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Assessment of the cytotoxic activity of humates produced
by “Shubarkol Komir” JSC

The development of new humic preparations from locally available raw materials is important for advancing
the domestic industry of the Republic of Kazakhstan. In Central Kazakhstan, humic preparations such as po-
tassium humate and sodium humate have been developed by “Shubarkol Komir” JSC based on weathered
coal. To confirm their applicability, studies assessing their biological activity and safety are required. The
purpose of this study is to evaluate the cytotoxic activity of potassium humate and a mixture of potassium
humate and humate in different dilutions. The study materials included humates produced by “Shubarkol
Komir” JSC, which were compared with a commercial preparation, ECO humate, using tests on Saccharomy-
ces cerevisiae cells and Artemia salina nauplii. The test results showed that high concentrations of humic
preparations (4 %) had an inhibitory effect on the foaming ability of yeast, which was lower than that of the
comparison drug nystatin. Concentrations from 0.5 to 0.005 % did not inhibit Saccharomyces cerevisiae and
activated the foaming ability. The results of the second experimental series demonstrated that both the
humates produced by “Shubarkol Komir” JSC and the reference preparation were non-cytotoxic to Artemia
salina larvae at all tested concentrations (0.5-0.005%), indicating their safety. Thus, the obtained data con-
firm the safety of using potassium humate and a mixture of potassium humate and sodium humate produced
by “Shubarkol Komir” JSC in agriculture.
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Introduction

The resources and effectiveness of organic fertilizers can be significantly increased through the use of
humic fertilizers produced from various natural organic sources (peat, highly oxidized low-ash hard coal,
brown coal, and oxidized brown coal, sapropel, organic industrial waste, etc.) containing large amounts of
humic acids [1-4].

Humic preparations are complex biologically active substances containing humic acids and humates [5,
6], a balanced set of macro- and microelements, and microflora, which enhance the protective properties of
plants and seedlings against a number of fungal and bacterial diseases [7-10].

It should be emphasized that humates are not a source of mineral nutrition and do not replace it, but on-
ly increase the coefficient of its utilization, therefore humate solutions can be used together with fertilizers,
herbicides, and fungicides [11]. Thus, the use of humates in combination with mineral fertilizers and pesti-
cides not only increases the yield of field crops and their efficiency, but also improves the quality of agricul-
tural products [12].

There is also the problem of effective assimilation of mineral fertilizers, which is central to crop pro-
duction. The complexity of solving this problem lays in the fact that potassium and nitrogen fertilizers,
which are easily soluble in water, are easily washed out of the soil, while phosphorus fertilizers, on the con-
trary, are bound by calcium, magnesium, aluminum, and iron ions present in the soil into an inert form that is
inaccessible to plants [13]. Only in the presence of humic substances does the efficiency of plant assimilation
of all nutrients increase dramatically [14].
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Humic preparations play an important role in increasing the biological activity of the soil, enriching
seeds with macro- and microelements, and as growth stimulants [15]. Of particular interest are complex hu-
mic fertilizers, which have been used in agricultural production for a number of years.

The purpose of this study is to evaluate the cytotoxic activity of potassium humate, a mixture of
potassium humate and sodium humate, and to determine safe concentrations for use on plants.

Experimental

The objects of the study were humate concentrates (4 %) provided by “Shubarkol Komir” JSC: potassi-
um humate, a mixture of potassium humate and sodium humate (in a ratio of 2:1, respectively). Distilled wa-
ter and a commercial sample of ESO humates served as controls in the studies. The tested humates were di-
luted to concentrations of 0.1 %, 0.01 %, 0.5 %, 0.05 %, and 0.005 %. Commercial ESO humate (manufac-
tured by NTO EcoTek, Russia) was used according to the attached instructions — 0.1 %.

Assessment of the cytotoxic activity of humates

The test for cytotoxic activity of humates was carried out in two variants: on a culture of Saccharomy-
ces cerevisiae cells and on larvae (nauplii) of Artemia salina crustaceans.

The first test consisted of assessing the rate of foam rise in a suspension of Saccharomyces cerevisiae
yeast [16]. Dry active Pakmaya yeast (Turkey) was used. The antifungal drug Nystatin at a concentration of
5 mg/ml was used as a positive control sample. The drug was first ground in a mortar until a homogeneous
mass was obtained, and then dissolved in water. A 10 % DMSO solution was used as a negative control.

Dough balls were prepared as follows: 0.2 g of glucose and 0.68 g of yeast were added to 9 ml of water.
1 ml of the test solution (samples of humates in different dilutions, DMSO, nystatin) was added to the result-
ing mixture. Three ml of the analyzed sample was transferred to measuring tubes, repeated three times for
each tested sample (Fig. 1), and incubated in a thermostat at a temperature of 30°C for 15 minutes.

After the time had elapsed, the volume of the foam formed and the rate of its rise were determined us-
ing the following formula:

v =V, Q)
where v is the foam rise rate (ml/min); V is the foam volume (ml); t is the time (min).

An increase in foam rise velocity was considered a stimulating effect, and a decrease was considered an
inhibiting effect compared to the control.

Figure 1. Experiments to study the lifting force of yeast in experiments with humic preparations

Artemia salina nauplii (Fig. 2) were used to conduct the second test for cytotoxic activity [17]. Artifi-
cial seawater was prepared for the crustacean culture (Tab. 1).

Table 1
Seawater composition
Component Molecular weight Added mass, g
NaCl 58.44 23.926
Na, SO, 142.04 4.008
KClI 74.56 0.677
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Continuation of Table 1

Component Molecular weight Added mass, g
Sodium bicarbonate (NaHCO5) 84.00 0.196
Potassium bromide (KBr) 119.01 0.098
H3 BOj; (boric acid) 61.83 0.02
Sodium fluoride 41.99 0.003

To conduct the experiments, 200 mg of Artemia salina eggs were weighed and placed in 1 liter of artifi-
cial seawater. The eggs were kept aerated, under constant lighting and at a temperature of 25 °C for 2-3 days,
until the larvae hatched (Fig. 2). After hatching, 20-40 larvae were collected using a Pasteur pipette and
placed in a 2 ml cell of a laboratory plate. The number of live and dead larvae in each cell was counted. Ten
micrometers of test solutions, positive and negative controls were added to the cells. The number of dead
individuals was counted after 1, 4, and 24 hours. The mortality rate (P) was analyzed using the following
formula:

P=(A—N—B) *100 %/Z, (2
where A is the number of dead larvae after 24 hours; N is the number of dead larvae before the experiment;
B is the average number of dead larvae in the control sample; Z is the total number of larvae.

Figure 2. Nauplii of Artemia salina

The cytotoxic activity of humates was determined based on the number of dead larvae.
Statistical processing of data on cytotoxic activity was performed using ANOVA dispersion analysis
with multiple comparisons according to Dunnet in the GraphPadPrizm 8.0 program.

Results and Discussion

The results of the assessment of the effect of humates on the buoyancy of Saccharomyces cereviseae
showed that a mixture of sodium/potassium humates in a high concentration (4 %), had a significant inhibitory
effect on the foaming activity of Saccharomyces cereviseae, which was significantly lower than the control val-
ues and the data obtained with the antifungal drug Nystatin. Concentrations ranging from 0.05 to 0.005 %
showed a weak stimulating effect, which was significantly higher than the foam rise when using Nystatin, but
significantly lower than the results obtained in the control. However, at concentrations of 0.1 % and 0.5 %, on
the contrary, the mixture of humates has a significantly stimulating effect on yeast cells (Fig. 3).

When testing potassium humate, it was found that the concentrate of this preparation, like the mixture
of humates, has an inhibitory effect on the foaming activity of Saccharomyces cereviseae. The foam rise in-
dicators were significantly lower than the control and the indicators obtained when adding the preparation
Nystatin. A concentration of 0.5 % potassium humate has a stimulating effect on yeast cells, while a further
decrease in concentration shows no stimulating or inhibiting effect (Fig. 4).

Testing of the comparison preparation (humate ESO) also showed that its concentrate (10 %) has nei-
ther an inhibitory nor a stimulating effect on the foaming activity of Saccharomyces cereviseae. However, a
decrease in concentration leads to inhibition of the foaming activity of yeast cells (Fig. 5).

Thus, statistical calculations showed that high concentrations of humic preparations produced by
“Shubarkol Komir” JSC (4 %) had a depressing effect on the foaming ability of yeast, which was lower than
that of the comparison preparation, the antifungal preparation nystatin. The humic preparation ESO at a con-
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centration of 10 % did not show an inhibitory effect. However, humate concentrations of 4-10 % are not
used in agriculture, as dilutions of at least 0.1-0.5 % are required.
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Figure 3. Effect of sodium/potassium humate mixture
on the foaming activity of Saccharomyces cereviseae:
one-way analysis of variance with multiple comparisons

by Dunnet; ns — insignificant; **p>0.01; ****p>0.0001.

The results are presented as mean + standard deviation.
Vertical axis — foam rise rate, ml/min; experimental
variants: 1 — 0.005 %, 2 — 0.01 %, 3 — control,

4 —0.05 %, 5 — 4 %, 6 — nystatin, 7 — 0.1 %,
8—05%
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Figure 4. Effect of potassium humate on the foaming
activity of Saccharomyces cereviseae: one-factor analysis
of variance with multiple comparisons by Dunnet;
ns — insignificant; **p>0.01; ****p>0.0001.
Results are presented as mean + standard deviation.
Vertical axis — foam rise rate, ml/min; experimental
variants: 1 — control, 2— 0.005 %, 3 — 0.01 %,
4—0.05%,5—0.1%,6—05%,7—4%,

8 — nystatin

Figure 5. Effect of ESO humate on the foaming activity of Saccharomyces cereviseae: one-way analysis of variance
with multiple comparisons by Dunnet; ns — insignificant;*p>0.05; **p>0.01; ****p>0.0001.
The results are presented as mean + standard deviation. Vertical axis — foam rise rate, ml/min; experimental variants:
1 — control, 2 — 0.005 %, 3 — 0.01 %, 4 — 0.05 %, 5 — 0.1 %, 6 — 0.5 %, 7 — 10 %, 8 — nystatin

Testing on Artemia salina brine shrimp at concentrations ranging from 0.5 to 0.005 % showed no inhib-
itory effect. According to the data obtained, mortality in samples treated with potassium humate at concen-
trations of 4 % and 0.5 % significantly exceeds that of the control sample. In addition, the difference in mor-
tality between the control sample and the sample treated with humate at a concentration of 0.05 % is also
statistically significant. However, despite this, all tested concentrations of potassium humate produced by
“Shubarkol Komir” JSC are not cytotoxic to Artemia salina crustaceans, since the mortality of larval nauplii
does not exceed 50 % (Fig. 6).

In experiments testing a mixture of potassium and sodium humate, mortality in samples treated with
humate at concentrations of 4 % and 0.5 % significantly exceeded that of the control sample. In addition, the
difference in mortality between the control sample and the sample treated with a mixture of potassium and
sodium humates at a concentration of 0.05 % is also statistically significant. The mortality rate in the sample
treated with a 4 % mixture of humates averages 72.2 %, which is much higher than 50 %, indicating that this
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concentration is cytotoxic to Artemia salina larvae. However, as the concentration of the potassium and so-
dium humate mixture decreases, cytotoxicity decreases (Fig. 7).
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Figure 6. Effect of potassium humate produced

by “Shubarkol Komir” JSC on the mortality of
Artemia salina larvae: one-way analysis of variance

1 ]

with multiple comparisons by Dunnet; ns — insignificant;

*p>0.05; ****p>0.0001. The results are presented as
mean =+ standard deviation. Vertical axis — larval
mortality; experimental variants: 1 — 4 %, 2 — 0.5 %,
3 — control, 4 — 0.1 %, 5 — 0.005 %, 6 — 0.05 %,
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Figure 7. Effect of potassium and sodium humate
mixture on Artemia salina larval mortality: one-way
analysis of variance with Dunnet’s multiple comparisons;
ns — not significant; *p>0.05; **p>0.01; ****p>0.0001.
Results are presented as mean =+ standard deviation.
Vertical axis — larval mortality; experimental variants:
1—4%,2—0.5%,3—control, 4 — 0.1 %,
5—0.005 %, 6 — 0.05 %, 7— 0.01 %

7—0.01%

Figure 8. Effect of ECO humate on the mortality of Artemia salina larvae: one-way analysis of variance
with multiple comparisons by Dunnet; ns — insignificant; *p>0.05. Results are presented as mean + standard
deviation. Vertical axis — larval mortality; experimental variants: 1 — 4 %, 2 — 0.5 %, 3 — control, 4 — 0.1 %,
5—0.005 %, 6 — 0.05 %, 7 — 0.01 %

According to the data obtained, the mortality in samples treated with ECO humate at a concentration of
10 % exceeds that of the control sample, but averages 10.2 %, indicating no cytotoxicity towards Artemia
salina larvae. The results obtained in samples with all tested concentrations indicate that ECO humate is not
cytotoxic (Fig. 8).

The data obtained allow us to conclude that humates produced by “Shubarkol Komir” JSC (potassium
humate, a mixture of potassium and sodium humates) and the reference preparation (humate ESO) are not
cytotoxic to Artemia salina larvae at all tested concentrations (from 0.5 to 0.005 %), i.e., the tested concen-
trations are safe for use.

Conclusion

The assessment of the toxicity of humic preparations on Saccharomyces cereviseae cells and Artemia
salina larvae showed that all humates produced by “Shubarkol Komir” JSC are non-toxic, i.e., safe for use
when diluted to concentrations of 0.5 % and below. All studied concentrations of potassium humate, mix-
tures of potassium and sodium humate, as well as the comparison preparation ESO, can be used in agricul-
ture for plant treatment.
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«Ilyb6apkes Kemip» AK eHaipren rymarrapablH HHTOTOKCHKAJIBIK
OesiceHAaiTIriH Oaranay

JKeprimikTi KODKETIMAI IIWKI3aTTaH jkKaHa TYMHHZAIK TIpernapaTTaplIsl o3ipiey >koHe jkacay Kaszakcran
PecnyOnuKachIHBIH OTaHBIK OHEPKACIOIiH aMbITy yiniH e3ekti. Optansik Kaszakcranaa «lllybapken Kemip»
AK-HBIH MOpBIFaH KeMipi HeTi3iHIe Kaluil TyMaThl JKoHE HATPUH TyMaThl CHSAKTHI TYMUHIIK Iperaparrap
azipirenni. Onmapasl KONgaHy MYMKIHAITIH pacTay YIIiH OHOJIOTHSUIBIK OEICeHITIK MeH Kayinci3aikTi 6aranay
OoMbIHIIA 3epTTeyNiep KaKeT. 3epTTeyHiH MaKcaThl — OPTYpPJl CYHBUITYJIApAaFrbl Kaluil TyMaThIHBIH JKOHE
KaJIMi TyMaThl MEH I'yMaT KOCIAaCBIHBIH IIUTOTOKCHUKANBIK OenceHnainirin Oaramay. 3eprreynep «lllybapken
Kemip» AK eumipren rymarrapga Eco KOMMEpUUMSUIBIK T'yMAThIMEH CalbICTBIpFaHaa Saccharomyces
cerevisiae xacymanapsl Men Artemia salina wayrmii mastH Topi3inepiH maiiganaHa OTHIPBIN KYPTi3iireH
CBIHAKTapa Xyprizinai. Tecriney HOTHKeENEPl KOPCETKEHAEH, OHAIPIITeH TYMUHI IPenapaTTapAblH KOFaphl
KOHIICHTPANUsACH (4 %) alIbITKbUIAPABIH KOOIKTCHY KaOUICTiHE TEXKETINI 9CepiH KOPCETTi, OV HUCTATHHI
CaNBICTBIPY KopceTKinrrepinen Temen 6ompl. 0,5-ten 0,005 %-ra neitinri koHueHTpauusuiap Saccharomyces
cerevisiae JenpeccusicblH KOpCeTieai jkoHe KeOikTeHy KabimeTiH Gencenmipai. Toxipubenepaid ekinmi
cepusichHBIH HaTIKenepi «lllybapken Kemip» AK eHIipreH rymaTTapblH j)XoOHE CANBICTHIPY NpenapaThiHbIH
GapibIK chiHaFaH KoHieHTpanusuiapsiga (0,5-rer 0,005 %-ra nmeiiin) Artemia salina masa Topizainepaig
JePHACIIEpiHE KaThICThl LUTOYBITTBUIBIFBI JKOK €KEHIH KOPCETTi, SFHM CBHIHAIATBHIH KOHIEHTpauUusap
KOJIIaHy YLIiH Kayinci3. Ocputaiima, aneiaran aepekrep «Lly6apken Kemip» AK aysun mapyamsuibIFsiHAA
Kanuil TyMaTblH JXKOHE KaJlMi TI'yMarbl MEH HaTpHil T'yMaThIHBIH KOCHACHIH KOJJAaHY/ABIH KayilCi3miriH
pacTanpl.

Kinm ce30ep: TyMUHIIK MpenapaTrTtap, Kajduii T'yMaThl, HATPUH TyMaThl, ITUTOTOKCHKAJBIK OCICEHIINIK,
KOHIICHTpAIHUs, KayilCi3IiK

A.Tl'. XKymuna, A.Jl. Opazb6aii, E.H. MaptsinoBa, A. K. A6topos, U.A. Cadponosa,
M.IL. Kynaunus, /I.M. XKekcembaen

OueHka HMTOTOKCHMYECKON AKTUBHOCTH T'YMAaTOB NPOM3BOJACTBA
AO «llyb6apkojb KOMHP»

Pa3paboTka 1 co3jaHie HOBBIX 'YMUHOBBIX MPENapaToB M3 MECTHOTO JOCTYITHOTO CBHIPBS SIBIISIETCS aKTyallb-
HBIM ]ISl pa3BUTHS OTEUECTBEHHOM NpoMbluieHHOCTH PecnyOnmky Kazaxcran. B LientpansHom Kaszaxcrane
Ha ocHOBe BEIBeTpenbix yriaeil AO «lllybapkomas koMmup» pa3paboTaHbl T'yMHUHOBBIE IIPETapaThl, TaKue Kak
TyMaT Kajus ¥ TyMaT HaTpus. sl HOATBEpKACHNS BO3ZMOXKHOCTH HX IIPUMEHEHHS HEOOXO MBI HCCIIeI0Ba-
HHS TI0 OIeHKe OMOIOTHYecKOH aKTHBHOCTH M Oe30macHOCTH. Lleb HacTOsIero ecaenoBaHus — OIEHUTh
IIUTOTOKCHYECKYIO aKTHUBHOCTh T'yMaTa KaJHsl M CMECH TyMaTa Kajlis U TyMaTa HaTpHs B pa3HBIX pa3BelCHHU-
ax. MccnenoBanns npoBoamiy Ha rymarax npomussozactsa AO «lllybapkoias KoMup» B CpaBHEHHH ¢ KOMMEP-
gyeckuM rymarom ECO ¢ ucmons30BaHHEM TECTOB Ha KieTkax Saccharomyces cerevisiae u Hayruinii paukoB
Artemia salina. Pe3ynbraTsl TeCTUPOBaHHS MOKA3aJH, YTO BBICOKHE KOHICHTPALIMH TYMHUHOBBIX MPEMapaTtoB
npousBoAacTBa (4 %) MoKasaly yrHeraroliee IeicTBHE Ha IMEHOOOpPa30BaTEIbHYIO CHOCOOHOCTH IPOXIKEH,
4T0 OBUIO HIKE TOKa3aTesel mpenaparta cpaBHeHUs — HucTtatuHOM. Konrentparmu ot 0,5 mo 0,005 % He
HoKa3allk yrHeTeHus Saccharomyces cerevisiae u akTHBHpPOBAIN MEHOOOPAa30BaTENbHYIO CIIOCOOHOCTH. Pe-
3yJIBTAThl BTOPOH CEpHH ONBITOB ITOKa3alH, 4To rymMarsl npousBojcTtBa AO «lllydapkonas komMup» M mpema-
paTt cpaBHEHHMs He 00JaJal0T IIMTOTOKCHYHOCTBIO IO OTHOLICHHIO K JIMYMHKaM padykoB Artemia salina Bo
BCEX MPOTECTHPOBAHHBIX KoHIEeHTparmsx (ot 0,5 mo 0,005 %), To ecTb HcHBITyeMble KOHIIEHTPAIUH SBIISIOT-
csi Ge30macHbIMH AJI NpUMeHeHHs. TakuMm o0pa3oM, MONTydeHHbIC JaHHBIE MOJATBEP)KIAIOT 0E30MacHOCTb
IPUMEHEHHUS TyMaTa Kalus U CMecU T'yMaTa Kauus U rymara HaTpus npousBozctBa AO «lllybapkons koMup»
B CEJIbCKOM XO3HCTBE.

Kniouesvie cnosa: TYMWHOBBIC IIpE€naparsbl, ryMmaT Kajausd, ryMaT HaTPpUsl, HTUTOTOKCUYCCKast aKTUBHOCTb, KOH-
HeHTpanus, 0e30MacHOCTh
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