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ABSTRACT
Introduction. Cadmium is one among the priority ecopollutants. The absence of a lethal or immediate impact on animals does not preclude the possibility 
of cadmium accumulating in specific organs and tissues, resulting in adverse consequences.
Materials and methods. Male mature Wistar rats were used for the experiment. The experimental groups received a dose of cadmium acetate dihydrate equivalent 
to 1/50 of the LD50, dissolved in drinking water, for 28 days, followed by 28 days on regular drinking water. The control groups consumed regular drinking water. 
The cadmium content was measured using the atomic adsorption method (KVANT-2AT, Russia) on days 7, 14, 21, 28, and 56 in 19 biological media.
Results. Elevated cadmium levels were observed in all studied biological media on day 7 under conditions of subchronic intoxication, except for gum and brain 
tissues. The highest levels of cadmium are found in the liver, small intestine, kidneys, and plasma. After the cessation of cadmium intake, the metal level is restored 
to the control values in the submandibular salivary glands, brain and lungs.
Limitations. Only one Wistar line was used for the laboratory experiment. The toxicant was administered orally in the form of cadmium acetate dihydrate of the 
same concentration. 
Conclusion. The affinity of cadmium to various biological media is characterized by significant variability in the entire period of intoxication. The liver, small 
intestine, kidneys, and plasma act as metal accumulators. The concentration of cadmium in the liver and kidney tissues in the animal is the most likely indicator 
of the cadmium poisoning.
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РЕЗЮМЕ
Введение. Кадмий (Cd) относится к приоритетным экополлютантам, поступление его в организм животных в количествах, недостаточных для 
гибели или острых последствий, может сопровождаться избирательным накоплением в различных органах и тканях и приводить к негативным 
эффектам.
Материалы и методы. Для эксперимента использовали половозрелых самцов крыс линии Wistar. Экспериментальные группы 28 дней получали с пи-
тьевой водой дигидрат ацетата кадмия в дозе 1/50 LD50, затем в течение 28 дней – обычную питьевую воду. Контрольные группы получали обычную 
питьевую воду. Содержание кадмия в 19 биологических средах определяли атомно-адсорбционным методом («КВАНТ-2АТ», Россия) на 7-й, 14-й, 
21-й, 28-й и 56-й дни.
Результаты. Повышенный уровень кадмия по сравнению с контролем в условиях субхронической интоксикации наблюдается на 7-й день во всех ис-
следуемых биологических средах за исключением тканей десны и головного мозга. Максимальное накопление кадмия отмечается в печени, тонком 
кишечнике, почках и плазме; после прекращения поступления в организм уровень Cd восстанавливается до контрольных значений в подчелюстных 
слюнных железах, головном мозге и лёгких.
Ограничения исследования. Для эксперимента были использованы лабораторные животные только одной линии Wistar. Токсикант вводили перо-
рально в виде дигидрата ацетата кадмия одной концентрации.
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Introduction
Biogeochemical changes to the environment resulting from 

human activity lead to the accumulation of heavy metals in soil, 
atmospheric air, water and plants [1–3]. Cadmium is one of the 
priority environmental pollutants. The main routes of cadmium entry 
into the human body are linked to migration through food chains, 
from the atmosphere via breathing, and during smoking [1, 4]. Within 
the body, cadmium is then redistributed to various organs, followed 
by detoxification and accumulation [1, 5]. A long biological half-
life, combined with high toxicity and the absence of physiological 
elimination mechanisms, can pose risks to public health [6].

The adverse effects of cadmium affect virtually all human 
organs and systems [1, 7, 8]; the patterns of accumulation depend 
on species, sex, age, and the physiological condition of the body 
[9]. A deficiency or excess of certain elements in the diet can lead 
to increased cadmium absorption [10]. The effects of cadmium in 
the body are determined by the route of exposure, the dose, and 
the duration of exposure [11]. High doses lead to cell apoptosis, 
whereas subchronic and chronic exposure activate adaptive 
mechanisms in response to the external environment [6, 12]. The 
distribution of Cd across organs varies depending on the dose and 
the specific compound entering the body [10]. Accumulation in 
biological systems depends on the presence of effective cellular 
transport mechanisms and ligands (thiol groups, metallothioneins, 
albumins, etc.) [10]. Studies have examined the effects of Cd on 
the main target organs of model animals – the liver and kidneys 
[13]. However, there is insufficient information on the specific 
dynamics of cadmium accumulation in target organs during the 
intoxication period, as well as in other biological compartments. 
Cadmium chloride is predominantly used as the toxicant [13]. 
Oral administration of Cd reflects the natural route of its entry 
into the human body as an environmental pollutant and takes into 
account the specific absorption characteristics of various organs.

Studying the dynamics of cadmium distribution in model 
animals during subchronic exposure will identify the most vulnerable 
organs and systems, with the aim of developing optimal prevention 
strategies to reduce the risk of adverse health effects, and will also aid 
in the development of new approaches to monitoring and controlling 
the concentration of this element in biological systems.

The aim of the study was to investigate the dynamics of 
cadmium levels in various organs of model animals following 
subchronic oral exposure.

Materials and methods
The experiment was conducted at the Experimental Biology 

Clinic of the Kursk State Medical University (KGMU), a Federal 
State Budgetary Educational Institution of Higher Education 
under the Ministry of Health of Russia. Eight-week-old male 
Wistar rats weighing 220–230 g were used. The animals were 
housed in individual cages under standard conditions.

 Access to food and drinking water was unrestricted. For 28 
days, the experimental rats received cadmium acetate dihydrate 
(CAS No. 5743-04-4, 99.5% purity, Russia) at a dose of 1/50 LD₅₀ 

(LD₅₀ = 360 mg/kg). Over the following 28 days, the animals were 
switched to normal drinking water. The control groups of rats 
received normal drinking water throughout the study period. Each 
group of animals consisted of 10 individuals. The concentration of 
cadmium in tap water and feed was below the limit of detection. 
Animals were removed from the experiment on days 7, 14, 21, 28 
and 56 by euthanasia under ether anesthesia.

Cadmium distribution was analyzed in oral fluid, submandibular 
salivary glands, gingival tissue, hard periodontal tissues, the small and 
large intestines, the liver, plasma, red blood cell mass, submandibular 
lymph nodes, spleen, lungs, kidneys, testes, heart, sternum, brain, 
and fur. Unstimulated oral fluid (V = 50 µL) was collected from 
live rats using a JoanLab pipette dispenser (DPAOP-1-10-100 
JoanLab, ‘Lenpipet Thermo Scientific’, Russia), and centrifuged 
for 20 minutes at 1500 rpm (rotor F-45-12-11; MiniSpin, 
Germany). Blood was collected from the right ventricle of the 
heart and centrifuged for 15 minutes (3000 rpm, rotor F-45-12-11;  
MiniSpin, Germany) at +4 °C to obtain plasma and red blood 
cell pellet. Fur was collected from the area of the animal’s 
back below the projection of the shoulder blades (S = 1 cm²) 
using medical scissors. It was then degreased with acetone. 
Organs were removed, rinsed with saline solution and used to 
prepare homogenates. The cadmium content in the samples 
was determined in the mineralised extract, obtained by atomic 
absorption spectrometry (‘KVANT-2AT’, Russia) in absorption 
mode using LT-6M spectral lamps (λ = 228.8 nm), and expressed 
in μg/mL or μg/g. Atomisation was carried out in an acetylene–
air flame. Statistical analysis of the results was performed using 
Statistica 13.0 (StatSoft, USA). The Shapiro–Wilk test was used 
to determine the distribution type of cadmium content in organs, 
and the Mann–Whitney test was used to compare independent 
samples. Statistical significance was set at p < 0.05.

Заключение. Сродство кадмия к различным биологическим средам характеризуется значительной вариабельностью в течение всего периода инток-
сикации. Печень, тонкий кишечник, почки и плазма выступают аккумуляторами Cd. Наиболее вероятным индикатором интоксикации кадмием 
организма животного служит концентрация этого элемента в тканях печени и почках.
Ключевые слова: кадмий; субхроническая интоксикация; аккумуляция металла; биологические среды
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Results
Cadmium concentrations in biological media are presented  

in the table. Cd concentrations in various tissues and organs 
of control animals were negligible and varied: the highest 
levels were found in the kidneys (0.459–0.486 μg/g), the 
tissues of the large intestine (0.37–0.395 μg/g) and erythrocyte 
mass (0.326–0.366 μg/mL), and the lowest in the heart  
(0.042–0.045 μg/g), plasma (0.051–0.06 μg/mL) and 
submandibular lymph nodes (0.076–0.08 μg/g).

The administration of cadmium at a dose of 1/50 LD₅₀ via 
drinking water led to an increase in its concentration compared 
with the control in all biological media studied. At the same time, 
specificity was observed in the dynamics of Cd accumulation 
in different tissues and organs. Elevated levels were observed 
after 7 days of exposure in all tissue samples and organs studied 
(p < 0.05), with the exception of gingival tissue (p = 0.9097) 
and brain tissue (p = 0.3075). Cd levels increased significantly 
in the liver (8.1-fold), small intestine tissues (4.64-fold), testes 
(4.11-fold), sternum (3.58-fold), kidneys (3.5-fold), plasma  
(3-fold), lungs (2.48-fold) and wool (2.33-fold). After 14 days 
of exposure, cadmium concentrations were found to be higher 
than in the control group in all biological samples examined, 
with the highest increases observed in the liver (11.11-fold), 
plasma (7.55-fold), small intestine wall (6.55-fold) and 
kidneys (6.64-fold). In the lungs, a decrease in cadmium levels 

was observed compared with day 7: with levels 1.81 times higher 
than the control. On the 21st day of intoxication, the greatest 
increase was observed in the liver (11.82-fold), plasma (7.92-fold), 
kidneys (7.3-fold) and the small intestine wall (7.17-fold). The 
liver, small intestine, kidneys and blood plasma are greatest 
accumulators of cadmium on the 28th  day of intoxication as 
well. At the same time, a redistribution of accumulation levels 
is noted: the content in the liver increases by 14.27 times, in the 
small intestine by 10.27 times, in the kidneys by 9.64 times and 
in plasma by 8.41 times.

Based on an analysis of the dynamics of cadmium content 
during subchronic intoxication, groups of tissues and organs 
can be identified according to the specificity of the element’s 
accumulation (see figure).

In most tissues and organs, a continuous increase in cadmium 
concentration was observed throughout the experiment, peaking 
on the 28th day of intoxication: the liver (by 1367%), the small 
intestine (by 943%), kidneys (by 857%), plasma (by 800%), 
submandibular lymph nodes (by 376%), brain (by 350%), oral 
fluid (by 122.2%), hard periodontal tissues (by 69.23%), gingival 
tissues (by 41.41%). For tissues of the large intestine and heart, 
a slight variation in elevated cadmium levels was characteristic 
over the 28-day period of intoxication: by 24.32–45.95% for the 
large intestine, and by 75–86.5% for the heart. In the lungs, the 
maximum increase in cadmium concentration was recorded on 
the 7th day of intoxication (by 148%); subsequently, a decrease 
occurred, and by the 28th day the increase was 47.62%. In the 
submandibular salivary glands, the most significant increase in 
cadmium content was observed on the 14th day of intoxication 
(by 61.9%). In the tissues of the spleen and sternum, the maximum 
increase was detected on the 14th and 28th days of intoxication: 
by 222–239% in the spleen and by 442–485% in the sternum. 
The maximum increase in Cd content on the 21st day, with levels 
remaining high until the end of intoxication, was observed in the 
erythrocytes (by 145–147%), testes (by 373–400%) and fur 
(by 339–378%) of rats.

Based on an analysis of the percentage change in cadmium 
content in biological media relative to the control, the following 
groups of organs and tissues can be identified: 1) with marked 
accumulation (by more than 500%) – liver, small intestine, 
kidneys and plasma; 2) with moderate accumulation (more than 
300%) – sternum, brain, testes, submandibular lymph nodes, fur; 
3) with negligible accumulation (less than 300%) – oral fluid, 
submandibular salivary glands, gingival tissue, large intestine, red 
blood cells, spleen, heart, lungs.

Once cadmium administration was discontinued, cadmium 
levels returned to levels indistinguishable from those in control 
animals in the submandibular salivary glands (p = 0.4274), the 
brain (p = 0.1041) and the lungs (p = 0.1405). In the large intestine 
wall and heart, following the recovery period, cadmium levels 
remained at the level observed on the 28th day of intoxication 
(p= 0.162 and p = 0.7338, respectively). In the other biological 
compartments studied, cadmium levels decreased after the 
cessation of additional cadmium exposure but didn’t reach the 
values of the control group.

Discussion
Prolonged intake of small doses of cadmium via drinking water 

is accompanied by its selective accumulation in various organs 
and tissues of animals [14]. Variability in cadmium accumulation 
by biological substrates may be due to the characteristics of their 
anatomical structure, physiological processes, mechanisms of 

Trend in cadmium content in biological media (in % relative to control): ПЕ – liver, 
ТЛК – large intestine, ТНК – small intestine, тПАР – hard periodontal tissues, 
мПАР – gingival tissues, РЖ – oral fluid, СЖ – submandibular salivary glands, 
ШЕР – wool, ГР – sternum, ГМ – brain, СЕР – heart, СЕМ – testicles, ЛУ – 
submandibular lymph nodes, СЕЛ – spleen, ЭР – erythrocyte mass, ПЛ – plasma, 
ЛЕ – lungs, ПО – kidneys.

Динамика содержания кадмия в организме экспериментальных животных 
(прирост в % относительно контроля): ПЕ – печень, ТЛК – толстый кишечник, 
ТНК – тонкий кишечник, тПАР – твёрдые ткани пародонта, мПАР – ткани 
десны, РЖ – ротовая жидкость, СЖ – подчелюстные слюнные железы, ШЕР – 
шерсть, ГР – грудина, ГМ – головной мозг, СЕР – сердце, СЕМ – семенники, 
ЛУ – подчелюстные лимфатические узлы, СЕЛ – селезёнка, ЭР – эритроци-
тарная масса, ПЛ – плазма, ЛЕ – лёгкие, ПО – почки.
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levels of the element, whereas the reverse ratio indicated acute 
effects of high doses [14, 17].

Prolonged oral exposure to cadmium inhibits calcium 
absorption in the intestine and contributes to bone degeneration 
[6, 17]. The replacement of calcium by cadmium in bone tissue 
may explain the five-fold higher Cd content in the sternum of 
experimental rats compared with the control group from the 
14th day of exposure and its slight decrease after cessation of 
metal intake. However, less pronounced accumulation of Cd was 
observed in the hard tissues of the periodontium, which may be 
associated with more developed elimination systems.

The testes may act as a critical organ in male rats with chronic 
cadmium intoxication [1, 16, 17, 21, 22]. The uptake of cadmium 
into testicular cells is associated with cadmium mimicking zinc in 
cellular transporters and the formation of thiol conjugates [16]. 
Maximum accumulation as early as the 21st day of exposure, 
followed by the maintenance of high levels in the subsequent days, 
was possibly due to the saturation of zinc transporters [16].

The immunomodulatory or immunosuppressive effects of 
cadmium may be due to cadmium’s ability to accumulate in 
lymph node cells [23].

The toxic effects of cadmium in various organs and tissues 
are due to their capacity to accumulate cadmium, the intensity of 
metabolic processes, and the presence of a transporter system that 
facilitates the uptake of Cd into cells and its redistribution within 
the body.

Conclusion
Prolonged exposure to potentially toxic substances in 

quantities insufficient to cause death or acute effects may lead to 
adverse effects. Cadmium’s affinity for various biological media 
is characterized by significant variability throughout the entire 
period of intoxication. For most tissues and organs, cadmium 
levels increased with additional exposure throughout the entire 
period of intoxication, with the liver, small intestine, kidneys 
and plasma acting as reservoirs. In the lungs and salivary glands, 
the maximum increase in cadmium levels was observed in the 
early stages of intoxication, followed by a decrease. In the tissues 
of the large intestine and heart, Cd concentrations remained 
virtually unchanged throughout the period of exposure. Cessation 
of exposure led to a return of Cd levels to baseline values in the 
submandibular salivary glands, brain and lungs; to levels remaining 
at those of the final day of intoxication in the large intestine wall 
and heart; and to a decrease without reaching baseline values in 
all other biological compartments.

The most likely indicator of cadmium intoxication in an 
animal’s body is the concentration in liver tissue, whilst the 
content in the kidneys and the ratio of metal in the liver to that 
in the kidneys serve as additional indicators reflecting the level of 
exposure.

element transport and maintenance of homeostasis, and processes 
of xenobiotic biotransformation [15].

Upon oral administration, cadmium is absorbed 
predominantly in the duodenum and the proximal jejunum [16]. 
The highest concentration in enterocytes of all types of cellular 
transporters (ABC transporters, ZIP, DMT1, TPP transporters) 
[16] involved in cadmium transport may explain its significant 
accumulation in the small intestinal wall throughout the entire 
period of intoxication and the reduction in its concentration to 
almost the level of control animals after cessation of external 
intake. Cadmium readily forms complexes with thiol-containing 
biomolecules and, in the form of a conjugate of these ligands, 
is also absorbed by enterocytes. The more pronounced increase 
in cadmium content on the 7th day of intoxication in the small 
intestinal wall of rats compared with plasma and kidneys may 
be due to dose-dependent absorption. At low doses, most of Cd 
is localized in the intestinal epithelium, but as intake increases, 
the cells’ ability to retain Cd decreases, and most of it penetrates 
the epithelial membrane and is absorbed by other organs [17]. 
The good regenerative capacity of epithelial cells may explain 
the greater ability of enterocytes to restore cadmium homeostasis 
compared with other target organs.

High plasma cadmium levels throughout the entire period 
of intoxication may be due to its release from enterocytes into 
the portal blood via basolateral ABC transporter proteins in the 
form of complexes with various ligands (metallothionein, beta-
2-microglobulin, albumin, immunoglobulin G, lipocalin- 2, 
glutathione) [15]. Residual cadmium in plasma is capable of 
being taken up by erythrocytes [15, 17], which may explain its 
higher concentration in blood cells compared with plasma in both 
control and experimental animals, as well as the more pronounced 
increase only on the 21st day of intoxication.

Metallothioneins play a significant role in the distribution of 
cadmium to individual tissues and organs via the bloodstream [13, 
19]. Actively absorbed by hepatocytes via the cellular transporter 
system in the form of conjugates with biomolecules, Cd induces 
the synthesis of metallothioneins and accumulates in the liver in 
a bound form [16]. The ability of the ‘cadmium–metallothionein’ 
complex to be filtered in the renal glomeruli and reabsorbed 
in the cells of the proximal tubules leads to the stimulation of 
metallothionein synthesis in the kidneys and, consequently, to an 
increase in cadmium concentration [19]. The liver and kidneys 
are the primary targets and storage sites for cadmium when it is 
ingested via drinking water and food [17, 20]. Thus, significant 
accumulation of Cd in the liver and kidneys throughout the entire 
period of intoxication and a slow decrease in concentration after 
cessation of exposure may have been due to the induction of 
metallothionein synthesis followed by Cd-MT complex formation 
[18]. A more pronounced increase in cadmium levels in the liver 
compared with the kidneys indicated chronic exposure to low 
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