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SPREADING OF
ARTEMISIA ANNUA L. AND ITS CONTENT OF ARTEMISININ

Abstract. This article presents the results of study resources and the assessment of the raw material base of the
industrial source of the antimalarial drug “Artemisinin” derived from Artemisia annua L in the Almaty region of the
Republic of Kazakhstan. Phytocenotic characteristic of the communities was carried out, the operational stock and
the possible volume of annual raw materials harvesting of Artemisia annua L were determined.

The content of pharmacologically active sesquiterpene lactone artemisinin in the raw material of Artemisia
annua L from different coenopopulations was discussed. It also provides recommendations for the exploitation of the
natural reserves of Artemisia annua L.

Key words: Artemisia annua L., coenopopulation, operating stock, raw materials, CO,-extraction, sesqui-
terpene lactone, artemisinin.

Introduction. Artemisia annua L. (one-year warmwood) is the main source of raw materials for the
production of the antimalarial drug artemisinin, developed on the basis of the sesquiterpene lactone with
the same name (1) [1].

Artemisinin (1)

The World Health Organization (WHO) estimates that amount of artemisinin to provide at least
120 million treatments is 96,000 kg. At the same time, around 500 million cases of malaria are reported
every year around the world [2].

The main suppliers of artemisinin in the world are Chinese and Indian companies, such as: Maysar
Herbals (Haryana, India), KPC Pharmaceuticals (Kungming, China), Xi'an Lyphar Biotech Co., Ltd.
(Xian, China), Guangzhou Quanao Chemical Co., Ltd. (Guangzhou, China), Nanjing Zelang Medical
Technology Co., Ltd. (Nanking, China), Kerui nanhai (Chongqing, China) [3]. Despite the ongoing
cultivation of Artemisia annua L. [4] and obtaining one-year species with artemisinin content up to 2%
with regard to air-dry raw materials [5], as well as developing a semi-synthetic method for producing
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artemisinin, pharmaceutical companies are still dependent on harvesting plant materials in nature due to
the high cost of these methods [6].

In the Republic of Kazakhstan, the habitat of Artemisia annua L passes through a narrow strip of
South and South-East Kazakhstan: the Zaisan depression, the valleys of the Chu, Sarysu, Syrdarya rivers,
the Prikaratau piedmont plain, the foothills of the Dzungarian, Ili and Kyrgyz Alatau [7, 8]. Reconnais-
sance surveys of one-year-old wormwood thickets were conducted earlier [9] in the Almaty region of the
Republic of Kazakhstan.

The purpose of the research is to identify and evaluate the raw material base of Artemisia annua L in
the Almaty region for the preservation and balanced use of renewable plant materials, as well as to
determine the content of sesquiterpene lactone artemisinin in coenopopulation different of different places
of growth.

Materials and methods. Object of study - natural populations of Artemisia annua L. in the Almaty
region of the Republic of Kazakhstan (figure 2).

Artemisia annua L. is a widespread cosmopolitan plant, which grows on sandy places, gardens and in
settlements. The stalks of the Artemisia annua L reach a height of 30-100 cm, erect. Stem leaves are short;
lower leaves sessile twice pinnate; periston-cut ovoid segments. The leaves are alternate, broadly ovate
shape, 2.5-10 cm long and 2.5-4 cm wide, with 2-3 segments on each side. Petioles of lateral segments
widely bordered. End of nibs quickly acuminate. The flowers are yellow. Baskets on drooping thin legs
1-3 mm long, hemispherical, form a common loose, wide densely leafy paniculate inflorescence; naked
wrapper, linear filmy leaves. Edge flowers in a thread-like basket; median - glass and tubular. The fruit is
an oblong flat achene without a crest, it blooms in July - August. The fruits ripen in August - September.
The longevity of populations of Artemisia annua L ranges from 1 to 7-9 years, after which the species is
displaced [10].

Figure 2 — Artemisia annua L. on territory of Almaty region

Traditional methods of geobotanical [11-13] and resource research were used during carrying out the
work [14].

Supercritical CO2-extraction was carried out at the USFE-5/2 installation (production GORO-
engineering, Russia). Carbon dioxide food GOST 8050-64 was used As the extractant.

Extraction of raw material (weight in all experiments was 100 g) was carried out at a pressure of
25 MPa, extraction time 3 hours and a temperature of 60 ° C.
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The quantitative content of artemisinin in the extracts was determined by HPLC on an Agilent
1260 chromatograph (USA) compared to an external standard, under the following conditions: Zorbax
SB-C18 sorbent column, 4.6 x 150 mm, particle size 5 pm, acetonitrile-water mobile phase 60: 40, detec-
tion at 235 nm, the column temperature is room temperature, the speed of the mobile phase is 0.5 ml/min.

Results and discussion. In August 2018 we made route-reconnaissance survey and found coenopo-
pulations in the village Uzynagash Zhambyl district, near the village of Shilikbay Zhambyl district, near
the village of Sayan Karasai, near the village of Kainar Karasai, village Kaskelen Karasai in the
neighborhood Akshi village of Enbekshikazakh district, in the vicinity of the village of Awvat,
Enbekshikazakh district, village of Turgen of the Enbekshikazakh district and in the vicinity of the village
of Enbek Alm Atinsky region of Enbekshikazakh district with a total length of 300 km. As a result of the
expeditionary work in the surveyed area, 10 fishing arrays of Artemisia annua L were identified (table 1).

Table 1 — Productivity and raw material reserves of the aboveground mass of the generative organs Artemisia annua L.
in Almaty region

Plant Model Productivity Operating stock | Volume of possible
Location of coenopopulation | Square dens1t};, plgnt (air dry weight) of a1r-d.ry raw |annual .procurement
pes/m weight, ) materials, t of air-dry raw
g g/m c/hectare materials, t
2 km from vill. Uzynagash 2 | 1,240,03 |14,7540,1 | 17,740,5 | 1,7+0,05 0,34 0,14
Zhambyl district
Vicinity round village Shilikbai | | 51 3 41 05 | 36,9423 |125.544.6 | 12,5204 1,88 0,75
of Zhamby] distric
Vicinity round village Shilikbai | 51 35,0 04 | 357000 1142237 | 11,4203 1,94 0.78
of Zhamby] distric
Vicinity round village Sayan 22 | 2,7+0,03 | 36,8+4,1 | 99,4432 | 9,9+0.3 2,18 0,87
Karasay district
Vicinity round village Kainar 09 |22+0,02 | 24,8+32 | 54,5£3,1 | 5,4+0,3 0,49 0,19
Karasay district
Village Kaskelen Karasay 12 | 2.7£0,04 | 345526 | 93,1433 | 9.3£03 1,12 0.45
district
Village Akshi of
Enbokenikamkh district 1| 1,120,02 | 14,1402 | 15,5+1,3 | 1,540,1 0,15 0,006
Village Avat, Enbekshikazakh 1,1 | 2,120,01 | 25,5£0,9 | 53,5£2,9 | 5,3+0,2 0,58 0,23
district
Village Turgen 13 |2.9£0,03 | 30042,1 | 89,6532 | 89403 1,16 0.46
Enbekshikazakhskogo area ’ T T T T ’ ’
Vicinity round village Enbek 25 |2,3+0,03 | 24,2+1,4 | 55,633 | 5,5+0,3 1,38 0,55
Enbekshikazah area
Total 15,4 11,22 4,48

Coenopopulation 1 (C3 1) is located 2 km from the village. Uzynagach, Zhambyl district,
43°22'16,74 " N, 76°98'52,79 " E, forming a weedy community along the edge of the field. Co-dominants:
Cichorium intybus L., Agropyron cristatum (L.) Beauv. First tier 85-130 cm - Artemisia annua L.,
Cannabis ruderalis Janisch., Urtica dioica L.; second 40-80 cm - Cichorium intybus L., Acroptilon repens
(L) DC., Lactuca tatarica (L.) C.A.Mey.; third 25-40 cm - Agropyron cristatum (L.) Beauv., Achillea
nobilis L.; fourth - Trifolium pratense L., Plantago lanceolata L., Malva pusilla Sm. The height of Arte-
misia annua L ranges from 90 to 135 cm, the number of commodity individuals is 1.2 + 0.03 pcs/m”. The
area of thickets is 2 hectares, the operating stock is estimated at 3.4 centners, of which the volume of
possible blanks is 1.4 centners.

Coenopopulation 2 (CP 2) 43°13'44,16" N, 76°22'14,46" E. Thicket number 2 is found near by
village Shilikbay Zhambyl district. The thicket was located on the edge of an abandoned field, with a total
area of 1.5 hectares. Co-dominants: Lactuca tatarica (L.) C.A.Mey., Achillea nobilis L., Cirsium arvense
(L.) Scop. SpycHocTs He BEIpaxena. Types of tiers are not pronounced. The average height of specimens
of the Artemisia annua L was 111.7 £ 2.4 cm, diameter 51.1 = 1.2 cm. The number of commercial
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specimens per 1 m* was 3.4 + 0.05 pieces. The operational stock of raw materials on an area of 1.5 hecta-
res of CP amounted to 18.8 centners, of which the harvesting can be carried out at a level of 7.5 centners.

Coenopopulation 3 (CP 3) 43°14'48,17" N, 76°24'16,53" E. is located 400 meters from the thickets
number 2 and covers an area of 1.7 hectares. The vegetation is growing on a hill side. In this community,
2 tiers are expressed: the first tier (110cm): dominants - Artemisia annua L. second tire (till 55 cm) - Bro-
mopsis inermis (Leyss.) Holub., Lactuca tatarica (L.) C.A.Mey., Tripleurospermum inodorum (L.) Sch.
Bip. The number of commodity plants per 1 m* was 3.2 + 0.04 pieces, with an average height of plants of
wormwood 106.9 £+ 3.1 cm and a diameter of 39.5 + 0.7 cm. ¢, the amount of possible harvest - 7.8 c.

Coenopopulation 4 (CP 4) 43°17'54,50" N, 76°44'90,21" E. was discovered near the Sayan village of
the Karasai district and covers an area of 2.2 hectares, located on abandoned fields. Co-dominants:
Glycyrrhiza uralensis Fisch., Arctium tomentosum Mill.. Marked 2 tiers: upper tier 80 cm and higher -
Artemisia annua L.; Arctium tomentosum Mill.; bottom 30-50 cm - Glycyrrhiza uralensis Fisch., Poly-
gonum aviculare L. The yield was 9.9 centners per hectare. The operational stock of air-dry raw materials
is 21.8 centners, the volume of possible harvest is estimated at 8.7 centners.

Coenopopulation 5 (CP 5) 43°16'19,64" N, 76°44'53,00" E. grows in the vicinity of the village
Kainar of the Karasai district and covers an area of 0.9 hectares, located on abandoned fields. Edificator in
the community Artemisia annua L., Co-dominants: Cannabis ruderalis Janisch., Onopordum acanthium
L. in high tier (80-130 cm) and Xanthium strumarium L., Achillea millefolium L. in bottom tier (20-
35 cm). The average plant height was 125.4 £ 3.1 cm, diameter - 21.6 & 0.8 cm. The operational stock was
4.9 centner of air-dry raw material, of which up to 1.9 centner can be harvested.

Coenopopulation 6 (CP 6) 43°21'62,71" N, 76°69'23,08" E. was found 2 km from the village.
Kaskelen of Karasay district towards Almaty with a total area of 1.2 hectares. The number of commodity
plants is 2.7 = 0.04 pcs/m”. The yield was 93.1 g/m’, the operational stock of raw materials was estimated
at 11.2 centners, the amount of possible raw material harvesting was 4.5 centners.

Coenopopulation 7 (CP 7) 43°50'92,64" N, 77°65'50,18" E. grows in the vicinity of the village.
Akshi of Enbekshikazakh district, and covers an area of 1 hectar. The height of Artemisia annua L in the
CP was 140.4 £ 4.0 cm, diameter 12.6 + 0.3 cm. Co-dominants - Artemisia vulgaris L., Cirsium vulgare
(Savi) Ten. The presence of tiers is not marked. the operational stock of raw materials was estimated at
1.5 centners, the amount of possible raw material harvesting was 0.6 centners.

Coenopopulation 8 (CP 8) 43°40'48,1"N, 77°29'76,03" E. is located in the vicinity of the village of
Avat of the Enbekshikazakh district on the edge of a corn field on an area of 1.1 hectares, the operational
reserve is estimated at 5.8 centners, of which 2.3 centners can be harvested annually. Co-dominants
Xanthium strumarium L., Cannabis ruderalis L. The average height of wormwood in the CP is
130.0 £ 3.1 cm, diameter - 34.2 £ 0.9 cm.

Coenopopulation 9 (CP 9) is located in the vicinity of the village of Turgen, Enbekshikazakh district
43°41'11,62"N, 77°61'14,19" E. on an abandoned field of 1.3 hectares, the operational reserve is estimated
at 11.6 centners, of which 4.6 cent can be harvested annually. Edificator Artemisia annua L., Co-
dominants Xanthium strumarium L., Polygonum aviculare L. The average height of wormwood in the CP
is 129.3 + 3.6 cm, diameter - 35.8 £ 0.7 cm.

Coenopopulation 10 (CP 10) was marked near the village of Enbek Enbekshikazakh district
43°40'48,1"N, 77°29'76,03" E. 43°47'46,69" N, 77°45'27,44" E. in an abandoned field, the total area was
2.5 hectares, the operational reserve is estimated at 13.8 centners, of which 5.5 cent units can be harvested
annually. Edificator Artemisia annua L., Co-dominants - Cichorium intybus L., Polygonum aviculare L.
The average height of thicket in the CP is 117.4 + 2.9 cm, diameter - 25.6 £ 0.8 cm.

Thus, according to the results of resource studies on the territory of the Almaty region, 10 Artemisia
annua L. coenopopulations were found, the total operating stock was 112.2 centners, of which the annual
harvesting volume was 44.8 centners (figure 3).

The most promising for the procurement of raw materials is the CP 4 with an operating stock of
21.8 c, but, due to the increased economic activity, we can see a noticeable decrease in the raw material
stocks of Artemisia annua L. in the Almaty region of the Republic of Kazakhstan. In the event of an
increase in the demand for raw materials of Artemisia annua L., cultivation is recommended under
conditions acceptable to growing, since one-year wormwood successfully goes through all phases of
growth and gives a high yield of above-ground mass in Kazakhstan [15].
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Figure 3 — Map of Artemisia annua L raw materials on the territory of Almaty region

— Marker designation of sites for the collection of raw materials.

To determine promising coenopopulations in terms of the content of the target substance artemisinin
(1), we conducted studies to determine the optimal modes of supercritical fluid extraction of Artemisia
annua L. collected in 10 coenopopulations to obtain an extract with quantitative content of artemisinin (1).

The results of supercritical fluid extraction and quantification of artemisinin are shown in table 2,
which shows the average values for 3 experiments.

Table 2 — Comparison of the output of CO,-extract of wormwood annual and
the volume of the possible production of artemesinin (1) from the place of collection of raw materials

Place of collection Output (s/f extract, | Content oui Artemesinin, | Volume of artemisinin production,
0 0 (g) kg/year
neighborhood of the village Avat 7,2 5,48 (0,40) 0,92
neighborhood of the village Turgen 6,5 9,44 (0,62) 2,85
neighborhood of the village Enbek 7,6 9,48 (0,72) 3,96
neighborhood of the village Sayan 5,2 13,30 (0,70) 6,09
neighborhood of the village Kainar 4,33 17,47 (0,76) 1,44
neighborhood of the village Kaskelen 7,5 17,92 (1,34) 6,03
neighborhood of the village Akshi 6,4 8,10 (0,52) 0,99
neighborhood of the village Uzunagash 10,0 0,80 (0,08) 0,11
neighborhood of the village Shilkibay 5,0 3,03 (0,15) 1,13
B e e | s 136010

As can be seen from table 2, the content of artemisinin (1) varies from 0.1% (neighborhood of
Shilikbay) to 1.34% (neighborhood of Kaskelen), depending on the place of collection, therefore pro-
mising in terms of industrial production of artemisinin (1) are coenopopulations of Artemisia annua L. in
the vicinity of Kaskelen village with artemisinin content up to 1.34%, Sayan village - up to 0.7% and
Enbek village - up to 0.72%, which is 6.03 kg per target substance (1), 6.09, kg and 3.96 kg respectively.

Conclusion. On the territory of the Almaty region in the Republic of Kazakhstan promising for
industrial workpieces in terms of the amount of raw material harvested are thickets of Artemisia annua L.
in the vicinity of the Shilikbai and Sayan settlements (coenopopulations 2, 3, 4). In general, the total ope-
rational stock of air-dry raw wormwood in the surveyed cenopopulations was 11.22 tons, with a possible
annual harvest of 4.48 tons, while the average content of artemisinin in air-dry raw materials is 0.26%,
which is on the target substance is 8.0 kg of artemisinin. The total area for collecting air-dry raw
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wormwood was 15.4 hectares. At the same time, according to the content of artemisinin in raw materials,
the most promising are coenopopulations in the vicinity of the villages of Kaskelen, Sayan, Enbek
(1.34%, 0.7% and 0.72%, respectively) with the possibility of total annual procurement of air-dry raw
wormwood in an annual amount of 1 , 87 tons, while the average content of artemisinin in air-dry raw
materials is 0.92%, which in terms of the target substance is an average of 16.0 kg of artemisinin. That is
why, Artemisia annua L. with rational use of the identified thickets in the Almaty region is provided with
a raw material base and its operational reserves in the vicinity of the villages of Kaskelen, Sayan and
Enbek are the basis of the industrial production of the antimalarial drug «Artemizininy.
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C. M. 9nekenos, E. M. Fadnynnun, U. A. Xabapos, B. b. Bekees, 3. K. llloymekxos
«DUTOXMMUS XANIBIKAPAJIBIK FHUIBIMU-0HIpicTiK Xonauuri» AK, Kaparanael, Kasakcran

BIPKBIJIJIBIK 7KY CAHHBIH (ARTEMISIA ANNUA L.) TAPAJIYbI
KOHE OHbIH KYPAMbBIHJIAT'BI APTEMU3NHUH

AnHoTanus. Makanana Oe3reKkke Kapchl « APTEMH3MHHH» IPeNapaThIHBIH OHEPKACINTIK Ke31 0ok TaObI-
JaTBIH OipXBUINBIK XKyCaHHBIH (Artemisia annua L.) Kazakcran PecnyOnmkacel AnMaTsl OONBICHIHIAFBI IIHAKi3aT
KOpbIHa Oara Oepilill, OHBIH PECYpCTapblH 3€pPTTEy HOTIDKENepl KeNTipiireH. BipKBUIABIK JKycaH eciMIiK
OipiecrikTepine (GUTONEHO3ABIK cumaTTama Oepisiai, OHbI HaiganaHy KOpbI J)KOHE INHUKI3aThIH KBUI CAalbIH JalbIH-
JTayJBIH BIKTUMAJ KeJieMi OenTijieH .

OpTYPIIl LEHOMOMYIISAMsIAPIAFbl OIPKBULIBIK JKyCaH IIUKI3aThIHBIH KYpaMbIHIAFbl (papMaKoJOTHsIIbIK Oern-
CeHJI apTeMM3WHHH CECKBUTEPIICH]I JIAKTOHBIHBIH MOJIIIEP] TaJKbUIaHabl. Bip)KbUIIBIK JKyCaHHBIH TaOWFU KOp-
JIapbIH Naianany OOMbIHINIA YCHIHBIMAAP Oepiiii.

Tyiiin ce3nep: Artemisia annua L., neHonomynsnus, naiinanany Kopsl, mukizar, CO,-3KCTpakysiay, CECKBU-
TEpIeH/i JaKTOH, apTEMH3UHHH.

C. M. Anekenos, E. M. I'adayniun, U. A. Xab6apos, b. b. bekees, 3. K. llaymekon
AO «MexayHapoIHBIH HAYIHO-ITPON3BOICTBEHHBIN X0uauHr «Puroxumusi», Kaparanma, Kazaxcran

PACIIPOCTPAHEHUE IOJBIHA OJTHOJIETHEN
(ARTEMISIA ANNUA L.) 1 COAEP)KAHUE APTEMU3NHUHA

AnHOTanusi. B craree mpHBOASATCS pe3ysbTaThl M3YY€HHsI PECYpCOB M OLIEHKa CHIPHEBOW 0a3bl MPOMBIII-
JICHHOTO WCTOYHHUKA aHTHMAISIPUHHOTO TIpenapata « ApTEeMU3UHHH» TOJBIHU OJHONETHEH (Artemisia annua L.) B
Anmaruackort oOmacti PecnyOonmuku Kaszaxcran. IlpoBeneHa QuromeHOTHYECKas XapaKTEPHCTHKA COOOIIECTB,
OTIpEJICIICH IKCILTYaTAIIMOHHEIN 3a1ac ¥ BO3MOXKHBIN 00bEM €KETrOTHBIX 3aTOTOBOK CBHIPhSI ITOJIBIHU OHOJICTHEH.

O06cyxmaercsi cojepxanue (HapMaKoJIOTHYECKH AKTUBHOTO CECKBHTEPIICHOBOIO JIAKTOHA apTEeMHU3WHUHA B
CBIPbE TOJIBIHU OJHOJIETHEW U3 Pa3HbIX LEHOMOMysiuid. [IprBeieHb PEKOMEH/IAINY 110 IKCILTYaTAIUH [TPUPOIHBIX
3a11acoB MOJIGIHA OJHOJIETHEH.

KiroueBblie ciioBa: Artemisia annua L., IEHOTIOMYIIANNS, SKCIUTyaTallMOHHBIN 3amac, ceipbe, CO,-3KCTpakuus,
CECKBUTEPIICHOBBIN JIAKTOH, apTCMHU3HHHIH.
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