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Introduction

The use of mercury has a long history, including its 
notorious rôle in poisoning Agnès Sorel, the mistress of Louis 
XIV [1]. Historical analyses have also indicated that Isaac 
Newton suffered from mercury exposure, as evidenced by bone 
examinations [2]. A major mercury poisoning crisis occurred 
in Minamata, Japan, where mercury discharge from a chemical 
factory led to severe health consequences. This tragedy marked 
the onset of new neurological diseases, the mechanisms of 
which remained poorly understood for a long time. However, 
recent studies have provided new insights into the mechanisms 
of mercury-induced damage to the brain, with a particular 
focus on Minamata Bay. Advanced analytical techniques, such 
as high-resolution synchrotron X-ray absorption spectroscopy 
[3], have revealed that mercury preferentially binds to 

sulphur groups. This binding action leads to cerebral lesions 
by disrupting cellular functions, as mercury’s interaction 
with sulphur interferes with normal biological processes. The 
Minamata tragedy not only exposed the severe neurological 
diseases caused by mercury poisoning but also marked the 
beginning of our understanding of the neuropathological 
mechanisms associated with mercury exposure. This awareness 
has been crucial in understanding similar mechanisms in other 
contexts. Investigating the properties of medicinal plants 
in relation to mercury toxicity could open new avenues for 
treating these neurological conditions. Detoxifying mercury 
from the brain can eliminate this toxic substance, but the 
resulting damage is challenging to repair with chemical 
chelators. However, there are natural ways that can help in 
repairing neurotoxic lesions caused by mercury chloride. To 
detoxify the mercury chloride, more toxic plants similar to 
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brains were treated three times with pure paraffi  n to ensure proper infi ltration and were subsequently moulded into blocks. Sections of 5 μm thickness were prepared 
using a Leica microtome and stained with Haematoxylin and Eosin (H&E) for histopathological examination. The study adhered to ethical guidelines and was approved by 
the relevant regulatory body. The results of this study demonstrated that mercury chloride caused signifi cant cerebral toxicity, manifesting as infl ammation and pyknosis 
of the nuclei. Calotropis procera reduced mercury toxicity and preserved the nuclei in male rats. In female rats, Calotropis procera completely preserved the brain tissue.
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Experimental animal design 

Male and female albino rats Wistar weighing 250g obtained 
from Pasteur Institute (Algiers) were reared in the animal house 
of the University of Badji Mokhtar-Annaba. They were kept in 
the laboratory under constant conditions of temperature (24 ± 
2 °C) for one month before and through the experimental work, 
being maintained on a standard diet and water was ready ad-
libitum.

The experiment utilized 30 rats, organized into two primary 
groups of 15 males and 15 females each. These groups were 
further subdivided into fi ve subgroups, with each subgroup 
containing three rats. This design follows two of the three 
Rs of ethical animal experimentation—reduce and refi ne—as 
proposed by Russell and Burch [6], focusing on minimizing the 
number of animals used while improving the conditions of the 
experiment.

The fi rst group Healthy control group received distilled 
water for 20 days, while the second group the animals received 
(200mg /Kg) of Calotropis procera by gavage. The third group 
received mercury chloride at a dose of 0,2mg/ Kg by gavage, 
the fourth group received (200 mg /kg) of Calotropis procera and 
(0,2 mg/ kg) by gavage, and the fi fth group were respectively 
plants Calotropis procera and mercury chloride treated with 1 g/
kg/day (Eth1) and 2 g/kg/day (Eth2) of ethanol. The rats of the 
fi fth (Eth1+SMI) and the sixth (Eth2+SMI) groups were fi rstly 
treated respectively with 1g/kg/day and 2g/kg/day of ethanol, 
after one hour, animals were given SMI (200 mg/kg/day). After 
fi xation of brain tissues in 10% saline buffered formalin, the 
brain tissues were dried in ascending grades of ethanol, cleared 
in xylol, and then immersed in paraffi n. The impregnated brain 
was treated three times in pure paraffi n to be established in 
blocks. Sections (5 μm thick) were preparatory using Leica 
microtome and stained by Hematoxylin and Eosin (H&E) for 
histopathological investigation [7].

Results and discussion

The histological analysis of this study revealed the protective 
role of Calotropis procera in mitigating the toxic effects of 
mercury chloride on the brain. Mercury chloride is a potent 
neurotoxin that induces severe cerebral toxicity, manifested 
by signifi cant cytoplasmic and nuclear alterations, such as the 
observed densifi ed cellular nuclei with laminated chromatin 
in male rats (Figure 1a). Histological results from male rats 
treated with both mercury chloride and Calotropis procera 
demonstrated complete preservation of brain tissue against 
mercury-induced toxicity (Figure 1b). Examination of brain 
tissue sections from male rats treated with Calotropis procera 
and mercury chloride revealed occasional images of karyolysis 
associated with edema, particularly within the plexiform or 
molecular layers. However, the cytoplasmic contours were 
preserved, and cellular nuclei remained intact (Figure 1C). 
The histological studies of male rats treated by Calotropis 
procera demonstrated subnormal morphology of brain tissues 
(Figure 1D). Histological analysis of brain tissue from female 
rats treated with mercury chloride showed scattered nuclear 
pyknosis and increased nuclear density, along with laminated 

it can be used but in a bénéfi cial way. Among these plants, 
there is Calotropis procera which is able to import new voices of 
detoxifi cation of the mercury chloride. Calotropis procera. It is 
a plant known in the Algerian Tuareg population as “Torha”. 
Calotropis procera, commonly referred to as “Torha” among the 
Algerian Tuareg population, is a perennial shrub characterized 
by its opposite, large, ovate leaves. The fl owers are violet in 
color. This plant typically grows in Ilizi and has a compact, 
shrubby form. This plant is characterized by the presence of a 
white liquid that circulates in all parts of the plant. This liquid 
is the latex of Calotropis procera. It contains cysteine proteins, 
rich in thiol groups, which have been widely implicated in the 
detoxifi cation of heavy metals. It is a plant characterized by a 
strong odor, giant green leaves, and fi lled inside with white 
milk. Calotropis procera is characterized by the presence of 
several antioxidant components. It contains sweet components 
like Calotropin and Calotoxin both helping protect neuronal 
cells from infl ammatory damage. This anti-infl ammatory 
action is complemented by rutin and quercetin, which provide 
strong antioxidant benefi ts. Oleanolic Acid contributes by 
stabilizing cell membranes, which minimizes oxidative stress 
and inhibits neuroinfl ammation, enhancing the protective 
effects of the other compound [4]. The plants Calotropis procera 
contain also Alkaloids that may exhibit analgesic, antidiabetic, 
and anti-infl ammatory properties. Glycosides: characteristics 
of these compounds can have various biological activities 
and potential benefi ts like antioxidants and cardioprotective 
effects. Saponins: its characteristics help lower cholesterol 
levels and boost immune function. It also contains fl avonoids 
with anti-cancer and anti-infl ammatory activities. Tanin 
polyphenolic compounds that can bind to proteins. Potential 
benefi ts include antimicrobial effects and wound healing. The 
objective of this study is to explore new natural methods to 
reduce mercury chloride toxicity in the brain, potentially 
offering new therapeutic strategies for neurological conditions 
associated with mercury exposure.

Materials and methods

Plant material

Leaves and roots of Calotropis procera were collected in 
March 2017 from the Sahara region of Ilizi, Algeria. The plant 
was initially identifi ed by the local Tuareg community in Ilizi 
and later verifi ed by a phytochemistry and botany expert from 
the Animal Department at Badji Mokhtar University, Annaba. 
The collected plant material was shade-dried in coffee linen 
bags in a spacious, dark room.

Preparation of extract

A total of 500mg of air-dried and powdered aerial parts of 
Calotropis procera (Apocynaceae) were extracted with ethanol 
(80:20 v/v) for 24 hours, repeated three times [5]. After 
fi ltration, the fi ltrates were combined and concentrated at 
room temperature, then suspended in 900 ml of water. The 
resulting solution was dried using Na2SO4, fi ltered, and further 
concentrated at room temperature to yield 57 g of dry powder 
from Calotropis procera. 
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Our study, which involved both male and female rats, 
investigated the protective effect of Calotropis procera against 
the neurotoxic effects of mercury chloride. We found that 
mercury chloride-induced severe cerebral toxicity in both 
sexes, characterized by signifi cant cytoplasmic and nuclear 
alterations. Previous research has shown that mercury chloride 
causes necrosis of nerve cells affecting the cerebral cortex, 
hypothalamus, and cerebellum [8]. The effects of mercuric 
chloride can be irreversible at certain lethal doses. In cases 
of acute poisoning, a patient who ingested a dose of 7 g of 
mercuric chloride died within six days, despite treatment with 
chelators [7]. This illustrates that high doses of mercury can 
have fatal effects in a limited time frame. A second case report 
describes two instances of mercury intoxication involving 
different doses. The fi rst case involved a 34-year-old man 
who received 40 g of mercury intravenously over 11 days. He 
was treated in the hospital with gastric lavage and chelator 
therapy. In contrast, the second case resulted in death due 
to severe dyspnea and encephalopathy. These cases highlight 
the neurotoxic effects of mercury, which can be lethal despite 
the treatments administered in the fi rst patient’s case [9]. 
Studies indicate that long-term exposure to levels of 0.01 mg/
m³ over several months can impair memory and concentration, 
and lead to anxiety disorders [10]. Effects have been observed 
in individuals exposed to low levels for durations of 6 to 12 
months. Another study reports the emergence of symptoms 
indicative of mercury-induced brain toxicity, such as headache, 
dizziness, convulsions, and fatigue [11]. The dose responsible 
for this effect is 1mg. Other studies have also reported that 
mercury chloride induces necrosis and apoptosis of neurons 
and astrocytes in the motor cortex [7]. These studies indicate 
that even low exposure to mercury chloride can impair nerve 
cells. Our results also demonstrated that within the plexiform 
layer of brain tissue from male rats treated with both Calotropis 
procera and mercury chloride, there were instances of karyolysis 
associated with edema, while cytoplasmic contours and cellular 
nuclei were conserved. Similar effects were observed during 
the Minamata incident in Japan, where mercury chloride was 
found to preferentially affect the plexiform molecular layer of 
the brain [12]. Autopsy studies of mercury-intoxicated animals 
revealed karyolysis of nuclei, as well as vascular damage in 
subcortical brain regions, including edema, vessel damage, 
widening of perivascular spaces, and infi ltration of pale red 
fl uid [13]. Other studies have also identifi ed karyolysis leading 
to neuronal damage and a decrease in neuron count [14]. 

Our fi ndings indicate that Calotropis procera reduced 
the toxic infl ammatory effects caused by mercury chloride 
and protected cellular integrity by preserving cytoplasmic 
contours and cellular nuclei within brain tissue. Phytochemical 
investigations of this Saharan plant have highlighted its 
richness in fl avonoids, such as rutin [15]. Rutin has been 
shown to reduce brain lesions observed in cancer [16,17], which 
may explain its neuroprotective role against mercury chloride-
induced toxicity observed in our study. Additionally, stilbene, 
another compound in Calotropis procera, can halt the cascade of 
cerebral infl ammatory reactions. Stilbene also protects against 
brain lesions and infl ammation by stimulating the expression 
of the enzyme heme oxygenase. Histological results from 

chromatin (Figure 2a). Conversely, tissue sections from female 
rats treated with both Calotropis procera and mercury chloride 
exhibited well-preserved nuclei (Figure 2C). Microscopic 
examination of the brain tissue from female rats treated with 
mercury chloride and Calotropis procera also revealed signs 
of pyknosis and nuclear densifi cation, with well-preserved 
nuclei in other regions of the brain tissue (Figure 2C). Brain 
tissue from female rats treated with Calotropis procera exhibited 
subnormal cerebral morphology (Figure 2D).
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Figure 1: Male Rat Histological Study of Brain. A-Histological Section of Male Rat 
Treated with Mercury Chloride. B-Histological section of Male rat treated with 
mercury chloride and plant Calotropis procera.C–Histological section of Male rat 
treated with Plants calotropis procera and mercury chlorids. D-Histological section 
of Male rat treated with Plants calotropis procera. E-Histological Section of Male 
Rat control.
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Figure 2: Female Rat Histological Study of Brain. A–Histological Section of Female 
Rat Treated with Mercury Chloride B-Histological section of female rat treated with 
mercury chloride and plants Calotropis procera C–Histological section of female 
rat treated with mercury chlorids and calotropis procera. D-Histological section of 
female rat treated with Plants calotropis procera. E-Histological Section of female 
Rat control. 
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male rats treated with both mercury chloride and Calotropis 
procera demonstrated that the plant completely protected brain 
tissue from mercury chloride toxicity. This protective effect 
of Calotropis procera is attributed to its wealth of molecules 
that target toxic brain proteins. For example, oleandrin, a 
neuroprotective molecule, inhibits the expression of the toxic 
alpha-synuclein protein, thereby preventing brain lesions 
associated with this protein’s toxicity.

Conclusion

This study investigates a plant called Calotropis procera 
and its effect on reducing the effect of mercury chloride. The 
result demonstrates that Calotropis procera can reduce the 
infl ammatory reaction in both male and female rats. Calotropis 
procera has been shown to preserve cell integrity by protecting 
the cellular nuclei despite the toxic effects of mercury chloride. 
This effect is due to the antioxidants in Calotropis procera, 
which were synthesised under high heat conditions in the 
Sahara Desert of Algeria. This harsh climate has led to the 
formation of molecules that have been able to penetrate the 
brain and counteract the effects of mercury chloride. Although 
the toxicity of mercury chloride is well-known, this study 
suggests that Calotropis procera could open new avenues for the 
treatment of infl ammatory brain diseases. 

This study on the neuroprotective effects of plants against 
mercury toxicity was conducted with a small sample size of 
animals, and histological analyses were performed using 
optical microscopy. While these techniques demonstrated 
observable effects, the intrinsic and molecular mechanisms of 
the plant Calotropis procera require more advanced methods, 
such as scanning electron microscopy (MEB). Investigate the 
effects of Calotropis procera extracts on brain cell cultures to 
elucidate the cellular pathways involved in neuroprotection. 

Ethical considerations

The study adhered to ethical guidelines and was approved 
by the relevant regulatory body of the University of Badji 
Mokhtar-Annaba.
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