatocytes (Sayed, 2014).

Some hepatocytes of the present work were
of thickened cell membranes but others were of
thinned ones. These results further supported the
hypothesis that inorganic mercury affects the
cell membrane (Guo et al., 2013). Thickened
membranes may result from deposition of fibrin
materials. It was reported by Nyland et al.
(2012) that chronic subcutaneous administration
of inorganic mercury significantly exacerbated
fibrosis of the cardiac cells of the mice.
Furthermore, the thickening of the organic lining
might have a defense mechanism against the
pollutants (Frontalini et al., 2016) or might be
the autoimmune complexes formed within the cell
(Crowe et al., 2017).

On the other hand, the cells of the thin
membranes might point to the degenerative
changes affected the cell membranes due
to the disturbance of their nutritional state
(Tamas et al., 2014) especially when gathered
with the other cytoplasmic changes. With the
ability of the mercury to change the plasma
membrane fluids like quality, the cell becomes
stiffer and ages faster (Nabi , 2014).

Increased number of lysosomes seen in the
present study was also an observation of Frontalini
et al. (2016) study. The authors documented that
mercury was responsible for promotion of the
proliferation of lysosomes both in number and
dimension as the mercuric nanoparticles were
sequestered and accumulated by lysosomes
(Gomiero et al., 2013).

In the present work, mitochondria were few,
swollen and small sized. Similar findings were
reported by (Sayed, 2014). Other studies have
shown that mercury produces an imbalance
between the reactive oxygen species (ROS)
production and its clearance by the antioxidant
system either in vivo (Cappello et al., 2016A,
2016B; Guardiola et al., 2016) or in vitro
(Morcillo et al., 20154, 2016, 2017A). Also,
mercuric forms induce apoptosis by inhibiting
mitochondrial function (Zheng et al., 2014). The
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existence of close contacts between mitochondria
and the endoplasmic reticulum raises the
possibility that mercuric metabolites generated
in the endoplasmic reticulum could reach the
mitochondria (De Brito and Scorrano, 2010).
However, this was against Macirella et al. (2016)
who pointed that the increased mitochondrial
count might be considered as an unspecific
adaptive response to mercury rather than a general
response of the tissue to the metal.

In addition, being a toxic element that
accumulates during life (Houston, 2011), body
stores of mercury from prenatal life and lactation
period could be another factor for the exaggerated
toxicity in treated adults. Potential interactions
between toxic and essential metals are also
possible (Jadhav et al., 2007). With those facts,
such chronic toxicity can be easily explained.

The insignificant difference in the nuclear
diameter between both control and treated livers
of the present work groups correlates with the
previous histological findings. In contrast, groups
I and III showed significant reduction in the
nuclear diameters indicating the nuclear shrinkage
as mentioned by (Vergilio et al., 2015).

In the current study, HgCl, had a significant
reduction in the weight of the rats of groups II
and III. This comes in accordance with Necib
et al. (2013). This drop in the body weight
could be attributed to the general glycolytic state
produced to meet the energy demands imposed by
enhanced metabolic activity as reported by (Javed
and Usmani, 2015). Recent studies by Morcillo
et al. (2017B) suggested that an exposure to the
dissolved mercury disrupts the epithelium that
results in compensatory changes in ventilation
frequency and increased energy demands resulting
in the increase in metabolic rate.

The present work revealed that HgCl, toxicity
was associated with a significant increase in the
weight of the treated livers of the rats of group I,
IT and III. This comes in agreement with Necib
et al. (2013). However, it was against Drevnick
et al. (2008) and Macirella et al. (2016) studies.
Drevnick et al. (2008) pointed to the decreased
lipid reserves in livers of northern pike fish with
high liver total mercury concentrations supposing
that mercury has a lipolytic activity. Macirella
et al. (2016) postulated that the decrease in
lipid stores might suggest an increase of basal
metabolic pathways of hepatocytes.
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At the same time, the present work revealed
a significant weaker PAS reaction of groups I
and II indicating the glycolytic activity done by
the liver under stress conditions produced by the
toxicity (Javed and Usmani, 2015; Macirella
etal., 2016). In general, the great loss of glycogen
in the liver indicates that it is the most affected
organ during stress as declared by George et al.
(2012).

With the increase in the lipid material of the
liver that overshot the decrease in the glycogen
stores, the increase in the liver weight could be
explained. However, added to the lipid deposition,
the treated livers of the group III of the present
work showed stronger PAS reaction than the
control group. Ung ef al. (2010) explained that
by the disturbing effect of the mercury on the
carbohydrates metabolism with the chronic
exposure to the metal that led to accumulation
of glycogen in the liver which together with the
deposited lipid markedly elevated weight of the
livers.

CONCLUSION

The HgCl, has injurious effect on the
postnatally developing liver.
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