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Background: The consequences of exposure to mercury and its compounds on the reproductive 
potential and health of offspring are a pressing problem for the global scientific community. The 
purpose of this study was to examine the effect of mercury chloride toxicity in the parent rats on 
the postnatal development, behavior, and neuromuscular conductivity of their adult offspring. 
Methods: The experiments were conducted in parental Wistar rats of both sexes, which were 
subcutaneously injected daily with mercury chloride solution (HgCl2) at a rate of 0.5 mg/kg before 
mating for 6 weeks. We assessed the postnatal mortality, body weight, surface righting reflex and 
motor activity of the newborn offspring. The examination of the adult offspring included open 
field, resident-intruder and rotarod tests, development of the food-procuring reflex, and electro-
neuromyography examinations. 
Results: The study results showed that exposure to HgCl2 in parental rats of both sexes before 
mating resulted in low motor activities and failure of impulse conduction in the neuromuscular 
apparatus of the hind limbs in the offspring. In addition, maternal exposure to HgCl2 before mating 
led to failure of the cognitive abilities in the adult offspring while the paternal exposure led to a 
decline in the offspring’s aggressiveness. 
Conclusion: The study results supported the need for further investigation on the long-term effects 
of mercury toxicity on the rats’ generations, and the mechanism of transmission of the "chemical 
load" from generation to generation. 
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Introduction 
According to the World Health Organization 

(WHO), mercury refers to the heavy metal that 
adversely affects environmental conditions and 
poses severe hazards to living organisms. Mercury 
can be found in three main forms: elemental, 
inorganic and organic compounds. The main amount 
of elemental mercury is contained in the earth's crust 
and oceans’ waters. Oxidized in the air, elemental 
mercury forms inorganic compounds that enter 
waters and soil by means of rain, snow, industrial 
and household wastes. Modified under the influence 
of bacteria, fungi and phytoplankton, inorganic 
mercury becomes organic compounds, accumulates 
in food chains and enters the human body through 
seafood and other edible products [1]. Upon contact 
with mercury, toxicity can occur mainly through the 
respiratory tract when contaminated food and drinks 
are consumed. The toxicity can also occur through 

the skin when bathing in polluted waters [2, 3]. The 
accumulation of mercury is most pronounced in the 
kidneys, brain, and liver, and is known to cause 
mutations in eukaryotic cells [4]. Experiments in 
cultured mammalian cells have revealed 
chromosomal aberrations, sister chromatid 
exchanges, and single-strand DNA breaks in 
fibroblasts from rats and mice [5-9].  

Animal studies have shown the effects of mercury 
on the reproductive organs, including infertility, 
stillbirth, congenital malformations, and 
spontaneous abortions [10-13]. In addition, animal 
experiments have found that HgCl2 causes 
alterations in the estrous cycle, myometrium 
activities, and abnormal development of ovarian 
follicles [11-13]. Under the influence of mercury in 
the male body, failure of the reproductive functions 
has also been discovered. This can be expressed as 
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dysfunctional spermatogenesis, fluctuations in 
testosterone levels, changes in the number and 
motility of spermatozoa, and accumulation of 
mercury in testicular tissues [14-18]. Currently, the 
long-term effect of chemicals on the subsequent 
generations is very relevant but remains unclear. The 
mercury load in parents may lead to the transfer of 
genetic and epigenetic disorders to the embryo. This 
may be manifested not only in the form of lethal 
mutations, but also as various pathological 
alterations in the offspring’s organs and systems, 
and their genetic instability. Literature reviews 
suggest that when animal parents come into contact 
with various toxic substances, the risk of developing 
severe cancers and CNS lesions increases in them 
and their offspring [19, 20]. 

The reproductive toxicity and mutagenic effects of 
mercury on the organs of mammals can give rise to 
mercury exposure in the animals’ offspring during 
prognosis when the gametes in juvenile organisms 
are being matured.  The above facts indicate the 
need to conduct research on the effects of mercury 
and its compounds on the reproductive organs of 
animal parents, and the health of their offspring. 
Therefore, the aim of this study was to investigate 
the effect of mercury exposure on the CNS and 
peripheral systems of the first-generation offspring 
from parental rats. 

Materials and Methods 
Animals and Treatments 

The male and female Wistar rats used in this study 
were born and raised in the East Siberian Institute of 
Medical and Ecological Research (ESIMER). The 
animals consisted of 44 males; 90 females and 235 
tested offspring (total = 369). These animals were 
kept on standard diet (BioPro; Russia) and potable 
water ad libitum.  The animals were also kept under 
12 hours of light and dark cycles in a well-ventilated 
environment at 22-25ºC and 55-60% humidity. For 
six weeks, 15 male and 15 female rats were 
subcutaneously injected with a solution of mercury 
chloride (99.5% HgCl2; Himkomplekt, Ufa, Russia) 
at 0.35 mg/kg/day. The control rats (15 male and 15 
female) were injected subcutaneously with normal 
saline solution.  
Experimental Procedures 
Mating Outcomes 

Twenty-four hours after administration of HgCl2, 
the treated rats mated with intact partners at a ratio 
of one male to two females. Two days before the 
expected date of birth, the females were kept in 
separate cages. The rat pups from all groups were 
weaned from their mothers on the 30th day after 
birth. Stillbirths, neonatal mortality, and pup weights 
were recorded and assessed on the 4th, 7th, 14th, and 
21st postnatal days (PND-4, PND-7, PND-14 & 
PND-21). 

The percentage of stillbirths was calculated as 
follows: Stillbirths Percentage = Number of 

stillbirths divided by the total number of births in the 
group multiplied by 100. The death of newborn pups 
(except for the stillbirths) within seven days after 
their birth was taken into account as neonatal 
mortality. The percentage of neonatal mortality was 
calculated as follows: Percent Neonatal Mortality = 
Number of neonatal deaths / Total number of births 
in the group multiplied by 100. 
Neurobehavioral Development 

We evaluated the rats’ offspring for 
neurobehavioral development by observing the 
surface-righting reflex and motor activities in open 
field tests on postnatal days 4 to 21 (PND-4 to PND-
21). The open field apparatus for testing was made 
of plexiglass (15 cm × 15 cm with 15 cm walls), 
divided by transverse lines into 1x1-cm squares. We 
placed each animal in the center of the platform, 
recorded the number of squares it crossed by one 
paw during movement (PND-4), and the duration of 
locomotion (PND-7). These observations were 
carried out for 30 seconds. The open field test setup 
on PND-14 was a 30x30-cm area with 20-cm walls, 
divided into squares with a side of 6-cm.  Next, each 
animal was placed in the center of the platform, the 
duration of locomotion was recorded for 1-min. For 
adult offspring, they were tested in the open field, 
followed by resident-intruder test, rotarod test, the 
development of a food-procuring reflex on PND-90, 
and lastly, we performed an electroneuromyography 
test. 
Behavioral Experiments 

The open field apparatus was a round arena 97-cm 
in diameter, with a wall height of 42-cm, and a hole 
in the floor with 2-cm diameter. The animals were 
observed for three minutes. The durations of 
locomotion and immobility, the number of rearing, 
grooming and freezing were recorded.  To study the 
social interactions, the resident-intruder test was 
used, which examined the modeling of intraspecific 
behavior of the animals. The experimental rat, 
"resident", was alone in the cage for 1-hour, after 
which a second animal, "intruder", was placed next 
to it for 5-minutes. The small "stranger rats" created 
the condition for the zoo-social dominance of the 
latter. During the 5-minute joint stay of the 
"resident" and the "stranger", we recorded the 
aggressive behavior of the "resident", i.e., the total 
number of attacks (vertical threats). 

Next, we performed the Rota-rod test by placing 
each rat on a 4-cm diameter horizontal rod, rotating 
at a speed of 25 rpm. First, a training session of 
retention on the rod was performed (1-min), and 
then the rats were re-placed on the rod and the 
number of rats that remained on the rod for 3-min 
was recorded. During this test, we recorded the 
length of time each animal was able to stay balanced 
while walking on the drum without falling. 
Learning Test 

The ability of rats to learn was examined using a 
modified shuttle chamber adapted to work with 
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positive food reinforcement. The chamber 
(25x25x30 cm) consisted of two compartments 
separated by a transparent gate. A rat was placed in 
the first compartment while the second compartment 
was equipped with two feeders and LED lamps 
above them. Food was added to the feeder only when 
the light turned on. The light stimulus was turned on 
for 20-sec, after which the transparent gate was 
opened and the rat was allowed to make transition to 
the feeders. With a correct attempt, the animal 
received one portion of food reinforcement, but with 
an incorrect one, the rat was returned to the first 
compartment. The development of the conditioned 
reflex was carried out for 10 days with 20 attempts 
per day. The number of correct attempts was then 
recorded for each rat. 
Peripheral Nerves Test 

To assess the functional state of the peripheral 
nerves in adult rats on PND-90, stimulation 
electroneuromyography (ENMG) was performed 
using needle electrodes. For local anesthesia and 
immobilization during the application of the 
electrodes and ENMG registration rats were 
subcutaneously injected with a 0.1% solution of a 
synthetic anesthetic, medetomidine hydrochloride 
(Apicenna, Russia), at a dose of 0.01 mg/kg. The 
reference and stimulating electrodes were inserted 
into the biceps femoris muscle, the ground electrode 
was fixed on the foot. The ENMG study was carried 
out, using an electro-neuromyograph "Neuro-EMG-
Micro" ("Neurosoft", Russia), and the following 
parameters were analyzed: muscle response (M-
response) amplitude, latency period (latency), M-
response duration, involvement area [3, 7]. 
Ethical Approval 

The study was conducted in accordance with the 
guidelines of the humane treatment of the animals 
based on the requirements of the International 
Guidelines for Biomedical Research in Animals 
(WHO, Geneva, Switzerland, 1985), the UK Animal 
Law (Scientific Procedures) (UK, 1986) and the 
guidelines of the National Institutes of Health on the 
Care and Use of Laboratory Animals (NIH 
Publication No. 8023, revised 1978). All animal 
experiments were approved by the Ethics 

Committee of the East Siberian Institute for Medical 
and Ecological Research (identification code: 
E41/20; approval date: October 5, 2020. Procedural 
changes were approved every 6 months. 
Statistical Analysis 

All data were analyzed using Statistica software, 
version 6.1 (TIBCO, Tulsa, USA). The normal 
distribution of the data was verified by the Shapiro-
Wilk’s test. To compare the quantitative parameters 
with non-normal distribution in unrelated samples, 
we used Mann-Whitney U-test. The quantitative 
parameters with normal distribution in unrelated 
samples were compared using Student t-test. The 
qualitative variables in unrelated samples were 
examined using two-tailed Fisher's test.  The 
differences among the pairs of data means were 
considered statistically significant at P≤0.05. 

Results 

Examinations of Newborn Rats 
Postnatal Death 

The neonatal mortality of the offspring due to 
HgCl2 significantly exceeded those of the control 
group. Among the offspring of HgCl2-exposed 
females, there was 17.7%, and 16.4% in the 
offspring of males, versus 2.2% in the controls 
(P=0.009 Vs P=0.014). 
Body Weight and Motor Activity of the Newborn 
Rats 

There was statistically significant decreases in the 
body weight by PND-4 and PND-7 in pups of F1 
obtained from HgCl2-exposed males (P=0.005 Vs 
P=0.038) See Figure 1. The offspring from the 
females exposed to HgCl2 during all periods of the 
examination (F1) did not differ from the control 
group in terms of body weight. In the rat pups of the 
experimental group (F1), the body weight and motor 
activity at the age of 14 days were not significantly 
different from those of the control group (Figure 1). 
Pups from the F1 offspring (HgCl2-exposed) did not 
show significant deficits with respect to the righting 
reflex (PND-4) as compared to that of the controls. 
Examination of PND-7 indicated an increase in the 
duration of locomotion in pups of F1 offspring from 
HgCl2-exposed female rats (P=0.049, Figure 1). 

 
Table 1. Indicators of the behavior of F1 white rats in the "open field" 

Indicators 
Offspring of HgCl2-exposed males Offspring of HgCl2-exposed females 

Male Female Male Female 

Locomotion, sec 18.5 (12.0-23.5) 
22.0 (16.0-26.0) 

16.0 (12.0-19.0) 
19.0 (12.0-23.0) 

17.5 (14.5-23.5) 
22.0 (16.0-26.0) 

16.5 (12.0-20.0) 
19.0 (12-23) 

Immobility time, sec 2.0 (1.0-3.5)* 
0 (0-1.0) 

3.0 (1.5-4.0)* 
2.0 (0-3.0) 

2.0 (1.0-3.0)* 
0 (0-1.0) 

1.5 (0-4.0) 
2.0 (0-3.0) 

Sniffing, sec 25.5 (20.0-33.5) 
29.0 (25.0-35.0) 

25.5 (20.5-27.5)* 
29.0 (26.0-30.0) 

23.0 (20.5-25.0)* 
29.0 (25.0-35.0) 

28.0 (22.0-31.0) 
29.0 (26.0-30.0) 

Rearing 6.0 (3.0-8.0) 
6.0 (5.0-10.9) 

6.0 (3.5-8.0) 
5.0 (4.0-7.0) 

9.0 (5.5-10.0) 
6.0 5.0-10.9) 

8.0 (5.0-12.0) 
5.0 (4.0-7.0) 

Grooming 1.0 (0-1.5) 
1.0 (0-2.0) 

1.0 (0-2.0) 
1.0 (0-2.0) 

0 (0-1.0) 
1.0 (0-2.0) 

1.0 (1.0-2.0) 
1.0 (0-2.0) 

Notes: * = Differences were statistically significant compared to the controls at P<0.05; n = the number of observations; under the line 
indicators of the corresponding control group. 
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Figure 1. Body weight and locomotion activity of newborn offspring from females and male rats exposed to HgCl2 during progenesis.  

Notes: * = Differences were statistically significant compared to the controls at P<0.05.  
PND = Postnatal day. Q1-Q3 = interquartile range. Min = minimum. Max = maximum. 

 

 
Figure 2. Resident-intruder test results.  Notes: * = Differences were statistically significant compared 

 to the controls at P<0.05. Q1-Q3 = interquartile range. Min = minimum. Max = maximum. 
 

 
Figure 3. The rotarod test results.  Notes: * = Differences were statistically significant  

compared to the controls at P<0.05. Q1-Q3 = interquartile range; Min = minimum. Max = maximum. 
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Figure 4. Dynamics of the development of a conditioned reflex.  Notes: * = Differences  

were statistically significant compared to the control at P<0.05. 
 

 
Figure 5. ENMG parameters of the offspring.  Notes: * = Differences were statistically significant  

compared to the control at P<0.05.  ms = milliseconds; mV = millivolt. 
 
Behavioral Changes in Adult Offspring 

The inhibition of motor activity in adult F1 
offspring of male rats exposed to HgCl2 was evident 
in open field test.  Significant increases in total 
duration of immobility in both males and females 
were documented compared to similar indicators 
noted in the control group (P=0.037 Vs P=0.037). 
See Table 1. At the same time, shorter durations of 
sniffing pattern indicated decreases in the 
exploratory activity among the female rats’ 
offspring. 

The offspring of HgCl2-exposed females also 
showed prolonged periods of immobility and 
reduced exploratory behavior; however, these were 
only significant in the male offspring (P=0.037 Vs 
P=0.035). See Table 1. There were no significant 
differences in the vertical activity and grooming 
among the study groups. There were decreases in the 
number of attacks on intruder in the male rats 

originated from the male rats exposed to HgCl2, as 
compared to those of the controls (Figure 2). Also, 
there was no significant difference in social behavior 
among the female offspring (Figure 2). No 
significant differences were found in the latency of 
falling from the rotating rod as compared to those of 
the offspring of experimental and control rats 
(Figure 3). 

The investigation of the development of the 
conditioned food-procuring reflex showed that 
exposure to HgCl2 in females from the parental rats 
significantly reduced the offspring's reflex. The 
offspring of both genders from females exposed to 
HgCl2 did not master the inculcated skills over the 
allotted time. These animals made significantly 
fewer correct attempts than those observed in the 
controls, which may be indicative of memory 
impairment (Figure 4). The dynamics of learning 
ability in the male offspring exposed to HgCl2 was 
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not significantly different from that of the control 
group (Figure 4). 

We observed disturbances in peripheral nerves 
and muscles response of the hind limbs in F1 
offspring to electric shock when examined by 
ENMG. A significant decrease in the amplitude of 
the M-response and the area of involvement in 
animals from the offspring of the experimental 
group was revealed compared to the controls 
(P=0.05 Vs. P=0.037). See Figure 5. In addition, 
these rats showed a significant increase in the 
latency and duration of the M-response, due to 
longer impulse conduction time along the nerve 
fibers (P=0.05 Vs P=0.037). See Figure 5. 

Discussion 
This study was planned to investigate the effect of 

HgCl2 on the central and peripheral systems of the 
first-generation offspring of parental rats. The data 
on impaired fertility and reproductive potential after 
exposure to HgCl2, and those reviewed from other 
animal studies [10-18] indicate that organic and 
inorganic mercury compounds can have adverse 
effects on human and rodent reproductive systems. 
To date, numerous studies have been published on 
the effect of HgCl2 in rodents’ reproductive function, 
both males and females. The consequences of 
mercury toxicity in the parental generations of rats 
vary. The toxic effects can manifest as reproductive 
losses (still-birth, congenital malformations and/or 
spontaneous abortions), developmental disorders, 
and reduced survival rate of the offspring [10]. 
There are published articles on the reproductive 
toxicity of methyl mercury chloride (CH3HgCl) 
when administered to mice, rats or monkeys of the 
same sex [21, 22]. Currently however, there is 
insufficient information available on the effects of 
mercury on the development and health of adult rats’ 
offspring. In this context, the issue of postnatal 
development disorders and long-term consequences 
in adult rats’ offspring exposed to mercury 
compounds is unclear but of particular relevance. 

This study evaluated the long-term adverse effects 
of HgCl2 in offspring whose parents were exposed 
to this compound during progenesis. The parent rats 
were exposed to 0.35 mg/kg of HgCl2 per day, which 
is similar to the level of long-term human exposure 
in areas contaminated with mercury [23]. As 
suggested by Szász, et al. [24], exposure to HgCl2 at 
0.8 mg/kg body weight per day in drinking water is 
tolerated by both pregnant female rats and their pups 
without showing major signs of toxicity. This 
includes no motor impairment in adult rats and the 
average body weight of their newborn offspring is at 
least 85% of the controls. That study has also 
demonstrated that the chronic administration of low 
doses of HgCl2 to female rats throughout pregnancy 
and lactation enhances 3-AR-induced neocortical 
epilepsies in their offspring. The incidence of this 
event increases after the end of breastfeeding and 

significantly later during puberty [24]. Our study 
provided evidence that long-term exposure to HgCl2 
at low doses in parental rats during progenesis, 
mainly before fertilization, leads to increased 
offspring death, failed development, and changes in 
the CNS functions in the offspring. 

Examination of sexually mature male offspring 
from the first generation of male white rats exposed 
to HgCl2, revealed low body weight. Also in the 
experimental group, both male and female offspring 
showed low motor, orienting and exploratory 
activities.  In addition, the aggressiveness was 
reduced in males, which all together suggest the 
predominance of inhibitory processes in their central 
nervous system. Also, maternal exposure to HgCl2 
before mating leads to impaired cognition in 
sexually mature offspring, as exemplified by a 
decline in the ability to learn and act on food-
procuring reflex. 

This study showed that chronic exposure to HgCl2 
at low dosage in the parental rats led to disorders in 
the peripheral nerves and muscles of adult offspring 
of both sexes, based on data from stimulation 
ENMG. In the examined white rats, axonal nerve 
trunk damages were detected predominantly. These 
were manifest as a decline in the amplitude of the 
maximum M-response as compared to those 
observed in the control animals. Increases in the 
latency of the studied nerves suggest a slowdown in 
the speed of impulse conduction along the motor 
axons of the mixed nerves. Decreases in the duration 
and amplitude of the M-response, and the area of 
involvement may also be associated with a decline 
in the number of functioning motor units in the 
examined muscles.  

The long-term biological effects, as observed in 
the offspring of the female rats, can be justified by 
the mercury accumulation, which occurred during 
the HgCl2 exposure. Physiological stress in 
mercury-exposed maternal rats leads to its 
circulation through the bloodstream, penetration 
through the placental barrier, and exerting adverse 
effects on the embryo. Also, the duration of HgCl2 
in male rats was six weeks, which was comparable 
to that of their spermatogenesis. Considering that 
mercury has a mutagenic effect in mammals, we 
assume that the mechanism of development of CNS 
disorders in the offspring was mediated mainly by 
changes in the genetic codes. Concurrently, HgCl2-
induced mutations or modifications of the 
epigenome probably affected the germ cells, which 
passed steadily through the rats’ generations. It 
should be noted that the observed effects may be 
mediated by epigenetic disorders occurring during 
germ cells formation, leading to distinct changes in 
individual regions of the rats’ chromosomes. This 
event can subsequently lead to persistent functional 
alterations in the gene expression of the offspring. 
The above mechanism may be mediated by 
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disturbances in the physiology of the offspring of 
both sublimate-exposed males and exposed females. 
Conclusions 

The findings of this study provided experimental 
evidence that long-term exposure of the parental 
generation to low doses of HgCl2 during progenesis 
leads to increased mortality and impaired 
development of the newborn offspring. Also, the 
exposure alters the animals’ behavior and causes 
disorders in the peripheral nerves and muscles of the 
sexually mature offspring. The study results 
substantiated the need for further investigation into 
the long-term effects of mercury toxicity in 
generations of rats, and the mechanism of 
transmission of such a "chemical load" from 
generation to generation of the animals.  
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