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The effect of the industrial zone on the chemical composition
of some medicinal plants

Biological characteristics of medicinal plants is largely determined by the place of their growth. This article
presents the results of a study the influence of the industrial zone on the vegetation, the study of the influence
of anthropogenic factors on the chemical composition of medicinal plants — hawthorn, sea buckthorn, yar-
row growing in different conditions. The impact of industrial natural geotechnical systems is considered by
the influence of JSC SSGPO (Sokolov-Sarbai Mining Production Association) and the adjacent territory. of
Rudny city. Sokolov-Sarbai Mining Production Association develops deposits of iron ore by open pit and un-
derground methods. Analysis was performed with fruit, which is harvested from the territory of the industrial
mining zone, and with fruit which is harvested on the rural territory, located at a more remote distance from
the industrial zone, and pharmacy samples (Shymkent city). Alkalimetric method-used for determining the to-
tal acidity of all samples. Qualitative analysis of organic acids was carried out by a method of paper chroma-
tography, where the acids are extracted with a mixture of ether and acetone. The quantitative content of vita-
min C (ascorbic acid) was determined by iodometric method. The quantitative content of tannins was deter-
mined by a permanganat-metric method. To confirm the presence of the iron, aluminum, calcium ions in
samples harvested in the industrial area was determined by the ash content.

Keywords: medicinal plants, phytochemicals, hawthorn (Crataégus), sea Buckthorn (Hippdphaé rhamnoides),
yarrow (Achilléa millefélium), qualitative analysis, quantitative analysis, environment.

Nowadays, the problem of environmental protection is one of the most urgent. Certain contradictions in
the interaction between society and nature are inevitable. The human society solves many civilization pro-
gress problems at the expense of the nature. People in the production process borrow everything what they
need from the natural environment. Humankind-has declared itself as a force and the power of an influence
on the surface shell of the planet and today is almost equal to the cumulative effects of all living organisms.
Every year, tens of millions of hectares of agricultural lands, forests are being destroyed. Thousands of spe-
cies of animals and plants have disappeared. By today, the mining industry, especially open-pit mining is one
of the most dangerous affects, influences for the environment and greatly impacts on nature. This entails a
change in the landscape, the chemical composition of native plants.

Despite the emergence in the Arsenal of therapeutic agents in modern medicine and many synthetic an-
tibiotic substances, interest in medicinal plants has not disappeared. Many higher plants accumulate organic
substances used in pharmacology [1]. Biological characteristic of medicinal plants is largely determined by
the place of their growth. In the harvesting of medicinal plants for the treatment and prevention of various
diseases, it is necessary. not only to know the specific characteristics of their properties, but also to procure
medicinal raw materials correctly. We need to choose ecologically safe areas, not in contact with industrial
zones, highways, building objects.

This «article presents the results of a study the influence of the industrial zone on the vegetation, the
study. of the influence of anthropogenic factors on the chemical composition of medicinal plants — haw-
thorn, sea buckthorn, yarrow growing in different conditions.

The impact of industrial natural geotechnical systems is considered by the influence of JSC SSGPO
(Sokolov-Sarbai Mining Production Association) and the adjacent territory of Rudny city, Kazakhstan. In
this area there is a tension ecological situation, which was formed as a result of intense activity of the mining
complex. Sokolov-Sarbai Mining Production Association develops deposits of iron ore by open pit and un-
derground methods.

The chemical composition of medicinal plants (hawthorn, sea buckthorn, yarrow) native to Kostanay
area (North part of Kazakhstan) today has not been studied thoroughly. In this regard, we have conducted
chemical research of these medicinal plants. Hawthorn, sea buckthorn, yarrow — plants that are found on the
territory of the industrial zone. These organisms can be considered to be as indicator organisms. Bio-
indication is a very good evaluation of the environment by the reaction of living organisms.
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In traditional national medicine, the fruits and flowers of hawthorn is used for diseases of the heart, diz-
ziness, shortness of breath, insomnia, diseases of the gastrointestinal tract, in gynecology. Hawthorn contain-
ing remedies are used in functional disorders of cardiac activity, if angioneurosis, atrial fibrillation and par-
oxysmal tachycardia. Hawthorn fruit harvested at maturity from late September until the first frosts. The
chemical composition of the hawthorn has been well studied, e.g. in [2, 3].

Sea buckthorn blooms in April — May, before leafing or simultaneously with it. The fruits ripen in Au-
gust — September. In fruits of sea buckthorn contains vitamins: ascorbic acid, carotenoids, tocopherols, thia-
min, riboflavin, sterols, fatty and organic acids and other compounds [4, 5].

Yarrow herb has multilateral pharmacological properties due to the presence in medicinal raw material
of various biologically active compounds. The leaves of the plant contain the alkaloid ahillein, essential oil
which includes chamazulene; esters, camphor, thujone, borneol, glycosides of luteolin, tannins, resins;amino
acids, organic acids, carotene, vitamin K, ascorbic acid, bitter substances [6, 7].

The collected materials were dried in air in the shade, in a ventilated room. During the preliminary
analysis of aerial parts and fruits have been studied using qualitative reactions for the presence of organic
acids, vitamin C, tannins, flavonoids.

Analysis was performed with hawthorn fruit, which is harvested from the territory of the industrial min-
ing zone, and with hawthorn fruit which is harvested on the rural territory, located at a more remote distance
from the industrial zone; yarrow herb, collected similarly from the territory of the industrial zone and from
the rural territory as well. Pharmaceutical samples were also investigated (Shymkent city).

The leaves of the selected plants were removed from the plants, then washed under running tap water to
remove dust. The plant samples were dried for few days and the leaves were crushed into the powder and
stored in polythene bags for use. The powder was put into a test'tube. Distilled water was added to the pow-
der to soak it and shaken well, the solution then was filtered. The filtered extract of the selected plant sam-
ples were taken and used for further phytochemical analysis. Alkalimetric method used for determining the
total acidity of all samples — hawthorn, sea buckthorn, yarrow.

For the quantitative determination of organic acids, the extraction was carried out with distilled water
and titrated with 0.1 N solution of alkali. At account,.tis necessary to take into account the amount of alkali
consumed in the titration, and the amendment to the titer. The calculation is carried out as follows

XZ a-T-200-10
H -20
where a — amount of 0.1N NaOH, consumed. in the titration, ml; 7 — the amendment to the alkali titer;
200 — the total volume of extract, ml;20 — the volume of extract, spent for the titration, ml; H — weighed
amount of substance, g; 10 — conversion into:milli-equivalents of acids (1 ml of 0.1 N NaOH corresponds to
0.1 meq of acid); X — an amount of acids in plant sample, meq [2].

Qualitative analysis of organic acids was carried out by a method of paper chromatography, where the
acids are extracted with a mixtureof ether and acetone.

Analyzing the fruits-of hawthorn, sea buckthorn, there has been determined the qualitative composition
of the acid fractions by the method of ascending paper chromatography (R~value), with the use of special
indicators of acids:'As the mobile phase it was used the next mixture: n-butanol, formic acid, water. To pre-
pare the mixture it was taken 250 ml of n-butanol, 25 ml of formic acid and 297 ml of water. All these sol-
vents were transferred into a flask with a glass stopper, repeatedly shaken for several hours and allowed to
settle during the day. After settling of mixture the top layer was used. (The upper layer of n-butanol, saturat-
ed-with the formic acid).

The quantitative content of vitamin C (ascorbic acid) is determined by iodometric method in the fruits
of hawthorn, sea buckthorn, and yarrow.

Ascorbic acid is a strong reducing agent. During the titration iodine it is oxidized to form
dehydroascorbic acid:

b
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Ascorbic acid dehydroascorbic acid
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In the calculation of vitamin C content in the product was used, the formula for determining the mass

using the titer determined by the substance:
_nE
1000
where n — is the molar equivalent concentration of iodine; £ — the molar mass of equivalent of ascorbic
acid in grams equal to in this case, 88 grams; J'— is the volume used for titration of iodine in ml.
For recalculating the content of vitamin C in 100 g of the product, you must use the formula:
M -1000
5

According to literature data among biologically active substances of the samples it was observed a high
content of tannins. This plant polyphenolic compounds of different molecular weight, is ableto tan the skin.
Qualitative tests for tannins: 1) gelatin; 2) with acetate of lead; 3) with salesonline alum'(JACQUES). All
these reactions give positive results indicating the presence of tannins in the samples.

The quantitative content of tannins was determined by a permanganat-metric method:

A portion of the crushed material, sifted through a sieve with a hole diameter of 3:mm, placed in a coni-
cal flask with a capacity of 100 ml, poured 50 ml of boiling water and heated in a water bath-for 30 minutes
with frequent stirring. Liquid stand up for a few minutes and carefully filtered/through cotton wool into a
volumetric flask with a capacity of 250 ml so that the particles of the raw materials do not fall on the cotton
wool. Raw materials in the flask repeatedly extracted with boiling water, as described above, the liquid fil-
tered into the same volumetric flask. The extraction is repeated several times until a negative reaction for
tannins (sample with a solution of alum gentoomaniac). The liquid in a volumetric flask is cooled, and the
volume of extraction was adjusted to the mark with water. 25'ml of the resulting liquid placed in a conical
flask with a capacity of 1 1, add 750 ml of water and 25 ml of indigenously and titrated with constant stirring
0.1 n potassium permanganate until a golden yellow colouring:

1 ml of 0.1 n potassium permanganate solution corresponds to 0,004157 g of tannins in terms of tannin.
In parallel, perform a trial experiment, titrating 25 ml of indigenously in 750 ml of water [2]. The percentage
content of tannins is determined by the formula:

(V, =V,)KDV -100-100
mV; (100 — o)
where V; — volume of 0.1 KMnOy,, used for titration, ml; 7, — the volume of 0.1 KMnO, spent on control
experience, ml; K — correction for the titer (for oxalic acid); D — coefficient for tannin for hydrolyzable
tannins equals 0.004157, for condensed — 0.00582; V"— is the total volume of extract, ml; m — is the mass
of a sample of raw material, g; V3 — volume of extract taken for titration, ml; @ — the loss in weight of raw
material on drying, %.

To confirm the presence of the metals Fe, Mn in samples harvested in the industrial area was deter-
mined by the ash content.of yarrow. Ash substances of vegetable raw materials is called the residue of inor-
ganic substances generated after combustion of materials and subsequent calcination of the residue to con-
stant mass. Plants ash (total ash) consists of a mixture of various inorganic substances in the plant and miner-
al contaminants-that can get into the raw material at harvest and drying.

Ash often contains the following elements: K, Na, Mg, Ca, Fe, Si, P less often and in smaller amounts
Cu, Mn, Al, etc.

b

X =

b

Results and discussion

In order to identify organic acids, as an indicator solution was used Bromphenol blue solution (pH of
6.7). Organic acids are painted in bright yellow on a cyan background [2]. Results are presented in Table 1.

Table 1
Total acidity, quantitative content of vitamin C and quantitative content of tannins of the analyzed samples

Acids ' Hawthorn ' Buckthorn . Yarrow
Industrial zone| Rural zone |Industrial zone| Rural zone |Industrial zone| Rural zone
Organic acids, meq 19.2 32.0 19.3 34.7 34 6.0
Vitamin ¢, mg/100 g 14.0 26.4 450.0 700.0 140.0 240.0
Tannins, % 4.52 4.94 1.05 2.26 2.33 3.63
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During the determination of the total acidity, there was determined that the least content of free acids
are in the raw material gathered from the territory of the industrial zone. This was probably due to the high
content of metal ions in the soil of the factory. These differences in the content of organic acids, we assume,
are related to the fact that free acids can form poorly soluble salts with metal ions, and this is reflected in the
decrease in the content of free acids in the samples taken closer to the industrial area.

Table 1 also shows that the amount of vitamin C in raw material harvested in the countryside, higher in
comparison with samples collected near the industrial zone. This can be explained by the redox properties of
ascorbic acid in the presence of iron ions (Fe**, Fe'") [2]. L — ascorbic acid is oxidized by ions of Fe*’, re-
spectively, this leads to a reduction in the concentration of vitamin C in samples of the industrial zone. On
the other hand, the increase in humidity also contributes to the accumulation of vitamin C [3].

From these data we can conclude that the percentage content of tannins in the samples (Table l).taken
from the territory of the industrial zone is reduced. This is due to the ability of metal ions to reduce the con-
tent of tannins by precipitation. On the other hand, the increase in the content of tannins in the samplespro-
cured from rural areas can be explained by the hydrolysis of glycosides, phenolic compounds as tannins are
derivatives of phenolic compounds. This can occur due to frequent watering.

The qualitative composition of organic acids hawthorn fruit and sea buckthorn varies (Table 2). In the
fruit of a hawthorn collected from the industrial area, there are ascorbic acid, mali¢, citric, succinic. Whereas
in the fruit of hawthorn, collected from rural areas, the presence of only ascorbic acid and citric acid. In fruits
of sea buckthorn collected from the industrial area, there are ascorbic, malic, succinic acid. Suburban sea
buckthorn contains only ascorbic acid and citric acid. These differences can beexplained by processes occur-
ring in the citric acid cycle (the Krebs cycle), as the acid composition in the fruits depends on the stages of
the cycle.

Table 2
Qualitative composition of the acid fractions in the fruit of hawthorn, buckthorn
Acids R . Hawthorn . Buckthorn
- Industrial zone Rural zone Industrial zone Rural zone
Ascorbic acid 0.28 + + + +
Tartaric acid 0.42 —= — — —
Malic acid 0.58 + — + -
Citric acid 0.60 + + - +
Succinic acid 0.82 + - + -

The ash content in the sample with industrial zones is higher than in the pharmacy specimen (Table 3).
This confirms the assumption. that the yarrow from the territory of industrial zones accumulate metals that
can form compounds with organie.acids. This is also confirmed by the solubility of ash in water; completely
soluble only ash pharmacy sample, since it contains no heavy metals. Ash samples collected from industrial
areas, partly dissolved in acetic acid and completely in concentrated nitric acid when heated, which indicates
the contents in the grass of the insoluble carbonates and sulfates of elements such as iron, aluminum and cal-
cium.

Table 3

Inorganic analysis of the yarrow pharmacy specimen

Mineral .
components of ash Industrial zone |Drugstore samples

Ash 11.62 4.98

Cl’ + +

CO> + +

Fe3+ + —

A13+ + -

Ca’’ — —
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Conclusion

Thus, it was studied the influence of industrial natural geotechnical systems on the content of biologi-
cally active substances, of medicinal plants, growing near the Sokolov-Sarbai mining production association
factory. The results of the analysis show that the least content of free acids, vitamin C and tannins are in the
raw material collected from the territory of the industrial zone. It can be explained by the accumulation of
harmful and polluting substances by plant organisms.

The assumption, that plants are collected from the territory of the industrial zones accumulate metals, is
confirmed by the fact that the ash content in the specimen from industrial zones is higher than in the pharma-
Cy specimen.

It is clearly traced that plants growing on the territory of the Sokolov-Sarbai mining production associa-
tion factory, which is the zone of emissions of iron-containing waste, also contain an excessive amount of
iron.

One of the important conclusions, that should be noted, is the fact that when harvesting medicinal
plants, it is necessary to choose the right areas where it is possible to collect medicinal-taw materials. For
this, it is necessary to choose environmentally clean areas, free of the industrial pollutions, and do not con-
tact industrial enterprises, motorways, mining enrichment plants.
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Jopijtik eciMaikTepaiH XUMHUSIBIK KYPaMbIHA
OH/lipic OpPBIHIAPBIHBIH dcepi

Jopinik eciMmikTep/iiH OHONOTHSJIBIK CHIIATTaMachl HETi3iHeH oapAblH 6cy opTachiHa Toyeini. Makanaaa
JOJIaHa, LIBIPFaHAK, MBIHXKAMBIPAK CHSIKTBI JOPUTIK OCIMIIKTEpIiH XHMHSJIBIK KypaMmblHa OHIpic
OPBIHIAPBIHBIH KOHE AHTPOMOJIOTHSIBIK (AKTOPIAPIBbIH OCEPiH 3epTTeY >KYMBICTAPBIHBIH HOTHXKeIepi
Oepidren: OHIIPICTIK Te0-TeXHUKAIBIK XyHeHiH acepi CoxonoB-Capbibaii Tay-KeH OHJIIpPICTIK OipIecTiriHig
(OAO «CCTTIO» — «CCTKOBb» AAK) xoHe coraH »aKbIH OpHAJIACKaH PymHBIN KagachIHBIH MaHaWbIHAH
JaWBIHIAIFaH JOPLTIK OCIMIIKTEPiH XUMISIIBIK KYPaMbIH 3epTTeY HOTIKECIHE TYKbIphIMIaaFad. COKOI0B-
Cappi0ail Tay-KeH OHJIPICTIK OipJIECTIri alIbIK KOHE XAOBIK TOCUIMEH TEMIp KEHIEpiH eHIIpedi. 3epTrey
YILIH J0JlaHa MEH HIBIPFAHAKTBIH JKeMICTepi JKoHEe MBIHXKAIBIPBIKTHIH Jkep OeTi Gesiri eHaipic opslHIapbIHA
JKAKBIH JKEPIIEPJICH, all CalbICTBIPY YIIIH OHAIpic aiiMarbIHaH aJbIC OpPHANACKAH cashKaillapaH qailbIHAAIIbL.
BapinbIK chlHaMaJIap/IbIH JKaulbl KbIUIKBUIIBUIBIFBI ATKaIMMETPHSUIBIK SAICTICH aHbIKTANIbl. OpraHuKablK
KBIIIKBUIIAP/BIH CanajblK Kypambl Kara3 Oerinzgeri xpomartorpadusi oficiMeH >(QuUp MEH aleTOHHBIH
KOCIIaCBIMEH JKCTpPAaKIMs HOTIKeciHae Xyprisinmi. C nepyMeHiHIH Meimiepi HOIOMETPHSIBIK SmiCIeH
(ackopOMH KBINIKBUIBI), TAaHHUHAEPIIH MOIIIepi NepMaHTaHATOMETPHUs OiCIMEH aHBIKTAIABL OHIIpic
ayMarblHaH XWHAJFaH ChIHAMaJapIblH KypaMbIHAA TEMip, aTIOMHHUNA HMOHIAPBIHBIH OapibIFBIH JoJeNey
YILIIH CBIHAMaJapAbIH KYJiHE CalalblK TAAay diCTepiHeri apHalibl peakusap KOIJaHbUIIbL.

Kinm ce3dep: nepinik eciMaikTep, GUTOXUMUS, HOJaHa, IIBIPFaHAK, MBIHXKAIIBIPAK, CAITANbIK TaJllay, CAHIBIK
Tajjay, IKOJNOrHsl.
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Biansinne npoMbIIIJIEHHON 30HbI HA XUMH4Y€CKHUA COCTAB
JIEKAPCTBEHHBIX PACTEHUI

Bronornueckne xapakTepHCTUKH JIEKapCTBEHHBIX PAaCTEHMII B 3HAYMTENIBHON CTENICHH ONPENEISIOTCS Me-
CTOM MX Ipou3pacTaHus. B craThe NpencTaBieHbl Pe3ysbTaThl U3YUECHHs BIUSAHHUSA IPOMBIIUICHHOW 30HBI Ha
PACTUTENbHBIH MOKPOB, BIMSAHHS aHTPOIOTCHHBIX (PaKTOPOB Ha XMMUUYECKHI COCTaB JICKAPCTBEHHBIX pacTe-
HMIT — OOSPBIIIHUKA, OOJNEUXH KPYLIMHOBUIHOMN, THICAYEIMCTHHKA OOBIKHOBEHHOT'O, IPOM3PACTAIOIINX B
Pa3IMUHBIX YCIOBUSAX. BIMsHUE TPOMBIIIEHHON NPUPOJHON T'€OTEXHHUYECKON CHCTEMBI PACCMOTPEHO Ha
npumepe OAO «CCITIO» (Coxonoscko-Capbaiickoe TOpHO-IIPOM3BOJCTBEHHOE OOBEIMHEHUE) U MpHIIe-
raromeit Teppuropun ropona Pyaaoro. Cokonoscko-Cap0OaiiCKiM TOpHO-IIPON3BOACTBEHHEIM 00bEIMHCHUEM
pa3pabaThIBAIOTCS MECTOPOXKACHUS XKEIEe3HBIX PyJ OTKPBITEIM M MOA3EMHBIM criocobamu. J[yist anammsa mc-
TIOTb30BAINCH IIIOABI OOSIPBIIIHIKA W OOJIENINXHM, KOTOPHIE 3arOTaBIMBAIN C TEPPUTOPHH IPOMBIILICHHON
30HBI, ¥ JUIsI CPAaBHEHHsI COOMpAITH IUIOJBI HAa TEPPUTOPHUH Jad, HAXOJMBIINXCS Ha OoJiee OTHAICHHOM pac-
CTOSHMHM OT IPOMBILUICHHON 30HBI; TpaBa THICAYCIUCTHUKA, COOpAHHAs AHAIOIMYHO C TEPPUTOPHM TIPO-
MBILIICHHOI 30HBI U C TEPPUTOPHH Aad. J{s ompeneneHus: oOLIeil KUCIOTHOCTH BCeX 00pa3L0B HCIOJIb30~
BaJICS aJKATUMETpUUYecKuil MeTo]l. KauecTBeHHOE onpe/ieneHne OPraHu4ecKuX KHCJIOT MPOBOAMIN METOA0M
OyMaxxHOIT XpoMaTtorpaduu, JJIst 3TOr0 KUCIOTHI SKCTPArupoBaliM cMechio ddupa u anerona. KonuyecTseH-
Hoe cozepxaHue BuTaMuHa C (acCKOpOMHOBOI KHCIIOTHI) ONpeNessin HOoJoOMeTpHIeCKUM MeToxoM. Koiae-
CTBEHHOE COJIepKaHHe TAHMHOB ONPEIeIUIH METOIOM IepMaHraHaTOMeTpHu. I HOATBEP K ACHNS IPUCYT-
CTBHUSI HOHOB METAJUIOB JKeJe3a, AIIOMHUHMS, KaJbIHs B 00pa3nax, CoOOpaHHBIX B IPOMBIIIIIEHHOH 30HE, OIpe-
JeTISITH 30JI6HOCTD THICSYENTCTHUKA.

Kniouegvie cnosa: nexapcTBeHHbIE pacTeHHs, QUTOXUMUS, OOAPBIIIHHUK, 00JIennXa KPYLIINHOBUIHAS, ThICSUE-
JIMCTHUK OOBIKHOBEHHBIH, Ka4UeCTBEHHBIN aHANN3, KOJIMUECTBEHHbIH aHAIN3, SKOJIOTHsl.
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