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Agidol-1 belongs to non-enzymatic antioxidants and represents a synthetic vitamin E analogue, it is widely used in chemical and food industries, livestock
production, cosmetology, perfumery and pharmaceutical production. The increase in its production is a prerequisite for creating optimal working conditions
for employees and developing the currently not existing hygienic standard of the tentative safe exposure level (OBUV) in workplace air. The study aimed to develop
and substantiate agidol-1 OBUV in workplace air through experimental study of toxicity and hazard. We studied toxicity, irritant, skin-resorptive effects and hazard
of agidol-1 concentrations of 24.7 and 67.8 mg/m?® after a single inhalation. Integrated indicators and functional indicators of some organs and systems were
assessed in rats after inhalation. It has been shown that based on toxicometry data (DL, ) after a single intragastric injection to mice agidol-1 is a moderately
dangerous substance (hazard class 3), while when administered to rats it is a slightly dangerous substance (hazard class 4). The substance has no irritant effect
on the rabbit ocular mucosa and skin, it does not possess skin-resorptive or cumulative activity. Inhalation of agidol-1 concentrations of 24.7 and 67.8 mg/m?® has
no toxic effect on the nervous, carviovascular, and respiratory systems, it does not alter peripheral blood composition and biochemical parameters of blood serum
and urine. The lack of agidol-1 harmful effects in the study, availability of MPC levels in ambient air for the Agidol brand substances with the chemical composition
similar to that of agidol-1 and hygienic standards for agidol-1 in different countries have made it possible to substantiate OBUV for production facilities of 10 mg/m?,
aerosol, hazard class 4.
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Arngon-1 oTHOCUTCSA K He(EPMEHTHBIM aHTUOKCUAAHTaM U SBASIETCS CUHTETUYECKMM aHanoroM BuTaMmuHa E, OH LUIMPOKO MCMONb3YeTCs B XUMUYECKOW
1 MULLIEBOIN MPOMBILLIIEHHOCTM, XKMBOTHOBOACTBE, KOCMETOMONMM, NapthtoMEpHOM MPOMBILLNIEHHOCTN 1 hapMalieBTVIKe. YBenmyeHne 06bemMoB ero Npov3BoACTBa
SBNSETCS NPEAnOChITKON A8 CO3haHMs ONTUMaTbHbIX YCOBUIA Tpyaa PaboTHUKOB 1 paspaboTKX OTCYTCTBYHOLLErO B HACTOsILIEE BPEMSI MMMEHNYECKOrO
HopMaTVBa — OPUEHTUPOBOYHLIN 6e30oMnacHbIi ypoBeHb Bo3aencTeust (OBYB) B Bo3ayxe pabo4yelt 30Hbl. Lienbto paboTsl 6bi10 paspaboTats 1 060CHOBaTbL
OBYB arnpona-1 B Bo3ayxe pabo4eit 30Hb! MOCPEeACTBOM KCMEPVMEHTAIBHOMO N3YyHeHWst TOKCUHYHOCTI 1 OMaCHOCTU. VI3y4eHbl TOKCUYHOCTb, pasapavkatoLLiee,
KOXHO-Pe30p6TVBHOE [OENCTBME 1 OMacHOCTb arnaona-1 B KOHUeHTpaumsx 24,7 1 67,8 Mr/mM® nocne OfHOKPaTHOW MHransumm. ocne uHransumm y Kpbic
OLeHVBaIIV MHTErpasibHbIe NOKA3aTesv N PYHKLMOHabHbIE MOKa3aTe i OTAESIbHLIX OPraHOB ¥ CUCTEM. YCTAHOB/EHO, HTO MO NokagaTtessiM TokeukomeTpun (DL )
MY OOHOKPATHOM BHYTPVKESYAOYHOM BBEASHN MbiliaM arnaon-1 OTHOCUTCS K YMEPEHHO OMacHbIM BELLIECTBaM (3-11 Kiacc OMacHOCTH), a Mpuy BBEAEHWM Kpbicam —
K MasioonacHbIM BELLLECTBaM (4-i1 KJlacc onacHOCTM). BellecTBO He okasbiBaeT pasapaxaroLlero achekTa Ha CIM3MCTYO 060104KY rasa 1 KOXy KposnKka,
He obnagaeT KOXKHO-Pe30POTUBHBIM AENCTBMEM N KYMYNATVBHON aKTUBHOCTLIO. VIHransuvst armpgona-1 B KOHUeHTpauvsix 24,7 Mr/m® n 67,8 Mr/M® He okasbiBaeT
TOKCUYECKOro [EMNCTBUSI Ha HEPBHYO, CEpAEHHO-COCYOAMNCTYIO 1N AbIXaTeNlbHyl0 CUCTEMbI, HE U3MEHSIET COCTaB Mepudepu4eckor KPOBN N BUOXUMNYECKIE
napameTpbl CbIBOPOTKM KPOBU 1 Movn. OTCyTCTBUE BPeAHbIX 3deKToB arnaona-1 B NpoBeAeHHOM 1UccnenoBaHum, Hanmuve MAOK B atMochepHoM Bo3ayxe
[N51 BELLECTB Mapku «Arvaon», 6/IM3KINX MO XMMUHECKOMY CTPOEHIIIO K arnzony-1, a Takke rmrmeHn4ecknx HopMaTueoB arnaona-1 B pasHbix CTpaHax No3sonmam
obocHoBaTb OBYB ansa nponsBoAcTBEHHbIX NoMelLeHnin 10 Mr/M3, aapo3osib, 4-11 Knacc onacHOCTU.
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Synthetic non-enzymatic antioxidants are widely used in almost
all areas of human life and activity, and the importance of those
is constantly growing. Their effects aim to inhibit oxidative
activity of free radicals and other substances, since oxidative
processes can impair the properties of polymeric materials,
oils used in industry, reduce the quality of food products, etc.
[1-3]. Antioxidants play an important role in comprehensive
approaches to disease treatment and prevention allowing one
to adjust the diet and prevent a number of disease processes
in the body [4].

Antioxidants are extensively used as food additives to improve
stability of food products. These ensure extended shelf life
of food products, preservation of nutritional value, natural
color and flavor. Antioxidants are contained in pharmaceutical
and cosmetic preparations, these are used in livestock production
when producing animal feed and to increase productivity [5-9].

In addition to natural antioxidants, an example of which
is vitamin E in foods, there are antioxidants obtained through
organic synthesis, i. e. synthetic ones, such as propyl gallate
(PG, E310), tert-butylhydroquinone (TBHQ, E319), butylated
hydroxyanisole (BHA, E320), and butylated hydroxytoluene
(BHT, E321). The latter, BHT or agidol-1 represents one of widely
demanded synthetic antioxidants.

It is used to produce petroleum products, synthetic
rubbers, plastics, elastomers, oils, waxes, soap, paints, and ink
[1, 2]. Agidol-1 is a synthetic vitamin E analogue registered
and licensed for cosmetics and packaging materials, food
products and animal feed. Thus, in cosmetology, it is used
as an additive when producting suppositories, creams, gels,
and skin care products [10-12]. Manufacture of cosmetics,
perfumes and pharmaceuticals, food products (food additive
E321) require the use of agidol-1 having a Vulkanox BHT GMP
Grade specification, which ensures microbiological purity
of the product and the quality compliant with the HACCP
(Hazard Analysis and Critical Control Points), GMP standards.

Agidol-1 as a food additive E321 is widely used to produce
various confectionery, dairy products, soft drinks, alcoholic
beverages, etc. The E321 food additive content standards
have been established for food products, which are 100-200 mg/kg
of the final product, and permissible daily intake of E321 with
food products of 0.125-0.3 mg/kg/day [13-15].

Taking into account the widespread use of agidol-1 as a synthetic
antioxidant and the increase in its production, it is necessary
to develop a hygienic standard (tentative safe exposure level,
OBUV) in workplace air, which is currently unavailable. In turn,
OBUV substantiation is an essential requirement for creating
optimal working conditions for workers in chemical, food
and chemical-pharmaceutical industries.

The study aimed to perform experimental assessment
of agidol-1 toxicity and hazard in order to estimate its workplace
safety.

METHODS

Butylated hydroxytoluene (Butylhydroxytoluenum, BHT),
the aromatic hydrocarbon, phenol derivative (C,H,,0),
was the study object. Its chemical names are as follows:
2,6-bis(1,1-dimethylethyl)-4-methylphenol; 2,6-Di-tert-butyl-
4-methylphenol; 2,6- Di-tert-butyl-4-hydroxytoluene; 2,6- Di-
tert-butyl-p-cresol. Synonims: Dibunol, lonol. CAS: 128-37-0,
molecular weight 220.35 g/mol. Tradenames: agidol-1 crystal
mark A; food additive E321. This is a white crystalline substance,
odorless or with a characteristic faint odor. T_ = 69-73 °C.
It is almost insoluble in water, soluble in 96% alcohol, acetone,
organic solvents, esters, fats [16-19].

Determination of the dispersion of agidol-1 dust particles has
shown that the sample of the test substance is homogeneous,
it consists mainly of large particles (1000 ym and more),
the presence of a small number of medium size particles (about
20-100 pm) has been reported; the ratio of the first and the latter
is 9 : 1. The mixture of substance particles after mechanical
grinding was used for inhalation: particles sized 50-200 ym
(70%), 10-50 um (20%), and less than 10 um (10%).

Experimental studies of toxicometry parameters and prediction
of safe industrial exposure levels were conducted in accordance
with the current legislation [20-23]. The experiments involved
laboratory animals: outbred white mice and white rats, albino
guinea pigs, chinchilla rabbits (Andreevka branch of the Scientific
Center for Biomedical Technologies of FMBA of Russia).
The animals quarantined for 10 days were kept under standard
vivarium conditions with ad libitum access to water and food.

The agidol-1 toxicometry parameters (DL, ) were determined
when performing intragastric administration of the substance
to both male and female mice (24 males, 18 females) and male
rats (18 animals), as well as when performing intraperitoneal
administration to male mice (24 animals). The DL, determination
groups consisted of 6 animals each. The average lethal doses
were calculated by probit analysis modified by V.B. Prozorovsky.

The irritant effect was assessed through a single injection
of 50 mg of the substance into the conjunctival sac of the rabbit
eye (3 animals), while the skin irritant effect was assessed through
a single or repeated application of 500 mg of the substance
in the form of suspension in starch gel (1 : 1) to the depilated
skin of the rabbit back (8 animals) for 4 h. The skin-resorptive
activity of the substance was assessed in male mice by dipping
2/3 of the tail length in the test substance suspension in starch
gel, i.e. by the test-tube method. Tails of the control mice
were dipped in the starch gel. The control and experimental
groups consisted of 6 animals each. The 2-h applications were
made daily throughout 4 weeks (5 days a week). The agidol-1
cumulative activity was assessed in male mice with intragastric
administration of the increasing doses of the test substance
in starch gel throughout 24 days by the method by Lim et al.
[24]. Initial dose was 150 mg/kg (0.1 DL,). The control animals
were subjected to intragastric administration of starch gel.
Experimental groups consisted of 10 animals each.

Taking into account low melting point (69-73 °C) of the studied
agidol-1, we studied inhalation hazard of the substance under
conditions of static inhalation. Single inhalations of outbred
male rats were performed in the specialized sealed 200 L
chambers for 4 h. Each group consisted of 8 animals. To record
manifestations of poisoning in rats, integral parameters (body
weight, body temperature), indicators of functional state
of certain organs and systems (nervous, cardiovascular
and respiratory systems), peripheral blood composition, liver
and kidney function were estimated.

To assess the nervous system functional state, the summation
threshold index (STI) estimation by the method by S.V. Speransky
was used [22], along with the complex of behavioral responses
in the open field test and the test in the dark chamber with holes
[23]. Respiratory rate (RR), heart rate (HR) were recorded; blood
pressure (BP) was measured, and rectal body temperature was
determined. The BC-2800 Vet hematology analyzer (Mindray;
China) was used to record red blood cell, white blood cell,
and platelet counts, hematocrit and the white blood cell
differential components: relative lymphocyte, neutrophil, eosinophil,
monocyte, and basophil counts.

To assess functional state of the liver in experimental
animals, serum glucose, total protein, albumin, and cholesterol
levels were determined, as well as enzyme activity (alanine
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Table 1. Agidol-1 acute toxicity parameter, intragastric and intraperitoneal administration

ORIGINAL RESEARCH

Bug, non >XnBOTHbIX Administration route DL, mg/kg DL, mg/kg DL,,, mg/kg
Male mice intragastric 715 1550 2400
Female mice intragastric 1550 2290 3020
Male rats intragastric - > 5000 -
Male mice intraperitoneal 200 480 757

aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (AP)). Functional state of kidneys was
assessed based on the 17 h urine output following the 4%
water load, as well as based on the urinary protein and chloride
levels; urinary pH and the levels of urea and electrolytes
(Na, K, and Ca) in blood serum and urine were determined.
Electrolyte concentration was determined using the PFM flame
photometer (ZOMZ; USSR). Urinary pH was determined using
the Kelilong automated pH meter (Kelilong; China) for small
amounts of urine.

Statistical processing of the results was performed using
the StatTech software package (StatTech; Russia) in order
to determine significant differences in the reported responses
of experimental and control animals under exposure to the drug
using Student’s t-test in accordance with the 95% (p > 0.05)
confidence level taking into account the number of animals
used in each experiment.

RESULTS

Determination of acute toxicity parameters after intragastric
administration revealed species differences in susceptibility
of rats and mice to agidol-1. DL, for rats exceeded 5000 mg/kg
(hazard class 4, slightly dangerous substances, GOST
12.1.007-76), in male mice it was 1550 mg/kg, and in female
mice it was 2290 mg/kg (hazard class 3, moderately dangerous
substances, GOST 12.1.007-76) (Table 1). Death of mice
was reported on days 5-8 after intragastric administration
of the substance. There were no clinical manifestations of poisoning,
only weight loss (up to 10-15%) was reported. In case
of intraperitoneal administration to male mice, DL, is 480 mg/kg
(according to classification by K.K. Sidorov, the substance
belongs to class 4 of slightly toxic substances) [25] (Table 1).

Agidol-1 had no irritant effect on the eye mucosa and the skin
(after the single and repeated application). No signs
of the skin-resorptive or cumulative activity was reported,
a single exposure to the agidol-1 saturated vapor caused no
changes in the overall state, animals’ behavior, and body’s
functional indicators (RR, STI, body temperature).

To determine the minimal effective concentrations (Lim_),
two concentrations of the agidol-1 aerosol were tested:
24.7 + 5.6 mg/m® and the maximum achievable concentration
of 67.8 = 12.5 mg/m?®. No deaths of laboratory animals were
reported during the experiments. There were no differences
in appearance and overall state between the experimental
and control rats. No effects of the substance on the rectal body
temperature and the studied physiological indicators (RR, STI,
BP, HR) or behavioral responses were reported.

Biochemical testing of the animals’ blood serum components
revealed no increase in hepatic enzyme activity, as well
as in the levels of protein, albumin, cholesterol, glucose,
metabolism and synthesis of which involve the liver (Table 2).
There was also no renal function impairment when inhaling
agidol-1 in both concentrations: no significant differences
in urine biochemistry parameters between experimental groups
and the controls were reported (Table 3).

There were no differences in peripheral blood hemoglobin
levels, red blood cell counts, hematocrit, platelet and white
blood cell counts between experimental groups of rats
and the controls (Table 4). The experimental rats’ leucogram
shows no differences from controls.

Thus, inhalation of agidol-1 concentrations of 24.7 mg/m?
and 67.8 mg/m? (maximum achievable) had no harmful effect
on the animals’ overall state, functional state of the nervous,
cardiovascular, and respiratory systems, as well as on peripheral
blood composition and biochemistry parameters of blood
serum and urea. No acute inhalation effect threshold was
determined during the experiment, therefore the acute effect
threshold Lim__ of agidol-1 > 67.8 mg/mq.

DISCUSSION

Agidol-1 being a representative of synthetic non-enzymatic
antioxidants is widely used in various various industries,
including chemical, pharmaceutical, food, medicine, and livestock
production [15-17]. In this regard, a goal was set for the study
to develop the agidol-1 safe exposure level in workplace air
for industries involving synthesis and its use. Based on the mechanism

Table 2. Blood serum biochemistry parameters in male rats following a single agidol-1 inhalation, M + m (n = 8)

Indicators Units Control Concentration, mg/m*

247 +5.6 67.8+12.5
Glucose mM/L 5.11+0.12 5.08 +0.13 4.89 +0.11
Cholesterol mM/h-L 2.23+0.07 2.21+0.06 2.18 +0.09
Urea mM/L 8.48 +0.13 8.35+0.16 8.21+0.18
Total proteins g/L 63.35+1.13 63.03 + 0.83 62.77 + 1.03
Albumins g/L 33.28 +0.73 33.09 + 0.55 32.85+0.93
ALT mM/h-L 1.08 + 0.03 1.11 £ 0.04 1.07 £ 0.02
ASP mM/h-L 3.62 + 0.05 3.68 + 0.08 3.71 +0.09
AP mM/h-L 7.14 +£0.16 7.26 +0.12 7.37 +0.14
Sodium mM/L 128.3 £ 0.75 128.2 + 1.06 128.6 + 0.93
Potassium mM/L 6.59 + 0.12 6.55 + 0.09 6.43 + 0.11
Calcium mM/L 2.03 £ 0.02 2.04 +0.01 2.02 + 0.03
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Table 3. Urine biochemistry parameters in male rats following a single agidol-1 aerosol inhalation, M + m (n = 8)

Concentration, mg/m?
Indicators Units Control

247 +5.6 67.8+12.5
Urinary output mL 5.42 + 0.67 5.63 + 0.46 6.01 + 0.58
Urinary pH u 7.02 +0.11 6.83 +0.13 6.92 +0.17
Protein mg/L 31.23+1.74 32.48 +1.53 32.85+2.18
Chlorides mM/L 4512 +2.15 47.03 + 1.68 50.05 + 2.17
Urea mM/L 473.5 +17.38 468.8 + 14.21 482.9 + 18.25
Urea clearance mL/min 0.30 + 0.03 0.32 + 0.02 0.35 + 0.03
Sodium mM/L 45.08 + 1.56 46.13 + 1.72 48.52 + 1.51
Potassium mM/L 32.23 + 1.67 32.82 +1.26 34.69 + 1.53
Calcium mM/L 0.38 + 0.03 0.39 + 0.02 0.41 +0.03

of action agidol-1 is like natural vitamin E, it is also a hydrogen
atom donor and converts peroxide radicals into hydroperoxides,
and the agidol-1 molecule deactivates two peroxide
radical molecules. Being a synthetic analogue of vitamin E,
it nevertheless effectively suppresses autocatalytic processes
of radical oxidation of various materials and products.

Agidol-1 is easily absorbed through the gastrointestinal
tract. After the long-term consumption of foods containing
the antioxidant it accumulates in the adipose tissue and the liver
with the half-life of 7-10 days. Agidol-1 is excreted mainly
in urine and to a lesser extent in feces [13]. The study
of the dispersion of the agidol-1 sample presented has shown
that it is almost homogenous based on the particle size
and is represented mainly by very large particles (about 1000 pm
and more). The ratio of large and medium particles is 9 : 1,
which can indicate the lack of the ability to penetrate into
the lower respiratory tract and elimination of agidol-1 in the upper
respiratory tract. The substance is almost insoluble in water,
which also makes it difficult for it to enter the lung tissue.
The findings on dispersion suggest the lack of negative agidol-1
aerosol effects when inhaled.

Experimental data on toxicometry and the substance
hazard assessment confirm the above. It has been shown
that based on the acute toxicity (DL,,) reported following
intragastric administration to mice and rats agidol-1 belongs
to moderately dangerous and slightly dangerous substances
(hazard classes 3 and 4, GOST 12.1.007-76) respectively,
which is fully in line with the literature data [18, 26-28]. Agidol-1
had no irritant effect on the rabbit skin and eye mucosa,
the experiment revealed no skin-resorptive or cumulative
activity.

According to the literature data, agidol-1 and agidol-O
(2,6-di-tert-butylphenol, the basic raw material for obtaining
agidol-1 and other effective phenolic antioxidants) do not
possess skin-resorptive or cumulative activity. The available
literature data on the irritant effects of agidol-1 are slightly
different. Most of authors note a weak irritant effect on the rabbit
eye mucosa and skin [13, 16, 28, 29], however, a number

of researchers report the lack of such effect [26, 30]. A single
exposure to agidol-1 saturated vapor causes no changes
in behavior or functional indicators of the animal’s body (RR,
STI, body temperature).

The literature data analysis shows that the prolonged
or repeated use of high-dose BHT (agidol-1) can affect
the function and structure of the lung, liver, kidney, result
in hyperfunction of the thyroid gland, adrenal glands,
cause alteration of peripheral blood composition (red
blood cell counts), blood serum composition, as well as lead
to weight. The authors believe that liver is the main target organ
for agidol-1 due to its lipophilicity. In cases of chronic oral
exposure to the BHT doses exceeding 25 mg/kg of body
weight/days, liver enlargement and induction of a number
of liver enzymes were observed [31]. In this regard, when
performing inhalations we relied on biochemical indicators
of the liver and kidney functional state, not avoiding assessment
of other body’s vital organs and systems.

The tests have shown that the dynamic inhalation exposure
to the agidol-1 aerosol concentrations of 24.7 mg/m?®
and 67.8 mg/m® (maximum achievable concentration) for 4 h
had no general toxic effect: no deviations in the state of the nervous,
cardiovascular and respiratory systems, as well as changes
in the function of the liver, kidneys and the composition
of the rat peripheral blood were noted.

Multiple experimental and clinical data unequivocally
confirm that agidol-1 has no sensitizing effect. The substance
is not classified as a mutagen or carcinogen. Agidol-1 shows
no selective effect on the reproductive system, since minimal
embryotoxic activity (decreased fetal weight) was reported
in chronic experiments involving exposure to the doses toxic
for maternal body [13, 16, 18, 26, 28, 30, 31].

When substantiating the agidol-1 OBUV, if no acute
inhalation effect threshold is established even for maximum
achievable concentration, it is necessary to refer to the standardized
analogues of the substance or to the approved standards
for the substance in atmospheric air of urban and rural
settlements. In domestic literature, there are data on toxicity

Table 4. Peripheral blood indicators of rats following a single agidol-1 aerosol inhalation, M + m (n = 8)

Concentration, mg/m?
Indicators Units Control

24.7+5.6 67.8 £12.5
Hemoglobin ag/L 1448 +5.9 139.6 + 4.5 138.1+4.4
Red blood cells 10%2/L 79+03 7.5+0.9 74 +0.6
Hematocrit U 445 +1.2 43.2+1.3 424 +15
Platelets 10%L 765.2 + 35.4 740.5 +25.9 738.9 + 23.7
White blood cells 10%L 7.7+04 75+05 7.6+0.8
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and hazard of three alkylphenol antioxidants of the Agidol
brand (agidol-0, agidol-1, agidol-10), comparative toxicological
characteristics of these are also reported. These studies
have vyielded estimates of safety of these substances
and recommended safe exposure levels in atmospheric air
of populated areas [30]. The evidence-based MPC for three
compounds of the Agidol brand (MPC, daily average — 0.6 mg/m?,
MPC, maximum single — 2.0 mg/m?, hazard class 4) were
approved by the Chief State Sanitary Physician of the Russian
Federation [32]. At the same time in different countries (USA,
Germany, UK, Denmark) the maximum permissible levels
of occupational exposure (TLV, ACGIH, PEL — NIOSH,
MAK — Europe) have been established for BHT (butylated
hydroxytoluene). These are within the concentration range
between 2 mg/m® and 10 mg/m?, however, the hygienic
standard of 10 mg/m? is valid in most countries [28].
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