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Abstract. We undertook this study with the aim of investigating the detoxification of an extreme toxic metal
mercury chloride by the Calotropis procera plant taken from the Algerian Sahara. We studied the protective effects
of the plant Calotropis procera against renal toxicity and Mercury chloride-induced hepatic. Ten male and female
albino rats Wistar were divided into four equal groups. Group (I) served as a healthy control group, group (II) were
intra-peritoneal administered with 10 ml of Calotropis procera, group (III) were intra-peritoneal administrated with
both 10 ml of the plant Calotropis procera and 0.2 mg of mercuric chloride (HgCl2) and group (IV) were intra-
peritoneal administrated with both 0.2 mg of mercuric chlorid (HgCl2) and 10 ml of the plant Calotropis. All groups
were treated for 20 days. Mercury chloride causes a slight increase in glomerular cellularitis in the kidneys of male
and female rats. Treatment with Calotropis procera had significantly improving protective effects of kidney of
female rats from toxicity of mercuric chloride. Calotropis procera causes a thyroid-like appearance in the glomeruli
of the male kidneys to hide the lesions of mercury chloride. Our results have shown that the plant Calotropis
procera completely protects the liver of female rats against the toxicity of mercury chloride. In the liver of male rats,
mercury chloride causes macro-vacuolar steatosis. Treatment with Calotrpois procera hid the hepatic steatosis of
male rats and centralized them in the center under the aspect of peri-centro-lobular medio-vacuolar steatosis.
Mercuric chloride caused a decrease in the secretion of the hormone ACTH in the group of male and female rats.
Treatment with Calotropis procera caused increased ACTH levels in female rats and did not cause ACTH changes
in male rats. Our results demonstrate from hormone analyzes of the hormone ACTH that female rats are resistant
more than male rats via the toxicity of mercury chloride.



ЭКОЛОГИЯ И БИОЛОГИЯ

6 Природные системы и ресурсы. 2020. Т. 10. № 2

Key words: mercury, Calotropis procera, ACTH, histology, kidney, liver, glomerular cellularity, discrete lesion,
thyroid-like condition.

Citation. Belfarhi L., Chouba I., Amri N., Boukris N., Tahraoui A. Histological and Hormonal Study of the
Protective Effect of the Calotropis Procera Against the Toxicity of Mercury Chloride. Natural Systems and Resources,
2020, vol. 10, no. 2, pp. 5-14. DOI: https://doi.org/10.15688/nsr.jvolsu.2020.2.1

УДК 582.923.6:581.6
ББК 28.592.7

ГИСТОЛОГИЧЕСКОЕ И ГОРМОНАЛЬНОЕ ИССЛЕДОВАНИЕ
ЗАЩИТНОГО ДЕЙСТВИЯ CALOTROPIS PROCERA

ПРОТИВ ТОКСИЧНОСТИ ХЛОРИДА РТУТИ

Лейла Белфархи
Университет Баджи Мухтар, г. Аннаба, Алжир;

Научно-исследовательский центр физико-химических анализов CRAPC, г. Типаза, Алжир

Ибтиссем Чуаба
Университета Баджи Мухтар, г. Аннаба, Алжир

Назиха Амри
Университета Баджи Мухтар, г. Аннаба, Алжир

Надия Букрис
Университет Баджи Мухтар, г. Аннаба, Алжир;

Клиника внутренних болезней CHU IBEN SINA, г. Аннаба, Алжир

Абделькрим Тахрауи
Университет Баджи Мухтар, г. Аннаба, Алжир

Аннотация. Мы предприняли это исследование с целью изучения детоксикации чрезвычайно токсичного
металлического хлорида ртути с помощью растения Calotropis procera, взятого из алжирской Сахары. Мы изучили
защитное действие растения Calotropis procera против почечной токсичности и гепатита, вызванного хлоридом
ртути. Десять самцов и самок крыс-альбиносов линии Wistar были разделены на четыре равные группы. Группа (I)
служила здоровой контрольной группой, группе (II) внутрибрюшинно вводили 10 мл Calotropis procera, группе (III)
внутрибрюшинно вводили как 10 мл Calotropis procera, так и 0,2 мг хлорида ртути (HgCl2) и
группе (IV) внутрибрюшинно вводили как 0,2 мг хлорида ртути (HgCl2), так и 10 мл Calotropis procera. Все группы
получали лечение в течение 20 дней. Хлорид ртути вызывает небольшое увеличение гломерулярного целлита в
почках самцов и самок крыс. Лечение Calotropis procera значительно улучшило защитные эффекты почек самок
крыс от токсичности хлорида ртути. Calotropis procera вызывает щитовидно-подобный вид клубочков мужских
почек, чтобы скрыть поражения хлоридом ртути. Наши результаты показали, что растение Calotropis procera полно-
стью защищает печень самок крыс от токсичности хлорида ртути. В печени самцов крыс хлорид ртути вызывает
макровакуолярный стеатоз. Лечение Calotrpois procera скрыло стеатоз печени самцов крыс и сосредоточило их в
центре в аспекте перицентро-лобулярного медио-вакуолярного стеатоза. Хлорид ртути вызывал снижение секре-
ции гормона АКТГ в группе самцов и самок крыс. Лечение Calotropis procera вызывало повышение уровня АКТГ
у самок крыс и не вызывало изменений АКТГ у самцов крыс. Наши результаты гормонального анализа гормона
АКТГ, который показал, что самки крыс более устойчивы, чем самцы, из-за токсичности хлорида ртути.

Ключевые слова: ртуть, Calotropis procera, АКТГ, гистология, почка, печень, гломерулярная клеточ-
ность, дискретное поражение, тироидоподобное состояние.
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Introduction

Heavy metals are toxic elements found in
the environment, food, vaccines and in the area
we breathe. The main sources of heavy metals
are food and vaccines. The long-term risks of
heavy metals are enormous. Studies have shown
that aluminum-based vaccines are responsible for
neurological deficits such as Alzheimer’s disease,
the Guamanian variant, ALS – PDC and Autism
Spectrum disorders in children [20]. Heavy metals
are accumulated in the intestinal cells, perforating
the mucous membranes. This causes the passage
of all toxic elements, viruses, and food debris.
Among the most toxic metals is mercury chloride.
Its toxicity depends on several factors: its volatility,
its viscosity and its speed. It is a metal that can
cause poisoning even at low doses. It acts in a
discreet and slow manner. Mercury chloride
targets specific sites in the body. Studies on the
toxicology of mercury chloride have shown that
it accumulates in the vocal cords [16], the thyroid
gland [25]. It acts on lipids and transforms them
into glucose and energy. They activate the
metabolism and increase the energy of the cells
to weaken them afterwards. Studies have shown
that it is able to alter the function of mitochondria
in the liver of poisons [14].

The toxicity of mercury chloride also affects
the liver and can lead to the fall of liver enzymes
such as alanine aminotransferase, aspartate
aminotransferase, -glutamyl-transferase, and
lactate dehydrogenase [23]. Mercury chloride can
also increase lipid peroxidation in the liver and
kidney of female rats and decreases the
antioxidant reserves such as glutathione [5]. It can
also cause hepatic necrosis even at low doses [5].
Mercury chloride also accumulates in the kidneys
and causes alterations which can lead to kidney
failure.

Mercury sufferers are generally subjected
to a drug treatment which is supposed to relieve
the anomalies on the damaged organs and tissues
but do not act directly on the disappearance of
the toxicity and its effects. In other words, drugs
cure illnesses that produce mercury but do not
eliminate it. It is for this reason that new voices
call to consider the potential effect of medicinal
plants which act on mercury according to a rather
reconstructive mechanism, in particular on tissue
recovery and regeneration.

This article suggests testing the efficacy of
the medicinal plant Calotropis procera on
the toxicity of mercury from a histological study
of the tissues of the kidneys of female rats
suffering from the toxicity caused by mercury.
The sample consists of sections obtained by a
histological study on ten rats. The objective is to
test the effectiveness of the plant in eliminating
the toxicity of mercury on Wistar rats. This
research aims to assess the protective effect of
the plant Calotropis procera against the toxicity
of mercury chloride.

Background. Detoxification of mercury
chloride is accomplished by chelators like
demercaptan; however, they have become
ineffective due to the toxicity of mercury chloride.
As a result, resorting to natural methods has
become the solution to deal with mercury chloride
poisoning. To detoxify the mercury chloride, it is
necessary to use a more toxic plant similar to it.
To do this, we have chosen the Calotropis procera
plant. It is a plant which has adapted to the heat
period. In Algeria, it grows in hot regions of the
Sahara like Illizi, Adrare, Bechar and Tendouf.
It is a plant which is not edible by animals. Camels
detect its toxicity and flee from this plant. It is a
plant characterized by the presence of a white
liquid which 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 detoxification of heavy metals. It is a plant
characterized by strong odor, giant green leaves
and filled inside with white milk. This plant is
characterized by the presence of several chemical
components. It contains sweet components like
cardinolides glycosides. It is even made up of
energetic molecules like caffeine. The objective
of this study is to seek new natural ways to
decrease the toxicity of mercury chloride. This
research also aims to decrease the toxicity of
mercury chloride using this plant.

Methods and Material

Experimental animal design.Ten male
and female albino rats Wistar weighting 250g
were kept in the laboratory under constant
conditions of temperature (24 ± 2°C) at one
month before and through the experimental
work, being maintained on a standard diet and
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water were ready ad-libitum. The experimental
rats were being divided into four groups (see
Table).

Sample collection. At the end of
the experimental interval, the animals were kept
fasting for 12 hours and the blood samples were
collected of the retro-orbital venous plexus under
diethyl ether anesthesia. The blood samples from
each animal were added in tubes containing
EDTA and plasma was separated after
centrifugation at 4000 rpm for ten minutes at 5°C.
The clear plasma samples were stored at -20°C
until analysis. After blood collection, all animals
were sacrificed by cervical dislocation and liver
and kidney of each rat was rapidly excised, washed
in isotonic saline, then cut into small pieces (0.5 
0.5 cm) and fixed in 10 % formalin saline solution
for histological examination.

Hormonal analysis. Basal ACTH plasma
concentrations were determined by
the “IMMULATE / ACTH” kit using the minarine
method.

Histopathological examination. After
fixation of kidneys and liver tissues in 10% saline
buffered formalin, the kidneys and liver tissues
were dried in ascending grades of ethanol, cleared
in xylol, and then immersed in paraffin.
Impregnated kidneys and liver tissues were
treated three times in pure paraffin 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 [4].

Statistical analysis. In the present study,
the results were analyzed using the ANOVA
statistics to compare the significance between
the groups. The results of comparison between
the groups are significant if P < 0.05.

Results of the Histological Study

Effect of mercury chloride on variations in
the ACTH level in male rats of the Wistar strain.
The administration of mercury chloride
intraperitoneally at 0.20 mg / kg bodyweight over
a 20-day period caused a decrease in the secretion
of the hormone ACTH in the group of male rats.
According to our results, chloride has been found
to cause a decrease in ACTH secretion in male
rats. Our results have demonstrated that there is
significant difference between the batches of rats
treated with mercury chloride, the plant, Plant +
mercury, Mercury + Plant. The p-values 0.006092.
The result is significant at p < 0.05 (see Fig. 3).

Effect of mercury chloride on variations in
the ACTH level in female rats of the Wistar strain.
The administration of mercury chloride
intraperitoneally at 0.20 mg / kg bodyweight over
a 20-day period caused a decrease in the secretion
of the hormone ACTH in the group of female
rats. ACTH levels have been found to increase
in groups treated with Calotropis procera,
Calotropis procera + mercury, mercury +
Calotropis procera. Our results have shown that
there is an insignificant difference between the
batches treated with mercury chloride. The p-
value is 0.00001. The result is significant at p <
0.05 (see Fig. 3).

Discussion. The microscopic study of
the kidneys of female rats treated with mercury
chloride demonstrated a normal renal parenchyma
with slight increase in glomerular cellularity (see
Fig. 1). This observation shows that the mercury
chloride caused a discreet lesion in the glomerulus
and for this reason, the renal parenchyma
appeared normal. Studies have found the same
observations as our study in malaria infestations

Experimental animal design
Groups of Rats Number of rats Treatment 

Group 1 6 Healthy control group received distilled water for 20 days 
Group 2 6 The animals received 10 ml of the Calotropis procera 

plant by intra-peritoneal injection 
Group 3 6 The animals were treated by intraperitoneal injection with 

10 ml of the plant Calotropis procera and 0.2 mg of 
mercury chloride (Plant + mercury chloride) 

Group 4 6 The animals were treated intra-peritoneal injection with 
0.2 mg of mercury 

Group 5 6 The animals treated intra-peritoneal injection with 0.2 mg 
of mercury chloride and 10 ml of the plant Calotropis 
procera 
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in mice. They observed that the kidneys are of
normal structure. In parallel, they observed
discreet histological signs of glomerular
involvement (slight increase in cellularitis) and
discreet infiltration of inflammatory lymphocytic
cells [6]. Mice infection with malaria leads to
an increase in cellularity and the number of
macrophages [1].

The cellularity observed during malaria
infection is due to the accumulation of
erythrocytes infected by the parasite plasmodium
chabaudi in macrophage [18] these macrophages
release the factor inhibiting the migration of
macrophages (MIF)involved in the onset of
chronic inflammatory diseases.

The catabolism of erythrocyte hemoglobin
by malaria produce an insoluble pigment,
“hemozoin that increase cellularity and the number
of macrophages [19]. The accumulation of
hemozoin has consequences for the activities and

functions of macrophages. The latter makes the
macrophages unable to degrade the ingested
material and repeat the phagocytic cycle. This
action seriously and permanently damages the
macrophages [3].

Based on our result the toxicity of mercury
chloride is manifested by a discrete lesion in
the glomerulus, normal renal parenchyma and
increased glomerular cellularity. Our finding are
consistent with study in malaria infestations in mice
how observed that the kidneys are of normal
structure. In parallel, they observed discreet
histological signs of glomerular cellularity. There
are also studies, which have found that heavy
metals act by a mechanism similar to that observed
during malaria infection. For example, Margot
Christensen et all [3] how observed that mercuric
chloride accumulates in macrophages and causes
increased cellularity. It causes from low
concentration the death of macrophages from

 

  

 
 Fig. 1. Rat Histological Study of Kidney:

A – Histological section of the female rat kidney control, normal renal parenchyma; B – Histological section of the rat
kidney mercury, normal renal parenchyma and slight increase in glomerular cellularity; C – Histological section of the

female rat kidney plant + mercury, normal renal parenchyma; D – Histological Section of the Female Rat Kidney Mercury
+ Plant, Normal renal parenchyma; E – Histological section of the female rat kidney plant, normal renal parenchyma;

F – Histological Section of the Rat Male Control Kidney, Normal renal parenchyma; G – Histological Section of the Male
Rat Mercury, Slight increase in glomerular cellularitis, renal vascular congestion; H – Histological Section Rat Male

Mercury + Plant, Normal renal parenchyma. Slightly ischemic glomeruli. Very focal (limited) pseudo-thyroid aspects;
I – Histological section male rat mercury, slight increase in glomerular cellularitis, renal vascular congestion
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these low levels of mercury chloride and that it
causes the death of macrophages by its action on
their migration and their phagocytosis capacity.

There are also studies, which have also
found that heavy metals act by mechanism similar
to that observed during malaria infection. For
example, the aluminum poisoning causes
an increase in the number of macrophages and
cellularity in the brain and causes
the macrophagicmyophac it is MEC [21].
Gérardie and Authier [9] have found that rats
intoxicated by aluminum accumulate insoluble
pigment osmiophilic crystals in their macrophages.

Microscopic analysis of kidney tissue of
male rats treated with mercury chloride and

the plant Calotropis procera, demonstrated
a normal renal parenchyma. Slightly ischemic
glomeruli with a focal pseudo-thyroid aspect
(limited) (see Fig. 2).

These observations show that the glomeruli
have taken on the structure of the thyroid gland.
It can be explained by saying that mercury
chloride accumulates in the thyroid gland and
the vocal cords and by this action; it blocks
the thyroid gland and the vocal cords (the sense).
Calotropis procera released the vocal cords and
sound. By this action, it created a cynicism or
vibration, which caused the displacement of
the cells of the thyroid gland with mercury chloride
towards the renal glomeruli. Calotropis procera

 
Fig. 2. Rat histological study of liver:

J – H+istological section of female rat control, hepatic parenchyma of subnormal morphology. Vascular congestion.
Photo centered on a door space; K – Histological section of female rat treated with mercury chloride. Hepatic parenchyma

of subnormal morphology. Dilation of the hepaticsinusoids + Vascular congestion (including for the door spaces);
L – Histological Section Female Rat Treated with Mercury Chloride and the Plant, Hepatic parenchyma of subnormal

morphology. Vascular congestion. Artifacts related to a fixation deficit; M – Female rat treated with the plant and mercury
chloride: hepatic parenchyma of subnormal morphology. Vascular congestion. Artifact srelated to a fixation deficit;

N – Rat Female Treated with the Plant: Hepatic parenchyma of subnormal morphology. Vascular congestion;
O – Histological section male rat control (liver), hepatic parenchyma of subnormal morphology; P – Histological section

of male rat treated with mercury chloride, the study of a histological section of the liver in rats treated with mercury
chloride shows a diffuse macro-vacuolar steatosis; Q – Histological section male rat treated with the plant+mercury
chloride, Foci of peri-centro-lobular medio-vacuolar steatosis. Dilation of the hepatic sinusoids + congestive aspects.

We note the presence of foci of medio vacular steatosis localized pericentrolobulaire. Discreet peri-centro-lobular
mid-vacuolar steatosis. The plant reduced the steatosis in foyes located in the center. Besides, the plant protected the male
rat against steatosis; R – Histological section male rat treated with mercury chloride + plant, macro-vacuolar and somewhat

micro-vacuolar, diffuse steatosis



Histological and Hormonal Study of the Protective Effect of the Calotropis Procera

11Natural Systems and Resources. 2020. Vol. 10. No. 2

has caused the displacement and detachment of
mercury chloride. Recent studies [12] have
shown that mercuric chloride has a great affinity
for thiol groups. Calotropis procera is a source of
thiols protease which are known for their chelating
action of heavy metals thanks to their richness in
sulfur component. It is thanks to these molecules
that Calotropis procera was able to fix and
displace mercury chloride [11].

The thyroid-like aspect which appeared in the
glomeruli of rats treated with Calotropis procera
shows that the plant Calotropis procera has an
activity which resembles to the activity of the
thyroid gland. The Calotropis procera plant contains
molecules that have a relationship with the thyroid
gland. Rutinis one of the constituents of the
Calotropis procera plant and which seems to
stimulate thyroid function by absorption of thyroid
iodide and the synthesis of T3, T4 hormones [10].
Stigmasterol is also a major constituent of the
Calotropis procera plant, which has a relationship
with the thyroid gland. For example, studies have
shown that stigmasterol are duce serum level so
triiodothyronine (T3), thyroxine (T4) indicating its
thyroid-inhibiting properties. This shows that this
molecule Stigmasterol from Calotropis procera has
similar activity in the thyroid gland [15].

Histopathological investigation of kidney
tissue sections of male Wistar rats treated with
the plant Calotropis procera and mercury chloride
shows that the renal glomeruli are of normal
structure. Our results show that the Calotropis
procera plant protected the kidneys of male rats

against the toxicity of mercury chlor ide.
The protective effect of the plant Calotropis
procera is due to its richness in polyphenol
components. The latter are known by its
protective action of the kidneys [24].

Microscopic examination of section of
the liver of male rats treated with mercury
chloride shows diffuse macro-vacuolar steatosis.
Our results have shown that the toxicity of
mercury chloride manifests itself in the liver
through diffuse macro-vacuolar steatosis. This
shows that mercury chloride acts by a mechanism,
which increases the release of lipids. These results
agreement with research published, who notify
hat mercury chloride causes fatty liver disease in
adults [2]. The toxic effects of mercury chloride
on the liver have been explained by other
studies [8] that mercury chloride have an action
on the metabolism of thiols. It binds with free
sulfhydryl groups, which displaces it towards
plasma membranes and causes lipid solubility.
Eusebio Mayz, J.W. Daniel [7] have found also
that mercury chloride causes fatty liver disease
through a mechanism that involves the hormone
ACTH. It promotes lipolysis through the inhibition
of the hormone ACTH activity.

Microscopic investigation of section liver
tissue of male rats treated with the plant
Calotropis procera and the mercury chloride
upstream that the plant Calotrpois procera hid
the steatoses and centralized them in the center
under the aspect of mid-vacuolar steatosis peri-
Centro- lobular.
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Fig. 3. Variation in the Adreno Cortico-Trophic Hormone ACTH in male and female rats treated with the plant
Calotropis procera; Calotropis procera plant + mercury chloride, mercury chloride + Calotropis procera plant.

NS (significant difference P < 0, 05)
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Our results show that the plant hides
the lesions of mercury chloride which appeared
in the liver in the form of diffuse macro-vascular
steatosis. On the other hand, it has reduced
the extent of steatosis. According to histological
sections, it has been found that in the groups of
rats treated only with mercury steatosis is diffuse
while in the group treated with plant and mercury,
the steatosis is discreet and centro-lobular. Our
results have shown that the plant reduced steatosis
in foci located in the center. The plant hides these
steatoses and could protect the male rat against
fatty liver.  Our results have shown that
the treatment of male rats with mercury chloride
as first treatment and afterwards by the plant
caused macro-vacuolar steatosis and a little
micro-vacuolar, diffuse. This shows that the plant
protects the liver of male rats when it was injected
as the first  treatment. Our results then
demonstrate that the Calotropis plant will have
a protective effect on the liver against the toxicity
of mercury chloride. A study also reported that
the plant Calotropis procera contains flavonoids,
which can decrease liver damage due to
paracetamol [17].

The histological study of the liver of female
rats treated with mercury chloride and the plant
Calotropis procera showed a liver parenchyma
of subnormal morphology. This shows that
the Calotropis plant will fully protect the liver
of female rats. “The results of this study show
that the plant Calotropis procera protected the
kidneys of male rats and protected the liver of
female rats.”

Results of the analysis of the hormone ACTH
have shown that the plant Calotropis procera
causes an increase in the level of ACTH in female
rats. Eusebio Mayz, J.W. Daniel [7] have found
that mercury chloride causes the appearance of
fatty liver disease by a mechanism that involves
the hormone ACTH. It promotes lipolysis through
the inhibition of the hormone ACTH activity. Other
studies have found a significant association
between exposure to heavy metals (arsenic,
mercury, cadmium, chromium, copper, nickel, lead,
and zinc) of soil and fatty liver disease in men.
They found that men were significantly more likely
to have severe fatty liver disease than women [13].
The results of our work show that the liver of female
rats is of subnormal structure and that the plant
increased the rate of ACTH in female rats. This

shows that the plant Calotropis procera has
molecules, which have increased in female rats
their ability to resist the toxicity of mercury chloride
via the hormone ACTH. Cardiac glycosides are
among the main components that characterize the
plant Calotropis procera. Two cardiac glucosides,
cycloartans: Neocimicigenosides A (1) and B (2)
have been isolated from the plant Cimicifuga
racemose that it increases the secretion of the
hormone ACTH [22].

Conclusion

This study sheds light on a plant called
Calotropis procera and its detoxifying effect on
mercury chloride. Our study unveiled a new
mechanism for detoxifying a metal as strong and
toxic as mercury chloride. This study brings a new
understanding in the detoxification of mercury
chloride using the plant Calotropis procera.
The salts obtained in the is study showed that the
plant Calotropis procera imprinted a new path of
detoxification of mercury chloride; Calotropis
procera caused the detachment of the mercury
chloride to shift. It moved the mercury chloride
from the thyroid gland to the kidneys. At this level,
it changed the shape of the glomeruli to the shape
of the thyroid gland. By this form, it hides
the lesions with mercury chlorides to stop
the inflammatory reactions of female rats. The
plant protected the kidneys of male rats. In
the liver the Calotropis, the plant also hides
the steatosis of the liver of male rats. The plant
protected the liver of female rats. This plant
protected the kidneys of male rats and it protected
the liver from female rats.
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