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ABSTRACT

Background. Indole and its derivatives are widely used in all areas of pharmaceuti-
cal production. The toxicometry of indole compounds has been sufficiently studied.
At the same time, there is still no information on the toxic effect on individual organs
and systems during long-term intake of most compounds.

The aim. To carry out an experimental study of the toxic effect of indole and its de-
rivative 1-benzylindole on the functional state of the heart and blood values.
Material and methods. The work was carried out on 46 white rats, divided into groups:
control group (n = 22); animals receiving indole once a day for 1 month (n = 12); ani-
mals receiving 1-benzylindole once a day for 1 month (n = 12). The substances were
administered intragastrically 5 days a week. The condition of the animals was assessed
by integral parameters, peripheral blood parameters and biochemical serum tests,
and morphological data.

Results. Administration of indole and 1-benzylindole caused an increase in the elec-
trical activity of the atria, a decrease in the duration of the QRS complex, and a sta-
tistically significant decrease in blood pressure and body temperature compared
to the control group. The intake of indole and 1-benzylindole decreased the number
of red blood cells and hemoglobin, increased the activity of aspartate aminotrans-
ferase and alanine aminotransferase, and increased the concentrations of urea, total
cholesterol and triglycerides in the blood. Against the background of long-term ex-
posure to indole and 1-benzylindole, dystrophic disorders, hypertrophic and atrophic
changes in individual fibers with a pronounced congestion of the microcirculatory
vessels were revealed in the heart of rats.

Conclusion. Indole and 1-benzylindole in case of long-term intake lead to functional
disorders of the cardiovascular system, which cause the development of arterial hy-
pertension, coronary heart disease, and atherosclerotic vascular lesions. Preventive
measures in industries with possible contact with indole and its derivatives should
include regular medical examinations of workers with mandatory monitoring of elec-
trocardiography and advanced indicators of general and biochemical blood tests.
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PE3IOME

O6ocHosaHue. VIHO00/1 U e20 NpoU3BOOHbIE LUUPOKO UCNOJIb3YIOMCA 80 8CeX cihepax
¢apmayesmuyecko2o npou3soocmad. TokCuKomempus UHOObHbIX cOedUHeHUU 0o-
CMamoyHo u3y4eHd. Bmecme ¢ mem ceed0eHUS 0 MOKCUYECKOM 8/IUSHUU HA 0moesib-
Hble op2aHel U cucmembl npu 0UumesibHOM NOCMynJjieHuUU 8 0p2aHu3M 60/16WUHCMBA
coeduHeHuUU 00 cux Nop omcymcmayrom.

Llene uccnedosanus. IkcnepumMeHmMasnbHoe U3ydeHUe MOKCUYECKo20 8/TUSHUS UH-
00/1a U 20 NpoU3800H020 1-6€H3UNUHO0/1A HA (hyHKYUOHAIbHOe COCMOsAHUe cepoyd
U nokasamesiu Kpoau.

Mamepuan u memo0sl. Paboma nposedeHa Ha 46 bestbix Kpblcax, pa30eéHHbIX Ha 2pyn-
Nbl: KOHMPOJLHAs (N = 22); XXUBOMHbIE, NOJTyYasLiue UHOo/ 1 pas 8 deHb 8 medeHue 1 me-
caya (n=12); xugomHele, nostyyasguiue 1-6eH3unuHoosn 1 pas e 0eHb 8 meyeHue 1 mecaya
(n = 12). Bewsecmaa 8800usu 8Hympuxenyoo4Ho 5 OHeli 8 Hedesto. CocmosaHuUe Xugom-
HblX OU4eHU8asIu NO UHMe2PasbHbIM Napamempam, NoKasamessm nepugepudeckoli Kpo-
8U U BUOXUMUYECKUX aHA/IU308 CbIBOPOMKU, MOPOI02UYECKUM OdHHBIM.
Pesynemamel. BsedeHue uHOona U 1-6eH3UIUHOOA NPUBOOUSIO K yeesludeHUto
anekmpuyeckol akmugHocmu npedcepouli, yMeHbWeHUI NPoO0oKUMeTbHOCMU
komnniekca QRS u cmamucmuyecku 3HAYUMO CHUXAJIO apmepuasbHoe 0asJie-
HuUe U memMnepamypy mesd no cpasHeHulo ¢ KoHmposem. [locmynneHue uHoona
U 1-6eH3uUIUHO0IA CHUXAJIO KOIUYeCma0 3pumpoyumos U 2eMo2/106uHd, Nosbila-
JI0 AKMUBHOCMb acnapmamamuHompaHcgepassl U aiaHUHAMUHOMPAHCpepasel,
y8esiu4u8ano KOHUeHMpayuu MoyeguHsl, 06uje2o xosecmepuHa u mpuzauyepucos
8 Kposu. Ha ¢poHe dnumenbHo20 8030elicmausa uHOoa u 1-6eH3unuHoona 8 cepoye
KpbIC 8blAB/IeHbl HapyweHUs OUCmpoguyeckozo xapakmepd, 2unepmpoguyeckue
U ampocguyeckue usmeHeHUs omoesibHbIX 80JIOKOH C Pe3KO 8blpaXeHHbIM NOJTHOKPO-
sueM cocy0o8 MUKPOYUPKYIAMOPHO20 pyca.

3akmoyenue. VIHOon u 1-6eH3UNUHOON 8 ycC/io8uUAX OIUMEIbLHO20 NOCMYNJIeHUA
8 Op2aHU3M NpuBOOAM K (hyHKUUOHA/IbHBIM HAPYWeEHUAM cepOeyHo-cocyoucmoti
cucmemsl, Komopwle 98/1910MCcA NPUYUHOU pazsumus dpmepuasnbHol 2unepmeH3uu,
uwemuyeckol 60s1e3HU cepoyd, amepocKiepomuyeckux nopaxeHuti cocyoos. lpo-
unakmuyeckue MeponpusMus HA NPou3Bo0CMBax, 20e 803MOXeH KOHMAKM C UH-
00/I0M U e20 NPOU3BOOHLIMU, OOJIXKHbI 8K/IOYAMb pe2ysiapHble NpoghocMompel pa-
60MHUKO8 C 0653amesibHbIM KOHMPOJIeM 3/1eKmpo2apouoepapuu U paculupeHHbIMU
nokasamenamu obujezo U GUOXUMUYECKO20 aHA/IU308 KPO8U.

Knioyeaoie cnoea: uHoos, 1-6eH3UUHOO, SKCnepUMeHMAsbHble Kpbicbl, ()yHKYUO-
HaslbHoe cocmosAHue cepoyd, GUOXUMUS Kposu, Mopghosioaus cepoya

Ona uyntuposaHua: flopoxosa J1.I[,, Muxannosa H.H., Kykosa A.l, Kasnukan A.C. iccnepo-
BaHVA BO3AENCTBMA NHAOSA 1 €ero NPou3BogHOro 1-6eH3nnnHAoNa Ha GyHKUMOHaNbHOe
COCTOsIHME cepALa 1 NoKasaTeny KpoBu NabopaTopHbIxX Kpbic. Acta biomedica scientifica.
2024; 9(1): 64-72. doi: 10.29413/ABS.2024-9.1.7
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INTRODUCTION

The modern pharmaceutical industrial complex s charac-
terised by the introduction of new compounds into produc-
tion, often having a complex nature of action over the body.
This process largely determines the change in the clinical
and pathogenetic specificity of modern varieties of occupa-
tional intoxications and the emergence of new nonspecific
reactions that may dominate the clinical picture of diseases.
It has been revealed that the cardiovascular complex is high-
ly sensitive to the toxic effect of chemical substances, which
manifests itself in the form of dystrophic changes in the myo-
cardium and autonomic-vascular dystonia [1, 2]. The iden-
tification of mechanisms of disorders, their nosological
differentiation and diagnostics, however, is considerably
complicated by the fact that lesions of the cardiovascular
system with chemical etiology develop under the com-
bined effect of a whole complex of technological factors
affecting the organism. For this reason, conducting ex-
tended experimental studies makes it possible to isolate
the factor of chemical exposure from the general com-
plex of unfavourable factors and to rank its importance
in the development of various pathologies of the cardio-
vascular system.

Indole (2,3-benzpyrrole) is an organic compound
of a series of nitrogen-containing heterocycles, an ancestor
of an extensive group of synthetic and naturally occurring
compounds. Its content is quite high in coal tar, in some
plant essential oils (e.g., in plants of the olive family, cit-
rus). Indole and its numerous derivatives are widely used
in chemical production, especially in the pharmaceutical
industry. Among them, compounds with a high degree
of biological activity and a wide range of pharmacological
effects on the human body have been revealed [3]. Spe-
cifically, the indole derivative, 1-benzylindole, has been

TABLE 1

revealed to have cardiotropic, antiarrhythmic, anti-inflam-
matory and local anaesthetic activity [4].

The extensive use of indole and its compounds has
been reflected in detailed studies of the toxicometric pa-
rameters of the substances [5, 6]. However, there is still no
information related to the toxic effect of indole and 1-ben-
zylindole on the cardiovascular complex at their prolonged
intake into the body. Accordingly, the aim of the study
was to experimentally examine the toxic effect of indole
and its derivative 1-benzylindole both on the functional
state of the heart and blood parameters.

MATERIAL AND METHODS

Design and proper testing environment. The phys-
icochemical and toxicometric properties of indole and its
derivative 1-benzylindole are summarized in Table 1.

The studies were performed on 46 white male sexually
mature laboratory rats. Animals were kept and excluded
from the experiment in accordance with the requirements
of the guidelines of the Ministry of Health and Social De-
velopment of Russia “About the approval of the rules
of laboratory practice” (No. 708-H dated August 23, 2010)
and international rules «Guide for the Care and Use of Lab-
oratory Animals» (Strasbourg, 1986).

Ethical review. A positive decision of the Biomedical
Ethics Committee of the Research Institute of Complex
Problems of Hygiene and Occupational Diseases (Minutes
No. 3, § 1 dated May 12, 2022) was obtained for the exper-
imental study. All animals underwent the necessary quar-
antine and were kept under standard housing conditions
with natural light regime and free access to water. The rats
were fed according to the standards established by the or-
der of the Ministry of Health of the USSR N¢ 1179 dated

PHYSICOCHEMICAL AND TOXICOMETRIC PROPERTIES OF THE SUBSTANCES UNDER STUDY

Gross  Molecular Substance
Substance Structural formula : Aggregate state DL, (oral) hazard
formula weight =0
category

Indole Pale yellow crystalline
(2,3-benzpyrrole) | owder with a Rats - il

H ZPy CHN 117.15 P - 1200 mg/kg (moderately
CAS Registry N 87 pungent characteristic 78] hazardous)
120-72-9 |1| indole odour '
e [ ] T
§§7S7F_(;e1g_|;try 'Tl CisHsN 207.262 with specific indole 5800 mg/kg  (low-hazardous)

CH,-CgHs unpleasant odor
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October 10, 1983 “About the approval of the feed cost stan-
dards for laboratory animals in health care institutions”.

Study duration, description, and methods of en-
rollment. Two series of experiments were conducted
simultaneously. In the first, the rats were divided into
a control group (n = 11) and a group of animals receiving
indole (n = 12). In the second series, the rats were divid-
ed into a control group (n = 11) and a group of animals
receiving 1-benzylindole (n = 12). The duration of sub-
stance administration was 1 month with weekend breaks.
The study substances were administered intragastrically
with a metal probe at a dose of 0.1 DL, as a 20 % sus-
pension on a starch gel 5 days a week, once a day. Con-
trol animals received starch gel intragastrically at appro-
priate doses. External examination of each animal was
performed within the first hour after drug administra-
tion and every 10 days. Animals were weighed weekly
and variations in feed and water intake in individual cag-
es each day were visually observed.

Conclusions about the degree of the substances ef-
fect over the general condition of the animals were made
considering the dynamics of body weight and rectal tem-
perature measurement using TPEM-1 electrothermom-
eter; motor activity and the value of the sum-threshold
index (STI) were evaluated. Blood pressure readings were
taken in animals by a noninvasive method using a LE
5001 tonometer (PANLAB, S.L. Energia, 112 08940 Cor-
nell, Spain).

In the course of the experiment, on the 10™" and 20™"
days, the rats had electrocardiogram (ECG) readings
recorded in the second standard lead according
to the method of L.V. Lierman (1962).

Blood sampling was performed in rats from the tail
vein. The studies were performed according to a number
of common clinical studies of peripheral blood: the num-
ber of erythrocytes, hemoglobin, leukocytes, analysis
of leukocyte formula. The standard cyanmethemoglobin
photometric method was used to determine hemoglobin
content [9]. The number of erythrocytes and leukocytes
was counted using the test tube method in a Goryaev
chamber. Erythrocyte and leucocyte number were calcu-
lated according to standard formulae.

The following serum biochemical parameters were
measured by standard methods using Vector-Best di-
agnostic kits (Russia): activity of serum aspartate amino
transferase (AspAT), alanine aminotransferase (ALAT),
glucose, urea, total cholesterol and triglycerides.

Histomorphologic examination of heart, liver,
and kidney tissue was performed. A 12 % formalin solu-
tion was used as a fixative. After histological processing
using the AGP-1 apparatus (Russia), the samples were em-
bedded in paraffin. Sections 5-7 um thick were prepared
on a rotary microtome MZP-01 (Russia). The deparaffin-
ised sections were stained with haematoxylin and eosin
and Van Gieson picrofuchsin in order to reveal elastic
and collagen fibres. Histological preparations were ex-
amined by light microscopy method using Nicon Eclipse
E 200 (Nicon, Japan) with digital image transmission
to the monitor and processing in BioVision 4.0 software.
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Statistical analysis. Statistical processing was
performed using Statistica software for Windows v. 10
(StatSoft Inc., USA) by methods of variation statistics
with calculation of the following parameters: mean value,
standard error of the mean, statistical significance of dif-
ferences between comparison groups using the para-
metric Student’s t-test (t) if normally distributed.

RESULTS

The conducted studies revealed significant distur-
bances in the organism of experimental animals exposed
toindole and 1-benzylindole. Electrocardiographic exam-
ination of the experimental group of indole-injected an-
imals revealed a statistically significant increase in heart
rate (HR) and a 10 % increase in the duration of the P
wave, which is an identifier of an increase in the electrical
activity of the atria (Table 2) [10]. In addition, ECG of rats
that had received both indole and 1-benzylindole re-
vealed a decrease in the duration of the QRS complex.

A statistically significant increase in the elevation
of the R wave during ECG acquisition from rats that
survived 1-benzylindole poisoning is also an indicator
of the presence of functional cardiac abnormalities.

The indices of electrical activity of the heart muscle
during indole intake correlate with a decrease in the lev-
el of general excitability of experimental animals, which
was manifested in STl and motor activity changes (Ta-
ble 3). The negative effect of indole and 1-benzylin-
dole administration over physiological and behavioural
reactions was expressed as an increase in the ability
of the nervous system to sum up subthreshold impulses
by 12 % and a decrease in the motor activity of animals
in the maze: total horizontal activity by 30 %; directed
horizontal and vertical activity by 40 %, integral index
by 20 %. During the subacute administration a statistical-
ly significant decrease in body temperature by 0.4-0.6 °C
was observed. In animals that survived indole poisoning,
a statistically significant pronounced decrease in blood
pressure was revealed.

Analysis of the peripheral blood components com-
position revealed that administration of the studied
toxicants to animals resulted in relative erythropenia
and decreased haemoglobin concentration (Table 4).
In the quantitative characteristic of white blood, relative
leucopenia was observed, developing as a result of a 21—
23 % decrease in the number of paloconuclear and seg-
mented neutrophils. The decrease in leucocyte number
resulted in a relative lymphocytosis. A statistically insig-
nificantly expressed tendency to increase by 12-15 %
the number of eosinophils in the blood of indole-poi-
soned animals was observed.

Glycemic level is a significant diagnostic marker
showing the severity of biochemical disorders in intox-
ication. In rats poisoned with indole, an increase in se-
rum glucose levels was observed by 24 %, with 1-ben-
zylindole - by 14 % (Table 4). There was a 20 % increase
in blood urea concentration.
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TABLE 2

ELECTROCARDIOGRAM PARAMETERS OF RATS DURING SUBACUTE INTRAGASTRIC ADMINISTRATION OF
SUBSTANCES (M = M)

Experience (n=12) 524.0 £ 7.50%
Control (n=11) 496.9+7.74
Experience (n=12) 21.2+0.73*
Control (n=11) 19.2+0.34
Experience (n=12) 0.12+0.02
Control (n=11) 0.15+0.019
Experience (n=12) 445+ 1.25
Control (n=11) 441+£1.16
Experience (n=12) 19.5 £ 0.25*
Control (n=11) 20.6 +0.46
Experience (n=12) 0.62 +0.07
Control (n=11) 0.65 +0.07

540.0 £9.54
528.0+11.53
19.9+0.21
19.7 £0.22
0.13+0.02
0.16 £0.01
43.4+0.73
43.1+£1.19
194 £0.21**
20.3+0.21
0.77 £0.07*
0.95 +0.05

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.

TABLE 3

INTEGRAL INDICES OF RAT CONDITION DURING SUBACUTE INTRAGASTRIC ADMINISTRATION

OF SUBSTANCES (M = M)

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

49+0.19%
44+0.15
37.7 £0.12%*
38.1+0.08
132.2+5.81
136.3+3.72
81.5+4.01*
93.5+3.65
98.2 +3.18*
108.5 +3.61
21.8+2.78%
28.9+1.76
5.7+1.03
8.2+1.04
63+1.12
9.2+0.77
11.8 £1.05%
14.8 £0.32

48+0.10
46+0.10
37.5£0.14%**

38.1+£0.06

24.0+£3.91
27.8 +£2.68
53+1.03
7.2+1.03
53+1.03*
83+1.04
13.0+1.04
13.8+0.41

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.
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When both indole and 1-benzylindole were ad-
ministered, statistically significantly increased 1.2-1.3-
fold AspAT and ALAT activities were revealed in serum.
The study of lipid metabolism revealed an increase in se-
rum total cholesterol concentration by 25 % with indole

TABLE 4

administration and by 40 % with 1-benzylindole admin-
istration, and triglycerides by 45 and 50 %, respectively.

The changes revealed at the functional and bio-
chemical levels are confirmed by the data of morpholog-
ical studies of heart, liver and kidney tissue. For instance,

HAEMATOLOGICAL AND BIOCHEMICAL PARAMETERS OF BLOOD SERUM OF RATS DURING SUBACUTE
INTRAGASTRIC ADMINISTRATION OF SUBSTANCES (M + M)

Indices

HGB, g/L

RBC, 10'%/L

WBC, 10°/L

Leukocyte formula

Banded neutrophiles, %

Segmented neutrophils, %

Eosinophils, %

Monocytes, %

Lymphocytes, %

AspAT activity, mmol/(h « 1)

ALAT activity, mmol/(h « I)

Cholesterol, mmol/L

Triglycerides, mmol/I

Urea, mmol/L

Glucose, mmol/L

Animal groups (number)

Peripheral blood values

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

Serum biochemical indicators

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

Indole

156.2 + 3.87
161.6 +3.26
7.10x=0.12
730+0.11
120+£1.22
13.6 147
1.0£0.01
1.3£0.12
149+ 1.12
21.7+1.84
2.8+0.62
2.2+0.87
6.1+£0.50
7.1+0.74
76.6 +1.12

67.6 +£3.36

1.99 £ 0.074%**
1.49 +0.075
1.27 £0.115%**
0.62 +0.050
2.0 +0.097%*
1.6 £ 0.086
0.67 £ 0.054**
0.45+0.054
59+0.164
4.9+0.122
7.7 £ 0.222%**

6.2 +£0.261

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.
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1-benzylindole

148.5 £ 4.48*
161.0 +£3.36
6.65 +0.12*
7.0£0.11
125+1.08
152+£1.34
0.9+0.12
1.0+0.24
20.1+1.83
241 +2.82
2.8 +0.62
22+037
6.6 £0.37
6.8+0.74
67.8+1.85

63.0 +3.48

1.73 £0.040***
1.47 £ 0.047
0.77 +£0.073
0.67 +0.044

2.0 £ 0.125%**

1.4 +0.051
0.65 = 0.042*
0.43 +0.078
6.7 +0.470**

52+0.156

8.0 +£0.347

7.0+0.295



the following changes were revealed in myocardium:
cardiomyocytes were thinned, with the presence of un-
derlined striation; microcirculatory vessels were markedly
full blooded; intermuscular spaces were dilated; residual
traces of round cell infiltration were observed in some
areas of myocardium. Due to some «homogenisation»
of the middle layer of the vascular wall, thickening of ves-
sels is observed; slight infiltration with elements of lym-
phoid series is revealed in them. In the vascular lumen
- stasis phenomena with aggregation of aggregated
erythrocytes.

The liver revealed moderately pronounced fatty dys-
trophy accompanied by a significant decrease in the gly-
cogen content in the cytoplasm of hepatocytes compared
to the control.

The ingestion of toxicants caused a compensato-
ry-adaptive response of the organism, which manifest-
ed itself in diffuse proliferation of kupffer cells. Renal
lesions are expressed in the form of enlarged tubules;
as a result of swelling of capillary endothelium, the lumen
of the Shumlansky — Bowman capsule is narrowed, the ep-
ithelium of renal tubules is swollen, loose protein masses
are found in the lumen of tubules.

DISCUSSION

Data about the toxic effect of indole and 1-benzylindole
on the cardiovascular system in Russian and foreign open
sources are insignificant, while indole and its derivatives are
valuable industrial raw materials for the chemical and phar-
maceutical industries. The conducted studies have revealed
the studied xenobiotics as moderately and low hazardous
atacute intragastric intake into the organism, but it does not
exclude possible toxic effect, especially to heart and blood
system, at subacute and chronic exposure.

The results of the conducted experiment revealed
functional abnormalities in the heart. ECG monitoring
of the group of animals receiving indole revealed signs
of increased atrial electrical activity. The shortening
of the QRS complex duration revealed on the ECG of rats
poisoned by both substances compared to the control
may indicate an acceleration of the depolarisation process
and serve as a sign of myocardial electrical instability [11].

Lesions of the cardiovascular tract are not isolated,
but develop in combination with other general and specific
manifestations of the damaging effect of a chemical agent
to the organism. Administration of both indole and 1-ben-
zylindole statistically significantly decreased blood pres-
sure and body temperature, caused changes in the indices
of motor activity and STI, which demonstrates a decrease
in the general excitability of the animals’ organism.

Being universal, the body’s defense system elicits
a range of monotypic hematologic responses. The inges-
tion of substances in the body causes systemic damage
to the processes of haemopoiesis, which manifests itself
as a decrease in the number of erythrocytes and haemo-
globin concentration [12, 13]. A change in the percentage
of white blood elements can be considered the most typical

70

defence reaction of the organism to toxins. In the study
of white blood composition, relative leucopenia was ob-
served due to a decrease in the number of rod-shaped
and segmented neutrophils, which may be of diagnostic
value. The decrease in leucocyte number resulted in a rela-
tive lymphocytosis. The number of eosinophils in the blood
of animals exposed to indole poisoning is increased.

The increased level of enzyme activity in biomedical
studies serves as a marker of a diseased organ, reflect-
ing the level of its morphological destructive changes
and physiological intensity of metabolism. Glycemic levels
reflect the magnitude of severity of biochemical disorders
in intoxication. In rats poisoned with indole and 1-benzylin-
dole, an increase in serum glucose levels was observed,
which may indicate impaired oxidation of the main energy
substrates in the organs as a result of their toxic damage.

In standard clinical studies, the determination
of changes in aminotransferase activity is considered one
of the most highly sensitive marker assays for studying
the functional status of the cardiovascular system. These
enzymes are indicators of the state of organ membranes,
which are characterised by their highest activity. For As-
pAT, the myocardium is primarily such an organ [14, 15].
Consequently, the increased AsAT activity in the serum
of animals that had received indole and 1-benzylindole
reflects probable membrane abnormalities accompa-
nied by release of the enzyme into the blood. In this case,
the increase in ALAT activity may signal not only hepato-
cyte damage, but also anabolic processes dominating
in the organism of experimental animals [16].

The study of lipid metabolism revealed an increase
in the concentration of total cholesterol and triglycerides
in the blood serum of experimental groups of animals.
The proatherogenic effect of toxicants may be one
of the premorbid factors causing the development of ar-
terial hypertension in chronic poisoning. The hypercholes-
terolaemia that develops under conditions of intoxication
may be associated with both the ability of xenobiotics
to activate a number of enzymes involved in cholesterol
biosynthesis and the parallel inhibition of enzymes in-
volved in its breakdown [17].

The 20 % increase in serum urea concentration revealed
in the experiment may signal the initial stages of portal cir-
culation disorder with the accession of renal failure.

Morphohistological studies confirmed the toxic ef-
fect towards the heart of animals poisoned with indole
and 1-benzylindole. In the structure of the rat heart poi-
soned by these compounds, changes of dystrophic char-
acter, hypertrophic and atrophic changes of separate
fibres were observed, in the microcirculatory vascular
bed the walls were thickened at the expense of hypertro-
phy of cells of the muscular layer, full blood vessels were
sharply pronounced.

Study limitations. The study is limited by examin-
ing the toxicological characteristics of indole and 1-ben-
zylindole. In vivo experiments undertaken in accordance
with guidelines for the protection of experimental animals
limit their number as a result of animal hazards and public
ethical views towards in vivo experiments.



CONCLUSION

The results of experimental studies have revealed that
indole and 1-benzylindole under conditions of long-term
intake into the organism lead to heart disorders, clinical
manifestations of which can be such diseases as arteri-
al hypertension, cardiosclerosis, angina pectoris, cardi-
ac arrhythmias, atherosclerotic lesions of blood vessels.
For the purpose of prophylaxis at the production facilities
where contact of employees with indole and its derivatives
is possible, in addition to constant monitoring of work-
places and mandatory use of personal protective equip-
ment, regular occupational examinations of employees
with extended indices of general and biochemical blood
tests and mandatory control of ECG are necessary.
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