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Hydroxycinnamic acids undoubtedly contribute to the wide range of pharmacological effects of the
species of Thyme genus. Rosmatrinic acid has antioxidant, hepatoprotective, cardioprotective, nephro-
protective, anti-inflammatory, immunomodulatory, anti-allergic and anti-tumor properties. Caffeic acid
has the antimicrobial, fungistatic activity, produces a choleretic effect. Accumulation of these acids is
specific for Lamiaceae family. The aim of our research was to determine the type of hydroxycinnamic
acids, the concentration of rosemarinic and caffeic acids and the total content of hydroxycinnamic
acids, also to determine parameters of perfect extraction of this type of biological active compounds
in the herb of four species of Thyme genus of the European flora. Identification of hydroxycinnamic
acids has been carried out using paper and thin layer chromatography in different systems of solvents
in comparison with standard compounds. Using TLC and HPLC caffeic and rosmarinic acids have
been identified in the herb samples of Thymus Marshallianus, Thymus pulegioides, Thymus crenu-
latus, Thymus dimorphus . The results of HPLC analysis of caffeic and rosmarinic acids in the herb
of Thymus species show that the concentration of rosmarinic acid ranges from 2343.40 mg/kg to
14351.74 mg/kg; the content of caffeic acid ranges from 74.41 mg/kg to 93.86 mg/kg. The highest
concentration of rosmarinic acid, as well as caffeic acid was in Thymus pulegioides. The total content
of hydroxycinnamic acids has been determined by spectrophotometry, and it ranges from 3.27 to
19.28%. Thymus crenulatus is the richest species by accumulation of the total content hydroxycinnamic
acids. The optimal parameters for herb extraction such as the size of the crushed herb particles,

extragent and extraction time have been found.

Hydroxycinnamic acids are one of the most wide
spread classes of natural compounds containing in her-
bal drugs. Among them rosemarinic and caffeic acid are
the most representative compounds in species of Thyme
genus [2, 5, 10, 11, 15]. Hydroxycinnamic acids exhibit
a high antioxidant activity, have also the anti-inflamma-
tory, antiviral, immunostimulatory effects [2, 6, 11, 14].

For the first time rosmarinic acid was isolated from
plants of Lamiaceae family, namely from rosemary by
the Italian chemists M.Skorpati and G.Oriente, who of-
fered its name [5, 11, 14]. Rosmarinic acid has the anti-
oxidant, hepatoprotective, cardioprotective, nephropro-
tective, anti-inflammatory, immunomodulatory, anti-al-
lergic and antitumor properties. It inhibits the activity
of acetylcholinesterase, glutathionereductase, aldose-re-
ductase, angiotensin-converting enzyme and reduces geno-
toxic and cytotoxic effects of ionizing radiation [2, 11].

Caffeic acid has the antimicrobial, fungistatic activ-
ity, produces a choleretic effect [7, 8, 9].

Rosmarinic and caffeic acids have been found in many
types of thyme [2, 5, 6, 9-13, 15]. They undoubtedly
contribute to the pharmacological effects of Thyme ge-
nus plants. Therefore, research aimed at studying of ros-
marinic and caffeic acids in Thyme genus plants, as well
as methods for their analysis are highly actual.

Materials and Methods

The objects of study were herb of species of Thyme
genus of Central Russia flora: Thymus Marshallianus,
Thymus dimorphus, Thymus crenulatus, Thymus pule-
gioides. Herb samples were harvested at full flowering

time in 2011-2012 in different regions: Belgorod (7h. Mar-
shallianus), Bryansk (Th. pulegioides), Voronezh (Th. cre-
nulatus) and Kursk region (Th. dimorphus). After gathe-
ring herb samples were dried in proper condition and
standardized.

The qualitative composition of hydroxycinnamic acids
was analysed using paper chromatography and thin lay-
er chromatography. For this purpose Filtrak No.1, No.5
chromatographic paper, as well as “Silufol” and “Sorb-
fil” chromatographic plates were applied. The analysis
was carried out in the solvent system: chloroform —
methanol — water (24:14:3); butanol — acetic acid — wa-
ter (4:1:2); 2% and 15% acetic acid. After developing
the chromatograms were analysed in the UV-light be-
fore and after spraying with specific reagents (ammonia
vapours; solution of sodium hydroxide) [5, 6, 12, 13].

To confirm the presence of hydroxycinnamic acids
in the herbal raw material the HPLC method was used.
The herbal raw accurately weighed (approx. 1.0 g) was
ground to a particle size of 2 mm, placed in a 100 ml
flask; then 50 ml of 40% ethyl alcohol was added. The
alcohol-water mixture with the herbal raw material was
attached to a reflux condenser and heated on a boiling
water bath for 1 hour after its boiling. After cooling the
extract was filtered through a filter paper into a 100 ml
volumetric flask and diluted to the volume with 40%
ethyl alcohol.

In parallel 0.02% solutions of reference standards of
rosmarinic and caffeic acid were prepared in 40% ethyl
alcohol. Then the resulting extract (1 ml) was passed
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Table 1

Chromatographic characteristics of hydroxycinnamic acids

Colour Rf value
Acid . . S Butanol - acetic acid -
0
UV light + ammonia vapour 2% acetic acid water (4:1:2)
Rosmarinic blue blue-green 0.42 0.89
Caffeic blue blue 0.30 0.92

through the sorbent (1 g octadecyl silica gel with the
particle size of 10 micron) and eluted with 40% ethyl
alcohol to obtain 10 ml of the eluate. The content and
composition of acids in the sample were determined by
HPLC on a Shimadzu LC 20 Prominence chromatograph.
For analysis a column of Macherey-Nagel Company with
the size of 150 X 3 mm filled with the reversed-phase
sorbent Nucleosil C 18 AB with 3 micron grain and po-
rosity of 100 A was used. The sample volume — 2 pl,
detection at A=280 nm, 330 nm, 360 nm, with the scan-
ning frequency of 3 Hz. Elution was performed in a gra-
dient mode of increasing the proportion of solution B
(acetonitrile : methyl alcohol : water, 40:40:20, pH 2.5)
mixed with solution A (an aqueous solution of HCIO,
pH 1.8) from 0% to 100% within 80 minutes at the tem-
perature of 30°C. Identification of the peaks was per-
formed by comparison of UV spectra with the spectra
from databases and by retention times with the referen-
ce standards. The mass concentration was determined
from calibration curves using reference standards and
LC Solutions programme (Shimadzu) [4].

The method of direct spectrophotometry is in the ba-
sis of the assay of the total amount of hydroxycinnamic
acids [3].

Method for the assay of the total amount of hy-
droxycinnamic acids

Grind the analytical sample of the herbal raw mate-
rial to a particle size passing through a 2 mm sieve. Place
approximately 0.5 g of the crushed raw material (ac-
curately weighed) in a 250 ml flask, add 90 ml of 50%
ethyl alcohol and weigh with an accuracy of £0.01 g.
Attach the flask to reflux and extract in a boiling water
bath for 75 minutes. After cooling weigh the flask with
its contents, if necessary, dilute with 50% ethyl alcohol
to the initial mass. Filter the extract through a folded
filter paper discarding the first 10 ml of the filtrate.

Transfer 1.5 ml of the extract obtained into a 25 ml
volumetric flask and dilute to the volume with 50% ethyl
alcohol. Measure the absorbance of the test solution at
the wavelength of 328 nm. Use 50% ethyl alcohol as a
compensation solution.

Calculate the percentage of the total content of hy-
droxycinnamic acids, equivalent to rosmarinic acid ac-
cording to the following formula:

A-Vi-V,

1% ’
Elcm. m V3
where: A — is the absorbance of the test solution at 328 nm;
V, —is the volume of the volumetric flask used for the

extract collection, ml; V, — is the volume of the volu-
metric flask used for dilution and analysis; V;— is the

X =

Table 2

The content of caffeic and rosmarinic acids
in the herb of Thymus species

Thymus species Rqsmarinic Caffeic acid,
acid, mg/kg mg/kg
Thymus Marshallianus 5740.66 58.39
Thymus dimorphus 2343.40 93.86
Thymus crenulatus 10202.46 7441
Thymus pulegioides 14351.74 80.18

volume of the test solution, ml; Eic/m — is the specific ab-

sorbance of rosmarinic acid equal to 500 at A=328 nm;
m — is the weighed quantity of the herbal raw material, g.

Results and Discussion

The presence of caffeic and rosmarinic acids in thyme
species under study was determined. Chromatographic
characteristics of caffic and rosmarinic acid are presen-
ted in Tab. 1.

Rosmarinic acid was pronounced the most intensely
in Th. pulegioides and Th. cretaceous, and caffeic acid
was in Th. dimorphus and Th. pulegioides.

The analysis by HPLC has confirmed the results of
the chromatographic analysis and allowed us to deter-
mine the content of rosmarinic and caffeic acids in the
herb of Thymus species (Tab. 2).

The results show that the rosmarinic acid content
ranges from 2343.40 mg/kg to 14351.74 mg/kg, its highest
concentration is in 7%. pulegioides herb; the caffeic acid
content ranges from 74.41 mg/kg to 93.86 mg/kg, the
maximum amount of it accumulates in 7h. dimorphus
herb.

When studying the UV-absorption spectrum of the
alcohol extract of the thyme species herb it has been
found that the absorption maximum of the alcohol ex-
tract is at the wavelength of A=325-330 nm; it suggests
that the nature of the absorption curve is determined
mainly by hydroxycinnamic acids contained in them,
and it gives us the opportunity to use this wavelength
for spectrophotometric determination of the total con-
tent of acids.

When developing the method for quantitative deter-
mination of the total content of hydroxycinnamic acids
the following conditions were studied: the herb fineness
(the particle size), the type of the solvent for extraction,
the ratio of extraction and the time of extraction. The
study was carried out using Th. Marshallianus herb.
The research results are presented in Tab. 3.

From the given data it follows that the optimal para-
meters are the fineness degree of the raw material — 2 mm,
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Table 3 Table 4
The effect of extraction conditions on isolation The total content of hydroxycinnamic acids
of hydroxycinnamic acids from in Thymus species herb
Thymus Marshallianus herb
Thymus species herb Tota! content of
Total content of hydroxycinnamic acids, %
Extraction conditions hydroxycinnamic Thymus Marshallianus 4.51+0.17
acids, % Thymus pulegioides 10.83+0.34
Particles size, mm Thymus crenulatus 19.28+0.50
1 4.34+0.07 -
5 5354010 Thymus dimorphus 3.27+0.14

2 et for extraction alconal % 4.6420.11 Several sample of Thymus species herb have been

38 ventfor extraction: alcohol, % 5324007 analyzed by this method (see results in Tab. 4).
50 5 3440.06 . Thg resglts .show that the t.otal content of hydroxy-
70 5.0540.07 cinnamic acids in Thymus species herb ranges from 3.27
9% 1.97+0.06 to 19.28%. Thymus crenulatus herb demonstrates the

Extraction time (50% alcohol, the highest concentration of hydroxycinnamic acids.
herb: extract ratio — 1:100) CONCLUSIONS .
30 4.70+0.11 1. Using TLC and HPLC the presence of caffeic and
45 4.67+0.06 rosmarinic acids in the herb samples of Thymus Mar-
60 5.01+£0.09 shallianus, Thymus pulegioides, Thymus crenulatus, Thy-
75 5.34+0.05 mus dimorphus has been determined.

90 5.39£0.11 2. Using HPLC the content of caffeic and rosmarinic

the extragent — 50% ethyl alcohol, the extraction time —
75 minutes before the extraction equilibrium. To deter-
mine the total content of hydroxycinnamic acids we pro-
posed to use rosmarinic acid as a standard sample be-
cause it is a dominant compound and accumulates sig-
nificantly in Thymus species herb. The amount of total
content of hydroxycinnamic acids in the herb samples
was calculated using the specific absorption of rosma-
rinic acid in 50% ethyl alcohol equal to 500 at the wave-
length of 328 nm. The conditions described above al-
lowed us to develop a method for quantitative determi-
nation of the total content of hydroxycinnamic acids.

acids in the herb of Thymus species has been determi-
ned. It has been found that the concentration of rosmari-
nic acid ranges from 2343.40 mg/kg to 14351.74 mg/kg,
the content of caffeic acid ranges from 74.41 mg/kg to
93.86 mg/kg.

3. The method for spectrophotometric determination
of the total content of hydroxycinnamic acid in the herb
of Thymus species has been developed. The results show
that the total content of hydroxycinnamic acids in T/y-
mus species herb ranges from 3.27 to 19.28%.

4. The optimal parameters for the herb extraction have
been found: the size of crushed herb particles — 2 mm,
the extragent — 50% alcohol, the extraction time — 75 min.
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KO®EWHA TA PO3MAPUHOBA KUCITOTU B POCITMHAX POLY YEEPELIb

B.M.By6eHduikoea, H.B.lMonoea, FO.A.Cmapyak

Knro4doei cnoea: sudu 4yebpeuro; KogheliHa, po3mapuHosa KUciomu, 2i0pOKCUKOPUYHI Kucriomu
lidpokcukopuyHi Kucromu obyMosormb WUPOKUL criekmp ghapMakoio2idHOi akmugHOCmi POCUH
pody yebpeuyb. PosmapuHosa Kucrioma rnpodyKye aHmuoKcudaHmMHy, 2ernamorpomeKmopHY, Kap-
diornpomeKkmopHy, HeghponpPoOMeEKMOPHY, Npomu3anasbHy, iMyHOMOOYITHOHMY, npomuasepaiyHy ma
npomunyxnuHHi enacmusocmi. KogheliHa kucroma YuHUmMb aHmMUMIKPOBHY, ¢hyHaicmamuuyHy, o8-
YoeiHHy 0Oito. Hakonu4deHHs yux Kucrom creyugiyHe 0ns pocriuH poduHu SlcHomkosi. Memotro do-
CridxeHHs1 Byr10 8U3Ha4YeHHs oXiOHUX 2i0pPOKCUKOPUYHOI KUCIIOMU, KOHUeHmpauii po3mapuHo8oi ma
KOGheUHOI Kucriom, a makox CyMu 2i0pOKCUKOPUYHUX KUC/IOM, 8U3Ha4YeHHs napamempig 00CKoHaroi
eKkcmpakuii yboeo kracy 6iosi02iYyHO akmueHUX CrioflyK y mpasi Homupbox audie pody yebpeub €8-
porelicbKoi ¢hriopu. 10eHmugbikayiro MoxiOHUX 2iOPOKCUKOPUYHOI KUCIOMU 8u3HadYanu 3a 00roMO20t0
rnanepoeoi ma mMoHKoWwapoeoi xpomamozpadhii y psady cucmem pPO34UHHUKI8 Y MOPIBHSIHHI 3 8ipo2io-
Humu peqosuHamu. 3a doriomozoro TLLUX i BEPX aHanidy ideHmudgbikyeanu KoghelHy i po3mapuHosy
kucriomu y mpasi sudig yebpeuro Thymus Marshallianus, Thymus pulegioides, Thymus crenulatus,
Thymus dimorphus. Pe3ynbmamu BEPX aHani3dy nokasytroms, o emicm po3mMapuHo80l Kucriomu ea-
pitoe 8i0 2343,40 me/ke 0o 14351,74 me/ke, a kogheliHOi — 8i0 74,41 me/ke 0o 93,86 ma/ke. Halisuwa
KOHUeHmMpauyis po3MapuHO80I KUC/Iomu, makoxXx sk i kogpeliHoi 6yna eid3Ha4eHa y mpasi Thymus
pulegioides. Bmicm cymu 2i0pOKCUKOPUYHUX KUCI0M 8CMaHO8/1H08asiu CriekmpogomomempuyHUM
memodom i 8iH cknadas 3,27-19,28%. Halisuwuli pieeHb cymu 2i0pOKCUKOPUYHUX KUCIOm criocme-
pezaembcsi y mpasi Thymus crenulatus. BusHadeHi onmumaribHi napamempu ekcmpakuii mpasu de-
bpeuyro: po3mip YacmUHOK, Mur eKcmpazeHmy i 4yac eKcmpakuii.

KO®EUHASA N PO3MAPUHOBASA KNCNOTbI B PACTEHUAX POOA TUMbSIH
B.H.By6eH4ukoea, H.B.lMonoea, KO.A.Cmap4ak

Knroyeenie cnoea: sudbl mumbsiHa, KogeliHasi, po3MapuHo8asi KUCI0ombl; 2uOPOKCUKOPUYHbIE
Kucromsl

TudpoKCUKOPUYHbIE KUC/IOMbI HECOMHEHHO Obycroenugarom WUpOoKUU crekmp ¢hapmakosioauye-
cKoU akmueHocmu pacmeHull poda muMbsiH. Po3mapuHo8as Kucroma rposienssem aHmuokcudaHm-
Hble, 2enamornpomeKmMopHbIe, KapOUOrNpPOMEKMOPHbIe, HEGhPONPOMEKMOPHbIE, MPoOMmMuUeo8ocnasu-
meribHble, UMMYHOMOOYuUpyowue, npomusoarniepaudeckue U npomueoonyxornesasie ceoticmea. Ko-
¢peliHas kucrioma obsiadaem rPoOMmMUEOMUKPOBHbLIM, hyHauCmamuyYeCcKUM U Xel4e20HHbIM delicmeu-
em. HakornineHue amux kucriom crieyuchudHo Onsi pacmeHuli cemelicmea ScHomkosble. Llenbio uc-
crnedosaHull 6bi1o onpederieHUe rnpPou3800HbIX 2UOPOKCUKOPUYHOU KUCIOMbI, cOOepaHuUsi po3Mma-
pPUHOBOU U KOhelHOU KUC/iom, a makxe CyMMbl 2UOPOKCUKOPUYHbLIX KUCIOM, aHanu3 napamempos
onmumaribHOU 3KCmpakyuu 3moao Kracca 6uono2u4ecKku akmueHbIX COeOUHEeHUU mpasbl YHembIpex
8udos poda mumbsiH egpornelickol gropbl. MOeHmMuguKkayuro npou3g8o0HbIX 2UGPOKCUKOPUYHOU
Kucsiombi rpoe8odusiu ¢ nomMowibio bymakHol u mMOHKOCIOUHOU xpomamoepachuu 8 pside cucmem
pacmeopumernel 8 cpasHeHUU ¢ 0ocmoeepHbiMuU seuwecmeamu. C miomowbro TCX u BOXKX aHanu-
3a udeHmucghuyuposanu KoghelHyro U po3MapuHOBYrO KUCIOMbI 8 mpase 8udo8 mumMbsiHa Thymus
Marshallianus, Thymus pulegioides, Thymus crenulatus, Thymus dimorphus. Pesynbmamsi BOXXX
aHasnu3a rnokasbleatom, 4mo codepxxaHue po3mMapuHO8oU KUC/1omel eapbupyem om 2343,40 ma/ke 00
14351,74 me/ke, a kogeliHol — om 74,41 ma/ke do 93,86 me/ke. Camoe 8bicoKoe coOep)kaHUe pPO3-
MapuHOB0U KUCI0MbI, mak e Kak U KogheliHol bbirio xapakmepHo 0515 mpasbi Thymus pulegioides.
CodepxaHue cyMmbl 2uOPOKCUKOPUYHbIX KUCIIOM ycmaHasenuseanu criekmpoghomomempu4yecku u
OHO cocmaernsino 3,27-19,28%. Hausebicwuli ypog8eHb CyMMbl 2UOPOKCUKOPUYHbBIX KUCIOM Habso-
Oarncsi 8 mpase Thymus crenulatus. OnpedeneHbl onmumarbHbie napamMmempbl SKCmpakyuu mpasbl
MmuMbsiHa: pa3Mep Yacmuy, mur 3KcmpazeHma U 8pPeMsi IKCmpaKkyuu.



