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Introduction

Dotsenko, E., Paliy, A., Morozenko, D., Dotsenko, R., Zemlianskyi, A., & Pavlichenko, O. (2021). Dose-dependent effect of chronic
exposure to lead acetate on the dynamics of the content of delta-aminolevulinic acid and essential trace elements in the serum of
laying hens. Regulatory Mechanisms in Biosystems, 12(4), 689-695. doi:10.15421/022195

One of the most global and dangerous pollutants is considered to be lead, due to its ability to accumulate in living organisms, to be
included in the metabolic cycle, to form highly toxic organometallic compounds, not being biodegradable. To study the chronic effects
of lead acetate, an experiment was performed on laying hens of Lohmann Brown cross. For research, one control and three experimen-
tal groups were formed, 20 chickens in each. Birds of the experimental groups were administered lead acetate daily with compound
feed in doses (in terms of metal): Group I — 50 mg/kg of feed, I1 — 75 mg/kg of feed, III — 150 mg/kg of feed. Access to water was not
restricted. The birds of the control group received a complete diet without lead acetate. On the 30th, 90th, 120th days of the experiment
and the 20th day after withdrawal of the toxicant (the 140th day of the experiment), we took blood samples from birds for biochemical
and toxicological studies. The concentration of delta-aminolevulinic acid (5-ALA) in the serum of laying hens was determined by
reversed-phase high-performance liquid chromatography. Determination of the content of lead in the serum of laying hens was per-
formed by X-ray fluorescence analysis. The concentration of total calcium, inorganic phosphorus, and magnesium in the serum of the
laying hens was determined using production kits. We detected the dose-dependent chronic effect of lead acetate on the dynamics of
the content of delta-aminolevulinic acid and essential trace elements in the serum of laying hens. The administration of lead acetate into
the body of productive poultry for 120 days in doses of 50, 75, and 150 mg/kg with feed did not cause visible clinical signs of poison-
ing, but caused a violation of porphyrin metabolism, manifested in a reliable increase in the concentration of delta-aminolevulinic acid
in serum on the 30th, 90th and 120th days of the experiment. It has been experimentally proven that the administration into the body of
laying hens of lead acetate in doses of 50, 75 and 150 mg/kg of feed for 120 days leads to the maximum accumulation of lead in the
serum on the 30th, 90th, and 120th days of the experiment. Prolonged administration of lead acetate to laying hens at high concentra-
tions is characterized by a reliable decrease in the content of total calcium, inorganic phosphorus and magnesium in the serum of laying
hens and a reliable increase in the content of ferrum. In the future it is necessary to study the intensity of lipid peroxidation processes in
laying hens under chronic exposure to lead acetate.
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2017; Kozak & Brygadyrenko, 2018; Souri et al., 2019), the accumulation
of this xenobiotic in certain parts of the trophic chain “atmospheric air —

According to the World Health Organization, lead is accepted as one
of the most global and dangerous pollutants. The real threat of pollution of
the biosphere by this xenobiotic is due to its stability, solubility in precipi-
tation, the ability to be sorbed by soil, plants, bottom sediments, which le-
ads to the gradual accumulation of lead in the environment (Adeyemo
etal., 2010; Pourrut et al.,, 2011; Silva-Sanchez et al., 2015). The main
sources of pollution of agro-ecosystems by lead compounds are emissions
from industrial enterprises, quarries, mines, thermal power plants, fuel
combustion products, battery production, use of metal-containing pestici-
des, phosphorus-containing fertilizers and chemicals for crop protection
(Rucinska-Sobkowiak, 2016). Agrochemicals, by changing the acid-alkali
propetties, affect the intensity of bioaccumulation and transformation of
lead in the upper soil layers (Clark & Knudsen, 2013; Fillion et al., 2014).

According to the results of monitoring studies (Clemens & Ma, 2016;
Amin et al., 2018), an increased content of mobile forms of lead in agricul-
tural soils and grain crops has been determined. Based on the data of the
authors (Puschenreiter et al., 2005; Tangahu et al., 2011; Shulman et al.,

water — soil — plants — feed — livestock products” is possible. It has been
established that the systematic administration of lead by the alimentary
way in low concentrations poses a potential danger to the body of poultry,
leads to accumulation of metal in organs and tissues, as a consequence,
disrupts physiological and biochemical processes at the cellular level, cau-
ses chronic intoxication and reduces egg production (Ebrahimi et al,
2015; Mordarski et al., 2018). Data from literature sources indicate an
increase in cases of contamination of poultry products with heavy metal
compounds (Roegner et al., 2013; Bautista et al., 2014). The production of
environmentally fiiendly livestock products requires the implementation
of comprehensive approaches to minimize and prevent the presence of
hazardous compounds and their metabolites in both feed and final food
products (Rodionova et al., 2020).

To date, the mechanisms of toxic effects of lead in the body of laying
hens of highly productive crosses have not been studied enough. There-
fore, studies aimed at finding criteria for early diagnosis of chronic poiso-
ning of productive poultry with lead compounds are relevant.
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Numerous current studies are devoted to the mechanisms of toxic ef-
fects of lead ions on animals and birds (Kim et al., 2019; Oladipo et al.,
2020). The special danger of the ecotoxicant is explained by its ability to
be accumulated in living organisms, to be included in a metabolic cycle, to
form highly toxic organometallic compounds not being subjected to biolo-
gical decomposition. According to the literature (Ray, 2016; Debnath
etal,, 2019), the toxic effects of lead are characterized by lesions of the
blood system, disorders of porphyrin metabolism, damage to the cardio-
vascular and nervous systems. The features and mechanism of action of
lead are widely covered, mainly at the level of lethal doses, but this infor-
mation is insufficient to predict the consequences of chronic effects of low
doses of lead on the macroorganism (Boskabady et al., 2018).

It is almost impossible to clinically diagnose the initial stage of chro-
nic poisoning of productive poultry with lead compounds, therefore studi-
es to search the biochemical criteria for early diagnosis of poisoning beco-
me relevant. The most informative indicator that allows timely detection
of latent signs of metabolic disorders in the conditions of lead-induced
toxicosis is delta-aminolevulinic acid, an intermediate product of heme
biosynthesis (Sakai, 2000). It should be noted that the accumulation of
intermediates of heme biosynthesis in biological fluids is one of the main
criteria for laboratory diagnosis of animal and poultry poisoning by heavy
metal compounds (Dehari-Zeka et al., 2020). Also, the determination of
the content of macro-and microelements in the serum of poultry in chronic
lead-induced toxicosis is of clinical and diagnostic importance (Dobra-
kowski etal., 2017).

Today, trace elements are known to have bioantagonistic properties
against lead, including calcium, ferrum, zinc, and others. It is scientifically
substantiated that the mechanism of toxic action of lead ions is its ability to
interact with sulthydryl, carboxyl and amine groups of enzymes, inhibit
their activity and competitively replace bivalent (Ca®", Mg>', Fe*") and
monovalent (Na") cations, to which lead has a high affinity (Radulescu &
Lundgren, 2019).

The ability of lead to replace calcium from specific ligand binding
sites and disrupt its passive transport has been established (Jadoon & Ma-
lik, 2017). Lead, as a competitive biometal in relation to calcium, can dis-
place it from the sites of binding to phosphate ligands in tissues, disrupt
passive transport across membranes, realizing its damaging effect (And-
jelkovic, 2019).

Literature data indicate the role of calcium in the absorption of lead
(Kopic & Geibel, 2013; Assi et al., 2016). Research of Manghat et al.
(2014) has shown that lead, under conditions of chronic low-dose loading,
causes violation of calcium-phosphorus homeostasis and oxidative meta-
bolism of cells due to changes in intracellular flow of calcium and phos-
phorus, their replacement at specific receptors with subsequent activation
of calcium-dependent enzymes. According to Vorvolakos et al. (2016),
Hussain et al. (2020) and Choi et al. (2021) under conditions of increasing
the content of lead in the blood above the reference level, there is a reliable
decrease in the concentration of total calcium in the serum of experimental
animals. It has been scientifically proven that calcium and lead are distri-
buted, deposited and metabolized almost identically, and the removal of
lead from the bones is possible by reducing the calcium content in the
blood (Wani et al., 2015). However, in the literature there are almost no
data on the early diagnosis of chronic poisoning of birds of highly produc-
tive crosses by lead compounds. The dose-dependent effect of lead acetate
on the state of mineral metabolism, in particular, on the content of total
calcium, inorganic phosphorus, magnesium and ferrum in the serum of
laying hens, also remains insufficiently studied. Therefore, it is necessary
to experimentally substantiate the methods of early diagnosis based on the
study of biochemical parameters of the serum of laying hens under the
conditions of experimentally induced chronic alimentary toxicosis.

Given the urgency of the problem, we studied the dose-dependent ef-
fect of chronic exposure to lead acetate on the dynamics of delta-amino-
levulinic acid and essential trace elements in the serum of laying hens.

Materials and methods
Experimental studies were conducted on the basis of specialized labo-

ratories of the National Scientific Center “Institute of Experimental and
Clinical Veterinary Medicine”. The animal experiments did not contra-
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vene the current legislation of Ukraine (Article 26 of the Law of Ukraine
No. 5456-VI of 16.10.2012 “On protection of animals from cruel treat-
ment”) and “General ethical principles of animal experiments”, adopted
by the First National Congress of Bioethics (Kyiv, 2001) and international
bioethical standards (materials of the IV European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Pur-
poses, Strasbourg, 1985) (Simmonds, 2017). The research program was
reviewed and approved by the Bioethics Commission of the National Sci-
entific Center “Institute of Experimental and Clinical Veterinary Medici-
ne” in the current order.

An experiment to study the chronic effects of lead acetate was per-
formed on chickens of the highly productive cross Lohmann Brown (n =
80), aged 265 days, body weight 1.7-2.1 kg, productivity 98%. Experi-
mental animals were kept in standard vivarium conditions in cages at a
temperature of 18.0 £ 2.0 °C, relative humidity of 60%, lighting regime
12-hour day-night, which corresponded to existing standards. The birds of
the control and experimental groups were fed a complete ration of com-
bined feed of good quality, which corresponded to the age and productivi-
ty, in accordance with the approved technological standards for poultry.
Laying hens were kept in cages for 14 days for adaptation. Prior to the
experiment, the animals were weighed and labeled.

For research, one control and three experimental groups were formed,
20 chickens in each. Birds of the experimental groups were administered
lead acetate daily with compound feed in doses (in terms of metal):
Group I — 50 mg/kg of feed, IT — 75 mg/kg of feed, Il — 150 mg/kg of
feed. Access to water was not restricted. The birds of the control group
were fed a complete ration without acetate lead. Assessment of the general
clinical condition and productivity of laying hens was performed daily
once a day. The total duration of the chronic experiment was 140 days.

For the experimental studies we used lead acetate Pb(CH;COOH) *
3H,0, qualification “chemically pure”, (Merck, Germany) in accordance
with current regulations.

On the 30th, 90th, 120th days of the experiment and the 20th day after
the toxicant withdrawal (the 140th day of the experiment), we took blood
samples from birds for biochemical and toxicological studies. Blood from
laying hens was collected intravitally from the axillary vein on an empty
stomach using “Vacuette” vacuum tubes (Greiner, Austria). Serum was
obtained by centrifugation for 20 minutes at 3000 rpm. Aliquots of serum
were poured into Eppendorf-type tubes for storage at minus 20 °C until
use in studies.

The concentration of delta-aminolevulinic acid (3-ALA) in the serum
of laying hens was determined by reversed-phase high performance liquid
chromatography on a chromatograph LC 20 Prominence Shimadzu (Ja-
pan). Chromatography conditions: steel column “Reprosil Pur Aqua” C18
150 x 2.0 mm, 3.0 pm, eluent: phosphate buffer-acetonitrile, mobile phase
velocity 0.4 cm’/min, column thermostat temperature 50 °C, detection
wavelength 360 nm. The matrix is the blood serum of laying hens.

Determination of the content of lead in the serum of laying hens was
performed by X-ray fluorescence analysis on the device “Spectroscan-
Max” (Russia). The total calcium content was determined with Arsenazo
I complexone. Calcium in the sample reacts with Arsenazo III, forming
a coloured complex, which was measured spectrophotometrically. Deter-
mination of the concentration of inorganic phosphorus (as phosphate) in
the serum was performed using molybdic acid. The concentration of
ferrum was determined by spectrophotometric method. Ferrum is released
from serum ferrum-binding peptides and reduced by guanidine and hyd-
roxylamine. The sodium salt 3-(2-pyridyl)-5,6-bis<(4-sulfophenyl)-1,2,4-
triazine(ferrosine) forms a purple complex with Fe ions, which was
determined colorimetrically. Serum magnesium concentration was deter-
mined with xylidyl blue in alkaline medium. The intensity of the formed
coloured complex was measured at a wavelength of 520 nm.

The results of biochemical studies are presented in accordance with
the International System of Units, recommended for use in clinical labora-
tory practice, and processed using the computer program Statistica 10.0
(StatSoft Inc., USA). The obtained results were processed by standard me-
thods of variation statistics using non-parametric and parametric criteria.
Numerical data were processed using one-way analysis of variance
(ANOVA). In the case of parametric distribution, the quantitative charac-
teristics of signs were presented in the form of arithmetic sampling and

Regul. Mech. Biosyst., 2021, 12(4)



standard deviation (x = SD). Differences between samples were consi-
dered reliable at P < 0.05. Comparison of three or more groups the quan-
titative sign with the correct distribution of values was carried out using the
Tukey test for subsequent pairwise comparisons of groups, taking into ac-
count the Bonferroni correction. The coefficient of determination R* was
calculated by the formula R? = rxy”.

Results

The research showed that the administration of lead acetate in doses
of 50, 75 and 150 mg/kg for 120 days with diet of laying hens did not
cause visible clinical signs of poultry poisoning, but led to disruption of
porphyrin  metabolism, in particular, increased content of delta-
aminolevulinic acid, an intermediate product of heme biosynthesis, in the

a
' |
:; I
#
o o

90 days

60
50
40

30

a
20
) I -

30 days

ALA concentration, jig/mL

b
. I |

serum of laying hens. On the 30th day of the experiment, the activity of
delta-aminolevulinic acid was reliably higher compared with the control in
chickens receiving the toxicant at doses of 75 and 150 mg/kg of feed by
4.8% and 14.6%, respectively (Fig. 1).

In poultry which received lead acetate at a dose of 50 mg/kg of feed,
the indicators did not differ significantly from the control. On the 90th day,
chickens of I, I and III experimental groups showed a reliable increase in
the concentration of ALA by 7.9%, 16.1% and 39.9% (P < 0.001), respec-
tively. On the 120th day, a reliable increase in the content of ALA in
chickens of all experimental groups by 26.6%, 48.3% and 133.6%, re-
spectively, was established, compared with the control group. 20 days
after xenobiotic administration toxicant withdrawal, the ALA content
remained reliably (P < 0.001) higher than the control in poultry of I, Il and
11T experimental groups by 7.4%, 28.8% and 39.7%, respectively.

® Control
BGroup I 50 mgkg of feed
DGroup IT 75 mgkg of feed

B Group 111150 mg'ke of feed

Research period

Fig. 1. The activity of delta-aminolevulinic acid in the serum of laying hens under the influence of lead acetate in chronic experiment (x = SD, n=15)
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30 days 90 days
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d EControl
Ol group 50 mg'kg of feed
I1 group 75 mg/kg of feed

BII1 group 150 me/kg of feed
C

120 days 140 days

Research period

Fig. 2. The dynamics of the content of lead in the serum of laying hens under the influence of lead acetate in a chronic experiment (x + SD, n=5)

According to the obtained data (Fig. 2), on the 30th day of the expe-
riment, a reliable increase in the lead content was established, compared
with the control indicator, in the blood of chickens of groups I, II and III
by 2.5, 3.9 and 5.0 times, respectively. On the 90th and 120th day, the
concentration of the element in the blood of chickens of all experimental
groups remained reliably higher than the control values by 3.6, 6.6, and
19.0, and 18.9, 40.5, and 66.2 times, respectively. After withdrawal of the
toxicant, the content of lead in the blood exceeded the control by 18.2,
24.3 and 47.2 times, respectively. A graphical representation of the rela-
tionship between the content of lead and the concentration of delta-
aminolevulinic acid in the serum of poultry that received the toxicant at a
dose of 150 mg/kg of feed for 90 days is shown in Figure 3. A direct
positive correlation between indicators has been established. Studying the
dynamics of the content of total calcium in the serum, it has been found

that on the 30th day in the birds of I, Il and III experimental groups the
indicator was reliably lower than the control by 10.8%, 22.8%, and
35.2%, respectively (Table 1).

On the 90th and 120th days of the experiment, the dynamics of total
calcium content were as follows: the indicator remained reliably lower (P
< 0.001) than control by 26.9%, 40.7%, and 48.2% and 14.0%, 25.4%,
and 62.4%, respectively. On the 20th day after withdrawal of lead acetate,
the level of total calcium remained reliably lower in all experimental groups,
compared with the control group, by 8.6%, 19.5%, and 48.8% (P <0.001).

Studying the dynamics of the content of inorganic phosphorus in the
blood serum of chickens, it has been found that on the 30th day in the
birds of the experimental group I the indicator was reliably lower than the
control values by 5.5%, 14.8%, and 51.1%, respectively. On the 90th day,
a reliable decrease in the phosphorus content in all experimental groups
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was established by 41.1%, 53.5%, and 64.8%, respectively. On the 120th
day of the experiment, the phosphorus content in poultry of experimental
groups I, IT and I was reliably (P < 0.001) lower by 42.5%, 48.2%, and
73.6%. 20 days after withdrawal of the xenobiotic, the phosphorus level
was reliably lower than the control in all experimental groups by 17.8%,
26.2%, and 40.6% (P <0.001).
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Fig. 3. The relationship between the content of lead and the concentration
of delta-aminolevulinic acid in the serum of laying hens on the 90th day of
the experiment (coefficient of multiple determination R2 —0.8192, n=20)

The dynamics of the content of total magnesium in the serum of poul-
try was as follows: on the 30th day in poultry of the experimental groups I,
1T and 11T the indicator was reliably lower than the control by 29.3%,

Table 1

46.7%, and 59.8%, respectively. On the 90th and 120th days, the magne-
sium level remained reliably lower (P < 0.001) than control by 20.6%,
39.7%, and 48.5% and 27.7%, 49.4%, and 77.1%, respectively. On the
20th day after withdrawal of lead acetate, the concentration of magnesium
was reliably lower than the control values in all experimental groups by
20.7%, 39.1%, and 59.8%, respectively (P <0.001).

‘When determining the concentration of ferrum in the serum of chick-
ens of the experimental group I on the 30th day we recorded a reliable
decrease in the content of trace elements by 11.5%. In poultry of experi-
mental groups I and III we found a reliable (P < 0.001) decrease in ferrum
by 16.8% and 22.3%, compared with the values in the control. On the
90th and 120th days in chickens of experimental groups L, II and III this
indicator was higher by 38.3%, 86.3%, and 116.8% and 48.6%, 111.2%
and 169.6%, respectively. On the 20th day after cessation of chronic expo-
sure to lead acetate, the ferrum content in the serum of chickens of expe-
rimental groups I, II and III remained higher than the control values by
19.5%, 32.2%, and 100.7% (P < 0.001), respectively.

The point graph and the linear trend of the relationship between the
content of lead and the concentration of total calcium in the serum of
laying hens on the 90th day of the experiment (Fig. 4) is presented.

The relationship between the content of lead and the concentration of
inorganic phosphorus in the serum of poultry on the 90th day of the expe-
riment (Fig. 5) has been established. As a result of correlation-regression
analysis of the data, a moderate correlation between the indicators was
established. The data obtained indicate that the reliable (P < 0.001) de-
crease in the level of inorganic phosphorus in the serum is associated with
prolonged administration of lead acetate with feed.

Dynamics of mineral metabolism parameters in laying hens under the influence of lead acetate in a chronic experiment (x = SE, n=15)

Research period
Parameter Giroups 30days 90 days =% days 140 days
Control 631£049° 6.04 £0.39° 6.07+0.16° 6.05+0.16°
Total calcium, 50 mg/kg of feed 563+031° 441+071° 522+0.12° 553+£029°
mmol/mL 75 mg/kg of feed 487+042° 358+042° 453+055° 487+0.19°
150 mg/kg of feed 409+008" 3.13+£009° 228+040° 3.10£007°
Control 1.82+003° 1.85+0.09° 1.93+007° 202+006"
Total phosphorus, 50 mg/kg of feed 1,72£0,04° 1.09+0.04° 1.11£0.06° 1.66+0.14°
mmol/mL 75 mg/kg of feed 1.55+0.10° 0.86+0.12° 1.00£0.14° 149+021°
150 mg/kg of feed 0.89+008° 0.65+004° 051+008" 120+0.12°
Control 092+005° 0.68+007° 0.83+0.15° 0.87+009°
Total magnesium, 50 mg/kg of feed 0.65+005° 0.54+003° 0.60+0.06° 0.69+006°
mmol/mL 75 mg/kg of feed 049+004° 041+004° 042+005° 0.53+004"
150 mg/kg of feed 037+0.04° 035+005° 0.1940.02° 035+006°
Control 10.08£044° 937+050° 9.88+0.12° 9.17+058°
Tron, 50 mg/kg of feed 892+035° 1296+1.26° 14.68+143° 1096+135°
pmol/L 75 mg/kg of feed 839+0.16* 1746+2.93° 20.87+2.96" 1212+042°¢
150 mg/kg of feed 7.83+0.29° 2031+0.88° 26.64+0.53" 1841+061°
Note: different letters indicate the values significantly differing one from another within one line of the Table1 on the results of comparison using the Tukey test (P < 0.05) with
Bonferroni correction.
7 : : , 2 ; ; : - -
§ i y = 8.562-1.3971x m h' y = 14392-0.2292x
s -] R2=0.5748 £ R?=0.6483
& 5 . cE
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Lead concentration, mg/kg

Fig. 4. Graph of the relationship between the content of lead
and the concentration of total calcium in the serum of laying hens
on the 90th day of the experiment (n=20)

Lead concentration, mg/kg

Fig. 5. Graph of the relationship between the content of lead and
the concentration of inorganic phosphorus in the serum of laying hens
on the 90th day of the experiment (n=20)

692 Regul. Mech. Biosyst., 2021, 12(4)



A correlation was found between the lead content and the concentra-
tion of ferrum in the serum of laying hens on the 90th day of the chronic

experiment (Fig. 6).
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Lead concentration, m g/kg

Fig. 6. Graph of the relationship between the content of lead
and the concentration of iron n the serum of laying hens on the 90th day
of the experiment (n = 20)

Correlations between lead content and magnesium concentration in
serum of laying hens were established on the 90th day of the experiment.
According to the linear regression data, an inverse relationship was found
between the indicators (Fig. 7).

1

vy =0.6097-0.0756x
R2=0.8598

Magnesium concentration,
mmol/L

Lead concentration, mg/kg

Fig. 7. Graph of the relationship between the content of lead
and the concentration of magnesium in the serum of laying hens
on the 90th day of the experiment (n=20)

Discussion

Blood as one of the body’s biological fluids responds by qualitative
and quantitative changes in the composition to any exogenous effects, as a
consequence, is a kind of biomarker that allows you to determine the ge-
neral condition of organs and systems and assess the course of major me-
tabolic processes (Warne et al., 2015; Dehari-Zeka et al., 2020). That is
why the study of biochemical parameters of animal blood is one of the in-
formative methods (Orobchenko et al, 2020; Zaitsev et al., 2020).
The need to study the effects of xenobiotics on the body of productive
poultry is caused by the significant distribution of heavy metals in the en-
vironment, their stability, high ability to accumulate in the biosphere, ease
of inclusion in the main food chains and the risk of accumulation in the
body in large quantities (Rodionova et al., 2020; Soumaoro et al., 2021).

In the modem literature, the features, nature and mechanism of action
of heavy metals are widely covered, mainly at the level of average lethal
doses, but this information is insufficient to predict the effects of chronic
exposure at subthreshold doses (Amin et al., 2018). In recent years, scien-
tists have focused on in-depth study of the mechanisms of toxic effects of
heavy metals, however, the peculiarities of the metabolism of lead in the
body of poultry are currently insufficiently studied. Therefore, it was ne-
cessary to conduct toxicological studies on laying hens. The analysis of the
obtained results showed that the long-term administration of lead acetate
in doses of 50, 75 and 150 mg/kg of feed to the bird did not cause visible
clinical signs of poisoning, but caused a violation of porphyrin metabo-
lism. The leading link in the pathogenesis of chronic heavy metal poiso-

Regul. Mech. Biosyst., 2021, 12(4)

ning is a violation of porphyrin metabolism and heme biosynthesis. Ac-
cording to the literature, exposure to lead ions for a long time in doses
below the LDs, leads to a significant inhibition of the activity of enzymes
involved in heme biosynthesis, in particular, delta-aminolevulinic acid de-
hydrate. As a result, the concentration of delta-aminolevulinic acid, one of
the intermediates of heme biosynthesis, increases significantly. Determi-
nation of delta-aminolevulinic acid content in biological objects (blood,
urine) has clinical and diagnostic value in animal poisoning by heavy me-
tal compounds (Mordarski et al.,, 2018). The study of the effect of lead
ions on the state of porphyrin metabolism will provide additional informa-
tion about the toxicodynamics of the metal in the body of productive birds
in a chronic experiment (Sobhakumari et al., 2019).

The quantitative content of lead in the blood reflects the level of load
on the body with its compounds, and the distribution of lead in the organs
and tissues of animals depends on the intensity of blood circulation and
affinity for metal (Kim et al., 2019; Wang et al., 2021). The results of our
studies confirm that the determination of delta-aminolevulinic acid in the
serum of poultry is necessary for the timely detection and correction of
metabolic disorders caused by low doses of xenobiotics. We have found a
dose-dependent effect of lead acetate on the content of delta-aminolevu-
linic acid in the serum of poultry of the experimental groups. A direct
positive correlation has been found between the content of lead and the
concentration of delta-aminolevulinic acid in the serum of laying hens that
received lead acetate with feed for 120 days. We attribute these changes to
the inclusion of lead in heme biosynthesis, resulting in the inhibition of the
activity of the enzyme 5 aminolevulinate dehydratase, which catalyzes the
formation of porphobilinogen from two molecules of 8 ALA. However,
the authors state that disruption of heme synthesis is largely due to the
ability of lead ions to form strong covalent bonds with sulthydryl, carbo-
xyl and amine groups in the active centers of many enzymes of porphyrin
metabolism and inhibition of their activity (White, 1975).

According to the authors (Ebrahimi et al., 2015), the cytotoxic effect
of the metal in poultry is due to interrelated mechanisms: disruption of
calcium homeostasis of cells, inhibition of mitochondrial respiration and
increased intensity of lipid peroxidation. Studies by leading scientists have
shown that in animals, the metabolism of lead is associated with the meta-
bolism of macronutrients, as the metal is able to enter into various types of
interactions (competition, synergism), as well as cause renal dysfunction,
which regulates mineral metabolism (De Francisco et al., 2003; Jin et al.,
2016). In the conditions of chronic experiment the influence of low doses
of lead acetate on a fragment of mineral metabolism in an organism of
laying hens has been investigated. It should be noted that in laying hens of
highly productive crosses the exchange of calcium and phosphorus is
quite intense, which is confirmed by the dynamics of changes in its vari-
ous forms in the pre- and productive periods (Li et al., 2018; Reyer et al.,
2021). Calcium is one of the most important mineral elements for laying
hens (An et al., 2016). In addition to its main biological functions, which
are to form the basis of bone tissue and participate in maintaining the acid-
alkaline balance of enzymatic systems, in chickens it is the main compo-
nent of the eggshell. Calcium plays an important role in bone formation,
affects muscle contraction, increases the protective functions of the body,
reduces the risk of allergies, strengthens blood vessel walls (Attia et al.,
2020). Heavy metals compete with calcium in cells because they use its
metabolic pathways to enter the body and replace calcium ions in impor-
tant regulatory blocks. Accumulation of lead in the bones causes a viola-
tion of the dissolution of apatite complexes, and as a result calcium is not
included in the processes of mineral metabolism, which leads to hypocal-
cemia. Together with ions of other elements, magnesium is involved in
maintaining the ionic balance of body fluids, is part of many enzymes in-
volved in the metabolism of phosphorus and carbohydrates, activates plas-
ma and bone phosphatase and is involved in neuromuscular excitability
(Dobrakowski et al., 2017). Inorganic phosphorus is a macronutrient that
is involved in many processes and functions of the body: bone formation,
energy metabolism, egg shell formation (Boorman & Gunaratne, 2001).
Ferrum is a vital trace element, participates in the functioning of all biolo-
gical systems, is a mandatory component of proteins and enzymes that
provide the necessary level of cellular metabolism and redox homeostasis.
Ferrum atoms occupy a central position in hemoglobin molecules (Lin
etal., 2020).
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The results of our studies have shown that prolonged administration
of lead acetate with feed to poultry caused reliable changes in the content
of total calcium, inorganic phosphorus, magnesium and ferrum in the se-
rum of laying hens, which for 120 days received lead acetate in doses of
50, 75 and 150 mg/kg of feed. The nature of these changes can be ex-
plained by the ability of lead ions to affect the metabolism of trace ele-
ments (Hussain et al., 2020). Studies by scientists confirm that lead and
calcium are distributed, deposited and metabolized almost identically.
The main danger of lead is not only its accumulation in the bone tissue of
animals and humans, but also the replacement of calcium in it, which
reduces its density and contributes to the development of osteoporosis.

Thus, based on the results of one-factor analysis of variance and cor-
relation-regression analysis of data, we have established a number of sta-
tistical correlations. The analysis of the received data showed that violati-
ons of a mineral metabolism in the organism of a productive bird with
high probability are caused by chronic influence of lead acetate.

Conclusion

The biochemical criterion of chronic poisoning of laying hens is delta-
aminolevulinic acid. Determination of its content in blood serum has clini-
cal and diagnostic value. The administration of lead acetate into the bodies
of productive poultry in doses of 50, 75 and 150 mg/kg with feed for
120 days did not cause visible clinical signs of poisoning, but causes a
violation of porphyrin metabolism, manifested in a reliable increase in
delta-aminolevulinic acid in serum on the 30th, 90th and 120th days of the
experiment. The administration of lead acetate into the body of laying
hens in doses of 50, 75 and 150 mg/kg of feed for 120 days led to the
maximum accumulation of lead in the serum on the 30th, 90th and 120th
days of the experiment. There is a direct positive correlation between the
content of lead and the concentration of delta-aminolevulinic acid in the
serum of poultry. Prolonged administration of lead acetate to laying hens
at doses of 50, 75 and 150 mg/kg of feed on the 30th, 90th and 120th days
of the experiment is characterized by a reliable decrease in total calcium,
inorganic phosphorus and magnesium in the serum of laying hens and
reliable increase in ferrum content.
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