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By the means of the chromatography-mass-spectrometry method the comparative analysis of the
qualitative composition and the quantitative content of organic acids in black alder buds and leaves
have been carried out. Twelve organic acids have been identified in black alder buds, their total con-
tent is 13563.7 mg/kg, and there are 11 organic acids in black alder leaves with the content twice as
high as in buds — 3007.9 mg/kg. One monocarboxylic, 6 dicarboxylic and 1 tricarboxylic, 4 aliphatic
and aromatic organic acids have been found in buds. Two monocarboxylic, 5 dicarboxylic and 1 tri-
carboxylic, 5 aromatic organic acids have been found in leaves. The qualitative composition of organ-
ic acids is different in leaves and buds of black elder: 9 compounds have been found in both types of
the plant material, namely capronic, oxalic, malonic, fumaric, succinic, malic, citric, vanillic and ferulic
acids. Azelaic, benzoic and cinnamic acids have been found only in black alder buds, and black alder
leaves contain only 2-hexenic and a-hydroxyphenylpropionic acids. The dominating component in buds
is citric acid (625.8 mg/kg), the lowest content has been detected for capronic (10.3 mg/kg) and fuma-
ric (4.5 mg/kg) acids. The highest content in leaves has been detected for oxalic acid (1403.9 mg/kg),
in small amounts fumaric and succinic (8.3 mg/kg and 13.8 mg/kg, respectively) acids are present
in this plant material. The results obtained will be used in the further study of the black alder plant

material.

A black alder — Alnus glutinosa (L.) Gaertn. from
the birch (Betulaceae) family is a deciduous tree of the
countries with a moderate climate. It grows on the coasts
of the ponds, arm-holes of the rivers, swamps, often
forms swamp forests [3]. The plant is officinal, the raw
material (stem) is inscribed in the State Pharmacopeia
USSR, edition XI [2]. The scientific medicine recom-
mends the stem (cones) as an astringent, styptic, anti-
microbial agent [9, 11]. The Ukrainian pharmaceutical
industry produces a gastroprotective and the antiulcer
medicine “Altan” and a cardioprotective drug “Elgatsin”
made of this raw material [1, 6]. Buds and leaves of
alder are applied by folk medicine as antimicrobic, as-
tringent, styptic, antirheumatoid, antineoplastic agent
in tumours of the breast, pancreas, stomach, esophagus,
duodenum and rectum, throat, uterus [4]. The cytotoxic,
antioxidant and antibacterial action of leaves is also known
in literature [5, 7, 8, 10]. The chemical composition of
this plant is rather studied, but there is no detailed in-
formation about organic acids or comparative analysis
of the content of these compounds in buds and leaves
of black alder. Therefore, comparison of the qualitative
composition of organic acids of buds and leaves of this
plant, as well as comparison of the quantitative content
of the components are relevant.

The aim of our research is comparative analysis of
the qualitative composition and the quantitative content
of organic acids in buds and leaves of black alder.

Materials and Methods

The objects of the research were buds (the swelling
phase), leaves (the phase of full leaf expansion) collect-
ed in 2013 in Vilshansky district of the Kharkiv region

from 10 trees of one bunch for more reliable compari-
son of results.

The research was performed by the method of chro-
matography-mass-spectrometry on an Agilent Technolo-
gy 6890N chromatograph with a mass-spectrometry de-
tector 5973N. For this purpose the internal standard (the
solution of 50 mkg tridecane in hexane) and 1 ml of the
methyl agent (14% BCIl, in methanol solution, Supelco
3-3033) was added to 50 mg of a weighed quantity of the
raw material in a 2 ml vial. The mixture was kept in the
hermetically closed vial for 8 hours at 65°C. The plant ma-
terial was filtered and the filtrate was diluted in 1 ml of the
distilled water. Methyl ethers were extracted in 0.2 ml of
chloride methylene shaken several times within an hour, then
the extract obtained was chromatographed. The sample in-
troduction (2 mkl) to the chromatograph column was car-
ried out in a splitless mode — without dividing the flow. The
rate of the sample introduction was 1.2 ml/min for 0.2 min.

The chromatograph column was capillary INNOWAX
with the internal diameter of 0.25 mm and 30 m in length.
The carrier gas velocity (helium) was 1.2 ml/min. The
temperature of the sample injection heater was 250°C.
The thermostat temperature was programmed from 50°C
to 250°C with the rate of 4 deg/min.

For identification of the components the data of the
library of mass spectra of NIST05 and WILEY 2007
with the total number of spectra of more than 470000
were used with the help of the programme for AMDIS
and NIST identification [12].

Results and Discussion

The results are given in Table. Twelve organic acids
in buds and 11 ones in leaves have been found.
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Table

The qualitative composition and the quantitative
content of organic acids in buds and leaves

of black alder
Retention Quantitative
time, s Name of a compound | content, mg/kg
buds | leaves
Monocarboxylic aliphatic acids
5.15 caproic 10.3 29.6
7.14 2-hexenoic - 63.5
Dicarboxylic aliphatic acids
9.82 oxalic 385.0 | 1403.9
12.12 | malonic 447 | 267.9
12.87 |fumaric 4.5 8.3
13.98 | succinic 12.4 13.8
22.72 malic 60.2 266.8
2496 |azelaic 37.9 -
Tricarboxylic aliphatic acids
29.72 | citric | 625.8 | 6209
Aromatic acids
14.5 benzoic 15.7 -
23.8 cinnamic 20.4 -
27.71 | a-hydroxyphenylpropionic - 104.9
32.83 |vanillic 25.6 71.3
40.69 |ferulic 111.2 | 157.0
Total 1353.7 | 3007.9

Azelaic, benzoic and cinnamic acids have been found
only in black alder buds, and black alder leaves contain
only 2-hexenic and a-hydroxyphenylpropionic acids.

The total content of organic acids in buds was
1353.7 mg/kg, in leaves twice as high — 3007.9 mg/kg.
In buds citric acid (625.8 mg/kg) was in the highest con-
tent, which was comparable with the content of this com-
pound in leaves (620.9 mg/kg). In leaves the highest con-
tent was determined for oxalic acid — 1403.9 mg/kg, it
was more than 3.5 times higher the content of this acid
in buds. It can be associated with accumulation of crys-
tals and druses of calcium oxalate in leaves.

The content of dicarboxylic malonic and malic acids
in buds was 44.7 mg/kg and 60.2 mg/kg, respectively.
In leaves the content of these acids increased six times
and more than four times and was 267.9 mg/kg and
266.8 mg/kg, respectively. Besides, the ring A of the mo-
lecules of flavonoids is synthesized from 3 active mole-
cules of malonic acid.

There were 4.5 mg/kg of fumaric acid in buds and
8.3 mg/kg in leaves. This compound is found in the plants
of Fumaraceae, Papaveraceae family, in some lichens
and fungi; it is an intermediate product in the synthesis
of asparagenic acid.

There were 111.2 mg/kg of hydroxicinnamic acid —
pherulic acid in buds and 157.0 mg/kg in leaves. This com-
pound is an effective antioxidant, antitumoral agent, has
the stress-protective action, reducing lesions of the gastric
mucosa and myocardial damage caused by the immobili-
zation-pain stress. It is caused most likely by the ability of
pherulic acid to inhibit the processes of lipid peroxidation
and to strengthen oxidant processes in the cardiac muscle.

Thus, buds of black alder contained 39.7 mg/kg of
azelaic acid known as a keratolytic, antibacterial and anti-
inflammatory agent. In the plants azeloinic acid is ‘a flash
distress’, which takes part in defense reactions after in-
fection. Under the effect of this compound the accumu-
lation of salicylic acid — an important component of the
defense reaction of plants begins. Azelaic acid is con-
tained in the plants of Poaceae family. Medicines contain-
ing azelaic acid are active in relation to Propionibacteri-
um acnes, Staphylococcus epidermidis, Staphylococcus
aureus, Streptococcus, etc.

The results obtained will be used in the further study
of the black alder plant material.

CONCLUSIONS

1. Twelve organic acids have been identified in black
alder buds, and there are 11 mono-, di-, tri- carboxylic al-
iphatic and aromatic organic acids in black alder leaves.

2. The qualitative composition of organic acids is
different, 9 compounds have been found in both types
of the plant material.

3. The dominating component in buds is citric acid
(625.8 mg/kg), in leaves it is oxalic acid (1403.9 mg/kg).
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OOCNIMKEHHA OPTAHIYHUX KUCNOT BPYHBLOK TA NIUCTSA BINIbXU KNEWUKOI ALNUS
GLUTINOSA (L.) GAERTN.

0.A.®eduyeHkoea, O.1.Xeopocm

Knroyoei cnoea: sinbxa Knelika, 6pyHbKU; 1UCMST; Op2aHivyHi Kucraomu

3a dornomoeoro Mmemody xpomamo-mac-criekmpomempii npoeedeHuli NopieHsIbHUL aHasli3 KiCHO20
cKrnady ma KifnlbKiCHO20 8Micmy opa2aHiyHUX Kucriom y 6pyHbKax ma fiucmi eifibXu Krelkoi. B 6pyHb-
Kax einbxu Kneutkoi ideHmughikogaHo 12 opaaHidYHUX Kucriom, 3asallbHuUl 8Micm SIKUX CmaHo8us
1353,7 ma/ke, a 8 nucmi — 11 opaaHidYHUX KUCIOM i3 3a2aribHUM 8MiCMOM 808i4i 8ULLUM, HiXX Y 6pYHb-
kax — 3007,9 ma/ka. Y 6pyHbKkax 3HalideHO 1 MOHOKapboHoBy Kucriomy, 6 OQukapboHO8UX Kuc/iom ma
1 mpukapboHosy, 4 anichamuy4Hi ma apomMamuyHi opeaHidyHi kuciomu. B nucmi 3HalideHo 2 MOHO-
kapboHosi kucriomu, 5 dukapboHosux kucriom ma 1 mpukapboHosy, 5 apoMamuyHUX opaaHiYHUxX
Kucriom. SkicHul ckrnad opeaHiqHUX Kucsiom y 6pyHbKax ma siucmi eiribxu Krelkoi pisHuecs, 9 croryk
3HaltideHO 8 060x sudax CUPOBUHU, a caMe KarpoHOo8Y, waernesy, MasoHosy, hymaposy, SSHMapHy,
s61y4Hy, JIUMOHY, 8aHiniHo8Y, chepyriosy opaaHiyHi Kucriomu. A3enaiHosa, 6eH30UHa, KOpuYyHa Kuc-
JIomu Micmunucsi mifibKu 8 bpyHbKax 8ifibXu KnelKoi, a 2-eeKkceHoea ma a-OKCUGEHINnponioHosa
— MinbKU 8 IUCMi 8inbXxu Kreukoi. [JomiHyro4um KoMrnoHeHmMoM 6pyHbOK Byna NUMOHHa Kucroma
(625,8 me/ke), HaliHUXYUl emicm susHadyeHo 011 karpoHosoi (10,3 ma/ke) ma ¢hymapoeor (4,5 me/ke)
Kkucrniom. Y nucmi criocmepieascs Hatisuwul emicm waenesoi kucriomu (1403,9 me/kz), 8 He3Ha4yHUX
KiflbKocmsix 8 yboMy 8udi CUPOBUHU Micmunucs oymaposa ma siHmapHa Kucriomu (8,3 me/ke ma
13,8 me/ke 8idnoeioHo). OmpumaHi pe3yribmamu 6ydyms sukopucmadi 8 nodanbuwux O0CTIOKEHHSIX

CUPOBUHU 8irlbXU KI1eUKOI.

UCCNEOOBAHUE OPFTAHUYECKUX KUCIOT B NMOYKAX U NMUCTbAX ONbXW KNEUKON
ALNUS GLUTINOSA (L.) GAERTN.

F0.A.®edyeHkoea, O.1.Xeopocm

Knroveenie crnoea: onbxa knelikasi; MoYKU; IUCMbS; Op2aHUYeCcKUe KUC/I0Mmab!

C nomouwbto Memoda XpoMamo-Macc-crieKmpomMmempuu rnposedeH cpasHUMerbHbIU aHanu3 Kade-
CMBEHHO20 cocmaea U KOlU4eCcmeeHH020 coOepXKaHUsi Op2aHUYeCKUX KUCIOm 8 oYKax U sIuCmbsiX
onibxu Kneudkol. B modykax onbxu Knelkol udeHmughuyuposaHo 12 opzaHudeckux Kucriom, obuwee
codepxkaHue komopbix cocmaesuso 1353,7 ma/ke, a 8 nucmbsix — 11 opeaHU4YeCcKUX KUcom ¢ obwum
codepxkaHueM, edgoe bonbwum, Yyem 8 rodkax — 3007,9 me/ke. B nouykax obHapyxeHo 1 MOHOKap-
6oHosyto Kucriomy, 6 dukapboHosbix Kucriom, 1 mpukapboHosyto, 4 anughamuyeckue U apomamu-
yeckue opeaHuyeckue Kucriomsl. B nucmesix HalideHbl 2 MOHOKapboHo8bIe Kuciomsl, 5 dukapbo-
Hosebix kuciiom u 1 mpukapboHosasi, 5 apomamuyeckux opeaHU4yeckux kucraom. KavecmeeHHbll
cocmaes op2aHUYecKUX KUCIOm 8 roYykax U JIUCmbsX OfibXuU Krelkol omnudascs, 9 coeOuHeHul
HalideHbl 8 0boux sudax Cbipbsl, @ UMEHHO KarpoHosas, waesesnesas, MasoHosasl, pymaposasi, siH-
mapHasi, A6r104Hasi, IUMOHHas!, 8aHU/IUHOBas!, ¢hepyriogasi op2aHudeckue Kucnomsl. AsenauHosas,
b6eH3olHas U Kopu4Hasi Kucromabl co0epxanuchb mMosbKO 8 MoYKax OrfibXu KrelKol, a 2-2eKkceHoeast
U a-OKCUGheHUMPONUOHO8asi — MOJIbKO 8 IUCMbSIX OflbXU KelKkol. JJoMUHUPYHOULUM KOMITOHEHMOM
royek sigrisemcsi IUMOHHasi kucrioma (625,8 ma/ke), HU3koe codepxxaHue onpedenusu y KarnpoHos8oU
(10,3 me/ke) u pymaposol (4,5 me/ke) kucriom. B nucmesix Habrirodanock 8bICOKoe codepxaHue uwa-
genesoli kucromsi (1403,9 ma/ke), 8 He3Ha4YUMernbHbIX KOUYecmeax 8 amom 8ude Cbipbsi cooepxa-
Jiucb (hymaposasi u sHmapHasi kucriomsl (8,3 me/ke u 13,8 mae/ke coomeemcmeeHHo). [Nony4yeHHble

pesyrnbmamel 6yAym ucronb308aHbl 8 danbHeluwux ucciedo8aHUsIX Chipbs OfbXU KeUKoU.



