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The present article illustrates the experimental results of acute and sub-acute toxicity of
crown-ethers (12-crown-4, 15-crown-5, and 18-crown-6). The experiments were performed upon
biological objects of different complexity of structure-functional organization. Crown-ethers
impaired growth and reproduction of Daphnia and unicellular Algae at 5 and 10 mg/l concentrations
and caused toxic action upon tissue cellular culture (Jgp9, X-63, Hep-2, Vero) and buccal epithelium
at 0.05 and 0.5 mg/l concentrations. Cytotoxic action of the investigated xenobiotics was connected
with DNA, RNA, and protein biosynthesis disturbances. The results of experiments with rats, mice,
and guinea-pigs showed crown-ethers to be moderately toxic and extremely cumulative substances.
The cellular cultures and buccal epithelium could be used in express-evaluation of biological
activity of newly synthesized xenobiotics, as the reliable indexes of determination of potential
danger of chemical compounds for warm-blooded animals.
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ITapamMeTpl TOKCHYHOCTI Ta KYMYJSATHBHI BJIACTMBOCTI  KpayH-eipiB Yy
KOPOTKOCTPOKOBHX ekcnepuMentax. Kparenko P.I. — Hamano pesynbratu ekcrpec-oLiHKA
rocTpoi Oi0JIOTIYHOI aKTHUBHOCTI Tpymu KpayH-edipiB (12-kpayn-4, 15-xpayn-5, 18-kpayH-6),
3M1iCHEHOT Ha 010JIOTIYHUX 00’€KTaxX Pi3HOI CKIAAHOCTI CTPYKTYPHO-(DYHKIIOHATIBHOI OpraHi3arii.
Kpayn-edipu mnopymyBanmm picT 1 pO3MHOXKEHHS JadHIM Ta OJHOKIITHUHHUX BOJOPOCTEHY
KOHIIeHTpamisx 5 ta 10 Mr/i, cpaBisuid TOKCHYHY JIiF0 Ha TKAHUHHI KYIbTYpH KIITHH (Jg29, X-63,
Hep-2, Vero) i Oykkabaui eniTeniil y konnerTpamisx 0,05 ta 0,5 mr/n BignosigHo. [luTroTokcnyuna
Iisl JOCHITHUX choiyk Oyna moB’si3aHa 3 mopymeHHsaMm Oiocunrtedy JHK, PHK Tta Oinky.
ExcnepumeHTH Ha IIypax, MUIIAX Ta MOPCHKMX CBHHKAX BHSBHJIM, IO KpayH-edipu BiIHOCSTHCS
710 IOMIPHO TOKCHYHUX Ta HAI3BUYAMHO KYMYJISTHUBHHMX CIONYK. KyapTypu KIiTHH 1 OyKKanbHUN
emiTeii MOXYTh OyTH BHKOPHCTaHI ISl €KCIPEC-OI[IHKK Ol0JIOTIYHOI aKTMBHOCTI XIMIYHHUX
PEUOBHH, SK HAMAIMHI MOKAa3HUKU iX MOTEHIIIHOT HeOEe3MeyHOCTI Ui OpraHi3My TEIUIOKPOBHUX
TBapHH.

Knwuosi cnosa: xpayn-epipu, mnapaMeTpu TOKCHUYHOCTI, KyMYJSTHBHI BJIAaCTHBOCTI,
KOPOTKOCTPOKOBI €KCIIEPUMEHTH.

INTRODUCTION
Within the last 20-30 years, the volume and assortment of compounds
produced by organic synthesis industry has been significantly widening. In
technically developed countries the production of macroheterocyclic crown-ethers
has been particularly increased. These compounds possess such unigque properties as
solubility in many non-aqueous mediums, high stability, selectivity of oxido-

38 © Kratenko R.1. 2016
http://doi.org/10.5281/zenodo.167375


http://orcid.org/0000-0003-2118-5035

Kratenko R.I.

reductive reactions, ability to form complexes with metals, etc. Therefore, crown-
ethers find growing application in electrochemistry, pharmacy, medicine. It has been
estimated that only Russian chemistry industry produces more than 10,000 tons of
macroheterocyclic compounds annually. To be noted, one ton of the produce form
about 40 m® of waste water. The latter may cause serious problems reaching natural
water objects in terms of creating significant obstacles in adequate water delivery to
population and in disturbing the natural self-cleansing processes of ponds and rivers.

The essential problem of biology and practical toxicology encompasses
determination ways of chemical compounds various parameters, i.e. general
biological activity, toxicity class, cumulative, skin-resorbtive, organoleptic
properties. Newly-synthesized xenobiotics testing parameters should be of the utmost
importance.

MATERIALS AND METHODS

The express-evaluation of crown-ether group (12-crown-4, 15-crown-5, 18-
crown-6) biological activity was performed using biological objects of different
complicity degree — from mono-cellular to organism levels. Determination of crown-
ethers toxicity degree was carried out using a representative of lower crustacean —
Daphnia magna, monocellular Algae (Dunaliella salina, Pedinomonas tenius), tissue
cultures (Jge, X-63, Hep-2, Vero) and native cells of buccal epithelium. The
substances influence on biological objects was studied according to the following
indexes: growth, multiplication and survival of Daphnia; disturbance of Algae
mobility, their adhesion and coagulation; loss of cellular cultures ability to uptake
neutral red colorant, appearance of cells pathologic forms, cells adhesion; decrease in
buccal epithelium cells electronegativity [1]. The experimental concentrations of
crown-ethers were 1.0, 5.0, 10.0, 20.0, 30.0, 50.0 mg/I.

Determination of crown-ethers toxicity parameters in short-term experiments
was performed using warm-blooded animals — Vistar population rats (180-210 g),
white mice (21-23 g), guinea-pigs (350-380 g) [2]. The doses of crown-ethers were
chosen so that the determination of lethal effect could be performed in doses interval
of LDg-LD;go. The substances were administered directly in stomach in pure form
with the usage of metal catheter one time, with the following observation of the
animal within 15 day. We registered the time of animal’s death and the total sum
quantity of administered substance. The dead and survived animals were subjected to
path-morphologic autopsy.

Chronic poisoning is known to be closely related to cumulation of the poison
itself in the organism or/and to the alterations evoked by the poison. Cumulation of
crown-ethers in the animals organism was investigated according to Lim’s method [3].

RESULTS AND THEIR DISCUSSION
The preliminary evaluation of crown-ethers biological activity using Daphnia
showed all investigated compounds in concentrations 5 mg/l and higher to be slowing
down growth and multiplications of the lower crustacean. In concentration of 10 mg/I
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the substances evoked sterility effect which was characterized by the absence of
young animals offsprings. Crown-ether concentrations higher than 20 mg/l resulted in
100 % death of young and mature Daphnia. The threshold concentration of the
crown-ethers group according to their influence on Daphnia magna was established
at the level of 5 mg/I.

The unicellular Algae Dunaliella salina, Pedinomonas tenius were proven to
be somewhat less sensitive to the action of the investigated compounds. In
concentrations of higher than 10 mg/l crown-ethers action decreased their mobility,
resulted in their adhesion and subsequently in their coagulation precipitation to the
bottom of model ponds. The threshold concentration of the crown-ethers group
according to their influence on unicellular Algae was established at the level of 10
mg/l.

The investigation of crown-ethers toxicity extent using cellular cultures (Jgpg,
X-63, Hep-2, Vero) displayed the investigated compounds in concentrations higher
than 1 mg/l to decrease the ability of cells to sprawl and uptake neutral red colorant
as well as to result in cells pathologic forms appearance, cells corrugation and their
slipping form glass.

The investigation of *H-thymidine, *H-uridine and **C-leucine incorporation in
the cellular cultures manifested the significant inhibition of these processes, which
signified the reduction of DNA, RNA and protein biosyntheses at the influence of
crown ethers. The sensitivity of liver (Hep-2) and green monkey kidney (Vero) cells
cultures was somewhat higher than sensitivity of other cultures. Non-action
concentrations on cellular cultures were 0.05 mg/I for 12-crown-4, 0.2 mg/l for 15-
crown-5 and 0.05 mg/I for 18-crown-6.

Determination of crown-ethers biological activity in relevance to buccal
epithelium cells showed their high sensitivity to the toxic agents. The crown-ethers
concentrations of 1 mg/l and higher decreased electro-kinetic properties of buccal
epithelium nuclei in 30 % and more. Threshold concentration was established at the
level of 0.5 mg/l; maximal non-action one — 0.1 mg/l. The investigated compounds
influence on buccal epithelium cells nuclei electronegativity allows to conclude
membranotropic action of crown-ethers at the stage of preliminary evaluation.

The results of express-evaluation of crown-ethers acute toxicity signified the
higher sensitivity of buccal epithelium cells to the investigated substances compared
to other models.

The primary task of toxicological investigations using warm-blooded animals
should be establishment of toxicity parameters clinical pattern of poisoning, species
and gender sensitivity due to substances per oral way of administration in the
organism of rats, mice and guinea pigs. Crown-ethers are evaluated to be moderately
toxic compounds (3¢ class of toxicity), which do not possess species and gender
sensitivity (tab.1).

The average time of animals death was in the interval of the first half of day.
The clinical pattern of acute poisoning was characterized by CNS disturbance
symptoms (tremor, seizures, absence of reactions upon sound and pain stimuli),
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homodynamic and respiration impairment. Within 1-5 minutes after crown-ether
administration the animals developed shiver, increased heartbeat, increased
respiration rate, movements coordination disturbance, skin and mucous membranes
cyanosis. Depending upon substances doses administered to animals, colonic seizures
ending up with the animal death arose in time interval of 30 min — 14 h 50 min.

Table 1
Crown-ethers toxicity parameters

Animal Substance | Toxicity parameters, g/kg | ETsg, h-min Kc
species LDsg LD1go
White 1.17 3.0 1-50

rats 12-crown-4 0.312
White 1.26 3.0 1-28

mice
Guinea 1.30 3.0 1-30

pigs
White 1.35 3.5 14-20

rats 15-crown-5 0.71
White 1.46 3.5 12-40

mice
Guinea 1.40 3.5 14-50

pigs
White 1.27 3.0 0-42

rats 18-crown-6 0.54
White 1.23 3.0 0-30

mice
Guinea 1.30 3.0 0-35

pigs

The alteration of inner organs was characterized by plethora and dystrophic
changes in liver, kidney, heart, brain and lymphoid apparatus.

The investigation of crown-ethers ability to be cumulated in the organism
or/and to cumulate action effects allowed us to establish coefficients of cumulation —
0.312, 0.71, 0.54 for 12-crown-4, 15-crown-5, 18-cown-6 correspondently.
According to the classification of cumulation degree all the substances belong to
extremely cumulative compounds. The most toxic and cumulative substance is 12-
crown-4, the least toxic and cumulative one — 15-crown-5.

The evaluation of the macrocyclic compounds influence upon skin and mucous
teguments established the substances to possess weak skin-irritating and skin-
resorbtive action. The experimental substances penetration effect through the intact
skin was investigated by blood biochemiluminescent method. The results showed
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blood biochemiluminescention of experimental animals to grow increased from the
first hour of the chemical compounds application whereas clinical biochemical
methods allowed to determine the compounds ability to penetrate through skin in the
remote periods of observation (on 20-30 days). This fact gave the opportunity to use
the blood biochemiluminescent method for the express-evaluation of the
experimental substances penetration through the intact skin.

CONCLUSIONS

1. Acting on the different levels of structure-functional organization of
biological objects, crown-ethers are able to disturb growth and reproduction of
Daphnia and unicellular Algae, to cause the toxic action upon the tissue cells cultures,
buccal epithelium and organism of warm-blooded animals. The most sensitive bio-
objects to the action of crown-ethers were the tissue cells cultures and buccal
epithelium. The cytostatic effect of crown-ethers was based upon disturbance of
DNA, RNA and protein biosynthetic processes.

2. The crown-ethers threshold concentrations by the compounds action upon
Daphnia and unicellular Algae (Dunaliella salina, Pedinomonas tenius), tissue
cellular cultures (Jgop9, X-63, Hep-2, Vero), buccal epithelium are established at the
levels of 5.0, 10.0, 0.05, and 0.5 mg/Il correspondently.

3. The parameters of the experimental compounds acute toxicity displayed
crown-ethers to be moderately toxic and extremely cumulative xenobiotics which do
not possess species and gender sensitivity.

4. Crown-ethers are able to penetrate through the intact warm-blooded animal
skin and possess skin-irritating and skin-resorbtive properties.

5. Blood biochemiluminescent method could be used for the express-
evaluation of the experimental substances penetration through the intact warm-
blooded animal skin.

6. The tissue cellular cultures of human liver (Hep-2), green monkey kidney
(Vero) and of buccal epithelium might be used in express-evaluation of biological
activity of newly synthesized xenobiotics, as the reliable indexes of determination of
potential danger of chemical compounds for warm-blooded animals.
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ITapamMeTpbl TOKCHYHOCTH W KYMYJSTHBHbIE CBOHCTBa KpayH-3()MpoB B
KpaTKocpo4HbIX 3KkcnepuMenTax. Kparenko P.M. — IlpuBeneHs! pe3ysbTaThl 3KCIPECC-OLEHKN
OCTpO¥ OMOJIOTHYECKON aKTUBHOCTHU TpYIIbl KpayH-3¢upoB (12-kpayn-4, 15-kpayn-5, 18-kpays-
6), OCYyIIECTBIEHHOH Ha OHOJOrMYECKMX OOBEKTaX pa3jIMYHON CIOXXHOCTH CTPYKTYpPHO-
dbyHKIMOHANBEHON opranu3anuu. KpayH-3¢upsl Hapymaim pocT, pa3sMHOXKEHHE AapHUN H
OJTHOKJICTOYHBIX BOJIOPOCIIECH B KOHIEHTpausax 5 u 10 mr/m, oka3bBaJid TOKCUYECKOE JICHCTBUE Ha
TKaHEBBIE KYJIbTYPHI KIETOK (Jg29, X-63, Hep-2, Vero) u OykkaabHBIN SMUTEINA B KOHIICHTPALIASIX
0,05 u 0,5 mr/n coorBeTcTBeHHO. llUTOTOKCHUECKOE NEHCTBUE MCCIEAYyEeMbIX COCIWHEHUN OBLIO
ces3ano ¢ HapymenueM cuHTe3a JIHK, PHK u Oenmka. DkcrepuMeHTHI Ha KpbIicaX W MOPCKHX
CBMHKAX IIOKa3alld, YTO KpayH-d2(QHUpbl OTHOCATCS K YMEPEHHO TOKCUYHBIM M YPE3BBIYANHO
KYMYJSTUBHBIM BellecTBaM. KynbTypbl KJI€TOK U OyKKalbHBIM SOUTENIUA MOTYT OBITh
WCIOJIb30BaHBI /ISl SKCIIPECC-OIICHKU OMOJIOTUYECKONW aKTHBHOCTH XMMHUYECKUX COCTUHEHUH, KaK
HaJEKHbIE IM0Ka3aTeIu MOTEHIIUAIBHON X OMAaCHOCTHU IS OpraHU3Ma TeINIOKPOBHBIX KUBOTHBIX.

Kniouesvie cnosa: xpayH->Qupbl, mapameTpbl TOKCUYHOCTH, KyMYJISTHBHBIC CBOMCTBA,
KpPaTKOCPOYHbIE KCIIEPUMEHTHI.
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