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Antioxidant activity of amino derivatives of santonin
extracted from the plant Artemisia gracil. Krasch. et

In this paper, the results of a study of the biological activity of amino derivatives of sesquiterpene lactone
santonin are shown. The study of the antioxidant activity of santonin and their amino derivatives was carried
out using the method of initiated biochemiluminescence. And also the above-ground part of the plant Artemi-
sia gracil. Krasch. — wormwood finely-chained by the chloroform extraction method, the sum of extractive
substances is obtained. As a result of column chromatography of the sum of extractive substances,
sesquiterpenoid santonin was isolated. Synthesis of natural sesquiteroids with an amino group allows the
preparation of new compounds with a wide spectrum of biological activity, as well as the formation of com-
pounds that have a higher solubility in water than the original lipophilic sesquiterpenoids. Considering this,
the reaction of santonine with primary amines with monoethanolamine and methylamine was studied. The
structures of santonine and amino derivatives were identified using modern physicochemical methods and IR
and PMR spectra. 13C NMR spectra were recorded on Bruker AC 200 spectrometers [operating frequencies
200]

Keywords: Artemisia, sesquiterpenes, natural antioxidants, biological activity, santonin, methyl amine,
extractamino derivatives, chromatography, biochemiluminescence.

The territory of the Republic of Kazakhstan is rich in plant resources, but there is a few usage of them
in medicine and agriculture. At present, more than 30 % of medicinal preparations are in plant type.

At present, human being makes important conclusion in biology and medicine sphere: it is revealed as
the most safest and effective natural preparations according to treatment quality. Half of medicinal substanc-
es in the world are natural substances, most of the substances are prepared on the basis of extracted natural
substances. Therefore, our actual object are to find out medicinal plants in future and researching biological
active combinations [1]. The influence of plants with quality is connected with their antioxidant activity.

The influence of plants with the most treatment quality is connected with their strong antioxidant activi-
ty. Basically, antioxidant activity provides treatment with medicinal substances in future to solve problems
of keeping the health of human being with the help of traditional plant medicinal substances which are scien-
tific basis of curing ill person or keeping healthy lifestyle. Medicinal plants are considered as new chemical
substance source with treatment quality.

Antioxidants (Greek: anti — opposite and oxis — acid) — substances used for corrosion and restriction
of it, group of chemical substances which reduces oxidation processes and ageing of organism. They are
harmful for organism, they neutralize free radicals which disturbingly influence on organism. They have a
quality of reducing litter, condensing of oils necessary to oils and techniques, souring of alimental oils, pol-
ymer wear ability.

Our scientific-research aim is to research an influence of usage with definite natural antioxidants. Plant
oils and antioxidants are biological active substances [2].

There are a famous facts of using plants in folk medicine. In recent years, while searching new medici-
nal substances researchers are based on sesquiterpenic lactones related to wide group of natural combinations
extracted from plants. Wide spread in plant world, high activity, various activity define research significance
of this natural combinations class. Most of lactones are taken from Artemisia family members. Rich source
of these substances is wormwood [3]. From its members more than one hundred sesquiterpenic lactones are
taken. Artemisia plant family is actively used in treatment of most diseases in folk medicine including tumor
diseases.

New effective medicinal substances are taken on the basis of sesquiterpenoids which are in the structure
of raw plant. Artemisia gracileacene Krasch.et plant was a new source of taking biological active substances.
These taken results show usage value in agriculture and making medicine with effective and universal native
definite quality which is an actual problem in bioorganic chemistry, pharmacology and pharmaceutical mar-
ket.
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Artemisia kin has 85 types in Kazakhstan. That is to say, according to an analysis of morphological
quality by M.M. Krashennikov it is divided into 3 kin points. Types of Artemisia, Achillea nobilis L. related
to Asteraceae family that grow in Central Kazakhstan have high medicinal qualities with the usage of folk
medicine. It is extracted from 20 types of wormwood (Artemisia L.). Components related to wormwood
spread in Kazakhstan are: Art. gracilescens Krasch. et Jljin, Art. pauciflora Web, Art. fragrans Willd, Art.
saissanica (Kracsh.) Filat., Art. Schrenkiana Ledeb., Art. nitrosa Web. Ex. Stechm [4, 5]. These plants are
used from ancient times in folk and official medicine. These plants have sesquiterpenic lactones under-earth
and earth surface, they show wide spectrum therapeutic influence. This kind of plant, sesquiterpenic combi-
nations which are in the structure of raw materials take important place. These combinations are used for
cardiotonic, inflammation, microbes, tumor and different wounds in skin [6].

As the basic object the plant Artemisia gracil. Krasch. was taken.

Thin type of wormwood plant gathered from the territory of Karkaraly, Karaganda region (Artemisia
gracileacene Krasch. et) is researched on the earth. It was extracted from the part of the plant Artemisia
gracil. Krasch on earth surface.

This type of wormwood Artemisia gracil. Krasch. is a thick rooted perennial plant. Plant grows in alka-
line soil in the regions of Central Kazakhstan.

Ecstatic method

70 °C water was poured into the part of 1 kg raw material dried in air on earth surface, it was defecated
1 hour. Watery extract was filtered, washed off with chloroform three times. With the aim of isolating chlo-
roform from water it was dried in extraction MgSQO,. Chloroform was driven in vacuum and combinations of
extractive substances 0.9 g (0.09 %) were taken. Taken combinations of extractive substances were chro-
matographed with silica gel in column.

Flowers and leaves of thin types of wormwood are dried in air and washed off with ethyl spirit. Solution
was driven in rotary evaporator (vacuum). Dense extract was treated with 60 % spirit. Filtrate was washed
off with chloroform three times. Taken 0.9 g combinations of extractive substances were chromatographed
with aluminum oxide in column.

While eluding the column with hexane substances as oil-paraffin was divided. While eluding column
with acetone, colorless crystal substance was taken. Yield comprises 700 mg. Structure C;sH;30;, melted
temperature 171-173 °C.

Comparing physical-chemical stabilities and spectrum data with literature, it was defined that taken
combination was santonin (1).

According to data of IR-spectrum it has been proved molecule of (1) of santonin has a group of carbon-
yl in lactones ring (1785 cm™), keto group (1680 cm™) and pair combinations (1635, 1615 cm™) which are
close with the group C=0.

It has been proved that IR-spectrum of 5800 territory can be in maximal condition of 240 nm.

Apparatus used in defining santonin and the structure of its derivatives

AlLOs (I level activity) is used for column chromatography, iode steam is used for TLC Silufol UV-254
and Silicapel on Aluminium 20x. Melted temperature was defined in «Boethius» apparatus. IR-spectrum was
taken in Fourier-spectrophotometer with the use of Vektor KBr UR-20.

NMR' H spectrums are taken in solutions Bruker AC 200 [working frequency 50.32 MHz (*C)] 5 %
CDCI; or CD;0OD. Signals in NMR '"H-spectrums are made by using correlated 2D'H-'"H COSY. Optical ro-
tating corners «Polamat» («Carl zeiss», A=578 nm) quantities are defined in CM-1 polarimeter. An element
structure of taken combinations was defined with burning method.

Reaction of santonin with amines

It is definite that the structure of medicinal combinations have amine groups. Synthesizing natural
sesquiterpenoids with amine group gives possibility to take new combinations with wide spectrum of biolog-
ical activity, also it leads to formation of combinations melted in water is more higher in salts than initial
lipophile sesquiterpenoids. According to this, interconnected reaction of santonin with primary amines,
monoethanol amines and methylamine is researched.

For 300 mg (1.2 mole) santonin (1) melted in ethyl spirit (2 ml) was added 0.15 ml (1.4 mole)
monoethanol amine. Reaction was conducted by boiling for 15 hours. After that, spirit is driven in vacuum,
washed off with 3 % HCI and water, extracted with ethyl acetate. Solution is dried with sodium sulphate and
driven in vacuum. Residue was chromatographed with (0.4 g) 8 gr silica gel.
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Crystal substance (154) was taken while eluding column with ethyl acetate-benzol (1:1) mixture. Struc-
ture C,;H,;O4N, melted temperature 134137 °C (spirit), [a]”s + 5.09 °C (0.04; CHCl;) Ry 0.24 (ethyl
acetate-hexane, 3:2). Yield comprises 304 mg (81 %). According to data of IR-spectrum, it has been proved
that monoethanol amine group is 1660, 3450 cm™, hydroxyl group is 3540 cm™ in monoethanol amine mole-
cule of santonin.

Counted, %: C — 66/6; H— 7.8; N —40.5. Found, %: C — 68.4; H — 8.33; N—5.2.

In NMR-spectrum signal of angular methyl group protons in C-10 place is noticed 1.03 singlet (3H),
signal of methyl group protons in C-4 place is noticed 2.69 singlet (intensity 3H). Also, signal of secondary
methyl group protons in C-11 place is noticed 1.37 doublet (3 H, J=7.5 Hz), signal of gem-hydroxyl in C-6
place is noticed 4.77 spread doublet (1 H, J=11 Hz).

Except this, signal related to proton connected with nitrogen atom is noticed 3.55 quartet (1H, J=7.5 and
7 Hz), signals of methylene group are noticed 3.78 quintet (J=12.5; 5 Hz) and 4.01 triplet (J=5 Hz), signal of
hydroxyl group proton is noticed 5.05 spread singlet (1H). Signals of olefin protons in C-1 and C-2 place are
noticed 6.32 and 6.53 two doublet (1H, J=10 Hz).

On the basis of spectrum data, it is defined that this taken molecule (2) has a structure shown with for-
mula (Fig. 1).

(2) NH-CHQ-CHon

Figure 1. Santonin (1) into monoethanolamine of santonin (2)

Reaction of santonin with methylamine

100 mg (0.4 mmole) santonin (1) 1.5 ml is dissolved in ethyl spirit, 0.26 ml (0.44 mmole) 25 % methyl-
amine is added. After spirit is driven in vacuum, residue is dissolved in ethyl acetate and washed with water.
After the solvent is dried with natrium sulphate, it is driven in vacuum. Residue (0.1 g) 2 g was chromato-
graphed in column with silica gel. Colorless crystal substance (1.55) is taken while eluted with a mixture of
columned ethyl acetate — benzol (6:4). Structure C;sH,30;N, melted temperature 159-161 °C (spirit),
R;0.26 (ethyl acetate—benzol, 3:2), [a]*4+ 36.8 °C (0.26; CHCl;). Yield comprises 74 mg (64 %).

According to data of IR-spectrum it has been proved that molecule of methyl amine (3) of santonin
(Fig. 2) has carbonyl group in lactones ring (1720 cm™), keto group (1690 cm™) and C-N group (1390 cm™).

Counted, %: C — 68.4; H—8.33; N — 5.05. Found, %: C — 68.1; H — 8.52; N—5.2.

-/

(3) NH-CHj

Figure 2. Santonin (1) into methylamine of santonin (3)
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In NMR-spectrum signal of angular methyl group protons in C-10 place is noticed 1.04 singlet (3H),
signal of methyl group protons in C-4 place is noticed 2.69 singlet, signal of secondary methyl group protons
in C-11 place is noticed 1.35 doublet (3H, J=7.5 Hz).

Also, signal of double connected methylene group protons is noticed 2.91 doublet (3H, J=5 Hz), signal
related to proton connected with nitrogen atom is noticed 3.51 quartet (intensity 1H, J=6.5 and 4 Hz), signal
of gem-hydroxyl in C-6 place is noticed 4.76 doublet (1H, J=10 Hz).

Signals of olefin protons in C-1 and C-2 place are noticed 6.34 and 6.76 two doublet (1H, J=10 Hz),
signal of hydroxyl proton is noticed 4.90 singlet (1H) (Table 1).

Table 1
Data of santonin and its derivatives (1) PMR 'H spectrum
Order of combinations Me-4 | Me-10 Me-11 H-2 H-1 H-6 Other protons
. 1.28d. 6.70d. 6.70d. 4.80
Santonin 2.15 1.33s. (6.5) (10) (10) spr.d.
. -CONHCH;,
ﬁiﬂfﬁge 2.69 | 1.04s. 1('73 55‘)1 638;1' 683;1' 476 d. | 3.51 (1H, 6.5; 4Hz);
) 2.92 d. (3H, 5Hz)
-CONH(CH,),OH:
Monoethanol amine 137d. | 653d | 632d. | 477 |2k (H 6.5 4Hz)
of santonin 2.61 1.03s. (7.5) (10) (10) spr.d 3.78 qu. (1H, 2.5; 5Hz);
’ e 4.01 tr. (1H, 5Hz);
5.05 spr.s. (1H)

Note: s. — singlet; d. — doublet; m. — multiplet; spr. — spread; tr. — triplet; k. — quartet; qu — quintet.

The results of the research of antioxidant activity

One of productive approaches of researching medicinal means is a chemical modification of natural
combinations with subsequent verification of their biological activity. The wide spectrum of biological
activity of indicated combinations including various antioxidant allows to examine them as perspective
predecessors, on the basis of that by means of oriented chemical modification new high-effective
combinations possessing antioxidant properties can be created. Taking that into account, antioxidant activity
of derivatives of santonin is studied by us.

The bioluminescent method of determining antioxidant activity of substance consists of preparation of
working and control bioluminescent tests, thus for preparation of control test use buffer solution, and for
preparation of working test is buffer solution with the addition of solvent with investigated substance, with
subsequent addition of oxidant to working and control tests, registration of intensity of bioluminescence and
on its intensity judge about antioxidant activity of substance.

The research of antioxidant activity of sesquiterpenic lactones was conducted with the use of method of
initiated biochemicoluminescence.

Data of antioxidant activity research is given in Table 2.

Table 2
Antioxidant activity of a-santonin (CH) and their derivatives (parameters of initiated
chemicoluminescence of lipids (ICL) in the presence of synthesized combinations)

Ne Code of substances H, c.u. t, min. tga H, c.u.
1 |CH 2.75+2.01 1.86+0.12 6.64+0.58 6.41+0.44
2 |CH-MA 3.6+£0.09 1.0+0.08 9.0+£0.08 43.75€2.1
3 |CH-BA 3.0+0.1 2.7+0.07 6.0£0.11 9.0+0.08
4 |CH-MEA 3.5+0.19 1.5+0.06 9.0+0.07 37.543.5
5 |Ionol 2.17+0.13 7.64+0.15 2.69+0.13 6.34+0.51
Control 2.6+0.1 2.0+0.09 3.5+0.29 7.1+0.55

As it is shown from the table, derivatives of santonin (CH): methylamide (CH-MA), monoethanol
amide (CH-MEA) — the fact of noticeable strengthening of pro-oxidant effect of derivative santonin is set at
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appearance in its structure of methyl group (CH-MA). In this case, at CH-MA an intensity of slow
luminescence grows 6.16 time in comparison with control. Analogical effect of the growth of initiated
luminescence is exposed for combinations of CH-MEA, which has morpholino ring and hydroxyethyl
fragment: an increase of the size of slow luminescence 4.0 and 5.28 time accordingly.

For indicated combinations i.e. for, CH-MA and CH-MEA takes place the height of tangent corner,
reflecting a speed of slow luminescence (see Table 2). Among all investigated substances the property is ex-
posed, which is not characteristic for exogenous anti- and pro-oxidants — this is the maintenance of the size
of latent period. At the same time, the synthetic antioxidant of ionol (c — 0.19 mm) increases a latent period
in 3.8 time in comparison with control.

Conclusion

During conducted researches it is set that methylamide (CH-MA), monoethanolamide (CH-MEA)
which are the derivatives of santonin possess antioxidant activity. Besides, interconnection between a struc-
ture of molecules of synthesized combinations and their antioxidant activity was made apparent.
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Artemisia gracil. Krasch. et ecimairiHeH aJJbIHFaH CAHTOHUHHIH
AMUHTYbIHABLIAPBIHBIH TOTBIFYFa Kapchbl OeJiceHaiiri

Makasaza CeCKBUTEpPICHIl JIAKTOH CAHTOHHWHHIH aMHHTYBIHABLIAPBIHBIH OHOJOTMSUIBIK OeNCeHALTIrHIH
MasiMeTTepi kenripinreH. CecKBUTEpIEHONATAP ONOTOTHSIIBIK OSJICEHIUTITIHIH KeH CIIEKTPre, COHBIH 1IIiHae
OpTYpJIi AHTHOKCHIAHTTAp KacHeTTepre ue OOJIybIH €CKepe OTBIPBIIN, OJNap/bl XMMHSUIBIK MOAUGHUKALUsIAY
apKBUIBI, AHTHOKCHAAHTTBHIK KacHeTTepi Oap »KOFaphsl THIMAI KOCBUIBICTApAbl allyFa MYMKIHIIK OepeTiH
Ooamrarsl Oap TYBIHABIIAP PETiHIE KapacThIpyra MYMKIHIIK Oepeni. OcbkiraH GaiIaHBICTBI CAHTOHUHHIH
AMUHTYBIHABIIAPEIHBIH  TOTBIFYyFa Kapchl Oencenpimiri 3eprrenmi. CaHTOHMH JKOHE OHBIH aMHH-
TYBIHABUIAPBIHBIH TOTHIFYFa KapChl OEJNCEHALTIr MHUIMUPIICHIeH OMOXEMUITIOMHHECIICHINS 9JiCi apKbUIBI
aHbpIKTasFad. JKyMBICTa KYCaHHBIH KIHINIKe TYpi (Artemisia gracileacene Krasch. et) eciMairiniy xep ycTi
GeutirineH XJ10poGOPMABI IKCTPAKIMIIAY HOTIIKECIHIE SKCTPAKTThl KOCHUIBICTAD albIHFaH. JKCTPAKTTHI
KOCBUIBICTAP/Ibl KOJIOHKAJIBIK XpOMaTorpadusiiay apKbUIbl CECKBUTEPIICH/II CAHTOHUH OOJIIHII aJIbIH/BL. AMUH
TOOBI 6ap TaOUFH CECKBUTEPIICHOMATAP/IbI CHHTE3/Iey OMOIOTHSUIBIK OSJICEHIUTIKTIH KEeH CIIEeKTpiHe He jKaHa
KOCBUIBICTAp/Ibl alyFa MYMKIiHAIK Oepeni, COHbIMEH Katap, 0acTamkbl JUNOGHIbIAI CECKBUTEPIICHOUATApFA
KaparaHJa, TY3JapblHBIH CyHarbl epirilTiri aHarypibIM >KOFaphl OOJATHIH KOCBUIBICTApIBIH TY3UIyiHE
okeneni. OcpraH OalNaHBICTHI CAHTOHMHHIH OIpIHIIUIIK aMHHAEPMEH MOHOSTAHOJIAMHHMEH JKOHE
METWIAMUHMEH 9PEKeTTeCy peakuusichl 3epTrenii. CaHTOHHH >KoHE OHBIH aMHUHTYBIH/IBUIAPBIHBIH KYPBUTBICH!
Ka3ipri 3aMaHFbl (U3MKA-XUMISUIBIK ofictep skone MK, IIMP-criextprepi apKbuibl aHbikTanad. SIMP '*C
criextpuiepi Bruker AC 200 kypasisiHaa TyCipinres.

Kinm co30ep: Artemisia, ceckBuTeprieHIep, TaOWFM aHTUOKCHUIAHTTAP, OWOJOTHSUIIBIK O€NCeHMITIK,
CAaHTOHHH, METUJIAMHH, 3KCTPAKT, aMUHTYBIH/BLIAP, XpoMaTorpadus, OHOXeMUITIOMUHECLICHIIMS.
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AHTHOKCHIAHTHASI AKTUBHOCTH AMHUHONPOM3BOAHBIX CAHTOHUHA,
BbI/IeJIEHHBIX U3 pacTenust Artemisia gracil. Krasch. et

B nmanHol paboTe moka3zaHbI pe3yNbTAaTHl UCCIENOBAHHS OHOJIOTMYECKON aKTUBHOCTH aMUHOIIPOHM3BOIHBIX
CECKBUTEPIIEHOBOTO JIAKTOHAa caHTOHMHA. IllMpokuit crekTp OHONOrMYecKOoil aKTUBHOCTH CECKBHTEpIIE-
HOHJIOB, BKJIIOYas Pa3HOOOpa3Hble aHTHOKCHIAHTHI, MO3BOJIAET PACCMaTpHUBaTh MX B KaueCTBE MEPCIEKTHB-
HBIX IIPELIECTBEHHUKOB, HA OCHOBE KOTOPBIX C IIOMOLIIBIO HAIIPABJICHHOH XMMU4YECKOH MOAN(UKALIMN MOTYT
OBITH CO3/1aHBI HOBBbIE BBICOKO3()(EKTHBHBIC COSIUHEHMS, 001alaioie aHTHOKCUIAHTHBIMU CBOMCTBaMH.
VYuuThiBasg 3TO, HAMU HM3Y4E€HA AHTHUOKCUIAHTHAs AKTUBHOCTb INPOU3BOJAHBIX CaHTOHUHA. MccnenoBanue
AQHTUOKCHUJAHTHOH aKTUBHOCTH CAaHTOHUMHA U €r0 AMUHOIPOMU3BOJAHBIX IIPOBOJUIOCH C HCIOJNB30BaHUEM
MeToJla MHHIMHPOBAHHOW OWoxeMmmoMuHecneHnuu. M3 Ham3emHO#l wactu pacteHus Artemisia gracil.
Krasch. — mosnbIHE TOHKOBaTast METOIOM XJIOPO(OPMHOI 3KCTPAKIMHK MOTydeHa CyMMa SKCTPAKTUBHBIX Be-
mecTB. B pesynbrare KOJOHOYHOH XpoMmaTorpadMu CyMMBI OKCTPAaKTHBHBIX BEIIECTB BBIJEIICH
CECKBUTEPNEHOU CaHTOHMH. CHHTE3 MPUPOTHBIX CECKBUTEPICHOUAOB C aMHUHOTPYMIOH MO3BOJSET
MONTy4YaTh HOBBIE COEIUHEHHS C IIMPOKHM CIEKTPOM OHONOTHYECKON aKTMBHOCTH, M 0Ooyiee BBICOKOI
pacTBOPUMOCTBIO B BOJE, YEM MCXOJHBIE IUMNOGHIbHBIE CECKBHUTEPIECHOMIBI. YUMTHIBAas 3TO, H3ydeHa
peakiysi CaHTOHHHA C MEPBUYHBIMM aMHUHAMH C MOHOSTAHONAMHHOM M MeTHIaMUHOM. CTpyKTypbl
CaHTOHMHA W aMHWHOIPOW3BOAHBIX WACHTU(GHIMPOBAHBI C MPHUBJICUCHHEM COBPEMEHHBIX (DHU3MKO-
XuMuyeckux Merozos, UK-, IIMP-ciextpos. Crnekrpsl IMP °C cuumamu na cnexrpomerpax Bruker AC
200 (pabouast wacrora 200 MI'1).

Kniouesvie cnosa: Artemisia, CeCKBUTEpIEHBI, IPUPOAHBIE AaHTHOKCHIAHTHI, OHOJIOTHYECKas aKTUBHOCTD,
CAHTOHMH, METUIIAMHH, SKCTPAKT, aMHHOIIPOU3BOJIHbIE, XpOMaTOrpadusi, OMOXEMUITIOMUHECIICHIINSI.
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