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Abstract

Assay of flavonoids in extracts of seven Thymus L. (Lamiaceae) species from Macedonia including identification and quantification was performed.
Extracts obtained after hydrolysis of ar dried samples (A,) were anayzed by thin layer chromatography (TLC) and high performance liquid
chromatography (HPLC). Luteolin and apigenin were identified in comparison to authentic standard substances. The content of total flavonoidsin plant
samples determined by UV-Vis spectrometry (with AICL,) ranged from 0.05-0.13 %. Two other extracts were prepared by extraction with a mixture of
ethanol:water (7:3, V/V), evaporation until only water remained and extraction first with diethylether (A,) and secondly with ethyl acetate (A,). The content
of flavonoidsin diethyl-ether and ethyl acetate extracts ranged from 52.5-244.4 mg-ml™ and 48.7 -117.5 mg-ml™, respectively. For quantification of luteolin
and tota flavonoids the HPLC method was applied, using reverse phase column C18, mobile phase consisting of 5% acetic acid and methanol in gradient
elution mode and column temperature set to 40 °C. The content of |uteolin in the plant samples ranged from 0.23-0.48 % (m/m), while the content of total

flavonoids was found to be 0.26-0.52 %.
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Introduction

Certain biological and pharmacologica effects of the Thymus
species have been experimentally proved, such the expectorant
(1), spasmolytic (1-3), antibacterial (1,4), antifunga (5),
antioxidant (6-9), etc. These activities are due to the specific
composition of the essential oils (1, 4-9), flavonoids (1-3, 9),
phenolic acids (4) and other chemical congtituents of Thymus.

Beside the data concerning the composition of the essential
oils, a lot of literature data about Thymus also consider
information about the flavonoids present in this species.
A very comprehensive work is presented in the papers of
Spanish authors where the distribution of flavone aglycones
inanumber of Thymus speciesisgiven (10-15). Theflavonoids
have aso been investigated in representatives of Macedonian
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Thymus species, and |uteolin, apigenin, diosmetin, eriodyctiol
and naringenin were identified as free flavonoid aglyconesin
many of them (16-18).

In respect to the literature data, a lot of information on the
identification and isolation of flavonoids is available, which
cannot be said for quantitative data on these components of
Thymus. Determination of their content could be important
because the flavonoids are involved in spasmolytic, antioxidant
and other activities of Thymus sp. The aim of the present study
is to establish methods for determining the total flavonoid
content aswell as the content of the main flavone aglyconesin
Macedonian Thymus Species.
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Experimental

Plant material
Aerid partsof the plant were collected in the flowering season
during summer 1997 and 1998 in different parts of Macedonia
The material was air dried, packed in paper bags and kept in a
dark and cool place until analysis. The identity of plant species
was verified by Prof. Dr. V. Maevski from the Ingtitute of
Biology, Faculty of Sciencein Skopje as follows:
1. Thymus tosevii ssp. tosevii var. tosevii Vel.;
Kichevo, western Macedonia, 1997
2. Thymus tosevii ssp. tosevii var. longifrons Ronn.;
Mavrovo, western Macedonia, 1997
3. Thymus tosevii ssp. tosevii var. degenii Ronn.;
Lazaropole, western Macedonia, 1998
4. Thymus macedonicus (Deg. et Ur.) Ronn.;
Berovo, eastern Macedonia; 1998
5. Thymus moesiacus Vel.;
Shar Planina, northern Macedonia, 1997
6. Thymus alsarensis Ronn.;
Kozjak Mountain, southern Macedonia, 1998
7. Thymus longidens var. lanicaulis Vel.,;
Skopje, centrd Macedonia, 1998

Reagents and authentic samples

The reagents used were of highest purity (>99.95 purity),
methanol HPLC grade, glacia acetic acid (Merck, Darmstadit,
Germany) and authentic samples of apigenin, luteolin,
naringenin, eriodyctiol, chrysoeriol and diosmetin (Extrasynthese,
Lyon, France).

Apparatus

A Perkin-Elmer UV-Vis spectrometer Lambda 16 for
Spectrometric measurements and aVarian HPL C system equipped
with aternary pump Model 9012 and UV-diode-array detector
Model 9065 for liquid chromatography measurementswere used.

Extraction procedure

Extract A,. Plant material (1 g) was extracted with 60 ml
acetone and 2 ml 25 % HCI in an erlenmeyer flask (with
condensator) on awater bath with continuous mixing, 40 min.
The mixture was then cooled, filtered and transferred to a 100
ml volumetric flask and the operation was repeated with 40 ml
acetone, 20 min. After filtration in the same flask, it wasfilled
with acetone to volume. 40 ml of the solution was transferred
into a separating funnel, 50 ml of water was added and the
extraction was repeated twice with 20 ml and a third time with
15 ml ethylacetate. The ethylacetate fractions were collected
and washed three timeswith 50 ml of water each, then dried with
anhydrous Na,SO, for 30 min, filtered into a50 ml volumetric
flask and filled with ethylacetate to volume.

Extracts A, and A,. 10 g of plant materia were extracted with
an ethanol : water mixture (7:3, V/V) a room temperature, with

continuous mixing for 24 h. After filtration the solution was
evaporated under low pressure until water remained only. The
water phase was transferred into a separating funnel and extracted
first with ether and then with ethylacetate. The obtained extracts,
in ether and in ethylacetate, were evaporated to dryness and the
residues were dissolved in 10 ml of methanol, giving the
extracts marked A, and A, respectively.

The extractsA,, A, and A, were used for identification (TLC)
and determination of total flavonoids (by spectrophotometry).

Extract B: Plant materia (2.0 g) was extracted with acetone
and 2 ml 25 % HCl using the same procedure as described for
extract A,. A 25 ml portion of this acetone extract wastransferred
to a separating funnel. 50 ml of water was added and extraction
with ethylacetate was repeated until a negative reaction on
flavonoids was obtained (test with TLC in sysem S). The
ethylacetate extracts were collected and washed three times with
100 ml of weater, dried with anhydrous Na,SO, for 30 min, filtered
and evaporated to dryness under low pressure. The residue was
dissolved in 10 ml of methanol and the solution was used for
identification and determination of flavone aglycones by HPLC.

Identification of flavonoids
Flavone aglycones were identified by TLC and HPLC
methods compared to authentic samples of flavonoids.

TLC. Commercia TLC auminium sheets with Silica HF,
and the following mobile phases were used:

Si: Toluene EtAcO:HCOOH = 58:33:9 (VIV);

S: CHCI;MeOH =97:3 (VIV);

S;: Benzenedioxane: ACOH = 90:25:4 (VIV).

The visudization of the spots was performed under UV light
a 254 and 366 nm before and after spraying with AICI, solution.

HPLC. A reverse phase column C18 (250 x 4.6 mm, 5 mm
particles) was used. The mobile phase congsted of two solvents:
5% CH,COOH (A) and CH,OH (B) and the elution program for
screening the extracts was the following: 0-5 min 70 % A; 10-15
min 60 % A; 20-25 min 50 % A; 30-35 min 40 % A and 40-45
min 20 % A. The flow rate was 1.3 ml/min and the temperature
was st to 30 °C. The eution was monitored at 254 and 348 nm.

Determination of flavonoids

Spectrophotometry: UV-Vis spectrophotometry was used
for determination of total flavonoids. Luteolin was used for the
congtruction of the calibration curve in the concentration range
from 1.0-10.0 mg:ml™. 10 ml of extract A, wastransferred into
a25 ml volumetric flask, 1 ml 2% AICI, was added and the
solution was filled to volume with methanol-acetic acid. After
30 min the absorbance was measured at 390 nm against the
same solution without AICI, being blank.

The contents of flavonoids were determined in extracts A,
and A,. The whole procedure for obtaining the hydrolyzed
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Table 1. TLC and HPLC identification of flavonoids in different Thymus species, after hydrolysis

11

S* S S* tx/ min (HPLC)
Extracts
Thymus tosevii ssp. tosevii var. tosevii Vel. 0.28; 0.52; 0.63 0.32; 0.47; 0.58 0.38; 0.52; 0.73 4.10; 8.90; 15.43
Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.28; 0.51; 0.62 0.32; 0.48; 0.58 0.38; 0.52; 0.72 4.15; 8.90; 15.50
Thymus tosevii ssp. tosevii var. degenii Ronn. 0.28; 0.52; 0.63 0.32; 0.46; 0.59 0.38; 0.52; 0.72 4.08; 8.72; 15.48
Thymus macedonicus (Deg. et Ur.) Ronn. 0.27; 0.51; 0.63 0.32; 0.47; 0.58 0.38; 0.51; 0.73 4.07; 8.90; 15.40
Thymus moesiacus Vel. 0.28; 0.52; 0.63 0.32; 0.46; 0.57 0.38; 0.50; 0.73 4.10; 8.93; 15.60
Thymus alsarensis Ronn. 0.26; 0.50; 0.61 0.32; 0.47; 0.59 0.38; 0.51; 0.72 4.12; 8.91; 15.50
Thymus longidens var. lanicaulis Vel. 0.27; 0.52; 0.62 0.32; 0.47, 0.58 0.38; 0.50; 0.72 4.10; 8.75; 15.40
Standard substances
Luteolin 0.52 0.33 0.51 8.86
Apigenin 0.62 0.58 0.73 15.51
Diosmetin 0.58 0.61 0.85 17.22
Chryseriol 0.60 0.67 0.85 -
Ceffeic acid 0.27 0.46 0.38 3.20

* Rf vdues of thespots S;: Toluene EtACO:HCOOH =58:33.9; S;: CHCIzMeOH =97:3; S3: BenzeneDioxane ACOH = 90:25:4 (VIV).

50 75 0.0 125 150 175
tr/min

Fig 1. HPLC chromatograms of: mixture of standard substances and
hydrolysed extracts of: a Thymus longidens var. lanicaulis;
b. Thymus alsarensis; ¢. Thymus moesiacus; d. Thymus tosevii
var. degenii; e. Thymus tosevii var. longifrons; f. Thymus
macedonicus, g. Thymus tosevii var. tosevii, with the
UV-spectra of the dentified flavones Iuteolin and apigenin.
(1-caffeic acid, 2-eriodyctiol, 3-luteailin, 4-naringenin,
5-apigenin, 6-diosmetin)

extracts (described for A,) was repeated taking 1 ml of the
corresponding extracts, instead of 1 g of plant materid.

HPLC. The experimental conditions were the same as those
described for theidentification. The same stationary and mobile
phases were used, but the elution program for quantifying
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luteolin in the extracts was much shorter, as follows: 0-15 min
45 % A and 20-30 min 20 % A. The flow rate was 0.8 ml-min-1
and the temperature was set to 40 °C. The data acquisition was
made a 348 nm. Calibration was made in the concentration
range of 0.05-1 mg:ml™ luteolin in methanol, or expressed in
terms of mass of [uteolin injected into the column from 1-20 ug
luteolin (sample loop 20 pl).

Results and discussion

Identification of flavonoids

The flavone aglycones were identified in the extracts
obtained after hydrolysis of flavone glycosides in drugs using
HCI. The results of TLC and HPLC qualitative analysis are
presented in Table 1.

Two dark violet spots were recognized under UV light (366
nm), which become clear yellow to orange-yellow after spraying
withAICl, solution. TheRf vaues of these spotsin different solvent
systems were very close to the ones obtained for authentic
samples of [uteolin and apigenin. Thethird light blue spot before
and after oraying with AICI, was identified as caffeic acid. The
HPL C screening method confirmed the presence of a significant
quantity of luteolin and a much smaller quantity of apigenin,
which wereidentified according to the retention times and the UV
Spectra, compared to those for authentic samples (Fig. 1).

Determination of total flavonoids by spectrophotometry

The method is based on the formation of stable complexes of
Al* ionswith OH-groupsin C-3 or C-5 position together with the
carbonyl group in they-pirone ring of flavones and flavonolsin a
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acidic medium. The products of the reaction have maxima
absorption a 425 nm in the case of flavonols and a 390 nm
when flavones are present (19, 20). In our examination luteolin
was used for the congtruction of a calibration curve in the
concentration range from 1.0-10.0 ug-ml™. In this concentration
range luteolin obeys Lambert-Beer's law with the following
regression equation: A = 0.18c - 0.003 (r = 0.9999). The content
of total flavonoids, estimated as luteoiln, was determined in
the samples of herba drugs aswell asin ether and ethylacetate
extracts of wild Thymus species. The obtained results are
presented in Table 2.

coefficient of correlation are the following: area = 3.6884-10°
m(luteolin), RSD = 3.67 %, r = 0.9991. The accuracy of the
method was checked by the method of standard additions
which showed a satisfactory accuracy (21), whereas the sensi-
tivity of the method was determined by construction of a cali-
bration curve in the low concentration region (0.1-1.0 ug)
approximated as a detection and quantification limit. The
regression equation of this curve was.

area = 4.1182-10° m(luteolin) with SD = 10802 and r = 0.9979.
Thelimit of detection calculated asthreetimesthe ratio between
the SD and the dope of the low concentration curve (DL =

Table 2. The content of total flavonoids in different samples of Thymus determined by spectrophotometry: drug samples (A,);

diethyl-ether extracts (A,) and ethylacetate extracts (A,)

Sample A, (%) A, (mg-ml™) Az (mg-mi™)
1 Thymus tosevii ssp. tosevii var. tosevii Vel. 0.07 201.3 1175
2. Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.08 525 91.25
3. Thymus tosevii ssp. tosevii var. degenii Ronn. 0.10 128.8 52.5
4, Thymus macedonicus (Deg. et Ur.) Ronn. 0.11 101.3 71.88
5. Thymus moesiacus Vel. 0.08 244.4 64.6
6. Thymus alsarensis Ronn. 0.13 240.6 48.7
7. Thymus longidens var. lanicaulis Vel. 0.05 164.4 84.4
(n=5)

Low contents of total flavonoids can be noticed in each of the
examined samples, ranging from 0.05 to 0.13 % (m/m). The
fraction of flavonoids that passed into ether or ethylacetate
extract is variable, but for most of the samples ether extracts
contain alarger quantity of flavonoids (except for T. tosevii var.
longifrons). This is probably due to the fact that Macedonian
Thymus species contain many more free flavone aglycones in
comparison to the content of glycosides.

HPLC determination of luteolin and total flavonoids

The HPLC screening anaysis of extracts obtained after
hydrolysis (extract B) showed that the main flavone component
in the samples of Thymus is luteolin (Fig. 1). As for the other
components having UV spectra of flavonoids, the peaks due to
apigenin had a sgnificantly smaller area compared to that
obtained for luteolin. The previoudly developed and validated
procedure for determination of luteolin (21) was adopted for
quantitative analysis of luteolin in Thymus extracts, as well.
The calibration curve of luteolin was madein the concentration
range of 0.05-1 mg:ml*, or expressed in terms of mass of |uteolin
injected into the column, from 1-20 ug luteolin. The linear
dependence of the mass of Iuteolin injected in the column was
established in the whole range. The linear regression equations
obtained at 348 nm with the corresponding RSD values and the

3:SD/slope) was found to be 0.09 pg, whereas the limit
ofquantification caculated as ten times the same ratio (QL =
10-SD/slope) (22) was found to be 0.26 ug of luteolin.

The results from the determination of luteolin in samples
of wild Thymus spp. from different regions from Macedonia
are presented in Table 3. The content of Iuteolin aswell asthe
content of total flavonoidsin air dried material isfound to be
0.23-0.48 % (m/m) and 0.26-0.52 % (m/m), respectively.

Comparing the HPLC results to those obtained by
spectrophotometry, significant differences in the obtained data
can be noticed. These resultsimply that the spectrophotometric
determination of total flavonoids achieves only 16-27 % of the
total amount of flavonoids obtained by the HPL C method. This
makes the spectrophotometric method with AICl, unfavorable
for use in the determination of total flavonoids in Thymus
species. The present work offers a HPLC method for the
determination of |uteolin content in the herbs of wild Thymus,
which can be used in routine analysis of the drug. If other
flavonoids are present, they can be quantified as individual, or
astota flavonoids. The proposed method isthe more important
because of the lack of methods for quantification purposesin
the available literature.
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Table 3. The content of luteolin and total flavonoids in samples of wild growing Thymus determined by HPLC (in %)

Samples o (luteolin) o (total flavonoids)
1 Thymus tosevii ssp. tosevii var. tosevii Vel. 0.39 0.47
2. Thymus tosevii ssp. tosevii var. longifrons Ronn. 0.43 0.47
3. Thymus tosevii ssp. tosevii var. degenii Ronn. 0.37 0.40
4, Thymus macedonicus (Deg. et Ur.) Ronn. 0.48 0.52
5. Thymus moesiacus Vel. 0.44 0.50
6. Thymus alsarensis Ronn. 0.48 0.49
7. Thymus longidens var. lanicaulis Vel. 0.23 0.26
(n=3)
Conclusion 7. N. Deighton, SM. Glidewell, B.A. Goodman and S.G. Deans.

Two methods for the determination of flavonoids in wild
Thymus species from Macedonian flora were applied:
spectrophotometric with AICI, and HPLC. The content of total
flavonoids in air dried plant material determined by
spectrophotometric method ranged from 0.05-0.13 %, cal culated
as lutealin. The content of total flavones, expressed as luteolin
asthe main flavone present, determined by HPLC ranged from
0.26-0.52 %. According to the obtained results, UV spectrometric
determination achieved only 16-27 % of the total amount of
flavonoids obtained by HPLC. That makes the HPLC method
highly recommended for usein the determination of flavonoids
in Macedonian Thymus species.
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Pe3ume

Onpenenysame ¢iaponn Bo Thymus BugoBu (Lamiaceae )
ox ¢aopara na P. Makenonuja

Cgsetnana Kynesanosa', Mapuna Credosa’, Tatjana Kagudxona [Tanoscka',
Jacmuna Tonuk’, Tpajue Cracunos’

‘Qapmayesiticku paxyaiteiti, Boowarcka 17, Ckoiije, P. Maxeoonuja
*Unciuuiayin 3a xemuja, Ipupoono-mattiemaitivuxu ¢paxyaitieit, Croije, P.MaxeOoonuja

Kayunu 360opoeu: Thymus, piaBonu, ueHTuuKanmja, onpeneaysamwe, HPLC anannza

W3BpiiieHa e aHanm3a Ha (pIIaBOHATE BO EKCTPaKTH [oOueHn off cexyM Thymus BuoBu (Lamiacese) o Makenonmja, Koja ondaka HIUBHA
uaeHTHgUKalja 1 KBAHTUTATUBHO OIpefieNlyBambe. EKcTpakTi JOOMEHN co nocTanka Ha XUApOoJIn3a Ha CyBU HaJl3MHU IEJIOBH Ha pac-
TeHnjaTa ce aHaJM3NUpaHu co Xxpomarorpacduja Ha TeHoK cioj (TLC) u Teuna xpomarorpacuja mojy Bucok mputucok (HPLC). JTyreonuuoT
1 allMI'€HUHOT CE CenmapupaHu U ce I/IJICHTI/ICI)I/IKyBaHI/I BO cnopen6a CO COOIB€THU aBTCHTHUYHU CTaHAAPAHU CYIICTAaHIUU. COJIp)KI/IHaTa Ha
BKYITHM (pIIaBOHOMAM BO jporute, onpefeneHa co UV-Vis ciektpomerpuja, kopucrejku AlCl;, ce mumsku Bo rpanuim of 0,05-0,13 %.
Copnp>krHaTa Ha (PIIAaBOHOMIUTE BO €TEPHUTE EKCTPAKTH CE IBKZKH Off 52,5 10 244.4 mg/ml, mojeka Bo eTuiialeTaTHATE EKCTPAKTH € BO Tpa-
Huny of 48,7-117.5 mg/ml. 3a kBanTH(UKALK]ja HA IYTEOIMHOT YIOTpeOeH e IPETXOHO pa3BueH 1 Banuaupan HPLC meTopn, KopucTejku pe-
Bep3HO (hazHa KonoHa C18, moOunHa pasa cocraBeHa off 5 % OlLiETHA KHUCEJIMHA U METaHOJI CO IPaIMEHTHO eJIyMpame U TeMIepaTypa Ha
komonata off 40 °C. CopipskrHaTa Ha BKYITHHOT JIyTEOJIUH BO iporute ¢ Bo rpanuiy off 0,23-0,48 % (m/m), momeka copsKuHaTa Ha BKYITHI
prasonousu e 0,26-0,52 %.
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