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Antioxidant activity of aminо 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 ºС 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 МgSO4. 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 C15H18O3, melted 
temperature 171–173 ºС. 

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-1), keto group (1680 cm-1) and pair combinations (1635, 1615 см-1) which are 
close with the group С=О. 

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 
Al2O3 (II level activity) is used for column chromatography, iode steam is used for TLC Silufol UV-254 

and Silicapel on Aluminium 20х. Melted temperature was defined in «Boethius» apparatus. IR-spectrum was 
taken in Fourier-spectrophotometer with the use of Vektor KBr UR-20. 

NMR1 Н spectrums are taken in solutions Вruker АС 200 [working frequency 50.32 MHz (13С)] 5 % 
СDCl3 or СD3OD. Signals in NMR 1Н-spectrums are made by using correlated 2D1H-1H COSY. Optical ro-
tating corners «Polamat» («Сarl zeiss», λ=578 nm) quantities are defined in СМ-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 % HCl 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 C17H27O4N, melted temperature 134–137 ºС (spirit), [α]22

d + 5.09 ºС (0.04; CHCl3) Rf 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-1, hydroxyl group is 3540 cm-1 in monoethanol amine mole-
cule of santonin. 

Counted, %: С — 66/6; Н — 7.8; N — 40.5. Found, %: С — 68.4; Н — 8.33; N — 5.2. 
In NMR-spectrum signal of angular methyl group protons in С-10 place is noticed 1.03 singlet (3Н), 

signal of methyl group protons in С-4 place is noticed 2.69 singlet (intensity 3Н). Also, signal of secondary 
methyl group protons in С-11 place is noticed 1.37 doublet (3 H, J=7.5 Hz), signal of gem-hydroxyl in С-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 С-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). 
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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 C16H23O3N, melted temperature 159–161 ºС (spirit), 
Rf 0.26 (ethyl acetate–benzol, 3:2), [α]22

d + 36.8 ºС (0.26; CHCl3). 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-1), keto group (1690 cm-1) and С–N group (1390 cm-1). 
Counted, %: С — 68.4; Н — 8.33; N — 5.05. Found, %: С — 68.1; Н — 8.52; N — 5.2. 
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Figure 2. Santonin (1) into methylamine of santonin (3) 
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In NMR-spectrum signal of angular methyl group protons in С-10 place is noticed 1.04 singlet (3H), 
signal of methyl group protons in С-4 place is noticed 2.69 singlet, signal of secondary methyl group protons 
in С-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 С-6 place is noticed 4.76 doublet (1H, J=10 Hz). 

Signals of olefin protons in С-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). 

T a b l e  1  

Data of santonin and its derivatives (1) PMR 1Н spectrum 

Order of combinations Ме-4 Ме-10 Ме-11 Н-2 Н-1 Н-6 Other protons 

Santonin 2.15 1.33s. 
1.28d. 
(6.5) 

6.70d. 
(10) 

6.70d. 
(10) 

4.80 
spr.d. 

 

Methylamine  
of santonine 

2.69 1.04s. 
1.35d. 
(7.5) 

6.56d. 
(10) 

6.34d. 
(10) 

4.76 d. 
-СОNHCH3  

3.51 (1H, 6.5; 4Hz); 
2.92 d. (3Н, 5Hz) 

Monoethanol amine  
of santonin 

2.61 1.03s. 
1.37d. 
(7.5) 

6.53d. 
(10) 

6.32d. 
(10) 

4.77 
spr.d. 

-СОNH(CH2)2ОН: 
3.55 k. (1H, 6.5; 4Hz); 
3.78 qu. (1H, 2.5; 5Hz);

4.01 tr. (1Н, 5Hz);  
5.05 spr.s. (1Н) 

——————— 
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. 

Т а b l e  2  

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

№ Code of substances Н, c.u. t, min. tgα Н, 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 СН-БА 3.0±0.1 2.7±0.07 6.0±0.11 9.0±0.08 
4 СН-МEА 3.5±0.19 1.5±0.06 9.0±0.07 37.5±3.5 
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 

аmide (CH-МEА) — 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 СН-МEА, 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, СН-МА and СН-МEА 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-МEА) 
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 өсімдігінен алынған сантониннің  
аминтуындыларының тотығуға қарсы белсенділігі 

Мақалада сесквитерпенді лактон сантониннің аминтуындыларының биологиялық белсенділігінің 
мəліметтері келтірілген. Сесквитерпеноидтар биологиялық белсенділігінің кең спектрге, соның ішінде 
əртүрлі антиоксиданттар қасиеттерге ие болуын ескере отырып, оларды химиялық модификациялау 
арқылы, антиоксиданттық қасиеттері бар жоғары тиімді қосылыстарды алуға мүмкіндік беретін 
болашағы бар туындылар ретінде қарастыруға мүмкіндік береді. Осыған байланысты сантониннің 
аминтуындыларының тотығуға қарсы белсенділігі зерттелді. Сантонин жəне оның амин-
туындыларының тотығуға қарсы белсенділігі инициирленген биохемилюминесценция əдісі арқылы 
анықталған. Жұмыста жусанның жіңішке түрі (Artemisia gracileacene Krasch. et) өсімдігінің жер үсті 
бөлігінен хлороформды экстракциялау нəтижесінде экстрактты қосылыстар алынған. Экстрактты 
қосылыстарды колонкалық хроматографиялау арқылы сесквитерпенді сантонин бөлініп алынды. Амин 
тобы бар табиғи сесквитерпеноидтарды синтездеу биологиялық белсенділіктің кең спектріне ие жаңа 
қосылыстарды алуға мүмкіндік береді, сонымен қатар, бастапқы липофильді сесквитерпеноидтарға 
қарағанда, тұздарының судағы ерігіштігі анағұрлым жоғары болатын қосылыстардың түзілуіне 
əкеледі. Осыған байланысты сантониннің біріншілік аминдермен моноэтаноламинмен жəне 
метиламинмен əрекеттесу реакциясы зерттелді. Сантонин жəне оның аминтуындыларының құрылысы 
қазіргі замаңғы физика-химиялық əдістер жəне ИҚ, ПМР-спектрлері арқылы анықталған. ЯМР 13С 
спектрлері Вruker АС 200 құралында түсірілген. 

Кілт сөздер: Artemisia, сесквитерпендер, табиғи антиоксиданттар, биологиялық белсенділік, 
сантонин, метиламин, экстракт, аминтуындылар, хроматография, биохемилюминесценция. 
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Ж.Ж. Жумагалиева, Р.И. Джалмаханбетова, Ш.К. Елеупаева, В.И. Корчин 

Антиоксидантная активность аминопроизводных сантонина,  
выделенных из растения Artemisia gracil. Krasch. et 

В данной работе показаны результаты исследования биологической активности аминопроизводных 
сесквитерпенового лактона сантонина. Широкий спектр биологической активности сесквитерпе-
ноидов, включая разнообразные антиоксиданты, позволяет рассматривать их в качестве перспектив-
ных предшественников, на основе которых с помощью направленной химической модификации могут 
быть созданы новые высокоэффективные соединения, обладающие антиоксидантными свойствами. 
Учитывая это, нами изучена антиоксидантная активность производных сантонина. Исследование 
антиоксидантной активности сантонина и его аминопроизводных проводилось с использованием 
метода инициированной биохемилюминесценции. Из надземной части растения Artemisia gracil. 
Krasch. — полынь тонковатая методом хлороформной экстракции получена сумма экстрактивных ве-
ществ. В результате колоночной хроматографии суммы экстрактивных веществ выделен 
сесквитерпеноид сантонин. Синтез природных сесквитерпеноидов с аминогруппой позволяет 
получать новые соединения с широким спектром биологической активности, и более высокой 
растворимостью в воде, чем исходные липофильные сесквитерпеноиды. Учитывая это, изучена 
реакция сантонина с первичными аминами с моноэтаноламином и метиламином. Структуры 
сантонина и аминопроизводных идентифицированы с привлечением современных физико-
химических методов, ИК-, ПМР-спектров. Спектры ЯМР 13С снимали на спектрометрах Вruker АС 
200 (рабочая частота 200 МГц). 

Ключевые слова: Artemisia, сесквитерпены, природные антиоксиданты, биологическая активность, 
сантонин, метиламин, экстракт, аминопроизводные, хроматография, биохемилюминесценция. 
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